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Abstract
Chronic hepatitis B (CHB) remains a challenging global
health problem, with nearly one million related deaths per
year. Nucleos(t)ide analogue (NA) treatment suppresses
viral replication but does not provide complete cure of the
hepatitis B virus (HBV) infection. The accepted endpoint
for therapy is the loss of hepatitis B surface antigen
(HBsAg), but this is hardly ever achieved. Therefore,
indefinite treatment is usually required. Many different
studies have evaluated NA therapy discontinuation after
several years of NA treatment and before HBsAg loss.
The results have indicated that the majority of patients
can remain off therapy, with some even reaching HBsAg
seroconversion. Fortunately, this strategy has proved
to be safe, but it is essential to consider the risk of
liver damage and other comorbidities and to ensure a
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vaccination coverage is still suboptimal in many highly
endemic areas. Besides, most of the current HBVinfected persons were born before the vaccine was
[2-4]
widely accessible . HBV infection chronification is not
fully understood. The HBV genome assembly into a
stable mini-chromosome, known as covalently closed
circular (ccc)DNA, which can integrate into and persist
in the hepatic cell nucleus. In addition, the immune
[5,6]
response against HBV is profoundly impaired . Both
are, in fact, the main reasons why indefinite treatment
is usually necessary.
Immune modulators were the first approach to
CHB treatment. The first one, interferon (IFN)-α was
approved in 1991, being afterwards substituted by its
pegylated form (Peg-IFN-α) as the latter provides a
safer profile. The principal mechanism of Peg-IFN-α
therapy relies on the induction of long-term immune
control, which occurs in almost half of the responders
and with limited treatment duration. However, it poses
significant drawbacks, including an adverse safety
profile and a high response variableness, the reasons
why a number of patients are ineligible, unsuitable or
[7,8]
reluctant to partake in this treatment alternative .
At present, nucleos(t)ide analogues (NAs) cons
titute the lynchpin of CHB therapy, as they facilitate
achievement of viral suppression in almost all adherent
patients, while having an overall favourable safety
[7-9]
profile . The currently approved NAs for CHB treatment
in the United States and Europe include lamivudine
(LMV), telbivudine (TBV), adefovir dipivoxil (ADV),
tenofovir (disoproxil fumarate, TDF; alafenamide, TAF)
and entecavir (ETV). The NA mechanism of action
comprises viral polymerase inhibition, which leads to
decreased virion assembly and ultimately a hypothetical
cccDNA downturn that would only be appreciated after
[10,11]
an extended period of treatment
.
Nonetheless, NAs are not able to stop de novo
cccDNA synthesis in recently infected hepatocytes;
thus, lingering viremia could perpetuate the viral re
pository. That is the reason why “complete cure” is not
a realistic endpoint of NAs to date. “Functional cure”,
understood as HBV DNA and hepatitis B surface antigen
(HBsAg) seroclearance with or without seroconversion,
constitutes a more plausible goal. However, it is
achieved only in a small proportion of the treated
patients. Lifelong NA therapy is usually necessary,
especially in hepatitis B e antigen-negative [HBeAg(-)]
[7,12,13]
cases
.
Since indefinite treatment is mandatory, development
of viral resistance is a paramount concern, especially with
the first- and second-generation oral NAs such as LMV,
TBV and ADV. Fortunately, that problem seems to have
been overcome by the new agents TDF/TAF and ETV, as
they present low resistance rates and high efficacy with a
[14,15]
very favourable safety profile
.
Combination therapy has also been proposed as
a strategy for HVB eradication, but results are still
under evaluation and intense debate. Its rationale

close follow-up of the candidates before considering
this strategy. Unanswered questions remain, namely in
which patients could this strategy be effective and what
is the optimal time point at which to perform it. To solve
this enigma, we should keep in mind that the outcome
will ultimately depend on the equilibrium between HBV
and the host’s immune system. Viral parameters that
have been described as good predictors of response in
HBeAg(+) cases, have proven useless in HBeAg(-) ones.
Since antiviral immunity plays an essential role in the
control of HBV infection, we sought to review and explain
potential immunological biomarkers to predict safe NA
discontinuation in both groups.
Key words: CD8; Lamivudine; Nucleos(t)ide analogues;
Tenofovir; Chronic hepatitis B; Entecavir; hepatitis B
virus; Treatment cessation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nucleos(t)ide analogue (NA) treatment effi
ciently suppress hepatitis B virus replication. However,
hepatitis B surface antigen loss, the optimal endpoint
of NA therapy, is rarely achieved. Thus, a major unmet
need in the management of chronic hepatitis B is the
definition of earlier and safe treatment stopping points.
There is growing clinical evidence that the majority of
patients can benefit from this strategy after long-term
NA therapy; yet, no criteria that distinguish which cases
can safely stop treatment is established. We review here
different biomarkers that could serve as a prognostic
tool to safely discontinue therapy, focusing on host
antiviral immunity.
Moreno-Cubero E, Sánchez del Arco RT, Peña-Asensio J, Sanz
de Villalobos E, Míquel J, Larrubia JR. Is it possible to stop
nucleos(t)ide analogue treatment in chronic hepatitis B patients?
World J Gastroenterol 2018; 24(17): 1825-1838 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i17/1825.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i17.1825

INTRODUCTION
According to recent data from the World Health
Organization, about 257 million people suffer from
chronic hepatitis B (CHB) worldwide. Hepatitis B
virus (HBV) infection remains a major global health
concern, as the disease itself and its complications,
mainly hepatocellular carcinoma (HCC) and cirrhosis,
caused 887000 deaths in 2015 alone. The estimated
worldwide incidence of HCC in 2012 was 782000 cases,
representing the fifth and the ninth most common
cancer in males and females respectively. Moreover,
HCC was the second cause of global cancer mortality,
as it tends to have very poor prognosis with an overall
[1]
ratio of mortality to incidence of 0.95 .
Although the actual HBV vaccine is 95% effective,
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comprises attacking the virus in different parts of its
life cycle, and follows practical successes observed in
other infectious diseases, like hepatitis C virus and
human immunodeficiency virus. Potential objectives
regarding this approach include viral targeting (viral
entry, cccDNA, RNA interference, encapsidation,
DNA replication, etc) as well as innate and adaptive
immunomodulation (IFN, Toll-like receptor/RIG-1
agonists; and checkpoint inhibitors, T cell modification
and vaccination respectively).
Other trials that have evaluated the synergies
between innate immunity potentiation and NAs have
already shown promising results. A preclinical phase
study that combined a woodchuck hepatitis virus DNA
vaccine, a programmed cell death protein 1 (PD-1)
inhibitor and ETV showed restoration of the cytolytic
capacities of HBV-specific T cells and better control of
viral replication. Another study that associated a DNA
vaccine with any NA revealed no differences in relapse
after NA cessation. A third study that blended an HBsAg
[16-19]
vaccine with LMV did not find clinical differences
.
If theoretically attractive, current guidelines do not
[9,20]
recommend combination therapy for clinical practice
.
The ultimate and thus optimal target of HBV therapy
for HBeAg(-) and HBeAg(+) patients comprises viral
eradication. Such would involve HBsAg seroconver
sion or seroclearance and cccDNA elimination from
[21]
hepatocytes . Unfortunately, it is not a likely outcome,
and recommended goals point towards sustained
inhibition of replication and maintenance of alanine
aminotransferase (ALT) enzyme levels within the normal
[9,20,22]
range
. Achievement of these objectives has been
shown to stop the inflammation cascade and fibrosis
[23,24]
progression
, with e consequent improvement in
[25]
life-quality and survival . The weight of the beneficial
effects of the latest generation NAs over the risk of
HCC are still controversial, as the latter develops even
[26-28]
despite therapy
.
It seems, then, reasonable to bear in mind that
any strategy involving NA treatment withdrawal must
guarantee the patient’s safety and, therefore, the
maintenance of the aforementioned objectives.

of HBsAg, showing achievement of rates between
[30,31]
20%-24%
.
Some parameters have been pointed out as possible
predictors of both sustained viral response and HBsAg
loss. Among these, it is worth highlighting the decrease
of quantitative (q)HBsAg. Other biomarkers that could
permit identification of patients in which NA cessation
will be safe will be reviewed broader, later on.
[32]
The recent FINITE study was the first randomized
controlled trial that compared standard TDF therapy
continuation against its interruption in HBeAg(-) patients
that had been under treatment for at least 3.5 years.
In line with the previous commented work, 13 out of
21 patients in the cessation arm remained off-therapy
and 4 of them even achieved HBsAg seroclearance
after 3 years of follow-up. No unexpected safety issues
were reported. These and the other studies about
NA interruption that have been published to date are
summarised in Table 1.
[9,22]
Some of the current HBV management guidelines
have begun to consider treatment cessation in other
selected populations of patients. The most accepted
election criteria include cirrhosis absence, treatment
for at least 2 or 3 years, sustained viral suppression
and guaranteed patient monitoring (Table 2). Concerns
regarding treatment cessation include virological and
clinical relapse but also the possibility of dangerous
complications, such as hepatic decompensation, liver
failure and, ultimately, death. Serious complications are
uncommon, and some meta-analyses have shown a
decompensation rate of less than 1% in patients that
[33,34]
presented baseline cirrhosis
. Therapy reestabli
shment proved to be effective in most cases, but also
cases of death after liver failure have been reported.
A recent study provided alert to the risk of relapse
and potentially fatal effects among Caucasian cirrhotic
[35]
patients with HBeAg(+) HBV virus infection . Two
patients died of liver-related events: one after decom
pensation and sepsis, and the other one after developing
a multicentric HCC 10 years after the NA treatment
cessation. Nevertheless, both of those patients had
presented with advanced fibrosis and cirrhosis,
respectively, at the time of therapy discontinuation.
Furthermore, although a few studies have claimed
benefits of long-term treatment regarding HCC incidence,
as previously stated, it is not doubtlessly prevented by
[26-28,36,37]
NA therapy
.
Hence, considering that the treatment withdrawal
could lead to severe flares and even death in a few
cases it should be avoided in patients with advanced
fibrosis or cirrhosis, and a close follow-up must always
[38]
be guaranteed for the rest of the cases . However,
severe complications are rare, and research must
continue to address the optimal NA cessation point. The
identification of reliable factors capable of predicting
clinical, virological and biochemical relapse, or the
maintenance of the viral response, would be of vital

CLINICAL EVIDENCE REGARDING NA
TREATMENT CESSATION
There is a growing body of evidence that helped to
elucidate whether NA therapy cessation is safe and
[29]
effective. A relevant study by Hadziyannis et al must
be pointed out as a point of inflexion regarding the NA
cessation approach. It showed a significantly higher
HBsAg clearance rate (almost reaching 40%) in the
HBeAg(-) CHB patients that stopped after 5 years under
ADV therapy, in comparison to that reported for their
equals under NA. Since then, a set of investigations
have attempted to clarify whether stopping treatment
with NA may have an additional benefit in the loss
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Table 2 NA treatment cessation recommendations in the current hepatitis B virus guidelines
Society
EASL (2017)[9]

AASLD (2016)[20]

APASL (2016)[22]

HBeAg(+)

HBeAg(-)

Cirrhosis

HBsAg clearance (safest)
HBeAg seroconversion and HBV DNA
undetectability with 6-12 mo of ensuing
consolidation therapy

HBsAg clearance
Selected patients with ≥ 3 yr virological

Not recommended

HBsAg clearance
HBeAg seroconversion with at least 12
mo of persistently normal ALT levels and
undetectable serum HBV DNA levels (close
monitoring for at least 1 yr)
HBeAg seroconversion with undetectable
HBV DNA and persistently normal ALT
levels with 1-3 yr of consolidation therapy

suppression if guaranteed close postNA
monitoring for at least 1 yr
HBsAg clearance

HBsAg clearance with antiHBs
seroconversion
HBsAg loss with at least 12 mo of
consolidation period
After treatment for at least 2 yr with
undetectable HBV DNA
documented on 3 separate occasions,
6 mo apart

Not recommended

Could be considered in compensated
cirrhosis with careful monitoring

AASLD: American Association for the Study of Liver Diseases; ALT: Alanine aminotransferase; APASL: Asian Pacific Association for the Study of the Liver;
EASL: European Association for the study of the Liver; HBeAg: Hepatitis B e antigen; HBs: Hepatitis B surface protein; HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus; NA: Nucleos(t)ide analogue treatment.

importance for clinical practice.

tion about foetal safety in humans, so NA treatment
during pregnancy should only be considered if benefits
overwhelm risks.
Despite all the above-mentioned issues, NA counts
on its excellent safety profile for almost the totality of
the patients eligible for this therapy. To sum up, life-long
therapy is usually necessary for the majority of CHB
patients because the functional cure is rarely achieved.
Therefore, identification of biomarkers to safely stop
treatment remains an unmet need in the management
of the disease.

WHY SHOULD NA TREATMENT
CESSATION BE CONSIDERED?
Once the safety of NA treatment cessation has been
addressed, and keeping in mind that severe com
plications are rare, the vast benefit may be considered.
Notwithstanding that NA treatment has an overall
positive safety profile in the general population, some
issues arise.
Lifelong NA treatment is an unaffordable burden for
healthcare systems. That is why a significant advantage
[22,34]
of its cessation would be cost reduction
. However,
increase in the incidence of some chronic conditions,
such as metabolic syndrome, diabetes mellitus and
renal failure, may limit NA applicability in the future.
Furthermore, we are not aware of potential concerns
of NA therapy in elder individuals and research must
address this subject. There are some other potential
[39]
concerns about long-term NA therapy . The most
common side effects involve nephrological and bone
toxicity, which are associated with TDF, perhaps the
most widely used drug. However, the new tenofovir
formulation TAF seems to have a better safety profile
regarding these points. Other side effects appear
to be related to mitochondrion impairment derived
from human DNA polymerase function alteration and
resulting in bone, renal and neurologic toxicity.
NAs have a relatively benign safety profile for
pregnancy, with telbivudine and tenofovir being the
most favourable ones, rated B category by the Federal
Drug Administration. On the other hand, ETV has
shown deleterious effects for the embryo, being rated
C category. Nevertheless, there is a lack of informa
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POTENTIAL BIOMARKERS TO SAFELY
STOP NA TREATMENT
Taking into account that CHB outcome relies on equi
librium between the virus and the host, in the next
paragraphs it will be explained how different virological
and immunological parameters could be considered or
not as predictors to safely discontinue NA treatment.
Sex: Female sex was identified as an independent
predictor for sustained virological response after NA
[31]
discontinuation in HBeAg(-) patients .
Age: Older age has been correlated to higher relapse
[31,40,41]
rates
, possibly reflecting the enhanced immune
response in younger individuals.
NA treatment duration: A more extended therapy
time would mean more time for an exhausted immune
system to recover its response efficacy. Logistic regre
ssion has revealed that sustained virologic remission
is more likely in HBeAg(-) patients after long periods
of treatment, at least over 2 years. Nevertheless, this

1829

May 7, 2018|Volume 24|Issue 17|

Moreno-Cubero E et al . NA cessation in CHB
parameter has not proven to be useful in HBeAg(+)
[33]
CHB .

T cell response against the virus. AntiHBc is the first
antibody to appear after HBV exposure and it represents
[55]
a classical serological marker for HBV infection . The
role of antiHBc as a predictor of NA discontinuation,
however, has not been fully examined, but it was
recently reported that baseline antiHBc level is a strong
predictor for HBeAg seroconversion during PEG-IFN-α
[56]
or NA therapy . Moreover, there was a trend for an
inverse association between antiHBc and clinical relapse
after long-term ETV treatment cessation in an Asiatic
[57]
CHB cohort . AntiHBc, as a predictor, needs to be
further assessed and validated in non-Asiatic cohorts, to
verify if it could be useful.
HBV core-related antigen (HBcrAg) includes
HBcAg, HBeAg and a pre-core protein (p22cr), and
its quantification closely correlates with intrahepatic
[58,59]
cccDNA level
. In HBeAg(+) CHB patients, the
dynamics of HBcrAg accurately predict spontaneous
[60]
HBeAg seroconversion and the combination of HBsAg
together with HBcrAg quantification help to predict
[61]
safe discontinuation after NA treatment cessation .
However, most of this research has been performed in
Japan with first-generation NAs, so further validation
with the currently available NAs and different areas of
study is lacking.
In summary, some virological markers could be
useful predictors of response in HBeAg(+) patients,
but improvement of the assays together with further
cohort validation is still needed for HBeAg(-) cases. The
other side of the balance is the host’s immune defence
against the virus, presented in the next section.

ALT: The predictive role of ALT is controverted.
Although it was classically accepted that ALT flares
were associated with the virologic response after NA
[42]
treatment cessation , lower ALT baseline levels have
[31]
been correlated with higher rates of HBsAg loss . Also,
it has recently been demonstrated that patients who
do not flare upon treatment withdrawal are those who
[43]
remain off-therapy . Given the observed disparities,
more research is needed to elucidate the role of ALT as
a biomarker.
DNA: Lower baseline HBV DNA titres were reported as
[44]
associated independently with lower relapse rates ,
whereas elevated HBV DNA titres and its persistence
after NA interruption also seem to be useful for relapse
[45]
prediction .
Serum qHBsAg: Decrease in serum qHBsAg has been
correlated to HBsAg clearance and has been spotlighted
as a possible predictor of sustained response and flares
[46-48]
after NA withdrawal
. The interest in qHBsAg has
been limited, however, due to the low level required for
[31,49-51]
consideration of NA cessation (100-700 IU/mL)
,
and which is rarely achieved. Taking into account that
these qHBsAg levels are not adequately good predictors
to safely discontinue NA therapy, because they would
only represent a small portion of cases, more research
has been performed to improve the prognostic accuracy.
Noncytopathic viruses, such as HBV, have developed
evolutionary mechanisms to remain hidden from the
immune system, which is an advantage for their persis
tence. HBV virus is not highly infectious but produces
long-lasting disease that allows it to spread the infection
over time. The host/HBV relationship is a dynamic
process in which the virus tries to decrease its visibility,
whereas the host attempts to prevent and eradicate
[52]
infection with minimal collateral damage to itself .
Several viral markers have been proposed as
potential biomarkers for a safe NA discontinuation, and
they are discussed below.

Immunological parameters

To achieve control of the HBV infection, a functional
adaptive immune response, in particular the cellular
immune response, is essential; meanwhile, whether
and how HBV triggers the components of the innate
immune system remain controversial topics. Even
though the humoral response is an effective line of
defence against reinfection, in the setting of CHB,
the virus persists despite high levels of HBV-specific
[62]
antibodies due to antigen overload, and only hepatitis
B surface antibody is associated with disease resolution.
Primed HBV-specific CD4 T cells are crucial to allow
the adequate activation of HBV-specific CD8 T cells
by secretion of proinflammatory cytokines, including
[63]
IFN-α . Afterwards, HBV-specific CD8 T cells play a
major role in the resolution of spontaneous infection
because they can specifically recognise the infected
hepatocytes. Moreover, they can clear the virus by
inducing apoptosis of the infected cell as well as by
proinflammatory cytokine production to eliminate the
[64]
virus without causing cell death .
CD4- and CD8-specific HBV responses are vigorous,
polyclonal and multispecific in acute-resolving cases,
whereas are profoundly impaired in chronically infected
[6,65-68]
patients
. During CHB, HBV-specific T cell responses
[69]
gradually lose their functionality and are finally deleted

Virological parameters

Serum HBV RNA reflects the transcriptional activity
of liver cccDNA, and its decline seems to be a good
[53]
predictor of HBeAg seroconversion . Nevertheless, it is
[54]
commonly undetectable in HBeAg(-) cases , making
it useless as a biomarker for stoppage of NA treatment
in this increasing population. Moreover, improvement
of the HBV RNA assay to make it more sensitive and
reproducible, as well as studies in bigger cohorts, are
essential before considering it as a potential biomarker
for monitoring safe discontinuation of NA therapy in
HBeAg(+) patients.
Hepatitis B core (HBc) is an inner nucleocapsid
surrounding the viral DNA and is the target of specific

WJG|www.wjgnet.com

1830

May 7, 2018|Volume 24|Issue 17|

Moreno-Cubero E et al . NA cessation in CHB
[78]

due to the high and persistent antigen exposure, in
order to avoid host-induced tissue damage, in a process
called T cell exhaustion. T cell exhaustion is characterised
by high and sustained expression of several negative
pathways (i.e., PD-1, immunoregulatory cytokines and
[70-75]
so on)
.
The role of HBV-specific CD4 T cell features as
a predictor for NA cessation has not been intensely
studied. It could be explained mainly by two reasons.
First, the frequency of these cells in the chronic setting
[76]
of the disease is very low . Second, due to the nature
of CD4 responses, in vitro stimulation assays are difficult
because these cells are only successfully stimulated by
professional antigen-presenting cells. Even though a
robust HBV-specific CD4 T cell response is observed in
acute resolving cases, and they are essential to support
HBV-specific CD8 T cells, the difficulty of assessment
makes them less useful than HBV-specific CD8 T cells
or other surrogates when trying to find an easy and
reproducible immunological marker to stop NA therapy
safely.
CHB is one of the best models to study CD8 T
cell exhaustion. In the different stages of the natural
history of HBV infection, there are different virus-host
interactions, reflected by different immune features of
HBV-specific CD8 T cells. Bearing in mind that several
studies have shown that after long-term NA treatment
interruption the majority of patients remain with a viral
[29,32]
response after long follow-up
, we could infer that
the host’s immunity is controlling HBV replication.
After a long-term NA treatment cessation, HBVspecific CD8 T cells could be given a second chance
to fight the virus. If these cells have been restored
by the reduced viremia that had been induced by the
antiviral therapy at that point, these cases would be
able to control the infection in a similar way to chronic
infection cases. Therefore, patients with viral control
are likely to have a good immune response against the
virus, whereas cases with virologic rebound may have a
dysfunctional response.
Thus, changes in HBV-specific CD8 T cell phenotype
may predict acquisition of antiviral control before HBsAg
loss. Taking into account the vital role of HBV-specific
CD8 T cells during the natural history of the disease,
and its in-depth characterisation achieved over the
last two decades, it is presumable that those different
features according to viral control could give hints to
answer one of the most critical questions regarding CHB
management: What kind of patients could benefit from
NA therapy interruption?
[77]
Boni et al
have extensively studied several
immune subsets in different groups of chronically
infected patients, including those under NA therapy.
In the LMV treated patients, they found an initial
improvement of HBV-specific T cell effector capacities
against different HBV epitopes (HBcAg, HBeAg) after
[77]
DNA fall , followed by a decline at 6 mo after the
treatment has been stopped; this biphasic behaviour is
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irrespective of clinical outcome . It appears that the
first-generation NAs lack the potency needed for HBVspecific T cell restoration.
Succeeding experiments in larger cohorts under the
first- and second-generation NA therapies demonstrated
that HBV-specific CD8 T cell effector abilities were
similar between patients after several years of antiviral
treatment and acute resolving cases featured by a
[79]
PD-1+ phenotype
(Figure 1). PD-1 up-regulation
arises on HBV-specific T cells following acute and
chronic infection. In the setting of acute infection, PD-1
up-regulation is transient, returning to low levels after
viral clearance. However, in chronic infection, PD-1 upregulation is sustained, and the blockade of PD-1/PD-L1
interaction has shown promising results in restoring
[80-83]
virus-specific T cell functionality
. Therefore, a
PD-1+ phenotype could mean both activation before
clearance or exhaustion after persistent and high
antigenemia.
The most recent work studying HBV-specific T cell
response as a biomarker for HBV therapy discontinuation
demonstrated that the patients who did not relapse
to NA stoppage featured, during NA treatment, an
increased frequency of functional PD-1+ HBV-specific
T cells directed against nucleocapsid and polymerase
[43]
HBV proteins
(Figure 1). The PD-1+ expression on
functional HBV-specific T cells may reflect an activated,
nonexhausted phenotype. Along these lines, patients
with functional HBV-specific CD8 T cells, positive for
PD-1, may no longer need NA treatment and should be
considered for treatment cessation.
However, the current method is complicated to move
from bench to bedside because it involves the study of
rare populations by multicolour flow cytometry. Hence,
the development of an assay to directly quantify PD-1+
HBV-specific CD8 T cells would be of great interest.
Even though the final effectors to clear HBV are the
HBV-specific CD8 T cells, it is essential to consider the
interplay between them and other components of the
immune system to fully understand immunity against
HBV and their potential as surrogate biomarkers.
The natural enrichment of natural killer (NK) lym
phocytes in the human liver underscores their potential
importance in the control of hepatotropic viruses, such
[84]
as HBV . During CHB, NK cells express an inhibitory
[85,86]
phenotype with altered functionality
and have
predilection for apoptosis of HBV-specific T cells,
resulting in HBV-specific T cell deletion after death
[87]
[88]
ligand-death receptor interaction . Boni et al showed
a low inflammatory profile of NKs after successful NA
therapy, similar to healthy controls. In line with the
previously commented work, this lower inflammatory
status of NKs correlated with a better HBV-specific T cell
[88]
response
(Figure 1). Moreover, a partial restoration
of blood NK cells was shown following long-term ETV, in
terms of antiviral cytokine production compared to naïve
[89]
CHB .
So, why should study of NKs - instead of HBV-
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Effective HBV-specific CD8 T cells control the virus

NK

Exhausted HBV-specific CD8 T cells loose control the virus

PD-1

PD-1

PD-1

PD-1

PD-1

PD-1

NK
NK

HBV-CD8

HBV-CD8

HBV-CD8
HBV-CD8

HBV

Functional HBV-CD8 T cell

NK

Low inflammatory profile NK

IFN-γ
HBV-CD8

IL-2
IP-10

Exhausted HBV-CD8 T cell

NK

Inflammatory profile NK

TGF-β
IL-10

HBV-CD8

NK

Hepatocyte

Figure 1 Potential immunological biomarkers for safe nucleos(t)ide analogue discontinuation. A possible strategy to shorten NA therapy would be to check
if HBV-specific CD8 T cells have reacquired their antiviral function after long-term therapy. Effective HBV-specific CD8 T cells control the virus: PD-1+ HBV-specific
CD8 T cells against different epitopes, able to mount a robust response (IFN-γ, IL-2 production) after antigen encounter, may be a good predictive tool of response.
Low inflammatory profile of NK cells may likewise reflect a good point to end therapy. High levels of IP-10 also could point to anti-viral control. Exhausted HBV-specific
CD8 T cells lose control of the virus: High and sustained PD-1 expression on HBV-specific CD8 T cells reflects their dysfunctionality. Lower IFN-γ and IL-2 production,
along with an immunosuppressive cytokine environment (IL-10, TGF-β), renders these cells to exhaustion. An inflammatory phenotype of NK cells may reflect NK cellmediated T cell deletion through death receptors. Low levels of IP-10 could dissuade us to stop therapy. HBV: Hepatitis B virus; IR-10: CXCL10; NA: Nucleos(t)ide
analogue; NK: Natural killer; PD-1: Programmed cell death protein 1.

specific CD8 T cells - be useful? The study of NK cell
inflammation does not involve multimers nor intracellular
cytokine staining, as used to assess HBV-specific CD8
T cell responses, resulting in more easily reproducible
experiments. A low inflammatory profile of NK cells can
be evaluated by surface staining and may reflect an
HBV-specific T cell restoration and subsequent control
without the need of therapy. Studies in bigger cohorts
after stoppage of NA treatment are needed to address
if successful NA discontinuation correlates with a lower
inflammation phenotype of NK cells.
The third signal of T cell activation requires an
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adequate cytokine profile, and long-term NA therapy has
been shown to modulate it. Successful viral repression
leads to antiviral response stimulation by promoting
[90,91]
proinflammatory cytokines such as IFN-γ
and
[92,93]
IL-2
, as well as by decreasing regulatory effectors
[91,94]
[95]
such as IL-10
and TGF-β . At least theoretically,
the measurement of these cytokines together with HBVspecific T cells or NK cells could also give us clues to
establish a good cessation point for therapy (Figure 1).
Not only are the phenotype and functionality of the
different immune subsets important components of an
adequate milieu during CHB but also the trafficking of
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HBV-specific T cells to the infected liver. The migration
of lymphocytes to the liver is a complicated process
involving adhesion, rolling, triggering and transendothelial
migration. Chemokines and their receptors play an
[96,97]
essential role in this multistep pathway
.
After the analysis of several plasma chemokines,
the one that appears to be a promising surrogate of
[47]
HBsAg loss under NA therapy is CXCL10 (IP-10) .
IP-10 is a small protein, secreted by hepatocytes in
response to viruses and the subsequent recruitment of
proinflammatory CD4 and CD8 T cells to the infected
[97]
liver
(Figure 1). It was previously reported that
baseline serum IP-10 levels were higher in patients
[98]
with HBsAg loss during NA therapy
and, in line with
those findings, another work examined the serum IP-10
kinetics during ETV therapy. Interestingly, they found
that IP-10 levels started to significantly increase after
rd
[99]
the 3 year of treatment with ETV , which is in line
with the timing observed to be necessary to achieve a
sustained virological response in the different stopping[29,32]
treatment studies
.
It is likely that after a prolonged and effective
viral replication suppression under NA treatment, the
migration process to the liver is restored and HBVspecific T cells are functional and able to clear the
remaining infected hepatocytes, thus reflecting the
HBsAg decline.
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CONCLUSION

10

The study of different immune features against HBV,
especially HBV-specific CD8 T cells, is a promising
strategy to characterise which patients could benefit
from NA treatment cessation. Surveying HBV-specific
CD8 T cells is complex, as it involves rare population
assays. However, different, easier to perform surrogates
of this response have been explored recently, providing
a more suitable application for clinical use. NA with
drawal is still an active and attractive research field.
Nevertheless, even if a considerable number of studies
have tried to address this point, their methods have
shown marked heterogenicity. Furthermore, although
results of some randomised controlled trials are be
coming available, more high-quality clinical evidence is
needed. It is possible that in the future, therapies able
to completely clear cccDNA will be accessible. In the
meantime, advantages in the management of CHB may
be achieved by using this strategy. Fortunately, the field
of immunology shows how basic science can improve
the health of our patients.
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Tumor immunity proceeds through multiple processes,
which consist of antigen presentation by antigen
presenting cells (APCs) to educate effector cells and
destruction by the effector cytotoxic cells. However,
tumor immunity is frequently repressed at tumor sites.
Malignantly transformed cells rarely survive the attack
by the immune system, but cells that do survive change
their phenotypes to reduce their immunogenicity.
The resultant cells evade the attack by the immune
system and form clinically discernible tumors. Tumor
microenvironments simultaneously contain a wide variety
of immune suppressive molecules and cells to dampen
tumor immunity. Moreover, the liver microenvironment
exhibits immune tolerance to reduce aberrant immune
responses to massively-exposed antigens via the portal
vein, and immune dysfunction is frequently associated
with liver cirrhosis, which is widespread in hepatocellular
carcinoma (HCC) patients. Immune therapy aims
to reduce tumor burden, but it is also expected to
prevent non-cancerous liver lesions from progressing
to HCC, because HCC develops or recurs from noncancerous liver lesions with chronic inflammatory
states and/or cirrhosis and these lesions cannot be
cured and/or eradicated by local and/or systemic
therapies. Nevertheless, cancer immune therapy should
augment specific tumor immunity by using two distinct
measures: enhancing the effector cell functions such as
antigen presentation capacity of APCs and tumor cell
killing capacity of cytotoxic cells, and reactivating the
immune system in immune-suppressive tumor micro
environments. Here, we will summarize the current
status and discuss the future perspective on immune
therapy for HCC.
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countries .
All these etiologic conditions cause sustained infla
mmatory reactions, consisting of persistent oxidative
stress, sustained hepatocyte necrosis and regeneration,
[5]
and fibrotic changes . These events can lead to HCC
development through the accumulation of somatic ge
netic alterations and epigenetic modifications in various
passenger and driver genes, and these changes have
been extensively clarified with the advent of next[6]
generation sequencing technology (Figure 1) . Aberrant
telomerase reverse transcriptase (TERT) activation is
observed in about 70% of HCC cases, arising from its
promoter mutation and amplification, and viral genome
[7]
integration . Thus, TERT activation and subsequent
telomerase reactivation can be a key event in malignant
transformation, leading to unrestrained proliferation of
[8]
HCC cells . Inactivating mutations are also frequently
observed in CTNB1 (about 30%), which codes for
[7]
β-catenin . Moreover, inactivating mutations are
detected in other members of the WNT pathway, such
as AXIN1 (11%), AXIN2 (1%), ZNRF3 (3%), or APC
(1%). Inactivating mutations of TP53 are also frequently
observed in HCC (~30% of cases) but are rarely
detected together with CNTB1 mutations, suggesting
that distinct molecular pathways are responsible for
HCC evolution. Additional mutations are observed in
genes involved in other pathways including chromatin
remodeling, PI3K/AKT/mammalian target of rapamycin
(mTOR) signaling, Ras/MAPK signaling, JAK/STAT
[6]
signaling, and oxidative stress pathways .
DNA copy number alterations are also frequently
observed with broad genomic deletions at 1p, 4p-q, 6q,
8p, 13p-q, 16p-q, 17p, 21p-q, 22q, and gains at 1q,
[6,7,9]
5p, 6p, 8q, 17q, 20q, Xq
. Recurrent homologous
deletions involve various genes including AXIN1,
CDKN2A/CDKN2B, CFH, IRF2, MAP2K3, PTEN, RB1, and
[6]
RPS6KA3 . In contrast, broader DNA gains affect JAK3,
[6]
MET, and MYC while focal amplifications at 11q13 and
[10]
6p21 lead to the amplification of FGF3/4/19/CCDN1
[11]
and VEGFA , respectively. Focal amplification of FGF19
[10]
is associated with tumor progression
and that of
VEGFA confers a high sensitivity to sorafenib, the first[11]
line treatment for advanced HCC .
A substantial proportion of HBV-infected patients
develop HCC even when fibrotic changes are absent
[12]
in the liver , suggesting that HBV can be directly
oncogenic. A non-structural HBV protein, HBx protein,
is proposed to act as an oncogene based on its in vitro
capacity to modulate cell cycle, signaling pathways, and
[13]
DNA repair in hepatocytes , but evidence for direct
transforming activity of HBx is scarce. Like other DNA
[12]
viruses, HBV can cause insertional mutagenesis ,
which can induce DNA deletions at the integration
sites, thereby promoting chromosomal instability and
inactivation of tumor suppressor genes. Moreover,
integration of the HBV genome into loci with enhancer
and promoter activities can modulate the expression and
function of the genes near the integration sites, and can
eventually promote clonal proliferation and malignant

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) develops or
recurs from non-cancerous liver lesions with chronic
inflammatory states and/or cirrhosis, and these lesions
cannot be cured and/or eradicated by local and/or drug
therapies. Immune therapy may be effective for HCC
treatment by preventing non-cancerous liver lesions from
progressing to HCC as well as reducing tumor burdens.
However, tumor immunity is frequently depressed in
tumor sites, particularly in liver microenvironment, which
is prone to exhibit immune tolerance, to reduce aberrant
immune responses to massively-exposed antigens via
portal veins. At present, cancer immune therapy employs
two distinct strategies; enhancing the effector cell
functions and unleashing the immune suppressive tumor
microenvironments. Here, we will summarize the current
status and discuss the future perspective on immune
therapy for HCC.
Mukaida N, Nakamoto Y. Emergence of immunotherapy
as a novel way to treat hepatocellular carcinoma. World J
Gastroenterol 2018; 24(17): 1839-1858 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i17/1839.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i17.1839

INTRODUCTION
Hepatocellular carcinoma (HCC) is ranked as the sixth
most common malignancy and is the third leading cause
[1]
of cancer-related mortality worldwide . Despite recent
progress in prevention and diagnosis, many HCC cases
are still diagnosed at an advanced stage, for which there
are few effective and/or curative treatment options, and
as a consequence, their prognosis remains poor. These
circumstances necessitate the development of a novel
therapeutic strategy for HCC, particularly for HCC at
advanced stages.
HCC ensues from chronic liver diseases, particularly
liver cirrhosis, arising from various risk factors including
chronic hepatitis B- or C-virus infection, aflatoxin B1
exposure, excessive alcohol consumption, and occur
rence of non-alcoholic fatty liver. Other independent risk
[2]
[3]
[4]
factors include tobacco use , diabetes , and obesity .
In conjunction with the declining incidence of HBV
and HCV infections, non-alcoholic fatty liver disease is
becoming an important cause of HCC in the advanced
economies, as the number of patients suffering from
metabolic syndromes is rapidly increasing in these
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Figure 1 Mutational landscape of hepatocellular carcinoma. The figure was made by modifying the original figure in Ref. 7. Gain and loss of function events are
indicated by red color and with underlines, respectively.
[12]

transformation . Thus, the differences in integration
sites can profoundly impact the types of the affected
genes and subsequent molecular pathological changes.
Knowledge of molecular changes in HCC has ex
panded rapidly with the advent of gene technology,
particularly next-generation sequencing technology, but
has not been efficiently translated into clinical practice. A
major reason is that the types of mutated driver genes
and associated pathways differ considerably in each HCC
case. These heterogeneities can hinder the identification
and/or selection of target molecule(s) to develop
molecular target drugs. Immunotherapy can overcome
this problem, because it can enhance anti-tumor activity
of the host cells, irrespective of the molecules and the
signal pathways involved in hepatocarcinogenesis. In
this review, we will discuss the present status and future
perspectives on immunotherapy for HCC. The other
clinical aspects of HCC including drug therapy have been
[1,14,15]
reviewed in several other recent articles
.

response can be dampened by immunoregulatory
cells including regulatory T cells (Treg) and myeloidderived suppressive cells (MDSCs) - cells that are
abundant at tumor sites. The liver is constantly exposed
to high levels of various antigens via the portal vein.
Consequently, in order to prevent autoimmune liver
injury, the liver microenvironment constantly exhibits
[18]
potent immunosuppression . Furthermore, immune
[19]
dysfunction is frequently associated with liver cirrhosis ,
which is widespread in HCC patients. Moreover, cirrhosis
can be a basis of HCC but cannot be completely
removed, even after curative locoregional therapy with
surgery, radiofrequency ablation (RFA), or transarterial
[1]
chemoembolization (TACE) . Thus, in addition to
eradicating tumor mass, immunotherapy should aim to
prevent the recurrence of HCC after curative locoregional
[20]
therapy .
Immunotherapy approaches for HCC can be summa
rized in two ways: Activation of cytotoxic cell functions
and correction of depressed immune functions inherent
[21]
in HCC (Figure 3) . Among the cytotoxic cells, CD8positive CTLs are the most effective for specifically
detecting and killing tumor-associated antigen (TAA)expressing cancer cells. Antigen-presenting cells (APCs),
particularly DCs, degrade exogenous and endogenous
TAAs to be loaded on major histocompatibility complex
(MHC) classⅠ and class Ⅱ, respectively (Figure 4).
CD8-positive CTLs and CD4-positive helper T cells
recognize the TAA-derived peptide on MHC classⅠ and
class Ⅱ, respectively (Figure 4). In order to promote T
cell survival, APCs simultaneously deliver co-stimulatory
signals using several pathways including CD80/CD86[22]
CD28 and CD40-CD40 ligand pathways (Figure 4) .
Antigen presentation efficiency can be improved
by administering TAA-derived peptides, and/or the
transfer of APCs, particularly DCs, which are loaded
with or without TAA-derived peptides (Figure 3). These

TUMOR IMMUNITY
Evasion of the immune system is now acknowledged
as the key event necessary for the transformation of
normal cells into malignant cells and their subsequent
[16]
survival . The immune system can sculpt cancer cells
through a complicated mechanism called immunoediting
[17]
(Figure 2) . At the elimination phase, transformed
cells are destroyed by immune cells such as cytolytic
lymphocytes (CTLs) and natural killer (NK) cells, but
resistant tumor cells sporadically appear and constantly
change their phenotypes in the presence of the im
mune system. As a consequence, at the equilibrium
phase, tumor cells reduce their immunogenicity and
simultaneously escape the immunemediated killing
mechanisms, thereby forming clinically appreciable
tumor formation at the escape phase. Moreover, immune
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Figure 2 Cellular mechanisms underlying immunoediting. At the elimination phase, newly-appearing cancer cells can be recognized and killed by a number of
immune cells, particularly natural killer (NK) cells, and CD8+ and CD4+ T cells. At the equilibrium phase, variant cancer cells arise that are less immunogenic, and
consequently more resistant to being killed by immune cells. Over time, a variety of different cancer variants develop. At the escape phase, one variant may finally
escape the killing mechanism or recruit immunosuppressive cells such as Tregs and MDSCs, and eventually form an appreciable tumor mass. MDSC: Myeloidderived suppressive cell.
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Figure 3 Strategies of immune therapy. Immune therapy can be classified to two types, promotion of immune effector cell function and reversal of depressed
anti-tumor immunity. Immune effector cell function can be enhanced by peptide vaccine, DC-based vaccine, and adoptive transfer of effector cells including tumorinfiltrating lymphocytes (TILs), T cell receptor (TCR)-modified T cells, chimeric antigen receptor (CAR) T cells, natural killer (NK) cells, NKT cells, and cytokineactivated killer cells (CIKs). Depressed anti-tumor immunity can be reversed by the blockade of immune checkpoint pathways and immune suppressor cells including
regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs).
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Figure 4 Tumor-associated antigen presentation of antigen-presenting cells to T cells. Endogenous antigens are degraded to peptides and loaded on MHC
class Ⅱ on APCs to be presented to the CD4+ T cells, while exogenous antigens are degraded to peptides and loaded on MHC classⅠ to be presented to the CD8+ T
cells. These pathways deliver activation signals to corresponding T cells. However, full activation and subsequent survival require the co-stimulatory signals delivered
by several pathways including the CD80/CD86-CD28 pathway. In the absence of co-stimulatory signals, T cells become unresponsive to the antigen, a condition
called anergy. TAA: Tumor-associated antigen; APCs: Antigen-presenting cells.
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Figure 5 Mechanism underlying immune functions of CTLA-4 and PD-1-PD-L pathways. A: CTLA-4 has a higher binding affinity to CD80/CD86 than the costimulatory signal molecule CD28. As a consequence, CTLA-4 competitively antagonizes the stimulatory signal, which the interaction between CD80/86 and CD28
generates at the priming phase of T cells. B: The PD-L1/L2-PD-1 interaction interferes with T cell activation signals in the effector phase.

Simultaneously, a co-inhibitory molecule, CTL antigen-4
(CTLA-4) on T cells interacts with CD80/86 on APCs
to dampen T cell activation (Figure 5A). Following the
priming phase, CD8-positive CTLs are activated to exert
cytotoxicity against foreign materials including tumor cells
[23]
by using perforin, granzymes, and Fas ligand . During
this effector phase, T cell activation can be negatively
regulated by co-inhibitory molecules expressed on APCs
[24]
and other somatic cells including tumor cells . One
representative pathway is the programmed cell death

measures are named tumor vaccine therapy, as a whole.
Adoptive immune therapy consists of transferring a
large number of CTLs with T cell receptors recognizing
specifically TAAs and/or other cytotoxic cells like NK cells
into patients (Figure 3). With these maneuvers, the cells
are obtained in most cases from patients and expanded
ex vivo. The resultant cells are adoptively transferred to
patients, sometimes after genetic modifications.
APCs prime T cells with the help of co-stimulatory
[22]
molecules: CD80/86 on APCs and CD28 on T cells .
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(PD)-1-PD ligand 1(PD-L1)/PD-L2 pathway (Figure 5B),
which often works in the tumor microenvironment.
Thus, immune checkpoint therapy can restore immune
responses to tumors by suppressing these co-inhibitory
pathways, leading to the control of tumor growth and/or
[25]
its regression (Figure 3) . With a main focus on the
observations obtained from human clinical trials, we will
discuss the immune therapy for HCC in the next chapter.

expressed in the embryonic liver but scarcely expressed
[32]
in the normal adult liver, and is overexpressed in HCC .
A phaseⅠ/Ⅱ clinical trial of GPC3-derived peptide vacci
nation was conducted on 11 patients with advanced
[33]
HCC . Vaccination induced GPC3-specific CTLs that
infiltrated into the tumor. These CTLs were present in the
tumor tissues as well as peripheral blood, as revealed
by sequencing T cell receptor genes of tumor-infiltrating
lymphocytes (TILs). Moreover, the frequency of GPC3specific CTL after vaccination was correlated with overall
survival. These observations imply the efficacy of GPC3derived peptide vaccination for advanced-stage HCC.
Moreover, repeated vaccination with GPC3-derived
long peptide (LP) induced LP-specific and HLA class
+
Ⅱ-restricted CD4 cell responses in 14 of 20 vaccinated
[34]
HCC patients . Moreover, the presence of specific
+
helper CD4 cells was correlated with prolonged overall
survival.
Additional molecules have been proposed as can
didates for peptide vaccine therapy. Aspartate-βhydroxylase (ASPH) is also overexpressed in HCC and
ASPH-derived peptides induced during T cell activation
in vitro in both an HLA classⅠ- and class Ⅱ-restricted
manner when peripheral blood mononuclear cells
[35]
from HCC patients were used . Administering
an adenovirus vector expressing HBx protein was
effective at both protective and therapeutic antitumor
immunity in hepatoma models in immune-competent
[36]
mice , suggesting its efficacy against HBV-positive
HCC. Moreover, the treatment induced infiltration of
+
CD8 T cells, which mainly mediated its antitumor
effects. Annexin A3 (ANXA3) expression is enhanced
in the CD133-expressing cancer stem-like/initiating
cell (CSC/CIC) population, compared with the non[37]
CSC/CIC population of HCC . Moreover, HCC CSC/
CICs were preferentially killed by T cells primed with
ANXA3-transfected DCs. Likewise, antigen-specific T
cell responses against HCC were generated when T
cells were primed with New York esophageal squamous
[38]
cell carcinoma-1 (NYESO1) protein-loaded DCs ,
suggesting the potential of NYESO1-derived peptides as
a tumor vaccine.
To date, vaccination with TAA-derived peptides has
yielded a marginal clinical benefit in HCC patients, similar
[39]
to the results reported in other types of cancer . This
may arise mainly from its suboptimal immunogenicity
[18]
and the tolerogenic tendency of intrahepatic DCs .
The former can be overcome by improving antigen se
lection and vaccine formulation, while the latter may
be solved by adoptive transfer of DCs pulsed with
TAAs. Peptide vaccination alone may not be able to derepress immunosuppressive tumor microenvironments,
but immune checkpoint therapy can abolish T cell
dysfunction in HCC tissues and eventually can enhance
specific T cell responses to tumor antigens. Hence,
the combination of a peptide vaccine and immune
checkpoint therapy will warrant detailed analysis in the
future. Moreover, preclinical studies using mouse models
demonstrated the potential efficacy of other types of

CURRENT AND EMERGING
IMMUNOTHERAPY APPROACHES
Promotion of immune effector cell functions

Peptide vaccine therapy: α-fetoprotein (AFP) is a
well-known TAA in HCC and is used as a tumor peptide
vaccine. A phaseⅠ clinical trial demonstrated that all six
tested patients generated CD8-positive T-cell responses
to the peptides as measured by direct IFN-γ enzymelinked immunospot (ELIspot) and MHC classⅠ tetramer
[26]
assays . Specific CD8-positive T cell response may be
augmented by the use of AFP conjugated with heat shock
[27]
[27]
[28]
protein (HSP)70 , HSP72 , or glycoprotein 96 ,
as revealed by studies using mouse AFP-expressing
tumors. Butterfield and colleagues further examined the
efficacy of AFP-pulsed DC transfer and demonstrated
that six out of the ten subjects generated significant
AFP-positive T cell responses to the administered
[26]
peptides, although nine showed progressive disease .
The lack of apparent clinical responses can be attributed
to the presence of an expanded pool of partially
differentiated but non-functional AFP-specific CD8positive T cells and the absence of CD4-positive T cell
[29]
responses in AFP-positive HCC patients .
The high prevalence of TERT overexpression in HCC
[7]
(Figure 1) incited the use of TERT-derived peptides as
a tumor vaccine for HCC patients. A phase Ⅱ clinical trial
was conducted to examine the efficacy of a TERT-derived
peptide vaccine in patients with advanced HCC when
it was administered together with cyclophosphamide
[30]
and GM-CSF . The treatment increased specific T cell
responses and decreased Foxp3-positive Tregs. Vaccine
administration was well tolerated, and about half of
the patients remained in stable condition six months
after the treatment but without any complete or partial
response to the treatment. Mizukoshi and colleagues
also examined the efficacy of subcutaneous injection of
TERT-derived peptide emulsified in incomplete Freund’s
[31]
adjuvant in 14 HCC patients . The vaccination induced
an increase in TERT-specific T cells with the effector
memory phenotype and the capacity to produce multiple
cytokines in ten patients. Moreover, eight out of the ten
patients with TERT-specific immunity did not show
relapse, whereas all patients without TERT-specific
immunity recurred. Thus, vaccination with TERT-derived
peptide may be effective to prevent recurrence, which is
frequently observed after locoregional therapy.
Another candidate molecule for tumor vaccination
is an oncofetal antigen, glypican-3 (GPC3), which is
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[40]

vaccines such as RNA-based adjuvants , DC-derived
[41]
exosomes , or an attenuated Listeria vaccine that can
[42]
express HCC-specific antigens .

over cancer cell lysate-pulsed DCs in terms of their
capacity to stimulate proliferation of T cells, to induce T
cells to secrete IFN-γ, and to generate an AFP-specific
MHC classⅠ-restricted CTL response in a preclinical
[49]
study . Thus, the use of viral vectors may be able to
prime DCs more efficiently than TAA-derived peptides
to activate CTL.
Fifteen patients with advanced HCC were treated
with intradermal vaccination of mature autologous
DCs pulsed with cell lysates of a human HCC cell line,
[50]
HepG2 . The treatment increased CD8-positive T
cells in peripheral blood and serum IFN-γ levels. Overall
survival was improved with partial radiological response
in two patients, stable course in nine patients, but
progressive disease in four patients. DCs transfected
with HepG-2 hepatoma cell-derived RNA could induce
CTLs to specifically kill HepG2 cells in vitro, and injection
of T lymphocytes from HCC patients and transfected
DCs was effective in a preclinical study using severe
[51]
combined immunodeficiency mice . In another clinical
trial, autologous DCs were pulsed with patient-derived
irradiated tumor cell lines established from surgically
[52]
resected tumor tissues . After one course of TACE,
tumor cell-primed DCs suspended in GM-CSF were
administered subcutaneously three times at one-week
intervals. The treatment was well tolerated, without
[52]
exacerbation of HBV infection .
In another clinical trial, DCs were generated from
PBMCs in the presence of GM-CSF and IL-4, and pulsed
with cytoplasmic transduction of peptide-attached
recombinant fusion proteins consisting of three TAAs:
[53]
AFP, GPC3, and MAGE-1 . A phaseⅠ/Ⅱ clinical trial
demonstrated that T cell response and clinical benefit
were observed when subcutaneous injection of the
resultant DCs near the inguinal lymph node was followed
by topical application of a TLR-7 agonist. Lee and
colleagues reported the results obtained from a similar
phaseⅠ/Ⅱ clinical trial using DCs pulsed with AFP, GPC3,
and MAGE-1 although they did not administer a TLR-7
[54]
agonist . They observed similarly enhanced anti-tumor
immune responses after DC vaccination, particularly in
recurrence-free patients, as evidenced by lymphocyte
proliferation and IFN-γ ELIspot assays. The median
time to tumor progression was 36.6 mo in the DCvaccination group and 11.8 months in the control group.
Favorable results prompted the same group to conduct a
randomized phase Ⅱ trial on 156 HCC patients who were
treated for HCC with no evidence of residual tumors
[55]
after standard therapeutic modalities . Tumor-specific
immune responses were significantly enhanced in the
immunotherapy group, but with a higher frequency
of overall adverse events, which are mainly mild to
moderate in severity. The recurrence-free survival was
not significantly different between the immunotherapy
and control groups. However, DC immunotherapy
significantly reduced the risk of tumor recurrence in the
non-RFA group patients but unexpectedly increased the
risk of recurrence in the RFA group. Baseline serum IL-15
was statistically correlated with prolonged recurrence-

DC-based vaccine therapy: DCs are a professional
APC and can initiate and maintain T cell-mediated
immune responses when they are pulsed with anti
[43]
gens . In addition to T cells, DCs can also activate NK
[44]
cells . However, DC-induced immunity is frequently
repressed in tumor sites, arising from multiple mecha
nisms including a low number of DCs in tumor sites,
the low antigen-presenting capacity of DCs, and poor
[43]
access of DCs to tumor antigens . A low number
of DCs can be overcome by administering ex vivo
expanded DCs from peripheral blood mononuclear
cells (PBMCs), which are stimulated with combinations
of various cytokines such as granulocyte-macrophage
colony-stimulating factor (GM-CSF) and interleukin-4
(IL-4). Moreover, the additional stimuli such as Toll-like
receptor (TLR) agonists, are required for generating
mature DCs with a potent antigen-presenting capacity,
and several measures are proposed to circumvent poor
access of DCs to tumor antigens: Pulsing with tumor
lysates, TAAs, or TAA-derived peptide; transfection of
DNA constructs encoding TAAs; and fusion with tumor
[43]
cells .
A phase Ⅱ clinical trial was conducted to investigate
the safety and efficacy of intravenous vaccination
with autologous DCs pulsed ex vivo with a liver tumor
[45]
cell line lysate (HepG2) in advanced HCC patients .
The treatment was well tolerated, and in the patients
who received at least three vaccine infusions ELIspot
assay demonstrated the induction of T cell responses
to vaccines and/or AFP and about 25% of patients
showed a partial response or stable disease condition,
as revealed by serological AFP determination or radio
logical examination.
Several groups reported DC-based vaccination using
AFP as a TAA. A phaseⅠ/Ⅱ clinical trial examined the
effect of intradermal injection of AFP-derived peptidepulsed DCs, which were prepared from autologous
[46]
adherent PBMCs cultured with GM-CSF and IL-4 . The
same group further reported that six of the ten tested
subjects exhibited statistically significantly expanded
levels of AFP-specific T cells. In addition to T cells, the
transfer of AFP-derived peptide-primed DCs enhanced
NK cell activation and decreased Treg frequencies in
[47]
vaccinated HCC patients . However, the priming of
DCs with peptides was not efficient, and therefore, in
order to efficiently pulse DCs, AFP gene transduction
into DCs was attempted using viral vectors such as
[48]
[49]
lentivirus or adeno-associated virus (AAV) vectors .
Adoptive transfer of lentivirus-transduced DCs induced
superior anti-tumor Th1 polarization in a preclinical
[48]
model, compared with peptide-pulsed DCs . MHC
classⅠ and class Ⅱ and co-stimulatory molecules were
expressed to a similar extent on recombinant AAV/AFPpulsed and cancer cell lysate-pulsed DCs. However,
recombinant AAV/AFP-pulsed DCs exhibited superiority
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free survival within the immunotherapy groups . Thus,
DC immunotherapy may be effective for HCC patients
who are treated with standard treatment modalities but
not RFA.
Another TAA, heat-shock protein (HSP) 70, was
used to prime DCs, based on its overexpression in HCVrelated HCC. DCs transfected with HSP70 mRNA were
administered intradermally in a phaseⅠ clinical trial on
[56]
12 advanced HCC patients . The trial demonstrated
that the treatment was well tolerated, with complete
response without any recurrence in two patients, stable
disease in five, and progression of disease in five.
TACE can induce HCC cells to die and release high
levels of TAAs, which can be internalized, degraded,
and presented to immune cells by APCs including
DCs. As a consequence, following TACE, tumor immu
nity can be enhanced. Supporting this notion, we ob
served that AFP-specific T cell frequency was further
increased in HCC patients receiving TACE, and that the
increment was enhanced by simultaneous transarterial
[57]
administration of DCs . Our subsequent clinical trial
further demonstrated that the co-infusion of mature
DCs into tumor sites following TACE, was well tolerated
in advanced HCC patients and prolonged recurrencefree survival of patients, compared with the historical
[58]
controls .
Nevertheless, the clinical response to adoptive DC
transfer is still not satisfactory, and, as a consequence,
several measures have been devised to augment the
efficacy of the adoptive DC transfer. Several groups
proposed the priming of DC with other antigens, such
as hepatocellular carcinoma-associated antigen-519/
[59]
targeting protein for Xkl-2 (HCA519/TPX2) , epithelial
[60]
[37]
cell adhesion molecule (EpCAM) , or ANAXA3 .
Since EpCAM and ANAXA3 are selectively expressed
in CSCs/CICs, the priming of DCs with these antigens
may be effective to kill CSCs/CICs that are rather
resistant to standard therapies such as chemotherapy
and/or molecular targeted therapy. Moreover, in order
to enhance immunostimulating activities of DCs, other
groups have tried to transfect DCs with the genes of
[61]
[62]
immunostimulating cytokines, such as IL-2 or IL-12,
in preclinical or in vitro studies. The other measure
includes the combined administration of effector cells like
cytokine-activated killer cells (CIKs) with antigen-pulsed
DCs, as we discuss in the following section.

obtained from surgically obtained tumor specimens and
are expanded ex vivo with anti-CD3 antibody treatment
[64]
before being transferred back to patients . Adoptive
cell therapy using TILs can be effective for metastatic
[65]
melanoma , but no clinical trials are in progress to
evaluate the adoptive transfer of TILs for HCC, probably
due to the difficulty in obtaining a sufficient number of
TILs during surgical resection of HCC.
T cells can be genetically engineered to express a T
[66]
cell receptor (TCR) against a specific TAA (Figure 6) .
Metastatic melanoma was treated with adoptive transfer
of autologous T cells with a modified TCR recognizing
a melanocyte-differentiating antigen (MART-1), and
the treatment resulted in long-term persistence of
infused cells and tumor regression in two out of 17 pa
[67]
tients . The adoptive transfer of T cells expressing a
higher-affinity TCR caused a better benefit, with tumor
[68]
regressing in six out of 20 patients . Subsequently,
several phaseⅠ clinical trials were conducted to eval
uate the efficacy of adoptive transfer of autologous T
cells, which are genetically modified to express a TAAspecific T cell receptor, and some favorable results
have been reported involving melanoma, colorectal
cancer, synovial cell sarcoma, and multiple myeloma to
[66]
date . With these results, two phaseⅠ/Ⅱ clinical trials
are now in progress to evaluate the adoptive transfer
of T cells with a modified TCR, which can recognize
HBV antigens, in HCC patients with HBV infection
(NCT026863712, 02719782). One additional phaseⅠ
clinical trial is also recruiting participants to evaluate
the safety and anti-tumor activity of autologous T cells
expressing TCRs specific for AFP in advanced HCC
patients (NCI03132792). Nevertheless, further progress
in TCR-modified T cell therapy requires the identification
of additional TAAs, the comprehensive elucidation of the
structure of TCRs that specifically recognize TAAs, and
improvements in genetic engineering of TCRs.
Another type of genetically modified T cell utilizes
the chimeric antigen receptor (CAR) gene, which is
prepared by fusing the transmembrane and cytoplasmic
domains of CD3ζ with the antigen-binding portion of
an antibody that can recognize a particular TAA (Figure
[69]
7)
The generated CAR gene is transduced to T cells,
mostly with the help of a lentivirus vector. The resultant
CAR T cells can deliver activating signals once they bind
with a specific TAA using the antigen-binding domain of
their extracellular portions. In order to enhance their in
vivo persistence and function, CAR genes were further
modified by adding one or two co-stimulator domains
derived from co-stimulatory molecules such as CD28,
[69]
4-1BB, and OX-40 (Figure 7) . At the end of 2017,
the Food and Drug Administration (FDA) had approved
two distinct CAR T cell therapies using modified CARs to
treat acute lymphoblastic leukemia and large B-cell lym
phoma. These groundbreaking successes have spurred
research to apply CAR T cell therapy to solid tumors
including HCC, beyond hematological malignancy.
GPC3 was frequently used as a target for CAR T
[32]
cells, since it is expressed abundantly in HCC cells .

Adoptive transfer of immune effector cells: Several
immune effector cells are adoptively transferred cell
to enhance tumor immunity; Two types of T cells are
commonly used for adoptive cell therapy to enhance
tumor immunity: TILs, genetically modified T cells, NK
cells, natural killer T (NKT) cells, and CIKs, TILs (Figure
3).
TILs are considered to have a higher specific immu
nological reactivity against tumor cells than the noninfiltrating lymphocytes, and evidence is accumulating
to indicate the potential role of TILs as biomarkers
[63]
reflecting the immune response to the tumor . TILs are
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[70]

4-1BB, and CD3ζ . The resultant GPC3-targeted CAR T
cells could effectively kill GPC3-positive HCC cells, but not
GPC3-negative cells, in vitro. Moreover, GPC3-targeted
CAR T cells eradicated HCC xenografts with a high level
of GPC3 expression, and efficiently suppressed the
growth of HCC xenografts with a low GPC3 expression
level, in a preclinical mouse model. Similar observations
were observed on T cells with GPC3-specific CARs that
encoded CD3ζ with costimulatory domains derived
[71]
from CD28, 4-1BB, or CD28 and 4-1BB . These
observations promoted two phaseⅠ clinical trials to
examine the safety of anti-GPC3 CAR T cell transfer into
HCC patients (NCT02395250, NCT02723942). These
studies have been completed but the results are not yet
available.
In order to reduce off-tumor toxicity, Chen and
colleagues prepared dual-targeted CAR T cells coex
pressing GPC3 and asialo-glycoprotein receptor 1
(ASGR1) (a liver tissue-specific protein)-targeted CARs
containing both CD28 and 4-1BB signaling domains,
and proposed that dual-target T cells can reduce the
risk of off-tumor toxicity while maintaining relatively
+
+
[72]
potent antitumor activities for GPC3 ASGR1 HCC .
Moreover, CAR T cells were generated to target
[73]
[74]
EpCAM and mucin 1 , and phaseⅠ clinical trials are
in progress to evaluate their safety (NCT03013712 and
NCT02587689).

Improved CAR
Ag
binding
site

D
C
D
3
ζ

Figure 7 Schematic structure of chimeric antigen receptors. Chimeric
antigen receptors (CARs) are composed of a single-chain fragment variable
(scFv) containing the heavy chain variable (VH) and the light chain variable
domain (VL) of a monoclonal antibody. ScFv is attached to a transmembrane
(TM) domain and CD3ζ chain in the case of the first-generation CARs.
Improved CARs additionally contain one or two more costimulatory domains.
VH, heavy chain variable domain; VL, light chain variable domain; TM,
transmembrane domain; CO-D, domain derived from co-stimulatory molecules.

The CAR gene was generated by fusing the anti-GPC3
single chain variable region (scFv), CD8α hinge, CD28
transmembrane and intracellular signaling domain,
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Collectively, CAR T therapy for HCC is still in its
infancy and requires further progress in many aspects:
Selection of appropriate TAAs, enhancement of the
binding affinity of CAR to TAAs, improvement of traffick
ing of CAR T cells to tumor site, and prolongation of in
vivo survival of CAR T cells. Advances in these aspects
are required for the clinical application of CAR T cells for
HCC therapy.
Human NK cells express CD56 but not CD3, and are
a major player in innate immunity involved in defense
[75]
against both cancers and some virus-infected cells .
NK cells express germline-encoded activating and inhi
bitory receptors, and the balance between these two
distinct types of receptors determines NK cell function.
Activating receptors bind ligands on the target cells and
induce cell lysis, whereas inhibitory receptors recognize
MHC classⅠ molecules that normal cells abundantly
express, and eventually inhibit cytotoxicity exerted by
[76]
activating receptors . NK cells can kill target cells by
releasing cytotoxic granules or utilizing death-inducing
receptors including Fas ligand and tumor necrosis factor[75]
related apoptosis-inducing ligand (TRAIL) . Moreover,
antibody-dependent cell-mediated cytotoxicity (ADCC)
[77]
is exerted mainly by NK cells . Furthermore, although
NK cells were once considered to lack memory capacity,
accumulating evidence indicates that NK cells can exert
[78]
immunological memory . Due to these properties, NK
cells can be a potent candidate cell type for immune
therapy.
Autologous highly purified NK cells can be an ideal
candidate, but their low number in peripheral blood
precludes their use. NK cells possess killer inhibitory
receptors, which can inhibit NK cell responses to the
[76]
cells expressing the same MHC classⅠ . Thus, NK
cells can kill only the cells that do not express their own
MHC classⅠ. As a consequence, allogenic NK cells can
kill cancer cells expressing different MHC classⅠ more
efficiently than autologous NK cells, which share MHC
[79]
classⅠ with the cancer cells . One clinical trial has been
conducted to examine the efficacy of adoptive NK cell
transfer for preventing HCC recurrence after curative
therapy, but with no results available (NCT02008929).
Liver NK cells can express TRAIL more abundantly
upon activation and can exhibit stronger killing activity
[80]
against HCC, compared with circulating NK cells .
Moreover, evidence is accumulating to indicate few
cytotoxic effects of TRAIL on normal cells including
[81]
hepatocytes . Actually, adoptive transfer of IL-2stimulated NK cells obtained from donor livers increased
an antitumor response against HCC in recipients, who
were treated with a liver transplant from a live donor,
[82]
without causing any injury in normal hepatocytes .
These promising results paved the way to initiate a
phaseⅠ clinical trial to examine the feasibility and safety
of IL-2-activated NK cells obtained from cadaveric donor
liver grafts when they were adoptively transferred to
liver transplant recipients with HCC (NCT01147380). No
severe adverse effects were observed in the 18 patients
who received liver NK cells, indicating the safety of the
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treatment.
NKT cells are specialized CD1d-restricted T cells that
recognize lipid antigens to stimulate both innate and
adaptive immune cells in the tumor microenvironment,
[83]
once activated . In a mouse preclinical model, adoptive
transfer of either NKT cells pulsed with HCC-derived
antigens or NKT cells obtained from immunized donors
resulted in complete disappearance of tumors within
four weeks and attenuated weight loss, together with
[84]
increased serum IFN-γ, IL-12, and IL-4 levels . These
promising results led to the initiation of a phaseⅠ clinical
trial using autologous NKT cells to treat HCC, but the
results are not yet available (NCT010801852).
CIKs are non-MHC-restricted cytotoxic cells, which
are expanded ex vivo from PBMCs stimulated with antiCD3 antibody, IL-2, and IFN-γ, and can even exhibit
[85]
potent in vivo anti-tumor effects . CIKs are T cells
that have acquired the natural cytotoxic potential of
[86]
NK cells . Thus, the cells can recognize tumor cells
by using mainly the natural killer group 2 member D
(NKG2D) receptor, and eventually kill them without
[87,88]
a prior exposure or priming
. CIKs have typical
phenotypes, characteristic of terminally differentiated
+
CD8 effector memory cells, and simultaneously reco
[86]
gnize target cells in a MHC classⅠ-restricted manner .
A meta-analysis was conducted on 11 clinical trials with
CIK cells for solid tumors including HCC and gastric
[89]
cancer . The treatment was well tolerated, with a low
incidence of severe adverse effects. Of the 384 patients
where a clinical response was reported, 24 patients
showed a complete response, 27 patients showed a
partial response, 40 patients showed a minor response,
161 patients had stable disease, and 129 patients had
progressive disease. Disease-free survival rates were
significantly higher in patients treated with CIK cells
than those in the control group without CIK treatment.
A decrease in tumor volume was only described in three
patients. Interestingly, a reduction of hepatitis B virus
load was described in patients undergoing treatment with
CIK cells. These promising results spurred the application
of CIK-based immunotherapy to HCC treatment. To date,
eight randomized clinical trials (RCTs), six prospective
studies, and three retrospective studies have been
[90]
reported . A meta-analysis of these studies revealed
that CIK treatment increased survival rate as a whole,
but without any significant prolongation of progression
free-survival. Moreover, patients in the CIK cell-treatment
group had lower rates of relapse even in RCTs. To
date, two phase Ⅲ clinical trials using CIKs have been
completed (NCI00769106, 01749865) but the results are
not yet deposited in the database. In order to enhance
the efficacy of adoptive transfer of CIKs, patients
with HCC were treated with RFA and three courses of
immunotherapy, which consisted of the co-injection of
[91]
CIKs with immature or tumor cell lysate-pulsed DCs .
+
high
The treatment was well-tolerated, while CD4 CD25
+
Tregs decreased with a reciprocal increase in CD8 CD28
effector cells one month after the treatment, but no
differences were observed six months after treatment.
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tumor immunity. In the next sections, we discuss
immune checkpoint therapy and the potential of im
mune suppressive cell blockade as a novel type of im
munotherapy.

Ligands Receptors
APCs
Tregs
Tumor cells

Responding cells
T cells
CD28
CTLA4

CD80
CD86

PD-L1
PD-L2

PD-1

LAG-3

MHC class Ⅱ

Tim-3

Galectin-9

Immune checkpoint therapy: Cancer cells or other
resident cells in the tumor microenvironment express
various ligands that inhibit or stimulate immune activity,
and these ligands bind their corresponding receptors on
[94]
immune cells, thereby modulating immune responses .
The ligand-receptor pairs are denoted as immune
checkpoints (Figure 8), which control effector T cell- and
NK cell-responses at multiple steps from priming by
[24]
APCs to activation . Based on accumulating evidence to
indicate the presence of T cell dysfunction in the tumor
microenvironment, a novel type of immunotherapy,
immune checkpoint therapy, has been proposed to
reverse T cell dysfunction through unleashing immune
suppression mediated by inhibitory immune checkpoint
pathways. Due to their remarkable effectiveness ob
served on several types of cancers, the FDA has already
approved the antagonistic antibodies targeting two
immune checkpoint pathways - CTLA-4 and PD-1-PD-L1/
[95]
PD-L2 - for cancer treatment .
CTLA-4 is expressed on T cells and has greater
affinity for CD80 and CD86, the molecules that are
expressed on APCs and can bind the co-stimulatory
[96]
molecule CD28 (Figure 5A) . The interaction be
tween CD28 and CD80/86 is indispensable for T cell
activation, particularly at the priming phase. CTLA-4
can interfere with the interaction between CD80/CD86
and CD28, thereby rendering T cells unresponsive to an
antigen. Moreover, Tregs can inhibit immune responses
[97]
using CTLA-4 expressed on their surface . Thus,
an antagonistic anti-CTLA-4 antibody was clinically
evaluated in advanced melanoma patients, and it elicited
enhanced immune responses, with a clinical response
[95]
in a substantial proportion of patients . This promising
observation spurred a phaseⅠ clinical trial using an antiCTLA-4 monoclonal antibody (tremelimumab) for HCC
[98]
patients with chronic HCV infection (NCT01008358) .
Tremelimumab was well tolerated, without any severe
adverse effects except an intense, but transient,
elevation of transaminases after the first dose in some
patients. Specific anti-HCV immunity was enhanced
with a significant drop in viral load, but new emerging
variants of the hypervariable region 1 of HCV replaced
the predominant variants present before therapy. The
partial response rate was 17.6% and the disease control
rate was 76.4% with time to progression of 6.48 mo.
Another phaseⅠ clinical trial evaluated the efficacy
of tremelimumab for advanced HCC patients when
[99]
combined with TACE or RFA (NCT01853618) . No doselimiting toxicities were reported. Of the 19 evaluable
patients, five achieved a confirmed partial response. After
the treatment, viral load was reduced markedly in 12 of
14 patients with HCV infection. Moreover, at six months
after the treatment, tumor biopsies showed an apparent
+
increase in CD8 T cells restricted to the patients showing
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Figure 8 Interaction of major immune co-stimulatory and inhibitory
molecules, and their cognate receptors. Co-stimulatory and co-inhibitory
molecules are indicated by closed and open boxes, respectively. Co-stimulatory
and inhibitory signals are indicated by filled and hatched arrows, respectively.

A phaseⅠ/Ⅱ clinical trial is now in progress to evaluate
the combination of CIKs, DCs, and anti-PD-1 antibody for
HCC treatment (NCT02886897).

Reversal of T cell dysfunction

T cells can induce tumor regression upon recognizing
[92]
TAAs expressed by tumor cells , but tumors frequently
progress even in the presence of abundant TAA-specific
[93]
CTLs in tumor tissues . This paradoxical tumor growth
can arise from multiple immune suppressive pathways
that impair the function of CTLs present in tumor
[94]
tissues . The most notable immune suppressive mech
anisms are immune checkpoint pathways, which include
CTLA-4, PD-1-PD-L1/PD-L2, CD47-singal regulatory
protein-α (SIRPα), lymphocyte activation gene 3
(LAG-3), T-cell immunoglobulin mucin-3 (Tim-3), T-cell
tyrosine-based B and T lymphocyte attenuator (BTLA),
[24]
and inhibitory motif domain (TIGHT) (Figure 8) .
These pathways can dampen T cell activation through
ligand-receptor interactions. Moreover, T cell response
can also be negatively regulated by several types of
resident cells present in the tumor microenvironment,
such as Tregs and myeloid-derived suppressor cells
[94]
(MDSCs) .
The concept of tumor immunotherapy has been
drastically changed by the clinical success of CTLA-4 and/
or PD-1-PD-L1/PD-L2 blockade in treating several types
of advanced solid tumors. As a consequence, unleashing
the immunosuppressive tumor microenvironment
becomes a potential therapeutic measure to enhance
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a clinical benefit. Six and 12-mo probabilities of tumor
progression-free survival were estimated to be 57.1%
and 33.1%, respectively, with median time to tumor
progression of 7.4 mo and median overall survival of
12.3 mo. Additionally, one phaseⅠ/Ⅱ clinical trial is in the
process of recruitment to examine the efficacy of antiCTLA-4 antibody in combination with ablative therapy
(NCT02821754). Nevertheless, a large-scale phase Ⅲ
clinical trial is required to validate these observations.
In contrast to CTLA-4, the PD-1-PD-L1/PD-L2 path
way dampens T cell activation mainly at its effector
[100]
phase (Figure 5B)
. PD-1 is expressed on a wide
+
variety of immune cells, including activated CD4 and
+
CD8 T cells, B cells, NK cells, monocytes, and DCs.
PD-L1 is expressed on a wide variety of cells, includ
ing non-hematopoietic cells such as endothelial cells,
mesenchymal stem cells, and corneal cells, as well
as hematopoietic cells such as T and B cells, DCs,
macrophages, and mast cells. On the contrary, PD-L2
expression is restricted to activated DCs, macrophages,
and mast cells. Moreover, PD-L1, as well as PD-L2, is
expressed on various tumor cells. As a consequence, in
the tumor microenvironment, the interaction between
PD-1 and PD-L1/PD-L2 can dampen T cell receptormediated signaling pathways to inhibit T cell activation
[100]
and subsequent antitumor immunity .
Immunohistochemical analysis demonstrated an
increased expression of PD-1 and PD-Ls in HCC tissues,
with PD-1 expression in liver-infiltration lymphocytes
and PD-L1 and PD-L2 expression in non-parenchymal
[101]
liver cells and tumor cells . Moreover, PD-L1 expres
sion was significantly correlated with hepatitis B
virus infection and with HCC stage. Consistently, the
+
expression of PD-Ls positively correlates with FoxP3
Treg infiltration but not granzyme B-expressing CTL
infiltration, suggesting that PD-L expression contributes
[102]
to immunosuppression in HCC tissues . Moreover, a
higher expression of PD-L1 and PD-L2 in HCC tissues
has been associated with poorer prognosis. Together
with a good safety and substantial clinical responses to
the treatment with anti-PD-1 or anti-PD-L antibodies in
patients with several types of solid tumors, particularly
[103,104]
non-small cell lung carcinoma
, these observations
provide a rationale for initiating a clinical trial using antiPD-1 or anti-PD-L1/PD-L2 antibody for HCC treatment.
A PhaseⅠ/Ⅱ clinical trial was conducted with the
support from Bristol-Myers Squibb to evaluate the
safety and efficacy of anti-PD-1 monoclonal antibody
(nivolumab) for histologically confirmed advanced HCC
patients, who were included regardless of complicated
HCV or HBV infection, and previous sorafenib treat
[105]
ment . A total of 262 eligible patients were treated with
48 patients in the dose-escalation phase and 214 in the
dose-expansion phase, and 202 (77%) of 262 patients
have completed treatment. During dose escalation,
nivolumab showed a manageable safety profile, including
acceptable tolerability and 3 mg/kg every two weeks was
chosen as a dosage for dose expansion. The objective
response rate in the dose-expansion phase was 20%, at
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similar levels when a single administration of nivolumab
[100]
was given for other types of solid tumors
. A
phaseⅠ/Ⅱ clinical trial has just started to evaluate
another anti-PD-1 monoclonal antibody, pembrolizumab,
for HCC (NCT 02702414).
The promising results have encouraged the initiation
of several phase Ⅲ clinical trials for HCC patients (Table
1). A phase Ⅲ clinical trial was conducted to compare
the efficacy of nivolumab with that of sorafenib as a
first-line therapy (NCT 02576509), but the results are
not yet available. Recently, another phase Ⅲ clinical trial
was started to investigate if nivolumab would improve
recurrence-free survival, compared with placebo in HCC
patients who have undergone complete resection or
have achieved a complete response after local ablation,
and who are at high risk of recurrence (NCT03383458).
Additionally, a phase Ⅲ trial of pembrolizumab (MK-3475)
was conducted in patients with advanced HCC who
were systemically treated previously (NCT02702401).
The primary objectives of this study were to determine
progression-free survival and overall survival of pem
brolizumab plus best supportive care (BSC) compared
with placebo plus BSC. The following phase Ⅲ trial
was planned to determine the efficacy and safety of
pembrolizumab or placebo given with BSC in Asian
patients with HCC (NCT03062358). In Japan, a phase
Ⅲ, randomized, open-label, multicenter, global study
was designed to compare the efficacy and safety of
tislelizumab (BGB-A317) versus sorafenib as a first-line
systemic treatment in patients with unresectable HCC
(NCT03412773). This study also includes a substudy
investigating the safety, tolerability, pharmacokinetics,
and preliminary efficacy in HCC in Japanese patients.
Other immune checkpoint pathways are proposed to
be candidates for immune checkpoint therapy (Figure 8).
SIPRα is a unique immune checkpoint molecule expressed
on myeloid cells, particularly on macrophages but not
lymphoid cells, and binds CD47, which is expressed
[106]
abundantly on various types of cancer cells
. The
CD47-SIRPα interaction can inhibit macrophage function,
including its phagocytosis capacity, and therefore,
CD47 blockade promotes macrophage phagocytosis
[107]
of cancer cells . Moreover, several preclinical studies
demonstrated that CD47 blockade reduces tumor growth
by enhancing macrophage phagocytosis and inducing
macrophage phenotype change from pro-tumorigenic
M2 to pro-inflammatory and anti-tumorigenic M1
[108-110]
states
. These promising results spurred the devel
opment of various agents targeting the CD47-SIRPα axis,
including humanized anti-CD47 monoclonal antibody,
SIRPα fused with and human IgG1 Fc portion, and SIRPα
variant protein, and the clinical trials using these agents
[106]
have been initiated . However, these clinical trials are
still in the process of patient enrollment.
Treg and anergic T cells abundantly express LAG-3,
which binds a nonholomorphic region of MHC class
Ⅱ with greater affinity than CD4 and thereby can
+
negatively regulate CD4 cell proliferation and cytokine
[111]
production
. PhaseⅠ clinical trials were conducted
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PD-1

PD-1

PD-1

PDL-1

PD-1
PD-1

NCT02576509

NCT02702401

NCT03062358

NCT03298451

NCT03383458
NCT03412773

Nivolumab
Tislelizumab (BGB-A317)

Durvalumab + tremelimumab

Pembrolizumab + BSC

Pembrolizumab + BSC

Nivolumab

Experimental arm

Placebo
Sorafenib

Sorafenib

Placebo + BSC

Placebo + BSC

Sorafenib

Comparator arm

Outcome measures

RFS; OS/TTR
OS; Safety/AE/DLT/Cmax/
Cmin/AUC/ADA/Vital
signs/physical examination/
clinical laboratory results/
electrocardiogram/ORR/PFS/
DOR/TTP/HRQoL DCR/
CBR/Anti-BGB-A317 antibody

PFS/OS; ORR/ DCR/TTP/
DOR
OS; PFS/ORR/DOR/ DCR/
TTP/AE/Discontinuation
OS; PFS/ORR/DOR/DCR/
TTP/PK

OS;PFS/PD-L1 expression/
ORR

530
660

1200

330

408

726

Enrollment

Start date

18-Dec-17
28-Dec-17

11-Oct-17

27-Apr-17

26-May-16

25-Nov-15

2-May-25
May-22

27-Mar-20

23-Dec-19

1-Feb-19

22-Jun-19

Completion date

Locations

United States, Brazil, Canada, China, France, Germany,
Hong Kong, India, Italy, Japan, Russia, Spain, Taiwan,
Thailand, Ukraine, Vietnam
Japan, South Korea, Taiwan, United States
United States

China, Hong Kong, South Korea, Malaysia, Taiwan

Australia, Austria, Belgium, Canada, China, Czechia,
France, Germany, Hong Kong, Israel, Italy, Japan, South
Korea, Poland, Russian Federation, Singapore, Spain,
Sweden, Switzerland, Taiwan, United Kingdom, United
States

to examine an LAG-3 antagonist or anti-LAG-3 antibody for treating several solid tumors but not HCC . Tim-3 is expressed on IFN-γ-producing T cells, Tregs, DCs, and
[113]
+
macrophages, and can suppress their function upon binding its ligand, galectin-9 . Tumor outgrowth can be linked to the exhaustion of TAA-specific CD8 T cells, which
[114]
frequently express Tim-3 and PD-1 simultaneously . Moreover, the combined targeting of the Tim-3 and PD-1 pathways is more effective in controlling tumor growth in
[115]
mouse preclinical models than targeting either pathway alone . This observation incited the initiation of several phaseⅠ/Ⅱ clinical trials on the combined administration
of anti-Tim-3 and anti-PD-1 antibodies to patients with various solid tumors (NCT02608268, 02817633, 03099109), but the results are not yet available. Another immune
checkpoint molecule, BTLA, is expressed on T cells, resting B cells, macrophages, and DCs, and binds herpesvirus entry mediator (HVEM), a member of the tumor necrosis
[116]
factor (TNF) receptor family, which binds with LIGHT and lymphotoxin-α, members of TNF family . The BTLA-HVEM interaction delivers co-inhibitory signals, whereas the
[116]
[117]
+
LIGHT-HVEM interaction delivers co-stimulatory signals . Aberrant expression of the BTLA-HVEM axis in tumor tissues
and BTLA-mediated inhibition of human CD8
[118]
tumor-specific T cell functions
suggest that this axis may be able to be used for cancer immunotherapy. Additionally, TIGIT is expressed on activated T cells, memory
[119]
T cells, Tregs, and NK cells and can dampen T and NK cell functions through interacting with CD155 expressed on APCs and tumor cells . However, their roles in tumor
immunity still remain enigmatic.
Immune checkpoint therapy can confer cancer patients with a remarkable clinical efficacy and durable response, even at advanced disease stages, but many patients do
not respond to the therapy. Several measures have been proposed to increase the efficacy of the treatment. One is the identification of a biomarker to select patients who
[120,121]
are sensitive to checkpoint blockades
. PD-L1 overexpression was proposed to be a predictive biomarker for the response to PD-1/PD-L1 antibodies, but PD-L1 staining

[112]

ADA: Anti-drug antibodies; AE: Adverse events; AUC: Area under the curve; BSC: Best supportive care; CBR: Clinical benefit rate; Cmax: Maximum concentration; Cmin: Trough serum concentration; DCR: Disease control
rate; DLT: Dose-limiting toxicities; DOR: Duration of response; HRQoL: Health-related quality of life; ORR: Overall response rate; OS: Overall survival; PFS: Progression-free survival; TTP: Time to progression; TTR: Time to
recurrence.

Targets

NCT number

Table 1 Current phase Ⅲ clinical trials of immune checkpoint inhibitors for hepatocellular carcinoma patients
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has low prediction accuracy. Other candidate biomarkers
include intratumoral lymphocyte infiltrates and genetic
markers such as oncogenic mutations, mismatch repair
[120,121]
deficiency, and mutation loads
. Most HCC cases
develop in the presence of chronic inflammation, which
can cause innumerable genetic mutations (Figure 1).
Thus, genome-wide analysis on HCC genetics may be
helpful to determine which patients can respond well
to immune checkpoint therapy. Furthermore, recent
clinical trials revealed that patient HLA classⅠ genotype
influences the response to the treatment with antiCTLA-4 and ani-PD-1 antibodies in melanoma and lung
[122]
cancer patients
. Maximal heterozygosity at HLA
classⅠ and the HLA-B44 supertype was associated
with a favorable response, whereas the HLA-B62
supertype or somatic loss of HLA classⅠ heterozygosity
was associated with poor outcome. A good response
in patients with the HLA-B44 supertype suggests
the possibility of improving the efficacy of immune
checkpoint therapy by introducing a neoantigen-based
therapeutic vaccine.
Another way to enhance the efficacy of immune
checkpoint therapy is the combined administration
with other treatment modalities, such as radiotherapy,
[123]
chemotherapy, or molecular targeted therapies
.
Especially, radiotherapy can cause the abscopal effect,
where localized radiation-induced tumor cell death can
induce anti-tumor responses against tumors at other
[124]
sites
. Immune checkpoint therapy may be able
to augment radiotherapy-induced abscopal effects,
and several clinical trials were initiated to evaluate
the combined treatment of anti-PD-1 antibody with β
irradiation in HCC patients(NCT03033446, 02837029,
03099564). Moreover, phaseⅠ/Ⅱ clinical trials are now
evaluating the combined treatment of the anti-PD-1
antibody with anti-angiogenic agents (NCT02572687,
03006926, 02856425, 02942329, 02988440) or
molecular targeted therapies (NCT02423343, 02859324,
03095781, 02474537, 02325739) in HCC patients.
However, the results are not yet available.
Each immune checkpoint therapy acts at a distinct
[123]
phase of the immune response to the tumor
and therefore, the combination of different immune
checkpoint therapies are proposed or being evaluated
to treat various types of cancers. However, at present,
four phaseⅠ/Ⅱ (NCT01658878, 02519348, 02821754,
03222076) and one phase Ⅲ clinical trial (NCT03298451)
are in progress to evaluate the combined administration
of anti-CTLA-4 with either anti-PD-1 or anti-PD-L1
antibody in patients with HCC.
Immune checkpoint therapy can reverse tumorinduced T cell exhaustion, but impaired DC function
can depress T cell priming and activation, thereby
[125]
reducing T cell trafficking to tumor cells . Thus, the
supplementation of DC vaccine therapy may be able to
enhance the effectiveness of immune checkpoint therapy.
Collectively, immune checkpoint therapy can be a
promising therapeutic modality for HCC treatment and/
or prevention of its recurrence after curative local and
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regional therapy, but its clinical application may require
an additional thorough analysis to select optimal patients
and determine efficient co-administration methods.
Blockade of immune suppressor cells: Tregs and
MDSCs are two distinct types of hematopoietic cellderived immunosuppressive cells present in tumor
tissues. Tregs express a transcription factor, FoxP3,
and can suppress aberrant T cell-mediated immune
responses against TAAs as well as self-antigens through
[126]
several mechanisms . Tregs display abundantly highaffinity IL-2 receptor α chain (CD25), which can bind IL-2
to limit its amount available to effector T cells, thereby
attenuating effector T cell activation and proliferation.
Tregs constitutively express CTLA-4 to depress CD80/
CD86-mediated co-stimulatory signals and secrete
immune suppressive mediators including IL-10 and
transforming growth factor (TGF)-β. A detrimental role
of Tregs was suggested by an inverse correlation of
intratumoral Tregs with overall survival in patients with
[127,128]
various types of cancers including HCC
. Thus,
reducing the number of intratumoral Tregs and/or dam
pening their function may be effective to enhance tumor
immunity.
The reduction of intratumoral Tregs was achieved
in several mouse models by treating with an antiCD25 antibody, and this reduction was associated with
[129]
depressed tumor growth . Moreover, anti-tumor effects
were synergistically enhanced by co-administration
with an anti-PD-1 antibody. However, the efficacy of the
anti-CD25 antibody awaits validation in clinical trials.
In other mouse models, intratumoral Tregs and tumor
growth were reduced also by treating with an antibody
for the chemokine receptor CCR4, which is abundantly
[130]
expressed on Tregs . The observations were translated
into a phaseⅠ clinical trial which is in progress to
evaluate the combination of anti-CCR4 antibody and
anti-PD-1 antibody for various solid tumors except HCC
+
(NCT02946671). Tregs and CD8 effector cells express
glucocorticoid-induced TNF receptor (GITR), and its
triggering can abrogate the suppressive activity of Treg
[131]
cells but co-stimulate responder T cells . Consistently,
GITR activation can eradicate established tumors in
[132,133]
several mouse preclinical models
. Consequently,
several phaseⅠ/Ⅱ clinical trials are now in progress to
evaluate the combined treatment of an agonistic antiGITR antibody or a GITR agonist with other immune
checkpoint inhibitors, such as an anti-PD-1 antibody, for
[134]
several types of solid tumors, but not HCC .
Another immunosuppressive cell type present
abundantly in tumor tissues is MDSCs, which are a he
terogeneous population of myeloid cells with potent
immune regulatory activity that are generated during
[135]
cancer and chronic inflammation . MDSCs consist of
two large groups of cells: polymorphonuclear (PMN)MDSCs and monocytic (M)-MDSCs, which represent
immature neutrophils and a pathological state of activ
ation of monocytes, respectively. In humans, PMNMDSCs share many surface phenotypes with neutrophils,

1852

May 7, 2018|Volume 24|Issue 17|

Mukaida N et al . Immunotherapy for HCC
but exhibit a lower density than neutrophils. M-MDSCs
exhibit similar surface phenotypes as monocytes do, but
do not express MHC class Ⅱ and CD11c, in contrast with
[135]
monocytes . Evidence is accumulating to indicate the
association of a high frequency of intratumoral MDSCs
with poor clinical outcomes in patients with various types
[136,137]
of cancers
. We also observed that the frequency
of MDSCs in HCC patients was significantly increased,
and was correlated with tumor progression, but not
[138]
with the degree of liver fibrosis and inflammation
.
Moreover, the frequency of MDSCs after treatment was
inversely correlated with recurrence-free survival time in
HCC patients who received curative RFA therapy. These
observations promoted the evaluation of treatments
targeting MDSCs.
Indeed, treatment with several chemotherapeutic
[139]
[140]
drugs including gemcitabine , 5-fluorouracil , and
[141]
anthracyclines , decreased intratumoral MDSCs and
attenuated tumor growth in several preclinical mouse
models. Similar observations were obtained from pre
clinical models when administered with selective PI3[142]
[143]
kinase δ/γ inhibitors
or a JAK2/STAT3 inhibitor
.
Moreover, an antibody against the chemokine receptor
CXCR2 inhibited MDSC trafficking to tumors and en
hanced anti-PD-1-mediated anti-tumor effects, also in
[144]
a mouse preclinical model . These promising results
spurred the initiation of more than 40 phaseⅠ/Ⅱ
clinical trials to evaluate therapies targeting MDSCs in
various types of cancers, including one trial on HCC
(NCT03203005).
To date, various maneuvers have been proposed to
target Tregs and MDSCs as tumor immunotherapies,
but their efficacy requires validation through human
clinical trials.

used in large-scale RCTs.
The problem inherent in immune therapy is that it can
stabilize disease status for a long period without reducing
tumor burden, in contrast with the effects exerted by
chemotherapy and/or radiotherapy. Moreover, one object
of immune therapy for HCC is the prevention of tumor
recurrence after a successful local and regional therapy.
Thus, it is absolutely necessary to contrive a measure
to evaluate immune therapy for HCC from a standpoint
distinct from that used to assess chemotherapeutics.
Immune dysfunction can arise in cancer patients at
multiple levels including depressed antigen presentation,
reduced effector T cell function, and immunosuppressive
tumor microenvironments, and therefore, these results
suggest distinct mechanisms responsible for immune
suppression present in individual cancer patients.
These heterogeneities may account for the efficacy of
a single type of immune therapy in a limited proportion
of patients. Thus, the combination of several distinct
modalities may synergistically augment the effectiveness
of immune therapy and future studies should explore
this. Alternatively, this finding may arise from the pres
ence of several different patient cohorts who respond
differentially to a specific immune therapy. If so, it is
necessary to detect the good-responder cohort by
identifying a biomarker to predict the responsiveness to
each immune therapeutic modality.
Collectively, immune therapy for HCC is still in its
infancy. However, most HCC can develop repetitively
from chronic inflammatory lesions and/or cirrhosis in
non-cancerous liver portions, and recurrence has a
great impact on the long-term prognosis of patients with
[1]
HCC . However, these lesions cannot be eliminated by
other therapies at all, and only immune therapy can
prevent these non-cancerous tissues from progressing
into HCC. Thus, it is absolutely necessary to expand
immune therapies for HCC to prevent HCC recurrence,
and to eventually improve prognosis in patients with
HCC.

FUTURE PERSPECTIVES
Various immune therapeutic modalities have been
proposed to eradicate or reduce tumor burden and/or
to prevent recurrence after successfully removing a
primary tumor in HCC patients. Promising results have
been obtained from preclinical and/or phaseⅠ clinical
trials to evaluate various types of immune therapies for
HCC patients, as discussed here. However, to date, only
immune checkpoint therapy using an anti-PD-1 antibody
has produced favorable outcomes in phase Ⅱ clinical
trials, and these outcomes need validation in large-scale
RCTs.
Adoptive immune cell therapy has several hurdles to
overcome before its clinical application to HCC treatment.
The first one deals with the preparation of cell populations
used for adoptive transfer. At present, cell preparation
has not been standardized, and, therefore, it is difficult
to compare the results reported by different research
teams. Moreover, several papers described the results
obtained from cell populations prepared under conditions
not in compliance with the good manufacturing practice
(GMP) conditions. Thus, the cells should be prepared in
a standardized manner and under GMP conditions to be
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Symptomatic intestinal strictures develop in more
than one third of patients with Crohn’s disease (CD)
within 10 years of disease onset. Strictures can
be inflammatory, fibrotic or mixed and result in a
significant decline in quality of life, frequently requiring
surgery for palliation of symptoms. Patients under
the age of 40 with perianal disease are more likely to
suffer from disabling ileocolonic disease thus may have
a greater risk for fibrostenotic strictures. Treatment
options for fibrostenotic strictures are limited to
endoscopic and surgical therapy. Endoscopic balloon
dilatation (EBD) appears to be a safe, less invasive
and effective alternative modality to replace or defer
surgery. Serious complications are rare and occur in
less than 3% of procedures. For non-complex strictures
without adjacent fistulizaation or perforation that are
less than 5 cm in length, EBD should be considered as
first-line therapy. The aim of this review is to present
the current literature on the endoscopic management of
small bowel and colonic strictures in CD, which includes
balloon dilatation, adjuvant techniques of intralesional
injection of steroids and anti-tumor necrosis factor, and
metal stent insertion. Short and long-term outcomes,
complications and safety of EBD will be discussed.

ORCID number: Talat Bessissow (0000-0003-2610-1910);
Jason Reinglas (0000-0001-5455-260X); Achuthan Aruljothy
(0000-0003-3896-983X); Peter L Lakatos (0000-0002-3948-6488);
Gert Van Assche (0000-0003-0401-4664).
Author contributions: All authors equally contributed to this
paper with conception and design of the study, literature review
and analysis, drafting, critical revision, editing, and final approval
of the final revision.
Conflict-of-interest statement: None.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Talat Bessissow, MD, CM, FRCPC,
Division of Gastroenterology, Department of Medicine, McGill
University Health Center, Montreal, 1650 Cedar Avenue C7-200,
Montreal, QC H3G1A4, Canada. talat.bessissow@mcgill.ca
Telephone: +1-514-9341934
Fax: +1-514-9348531

Key words: Endoscopy; Crohn’s disease; Stricture;
Stenosis; Inflammatory bowel disease; Endoscopic
balloon dilation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: March 10, 2018
Peer-review started: March 11, 2018
First decision: March 29, 2018
Revised: April 14, 2018

WJG|www.wjgnet.com

Core tip: Endoscopic balloon dilation (EBD) for Crohn’s
disease-related fibrostenotic strictures has been rec
ognized as a safe, and less invasive intervention with rare
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inflammation, the baseline release of profibrotic
cytokines (e.g., IL-4 and IL-13) increases over time
further accelerating the process of excessive matrix
[7,8]
deposition . There may also exist a point where
inflammation is no longer required to trigger fibrosis.
As ECM is deposited during chronic inflammation, the
bowel wall becomes stiffer. Bowel wall stiffness acts
independently as a mesenchymal cell activator, resulting
in ongoing myofibroblast stimulation, thus progressive
[9]
fibrotic stenosis .
Treatment options for fibrostenotic strictures are
limited to endoscopic and surgical therapy (i.e., strictur
[10]
oplasty and small bowel resection) . Fortunately, most
de novo strictures form in the ileum and ileocolic regions,
which are accessible by ileocolonoscopy or balloon[11]
assisted enteroscopy . Although pharmacotherapy
may delay the time before operative management, it
[12]
has not been shown to prevent it . Approximately
80% of patients will have their first bowel resection
[2]
10 years following their diagnosis of CD . To date no
specific intestinal anti-fibrotic therapy exists, nor has any
immunosuppressant or biologic therapy been shown to
prevent stricture formation.
The following review presents the current data
on the endoscopic management of small bowel and
colonic strictures in CD. Short and long-term outcomes,
complications and a description of the procedure will be
discussed.

complications that occur in less than 3% of procedures.
EBD can replace or defer surgery and help avoid
frequent intestinal resections, which result in short bowel
syndrome and impair quality of life. For non-complex
strictures without adjacent fistulization or perforation that
are less than 5 cm in length, EBD should be considered
as first-line therapy. In this review we discuss safety,
short and long-term outcomes, as well as adjuvant
techniques of intralesional injection of steroids, antitumor necrosis factor, and metal stent insertion.
Bessissow T, Reinglas J, Aruljothy A, Lakatos PL, Van Assche
G. Endoscopic management of Crohn’s strictures. World J
Gastroenterol 2018; 24(17): 1859-1867 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i17/1859.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i17.1859

Introduction
Intestinal strictures are a common complication of
Crohn’s disease (CD) affecting one-third of the patient
population within 10 years of disease onset. This number,
[1,2]
however, is likely under-reported . In general, CD
strictures are classified into inflammatory, fibrotic or
mixed, although all symptomatic inflammatory strictures
[2,3]
likely have some component of fibrosis and vice-versa .
Risk factors and predictors of intestinal strictures to
date are clinical, environmental, genetic or endoscopic
[4]
parameters (Table 1). Although no clinical factors exist
which can accurately predict the stricturing phenotype
of CD, there do exist factors which may predict the
likelihood of small bowel disease and a disabling disease
course thus indirectly may suggest an increased risk for
the development of fibrostenotic disease. These factors
include the presence of perianal disease, age of CD
diagnosis less than 40 years old and the need for steroids
[4,5]
during the first flare . Patients frequently complain
of progressive post-prandial abdominal pain, bloating,
nausea, vomiting and weight loss. The diagnosis of
intestinal strictures usually coincides with a spiraling
decline in quality of life and results in surgery in 75% of
[1]
patients at least once during their lifetime . CD patients
will frequently undergo multiple bowel resections over
their lifetime that repeatedly exposes them to immediate
and long-term post-operative complications such as
anastomotic leaks with intra-abdominal sepsis, short
bowel syndrome, and adhesions with recurrent bowel
[2,6]
obstructions .
The pathogenesis of CD complications develops from
chronic accumulation of inflammatory bowel damage
variably leading to stricture, fistula and/or abscess
[2]
formation . Stricture development, although not fully
understood, involves the progressive deposition of
extracellular matrix protein (ECM) produced by myofi
broblasts at variable sites of the bowel being injured
by chronically uncontrolled relapsing and remitting
[7]
transmural inflammation . During chronic intestinal
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EFFICACY OF ENDOSCOPIC BALLOON
DILATION
Endoscopic balloon dilation (EBD) is a minimally
invasive bowel-length preserving mean of managing
symptomatic CD patients with short fibrotic strictures
(Figure 1). EBD has become an established modality of
therapy and often plays an important role in delaying or
[10,13]
acting as a bridge to surgery
. The most common
location of the small bowel to undergo EBD using a
colonoscope is the distal ileum or at the ileocolonic
anastomosis of a patient following a small bowel
[14]
resection . Strictures located in the distal duodenum
to proximal jejunum or distal jejunum to proximal ileum
may be accessed with ante- or retrograde enteroscopy,
[15]
respectively .
Short- and long-term efficacy has been inconsistently
[13]
defined in studies . In general, short-term efficacy has
been described as the technical success of the procedure
or the ability to traverse the dilated area freely with the
[13,16]
endoscope immediately after dilatation
. Long-term
efficacy, in most studies, has been described as the time
elapsed until another intervention (either surgical or
[2,13,16]
endoscopic) is required
. Despite the lack of a formal
definition, excellent short- and moderate long-term
efficacy of EBD for CD strictures has been documented
[14,16,17]
in many studies
. Table 2 shows a summary of
published studies on EBD using conventional colonoscopy
in CD patients. In a systematic review and descriptive
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Table 1 Risk factors and predictors of fibrostenosing Crohn’s disease
Clinical[4]

Environmental[4]
Endoscopic[4]
Genetic[4]

Serological[4]

A

Age at diagnosis < 40 yr
Perianal disease at diagnosis
Need for steroids during first flare
Small bowel disease location
Prior appendectomy
Smoking
Deep mucosal ulcerations
Nucleotide oligomerisation domain 2 (NOD2) variants
Janus-associated kinase 2 (JAK2)
Caspase-recruitment domain 15 (CARD15)
NOD2/CARD15 mutations on both chromosomes
TNF superfamily 15 (TNFSF15) in Asians
5T5T in the MMP3 gene
rs1363670
Antimicrobial antibodies
anti-Saccharomyces cerevisiae antibodies (ASCA) IgA in Asians

B

Figure 1 Endoscopic balloon dilatation of ileocolonic anastomosis (A) and endoscopic appearance post endoscopic dilatation (B).

pooled analysis of 12 studies conducted between 1991
to 2013 evaluating 1463 CD patients who underwent
3213 EBD procedures, the technical success rate was
89% with an associated relief of clinical symptoms in
[14]
81% of patients . The majority of strictures were ileal
(98.6%) at anastomotic sites (62%), which were 2
cm or less. However, the recurrence rate of strictures
was high. At the 36.6 mo median follow-up, 47.5% of
patients had symptomatic recurrence and 28.6% of all
patients had required surgical intervention. This study
concluded that the chance of requiring repeat EBD or
surgical intervention at 2 years was 73.5% and 42.9%,
[14]
respectively . Another large recent systematic review
with meta-analysis involving 1089 patients (2664 EBDs)
[17]
across 25 studies revealed similar results . The technical
success rate was 92.3% with a reported symptomatic
response rate of 70.4%. The proportion of patients
requiring a repeat dilation after 1 and 2 years was
31.6% (160/506) and 25.9% (117/451), respectively.
Most patients within 5 years required recurrent dilations
[17]
(80%) and/or surgical interventions (75%) . Of
interest is the lower symptomatic success rate as
compared to the technical success rate across studies.
This likely occurred due to a lack of a standardized
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means of reporting technical and clinical efficacy and/or
a superimposed process existing that contributed to
the patient’s symptoms (e.g., ongoing inflammation,
[10]
intestinal bacterial overgrowth, IBS, etc.) . Despite this
discrepancy, the short-term clinical success rate remains
high.
In the setting of small bowel strictures not in reach
of the enteroscope or colonoscope, the double balloon
enteroscope can be used in an antegrade or retrograde
[15]
fashion for diagnostic and/or therapeutic intervention .
Although there are only a few small studies which have
evaluated its use in dilating small bowel CD strictures,
[18,19]
[20]
the results were positive
. Nishida et al performed
a retrospective review on their center’s experience
with dilating small bowel strictures between 2006 to
2015. Overall, small bowel dilation using the double
balloon enteroscope was found to be successful but
there was a greater risk for requiring surgery in patients
with multiple strictures as compared to those with a
single stricture (adjusted hazard ratio, 14.94; 95%CI:
[20]
1.91-117.12; p = 0.010) . As such, a single stricture
but not necessarily multiple strictures may be a good
indication for considering dilation using the double
balloon enteroscope.
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Table 2 Summary of published studies on endoscopic balloon for Crohn’s disease strictures
Authors
Blomberg et al[52]
Williams et al[53]
Breysem et al[54]
Cockuyt et al[55]
Ramboer et al[56]
Matsui et al[57]
Dear et al[58]
Brooker et al[59]
Morini et al[60]
Sabate et al[61]
Thomas-Gibson et al[62]
Singh et al[63]
Aljouni et al[64]
Ferlitsch et al[65]
Nomura et al[66]
Foster et al[67]
Hoffman et al[68]
Stienecker et al[69]
Mueller et al[70]
Thienpont et al[71]
Scimeca et al[72]
Gustavsson et al[51]
Karstensen et al[73]
De’Angelis et al[74]
Endo et al[75]
Honzawa et al[76]
Nanda et al[77]
Atreja et al[78]
Bhalme et al[79]
Hagel et al[80]
Krauss et al[81]
Ding et al[82]

Pubished year

No. of patients

Anastomotic
strictures (%)

1991
1991
1992
1995
1995
2000
2001
2003
2003
2003
2003
2005
2006
2006
2006
2008
2008
2009
2010
2010`
2011
2012
2012
2013
2013
2013
2013
2014
2014
2014
2014
2016

27
7
18
55
13
55
22
14
43
38
59
17
37
46
16
24
25
25
55
138
37
178
23
26
30
25
31
128
79
77
20
54

100
71
78
67
69
43
95
79
67
68
90
35
37
59
35
41
57
42
23
84
90
80
24
52
36
21
100
48
61
57
25
100

Major
Maximum balloon Technical success Clinical efficacy
(%)
complication (%)
(%)
caliber (mm)
25
20
18
20
18
20
18
20
18
25
18
20
20
20
20
20
20
18
18
18
20
25
15
18
20
20
18
20
20
20
18
20

100
71
89
85
100
86
100
100
79
84
73
100
90
85
94
92
100
97
95
97
84
89
83
100
94
88
100
83
95
55
100
89

67
71
50
62
100
78
73
79
42
53
41
76
87
66
65
NA
52
94
76
76
89
64
74
93
64
62
45
67
77
65
NA
82

0
0
0
8
0
2
0
0
0
3
3
18
3
4
6
13
16
3
2
3
0
11
1.9
2
10
12
0
3
0
10
14
2

Clinical efficacy was defined according to each study (i.e., resolution of obstructive symptoms after dilation with the avoidance of surgery or additional
intervention). Technical success was defined by successful passage of the endoscope or colonoscope immediately after dilation. Clinical efficacy was defined
as the resolution of obstructive symptoms after dilation with the avoidance of surgery. Major complications (calculated per number of dilations) included
were perforations, bleeding, intra-abdominal abscesses or fistulas. NA: Not available.

for post-surgical strictures as compared to native
strictures (OR = 2.3, p < 0.001). Similarly, a recent
study published by the Cleveland Clinic group after
performing a retrospective review on 307 patients who
had undergone either EBD or surgical resection for an
ileocolonic anastomotic stricture had worse short-term
outcomes (i.e., technical success) but similar long-term
outcomes as compared to the aforementioned studies
[24]
evaluating EBD of de novo strictures . Of the 176
patients who had undergone EBD, the technical success
rate was 86% (range 71% to 100%) with a long-term
clinical efficacy, defined as an avoidance of surgery, of
[24]
58% over a follow-up period of 33 mo . The presence
of active inflammation identified on endoscopy, elevated
CRP, medical treatment after dilation, cigarette smoking
and intralesional steroid injection have demonstrated
conflicting results with respect to the need for surgery
[2,17,23,24]
and successful EBD
.

Predictors of Successful
Endoscopic Dilatation
Factors that are predictive of a successful EBD include
short straight strictures in-line with the bowel lumen
distal to the duodenum, which are non-ulcerated in
a location without any adjacent abscess and at least
[21,22]
5 cm from a fistula orifice
. Strictures located in
the duodenum were found to have a 5 fold increased
hazard for time to shorter surgery as compared to
strictures located in the jejunum/ileum or colon (HR =
[23]
4.7, p = 0.038; HR = 5.6, p = 0.03; respectively) .
Additionally, a stricture length ≤ 5 cm was associated
with a lower chance of requiring surgical intervention
following EBD (HR = 2.5, 95%CI: 1.4-4.4; p =
0.002). For every 1 cm increase in stricture length,
[23]
the risk for surgery increased by 8% (p = 0.005) .
In contrast to popular belief, anastomotic strictures
have been associated with poorer short-term outcomes
[23,24]
than de novo strictures
. This was highlighted in
[14]
the aforementioned review by Bettenworth et al
which documented a lower technical success rate
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Table 3 Practical considerations
Predictors favoring successful dilation[11,22-25]

Risk factors for complications[22-25]

Short term outcome[15,18]
Long term outcome[15,18]
3
Complication rate[25,45]
1
2

Symptomatic predominantly fibrotic stricture
Short (≤ 5 cm) stricture
Single straight stricture
Stricture distal to the duodenum
Anastomotic stricture more favorable than de novo stricture
First dilation
Lack of a superimposed process contributing to symptoms (e.g., SIBO or IBS)
Predominantly inflammatory stricture without medical optimization
Stricture greater than 5 cm
Multiple small bowel strictures
Strictures caused by extrinsic compression (e.g., adhesions)
Fistulization within 5 cm of the area to be dilated
Adjacent perforation or intra-abdominal collection
Complete small bowel obstruction
Tortuous or tethered small bowel or significant stricture angulation
Duodenal stricture
85%-95% (technical success), 70%-80% (clinical response)
32% (year 1 post dilation), 80% (year 5 post dilation)
1%-4%

1

Short term outcome refers to the time elapsed immediately after the dilation takes place; technical success refers to the ability to successfully complete
the dilation; clinical response refers to the symptomatic improvement of the patient immediately following the dilation; 2Long term outcome refers to the
percentage of patients requiring a repeat intervention; 3Complication rate encompasses only major complications requiring urgent intervention such as
bleeding, perforation and infection.

Although controversial, intralesional injection of
anti-tumor necrosis factor has been evaluated in
patients with small bowel and colonic CD strictures with
promising results, but concerns related to immunization
[35,36]
may limit its potential as a therapeutic option
. One
small case series evaluated the effect of a 90-120 mg
intralesional injection of infliximab in three symptomatic
patients with colonic CD strictures. All three patients had
an improved endoscopic appearance of the stricture as
well as relief of their obstructive symptoms for at least
[35]
four months following the injection . Similarly, another
small case series evaluating intralesional injections
of 40 mg of infliximab into small bowel CD strictures
combined with EBD in six patients was associated with
improved symptoms and a reduction in their modified
simple endoscopic score for Crohn’s disease (SES[37]
CD) . The results of a larger randomized controlled
trial evaluating the efficacy of performing intralesional
injections of adalimumab into intestinal CD strictures
[38]
are awaited .
Endoscopic metal stent insertion has been attemp
ted in few patients with CD strictures. Although the
technical success rate has been reportedly high, major
complications such as bowel perforation, stent migration
[39]
and fistulization was reported in 67% of patients .
Additionally, in order to avoid stent impaction, most
[40-42]
studies suggest removing the stent after one month
.
One small prospective cohort study concluded the risk
for complications was too high to suggest the use of
endoscopic metal stents as a treatment option for CD
strictures after evaluating the data from 11 patients at
[40]
their center . The use of biodegradable instead of metal
stents has been evaluated recently in a case-series last
year involving six patients with intestinal and colonic
CD strictures. Although technical success was good,

strated to be effective for peptic, corrosive, anastomotic
[25]
or post-radiotherapy fibrotic strictures . However,
strong evidence for the use of intralesional injection
[25-28]
of steroids in CD is lacking
. Studies that have
evaluated its use in CD have used the formulation
triamcinolone due to its rapid onset of action and long[29]
lasting duration of effectiveness of 3-4 wk . Only two
small randomized placebo controlled studies have been
performed evaluating the use of intralesional steroids
versus saline injection after failing medical therapy
and EBD. The first study conducted in 2007, included
13 adult patients with short (≤ 5 cm) ileocolonic
[30]
anastomotic strictures . Five of the seven patients
in the intervention group required re-dilation after the
procedure and one patient had a complication versus
one of six in the placebo group required re-dilation.
There was no significant difference with respect to
[30]
success of the procedure between groups . This
trial was stopped early due to the trend toward harm
and remains the influential study behind the current
American College of Gastroenterology and British
Society of Gastroenterology position statements against
[31,32]
the routine use of intralesional steroids
. The second
study published in 2010 included 29 pediatric patients
with short ileal or colonic strictures (12 anastomotic,
[33]
17 de novo) . In contrast, this study did demonstrate
a reduction in time to re-dilation and surgery in the
intervention group. Within the sub-group of patients
evaluated in a recent large systematic review evaluating
the management of CD strictures, intralesional steroid
[33]
injection did not improve outcomes . Similarly, a
review conducted in 2013 summarizing the findings
from five retrospective case-series evaluating the use of
intralesional steroids in CD patients concluded the data
[34]
to be contradictory and limited .
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[43]

premature stent failure occurred in all of the patients

.

5

Safety of Endoscopic Balloon
Dilation

6

Although EBD is a minimally invasive procedure, bowel
perforation and severe bleeding has been reported in
[17,23,24]
most large studies
. In the aforementioned review
[14]
by Bettenworth et al , major complications requiring
hospitalization occurred in 2.8% of patients. Similarly,
another large systematic review evaluating 24 nonrandomized studies including 1163 patients found the
[44]
rate of iatrogenic perforation to be 3% . The rate for
major complications including infection and hemorrhage
[44]
in this study was 4% . In a study directly comparing
EBD to surgical intervention for the management of
intestinal CD strictures, perforation occurred in 1.1%
of the patients in the EBD group whereas the postoperative complication rate (e.g., intra-abdominal sepsis)
[24]
was 8.8% . Despite these significant complications,
no deaths have been reported to date. Since benign or
inflammatory intestinal strictures are indistinguishable
from early adenocarcinoma on imaging, there exists
a risk that malignancy may be missed when EBD is
[3]
performed instead of surgical excision . Population based
studies have suggested a greater risk for small bowel
malignancy in patients with longstanding CD. Several
case reports exist documenting the development of small
bowel malignancy following stricturoplasty and bypassed
[45-51]
loops
. As such, biopsies of the stricture should
[22]
occur prior to dilation . There has been no evidence to
suggest obtaining biopsies prior to EBD increases the risk
for perforation.

7
8

9
10

11

12

13
14

Conclusion

15

EBD remains a safe and effective modality of trea
ting CD strictures in appropriately selected patients.
Although it may not be able to prevent operative man
agement in all patients, it can significantly delay it. For
an isolated intestinal fibrostenotic CD stricture less than
or equal to 5 cm in length without adjacent fistulization
or perforation, EBD should be considered as first-line
therapy (Table 3).
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Anti-integrin therapy for inflammatory bowel disease
Sung Chul Park, Yoon Tae Jeen

Abstract

Sung Chul Park, Division of Gastroenterology and Hepatology,
Department of Internal Medicine, Kangwon National University
School of Medicine, Chuncheon 24289, South Korea

In inflammatory bowel disease (IBD), tumor necro
sis factor plays an important role in mediating infla
mmation, but several other pathways are also involved
in eliciting an inflammatory response. One such
pathway is the invasion of the intestinal mucosa by
leukocytes. Leukocytes within the systemic circulation
move to sites of inflammation, and blocking this
pathway could be an important treatment strategy
for IBD. Anti-integrin therapy blocks the action of
integrin on the surface of circulating immune cells and
endothelial cell adhesion molecules, thereby inhibiting
the interactions between leukocytes and intestinal blood
vessels. Natalizumab, which acts on α4-integrin, was
the first such drug to be approved for Crohn’s disease,
but its use is limited due to the risk of progressive
multifocal leukoencephalopathy. Vedolizumab produces
few systemic adverse effects because it acts on guttrophic α4β7 integrin, and has been approved and is
being used to treat IBD. Currently, several anti-integrin
drugs, including etrolizumab, which acts on β7-integrin,
and PF-00547569, which targets mucosal addressin cell
adhesion molecule-1, are undergoing clinical trials and
the results are being closely watched.
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Core tip: Anti-integrin therapies have attracted attention
as new therapeutic agents in inflammatory bowel dis
ease. They inhibit the extravasation of leukocytes by
blocking the interaction between integrins on immune
cells and endothelial cell adhesion molecules. The use
of the first developed anti-integrin agent, natalizumab
is now limited due to the risk of progressive multifocal
leukoencephalopathy. However, vedolizumab which acts
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selectively on the gut has shown few adverse events
and is currently used in clinical practice. Newer antiintegrin drugs that act on different integrins-related
targets, such as AJM300, abrilumab, etrolizumab, and
PF-00547659 have also been developed and are in
clinical trials.

tokines define and regulate various aspects of the infla
mmatory response and play an important role in the
pathogenesis of IBD including Crohn’s disease (CD)
and ulcerative colitis (UC), with the former mediated
by type 1 T helper cells (TH1) and TH17, and the latter
reportedly caused by an abnormal TH2 response. The
immunopathogenesis of IBD is made more complex
by imbalances in different T cell subsets, such as
regulatory T cells, natural killer T cells, and TH9, as
well as the interactions between these cell populations.
Ultimately, the production of numerous cytokines is
disturbed. These cytokines include the well-known
TNF-α as well as IL-1β, IL-6, IL-8, IL-10, IL-12, IL-17,
[3,6]
IL-23, and transforming growth factor-α .
The use of TNF antagonists showed that just blocking
a single cytokine could be sufficient to induce significant
clinical remission. Until recently, in moderate-to-severe
active IBD patients, especially if initial treatment with
systemic corticosteroids or immunomodulators failed,
anti-TNF agents were the only remaining treatment
option.
Inspired by the treatment outcomes of the first
generation anti-TNF agent infliximab, next-generation
TNF antagonists, such as adalimumab, golimumab,
and certolizumab pegol, were introduced for the treat
ment of IBD, drastically changing this treatment field;
however, even these drugs did not show an effect in
all IBD patients. Specifically, although reports differ
slightly, anti-TNF agents produce primary non-response
[7]
(PNR) in approximately 10%-30% of patients . Several
factors have been suggested as causes of PNR. One
known cause of PNR is that TNF is not a major factor in
the development of inflammation in some patients, and
therefore, there is an increased need for drugs with new
[8]
mechanisms .
Although anti-TNF agents show an initial effect,
secondary non-response or loss of response (LOR) is
[7,9]
seen in 23%-46% . LOR is known to occur due to
pharmacokinetic issues or the production of antibodies
against the drug; however, it can also be caused by a
shift in the inflammatory response pathway from TNF
signaling to non-TNF signaling. Moreover, due to their
comprehensive immunosuppressive effects, the use of
anti-TNF agents can cause severe adverse reactions,
including tuberculosis (TB), hepatitis B, pneumonia,
herpes zoster, and other infections, as well as skin
cancer, malignant lymphoma, psoriasis, lupus-like syn
drome, demyelinating disease, congestive heart failure,
and hepatotoxicity.
Although anti-TNF therapy has reduced the rate
of surgery in IBD patients, a considerable number of
patients experience a relapse of inflammation after as
[10]
they stop anti-TNF . After stopping TNF antagonist, the
[9,11]
.
12-mo relapse rate is 40% for CD and 28% for UC
Therefore, there is an urgent need for drugs with novel
mechanisms that are more effective and safer than antiTNF agents, or in particular, that can be used when antiTNF therapy is ineffective or causes an adverse reaction.
Since biological drugs have a high molecular weight,
they are inevitably delivered by injection, and their
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INTRODUCTION
Causes of inflammatory bowel disease (IBD) have not
yet been clearly elucidated, but it is known that genetic
susceptibility, altered gut microbiota, and environmental
factors are all involved. It has also been reported that
a combination of these factors causes an inappropriate
immune response, resulting in impaired intestinal
[1-3]
barrier function .
As continual research further reveals the immuno
pathogenesis of IBD, the treatment of IBD has shifted
from conventional treatments, such as aminosalicylates,
glucocorticoids, and immunomodulators (thiopurines
and methotrexate), toward the biological drugs that
[4]
target inflammation-related pathways . Anti-tumor
necrosis factor (TNF) agents were the first biologics
used to treat IBD, and the objective of IBD treatment
has shifted from controlling symptoms to changing the
progression of disease and preserving the intestinal
function. However, anti-TNF agents are not effective in
all IBD patients, and a considerable number of patients
experience relapse after stopping medication. The
pathophysiology of IBD is very complex. This means
that the most appropriate treatment method may vary
for each patient, and therefore, constant efforts are
[4]
being made to develop effective drugs . In particular,
new biologics that inhibit leukocyte trafficking to the
site of inflammation have been developed and used.
These drugs are called anti-integrin or anti-adhesion
agents, or leukocyte-trafficking inhibitors because
they block the actions of integrin, a cell surface protein
expressed by circulating immune cells and endothelial
cell adhesion molecules (CAMs), thereby selectively
preventing the intestinal recruitment of lymphocytes to
[5]
the site of inflammation . Thus, unlike anti-TNF drugs,
anti-integrin agents inhibit the interactions between
leukocytes and the intestinal vasculature, and selectively
prevent the influx of inflammatory cells, which mediate
the inflammatory process in IBD, into intestinal lesions.
In this report, we aim to discuss anti-integrin therapy,
which is currently being highlighted as a new drug
therapy for the treatment of IBD.

NEED FOR NEW DRUGS
A variety of inflammatory and anti-inflammatory cy
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Blood flow
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Transendothelial
migration
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Figure 1 Process of leukocyte migration through the endothelium. Leukocytes moving in the blood begin to tether and roll at a specific site of the vessel wall,
undergo activation, arrest and adhesion to the vascular endothelial cells, eventually migrate between the endothelial cells.

Leukocyte

endothelial cells, and finally undergo transendothelial
migration (Figure 1). This process of leukocytes migration
is mediated by interactions between leukocytes and
adhesion molecules expressed by endothelial cells, which
enables circulating leukocytes to migrate to the target
[12]
tissues .
Leukocytes also express CAMs on the surface, called
integrins which allow them to interact with the vascular
endothelial cells or other cells. Integrin is a heterodimeric
receptor formed from α and β subunits and is divided
into several groups depending on the structure of the α
and β subunit, and different populations of leukocytes
express different integrins. These integrins include α4β1
(found on most leukocytes), α4β7 [found specifically
on lymphocytes in the gastrointestinal (GI) tract], and
αEβ7 (found on intraepithelial T cells, dendritic cells,
[13]
mast cells or regulatory T cells) . Integrins react with
CAMs in the immunoglobulin (Ig) superfamily expressed
by other cells to induce cell adhesion; α4β1, α4β7, and
αEβ7 integrins bind to vascular cell adhesion molecule-1
(VCAM-1) on vascular endothelial cells, mucosal
addressin cell adhesion molecule-1 (MAdCAM-1) on
intestinal endothelial cells, and E-cadherin on mucosal
[14]
epithelial cells (Figure 2) .
The migration of leukocytes to the intestinal mucosa
and the recruitment of immune cells to the site of in
flammation due to increased expression of CAMs are
essential to the development and maintenance of in
testinal inflammation. Therefore, leukocyte trafficking
to the gut is central to the immunopathogenesis of IBD,
and its inhibition is recognized as an important goal in
[5]
the development of anti-IBD drugs .

αEβ7

α4β1
α4β7
Natalizumab
AJM300

Etrolizumab

Natalizumab

VCAM-1
MAdCAM-1

Vedolizumab
Abrilumab
PF-00547659

E-cadherin

Epithelial cell

Endothelial cell
Endothelial cell

Figure 2 Therapeutic targets of anti-integrin agents[14]. VCAM-1: Vascular
cellular adhesion molecule-1; MadCAM-1: Mucosal addressin cellular adhesion
molecule-1.

immunogenicity leads to infusion reactions or LOR asso
ciated with the antidrug antibody. Therefore, one aspect
of new drug development is to focus on small molecules
of less than 1 kDa that could be taken orally, thereby
increasing compliance, relatively inexpensive, and have
almost no immunogenicity, allowing them to be taken
safely on a long-term basis.

IMMUNE CELL TRAFFICKING
Innate and adaptive immune responses depend on the
trafficking of immune cells to the organ targeted by the
disease. During an inflammatory response, circulating
leukocytes migrate to the target tissues through a
homing process that takes place in several stages.
Migrating leukocytes in the bloodstream begin tethering
(capture) and rolling to a specific place, through the
activation process, arrest and adhere to vascular

WJG|www.wjgnet.com

ANTI-INTEGRIN THERAPIES
Anti-integrin therapies block the action of integrins,
expressed by circulating immune cells, on endothelial
CAMs, thereby decreasing the trafficking of immune
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Table 1 Anti-integrin therapies for inflammatory bowel disease
Drug

Formula

Natalizumab
AJM300
Vedolizumab

Target

Humanized IgG4 mAb
α4-integrin
Small molecule
α4-integrin
Humanized IgG1 mAb α4β7-integrin

Abrilumab (AMG 181/MEDI 7183) Fully human IgG2 mAb α4β7-integrin
Etrolizumab

PF-00547659 (SHP647)

Humanized IgG1 mAb

β7-integrin

Fully human IgG2κ mAb MAdCAM-1

Route

Clinical studies

Summary

i.v.
Oral
i.v.

ENCORE
Phase Ⅱa
GEMINI 1
GEMINI 2
GEMINI 3
Phase Ⅱb
Phase Ⅱb
EUCALYPTUS
BERGAMOT
HICKORY
TURANDOT
OPERA

Induction and maintenance in CD
Induction in UC
Induction and maintenance in UC
Induction and maintenance in CD
Induction in CD
Induction in UC
Induction in CD
Induction in UC
Induction in CD
Induction in CD
Induction in UC
Induction in CD

s.c.
i.v./s.c.

i.v./s.c.

IgG: Immunoglobulin; mAb: Monoclonal antibody; i.v.: Intravenous; CD: Crohn’s disease; UC: Ulcerative colitis; s.c.: Subcutaneous; MAdCAM: Mucosal
addressin cell adhesion molecule.
[18]

approximately 1 case per 1000 patients . The use of
immunomodulators before natalizumab administration,
a positive test for anti-JC virus antibody, and longer
duration of natalizumab treatment are risk factors for
[19]
PML . Thus, natalizumab has been approved by the
United States. FDA only in moderate-to-severe CD
patients who did not respond to or were intolerant of
conventional treatment or TNF inhibitor therapy; it has
not been approved for use in Europe.

cells to the endothelium and suppressing the recruit
ment of inflammatory cells such as lymphocytes to in
testinal lesions. Table 1 shows the anti-integrin agents
currently approved and in use or in clinical trials.

Natalizumab

Natalizumab is a chimeric recombinant human IgG4
antibody that targets the α4 subunit in α4β7 and α4β1
integrins on leukocytes. α4β1 integrin interacts with
VCAM-1. Natalizumab was first approved by the U.S.
Food and Drug Administration (FDA) as a treatment
for multiple sclerosis, which is an autoimmune disease
of the central nervous system (CNS), and clinical trials
were conducted to test its efficacy against CD.
In the phase Ⅲ Efficacy of Natalizumab in Crohn’s
disease Response and Remission (ENCORE) trial, 509
patients with moderate-to-severe activity and elevated
C-reactive protein (CRP) (> 0.287 mg/dL) were allo
cated, in a 1:1 ratio, into groups receiving either 300
mg of natalizumab or placebo by intravenous injection
at weeks 0, 4, and 8. The primary end point, which
was the percentage of patients showing a clinical
response [defined as a decrease of at least 70 points
in CD activity index (CDAI) score] at week 8 and
sustaining this response until week 12, was higher in
the natalizumab group, at 48%, than in the placebo
[15]
group, at 32% (P < 0.001) . The percentage of
patients showing sustained clinical remission (defined
as a CDAI score under 150 points) at both week 8 and
week 12 was also higher in the natalizumab group, at
26%, than in the placebo group, at 16% (P = 0.002).
However, natalizumab prevents α4β1 integrin on leuko
cytes from binding VCAM-1 on vascular endothelial
cells in the CNS as well as in the intestines; it has been
reported that by reducing T cell trafficking to the brain,
natalizumab can affect cerebral antiviral immunity, and
in some cases, can cause a fatal brain infection called
progressive multifocal leukoencephalopathy (PML)
due to the reactivation of the John Cunningham (JC)
[16,17]
virus
. Based on clinical trial data, the risk of PML
after a mean of 17.9 mo of natalizumab treatment is

WJG|www.wjgnet.com

AJM300

Despite safety issues for natalizumab, the oral α4 integrin
antagonist AJM300 was developed and evaluated for
use in UC. A phase Ⅱa clinical trial was conducted in
Japan on 102 patients with moderately active UC, who
were intolerant or showed an inappropriate response to
mesalamine or corticosteroids; when AJM300 960 mg or
placebo was administered 3 times per day, the primary
end point, which was the rate of clinical response (defined
as a decrease of at least 3 points, and at least 30%
compared to baseline, in the complete Mayo score,
as well as a decrease of at least 1 point for the rectal
bleeding or an absolute rectal bleeding subscore of 1
point or less) at week 8, was significantly higher in the
AJM300 group, at 62.7%, than in the placebo group, at
[20]
25.5% (P = 0.0002) . Meanwhile, the clinical remission
(defined as a complete Mayo score of 0-2 points and
no subscore higher than 1 point) rate was 23.5% in
the AJM300 group and 3.9% in the placebo group (P =
0.0099), and the mucosal healing rate was 58.8% in
the AJM300 group and 29.4% in the placebo group (P
= 0.0014), both of which were significantly different. In
this clinical study, serious adverse events did not occur,
and adverse events were mild and self-limiting. However,
considering that AJM300 shares the mechanism of
natalizumab, and the number of subjects in this trial
was small, and the study period was short, there are
concerns about its practicality as a therapeutic drug.
Nevertheless, the duration of effect for AJM300 is very
short compared to that of natalizumab, and since it is an
oral formulation, there is some expectation that it may
cause fewer systemic adverse events.

1871

May 7, 2018|Volume 24|Issue 17|

Park SC et al . Anti-integrin therapy for IBD

Vedolizumab

52, was 15.9% in the placebo group, 41.8% in the VDZ
every eight weeks group, and 44.8% in the VDZ every
four weeks group, which showed that the effect was
2-fold higher in the VDZ groups than in the placebo
group (P < 0.001). The durable clinical response
(response at both week 6 and 52) was 23.8% in the
placebo group, 56.6% in the VDZ every eight weeks
group, and 52.0% in the VDZ every four weeks group,
which was significantly different (P < 0.001). Similarly,
mucosal healing at week 52 was 19.8% in the placebo
group, 51.6% in the VDZ every eight weeks group,
and 56.0% in the VDZ every four weeks group, which
was also significantly different (P < 0.001). There was
no significant difference in the efficacy of VDZ between
the four-week and eight-week interval groups. Among
patients who had experienced failure with anti-TNF
therapy, the clinical remission rate was much lower
in the placebo group, at 5.3%, than in the VDZ every
eight weeks group, at 37.2%, and the VDZ every four
weeks group, at 35.0% (P < 0.001). Therefore, VDZ
demonstrated an effect against moderate-to-severe
UC at week 6 and at week 52, irrespective of previous
anti-TNF therapy. In the post-hoc analysis for the
GEMINIⅠ trial, patients were divided into those who
were naïve to TNF antagonist (464 patients) and failed
[25]
to TNF antagonist (367 patients) . The treatment
effect measured by the clinical response at week 6 was
stronger in patients who were naïve to anti-TNF therapy
[absolute difference (AD) between VDZ and placebo
26.4%] than in those who failed to anti-TNF therapy
(AD 18.1%). In the maintenance phase, the ADs in
week 52 clinical remission rates were 28.0% in patients
who were naïve to anti-TNF therapy and 29.5% in
patients who failed to anti-TNF therapy, respectively.
Even among patients who had previously experienced
failure with anti-TNF therapy, those who experienced
LOR showed a lesser effect of VDZ than those who
experienced PNR or intolerance.
The GEMINI 2 trial, consisting of 2 cohorts, analyzed
[26]
the efficacy of VDZ in active CD patients . The 368
patients in cohort 1 were randomly allocated in a 3:2
ratio, with each group receiving intravenous VDZ 300
mg or placebo at weeks 0 and 2, and evaluated at
week 6. The primary endpoint, which was the clinical
remission rate at week 6, was significantly higher in
the VDZ group, at 14.5%, than in the placebo group,
at 6.8% (P = 0.02). The other primary endpoint, the
CDAI-100 response rate (defined as a decrease of at
least 100 points in the CDAI score relative to baseline),
was higher in the VDZ group, at 31.4%, than in the
placebo group, at 25.7%; however, this difference was
not statistically significant (P = 0.23). To meet the
required sample size for the maintenance phase, an
additional 747 patients (cohort 2) were recruited for
an open-label trial, and administered VDZ by the same
method. In the maintenance phase, 461 patients who
had shown a clinical response to VDZ at week 6 which
administered either placebo, or VDZ 300 mg every four
weeks or every eight weeks. The primary endpoint in

Vedolizumab (VDZ; MLN0002) is a humanized
monoclonal IgG1 antibody against α4β7-integrin that
inhibits the adhesion of leukocytes to the endothelium
by blocking the interaction between α4β7-integrin and
MAdCAM-1 expressed on blood vessels and lymph
nodes associated with the GI tract. The main difference
between natalizumab and VDZ is that natalizumab
inhibits leukocyte trafficking in multiple organs,
including the brain, whereas VDZ acts specifically only
on gut-trophic α4β7 heterodimers, and therefore,
inhibits lymphocyte trafficking selectively in the
intestine. Although MAdCAM-1 exists rarely at the
blood-brain barrier, VDZ is known to have no effect on
[21]
CNS immunity . In a study in support of this idea,
healthy volunteers were injected VDZ and when the
cerebrospinal fluid (CSF) was tested 5 wk later, no
change was observed in CSF lymphocyte counts or
[22]
CD4:CD8 ratio following VDZ administration . In
another randomized controlled trial comparing VDZ with
a placebo, the serum antibody response to a parenteral
hepatitis B vaccine did not differ between the 2 groups,
but the response to an oral cholera vaccine showed
less antibody formation in the VDZ group compared to
the placebo group, demonstrating that while VDZ has
no effect on systemic immunity, it decreases immune
[23]
surveillance in the GI tract .
The phase Ⅲ GEMINI 1 trial, consisting of 2 cohorts,
analyzed the efficacy of VDZ in 895 moderate-tosevere UC patients who had previously received ste
[24]
roid, immunomodulator, or anti-TNF therapy . The
374 patients in cohort 1 were randomly allocated in a
ratio of 3:2, with each group receiving 2 intravenous
injections of VDZ 300 mg or placebo at week 0 and
2, and evaluated at week 6. The primary endpoint in
the induction phase, which was the clinical response
rate at week 6, was significantly higher in the VDZ
group, at 47.1%, than in the placebo group, at 25.5%
(P < 0.001). The clinical response rate at week 6 was
also significantly higher in the VDZ group than in the
placebo group among patients who had previously
experienced treatment failure with anti-TNF agents
(39.0% vs 20.6%, P = 0.01) or steroids (59.5% vs
20.0%, P < 0.001). Moreover, the clinical remission
rate at week 6 was 16.9% in the VDZ group and 5.4%
in the placebo group (P = 0.001), whereas the mucosal
healing rate at week 6 was 40.9% in the VDZ group
and 24.8% in the placebo group (P = 0.001), and
these differences were statistically significant. To meet
the required sample size for the maintenance phase,
an additional 521 patients (cohort 2) were recruited for
an open-label trial, and administered VDZ by the same
method. In the maintenance phase, the 373 patients
who achieved a clinical response with VDZ at week
6 were randomized in a 1:1:1 ratio, with each group
receiving either a placebo, or VDZ 300 mg every four
weeks, or every eight weeks. The trial lasted for a total
of 52 wk. The primary endpoint in the maintenance
phase, which was the clinical remission rate at week
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the maintenance phase, which was the clinical remission
rate at week 52, was 21.6% in the placebo group,
39.0% in the VDZ every eight weeks group, and 36.4%
in the VDZ every four weeks group, indicating that both
the VDZ every eight weeks (P < 0.001) and VDZ every
four weeks (P = 0.004) groups showed significantly
higher clinical remission rates than the placebo group.
Similarly, the CDAI-100 response rate at week 52 was
30.1% in the placebo group, 43.5% in the VDZ every
eight weeks group, and 45.5% in the VDZ every four
weeks group, indicating that the response rate was sig
nificantly higher in the VDZ every eight weeks group (P
= 0.01) and the VDZ every four weeks group (P = 0.005)
than in the placebo group. Among patients who had
previously experienced failure with anti-TNF therapy,
the remission rates at week 52 were 28.0%, 27.3%,
and 12.8% for the VDZ every eight weeks, VDZ every
four weeks, and placebo groups, respectively. This was
significantly higher in the VDZ every eight weeks group
(P = 0.01) and the VDZ every four weeks group (P =
0.02) than in the placebo group.
The GEMINI 3 trial was a phase Ⅲ randomized
controlled trial examining the efficacy and safety of VDZ
[27]
in 416 moderate-to-severe CD patients . Most of the
participants (315 patients) had previously experienced
failure with anti-TNF therapy (PNR, LOR, or intolerance).
After the injection of VDZ 300 mg at weeks 0, 2, and
6, unlike the GEMINIⅠ and Ⅱ trials, the effects of VDZ
were evaluated at week 10 as well as week 6. Among
anti-TNF-naïve patients, the clinical remission rate at
week 6 was 12.0% in the placebo group and 31.4% in
the VDZ group, which was significantly different (P =
0.012). However, among patients with previous antiTNF therapy failure, the clinical remission rate at week
6 was 12.1% in the placebo group and 15.2% in the
VDZ group, which was not a statistically significant
difference (P = 0.433), whereas the clinical remission
rate at week 10 was significantly higher in the VDZ
group, at 26.6%, than in the placebo group, at 12.1%
(P = 0.001). Meanwhile, in patients with previous antiTNF therapy failure, the CDAI-100 response rates at
weeks 6 and 10 were 22.3% and 24.8%, respectively,
in the placebo group, but were significantly higher in
the VDZ group, at 39.2% and 46.8% (P = 0.001 and P
< 0.001, respectively). These results show that patients
who experience anti-TNF therapy failure take longer to
show an effect from VDZ than anti-TNF-naïve patients.
Notably, among the subjects in this trial, patients who
had experienced anti-TNF therapy failure had a longer
disease duration and more structural damage than
anti-TNF-naïve patients, which could have affected the
clinical effects of VDZ. In the post-hoc analyses for the
GEMINI 2 and 3 trials, for patients in the VDZ group, the
clinical remission rate at week 52 was 48.9% in patients
who were naïve to anti-TNF therapy and 27.7% in
patients who had experienced anti-TNF therapy failure,
whereas the remission rates in the placebo group were
[28]
26.8% and 12.8%, respectively . This shows that the
clinical remission rates are higher in the VDZ group than
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in the placebo group, and that this effect is larger when
patients have not previously been exposed to anti-TNF
therapy.
Vedolizumab was approved by the FDA and the Euro
pean Medicines Agency, for the treatment of moderate to
severe ulcerative colitis and CD adult patients which are
not responding to one or more conventional treatment
such as steroids, immunosuppressive agents, or TNF
antagonists. The results of the VDZ clinical trials showed
different treatment effects in UC and CD. There are
several theories to explain why the clinical effect of
inhibiting leukocyte trafficking in CD appeared later
than that in UC. CD can show systemic manifestations
and affect the whole GI tract from the oral cavity to the
anus, showing inflammation in all layers of the intestine;
conversely, UC is limited to the colonic mucosa, which
could explain the discrepancy in the treatment response.
Recently, a study on IBD patients and a humanized
mouse model found that VDZ treatment in CD reduced
the expression of α4β1 in the peripheral blood and
increased the expression of α4β1 in the intestine,
suggesting that in CD, the VDZ-mediated inhibition of
α4β7 could have been circumvented by homing to the
[29]
ileum via α4β1 on effector T cells . Thus, further indepth research is required to better understand the
pharmacokinetics and pharmacodynamics of VDZ in CD.
The GEMINI long-term safety (LTS) study examined
[30,31]
the long-term safety and efficacy of VDZ
. Among
patients in the phase Ⅱ trial C13004, the GEMINI 1 trial,
and VDZ-naïve UC patients who showed a response to
VDZ at week 6 were switched to an open-label study
and administered VDZ 300 mg continually at four-week
[30]
intervals for 152 wk . In an interim report on the
efficacy of VDZ, the remission rates after 104 and 152
wk were 88% (120/136) and 96% (70/73), respectively,
demonstrating a high maintenance of remission. Among
patients who dropped out of the VDZ maintenance
treatment at eight-week intervals before 52 wk in
GEMINIⅠ trial (n = 32), increased dosing frequency
to every four weeks in GEMINI LTS improved clinical
responses and remission rates from 19% and 6% to
41% and 28%, after 52 wk of GEMINI LTS, respectively.
Similarly, among CD patients who had participated in
the C13004, GEMINI 2, or GEMINI 3 trial, or were VDZnaïve, those who showed a response to VDZ at week 6,
when switched to an open-label study and monitored for
152 wk while receiving VDZ every four weeks, showed
remission rates after 104 and 152 wk of 83% (100/120)
[31]
and 89% (62/70), respectively . Among patients
who dropped out of the VDZ maintenance treatment at
eight-week intervals before 52 wk in GEMINI 2 trial (n =
57), increased dosing frequency to every four weeks in
GEMINI LTS improved clinical responses and remission
rates from 39% and 4% to 47% and 32%, after 52
wk of GEMINI LTS, respectively. Therefore, for patients
who show a response to VDZ every eight weeks in the
induction phase, but show LOR in the maintenance
phase, increasing the dosing frequency to every four
weeks could produce a response again.
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To examine mucosal and histological healing
when VDZ was administered, prospective surveillance
colonoscopy was performed in patients registered for
[32]
the GEMINI LTS trial . The follow-up period was over
1 year (1.1-6.1 years, median 3.2 years), the rate of
mucosal healing with a Mayo score of 1 or less was 50%
(17/34) for UC and 29% (7/24) for ulcer-free mucosal
healing in CD patients. Histological healing with mucosal
healing in UC and CD patients was 32% (11/34) and
21% (5/24), respectively.
The VERSIFY study was examined endoscopic mu
cosal healing at week 26 after VDZ treatment in 101
moderate-to-severe CD patients who had previously
experienced failure with corticosteroids, immunomodu
lators, and/or anti-TNF agents. The endoscopic remission
[simple endoscopic score for CD (SES-CD) ≤ 4] rate
was 12% overall, 20% for patients who were naïve to
anti-TNF therapy (n = 46), and 6% for patients who
had previously experienced anti-TNF therapy failure (n
[33]
= 55) . The endoscopic response (SES-CD decrease
of at least 50%) and complete endoscopic healing (no
ulcerations) rates were, respectively, 25% and 15%
overall, 28% and 24% for patients who were naïve to
anti-TNF therapy, and 22% and 7% for patients who
had failed at anti-TNF therapy. Thus, VDZ is effective at
inducing endoscopic remission and healing in refractory
CD patients, and the rates of endoscopic remission and
healing are higher in anti-TNF-naïve patients than in
those who have experienced anti-TNF therapy failure.
The US VICTORY Consortium provides data relating
to VDZ from real-world experience; among 212 mode
rate-to-severe CD patients, 90% had exposed to antiTNF therapy, and the median follow-up duration was
[34]
39 wk . In responders, the median time to respond
to VDZ was 19 wk. After 6, 12, and 18 mo of VDZ
therapy, patients showed clinical remission rates of 18%,
35%, and 54%, respectively, and after 6 and 12 mo of
treatment, showed cumulative mucosal healing rates
of 20% and 63%, respectively, and cumulative deep
remission (clinical remission and mucosal healing) rates
of 14% and 26%, respectively. Higher disease activity,
active perianal disease, smoking history, and prior TNF
antagonist exposure were all factors that decreased the
effectiveness of VDZ.
In a German cohort study including 115 active UC
patients and 97 active CD patients, only 24.3% of UC
patients and 5.2% of CD patients were naïve to TNF
[35]
antagonist . When these patients were treated with
VDZ and monitored for 14 wk, at week 14, 23.5% of
UC patients and 23.7% of CD patients achieved clinical
remission, 57.4% of UC patients and 60.8% of CD
patients showed a clinical response, and steroid-free
remission was observed in 19.1% of UC patients and
19.6% of CD patients. Serum CRP and calprotectin
levels were measured at weeks 0, 6, and 14; patients
are showed decreased CRP levels, but this was not
statistically significant, whereas calprotectin levels
decreased significantly.
In the GETAID Cohort Data from France, the effects
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of VDZ treatment were analyzed in 121 UC patients and
173 CD patients who had failed with anti-TNF therapy. At
week 6, the clinical remission rates were 32% and 31%,
the steroid-free clinical remission rates were 21% and
19%, and the clinical response rates were 41% and 57%
[36]
in the UC and CD patients, respectively . At week 14,
the clinical remission rates for UC and CD patients were
respectively 39% and 36%, the steroid-free remission
rates were 36% and 31%, and the clinical response
rates were 57% and 64%, demonstrating that VDZ is
effective for both UC and CD. The fact that a superior
treatment response was observed at week 14 compared
to week 6 re-confirms that it takes time for the effects
of treatment to become apparent. When patients were
monitored for 1 year, steroid-free remission at week
22 was 40% for UC patients and 34% for CD patients,
indicating that remission rates gradually increased for
both diseases, and that UC patients achieved steroidfree remission sooner than CD patients.
In summary, real-world data for VDZ treatment
were similar to results of randomized controlled studies.
In particular, it takes considerable time before the
maximal effects of VDZ therapy can be observed, and
corticosteroid treatment may be required during this
period. The results of a network meta-analysis show that
VDZ is more effective overall than anti-TNF therapy in the
[37]
maintenance phase . Thus, the effect of VDZ, once it
becomes apparent, is maintained more strongly, and this
sustained effect is considered its greatest advantage. In
addition, for patients showing PNR, LOR, or intolerance
to anti-TNF therapy, it is worth considering VDZ as a
secondary treatment (Table 2).
Because VDZ acts selectively on the intestine, it
causes relatively little systemic immunosuppression,
and this is expected to result in fewer adverse events.
In the GEMINI 1 and 2 trials, the most commonly
reported adverse reactions to VDZ (incidence ≥ 5%)
were nausea, nasopharyngitis, upper respiratory tract
infection, arthralgia, fever, fatigue, headache, and
[24,26]
cough
. In safety data from the 6 VDZ clinical trials
(placebo-controlled trials C13002, GEMINI 1, 2, and 3,
and open-label trials C13004 and GEMINI LTS), VDZ
showed no significant difference from the placebo in
[38]
overall adverse reactions . In particular, the exposureadjusted incidence rates of infections and serious
infections, which is a problem in anti-TNF therapy,
were 63.5/100 person-years (PYs) and 4.3/100 PYs in
patients receiving VDZ, respectively, and 82.9/100 PYs
and 3.8/100 PYs in the placebo group, respectively.
However, the rates of gastroenteritis and Clostridium
difficile infection were low but higher in VDZ-treated
patients (4.0/100 PYs and 0.4/100 PYs, respectively)
than those in the placebo group (1.4/100 PYs and
0.0/100 PYs, respectively), and further studies will be
required to determine whether these results are due to
gut-selective immune suppression by VDZ. In safety
data from the 6 VDZ clinical trials, 18 patients developed
malignancy, including GI cancer (6 patients), skin cancer
(5 patients), lung cancer (2 patients), genitourinary
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Table 2 Comparison of properties of anti-tumor necrosis factor and gut-specific anti-integrin therapy

Mechanism of action
Available agents

Therapeutic efficacy
Side effects
Immunogenicity

Anti-TNF therapy

Gut-specific anti-integrin therapy

TNF-α inhibitor
Infliximab (UC, CD)
Adalimumab (UC, CD)
Certolizumab pegol (CD)
Golimumab (UC)
Frequent loss of response during maintenance therapy
Infections, reactivation of latent tuberculosis, potential risk of lymphoma
Measure the ADA if available
Add immunomodulator (infliximab)

α4β7-integrin inhibitor
Vedolizumab (UC, CD)

Modest effect on induction therapy for CD
Nasopharyngitis, arthralgia, headache, nausea
No significant immunogenicity

TNF: Tumor necrosis factor; UC: Ulcerative colitis; CD: Crohn’s disease; ADA: Antidrug antibodies.

cancer (2 patients), breast cancer (2 patients), and
B cell lymphoma (1 patient). Colon cancer (0.1/100
PYs) was the most common type of GI cancer, but its
incidence was lower than that observed in IBD patients
in the HealthCore Integrated Research Database
[38,39]
(2.1/1000 PYs; 95%CI: 1.3-3.2)
. Infusion-related
reactions were reported with a low incidence of less
[38]
than 5% in patients who received VDZ . VDZ does
not affect α4β1-related nervous system leukocyte
trafficking, and no cases of PML were observed in the
clinical trials. Therefore, VDZ can be considered as a
primary biological drug in elderly patients with a high
risk of opportunistic infections or cancer and in young
male patients at risk of hepatosplenic T cell lymphoma.
Especially in countries with a high prevalence of TB, such
as Korea, China, and India, the risk of TB needs to be
considered when selecting a therapeutic drug. VDZ is
expected to be a very low-risk drug in this regard, with
only 4 TB cases out of approximately 3000 patients who
received VDZ (0.1%). Another advantage of VDZ is that
it can be used even in the presence of comorbidities that
contraindicate anti-TNF therapy, such as demyelinating
disease, congestive heart failure, and lymphoma.
Nevertheless, due to the gut selectivity of VDZ, it
may not be expected to be effective in patients with
extraintestinal symptoms. Recently, a case of CD invol
ving the pleura and lungs after 3 doses of VDZ has been
[40]
reported . After isolating peripheral blood mononuclear
cells from the patient, flow cytometry revealed an upre
gulation of β1 integrin, which is required for homing
of lymphocytes to the lungs, and the condition of the
patient improved after prednisolone treatment. This
shows that the shift in integrin expression triggered by
VDZ can cause immune cells to migrate to organs other
than the gut, thereby increasing the risk of extraintestinal
autoimmune manifestations in CD.
Anti-VDZ antibodies (AVAs) were detected in 56 out
of 1434 patients (4%) who were treated with VDZ up to
week 52 in the GEMINI 1 and 2 trials, but of these, only
9 patients (0.6%) continued to show AVA positivity, and
[38]
33 patients (2.6%) developed neutralizing antibodies .
In the GEMINI LTS trial, the immunogenicity rate did
not increase over time. When VDZ was administered
in combination with immunosuppressants at baseline,
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the AVA positivity rate was 3%, which was 1% lower
than the AVA positivity rate of 4%. However, these
measurements were taken when the patients had a
high serum drug concentration, which could have inter
fered with the assay. Therefore, VDZ seems to have
low immunogenicity and could be used without immu
nosuppressants; however, further research is required.
VDZ may be expected to have a positive effect on
fistula closure rate in CD. The phase IV ENTERPRISE
trial (NCT02630966), which is currently underway,
focuses on fistula healing at week 30 after 22 wk of VDZ
medication in patients with fistulizing CD.
Research on combination therapy has so far been
limited to case reports. One report found that VDZ
+ etanercept, the soluble TNF receptor, combination
therapy is effective at controlling severe pouchitis and
spondylarthritis that developed in a patient with UC; one
UC patient who showed no response to treatment with
methotrexate, adalimumab, infliximab, azathioprine,
cyclosporine A, or golimumab showed clinical remission
and mucosal healing when treated with a combination of
[41,42]
VDZ + certolizumab pegol and monitored for 21 mo
.
These reports indicate that combination therapy using
VDZ and an anti-TNF agent can provide additional clinical
benefits, and an open-label study is currently underway
to examine the effects of three-drug combination therapy
using VDZ, adalimumab, and methotrexate in high-risk
CD patients (NCT02764762).
Recently, a study was published on biomarkers that
[43]
can predict response to VDZ . Using VDZ labeled
with fluorescein isothiocyanate, α4β7-expressing cells
were detected by confocal laser endomicroscopy;
clinical response and endoscopic remission to VDZ were
observed in patients who showed pericryptal α4β7+ cells
in the mucosa, whereas patients without α4β7+ cells did
not respond to VDZ.

Abrilumab

Abrilumab (AMG 181/MEDI 7183) is a fully human
monoclonal IgG2 antibody against α4β7 integrin that
has recently been used in several clinical trials.
In a phase Ⅱb study to evaluate the efficacy and
safety of abrilumab in 354 moderate-to-severe UC pa
tients who showed an inappropriate response or LOR
to anti-TNFs, immunomodulators, or corticosteroid
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therapy, patients were divided into a placebo group,
groups receiving subcutaneous abrilumab 7, 21, or 70
mg at weeks 0, 2, and 4, followed by its administration
once every four weeks, and a group receiving a single
[44]
subcutaneous 210 mg dose of abrilumab . The primary
endpoint, which was remission rate at week 8, was
1.6%, 2.9%, 13.5%, and 13.4% in the abrilumab 7 mg,
21 mg, 70 mg, and 210 mg groups, respectively, and
was 4.4% in the placebo group; the abrilumab 70 mg
group (P = 0.021) and 210 mg group (P = 0.030) both
showed a significantly higher remission rate than the
placebo group. Abrilumab increased α4β7-high central
memory CD4+ T cell counts in the peripheral blood, and
high trough abrilumab concentrations were associated
with increased remission rate. No PML or severe
adverse events were observed in the abrilumab groups
through week 24 and no patients developed neutralizing
antibodies to abrilumab. Thus, abrilumab showed
advantageous pharmacokinetics, pharmacodynamics,
very low immunogenicity, and an acceptable safety
profile; further results are expected in the future.
A phase Ⅱb trial was conducted to evaluate the
efficacy and safety of abrilumab in 249 patients with
moderate-to-severe CD who showed evidence of active
inflammation and an inappropriate response, LOR,
or intolerance to immunosuppressants, anti-TNFs, or
[45]
corticosteroid therapy . Patients were divided into a
placebo group and groups receiving abrilumab 21 mg
or 70 mg at weeks 0, 2, and 4, followed by once every
four weeks, and a group receiving a single 210 mg dose
of abrilumab. The primary endpoint, which was CDAI
remission (CDAI score of < 150 points) rate at week
8, was 23.1%, 14.4%, and 21.9% in the abrilumab
21 mg, 70 mg, and 210 mg groups, respectively, and
12.8% in the placebo group; there were no statistically
significant differences between the abrilumab groups
and the placebo group. However, among patients who
had previously experienced anti-TNF treatment failure,
CDAI remission rates at week 12 were 22.9%, 17.4%,
and 24.8% in the abrilumab 21 mg, 70 mg, and 210
mg groups, respectively, which were all significantly
higher than the remission rate of 8.2% in the placebo
group (P < 0.01). Also, in patients with prior anti-TNF
failure, the CDAI response (decrease of at least 100
points in CDAI score compared to baseline) rates at
week 12 in the abrilumab 21 mg, 70 mg, and 210 mg
groups were 30.0%, 39.4%, and 37.4%, respectively,
and these values in the abrilumab 70 mg and 210 mg
groups were significantly higher than the response rate
of 14.2% in the placebo group (P < 0.01). Adverse
events up to week 24 were the same in the abrilumab
groups and the placebo group, and there were no cases
of PML or death in any of the abrilumab groups. Thus,
in CD, although abrilumab did not show a significant
improvement in the primary endpoint, it could show
useful effects.

IgG1 antibody against the β7 subunit of α4β7 and αEβ7
that blocks not only the interaction between α4β7 and
MAdCAM-1, but also the interaction between αEβ7 and
E-cadherin expressed mostly by epithelial cells. Thus,
etrolizumab suppresses the trafficking of lymphocytes
into the gut and the retention of lymphocytes in the
intraepithelial compartment.
The phase Ⅱ EUCALYPTUS induction study was
conducted on 124 moderate-to-severe UC patients
[46]
who showed no response to conventional therapy .
Patients were randomly allocated in a 1:1:1 ratio into
a placebo group, a group administered subcutaneous
etrolizumab 100 mg at weeks 0, 4, and 8 (and placebo
at week 2), and a group administered a loading dose
(LD) of subcutaneous etrolizumab 420 mg, followed
by subcutaneous doses of 300 mg at weeks 2, 4, and
8. The primary endpoint, which was clinical remission
rate at week 10, was 0% in the placebo group, 20.5%
in the etrolizumab 100 mg group (P = 0.004), and
10.3% in the etrolizumab 300 mg plus LD group (P =
0.048); the clinical remission rate was higher in the
etrolizumab groups than in the placebo group. In a
subgroup analysis, among anti-TNF-naïve patients,
the clinical remission rates in the etrolizumab 100 mg
group and the etrolizumab 300 mg plus LD group were
44% and 25%, respectively; however, among patients
who had not responded to anti-TNF therapy, the clinical
remission rates were 5% and 4%. Although there were
no cases of severe infection in the etrolizumab-treated
groups, and there was no significant difference in the
rate of adverse reactions sufficient to stop medication
in the three groups, influenza-like illness (7% vs 0%
and 2%) arthralgia (15% vs 5% and 9%), and rash
(7% vs 3% and 2%) were observed more frequently
in the etrolizumab 100 mg group than the etrolizumab
300 mg plus LD group or the placebo group. However,
these adverse events were all mild or moderate,
demonstrating that etrolizumab is safe and tolerable.
One notable aspect of this study is that when quan
titative PCR and immunohistochemistry were used to
measure the number of αE gene (ITGAE)-expressing
and αE-positive cells in the colonic mucosa, higher
αE expression was associated with a higher rate of
clinical remission at week 10 in patients treated with
etrolizumab, suggesting that αE expression could be
[46]
used as a biomarker in etrolizumab treatment . The
subsequent study was conducted on colon tissues
taken by biopsies from the UC patients in this phase
Ⅱ trial, as well as the patients with UC and a control
[47]
group without IBD in an observational study . Here,
the mRNA for granzyme A (GZMA), a serine protease
that promotes cell migration and is associated with the
secretion of inflammatory cytokines such as IL-1β and
TNF-α, showed high expression in colonic CD4+ integrin
αE+ cells; higher levels of GZMA mRNA or ITGAE mRNA
were associated with a higher likelihood of responding
to etrolizumab, and their expression after etrolizumab
treatment decreased significantly by 40%-80%.
Currently, there are 5 ongoing phase Ⅲ randomized

Etrolizumab

Etrolizumab (rhuMAb β7) is a humanized monoclonal
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controlled trials (HIBISCUSⅠ, HIBISCUS Ⅱ, GARDENIA,
LAUREL, and HICKORY) and 1 rollover open-label
extension trial (COTTONWOOD) on UC.
The phase Ⅲ BERGAMOT trial aimed to evaluate
the safety and efficacy of etrolizumab in 300 moderateto-severe CD patients who were previously refractory
or intolerant to anti-TNFs, immunomodulators, and/or
[48]
corticosteroid therapy . The patients were randomly
allocated in a ratio of 1:2:2 into a placebo group, a group
receiving subcutaneous etrolizumab 105 mg every four
weeks, and a group receiving subcutaneous etrolizumab
210 mg at weeks 0, 2, 4, 8, and 12. The symptomatic
remission (abdominal pain ≤ 1 and unweighted stool
frequency ≤ 3) rates at week 6 were 15.0% and 25.6%
in the etrolizumab 105 mg and etrolizumab 210 mg
groups, respectively, which were higher than the rate of
8.5% in the placebo group. Similarly, the symptomatic
remission rates at week 10 were higher in the etroli
zumab 105 mg and etrolizumab 210 mg groups, at
15.8% and 27.3%, than the placebo group, at 8.5%, and
the symptomatic remission rates at week 14 were still
higher in the etrolizumab 105 mg and 210 mg groups, at
20.8% and 24.8%, than in the placebo group, at 11.9%.
The endoscopic improvement (decrease of at least 50%
in SES-CD compared to baseline) rates at week 14 were
also higher in the etrolizumab 105 mg and 210 mg
groups, at 21.0% and 17.4%, than in the placebo group,
at 3.4%. There were no significant differences between
the placebo group and the etrolizumab groups in adverse
events. Thus, etrolizumab showed a rapid effect at
week 6 in the treatment of moderate-to-severe CD, and
research is underway investigating the maintenance
phase.
The phase Ⅲ HICKORY open-label induction trial
aimed to investigate the efficacy of etrolizumab in 130
moderate-to-severe UC patients who showed intolerance
[49]
or no response to anti-TNFs . After patients were
administered etrolizumab 105 mg by subcutaneous
injections for 14 wk, at four-week intervals, the clinical
response and remission rates at week 14 were 50.8%
and 12.3%, respectively, and 43.9% of patients receiving
etrolizumab showed an endoscopic improvement, repre
sented by a decrease of at least 1 point in endoscopy
score compared to baseline. HICKORY including double
blind induction phase and maintenance phase is currently
ongoing (NCT02100696).
αEβ7 and α4β7 are differentially expressed in T
lymphocyte effector subsets in the peripheral blood and
intestines of IBD patients; T cell receptor stimulation and
transforming growth factor-β treatment increased the
[50]
expression of αEβ7, especially in CD8+ lymphocytes .
When used in a humanized mouse model of colitis,
etrolizumab surrogate antibody decreased the accu
mulation of CD8+ and CD4+ Th9 cells in the intestine
more strongly than VDZ; this seems to be because
etrolizumab had an additional inhibitory effect on the
[50]
αEβ7-mediated retention of lymphocytes .
If β7 integrin is blocked, it could reduce gut speci
ficity; this is because αEβ7 is expressed by T cells in
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other tissues as well as in the intestines; therefore,
[51]
problems can arise with the control of local infection .
Therefore, in the ongoing phase Ⅲ trials, it is important
to determine whether latent infection is a significant
adverse effect of etrolizumab.

PF-00547659

PF-00547659 (SHP647) is a fully human monoclonal
IgG2κ antibody targeting MAdCAM-1, an intestinal
endothelial CAM that binds α4β7 integrin on lymphocytes.
This is another strategy for inhibiting leukocyte adhesion
by blocking the endothelial CAM from binding to the
integrin ligand.
The phase Ⅱ TURANDOT trial analyzed 357 mode
rate-to-severe UC patients who had either shown failure
[52]
or intolerance for at least one conventional therapy .
PF-00547569 was administered every four weeks by
subcutaneous injection at either one of the 4 different
doses (7.5, 22.5, 75, or 225 mg) and the outcomes
were compared with a placebo. The primary endpoint,
which was clinical remission rate at week 12, was 2.7%
in the placebo group, 11.3% in the PF-00547569 7.5
mg group (P = 0.0425), 16.7% in the 22.5 mg group
(P = 0.0099), 15.5% in the 75 mg group (P = 0.0119),
and 5.7% in the 225 mg group (P = 0.1803), indicating
that the remission rate was significantly higher in the
PF-00547569 7.5 mg, 22.5 mg, and 75 mg groups than
in the placebo group, and the efficacy was the highest
in the 22.5 mg and 75 groups. The mucosal healing
rate at week 12 was 8.2% in the placebo group, 15.5%
in the 7.5 mg group (P = 0.0099), 27.8% in the 22.5
mg group (P = 0.0038), 25.4% in the 75 mg group
(P = 0.0080), and 14.3% in the 225 mg group (P =
0.0099), showing the highest value in the PF-00547569
22.5 mg and 75 mg groups. In a subgroup analysis,
among patients experiencing anti-TNF therapy failure,
the remission rate at week 12 was 0% in the placebo
group, 7.3% in the 7.5 mg group (P = 0.0425), 9.8%
in the 22.5 mg group (P = 0.0099), 9.8% in the 75 mg
group (P = 0.0119), and 2.5% in the 225 mg group
(P = 0.1803), showing significantly higher values than
the placebo group in the PF-00547569 7.5 mg, 22.5
mg, and 75 mg groups. The reason that the clinical
effect of PF-00547659 at the highest dose decreased
may be because of study design or the depletion of the
anti-inflammatory regulatory T cells to the intestine,
[53]
and further research is needed . There were no
significant differences between the placebo group and
the PF-00547569 groups in the frequency of adverse
events, and there were no cases of severe infection or
PML. When GI side effects were investigated considering
the gut selectivity of PF-00547659, Clostridium difficile
infection, anal abscess and anal fistula were observed
in patients treated with PF-00547659 and one patient
was diagnosed with adenocarcinoma of colon during the
study period. Therefore, special attention should be paid
to GI complications in the treatment of PF-00547659,
and additional data is necessary to establish its safety. A
large-scale phase Ⅲ clinical trial is currently underway in
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In the future, clinical trials of anti-integrin drugs are
expected to demonstrate their clinical efficacy, their place
in the treatment of IBD, and their associated adverse
effects. This will widen the range of drugs available
to physicians and patients for treating IBD, and is an
important step toward truly personalized treatment.

patients with UC (NCT03259334).
The phase Ⅱ OPERA trial aimed to evaluate the
efficacy and safety of PF-00547569 in 265 moderateto-severe CD patients who had previously shown no
response or intolerance for anti-TNFs and/or immu
[54]
nosuppressants . Patients were randomly allocated, in
a 1:1:1:1 ratio, to a placebo group and groups receiving
PF-00547569 at either one of the 3 doses (22.5, 75, or
225 mg). The CDAI-70 response rates at week 8 showed
no significant differences, at 47.7% in the placebo group
and 52.7%, 60.1%, and 62.7% in the PF-00547569
22.5, 75, and 225 mg groups, respectively. Similarly,
the CDAI-70 response rates at week 12 also showed no
significant differences, at 58.6% in the placebo group
and 62.8%, 64.7%, and 57.5% in the PF-00547569
22.5, 75, and 225 mg groups, respectively. However,
among patients with high baseline CRP levels (> 5 mg/dL
or > 18.8 mg/dL), the CDAI remission rates at week 8 or
12 were higher in the PF-00547569 groups than in the
placebo group. Moreover, in the PF-00547569 groups,
soluble MAdCAM level decreased significantly at week 2
in a dose-dependent manner and circulating β7+ CD4+
central memory T lymphocytes increased at weeks 8 and
12. Therefore, although the high clinical response rate in
the placebo group indicated that there was no significant
difference between the PF-00547569 groups and the
placebo group, PF-00547569 seems to be effective in
patients with active inflammation.
Given the clinical success of drugs that block α4β7
integrin, antibodies against MAdCAM-1 should produce
a similar clinical effect. However, this is not reflected
in the study results because α4β7 not only binds
MAdCAM-1, but also has epitopes for binding VCAM-1
and fibronectin, though it is known that VDZ does not
[55]
affect the adhesion of α4β7 to VCAM-1 .
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Olfactomedin-4 (OLFM4, GW112, hGC-1) is a glycoprotein
belonging to the olfactomedin family. The expression
of OLFM4 is strong in the small intestine, colon and
prostate, and moderate in the stomach and bone
marrow. Previous studies have revealed that OLFM4
is closely associated with many digestive diseases.
Up-regulation of OLFM4 has been detected in the
Helicobacter pylori (H. pylori )-infected gastric mucosa,
inflammatory bowel disease tissue and gastrointestinal
malignancies, including gastric cancer, colorectal cancer,
pancreatic cancer and gallbladder cancer. Downregulation of OLFM4 has also been detected in some
cases, such as in poorly differentiated, advancedstage and metastatic tumors. Studies using OLFM4deficient mouse models have revealed that OLFM4 acts
as a negative regulator of H. pylori -specific immune
responses and plays an important role in mucosal
defense in inflammatory bowel disease. Patients with
OLFM4-positive gastric cancer or colorectal cancer have
a better survival rate than OLFM4-negative patients.
However, the prognosis is worse in pancreatic cancer
patients with high levels of expression of OLFM4. The
NF-κB, Notch and Wnt signaling pathways are involved
in the regulation of OLFM4 expression in digestive
diseases, and its role in pathogenesis is associated
with anti-inflammation, apoptosis, cell adhesion and
proliferation. OLFM4 may serve as a potential specific
diagnostic marker and a therapeutic target in digestive
diseases. Further studies are required to explore the
clinical value of OLFM4.
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[16-18]

gastric diseases as well as extra-gastric diseases
.
The host immune response plays a key role in the
[19,20]
course and outcome of H. pylori infection
. The
innate immune system serves as the first line of defense
[21]
against H. pylori infection . An adaptive immune
response to H. pylori is also elicited in nearly all H. pylori[22]
infected individuals . OLFM4 is a novel glycoprotein
that negatively regulates the host defense system
[23]
against bacterial infection .
An early microarray study found that OLFM4 ex
pression is significantly up-regulated in the gastric
mucosa of H. pylori-infected patients compared with
[6]
that in uninfected controls . OLFM4 expression was
also found to be significantly up-regulated in the gastric
mucosa of H. pylori-infected mice. However, further
study is warranted to determine whether eradication
of H. pylori leads to the normalization of OLFM4 levels.
The expression of OLFM4 is up-regulated in neutrophils,
macrophages and epithelial cells after H. pylori infection,
which suggests that overexpression of OLFM4 upon H.
pylori infection is due to its direct action on epithelial cells
as well as to activation of neutrophil and macrophage
[7]
infiltration , thus suggesting a potential role for OLFM4
in the host immune response against H. pylori infection.

Helicobacter pylori infection

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review is based on the currently available
literature about olfactomedin-4 (OLFM4) and is intended
to reveal the link between OLFM4 and digestive diseases,
including Helicobacter pylori infection, inflammatory bowel
disease and gastrointestinal malignancies. The data on the
expression, function and regulatory pathways of OLFM4 in
digestive diseases are summarized. The potential clinical
value of OLFM4 in digestive diseases is also discussed.
Wang XY, Chen SH, Zhang YN, Xu CF. Olfactomedin-4 in
digestive diseases: a mini-review. World J Gastroenterol 2018;
24(17): 1881-1887 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i17/1881.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i17.1881

INTRODUCTION
Olfactomedin-4 (OLFM4, also called GW112 or hGC-1)
is a 72-kDa glycoprotein belonging to the olfactomedin
family and is characterized by the presence of an
olfactomedin domain with approximately 250 amino
[1]
acids, which is located in the C-terminal region . OLFM4
was initially cloned from human hematopoietic myeloid
[1]
cells treated with granulocyte colony-stimulating factor .
The OLFM4 gene, located on chromosome 13q14.3,
encodes a 510-amino acid N-linked glycoprotein with
[1,2]
the olfactomedin domain . OLMF4 can be expressed
in the membrane, cytoplasm, nucleus, mitochondria
[1,3-5]
and mature neutrophil granules
. OLFM4 is strongly
expressed in the small intestine, colon and prostate,
moderately expressed in the stomach and bone marrow,
and weakly expressed or not expressed in other
[1]
tissues .
Compared with that in normal tissues, aberrant
expression of OLFM4 has been detected in many patho
logical tissues, such as the gastric mucosa infected
[6,7]
with Helicobacter pylori (H. pylori)
, inflamed
[8,9]
intestinal tissue in inflammatory bowel disease
[10-14]
and many types of gastrointestinal malignancies
(Figure 1). The primary function of OLFM4 in gas
trointestinal malignancies is associated with its role
as an antiapoptotic factor that promotes the tumor
[4]
growth . In addition, OLFM4 down-regulates innate
[7]
immunity against H. pylori infection and affects the
anti-inflammatory function in inflammatory bowel
[15]
disease . In this review, we summarize the data on
the expression, function and regulatory pathways of
OLFM4 in digestive diseases.

Function

The exact function of OLFM4 in H. pylori infection has
been demonstrated by generating an OLFM4-deficient
mouse model. Colonization of H. pylori in the gastric
mucosa is significantly reduced after knocking out the
[7]
OLFM4 gene, as compared with that in wild-type mice .
In addition, in response to H. pylori infection, infiltration
of inflammatory cells was significantly enhanced,
the production of proinflammatory cytokines and
chemokines was increased, and the bacterial load was
[7]
reduced in OLFM4-deficient mice . Therefore, OLFM4
acts as a negative regulator of the H. pylori-specific
[7]
immune responses .

Regulation

OLFM4 is a target gene of the NF-κB pathway and
expression of the OLFM4 gene can be regulated by
[7,24]
the transcription factor NF-κB
. The regulation is
achieved by binding of NF-κB to the 5’-upstream region
[24]
of the OLFM4 gene . Moreover, OLFM4 exerts a
[7]
negative feedback effect on the NF-κB pathway .
Mouse experiments have revealed that H. pylori
infection up-regulates the OLFM4 expression in an NFκB-dependent manner, and then, due to the negative
feedback effect of OLFM4, the H. pylori-induced NF-κB
[7]
activation is down-regulated . Furthermore, OLFM4
inhibits the nucleotide oligomerization domain (NOD)-1/
2-mediated NF-κB activation and subsequent cytokine
and chemokine production through direct association
[7]
with NOD1 and NOD2 . The reduced cytokine and
chemokine production results in a weak inflammatory
response and a high level of colonization of H. pylori in
[7]
the gastric mucosa .
Experiments in a MyD88 and OLFM4 double-

OLFM4 IN H. PYLORI INFECTION
Expression

H. pylori infection is a well-recognized risk factor for
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Gallbladder cancer

H. pylori infection

Olfactomedin-4

Inflammatory bowel disease
Pancreatic cancer

Stomach cancer

Gastric cancer

Colorectal cancer

Figure 1 Relationship between olfactomedin-4 and digestive diseases. Olfactomedin-4 is related to Helicobacter pylori infection, inflammatory bowel disease and
gastrointestinal malignancies, including gastric cancer, colorectal cancer, pancreatic cancer and gallbladder cancer.

knockout mouse model have demonstrated that the H.
pylori colonization level in the model is similar to that
[25]
in wild-type mice . Even though the immune and
inflammatory responses are enhanced compared with
those in wild-type mice, infiltration of inflammatory
cells in the gastric mucosa of double-knockout mice is
[25]
lower than that in OLFM4 knockout mice . Additionally,
knocking out OLFM4 significantly up-regulates the
MyD88 expression. It has been shown that deletion of
OLFM4 indirectly increases the MyD88 expression by
enhancing NOD2 expression, whereas the deficiency of
MyD88 leads to a loss of the feedback inhibition of the
[25,26]
NF-κB pathway and of the resulting response
.

that in inflamed tissue from Crohn’s disease patients,
the OLFM4 expression is more obviously increased in
inflamed tissue from patients with active ulcerative
[8,9]
colitis . Moreover, in active ulcerative colitis, the
expression of OLFM4 expands to the surface of epithelial
cells as well as to the crypt lumen, and OLFM4 seems to
[8,9]
be secreted into the mucus . In contrast, the OLFM4
gene expression is almost absent in luminal surface cells
and mesenchymal cells and is confined to the lower
[8,9]
third of the crypt in normal tissues .

Function

OLFM4 plays an important role in the mucosal defense
[9]
of the stomach and colon . Experiments using OLFM4deficient mice have revealed severe inflammation and
[15]
proliferation in intestinal crypts in small intestines .
Serious inflammation and mucosa damage have also
[15]
been found in the colon of OLFM4-deficient mice .
The anti-inflammatory function of OLFM4 in infla
mmatory bowel disease is consistent with that in the
stomach. The function against inflammatory bowel
disease may be related to the tissue-specific human
beta-defensins (HBD)1, HBD2 and HBD3. As mucus

OLFM4 IN INFLAMMATORY BOWEL
DISEASE
Expression

OLFM4 is a robust marker for murine intestinal stem
[27]
cells as well as human intestinal stem cells . Both
OLFM4 mRNA and protein expression levels are
significantly up-regulated in the intestinal epithelium in
[8,9]
Crohn’s disease and ulcerative colitis . Compared with
WJG|www.wjgnet.com
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components with different electric charges, OLFM4
and HBD1–3 can interact, and the binding ability of
OLFM4 was ranked, from high to low, as HBD3 >
[9]
HBD2 > HBD1 . Furthermore, OLFM4 binding leads to
[9]
a decrease in the antimicrobial activities of HBD1-3 .

the expression is remarkably decreased or even lost
in poorly differentiated and advanced-stage gastric
[10]
cancer . Furthermore, the OLFM4 expression is higher
in patients without lymphatic metastasis than in those
[11,37]
with lymphatic invasion
. OFLM4 expression is also
related to the prognosis. OLFM4-positive gastric cancer
patients have a better survival rate than do OLFM4[34,37]
negative patients
. Using serum OLFM4 alone or
in combination with human regenerating protein IV as
biomarkers for gastric cancer patients is more sensitive
[32]
than using CA199 . Down-regulation of OLFM4
suppresses the tumor proliferation, migration and
[33,38]
invasion of gastric cancer cells in vitro
.
The OLFM4 gene was found to be up-regulated
via the NF-κB signaling pathway and to exert an
[39]
antiapoptotic effect in gastric cancer . The anti
apoptotic effect caused by OLFM4 can be induced by
[38]
reducing H2O2 or TNF-α . Moreover, the antiapoptotic
factor OLFM4 is a direct target of miR-486, which is
a frequently lost microRNA (miRNA) in gastric cancer
patients and may act as a tumor suppressor miRNA in
[40]
gastric cancer . miR-486 directly targets and inhibits
OLFM4 and thereby induces antioncogenic effects
[40]
against gastric cancer .

Regulation

OLFM4 is a target gene for the Notch signaling path
way, which regulates intestinal cell proliferation and
[28]
differentiation . The expression of OLFM4 increases
[28]
after activation of Notch signaling . Conversely,
the expression of OLFM4 rapidly decreases after
[9,28]
treatment with the Notch blocker dibenzazepine
.
Researchers have found that after mesenchymal stem
cell transplantation, the expression of OLFM4 is down[29]
regulated, while that of Atoh1 is up-regulated . This
result suggests that the suppression of Notch signaling
leads to decreased OLFM4 expression.
Although some studies have shown that cell incu
bation with TNF-α alone does not influence the OLFM4
expression, some other studies have found that TNF-α
and components of the Notch pathways synergistically
[9,30,31]
up-regulate the OLFM4 expression
. TNF-α is
one of the most important proinflammatory cytokines
[30]
promoting inflammatory bowel disease . Microarray
analysis has revealed that up to 21 genes are involved
in the synergistic up-regulation of TNF-α and the Notch
[30]
intracellular domain . Further studies have suggested
a markedly increased expression of OLFM4, reaching
up to a 2500-fold increase in LS174T cells, when
overexpression of Notch intracellular domain-1 (NICD1)
or hairy and enhancer of split-1 (HES1) is combined
[30,31]
with TNF-α stimulation
. Such a synergistic effect is
mediated through transcriptional regulation, which is
[31]
dependent on a proximal NF-κB binding site .

Colorectal cancer

OLFM4 is enriched in human colon crypts, although it is
[15,27,41,42]
not expressed in the murine colon
. It has been
universally accepted that OLFM4 is a useful marker of
intestinal stem cells (ISCs) in humans, similar to LGR5,
[27,43,44]
which is a confirmed ISC marker
. Up-regulation
of OLFM4 is detected more frequently in highly di
fferentiated and early-stage colon cancers than in
the normal colon mucosa, whereas it is often downregulated or not expressed in poorly differentiated,
late tumor-node-metastasis stage, and metastatic
[35]
cancers . OLFM4-positive colorectal cancer patients
have a better survival rate than do OLFM4-negative
[45]
patients . In addition, precancerous colorectal lesions
also show aberrant OLFM4 expression. For example,
OLFM4 is expressed in a diffuse manner in traditional
serrated adenomas, while other ISC markers such as
[44]
LGR5 and ASCL2 are localized as in normal tissue .
OLFM4 silencing enhances the proliferation in intestinal
crypts and inflammation initiated by azoxymethane/
[15]
dextran sodium sulfate . Moreover, systemic OLFM4
deletion promotes colon tumorigenesis, which may be
[15]
associated with the loss of mucosal neutrophils .
There is an intimate connection between OLFM4,
[15,46-48]
Wnt/β-catenin signaling, crypt biology
and colon
[27,49,50]
cancer
. OLFM4 is a target gene that acts as
a negative regulator of the Wnt/β-catenin signaling
pathway and inhibits colon cancer progression by down[15]
regulating the Wnt signaling pathway .

OLFM4 IN GASTROINTESTINAL CANCER
Increased OLFM4 expression has been reported in some
[10,11,32,33]
gastrointestinal cancers, such as gastric cancer
,
[12]
[13,14]
pancreatic cancer
and early-stage colon cancer
.
In addition, the expression of OLFM4 is correlated with
the histological type of cancer, differentiation, lymphatic
[10,11,34]
metastasis and prognosis
. Furthermore, OLFM4
is relevant to many cellular processes, including cell
[2,11,35]
adhesion, apoptosis and proliferation
. Therefore,
OLFM4 may serve as a candidate biomarker for these
[36]
gastrointestinal cancers . Here, we briefly summarize
the recent advances in the expression, function and
regulation of OLFM4 in gastrointestinal cancers.

Gastric cancer

Up-regulated OLFM4 expression is a frequent event in
[10,11,32,33]
the gastric mucosa in gastric cancer
. Highly
expressed OLFM4 is found in intestinal-type adeno
carcinoma, while OLFM4 expression does not occur in
[10]
diffuse-type adenocarcinoma . Moreover, enhanced
expression of OLFM4 occurs in well- or moderately
differentiated and early-stage adenocarcinomas, and

WJG|www.wjgnet.com
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OLFM4 mRNA is expressed at higher levels in pancreatic
cancer tissues than in noncancerous pancreatic tis
[12]
sue samples . In addition, OLFM4 was found to be
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Table 1 Effects of olfactomedin-4 in digestive diseases
Disease

Expression

H. pylori infection
Inflammatory bowel disease
Gastrointestinal malignancies

Function

Regulation

Up-regulated in the H. pylori–infected gastric
Negative regulator of H. pylori-specific NF-κB, NOD-1/2, MyD88
mucosa
immune responses
Up-regulated in the intestinal epithelium in
Mucosal defense, anti-inflammatory effects
Notch, TNF-α
Crohn’s disease and ulcerative colitis
Up-regulated in well/moderately differentiated, Biomarker, candidate therapeutic target
NF-κB, TNF-α, miR-486,
early-stage gastrointestinal malignancies without
Wnt/β-catenin
lymphatic metastasis

H. pylori: Helicobacter pylori.

significantly over-expressed in peripheral blood mono
nuclear cells in pancreatic cancer patients compared
[51]
with its expression in a control group . Furthermore,
OLFM4 has also been detected in pancreatic juice and
[52]
ascites . Pancreatic cancer may occur in a background
of chronic pancreatitis. Whether OLFM4 is associated with
chronic pancreatitis or acute pancreatitis flares is worth
further investigation. In the PANC-1 cell line, OLFM4 is
especially increased during the early S phase of the cell
cycle and promotes proliferation by supporting the S to
[12]
G2/M phase transition . OLFM4 binds to the apoptosis[4]
promoting factor GRIM-19 to induce antiapoptosis .
Pancreatic cancer patients with high levels of OLFM4
[53]
expression have a worse prognosis .

5

Gallbladder cancer

7

4

6

Similar to the above findings, expression of the OLFM4
gene has been found to be increased in gallbladder
[54]
cancer tissues . In addition, the expression level of
OLFM4 is significantly related to the age of gallbladder
[54]
cancer patients . However, further studies are needed
to clarify the precise role of OLFM4 in gallbladder cancer.

8

9

CONCLUSION
Since the initial discovery of OLFM4, researchers have
explored many aspects of OLFM4, including its aberrant
expression, biological functions and related mechanisms
(Table 1). The expression of OLFM4 has been relatively
well studied in normal tissues as well as in numerous
diseases. The anti-inflammatory and antiapoptotic roles
of OLFM4 are generally accepted. However, the exact
mechanism for its effects in gastrointestinal diseases
remains to be determined. Moreover, the clinical
applications of OLFM4 as a specific detection marker or
a therapeutic target need to be defined in the future.

10
11

12

13
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Abstract
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AIM
To investigate the effects of plecanatide and dolcanatide
on maintenance of paracellular permeability, integrity
of tight junctions and on suppression of visceral
hypersensitivity.

Core tip: Our results indicate that plecanatide and dolca
natide, guanylate cyclase-C receptor agonists designed
to replicate the activity of the human intestinal peptide
uroguanylin, maintain intestinal barrier function and
exhibit potent anti-nociceptive activity in animal models
of visceral hypersensitivity, suggesting a novel mechanism,
beyond the well described secretory function, for these
agonists in the treatment of functional constipation
disorders and inflammatory bowel disease.

METHODS
Transport of fluorescein isothiocyanate (FITC)-dextran
was measured to assess permeability across cell
monolayers and rat colon tissues. Effects of plecanatide
and dolcanatide on the integrity of tight junctions in
Caco-2 and T84 monolayers and on the expression
and localization of occludin and zonula occludens-1
(ZO-1) were examined by immunofluorescence micro
scopy. Anti-nociceptive activity of these agonists was
evaluated in trinitrobenzene sulfonic acid (TNBS)induced inflammatory as well as in non-inflammatory
partial restraint stress (PRS) rat models. Statistical
significance between the treatment groups in the
permeability studies were evaluated using unpaired
t -tests.

Boulete IM, Thadi A, Beaufrand C, Patwa V, Joshi A, Foss JA,
Eddy EP, Eutamene H, Palejwala VA, Theodorou V, Shailubhai
K. Oral treatment with plecanatide or dolcanatide attenuates
visceral hypersensitivity via activation of guanylate cyclase-C
in rat models. World J Gastroenterol 2018; 24(17): 1888-1900
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i17/1888.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i17.1888

RESULTS
Treatment of T84 and Caco-2 monolayers with lipopoly
saccharide (LPS) rapidly increased permeability, which
was effectively suppressed when monolayers were
also treated with plecanatide or dolcanatide. Similarly,
when T84 and Caco-2 monolayers were treated with
LPS, cell surface localization of tight junction proteins
occludin and ZO-1 was severely disrupted. When cell
monolayers were treated with LPS in the presence of
plecanatide or dolcanatide, occludin and ZO-1 were
localized at the cell surface of adjoining cells, similar
to that observed for vehicle treated cells. Treatment
of cell monolayers with plecanatide or dolcanatide
without LPS did not alter permeability, integrity of tight
junctions and cell surface localization of either of the
tight junction proteins. In rat visceral hypersensitivity
models, both agonists suppressed the TNBS-induced
increase in abdominal contractions in response to
colorectal distension without affecting the colonic
wall elasticity, and both agonists also reduced colonic
hypersensitivity in the PRS model.

INTRODUCTION
Chronic idiopathic constipation (CIC) and irritable
bowel syndrome with constipation (IBS-C), affecting
[1,2]
approximately 20% of the United States population ,
are characterized by abnormalities in motility and
visceral hypersensitivity with overlapping symptoms
such as abdominal pain and discomfort, bloating,
incomplete bowel movements, straining, or hard and
[3,4]
lumpy stools .
Therapeutic targets for CIC and IBS-C have focused
primarily on promotion of gastrointestinal (GI) fluid
secretion through activation of chloride channels such
as chloride channel type 2 and the cystic fibrosis
[5]
transmembrane conductance regulator (CFTR) .
Additionally, inhibition of sodium-hydrogen exchanger 3
[6]
is being explored for treating IBS-C . Drugs approved
by the United States. Food and Drug Administration
(FDA) for treating IBS-C include Amitiza® (lubiprostone)
[7,8]
for adult women and Linzess® (linaclotide)
for
adults. Lubiprostone, a bicyclic fatty acid metabolite
of prostaglandin E1, specifically stimulates chloride
channel type 2 causing an efflux of chloride into the
lumen of the GI tract, which promotes fluid secretion,
[9]
facilitating bowel movement . Linaclotide, an analog
of the heat-stable enterotoxin of Escherichia coli
(E. coli), binds and activates guanylate cyclase-C
(GC-C) to stimulate production of cyclic guanosine
monophosphate (cGMP), which enhances secretion
of electrolytes and fluid into the GI lumen to promote
[10]
bowel movement and ameliorate abdominal pain .
Plecanatide (Trulance®) is an FDA-approved drug for
[11,12]
treatment of adults with CIC
and the drug was
recently approved for treatment of adults with IBS-C.
Recent studies suggest that the immune system is

CONCLUSION
Our results suggest that activation of GC-C signaling
might be involved in maintenance of barrier function,
possibly through regulating normal localization of
tight junction proteins. Consistent with these findings,
plecanatide and dolcanatide showed potent antinociceptive activity in rat visceral hypersensitivity
models. These results imply that activation of GC-C
signaling may be an attractive therapeutic approach to
treat functional constipation disorders and inflammatory
gastrointestinal conditions.
Key words: Plecanatide; Guanylyl cyclase-C agonists;
Dolcanatide; Uroguanylin; Preclinical; cyclic guanosine
monophosphate; Constipation; Inflammatory bowel
diseases
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dysregulated in irritable bowel syndrome (IBS), leading
to increased total counts of innate immune cells,
including mast cells, monocytes and macrophages in
[13-15]
IBS patients
. Mast cell mediators and cytokines,
including tumor necrosis factor alpha (TNF-α), inter
leukin-6 (IL-6) and IL-1α, modulate colorectal afferent
excitability and disrupt intestinal barrier function. The
paracellular permeability of the intestinal epithelial
barrier is regulated by a tight junction (TJ) protein
complex composed of transmembrane proteins such
as occludin, claudin and zonula occludens (ZO), which
[16]
bind to the actin cytoskeleton . Alterations in the
structure and/or function of the TJ protein complexes
are associated with epithelial barrier disruption and
increased permeability of the mucosa, allowing entry
of inflammatory mediators to promote low-grade
[16-19]
inflammation and visceral hypersensitivity
. Studies
have correlated down-regulation of TJ proteins with the
[19,20]
severity of visceral hypersensitivity in IBS
.
There is considerable overlap in clinical symptoms
[21-23]
between IBS and inflammatory bowel disease (IBD)
.
Pro-inflammatory cytokines, such as TNF-α and
interferon-γ released during GI inflammation, activate
myosin light chain kinase (MLCK) responsible for
phosphorylation of the myosin Ⅱ regulatory light chain,
resulting in contraction of actomyosin and dysfunction
[20]
of the intestinal barrier . Activation of GC-C signaling
protects intestinal barrier function by regulating MLCK
-/activity. In this regard, loss of GC-C signaling in GC-C
mice leads to a dysfunctional intestinal barrier and
[24]
increased paracellular permeability . Coincidently,
the loss in expression of uroguanylin, the endogenous
agonist of GC-C receptors, is also associated with
[25]
[26,27]
colon cancer
and IBD
. Thus, activation of GC-C
signaling is an attractive strategy for the treatment of GI
disorders and inflammatory diseases.
Plecanatide is structurally identical to uroguanylin,
differing only in the substitution of Asp with Glu at the
3-position at the N-terminus for greater binding affinity.
Dolcanatide is similar to plecanatide in structure except
1
16
1
that L-Asn and L-Leu are replaced by D-Asn and
16
D-Leu at the N- and C-termini, respectively, which is
thought to provide enhanced biostability. In this study,
we provide the first evidence that plecanatide and
dolcanatide, both analogs of uroguanylin, suppress
lipopolysaccharide (LPS)-mediated increase in per
meability in epithelial cell models and reduce visceral
hypersensitivity in trinitrobenzene sulfonic acid (TNBS)
and partial restraint stress (PRS) animal models.

the Institutional Animal Care and Use Local Committee
(Toulouse, France). The investigators affirm that all
appropriate measures were taken to minimize pain or
discomfort of the animals used in this study.

Test peptides, chemicals and reagents

Plecanatide (CAS: 467426-54-6) and dolcanatide (CAS:
1092457-65-2) were synthesized by AmbioPharm,
Inc. (Augusta, SC, United States). For all in vitro
experiments with cell lines and colon tissues, optimal
concentrations derived from dose response curves were
used.
Fluorescein isothiocyanate (FITC)-dextran (ap
proximate molecular weight, 4 kD) and E. coli LPS were
purchased from Sigma (St Louis, MO, United States).
Trypsin, GlutaMax, and Pen Strep were procured
from Life Technologies (Grand Island, NY, United
States). Rabbit anti-occludin antibody, rabbit antiZO-1 antibody, DAPI (4’, 6’-diamidino-2-phenylindole,
dihydrochloride), and Alexa Fluor 488 conjugated goat
anti-rabbit secondary antibodies were from Thermo
Fisher Scientific (Waltham, MA, United States). Ussing
chamber and its accessories were purchased from
Physiologic Instruments (San Diego, CA, United States).
All other chemicals and reagents were obtained from
Sigma-Aldrich Corp. (St Louis, MO, United States) or
Fisher Scientific (Pittsburgh, PA, United States).

Measurement of epithelial cell paracellular permeability

Human colon carcinoma cell lines T84 and Caco-2,
obtained from ATCC (Manassas, VA, United States),
[25]
were cultured by procedures as previously described .
Paracellular permeability was determined by cal
culating the flux of FITC-dextran across epithelial cell
5
3
monolayers. T84 (1.5 × 10 ) and Caco-2 (8 × 10 )
cells were cultured on 12 mm Transwell® permeable
polyester membrane inserts (pore size, 0.4 µm) until
2
the transepithelial resistance reached > 1000 Ω cm for
2
T84 cells or > 400 Ω.cm for Caco-2. Cell monolayers
were treated overnight with 100 µg/mL LPS in the
presence or absence of 1 µmol/L plecanatide or 1 µmol/L
dolcanatide. Subsequently, the media was aspirated
and 1 mg/mL FITC-dextran dissolved in Krebs Ringer
buffer solution was added to the apical chamber and
cells were incubated for an additional one h at 37 ℃.
Fluorescence in 100 µL of basolateral buffer solution was
measured in a Tecan M-1000 plate reader. The excitation
and emission wavelengths for FITC were 494 nm and
518 nm respectively. Data represent mean relative
fluorescence ± standard error of the mean from at least
two biological replicates, each analyzed in triplicate.

MATERIALS AND METHODS

Measurement of permeability across colon tissues from
rats

Ethical approval

Animal care and handling procedures for ex vivo
studies performed in the United States were as per
the approved protocol by the Institutional Animal Care
and Use Committee of Lampire Biologicals (Pipersville,
PA, United States). Animal handling procedures for in
vivo studies conducted in France were approved by
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Adult Sprague Dawley male and female rats [Crl:
CD(SD)], aged seven to eight wk, weighing 170-210
g were purchased from Charles River Laboratories
(Shrewsbury, MA, United States) and allowed to
acclimate for a minimum of one wk. Animals were
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maintained on a 12 h light-dark cycle and were fasted
overnight with free access to water prior to tissue
harvest. The next morning the animals were euthanized
by CO2 inhalation. Following a midline abdominal
incision, the entire colon segment was removed for
permeability studies.
Freshly harvested tissue from proximal to mid-colon
(approximately 2 cm pieces) were randomly selected
and transferred to RPMI media in 24-well tissue culture
plates containing vehicle, 10 µmol/L plecanatide or 10
µmol/L dolcanatide in the presence or absence of 100
µg/mL LPS. The plates were placed in a humidified
incubator (5% CO2) at 37 ℃. The next day, each tissue
piece was mounted on an Ussing chamber slider (0.5
2
cm ). Apical and basolateral chambers were bathed
in Krebs Ringer buffer solution and gassed with 95%
O2 and 5% CO2. The temperature was maintained
at 37 ℃ with a water-jacketed system. To measure
permeability, 2 mg/mL of FITC-dextran dissolved in
Krebs Ringer buffer solution (pH 7.4) was added to
the apical chamber. Fluorescence was measured every
15 min (for two h) in samples (100 µL of buffer) from
the basolateral chamber using a Tecan M-1000 plate
reader. The excitation and emission wavelengths used
were 494 nm and 518 nm respectively. Data values
represent mean relative fluorescence ± standard error
of the mean recorded 75 min after the addition of FITCdextran from multiple independent treatments.

(50%) with food and water ad libitum. The evening
prior to the procedure, food and water were removed
from the cages. Rats were sedated with acepromazine
(0.5 mg/kg i.p.) and ketamine (100 mg/kg i.m.)
(Imalgène; Rhône Mérieux, Toulouse, France). Pairs of
nichrome wire electrodes (60 cm in length and 80 µM in
diameter) were implanted bilaterally in the abdominal
external oblique musculature, just superior to the
inguinal ligament, 2 cm laterally from the midline. The
free ends of electrodes were exteriorized on the back
of the neck and protected by a plastic tube attached
to the skin. Baseline electromyographic recordings
began eight to nine days after surgical implantation
of electrodes. Electrical activity of abdominal striated
muscle was recorded with an electroencephalograph
(Mini Ⅷ, Alvar, Paris, France) using a short time
constant (0.03 s) to remove low frequency signals (< 3
Hz) and to selectively record spike bursts corresponding
to abdominal contractions.

Colorectal distention

The colorectal distension (CRD) procedure was based
[28]
on methods previously described . During the
acclimation sessions, rats were placed in plastic tunnels
where they could move but not escape. Prior to the
CRD procedure, a balloon (latex condom) was inserted
into the rectum of conscious rats until the base of the
balloon was at the anus (4 cm insertion). The tube was
fixed at the base of the tail and animals were allowed
to recover for 30 min. The balloon was then connected
to a barostat and inflated progressively from 0-60
mmHg in 15 mmHg steps. Each step of inflation lasted
five min. Responses to applied CRD pressure levels
were measured with electromyographic recordings
during the five-min interval and data are expressed as
contractions/five min. Colonic volume adaptation to
increasing pressures (compliance) was also measured
using a potentiometric recorder (Linseis, Germany).

Immunofluorescence microscopy

T84 and Caco-2 monolayers in 24-well plates were
treated overnight with 100 µg/mL of LPS in the presence
or absence of 1 µmol/L plecanatide or 1 µmol/L
dolcanatide. Following the treatment, cells were washed
three times with chilled phosphate buffer saline (PBS),
fixed with 4% formaldehyde in PBS for 15 min, blocked
and permeabilized in PBS containing 3% bovine serum
albumin (BSA) and 0.3% Triton X-100 at room tempe
rature for 30 min. Subsequently, monolayers were
incubated with PBS containing 0.1% Tween-20, 2%
BSA, rabbit anti‑occludin (1:150) or rabbit anti‑ZO-1
(1:25) antibodies and incubated overnight at 4 ℃
followed by three washes in chilled PBS and incubation
for one h at room temperature in Alexa Fluor 488
labeled secondary antibody (1:500) and counterstained
with DAPI. Occludin and ZO-1 were visualized with an
Olympus IX81 microscope and images were obtained
using SlideBook 5.0 software. Two independent
experiments were conducted and approxiamately 30
fields examined for each treatment. Images were
acquired at 40 × resolution.

TNBS-induced visceral hypersensitivity in rats

The effect of plecanatide or dolcanatide on CRD was
evaluated in a basal condition prior to TNBS exposure,
as well as after treatment with TNBS in rats (n = 8/
dose group). Plecanatide or dolcanatide were formulated
in PBS to deliver via oral gavage doses of 0.01 or 0.05
mg/kg in 1.5 mL. Following the basal test, after a 12 h
fasting period, rats were treated with 0.3 mL of TNBS
(80 mg/kg in 50% ethanol), intrarectally through a
silicone rubber catheter introduced to a depth of 6
cm into the anus under light anesthesia as previously
[29]
described . Following administration of TNBS, the
animals were routinely evaluated for changes in
physical appearance or behavior. Four days after the
TNBS treatment, the oral administration of plecanatide
or dolcanatide and the CRD testing was repeated.

Surgical procedures in rats used in the visceral
hypersensitivity studies

Wistar male rats (n = 8/dosage group) weighing 220
-250 g (Janvier SA, Le Genest St Isle, France) were
used in the visceral hypersensitivity experiments. Rats
were housed individually in a temperature controlled
(approxiamately 25 ℃) room with relative humidity
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Partial restraint stress-induced colorectal
hypersensitivity

[30]

PRS was performed as described by Williams et al
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Figure 1 Effect of plecanatide and dolcanatide on lipopolysaccharide-induced increase in permeability of 4 kDa fluorescein isothiocyanate-dextran across
Caco-2 and T84 cell monolayers. Caco-2 (A and B) and T84 (C and D) cells cultured on snap well inserts were treated with vehicle or 1 µmol/L of plecanatide (A and
C) or dolcanatide (B and D) in the presence or absence of 100 µg/mL of LPS for 16 h. Subsequently, 1 mg/mL of FITC-dextran was added to the apical compartment.
Paracellular permeability was determined by measuring the amount of FITC-dextran present in the basal compartment. Data represent mean ± SEM analyzed in
triplicates. D: Dolcanatide; FITC: Fluorescein isothiocyanate; LPS: Lipopolysaccharide; P: Plecanatide; RFU: Relative fluorescence units; SEM: Standard error of the
mean; V: Vehicle.

Rats were lightly anesthetized with ethyl-ether and
foreshoulders, upper forelimbs and thoracic trunk were
wrapped in a confining harness of paper tape to restrict,
but not prevent, body movements. Rats (n = 8/dose
group) were then placed in their home cage for two h.
For the control condition, rats were anesthetized but not
wrapped. Subsequently the rats were administered 1.5
mL of vehicle (phosphate-buffered saline), plecanatide
or dolcanatide formulated to deliver doses of 0.01 and
0.05 mg/kg by oral gavage 30 min before the end
of the PRS session. Thirty min following the stress
procedure, rats underwent the CRD testing.

each pressure level using Dunnett’s or Sidak’s multiple
comparison tests.

RESULTS
Plecanatide and dolcanatide suppressed LPS-induced
paracellular permeability

Treatment with LPS reportedly can disrupt the TJ com
plex by down-regulating junctional protein expression.
Additionally, LPS is known to augment mucosal hyper
sensitivity through secretion of inflammatory cytokines
[31]
and other mediators . Treatment with LPS (100
µg/mL) resulted in a statistically significant increase
in paracellular permeability of FITC-dextran across
Caco-2 (Figure 1A and B) and T84 (Figure 1C and D)
cell monolayers. Importantly, the LPS-induced increase
in the permeability of FITC‑dextran was completely
suppressed in both cell monolayers treated with
plecanatide (Figure 1A and C) or dolcanatide (Figure
1B and D). No appreciable effect on paracellular
permeability was observed when monolayers were

Statistical analysis

GraphPad Prism (Version 6.05) was used to calculate
descriptive statistics and inferential tests. Differences
between the treatment groups in the permeability
studies were evaluated using unpaired t-tests. Two-way
analyses of variance were used to evaluate differences
between the vehicle control and the plecanatide or
dolcanatide dose groups followed by comparisons at
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Figure 2 Effect of plecanatide (A) and dolcanatide (B) on lipopolysaccharide-induced increased permeability of 4 kD fluorescein isothiocyanate-dextran
across rat colon tissues. Rat colon tissues (2 cm pieces) were incubated overnight with vehicle, 10 µM plecanatide or dolcanatide in the presence or absence of
100 µg/mL LPS. Data represent mean fluorescence ± SEM recorded 75 min after the addition of FITC-dextran. D: Dolcanatide; FITC: Fluorescein isothiocyanate;
LPS: Lipopolysaccharide; P: Plecanatide; RFU: Relative fluorescence units; SEM: Standard error of the mean.

treated with either GC-C agonist alone.
Next, we examined the effects of plecanatide
or dolcanatide on the LPS-mediated increase in per
meability across freshly harvested rat colon tissues.
Consistent with the results presented in Figure 1, LPS
treatment resulted in a statistically significant increase
in the paracellular permeability of FITC-dextran across
rat colon tissues, which was effectively suppressed by
treatment with plecanatide or dolcanatide (Figure 2).
These results indicate that activation of GC-C signaling
may be suppressing the deleterious permeability
effects of caused by LPS treatment.

CRD pressure (0-60 mmHg) led to a linear increase
in the number of abdominal contractions reaching
approximately 6-fold higher than without any pressure.
Oral treatment with plecanatide or dolcanatide without
CRD pressure did not alter the rate of abdominal
contractions (data not shown).

Effect of plecanatide and dolcanatide in TNBS-induced
rectal allodynia in rats

Consistent with our prior experience in this model,
the number of abdominal contractions, as an index
of inflammation-induced visceral pain, four days after
TNBS treatment (Figure 5), gradually increased in
a pressure-dependent manner as compared to the
number of abdominal contractions under basal con
[32]
ditions without TNBS treatment . As expected, TNBS
treatment resulted in increased abdominal contractions
even in the absence of distending pressure. Oral
treatment with plecanatide or dolcanatide at the lower
doses (0.01 and 0.05 mg/kg) considerably attenuated
(P ≤ 0.001) the TNBS-induced increase in the number
of abdominal contractions with increasing distending
pressures up to 60 mmHg (Figure 5B and C). However,
higher doses (> 0.1 mg/kg) had no significant effect on
reduction in abdominal contractions at any pressure of
distention (data not shown).

Plecanatide and dolcanatide maintain TJ integrity

Since LPS treatment consistently increased paracellular
permeability in both cell lines and colonic tissue, we
decided to examine the effects of LPS on the expression
and localization of TJ proteins in these epithelial cell
monolayers by immunofluorescence microscopy.
Treatment with LPS severely disrupted localization of
occludin and ZO-1 proteins at TJs in Caco-2 (Figures 3A
and 4A) and T84 cells (Figures 3B and 4B), respectively.
Importantly, when cell monolayers were treated with
LPS in the presence of plecanatide or dolcanatide,
expression of occludin and ZO-1 were normalized and
localized at the cell surface of adjoining cells, similar to
that observed for vehicle treated cells (Figures 3 and 4).
Notably, treatment of cell monolayers with plecanatide
or dolcanatide without LPS did not alter expression and
localization of either of the TJ proteins. These results
indicate that treatment with plecanatide or dolcanatide
suppress LPS-mediated disruption in expression/
localization of TJs in Caco-2 and T84 monolayers.

Effect of plecanatide and dolcanatide on stress-induced
colorectal hypersensitivity

To investigate the anti-nociceptive effect of plecanatide
or dolcanatide under non-inflammatory conditions, we
utilized a wrap restraint model of stress-induced visceral
hypersensitivity in Wistar rats, a strain with high stress
responsiveness (Figure 6A). In vehicle treated rats,
the number of abdominal contractions increased after
the PRS session with increasing CRD pressures up to
60 mmHg. Oral treatment with plecanatide (Figure
6B and C) or dolcanatide (Figure 6D and E) resulted
in a significant reduction in the rate of PRS-induced
abdominal contractions with increasing CRD pressures.
Both GC-C agonists exhibited no effect on colorectal

Basal colorectal sensitivity in rats

Initially, we conducted several pilot experiments to
optimize experimental conditions and dose range of
plecanatide and dolcanatide for evaluation. Under basal
conditions, with no CRD pressure in vehicle treated
rats, abdominal contractions occurred at approximately
4.1 contractions/5 min. As expected, increasing
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Figure 3 Effect of plecanatide and dolcanatide on localization of occludin in epithelial cells. Caco-2 (A) and T84 (B) cell monolayers were treated with 1
µmol/L plecanatide or dolcanatide in the presence or absence of 100 µg/mL of LPS for 16 h followed by immunofluorescence imaging for occludin. Representative
microscopic fields demonstrate disruption of occludin localization by LPS. Co-treatment of LPS with plecanatide or dolcanatide preserved occludin localization around
the cell membrane, as was observed for vehicle treated cells. Images taken at 40 × resolution. Blue fluorescence corresponds to DAPI stained nucleus. DAPI: 4’,
6’-diamidino-2-phenylindole; LPS: lipopolysaccharide.
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Figure 4 Effect of plecanatide and dolcanatide on localization of ZO-1 in epithelial cells Caco-2 (A) and T84 (B) cell monolayers were treated with 1 µmol/L
plecanatide or dolcanatide in the presence of 100 µg/mL of LPS for 16 h followed by immunofluorescence imaging for ZO-1. Representative microscopic
fields depicted above demonstrate disruption of ZO-1 localization by LPS. In Caco-2 cells, LPS treatment appears to cause accumulation of ZO-1 in the cytoplasm.
Co-treatment of LPS with plecanatide or dolcanatide preserved ZO-1 localization around the cell membrane as observed for vehicle treated cells. Images taken at 40
× resolution. Blue fluorescence corresponds to DAPI stained nucleus. DAPI: 4’, 6’-Diamidino-2-phenylindole; LPS: Lipopolysaccharide; ZO-1: Zonula occludens-1.
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Figure 5 Design and results of the TNBS-induced visceral hypersensitivity models. A: Schematic depicting the sequence of test sessions and treatments to
evaluate visceral hypersensitivity induced by TNBS rat models. Effects of oral administration of plecanatide or dolcanatide as compared with vehicle on the increase
in abdominal contractions to colorectal distention (CRD) during testing conducted four days after intrarectal administration of TNBS. Doses of 0.01 and 0.05 mg/kg of
plecanatide (B) or dolcanatide (C) reduced the rate of muscular contractions toward levels observed in the vehicle group prior to TNBS administration. Data are the
mean ± SEM (n = 8 rats/group). aP < 0.05, bP < 0.01 as compared to the values for the post-trinitrobenzene sulfonic acid vehicle group. SEM: Standard error of the
mean; TNBS: Trinitrobenzene sulfonic acid.

volume at the doses tested (data not shown).

including luminal bacterial antigens eliciting activation of
[20,37,38]
immune system and pro-inflammatory cytokines
.
Our results demonstrate that LPS treatment con
siderably increased paracellular permeability in cell
monolayers (Caco-2 and T84) and in rat colon tissues.
The concentrations of plecanatide and dolcanatide
used in these experiments were based on the doseresponse curves established with these cell lines and
[25,39-41]
rat tissues as reported earlier
. These deleterious
effects of LPS were completely suppressed by treatment
with plecanatide or dolcanatide. The fluorescence
microscopy data with monolayers of Caco-2 and T84
indicate that LPS treatment also severely disrupted the
localization of TJ proteins such as occludin and ZO-1.
Importantly, treatment with either agonist effectively
suppressed LPS-mediated disruption in localization
of occludin and ZO-1 at the TJ surrounding the cells.
These data are consistent with the recent findings that
GC-C signaling plays a critical role in the maintenance
[24,35]
of intestinal barrier function
. As expected from
analogs of uroguanylin, plecanatide and dolcanatide are
likely to exert their pharmacological activities through
activation of GC-C signaling in the GI tract. In this
context, we recently reported that oral treatment with
plecanatide or dolcanatide ameliorated GI inflammation
through activation of GC-C signaling in the distal

DISCUSSION
The role of GC-C signaling in the regulation of ion and
[33,34]
fluid homeostasis in the GI tract is well established
and affirmed clinically with the approval of plecanatide
for the treatment of adults with CIC in the United
States. However, recent advances have expanded our
understanding of the involvement of GC-C signaling
cascade in additional physiological activities such as in
[33,35]
the maintenance of intestinal barrier function
and
in the protection against GI inflammation and colorectal
[25,26,34]
carcinogenesis
. Dysregulation of GC-C signaling
either due to familial mutations in GC-C gene or loss
of its endogenous ligands has further underscored the
pathophysiological importance of GC-C signaling in GI
[36]
indications . In this study, we present in vitro and in
vivo data with plecanatide and dolcanatide, two GC-C
agonists, to demonstrate the physiological role GC-C
signaling plays in the maintenance of intestinal barrier
function and in suppression of visceral hypersensitivity
in inflammatory and non-inflammatory rat models.
Dysregulation of the intestinal epithelial barrier
function, known to be associated with several gut
disorders, can be elicited by a number of agents,
WJG|www.wjgnet.com
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Figure 6 Design and results of the partial restraint stress-induced visceral hypersensitivity models. A: Schematic depicting the sequence of test sessions
and treatments to evaluate visceral hypersensitivity induced by PRS in rat models. Effects of oral administration of plecanatide, dolcanatide or vehicle on the increase
in abdominal contractions to CRD when tested 30 min after a two h period of partial restraint. Doses of 0.01 and 0.05 mg/kg of plecanatide (B and C) or dolcanatide
(D and E) 30 min before completion of the restraint session reduced the rate of muscular contractions toward the levels observed in a previous test session without
exposure to partial restraint. Data are the mean ± SEM (n = 8 rats/group). aP < 0.05, bP < 0.01 as compared to the values for PRS + vehicle control. CRD: Colorectal
distention; PRS: Partial restraint stress; SEM: Standard error of the mean.
[39]

large intestine . Subsequently, we reported that oral
treatment with plecanatide delayed the onset of inflam
mation-driven colitis to colorectal carcinogenesis in
Min/+-FCCC
[40]
Apc
mice . The emerging paradigm suggests
that normal function of GC-C signaling may include host
defense by limiting systemic dissemination of luminal
antigens through maintenance of mucosal barrier
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function.
Results presented in this study further demonstrate
that oral treatment with plecanatide or dolcanatide
reduced TNBS- and PRS-induced visceral hypersensitivity,
as assessed by reductions in CRD-induced abdominal
contractions in rats. However, treatment with either of
the GC-C agonists did not alter the colonic compliance
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Research motivation

produced by either of the methods to induce visceral
hypersensitivity. Only the lower doses (0.01 and 0.05
mg/kg) showed the most significant inhibition of visceral
hypersensitivity in both models and that higher doses
(> 0.5 mg/kg) of either GC-C agonist were not effective
in these models. These results are consistent with the
results obtained with orally administered linaclotide, also
a GC-C agonist, in the same rat models showing that
only the lower doses of linaclotide (0.01 to 0.3 mg/kg)
were effective in the TNBS model, whereas the higher
[32]
doses (3 and 30 mg/kg) were completely ineffective .
Although the precise explanation for the discrepancy in
dose response remains to be determined, it is possible
that the loss of anti-hyperalgesic effect at higher doses
is associated with the loss of pharmacological specificity
of the treatment. It is known that high levels of cGMP
also down-regulate cAMP-specific phosphodiesterases
resulting in increased levels of cAMP and activation
[42,43]
of cAMP-dependent signaling pathways
. In this
context, elevated levels of cAMP are known to be
associated with hyperalgesia. We have also observed a
similar bell-shaped response in animal models of colitis,
inflammation-driven colorectal carcinogenesis, and
Min/+
[39,40]
polyp formation in Apc
mice
.
Although the molecular mechanisms by which ple
canatide or dolcanatide reduce visceral hypersensitivity
still remain to be fully elucidated, these drug candidates
seem to mimic the physiological function of uroguanylin
in activating GC-C, resulting in increased fluid secretion
to promote bowel movement. Consistent with this
notion, we reported earlier that oral treatment with
plecanatide promotes normal bowel movement in adult
[11,12]
patients with CIC
. Based on the data presented
herein, it is conceivable that activation of GC-C signaling
and the initiation of downstream events may ameliorate
the low-grade inflammation and thereby suppress
activation of visceral nociceptive sensory pathways
in the gut. The unique combination of regulation of
ion/fluid secretion and anti-inflammatory activities
of plecanatide makes this drug suitable to treat CIC
and IBS-C. Oral treatment with plecanatide also
demonstrated efficacy and a well-tolerated safety profile
[11,12]
in two phase Ⅲ clinical trials in patients with CIC
.
Notably, the efficacy of plecanatide in reducing visceral
hypersensitivity in animal models is consistent with
the reduction in abdominal pain observed in two large
[44]
phase Ⅲ IBS-C clinical studies . Thus, GC-C agonists
are emerging as promising drug candidates for the
[8,11,12,44]
treatment of functional GI disorders and IBD
.

Plecanatide and dolcanatide are analogs of human uroguanylin, the
endogenous agonist of GC-C receptors, and are targeted at the treatment
of functional constipation disorders and inflammatory bowel disease (IBD),
respectively; therefore we sought to further characterize the mechanisms of
these peptides using in vitro and in vivo models of these diseases.

Research objectives

To discern the role of plecanatide and dolcanatide in the maintenance of
mucosal membrane integrity and in the reduction of visceral hypersensitivity in
inflammatory and non-inflammatory animal models.

Research methods

Maintenance of epithelial cell integrity by plecanatide or dolcanatide in response
to chemical challenge by lipopolysaccharide (LPS) was assessed using cell
lines, as well as tissue harvested from rat intestines. Paracellular permeability
was determined by calculating the flux of fluorescein isothiocyanate (FITC)dextran using immunofluorescence microscopy. Electromyographic recordings
were used to assess suppression of visceral hypersensitivity by plecanatide or
dolcanatide in rat models of inflammatory and non-inflammatory visceral pain.

Research results

Plecanatide or dolcanatide effectively suppressed LPS-induced paracellular
permeability. Oral treatment with plecanatide or dolcanatide considerably
attenuated visceral hypersensitivity in inflammatory and non-inflammatory
models of visceral pain.

Research conclusions

The data presented suggest further mechanisms, in addition to their better
known secretory effects, whereby plecanatide or dolcanatide treatment,
through activation of the GC-C receptor, may protect the epithelial barrier from
increased paracellular permeability and provide anti-nociceptive activity, which
may ultimately benefit patients with functional constipation disorders and IBD.

Research perspectives

Plecanatide is a secretagogue approved in the US for the treatment of adults
with chronic idiopathic constipation or IBS-C. Dolcanatide is under evaluation
for the treatment of opioid-induced constipation and ulcerative colitis. This
study provides preclinical evidence that plecanatide and dolcanatide may act to
preserve the integrity of the intestinal epithelium and to provide anti-nociceptive
activity, supporting ongoing investigations of these peptides in functional
constipation disorders and IBD.
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Abstract

Institutional animal care and use committee statement:
All animal experiments were performed in accordance with
the recommendations in the Guide for the Care and Use of
Laboratory Animals of Wuhan University.

AIM
To investigate the antitumor activity of α-hederin in
hepatocellular carcinoma (HCC) cells and its underlying
mechanisms in vitro and in vivo .

Conflict-of-interest statement: The authors declare that there
are no conflicts-of-interest regarding the publication of this paper.

METHODS
SMMC-7721, HepG-2 and Huh-7 HCC cells were cultured
in vitro and treated with α-hederin (0, 5 μmol/L, 10
μmol/L, 15 μmol/L, 20 μmol/L, 25 μmol/L, 30 μmol/L, 35
μmol/L, 40 μmol/L, 45 μmol/L, 50 μmol/L, 55 μmol/L, or
60 μmol/L) for 12 h, 24 h, or 36 h, and cell viability was
then detected by the Cell Counting Kit-8. SMMC-7721

Data sharing statement: No additional data are available.
ARRIVE guidelines statement: The ARRIVE guidelines have
been adopted.
Open-Access: This article is an open-access article which was
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disease worldwide, particularly in many Asian countries,
with a very high incidence of over 20 cases/100000
[1]
individuals . It is the fifth most common malignancy and
the second most common cause of cancer-related death,
and related deaths increased from 600000 in 2008 to
[1,2]
746000 in 2012 . It is also recognized as the main
[3]
cause of death in patients with cirrhosis . HCC treatment
mainly includes systemic chemotherapy, radiofrequency
ablation, transarterial chemoembolization, ethanol or
acetic acid injection, surgical resection, and, in rare
[4]
cases, liver transplantation . Although resection is the
most common therapy, most patients are not eligible for
this treatment because of tumor extent or poor hepatic
[4,5]
condition . Systemic chemotherapy is another possible
treatment option, but it often has a low response rate
and severe side effects. Multidrug resistance occurs
frequently in patients treated with chemotherapy, leading
[6]
to recurrence and poor survival . The poor general
prognosis is related to a low overall survival rate after
[7]
5 years, ranging from 24% to 41% . Therefore, it is
important to develop highly effective natural treatments
with limited toxicity for HCC.
Triterpene saponins are natural amphiphilic com
pounds that have the potential to induce cancer cell
death and increase the activity of chemotherapeutic
[8,9]
agents or radiotherapy . The α-hederin is a secondary
saponin isolated from Hedera or Nigella species. It is the
major active component of various traditional medicinal
herbs and shows promising activity against colon and
lung cancers. The α-hederin also has biological activities,
such as antioxidant activity, antiinflammatory activity,
[10-14]
and effects on smooth muscle contraction
. It is
thought to promote cell apoptosis and/or membrane
[15]
alterations , and excess reactive oxygen species (ROS)
[16]
have been reported to be involved in these processes .
Excess ROS can cause oxidative damage to the mito
chondrial membrane and trigger apoptosis through
[17,18]
downstream signal transduction
.
Reports on the anti-HCC activity of α-hederin are
limited. In this study, we evaluated the effects of α-hederin
on HCC cells both in vitro and in vivo and explored the
underlying mechanisms.

cells were treated with 0, 5 μmol/L, 10 μmol/L, or 20
μmol/L α-hederin for 24 h with or without DL-buthionineS ,R -sulfoximine (2 mmol/L) or N -acetylcysteine (5
mmol/L) pretreatment for 2 h, and additional assays
were subsequently performed. Apoptosis was observed
after Hoechst staining. Glutathione (GSH) and adenosine
triphosphate (ATP) levels were measured using GSH
and ATP Assay Kits. Intracellular reactive oxygen species
(ROS) levels were determined by measuring the oxidative
conversion of 2’,7’-dichlorofluorescin diacetate. Disruption
of the mitochondrial membrane potential was evaluated
using JC-1 staining. The protein levels of Bax, Bcl-2,
cleaved caspase-3, cleaved caspase-9, apoptosis-inducing
factor and cytochrome C were detected by western
blotting. The antitumor efficacy of α-hederin in vivo was
evaluated in a xenograft tumor model.
RESULTS
The α-hederin treatment induced apoptosis of HCC cells.
The apoptosis rates in the control, low-dose α-hederin
(5 μmol/L), mid-dose α-hederin (10 μmol/L) and highdose α-hederin (20 μmol/L) groups were 0.90% ±
0.26%, 12% ± 2.0%, 21% ± 2.1% and 37% ± 3.8%,
respectively (P < 0.05). The α-hederin treatment reduced
intracellular GSH and ATP levels, induced ROS, disrupted
the mitochondrial membrane potential, increased
the protein levels of Bax, cleaved caspase-3, cleaved
caspase-9, apoptosis-inducing factor and cytochrome C,
and decreased Bcl-2 expression. The α-hederin treatment
also inhibited xenograft tumor growth in vivo .
CONCLUSION
The α-hederin saponin induces apoptosis of HCC cells
via the mitochondrial pathway mediated by increased
intracellular ROS and may be an effective treatment for
human HCC.
Key words: Hepatic carcinoma; α-hederin; Apoptosis;
Reactive oxygen species; Mitochondria
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The α-hederin saponin induces apoptosis of
hepatocellular carcinoma cells in vitro and in vivo . We
found that reactive oxygen species and the mitochondrial
pathway play a vital role in α-hederin-induced apoptosis.

MATERIALS AND METHODS
Cell lines and culture

The human SMMC-7721, HepG-2 and Huh-7 HCC cell
lines were purchased from the Shanghai Cell Collection
(Shanghai, China). HCC cells were cultured in DMEM
(Gibco, Grand Island, NY, United States) supplemented
with 10% fetal bovine serum (Gibco) and 1% penicillin/
streptomycin. All cells were cultured in a 5% CO2
humidified incubator at 37 ℃. The α-hederin was
purchased from Sigma-Aldrich (St. Louis, MO, United
States), dissolved in 100% dimethyl sulfoxide and stored
at 5 ℃.

Li J, Wu DD, Zhang JX, Wang J, Ma JJ, Hu X, Dong WG.
Mitochondrial pathway mediated by reactive oxygen species
involvement in α-hederin-induced apoptosis in hepatocellular
carcinoma cells.World J Gastroenterol 2018; 24(17): 1901-1910
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i17/1901.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i17.1901

INTRODUCTION

Cell proliferation assays

3
Cells were seeded at a density of 5 × 10 cells per well

Hepatocellular carcinoma (HCC) is a highly prevalent
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in 96-well plates and then treated with 0, 5 μmol/L, 10
μmol/L, 15 μmol/L, 20 μmol/L, 25 μmol/L, 30 μmol/L,
35 μmol/L, 40 μmol/L, 45 μmol/L, 50 μmol/L, 55 μmol/L,
or 60 μmol/L α-hederin for 12 h, 24 h, or 36 h. Cell
proliferation was assessed at different times using Cell
Counting Kit-8 (Beyotime, Shanghai, China) according
to the manufacturer's protocol. Ten microliters of CCK-8
solution was added to each well for 1 h; the absorbance
was then measured at 450 nm with a microplate reader
(Victor31420 Multilabel Counter; PerkinElmer, Waltham,
MA, United States) to calculate the cell viability in
different groups.

or NAC (5 mmol/L) for 2 h, treated with 0 or 10 μmol/L
α-hederin for 24 h, and then incubated with 1 mL of
the JC-1 dye for 30 min in a 37 ℃ incubator. The cells
were washed twice with PBS and then evaluated with
a confocal laser scanning microscope (Olympus). JC-1
forms a red fluorescent aggregate at hyperpolarized
membrane potentials, whereas it remains in the green
fluorescent monomeric form at depolarized membrane
potentials.

Western blot analysis

Total cellular protein was extracted on ice using RIPA lysis
buffer containing protease inhibitors (Beyotime). Proteins
were separated by 10% SDS-PAGE and transferred to
polyvinylidene fluoride membranes. Membranes were
blocked with 5% nonfat dry milk and incubated overnight
with various primary antibodies at 4 ℃. Next, antirabbit
secondary antibodies were added for 1 h at room
temperature. Band intensity was measured using the
Odyssey Infrared Imaging System (LI-COR Biosciences,
Lincoln, NE, United States).

Cell apoptosis assays

Apoptotic cells were examined using the Hoechst 33258
staining kit (Beyotime). SMMC-7721 cells were treated
with 0, 5 μmol/L, 10 μmol/L, or 20 μmol/L α-hederin
for 24 h with or without pretreatment with 2 mmol/L
DL-buthionine-S,R-sulfoximine (BSO) (Sigma-Aldrich)
or 5 mmol/L N-acetylcysteine (NAC) (Sigma-Aldrich)
for 2 h and then fixed with 4% paraformaldehyde in
phosphate-buffered saline (PBS) for 30 min. After
staining with 20 μmol/L Hoechst 33258 for 20 min, the
cells were observed under a fluorescence microscope
(Olympus, Tokyo, Japan), and apoptotic cells were
identified by fragmented and condensed nuclei.

Xenograft tumor model

All animal experiments were performed in accordance
with the recommendations in the Guide for the Care
and Use of Laboratory Animals of Wuhan University.
The animal protocol was designed to minimize animal
pain and discomfort. The animals were acclimatized
to laboratory conditions (23 ℃, 12 h/12 h light/dark
cycle, 50% humidity, and ad libitum access to food and
water) for 1 wk prior to experimentation. All animals
were euthanized by barbiturate overdose (intravenous
injection, 150 mg/kg pentobarbital sodium) after being
fasted overnight, and tissues were collected.
The antitumor efficacy of α-hederin in vivo was
evaluated using a xenograft tumor model. Male BALB/
c-nu/nu nude mice (4-6 wk old) were purchased from
HFK Experimental Animal Center (Beijing, China). HCC
6
cells (5.0 × 10 ) suspended in 100 μL of PBS were
subcutaneously inoculated into the right dorsal flank of
3
nude mice. When the tumors reached 100-150 mm ,
the mice were randomly divided into four groups (n
= 6 per group): control group, low-dose group (2.5
mg/kg), mid-dose group (5 mg/kg), and high-dose
group (10 mg/kg). The α-hederin was administered via
intraperitoneal injection every 3 d.
To create the tumor growth curve, the diameter
of each xenograft tumor was measured with a caliper.
The mice were weighed every 3 d. At the end of the
experiment, xenotransplanted tumors, livers, lungs and
brains were harvested for additional analysis. Mouse
blood was collected for hepatic and renal function tests.

Measurement of intracellular glutathione and adenosine
triphosphate

Glutathione (GSH) and adenosine triphosphate (ATP)
levels were measured using a GSH Assay Kit (Beyotime)
and an ATP Assay Kit (Beyotime). SMMC-7721 cells
were treated with 0, 5 μmol/L, 10 μmol/L, or 20 μmol/L
α-hederin for 24 h with or without pretreatment with
BSO (2 mmol/L) or NAC (5 mmol/L) for 2 h, and the
subsequent procedures were performed according to
the manufacturers’ instructions. The experimental data
were obtained with a microplate reader.

ROS detection

Intracellular ROS levels were determined by measuring
the oxidative conversion of 2′,7′-dichlorofluorescin
diacetate (DCFH-DA) to the fluorescent compound
dichlorofluorescin (DCF) using a ROS Assay Kit (Beyo
time). After treatment with 0, 5 μmol/L, 10 μmol/L,
or 20 μmol/L α-hederin for 24 h with or without
pretreatment with BSO (2 mmol/L) or NAC (5 mmol/L)
for 2 h, SMMC-7721 cells cultured in 6- and 96-well
plates were incubated with 10 μmol/L DCF-DA for
20 min at 37 ℃. Cells cultured in 6-well plates were
observed under an upright fluorescence microscope,
while cells in 96-well plates were evaluated with a
microplate reader.

Hematoxylin and eosin and TUNEL staining

Mitochondrial membrane potential (ΔΨm)

To further evaluate treatment efficiency, the tumors
were dissected and fixed in 4% formaldehyde. Next,
tumors were sectioned into slices and stained with
hematoxylin and eosin (HE) for histological analysis.

Changes in the ΔΨm were identified using JC-1 dye
according to the manufacturer's specifications.
SMMC-7721 cells were pretreated with BSO (2 mmol/L)

WJG|www.wjgnet.com
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We performed TUNEL staining to detect apoptotic cells.
Positive cells were identified, counted (eight random
fields per slide), and analyzed by light microscopy
(Olympus).

Relative DCFH-DA fluorescence was significantly
increased in the α-hederin (10 μmol/L) group compared
to the control group (P < 0.05), and this increase was
enhanced in the α-hederin and BSO group but reduced
in the α-hederin and NAC group (P < 0.05). As shown
in Figure 2C and D, intracellular GSH and ATP levels
were significantly decreased in the α-hederin (10 μmol/
L) group compared to the control group (P < 0.05),
and these decreases were enhanced in the α-hederin
and BSO group but reduced in the α-hederin and NAC
group (P < 0.05). This result suggested that α-hederin
induced apoptosis of HCC cells in an indirect way which
is closely related to GSH and ROS.

Statistical analysis

All data were collected from at least three independent
experiments. One-way analysis of variance (ANOVA)
and t-tests were performed to analyze all the data (SPSS
20.0 software; IBM Corp., Armonk, NY, United States).
P < 0.05 indicated statistical significance.

RESULTS

α-hederin induces apoptosis through activation of the
mitochondria-mediated pathway

α-hederin reduces HCC cell viability and induces
apoptosis of HCC cells via GSH depletion and ROS
accumulation

To investigate the underlying mechanism of apoptosis
induced by α-hederin, we ascertained the effect of
α-hederin on mitochondrial membrane depolarization
using the JC-1 cationic dye. Compared to the control
group, the ratio of aggregate-to-monomer fluorescence
in the α-hederin (10 μmol/L) group was decreased
(P < 0.05), as JC-1 fluorescence changed from red
(aggregate) to green (monomer) (Figure 3A). Compared
to that in the α-hederin group, the aggregate-tomonomer fluorescence ratio was decreased in the
α-hederin and BSO group and increased in the α-hederin
and NAC group (P < 0.05).
Then, we conducted western blotting to examine
the effect of α-hederin on the levels of mitochondrial
pathway-related proteins. As shown in Figure 3B,
α-hederin increased the levels of Bax, cleaved caspase-3
and cleaved caspase-9, and decreased Bcl-2 expression
levels. Meanwhile, the mitochondria-mediated apoptosisrelated proteins apoptosis-inducing factor (AIF) and
cytochrome C (Cyt C) in cytoplasm were increased
by α-hederin, but AIF and Cyt C in mitochondria
were decreased (Figure 3C). Pretreatment with BSO
augmented the α-hederin-induced changes in protein
levels, whereas pretreatment with NAC weakened these
effects of α-hederin.

To investigate the effects of α-hederin on HCC cell
growth, we treated HCC cells with different concen
trations of α-hederin for 0, 12 h, 24 h, and 36 h. As
shown in Figure 1A, α-hederin significantly reduced HCC
cell viability in a dose- and time-dependent manner,
with IC50 values at 24 h for SMMC-7721, HepG-2 and
Huh-7 cells being 13.880 μmol/L, 18.450 μmol/L and
25.520 μmol/L, respectively. We further use the oneway ANOVA to analyze the IC50 values for each time
period with SMMC-7721, HepG-2 and Huh-7 cells; there
was statistical significance among the IC50 value of three
time periods (P < 0.05).
The Hoechst 33258 staining results are shown in
Figure 1B; α-hederin induced the apoptosis of HCC
cells in a dose-dependent manner. The apoptosis rates
in the control, low-dose α-hederin (5 μmol/L), middose α-hederin (10 μmol/L) and high-dose α-hederin
(20 μmol/L) groups were 0.90% ± 0.26%, 12% ±
2.0%, 21% ± 2.1% and 37% ± 3.8%, respectively (P
< 0.05).
To determine whether α-hederin affected the intra
cellular ROS generation, SMMC cells were treated with
α-hederin for 24 h. As shown in Figure 1C, the relative
DCFH-DA fluorescence significantly increased in a dosedependent manner. The α-hederin significantly reduced
cellular GSH (Figure 1D) and ATP levels (Figure 1E) (P
< 0.05). These results show that α-hederin may reduce
HCC cell viability and induce the apoptosis of HCC cells
via GSH depletion and ROS accumulation.

α-hederin inhibits tumor growth in vivo

The anticancer effects of α-hederin in vivo were
analyzed in a human xenograft tumor model. As shown
in Figure 4A, the transplanted tumor volume increased
more slowly with increasing α-hederin concentration,
and the final tumor weight was lower in the α-hederintreated groups. At the end of the experiment, the tumor
weights in the control and 2.5 mg/kg, 5 mg/kg and 10
mg/kg α-hederin groups were 1217 mg ± 177 mg, 917
mg ± 84 mg, 778 mg ± 105 mg and 539 mg ± 96 mg,
respectively. Tumor growth was significantly suppressed
in the α-hederin groups in a dose-dependent manner
(P < 0.05). TUNEL staining of the tumors is shown
in Figure 4B, and cells stained brown are apoptotic.
Compared to the control group, the α-hederin groups
showed a gradual increase in the proportion of apoptotic
cells with increasing drug concentration (P < 0.05).
Liver, lung and brain tissue from each group was

BSO and NAC influence α-hederin-induced apoptosis of
SMMC-7721 cells

To further determine whether α-hederin induces the
apoptosis of HCC cells via GSH depletion and ROS
accumulation, SMMC cells were treated with 10 μmol/L
α-hederin for 24 h with or without BSO (2 mmol/L)
or NAC (5 mmol/L) pretreatment for 2 h. As shown
in Figure 2A, the apoptosis rate varied as expected:
0.94% ± 0.25% in the control group, 22% ± 2.4% in
the α-hederin group, 27% ± 3.5% in the α-hederin
and BSO group, and 13% ± 3.3% in the α-hederin
and NAC group (P < 0.05). Intracellular ROS levels are
shown in Figure 2B.
WJG|www.wjgnet.com
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Figure 1 α-hederin reduces hepatocellular carcinoma cell viability and induces the apoptosis of hepatocellular carcinoma cells through GSH depletion
and reactive oxygen species accumulation. A: Cell Counting Kit-8 assays showed that α-hederin inhibits the viability of hepatocellular carcinoma cells (SMMC-7721,
HepG-2, and Huh-7) in a dose- and time-dependent manner; B: SMMC-7721 cells were incubated with α-hederin (0, 5 μmol/L, 10 μmol/L, or 20 μmol/L) and stained
with Hoechst 33258. Apoptotic cells were identified by fragmented and condensed nuclei under a fluorescence microscope. The percentage of apoptotic cells was
calculated, P for trend < 0.01; C: SMMC-7721 cells were incubated with α-hederin (0, 5 μmol/L, 10 μmol/L, or 20 μmol/L), followed by incubation with DCFH-DA and
observation under a fluorescence microscope or measurement using a microplate reader, P for trend < 0.01; D and E: SMMC-7721 cells were treated with α-hederin
(0, 5 μmol/L, 10 μmol/L, or 20 μmol/L). GSH and ATP levels were measured using GSH and ATP Assay Kits and a microplate reader, P for trend < 0.01. aP < 0.05 vs
control. ATP: adenosine triphosphate; GSH: Glutathione; ROS: Reactive oxygen species.

stained with HE, and no tumor metastases were
observed. We assayed the hepatic and renal functions
of nude mice treated with control or α-hederin and
found that alanine aminotransferase, aspartate ami
notransferase, urea and creatine levels were not sig
nificantly different.

including anticancer activity in some cancer cells.
However, its effects on HCC have not been clarified.
In the present study, to investigate the effects of
α-hederin on HCC cells, we performed the following:
Cell proliferation and apoptosis assays; detected ROS,
GSH and ATP levels and the mitochondrial membrane
potential; conducted Western blotting analysis to
examine related proteins; and generated a xenograft
tumor model to evaluate the antitumor efficacy of
α-hederin in vivo. Our results show that α-hederin

DISCUSSION
The α-hederin saponin has various biological activities,
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Figure 2 BSO and NAC influence the α-hederin-induced apoptosis of SMMC-7721 cells. SMMC-7721 cells were incubated with α-hederin (10 μmol/L) with or
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induces the apoptosis of HCC cells in vitro and in
vivo and suggest that the mechanism involves the
mitochondrial pathway mediated by increased intra
cellular ROS.
In this study, we found that α-hederin significantly
inhibited the proliferation of HCC cells and induced
their apoptosis in a dose- and time-dependent manner.
We also found that α-hederin decreased GSH and ATP
levels and increased ROS levels in a concentrationdependent manner. These results are consistent with
[16]
those of Swamy et al , who reported that α-hederin
increased the apoptosis of murine P388 leukemia
cells and increased the production of ROS in a doseand time-dependent manner. It has been reported
that cancer cells have increased ROS production
compared to normal cells. ROS is generated through
a variety of extracellular and intracellular actions.
Severe accumulation of cellular ROS may induce lethal
damage in cells.
GSH is one of the most common intracellular com
pounds that plays a vital role in the cellular defense
against ROS damage. GSH clears intracellular ROS

WJG|www.wjgnet.com

by nonenzymatic and enzymatic catalysis. The non
enzymatic process involves GSH acting directly. The
enzyme catalyzed process is based on GSH as the
substrate, and induces the clearance of ROS in cells
under the catalysis of GSH-peroxidase or GSH S
[19,20]
transferase
. During intracellular GSH synthesis,
two ATP-dependent enzyme catalyzes are required:
[21]
Glutamate cysteine ligase and glutathione synthetase .
Our study shows α-hederin significantly reduced
cellular ATP levels. Therefore, a reduction in intracellular
ATP contributes to a decrease in GSH, leading to ROS
accumulation and cellular damage. To determine
whether the apoptotic effect of α-hederin on HCC cells is
associated with the generation of intracellular ROS, we
pretreated SMMC-7721 cells with BSO or NAC, which
improved/decreased the levels of intracellular GSH and
ROS. The results showed that the apoptotic effect of
α-hederin was greater after pretreatment with BSO but
was ameliorated by NAC. These data indicate that the
apoptosis-inducing potential of α-hederin is related to
intracellular ROS production.
Mitochondria play an important role in cancer

1906

May 7, 2018|Volume 24|Issue 17|

Li J et al . Anti-hepatoma effects of α-hederin
Negtive
control

α-Hederin
+ BSO

Positive
control

α-Hederin
+ NAC

10
8

Ratio of JC-1
aggregate/monomer

α-Hederin

Monomer

Aggregate

ab

6
4

a
ab

2

l
nt
ro
co

NA

er

e
iti
v
Po
s

in

+

+
He
d
α-

He
d
α-

C

O
BS

er
He
d

in

iv
e
gt
Ne

B
Relative expression levels (/Gapdh)

0.8

Bax
Bcl-2
Cleaved
Caspase-3
Cleaved
Caspase-9
GAPDH

0.6

0.4

a, c

a, c

a, c
a

a, c

a
a, c

Control
α-Hederin
α-Hederin + BSO
α-Hederin + NAC

a

a, c

a
a, c

0.2
a, c

sp
d
ea
Cl

Cl

α-

ea

ve

ve

He

d

Ca

Ca

α-

sp

as

as

e-

e-

9

3

l-2

Co

Bc

Ba

x

nt
ro
He l
de
de
ri
ri
αHe n + n
de
BS
rin
O
+
NA
C

0.0

C
Relative expression levels (/Gapdh)

0.8

AIF
Cyt C
GAPDH
AIF
Cyt C
GAPDH

0.6

a, c

a, c

Control
a, c

0.4

a, c

a

a

a
a, c

α-Hederin
α-Hederin + BSO
α-Hederin + NAC

a

a, c

0.2

a, c
a, c

tC
Cy

Cy

AI

F

tC

F
AI

n
α tro
αHe -He l
de
d
rin
α- erin
He
+
de
BS
rin
O
+
NA
C

0.0

Co

Mitochondrial Cytosol

α-

co

Merged

nt
ro

l

in

0

er

A

Mitochondrial

Cytosol
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[22]

cell survival , as they are major sources of cellular
bioenergetics and the target of ROS. ROS can in
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duce oxidative damage that affects mitochondrial
function, and a decrease in ΔΨm indicates damage to
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[23]

mitochondrial function. Cheng et al
reported on the
mitochondrial apoptotic activity of α-hederin in breast
cancer cells. A previous study showed that ROS causes
the mitochondrial permeability transition pore (mPTP)
[24]
to open in HepG-2 cells . We next evaluated whether
ROS induced this mitochondria-mediated apoptotic
mechanism in HCC cells treated with α-hederin. Similar
to breast cancer cells, SMMC-7721 cells treated with
α-hederin showed a clear decrease in ΔΨm compared
to untreated cells. Additionally, the ΔΨm decrease was
aggravated by BSO but relieved by NAC.
To further investigate whether the ROS increase and

WJG|www.wjgnet.com

ΔΨm loss induced by α-hederin led to HCC cell apoptosis,

we detected the levels of related proteins. We found that
α-hederin increased the protein levels of Bax, cleaved
caspase-3 and cleaved caspase-9 but decreased Bcl-2
levels. Thus, the antiapoptotic/proapoptotic (Bcl-2/Bax)
protein ratio decreased. AIF and Cyt C protein levels
were increased by α-hederin. Although the α-hederininduced changes in the above proteins were enhanced
by pretreatment with BSO, they were weakened by
NAC pretreatment. Bcl-2 family proteins are reported to
be key factors in regulating the mitochondrial apoptosis
[25]
pathway . Disruption of the Bcl-2/Bax protein balance
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research, as we used NAC and BSO to interfere with the synthesis of GSH, the
mechanism we explored was more persuasive.

induces apoptosis.
Bcl-2 family proteins are also components of the
mPTP. A decrease in Bcl-2 levels alters the mPTP
structure and the ΔΨm, increasing mitochondrial mem
[26]
brane permeability . Additionally, excess ROS can
[27]
trigger opening of the mPTP . As a result, AIF and Cyt
C proteins are released to activate procaspase-9, which
activates the caspase cascade that ultimately generates
caspase-3 to induce apoptosis. On the other hand, AIF
can mediate apoptosis directly in a caspase-independent
[28]
way . These data indicate that the mechanism by
which α-hederin induces HCC cell apoptosis involves
the mitochondrial pathway mediated by increased
intracellular ROS.
In human xenograft tumor models in nude mice,
α-hederin significantly inhibited tumor growth without
causing liver and kidney damage, indicating the efficacy
and safety of α-hederin for the treatment of HCC in vivo.
In conclusion, we show herein that α-hederin induces
the apoptosis of HCC cells via the mitochondrial pathway
mediated by increased intracellular ROS in vitro and in
vivo. These findings identify α-hederin as a potential
highly effective natural medicine with limited toxicity for
HCC treatment. However, α-hederin has been reported
to have other effects, such as membrane permeabilizing
[29]
activity, which can directly induce cell death . This
study is not sufficient to clarify the antitumor effects of
α-hederin. Further studies should focus on the detailed
mechanism.

Research results

The α-hederin treatment inhibited cell growth of the three cell lines in a doseand time-dependent manner. The IC50 values at 24 h for SMMC-7721, HepG-2
and Huh-7 cells were 13.88, 18.45 and 25.52 μmol/L, respectively, so we
used SMMC-7721 cells for the on-going experiments. The results showed that
the apoptosis rates in the control, low-dose α-hederin (5 μmol/L), mid-dose
α-hederin (10 μmol/L) and high-dose α-hederin (20 μmol/L) groups were
0.90% ± 0.26%, 12% ± 2.05, 21% ± 2.15 and 37% ± 3.8%, respectively.
In comparison to the control, after treatment with α-hederin, ROS increased
significantly, while the ATP levels decreased. When SMMC-7721 cells were
pretreated with BSO (2 mmol/L), compared with the mid-dose α-hederin group,
the apoptosis rate increased to 27% ± 3.5% (P < 0.05); what’s more, the
increase of ROS and the decrease of ATP were both enhanced. However, NAC
pretreatment had a protective effect on SMMC-7721 cells and could alleviate
the change of ROS and ATP. The proteins involving in the mitochondriamediated pathway were detected by western blotting. The results showed
α-hederin increased the levels of Bax, cleaved caspase-3 and cleaved
caspase-9, and decreased Bcl-2 expression levels. Meanwhile, AIF and Cyt C
in cytoplasm were up-regulated, but AIF and Cyt C in mitochondria were downregulated. Subcutaneous xenografts were successfully constructed in 24 nude
mice. After treatment with α-hederin for 3 wk, the weight of xenograft tumor was
significantly reduced (P < 0.05). Compared to the control group, TUNEL staining
showed a gradual increase in the proportion of apoptotic cells with the increase
of α-hederin concentration (P < 0.05). There was no difference between the
control mice and α-hederin-treated mic for the hepatic and renal functions.
This research indicated that α-hederin could induce HCC cell apoptosis via
mitochondria-mediated pathway by depleting GSH and accumulating ROS. But
it did not explain how α-hederin changed the expression of GSH and ROS, and
the effect of α-hederin on HCC cell invasion was not studied either. In addition,
apoptosis involves multiple factors and multiple links, making it necessary to
conduct in-depth research to clarify the specific mechanism.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

Research conclusions

Research background

The α-hederin saponin induces apoptosis of HCC cells via the mitochondrial
pathway mediated by increased intracellular ROS and may be an effective
treatment for human HCC.

Hepatocellular carcinoma (HCC) is a highly prevalent disease worldwide, with
poor general prognosis. To develop highly effective natural treatments with
limited toxicity for HCC is important. The α-hederin saponin is reported to have
antitumor activity. However, the effect of α-hederin on HCC remains to be
examined. We evaluated the effect and possible mechanism of α-hederin on
HCC cells both in vitro and in vivo.

Research perspectives

It is of great value to discover natural anticancer compounds which have
high efficacy and low toxicity in the treatment of HCC. In our study, we show
that α-hederin could induce HCC cell apoptosis via mitochondria-mediated
pathway by depleting GSH and accumulating ROS, which identifies α-hederin
as a potential highly effective natural medicine with limited toxicity for HCC
treatment. But some points remain unclear. How does α-hederin change the
expression of ATP? The effect of α-hederin on HCC cell migration and invasion
was not studied, either. In addition, apoptosis involves multiple factors and
multiple links, and it’s necessary to conduct in-depth research to clarify specific
mechanism. These results will facilitate the development of treatment for HCC.

Research motivation

Developing new, effective and nontoxic chemotherapeutic drugs will contribute
to the treatment and prognosis for HCC patients in clinic.

Research objectives

To investigate the antitumor activity of α-hederin in HCC cells and its underlying
mechanisms in vitro and in vivo.

Research methods
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Abstract

Institutional review board statement: This study was
approved by the ethics committee of the PLA General Hospital
(20170078).

AIM
To explore the value of three-dimensional (3D) visu
alization technology in the minimally invasive treatment
for infected necrotizing pancreatitis (INP).

Informed consent statement: All participants provided written
informed consent.

METHODS
Clinical data of 18 patients with INP, who were ad
mitted to the PLA General Hospital in 2017, were
retrospectively analyzed. Two-dimensional images of
computed tomography were converted into 3D images
based on 3D visualization technology. The size, number,
shape and position of lesions and their relationship with
major abdominal vasculature were well displayed. Also,
percutaneous catheter drainage (PCD) number and
puncture paths were designed through virtual surgery
(percutaneous nephroscopic necrosectomy) based on
the principle of maximum removal of infected necrosis
conveniently.
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RESULTS
Abdominal 3D visualization images of all the patients
were well reconstructed, and the optimal PCD puncture
paths were well designed. Infected necrosis was conve
niently removed in abundance using a nephroscope
during the following surgery, and the median operation
time was 102 (102 ± 20.7) min. Only 1 patient under
went endoscopic necrosectomy because of residual
necrosis.

effect of drainage but also the efficiency of subsequent
minimally invasive removal of infected necrotic tissues.
In recent years, three-dimensional (3D) visualization
technology has been widely applied in hepatobiliary
and pancreatic surgeries, helping surgeons to intuitively
identify the relationship between the shape of lesions
[7,8]
and the important anatomical structures around .
Therefore, this technique was applied in our center on
patients with INP to improve the quality of PCD since
January 2017. This study retrospectively analyzed the
clinical data of enrolled patients to investigate the value
of the 3D visualization technique in guiding PCD of INP.

CONCLUSION
The 3D visualization technology could optimize the PCD
puncture paths, improving the drainage effect in patients
with INP. Moreover, it significantly increased the efficiency
of necrosectomy through the rigid nephroscope. As a
result, it decreased operation times and improved the
prognosis.

MATERIALS AND METHODS
General data

eighteen patients [12 males and 6 females, with an
average age of 46 (51 ± 12.9) years] were enrolled in
this study. The inclusion criteria were as follows: (1)
acute pancreatitis with pancreatic or peripancreatic
necrosis accompanied by infection but without any
invasive treatment; and (2) patients or their families
accepting the evaluation of 3D visual reconstruction. The
exclusion criteria were as follows: patients with acute
pancreatitis without local complications or liquefied
necrotic lesions without infection in a stable condition.
According to the 2012 Atlanta classification of acute
[9]
pancreatitis , 9 patients had moderately severe acute
pancreatitis and the other 9 patients had severe acute
pancreatitis. This study was approved by the ethics
committee of the PLA General Hospital.

Key words: infected necrotizing pancreatitis; threedimensional visualization; percutaneous catheter
drainage; percutaneous nephroscopic necrosectomy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As a lethal disease, infected necrotizing pan
creatitis is gradually treated by minimally invasive surgery.
Percutaneous catheter drainage (PCD) is the prerequisite
of various minimally invasive treatment, which has been
of great significance for prognosis of the disease. In this
study, three-dimensional (3D) visualization technology
was used preoperatively to optimize the puncture position
and direction of PCD path. As a result, it improved the
drainage effect and increased the efficiency of subsequent
necrosectomy. So, the 3D visualization technology was
great help for the prognosis of infected necrotizing
pancreatitis.

Methods

Data acquisition and 3D reconstruction: The
128-slice spiral computed tomography (CT) scanner (GE
Corporation, Stamford, CT, United States) was used for
obtaining abdominal enhanced CT scans of arterial and
portal venous phases. The layer thickness was 1.5 mm,
and the layer distance was 1.5 mm. Lipiodol was injected
as the contrast medium (Beilu Pharmaceutical Co., Bei
jing, China); the concentration was 350 mg/mL. A highpressure syringe was used for elbow vein injection. The
dose was 60 mL, and the injection rate was 4 mL/s. The
collected image data were stored in the form of Digital
Imaging and Communications in Medicine and introduced
into 3D visualization system (Mimics 17.0; Materialise
Co., Leuven, Belgium) for reconstruction.

Wang PF, Liu ZW, Cai SW, Su JJ, He L, Feng J, Xin XL, Lu
SC. Usefulness of three-dimensional visualization technology in
minimally invasive treatment for infected necrotizing pancreatitis.
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INTRODUCTION

Anatomical evaluation and determination of
position and paths of optimal puncture points: The
reconstructed model could be viewed from any direction
(magnified, contracted, rotated, or transparent) through
the 3D visualization system. Therefore, the size, shape,
position and number of the lesions and surrounding
structure were intuitively demonstrated. Moreover,
virtual operations could be done on the 3D image to
observe different debridement ranges through various
puncture points. At last, the optimal puncture number
and paths were determined based on the following

Infected necrotizing pancreatitis (INP), which often leads
to sepsis and multiple organ failure, is one of the most
[1,2]
severe complications of acute pancreatitis . In recent
years, various kinds of minimally invasive treatments
have achieved good results in treating INP and improved
[3,4]
prognosis of the patients . However, irrespective of
the kind of minimally invasive surgeries applied, the
prerequisite has been to establish a convenient surgical
approach through preoperative percutaneous catheter
[5,6]
drainage (PCD) . Whether the puncture paths of PCD
were ultimately appropriate was related to not only the
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principles. First, retroperitoneal access was preferred to
transabdominal access, which meant less intraperitoneal
contamination. Second, the paths were established
along the longitudinal axis of the necrotic cavity, and
the puncture point should be as close to the necrotic
cavity as possible, facilitating the maximum removal of
necrosis. Third, multiple drains should be placed during
the same procedure, if necessary, to avoid the visual
blind area or operational blind area, which were also
estimated using the 3D virtual system.

the aforementioned software system were performed.
Further, the removal range and residual blind area
of different puncture points were defined. Also, the
individualized optimal position, direction and number of
puncture paths suitable for patients were determined.
A typical case is given here to illustrate the use of
3D visualization technology: Patient No. 4, a 43-yearold male with alcoholic pancreatitis. The patient suf
fered from a high fever and abdominal pain for more
than 2 wk till he was transferred to the hospital. The
CT examination showed extensive peripancreatic
necrosis in the retroperitoneal space. The results of
3D reconstruction clearly showed horseshoe-shaped
necrosis, as the purple lesion shown in Figure 1A,
involving the head of pancreas, uncinate process, root
of mesentery, body and tail of pancreas, splenic hilus
and left paracolic sulcus, which was closely related
to surrounding organs and blood vessels. Virtual
percutaneous nephroscopic necrosectomy was per
formed through the 3D virtual system to determine the
three optimal puncture paths. As shown in Figure 1B,
the necrosis in the blue area could be debrided from the
right puncture path. As shown in Figure 1C, the necrosis
in the green area could be debrided from the upper left
puncture path. As shown in Figure 1D, the necrosis in
the orange area could be debrided from the lower left
puncture path. Residual necrosis was found without
any single puncture path. Therefore, the three puncture
paths were used simultaneously to avoid the operational
blind area or residual necrosis. Figures 2–4 are the
cross-section, coronal-section and 3D reconstruction
images of puncture points on the right side, upper left
side, and lower left side, respectively. These were critical
to ensure the accuracy of PCD under the guidance of CT.

PCD and percutaneous nephroscopic necrosectomy
for removing necrotic tissues: PCD was performed
under the guidance of CT in strict accordance with the
position and direction of puncture points designed by
the 3D visualization system. Subsequently, an anti
inflammatory drug was administered according to the
drainage culture and the results of drug sensitivity
test. The changes in the disease were assessed with
a reexamination of abdominal CT scan weekly. If the
condition did not improve obviously or continued to
aggravate, the percutaneous nephroscopic necrosectomy
was performed under general anesthesia. Briefly, a
1.2-cm skin incision was made that was centered
on the PCD. Amplatz renal dilators (Cook Urological
Incorporated, Bloomington, IN, United States) were used
to serially dilate to create a 30F tract, following which a
12-mm trocar was inserted.
An operating nephroscope (Hopkins Telescopes; Karl
Storz-Endoskope, Tuttingen, Germany) with an 8-mm
working channel was then passed through the trocar
into the necrotic cavity. Subsequently, the piecemeal
removal of solid necrosis was performed repeatedly
using a fenestrated grasper through the working chan
nel. Finally, a 10F catheter sutured to a tube drain of
28F was placed into the distal end of the necrotic cavity
to allow continuous lavage after surgery. All patients
underwent CT scanning reexamination weekly to
evaluate the results of necrosectomy and drain place
ment. The operation might be performed again, if nece
ssary according to the changes in the condition. The
position and range of the lesion, the time and number
of surgery, postoperative complications, and the time of
hospitalization of each patient were recorded.

Clinical results

The CT-guided PCD of the 18 patients was successfully
performed strictly according to 3D visualization
design, and subsequent percutaneous nephroscopic
necrosectomy was carried out according to the changes
in the condition, debriding maximum necrosis. twelve
patients were cured by conducting one-time surgery.
Five patients were cured after two-time surgery and only
one patient underwent the surgery three times. Patient
No. 14 underwent additionally endoscopic necrosectomy
for removing residual small lesions due to the winding
sinus. The median operation time was 102 (102 ± 20.7)
min, and the postoperative hospitalization time was 35
(35 ± 8.1) d. No major surgical complications occurred.
All the patients were cured and discharged from the
hospital eventually (Table 1).
The patient in the aforementioned typical case
underwent percutaneous nephroscopic necrosectomy
for removing necrotic tissues 14 d after PCD. A large
number of infected necrotic tissues were removed from
the three puncture points. The clinical condition of the
patient improved obviously after surgery. Figure 5 shows
th
the results of abdominal CT re-examination on the 15
day after surgery. Finally, he was discharged from the

Statistical analysis

The SPSS 17.0 software (SPSS Inc., Chicago, IL, United
States) was used for statistical analysis. Measurement
data were expressed as χ ± s.

RESULTS
Results of 3D reconstruction

The 3D reconstruction was successfully completed for all
of the 18 patients. The results clearly showed the shape,
size and number of necrotic lesions, as well as the
anatomical relationship with surrounding blood vessels
and organs. Thus, the stereoscopic visual observation
of the lesions from any angle and virtual surgery using
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A

B
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D

Figure 1 Three-dimensional visualized reconstruction image and virtual surgery for Patient No. 4. A: Horseshoe-shaped infected necrotic lesions (purple)
adjacent to important organs and blood vessels; B: Debrided area of percutaneous nephroscopic necrosectomy through the point of puncture on the right puncture
point (blue area); C: Debrided area of percutaneous nephroscopic necrosectomy through the point of puncture on the upper left puncture point (green area); D:
Debrided area of percutaneous nephroscopic necrosectomy through the point of puncture on the lower left puncture point (orange area).

A

B

A

B

C

D

C

D

Figure 2 Cross-section, coronal-section and three-dimensional
reconstruction images of the right-side puncture path for percutaneous
catheter drainage in Patient No. 4. The red arrow represent the fictional
direction and path of puncture.

Figure 3 Cross-section, coronal section and three-dimensional reconstruction
images of the upper left-side puncture path for percutaneous catheter
drainage in Patient No. 4. The red arrow represents the fictional direction and path
of puncture.

th

hospital on the 29 day postoperatively.

ment method called minimal access retroperitoneal
pancreatic necrosectomy, which yielded good results.
Since then, various kinds of minimally invasive ap
[14-17]
proaches have been increasingly used worldwide
.
The first randomized controlled trial compared
a minimally invasive necrosectomy with traditional
laparotomy necrosectomy and showed a significant
[18]
decrease in the incidence of complications . Recently,
another clinical study that summed up 394 cases in the
last 17 years found that the mortality and incidence of

DISCUSSION
INP is a serious disease with a mortality of approximately
30% and up to 80% of cases having multiple organ
[10,11]
failure
. Open necrosectomy has been considered
the gold standard treatment for decades. However,
the morbidity and mortality rates of the surgery were
[12,13]
[14]
high
. In 2000, Carter et al reported a new treat
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A

B

C

D

Figure 5 Image of abdominal CT reexamination of Patient No. 4. Abdominal
CT reexamination 15 d after percutaneous nephroscopic necrosectomy showed
that the abscess cavity disappeared and the drainage tube was unobstructed.
CT: Computed tomography.

Figure 4 Cross-section, coronal section and three-dimensional reconstruction
images of the lower left-side puncture path for percutaneous catheter
drainage in Patient No. 4. The red arrow represents the fictional direction and path
of puncture.

complications in the minimally invasive nephroscope
group were 15.3% and 63.5%, respectively, which were
significantly lower than those in the laparotomy group
[19]
(23.3% and 81.7%, respectively) . All these studies
were based on the belief that the necessary precondition
of the minimally invasive surgery was correct PCD.
As the initial step of minimally invasive treatment, the
purpose of PCD was to attenuate sepsis and establish
an access track for further necrosectomy. Some patients
with infected necrotic pancreatitis could even be cured
[20,21]
only using PCD
. More importantly, PCD established a
guide channel for subsequent minimally invasive removal
of necrotic tissues. The blind area in percutaneous
nephroscopic necrosectomy could be avoided through
a reasonable and correct PCD path, which was critical
for prognosis. In our hospital, the minimally invasive
[22]
method has been used since 2008 to treat more than
200 patients with INP until now. A number of them were
referrals from other hospitals, and some had undertaken
PCD by interventional doctors without considering the
convenience for subsequent surgical operation. A few
of the patients even undertook a wrong PCD due to the
doctors’ lack of experience; the catheter passed through
the colon, stomach or other hollow organs, which was a
disaster for patients with severe pancreatitis. Therefore,
it was believed that preoperatively reliable and visualized
imaging guidance was crucial for correct PCD.
With the development of digital medicine, 3D visua–
lization software has been gradually applied to clinical
practice and proved useful in many diseases. Compared
with the traditional two-dimensional ultrasound, CT or
magnetic resonance imaging, the 3D visualization image
has shown huge advantages in the objective, direct
and visual image display of lesions and surrounding
anatomical structures. Therefore, it could reduce doctor
“mistakes” due to lack of experience.
In this study, the technique was first adopted to
treat patients with INP. The site, shape and number of

WJG|www.wjgnet.com

infected necrotic lesions, as well as their relationship
with peripheral vessels and important organs, could
be identified through image reconstruction based on
CT before surgery, which instructed doctors on how to
select the optimal puncture position and direction to
establish an ideal PCD path. The infected necrotic tissue
was fully drained using multiple ideal PCD paths, which
was critically important to attenuate sepsis. Moreover,
it helped avoid the blind area and maximally debride
the necrosis conveniently in the subsequent surgery.
This was the most important reason why two-thirds
of patients were cured through a single operation, no
patient was switched to laparotomy, and all were cured
finally. Consequently, the operation-related complications
and time of hospitalization decreased significantly.
The disadvantage of this study was the limited num
ber of patients. Therefore, analysis of more cases is
needed to support the findings. However, the initial good
results of the study indicated that the 3D visualization
technology was meaningful for this terrible disease.
In conclusion, 3D visualization technique could
help clinicians in selecting the optimal puncture path
of catheterization, which could not only maximize the
degree of drainage of infected lesions in pancreatitis
patients but also significantly improve the efficiency of
subsequent percutaneous nephroscopic necrosectomy
and therefore improve the prognosis.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Infected necrotizing pancreatitis (INP) is a severe disease with high mortality,
which generally requires percutaneous catheter drainage (PCD) and following
surgical debridement if necessary. Whether the puncture paths of PCD are
appropriate or not is related to not only the effect of drainage but also the
efficiency of subsequent minimally invasive removal of infected necrosis.
However, a number of patients’ PCDs were insufficient or even the catheter
passed through the hollow organs due to the doctors’ lack of experience, which
was a disaster for INP patients.
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F

M

M

16

17

18

35

67

39

44

62

33

27

51

67

32

36

62

44

58

43

38
39

58

Age

Severity

Moderate to
severe
Moderate to
severe

Moderate to
severe
Severe

Severe

Moderate to
severe
Moderate to
severe
Severe

Severe

Severe

Severe

Moderate to
severe
Moderate to
severe
Severe

Moderate to
severe
Severe
Moderate to
severe
Severe

PCD: Percutaneous catheter drainage.

M

15

F

14

M

9

M

F

8

13

F

7

F

M

6

12

M

5

M

M

4

11

F
M

2
3

M

M

1

10

Sex

No.

Lesser peritoneal sac, and body and tail of
pancreas
Body and tail of pancreas, paracolic sulcus,
and head of pancreas
Lesser peritoneal sac, and body and tail of
pancreas
Lesser peritoneal sac, and body and tail of
pancreas

Lesser peritoneal sac, and body and tail of
pancreas
Body and tail of pancreas, paracolic sulcus,
and head of pancreas
Head of pancreas, uncinate process, body
and tail of pancreas, porta lienis, and left
paracolic sulcus
Lesser peritoneal sac, and body and tail of
pancreas
Head of pancreas, uncinate process, body
and tail of pancreas, porta lienis, and left
paracolic sulcus
Body and tail of pancreas, paracolic sulcus,
and head of pancreas
Lesser peritoneal sac, and body and tail of
pancreas
Body and tail of pancreas, paracolic sulcus,
and head of pancreas
Body and tail of pancreas, paracolic sulcus,
and head of pancreas

Around the pancreas
Lesser peritoneal sac, and body and tail of
pancreas
Head of pancreas, uncinate process, root of
mesentery, neck of pancreas, body and tail
of pancreas, porta lienis, and left paracolic
sulcus
Body and tail of pancreas

Body and tail of pancreas

Infected necrosis position

2

1

3

1

2

3

1

2

3

2

3

3

2

1

3

2
1

1

No. of PCD

80

70

105

90

95

95

80

95

120

105

120

100

105

90

150

145
90

85

1

2

2

1

1

2

1

1

1

1

3

2

1

1

1

2
1

1

Operation time in minute No. of operation times

Table 1 Clinical data of the 6 patients with infected necrotizing pancreatitis after three-dimensional reconstruction and surgery

None

None

None

None

Residual uncinate process
lesions; endoscopic
necrosectomy was used for
removal

None

None

None

None

None

None

None

None

None

None

None
None

None

Surgical complications

31

25

48

45

41

29

28

30

34

39

48

32

36

28

29

48
23

34

Postoperative hospitalization time in day
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Research motivation

three-dimensional (3D) visualization technology has been proved to be of great
help for precise intervention or surgery, which also might be useful to optimize
the puncture paths of multiple PCDs for INP patients.

8

Research objectives

To explore the value of 3D visualization technology for PCDs in INP patients.

9

Research methods

Preoperative computed tomography images were converted into 3D modellings
through a software and the lesions were well displayed. PCD number
and puncture paths were designed through virtual surgery (percutaneous
nephroscopic necrosectomy) based on the principle of maximum removal of
infected necrosis conveniently. We retrospectively analyzed 18 INP patients’
clinical data and present a typical case in detail.

10

11

Research results

All the patients’ 3D modellings was well reconstructed, through which
the optimal PCD paths were designed. As a result, infected necrosis was
conveniently removed in abundance using a nephroscope during the following
surgery and two-thirds of the patients were cured after only one-time operation.
Postoperative hospitalization time was 35 d on average, no major surgical
complications occurred, and no one died.

12

Research conclusions

13

3D visualization technology was useful for INP patients to maximize the
PCD effect. Moreover, it significantly improved the efficiency of subsequent
percutaneous nephroscopic necrosectomy, which was critically important for
improving the prognosis.

14

Research perspectives

Although the case number of this study was limited, the initial result indicated
the value of 3D visualization technology for this terrible disease. Of course,
analysis of more cases from multiple centers is needed to support the findings.

15
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Abstract
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Tenofovir disoproxil fumarate (TDF) is a potent nucleo
tide analogue that is recommended as first-line therapy
for patients with chronic hepatitis B. The results of a
longitudinal study of TDF treatment demonstrated no
development of resistance. We observed one treatmentnaïve chronic hepatitis B (CHB) patient who developed
TDF resistance after complete viral suppression during
long-term TDF treatment. A 37-year-old HBeAg-positive
man received TDF 300 mg/d for 43 mo. The hepatitis B
virus (HBV) DNA titer was 8 log10 copies/mL at baseline
and became undetectable at 16 mo after treatment.
However, the HBV DNA titer rebounded to 7.5 log10
copies/mL at 43 mo after treatment. We performed
full sequencing to find mutation sites associated with
virologic breakthrough. The results showed 9 mutation
sites, most of which had not been well-known as
mutation sites. We changed the therapy from tenofovir
to entecavir with a regimen of 0.5 mg once daily. After 4
mo, the HBV DNA titer decreased to 267 copies/mL, and
the liver enzyme levels were normalized.
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breakthroughs after he achieved a complete virologic
response. In this study, we report the first case of TDF
resistance in a treatment-naïve patient and review the
pertinent literature.

Recently, a few cases of resistance to TDF have been
reported. However, the mutation site had not been
clearly revealed and confirmed because of the rarity
of resistant cases. In the present case, TDF resistance
developed following the complete suppression of HBV
DNA in a treatment-naïve patient. We detected 9
mutation sites, including some that have been unknown
until now. We believe that the present study is helpful
in revealing the exact mutation sites associated with
TDF resistance.

CASE REPORT
The patient was a 37-year-old Korean male who visited
the clinic because of elevated liver enzymes. He was first
diagnosed as having chronic hepatitis B at the age of
20 and was followed up regularly in the family medicine
department of Dankook University Hospital. Until his
visit to the clinic, he had no history of liver enzyme
elevation. His mother was also diagnosed with chronic
hepatitis B but did not receive antiviral treatment.
The patient’s laboratory examination showed that
he was positive for HBsAg and HBeAg. His aspartate
transaminase (AST) and alanine aminotransferase (ALT)
levels were high, at 51 IU/L and 80 IU/L, respectively.
His HBV DNA titer was greater than 8.99 log10 copies/
mL, as measured by the Amplicor™ Monitor PCR
assay (lower limit of detection, 116 copies/mL; Roche
Diagnostics, Basel, Switzerland). Abdominal sonography
revealed a diffuse mild fatty liver. No evidence of
cirrhosis, such as splenomegaly, thrombocytopenia,
or esophageal varices, was observed. The patient was
started on Tenofovir disoproxil fumarate (TDF) 300
mg, one tablet daily. After 16 mo, the HBV DNA level
was undetectable. The AST and ALT levels had also
normalized to 27 IU/L and 35 IU/L, respectively. The
patient continued the same treatment with complete
adherence, but HBeAg was not converted. However,
after 43 mo of continuous treatment, HBV DNA had
increased to 7.5 log10 copies/mL. The levels of AST
and ALT were also increased to 61 IU/L and 109
IU/L, respectively. The patient’s history showed that
he took TDF regularly every day, and there was no
history of the use of any other medicine that could
either decrease the efficacy of TDF or increase its rate
of metabolism. Tests for HIV and anti-HCV antibodies
were negative. We performed mutation testing on the
rtL80, rtI169, rtL180, rtA181, rtT184, rtA194, rtS202,
rtM204, rtL220, rtN236, and rtM250 sites, all of which
were previously known to be mutation sites, but all of
these sites were identified as wild type. We performed
further examinations on the rtS106, rtH126, rtD134,
and rtL269 sites, which have been revealed as mutation
sites associated with tenofovir resistance, and only
the rtS106C mutation was detected. We performed
full genome sequencing to find other mutation sites
associated with virologic breakthrough because the
rtS106C mutation alone was not sufficient to cause
tenofovir resistance (Figure 1). The results showed
mutations at 9 sites, namely, rtY9H, rtL91I, rtS106C,
rtS106G, rtT118C, rtT118G, rtQ267L, rtI269L, rtA317S,
rtK333Q, and rtN337H. Both the rtS106 and rtT118
sites demonstrated a variable nucleotide substitution
of 50% C and 50% G on a chromatogram (Figure 2).
Although we observed the patient for a few additional
weeks, the AST and ALT levels increased to 202 IU/L

Cho WH, Lee HJ, Bang KB, Kim SB, Song IH. Development
of tenofovir disoproxil fumarate resistance after complete viral
suppression in a patient with treatment-naïve chronic hepatitis B:
A case report and review of the literature. World J Gastroenterol
2018; 24(17): 1919-1924 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i17/1919.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i17.1919

INTRODUCTION
Chronic hepatitis B (CHB) affects approximately 250
million people worldwide and can lead to liver cirrhosis,
liver failure, hepatocellular carcinoma (HCC), and
[1-3]
death . Globally, approximately 30% of cirrhosis cases
[2]
and 53% of HCC cases have been attributed to CHB .
Antiviral therapy for hepatitis B virus (HBV) infection can
[4,5]
suppress viral replication and halt disease progression .
The reduction of HBV DNA concentrations to very low
or undetectable levels through antiviral therapy is
[6-8]
associated with a reduced risk of mortality and HCC .
However, the therapeutic benefits are diminished
because of the emergence of drug-resistant viruses.
Entecavir (ETC) and tenofovir disoproxil fumarate
(TDF) are the two first-line therapies recommended for
the treatment of CHB because they have a more potent
antiviral effect and higher genetic barriers against
resistance than other antiviral agents. The rate of
antiviral resistance in previously untreated patients has
been reported for ETC, i.e., 1.2% of patients develop
[9,10]
resistance in 5 years
. The development of resistance
to TDF has not been reported in treatment-naïve
[11]
patients until now .
The rtA194T polymerase mutation combined with
the rtL180M and rtM204V polymerase mutations is
reported to be associated with TDF resistance in HIV/
[12]
HBV co-infected patients . However, TDF resistancerelated mutations in patients infected only with HBV
[13]
were unknown until now. Recently, Lee et al reported
two TDF resistance mutations in CHB patients during
“The Liver Week 2017” symposium in the United
States. The patients harbored CHB mutants with three
new substitutions, namely, rtS106C, rtH126Y and
rtD134E. These patients had previously been treated
with various therapies, including lamivudine (LAM),
adefovir (ADV) and ETC. We observed the development
of TDF resistance in a patient who had no treatment
history. This patient showed virologic and biochemical
WJG|www.wjgnet.com
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Figure 1 Full sequencing analysis of the hepatitis B virus reverse transcriptase gene from the patient (Korean sample). The sequence analysis shows
that mutations occurred at 9 sites compared to the wild-type genotype C (the patient was infected with genotype C). The rt106 and rt118 sites are expressed as “?”
because the sites contained a substitution by 2 different nucleotides.

Figure 2 Chromatogram of the hepatitis B virus reverse transcriptase gene from the patient. The rt101 (red arrow) and rt118 (arrow) sites are
shown as a double line because the site contained a substitution by 2 different nucleotides (cytosine and guanine).

and 539 IU/L, respectively. We changed the therapy
from tenofovir to entecavir with a regimen of 0.5 mg
once daily. After 4 mo, the HBV DNA titer decreased
to 267 copies/mL. The AST and ALT levels normalized
to 32 IU/L and 26 IU/L, respectively (Figure 3). HBeAg
seroconversion had not yet occurred.

telbivudine (LdT), ADV, ETC, and TDF. These agents are
well tolerated and very effective in suppressing viral
replication, and they appear to be safe, to the best of
our knowledge and experience. The major limitation of
long-term antiviral therapy for chronic hepatitis B is the
emergence of drug resistance followed initially by an
increase in HBV DNA level (virologic breakthrough) and
then by an increase in serum aminotransferase level
[14]
(biochemical breakthrough) .
Antiviral resistance is likely to develop primarily
because the mutation rate during HBV replication is high
and viral replication is increased in response to selection

DISCUSSION
The treatment of chronic hepatitis B has improved in the
last decade primarily because of the availability of oral
nucleos(t)ide analogue antiviral agents, such as LAM,
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Figure 3 Clinical course of the patient. Hepatitis B virus DNA became undetectable after 16 mo of antiviral treatment with TDF. Virologic and biochemical
breakthroughs occurred at 43 mo after treatment initiation.
[4,5]

pressure . Mutation and resistance are determined
by three factors: viral fitness, nucleos(t)ide analogue
[15]
potency, and the genetic barrier to resistance . Viral
fitness refers to the ability for viral replication in a
defined environment. The potency of a nucleos(t)ide
analogue describes its ability to inhibit HBV replication
by acting as a substrate. The genetic barrier to
resistance refers to the number of substitutions in the
HBV polymerase reverse transcriptase (RT) domain
[14]
required for the development of resistance . Of the
above three factors, nucleos(t)ide analogue potency
and the genetic barrier to resistance are properties
of antiviral agents. A higher nucleos(t)ide analogue
potency and genetic barrier corresponds to a lower
[16]
mutation rate .
The results of longitudinal study of TDF therapy de
monstrated no resistance development throughout 8
[17]
years of treatment . This result is possible because
TDF provides the combination of a high genetic bar
rier, potent viral suppression, and reduced fitness
of resistant viruses. Thus, TDF has been one of the
drugs recommended as a first-line therapy for CHB
[18,19]
patients
. TDF is also recommended for patients
[20]
who have developed resistance to LAM, ETC, or LdT .
Several case reports and retrospective cohort studies
also demonstrated the clinical efficacy of TDF in ETC[12,21]
resistant or ETC-refractory patients
. In one study,
the HBV DNA in some patients who experienced a
virologic breakthrough while on TDF therapy contained
an RT mutation site such as rtL101L/F, rtA307A/T,
rtV173L + rtL180M + rtM204V, or rtA181T. However,
these substitutions did not result in reduced susceptibility
to TDF, and most of the patients did not adhere to
[11]
treatment . The rtA194T HBV polymerase mutation
that was recently identified in HIV/HBV-coinfected
patients treated with TDF did not confer resistance to
[22]
TDF as the sole mutation in vitro . In another study,
phenotypic analyses revealed that the presence of the
rtA194T mutation combined with the rtL180M and

WJG|www.wjgnet.com

rtM204V mutations resulted in a greater than 10-fold
increase in the IC50 for TDF compared to the wild
[23]
type . However, those sites have not been confirmed
as mutation sites affecting TDF resistance because TDF
resistance was not reported. Further studies are needed
to assess the extent to which these mutations are
associated with TDF resistance in HBV infection.
Reports on TDF resistance are difficult to find
because TDF resistance is rare. A few years ago,
a case of TDF resistance was reported in a chronic
hepatitis B (CHB) patient who received sequential
[24]
nucleos(t)ide therapy . TDF resistance with virologic
and biochemical breakthroughs had occurred during
TDF rescue therapy after consecutive LAM, ETC, and
LAM+ADV treatment failures. The identified HBV DNA
mutation sites were rtL80M, rtL180M, rtM204V/I,
rtA200V, rtF221Y, rtS223A, rtT184A/L, rtR153Q, and
rtV191I, which were previously known as mutation
sites related to LAM, ETC and ADV resistance. Recently,
[13]
Lee et al
reported two TDF-resistant patients during
“The Liver Week 2017” symposium in the United
States. The patients described in this report had also
previously taken other antiviral drugs and demonstrated
multidrug resistance. However, the authors detected
seven mutations in the HBV DNA, including three new
substitutions, namely, rtS106C, rtH126Y, and rtD134E,
which were collectively termed CYE. The TDF IC50
values for wild-type HBV and the CYE mutant were
3.8 ± 0.6 μmol/L and 14.1 ± 1.8 μmol/L, respectively.
However, the CYE mutation site was not definitively
identified as the site related to TDF resistance, although
the TDF IC50 was higher in the CYE mutant than in the
wild type. The TDF resistance described in the previous
two reports developed after the failure of treatment
with other nucleos(t)ide analogues. The patient in the
present study had no history of nucleos(t)ide analogue
treatment and showed complete viral suppression
before the development of TDF resistance. It is not clear
whether all 9 HBV RT mutation sites identified in the
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current patient were associated with TDF resistance.
However, the accumulation of this mutational data is
helpful for confirming the sites associated with TDF
resistance. Further in vitro study is needed to reveal
whether the 9 mutation sites are associated with an
increased TDF IC50.

9
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HIGHLIGHTS
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10

Case characteristics

The patient had not complained of any specific symptoms.

Clinical diagnosis

The hepatitis B virus DNA titer rebounded to 7.5 log10 copies/mL at 43 mo after
TDF treatment in a treatment-naive patient.

11

Differential diagnosis

We performed full genome sequencing to find other mutation sites to know it is
associated with tenofovir disoproxil fumarate (TDF) resistance.

12

Laboratory diagnosis

We performed full genome sequencing to find TDF mutation sites and the
results showed mutations at 9 sites, namely, rtY9H, rtL91I, rtS106C, rtS106G,
rtT118C, rtT118G, rtQ267L, rtI269L, rtA317S, rtK333Q, and rtN337H.

13

Treatment

We changed the therapy from tenofovir to entecavir with a regimen of 0.5 mg
once daily.

14

Experiences and lessons

15

We have to consider possibility of TDF resistance although its rarity.
16
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Abstract
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors located in the alimentary
tract. Its usual manifestation is gastrointestinal bleeding.
However, small asymptomatic lesions are frequently
detected as incidental finding. Characteristically,
most GISTs (> 95%) are positive for the KIT protein
(CD117) by IHC staining and approximately 80%-90%
of GISTs carry a mutation in the c-KIT or PDGFRA
genes. Mutational analysis should be performed when
planning adjuvant and neoadjuvant therapy, due to its
possible resistance to conventional treatment. The arise
of tyrosine kinase inhibitor has supposed a revolution
in GISTs treatment being useful as adjuvant, neoadju
vant or recurrence disease treatment. That is why a
multidisciplinary approach to this disease is required.
The correct characterization of the tumor at diagnosis
(the diagnosis of recurrences and the evaluation of the
response to treatment with tyrosine kinase inhibitors)
is fundamental for facing these tumors and requires
specialized Endoscopist, Radiologists and Nuclear
Medicine Physician. Surgery is the only potentially
curative treatment for suspected resectable GIST. In
the case of high risk GISTs, surgery plus adjuvant
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Imatinib-Mesylate for 3 years is the standard treatment.
neoadjuvant imatinib-mesylate should be considered
to shrink the tumor in case of locally advanced primary
or recurrence disease, unresectable or potentially
resectable metastasic tumors, and potentially resectable
disease in complex anatomic locations to decrease
the related morbidity. In the case of Metastatic GIST
under Neoadjuvant treatment, when there are complete
response, stable disease or limited disease progression,
complete cytoreductive surgery could be a therapeutic
option if feasible.

peritoneum are the most common locations for distant
metastases where they appear up to 47% at the time
[5]
of diagnosis . Pulmonary metastases, which are highly
frequent in soft tissue sarcomas, are uncommon in the
case of GISTs.
Interstitial cells of Cajal (ICCs) are recognized as
the precursor cells of GISTs being implicated in the
regulation of gut peristalsis. They are considered the
pacemaker cells of the gastrointestinal tract and are
immunostained by antibodies against CD117 (KIT)
[6,7]
like GISTs . ICCs are located between the layers of
the muscularis propria in the interface between the
autonomic innervation of the gastrointestinal wall and
the smooth muscle, having immunophenotypic and
ultrastructural features of smooth muscle and neuronal
[8]
differentiation .
Characteristically, most GISTs (> 95%) are positive
for KIT (CD117) protein staining. Approximately
80%-90% of GISTs carry a mutation in the c-KIT
gene (80%) or platelet-derived growth factor receptor
alpha (PDGFRA) gene, which code for type III receptor
[9]
tyrosine kinases .
Traditionally, GIST tumors have been characterized
by their resistance to conventional chemotherapy and
radiotherapy treatments. Nevertheless, in 2002, the
appearance of the tyrosine kinase inhibitor, ImatinibMesylate, was the first to be used to treat metastatic
disease and currently has been introduced as an
adjuvant or neoadjuvant. This drug was suggested to
revolutionize treatment of these tumors that normally
requires a multidisciplinary approach, which involves
numerous specialists such as physicians, endoscopist,
surgeons, radiologists, oncologists, nuclear medicine
[10]
physicians, or pathologists .

Key words: Gastrointestinal stromal tumors; Surgery;
Oncology; Radiology; Endoscopy; Nuclear medicine;
Pathology; Disease management; Tyrosine kinase
inhibitors; Gastroenterology
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The treatment of gastrointestinal stromal
tumors with tyrosine kinase inhibitors represents the
paradigm of the new era of molecular targeted therapy
against cancer. During the last years, there have been
improvements in the control of this disease and in
the prognosis of these patients, deriving in hopeful
perspectives in the management of these tumors partly
thanks to the numerous specialists. In this work, we
define the role of each specialist in the different clinical
scenarios.
Sanchez-Hidalgo JM, Duran-Martinez M, Molero-Payan R,
Rufian-Peña S, Arjona-Sanchez A, Casado-Adam A, CosanoAlvarez A, Briceño-Delgado J. Gastrointestinal stromal tumors:
A multidisciplinary challenge. World J Gastroenterol 2018;
24(18): 1925-1941 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i18/1925.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i18.1925

ROLE OF CLINICIAN
A high proportion of GISTs are asymptomatic, and
frequently, they are discovered incidentally during an
endoscopic study (It is common to notice the presence
of a sub epithelial mass) or on radiological images
obtained for another purpose. Incidental finding
can cause a significant diagnostic delay. Currently, a
significant number of patients presents with metastases
[5]
at the time of diagnosis (up to 50% in some series) . It
is essential that physicians include GISTs in differential
diagnosis due to the importance of early diagnosis in
these cases.
Clinical manifestations depend on the location of the
primary tumor. There is no difference between gender
and mean age reported is approximately 60-70 years
[1,11]
old
.
Usually, these tumors are associated with nonspecific
symptoms (early satiety, swelling) unless they ulcerate,
bleed or grow enough to cause pain, obstruct, or present
other manifestations related to their disproportionate
[12,13]
size
. In the case of esophageal GIST, dysphagia
[14]
represents the first specific symptom in this location .

INTRODUCTION
Gastrointestinal stromal tumors (GIST) are the most
common mesenchymal tumor located in the gastroin
testinal (GI) tract. Most studies have reported the
incidence of clinically relevant GIST between 10 and
15 cases per million; however, it is common to detect
small asymptomatic lesions as incidental findings during
abdominal surgery or in radiological or endoscopic
[1,2]
studies, so GIST cases are often misdiagnosed .
The majority of studies have reported an increase
in incidence since 2000; nevertheless, this may be a
consequence of improvements in diagnostic criteria
[3]
rather than a true increase in incidence .
GISTs are more often located in the stomach (56%)
followed by small bowel (32%), colorectum (6%),
and esophagus (< 1%). Sporadically, it may affect the
[4]
omentum, mesentery, and peritoneum . Liver and
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In general terms, the most frequent manifestation
is gastrointestinal bleeding, either evident or hidden,
which may be associated with anemia and sometimes
[15]
melena or hematemesis ; bleeding is the most
frequent symptom in case of small intestine GISTs and
[16]
often require urgent surgical intervention . Because
their silent growth tumors may be particularly large
causing abdominal distention or a palpable mass and
sometimes provoking intestinal obstruction (25%-40%);
however, intestinal perforation has rarely been
[16,17]
described
.
Paraneoplastic syndromes are unusual in case
of GISTs; however, some have been reported as
consumptive hypothyroidism or hypoglycemia secondary
to IGF-II production, so they should be included in
the differential diagnosis when endocrine-metabolic
[18,19]
symptoms appear
.
Patients with multifocal disease are generally
classified as advanced (metastatic) stage, but it should
be taken into account, particularly in those cases with
hereditary conditions, that multiple primaries may be
[20]
possible .
In adults, GIST tumors have been associated with
multiples syndromes as neurofibromatosis type 1
(NF1), Carney Triad syndrome and Carney Stratakis
syndrome; GISTs associated with NF1 usually appear in
the gastrointestinal tract and are usually multicentric.
In these tumors, the KIT mutation is not characteristic,
[21]
and they are usually positive for the CD117 antigen ;
on the other hand, Carney’s triad consists of epithelioid
GISTs is associated with extra-adrenal paraganglioma
and pulmonary chondroma. It lacks the conventional
KIT and PDGFRA gene mutations and tends to present
[22]
an indolent course ; the Carney Stratakis syndrome
is extremely rare and is similar to Carney’s Triad
syndrome but lacks pulmonary chondroma and follows
a benign course. Mutations have been identified in KIT
or PDGFRA. The tumors are generally small, lack mitotic
[23]
activity and arise in interstitial cells of Cajal .
Pediatric GISTs are assumed to be 1%-2% of all
GISTs. Two subgroups exist: (1) with mutations (KIT or
PDGFRA) or (2) without mutations (the most frequent).
The patients are almost exclusively young women who
develop gastric epithelioid GISTs, which are KIT types.
Unlike adult GISTs, these tumors can spread to lymph
[24,25]
nodes
.

contrast should be administered in order to define the
[26,27]
intestinal margins
(See Figure 1 and 2).
Magnetic resonance imaging (MRI) has a diagnostic
performance comparable to CT and the advantage of
lacking ionizing radiation; however, CT is the preferred
initial imaging study for screening and staging of
the disease. There are exceptions to this process;
for example, there are patients who cannot receive
intravenous contrast for various reasons (allergies,
IR). In addition, MRI can sometimes be the choice for
GISTs found in specific locations (such as the rectum)
and is especially useful for evaluating the anatomical
degree of surgery or for evaluating the suspicion of liver
[26]
metastases (See Figure 3).
The usual characteristic images seen on these
images include the presence of a solid mass with a soft
contour that is enhanced with intravenous contrast in
[28]
the case of CT . Very large tumors may appear more
complex due to necrosis, haemorrhage, or degenerative
components, and it may be difficult to identify the origin
[27]
of a large mass due to exophytic growth .
With regard to the evaluation of response to
treatment, patients are routinely subject to CT, and
two-dimensional measurements are used to determine
response, stability, or progression.
During neoadjuvant and adjuvant treatment, radi
ologists are mainly involved in the evaluation of the
response to treatment with tyrosine kinase inhibitors
(TKI). On the one hand, Response Criteria in Solid
Tumors (RECIST) is the standard method used to
measure the way in which a cancer patient responds
to treatment. In order to apply the RECIST criteria, it is
necessary to first identify representative and reproducible
target lesions during follow-up; it should be taken
into account that its great variability (fragmentation,
poor definition, imaging technique, appreciation) in
addition to the difficulty in measuring them, as occurs in
mobile organs, cause intra-observer and inter-observer
discrepancies. Assessments of the response will be made
with the same technique used in the initial study, stating
the duration of the response. The sum of the target
lesions in the baseline study can be used to objectively
monitor and assess the response. When a target lesion
fragments during treatment, its parts will be measured,
added up, and considered as a single lesion. The RECIST
criteria are a series of published rules to establish the
response to treatments and indicate when cancer
patients improve (“respond”), stay the same (“stable”),
[29,30]
or get worse (“disease progression
.
[31]
In the other hand, the Choi Criteria
are useful in
the evaluation of imatinib treatment of GISTs. In this
case, the most characteristic feature is a decrease in the
density of lesions associated with myxoid degeneration,
hemorrhage, or necrosis. These criteria, based on
CT studies, include tumor size, its density, and the
appearance of intratumoral hypervascular nodules. They
present a high correlation between the results obtained
in CT and positron emission tomography (PET). CT

ROLE OF RADIOLOGIST
Computed tomography (CT) is the gold standard for
imaging that is used to characterize any abdominal
mass in addition to assessing its extent and the
presence/absence of disease at a distance (GIST
metastasize more frequently to the liver, omentum, and
peritoneal cavity). Therefore, with suspicion of a tumor
in the digestive tract, as in the case in question, an
initial CT scan should be done. It should be noted that
for the optimal performance of CT, oral and intravenous
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A

B

C

D

Figure 1 Localized gastrointestinal stromal tumors on computed tomography scan. A: Gastric; B: Duodenal; C: Ileal; D: Jejunal. A and B show respectively
a gastric tumor and a duodenal tumor of exophytic growth with well-defined borders. Appreciate in C the different densities inside the tumor due to due to necrosis,
haemorrhage, or degenerative components. D shows a jejunal GIST in left iliac fossa.

A

B

Figure 2 Metastatic gastrointestinal stromal tumors on computed tomography scan. A: Liver metastasis; B: Peritoneal metastasis “Gistosis”. In A, it is
appreciated a large hepatic metastasis in segment IV. B shows the CT of a patient with disseminated peritoneal disease “GISTosis”.

should be performed in arterial phases (to see changes
in vascularization and uptake) and portal (to measure
[32]
tumor density) .

not been used due to the possibility of tumor rupture
[8]
or peritoneal spread of disease . There are data
supporting the finding that it may not increase the
risk for GIST recurrence in those patients who receive
adjuvant Imatinib after the biopsy was obtained.
Percutaneous biopsy should be considered when it is
necessary to plan preoperative treatment with TKI and
[17,34]
endoscopic biopsy is not feasible
.
In the case of patients with unresectable liver
metastases, some local interventional modalities, such
as transarterial embolization or radiofrequency ablation
may be used; however, further studies are necessary
to evaluate its effectiveness as adjuvant therapy or

Role of interventional radiologist

As described previously, GISTs usually manifest
as gastrointestinal bleeding. Transcatheter arterial
embolization has proven to be a safe option for
controlling gastrointestinal bleeding, thus preventing
emergency surgery that would probably allow a more
accurate diagnosis to be made and the best possible
[33]
surgical plan to be executed .
Traditionally, preoperative percutaneous biopsy has
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tumor cases of tumors that may have irregular margins
and ulcerations (See Figure 5). Ultrasound (US)-guided
biopsy forceps may also not obtain enough tissue, but
its main utility is to exclude other lesions arising from
[39]
the submucosa .
Preoperative biopsy is not generally recommended
for a resectable lesion if there is high clinical and
radiological suspicion of GIST, and the lesion is
completely resectable. However, a preoperative biopsy
is preferred to confirm the diagnosis if metastatic
disease is suspected, if the neoadjuvant Imatinib is
considered, or in cases in which there exists high
operative morbidity or the diagnosis is not clear.
If a preoperative biopsy is performed, an US-guided
biopsy is preferred to a percutaneous biopsy because
of the risk of tumor capsule rupture and consequent
[34]
peritoneal dissemination .
The combined use of cytological analysis and
immunohistochemistry for KIT protein detection and
expression and polymerase chain reaction (PCR) to
detect KIT mutations allow the diagnosis of most of
these lesions obtained by EUS - fine- needle aspiration
Biopsy (FNAB). In a study of 65 patients undergoing
EUS-FNAB for a submucosal lesion of the upper GI
tract, among the 28 lesions with a definitive pathological
diagnosis, the sensitivity for the diagnosis of GIST was
[41]
82% and the specificity 100% .

Figure 3 Rectal gastrointestinal stromal tumor on magnetic resonance.

Figure 4 Characteristic endoscopic image of gastric gastrointestinal
stromal tumor.

ROLE OF THE NUCLEAR MEDICINE
SPECIALIST

[35-37]

combined with TKI

.

PET with fluorodeoxyglucose (FDG-PET) is highly
sensitive detection of very metabolically active tumors
resulting from a significant glycolysis (See Figure
6); however, this test is not considered to be specific
enough to obtain a preoperative diagnostic, so it has
not replaced CT as the initial imaging modality of choice
in patients suspected of having a mesenchymal tumor
in the GI tract. FDG-PET may be useful for detecting an
unknown primary site or resolving ambiguities on the
CT (inconclusive CT findings or inconsistent with clinical
[42]
findings) . The reported sensitivity of PET for GIST
[43]
(including metastatic lesions) is 86%-100% .
The FDG-PET response, which is characterized by a
mark in the glycolytic metabolism of tumors, may be
seen one month after starting treatment with ImatinibMesylate and an early response may be seen in the
[44]
first 24 h . FDG-PET may detect an early response
to a tyrosine kinase inhibitor, which may be important
when the treatment is administered and would allow
identification of patients with primary resistance to
treatment or even identify secondary resistance in
the case of patients already treated with Imatinib[45]
Mesylate .

ROLE OF ENDOSCOPIST
In the presence of a gastric mass, endoscopy is
indicated to characterize the lesion. GISTs and
leiomyomas may appear as a submucosal mass with
smooth margins and a normal overlying mucosa that
protrudes in the gastric lumen, but sometimes, a central
[38]
ulceration may be observed (See Figure 4).
Simple endoscopy lacks the ability to accurately
distinguish between intramural and extramural tumors.
In this sense, Endoscopic Ultrasonography (EUS)
has proved to be a valuable technique, being able to
characterize such masses by identifying the layer of
origin and allowing for acquisition of tissue by a guided
puncture for anatomopathological diagnostic studies,
[39,40]
which is suitable for immunohistochemical tests
.
Standard endoscopic biopsies generally do not obtain
enough tissue for a definitive diagnosis, and loop
biopsies can cause a perforation and should generally
[34]
be avoided .
Most GISTs originate within the muscularis propria
although small lesions may originate in the muscularis
mucosae. By EUS, GISTs are typically hypoechoic and
present as homogeneous lesions with well-defined
margins although there are a small number of described
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Figure 5 Endoscopic ultrasonography images of gastrointestinal stromal tumors.

A

B

Figure 6 Gastrointestinal stromal tumors on positron emission tomography with fluorodeoxyglucose. A: Giant gastric GIST on a patient with
neurofibromatosis type 1; B: Gastric GIST with an unique liver metastasis. GIST: Gastrointestinal stromal tumor.
[51]

suspected resectable GIST. The primary objective of this
process is to ensure that clear resection margins are
obtained in a complete resection of the tumor, and it can
be extirpated without tumor pseudocapsule rupture;
nevertheless wide margins have no benefit in disease
[5]
control . Conservative surgery must be the procedure
of choice due to local GIST infiltrative behavior;
lymphadenectomy is not necessary due to lymphatic
[46]
affectation, which is rare . A thorough exploration of
the liver and parietal peritoneum is important in order
to objectify possible metastases.
At least 40%-50% of patients who have undergone
optimal surgery may experience a tumor recurrence;
however, with the appearance of TKI, a new option
[47,48]
disease control has been offered
(See Figure 1).
The management of GISTs < 2 cm is controversial;
in spite of the fact that an active follow-up of the lesion
could be an option, surgery should be considered
because there is no data concerning growth behavior
[49,50]
and metastasic potential
.

classic gastrectomies . Currently, there are multiple
studies comparing laparoscopic wedge resection for
gastric GISTs versus open surgery showing multiple
benefits that patients could obtain resulting from this
less invasive approach as reducing postoperative
discomfort or shortening the length of postoperative
hospital stay. In this sense, laparoscopy wedge
resection is considerate the standard treatment for
[52-55]
gastric GIST
. In a multi-institutional analysis
[56]
performed by Bischof et al , minimally invasive
surgery for gastric GIST was shown to reduce length of
the hospital stay, blood loss, and morbidity with same
R0 and tumor rupture rates. The main limitation to
laparoscopy resection is technical difficulty due to tumor
size and location; nevertheless, multiple studies have
demonstrated that laparoscopy wedge resection for
[54,57,58]
gastric GISTs > 5 cm is feasible
.
Incidental GIST finding in bariatric surgery is
rare with a reported incidence between 0.3%-1.2%
in different series of sleeve gastrectomy and gastric
[59-61]
bypass
. In many cases, the performed procedure
may be curative; however, the finding of GISTs in
certain locations such as the gastroesophogeal junction
or lesser curve could require abandoning the proposed
technique in favor of a suitable and complete tumor
[59]
excision .

RESACTABLE DISEASE
Stomach

In the case of gastric GISTs, which is the most
common location, wedge resections are preferred to
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Small bowel

procedure of choice; nonetheless, due to peculiar
anatomic location because of proximity of the pancreatic
head and papilla of Vater and the difficulties to get an
adequate section margin, Pancreaticoduodenectomy is
[73]
often necessary . In the meta-analysis accomplished by
[74]
Chok et al , it was appreciated an increase of positive
margins in case of Limited resection, although there
was no significant difference in local recurrence between
Limited Resection and Pancreaticoduodenectomy.
Neoadjuvant treatment with TKI has been proposed
to downstage GISTs, and possibly increases the chance of
preserving normal biliary and pancreatic anatomy which
[74,75]
would otherwise require more aggressive surgery
.

For patients who have primary localized small bowel
GIST, segmental bowel resection remains the first
choice of treatment. Emergent resections are more
often needed in patients diagnosed with small bowel
stromal tumors secondary to hemorrhage, obstruction,
[62]
or perforation . Laparoscopic segmental resection with
intra- or extracorporeal anastamoses, when possible, is
the elective approach achieving comparable oncologic
[63-65]
[66]
results
. Tabrizian et al
reported that in their
series, laparoscopic removal of tumors up to 85 mm
shows low rates of morbidity (10%), mortality (1.3%),
and conversion (19%); the main reason for conversion
was the tumor’s proximity to the gastroesophageal
junction, local invasion of adjacent organs, association
with another malignant lesion, preoperative tumor
perforation, extensive adhesions, and large tumor
[66]
size .

Rectum: Outcomes in colonic or rectal locations appear
[67]
to be worse than those located in the stomach . Rectal
GIST may require an abdominoperineal amputation
to achieve a surgically complete resection. To avoid an
extensive and limiting surgery, neoadjuvant ImatinibMesylate should be considered to reduce tumor size
and facilitate complete surgical resection by increasing
negative margins and less radical sphincter-sparing
[76,77]
surgery
. Laparoscopic sphincter-preserving surgery
is safe and feasible after neoadjuvant treatment of
[78]
Imatynib Mesylate . Mesorectal resection for rectal
GISTs is not required due to the absence of lymphatic
dissemination. Transanal endoscopic surgery has been
employed for local treatment of low rectal GISTs with no
[79]
evidence of recurrence after an 18-mo follow-up .

Colon

In spite of the fact that the colon is an uncommon
location for GISTs, patients with tumors in this location
present a much poorer prognosis with a higher rate of
disease-specific mortality and a higher percentage of
[67,68]
patients with distant disease
.
Due to intrinsic characteristics of GIST tumors, a
wide resection is not required and segmental colectomy
is the standard approach; Moreover, as previously
mentioned, GIST does not metastasize through
[69]
lymphatics thus mesocolic resection is unnecessary .

LOCALLY ADVANCED DISEASE OR
BORDERLINE RESECTABLE

GISTs in complex anatomical locations

In cases of potentially resectable disease that are
located in complex anatomic locations and require
extensive organ disruption, neoadjuvant therapy with
Imatinib has been proposed to downstage tumors and
facilitates complete resection or decrease the morbidity
[67]
of resection .

Most studies define locally advanced primary GIST
as the significant involvement of a single organ with
large tumor size or extension of the tumor to adjacent
[80]
organs . Neoadjuvant use of imatinib has been
demonstrated to be useful in primary locally advanced
GISTs by causing a decrease in tumor volume in the
majority of the patients. Tumor response may facilitate
complete resection of these advanced tumors and
could allow less invasive procedures without tumor
[10,16,81]
rupture
.

Esophagus: Esophageal location of a GIST is
[16]
[14]
infrequent . Robb et al
proposed that enucleation
of the tumor is safe for esophageal GISTs < 65 mm as
long as negative margins and intact pseudocapsule can
be achieved, while in tumors of > 90 mm with evidence
of mucosal ulceration and/or a high mitotic activity,
an esophagectomy should be performed. The choice
between esophagectomy and enucleation for tumors of
between 65 and 90 mm needs further clarification with
the decision being influenced by the location, malignant
risk, patient comorbidity, and the presence of mucosal
[14,70]
affectation
. Neoadjuvant therapy is indicated with
[70]
the aim of shrinking the primary tumor .

METASTATIC AND RECURRENT DISEASE
Metastases may be detected at first presentation or
at the time of disease progression. The first line of
treatment for patients with metastatic or recurrent
GISTs are TKI in the form of neoadjuvant or adjuvant
therapy with the choice of treatment being Imatinib[82]
mesylate . The appropriate time for surgical
intervention is still unknown. It is proposed to consider
surgery if a complete cytoreductive resection is feasible
after six to nine months with a tyrosine kinase inhibitor.
After treatment with TKI, there are three possible
[83]
radiological response of the disease : (1) Complete
response: Non metabolic activity in PET; Disappearance

Duodenum: GISTs located in duodenum are rarely
observed and often manifest as nonspecific abdominal
pain, gastrointestinal hemorrhaging, and intestinal
[71,72]
obstruction may infrequently have been observed
.
When possible, limited resection should be the
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of disease in CT; Infrequent clinical situation. (2) Partial
response or responding to drug therapy; Decrease of
metabolic activity in PET and/or decrease of size in
CT. (3) Stable disease: Disease is radiographically (CT,
PET) stable. (4) Limited/localized disease progression:
Progression in spite of drug therapy is seen at one or
a few (but not all) sites of disease. Patients with Partial
response, stable disease or limited/localized disease
progression could undergo cytoreductive surgery. And
(5) Generalized disease progression: In this case,
disease is progressing at multiple sites while on drug
therapy. Debulking surgery does not seem to prolong
survival so cytoreductive surgery is not recommended.

appear as primary disease or as a recurrence after
surgery. In cases of metastatic GIST in which stable
disease or localized disease progression exists,
hepatic resection is the mainstay of treatment for liver
[83]
metastasis .
[89]
In DeMatteo et al 56 patients with liver metastasis
who underwent complete resection of all gross
disease had significantly longer survival (1-,3-,5-year
disease-specific survival rate was 88%, 50%, and
30%, respectively) than those 275 patients who did
not undergo complete resection (1-, 3-, and 5-year
disease-specific survival rates of 50%, 13%, and 4%,
respectively). Completing surgical treatment with
Imatinib Mesylate showed an increase in disease-free
[37,90]
and overall survival
.
There exist few references in the literature
concerning liver transplantation in patients with
[91,92]
metastatic sarcoma showing uninspiring results
.

Peritoneum metastases; “GISTosis”

Peritoneal GIST metastases may be detected,
especially in cases in which the primary tumor ruptured
spontaneously or surgically. When disease progression
occurs due to Imatinib resistance and GISTs relapse
loco-regionally after surgical resection or disease
disseminates to peritoneum, prognosis is poor and
standard treatments such as conventional surgery,
radiotherapy ,and systemic chemotherapy are generally
[84]
ineffective .
Imatinib-Mesylate and Sunitib-Malate (used in cases
in which GIST develops resistance to Imatinib) have
been shown to increase disease control and survival
rates; nevertheless, although patients experience
durable periods of disease stability to Imatinib lasting
months to years, the response is not maintained
[85]
indefinitely .
Aggressive surgical procedures to treat loco-regional
relapse and peritoneal metastases have been proposed.
These cytoreductive strategies involve peritonectomy
procedures and multivisceral resection to remove all
[84]
macroscopic tumor(s) . Cytoreductive surgery has
been shown to increase progression-free survival and
overall survival rates in patients with metastatic GIST
who are receiving Imatinib Mesylate therapy. Patients
with stable disease or responsiveness to Imatinib
Mesylate had demonstrated an increase in survival rates
[81,85-87]
compared to those with disease progression
.
[84]
Sugarbaker
proposes the complete resection of
recurrent sarcomas using peritonectomy and visceral
resections to complete cytoreduction of disease and perio
perative intraperitoneal chemotherapy. The randomized
[88]
trial performed by Bonvalot et al in 2005 demonstrate
the importance of the positive impact of complete
cytoreductive surgery; however, the use of intraperitoneal
chemotherapy didn’t increase greatly overall survival
of sarcomatosis. Cytoreductive Surgery combined
with perioperative intraperitoneal chemotherapy is a
promising future approach to sarcomatosis, awaiting new
chemotherapy agents.
After the surgical excision of GISTs metastases, it is
[85]
necessary to continue treatment with TKI .

ROLE OF ONCOLOGIST
The use of TKI against GIST introduced a new era in
molecular-targeted therapies in clinical oncology. The
oncologist plays a major role in GIST treatment for
carrying out the indication for the TKI for metastatic
tumors after a curative surgery or as a neoadjuvant
treatment (See Figure 1).
Almost 85% of GISTs have a mutation in KIT or
PDGFRA that induces an KIT activation, which is a
tyrosine kinase receptor that stimulates the growth of
cancer cells. Mutational analysis is acquiring a growing
importance and should be performed when adjuvant
and/or neoadjuvant therapy show possible mutations
[17]
with a tendency toward Imatinib Mesylate-resistance .
Tyrosine kinase inhibitor selection based on gene
mutations is described in Table 1.
KIT gene mutations (80%): KIT exon 11 is the
most common mutation and may be observed in
approximately 75% of all mutation-positive tumors
primarily affecting codons 557-559. These mutations
are most commonly observed in gastric GIST. In the
Z9001 trial, patients with exon 11 mutation proved to
experience greater benefits from adjuvant Imatinib
with higher rates of relapse-free survival although these
mutations indicate poorer prognosis and high metastatic
[17,93,94]
risk
. Exon 9 mutations (approximately 10%) are
associated with poor Imatinib response. Mutations in
exons 8, 13, and 17 are infrequent and seem to be <
[24]
3% .
PDGFRA gene mutations (5%-8%): GISTs with
[17]
PDGFRA mutations are regularly located in stomach .
The D842V mutation in PDGFRA exon 18 is the most
common mutation found (65%-75% of PDGFRA
[94]
mutations) ; this mutation is associated with Imatinib
[95,96]
and Sunitinib resistance
. Non-D842V exon 18, 12,
and 14 mutations are rare and sensitive to Imatinib.

Liver metastases

GIST metastases are often located in liver and may
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Table 1 Tyrosine kinase inhibitor election based on genes mutations
Gene
KIT

PDGFRA

Mutation

TKI. Dose

Exon 11
Exon 13
Exon 17
Exon 9
Exon 18. D842V mutation

Imatinib-Mesylate 400 mg/d

Exon 12
Exon 14
Exon 18. Non D842V mutations.
Wild-type

Imatinib-Mesylate 800 mg/d
Sunitinib 50 mg/d
Regorafenib 160 mg/d
Imatinib-Mesylate 400 mg/d

Sunitinib 50 mg/d
Regorafenib 160 mg/d

Wild-type GISTs (12%-15%; 90% of pediatric
GISTs): In these cases, there are no detectable
mutations in KIT or PDGFRA genes that are resistant
to treatment with Imatinib although tyrosine kinases
are still activated. Wild-type GISTs represent a
heterogeneous group that includes several oncogenic
mutations such as BRAF V600E substitution, NF1
mutation, and defects in the succinate dehydrogenase
[97-99]
complex
. Second line TKI are recommended
despite poor response by these tumors.

recurrence. The revised NIH consensus criteria by
[104]
Joensuu et al
in 2008 included the presence of either
spontaneous tumor rupture or that occurring, which
worsens the prognosis and location because of the better
prognosis of gastric location versus extra gastric GISTs
[105]
(Table 2) . Incomplete resection has demonstrated to
[106]
adversely affect overall survival (OS) .
[107]
In a phase II US Intergroup trial ACOSOG Z9000 ,
106 patients with resected high-risk GIST were
included. High risk was defined as tumors >10 cm,
evidence of capsular rupture, hemorrhage, or multifocal
disease with > 5 tumor foci. Patients were treated after
a complete resection with daily oral 400 mg Imatinib for
one year. The primary endpoint was OS with 1-, 2-, and
3-year OS of 99%, 97%, and 83%, respectively. One-,
2-, and 3-year recurrence-free survival was 96%, 60%,
and 40%, respectively.
In the ACOSOG Z9001 randomized phase III
multicenter trial, 713 patients with complete gross
resection of a primary GIST at least 3 cm in size and
showing positive staining for KIT protein were randomly
assigned to one year of adjuvant Imatinib (400 mg
[108]
daily) or placebo . Primary endpoint was recurrencefree survival (RFS). Imatinib was shown to increase
RFS compared with placebo (98% versus 83% at one
year; hazard ratio [HR] 0.35; P < 0.0001). Although no
differences in the case of OS (99.2% vs 99.7% at one
year; HR 0.66; P = 0.47), it was considered justified
because of short follow-up time and the crossover
study design, which allowed patients with tumor
recurrence assigned to the placebo arm to receive
Imatinib-Mesylate. In this study, patients with exon 11
mutations showed the longest progression-free survival
(PFS), while those with an exon 9 mutation had the
worst outcomes; however, those patients with exon 9
mutations treated with higher dose of Imatinib showed
greater PFS.
[109]
In the EORTC 62024 phase III trial , 908 patients
with intermediate- or high-risk GIST were included and
assigned to two years of daily Imatinib 400 mg after
complete resection compared to only surgery. The
primary endpoint at the origin was OS; however, in
2009, the primary endpoint was changed to Imatinib
failure-free survival (IFFS). With a median follow-up

KIT-negative GISTs (CD117-negative): Appro
ximately 5% of GISTs do not express CD117 by
immunoreactivity but 30%-50% of cases have KIT or
[100]
PDGFRA mutations .
When patients present primary or secondary
resistance to Imatinib, second-line treatment with
Sunitinib and third-line treatment with Regorafenib are
recommended.

ADJUVANT THERAPY
In spite of performing a complete resection of the
tumor without tumor rupture and appearance of nega
tive margins, GISTs still have some malignant poten
tial and may recur or metastasize. It is necessary to
identify those patients who may derive benefits from
the adjuvant Imatinib-Mesylate because of their high
risk of recurrence or metastases following resection.
Several risk stratification models have been proposed
to estimate the risk of recurrence and identify high
risk GISTs after resection, so the indication of adjuvant
Imatinib can be individualized. In multiples models,
the main predictors of recurrence established were
[47,101]
tumor mitotic rate, size, and location
. Increased
tumor size, high mitotic activity, or extragastric location
such as small bowel, colon, rectum, or mesentery is
associated with an increased risk of poor outcomes. The
oldest risk stratification model is the consensus from
the National Institutes of Health (NIH) which stratifies
risk on the basis of tumor size and mitotic count and
has demonstrated its usefulness in predicting GIST
[8,102]
[103]
behavior
. On the other hand, Miettinen et al
emphasized the importance of location to the risk of
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Table 2 Risk stratification criteria for primary resectable gastrointestinal stromal tumor porposed by Joensuu
Risk category
Very low risk
Low risk
Intermediate risk
High risk

Tumour size (cm)

Mitotic index (per 50 HPF)

Primary tumour site

≤ 2.0

≤5

2.1-5.0
≤ 5.0
5.1-10.0
Any
> 10.0
Any
> 5.0
≤ 5.0
5.1-10.0

≤5

Any
Any
Gastric
Gastric
Tumour rupture
Any
Any
Any
Non-gastric
Non-gastric

6-10
≤5
Any
Any
> 10
>5
>5
≤5

HPF: High-power field.

of 4.7 years, 5-year IFFS was 87% in those patients
treated with Imatinib versus 84% in the control arm
(HR = 0.79; 98.5%CI: 0.50-1.25; P = 0.21); RFS was
84% in the Imatinib group vs 66% at 3 years and 69%
versus 63% at 5 years (log-rank P < 0.001).
In the Scandinavian Sarcoma Group (SSG) XVIII
trial comparing 12 mo vs 36 mo of adjuvant 400 mg/d
Imatinib, 400 patients with high-risk complete resected
GIST were included. Patients who were treated with
36 months of Imatinib showed an increase in RFS
compared with those treated 12 mo (HR = 0.46;
95%CI: 0.32-0.65; P < 0.001). Five-year RFS was
65.6% in the 36-mo group compared to 47.9% in the
12-mo group. Patients treated with 36 mo of Imatinib
showed an increase in OS (HR = 0.45; 95%CI:
0.22-0.89; P = 0.02) with 5-year survival of 92.0%
[110]
versus 81.7% in those patients treated for 12 mo . In
the 36-mo group, it was observed that a high number
of patients discontinued Imatinib for reasons other
than GIST recurrence (25.8% vs 12.6%). In this study,
patients with KIT exon 11 deletion mutations benefitted
most from the 36 mo of adjuvant Imatinib, while in the
other mutational subgroups examined there were no
[111]
significant benefits .
Adjuvant treatment is recommended in those
patients who have R0 primary high risk GISTs; however,
the optimal indication of adjuvant treatment in high risk
patients is not clear, so each case must be approached
individually in multidisciplinary specialized committees
that balance beneficial and negative impacts. The
standard treatment for high risk GIST is adjuvant
therapy of 400 mg/d of Imatinib-Mesylate over three
years. Two randomized trials comparing prolonged
adjuvant therapy with Imatinib-Mesylate versus
standard treatment (five versus three years in SSG XXII
[NCT02413736] and six versus three years ImadGist
[NCT02260505]) exist.

resectable metastasic tumors, and potentially resectable
disease in complex anatomic locations to decrease
[112]
the related morbidity . There is no consensus about
duration of the treatment with Imatinib-Mesylate;
however, 3-12 mo of treatment with numerous imaging
[113]
control studies would be an acceptable management .
Usually, maximal tumor response occurs after 4 to 12
[114]
mo of treatment .
Tumors located in complex anatomic locations such
as the esophagus, duodenum, or rectum may show a
major benefit of initial neoadjuvant treatment to produce
[14,78,115]
less extensive organ disruption interventions
.
Preoperative Imatinib has demonstrated to facilitate
complete resection of locally advanced primary,
[80]
recurrent, or metastatic GISTs. In Andtbacka et al ,
a series of 46 patients, who underwent surgery after
neoadjuvant Imatinib, was retrospectively reviewed; 35
patients were treated for recurrent or metastatic GIST
obtaining a complete resection in 11 patients. This study
showed that those patients with a partial radiographic
tumor response to neoadjuvant showed significantly
higher complete resection rates than patients with
progressive disease (91% vs 4%; P < 0.001).
[81]
In a study by Bonvalot et al , 22 of 180 patients
with unresectable GIST treated with neoadjuvant
Imatinib (19 received imatinib 400 mg/d and three
received 800 mg/d) and no radiographic evidence of
overall progression underwent surgery. There were five
patients with metastases who underwent emergency
surgery due to hemorrhaging and three of them died
in the early postoperative period. When surgery was
planned, 15 of 17 patients (88%) had a complete
resection.
[30]
In the study by Chandrajit et al , those patients
with advanced GISTs under neoadjuvant therapy with
Imatinib showing stable disease or limited progression
had an increase in OS rates after cytoreductive surgery.
The analysis realized by European Organization for
Research and Treatment of Cancer-Soft Tissue and
Bone Sarcoma Group (EORTC STBSG), which included
databases from 10 EORTC STBSG sarcoma centers,
indicated that the largest group of GIST patients (n =
161) were treated with neoadjuvant Imatinib. The most

NEOADJUVANT THERAPY
Neoadjuvant Imatinib-Mesylate should be, considered
for shrinking the tumor in cases of locally advanced
primary or recurrent disease, unresectable or potentially
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Figure 7 Histological sections of ileal gastrointestinal stromal tumor. A: HE stain; B: Immunohistochemistry with C-KIT.

prognoses and possible therapies based on primary
and acquired secondary resistance to TKI need to be
determined.
GISTs in GI tracts are normally found in the sube
pithelial layer; however, as they become larger, they
may cause epithelial ulceration. Currently, GIST’s
pathological diagnosis depends on the combination of
morphology, immunohistochemistry (CD117 and/or
DOG1), and molecular analysis (See Role of Oncologist).
Morphologically, GISTs are subdivided into spindle
(70%), epithelioid (20%), and mixed-type cells, but it
is considered that cell type influence on the outcome is
[8]
not relevant . GIST may be divided into eight different
[116]
subtypes
: (1) Spindle cell subtypes: sclerosing,
palisading-vacuolated, hypercellular and sarcomatous
spindle cell; and (2) Epithelioid cell subtypes: sclerosing,
discohesive, hypercellular and epithelioid spindle cell.
The distinction between benign and malignant
depends on the presence of nuclear atypia and presence
of necrosis, hemorrhaging, and mitotic activity. It is
necessary to determine mitotic rate, grade of dediffer
entiation, size, location, tumor infiltration, grade of
necrosis and hemorrhage, surgical margins, and whether
a tumor ruptures because these factors are implicated
[117]
in the risk of relapse . Ki67 is an important prognostic
factor that has been implicated in recurrence and survival
[118,119]
and should be included in pathologist’s report
(See
table 3). The depth of tumor infiltration, including serosal
penetration has been proposed as a prognostic factor for
patients with GISTs with significantly poorer prognosis
[120,121]
compared to its absence
.
Most GIST (> 90%) shows overexpression of
the receptor tyrosine kinase KIT (CD117) by immu
nohistochemistry. On the other hand, a proportion of
GISTs (near 5%) which are CD117-negative exists;
however, approximately one third of these cases stained
with discovered on GIST (DOG)1, which is expressed
strongly on GIST and is rarely expressed on other soft
[122,123]
tissue tumors
(See Figure 7). PKC-θ has lower
specificity than DOG-1, but it may be a useful biomarker
when combined with DOG1. Using both as an important
diagnostic tool in the diagnosis of KIT-negative GISTs,
even in wild type GISTs may prove useful for diagnosing

Table 3 Items that pathology report should include
Pathology report items
Localization
Size
Number of foci
Tumor infiltration
Histologic subtype
Depth of tumor infiltration
Grade of dedifferentation
Mitotic rate
Ki67
Grade of necrosis
Grade of hemorrhage
Margins
Staging
Mutational study

common location was the stomach (55%) followed by
rectum (20%), duodenum (10%), ileum/jejunum/other
(11%), and esophagus (3%). Median time on therapy
with neoadjuvant Imatinib was 40 weeks, and R0 was
obtained in 83% of patients. During follow-up, they
observed 37 disease recurrences (23%) and only five
patients (3%) presented a local relapse with a 5-year
DFS rate of 65% (95%CI: 59.1%-70.9%). Five-year
OS was 87% (95%CI: 78%-98%), and median OS
was 104 mo. Patients who continued with Imatinib after
surgery presented better rates of DFS.
In cases of patients with metastasic or recurrent
disease under treatment with second-line sunitinib or
third-line regorafenib, the role of debulking surgery
is still not clear, and there is only a certain amount of
information concerning emergency interventions. It is
necessary to bear in mind that in these cases the tumors
are advanced and resistant to standard treatment, so the
[112]
potential benefit of the surgery is not known .

ROLE OF PATHOLOGIST
Pathologic diagnosis has a major impact on GIST
management, both at the preoperative time and
after complete surgical resection. Data obtained by
pathologists need to be stratified according to risk, and
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GIST diagnosis

Staging diagnosis:
[FDG-PET, MRI, CT]
-Radiologist
-Nuclear medicine specialist

Clinical diagnosis:
Gastroenterologist/endoscopist→EDA/EUS
Radiologist→CT
Multidisciplinary committe:
Gastroenterologist/surgeon/radiologist/nuclear medicine specialist/oncologist

Potentially resectable?
(Surgeon)

Localized

Locally
advanced

Complex
anatomical
locations

Decision
multidisciplinary
committe

Biopsy
mutational analysis
(Pathologist)

Neoadjuvant treatment: See table 1

Surgery aim:
R0

Response evaluation

Pathologist
Oncologist

Risk stratification
mutational analysis

Partial response/
stable disease

Progression

Low risk

Complete response

High risk
Potentially resectable

Unresectable
Surveillance

Metastasic

Recurrent disease

Adjuvant treatment
see table 1
(Oncologist)

Oncology:
Alternative tyrosine
kinase inhibitor

Cytoreductive surgery
*consider:
-Transarterial embolization
-Radiofrequency ablation

Adjuvant treatment

Figure 8 Management algorithm of gastrointestinal stromal tumors. GIST: Gastrointestinal stromal tumor.
[124]

GIST .
GIST’s mutational study is becoming increasingly
important. Mutational analyses allow correlations of
sensitivity or resistance to molecular-targeted therapies
and doses. These types of analyses have prognostic value,
[122]
so that they play a major role in GIST management
(see
Role of Oncologist).

R0 is the only potentially curative therapeutic option.
Therapies with TKI (Imatinib, Sunitinib and Regorafenib)
have let a noteworthy improvement in the rates of diseasefree survival and overall survival, even in recurrent or
unresectable metastatic GISTs.
GISTs are the paradigm of a cancer with molecular
targeted therapy and its management requires a multi
disciplinary approach (See algorithm of management in
Figure 8).

CONCLUSION
The diagnosis of GIST has increased in recent years
thanks to new imaging techniques which have increased
the interest in the management of this type of tumors.
The clinical diagnosis is based on the CT, EDA and/or
endoscopic US and staging diagnosis is obtained by CT
and FDG-PET. The histological diagnosis is based on USguided biopsy or percutaneous biopsy prior to surgery;
In case of high suspicion in the imaging tests, surgical
resection without previous biopsy would be justified.
The biological behavior of the GIST is explained
according to the mitotic index, Ki67, anatomical location,
size and mutational status.
Surgical resection with free margins of tumor disease
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Abstract
Gastric cancer (GC) is one of the most lethal and
aggressive cancers, being the third cause of cancer
related death worldwide. Even with radical gastrectomy
and the latest generation of molecular chemotherapeutics,
the numbers of recurrence and mortality remains high.
This is due to its biological heterogeneity based on the
interaction between multiple factors, from genomic to
environmental factors, diet or infections with various
pathogens. Therefore, understanding the molecular
characteristics at a genomic level is critical to develop new
treatment strategies. Recent advances in GC molecular
classification provide the unique opportunity to improve
GC therapy by exploiting the biomarkers and developing
novel targeted therapy specific to each subtype. This
article highlights the molecular characteristics of each
subtype of gastric cancer that could be considered in
shaping a therapeutic decision, and also presents the
completed and ongoing clinical trials addressed to those
targets. The implementation of the novel molecular
classification system will allow a preliminary patient
selection for clinical trials, a mandatory issue if it is
desired to test the efficacy of a certain inhibitor to the
given target. This will represent a substantial advance as
well as a powerful tool for targeted therapy. Nevertheless,
translating the scientific results into new personalized
treatment opportunities is needed in order to improve
clinical care, the survival and quality of life of patients
with GC.

ORCID number: Mihaela Chivu-Economescu (0000-00017512-4700); Lilia Matei (0000-0003-4479-655X); Laura G
Necula (0000-0001-6531-7939); Denisa L Dragu (0000-0002
-5868-2636); Coralia Bleotu (0000-0002-9031-338X); Carmen C
Diaconu (0000-0002-2259-1425).
Author contributions: All authors equally contributed to this
paper with conception and design of the study, literature analysis,
drafting and critical revision, and approval of the final version.
Conflict-of-interest statement: No potential conflicts of
interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Mihaela Chivu-Economescu, PhD, Senior
Researcher, Department of Cellular and Molecular Pathology,
Stefan S. Nicolau Institute of Virology, 285 Mihai Bravu Ave,
Bucharest 030304, Romania. mihaela.economescu@virology.ro
Telephone: +40-21-3242590
Fax: +40-21-3242590

Key words: Gastric cancer; Molecular classification;
Immunotherapy; Targeted therapy; Clinical trials

Received: March 19, 2018
Peer-review started: March 20, 2018
First decision: April 10, 2018
Revised: April 12, 2018
Accepted: April 23, 2018

WJG|www.wjgnet.com

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

1942

May 14, 2018|Volume 24|Issue 18|

Chivu-Economescu M et al . Clinical perspectives for molecular GC subtypes
genetic signatures were the basis for further studies of
targeting and inhibition by means of RNA interference
technology of overexpressed genes in order to validate
[8-10]
them as therapeutic targets in gastric cancer
.
An important step in obtaining more effective
therapeutic responses is identifying subsets of patients
that are suitable candidates to benefit from specific
therapeutic agents, knowing that differences in gene
expression profile are correlated with different treatment
[11,12]
response
. This has become possible in gastric
cancer due to results from three landmark studies
that provided new genetic and epigenetic molecular
classifications of GC: the Cancer Genome Atlas (TCGA),
“Singapore-Duke” study, and Asian Cancer Research
[1,13,14]
Group (ACRG)
. These findings are offering
an unprecedented opportunity to make substantial
progress in GC therapy. Moreover, based on the
[15]
promising results obtained in other solid tumors , new
treatment strategies, like immunotherapy, are emerging
in the field of gastric cancer therapeutics. Preliminary
results showed that targeting the immune checkpoint
pathways may represent a promising strategy that can
lead to better outcomes in gastric cancer patients.

Core tip: A new molecular classification of gastric
cancer (GC) became available after publication of
three landmark studies: The Cancer Genome Atlas,
“Singapore-Duke” study, and Asian Cancer Research
Group, allowing patient selection for specific targeted
therapy. The Epstein-Barr virus positive, microsatellite
stable TP53-active or microsatellite-unstable tumors
subtypes presents tumour infiltrating patterns with
overexpression of PD-1, PD-L1, PDL-2. Preliminary
data show high response rate to immunotherapy and
open new avenues to gene therapy. Currently effective
therapies for diffuse GC are lacking. Mutations in
e-cadherin and Ras homolog family member A genes,
or Claudin-18-ARHGAP6/26 fusions may be exploited
as therapeutic targets. The only targeted therapies
approved so far for chromosomal instability and
microsatellite stable TP53-inactive subtypes of GC are
trastuzumab and ramucirumab (HER2 and VEGFR2
inhibitors).
Chivu-Economescu M, Matei L, Necula LG, Dragu DL, Bleotu C,
Diaconu CC. New therapeutic options opened by the molecular
classification of gastric cancer. World J Gastroenterol 2018;
24(18): 1942-1961 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i18/1942.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i18.1942

NEW MOLECULAR CLASSIFICATIONS OF
GASTRIC CANCER
Traditionally, gastric cancers were histologically divided
into main types: intestinal and diffuse, according
[16]
to Lauren classification . In 2010, World Health
Organization (WHO), distribute gastric carcinomas in
four groups of tumors: papillary, tubular, mucinous and
poorly cohesive. Beside adenocarcinoma, the WHO
classification also included less frequent histologic
[7]
variants .
Latest advances in molecular methods such as
next-generation sequencing (NGS), including DNA
sequencing, RNA sequencing, whole-exome sequencing,
copy number variation analysis, and DNA methylation
arrays, have increased our understanding of GC biology,
and led to the development of a new comprehensive
molecular classification.
One of the first studies aimed to identify molecular
gastric cancer subtypes was the study undertaken by
[17]
Tan et al , who analysed patterns of gene expression
for 28 gastric cell lines and proposed two major
distinct subtypes of GC: intestinal (G-INT) and diffuse
(G-DIF) that overlaps with Lauren’s intestinal or diffusetype. These intrinsic subgroups were validated in 4
independent cohort totalized 521 primary tumors.
Moreover, the authors showed that the G-INT cell lines
are more responsive to treatment with 5-fluorouracil
and oxaliplatin but more resistant to cisplatin than the
G-DIF cell lines, and the patients with G-INT cancers
have better overall survival in comparison to patients
with G-DIF tumors.
[18]
In 2013, in a subsequent study Lei et al
using
consensus hierarchical clustering with selection by

INTRODUCTION
Gastric cancer (GC) is a common and deadly cancer
worldwide, with over 1000000 patients being diagnosed
[1]
and over 723000 dying each year . Five-year survival
for advanced or metastatic GC is 5%-20%, and median
[2]
overall survival less than 1 year . As in all cancer
subtypes, angiogenesis, fibrosis and inflammation are
critical processes in local progression and metastasis.
These factors do so in part by creating a tumour
microenvironment that is characterized by hypoxia and
immunosuppression, which thwarts immune system’
s ability to fight the cancer. As a result, no single
chemotherapy or molecularly targeted drug, or even
combination regimen, consistently leads to objective
and durable tumour shrinkage in GC.
Surgical resection still represents the only potentially
curative treatment in gastric cancer patients. However,
in most cases, patients are diagnosed with advanced
disease and therapeutic approach, include, beside
surgery, adjuvant or neoadjuvant chemotherapy and
radiotherapy. Molecular targeted therapy in advanced
gastric cancer it is currently limited to trastuzumab,
as first-line therapy in patients with HER-2 positive
tumours and ramucirumab, alone or in combination
[3]
with chemotherapy, as second-line therapy .
In the last years, several studies have attempted, on
the basis of microarray and meta-analyses, to highlight
a genetic signature for gastric cancer linked to either
[4,5]
[6,7]
tumour stage
or prognosis . Furthermore, those
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repetitive features on 248 gastric tumors identified three
subtypes of gastric adenocarcinoma: mesenchymal,
proliferative and metabolic. Each subtype display distinct
genomic and epigenetic properties and drug sensitivities.
The proliferative subtype includes tumors with a high
level of genomic instability, DNA hypomethylation and
TP53 mutations. For this tumour subgroup, frequent
mutations in CCNE1, MYC, ERBB2 and KRAS genes, were
also described. The metabolic subtype comprises cancer
cells with a gene expression pattern similar to cells from
normal mucosa that are more sensitive to 5-fluorouracil
treatment than mesenchymal or proliferative tumors
subtypes. Tumors in the mesenchymal subtype contain
cells with stem cell-like properties, with high activity of
the epithelial-mesenchymal transition pathway. The in
vitro studies show that the cell lines of this subtype are
sensitive to PI3K/Akt/mTOR inhibitors.
In 2014, as part of The Cancer Genome Atlas (TCGA)
[1]
project, Adam Bass et al realize a comprehensive
molecular characterization of 295 primary gastric adeno
carcinomas and proposed a new molecular classification
system for gastric cancer which comprises four
subtypes: tumors positive for Epstein-Barr virus (EBV),
microsatellite unstable tumours (MSI), genomically stable
tumours (GS) and tumours with chromosomal instability
(CIN).
A similar approach had researchers from Asian Cancer
Research Group (ACRG), who analysed gene expression
data from 300 primary gastric tumors. Their findings
have led to a novel proposal of gastric cancer molecular
classification that includes four tumors subtypes: with
microsatellite stability (MSS)/epithelial-mesenchymal
transition (EMT), microsatellite-unstable tumors (MSI),
microsatellite stable TP53-active (MSS/TP53+) and
[14]
microsatellite stable TP53-inactive (MSS/TP53-) .
Both molecular classification systems highlight the
main molecular alterations specific to each subtype,
together with their frequency which can provide a new
orientation in targeted therapy. In addition, the ACRG
classification model provides useful information about
disease progression and prognosis.
Although there are not equivalent, the subgroups
proposed by the two research teams share common
features and are partially overlapping. The similarities
were observed between MSI subtypes, the MSS/TP53+
and EBV positive subgroups, the MSS/EMT subtype
and the GS subgroup, and also in the MSS/TP53- and
CIN. Figure 1 presents the major features and genomic
alterations associated with each GC subtype according
to TCGA and ACRG studies.
The EBV-infected tumours represents around 9% of
GC according to TCGA classification and are characterized
by high level of DNA hypermethylation, non-silent
mutations in phosphatidylinositol 3-kinase PIK3CA
(80% of the current subtype cases), AT-rich interactive
domain-containing protein 1A (ARID1A) (54%), B-cell
lymphoma 6 Corepressor (BCOR) (23%), and recurrent
amplification at 9p24.1, a chromosomal region that
contains Janus-associated kinase 2 (JAK2) gene and two
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other genes that encodes for programmed death-ligand
[1,19]
1 and 2 (PD-L1, PDL-2) proteins (15%)
.
The EBV subtype have some overlaps with the
MSS/TP53+ subtype. The microsatellite stable TP53
active subtype appears to have a greater prevalence
of APC, ARID1A, KRAS, PI3KCA and SMAD4 mutations
compared with MSS/TP53- subtype and presents an
intermediate rate of relapse and prognosis. All of these
genetic alterations may have therapeutic value and
must be exploited for the treatment of GC patients.
The MSI subtypes are mainly associated with hyper
methylation of the MutL homolog 1 (MHL1) promoter,
one of the genes involved in DNA mismatch repair (MMR)
system. Due to MMR mechanism deficiency, this GC
subtype has the highest rate of mutations compared
to the others. Frequent recurrent mutations were
observed in PIK3CA, ARIDA1, Erb-B2 receptor tyrosine
kinase 3 and 2 (ERBB3, ERBB2), and epidermal growth
[1,20,21]
factor receptor (EGFR) genes
. In the TCGA cohort,
this subtype was associated with 23% of tumors and
moreover with advanced age, female gender and
less advanced tumoral stages. According to ACRG
classification, the MSI group (22%) present recurrent
mutations in KRAS, ALK, ARID1A, ERBB2, ERBB3 genes
as well in genes involved in PI3K/PTEN/mTOR signaling.
Usually occurs in the antral region and have the lowest
recurrence rate (22%) and the best prognosis from all
subgroups.
The GS subtype correspond to MSS/EMT subtype in
that early age of appearance, association with diffuse
type of GC and displaying low frequency of mutations
compared to other gastric cancer subtypes. In the
TCGA cohort 21.56% of cases were associated with
GS subtype. Mutations in E-cadherin (CDH1) and Ras
homolog family member A (RHOA) genes, together
with the fusion between Claudin-18 (CLDN18) and
Rho GTPase activating protein-6 or 26 (ARHGAP6,
ARHGAP26), are the main feature of GS subtype of
GC. The same genomic alterations were associated
with MSS/EMT subtype in the ACRG classification,
which represents 15.33% of cases. It has the highest
recurrence rate (63%) and the worst prognosis among
the four subtypes.
CDH1 mutations and EMT are representative
features of this GC subtype. Both somatic and germline
mutations, were identified. Somatic mutation have
been detected in approximately 30% of GC and were
[22]
related to poor prognosis . Germline alterations in
CDH1 gene are the main cause of hereditary diffuse
gastric cancer and occur in about 40% of patients with
[23]
this pathology . E-cadherin, which is encoded by the
CDH1 gene, is an adhesion molecule widely involved in
carcinogenesis. E-cadherin deficiency has been linked to
early tumor initiation in a large proportion of diffuse GC
like signet ring adenocarcinoma, which is very resisting
to all therapies, and hereditary diffuse GC, both with
[24,25]
very poor survival
.
Another hallmark of GS subtype are mutations in
RHOA gene. RHOA is known to modulate Rho signalling
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THE CANCER GENOME ATLAS (TCGA) - Bass et al. Nature 2014
EBV+ (8.8%)
-EBV- CpG island
methylator phenotype
(CIMP)
-Recurrent amplification
at 9p24.1 (region
containing PD-L1/2
(15%) and JAK2 genes
-Frequent mutations
inPIK3CA (80%),
ARID1A (54%), BCOR
(23%) mutations
-CDKN2A silencing
-Rare TP53 mutations
-T cell infiltrate

MSI (21.7%)
-Gastric CIMP
-Silencing of MLH1
gene
-Hypermutations
in TP53, PIK3CA,
ERBB3, ARID1A
-Mitotic pathways
activation
-Commune changes
in the genes of
CMHI (including
HLA-B and B2M).
-Does not respond
to adjuvant
chemotherapy
-Old age

GS (19.7%)
-Mutations of genes
involved in cell
adhesion: CDH1
(37%), RHOA (15%)
-CLDN18-ARHGAP
fusion (62%) mutually
exclusive with RHOA
mutations
-Rare TP53 mutations
-Enriched pathways:
cell adhesion,
angiogenesis
-Diffuse histology
-Young age

CIN (49.8%)
-High TP53 mutations
-mutations of SMAD4
and APC
-RTK-RAS activation
(EGFR, ERBB2/3,
FGFR2, MET, JAK2,
N/KRAS, VEGFA,
CD274, PDCD1LG2
and PIK3CA)
-Intestinal histology

ASIAN CANCER RESEARCH GROUP (ACRG) - Cristescu R. et al . Nature Medicine 2015
MSS/TP53+ (26.3%)
-Frequent EBV
infection
-Frequent mutations
in ARID1A, PIK3CA,
SMAD4, APC
-Male
-Intestinal histology
-Intermediate
prognostic and risk
of recurrence

MSI (22.7%)
-Silencing of MLH1
gene
-Frequent mutations in
ARID1A, MTOR, KRAS,
PIK3CA, ALK, PTEN
-PD-L1 overexpression
(61.5%)
-T cell infiltrate
-Intestinal histology
(>60% )
-Best prognosis/ Low
risk of recurrence

MSS/EMT (15.3%)
-Loss of CDH1
-Loss of cellular
adhesions,
angiogenesis, motility
-Diffuse histology
(> 80% )
-Young age
-Worst prognosis &
high recurrence (63%)

MSS/TP53- (35.7%)
-TP53 mutations
-Amplification of cancer
genes: APC, SMAD4,
ARID1A, PIK3CA, KRAS
enriched
-Male
-Intestinal histology
-Intermediate
prognostic and risk of
recurrence

Figure 1 Molecular classification of gastric carcinoma: Molecular alteration and major features were associated with each subtype according to ATGC and
Asian Cancer Research Group studies. EBV+: Epstein Barr virus positive; MSI: Microsatellite instable; GS: Genomic stable; CIN: Chromosomal instability; MSS:
Microsatellite stable; TP53: Tumour protein 53; EMT: Epithelia-mesenchymal transition.

downstream effectors and its mutation can prevent
[26]
programmed cell death . In activated form, RHOA
controls actin-myosin-dependent cell contractility and
motility, and its mutations promote a diffuse growth
pattern.
The third characteristic feature of this subtype is
the fusion between CLDN18-ARHGAP6/ARHGAP26, a
GTPase-activating protein that facilitates conversion of
RHO GTPases to GDP. A recent study reported that in
gastric epithelial cells, CLDN18-ARHGAP26 fusion might
be involved in the epithelial-mesenchymal transition
[27]
and cancer progression .
In genomically stable tumours, RHOA mutations and
CLDN18-ARHGAP6 or ARHGAP26 fusions are mutually
exclusive. Thereby, RHOA gene mutations and the gene
fusions specific for GS subtype could become therapeutic
targets in this group of gastric adenocarcinoma.
CIN tumors represent 45% of TCGA cases and are
frequently located at the gastroesophageal junction/

WJG|www.wjgnet.com

cardia region. Are commonly related to intestinal type
of gastric cancer and are associated with MSS/TP53subtype from ACRG classification. The CIN tumors
display genomic amplifications of receptor tyrosine
kinases (RTKs) from ERBB, vascular endothelial growth
factor (VEGF), phosphatidylinositol-3-kinase (PI3K)/
Akt, mammalian target of rapamycin (mTOR) and Met/
hepatocyte growth factor (HGF) signaling pathways.
Recurrent amplifications of cell cycle mediators: Cyclins
E1, D1 (CCNE1, CCND1) and cell division protein kinase
6 (CDK6), VEGFA amplification, frequent TP53 mutation
and high levels of phosphorylated epithelial growth
factor receptor (EGFR) were also described for CIN
[1]
tumors . In the ACRG classification, the correspondent
microsatellite stable TP53-inactive (MSS/TP53-) subtype
- include tumours with high-grade aneuploidy, with
frequent focal amplifications in Mouse double minute
2 homolog (MDM2), MYC, ERBB2, EGFR, CCNE1
and CCND1 genes and the highest TP53 mutations
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CIN

MSI
GS

EBV

GC
subtype

PD-1
CDH1
RHOA
CLDN18ARHGAP fusion
EGFR

ARID1A

PIK3CA

PD-L1

PD-1

Molecular target

Clinical trial name (ID)

DANTE (NCT03421288)
ICONIC (NCT03399071)
NCT01613950
NCT02451956

III
II

NCT00183898
NEOPECX (NCT01234324)
MEGA (NCT01443065)

NCT01813253

NIEGA (NCT03400592)

Cetuximab
Panitumumab

Nimotuzumab

II
II
II

II

II
II

II
II
I
II

II

NCT02678182

55

400

75
171
162

171

166
64

295
40
18
25

770

114
135

466

III
I
Ib/II

371

316
592
764
860
700
1266
680
480

Patients

III

II
III
III
III
III
III
II/III
III

Phase

JAVELIN Gastric 300
(NCT02625623)
JAVELIN Gastric 100
(NCT02625610)
NCT02572687
NCT02340975

PLX2853
NCT03297424
AZD2281
NCT02576444
(Olaparib)
Pembrolizumab KEYNOTE-016 (NCT01876511)
NA
NA
NA

BYL719
AZD5363

Atezolizumab

Durvalumab

Avelumab

Pembrolizumab KEYNOTE-059 (NCT02335411)
KEYNOTE-061 (NCT02370498)
KEYNOTE-062 (NCT02494583)
KEYNOTE-585 (NCT03221426)
Nivolumab
ONO-4538-38 (NCT03006705)
+/-Ipilimumab CheckMate649 (NCT02872116)
ONO-4538-37 (NCT02746796)
(CTLA4
ONO-4538-12 (NCT02267343)
inhibitor)

Therapeutic
agents

Irinotecan

XOX
ECX, placebo
FOLFOX/FOLFOX +
panitumumab/FOLFOX +
AMG102
Irinotecan, placebo

Prophylactic gastrectomy
NA
NA

FLOT
FLOT-A
AUY922
Paclitaxel

Ramucirumab
+/- Tremelimumab (CTLA4
inhibitor)
Cis, X

Sep-20

Avelumab + BSC vs
Irinotecan + Paclitaxel
vs OX + 5-FU(X)(LV)

Jun-18

Jan-18

Jun-18
Aug-17
Jan-19

Jun-21

May-21
Sep-18

Feb-25
Aug-25
Mar-14
Dec-18

Aug-10

Sep-18
Aug-19

Mar 202 4

May-19
Jul-19
Jun-20
Jul-23
Jun-10
Oct-21
Aug-20
Aug-17

ESCD

Cis+5-FU
Paclitaxel
Cis+5-FU(X)
Cis+X(5-FU) or FLOT
S-1 or XOX
XOX or FOLFOX
SOX or XOX
Nivolumab vs Placebo

Aditional treatments

Table 1 Selected active clinical trials involving molecular targeted therapies for specific gastric cancer subtypes

40%

NA

5.4

2.6

1.61/1.45

2

mPFS

13.1/8.3/11.5 5.8/5.2/7.6

Not reached

5.32/4.14
P < 0.0001

11.20%

36%

5.6
Failed

mOS

11.60%

ORR

Clinical efficiency

EGFR overexpr. Adv
GC or GEJ
Rec/Met GC with
overexpr. EGFR

Adv GC
Adv GC incl. GEJ
Adv GC

Adv/Met HER2 neg.
GC
Adv GC
T1-T3 GC
Adv/Met GC
Adv GC with
PIK3CA mutation
ARID1A mutations
PIK3CA, AKT, or
ARID1A mutations
MSI

Adv/Met GC
Rec/Met GC

Adv/Met GC

Rec/Met GC

Rec/Met GC
Adv GC
Adv GC
GC
Stage III GC
Adv/Met GC
Adv/Rec GC
Adv/Rec GC

Condition

[48]

[47]

[43,45]
[46]

[40]

[37]
[38]

Study
(citation)
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Regorafenib

Ramucirumab
(IMC-1211B)

VEGFR2

VEGFR2/ TIE2

Bevacizumab
(Avastin)

Lapatinib

Margetuximab

Trastuzumab
emtansine
Pertuzumab

Trastuzumab

VEGF

EGFR/ HER2

HER2

II/III

PETRARCA/FLOT6)
(NCT02581462)
NCT02954536

II
III
III

NCT01191697
Rainbow trial (NCT01170663)

ARMANI (NCT02934464)

III
II

III
III
II/III

II

NCT00911820

RAINFALL (NCT02314117)
NCT02898077
RAMSES/FLOT7
(NCT02661971)
INTEGRATE II (NCT02773524)
NCT01913639

II
II

350
36

128
450
908

280

35
665

88

31
40

32

II

NCT01471470
AGMT_GASTRIC-3
(NCT00952003)

67
545

72

220

I
III

II

INNOVATION (NCT02205047)

30

NCT01148849
LOGiC/TRIO-013
(NCT00680901)
NCT02015169

II

NCT01461057

780

Ib/II

III

JACOB trial (NCT01774786)

55
95
415

37

404

4
248

NCT02689284

II/III

II

Her + XELOX (NCT01396707)
EVIDENCE (NCT01839500)
GATSBY (NCT01641939)

II

IV
IIIb

NCT01260194
HELOISE (NCT01450696)

Placebo
FOLFOX, Placebo

Ramucirumab + Paclitaxel
or FOLFOX4/mFOLFOX6/
XELOX
X + Cis, Placebo
Paclitaxel, Placebo
FLOT, Placebo

Docetaxel + X + Cis
1 OX + Irinotecan + Avastin;
2 Docetaxel + Avastin; 3
Avastin
Cis+Irinotecan or Docetaxel
+ Cis + Irinotecan
XOX + trastuzumab
Paclitaxel Placebo

XELOX

XOX, Placebo

Cis/X or Cis/5-FU +/trastuzumab, placebo
Pembrolizumab

Trastuzumab + 5-FU/X/Cis,
placebo
X + Cis + Trastuzumab

or Standard Taxane Therapy

Cis + X + Herceptin (6 mg/
kg or 10 mg/kg)
FLOT or FLOT + Herceptin/
Pertuzumab
Pembrolizumab or
Pembrolizumab + X/Cis
Herceptin + XELOX

Apr-19
Jul-18

May-18
Mar-21
Oct-19

Oct-19

Apr-17
Feb-17

Jun-18

Dec-19
Apr-18

Nov-17

Dec-17
Dec-19

Mar-20

Sep-24

Sep-17

Dec-21

Mar-18
Feb-18
Apr-16

Nov-19

Mar-21

Jan-15
Aug-15

0.57/0.51;
P = 0.605

11.7/13.4;
P = 0.714
26.92
9.6/7.4;
P = 0.0169

38.6
11

11.9/10.4;
P = 0.3244

21
30
7.9/8.6
P = 0.8589
17.5/14.2
P = 0.0565

12.5/10.6
P = 0.2401

7.9/8.4;
P = 0.721
13.93
4.4/2.9;
P < 0.0001

13.1

6.0/5.4;
P = 0.0381

8.5/7.0

9.8
9.5
2.66/2.89

GC
GC

Met GC
GC
GC or GEJ

Adv/ Met HER2GC or GEJ

HER2 + Met GC
GC

Met GC

HER2 + GC with
liver metastasis
Adv GC
GC

Met/Rec HER2 + GC
GC
Prev. treated for
HER2+ Adv GC
HER2+ Met GC and
GEJ
Met HER2 + GC or
GEJ
GC, EGFR
overexpress.
Adv/Met HER2 +
GC or GEJ
HER2+ GC
GC

HER2+ GC

HER2+ GC or GEJ

GC
GC

[66]
[67]

[65]

[62]
[63,64]

[60]
[61]

[57]
[58,59]

[56]

[55]

[54]

[53]

[50]
[51]
[52]

[49]
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Onartuzumab

Everolimus
(RAD001)
AZD2014
III

II

NCT03082833

NCT01662869

III

AIO-STO-0111 (NCT01248403)
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The EBV and MSS/TP53+ subtypes present similar features such as EBV infection, PD-L1/PD-L2, JAK2 overexpression, non-silent mutations in PIK3CA, ARID1A, BCOR
[1,19]
and high prevalence of cyclin-dependent kinase inhibitor 2A (CDKN2A) promoter methylation
. These data suggest that EBV-positive tumors could be targeted with
[30]
PI3-kinase, JAK2 inhibitors or even better with a combination of those two types of inhibitors which proved strong synergistic effect in other systems . Using checkpoint
inhibitors is another therapeutic strategy that is currently evaluated in a series of clinical trials in patients with gastric cancer.
This GC subtype is particularly associated with an enhanced survival due to a strong inflammatory response induced by a major CD8+ cytotoxic T-cell infiltrate as a
result of EBV infection. Several studies have shown that EBV can directly increase PD-L1 promoter activity as a result of EBV latent membrane protein 1 (LMP1) binding
[31,32]
to JAK3, via STAT signaling and AP-1 activation
. The immune checkpoint ligands PD-L1/PD-L2 overexpression can be a valuable way to block the PD-1 pathway,
attenuating the immune response and therefore helping the EBV+ GC to evade immune attack. Additional, IFN-γ released by tumour infiltrating T cells as a result of EBV
[33,34]
infection, can directly induce PD-L1 expression in tumour cells
. Together, these data suggest that EBV+ GC may benefit from anti-PD-1 directed therapy.
Currently there are several PD-1/PD-L1 inhibitors approved by FDA for cancers like non-small-cell lung carcinoma (NSCLC) and melanoma, which are tested for efficacy
®
®
in ongoing clinical trials on GC. The most known PD-1 inhibitors are: Pembrolizumab (Keytruda ) and Nivolumab (Opdivo ). Additional, PD-L1 approved inhibitors are:
®
®
®
Avelumab (Bavencio ), Durvalumab (Imfinzi ) and Atezolizumab (Tecentriq ).
Pembrolizumab is a humanized monoclonal IgG4 antibody directed against human cell surface receptor PD-1 (programmed death-1 or programmed cell death-1)
with potential immune checkpoint inhibitory and antineoplastic activities. At this time there are 29 ongoing studies involving pembrolizumab treatment in GC: 13 in phase
I, 12 in phase II and 4 in phase III. Based on previous encouraging results obtained by two phase Ib clinical trials: KEYNOTE-012 (NCT01848834) and KEYNOTE-028
[35]
(NCT02054806) that evaluated the efficacy of pembrolizumab as single-agent in patients with solid cancers, with a partial response rate of 22%-30%, ongoing efforts
are testing pembrolizumab combined with cytotoxic chemotherapy in an attempt to improve the response rate. The phase II KEYNOTE-059 study (NCT02335411) is testing
[36]
the efficacy of pembrolizumab associated with cisplatin and 5-fluorouracil. Full data from the KEYNOTE-059 trial were presented at the 2017 ASCO Annual Meeting . The

EBV and MSS/TP53+ subtypes

The novel classification system, based on the molecular characteristics, have allowed the identification of pathways that contribute to carcinogenesis and underline several
driver genes relevant for each GC subtype, that can be used as potential therapeutic targets. In Table 1, the most advanced clinical trials of novel therapeutic strategies are
[30-69]
presented, divided for each GC subgroup and molecular target
.

CLINICAL IMPLICATIONS OF MOLECULAR GC CLASSIFICATION: IMPACT ON THERAPY AND PROGNOSIS

frequency . Most of these aberrant expressed proteins involved in signaling pathways are investigated as possible therapeutic targets for GC anti-tumour therapy and are
[21,29]
currently being tested in clinical trials
.

[28]

ESCD: Estimated study completion date; ORR: Overall response rate; mOS: Median overall survival (months); mPFS: Median progression free survival (months); Adv/Rec/Met: Advanced/recurrent/metastatic; GEJ:
Gastroesophageal junction adenocarcinoma; Cis: Cisplatin; 5-FU: 5’Fluorouracil; S-1: Tegafur-gimeracil-oteracil potassium; X: Capecitabine; OX: Oxaliplatin; XOX: Capecitabine + oxaliplatin; FOLFOX: Leucovorin/fluorouracil/
oxaliplatin; SOX: Tegafur/gimeracil/oteracil potassium + oxaliplatin; FLOT: Docetaxel + oxaliplatin + 5FU + leucovorin (calcium folinate); LV: Leucovorin; BSC: Best supportive care; AUY922: Hsp90 inhibitor; ECX: Epirubicin +
cisplatin + capecitabine; NA: Not available.

MET

mTOR

Chivu-Economescu M et al . Clinical perspectives for molecular GC subtypes

1948

May 14, 2018|Volume 24|Issue 18|

Chivu-Economescu M et al . Clinical perspectives for molecular GC subtypes
general overall response rate (ORR) with pembrolizumab
was 11.6%, and higher in patients who specifically
received 2 prior lines of therapy (16.4%). The median
PFS was 2.0 mo and the median overall survival (OS)
was 5.6 mo, with a 12 mo OS rate of 23.4%. Based
on these results, the FDA accelerated the approval of
pembrolizumab in September 2017 for the treatment
of patients with PD-L1-positive recurrent or advanced
GC who has received 2 or more lines of chemotherapy.
The accelerated approval of pembrolizumab for
this indication was contingent on the results of a
confirmatory trial. The ongoing phase III KEYNOTE-062
(NCT02494583) trial is evaluating pembrolizumab
alone and in combination with Cis and Capecitabine
(5-FU) as the first line therapy for PD-L1-positive GC.
KEYNOTE-585 (NCT03221426), another phase III trial,
is studying the combination of pembrolizumab and
chemotherapy (Cis + Capecitabine (5-FU) or FLOT (do
cetaxel+oxaliplatin+5FU+leucovorin) as neoadjuvant
and adjuvant therapy. Recently, results from a different
phase III trial KEYNOTE-061 (NCT02370498), testing
the association of pembrolizumab and paclitaxel, were
announced. On Dec 2017, Merck Company, reveal that
®
pembrolizumab (Keytruda ) did not improve survival as
a second-line treatment for PD-L1-positive patients with
[37]
advanced GC .
Nivolumab (ONO-4538/BMS-936558) is another
human monoclonal IgG4 antibody which blocks
the PD-1 receptor. Currently, there are 17 clinical
trials on GC involving nivolumab: 8 in phase I, 6 in
phase II and 3 in phase III. The activity and safety
of nivolumab was first tested in a phase I/II study
CheckMate-032 (NCT01928394), as standalone agent
or in combination with ipilimumab, an inhibitor for
CTLA4, a protein receptor expressed on T-cells that
function as an immune checkpoint. This study reported
that ORR was 14% in patients treated with nivolumab
alone N3 (nivolumab 3 mg/kg corp), 26% in N1+I3
(nivolumab 1mg/kg corp plus ipilimumab 3 mg/kg
corp) cohort, and 10% in N3+I1 (nivolumab 3 mg/kg
corp plus ipilimumab 1 mg/kg corp) group. The mOS
were 6.9 mo in N1+I3 group, followed by 5.0 mo in
N3, and 4.8 mo in N3+I1 groups. However the most
active regimenN1+I3 had the highest toxicity (84%),
compared with N3 (70%) and N3+I1 (75%). Another
important outcome of the study was the evaluation of
the response rate for nivolumab alone or in combination
with ipilimumab depending on the PD-L1 expression.
As a result, the response rate for PD-L1 positive tumors
was 27% for N3 alone and 44% for N1+I3. For patients
with PD-L1 negative tumors the response rate was 12%
[38]
for N3 and 21% for N1+I3 regimen .
More recently, results from ONO-4538-12 (NCT02267343)
study were made available. This was a phase III
clinical trial aiming to evaluate the efficacy and safety
of nivolumab as rescue treatment after failure of the
standard chemotherapy for GC. The results showed
that nivolumab was effective with significantly improved
OS, PFS and ORR compared to placebo. Median OS was
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5.32 mo with nivolumab vs 4.14 mo with placebo. The
ORR was 11.2% with nivolumab vs 0 with placebo (P <
0.0001). Median progression-free survival (mPFS) was
[39]
1.61 mo with nivolumab vs 1.45 mo with placebo .
Avelumab is a human monoclonal IgG1 antibody
directed against the human PD-L1 protein, with potential
immune checkpoint inhibitory and antineoplastic activi
®
ties. Avelumab was approved by FDA as Bavencio
for metastatic Merkel cell carcinoma (MCC) based
on multi-center clinical trial (JAVELIN Merkel 200 trial,
NCT02155647) that reported a ORR of 29.5% and a
mPFS of 2.6 mo, shoing that avelumab has a manageable
[40]
safety profile with durable responses . Five clinical trials
are currently testing avelumab in GC: 1 in phase I, 2 in
phase II, and 2 in phase III. In the phase III clinical trials,
the avelumab efficacy as single agent is being compared
with different chemotherapeutic regimens: Irinotecan +
paclitaxel in the JAVELIN Gastric 300 (NCT02625623),
and OX + 5-FU(X) (LV) in JAVELIN Gastric 100
(NCT02625610).
Durvalumab (MEDI4736) is an Fc optimized mono
clonal antibody directed against PD-L1. It was accepted
by FDA and European Medicines Agency (EMA) as
®
Imfinzi for the treatment of patients with metastatic
urothelial carcinoma and locally-advanced (stage
III), unresectable non-small cell lung cancer whose
disease has not progressed following platinum-based
[41]
chemoradiation therapy in a phase III PACIFIC trial .
Durvalumab is not currently approved for the treatment
of patients with gastric or GEJ adenocarcinoma. There
are 4 phase Ib/II studies that are currently enrolling
patients for treatment with durvalumab as single
agent, or in combination with tremelimumab - a CTLA4
inhibitor (NCT02340975) or ramucirumab - a VEGFR-2
inhibitor (NCT02572687). Preliminary results from
the last study, presented at the 2018 Gastrointestinal
Cancers Symposium, suggests that blocking VEGFR-2
and the PD-1/PD-L1 pathway induces synergic
[42]
antitumor effects .
Atezolizumab is a monoclonal antibody designed
to bind with PD-L1. It was approved by FDA and EMA
®
under the trade name Tecentriq for the treatment of
patients with advanced or metastatic non-small cell
lung cancer or metastatic urothelial carcinoma after
they have been previously treated with chemotherapy.
In the field of gastric cancer, there are three studies
(1 in phase I and 2 in phase II) that are currently
enrolling patients to evaluate the safety and efficacy of
atezolizumab in combination with FLOT chemotherapy
vs FLOT alone, for operable adenocarcinoma of the
stomach, the ICONIC (NCT03399071) and DANTE
(NCT03421288) studies.
As an important alternative strategy addressing T
cell receptors/Ligands interactions is knocking-out the
gene for PD-1 receptor by CRISPR-Cas9 DNA-editing
technology that might be more effective than using
inhibitors or antibodies against it or against the ligands.
It is postulated that editing PD-1 gene will maintain T
cell activity in the presence of the checkpoint ligands,
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PD-L1 and PD-L2, however ethical aspects of the in[43]
human use of the technology are still debated .

similar therapy with pembrolizumab was attempted in
patients with GC MSI high. Recent results of a Phase
II clinical trial KEYNOTE-016 (NCT01876511) showed
[46]
that this treatment was beneficial . The results can
be explained by the findings of a recent study by Cho
[80]
et al , which reported an overexpression of PD-L1 in
61.5% of MSI-GC samples that is associated with longterm survival of the patients. Based on this finding,
we can conclude that MSI+ status is associated with
good prognosis and may be a candidate for immune
checkpoint inhibitors therapy due to the sustained
response. These results, together with other outcomes
from four clinical trials KEYNOTE-164 (NCT02460198),
KEYNOTE-012 (NCT01848834), KEYNOTE-028
(NCT02054806), and KEYNOTE-158 (NCT02628067),
determined in May 2017 the FDA to grant accelerated
approval to pembrolizumab (Keytruda) for patients with
solid tumors that have the microsatellite instability-high
[81]
(MSI-H) or mismatch repair deficient (dMMR) .

PIK3CA inhibitors: A number of PI3K inhibitors
are under clinical investigation by pharmaceutical
companies and academic institutions, including the
pan-PI3K inhibitor buparlisib (BKM120) and the PI3Kαselective inhibitor alpelisib (BYL719). Buparlisib and
alpelisib are currently in Phase III and Phase II clinical
trials, respectively for HER2-negative breast cancer
(NCT00863655, NCT01610284), HER2-positive breast
cancer (NCT01007942), head and neck squamous
cell carcinoma (NCT01737450), non-small cell lung
carcinoma (NCT01297491), lymphoma (NCT01719250),
glioblastoma multiforme (NCT01934361, NCT01349660),
preclinical results and initial clinical findings sowing great
[70]
promise .
In GC filed, clinical trials are currently underway,
often with PI3K inhibitors in combination with other
drugs. The association between BYL719 and HSP90
inhibitor AUY 922, is tested specific in gastric cancer
in NCT01613950 trail, and BKM120 with hedgehog
pathway inhibitor LDE 225 in advanced solid tumors
through NCT01576666 study. The AKT inhibitor
AZD5363 is also being tested in the second line in
combination with paclitaxel, in gastric cancer patients
with and without PIK3CA mutations or amplifications
[71]
(NCT02451956, NCT02449655) .

Genomic stable or MSS/EMT subtype

This group is best described as diffuse type of GC,
with a low number of mutations that are developed
of early age. This form of cancer includes early-onset
gastric carcinoma which due its association with some
early triggers that impair genome stability, could be
considered the best model of gastric cancerogenesis
and the best model for testing new treatment options,
in the pressing need for new therapeutic for diffuse
[82]
GC . Another One key finding was that the MSS/
EMT subtype showed a higher recurrence rate with
peritoneal seeding, and very poor survival compared
to other subtypes. EMT is an important mechanism in
tissue fibrosis that is characterized by the loss of cell-cell
adhesion. Various studies have indicated transforming
growth factor (TGF)-b1, secreted by gastric cancer
cells and cancer-associated fibroblasts (CAFs), as
[83,84]
[85]
common initiator of EMT
. Saito et al successfully
used tranilast, an inhibitor of TGF-b/Smad pathway to
inhibit interactions between cancer cells and stroma,
preventing fibrous tumor establishment represented by
peritoneal dissemination.
Currently effective targeted therapies for diffuse GC
are lacking. A significant key in our understanding of
diffuse GC was the discovery of hereditary form carried
out by missense mutation in CDH1 gene, which encodes
E-cadherin. Additional, novel recurrent mutations of
RHOA and CLDN18-ARHGAP6 fusion were identified and
linked with diffuse GC pathogenesis.

ARID1A inhibitors: ARID1A protein is a subunit of
the SWI/SNF (BAF) chromatin remodelling complex
that regulates gene expression by controlling gene
accessibility. ARID1A shows one of the highest mutation
[13,72-76]
rates across different human cancer types
.
Currently there are no clinical trials in gastric cancer
patients involving ARID1A inhibitors. There are however
two clinical trials involving patients with solid tumors
harbouring ARID1A mutation. First one, NCT03297424
a phase II trial, is testing the efficacy of PLX2853, an
inhibitor of the bromodomain-containing protein 4
(BRD4), in subjects with advanced malignancies and
ARID1A mutations. The second one NCT02576444,
also a phase II trial, is testing patients with solid tumors
harbouring PIK3CA, AKT, or ARID1A mutations for
response at Olaparib (AZD2281) a poly ADP ribose
polymerase (PARP) inhibitor. Both studies are ongoing.

MSI subtype

Due to MMR mechanism deficiency, the MSI subtype
has the highest rate of mutations compared to the other
[77]
groups. A study published by An et al demonstrated
that patients with an increased number of mutations
in MMR genes do not respond to 5-FU chemotherapy.
Consequently, chemotherapy may be beneficial only
for MSI patients with low mutational burden. This
[78]
situation is similar to that of MSI colon cancer . Based
on the positive results recorded in the treatment of
[79]
patients with PD-1-positive MSI colon cancer , a
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CDH1: Currently there are only three clinical trials
regarding CDH1 in gastric cancer: Two of them are
observational, aiming to determine the incidence of CDH1
germline mutations among individuals with early onset or
familial gastric cancer and their relatives (NCT00582257,
NCT03030404), and third one is prospective, aiming to
investigate the association between the level of CDH1
methylation (among other genes) and metastasis/
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recurrence of gastric carcinomas (NCT02159339). At
the moment, the primary clinical approach is curative
prophylactic gastrectomy at early age, since the lifetime
risk of developing GC for CDH1 mutation carriers with
familial history of hereditary diffuse gastric cancer is
[86]
60%-80%, with a mean age of onset of 37 years .

cytokines, and hormones. These molecules have a
predominantly regulatory role in nearly every aspect of
cell biology and also a critical role in the development
and progression of many types of cancer, including
gastric cancer. Activation of ERBB1 (EGFR) and ERBB2
(HER2) due to amplification or mutations has been
reported in almost 30% of gastric cancer patients and
overexpression of these receptors has been associated
with advanced stages of gastric cancer, more aggressive
[95-97]
disease and a poor prognosis
.
Several strategies for the targeting of EGFR signaling
using small molecules tyrosine kinase inhibitors and
monoclonal antibodies have been developed and
used in preclinical and early phase clinical studies, like
Cetuximab, Panitumumab, Trastuzumab, Pertuzumab,
and also EGFR tyrosine kinase inhibitors such as
[98]
Lapatinib .
Cetuximab is a chimeric human-murine IgG1
monoclonal antibody which binds to the extracellular
domain of EGFR leading to the internalization of
antibody-receptor complex and downregulation of
EGFR expression. Cetuximab-EGFR complex formation
inhibits proliferation and enhances apoptosis, as well
as reduces angiogenesis, invasiveness and metastasis
[99]
in tumours . Also, cetuximab induces antibody[100]
dependent cellular cytotoxicity (ADCC)
through NK
[101]
[102]
and CD8+ T cells . Cetuximab is approved by FDA
[103]
®
and EMA
as Erbitux for the treatment of K-ras wildtype, EGFR-expressing metastatic colorectal cancer
and for squamous cell carcinoma of the head and neck
(SCCHN). Regarding GC, cetuximab is reported, alone
or in combination with other drugs, in 20 clinical trials
on clinicaltrials.gov: 1 in phase III, 14 in phase II, 2
in phase I/II, and three in phase I. In the phase II
EXTRA trial (NCT00477711), 47 patients were enrolled
with unresectable or metastatic GC from China. After
administration of cisplatin, capecitabine and cetuximab,
the ORR was 53.2%, mPFS 5.2 mo, and OS 10.8 mo. In
the case of patients with EGFR strong expression longer
PFS (7.1 mo) and OS (16.6 mo) were registered, as well
as tumour reduction. Moreover, patients with high levels
of transforming growth factor-alpha (TGF-α) presented
better response and longer PFS (6.0 mo vs 2.7 mo, P =
0.001) and OS (12.9 mo vs 7.0 mo, P = 0.001) compared
[104]
to patients with lower levels
. Still, comparing the
administration of cetuximab with capecitabine and
cisplatin and of capecitabine and cisplatin alone in
EXPAND trial (NCT00678535), the addition of cetuximab
to first-line chemotherapy provided no additional benefit
in the treatment of GC. EXPAND is a phase III trial
financed by Merck KGaA, in which were enrolled 904
patients with histologically confirmed locally advanced
unresectable or metastatic GC and tested regimens were
capecitabine and cisplatin with or without cetuximab.
The progression-free survival (PFS) of patients receiving
cetuximab comparing with those receiving only firstline chemotherapy was 4.4 mo vs 5.6 mo (P = 0.32),
while overall survival (OS) was 9.4 mo vs 10.7 mo (P

RHOA: RHOA mutations were found in 14%-25%
[87,88]
of diffuse GC patients
. RHOA, as a member of
the Ras GTPase superfamily, is a critical transducer of
extracellular signals, which leads to organization of actin
cytoskeleton, motility, adhesion and gene regulation.
Overexpression of RHOA or constitutive activation was
observed in various cancers, and was associated with
[89]
implicated in tumorigenesis and tumor cell invasion .
Also, several mutations were found in diffuse GC with
tumor promoting activity, as demonstrated by small
[90]
interfering RNA (siRNA)-mediated silencing studies .
There are no currently available clinical trials or directed
treatment for RHOA mutations. A study performed
[91]
by Kang et al . aimed to explore whether RHOA
influences the susceptibility of gastric cancer cells to
chemotherapeutic drugs founded that RHOA significantly
enhanced the resistance to lovastatin, 5-FU, taxol and
vincristine, but did not affect the sensitivity to cisplatin or
etoposide in SNU638 human carcinoma cell line.
CLDN18-ARHGAP6 or 26 fusions are another
genomic alterations associated with GS type of GC. It
is mutually exclusive with RHOA and CDH1 mutations
[92]
among GS tumors . ARHGAP 26 gene is encoding
a GTP-ase protein that modulates RHOA activation.
Moreover, this genomic fusion may affect CLDN18
function, a protein involved in cell adhesion.
Currently, there are no targeted therapies for the
gene mutations and alterations involved in this GC
subtype. However, these known mutations may facilitate
the development of novel therapies.

CIN and MSS/TP53-subtypes

Characterization of GC at the molecular level allowed
also the identification of the intracellular pathways that
might contribute to carcinogenesis. Studies to date
point out that several signaling cascades are implicated
in gastric carcinogenesis including: ERBB, VEGF, PI3K/
AKT/mTOR, and HGF/MET signaling pathways. There
are currently numerous studies using inhibitors of ERBB,
MET, PI3K, AKT or mTOR signaling molecules, but often
attempting to block one these paths leads to activation
[93]
of other cascade due to compensatory signaling .
However, Trastuzumab and Ramucirumab (targeting
HER2 and VEGFR2 respectively) are the only targeted
therapies approved so far, and most Phase III clinical
trials evaluating molecular drugs targeting signaling
[94]
molecules in gastric cancer have failed .
ERBB signaling pathways: ERBB receptors (1-4)
are members of the RTK superfamily, localized to the
cell surface, with high-affinity for many growth factors,
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[115]

= 0.9547). Moreover, 54% of patients in the cetuximab
group had any grade of serious adverse event vs 44% in
[105]
the control group . At present, cetuximab is implicated
in several ongoing trials on GC involving NK cells
(NCT03319459) or combinations with other monoclonal
antibodies (NCT02318901).
Panitumumab is a human IgG2 monoclonal antibody
that binds to EGFR and, similar to cetuximab, induce
its internalization leading to increased apoptosis,
reduced proliferation and reduced angiogenesis and
[106,107]
[108]
metastasis
. Panitumumab is approved by FDA
[109]
and EMA
as Vectibix™ for treatment of colorectal
cancer. In GC, panitumumab was tested in several
clinical trials. In the open-label phase III REAL trial
(NCT00824785) were enrolled 553 patients with
untreated, metastatic, or locally advanced GC and a
combination of epirubicin, oxaliplatin, and capecitabine
(EOC) with/without panitumumab was tested. OS in
patients that received EOC plus panitumumab was 8.8
mo vs 11.3 mo in patients that were allocated only EOC
(P = 0.013). Moreover, EOC plus panitumumab induced
more severe adverse effect. The study was interrupted
in 2011 by independent data monitoring committee due
to lack of efficacy, the addition of panitumumab to EOC
chemotherapy being not recommended for use in an
[110]
unselected population .
In phase II study (VEGA trial) were included
65 patients with metastatic GC. After allocation of
oxaliplatin, leucovorin, and 5-fluorouracil (FOLFOX) plus
panitumumab, registered ORR was 42%, PFS-5.6 mo,
[111]
and mOS-11 mo .
[112]
The phase II study, reported by Tomasello et al ,
explored panitumumab in combination with docetaxel,
cisplatin, folinic acid and 5-fluorouracil (DCF) administrated
to 52 patients with HER2 negative locally advanced or
metastatic GC. The registered ORR was 64% and mOS
was 10 mo, still, the toxicity profile of this regimen limits
[113]
its further development . At present, on clinicaltrials.
gov, panitumumab is used in 4 clinical trials on GC: 1 in
phase III, 2 in phase II, and 1 in phase I/II from which
one is ongoing.
Nimotuzumab (h-R3) is a humanized IgG1 mono
[114]
clonal antibody
that binds to the extracellular domain
of EGFR and inhibits EGFR-dependent transformation
of cells proving also anti-proliferative, pro-apoptotic,
[63]
and antiangiogenic activity . Although nimotuzumab
[64]
is less toxic than other anti-EGFR antibodies , it
is still not approved by FDA or EMA. At present, in
GC, nimotuzumab is reported in four clinical trials on
clinicaltrials.gov: 1 in phase III and 3e in phase II. In a
phase II randomized trial (NCT02370849) were enrolled
62 patients with untreated unresectable or metastatic
GC which received S-1 and cisplatin with or without
nimotuzumab. The ORR was 54.8% for patients receiving
S-1, cisplatin, and nimotuzumab compared with 58.1%
for those receiving S-1 and cisplatin alone (P = 0.798),
mPFS were 4.8 mo vs 7.2 mo (P = 0.011), while OS
were 10.2 mo vs 14.3 mo (P = 0.062). The addition of
nimotuzumab to S-1 and cisplatin regimen offered no
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additional benefit in the first-line treatment of GC .
Also, nimotuzumab proved no advantage in combination
with irinotecan (a phase II study on 82 irinotecan-naive
patients with Adv GC), with registered PFS of 73.0 d vs
85.0 d (P = 0.5668), and mOS of 250.5 d vs 232.0 d
(P = 0.9778) for the patients receiving irinotecan with
nimotuzumab vs those receiving irinotecan alone. Still,
this combination presented a potential improvement in
the EGFR 2+/3+ group (PFS: 118.5 d vs 59.0 d and OS:
[116]
358.5 d vs 229.5 d) .
Trastuzumab is a humanised IgG1 monoclonal
antibody that targets the extracellular domain of
HER2 and prevents HER2 shedding, inhibits MAPK and
PI3K/Akt pathways, and induces ADCC by activating
[117,118]
[119]
NK cells
. Trastuzumab is approved by FDA
[120]
and by EMA
for treatment of breast cancer and of
metastatic GC. At present, on clinicaltrials.gov, there
are 67 studies on GC including trastuzumab: 2 in phase
IV, 5 in phase III, 2 in phase II/III, 29 in phase II, 8 in
phase I/II (including 2 ongoing studies that imply NK
cells) and 10 studies in phase I. In ToGA study (phase
III, NCT01041404), trastuzumab administrated with
fluoropyrimidine/cisplatin improved PFS (6.7 vs 5.5,
P = 0.0002) and mOS (13.8 vs 11.1, P = 0.0046) in
[121]
patients with HER2+ advanced GC
. In a phase II
study including patients with HER2+ advanced GC
(NCT01228045), the use of trastuzumab with S-1 and
cisplatin induced mOS of 14.6 mo and mPFS of 7.4
mo, at 6 mo 62.6% of patients being free from disease
progression, this combination proving good activity and
[122]
being well tolerated . The combination of trastuzumab
with oxaliplatin/capecitabine in patients with HER2+
advanced GC was evaluated in other phase II clinical
trial (CGOG1001, NCT01364493). The registered PFS
and mOS were 9.2 and 19.5 mo, respectively. Patients
with a greater HER2/CEP17 ratio proved a better OS
[123]
(20.9 mo vs 19.5 mo, P = 0.001) .
[124]
In a retrospective study reported by Palle et al
were evaluated 104 patients with HER2 + GC who
received after first-line chemotherapy (fluoropyrimidine
and cisplatin or oxaliplatin, plus trastuzumab), one
of the following second line chemotherapy regimens:
FOLFIRI, taxane (paclitaxel or docetaxel) or platinumbased chemotherapy (different from that used in firstline), with or without trastuzumab. The continuation of
trastuzumab was associated with an increased PFS (4.4
mo vs 2.3 mo, P = 0.002) and OS (12.6 mo vs 6.1 mo,
P = 0.001). Therefore the administration of trastuzumab
in combination with second line chemotherapy proves
[124]
clinical benefit in patients with HER2+ advanced GC .
Pertuzumab is a humanized monoclonal antibody
that inhibits HER2 by preventing its dimerization and acts
[125]
at different epitope than trastuzumab . Pertuzumab
[126]
[127]
is approved by FDA
and by EMA
for treatment of
HER2-positive breast cancer. Regarding gastric cancer
pertuzumab is implicated in 5 clinical trials (4 ongoing)
reported on clinicaltrials.gov: one in phase III, one in
phase II/III and 3 in phase II, but still proved no benefit,
alone or in combination with other drugs.
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[139]

Lapatinib is a tyrosine kinase inhibitor that inhibits
[128]
both HER2 and EGFR
. It is approved by FDA as
®[129]
[130]
Tykerb
and by EMA as Tyverb
for breast cancer
treatment. In gastric cancer, lapatinib is included in 10
clinical trials on clinicaltrials.gov: 2 in phase III, 6 in
phase II and 2 in phase I. In the phase III TyTAN trial
(NCT00486954), including Asian patients with Her2+
GC, mOS/PFS were 11.0/5.4 mo in patients receiving
lapatinib plus paclitaxel vs 8.9/4.4 mo in patients
receiving paclitaxel alone (P = 0.1044), the combination
of lapatinib and paclitaxel proving activity in the second[131]
line treatment of patients with HER2+ advanced GC .
VEGF signaling pathway: VEGF signaling represents
an essential factor for tumour angiogenesis and
lymphangiogenesis being involved in growth, invasion,
and metastatic spread of solid neoplasms. VEGF family
consists of 7 members: VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, VEGF-F, and PlGF (placental growth
factor), which act through specific tyrosine kinase
receptors (VEGF VEGFR1, VEGFR2, and VEGFR3).
VEGF expression and serum levels are correlated
with advanced stage disease and poor outcome in
gastric cancer patients. Preclinical studies showed
that EGFR2 inhibition decreased tumor growth and
[132,133]
angiogenesis
. The most important approaches for
targeting VEGF signaling use the monoclonal antibodies
Bevacizumab (anti-VEGF-A mAb), and Ramucirumab
(anti-VEGFR-2 mAb) and also VEGFR-targeted tyrosine
kinase inhibitors: Sunitinib, Sorafenib, Cediranib, and
[134]
Apatinib .
Bevacizumab (Avastin) is a humanized monoclonal
antibody that targets VEGF proving an anti-angiogenic
[135]
[136]
[137]
effect
. It is approved by FDA
and EMA
for
treatment of metastatic cancer of the colon (large
intestine) or rectum, metastatic breast cancer, advanced
non-small cell lung cancer, advanced or metastatic
kidney cancer, epithelial cancer of the ovary, cancer of
the fallopian tube or the peritoneum) and persistent,
recurrent or metastatic cervix cancer. Regarding GC,
bevacizumab is implicated in 23 clinical trials reported on
clinicaltrials.gov: 1 in phase IV (status unknown), 2 in
phase III, 16 in phase II, 2 in phase I/II and 2 in phase
I. In the phase III AVAGAST trial (NCT00548548) the
addition of bevacizumab to capecitabine, 5-fluorouracil
and cisplatin regiment improved PFS (6.7 mo vs 5.3
mo) and mOS (12.1 mo vs 10.1 mo) of patients with
locally advanced or metastatic GC. The obtained
results highlighted the influence of regional healthcare
environment on overall survival differences observed in
[138]
this study . Based on these conclusions, in the phase
III AVATAR study (NCT00887822), bevacizumab was
tested in combination with capecitabine and cisplatin
in Chinese patients with advanced gastric cancer.
PFS and OS were similar in both tested arms (with/
without bevacizumab): 6.3 vs 6.1 (P = 0.3685) and
10.5 vs 11.4 (P = 0.8636) respectively, and no new
safety signals were reported comparing with AVAGAST
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[60]

study . In a phase II study reported by Kim et al ,
bevazicumab was tested in combination with docetaxel,
capecitabine, and cisplatin on patients with unresectable
locally advanced or metastatic GC. The registered mPFS
[60]
and OS were 13.1 mo and 38.6 mo, respectively . In
GASTRIC-3 trial, the combination of bevacizumab with
oxaliplatin and irinotecan followed by docetaxel, followed
by bevacizumab maintenance, was tested on patients
with advanced GC. PFS was 7.0 mo and mOS was 11
mo. Notable, two patients continued on bevacizumab
maintenance for more than 5 years showing long-term
tumour remission. As such, the regimen formed of
oxaliplatin/irinotecan and docetaxel plus bevacizumab
followed by bevacizumab maintenance is feasible for
[61]
metastatic GC treatment .
Ramucirumab is a humanized monoclonal antibody
that targets selectively VEGFR2 and inhibits angi
[140]
[141]
[142]
ogenesis . It is approved by FDA
and EMA
for
advanced GC, metastatic colorectal cancer, and non-small
cell lung cancer treatment. The clinical phase III studies
REGARD (NCT00917384) (best-supportive care with/
without ramucirumab) and RAINBOW (NCT01170663)
(paclitaxel with/without ramucirumab) demonstrated
significant survival benefits and manageable toxicity of
ramucirumab administration in patients with advanced
[63,64,114,143,144]
GC
. Based on the results obtained in
RAINBOW trial, Ramucirumab has been approved by FDA
as a single agent or in association with paclitaxel for the
treatment of the patients with advanced or metastatic
[95]
gastric and gastroesophageal junction . At present, on
clinicaltrials.gov ramucirumab is implicated in 19 studies:
5 in phase III, one in phase II/III, 6 in phase II, 3 in phase
I/II, and 4 in phase I.
Apatinib (YN968D1) is a selective inhibitor for
VEGFR2, also slightly inhibiting c-Kit and c-Src tyrosine
[145]
kinases . Currently it is involved in 39 clinical trials
on GC according to clinicaltrials.gov: 3 in phase IV,
4 in phase III, 5 in phase II/III, 17 in phase II, 1 in
phase I/II and 3 in phase I. In a phase III clinical trial
(NCT01512745) involving patients with advanced GC,
apatinib showed an improved PFS (2.6 mo vs 1.8 mo,
P = 0.0156) and mOS (6.5 mo vs 4.7 mo, P = 0.0149)
[146,147]
comparing with placebo
. Administration of apatinib
induces progression-free survival rather than post[148]
progression survival
. In an observational study,
apatinib seems to be more effective in patients previously
[149]
treated with antiangiogenic therapy .
In conclusion, considering all the studies presented,
it can be ascertain that drugs directed against VEGFR-2
are more effective than those targeting VEGF-A
PI3K/AKT/mTOR signaling pathway: This signaling
cascade is frequently perturbed in human cancers being
associated with therapy resistance. Mutations and/or
amplifications of PIK3CA gene or loss of function of
tumour suppressor protein PTEN were identified in GC,
[1,150]
especially in EBV and the MSI subtypes
. However,
phase III and II studies evaluating inhibitors of mTOR
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(Everolimus) and AKT (MK-2206) respectively, reported
negative results. It should be noted that in these studies
the patients were not selected based on PI3K signaling
[151,152]
pathway activation
. The AKT inhibitor AZD5363
effects are being evaluated in combination with paclitaxel
in patients with advanced gastric adenocarcinoma
harboring PIK3CA mutation or amplification as a second
line chemotherapy (NCT02451956). As well, AZD2014,
an mTOR inhibitor that targets both mTORC1 and
[153]
mTORC2 complexes , is implicated in phase II clinical
studies as second-line chemotherapy.
Everolimus (RAD001) is a rapamycin analog that
[154]
[155]
targets mTOR
. It is approved by FDA
and by
[156]
®
EMA
as Afinitor for breast cancer, pancreatic neuro
endocrine tumours, neuroendocrine tumors originating in
the lungs or gut, and for advanced renal cell carcinoma
treatment. In GC everolimus is tested in 14 clinical trials
on clinicaltrials.gov: 2 in phase III, 5 in phase II, 3 in
phase I/II and 4 in phase I. Everolimus was evaluated
in combination with paclitaxel in a phase III trial
(NCT01248403) in patients with advanced GC pretreated
with fluoropyrimidines-containing regimen, the obtained
PFS and mOS in patients that received paclitaxel with
everolimus compared to those that received only
paclitaxel being 2.2 mo vs 2.07 mo (P = 0.3) and 6.1
[68]
vs 5.1 mo (P = 0.48), respectively . As a result, the
addition of everolimus to paclitaxel does not improve the
outcomes in pretreated metastatic GC. In other phase III
study (GRANiTE-1, NCT00879333), everolimus efficacy
and safety was compared with that of best supportive
care (BSC) in patients with previously treated advanced
GC. PFS were 1.7 mo vs 1.4 mo for patients that received
everolimus vs placebo group, while mOS were 5.4 mo vs
[151]
4.3 mo (P = 0.124), respectively .

extracellular domain of the receptor and inhibits HGF
[159]
binding . At the moment it is involved in two clinical
trials on GC on clinicaltrials.gov: one in phase III and
one in phase II. In the phase II study (NCT01590719)
onartuzumab was investigated in combination with
mFOLFOX6 in patients with metastatic EGFR2-negative
GC. In mFOLFOX6 plus onartuzumab group, the PFS
and mOS were 6.77 and 10.61 mo, respectively, while
in the mFOLFOX6 plus placebo group, the PFS and
mOS were 6.97 (P = 0.71) and 11.27 mo (P = 0.83),
respectively. In the MET+ population, PFS were 5.95 mo
vs 6.80 mo (P = 0.45) and mOS were 8.51 mo vs 8.48
mo (P = 0.80) in the onartuzumab vs placebo group.
Therefore, the addition of onartuzumab to mFOLFOX6
regiment did not improve the outcome of GC patients,
[160]
including MET+ ones .
Rilotumumab (AMG102) is a human IgG2 mono
clonal antibody that targets HGF and inhibits HGF/MET
[161]
signaling . Althought at present on clinicaltrials.gov
are mentioned 5 trials on GC that use rilotumumab,
only one of them is ongoing - a phase II study that
evaluate the combination of FOLFOX with AMG 102
or Panitumumab. Two studies (phase III), RILOMET 1
(NCT01697072) and RILOMET 2 (NCT02137343) were
stopped early by Amgen (rilotumumab developer) due
to higher number of deaths in the rilotumumab group
[161,162]
than in the placebo group
.
Even if there are a lot of clinical trials testing a
wide range of inhibitory molecules in GC patients,
Trastuzumab and Ramucirumab (targeting HER2 and
VEGFR2 respectively) are the only targeted therapies
approved so far.

HGF/HGFR signaling: Hepatocyte growth factor
(HGF) and its receptor encoded by the MET gene, play
key roles in tumour growth through activated signaling
pathways in GC cells. Genomic amplification of MET was
identified in 4% of patients with gastric cancer and is
related to survival. Moreover, preclinical studies suggest
that inhibition of MET expression using antibodies
or small-molecule inhibitors suppress tumor-cell
proliferation and tumor progression in MET-amplified
GC cells. Several molecules targeting the MET/HGF
signaling have been developed, including monoclonal
antibodies [against either HGF (Rilotumumab), or
MET (Onartuzumab)] and MET small kinase inhibitors
(Foretinib). These inhibitors were evaluated in clinical
trials as target therapies for metastatic or unresectable
[157]
gastric cancer . Unfortunately, negative results were
obtained in several phases II and III clinical trials due to
a higher rate of serious toxicities or an increase in the
[158]
number of deaths . The failure of these trials could be
explained by an inappropriate selection of the patients
that could benefit from the therapy, emphasizing the
need to identify new inhibitors for this molecule.
Onartuzumab is an E. coli-derived humanized
monoclonal antibody that targets MET by binding to the

Given the large number of clinical trials currently taking
place, one may ask why only two compounds have
been validated for GC therapy. How can be explain
these many failures? First of all, these drawbacks may
be due to the high degree of intra-tumour heterogeneity
frequently displayed by GC and to the fact that most
often clinical trials did not performed a preliminary
patient selection for the molecular alteration of the
target, a mandatory issue if it is desired to test the
efficacy of certain inhibitor to the given target. From
this point of view, the recent in-depth molecular studies
that allowed stratification of patients in GC subtypes
based on genomic alteration, represent a substantial
advance as well as a powerful tool for targeting therapy.
The implementation of the novel system in which
GC patients can be classified in molecular subtypes
will bring a real progress in clinical trials, allowing the
evaluation of the efficiency of each compound in specific
molecular subtypes. Moreover, the new perspective
opened by the successful use of immune checkpoints
inhibitors in PD-1 and PD-L1/2 positive GC like EBV
positive, MSS/TP53+ or MSI subtypes, can open the
way for combination of emerging immunotherapies with
molecularly targeted drugs, and these findings could

WJG|www.wjgnet.com

CONCLUSION

1954

May 14, 2018|Volume 24|Issue 18|

Chivu-Economescu M et al . Clinical perspectives for molecular GC subtypes
have important translational relevance in the field of GC
therapy. Finally, we can conclude that in the attempt
to improve the quality of medical care, we have to
increase the speed in GC research fields and to develop
new therapeutic approaches with high clinical benefits
and minimum adverse effects.
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Innate lymphoid cells (ILCs) are defined as a distinct
arm of innate immunity. According to their profile of
secreted cytokines and lineage-specific transcriptional
factors, ILCs can be categorized into the following
three groups: group 1 ILCs (including natural killer
(NK) cells and ILC1s) are dependent on T-bet and
can produce interferon-γ; group 2 ILCs (ILC2s) are
dependent on GATA3 and can produce type 2 cytokines,
including interleukin (IL)-5 and IL-13; and, group 3
ILCs (including lymphoid tissue-like cells and ILC3s) are
dependent on RORγt and can produce IL-22 and IL-17.
Collaborative with adaptive immunity, ILCs are highly
reactive innate effectors that promptly orchestrate
immunity, inflammation and tissue repair. Dysregulation
of ILCs might result in inflammatory disorders. Evidence
regarding the function of intrahepatic ILCs is emerging
from longitudinal studies of inflammatory liver diseases
wherein they exert both physiological and pathological
functions, including immune homeostasis, defenses
and surveillance. Their overall effect on the liver
depends on the balance of their proinflammatory and
antiinflammatory populations, specific microenvironment
and stages of immune responses. Here, we review
the current data about ILCs in chronic liver disease
progression, to reveal their roles in different stages
as well as to discuss their therapeutic potency as
intervention targets.
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to be the innate equivalents of CD8 cytotoxic T (Tc)
[6]
cells .
Group1 ILCs comprise both Eomes-dependent NK
[7]
cells and T-bet-dependent ILC1s . Upon stimulation
by interleukin (IL)-12, IL-15 and IL-18 derived from
both myeloid cells and nonhematopoietic cells, the
ILC1s can produce Th1 cell-associated cytokines,
such as interferon (IFN)-γ and tumor necrosis factor
(TNF)-α, which play critical roles in clearing intracellular
[8,9]
pathogens
. Distinguished from ILC1s, NK cells
depend on Eomes to develop and exert their cytotoxic
[10,11]
functions by secreting granzymes and perforin
.
Group 2 ILCs (ILC2s), being dependent on GATA3 and
ROR-α and respondent to epithelium-derived cytokines
IL-25, IL-33 and thymic stroma lymphopoietin (TSLP),
can produce Th2 effector cytokines (IL-4, IL-5, IL-9,
IL-13 and amphiregulin), thus playing a critical role in
antihelminth immunity and allergic inflammation as well
[12-15]
as tissue repair
. Finally, group 3 ILCs are dependent
on RORγt and mainly respondent to myeloid cell-derived
IL-1β and IL-23. These ILCs include lymphoid tissue-like
(LTi) cells and ILC3s, which can produce IL-22, IL-17,
granulocyte macrophage colony-stimulating factor and
TNF, thus showing great significance in antibacterial
[16-18]
immunity
(Figure 1).
Dysregulation of ILCs can cause severe inflammation
[19]
[20]
[21]
[22]
and injury in gut , lung , skin and liver . During
the past 5 years, a growing number of studies have
investigated the roles of ILCs in inflammatory, fibrotic
[23-27]
and cancerous liver diseases
. Herein, we summarize
the present knowledge of ILCs to reveal their complicated
and versatile effects and the underlying mechanism in
chronic liver diseases, in order to provide perspectives of
new therapeutic strategies.

Core tip: Innate lymphoid cells (ILCs), mirroring both
the phenotypes and functions of T cells, have been
defined as a distinct arm of innate immunity. There has
been a marked increase in the studies investigating
the dysregulation of ILCs in chronic liver pathologies.
This manuscript presents a comprehensive overview of
the state of ILCs, including the fundamental concepts
as well as summarizing their ambiguous roles in the
progression of the chronic liver hepatitis, fibrosis and
carcinoma. It also provides an insight into the current
research gaps and indicates the therapeutic potency
and development direction of future research of ILCs.
Shen Y, Li J, Wang SQ, Jiang W. Ambiguous roles of innate
lymphoid cells in chronic development of liver diseases. World
J Gastroenterol 2018; 24(18): 1962-1977 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i18/1962.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i18.1962

INTRODUCTION
Liver diseases usually evolve from inflammation to
fibrosis, with cirrhosis manifested in the advanced
stage, and serving as a well-determined major risk
factor of liver cancer. Liver disease remains a major
health problem, affecting millions of people worldwide.
Ongoing chronic inflammation in the liver induced by
infections, hepatotoxic drugs, autoimmunity, alcohol
abuse or toxins will result in liver fibrosis, which is the
consequence of an irreversible, progressive condition
occurring in most types of chronic liver diseases and
characterized by excessive deposition of extracellular
[1]
matrix (ECM) proteins, mainly composed of collagen .
The situation where ECM formation is prompted by
activated hepatic stellate cells (HSCs) outweighs the
collagen degradation by matrix metalloproteases (MMPs)
and will lead to structural distortion of the normal liver
tissue and functional impairment; furthermore, it is
associated with an increased risk of cirrhosis, portal
hypertension and subsequent liver failure and liver
[2-4]
cancer
. Tremendous efforts have been made to
design strategies which could prevent liver disease
progression.
Innate lymphoid cells (ILCs) are a recently identified
group of mononuclear hematopoietic cells which
encompass not only cytotoxic natural killer (NK) cells
but also noncytotoxic ILCs, and are involved in immunity
and tissue remodeling. Though characterized with
lymphoid morphology, ILCs lack the rearranged antigen
receptors and are defined as cell lineage marker[5]
negative (Lin ) cells . ILCs mirror both the phenotypes
and functions of T cells, for which noncytotoxic ILCs
+
have been proposed as the innate counterparts of CD4
T helper (Th) cells, whereas NK cells are considered
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LIVER INFLAMMATION
Group 1 ILCs

There are two distinct NK populations in murine liver,
+
+
CD49a CD49b and CD49a CD49b cells. The CD49a
+
CD49b subset represents conventional (c)NK cells,
+
which circulate in the blood. The CD49a CD49b subset
has ever been considered as tissue-resident (tr)NK cells
or ILC1s in previous studies, which are beside dendritic
cells (DCs) localizing in the sinusoids of the portal
[28,29]
area
. Both cNK and trNK cells express natural
cytotoxicity receptors and require IL-15 signaling
for their development. Compared to cNK cells, trNK
cells have relatively lower expression of CD11b, Ly49
receptors, CD43 and KLRG1, but higher expression of
CXCR3 and CXCR6, which is a chemokine receptor for
CXCL16 responsible for the enrichment of natural killer
T (NKT) cells in the liver and can provide intravascular
[30,31]
immune surveillance
. In parallel, human livers
bright
dim
contain CD56
and CD56 (accounting for 90%)
NK cells, respectively representing the equivalents of
murine cNK and trNK cells. With respect to function,
bright
CD56
NK cells are prominent cytokine producers,
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Figure 1 Developmental pathways and classification of innate lymphoid cells. ILCs are derived from a CLP. With the same phenotype as CLP as well as
expressing α4β7 integrin, αLP gives rises to cytotoxic NK cells and differentiates into a CHILP, which gives rise to all noncytotoxic ILCs. The transcription factor PLZF
further divides the progeny of CHILPs into a PLZF+ ILCPs that are restricted to ILCs except LTi cells and PLZF-independent LTi cells. Group 1 ILCs comprise both
Eomes-dependent NK cells and T-bet-dependent ILC1s. They could produce IFN-γ and TNF-α in response to the stimulation by IL-12, IL-15 and IL-18. NK cells can
also secrete granzymes and perforin to exert cytotoxic functions. Dependent on GATA3 and ROR-α as well as respondent to cytokines IL-25, IL-33 and TSLP, group
2 ILCs could produce Th2 effector cytokines (IL-4, IL-5, IL-9 and IL-13 and amphiregulin). Group 3 ILCs encompass both RORγ-dependent LTi cells and ILC3s. They
can produce IL-22, IL-17 and GM-CSF, mainly in response to IL-1β and IL-23. αLP: α-lymphoid progenitor; CHILP: Common helper-like innate lymphoid progenitor;
CLP: Common lymphoid progenitor; GM-CSF: Granulocyte macrophage colony-stimulating factor; IL: Interleukin; ILC: Innate lymphoid cell; ILCP: Innate lymphoid
cell precursor; INF: Interferon; LTi: Lymphoid tissue-like; NK: Natural killer; PLZF: Promyeloid leukemia zinc finger; Th: T helper; TNF: Tumor necrosis factor; TSLP:
Thymic stroma lymphopoietin.
dim

[32]

whereas CD56 NK cells are efficient killers .
Liver is an immune-tolerant organ predisposing for
chronic infections of certain clinically significant path
ogens. As an organ with predominant innate immunity,
the liver is enriched with NK cells, which account for
25%-50% of total intrahepatic lymphocytes and are
responsible for killing transformed cells and viruses.
The cytotoxicity of NK cells is regulated by both
[33,34]
cytokines and surface receptors
. IFN-γ is one of
the most prominent cytokines derived from NK cells to
exert antiviral, antifibrotic and antitumorigenic effects.
Furthermore, it has been demonstrated that cNK rather
than trNK cell-derived IFN-γ promotes Th1 polarization
+
and secondary CD8 cytotoxic lymphocyte (CTL)
responses, the major effectors for clearance of hepatic
[35]
B virus (HBV) in transgenic HBV mouse models .
Meanwhile, the interactions of NK cells with hepatocytes
via the NKG2A inhibitory receptor could prime DCs to
+
+
induce CD4 CD25 regulatory T cells (Tregs), which will
in turn up-regulate the expression of NKG2A on NK cells
via IL-10 production, thus impairing the antiviral ability
[36,37]
of NK cells
.
In the pathogenesis of chronic HBV infection (CHB),
ILC1s have potential proinflammatory effects that
mirror Th1 cells in adaptive immunity exactly. First, in
patients with CHB, liver injury has been significantly
associated with enhanced ILC1s’ response, as reflected
by markedly elevated levels of T-bet, IFN-γ and IL-12
signaling. Besides, decreased ILC1-produced IFN-γ has
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been found to have a connection with the telbivudine[23]
induced alleviation of liver injury in CHB patients .
These results could be explained by the study of
[38]
Krueger et al , in which it was demonstrated that
+
CD49a ILC1s could inhibit expression of CXCL9, which
was further required for robust accumulation of IFN+
+
γ CD49b NK cells during the early phase of adenovirus
infection. In this way, ILC1s played a role in maintaining
the liver as a tolerogenic site as a result of increased
expression of NKG2A receptors compared with NK cells,
which would further suppress the activation of liver
+
CD103 DCs, thus interrupting the priming of antigen+
specific, antiviral CD8 T cells and the clearance of virus.
The mechanism was found to be the same in hepatitis
-/C virus infection for which NKG2A patients showed
[39,40]
resistance
. To conclude, ILC1s help to maintain the
tolerance of liver in normal conditions, and blockage of
+
NKG2A signaling to generate potent anti-viral CD8 T
cell responses required for the elimination of persistent
liver pathogens may prove to be a novel therapeutic
strategy (Figure 2A).

Group 2 ILCs

IL-33 belongs to the IL-1 superfamily, which is alarmins
secreted by epithelial cells upon cellular stress and tissue
damage. Upon binding to its specific heterodimeric
receptor which comprises the ST2 and IL-1 receptor
accessory protein, IL-33 is able to induce strong
expression of Th2-like cytokines, thus balancing the Th1
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Figure 2 Protective and pathogenic roles of innate lymphoid cells in hepatic inflammation. A: cNK cells could produce IFN-γ to enhance the priming of CD8+
T cells to clear HBV. The interactions of NK cells with hepatocytes via NKG2A inhibitory receptor could prime DCs to induce CD4+CD25+ Tregs, which would in turn
up-regulate the expression of NKG2A on NK cells via IL-10 production, thus impairing the antiviral ability of NK cells. Because of increased expression of NKG2A
on ILC1s in hepatic Ad as well as hepatitis C virus infection, ILC1s play a role in maintaining the liver as a tolerogenic site by inhibiting CXCL9 expression, which is
required for the accumulation of cNK cells. This would further impair the activation of liver CD103+ DCs, thus interrupting the proliferation of virus-specific CD8+ T
cells and the clearance of virus; B: In ConA-induced immune hepatitis, hepatic ILC2s could amplify inflammation through the expression of IL-5 to recruit eosinophils
in response to IL-33 released upon liver tissue damage. The inflammatory activity of endogenous ILC2s in immune-mediated hepatitis might be regulated by IL-33elicited ST2+ Tregs. Besides, in Ad-induced viral hepatitis, a strong expression of ILC2s was induced by IL-33 to exert a protective role through down-regulation of the
hepatotoxic cytokine TNF-α in T cells and macrophages. Both the proinflammatory and protective roles of ILC2s in hepatitis are part of IL-33 action; C: In immune
hepatitis, ILC3-derived IL-22 has a protective role in ConA- and carbon tetrachloride-induced hepatitis, while IL-17 plays a pathological role in ConA-induced hepatitis.
Besides, Notch-mediated IL-22 is an important mediator of the inflammatory response in HBV infection, being responsible for the recruitment of antigen-nonspecific
inflammatory cells into the liver and subsequent liver injury. In Ad-induced acute hepatitis, the IL-17A/F signaling is critical for adaptive T response and is responsible
for affected lymphocyte infiltration and hepatic inflammation. Ad: Adenovirus; cNK: Conventional natural killer; ConA: Concanavalin A; DC: Dendritic cell; HBV:
Hepatitis B virus; IL: Interleukin; ILC: Innate lymphoid cell; NK: Natural killer; Tregs: T regulatory cells.
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[41,42]

immune response
. Epithelial cells, hepatocytes and
HSCs have been reported as the main sources of IL-33 in
[43,44]
the liver
. The expression of IL-33 shows significant
connection with chronic liver diseases, such as persistent
[45-47]
[43]
[48]
viral infection
, liver fibrosis and liver failure .
It has been demonstrated that through interaction
with ST2, IL-33 induces production of the inflammatory
cytokine IFN-γ, as well as Fas-FasL interaction between
hepatocytes and NKT cells in concanavalin A (ConA)induced hepatitis, which is a well-established murine
model of T-cell mediated hepatitis, resembling the
[49,50]
pathology of immune-mediated hepatitis in humans
.
[24]
Neumann et al further demonstrated that IL-33-elicited
ILC2s were also involved in the pathogenic process of
murine immune-mediated hepatitis. In response to the
release of IL-33 upon liver tissue damage induced by
+
CD4 T cells, hepatic ILC2s were found to be poised
to produce type 2 cytokines, including IL-13 and IL-5.
Recruitment of eosinophils induced by IL-5 could be one
mechanism by which ILC2 amplifies inflammation during
immune hepatitis, and IL-13 was indicated to have a
[51]
prominent role in chronic diseases . Exogenous IL33-elictied hepatic ILC2s appear to aggravate immunemediated hepatitis, while the inflammatory activities
of endogenous ILC2s might be regulated by IL-33+
elicited ST2 Tregs, which showed strong expansion in
immune-mediated hepatitis as well. These findings are
consistent with those of the previous study that revealed
IL-33/ST2 axis to exert a protective role in ConA-induced
hepatitis by preventing Th1 and Th17 cell-mediated
hepatic immune responses, promoting IL-4 production
+
of CD4 liver-infiltrating T cells, elevating the total
+
+
number of CD4 Foxp3 Tregs together with affecting
[52]
the expression of apoptotic or antiapoptotic proteins .
These results suggest that the proinflammatory role of
ILC2s in immune-mediated hepatitis is part of the action
mechanism of IL-33. Multiple modules of the immune
response should be taken into consideration when
investigating its overall protective or pathogenic effect on
the liver.
What’s more, the IL33/ST2 axis has also been
+
shown to play a crucial role in driving antiviral CD8 and
+
[53,54]
[55]
CD4 T cell responses
. On one hand, Liang et al
demonstrated that, as a newly discovered damageassociated molecular pattern molecule, IL-33 can
promote innate IFN-γ production by γδT cells and NK
cells. It could also modulate DC responses to enhance
the plurifunctionality of antiviral T cells in lymphocytic
choriomeningitis virus-induced hepatitis in mice, while
it was also further demonstrated that ILC2s were not
[56]
involved in this process . On the other hand, IL-33
was able to directly engage multiple arms of immune
mechanisms to mediate potent hepatoprotective effects
in adenovirus-induced hepatitis, wherein strong CTL,
+
CD4 Th and B lymphocyte responses share common
characteristics with a number of hepatotropic viruses,
including hepatitis A virus, HBV, cytomegalovirus, herpes
simplex and Epstein-Barr virus. It significantly inhibited
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the expression of TNF-α in T cells and macrophages
and induced a strong expression of IL-5- or IL-13expressing-Lin nuocytes to further down-modulate the
[57]
hepatotoxic cytokine TNF-α . An increased number of
+
- +
Lin 13 or Lin 5 cells were found in the livers of Lin cells
adoptively-transferred mice. Though the serum level of
alanine aminotransferase and hepatic TNF-α presented
a downward trend, there was no statistical significance
[58]
compared with control groups . These results also
suggest that the potential protective role of ILC2s in
viral hepatitis might only be one facet of the complex
mechanisms of IL-33, but this still remains to be further
elucidated (Figure 2B).

Group 3 ILCs

Dependent on RORγt and IL-7, ILC3s induce the
production of IL-17 and IL-22 upon stimulation by IL-23
and IL-1β. IL-22 is a member of the IL-10 cytokine
family and has a crucial role in inflammation, immune
surveillance and tissue homeostasis. In the inflammatory
context, IL-22 has both proinflammatory and protective
[59,60]
properties
. The proinflammatory nature of IL-22
has been shown in mouse models with diseases such
[61,62]
as psoriasis and rheumatoid arthritis
. In contrast,
the protective role has been shown in inflammatory
[63]
[64]
bowel disease , hepatitis
and pathogenic bacterial
[65,66]
infection
. Hepatocytes are important targets of
IL-22, for it can induce the expression of acute-phase
proteins, several antiapoptotic proteins and mitogenic
[67-69]
proteins, to protect cells against liver tissue damage
.
IL-22 can also act on liver stem or progenitor cells, which
[70]
are important in chronic and severe liver injury .
In ConA-induced acute immune hepatitis, the ex
pression of IL-23 combined with activated Notch sig
naling resulted in an aryl hydrocarbon receptor (AHR)dependent production of IL-22, as well as in an RORγtdependent production of IL-17. IL-22 was shown to play
a protective role, while IL-17 was shown to be critical
[71]
for the pathogenesis in liver tissue . The protective
role of IL-22 in hepatitis was consistent with findings of
a previous study that identified NKT and T cells, rather
[64]
than ILC3s, as the main sources of IL-22 . Later, it
[72]
was confirmed by Abe et al
that, combined with the
suppression of IFN-γ from NKT cells induced by AHR, IL22-producing ILC3s were also involved in the protective
process in ConA-induced acute hepatic injury, as high
+
+
IL-22 mRNA levels were found in CD3 Sca1 Thy1 cells
+
rather than in CD3 T cells after stimulation by IL-23.
-/Besides, the same results were obtained in RORγt
mice; specifically, there was almost no IL-22 production
-/in the hepatic mononuclear cells of Ahr or Ahr and
recombination activation gene (RAG) double-negative
mice, thus further suggesting that the major sources of
IL-22 were both RORγt- and AHR-dependent ILC3s. In
addition, the decreased frequency of IL-22-producing
+
high
ILC3s (Lin SCA-1 Thy1 ILCs) was consistent with the
severity of carbon tetrachloride-induced hepatitis of RAG-/-/-/[72]
2 *RORγt mice compared with that of RAG-2 mice .
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Taken together, all the results of these studies considering
+
RORγt hepatic ILC3s in immune-mediated hepatitis
suggest their protective roles against liver injury via IL-22
production. Compared with IL-22-producing Th17 cells,
which can play a protective role against liver injury as
well, hepatic ILC3s may be able to act in the early innate
[73]
immune response stage . On the contrary, IL-17,
another ILC3s-derived cytokine, has shown a pathological
role in ConA-induced hepatitis. The overexpression of IL17A resulted in massive hepatocyte necrosis, and antiIL[74]
17A blockage significantly ameliorated liver injury .
[75]
In addition, Lafdil et al
showed that liver injury was
alleviated in ConA-induced hepatitis among IL-17deficient mice.
On the other hand, however, IL-22 was identified as
a potent mediator of the inflammatory response in HBV
infection, following the recognition of HBV by T cells in the
[67,76]
liver
. It was further confirmed that inhibition of Notch
signaling in vivo would lead to decreased ILC22 and LTi4
cells, along with down-regulated expressions of IL-22
and related proinflammatory cytokines and chemokines
in the liver. As a result, subsequent liver injury was
alleviated due to blockage of the recruitment of antigennonspecific inflammatory cells into the liver, without
[77]
affecting HBV antigen production in HBV infection .
These results suggest the potential proinflammatory role
of Notch-mediated IL-22 and provide a new potential
therapeutic approach for the treatment of HBV. What’s
more, intrahepatic early IL-17 was found to be important
for activating antigen presenting cells in viral infection,
but the sources and regulation of IL-17 surges were
[78]
not well defined at first . It was further shown that
ILC3s, including a large proportion of NKP46 ILC3s and
+
a small part of the CD4 LTi cells, secreted IL-17A and
IL-17F shortly after adenovirus infection, in addition to
γδT cells. In adenovirus-induced acute hepatitis, the IL17A/F signaling was found to be critical for adaptive T
response and was responsible for affected lymphocyte
infiltration and hepatic inflammation, except in viral
clearance. The study also revealed the existence of the
compensatory IL-17F production for IL-17A deficiency
underlying the previous contradictory result that IL-17A
deficiency did not appear to thwart T cell activation and
[64,79]
liver inflammation
. Though there have been studies
showing Th17-derived IL-17 causes liver damage by
IL-23 activation, the role of ILC3-derived IL-17 remains to
be further clarified in chronic infection models, such as for
[80]
lymphocytic choriomeningitis virus and HBV infections .
To conclude, the downstream effector cytokines of ILC3s
may exert both proinflammatory and protective roles
according to the specific microenvironment, and more
studies are required to clarify their explicit role in liver
inflammation (Figure 2C).

activation as well as induce cell cycle arrest of HSCs
[81,82]
through IFN-γ
. They can also induce apoptosis of
activated HSCs through the TNF-related apoptosis[83,84]
inducing ligand (TRAIL) and Fas ligand pathways
.
These interactions between NK cells and HSCs are
regulated by NK cell receptors and cytokines. The
activation of HSCs in response to hepatocyte damage
leads to increased NK cell stimulation and decreased NK
cell inhibition. Firstly, increased amounts of retinoic acid
derived from activated HSCs was found to be associated
with elevated expression of RAE-1, a ligand for the
NKG2D-activating receptor. Together with MICA, RAE-1
could promote the killing of activated HSCs by NK
[85,86]
cells
. The NKp46 and NKp30 activating receptors
have also been shown to be involved in the amelioration
of liver fibrosis by inducing HSC killing by NK cells, in
[87,88]
both humans and mice
. Secondly, engagement
of Ly49 inhibitory NK cell receptors was found to be
reduced by the mechanism of siRNA-mediated silencing,
as a result of down-regulated major histocompatibility
[89,90]
complex (MHC) class I in activated HSCs
. Besides,
elevated surface expression of TRAIL in NK cells via
IFN-α, simultaneous with increased expression of TRAIL
receptors, in activated HSCs could also enhance HSC
[91,92]
killing by NK cells
. Instead, tumor growth factor
(TGF)-β down-regulates the surface expression of
NKG2D and 2B4 to suppress the antifibrotic role of NK
[93]
cells . Whether trNK cells exert a protective role in
liver fibrosis remains unclear. As a member of the IFNγ-producing group 1 ILCs, these cells may contribute to
the activation of NK cells by their production of IFN-γ,
[81]
which is crucial for the antifibrotic roles of NK cells .

Group 2 ILCs

LIVER FIBROSIS
Group 1 ILCs

NK cells can directly decrease the proliferation and
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[43]

In the study by Marvie et al , the over-expression of
IL-33 was shown to be closely associated with hepatic
fibrosis, in both human and mouse cases. Besides,
type 2 cytokines including IL-4 and IL-13 have been
considered as representatives of the most potent
[94]
fibrogenic factors . As the major sources of Th2-type
cytokines, ILC2s, which also require IL-33 for activation,
were proposed as potent profibrogenic factors in hepatic
[95]
fibrosis . It has been demonstrated that, in response to
ST2-dependent signaling owing to chronic hepatocellular
stress and tissue damage, IL-33 release leads to
accumulation and activation of IL-13-producing liver
resident ILC2s. The downstream effector cytokine IL-13
can further trigger the activation and transdifferentiation
of HSCs in an IL-4Ra- and STAT6-dependent manner
to induce potent fibrogenic responses, suggesting a
pathogenic capacity of ILC2s in the context of the tissue
[22]
damage response . In parallel, the study of human
[96]
liver fibrosis by Forkel et al
has identified primary
hepatocytes, HSCs and Kupffer cells as cellular sources of
IL-33 and TSLP, which could further potentially cause the
accumulation of ILC2s in fibrotic livers following TLR3activation, as a model for hepatitis C infection. There was
also a direct correlation found between the increase in
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frequency of intrahepatic ILC2s and the severity of liver
fibrosis. The induction of IL-13 by intrahepatic ILC2s
in response to IL-33 and TSLP was also confirmed,
suggesting the possibility of a similar mechanism in
[96]
humans and mice . These results provide an avenue
for investigation into the application of serum IL-33 as a
possible noninvasive diagnostic biomarker for uncovering
early inflammatory and fibrogenic events. Furthermore,
targeting ILC2s may represent a novel therapeutic
strategy for liver fibrosis treatment.

LIVER CANCER
Group 1 ILCs

Considering the potent tumor surveillance properties
of NK cells, a group of NK cell-associated genes in
hepatocellular carcinoma (HCC) tissues was positively
[102]
associated with prolonged survival
. Evidence of
dysfunction of NK cells in HCC has been observed, as
well, suggesting a strong connection between NK cells
[103]
and HCC progression .
Although there currently is no direct evidence re
vealing connections between ILC1s and liver tumor
immunity, the effects of their secreted cytokines have
been extensively investigated, among which IFN-γ was
shown to have prominent antiproliferative, antiangio
[104-106]
genic and proapoptotic effects against cancer cells
.
This cytokine can promote the up-regulation of MHC
molecules to induce the priming as well as antigen
processing and presentation of professional antigen
presenting cells, and has been shown to increase the
immunogenicity of tumor cells, thereby enhancing
[107,108]
antitumor responses
. In addition to promoting
+
the polarization of CD4 T cells into Th1 cells, it can
also boost the responses of macrophages, NK cells
[109,110]
and CTLs against tumor tissues
. TNF-α, another
cytokine secreted by ILC1s, can also play an antitumor
role by interfering with angiogenesis, cellular growth
and migration. Further, it can induce the recruitment of
macrophages and DCs, as well as the generation of CTLs,
[111,112]
leading to a strong antitumor immune response
.
Combined with the previously reported research findings,
+
+
+
a recent study which showed the NK1.1 CD49a CD103
ILC1-like cells could lyse tumor cells, dependent on the
activation of granzyme B and TRAIL, in an oncogeneinduced cancer model also supports the protective
[113]
function of ILC1s in antitumor immunity . However, its
protective function can be hampered in cancer patients,
as ILC1s of acute myeloid leukemia patients were
found to be dramatically impaired in their production of
IFN-γ and TNF-α compared to those of healthy control
[114]
subjects .
It was also demonstrated that both IFN-γ and TNF-α
could play ambiguous roles in cancer immunity. The
protumor function of IFN-γ involves increased proliferative
and antiapoptotic signals, as well as escape of the
tumor cells from recognition and cytolysis by CTLs and
[115]
NK cells . TNF-α is also involved in tumor formation,
growth and spread considering its versatile impacts
on the expression of angiogenic and growth factors,
[111,116,117]
cytokines, adhesion receptors and proteases
.
[118]
Recently, Gao et al
demonstrated that CD49a
+
+
CD49b Eomes NK cells could convert into intermediate
+
+
+
CD49a CD49b Eomes type 1 innate lymphoid cells
+
(intILC1s) and CD49a CD49b Eomes ILC1s in tumor
microenvironment in a TGF-β signaling-dependent
manner. Strikingly, distinguishable from the potent
tumor surveillance properties of NK cells, intILC1s and
ILC1s were incapable of controlling local tumor growth

Group 3 ILCs

As one of the ILC3s’ downstream effector cytokines, IL-22
has been shown to promote the survival and proliferation
of epithelial cells (e.g., hepatocytes), suggesting its
[64,68]
possibility of involvement in liver fibrosis
. Upon
binding to IL-22R1 and IL-10R2 on HSCs, IL-22 can
induce senescence of the HSCs following the activation
of a STAT3/SOCS3/p53 signaling axis, which represents
[97]
an important strategy to ameliorate liver fibrosis .
It could also inhibit HSC apoptosis, without affecting
HSC proliferation. By means of enhancement of in vivo
clearance of senescent HSCs, most probably by NK cells,
simultaneous to reduction of released tissue inhibitor of
metalloprotease 2 to promote MMP activities and downregulate the deposition of collagen, the senescence
of activated HSCs played an important role in limiting
[86,98]
liver fibrosis
. The expression of α-smooth muscle
actin was also down-regulated in response to IL-22, but
[97]
this effect was not associated with senescent HSCs .
Besides, elevated systemic IL-22 level - independent
of age, liver-related complications, C-reactive protein,
creatinine and model for end-stage liver disease score
- could be predictive for reduced survival prognosis
in patients with liver cirrhosis. Thus, it is possible that
systemic IL-22 level could be applied as a negative
indicator for evaluating the prognosis of advanced
[99]
liver cirrhosis . Though no direct evidence has linked
ILC3s with liver fibrosis, ILC3s may exert a protective
role since they are the source of IL-22. Nonetheless,
considering IL-22 can be produced by Th17 cells as well,
it is important to use specific gene knock-out mice to
determine which type of cell plays the pivotal role.
In experimental liver fibrosis, upon stimulation of IL17A, both HSCs and Kupffer cells could produce TGF-β,
TNF-α and IL-6 following the activation of STAT3 and
nuclear factor-κB. Accordingly, mouse models with IL17A and IL-17RA deficiency have displayed reduced liver
[100]
fibrosis, suggesting a profibrotic role
. In addition,
IL-17A can also exert an antifibrotic effect in normal
fibroblast cultures directly, by down-regulating the
expressions of collagen and connective tissue growth
factor, which was shown to be impaired in the isolated
[101]
primary fibroblasts from patients with scleroderma .
Considering the complicated and versatile effects in
fibrosis, it might be necessary to determine the exact
roles of such cytokines in different stages of liver fibrosis
(Figure 3).
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Figure 3 Contributions of innate lymphoid cells in liver fibrosis. NK cells can decrease the proliferation and activation as well as induce cell cycle arrest
of HSCs through IFN-γ. They can also induce the apoptosis of activated HSCs through the TRAIL and Fas ligand pathways. The expression of RAE-1, which is
the ligand for the NKG2D activating receptor, is increased on activated HSCs, thus promoting killing by NK cells. IFN-α could increase the surface expression of
TRAIL on NK cells to enhance HSCs killing by NK cells, while TGF-β down-regulates the surface expression of NKG2D and 2B4 to suppress the antifibrotic role
of NK cells. In both human and mouse cases, IL-33 released from hepatocytes, HSCs and Kupffer cells in response to chronic hepatocellular stress leads to the
accumulation and activation of IL-13-producing liver resident ILC2s via ST2-dependent signaling. IL-13 further triggers the activation and transdifferentiation of HSCs
into myofibroblasts, to induce potent fibrogenic responses. ILC3s play more complicated roles in fibrosis. On one hand, ILC3s exert an antifibrotic effect by inducing
fibroblasts senescence through IL-22 signaling and by down-regulating the expressions of collagen and CTGF through IL-17 signaling. On the other hand, IL-17 can
promote inflammation and induce activation of fibroblasts, indicating a profibrotic role for the ILC3s. CTGF: Connective tissue growth factor; HSC: Hepatic stellate cell;
IL: Interleukin; IFN: Interferon; NK: Natural killer; TGF: Tumor growth factor; TRAIL: TNF-related apoptosis-inducing ligand.

and metastasis, uncovering an unknown mechanism
by which tumors can escape surveillance by the innate
immune system. This study also provided a new insight
into the phenotypic and functional plasticity of tumor
group 1 ILCs, while the precious roles and interactions of
ILC1s in tumor microenvironment - especially in the liver
[118,119]
- still needs to be further elucidated
.

response for their production of high levels of IL-13,
which in turn promoted cholangiocyte proliferation
and epithelial hyperplasia in mice by involving the
activation of IL-4R and the downstream target Stat6.
Administration of IL-33 with constitutive activation of
AKT and Yes-associated protein in biliary epithelium
would lead to the development of cholangiocarci
noma, which resembles both the morphological and
biochemical features of human disease in a mouse
[121,122]
model of experimental carcinogenesis
. Thus, the
activation of the IL-33/ILC2s/IL-13 circuit may promote
epithelial repair, and the disruption of IL-33 or other
elements of the paracrine circuit may constitute potential
new therapeutic targets against cholangiocarcinoma.
Furthermore, the level of IL-33 was found to be
[123]
increased in patients with HCC as well .
IL-33 can also increase the intratumor accumulation
of myeloid-derived suppressor cells (MDSCs), which
require arginase and nitric oxide synthase II from
[124,125]
IL-13 for their activation
. Together with the pro
angiogenesis process, MDSCs can also produce TGF-β
[126]
to support tumor progression
. Besides, IL-13 can
induce the polarization of macrophages to the M2
phenotype, and the production of growth and angiogenic
factors to promote tumor initiation, progression and
[127,128]
metastasis
. It has also been demonstrated that

Group 2 ILCs

Considering the potential profibrogenic properties of
ILC2s elicited by IL-33 in hepatic fibrosis under the
circumstances of tissue damage, it is possible that
these cells are involved in the progression from liver
fibrosis to cancer as well. The precise role of ILC2s in
carcinogenesis remains unclear; however, it can be
supported by the evidence that has emerged from
studies addressing factors that trigger their activation
and proliferation, as well as their downstream effector
molecules.
When it comes to the liver, IL-33 was shown to be
involved in the initiation of cancer, based on a previous
study wherein increased expressions of Th2 cytokines
and hepatic IL1RL1 mRNA encoding ST2 were detected
in a subgroup of patients at the time of diagnosis of
[120]
biliary atresia . ILC2s were further identified as im
portant mediators of the IL-33-depedent proliferative
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amphiregulin, another cytokine secreted by ILC2s, could
enhance the activities of Tregs in vivo, which would
further inhibit antitumor immune responses induced by
[129,130]
DC vaccination
.
IL-33 also plays a role in antitumor immune responses
+
via effector functions of both CD8 T cells and ILC2s,
[131,132]
dependent on its dose
. The latter was confirmed in
[133]
a study by Kim et al , which demonstrated that ILC2s
were involved in IL-33-mediated antitumor responses. A
massive amount of CXCR2 ligands released from ILC2s
interacted with CXCR2 expressed by tumor cells by
means of a dysfunctional angiogenesis/hypoxia/reactive
oxygen species axis triggered by IL-33, subsequently
[133]
leading to the apoptosis of active tumor cells . Taking
these results into consideration, ILC2s could exert both
immune suppression and antitumor functions according
to different tumor microenvironments, while its precious
role, especially in the context of human livers, remains to
be further confirmed.

in liver cancer, as suggested by the significant upregulation of IL-22 detected in human HCC tumor[70,138,139]
infiltrated leukocytes
. Besides, there is a
positive correction between IL-22 expression and
the oncogenesis and staging of tumors, according to
the finding that both IL-23 and IL-22BP are highly
[68]
expressed in tumor tissue . Secondly, though the
induction of MMP enables IL-22 to protect against
tumor formation in chronic liver fibrotic diseases, by
the same mechanism it can increase the metastatic
capacity of established tumor cells by digesting ECM,
invading surrounding tissue and escaping the primary
site. This has been shown in the A549 lung carcinoma
cell line and pancreatic cancer, while whether the same
mechanism also exists in hepatic tumor tissue remains
[97,140,141]
unknown
.
The same balance also exists in the antiviral
activity and associated oncogenesis. IL-22 disturbs the
establishment of chronic inflammation to prevent liver
cancer. As was shown in acute infection of HBV, IL-22
acts as the mediator of an acute phase reaction to clear
[142]
the virus via the recruitment of T cells
. However,
it plays a contrary role in the progressive diseases, as
IL-22 level was elevated and high serum IL-22 level
indicated a poor prognosis both in patients with HBV
and hepatitis C virus-associated HCC, suggesting that
expression of IL-22 during progressive disease may
reflect increased aggressiveness of HCC instead of
[76,143]
predisposal to cirrhosis
.
IL-22 can also influence the outcome of tumorige
nesis by the mechanisms of pro- and antiinflammatory
functions, angiogenesis, epithelial-mesenchymal transition,
dysplasia and metabolic functions that remain less clear
[142]
in the liver
. All these results suggest whether the
effect of IL-22 is tumorigenic or antitumorigenic seems to
depend on the stage of their responses and the specific
tumor microenvironment.
+
+
Thy1 IL-23R ILC3s are important for IL-23-induced
initiation of gut tumorigenesis, as substantial inhibition
-/-/of tumorigenesis in RAG *IL17 double knock-out mice
provided evidence for an important contribution of IL-17
expression in ILC3s, which consistently occurred before
[144]
the recruitment of overt inflammatory infiltrates
.
When it comes to liver, the connection between IL-17
[145]
and angiogenesis has emerged in the context of HCC .
Besides, it has been shown to have protumor activity
in proliferation, immune-resistance, tumorigenesis and
[146]
metastasis as well . On the contrary, IL-17 also plays
a vital role in antitumor activity via the stimulation
of tumor-specific CTLs, which were associated with
establishment of a tumor-protective immunity in he
[147]
matopoietic cancer
. These results also lead to the
suggestion that there is a balance between protective
CTLs’ formation during the acute phase of hepatitis
and angiogenic activity during the chronic phase, which
would determine the outcome of tumors.
Overall, ample evidence has pointed towards ILC3s
having an important role in tumor progression. The

Group 3 ILCs

The protective role of ILC3s has been directly revealed
for its contribution to the formation of protective
tumor-associated tertiary lymphoid structures in non[134]
small cell lung cancer (NSCLC)
. The ILC3s are
able to up-regulate adhesion molecules in the tumor
microenvironment to enhance leukocyte invasion, and
have been characterized as important mediators of
the efficacy of a combination therapy of chemotherapy
[135]
and tumor antigen-targeted monoclonal antibodies .
Though there is no direct evidence linking ILC3s and
liver cancer, the connection can be inferred according to
their role in colorectal cancer, as well as the ambiguous
roles of their downstream effector cytokines, including
IL-22 and IL-17.
It has been demonstrated that ILC3-derived IL-22
is crucial for promoting bacterial inflammation-induced
-/colorectal cancer in Rag mice through the activation
[136]
of epithelial cells via STAT3 signaling . Furthermore,
deficiency of soluble IL-22 binding protein (IL-22BP)
secreted by immature DCs was found to be associated
with increased colitis-associated colon cancer due to
the aberrant proliferation induced by IL-22. However,
IL-22 was demonstrated as important for colonic
epithelial cell repair in the early stage of colitis, using
-/the same model; in particular, IL22 mice were shown
[137]
to have enhanced cancer development
. These
results suggest that IL-22 is crucial for regulating
intestinal tissue repair during the peak of damage,
while prolonged IL-22 in the recovery phase would be
expected to favor tumorigenesis.
Paralleling the dual effects of IL-22 on tumorigenesis
of colitis-associated colon cancer, IL-22 has also been
reported to induce tissue regeneration or tumorigenesis
and metastasis in the liver. Firstly, characterized
with the protective role of hepatocyte proliferation
and tissue regeneration during hepatitis and after
hepatectomy, the functions of IL-22 may be exploited
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Figure 4 Possible innate lymphoid cell interactions in liver tumor immunity. ILC1s have both antitumor and protumor effects according to the properties of
cytokines secreted. IFN-γ and TNF-α have antiproliferative, antiangiogenic and proapoptotic effects against cancer cells. In addition to promoting the polarization of
CD4+ T cells into Th1 cells, they can also boost the responses of macrophages, NK cells and CTLs, leading to a strong antitumor response. On the contrary, their
ambiguous roles enable them to enhance tumor formation, growth and spread. ILC2s may contribute to tumor progression either directly through the tumorigenic
effects of IL-13, or indirectly by stimulating M2 macrophages and MDSCs through IL-13. The production of amphiregulin suggests that ILC2s may further inhibit
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well as create a tumor microenvironment wherein tumor cells express CXCR2, leading to apoptosis of active tumor cells. ILC3s might promote antitumor responses by
enhancing leukocyte invasion, promoting TLSs’ induction and through the antitumor effects of IL-17 and IL-22. Conversely, ILC3s may promote tumor formation and
progression by IL-17 and IL-22 as well according to the phase of responses and specific tumor microenvironment. CTL: Cytotoxic T lymphocyte; IL: Interleukin; ILC:
Innate lymphoid cell; IFN: Interferon; MDSC: Myeloid-derived suppressor cell; NK: Natural killer; Th: T helper; TLS: Tertiary lymphoid structure; TNF: Tumor necrosis
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elements consisting of specific tumor microenviron
ment as well as the timing of responses count when
considering their ambiguous roles, while their explicit
functions in humans, especially in human liver cancer,
are incompletely understood and remain to be fully
elucidated (Figure 4).

stages of liver diseases, whereby effector cytokines,
surrounding interaction cells and functional state of cell
receptors vary remarkably. What’s more, the basis of
the functions of ILCs and their downstream effector
cytokines in hepatitis and liver fibrosis can represent the
foundation of future research interests for investigating
their roles in tumorigenesis.
Different methods have been applied to detect
ILCs and measure their activities. Intrahepatic as well
as peripheral blood mononuclear cells are isolated
for further in vitro staining with fluorescence-labeled
antibodies according to the cluster of differentiation on
the surface of different ILC subsets and intracellular
contents. Flow cytometry is further applied to detect
the frequency and cellularity of ILCs and analyse the
expression of their transcription factors and effector
cytokines induced by PMA/ionomycin once they have
been sorted in vitro. By observation of the differences
of these factors between patients with chronic liver
diseases and healthy control groups, their changes
before and after the inducing factors and their con
sistency with liver injury, the researchers could validate
[23,38]
the activities and functions of ILCs in the liver
.
Considering limited accessibility of primary intrahepatic
ILCs, the expansion of cell lines of primary intrahepatic
ILCs is also an alternative to assess the function of this

CONCLUSION AND FUTURE
PERSPECTIVES
The recent research studies on the roles of ILCs in
development of chronic liver diseases have made great
progress, especially for hepatitis and liver fibrosis.
Different or even the same ILC subsets have shown
complex functions at a certain stage of chronic liver
diseases. Also, the same ILC subsets have exhibited
both pathological and protective functions during the
dynamic development of chronic liver diseases. When
considering their effects on liver, both the downstream
effector cytokines and the molecules involved in the
upstream signaling must be taken into consideration
simultaneously, and more research is required to further
elucidate the underlying mechanisms and signaling
pathways. Apparently, there is a balance between the
protective and pathological properties of ILCs, according
to the specific liver tissue microenvironment at different
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small cell population and to seek their secretion profile
[96]
through the stimulation of PMA/ionomycin . Besides,
there have been studies exploring the roles of ILCs in
initiation of liver injury including both hepatitis and liver
fibrosis by the mechanism of in vivo depletion of ILCs
[22,73]
using specific antibodies
or targeted transcription
[72]
factor gene-deficient mice . The protective or path
ological roles of ILCs are determined by comparison of
the severity of liver injury before and after the depletion
of ILCs as indicated by histological analysis of liver tissue
and expression of liver injury serum biomarkers as well
-/as inflammatory cytokines in RAG1 mice which are
+
reconstituted with CD4 T cells. In vivo experiments
to distribute the signaling pathway of ILCs through the
blockade of upstream cytokines and surface receptors
of ILCs via targeted gene-knock mice are also important
methods, in which the expansion of ILCs and their
expression of transcription factors and downstream
effector cytokines are further detected by flow cytometry
[24,52]
and quantitative real-time PCR analysis
. Additionally,
the activities of ILCs could also be monitored by transfer
experiments, in which purified ILCs sorted by MACS/
FACS are adoptively transferred into recipient mice
before the challenge of stimulus including ConA and
carbon tetrachloride to further investigate the function of
[22,24,58]
ILCs in the liver
.
There still remains a lot to be fully elucidated. Firstly,
the functions of some ILC subsets at a particular stage
of chronic liver diseases have only been inferred by
their downstream effector cytokines, while lacking direct
and potent evidence. Secondly, given their distribution
characteristics, evidence with regard to the functions
of ILCs in tumorigenesis is emerging from studies that
have mostly investigated chronic inflammation and
the procarcinogenic role of secreted cytokines in skin,
gut and lung, and less so for the liver. Thirdly, as the
+
innate counterpart of CD4 Th cells, the same effector
cytokines can be produced by both adaptive lymphoid
cells and ILCs. It is important to identify the sources
of effector cytokines, while the results from the most
-/recent in vivo studies were obtained from RAG mice
or antibodies that are specific to ILCs’ genes leading
to broad immune deficiencies. Thus, it is necessary to
apply ILCs’ specific gene-knockout or transgenic models
to reveal the precise and direct actions of each in the
liver.
New strategies targeting ILCs have been designed
for diagnosis and treatment, to prevent or stop the
progression of chronic liver diseases. The inhibition of
NKG2A receptors on ILC1s to further promote robust
+
CD8 T cell responses has been considered a potential
therapeutic strategy against persistent liver pathogens
in patients with hepatitis. Besides, for liver fibrosis
treatment, serum IL-33 may be a possible noninvasive
diagnostic biomarker for uncovering early inflammatory
and fibrogenic events. Targeting ILC2s may represent
a novel strategy as well. Further in-depth studies to
elucidate the distinct and explicit effects of each of the
ILC subsets at different stages of chronic liver diseases

WJG|www.wjgnet.com

are required in order to promote the exploration and
realization of their therapeutic potency.
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Abstract
The major symptoms of advanced hepatopancreaticbiliary cancer are biliary obstruction, pain and gastric
outlet obstruction (GOO). For obstructive jaundice,
surgical treatment should de consider in recurrent
stent complications. The role of surgery for pain
relief is marginal nowadays. On the last, there is no
consensus for treatment of malignant GOO. Endoscopic
duodenal stents are associated with shorter length of
stay and faster relief to oral intake with more recurrent
symptoms. Surgical gastrojejunostomy shows better
long-term results and lower re-intervention rates, but
there are limited data about laparoscopic approach.
We performed a systematic review of the literature,
according PRISMA guidelines, to search for articles on
laparoscopic gastrojejunostomy for malignant GOO
treatment. We also report our personal series, from
2009 to 2017. A review of the literature suggests that
there is no standardized surgical technique either
standardized outcomes to report. Most of the studies
are case series, so level of evidence is low. Decisionmaking must consider medical condition, nutritional
status, quality of life and life expectancy. Evaluation of
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the patient and multidisciplinary expertise are required
to select appropriate approach. Given the limited studies
and the difficulty to perform prospective controlled
trials, no study can answer all the complexities of
malignant GOO and more outcome data is needed.

Finally, there is no consensus about the role of
surgery in the management of malignant GOO. This
clinical syndrome is characterized by abdominal pain,
weight loss, nauseas and vomiting, due to the mech
anical obstruction, and may be caused by gastric,
duodenal, HPB or extraluminal diseases; therefore, the
[8]
treatment depends on underlying cause . In recent
decades, 50%-80% of cases have been attributed
to malignancy. GOO may develop in up to 20% of
[4,9-14]
patients with advanced HPB disease
. The aim of
GOO treatment is to reestablish oral intake by restoring
gastrointestinal continuity.
Decision-making with regard to palliative treatment
of malignant GOO due to advanced HPB cancer has
become more complex in recent years. Traditionally, open
[11,15]
gastrojejunostomy (OGJ) was the only option
. In
the 1990s, endoscopic duodenal stents were introduced.
In the last few years, laparoscopic gastrojejunostomy
(LGJ) has emerged as a feasible and safe option that
offers improved morbidity and mortality rates compared
[3]
with the open surgical approach . As can be seen, then,
several options are available and there is no current gold
[9]
standard .
The literature on GOO focus on gastric disease and
mixes different causes with different prognoses. This
means that, the level of evidence in patients with HPB
malignant diseases is low and data on the laparoscopic
approach to GJ for malignant GOO due to advanced
HPB cancers are limited.
Our aim in this paper is to review various aspects of
the management of malignant GOO due to advanced
HPB cancer. Focusing on the laparoscopic approach for
gastroenteroanastomosis, we perform a systematic
review of the literature and a retrospective review of our
personal series of laparoscopic GJ for the treatment of
malignant GOO due to advanced HPB cancer.

Key words: Duodenal obstruction; Gastrojejunostomy;
Gastroenterosmy; Gastric outlet obstruction; Gastric
bypass; Laparoscopy; Laparoscopic surgery; Sytematic
review
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Both non-operative endoscopic approach
and surgical treatment are available for palliative
treatment of gastric outlet obstruction due to advanced
hepatopancreatic-biliary cancer. Stent is usually
preferred in patients with poor general condition or
short life expectancy. Laparoscopic gastrojejunostomy
is a feasible, safe and efficient technical option. Given
the limited studies, we performed a systematic review
of laparoscopic gastrojejunostomy in patients with
advanced hepatopancreatic-biliary malignancy. Clinical
prospective trials comparing different approaches with
adequate sample size are warranted.
Manuel-Vázquez A, Latorre-Fragua R, Ramiro-Pérez C, LópezMarcano A, De la Plaza-Llamas R, Ramia JM. Laparoscopic
gastrojejunostomy for gastric outlet obstruction in patients with
unresectable hepatopancreatobiliary cancers: A personal series
and systematic review of the literature. World J Gastroenterol
2018; 24(18): 1978-1988 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i18/1978.htm DOI: http://dx.doi.
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INTRODUCTION

ROLE OF PROPHYLACTIC
GASTROJEJUNOSTOMY

Obstructive jaundice, gastric outlet obstruction (GOO)
and tumor-associated pain are the major symptoms of
advanced hepatobiliary-pancreatic (HPB) cancer. Usually
these cancers are not resected because of infiltration of
local structures or disseminated disease. Today, these
complications can be managed with endoscopic stenting
and percutaneous treatment, which have lower rates
of associated morbidity; thus, surgical strategies have
decreased.
Around 70% of cases of advanced HPB cancer
[1,2]
present obstructive jaundice , which is the most
[3-5]
common symptom
To resolve jaundice in unresectable
or metastatic patients, endoscopic or percutaneous
[6]
biliary stent is accepted as the gold standard . Surgical
treatment of biliary obstruction should be considered in
persistent stent-problems, such as recurrent cholangitis
[6]
or recurrent obstructive jaundice ; however laparoscopic
[1,7]
surgery for biliary bypass is not a standard procedure .
Furthermore, the role of surgical pain relief in these
[6]
patients seems to be marginal nowadays .
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A cancer may be found to be unresectable during
preoperative staging examinations. Only some 20% of
[16-18]
HPB neoplasms are found to be resectable
. Despite
the indications of preoperative staging radiological and
endoscopic images, between 8% and 33% of patients
[19]
are found to be unresectable on laparotomy . This
means that surgeons may be encounter this situation
intraoperatively and must decide whether to perform
prophylactic GJ. This decision should be based on the
probability of GOO; between 10%-15% of patients
[3,11,20]
develop GOO at a later stage
.
[2]
Gurusamy et al report no differences in overall
survival, postoperative morbidity and mortality, quality of
life (QOL) or length of stay (LOS). This Cochrane review
included two RCTs assessing the role of prophylactic GJ
[21,22]
in unresectable periampullary cancer
. The authors
reported a long-term GOO incidence of 27.8% in
patients with advanced HPB cancer who did not undergo
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prophylactic GJ and concluded that prophylactic GJ may
not be necessary in all patients with advanced HPB
[2]
malignancy undergoing laparotomy .

and medical condition, the extent of the cancer, the
prognosis, their quality of life and expectancy, and
the availability and likely success of each treatment
[36,46,47]
option
.
Depending on the medical condition, one of the
main factors to consider is nutritional status; thus,
hypoalbuminemia is considered as a risk factor for GJ
[48]
whether the disease is benign or malignant . Surgeons
should correct this situation if surgical palliation is the
aim and at least 1-2 wk of nutritional treatment should
be considered in order to decrease the risk of postopera
[48]
[49]
tive complications . According Sasaki et al , poor
performance status should be considered as additional
risk factor.
With regard to the extent of the cancer, the presence
of carcinomatosis with ascites has been reported as an
independent predictive factor for poor clinical success
of stent placement, without any differences in stent
[50]
patency .
The choice of palliative GJ or endoscopic enteral
stent should consider the life expectancy of patients
and the likelihood of recurrent GOO after stenting.
As regards the prognosis of malignant disease, in
[12]
the SUSTENT study, Jeurnink et al , concluded that
palliative GJ is the treatment of choice in patients
expected to live two months or longer, whereas stent
is preferable for patients with a life expectancy below
this figure. This conclusion is based on the finding that
surgery was more effective than endoscopic stent after
[12]
a follow-up of two months . Recurrent obstruction
due to tumor ingrowth into stent or stent migration has
been reported in 17%-27% of patients with endoscopic
[4,51]
stent
. Severe complications associated with stenting
include bleeding and perforation and have been
[51]
reported in 1.2% of cases . Comparing stent types,
migration rates are higher with covered stents than
with uncovered ones; in contrast, uncovered stenting
[8,52,53]
has higher obstruction rates
. In addition, some
patients may suffer combined obstructive jaundice
and GOO. There are several options for treatment,
but biliary endoscopic stenting can pose a challenge
[54]
if a duodenal stent is in place ; patients with stent
for biliary obstruction who subsequently have an
endoscopic enteral stent are at an increased risk of
[55]
biliary stent dysfunction . Another option is endoscopic
double stenting, a combination of biliary and duodenal
stent placement, where different approaches could
[56]
make it possible .

PALLIATIVE TREATMENT OF GOO
Physicians may also find a patient with uncontrolled
vomiting and a diagnosis of advanced HPB malignancy.
Palliative treatment should be offered to relieve the
symptoms of GOO and ultimately to improve patient
QOL. Palliative treatment is mandatory when the
vomiting is uncontrolled.

Stent vs palliative surgery

Traditionally, OGJ was the only option for the treatment
[11,13,15]
of malignant GOO
. Since 1992, several studies
have described the use, safety and efficacy of self[10,23-33]
expandable metallic stents (SEMS)
. Thus,
several options are currently available and there is no
established gold standard.
The literature on palliative GJ show good functional
outcomes and symptoms relief in up to 70% of
patients and reduced re-intervention rates, but it is
associated with postoperative complications, such as
[8,12,14,34,35]
delayed gastric emptying (DGE)
. For its part,
palliative endoscopic treatment is a well-established
procedure today and is considered a valid alternative
for avoiding surgery. The endoscopic approach is
associated with shorter length of stay (LOS), faster
initial relief and shorter time to oral intake, but also
with greater symptom recurrences and risk of stent
[8,12-14,36-39]
migration
.
The current literature mixes together different
etiologies, and even includes benign causes such as
superior mesenteric artery syndrome, peptic ulcer
stenosis, chronic pancreatitis or annular pancreas,
different grades of GOO, and prophylactic and palliative
[40-44]
[45]
treatments
. Kohan et al
report the results of
surgical palliative treatment for pancreatic cancer;
but they mixed elective bypass for the treatment
of symptomatic malignant GOO together with and
prophylactic GJ in advanced HPB cancer patients
undergoing surgery for biliary obstruction.
Table 1 shows the results of previous systematic
reviews and meta-analysis comparing endoscopic
duodenal stent vs GJ for the treatment of malignant
GOO, including both gastric and advanced HPB cancers
[8]
and other metastastic cancers. Minata et al , Nagaraja
[13]
[38]
et al
and Ly et al
have demonstrated shorter
LOS and faster oral intake with endoscopic palliative
treatment, but lower re-intervention rates with OGJ. No
differences in survival or major complications were found.
[13]
Nagaraja et al concluded that the endoscopic approach
minimizes pain, hospitalization, and physiologic stress to
the patient, which are the main goals of palliation.
Decisions regarding the best therapeutic strategy for
individual patients with malignant GOO due to advanced
HPB cancer should be based on the performance
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Laparoscopic GJ for malignant GOO
[57]

Wilson et al
published the first report of LGJ in two
patients with malignant GOO due to advanced HPB
cancer. Today, LGJ is a feasible option, and presents
improved morbidity and mortality rates compared with
[3]
the open surgical approach .
[58]
In 2007, Siddiqui et al
designed a model for
patients with malignant GOO and performed a decision
analysis. They concluded that endoscopic enteral stent
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Table 1 Systematic review and meta-analysis: Stents vs gastrojejunostomy
Ref.
Minata et al[8],
2016

Nagaraja et al[13],
2014
Ly et al[38], 2010

Type of study

GJ studies

Surgery

Endoscopic stent

No differences

Systematic
review

LGJ (Mehta 2006, Jeurnink 2010)
OGJ (Jeurnink 2010, Fiori 2013)

Lower reintervention rate

Technical success
Complications

Meta-analisis

Laparoscopic GJ (Mittal 2004, Mehta 2006,
Jeurnink 2007, Jeurnink 2010)
Open GJ (Jeurnink 2007, El-Shabrawi 2006,
Mehta 2006, Espinal 2006, Mejia 2006, del
Piano 2005, Maetani 2005, Fiori 2004, Mittal
2004, Maetani 2004, Johnsson 2004, Wong
2002, Yim 2001)
Laparoscopic GJ (Jeurnink 2007, Mehta
2006, Mittal 2004)

Less invasive
COVERED: Higher
migration
UNCOVERED: Higher
obstruction
Shorter LOS

Systematic
review

More major
medical
complications

More likely to tolerate an
oral intake
More likely to tolerate an
oral diet earlier Shorter
LOS

Technical and clinical
outcomes
Survival
30 d-mortality
Major complications

LOS: Length of stay; GJ: Gastrojejunostomy.

obstruction) OR (Duodenal Obstructions) OR (Obstruction,
Duodenal) OR (Obstructions, Duodenal)] AND [(Gastric
bypass) OR (Bypass, Gastric) OR (Gastrojejunostomy)
OR (Gastrojejunostomies) OR (Gastroenterostomy)
OR (Gastroenterostomies)] AND [(Laparoscopy) OR
(Laparoscopies) OR (Surgical Procedures, Laparoscopic)
OR (Laparoscopic Surgical Procedure) OR (Procedure,
Laparoscopic Surgical) OR (Procedures, Laparoscopic
Surgical) OR (Surgery, Laparoscopic) OR (Laparoscopic
Surgical Procedures) OR (Laparoscopic Surgery) OR
(Laparoscopic Surgeries) OR (Surgeries, Laparoscopic)
OR (Surgical Procedure, Laparoscopic)]. Eligibility
criteria were any type of article that included patients
with advanced HPB malignancy who had undergone
laparoscopic palliative GJ, excluding case reports or
reports of prophylactic GJ.
The articles were included or rejected based on the
information in the title and summary, and in case of
doubt, after reading the complete article.
Figure 1 presents a flowchart of systematic review
of patients with advanced HPB malignancy who had
undergone laparoscopic palliative GJ. The initial search
yielded, 160 articles, but only 21 (13.12%) met the
search criteria.
The outcomes and surgical techniques of LGJ for
[3-5,9,15,
malignant GOO are displayed in tables 2 and 3
37,39,57,60-72]
[5,9
. Most studies were case series (12/21)
,15,57,61-64,66,69,72]
[3,4,37,60,68]
, five were cohort series
, two
[70,71]
case/control studies
and only two studies were
[39,67]
randomized controlled trials (RCT)
. The studies
included different etiologies for GOO, among them
[66]
benign disease
and only nine publications recorded
[4,5,9,61-65]
all patients with advanced HPB malignancy
.The
systematic review included 495 patients, of whom 55
(11.11%) had advanced HPB cancer and had undergone
LGJ. There was a mix of associated treatments for
biliary obstruction, including endoscopic stent (ES),
percutaneous drainage (PD), and biliary bypass
(choledochojejunostomy, CJ; cholecystojejunostomy,
CCJ). The results displayed in table 2, show that there
are no standardized outcomes for reporting results after

Articles identified through
database searching
(n = 160)

Articles screened
(n = 160)

Excluded articles: 139
Not topic related (n = 134)
German (n = 1)
Animals (n = 3)
Case report (n = 1)
Articles included
(n = 21)

Figure 1 Flowchart.

was a optimal strategy, associated with a 72% success
rate and the lowest 1-mo mortality rate (2.1%), one
of the drawbacks was recurrent duodenal obstruction,
found in up to 25%. They reported a 69% success
rate after LGJ (overall 1-mo mortality 2.5% and a cost
increase of $10340), and 63% success after open GJ
with higher 1-mo mortality (4.5%) and more expensive
[58]
treatment (a cost increase of $12191) .
Given the limited number of controlled trials of
[39,59,60]
the laparoscopic approach in palliative GJ
,
data available are insufficient to perform an analysis
[38]
comparing LGJ with OGJ or endoscopic stent .
We therefore performed a systematic literature
review, in accordance with the PRISMA guidelines,
on patients with advanced HPB malignancy who had
undergone laparoscopic palliative GJ up to February
2018. The search items were the following MESH
terms: [(Gastric outlet obstruction) OR (Gastric Outlet
Obstructions) OR (Obstruction, Gastric Outlet) OR
(Obstructions, Gastric Outlet) OR (Outlet Obstruction,
Gastric) OR (Outlet Obstructions, Gastric) OR (Duodenal
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Table 2 Systematic review of laparoscopic gastrojejunostomy for gastrict obstruction due to advanced hepatobiliary cancer
n

Ref.

Type of study HPB Etiology

All HPB Malignancy
Jeurnink
95 Cohort: GJ (42)
GJ: All
et al[60], 2007
vs duodenal
patients
stent (53)
(laparoscopy:
10)

Biliary
obstruction

Operating
time

GJ: 17
previous
treatment

ND

Perioperative
morbidity

GJ: 4 major
(hemorrhage,
severe pain,
cholangitis,
respiratory
failure); 13 minor
(mild pain, wound
infection, nausea
and vomiting)
gastric
1 pneumonia, 1
bypass 75 central line sepsis,
min, GJ+CJ 1 wound abscess
130 min

Time to Time to
initiate solid food
intake
ND

GJ: 10.1 ±
4.8 d

ND

ND

LOS

GJ: 18d
(4-55)

Duration Comment
of food
intake
ND

Hamade
et al[4], 2005

21

Cohort:
laparoscopic
GJ/CJ/GJ+CJ

All patients

5 biliary
bypass, 8
GJ+biliary
bypass

Denley
et al[9], 2005

18

Case series:
LGJ

All patients

ND

ND

2 reconversions,
1 leak, 1 sepsis, 1
DGE

ND

ND

Kazanjian
et al[5], 2004

9

Case series:
LGJ

All patients

ND

116 min
(75-300)

1 DGE, 1
Cholangitis

ND

4 d (3-6)

Alam et al[61],
2003

8

Case series:
LGJ

All patients

ND

135 min

Pneumonia (1)

ND

4 (2-7)

Kuriansky
et al[62], 2000

12

Case series:
LGJ+biliary
bypass

All patients

12 CCJ

89.16 min
(35-150)

ND

ND

Casaccia
et al[63], 1999

6

Case series:
LGJ

All patients

2 wound infection,
1 pneumonia,
2 DGE, 1
reintervention
(bleeding)
1 Bleeding
(transfusion)

ND

ND

4.5 (4-6)

ND

Casaccia
et al[64], 1998

5

Case series:
LGJ

ND

1 Bleeding
(transfusion)

ND

ND

4 (4-6)

ND

Rhodes
et al[65], 1995

16

Wilson
et al[57], 1992

2

Case series:
laparoscopic
CCJ ± GJ (5GJ,
3 both, 9CCJ)
Case series:
LGJ

Mixed malignancies
Zhang
28
Case series:
et al[66], 2011
LGJ for
benign/
malignant
disease

Guzman
et al[3], 2009
Navarra
et al[67], 2006

20

4 d (1-14) 9 patients Includes
untill
predeath treatment,
profilactic
and
terapeutic
GJ
6 (3-22)
15
patients
untill
death
7 d (5-18)
ND
4 patient
previous
stent
7 (5-13) 7 patients
untill
death
6.4 (5-17)
All
patients
untill
death

4 ES. 2
Laparoscopic
CCJ
All patients
4 ES. 1
laparoscopic
CCJ
All patients
ND

82 min
(60-135)

75 min

1 DGE, 1 ictus

ND

ND

4 d (3-33)

ND

All patients

ND

120 min

None

2d

3 d, 4 d

4-5 d

1 patient
untill
death

7 HPB
malignancy

ND

170 min

3d

5d

8 d (2-83)

ND

ND

116 min

2 reinterventions
(anastomotic
leak, trocar site
hemorrhage),
2 bleeding
controlled by
endoscopy, 1 ileus,
5 DGE
2 DGE

ND

7d

8d

ND

ND

150 min

None

ND

4.08 d

11 d

ND

Cohort: LGJ
AND OGJ

Laparoscopy:
8 HPB
malignancy
24 RCT: 12 LGJ vs Laparoscopy:
12 OGJ
5 HPB
malignancy
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data
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Mehta et al[39], 27 RCT: 14 LGJ vs
2006
13 SEMS

Al-Rashedy
et al[68], 2005

26

Cohort: LGJ
and OGJ

Khan et al[69],
2005

19

Case series:
laparoscopic
CCJ ± GJ (16
GJ, 1 CCJ, 2
both)
Cohort: 16
OGJ, 14 LGJ,
16 ES.

Mittal et al[37], 56
2004

Bergamaschi 55
et al[70], 2002

Bergamaschi 22
et al[71],1998

Brune
et al[15], 1997

16

Nagy et al[72], 10
1995

ND

6 patients
(ES, PD)

ND

Laparoscopy:
7 HPB
malignancy
7 HPB
malignancy

ND

ND

164 min
single
bypass, 245
min double
bypass
Laparoscopy: None patient
ND
9 HPB
malignancy

Case/control:
antiperistaltic
vs
isoperistaltic
LGJ

AP-LGJ:
29 HPB
malignancy,
IP-LGJ
14 HPB
malignancy
Case /
Laparoscopy:
control: OGJ
9 HPB
(prophylactic malignancy
and GOO
treatment)
vs LGJ (GOO
treatment)
Case series:
13 HPB
LGJ
malignancy

Case series:
LGJ

2 CCJ

ND

2 bleeding, 1
wound infection,
1 pneumonia,
3 DGE. 3
mortality (sepsis,
pneumonia,
carcinomatosis)
2 (13.3%)

ND

ND

11.4 D

ND

ND

ND

3 (3-8)

ND

ND

3d

ND

ND

ND

4 pneumonia, 1
ileus, 1 wound
infection

ND

5 d (4-8)

100min (AP) 14 (II: 1, III: 9, IV:
vs 99min (IP)
3)

ND

13.5 d
(6-36)
(after
procedure
7d)
5.1d (AP) 8.4 d (AP)
vs 5.3 d
vs 8.1 d
(IP)
(IP)

ND

ND

1 ES, 3 PD

94 min

Pneumonia (1), SSI
(1), delayed gastric
emptying (1)

ND

8.4
(media)

18.4
(media)

ND

ES/PD

126 min
(70-210)

1 reintervention
(hemorrhage), 3
delayed gastric
emptying
2 reconversions,
1 CCF, 1
pneumonia, 1 CD
infection

ND

ND

4.7 (2-8)

ND

10 d
(4-15)

ND

16
patients
untill
death
All
patients
untill
death

9 HPB
8 ES/1 PD/ 2
malignancy simultaneous
CJ

ND

HPB: Hepatopancreatic-biliary; LOS: Length of stay; LGJ: Laparoscopic gastrojejunostomy; OGJ: Open gastrojejunostomy; ND: Not described; GOO: Gastric
outlet obstruction; CCJ: Cholecystojejunostomy; CJ: Choledochojejunostomy; ES: Endoscopic stent; PD: Percutaneous drainage; AP: Antiperistaltic; IP:
Isoperistaltic; CCF: Congestive cardiac failure; RCT: Randomized controlled trial; CD: Clostridium difficile; DGE: Delayed gastric emptying.

LGJ. Regarding the surgical technique (table 3), most
LGJ were antecolic-isoperistaltic stapler plus manual
suture, but there was no standardized approach for LGJ.

Three patients had previous biliary stent, and another
patient needed a percutaneous biliary stent after
laparoscopic GJ due to obstructive jaundice. The clinical
success rate was 100%, with all patients maintaining
oral intake until death. The median time from surgery
to hospital discharge was 12 d (range 5-13), excluding
hospital stay prior surgery attributable to GOO. One
patient died due to sepsis caused by a hepatic abscess
on postoperative (PO) day 78, and another died due to
carcinomatosis and tumor progression on PO day 82.
Median overall-survival was 214.67 d.

Personal series: palliative laparoscopic
gastrojejunostomy

We also performed a retrospective study at the
Department of General Surgery and Digestive of
the University Hospital of Guadalajara. The period
analyzed was January 2009-March 2018. We included
all consecutive patients who underwent laparoscopic
palliative GJ for malignant GOO due to advanced HPB
cancer, excluding prophylactic GJ and OGJ. All patients
had histological diagnosis of HPB cancer. For this
®
purpose, the Mambrino XXI electronic medical history
was used.
Our results are shown in table 4. All GJ were
performed by the same surgeon using the same
approach (IP, antecolic and stapler plus manual suture).

WJG|www.wjgnet.com

Other surgical options for malignant GOO

Several surgical procedures for GJ have been reported
since Devine et al’s first description in 1925, which
introduced a procedure consisting of transection of the
stomach and anastomosis between the jejunal loop[73]
and the proximal stump of the stomach . But GJ may
be not fully effective due to of DGE or tumor bleeding;

1983
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Table 3 Systematic review of laparoscopic gastrojejunostomy for gastrict obstruction due to advanced hepatobiliary cancer: Surgical
technique
Ref.
All HPB malignancy
Jeurnink et al[60], 2007
Hamade et al[4], 2005
Denley et al[9], 2005
Kazanjian et al[5], 2004
Alam et al[61], 2003
Kuriansky et al[62], 2000
Casaccia et al[63], 1999
Casaccia et al[64], 1998
Rhodes et al[65], 1995
Wilson et al[57], 1992
Mixed malignancies
Zhang et al[66], 2011
Guzman et al[3], 2009
Navarra et al[67], 2006
Mehta et al[39], 2006
Al-Rashedy et al[68], 2005
Khan et al[69], 2005
Mittal et al[37], 2004
Bergamaschi et al[70], 2002
Bergamaschi et al[71],1998
Brune et al[15], 1997
Nagy et al[72], 1995

Peristalsis

Location

Type

ND
IP
IP
ND
IP
ND
ND
ND
ND
ND

Antecolic
Antecolic
Antecolic
Antecolic
ND
Retrocolic
Antecolic
Antecolic
ND
Antecolic

Completely stapler
Stapler + manual suture
Stapler + manual suture
Completely stapler
Completely stapler
Completely stapler
Completely stapler/stapler+ manual suture
Completely stapler/stapler+ manual suture
Stapler + manual suture
Stapler + manual suture

ND
ND
IP
ND
ND
ND
ND
29 AP vs 14 IP
ND
IP
ND

Antecolic (majority)
ND
Antecolic
Antecolic
Antecolic
Antecolic
ND
Antecolic
ND
Antecolic
Antecolic

Stapler + manual suture
Stapler + manual suture
Stapler + manual suture
Stapler + manual suture
Hand-sutured or stapler
Stapler + manual suture
ND
17 completely stapled/38 stapler+ manual suture
7 completely stapled/2 stapler+ manual suture
Stapler + manual suture
Stapler + manual suture

IP: Isoperistaltic; AP: Antiperistaltic; ND: Not described.

Table 4 Personal serie of laparoscopic gastrojejunostomy
Age/sex

Biliary
obstruction

Surgical technique

Clinical
success

Time to
Surgeryinitiate intake discharge (d)

90-d morbidity

Duration of
food intake

Survival (d)

87/F

No

Yes

4

76/M

Biliary stent

Yes

91/F

No

78/F

No

68/F

Biliary stent

IP antecolic, stapler +
manual suture
IP antecolic, stapler +
manual suture
IP antecolic, stapler +
manual suture
IP antecolic, stapler +
manual suture
IP antecolic, stapler +
manual suture

12

CD infection

Until death

402

3

12

No

Until death

228

Yes

1

5

No

Until death

278

Yes

3

10

78

78

Yes

3

12

82

82

IP antecolic, stapler +
manual suture

Yes

3

13

Until death

220

IP antecolic, stapler +
manual suture

Yes

3

5

Readmission: Sepsis due to
hepatic abscess (death)
Readmission: Intestinal
obstruction due to
carcinomatosis (death)
Catheter-related bacteriemia.
Readmission: Biliary stent
due to jaundice.
No

76/M

Biliary stent

76/F

No

Until death

ND

M: Male; F: Female; IP: Isoperistaltic; CD: Clostridium difficile; ND: Not described; LOS: Lenght of stay.

so a modified Devine procedure has been developed,
in which the stomach is partially divided into proximal
and distal parts, and the proximal part of the stomach is
[74,75]
anastomosed to the proximal part of the jejunum
.
This technique, stomach-partitioning GJ (SP-GJ),
minimizes contact between food and the tumor and
[74]
allows endoscopic examination . The first laparoscopic
[76]
approach for SP-GJ was described by Matsumoto et al
in 2005. This surgical technique is associated with lower
incidence of bleeding and delayed gastric emptying,
[74-78]
with no increase in anastomotic leakage
.
Other surgical approaches reported in the literature

WJG|www.wjgnet.com

for the management of malignant GOO include natural
[79]
orifice transumbilical surgery
or a laparoscopicassisted approach for a circular mechanical GJ, in which
the proximal jejunum is exteriorized by laparoscopy via
[80]
an epigastric trocar-site incision .

Novel endoscopic approaches for malignant GOO

EUS-gastroenteroanastomosis (EUS-GE) was first
[81,82]
described by Fritscher-Ravens et al
in 2002. It is
produced by anatomical puncture from the stomach
into the third part of the duodenum (-EUS-guided
gastroduodenostomy), or into the jejunum (EUS-guided

1984
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Table 5 Technical options for gastric outlet obstruction: advantages and disadvantages
Procedure
Open GJ

Laparoscopic GJ

Endoscopic enteral stent

EUS-GJ

Advantages

Disadvantages

Bypass of tumor
Established surgical procedure
Lower re-intervention rate
Good long-term results
Bypass of tumor
Lower re-intervention rate
Established surgical procedure
Less invasive than open GJ
Good long-term results
Short procedure time
Established endoscopic procedure
Broad indication regardless patient condition
Short LOS
Good short-term results
Bypass of tumor
Short procedure time
Short LOS
Less invasive

Most invasive procedure
Longer LOS
Nutritional status
Critically ill patients
Invasive procedure
Longer LOS
Nutritional status
Critically ill patients
Stent migration
Patency

Special device
Non-establish endoscopic procedure
Serious adverse events

EUS-GJ: Endoscopic ultrasound gastrojejunostomy; GJ: Gastrojejunostomy; LOS: Length of stay.

[83]

gastrojejunostomy) .
This new EUS technique involves the placement
of a lumen-apposing metal stent (LAMS). Data regar
[84-87]
ding its use are limited
. In 2017, Pérez-Miranda
[87]
et al reported the results of a multicenter cohort study
comparing EUS-GJ and LGJ. All patients in the EUS-GJ
group had symptomatic GOO, compared with only 34%
of patients in LGJ group. The clinical success rates in the
two groups were 84% vs 90%, LOS was 9.4 d vs 8.9 d
and adverse events were 12% vs 41%, with the EUSGJ group presenting better results in all cases. This is a
new EUS technique and it should be reserved for use at
experienced centers.

2

CONCLUSION

6

3

4

5

Palliative treatment of GOO due to advanced HPB
cancer may improve QOL and resolve symptoms. Both
a non-operative endoscopic approach and surgical
treatment are available (Table 5) and an estimation of
probable survival is essential for the choice of treatment.
Evaluation of the patient and multidisciplinary expertise
are required to select the appropriate approach.
Stent is usually preferred in patients with poor general
condition or short life expectancy. LGJ is a feasible, safe
and efficient technical option. Given the limited studies
and the difficulty of performing prospective controlled
trials due to patient heterogeneity, no study can cover all
the complexities of malignant GOO and more outcome
data are needed. Prospective clinical trials with adequate
sample sizes comparing different approaches size are
warranted.

7

8

9

10

11
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Abstract
As the incidence of hepatocellular carcinoma (HCC)
caused by infection with the hepatotropic viruses
hepatitis B and hepatitis C decreases, greater
attention has become focused on HCC caused by
nonalcoholic steatohepatitis (NASH), an advanced
form of nonalcoholic fatty liver disease which has
shown increasing prevalence in correspondence with
the overall increase in metabolic syndrome over the
recent decades. Several clinical population studies have
shown a positive relationship between NASH and HCC,
while also providing initial insights into the underlying
mechanisms of HCC development from NASH. Research
into the pathological progression of NASH to HCC has
advanced by use of several beneficial rodent models.
In this review, we summarize the established mouse
models for preclinical research of NASH-associated
HCC and discuss the underlying hepatic mechanisms
of NASH-related tumorigenesis identified to date that
could lead to new targets for treatment and prevention.
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Core tip: This review provides a brief overview of
the molecular mechanisms underlying progression

Received: March 29, 2018

WJG|www.wjgnet.com

1989

May 14, 2018|Volume 24|Issue 18|

Takakura K et al . Mouse models of NASH-derived HCC

to hepatocellular carcinoma from nonalcoholic steato
hepatitis that have been identified to date using the
array of mouse models currently available and popular
in the experimental field.

HCC; however, we focused this review on the ones
which are most representative of metabolic syndromeassociated steatohepatitis and which generate HCC
unfailingly from NASH status within a certain period of
time.
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CONFIRMED TUMORIGENIC MECHANISMS
OF CURRENT NASH-HCC MOUSE MODELS
The established mouse models for preclinical research
of NASH-HCC progression are listed below (Table 1).

PTEN null mice

PTEN, a tumor suppressor gene which antagonizes
the PI3K/Akt pathway, is mutated in many human
cancers, including HCC, and is essential for maintaining
homeostasis and preventing oncogenesis in the liver.
Decreased Pten expression leads to increased tumor
grade, advanced stage and poor prognosis. Hepatocyte[12]
specific Pten null mice were generated by Horie et al ,
wherein steatohepatitis emerges at 10 wk old and
hepatic tumors at 40-44 wk old. The liver tumors
become adenomas in 100% of these mice or HCC
in 66% at 74-78 wk old, due to the Pten deficiency
(Pten knock-out, KO) causing lipid accumulation in
hepatocytes. In general, these mice have revealed that
Pten function is crucial for preventing tumorigenesis in
liver.
Several other research groups have uncovered
different mechanisms of NASH-HCC by using the Pten
null mouse model. For example, a study of eicosapen
taenoic acid (EPA; a typical dietary n-3 polyunsatu
rated fatty acid contained in fish oil and a reagent for
[16]
[17]
upgrading lipid metabolism ) performed by Ishii et al
showed the effect of EPA on steatohepatitis and tumor
formation in Pten null mice. The data confirmed that
the steatotic change, accumulation of inflammatory
cells and presence of ballooning hepatocytes were
significantly decreased in the EPA group compared
with the control group. In addition, liver adenomas
developed in 63% of the control group mice, as
compared with 0% of the EPA group mice, by 40 wk of
age. HCC developed in 75% of the control group and
13% of the EPA group of the Pten KO mice at 76 wk old.
In addition, MAPK and Akt, which are both downstream
signaling molecules of Ras, were found to be activated
in hepatocytes of the Pten KO mice, thereby promoting
[18]
tumorigenesis . Collectively, these data suggested that
EPA alters fatty acid composition in liver and suppresses
the development of HCC by inactivating these signaling
pathways in Pten null mice.
In another study of the Pten null mice, reduction
of glucose-regulated protein 78 (GRP78; a molecular
chaperone elevated in several human cancers,
[19,20]
including HCC
, and which is critical for endoplasmic
reticulum folding, stress signaling and PI3K/Akt
activation) promoted liver steatosis and liver injury at

INTRODUCTION
As Western diet and problems with food satiation have
spread across the globe in recent years, there has been
a concomitant increase in patients with nonalcoholic
fatty liver disease (NAFLD) and its progressive form of
nonalcoholic steatohepatitis (NASH). This increase is
the result of prevailing metabolic syndrome, including
[1-4]
obesity, diabetes and hyperlipidemia . The distinctive
characteristic of NAFLD is its diversity of conditions,
from simple fatty accumulation in the liver to hepatic
[2,5-7]
injury and inflammation with or without fibrosis
.
The sequential progression to NASH puts the sufferer
at risk for irreversible liver cirrhosis and hepatocellular
[4,7]
carcinoma (HCC) , causing the patient to require more
medical attention due to the increased morbidity and
[8]
mortality . Indeed, HCC is a leading indication for liver
[9,10]
transplantation, especially in developed countries
.
Compared with the long history of both clinical and
laboratory investigations to elucidate the molecular
pathogenesis of HCC derived from chronic hepatotropic
virus infections, particularly with hepatitis B virus and
hepatitis C virus, and from alcoholic liver disease, the
pathologic mechanisms of NASH-associated HCC (NASHHCC) remain largely uninvestigated and unknown.
The public health threat associated with the increasing
[11]
incidence of NASH-HCC , however, highlights the
urgent need to gain a more comprehensive and detailed
understanding of the mechanisms which mediate NASHHCC progression. Several experimental mouse models
[12-15]
exist for such studies
and should be continuously
applied to preclinical investigations into the pathogenic
pathways of NASH-HCC to advance the subsequent
development of methods to manage the modern
increasing clinical trend.
Here, we summarize the established mouse models
for preclinical research of NASH-HCC progression
(Table 1) and discuss the revealed mechanisms and
the future prospective of NASH-related tumorigenesis
in liver which could lead to new targets for treatment
or prevention (Figure 1). Of note, we recognize the
existence of other available rodent models which can
also be used for assessing the mechanisms of NASH-
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Table 1 Mouse models of nonalcoholic steatohepatitis-associated hepatocellular carcinoma
List
PTEN null mice
MC4R KO mice
STAM mice
ALR KO mice

Backgrounds

Inducer of NASH/HCC

Carcinogenic duration

HCC occurrence (%)

Ref.

Genetic
Genetic
DM/HL
Genetic

Spontaneous
HFC diet
Streptozotocin, HFC diet
Spontaneous

40 wk
1 yr
20 wk
1 yr

66 (74-78 wk)
100
100
60

[12,17,18,21,22]
[13,29,31]
[14,32-36]
[15]

HFC: High fat/calorie; DM: Diabetes; HL: Hyperlipidemia; HCC: Hepatocellular carcinoma; NASH: Nonalcoholic steatohepatitis.

Inflammatory cytokines,
lipopolysaccharide, macrophage,
mitochondrial dysfunction,
oxidative, ER stress signaling,
TLR4, fibrosis, etc .

HCC
NASH

Lipids
accumulation

NAFLD

MAPK, Akt/PI3K, JNK, etc .
proliferating pathway

Metabolic syndrome
Obesity
Diabetes
Hyperlipidemia
Hypertension

Figure 1 Developmental process of hepatocellular carcinoma via nonalcoholic steatohepatitis. Based on excessive lipids accumulation, several factors
such as inflammatory cytokines, oxidative stress or proliferating pathways are involved in the whole process of hepatocellular carcinoma development from
nonalcoholic steatohepatitis status via nonalcoholic fatty liver disease. NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma; NASH: Nonalcoholic
steatohepatitis.
[21]

[24,25]

3 mo of age and liver tumors at 6 mo of age . These
effects proceeded HCC or cholangiocarcinoma, which
developed at 8-9 mo of age and was accompanied
by elevation of p-JNK; in contrast, the GRP78 normal
Pten null mice never generated tumor lesions in liver,
[21]
as assessed out to 14 mo of age . Collectively,
these data suggested that JNK might contribute to
acceleration of tumorigenesis in liver. Accordingly, these
data demonstrated GPR78 as a regulator for Pten lossmediated liver steatosis and tumor progression on the
basis of p-JNK elevation.
[22]
In a third study of the Pten null nice, Miura et al
showed that liver tumors emerged after 36 wk of age,
although no liver tumors were found in Pten normal mice
until 72 wk of age. Toll-like receptor (TLR) 4 expressed
on macrophages was found to contribute to the
development of steatohepatitis and HCC in Pten KO mice.
In general, gut-derived materials stimulate the immune
system, including the TLRs which recognize bacterial
components. TLR4, in particular, senses components of
Gram-negative bacteria, including the lipopolysaccharide
[23]
(LPS) . In this way, TLRs affect the development of
liver diseases. Moreover, macrophages are known to
be a major source of proinflammatory cytokines which
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facilitate the progression of steatohepatitis
and Ly6C
[26]
is a marker for inflammatory macrophages . Hepatic
macrophages isolated from the Pten null mice showed an
increased expression of Ly6C. In addition, TLR4 signaling
was shown to promote hepatic inflammation as well as
subsequent liver tumor growth in the Pten null mice.
Antibiotic treatment suppressed the tumor growth, in
concert with a decreasing LPS level in the portal vein,
suggesting that the gut microbiota serves as a source of
TLR4 ligand(s) and that the Ly6C-positive macrophages
play a role in tumor development in Pten null mice.
Collectively, these data indicate that gut-derived LPSinduced inflammation via TLR4 on macrophages and
TLR4-mediated inflammation result in HCC.

Melanocortin 4 receptor KO mice

Melanocortin 4 receptor (MC4R), a seven-transmembrane
G protein-coupled receptor, is involved in regulation of
body weight; hence, MC4R gene mutation is the major
[27,28]
monogenic origin of obesity in human
. Feeding
of a high-fat diet to MC4R-deficient (MC4R-KO) mice
for 20 wk and 1 year leads to NASH and multiple well[13]
differentiated HCC formations in the liver, respectively .
[29]
Similar to the findings in Pten null mice, Konuma et al
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found that highly-purified EPA treatment of MC4R-KO
mice effectively inhibited the development of liver fibrosis
without affecting body weight.
According to their previous study, hepatic crownlike structures (hCLSs), a unique histological feature,
were found to play a pivotal role in the progression
[30]
from simple steatosis to NASH , with EPA markedly
suppressing hCLS formation and fibrosis via prevention
of hepatocyte injury. Thus, it was concluded that the
beneficial effect of EPA involved the hCLSs. In addition,
canagliflozin (CANA, a sodium glucose cotransporter
2 inhibitor and antidiabetic drug) was shown to
[31]
attenuate NASH-HCC in another study . Based on the
evidence that CANA induces adipose expansion without
promoting macrophage augmentation, inflammation or
fibrosis and altered glutathione metabolism to reduce
oxidative stress in adipose tissue, the authors concluded
that the decreased hepatic fat accumulation upon CANA
treatment suppresses hepatic inflammation, fibrosis at
20 wk and subsequent NASH-HCC at 52 wk in Western
diet-fed MC4R-KO mice.

factor of novel treatment of NASH-HCC.
[35]
Third, Conti et al revealed that aberrant expression
of hepatic micro (mi)RNAs, such as miR-34a-5p, miR93-5p, miR-221-3p and miR-222-3p, indicates their
mechanistic significance in NASH-HCC tumorigenesis;
specifically, 10 over-expressed miRNAs were identified.
It is well known that human HCC tumorigenesis is
associated with extensive genomic alterations. Therefore,
the authors concluded that the altered expression profile
of these miRNAs could be a surrogate marker for the
initiation and progression of NASH-HCC.
Finally, based on the confirmed finding that NASHHCC is associated with metabolic alterations in hepatic
[36]
lipid homeostasis, Pogribny et al
indicated that one
of the specific features of NASH-HCC is a significant
dysregulation of 1-carbon homeostasis, with decreased
expression of key 1-carbon metabolism genes, especially
of the S-adenosylhomocysteine hydrolase (Ahcy)
gene, and increased expression of the S-adenosyl-Lhomocysteine (SAH) gene. Their results suggest that the
inhibition of Ahcy expression may be a trigger of SAH
elevation and subsequent progression of NASH-HCC.

STAM mice

The STAM mouse model was generated by neonatal
male C57BL/6J mice exposure to low-dose streptozotocin
at 2 d after birth followed by feeding with a high-fat diet
[14]
after 4 wk of age . As a result, NASH developed at 8
wk and HCC at 16-20 wk. This mouse model has specific
positive features, such as the average duration of HCC
occurrence being within 16-20 wk of age, the number of
HCC nodules being over 4 in any single mouse, the basal
liver function being relatively preserved and there being
[32]
no visible metastasis in the entire body . Moreover, this
model has the substantial benefit of its HCC development
from NASH being identical to the known progression
in human patients, but with the whole process being
completed within a relatively short period of time.
By using the STAM model, four studies have
uncovered several of the mechanisms underlying NASH[33]
HCC. First, Lau et al
demonstrated that cancerassociated fibroblasts, which regulate liver tumorinitiating cells, are augmented in parallel with increasing
human growth factor (HGF) level during fibrosis and
that HGF-induced FRA1 activation is related to fibrosisdependent HCC development. These data suggest that
cancer-associated fibroblast-derived, HGF-mediated
FRA1 can be a new therapeutic target for NASH-HCC.
[34]
Second, Fernandes et al
showed that solithromycin,
a novel macrolide antibiotic, suppressed NASH, fibrosis
and NASH-HCC by modulating the gluconeogenesis
pathway, in particular the components of fructose 1,
6-biphosphatase and glucose-6-phosphatase which are
regulated by protein kinase C epsilon. Solithromycin
improved the hepatic morphological features, such as the
hepatocyte ballooning degeneration, and functions, as
evidenced by reduction in NAFLD activity score along with
decreased inflammation, fibrosis and HCC progression.
This mechanism was ultimately suggested as a candidate
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Augmenter of liver regeneration-KO mice

Augmenter of liver regeneration (ALR), a hepatic growth
factor, is widely known as a pleiotropic protein. ALR is
critical for mitochondrial function, lipid homeostasis and
[15]
cell survival. Gandhi et al
generated a liver-specific
ALR-L-KO mouse and reported that depletion of hepatic
ALR caused steatosis, mitochondrial degeneration and
apoptosis of hepatocytes at 2 wk of age. These effects
were followed by consecutive cell death, sustained
inflammation at 4 wk, fibrosis/cirrhosis at 8 wk and
eventually HCC formation (in 60%) at 1 year. Thus,
it was theorized that inhibition of ALR synthesis in
hepatocytes could lead to mitochondrial dysfunction
and cell death, resulting in consecutive NASH and HCC
occurrence.

FUTURE PERSPECTIVES FOR THE STUDY
OF NASH-HCC BY ANIMAL MODELS
The “two-hit” hypothesis of the underlying mechanism
of NASH-HCC involves the excessive accumulation
of lipids in liver as the first step, thereby promoting
sensitization to LPS, oxidative stress and inflammatory
[37-39]
cytokines, representing the second hit
(Figure 1).
[40]
Recently, Tilg and Moschen
proposed a “multiplehit” hypothesis, in which various factors derived from
gut and adipose tissue might take place in parallel
during the progression from NAFLD to NASH. However,
the definitive mechanisms in the progression from
simple fatty liver to NASH and HCC are still under
investigation, due to the inherent complexity of the
functional combination of several factors. For some
time, it was believed that the lack of appropriate animal
models which were able to sufficiently reflect the actual
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process of human NASH-HCC progression was the main
[41]
obstacle to such research . In recent years, however,
the situation has changed according to the development
and availability of several rodent models. Each model
harbors different specific characteristics, including
genetic background, obesity status, diet induction, etc.
Thus, researchers can now evaluate the mechanisms
of NASH-HCC related to a specific factor/parameter by
using these animal models.
According to the overall analyses of hepato
carcinogenesis in each of the mouse models discussed
above, it is the STAM mice that generate HCC
unfailingly and most rapidly. The considerable demerit
of this mouse model, however, is the obscurity of the
original gene of tumorigenesis for HCC due to lack of
genetic manipulation and the inclusion of diabetes and
hyperlipidemia in the background. Genetic manipulation
in mouse models, such as of the PTEN-KO or ALRKO, is a useful means by which to clarify the role of a
specific gene in the molecular foundation of NASH-HCC
progression; although, the sequential progression to HCC
in these models has a relatively long duration and HCC
occurrence is uncertain.
It is still questionable whether or not these available
mouse models represent the initiating and/or progression
processes of bona fide human NASH-HCC. Furthermore,
it is noteworthy that among actual NASH patients there
are individual differences in degree of fibrosis and timing
of tumorigenesis in liver. At the present time, however,
it is undoubted that these mouse models are essential
for investigating the underlying mechanisms of NASHHCC. Therefore, the future research targets may move
forward towards gaining a more comprehensive NASHHCC evaluation by using these mouse models.
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CONCLUSION

13

Several mouse models have become available in recent
years that support investigation into the underlying
mechanisms of NASH-HCC. In response to the growing
demand for better management of NASH-HCC, further
inquiries are expected by researchers upon selecting
an appropriate NASH mouse model according to the
specific mechanisms and/or therapeutic targets of
interest. After that, we hope to get some breakthrough
for new treatment or prevention of NASH-HCC in the
near future.
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Abstract

Institutional animal care and use committee statement:
The Ethics Committee on Animal Use (CEUA) of UNICAMP
approved the project, according to protocol no. 2761-1.

AIM
To investigate the effect of probiotic supplementation
during the development of an experimental model of
colitis associated colon cancer (CAC).

Conflict-of-interest statement: No potential conflicts of interest
were disclosed.

METHODS
C57BL/6 mice received an intraperitoneal injection of
azoxymethane (10 mg/kg), followed by three cycles of
sodium dextran sulphate diluted in water (5% w/v).
Probiotic group received daily a mixture of Lactobacillus
acidophilus , Lactobacillus rhamnosus and Bifidobacterium
bifidum . Microbiota composition was assessed by 16S
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rRNA Illumina HiSeq sequencing. Colon samples were
collected for histological analysis. Tumor cytokines was
assessed by Real Time-PCR (Polymerase Chain Reaction);
and serum cytokines by Multiplex assay. All tests were
two-sided. The level of significance was set at P < 0.05.
Graphs were generated and statistical analysis performed
using the software GraphPad Prism 5.0. The project was
approved by the institutional review board committee.

INTRODUCTION
Colon cancer involves a complex and heterogeneous
mechanism, mostly induced by the accumulation
of somatic mutations over time, which are caused
by environmental factors, diet, microbial exposure
[1]
and metabolites and the host immune response .
Although the causes of colon cancer are not well es
tablished, inflammation has been implicated from
initiation to promotion of the disease, even for those
tumours that do not have a direct causal relationship
[2]
to inflammation . Tumour-promoting inflammation
is a hallmark of cancer, and there is strong evidence
that inflammation plays a critical role in cancer devel
[3]
opment . The balance between the expression of
mediators and immunological modulators, as well
as the amount and activation of different types of
inflammatory cells in the tumour microenvironment, will
[4]
determine the tumour growth rate .
The intestinal microbiota may act as a link between
colon cancer-promoting factors and the stages of
[5]
carcinogenesis . Alteration in microbial composition and
diversity is considered essential for the promotion of
[6]
inflammation, proliferation and neoplastic progression .
Studies evaluating the composition of the microbiota in
colorectal cancer (CRC) identified that bacteria such as
Bacteroides, Parabacteroides, Alistipes, Akkermansia
spp. Porphyromonadaceae, Coriobacteridae,
Staphylococcaceae and Methanobacteriales are com
monly increased. Others, such as Bifidobacterium,
Lactobacillus, Ruminococcus, Faecalibacterium spp.,
[6]
Roseburia and Treponema, are consistently decreased .
However, these association studies cannot determine
if this diversity is a cause or a consequence of CRC. As
a result, methods that can selectively manipulate the
microbiota have emerged as a strategy that may aid in
the prevention of cancer.
The intestinal microbiota can be modulated by
several factors such as environment, radiation, surgery,
medicines, aging, diet, lifestyle and host genetic.
Not coincidentally, these factors are also related to
[7-9]
inflammation and colon cancer risk . Another important
way of modulating the intestinal microbiota is through
the supplementation of bacterial strains (probiotics).
Probiotic supplements are monoassociated cultures or a
mix of living microorganisms; Lactobacillus rhamnosus,
Lactobacillus reuteri, L. acidophilus, Lactobacillus
bulgaricus, Bifidobacterium infantis, Bifidobacterium
bifidum and Saccharomyces boulardii are commonly
[10]
used as probiotics . Probiotic strains are usually found
in dairy products such as yogurts and cheeses or used as
food supplements or drugs.
The beneficial effects of probiotic bacteria were rec
[11]
ognized more than 100 years ago by Metchnikoff .
Modifications to the microbial community can prevent
or treat various gastrointestinal disorders such as inflam
[12]
matory bowel disease and irritable bowel syndrome ,
[13]
as well as systemic diseases such as eczema ,
[14]
[15]
[16]
respiratory infections , asthma
and diabetes .

RESULTS
At day 60 after azoxymethane injection, the mean
number of tumours in the probiotic group was 40%
lower than that in the control group, and the probiotic
group exhibited tumours of smaller size (< 2 mm) (P <
0.05). There was no difference in richness and diversity
between groups. However, there was a significant
difference in beta diversity in the multidimensional scaling
analysis. The abundance of the genera Lactobacillus ,
Bifidobacterium , Allobaculum , Clostridium XI and
Clostridium XVⅢ increased in the probiotic group (P
< 0.05). The microbial change was accompanied by
reduced colitis, demonstrated by a 46% reduction in the
colon inflammatory index; reduced expression of the
serum chemokines RANTES and Eotaxin; decreased p-IKK
and TNF-α and increased IL-10 expression in the colon.
CONCLUSION
Our results suggest a potential chemopreventive effect
of probiotic on CAC. Probiotic supplementation changes
microbiota structure and regulates the inflammatory
response, reducing colitis and preventing CAC.
Key words: Intestinal microbiota; Chemoprevention;

Lactobacillus acidophilus ; Lactobacillus rhamnosus ;
Bifidobacterium bifidum
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intestinal microbiota has an essential role in
carcinogenesis, acting in promotion of inflammation,
proliferation and neoplastic progression. Probiotic
supplementation is an alternative means of favourably
modulating the intestinal microbiota. In this study,
we investigate the effect of supplementation with a
Lactobacillus acidophilus , Lactobacillus rhamnosus and
Bifidobacterium bifidum mixture during the development
of an experimental model of colitis-associated colon
cancer. Probiotic supplementation on colorectal cancer
changed the microbiota and reduced inflammation in the
colon, probably by regulating the inflammatory response,
and reducing inflammatory cell infiltration by lowering
chemokine expression, thus preventing colitis.
Mendes MC, Paulino DS, Brambilla SR, Camargo JA, Persinoti
GF, Carvalheira JB. Microbiota modification by probiotic
supplementation reduces colitis associated colon cancer in mice.
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Mechanistically, probiotics may reduce cancer risk by
exerting several effects, including destruction of potential
carcinogens, reducing microbial genotoxicity, altering
the metabolites produced by the microbiota, producing
anti-tumourigenic and anti-mutagenic compounds,
competing with pathogenic bacteria, increasing the
intestinal barrier, increasing the innate immune response
of the host and modulating cell proliferation and anti[17-21]
apoptotic pathways
.
Although the effects of probiotics have been inves
tigated in in vitro experiments, animal models, and some
human gastrointestinal diseases, little is known about
the interaction between probiotic supplementation,
changes in the intestinal microbiota and neoplastic trans
[19,22]
formations of the gastrointestinal mucosa
.
Thus, the aim of this work is to investigate the
effect of supplementation of a Lactobacillus acidophilus,
Lactobacillus rhamnosus and Bifidobacterium bifidum
mixture on the intestinal microbiota, inflammation and
neoplastic alterations in the gastrointestinal mucosa
during the development of an experimental model of
colitis associated colon cancer.

weights were evaluated weekly. Colon cancer induction
was done by intraperitoneally injection of 10 mg/kg
of Azoxymethane (Sigma-Aldrich®). After 1 wk, 2.5%
dextran sulphate sodium (DSS, MW 36-50 kDa) (MP
Biomedical, Inc) was supplied in the drinking water for 5
d, followed by 14 d with unsupplemented drinking water.
This cycle was repeated two additional times, and the
mice were sacrificed 10 d after the last cycle, according
[23]
Greten et al . Tumour samples were collected for RTPCR and cytokine analysis. Colon tissues were collected
for western blotting. Colon faeces were collected for
16S rRNA sequencing. Blood was collected to obtain
serum for analysis of serum cytokines. Tumour and
colon samples were collected and frozen immediately
in liquid nitrogen and all samples were stored at -80 ℃
until analysis.

Microbiota analysis by 16S rRNA sequencing

DNA was extracted from faecal material using a
QIAamp DNA Stool Mini kit (Qiagen, Hilden, Germany)
and 50 ng were used for cDNA library synthesis with
the Rapid Library Preparation Kit (Roche Applied
Science, Mannheim, Germany), according to the
manufacturer’s instructions. The cDNA was analysed
with a Bioanalyzer and High Sensitive DNA Kit
(Agilent Technologies Inc., Santa Clara, CA, United
States) to ensure equimolar use of the samples in
PCR. These samples were then sequenced with a 16S
Metagenomic Sequencing® Illumina Kit combined
with the HiSeq 2500 System (Illumina) sequencer,
according to the manufacturer’s instructions. Sequence
reads obtained from the V4 region of the 16S gene
[24]
were analysed according to the UPARSE pipeline ,
using the USEARCH v9.2.64 package. For OTU
clustering a threshold of 97% similarity was used
through the UPARSE-OTU algorithm. α- and β-diversity
analyses were calculated using the R package Phyloseq
[25]
v.1.19.1
and vegan 2.4_2 packets, using the OTU
table normalized to the smallest sample size. Taxa with
differential abundance between groups were identified
using the Kruskal-Wallis test (P < 0.05). In the bar plot
are shown those taxa with relative abundance greater
than 1%.

MATERIALS AND METHODS
Animals

Eight-week-old, male C57BL/6 mice weighing appro
ximately 25 g were provided by the central laboratory of
the State University of Campinas (UNICAMP) (Campinas,
SP, Brazil). All experiments were conducted in order
to minimize the pain and discomfort of the animals.
Animals were maintained in cages with a maximum
of 5 animals, with free access to water and food, in a
bed of wood shavings, controlled temperature by airconditioned, in a light-dark cycle of 12 h. Intragastric
gavage administration was done carefully, with the
animal immobilized, using gavage needle appropriate
for mice. All procedures were performed according to
the Ethical Principles in Animal Experimentation adopted
by the Brazilian Society of Laboratory Animal Science
(SBCAL), with the current law n° 11.794 of October 8,
2008 and the decree n° 6.899 of July 15, 2009. The
Ethics Committee on Animal Use (CEUA) of UNICAMP
approved the project, according to protocol no. 2761-1.

Cytokines analysis

Experimental design

Analysis of cytokines in serum and tumour tissue was
performed by multiplex immunoassay (Bio Plex Pro Mouse
Cytokine 23 Plex Panel - Bio Rad, Code: M60009RDPD)
according to the manufacturer’s instructions. Tumor
tissue protein were extracted previously with appropriate
protein extraction buffer, in TissueLyser equipment for
3 min at 30 rpm. After 20 min of rest, the samples
were centrifuged at 11000 rpm for 30 min at 4 ℃. The
supernatant was collected and used for analysis after
protein quantification.

Animals were randomly divided into two experimental
groups (control and probiotic), both of which received a
standard diet (AIN93-M). The probiotic group received
by gavage daily 0.6 billion CFU (colony forming
units) each of Lactobacillus acidophilus, Lactobacillus
rhamnosus and Bifidobacterium bifidum, diluted in 200
μL of drinking water, while the control group received
200 μL of drinking water daily. Treatment starts one
week before colon cancer induction and finished one
day before animal sacrifice. Each group started with
15 animals, which were identified and monitored
individually throughout the experiment, and their

WJG|www.wjgnet.com

Real-time PCR

Tumour tissue was extracted using the RNeasy Mini Kit
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(Qiagen®) on the QIAcube (Qiagen®), according to the
manufacturer’s recommendations. RNA was quantified
using a NanoDrop spectrophotometer (NanoDrop
Technologies, United States) at a wavelength of 260 nm.
cDNA was synthesized following the recommendations
of the cDNA Synthesis Kit (Thermo-Scientific). Realtime PCR reactions were performed using the TaqMan
™ system (Applied Biosystems), which consists of a
pair of primers and a fluorophore- labelled probe. The
cycling conditions used were: 50 ℃ for 2 min, 95 ℃ for
10 min and 40 cycles of 95 ℃ for 15 s and 60 ℃ for 1
min. The relative gene expression values were obtained
by analyzing the results in the Applied Biosystems 7500
System SDS Software program. Expression levels of
the genes of interest were normalized to that of gly
ceraldehyde 3-phosphate dehydrogenase (Gapdh;
Mm99999915_g1TaqMan®). The genes of interest
studied were IL-6 (Mm00446190_m1TaqMan®), IL-1β
(Mm00434228_m1 TaqMan®), TNF (Mm00443258_m1
TaqMan®), IL-10 (Mm01288386_m1 TaqMan®), IL-4
(Mm00445259_m1TaqMan®), IL-13 (Mm00434204_m1
TaqMan®) and Tgfβ1 (TaqMan Mm01178820_m1).

were distinguished according to the protein ladder
molecular weight. These membranes were exposed
to a chemiluminescence solution (SuperSignal West
Pico Chemiluminescent Substrate (Pierce)) and band
intensities were revealed by optical densitometry of
developed autoradiographs or in a ChemiDoc MP (BioRad).

Statistical analysis

Results were expressed as mean ± SD. The primary
outcome was number of tumors. Intestinal microbiota
abundance and diversity, inflammatory index and cyto
kines expression were the secondary outcomes. The
Mann-Whitney U test was used for comparisons between
two groups for continuous variables and Chi-square test
was used to compare categorical variables. All tests were
two-sided. The level of significance was set at P < 0.05.
Graphs were generated and statistical analysis performed
using the software GraphPad Prism 5.0. Statistical
analysis for microbiota data were described in “Microbiota
analysis by 16S rRNA sequencing” section.

RESULTS

Inflammatory index

Probiotic supplementation reduces tumour incidence in
a colitis associated colorectal model

Colons and tumours were removed for histology. Tissues
were processed and fixed on microscopic slides and
stained with haematoxylin and eosin. The inflammatory
index includes verification of the severity of the areas
of epithelial degeneration, focal or multifocal areas,
erosions of the epithelium, presence of ulcers, tissue
hyperplasia and size of the affected area. Analysis of the
inflammatory index was performed according to Cooper
[26]
et al .

Using a CRC model associated with colitis, we
investigated the role of probiotic supplementation in
the development of CRC. To this end, mice received an
intraperitoneal injection of azoxymethane, followed by
three cycles of treatment with sodium dextran sulphate
(DSS) diluted in water. Two hundred microliters of water
9
9
or probiotics (0.6 × 10 L. acidophilus, 0.6 × 10 L.
9
rhamnosus and 0.6 × 10 B. bifidum) was provided daily
by gavage. The number of tumours was quantified at
day 60 after azoxymethane injection. As shown in Figure
1A, the mean number of tumours was 9.7 (± 5.7) (n =
33) in the control group and 5.8 (± 3.3) (n = 29) in the
probiotic group, which represents a 40% reduction (P
= 0.001). There was no difference in mean tumour size
between the groups [control = 3.5 cm (± 1.4) (n = 32),
probiotic = 3.0 cm (± 1.7) (n = 29), P = 0.14]; however,
the probiotic group presented more tumours of smaller
size (< 2 mm) (P = 0.0002) (Figure 1B). These results
are represented in the images in Figure 1C. There was
no statistically significant difference between initial and
final mean weights [control = 1.5 (± 2.7) (n = 31),
probiotic = 0.3 (± 3.7) (n = 31), P = 0.21] (Figure 1D).

Western blotting

Colon tissue was extracted using a protein extraction
buffer (1% Triton X-100, 100 mmol/L Tris (pH 7.4),
100 mmol/L sodium pyrophosphate, 100 mmol/L
sodium fluoride, 10 mmol/L EDTA, 10 mmol/L sodium
vanadate, 2 mmol/L phenylmethanesulfonyl fluoride
and 0.1 mg/ml aprotinin), Laemmli sample buffer
containing 100 mmol/L DTT was added and the mixture
was heated to 100 ℃ for 5 min (ref). For total extracts,
similar-sized aliquots were subjected to 8%-15%
SDS-PAGE. The samples were electrophoresed for
the separation of the proteins, being labelled with a
marker of known molecular weight (Thermo Scientific
PageRuler Prestained Protein Ladder). Using a wet
transfer apparatus, the resolved proteins were blotted
onto nitrocellulose membranes (Bio-Rad). Then,
membranes were blocked with 5% milk solution and
incubated overnight at 4 ℃ with specific antibodies. The
antibodies used were anti-phospho-IKK Ser180/Ser181
(Santa Cruz Biotechnology, SC-23470-R), anti-IKK
alpha (Santa Cruz Biotechnology, SC-7183), anti-TNF
(Cell Signaling Technology, Cell-3707), anti-IL10 (Cell
Signaling Technology, Cell-12163) and anti-β-Tubulin
(Cell Signaling Technology, Cell-2146). Bands of interest
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Probiotic supplementation changes the gut microbiota
in the colon

Next, we investigated how probiotic strain supple
mentation interfered with the abundance and diversity
of the intestinal microbiota in the colon and cecum
of the probiotic group compared with the control
group. Faecal samples from the cecum and colon were
collected on day 60 and immediately frozen until the
date of DNA extraction. The microbiota profile was
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Figure 1 Probiotic supplementation reduces tumour incidence in a colorectal cancer model associated with colitis. Number (A) and size (B) of colon tumours
in the control (n = 33) and probiotic (n = 29) groups. C: Representative images of tumours in the colons of the control and probiotic groups at day 60 after injection
with azoxymethane. D: Change in body weight during treatment with azoxymethane and DSS in the control (n = 31) and probiotic (n = 31) groups. aP < 0.05; bP < 0.01;
c
P < 0.001; Mann-whitney U test (A and D), Chi-square test (B). Data are from three independent experiments and are presented as mean and standard deviation.

characterized by 16S rRNA Illumina HiSeq sequencing.
Our results indicate that probiotic supplementation
did not change the alpha diversity of the intestinal
microbiota. Comparisons of species richness by total
number of operational taxonomic units and Chao1 index
did not reveal differences between groups; neither were
there differences in diversity assessed by Shannon index
(Figure 2A-C). However, multidimensional ordering
analysis showed a difference in beta diversity between
the control and probiotic groups; in this analysis a
closer proximity between points indicated a higher
similarity between samples (Figure 2D). It is possible to
distinguish two fields in the plot, probiotic in the lower
right quadrant and control in the upper left quadrant.
There was a significant difference between the control
and probiotic groups according to Permanova analysis
(P < 0.001). Rarefaction curves and the Richness
diversity index are shown in the supplemental material
(Supplementary Figure 1). Moreover, probiotic supple
mentation modulated the intestinal microbiota in the
colon at the phylum level, generating an increase
in bacteria of the phylum Actinobacteria (P < 0.05)
(Figure 2E and F). In addition, in the taxonomic

WJG|www.wjgnet.com

analysis we highlight the statistically significant
difference found at the genus level of Lactobacillus,
Bifidobacterium, Akkermansia, Allobaculum, Clostridium
XI and Clostridium XVIII, which were increased in the
probiotic group, while Clostridium XIVa was reduced in
probiotic group (Figure 3A and B); other genera with a
statistically significant difference between groups are
shown in the supplemental material (Supplementary
Figure 2). Taxonomy plots on the class, order and
family levels are shown in the supplemental material
(Supplementary Figure 3).

Probiotic supplementation modulates inflammation in a
colitis associated colorectal carcinogenesis model

At day 60, the colonic tissue were extracted and pre
pared for histological analysis, and tissue inflammation
was assessed by determining the inflammatory index.
The probiotic group had a lower inflammatory index than
the control group [control = 7.9 (± 1.6), n = 9, probiotic
= 4.2 (± 1.0), n = 9; P = 0.0005], an approximately
46% reduction (Figure 4A and B). Spleen weight did not
differ significantly between treatments [control = 0.18
(± 0.05), n = 21; probiotic = 0.12 (± 0.06), n = 25; P =
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Figure 2 Probiotic supplementation changes the intestinal microbiota composition. A-C: Microbiota alpha-diversity in the faecal content of the cecum and
colon from control and probiotic groups. Differences and comparisons of species richness (A), total number of operational taxonomic units, (B) Chao1 Richness
Index, (C) Shannon Diversity Index. Data are expressed as means ± SEM. Control cecum, n = 8; Probiotic cecum, n = 4; Control colon, n = 7; Probiotic colon, n =
10, Kruskal-Wallis test. D: Non-metric multidimensional scaling (nMDS) analysis of colon and cecum faecal content from control and probiotic-treated animals. Each
point represents a sample, groups identified by coloration, according to legend. E, F. Relative abundance at the phylum level in the cecum and colon from control
and treated with probiotic Groups. E: Each bar represents an individual animal, the colour of each cell indicates the relative abundance of bacterial phyla. Taxa with
relative abundance greater than 1% are shown. F: Box-plot represents log relative normalized abundance at the phylum level in the cecum and colon from control and
probiotic-treated groups. ‘C’ for Control and ‘P’ for Probiotic. Only the significant P values obtained by the Kruskal-Wallis test are shown as q value.
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0.38] (Figure 4C).
In addition, serum cytokines were measured to
assess whether probiotic supplementation could modu
late systemic inflammation. There was an increase in
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important chemokines in the control group compared
with the probiotic group: RANTES [control = 26.0 (±
8.4), P = 14; probiotic = 18.5 (± 6.9), n = 15; P = 0.03]
and Eotaxin [control = 3010 (± 704.4), n = 14, probiotic
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= 2384 (± 854.4), n = 15; P = 0.02]. Increases in the
mean levels of the cytokines IL-10 and IL-13 and a
decrease in IFN-γ were observed, but these differences
were not statistically significant. Other cytokines as
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sessed did not differ between the control and probiotic
groups (Figure 4D).
We further investigated whether intracellular inflam
matory pathways in colonic tissue could be modulated
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by probiotic supplementation. Our results demonstrated
that the probiotic group had lower expression of the
phosphorylated protein IKK, reduced TNF-α expression
and increased IL-10 expression, which indicates less
activation of inflammatory pathways (Figure 4E).

levels. Based on these facts, it is possible to affirm that
probiotic supplementation could change the structure of
the microbiota.
The phylum Actinobacteria was increased in CAC
[34]
supplemented with probiotics. Interestingly, Gao et al
using 16S rDNA sequencing observed that at the phylum
level the number of Actinobacteria and Firmicutes
decreased in the gut of CRC patients. Actinobacteria
is a phylum of gram-positive bacteria, and the genus
[35]
Bifidobacterium is one of its main components ;
accordingly, probiotic supplementation increased the
prevalence of this genus in CAC. Importantly, analysing
[36]
the mucosa-adherent microbiota, Chen et al
identified reduced Bifidobacterium, Faecalibacterium
and Blautia in CRC patients, while Fusobacterium,
Porphyromonas, Peptostreptococcus and Mogibacterium
were enriched. Similarly, colonic mucosa samples of
patients with CRC presented a reduced amount of
B. longum and B. bifidum compared with those in
[31]
patients with diverticulitis . These data suggest that
probiotic supplementation alters the CAC microbiota to
an anti-neoplastic one. Consistent with this hypothesis,
probiotic supplementation increased the abundance of
Lactobacillus in CAC. In particular, Lactobacillus not only
[37,38]
prevents DMH induced colon carcinogenesis in rats
but also ameliorates inflammation in an experimental
[28,39,40]
model of colon cancer
. Akkermansia muciniphila
is another intestinal bacterium which may have
potential anti-inflammatory properties in metabolic
disorders, and it has been inversely associated with
obesity, diabetes, cardiometabolic diseases and low[41]
grade inflammation . In other colitis model, such as
interleukin‑10 knockout mice, supplementation with
Lactobacillus plantarum LP‑Onlly ameliorates colon
[42]
inflammation by microbiome alteration , while a
combination of Bifidobacterium longum, Lactobacillus
acidophilus, Enterococcus faecalis improved epithelialbarrier function and reduced proinflammatory cytokines
[43]
secretion . A. muciniphila was reduced in ulcerative
[44]
colitis patients , but was positively associated with
[45]
CRC patients . As a mucin-degrading commensal
bacterium, it can impair intestinal barrier function,
[46]
promoting colitis . In contrast, other studies found that
A. muciniphila increases the density of mucus-producing
[47]
goblet cells, restoring the mucus layer . In an
experimental study, orally administered A. muciniphila
extracellular vesicles protected against DSS-induced
colitis, reducing proinflammatory cytokine expression,
increasing colon length and reducing inflammatory cell
[48]
infiltration of the colon wall . We found an increase
trend in A. muciniphila abundance in the probiotic
group, which, in association with other microorganisms,
may have prevented colitis in our study.
Furthermore, the abundance of short-chain fatty
acid (SCFA)-producing bacteria, like Allobaculum,
was increased in the probiotic group. SCFA (acetate,
propionate, and butyrate) are produced through
the fermentation of non-digestible carbohydrates

Probiotic supplementation does not modulate cytokine
expression in the tumour microenvironment

In order to evaluate the expression of cytokines in the
tumour environment, we evaluated the expression
of cytokines in the tumour tissue by RT-PCR (Figure
5A-G) and by Bio-Plex Multiplex cytokine assay (Figure
5H) at day 60 after injection with azoxymethane. We
observed an interesting but non-significant increase
in the mRNA expression of the cytokine TGF-β, which
was approximately 25% higher in the probiotic group
[control = 1.00 (± 0.29) n = 17, probiotic = 1.24 (±
0.47) n = 21, p = 0.06] (Figure 5E). Changes in other
cytokines were not statistically significant.

DISCUSSION
The present study demonstrates that supplementation
with Lactobacillus rhamnosus, Lactobacilus acidophilus
and Bifidobacterium bifidum reduced the colorectal
tumour burden in mice, preventing colitis with a change
in microbiota composition, reduction of inflammatory
pathways in the colon, and modulation of cytokine and
chemokine expression. To the best of our knowledge,
no other study has evaluated the impact of the asso
ciation of these strains in probiotic supplementation
on the richness, diversity and abundance of the colon
microbiota in colitis-associated cancer (CAC).
Prior reports showed that the isolated treatment
with Lactobacillus acidophilus, Lactobacillus rhamnosus
or Bifidobacterium bifidum are associated with tumour
suppressive effects in colon cancer cell lines and in
[27-30]
experimental tumour models
. Moreover, clinical
studies showed that Lactobacillus and Bifidobacterium
are frequently reduced in patients with intestinal bowel
[31]
disease or CRC . The enrichment or depletion of
different microbial strains and the change in microbial
diversity is considered essential for the promotion of
[32]
inflammation, proliferation and neoplastic progression .
Here, we used the association of Lactobacillus
acidophilus, Lactobacillus rhamnosus and Bifidobacterium
bifidum to assess if it can favourably alter the microbiota
[33]
composition .
In this study, the alpha diversity (i.e., the number of
different taxa or microbial species that could be detected
in one sample) was assessed by the Shannon index and
richness by the Chao index in the gut microbiota of the
colon, and there was no difference between the control
and probiotic groups. Otherwise, a significant difference
was observed in beta diversity (i.e., the diversity in
microbial community between different samples, ac
cessed by the microbial composition abundances) and
in the microbial composition at the genus and phylum
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Figure 5 Probiotic supplementation does not modify the tumour microenvironment. Real-time RT-PCR analysis of TNF-α (A), IL-6 (B), IL-1β (C), IL-10
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by intestinal bacteria and play an important role in
maintaining intestinal health with anti-inflammatory
[49]
and antineoplastic properties . Antineoplastic proper
ties of SCFAs are linked to the production of anti[50]
inflammatory cytokines such as IL10 and TGF-β .
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Likewise, Bifidobacterium and S. thermophilus also
[51]
stimulate the release of TGF-β . Considering that, we
found an increase in the expression of TGF-β mRNA in
tumour tissues of the probiotic group. It is possible that
TGF-β may be involved in the anti-inflammatory and
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Figure 6 Microbiota modification by probiotic supplementation reduces colitis modulating cytokines expression preventing colon cancer development in
mice.

promotion, as we found decreased tumour number and
smaller tumour size in probiotic group.
It is plausible that probiotic supplementation can be
included in clinical practice, preventing CRC in patients at
higher risk of colitis. However, it is necessary to conduct
a clinical trial to confirm this hypothesis. In conclusion,
our results suggest a potential chemopreventive effect of
probiotic supplementation on CRC. Microbiota changed
by probiotic supplementation promote intestinal homeo
stasis and regulate the inflammatory response, reducing
inflammatory cell infiltration by lowering chemokine
expression, thus preventing CAC (Figure 6).

anti-neoplastic effects of probiotic supplementation, and
this deserves further investigation. Another mechanism
by which probiotics can prevent inflammation is by
modulating signalling pathways, inhibiting the PI3K/Akt
and IKK/NF-κB pathway, thereby modulating cytokine
[22,52]
and chemokine secretion
. In our study, probiotic
supplementation reduced proinflammatory pathway
activity, decreasing IKK activation in colon, suggesting
a local effect. Notably, a similar result was observed in
a study with ulcerative colitis patients patients where
probiotic consumption increased IL-10, and decreased
[53]
TNF-α and IL-1β, inhibiting NF-κB expression .
In accordance with a reduced activity of NF-κB,
our data demonstrate that the probiotic-supplemented
group presented reduced expression of CCL5/RANTES
in serum. Given that CCL5/RANTES may promote
tumour growth by stimulating proliferative pathways
[54-56]
and angiogenesis and recruiting inflammatory cells
,
it is plausible to hypothesize that those chemokines
are involved in tumour development, collaborating to
reduced tumour burden in the probiotic-supplemented
group. On the other hand, probiotic supplementation
reduced the expression of eotaxin, a chemokine
primarily responsible for eosinophil recruitment during
inflammation, which may contribute to preventing the
recruitment of inflammatory cells to the colon in the
probiotic group. Eosinophils are potent proinflammatory
cells, capable to produce and release cytotoxic proteins,
cytokines, and metabolites reactive to oxygen, causing
severe damage to the tissue. Eosinophils accumulation
is common in patients with ulcerative colitis and active
[57,58]
inflammatory bowel disease
.
In aggregate these studies indicate that intestinal
microbiota modulates carcinogenesis in different
steps of carcinogenesis. Interestingly, the probiotic
supplementation composition used in this study have
its effects more pronounced in tumour initiation and
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ARTICLE
ARTICLE HIGHLIGHTS
HIGHLIGHTS
Research background

Derangement in intestinal microbial composition impacts in mucosal
inflammation, tumour promotion and neoplastic progression. Given that the
intestinal microbiota can be modulated by several factors, and probiotic
supplementation is an interesting alternative to re-establish intestinal eubiosis.
Furthermore, in vitro studies and experiments with animal models demonstrated
that several bacteria strains (probiotics) can modulate proliferative, apoptotic
and inflammatory pathways; increase the innate immune response; produce
anti-tumourigenic and anti-mutagenic compounds and destroy carcinogens;
reduce genotoxicity; and increase intestinal barrier. Thus, probiotic modulation
of intestinal microbiota has emerged as a potential chemopreventive agent.

Research motivation

Despite the idea that probiotic supplementation could prevent colorectal cancer
(CRC), little is known about the supplementation of a mix of bacterial probiotic
strains as well as its impact in the intestinal microbiota composition and
neoplastic transformations of the intestinal mucosa. Our data can contribute to
solve the gaps in the literature of whether this mix of probiotic, dose and time
of supplementation used was able to alter the alpha and beta diversity of the
intestinal microbiota, and how this treatment impact in colitis, serum cytokines
and neoplastic development.

Research objectives

The aim of this work is to investigate the effect of supplementation of a
Lactobacillus acidophilus, Lactobacillus rhamnosus and Bifidobacterium bifidum
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mixture on the intestinal microbiota composition, inflammation and neoplastic
alterations in the colon during the development of an experimental model of
colitis associated colon cancer (CAC). Overall, this study intents to strengthen
data from preclinical studies, encouraging clinical trials to investigate their role
in preventing colitis and CRC in humans.
2

Research methods

We used an experimental model of CAC. C57BL/6 mice received intraperitoneal
injection of Azoxymethane, followed by 3 cycles of 2.5% dextran sulphate
sodium in drinking water, with an interval of 14 days between cycles. The
intervention group received by gavage daily 0.6 billion CFU (colony forming
units) each of Lactobacillus acidophilus, Lactobacillus rhamnosus and
Bifidobacterium bifidum, diluted in 200 μL of drinking water, while the control
group received 200 μL of drinking water daily. Colon tissues were collected
for inflammatory index analysis in histological sheets and western blotting
to assess inflammatory proteins expression. Cytokines expression in serum
and tumour tissue was performed by multiplex immunoassay, and in tumour
samples were also used Real Time-PCR. Microbiota analysis was done from
colon faeces using 16S rRNA sequencing method.

3
4
5
6
7

Research results

Probiotic supplementation reduces tumour incidence in a colitis associated
colorectal model, we found decreased tumour number and smaller tumour
size in probiotic group. In parallel, probiotic supplementation changes the
gut microbiota in the colon. We did not detect any change in alpha diversity
of the intestinal microbiota, but a difference in beta diversity and in the
microbial composition at the genus and phylum level. In addition, probiotic
supplementation reduced 46% the inflammatory index compared to the control
group. Overall, these results highlight the potential for use of these probiotics
mixture to human colitis to reduce inflammation and prevent colon cancer.
Thus, further clinical trials are needed to confirm these preclinical insights.

8
9
10

Research conclusions

We found that supplementation with Lactobacillus acidophilus, Lactobacillus
rhamnosus and Bifidobacterium bifidum during colitis associated colorectal
carcinogenesis model changed intestinal microbiota, without altering richness
and diversity of intestinal microbiota. Lactobacillus and Bifidobacterium
increased in probiotic group and may be responsible for chemopreventive
effect of probiotic supplementation on CRC. In summary, we suggest that
probiotic supplementation could prevent CAC development by changes in
microbiota composition which promotes intestinal homeostasis and regulates
the inflammatory response, reducing inflammatory cell infiltration by lowering
chemokine expression.

11
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13

Research perspectives

The present study made biological plausible that probiotic supplementation
can reduce inflammation and prevent CRC in patients with colitis. Therefore,
clinical trials are needed to confirm this hypothesis and increase the therapeutic
arsenal against this haunted disease.
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We created parallel segmental models on the jejunum
in 15 pigs and compared the results from visual
inspection with histology and microdialysis. Three hours
of ischemia followed by reperfusion appeared to be the
upper limit for viability in this model.

Abstract

Strand-Amundsen RJ, Reims HM, Reinholt FP, Ruud TE, Yang
R, Høgetveit JO, Tønnessen TI. Ischemia/reperfusion injury in
porcine intestine - Viability assessment. World J Gastroenterol
2018; 24(18): 2009-2023 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i18/2009.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i18.2009

AIM
To investigate viability assessment of segmental small
bowel ischemia/reperfusion in a porcine model.
METHODS
In 15 pigs, five or six 30-cm segments of jejunum
were simultaneously made ischemic by clamping the
mesenteric arteries and veins for 1 to 16 h. Reperfusion
was initiated after different intervals of ischemia
(1-8 h) and subsequently monitored for 5-15 h. The
intestinal segments were regularly photographed
and assessed visually and by palpation. Intraluminal
lactate and glycerol concentrations were measured
by microdialysis, and samples were collected for light
microscopy and transmission electron microscopy. The
histological changes were described and graded.

INTRODUCTION
Evaluation of intestinal viability is essential in surgical
decision-making in patients with acute intestinal ische
[1-3]
mia , but can be challenging as the appearance of the
[4]
ischemic or reperfused intestine can be deceptive . The
standard clinical method for intraoperative assessment
of intestinal viability is evaluation of color, motility and
[3]
bleeding of cut ends . This method is not very specific
[4,5]
and requires a high level of clinical experience .
There is a risk of short bowel syndrome if resection is
performed too extensively, and on the other hand, a risk
of peritonitis, sepsis and death if non-viable intestine is
[6]
not removed . The gold standard for determination of
bowel viability is a second-look laparotomy (within 48 h)
[7]
to reinspect areas of questionable viability . Up to 57%
of patients need further bowel resection at a later time,
and this number includes patients undergoing second
[8]
look surgery (40% of the patients) .
The intestinal wall consists of several tissue layers
that have varying ability to tolerate ischemic insults.
While the mucosa has a lower tolerance for ischemic
damage than the muscularis propria, the mucosa has a
[9]
very potent ability for rapid regeneration and repair .
When the muscularis propria and the muscularis
mucosae are damaged, peristalsis and the movement
of the villi will be lost. Regenerated scar tissue might
not uphold sufficient peristalsis, and may lead to later
[2]
stricture .
While intestinal ischemia may have a number of
underlying causes, an early and essential element
of the clinical treatment in nearly all cases is the
[10]
restoration of perfusion . However, it may cause
both local and systemic responses, potentially creating
[11-13]
damage far beyond the direct ischemic injury
. The
extent of ischemia/reperfusion injury is variable and
dependent on the underlying mechanisms, the duration
of ischemia, the length of the affected segment and
[10,14]
hypoxic tolerance of the tissue
.
Experimental studies on intestinal viability have
reported that the time before irreversible damage
occurs varies between species, between anatomical
locations (e.g. jejunum, ileum, or colon), and between
[15-17]
the ischemia models used
. Rat intestine is reported

RESULTS
Using light microscopy, the jejunum was considered
as viable until 6 h of ischemia, while with transmission
electron microscopy the ischemic muscularis propria
was considered viable until 5 h of ischemia. However,
following ≥ 1 h of reperfusion, only segments that had
been ischemic for ≤ 3 h appeared viable, suggesting
a possible upper limit for viability in the porcine
mesenteric occlusion model. Although intraluminal
microdialysis allowed us to closely monitor the onset
and duration of ischemia and the onset of reperfusion,
we were unable to find sufficient level of association
between tissue viability and metabolic markers to
conclude that microdialysis is clinically relevant for
viability assessment. Evaluation of color and motility
appears to be poor indicators of intestinal viability.
CONCLUSION
Three hours of total ischemia of the small bowel
followed by reperfusion appears to be the upper limit
for viability in this porcine mesenteric ischemia model.
Key words: Viability; histology; reperfusion; ischemia;
microdialysis; jejunum; porcine model
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Research on experimental methods to improve
the surgeon’s assessment of viability of ischemic bowel
with higher accuracy than currently possible, requires
an accurate reference model. We investigated viability
assessment in a porcine model of warm ischemia
on jejunum with mesenteric occlusion, followed by
reperfusion. Our aim was to determine the time point
of irreversible damage, to provide a reference model.

WJG|www.wjgnet.com

2010

May 14, 2018|Volume 24|Issue 18|

Strand-Amundsen RJ et al . Viability assessment in porcine jejunum
[18]

to be irreversibly damaged after 45 min of ischemia ,
whereas in juvenile pig jejunum irreversible damage
to mucosal regeneration has been reported after 6.5 h
[19]
of ischemia . To judge the accuracy of clinical and
experimental methods in the assessment of intestinal
viability, histological analysis and/or patient outcome
approaches have been used as the standard for com
[4]
parison .
There is presently no standard classification method
for the histological assessment of ischemia/reperfusion
[20]
damage in the gut
and several approaches have
been proposed, focusing on different aspects of the
[21]
damage process . Many previous studies of intestinal
[13,22-25]
viability have concentrated on mucosal injury
.
A commonly used histological classification system for
ischemic mucosal lesions is based on the grading system
[22]
proposed by Chiu et al , including modifications
[26]
proposed by Park et al
to include evaluation of
damage in the deeper layers of the intestine. Swerdlow
[21]
et al
proposed a classification system, suggesting
that mixing etiologic and morphologic terms should
be avoided. This classification system has later been
[27,28]
modified
.
Microdialysis has been suggested as a way to
[29]
monitor bowel ischemia , and can be used to measure
changes in local metabolic substrate concentrations
[30-32]
related to ischemia/reperfusion injury
. The principle
is to place a tubular microdialysis membrane in the
tissue of interest, to pump a slow and steady flow of
isotonic fluid through the inside of the membrane and
on to a sampling vial. The tubular semi-permeable
membrane will allow low molecular weight substances
in the area surrounding the probe to diffuse through the
porous membrane due to differences in concentration
[33]
gradient . When using intraluminal microdialysis in the
small intestine, the substrates of interest are primarily
lactate and glycerol. The anaerobic metabolism in
the ischemic cells leads to an increase in lactate, and
glycerol is released as cell membranes deteriorate.
Ischemia/reperfusion experiments have shown,
however, that intraluminal microdialysis measurements
[34,35]
of glucose and pyruvate can be unreliable
.
In this study, we compared the results from visual
inspection, intraluminal microdialysis and histology (light
and transmission electron microscopy) with the aim
of assessing the viability of porcine jejunum following
segmental mesenteric occlusion with warm ischemia
and further reperfusion. We evaluated the injury
occurring in all layers of the intestinal wall. The overall
aim was to determine when irreversible damage occurs,
and to establish a reference for use with experimental
approaches of viability assessment on the porcine
jejunum.

discomfort to the animals and reduce the overall number
of animals used. The experiment was approved by the
Norwegian Food Safety Authority (FOTS ID 8304 and
12695) and conducted in accordance with Norwegian
animal welfare guidelines (FOR-2015-06-18-761) and
EU directive (2010/63/EU). We conducted the study
on 15 Norwegian Landrace pigs, with a weight range
44.3-58.6 kg, 11 were females. Food was withheld
12 h prior to surgery. We used a segmental mesenteric
occlusion (SMO) model utilizing several small bowel
[12,19,36,37]
segments in the same pig
, selecting 30 cm
segments of the jejunum, starting 30 cm distal from
the duodenum. More than 30 cm free intervals were
maintained between the segments. Local ischemia was
induced by atraumatic clamping of the arteries and veins
[17,19]
of the jejunal mesentery on the selected segments
,
resulting in a 20-cm central zone of warm ischemia
and two surrounding approximately 5 cm edge zones
[38]
of marginal tissue hypoxia . Reperfusion was initiated
by releasing the clamps and verified by observing the
return of color in the previously ischemic segments. We
conducted a series of ischemia/reperfusion intervals
(ischemia 1-16 h, reperfusion for 5-15 h post 1-8 h
of ischemia, control 1-16 h) in order determine the
occurrence of irreversible injury. At the end of the
experiment, the animals were sacrificed by a lethal dose
of potassium chloride (100 mmol).

Anesthesia and monitoring

Anesthesia was induced with intramuscular ketamine
(Warner Lambert, Morris Plains, NJ, United States) 15
mg/kg, azaperone (Janssen-Cilag Pharma, Austria)
1 mg/kg, and atropine (Nycomed Pharma, Asker,
Norway) 0.02 mg/kg. Tracheotomy was performed,
and anesthesia was maintained with isoflurane (Abbott
Scandinavia AB, Kista, Sweden) (1%-1.5%) and
a mixture of air and O2 to obtain an FIO2 of 30%.
Morphine (Alpharma, Oslo, Norway) 0.4-0.7 mg/kg/h
was administered as a continuous intravenous infusion.
Ventilation was adjusted to a pCO2 of 5-6 kPa (37.5-45.0
mmHg). A continuous infusion of Ringer acetate 10-30
mL/kg/h was administered as fluid replacement.

Surgery

Surgery was performed under sterile conditions.
Tracheostomy was performed initially for mechanical
ventilation. The left internal jugular vein was cannulated
with a triple lumen catheter for blood sampling,
measuring of central venous pressure and infusion
of fluids. Arterial pressure was measured through a
catheter placed in a carotid artery, the urinary bladder
temperature was measured with a thermistor probe.
Arterial and venous blood gases were regularly
measured throughout the experimental period. Pulse
oximetry, heart rate, respiratory rate and expiratory
pCO2 were continuously monitored. The jejunum was
made accessible through midline laparotomy. The
mesentery of the selected jejunal segments were
[39]
marked and clamped using Satinsky clamps .

MATERIALS AND METHODS
Animals and experimental design

The animal protocol was designed to minimize pain or
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Table 1 Comparison of modified Swerdlow et al
intestine
Grade
0
1
2
3
4
5
6
7
8

[21,27,28]

and Park/Chiu et al

[22,26]

systems for grading of histological damage on the

Modified Swerdlow

Park/Chiu

No pathological change
Focal loss of surface epithelium
Mucosal infarction (extensive loss of surface epithelium, loss of variable amounts of lamina
propria, sparing of basal glands, intact muscularis mucosae)
Submucosal infarction (variable necrosis of submucosa, complete mucosal necrosis, intact
muscularis mucosae)
Mural infarction (loss of muscularis mucosae, complete necrosis of mucosa and submucosa)
Mural infarction (involvement of inner layer of muscularis propria, complete necrosis of
mucosa and submucosa)
Transmural infarction (complete necrosis of the bowel wall)

Normal mucosa
Subepithelial space at villus tips
Extension of subepithelial space with moderate
lifting
Massive lifting down the sides of the villi, some
denuded tips
Denuded villi, dilated capillaries
Disintegration of lamina propria

Peristalsis and color

was also classified using a system devised by Antonioli
[27,28]
and Swerdlow, as modified by Hegde et al
and a
[22]
modification of the grading system devised by Chiu ,
[26]
proposed by Park et al (Table 1).
In addition, 58 samples at selected time intervals
from 3 pigs were collected and fixed in a phosphatebuffered mixture of 2% glutaraldehyde and 0.5%
paraformaldehyde overnight. From each sample, four
specimens were subsequently embedded in an epoxy
resin according to a standard protocol. Toluidine bluestained semi-thin sections were used to select areas of
interest and ultra-thin sectioning of one block. The ultrathin sections were examined by transmission electron
(TEM) microscopy by one pathologist (FPR). The focus
was on cellular and subcellular changes as a basis of
estimating tissue viability in the muscularis propria.

The presence of peristalsis in the bowel segments was
monitored by visual observation and palpation, and
registered hourly for the duration of the experiments.
We photographed the intestinal segments hourly to
monitor alterations in color.

Microdialysis

CMA65 Custom made Microdialysis Catheter (65CMC)
with 30 mm membrane length, 100 kDa cut-off
(M Dialysis AB, Stockholm, Sweden) was perfused
with 60 mg/ml Voluven (Fresenius Kabi Norge AS,
Halden, Norway) for 30 min, before being inserted
into the lumen of the selected jejunal segments, with
a split-needle technique. The flow rate was adjusted
to 1 µl/min using CMA 107 microdialysis pumps
(CMA Microdialysis, Stockholm, Sweden). A baseline
measurement was obtained (30 min) before the
initiation of ischemia, and then for every hour during
the experiment duration. An ISCUSflex Microdialysis
Analyzer (M Dialysis AB, Stockholm, Sweden) was used
to analyze the samples continuously after sampling,
using Reagent set A (M Dialysis AB, Stockholm,
Sweden). The reagent set was used to analyze glucose,
lactate, pyruvate and glycerol. The ISCUSflex was set
to normal linear range, 0.1-12 mmol/L (lactate) and
10-1500 µmol/L (glycerol). After a period of ischemia
our results reached values above the linear range.
Seven of the microdialysis catheters failed to operate
normally and were excluded from the study.

Statistical analysis

The microdialysis data was analyzed for distribution,
skewness, kurtosis and homogeneity of variance to
assess distribution. Continuous data were described
with mean and SD and categorical data with counts and
proportions. Comparisons of the intraluminal lactate
and glycerol levels between the control and ischemia/
reperfusion segments of jejunum were made using
two-way repeated measures analysis of variance (RM
ANOVA). For the ANOVA’s the responses of interest were
lactate and glycerol level, and the factors used were
“case” (control, ischemic, reperfusion) and time duration
[h]. P-values were adjusted for multiple comparisons
using Holm-Sidak’s correction. The ANOVA’s were run
using GraphPad Prism version 7.00 (GraphPad Software,
United States).

Histology

We collected a total of 128 intestinal tissue samples
from 5 pigs for light microscopy (LM) at selected time
intervals from control jejunum, ischemic jejunum and
reperfused jejunum. The biopsies were fixed overnight
in buffered 10% formalin. The samples were then
processed according to a routine protocol and embedded
in paraffin wax, and 2-3 histological sections from each
sample were stained with hematoxylin and eosin. The
sections were reviewed with LM by two pathologists (HMR
& FPR) and pathological changes in each layer of the
intestine were assessed. The intestinal tissue damage
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Crypt layer injury
Transmucosal infarction
Transmural infarction

RESULTS
All the animals (n = 15) were hemodynamically stable
during the experiments. 10-20 min after reperfusion
was initiated in a segment of the jejunum after a
period of ischemia, there was an increase in heart rate
(+20 to 60 beats per minute) that lasted for 5 to 30
min (increasing with the late reperfusion intervals),
and there was also an initial decrease in mean arterial
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Table 2 Clinical parameters during ischemia/reperfusion in porcine jejunum
Ischemia (h)

Observations on the
ischemic jejunum

Minutes after
reperfusion before
color has returned
(mean ± SD)

Observable Reperfusion (h)
peristalsis in
No. of pigs

0
1
2
3
4

Normal color
Purple
Darker purple
Darker purple
Darker purple

0.9 ± 0.1
2 ± 0.1
4 ± 0.3
6 ± 0.7

15 of 15
2 of 2
13 of 13
4 of 4

8
8
8
8

5

Darker purple

15 ± 1.6

11 of 11

8

6

Darker purple

26 ± 3.3

3 of 4

8

8

Black

49 ± 91

0 of 4

8

12
16

Patches of paler color
Necrotic

Observations on the reperfused jejunum

Edema
Edema, slight fibrinous coating
Edema, fluid droplets, slight fibrinous coating
Edema, fluid droplets, fibrinous coating, darker
internal hue
Edema, fluid droplets, fibrinous coating, darker
internal hue
Edema, fluid droplets, fibrinous coating,
deeper red color, darker internal hue
Edema, fluid droplets, fibrinous coating,
deeper red color, darker internal hue

No. of pigs

15
15
2
13
4
11
4
4
4
4

1

There was a lot of internal bleeding in the jejunum, so determination of the time before return of color was difficult. Images in Figure 1.

tissue (p < 0.001). In the series with ischemia duration
> 1 h, the lactate levels decreased over the first hour
following reperfusion. In the tissue that was ischemic
for the whole duration of the experiment there was
a gradual decrease in lactate level from mean (SD)
17.22 (3.48) mmol/L at 6 h of ischemic duration to
12.96 (2.01) mmol/L by the end of the experiment.
Only in the jejunum that was reperfused after 1 hour of
ischemia, did the lactate values approach pre-ischemic
levels during the experiment. There was no significant
change in arterial lactate throughout the experiment
(data not shown).
The intraluminal glycerol level increased significantly
from mean (SD) 5.7 (2.0) to 554.1 (215) µmmol/L
during the first hour after the initiation of ischemia (p
< 0.001), peaking around 6-8 h of ischemia compared
to the control (Figure 2). In the segments that were
reperfused after 1-3 h of ischemia, the glycerol
levels continued to increase during the first hour of
reperfusion, while decreasing during the first hour of
reperfusion following longer ischemia intervals. The
glycerol levels in the lumen of the reperfused intestinal
segments approached the control level after 6 to 7 h of
reperfusion, regardless of previous ischemic exposure.
In the tissue that was ischemic for the duration of the
experiment, there was a gradual decrease in glycerol
level from mean (SD) 3180.4 (382.8) µmmol/L at 7 h
of ischemia to 2780.2 (471.0) µmmol/L by the end of
the experiment.

blood pressure (5-25 Torr) lasting for 5-15 min, before
returning to normal after increased fluid administration.
SpO2 (measured at the pig tail) was above 98% in
all animals during the entire experiment. Mean body
temperature increased from 38.5 ℃ at the start of the
experiments to 40.5 ℃ by the end of the experiment.

Peristalsis and color

After initiating ischemia of a bowel segment, we
observed a period of hyperperistalsis that lasted for
approximately 30-40 min. Ischemia leads to a change in
color of the involved tissue (Figure 1 and Table 2), and
edema is the hallmark of reperfusion. Upon reperfusion,
peristalsis was visible in all jejunal segments that had
been ischemic for ≤ 5 h and most of the segments
that had been ischemic for 6 h. We observed an initial
hyperemia, and a return of color even in the jejunum
that had been ischemic for 8 h. In the samples that had
been ischemic for ≥ 2 h there was a gradual formation
of a fibrinous exudate on the serosa after reperfusion.
Following reperfusion, we observed the formation of
small fluid droplets on the surface of the samples that
had been ischemic for ≥ 3 h, which was associated
with a gradual increase in peritoneal fluid. We observed
a darker “internal hue” in the samples that were
reperfused after ≥ 4 h of ischemia.

Microdialysis

Levels of the intraluminal lactate increased significantly
during the first hour of ischemia (p < 0.001) from
mean (SD) 0.65 (0.28) to 8.54 (3.43) mmol/L, peaking
around 4-5 h of ischemia compared to the control (Figure
2). Following reperfusion after 1 h of ischemia, the
intraluminal lactate level showed little change during
the first hour of reperfusion with 10.42 (1.97) mmol/L
compared to 13.69 (2.33) mmol/L in the ischemic
tissue. In the second hour of reperfusion the lactate
levels decreased significantly to 4.64 (1.36) mmol/L
compared to 15.43 (2.47) mmol/L in the ischemic
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Histopathology

Light microscopy: LM of cross-sections of jejunum
showed gradually increasing signs of injury in the
ischemic tissue with time, and more pronounced injury
following reperfusion. There was some variation in the
pattern and extent of pathological changes between
different samples from the same time point, and
between different areas within the same samples, but
the lesions were reproducible and the predominant
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0

I-1

I-8

I-12

I-16

I-1
R-8

I-3
R-8

I-6
R-8

I-8
R-8

Figure 1 Jejunum at selected intervals of ischemia and reperfusion. 0: Perfused jejunum at the start of the experiment. I-1: 1 h of ischemia. I-8: 8 h of ischemia. I-12:
12 h of ischemia. I-16: 16 h of ischemia. I-1 R-8: 1 h of ischemia and 8 h of reperfusion. I-3 R-8: 3 h of ischemia and 8 h of reperfusion. I-6 R-8: 6 h of ischemia and 8
h of reperfusion. I-8 R-8: 8 h ischemia and 8 h of reperfusion. See Table 1 for description.

B

Intraluminal lactate

Lactate (mmol/L)

20
*

15

Reperfusion
Reperfusion
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3
4
5
6
8

h
h
h
h
h
h
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5

Intraluminal glycerol

4000
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A

0
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*
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1
3
4
5
6
8

h
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h
h
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1000
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0
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4
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13
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-1
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2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0
Duration (h)

Duration (h)

Figure 2 Intraluminal microdialysis in pig jejunum. A: Plots show intraluminal lactate median with 95%CI bands of the median. B: Plots show intraluminal glycerol
median with 95%CI bands of the median. Both: Measurements starts with a baseline 30 min before the initiation of ischemia at t = 0. Colored arrows show time points
for start of reperfusion. Ischemia and reperfusion at 1, 3 and 5 h n = 14. Reperfusion at 4, 6 and 8 h n = 4. Control n = 5.

findings at each time point are shown in table 3. Based
on the observations of total loss of crypt epithelium
and pronounced smooth muscle cell shrinkage in the
muscle layers, the samples from tissue exposed only
to ischemia were considered irreversibly damaged by
ischemia at 6 h exposure.

WJG|www.wjgnet.com

After one hour of ischemia and 8 h of reperfusion,
there was increased apoptosis in the crypt epithelium,
mild inflammation with neutrophils mainly in capillaries
in all layers of the intestine, edema in the subserosa
and submucosa and signs of focal injury to the outer
layer of the muscularis propria. After 3 h of ischemia
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2015

3 h isc, 8 h rep

I-3/R-6: Most of CE is lost,
wavy myocytes and focal
necrosis in MP2
I-3/R-8: Most of CE is lost,
wavy myocytes and focal
necrosis in both layers of
MP2

I-3/R-3: Edema,
inflammation, and focal
necrosis in outer layer of
MP2

I-3: Early loss of CE,
congestion and bleeding
LP2
I-3/R-1: Apoptosis in CE,
N, wavy myocytes in MP2

I-4/R-6: Total loss of CE,
NGR, loss of myocytes,
disintegration3
I-4/R-8: Damaged SE, CE,
MM, submucosa, MP, PM3

I-4: Total loss of SE, focal
damage to outer layer of
MP2
I-4/R-1: Focal damage to
both layers of MP (most to
outer layer)2
I-4/R-3: Total loss of CE,
NGR, cell disintegration in
MM and MP3

4 h isc, 8 h rep

6 h isc, 8 h rep

I-6/R-8: Damage to all
components3

I-6/R-6: Damage to all
components3

I-6/R-3: Damage to all
components3

I-6: Total loss of CE,
damage to LP, MM.
Bacteria in LP2
I-6/R-1: Damage to all
components3

8 h isc, 8 h rep

I-8/R-8: Damage to all
components3

I-8/R-6: Damage to all
components3

I-8/R-3: Damage to all
components3

I-8/R-1: Damage to all
components3

I-8: Damage to all
components3

Control

N-6: Few instances of
apoptosis in CE, light N
and light edema in MP1
N-12: Few instances of
apoptosis in CE, light N
and light edema in MP1

N-0: Normal1

Histological damage according to grading systems: The predominant findings at each time point are shown in figure 4. The highest score in both grading systems
was reached after 8 h of ischemia. The reperfused tissue received a full score for intervals ≥ 4 h of ischemia followed by 2 h of reperfusion. The observed sequence of
ischemia/reperfusion injury did not necessarily follow the outwards direction from the mucosa to the outer muscular layer, as the grading systems suggest (compare
tables 3 and 4 with table 1 and figure 4).

and 8 h of reperfusion there was focal damage to all layers. After 4 h of ischemia and 8 h of reperfusion there was a total loss of crypt epithelium, extensive shrinkage and
loss of myocytes in the outer layer of the muscularis propria, suggesting likely irreversible damage (Figure 3). In intestine subjected to 6-8 h of ischemia followed by 1 h of
reperfusion, there were signs of damage to all components of the intestinal wall.

Each column shows the results from a series of tissue samples, with time progression from the top to the bottom. The table is indexed using “I” for ischemia, “R” for reperfusion and “N” for normal perfusion, followed by a
number showing the hour duration. The results are indexed by a superscript number by the end of each sentence. 1Normal/light changes, 2Visible cell damage, but still probably viable, 3Probably irreversible cell damage. CE:
Crypt epithelium; LP: Lamina propria; MM: Muscularis mucosae; MP: Muscularis propria; N: Neutrophils; SE: Surface epithelium.

components3

I-6: Total loss of CE,
damage to LP, MM and
bacteria in LP3
I-7: Hemorrhage in
subserosa, peritonitis, and
damage to all components3
I ≥ 8: Damage to all

I-5: Damage to inner layer
of MP2

I-4: Focal damage to outer
layer of MP2

I-3: Early loss of CE2

2 h isc, 8 h rep
I-2: Total loss of SE2

I-2/R-1: Apoptosis in CE,
light N, congestion and
focal bleeding in LP2
I-1/R-3: Focal damage to I-2/R-3: Early regeneration
outer layer of MP2
of SE, congestion, bleeding
and necrosis in LP,
apoptosis in CE, interstitial
inflammation in MP2
I-1/R-6: SE regenerated.
I-2/R-6: Regeneration of
Focal damage to outer
SE, wavy myocytes and
layer of MP1
focal necrosis in MP2
I-1/R-8: SE regenerated. I-2/R-8: Regeneration of SE
Focal damage to outer
with focal loss and erosion,
layer of MP1
focal damage to the MP
with wavy myocytes and
necrosis2

I-1/R-1: Total loss of SE,
apoptosis in CE, light N2

I-2: Total loss of SE2

1 h isc, 8 h rep

I-1: Early loss of SE1

I-1: Early loss of SE1

Ischemia

Table 3 Summary of main findings from light microscopy of 128 biopsies from 5 pigs at selected intervals of ischemia/reperfusion time
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Table 4 Summary of main findings from transmission electron microscopy of porcine jejunum at selected intervals of mesenteric
occlusive ischemia and reperfusion
Ischemia (h)
0

1

2

3

4

5

6
7
8

Observations

Ischemia/reperfusion (h/h)

Observations

1-3

Inflammation, cell death, sparse finevacuolization of the sarcoplasm, slightly
swollen mitochondria2

2-3

Inflammation, cell death, more comprehensive
fine-vacuolization of the sarcoplasm, slightly
swollen mitochondria2

3-3

Inflammation, cell death, more comprehensive
fine-vacuolization of the sarcoplasm, slightly
swollen mitochondria, focal single cell
necrosis, swollen cell nuclei2
Pronounced cell shrinking/cell death, swollen
cell nuclei, loss of cohesion, interstitial edema3

Intact musculature. Some variation in the electron density in
the muscle cells, focal swollen mitochondria’s with vacuolized
matrixes1
Intact musculature. Discrete intercellular edema. Lymphocytes
in the interstitial space. Increased variation in the electron
density in the muscle cells. Some cells have increased
electron density (darker). Some of the mitochondria are more
prominent. Some minimal fat vacuoles are visible2
More prominent variation in electron density between muscle
cells. Increased number of vacuoles, some of them are fat
vacuoles. Focal edema, thickening of the mitochondrial cristae.
Some lysosomes with membrane fragments2
Same results as at 2 h, but a few more interstitial immune
response cells are visible. Monocytes, macrophages, and a few
granulocytes. Vacuoles in the sarcoplasm. Slightly swollen
mitochondria2
Same changes as at 3 h, but the changes are more prominent as
the cells with higher electron density are more condensed, and
there are more vacuoles around the mitochondria2
Focal edema, variations in electron density, thickening
of the mitochondrial cristae, vacuoles in the sarcoplasm,
swollen mitochondria, interstitial lymphocytes/monocytes/
granulocytes, loss of plasma-membrane and coherence, focal
single cell necrosis3
Necrosis, focal large vacuoles in some mitochondria3

4-3

5-3

Increased cell shrinking/cell death, swollen
cell nuclei, loss of cohesion, interstitial edema3

6-3

Increased cell shrinking/cell death, swollen
cell nuclei, loss of cohesion, interstitial edema3

Necrosis with macrophages. Non-necrotic cells appear like the
cells at time intervals 3-6 h3
Like the results at 7 h3

Changes in the muscularis propria and serosa are described (3 pigs, a total of 58 samples). The results are indexed by a superscript number by the end of
each sentence. 1Normal/light changes, 2Visible cell damage, but still probably viable, 3Probably irreversible cell damage.

I-4
R-8

A

Longitudinal muscle layer

Circular muscle layer
Mucosa

B

C

Muscularis mucosae
Submucosa

Figure 3 Light microscopy of selected structures of the jejunum after 4 h of ischemia and 8 h of reperfusion. A: Mucosa and submucosa (HE, × 10), showing
necrotic villi, total loss of crypt epithelium, shrinkage of myocytes in the muscularis mucosae, and edema in the submucosa. B: Longitudinal (outer) layer of the
muscularis propria, showing edema and extensive shrinkage and loss of myocytes (HE, × 60). C: Circular (inner) layer of the muscularis propria, showing edema and
extensive myocyte damage (HE, × 60).

Transmission electron microscopy: Using TEM
on the muscularis propria and serosa we observed
a gradual increase in damage to the cell structures
during ischemia (Table 4, left columns), with probably
irreversible damage in the muscularis propria after
5 h of ischemia. Interestingly, even at 7 to 8 h of
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ischemia, focal areas of muscle cells still appeared
viable, illustrating heterogeneity in the development of
ischemic damage to the muscularis propria.
There was reperfusion induced inflammation and
cell death of varying degrees in all the tissue that had
been subjected to ischemia. After 3 h of ischemia and 3
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A

Modified Swerdlow grading of pathological damage
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h
h
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ischemia
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Park/Chiu grading of pathological damage
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Histological grading
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Figure 4 Histological grading of pathological damage (5 pigs, n = 128 biopsies total) at selected ischemia/reperfusion intervals. Colored arrows show time
points for start of reperfusion. Stippled lines show progression of injury following reperfusion. A: Modified Swerdlow et al[21,27,28]. B: Park/Chiu et al[22,26].
0

I-4
R-3

I-1

I-1
R-3

I-3
R-3

I-5
R-3

I-4
R-3*

I-5 Necrotic cell
R-3*
B
Intact cell
C

A

B
C

Figure 5 Transmission electron microscopy of jejunum (muscularis propria) sampled at selected time intervals of ischemia and reperfusion. Images
are indexed with I = ischemia hours and R = reperfusion hours. 0: Intact muscle. I-1: Mild intercellular edema, with increased variation in the electron density in the
muscle cells. Some minimal fat vacuoles are visible. I-1 R-3: Focal/single cell necrosis with inflammatory response, low grade fine-vacuolization of the sarcoplasm.
I-3 R-3: Active interstitial inflammation, swollen muscle cell nuclei. I-4 R-3: Severe interstitial edema and loss of coherence among muscle cells. Swollen nuclei and
focal, mostly single cell necrosis. I-5 R-3: Focal multi cell necrosis, interstitial inflammation, vacuolization of sarcoplasm. I-4 R-3*: Swollen nucleus (A), vacuolated
sarcoplasm (B) and swollen mitochondria (C). I-5 R-3*: Necrotic muscle cell adjacent to a more intact cell with some vacuoles (B) and slightly swollen mitochondria (C).
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h of reperfusion (Table 4, left), there was inflammation,
cell death, slightly swollen mitochondria, and swollen
cell nuclei, and the muscle tissue appeared to be
approaching irreversible damage. After 4 h of ischemia
and 3 h of reperfusion (Table 4, right), there was
pronounced cell shrinking/death, swollen cell nuclei,
loss of cohesion, substantial interstitial edema and
the muscle tissue no longer appeared viable. Figure 5
shows TEM images with typical observations described
in table 4.

Macroscopically, fibrin exudate was seen on the
serosal surface (Table 2) on the segments that had
been ischemic for more than 1 hour. In addition to being
[43]
triggered by ischemia/reperfusion , the formation
of fibrinous exudate on the serosa was probably exa
cerbated by handling and exposure of the intestine to
[44]
foreign material during the course of the experiment .

Microdialysis

Using microdialysis to measure intraluminal lactate
and glycerol, we were able to closely monitor the onset
and duration of ischemia, and the onset of reperfusion
(Figure 2). In the segments that were reperfused after
≥ 6 h of ischemia, we observed increasing leakage of
fluid from the intestines into the abdominal cavity and
increasing amounts of fluid accumulating inside the
[45]
lumen. Granger et al reported a doubling of vascular
permeability during ischemia and a fourfold increase in
vascular permeability after reperfusion. This probably
dilutes the luminal lactate and glycerol concentrations,
limiting the accuracy of intraluminal microdialysis
[46]
during prolonged ischemia/reperfusion experiments .
The phenomenon is expressed by a gradual decrease
in lactate and glycerol levels in the ischemic intestine
past the 6-h duration.
Intraluminal lactate and glycerol levels have been
reported to mirror the permeability (polyethylene
glycol 4000) of the intestinal mucosa after ischemia,
[47]
and lactate more precisely so than glycerol . The
lactate and glycerol levels started to decrease before
reperfusion and dropped after reperfusion even in
severely ischemic intestine (8 h), where we observed
histological damage to all layers (Table 3). This suggests
that the relationship between permeability and lactate/
glycerol levels may be valid only after shorter periods of
ischemia, and that our late results may be confounded
by the dilution effect of leakage into the lumen.
In comparison to previous experiments using intra
luminal microdialysis in ischemia/reperfusion of the
[30,34,35,48,49]
small intestine in pigs
, we have monitored
the intestine over a longer period of ischemic time
and over more ischemia/reperfusion intervals than
[47]
previously reported. Interestingly, Solligard et al
monitored a single clamp for 9 h of reperfusion after 1 h
of ischemia with similar results as ours.
After start of reperfusion, there appears to be no
clear difference in the time course of metabolic marker
concentration between reversibly and irreversibly
damaged tissue, indicating that prediction of viability
based on intraluminal microdialysis alone is unreliable.
Ideally, placement of microdialysis catheters into
the intestinal wall would be preferable, as this would
circumvent the late ischemia/reperfusion effects
related to intraluminal leakage and dilution. Still, intra
luminal microdialysis has been recommended over
microdialysis catheters inserted into the intestinal
wall, because of the reported poor reliability of the
[30,35,47,49-53]
latter method
. The present results confirm

DISCUSSION
The viability of ischemic small bowel is determined in
a clinical setting by observation of color, peristalsis and
bleeding from cut ends. As this method is not very specific
[5]
and requires a high level of clinical experience , there is a
[4]
need for increased accuracy of the viability assessment .
Intraoperatively, decision on the resection margin is
the most important factor contributing to postoperative
[40,41]
mortality and morbidity
. We approached the question
of viability assessment in ischemic and reperfused porcine
jejunum by using microdialysis and by histological
assessment of pathological changes. Microdialysis allowed
monitoring of metabolic changes related to ischemia
and reperfusion. Presumed irreversible tissue damage
was detected after shorter duration of ischemia using
TEM than with LM. Subsequent reperfusion aggravated
ischemic damage to the jejunum. Likely irreversible
damage (when including the effects of reperfusion) occurs
between 3 and 4 h of full mesenteric warm ischemia in
the porcine jejunum, indicating a time limit for viability in
the model.

Visual inspection

While return of color and peristalsis does not correlate
[2,42]
uniformly with intestinal viability
, these are the
most common criteria in the clinical assessment of
[3]
intestinal viability . A small variation in the nuance of
darkness was the only change in color from 2-9 h of
full occlusion ischemia, showing that intestinal color
alone is a poor indicator of viability. The later change in
appearance from dark (8 h), to patchy colored (11-12
h), to necrotic (15-16 h), indicates the time window
between the initiation of full occlusion warm ischemia
and the presence of pronounced necrotic bowel in the
SMO model.
We observed return of color and peristalsis (Table
2) in intestine that histologically contained areas of
probably irreversible damage (Table 3). Following
reperfusion, the increase in time before return of color
associated with an increase in ischemic exposure,
indicating that the time before return of color is affected
by the level of tissue injury. However, confounding
effects such as internal bleeding and edema in the
intestinal wall may have reduced the accuracy of the
return of color assessment after the long reperfusion
intervals.
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that intraluminal microdialysis has high specificity and
sensitivity for detecting and monitoring ischemia in the
small intestine.

We found that more than 3 h of ischemia gave a
full score in both grading systems within two hours
following reperfusion (Figure 4). This indicates that to
assess jejunal viability using histology after an ischemic
event of unknown duration, at least two hours of
reperfusion is needed before the histological sampling
will accurately illustrate the outcome. We generally
observed slightly higher levels of injury than Blikslager
[55]
et al in a similar model used on the ileum in pigs, and
[19]
Chan et al
in a similar model on the jejunum in two
juvenile pigs. As the ileum is more resistant to ischemic
damage than the jejunum we expected a slightly higher
injury grade in the jejunum.
In the samples from the reperfused tissue that had
been exposed to only one hour of ischemia, there was
visible regeneration of the epithelial cells after 3 h of
reperfusion, with a large degree of regeneration after 6
h. This is similar to what has been reported previously
[56]
[9,57]
both in humans and pigs
.
An important observation from the present study is
that the sequence of ischemia/reperfusion injury using
the SMO model does not necessarily follow the outwards
direction from the mucosa to the outer muscular layer,
[16,20]
as most grading and classification systems suggest
.
Rather, the ischemic damage may be patchy and
somewhat unpredictable, as we observed tissue
damage in the outer layer of the muscularis propria
while the inner muscular layer still appeared viable.
This is illustrated when comparing figure 4 (histological
grading) with table 3 (morphologic observations).
Evaluation of tissue viability based on histological
[58]
assessment is difficult , as the samples are small
and lesions are heterogeneous in composition and
[59]
distribution
with areas of viable and necrotic tissue
in the same tissue sample. Predicting the healing
potential of the various intestinal layers after ischemia/
reperfusion is also challenging. Although we observed
injury to the jejunal wall that we considered irreversible,
the ability to regenerate is likely to vary with the total
volume of damaged tissue, making exact assessments
from tissue samples difficult. With respect to the
[60]
observation of heterogeneous injury, Guan et al
speculated that this may be related to difference in the
flow in the mesenteric versus antimesenteric side of the
small intestine.

Histology and grading

LM (Figure 3, Table 3) and TEM (Figure 5, Table 4)
showed a gradual increase in injury in the ischemic
tissue with probable irreversible damage appearing
around 6 h and 5 h, respectively, indicating that the
pathological changes related to viability are visible
somewhat earlier on the ultrastructural level than
with LM. Tissue that still appeared viable after 4 h
of ischemia was considered irreversibly injured after
subsequent 3 h of reperfusion, indicating the limit of
viability in the model.
When investigating what others have reported with
respect to a viability limit in the porcine jejunum, we did
not find much information. In most papers discussing
viability in the small intestine, observations are reported
as histological grading scores or as morphological
[20]
observations , but few contain explicit statements
about viability. The most common time duration
reported for porcine intestine related to viability is that
it takes approximately 8 h of full ischemia to induce
[22,54]
transmural necrosis
. We observed the same result
in the present study (Table 3, Figure 4).
[18]
Chan et al , reporting that irreversible damage
in porcine jejunum, defined as lack of mucosal re
generation in samples taken 24 h after reperfusion,
occurred after 6.5 h of ischemia followed by re
[19]
perfusion . We acknowledge that mucosal necrosis
will heal completely in most cases, except in cases with
necrosis of long mucosal segments with substantial
damage to the crypt layer, where there is a risk of
[15,21]
complications due to hemorrhage and fluid loss
. The
mucosa can regenerate on injured segments of intestine
that do not develop into transmural infarction. However,
such segments may develop persistent injury with large
[21]
degree of fibrosis and stricture formation . The ex
acerbation of injury following reperfusion indicates that
reperfusion is a major contributor to injury in the porcine
SMO model.
As the Park/Chiu grading system was created to be
sensitive to early mucosal changes, the initial grading
after one hour of ischemia is 3, indicating that a finer
resolution than 1 h of ischemia should be used to
utilize its potential. The grading system may have been
designed for assessment of inflammatory diseases and
the status of cold preserved tissue for transplantation,
rather than with respect to overall viability. The
Swerdlow grading system has a more evenly distributed
resolution with respect to injury in the whole intestinal
wall, including two levels of injury with respect to
mural infarction. Nevertheless, both systems arrive at
similar results, as the structures are similar. We agree
[20]
with Quaedackers et al
that a better description of
the last grades of the Park/Chiu system would further
strengthen its suitability.
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The model

We selected the pig model for viability assessment
of the small intestine, as it has important anatomical
[61]
and physiological similarities to humans , the
pathophysiology of ischemia/reperfusion in the porcine
[12]
model is similar to humans , and because the pig
model has been suggested as a reference standard in
[17]
intestinal transplantation research. The SMO model
was selected as it provides a well-defined area of
ischemic injury affecting the whole intestinal wall in the
[12]
occluded segment , as opposed to the commonly used
intestinal ischemia model of occlusion of the superior
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[17,62]

of second look operations. The high mortality rates related to acute mesenteric
ischemia have not been reduced drastically since the 1980’s.

mesenteric artery
. The SMO model simulates
ischemic injury as caused by strangulation-ileus.
A 50 kg pig has approximately 15 meters of small
[63]
intestine , allowing for the creation of several parallel
[19,36,37]
SMO models
, reducing the total number of
animals needed for the experiment. However, there
are some disadvantages with parallel ischemia/
reperfusion models in the same pig. Previous studies
have shown that the cytokine levels are reduced when
reperfusion of segments is continued in the same pig,
[64,65]
due to increasing tolerance levels
. In addition, we
observed periods of increasing heart rate, decreasing
blood pressure, fever, and increasing permeability of
the intestines, following the late reperfusion intervals.
Increased heart rate, decreased blood pressure and
fever may be systemic responses related to the release
of increasing quantities of harmful substances following
[66,67]
the late reperfusion intervals
. The increasing
[45]
permeability
was visible as fluid droplets on the
surface of the reperfused segments and increasing
amounts of peritoneal fluid.
Inspection of the control tissue after 12 h gave an
indication of the systematic effects on the surrounding
perfused jejunum. LM showed mild reactive and
inflammatory changes (Table 3), while TEM of the
muscularis propria and serosa showed cells with some
swollen mitochondria with vacuolated matrices. The
microdialysis results and the histological grading systems
did not indicate any changes in the control specimens.
So, although some minor changes could be observed in
the control intestine, we find it unlikely that this had any
confounding effects on the outcome of the experiments.
Thus, the observed ischemic changes in each occluded
segment in the same pig are likely independent of
systemic effects until the onset of reperfusion.
In conclusion, in the present porcine model with
segmental occlusion of the jejunal mesentery, the
intestinal tissue was judged to be probably irreversibly
damaged when exposed to ≥ 4 h of ischemia and then
reperfused. Using microdialysis to monitor intraluminal
lactate and glycerol allowed us to closely monitor
the onset and duration of ischemia, and the onset of
reperfusion, but we were unable to find sufficient level
of association between tissue viability and metabolic
markers to be clinically relevant. The sequence of
ischemia/reperfusion injury using the SMO model does
not follow the outwards direction from the mucosa to
the outer muscular layer, as most current histological
grading and classification system suggest. Evaluation
of intestinal viability based on return of color and the
presence of peristalsis did not match well with histologic
assessment of tissue viability.

Research motivation

We are investigating methods to improve the accuracy of intraoperative
surgical decision making with respect to assessment of the viability of ischemic/
reperfused intestine. To assess the accuracy of these methods we need a
reference for the limits of intestinal tissue viability. As the pathophysiology of
ischemia/reperfusion in the porcine model is similar to humans, and because
the pig model has been suggested as a reference standard in intestinal
transplantation research, we decided to investigate the jejunal viability limit
in a pig model. Our hypothesis is that the results with a pig model can have
translational relevance for humans.

Research objectives

We investigated viability assessment in a porcine model of warm ischemia
on jejunum with mesenteric occlusion, followed by reperfusion. Our aim was
to determine the time point of irreversible damage, to provide a reference for
experimental approaches to intestinal viability assessment.

Research methods

We created parallel segmental models on the jejunum in 15 pigs, by clamping
the mesenteric arteries and veins for 1 to 16 h. Reperfusion was initiated after
different intervals of ischemia (1-8 h) and subsequently monitored for 5-15 h.
We compared the results from visual inspection with histology (light microscopy
and transmission electron microscopy) and intraluminal microdialysis. The
intestinal injury was graded using Park/Chiu and modified Swerdlow grading.

Research results

Only jejunal segments that had been ischemic for ≤ 3 h appeared viable
(following ≥ 1 h of reperfusion). The jejunal segments that had been ischemic
for 4 h showed (following ≥ 1 h of reperfusion) a total loss of crypt epithelium,
extensive shrinkage and loss of myocytes in the outer layer of the muscularis
propria. Intraluminal microdialysis allowed us to closely monitor the onset
and duration of ischemia and the onset of reperfusion. We observed return of
color and peristalsis in intestine that histologically contained areas of probably
irreversible damage. The sequence of ischemia/reperfusion injury using the
SMO model does not follow the outwards direction from the mucosa to the outer
muscular layer, as most current histological grading and classification system
suggest.

Research conclusions

In the present porcine model with segmental occlusion of the jejunal mesentery,
the intestinal tissue was judged to be probably irreversibly damaged when
exposed to ≥ 4 h of ischemia and then reperfused. Three hours of ischemia
followed by reperfusion appeared to be the upper limit for viability in this model.
We were unable to find sufficient level of association between tissue viability
and metabolic markers to conclude that microdialysis is clinically relevant
for viability assessment. Evaluation of color and motility appears to be poor
indicators of intestinal viability.

Research perspectives

Segmental mesenteric occlusion provides reproducible injury in porcine
jejunum and appears to be a relevant model for studies on viability assessment.
Future studies should consider viability assessment in settings where the
various etiologic factors related to acute mesenteric ischemia (emboli, arterial
and venous thrombus and nonocclusive ischemia) can be evaluated, as good
reference models are needed for each etiology.
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Abstract
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AIM
To assess the accuracy of Look-Locker on gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid (GdEOB-DTPA)-enhanced magnetic resonance imaging
(MRI) for staging liver fibrosis in chronic hepatitis B/C
(CHB/C).
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METHODS
We prospectively included 109 patients with CHB or
CHC who underwent a 3.0-Tesla MRI examination,
including T1-weighted and Look-Locker sequences
for T1 mapping. Hepatocyte fractions (HeF) and
relaxation time reduction rate (RE) were measured for
staging liver fibrosis. A receiver operating characteristic
analysis using the area under the receiver operating
characteristic curve (AUC) was used to compare the
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diagnostic performance in predicting liver fibrosis be
tween HeF and RE.

diagnosis of liver fibrosis. Tissue acquisition from a liver
can be performed by endoscopic ultrasound-guided fine[6-8]
[9,10]
needle aspiration , particularly for the left lobe
. This
method is invasive, with a risk of bleeding and increased
tissue injury, and repeatability of the examination is
[11,12]
poor
. Therefore, noninvasive, comprehensive and
accurate methods of diagnosing liver fibrosis are required.
In recent years, noninvasive methods have been
[13]
increasingly used, such as serological examination ,
[14]
ultrasound-based elastography , diffusion-weighted
[15]
imaging (DWI) , magnetic resonance enterography
[16]
[17]
[18]
(MRE) , T1 rho and texture analysis .
Gadolinium ethoxybenzyl diethylenetriamine penta
acetic acid (Gd-EOB-DTPA) is a liver-specific contrast
agent that has a higher hepatocellular uptake rate
than the traditionally used gadobenate dimeglumine
[19]
(Gd-BOPTA) . In previous studies, Gd-EOB-DTPAenhanced magnetic resonance imaging (MRI) was
mainly used to diagnose focal liver lesions, especially
hepatocellular carcinomas, and even on functional
[20-22]
MR cholangiography
. It has been shown that the
intracellular transport mechanisms of Gd-EOB-DTPA are
mediated by organic anion-transporting polypeptides
[23]
(OATPs) . Liver fibrosis obstructs the delivery of
[24]
Gd-EOB-DTPA to hepatic cell surface transporters ,
contributing to a decline in OATP expression in the
[25]
diseased liver , and consequently causing a decline in
[26]
the T1-shortening effect of gadoxetic acid .
Recording liver parenchymal T1 values before and
after drug administration allows the T1 relaxation
time reduction rate (RE) to be calculated, reflecting
the functional hepatocyte-specific uptake of gadoxetic
[27]
acid and, thus, the state of the liver . This method
has been shown to have accurate diagnostic value
in the assessment of liver fibrosis and is based on
the traditional diagnostic method of Gd-EOB-DTPAenhanced MR.
Use of T1 mapping technology is a noninvasive,
quantitative method for determining tissue T1 relaxation
time. After liver fibrosis, excessive accumulation of ex
tracellular matrix proteins occur, leading to T1 relaxation
time changes in fibrotic tissues. Therefore, T1 mapping
is theoretically applicable to studies of liver fibrosis,
[28]
such as the variable flip angle T1 mapping technique ,
which has been shown to be effective in diagnosing liver
fibrosis.
T1 mapping using the Look-Locker method is one
of the fastest, most efficient and reliable approaches
[29]
to T1 quantification . We proposed a method based
on a simple pharmacokinetic model and ΔR1 values
to calculate a hepatocyte fraction (HeF). In this
method, changes to R1 in liver and spleen after EOB
administration are calculated to obtain the HeF. In pre
vious studies, the Look-Locker technique has mostly
been used in the assessment of myocardial fibrosis and
[30]
liver function . However, its application in the clinical
diagnosis of liver fibrosis has not yet been reported.

RESULTS
A total of 73 patients had both pathological results and
MRI information. The number of patients in each fibrosis
stage was evaluated semiquantitatively according to the
METAVIR scoring system: F0, n = 23 (31.5%); F1, n = 19
(26.0%); F2, n = 13 (17.8%); F3, n = 6 (8.2%), and F4,
n = 12 (16.4%). HeF by EOB enhancement imaging was
significantly correlated with fibrosis stage (r = -0.808, P <
0.05). AUC values for diagnosis of any (≥ F1), significant
(≥ F2) or advanced (≥ F3) fibrosis, and cirrhosis (F4)
using HeF were 0.837 (0.733-0.913), 0.890 (0.795-0.951),
0.957 (0.881-0.990), and 0.957 (0.882-0.991),
respectively. HeF measurement was more accurate than
use of RE in establishing liver fibrosis staging, suggesting
that calculation of HeF is a superior noninvasive liver
fibrosis staging method.
CONCLUSION
A T1 mapping-based HeF method is an efficient di
agnostic tool for the staging of liver fibrosis.
Key words: Liver fibrosis; Gd-EOB-DTPA; Look-Locker;
hepatocyte fraction; liver function; magnetic resonance
imaging relative enhancement
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: T1 mapping using the Look-Locker method
with gadolinium ethoxybenzyl diethylenetriamine penta
acetic acid-enhanced magnetic resonance imaging at
3-Tesla by calculating the hepatocyte fraction is an
efficient method for the assessment of liver fibrosis
in patients with chronic hepatitis B and C, and this
method is superior to using reduction rate.
Pan S, Wang XQ, Guo QY. Quantitative assessment of hepatic
fibrosis in chronic hepatitis B and C: T1 mapping on Gd-EOBDTPA-enhanced liver magnetic resonance imaging. World J
Gastroenterol 2018; 24(18): 2024-2035 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i18/2024.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i18.2024

INTRODUCTION
Chronic hepatitis B (CHB) and chronic hepatitis C (CHC)
[1,2]
are major health problems
and important factors
globally in the development of hepatic fibrosis and
[3,4]
even cirrhosis . Liver fibrosis is a diffuse pathological
change caused by chronic liver disease. As fibrosis
[5]
progresses, it leads to cirrhosis and even cancer .
Early diagnosis and monitoring of liver fibrosis, and
intervention with timely and effective treatments, are
critical for patients with liver disease.
At present, liver biopsy is the gold standard for
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Flow chart to demonstrate patient selection procedure

The inclusion standards were as follows: (1) Age over 18 years old; (2) chronic hepatitis has been diagnosed clinically (blood laboratory tests
or ultrasound or CT scans with morphologic changes of cirrhosis); (3) liver biopsy performed within 3 mo or planned liver biopsy, to obtain
fibrosis staging; (4) Child-Pugh score < 7 (class A); (5) no magnetic resonance contraindications; and (6) singed informed consent form.

A total of 109 patients underwent a Gd-EOB-DTPA-enhanced MRI scan with Look-Locker sequence scanning
We excluded patients who experienced discomfort during
MR examination (n = 3), patients with poor imaging
quality due to improper breathing (n = 7), and those with
large masses (n = 2)
A total of 97 patients successfully underwent an MRI examination
We excluded patients that did not undergo liver biopsy
or those with poor quality liver biopsy (n = 24)
A total of 73 patients had an MRI scan and sufficient quality biopsy results for pathological stage analysis

F0: n = 23

F1: n = 19

F2: n = 13

F3: n = 6

F4: n = 12

Figure 1 Flow chart to demonstrate the patient selection procedure.

Therefore, we proposed a working hypothesis that
it was possible to diagnose liver fibrosis by calculating
the HeF in the Look-Locker sequence by measuring GdEOB-DTPA-enhanced T1 signal intensity, and that this
method would be superior to using RE. The purpose
of this study, based on pathologic gold standards, was
to quantitatively assess the level of hepatic fibrosis in
hepatitis B and C patients by calculating the HeF and
to compare the results with traditional T1-enhanced
test parameters with the aim of establishing a novel
noninvasive diagnosis method for liver fibrosis.

patients due to discomfort during the MR examination,
7 patients due to poor imaging quality from improper
breathing, and 2 with a mass that was too large. The
remaining patients (n = 97) were scheduled for a liver
biopsy within 1 wk of the MRI. Of these 97, 20 did not
undergo liver biopsy, and 4 were excluded due to poor
liver biopsy quality. The standards for patient inclusion
and exclusion are shown in Figure 1.

MRI acquisition

MR images were obtained with a 3-Tesla MRI system
(Ingenia; Phillips Healthcare, Best, Netherlands) using
a 32-channel torso phased-array coil. Patients were
instructed to fast without water intake for 4-6 h before
MR scanning. Before the examination, patients were
trained to reduce breathing frequency or an abdominal
binder was used to limit breathing frequency, to reduce
interference during image acquisition.
A volume of 0.025 mmol/kg Gd-EOB-DTPA (Bayer
Healthcare, Berlin, Germany) was administered at a
rate of 1-2 mL/s. Following this, 30 mL saline was ad
ministered to flush the residual contrast reagent from
the injection tube. T1WI and Look-Locker sequences
were obtained twice (before and after the Gd-EOB-DTPA
administration). To obtain T1 relaxation time, enhanced
images were recorded 18 min after the Gd-EOB-DTPA
injection.
The T1WI sequence was obtained using the scan
parameters of FOV = 356 mm × 262 mm; slice thickness
= 7 mm, 24 slices, in-plane resolution = 1.6 mm × 1.96
mm, matrix = 220 × 133, TR/TE = 12/2.3 ms, and band
width = 361.9 kHz. Two-dimensional (2D) T1 maps were
obtained using Look-Locker sequencing before and 20
[31]
min after the Gd-EOB-DTPA administration . A three-

MATERIALS AND METHODS
This cross-sectional, prospective study was performed
between August 2016 and June 2017. The study was
approved by our institutional review board, and written
informed consent was obtained from the participants
prior to the study.

Patient population

The subjects of the study were patients with suspected
or known chronic liver disease attending our hospital’
s infectious disease department. The inclusion criteria
were as follows: (1) > 18-years-old; (2) chronic hepatitis
diagnosed clinically (blood laboratory tests, ultrasound,
or computed tomography scans showing morphological
cirrhotic changes); (3) liver biopsy performed within 3
mo prior to the study or liver biopsy planned to obtain
fibrosis staging; (4) Child-Pugh score < 7 (class A);
(5) no MR contraindications; and (6) signed informed
consent.
A total of 109 patients met the inclusion criteria,
with 84 having CHB and 25 having CHC. We excluded 3
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Figure 2 Precontrast (A, D) and postcontrast (B, E) T1 maps in a 72-year-old male with a METAVIR score of F4. The hand-drawn regions of interest of the liver
and spleen are shown (C; dotted closed curves). HeF image (F) is shown, and HeF liver 1, HeF liver 2 and HeF liver 3 values were 68.13%, 72.46% and 70.45%,
respectively, resulting in a HeF liver average of 70.34%. HeF: Hepatocyte fraction.

lead vector cardiogram was used for electrocardiogram
gating. The T1 map was calculated from the Look-Locker
sequence using the scan parameters of 2D image with
single slice, TE/TR = 1/6 ms, 3.5 mm × 3.5 mm × 8 mm
acquisition resolution, and 1.37 mm × 1.37 mm × 8 mm
for recon, FA = 7°, two shots TFE with TFE factor 16, shot
interval = 5 s for full T1 relaxation, SENSE factor = 2,
and scan time = 15 s, with breath holding.
T1 maps were then automatically calculated using
HepFract work-in-progress software (Phillips Healthcare).

laboratory results, pathologic grade or clinical diagnosis
prior to measurement - assessed the MR images, with
any inconsistency finalized by a senior clinician.
The scanned pre- and post Look-Locker images
were saved in PAR-REC format, with the files imported
into the HepFract processing software (Philips Scientific
Software). Regions of interest (ROIs) were defined
2
manually. A spleen ROI of about 4-5 cm was drawn
2
first, and three ROI of approximately 2-3 cm were
selected and marked in the liver parenchyma, two in
the right lobe and three in the left (Figure 2), avoiding
visible macroscopic vascular areas, the bile duct and the
liver edge. No selection was made if the left lobe was
too small or the image quality was insufficient. The HeF
was calculated using the following formulas:
R1 change after EOB in both liver and spleen:
ΔR1Liver = 1 - ϕLiver × ΔR1Hepatobiliary + ϕLiver × ΔR1BloodEES
and
ΔR1Spleen = ϕSpleen × ΔR1BloodEES
Where ϕ = total tissue water content [blood and extra
cellular space (EES)], ϕLiver = 0.23, and ϕSpleen = 0.3).
HeF:
(ΔR1Hepatobiliary)/(ΔR1Hepatobiliary + ΔR1BloodEES) × 100 (%),
Where ΔR1Hepatobiliary = the T1 relaxation rate change
of the liver parenchyma ROI before and after contrast
reagent administration and ΔR1BloodEES = the T1 relaxation
rate change of blood, which was estimated based on the
comparison of T1 relaxation rate of spleen parenchyma
and liver parenchyma ROIs.
RE image processing was performed using DICOM
Viewer R3.0 SP3 software (Philips). Images at the same
Look-Locker level were preferred. Three ROIs were
selected from the T1 liver images before and after GdEOB-DTPA administration. The ROIs were selected ac
cording to anatomical signs and the ROI positions of the
Look-Locker images as far as possible. Figure 3 shows

Assessment of pathological specimens

Liver biopsy was performed under ultrasound guidance
using an intercostal approach with a 14G disposable
needle (MN1420; Bard Biopsy Systems, Tempe, AZ,
United States) under local anesthesia. Liver specimens
< 15 mm or containing < 11 portal tracts were ex
cluded. Pathological sections of the biopsies were
stained using the Masson method. Each pathologic
section was read by two doctors with more than 10
years of pathologic diagnostic experience and who were
unaware of the patient serological or imaging diagnosis.
If the opinion of the two pathologists differed, a final
diagnosis was reached by, or after, discussion with a
more senior pathologist.
Fibrosis stage was evaluated semiquantitatively
[32]
according to the METAVIR scoring system
, with
grading on a 5-point scale as follows: F0, no fibrosis; F1,
fibrous portal expansion but without septa formation;
F2, few bridges or septa; F3, numerous septa formation
[33]
without cirrhosis; and F4, cirrhosis .

MRI analysis

As mentioned above, two doctors with more than
10 years of experience in the diagnosis of abdominal
imaging - both of whom were unaware of the patient’s
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A

B

Figure 3 Precontrast (A) and postcontrast (B) T1-weighted images in a 72-year-old male with a METAVIR score of F4. The hand-drawn regions of interest of
the liver are shown (dotted closed curves). RE was 0.45. RE: Reduction rate of T1 relaxation time.

were determined by maximizing the sums of sensitivity
and specificity. The cut-off values, sensitivity, specificity,
negative predictive value, positive predictive value,
positive likelihood ratio and negative likelihood ratio
were calculated. Comparisons of AUCs were carried out
[34]
using the method proposed by DeLong et al .
Data analysis was performed with SPSS software,
version 17.0 (SPSS, Chicago, IL, United States) and
MedCalc version 7.4.2.0 (MedCalc Software, Mariakerke,
Belgium) statistical software. A P value < 0.05 was
considered significant.

Table 1 Patients’ characteristics n %
Characteristic

No fibrosis,
n = 23

Liver fibrosis,
n = 50

All,

Age in yr
Sex
Male
Female
Height in m
Weight in kg
BMI in kg/m2
CHB
CHC

39.5 ± 11.1

41.3 ± 12.5

40.8 ± 12.1

17 (74)
6 (26)
1.72 ± 0.09
77.21 ± 17.32
24.09 ± 4.91
21 (34)
2 (18)

30 (60)
20 (40)
1.70 ± 1.21
78.23 ± 16.12
22.06 ± 4.57
41 (66)
9 (82)

47 (64)
26 (36)
1.71 ± 1.15
78.10 ± 16.64
23.73 ± 4.65
62 (85)
11 (15)

n = 73

Data are presented as n (%) or mean ± SD. BMI: Body mass index; CHB:
Chronic hepatitis B; CHC: Chronic hepatitis C.

RESULTS
Patient characteristics

The epidemiological characteristics of the enrolled
patients, based on the presence or absence of fibrosis,
are summarized in Table 1. We included a total of 73
patients [47 (64%) male and 26 (36%) female] who
were eligible for inclusion on histopathological findings.
Of these, 62 (85%) were infected with CHB and 11
(15%) were infected with CHC. Patient age ranged
from 19-67 years (40.8 ± 12.1 years). Among them,
there were 23 patients (31.5%) without fibrosis and 50
patients (68.5%) with fibrosis. Mean body mass index
2
was 23.73 ± 4.65 kg/m for the overall sample, and 15
of the 73 patients (21%) were overweight/obese (> 25
2
kg/m ), 9 with CHB and 6 with CHC.

ROI selection for the RE method. The RE was calculated
according to the formula:
RE = [(Post-Pre)/Pre] × 100 (%),
Where Pre and Post were the average signal intensity
of liver parenchyma ROIs before and after Gd-EOBDTPA administration.
Finally, the averages of the HeF, RE, Post, and Pre
calculations for the three ROIs were calculated.

Statistical analysis

After testing for normality with the Shapiro-Wilk test,
HeF, RE, Post, and Pre were expressed as the mean
± standard deviation. One-way analysis of variance
followed by Bonferroni’s/Tamhane’s T2 post-hoc
comparison were performed to compare the means.
Spearman’s rank correlation coefficient (r) was used to
show the correlation between HeF, RE, Post, Pre, and
histological scores.
We performed receiver operating characteristic
(ROC) analysis of the different stages of fibrosis and
area under the ROC curve (AUC) analysis was used
to evaluate the following classifications: F0 vs F1-F4
(≥ F1); F0-F1 vs F2-F4 (≥ F2); F0-F2 vs F3-F4 (≥
F3); and F0-F3 vs F4, using Pre, Post, the RE of the
hepatobiliary phase and the HeF, based on Look-Locker.
The optimal discrimination thresholds for RE and HeF
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Differences in MRI at different levels of fibrosis

The average Post, RE and HeF (%) in patients without
fibrosis was 356 ± 44, 0.94 ± 0.18 and 88.77 ± 5.10,
respectively, which were significantly lower than in
patients with fibrosis (Post: 331 ± 45; RE: 0.79 ±
0.23; HeF (%): 76.31 ± 11.23), and these values were
significantly different between fibrotic and non-fibrotic
patients (P = 0.037, 0.009 and < 0.001, respectively).
Pre was not significantly different between patients with
or without fibrosis (P = 0.235). The Pre, Post, RE and
HeF (%) (mean ± SD) in patients with different grades
of fibrosis are summarized in Table 2.
Post, RE and HeF were significantly different among
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Table 2 Pre, Post, reduction rate of T1 relaxation time, and hepatocyte fraction (%) of patients at different METAVIR fibrosis
stages
Fibrosis stage, (METAVIR)

F0, n = 23

F1, n = 19

F2, n = 13

F3, n = 6

F4, n = 12

Total, n = 73

Mean pre-T1 liver
Mean post-T1 liver
RE
HeF (%)

180 ± 28
356 ± 44
0.94 ± 0.18
88.77 ± 5.10

188 ± 19
355 ± 38
0.89 ± 0.20
84.23 ± 6.99

174 ± 17
316 ± 34
0.94 ± 0.16
79.71 ± 8.09

192 ± 22
336 ± 43
0.71 ± 0.17
70.90 ± 7.27

200 ± 24
305 ± 50
0.52 ± 0.15
62.80 ± 7.01

186 ± 24
338 ± 46
0.84 ± 0.23
80.24 ± 11.30

Data are presented as mean ± SD. HeF: Hepatocyte fraction; RE: Reduction rate of T1 relaxation time.

A

B

C

100
90.0
80.0
71.0
61.0

D

E

F

51.0
41.0
31.0
22.0
12.0
2.00

Figure 4 Representative images from patients with liver fibrosis at F0-F4 METAVIR stages. A: F0, HeF = 97.16%; B: F1, HeF = 89.21%; C: F2, HeF = 79.92%; D:
F2, HeF = 72.94%; E: F3, HeF= 69.17%; F: F4, HeF = 62.43%. HeF: Hepatocyte fraction.

different grades of liver fibrosis (all P < 0.05). In the
comparison of HeF in different groups of patients with
different levels of fibrosis, each pair comparison was
significantly different (P < 0.001), except for F1 and
F2 (F1 vs F2 = 84.23 ± 6.99 vs 79.71 ± 8.09, P =
0.065). RE was not significantly different between the
comparison groups F0 vs F1, F0 vs F2, and F1 vs F2
(P = 0.365, 0.490, and 0.912, respectively), but was
significantly different between other comparison groups
(P < 0.05). Post was statistically significantly different
between patients with liver cirrhosis (F4) and patients
without liver fibrosis (F0) (F4 vs F0 = 356 ± 44 vs 305
± 50, P < 0.001), and was not significantly different
between any other comparison groups (P > 0.05). Pre
was not significantly different among different levels of
liver fibrosis (P > 0.05). Figure 4 shows the HeF images
in different stages of liver fibrosis.

both P > 0.05 for the independent samples t-test).
HeF and RE showed a strong correlation with fibrosis
stage (RE: r = -0.773 (-0.852 to 0.661); HeF: r =
0.808 (-0.875 to 0.709); both P < 0.001). Post was
moderately associated with grade of liver fibrosis [r
= -0.525 (-0.674 to 0.336), P < 0.001]. Pre was not
related to fibrosis grade [r = 0.188 (-0.045 to 0.4003),
P = 0.112]. Correlation between Pre, Post, RE and HeF
(%) with fibrosis ratings is summarized in Table 3 and
Figure 5. RE was moderately correlated to HeF [r = 0.539
(0.353–0.684), P < 0.001].

ROC analysis

The AUC values, optimal cut-off values and the respective
diagnostic performances for liver fibrosis measured by
RE and HeF are summarized in Table 4 and Figure 6. The
AUC values for HeF and RE were significantly higher than
those for Pre and Post for detection of all fibrosis stages (P
< 0.05). In the AUC comparison of HeF and RE, HeF had
slightly higher AUCs than RE for discriminating ≥ F1 (HeF
vs RE = 0.837 vs 0.678, P = 0.028), ≥ F2 (HeF vs RE =
0.890 vs 0.723, P = 0.008). HeF and RE for ≥ F3 and F4
stage AUC showed no significant difference (HeF vs RE=
0.957 vs 0.921, P = 0.418; HeF vs RE = 0.957 vs 0.962,

Correlation analysis

RE and HeF were not correlated with body mass index
or age (Spearman’s correlation test, r = 0.034 and
0.247, P = 0.847 and 0.071, respectively), and did not
differ between males and females (RE: 0.81 ± 0.27 vs
0.83 ± 0.16; HeF (%): 84.29 ± 8.17 vs 86.29 ± 6.10;
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Table 3 Correlation of reduction rate of T1 relaxation time, hepatocyte fraction, and METAVIR fibrosis stages

r (95%CI)
P value

Pre

Post

RE

HeF

0.188 (-0.045 to 0.4003)
0.112

-0.525 (-0.674 to 0.336)
0.001

-0.773 (-0.852 to 0.661)
< 0.001

-0.808 (-0.875 to 0.709)
< 0.001

HeF: Hepatocyte fraction; RE: Reduction rate of T1 relaxation time.

technique based on a series of liver acquisition volume
acceleration sequences, AUCs in ≥ F1, ≥ F2 and ≥ F3
stages from the ROC analysis were 0.803, 0.712 and
0.696, respectively. However, the study did not include
F4 data.
Our HeF results were based on clinical patients,
which have better reference values than animal ex
periments, and results for all the fibrosis stages were
[41]
obtained. Yang et al
used 3D gradient-echo imaging
on a 1.5-T MRI scanner to study volumetric interpolated
breath-hold examination in liver fibrosis after CHB
infection. They found that reduction in T1 relaxation
time 20 min after gadoxetic acid injection (ΔT1, ΔR1%)
compared with before injection and the contrast
uptake rate (KHep) decreased significantly as the fibrosis
score increased. In that study, ΔR1% had the highest
correlation with fibrosis stage (r = -0.626), followed by
KHep (r = -0.527), and ΔT1 (r = 0.513).
The above mentioned studies were based on 1.5-T
MR, while our images were acquired using 3.0-T MR with
better image quality, assisting in image analysis and
[42]
processing. Banerjee et al
explored the relationship
between corrected T1 parameter (cT1) and hepatic
fibrosis Ishak rank, based on a shortened modified LookLocker inversion (known as shMOLLI) recovery sequence
T1 mapping technique, and found that cT1 was strongly
correlated with increased liver fibrosis (cT1 vs Ishak
[n = 84, r = 0.68], AUC of F ≥ 1 stage = 0.94). While
the AUC values for the most of the fibrosis groups were
similar to those of our study, the correlation reported by
[42]
Banerjee et al was stronger than what was observed
in this study where the AUC value for F ≥ 1.
Banerjee’s study enrolled a total of 84 patients.
While the causes of liver fibrosis in their study were
from different types of chronic liver disease, 31 cases
[42]
were caused by virus . A lack of research into viral
hepatitis highlights the importance of studying changes
in the degree of liver fibrosis caused by different types
[43]
of liver disease. Sheng et al
have compared T1
mapping with RE on Gd-EOB-DTPA-enhanced MRI in
the field of liver fibrosis assessment. The result showed
that Gd-EOB-DTPA-enhanced T1 mapping might
provide a reliable diagnostic tool in staging liver fibrosis,
[43]
whereas it was research performed on rabbits . As
our study applies to human, having clinical significance
that is superior to animal studies.
Among the T1 mapping techniques, Look-Locker
has several advantages. It is efficient compared with
conventional techniques, which have only sample one

RE
HeF

1.25

1.00

0.75
47
0.50

0.25
F0

F1

F2

F3

F4

METAVIR score

Figure 5 Box-and-whisker plots of T1 values. RE and HeF are shown for
each METAVIR stage in relation to CHB and CHC. T1 values are reported
on the Y-axis, and METAVIR stage of fibrosis is reported on the X-axis. CHB:
Chronic hepatitis B; CHC: Chronic hepatitis C; HeF: Hepatocyte fraction; RE:
Reduction rate of T1 relaxation time.

respectively).

DISCUSSION
The results of our study indicated that T1 parameters
from pre- or post-contrast T1 maps (HeF) and RE had
good diagnostic value in the assessment of CHB, CHC
and liver fibrosis. HeF and RE both had good diagnostic
performance in advanced liver fibrosis and cirrhosis (≥
F3 and F4) (AUC > 0.9). In diagnosis at ≥ F1 and ≥ F2
stages, HeF was better than RE.
[35]
Previous studies have used RE , liver-to-spleen
[36]
[37]
ratio , contrast enhancement index
or dynamic
[38]
measurements
based on Gd-EOB-DTPA-enhanced
MRI to quantify parenchymal enhancement. In recent
years, T1 mapping technology based on Gd-EOB-DTPA
enhancement has been used mainly in the study of liver
[39]
disease diagnosis. Katsube et al
first reported that
evaluation of hepatic uptake of Gd-EOB-DTPA using T1
mapping of liver parenchyma could help estimate liver
[40]
function. Kiyohisa et al showed similar results in their
study, which also demonstrated the diagnostic value of
T1 mapping in liver disease.
At present, T1 mapping is used to evaluate the
degree of hepatic fibrosis, but only a few studies have
focused on liver fibrosis caused by chronic viral hepatitis
[28]
(CHB, CHC). Li et al found that in CCl4-induced liver
fibrosis in New Zealand rabbits, using the T1-mapping
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Table 4 Performance of the mean reduction rate of T1 relaxation time and hepatocyte fraction for the prediction of METAVIR
fibrosis stages according to cut-off values
Parameters
Cut-off
HeF (%)
RE
AUC
HeF (%)
RE
Sensitivity, %
HeF(%)
RE
Specificity, %
HeF (%)
RE
PPV, %
HeF (%)
RE
NPV, %
HeF (%)
RE
PLR
HeF (%)
RE
NLR
HeF (%)
RE

≥ F1

≥ F2

≥ F3

= F4

82.93
0.75

79.24
0.73

74.37
0.72

74.37
0.72

0.837 (0.733-0.913)
0.678 (0.559-0.783)

0.890 (0.795-0.951)
0.723 (0.606-0.821)

0.957 (0.881-0.990)
0.921 (0.834-0.971)

0.957 (0.882-0.991)
0.962 (0.889-0.993)

72.0 (57.5-83.8)
44.0 (30.0-58.7)

77.4 (58.9-90.4)
58.1 (39.1-75.5)

94.4 (72.7-99.9)
88.9 (65.3-98.6)

100.0 (73.5-100.0)
100.0 (73.5-100.0)

82.6 (61.2-95.0)
100.0 (85.2-100.0)

92.9 (80.5-98.5)
92.9 (80.5-98.5)

92.7 (82.4-98.0)
92.7 (82.4-98.0)

85.3 (73.8-93.0)
86.9 (75.8-94.2)

90.0 (76.3-97.2)
100.0 (84.6-100.0)

88.9 (70.8-97.6)
85.7 (63.7-97.0)

81.0 (58.1-94.6)
80.0 (56.3-94.3)

57.1 (34.0-78.2)
60.0 (36.1-80.9)

57.6 (39.2-74.5)
45.1 (31.1-59.7)

84.8 (71.1-93.7)
75.0 (61.1-86.0)

98.1 (89.7-100.0)
96.2 (87.0-99.5)

100.0 (93.2-100.0)
100.0 (93.3-100.0)

4.14 (1.7-10.3)
_

10.84 (3.6-32.8)
8.13 (2.6-25.2)

12.99 (5.0-33.6)
12.22 (4.7-31.8)

6.78 (3.7-12.4)
7.62 (4.0-14.5)

0.34 (0.2-0.5)
0.56 (0.4-0.7)

0.24 (0.1-0.5)
0.45 (0.3-0.7)

0.060 (0.009-0.4)
0.12 (0.03-0.4)

_
_

AUC: Area under the curve; HeF: Hepatocyte fraction; NLR: Negative likelihood ratio; NPV: Negative predictive value; PLR: Positive likelihood ratio; PPV:
Positive predictive value; RE: Reduction rate of T1 relaxation time.

point for each inversion pulse. In addition, Look-Locker
is less sensitive to B1 heterogeneity and less prone to
[44,45]
error compared with the variable flip angle method
.
Some research into the relationship between RE
and liver fibrosis has been conducted. The earliest
discussion of the relationship between relative T1
[46]
values and fibrosis was reported by Smith et al
in
1981. However, subsequent studies did not confirm
[47]
[26]
the correlations . Verloh et al , in a study of the
relationship between RE and liver fibrosis, found strong
correlations between the uptake characteristics of GdEOB-DTPA with RE and the grade of fibrosis/cirrhosis,
classified using the Ishak scoring system. The inclusion
criteria for this experiment did not limit the type of
chronic liver disease that led to liver fibrosis.
[35]
Feier et al
showed a strong correlation between
the RE and METAVIR score (r = -0.65), which was
consistent with our results (r = -0.773). Among their
results, the AUC in the ≥ F1 and ≥ F2 stages was
higher than our results (≥ F1: 0.81 vs 0.68; ≥ F2:
0.82 vs 0.72). The reasons for this difference in results
[35]
are as follows. First, Feier et al
did not focus on
liver fibrosis caused by chronic viral hepatitis (CHB,
CHC); instead, they included patients with alcoholic
liver disease and autoimmune hepatitis leading to
liver fibrosis. Second, in our study, the F3 and F4
groups were small, which could have led to bias.
Third, RE measurement is relatively simple and direct;
however, some disadvantages are also obvious. MRI
signal intensity is influenced by many factors, and the
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collection method of the image may make statistical
analysis difficult. Look-Locker sequencing ensures
consistent image acquirement and analysis. T1 maps
obtained using Look-Locker sequencing may be more
robust than simple signal intensity measurements on
[48]
the hepatobiliary phase , as T1 maps are less affected
by MR parameters at the same magnetic field strength
than signal intensity measurements.
In contrast to the current international consensus on
the diagnosis of liver fibrosis using MRE technology, our
results showed that, based on Gd-EOB-DTPA-enhanced
T1 mapping technology, HeF and METAVIR classification
of liver fibrosis were significantly correlated (r =
-0.808), although slightly lower than with the MRE
technique (r = 0.899). Comparing the AUCs of the ≥
F1, ≥ F2, ≥ F3 and F4 groups, the AUCs for MRE were
[49]
0.84, 0.88, 0.93 and 0.92, respectively . Our HeF
results were consistent with previous studies.
Compared with MRE technology, which requires a
special hardware installation, Gd-EOB-DTPA-enhanced
Look-Locker scanning can be operated on standard
clinically used MR equipment, an important advantage
making it a popular choice. In contrast, the results of
studies using the apparent diffusion coefficient (ADC)
value in conjunction with DWI to assess hepatic fibrosis
were quite different, and the use of ADC values in
diagnosis remains controversial. For example, Tokgöz
[50]
et al showed that ADC values in the different grades
of fibrosis were not significantly different. A metaanalysis of DWI studies analyzing the use of ADC in
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Figure 6 Comparison of the receiver operating characteristic curves of Pre, Post, RE and HeF for different fibrosis thresholds. From left to right: F0 vs F1-F4
(≥ F1), F0-F1 vs F2-F4 (≥ F2), F0-F2 vs F3-F4 (≥ F3), and F0-F3 vs F4 (≥ F4). The numbers in the boxes indicate the AUC values and 95%CIs. AUC: Area under
the receiver operating characteristic curve; CI: Confidence interval; HeF: Hepatocyte fraction; RE: Reduction rate of T1 relaxation time.

liver fibrosis staging included a cumulative total of 613
[51]
patients in 10 studies . It reported an AUC of 0.86
for F ≥ 1, 0.83 for F ≥ 2, and 0.86 for F ≥ 3, and
concluded that DWI had a good diagnostic value for
[52]
degree of liver fibrosis. Ding et al
compared DWI
with Gd-EOB-DTPA-enhanced RE in the diagnosis of
liver fibrosis; the results showed that RE was better
than ADC. In our experiments, HeF was of superior
diagnostic value than RE, so we can predict that HeF
for liver fibrosis staging is of greater diagnostic value
than DWI. Because different b values affect the results
of ADC, they cannot be compared between studies
because liver fibrosis staging is difficult to establish.
T1 mapping of gadoxetic acid-enhanced MR images
using Look-Locker sequencing can be achieved using
breath-holding and simplifying the image processing.
We believe that this practical method has potential in
the quantitative estimate of liver fibrosis and can be
used as an important complementary sequence in
clinical Gd-EOB-DTPA-enhanced MRI in patients with
chronic liver disease.
Our study had some limitations. First, the sample
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size of this study was small, especially for the F3
stage category. Compared to similar studies which
have shown inconsistency in hepatocellular function
in the F ≥ 3 stage group (AUC: 0.63, 0.85, 0.87 and
[53]
0.93) , a larger sample size was needed for the F3
stage category. Second, the study only examined the
information obtained at 20 min after Gd-EOB-DTPA
administration, and did not analyze HeF measured
at other times, such as 5 or 10 min. Third, the LookLocker sequence was a 2D sequence that did not
contain information about the whole liver. When the
HeF scan is part of an examination, an enhanced
sequence of the whole liver should be added to the
scanning protocol because of its value in clinical
diagnosis. Furthermore, mismatches between pre- and
post-contrast images were observed due to motion and
the long gap between scans. To improve accessibility
for future clinical use, further development in fast
multislice or 3D volume quantitative T1 mapping is
needed with liver-specific motion registration.
In conclusion, this study showed a strong correlation
between HeF and liver fibrosis stage in CHB and CHC.
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assess the performance of the HeF in hepatic fibrosis. More imaging methods
should be compared in the field of liver fibrosis diagnosis.

Although HeF and RE are used to generate quantitative
measurements to distinguish between different grades
of liver fibrosis, HeF performed better than RE. This
study showed that the T1 mapping-based HeF method
is an efficient diagnostic tool for the staging of liver
fibrosis.
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Core tip: Azathioprine/6-mercaptopurine were negatively
associated with specific anthropometric parameters,
suggesting a possible negative effect vs poor efficacy of
thiopurines in pediatric Crohn’s disease (CD). Infliximab
was positively associated with standardized height in
females only, suggesting a possible sex difference in
response to infliximab from the standpoint of statural
growth in pediatric CD. Specific serum biomarkers were
associated with standardized height in males only,
supporting that inflammation has a more detrimental
effect on statural growth in males with pediatric CD.

Abstract
AIM
To determine the distribution of anthropometric
parameter (AP)-z -scores and characterize associations
between medications/serum biomarkers and AP-z scores in pediatric Crohn’s disease (CD).

Gupta N, Lustig RH, Chao C, Vittinghoff E, Andrews H, Leu
CS. Thiopurines are negatively associated with anthropometric
parameters in pediatric Crohn’s disease. World J Gastroenterol
2018; 24(18): 2036-2046 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i18/2036.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i18.2036

METHODS
CD patients [< chronological age (CA) 21 years]
were enrolled in a cross-sectional study. Descriptive
statistics were generated for participants’ demographic
characteristics and key variables of interest. Paired
t -tests were used to compare AP-z -scores calculated
based on CA (CA z -scores) and bone age (BA) (BA
z -scores) for interpretation of AP’s. Linear regression
was utilized to examine associations between
medications and serum biomarkers with AP-z -scores
calculated based on CA (n = 82) and BA (n = 49).
We reported regression coefficients as well as their
corresponding p-values and 95% confidence intervals.

INTRODUCTION
Several studies document alterations in anthropometric
parameters in pediatric Crohn’s disease (CD) such as
[1-5]
[6,7]
lean mass deficits , reductions in fat free mass
,
[3,5,7]
[1-3,5-8]
fat mass deficits
, low body mass index (BMI)
,
[7,8]
[1-3,5,9,10]
high BMI , and low height
. Similar to impaired
statural growth (height velocity), a dynamic marker of
disease status, body composition deficits may reflect
poorly controlled disease despite the absence of overt
clinical intestinal symptoms.
Delayed bone age (BA) is common in pediatric
[10-16]
CD
. BA assessed by left hand X-ray is regarded as a
[13-14,17-19]
valid measure of skeletal maturity
. Determination
of BA allows clinically meaningful interpretation of growth
[11]
in the context of skeletal maturity in pediatric CD .
Mean height, weight and BMI z-scores calculated based
on BA (BA z-scores) are higher than corresponding
z-scores calculated based on chronological age (CA) (CA
[11]
z-scores) in pediatric CD .
The impact of accounting for BA in the interpretation
of body composition is unclear. Accurate interpretation
of body composition is important since it reflects nu
[4]
tritional and disease status. Not only is nutritional status
an important determinant of pubertal development and
[20]
growth velocity , it is a prognostic factor for disease
[21-28]
course
. Several factors affect nutritional status,
including inflammation, medications, nutrient intake, and
[4,29,30]
hormones
. The association between medications
and serum inflammatory and hormonal biomarkers with
anthropometric measurements is not well delineated in
pediatric CD, particularly after adjusting for maturational
status (BA).
Nutritional status is an important factor to consider
when making therapeutic decisions given its association
[21-28]
with poor outcomes
. Yet, the impact of treatments

RESULTS
Mean CA at the time of the study visit was 15.3 ± 3.5
(SD; range = 4.8-20.7) years. Mean triceps skinfold (p
= 0.039), subscapular skinfold (p = 0.002) and midarm circumference (MAC) (p = 0.001) BA z -scores were
higher than corresponding CA z -scores. Medications
were positively associated with subscapular skinfold
[adalimumab (p = 0.018) and methotrexate (p =
0.027)] and BMI CA z -scores [adalimumab (p =
0.029)]. Azathioprine/6-mercaptopurine were negatively
associated with MAC (p = 0.045), subscapular skinfold
(p = 0.014), weight (p = 0.002) and BMI (p = 0.013)
CA z -scores. ESR, CRP, and WBC count were negatively
associated, while albumin and IGF-1 BA z -scores
were positively associated, with specific AP z -scores
(p < 0.05). Mean height CA z -scores were higher in
females, not males, treated with infliximab (p = 0.038).
Hemoglobin (p = 0.018) was positively associated,
while platelets (p = 0.005), ESR (p = 0.003) and CRP
(p = 0.039) were negatively associated with height CA
z -scores in males, not females.
CONCLUSION
Our results suggest poor efficacy of thiopurines and
a possible sex difference in statural growth response
to infliximab in pediatric CD. Prospective longitudinal
studies are required.
Key words: Inflammatory bowel disease; Azathioprine/
6-mercaptopurine; Biologics; Nutrition
© The Author(s) 2018. Published by Baishideng Publishing

WJG|www.wjgnet.com

2037

May 14, 2018|Volume 24|Issue 18|

Gupta N et al . Anthropometrics in pediatric CD
on anthropometric measurements is poorly defined
[31]
and has not received sufficient attention . While there
are well-documented sex differences in risk for statural
[9-10,14,21,32-35]
growth impairment
, sex differences in
nutritional status require further study. Data regarding
the relationship between medications and serum
biomarkers with anthropometric parameters by sex, an
important biological variable, are lacking.
Here we assessed body composition by skinfold
measurements in pediatric CD. Our aims were to (1)
determine the distribution of anthropometric parameters
based on CA (CA z-scores) and BA (BA z-scores); and
(2) characterize the associations between medications
and serum biomarkers with anthropometric parameter
z-scores in pediatric CD.

A lab draw was performed to measure serum IGF-1,
insulin-like growth factor binding protein 3 (IGFBP-3),
testosterone, estradiol, luteinizing hormone (LH), follicle
stimulating hormone (FSH), albumin, alkaline phos
phatase, C-reactive protein (CRP), erythrocyte sedimen
tation rate (ESR), hemoglobin, platelets, and white
blood cell (WBC) count. Tubes for serum hormone levels
and routine clinical labs were processed by Esoterix
Endocrinology (Calabasas Hills, CA, United States) and
UCSF clinical lab, respectively. Clinical information was
collected.

Statistical analysis

We calculated CA z-scores for IGF-1, IGFBP-3, estradiol,
testosterone, FSH, LH, mid-arm circumference, triceps
skinfold, subscapular skinfold, weight, height, and BMI
using reference values based in part on CA. Because
pubertal growth acceleration correlates more closely
[39]
with BA than CA , we also calculated BA z-scores for
all 17 females ≤ CA 15 and 32 males ≤ CA 17 years,
as epiphyses close at BA 15 in females and 17 years
in males. We excluded all females > CA 15 and males
> CA 17 years from BA analyses because sufficient
reference data on variability of BA beyond these CA
thresholds are not available. We transformed mid-arm
circumference, triceps skinfold, subscapular skinfold,
[40-45]
weight, height, and BMI measurements to z-scores
.
Means and standard deviations (SDs) provided by
Esoterix Endocrinology were used to calculate IGF-1
and IGFBP-3 z-scores. The mean and the upper and
lower bounds of the normal ranges (specific to sex, age,
and Tanner stage), accounting for asymmetry about
the mean if present, were used to compute SDs for
gonadotropins and sex hormones. Low and high z-scores
are defined as z-scores < -2.0 and > 2.0, respectively.
Descriptive statistics were generated for participants’
demographic characteristics and key variables of
interest. Paired t-tests were used to compare CA z-scores
and BA z-scores for interpretation of anthropometric
parameters. We employed linear regression to assess
the associations between predictors (medications and
serum biomarkers) and outcomes (anthropometric
parameter CA z-scores and BA z-scores). For outcomes
based on CA z-scores (n = 82), we also conducted
analyses including CA at study visit, sex, CRP, albumin,
ESR, and hemoglobin in the model to adjust for
potential confounding. We conducted additional analyses
adjusting for disease activity indices, disease duration,
stricturing disease and penetrating disease in these
models. We analyzed height CA z-scores separately by
sex because of well-established sex differences in risk
[9-10,14,21,32-35]
for statural growth impairment
. We reported
regression coefficients as well as their corresponding
p-values and 95% confidence intervals (CI); p-values
< 0.05 were considered as statistically significant. Data
were analyzed using IBM SPSS Statistics 23.

MATERIALS AND METHODS
Pediatric CD patients < CA 21 years enrolled in this
cross-sectional study at University of California, San
Francisco (UCSF) between January 2007 and July 2009
[10-11,36]
as previously described
. We excluded patients
who received growth hormone ever or corticosteroids
within 2 mo prior to study participation since more
recent use would suppress the somatotropic axis and
interfere with accurate assessment of insulin-like growth
factor-1 (IGF-1) levels. Eighty-two patients completed
the study.
Mid-arm circumference measurements and skinfold
thickness measurements were collected to the nearest 0.1
mm from the non-dominant side of the body in triplicate
and averaged. A measuring tape was used for mid-arm
circumference measurements and Lange skinfold calipers
were used for skinfold thickness measurements. The midarm circumference measurement was obtained at the
mid-point between the olecranon process and acromion.
The triceps skinfold measurement was obtained at
the mid-point of the upper arm, halfway between the
acromion and the olecranon. The subscapular skinfold
was measured at a 45° angle just below the inferior
angle of the scapula. One of two registered dietitians
obtained the measurements. Both were trained using
standardized NHANES methodologies with established
[37]
inter-rater reliability . Weight and height were measured
using a digital scale (Scale-Tronix, White Plains, NY,
United States) to the nearest 0.1 kg and stadiometer
(Proscale, Accurate Technology, Inc., Cincinnati, OH,
United States) to the nearest 0.1 cm, respectively. Body
mass index (BMI) was calculated as the weight in kg
divided by the square of the height in meters. Self-Tanner
[38]
staging was performed . Left hand x-rays obtained for
BA were blindly interpreted by RL using the standards of
[17]
Greulich and Pyle .
Medications of interest included adalimumab, 5-am
inosalicylates, antibiotics, azathioprine/6-mercaptopurine
(thiopurines), infliximab, and methotrexate.
We classified disease location as esophagus or
stomach; small bowel, no colon; small bowel and colon;
colon, no small bowel; perianal.
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Ethical considerations

We obtained Institutional Review Board Approval for the
study protocol. Informed consent/assent were obtained
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Of the 4 patients on adalimumab, 1 (25%) was on
monotherapy, 1 (25%) was on combination therapy
with thiopurines, 2 (50%) were on combination therapy
with methotrexate.

Table 1 Demographics, Tanner stage, disease location, and
medications
n (%)

Item
Race
Asian
East Asian
South Asian
Black/African American
Other
White
Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Tanner stage
1
2
3
4
5
Disease location
Esophagus or stomach
Small bowel, no colon
Colon, no small bowel
Small bowel and colon
Perianal disease
Medication
Adalimumab
5-Aminosalicylates
Antibiotics
Azathioprine/6-Mercaptopurine
Infliximab
Methotrexate
Steroids ever

Anthropometric parameters

12 (14.6)
6
6
1 (1.2)
4 (4.9)
65 (79.3)

Anthropometric parameters are summarized in Table 2.

Bone age vs chronological age for the interpretation of
anthropometric parameters

For the 49 patients qualifying for BA analyses, mean
BA (12.2 ± 2.9 years) was significantly lower than
[10]
mean CA (13.1 ± 2.6 years) (p < 0.0001) . Midarm circumference (0.35 units, 95%CI: 0.14-0.55; p
= 0.001), subscapular skinfold (0.10 units, 95%CI:
0.04-0.16; p = 0.002), and triceps skinfold (0.05 units,
95%CI: 0.003-0.11; p = 0.039) BA z-scores were
systematically higher than corresponding CA z-scores.

7 (8.5)
75 (91.5)
8 (9.8)
15 (18.3)
16 (19.5)
24 (29.3)
19 (23.2)
9 (11)
12 (14.6)
17 (20.7)
53 (64.6)
49 (59.8)

Medications, serum biomarkers, and anthropometric
parameters

Tables 3 and 4 show the unadjusted and adjusted
associations, respectively, between medication treatment,
serum biomarkers and anthropometric parameter CA
z-scores (height CA z-scores presented separately)
that achieved statistical significance. Infliximab was
not statistically significantly associated with mid-arm
circumference, triceps skinfold, subscapular skinfold,
weight or BMI CA z-scores (data not shown). Results
did not change when disease activity indices, disease
duration, stricturing disease or penetrating disease were
included in the adjusted models.
Table 5 shows the unadjusted associations between
serum biomarkers and anthropometric parameter BA
z-scores (height BA z-scores presented separately).
Medication treatments were not statistically significantly
associated with anthropometric parameter BA z-scores.
Table 6 shows the unadjusted associations between
medications, serum biomarkers and height CA z-scores
by sex.
Table 7 shows the unadjusted association between
serum biomarkers and height BA z-scores. Medications
were not statistically significantly associated with height
BA z-scores.

4 (4.9)
50 (61.0)
14 (17.1)
44 (53.7)
20 (24.4)
7 (8.5)
55 (67.1)

from parents/patients.

RESULTS
Participant characteristics

82 patients completed the study; 35 (43%) were
[10]
female . Mean CA at the time of the study visit was
[10]
15.3 ± 3.5 (SD; range = 4.8-20.7) years . Mean
CA at the time of inflammatory bowel disease (IBD)
diagnosis was 12.1 ± 3.8 (0.5-17.9) years. Mean
time since IBD diagnosis was 3.4 ± 2.8 (0.01-12.0)
years. Race/ethnicity, Tanner stage, disease location,
and medications are summarized in Table 1. History of
[10]
corticosteroid use did not differ by sex .

Monotherapy vs combination therapy

DISCUSSION

Of the 44 patients on azathioprine/6-mercaptopurine,
33 (75%) were on thiopurine monotherapy, 10 (23%)
were on combination therapy with infliximab and 1 (2%)
was on combination therapy with adalimumab.
Of the 7 patients on methotrexate, 3 (43%) were on
monotherapy, 2 (28.5%) were on combination therapy
with infliximab and 2 (28.5%) were on combination
therapy with adalimumab.
Of the 20 patients on infliximab, 8 (40%) were on
monotherapy, 10 (50%) were on combination therapy
with thiopurines and 2 (10%) were on combination
therapy with methotrexate.

WJG|www.wjgnet.com

In our prospective, cross-sectional study, azathioprine/6mercaptopurine were negatively associated with lean
tissue mass (mid-arm circumference CA z-scores) and
fat store (subscapular CA z-scores) measurements, and
weight CA z-scores and BMI CA z-scores in pediatric
CD. We previously reported thiopurine treatment
[11]
was associated with lower standardized BA results .
From a mechanistic perspective, it is unlikely these
associations represents a direct negative impact of
thiopurines on skeletal maturation or anthropometric
parameters. When examining the association between
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Table 2 Summary of anthropometric parameters
Variable (n )

Mean ± SD

Range

Mid-arm circumference-CA-z-score n = 82
Mid-arm circumference-BA-z-score n = 49
Subscapular skinfold-CA-z-score n = 81
Subscapular skinfold-BA-z-score n = 48
Triceps-CA-z-score n = 81
Triceps-BA-z-score n = 49
Height-CA-z-score n = 82
Height-BA-z-score n = 49
Weight CA-z-score n = 82
Weight BA-z-score n = 49
BMI-CA-z-score n = 82
BMI BA-z-score n = 49

-0.64 ± 1.39
-0.54 ± 1.30
0.59 ± 0.83
0.64 ± 0.87
1.02 ± 0.74
1.10 ± 0.72
-0.30 ± 1.02
0.17 ± 1.12
-0.17 ± 1.10
0.11 ± 0.91
-0.07 ± 1.04
0.05 ± 0.86

-5.03 to 2.88
-2.86 to 2.50
-1.56 to 2.31
-1.17 to 2.27
-0.88 to 2.79
-1.17 to 2.47
-2.74 to 2.34
-3.29 to 2.53
-3.49 to 2.20
-2.52 to 1.97
-2.78 to 2.17
-2.58 to 2.09

Percent with z -scores > 2 (%) Percent with z -scores < -2 (%)
2
2
3
4
11
8
1
4
4
0
4
2

17
16
0
0
0
0
6
2
5
2
4
2

BA z-score: z score based on bone age; BMI: Body mass index; CA z-score: z score based on chronological age.

Table 3 Significant associations between medications/serum biomarkers and anthropometric parameters [z -scores based on
chronological age (n = 82)] - unadjusted analyses
Variable

Mid-arm circumference CA-z-scores

Subscapular skinfold CA-z-scores

-0.65
(-1.25, -0.05)
0.033

0.901
(0.08, 1.72)2
0.0333
-0.5
(-0.85, -0.14)
0.006
0.75
(0.06, 1.43)
0.032

Adalimumab

Azathioprine

Methotrexate

ESR

-0.024
(-0.05, -0.002)
0.036

Weight CA-z-scores

BMI CA-z-scores

-0.7
(-1.16, -0.23)
0.004

1.09
(0.05, 2.13)
0.04
-0.56
(-1.004, -0.12)
0.014

-0.03
(-0.05, -0.02)
0.0003
0.19
(0.04, 0.34)
0.015

Hemoglobin

-0.02
(-0.04, -0.006)
0.009

1

Regression coefficient for unadjusted analyses [i.e., one medication or serum biomarker (independent variable) per model and no adjustment for potential
confounding]; 2(95% confidence interval); 3P-value. BMI: Body mass index; CA z-score: z score based on chronological age; ESR: Erythrocyte sedimentation
rate.

azathioprine/6-mercaptopurine and BA z-scores for these
specific anthropometric parameters, the direction of the
association remained negative between thiopurines and
subscapular skinfold BA z-scores (though did not achieve
statistical significance due to smaller sample size (n
= 49 for BA analyses vs n = 82 for CA analyses). This
continued negative association between thiopurines and
subscapular skinfold BA z-scores in combination with
our previously reported finding of a negative association
[11]
between thiopurines and standardized BA results
calls into question the efficacy of thiopurines for treating
pediatric CD. Our findings highlight the importance of
considering BA in the interpretation of anthropometric
parameters because its inclusion clarifies the relationship
between medications and these outcomes.
Previously published data on the impact of thiop
urines on anthropometry for comparison to our findings
are limited, but also raise concerns about the efficacy
[31]
of these medications. Csontos et al
reported no
statistically significant difference in the change in
fat free mass index, skeletal muscle index, or body
fat mass index in adult IBD patients on vs not on

WJG|www.wjgnet.com

azathioprine during initiation of biologic therapy. In newly
diagnosed CD children randomized to treatment with
6-mercaptopurine plus steroids vs placebo plus steroids,
[46]
Markowitz et al did not detect a difference in statural
growth.
Regarding a possible negative impact of utilizing thiop
[47]
urines, in a pediatric IBD cohort, Hyams et al reported
thiopurine exposure is an important preceding event
for the development of malignancy or hemophagocytic
lymphohistiocytosis. Our data identify another negative
signal associated with thiopurines, given the constellation
of findings of statistically significant negative associations
between azathioprine/6-mercaptopurine and mid-arm
circumference, subscapular skinfold, weight and BMI
CA z-scores and persistent negative association with
subscapular skinfold BA z-scores (though did not achieve
statistical significance due to smaller sample size available
for BA analyses), in combination with our previously
reported finding of a statistically significant association
[11]
with lower standardized BA results . Prospective
longitudinal study is required to examine the longitudinal
pattern of these associations and to investigate whether
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Table 4 Significant associations between medications/serum biomarkers and anthropometric parameters [z -scores based on
chronological age (n = 82)] - adjusted analyses
Variable

Mid-arm circumference CA-z -scores

Subscapular skinfold CA-z -scores

-0.64
(-1.26, -0.02)
0.045

1.021
(0.18, 1.86)2
0.0183
-0.47
(-0.83, -0.10)
0.014
0.81
(0.10, 1.53)
0.027

Adalimumab

Azathioprine

Methotrexate

ESR

Weight CA-z -scores

BMI CA-z -scores

-0.73
(-1.17, -0.29)
0.002

1.17
(0.13, 2.21)
0.029
-0.58
(-1.03, -0.12)
0.013

-0.03
(-0.05, -0.01)
0.01

-0.03
(-0.05, -0.004)
0.024

1

Regression coefficient for adjusted analyses [i.e., one medication or serum biomarker (independent variable) per model and CA at study visit, sex, CRP,
albumin, ESR and hemoglobin are included in the model to adjust for potential confounding]; 2(95% confidence interval); 3P-value. BMI: Body mass index;
CA z-score: z score based on chronological age; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.

Table 5 Significant associations between serum biomarkers and anthropometric parameters [z -scores based on bone age (n = 49)]
- unadjusted analyses
Variable
WBC

Mid-arm circumference
BA-z -scores

Subscapular skinfold
BA-z -scores

-0.191
(-0.36, -0.02)2
0.0293

-0.12
(-0.24, -0.01)
0.04

Triceps skinfold
BA-z -scores

Weight
BA-z -scores

-0.03
(-0.07, -0.0001)
0.049

-0.16
(-0.28, -0.04)
0.008
-0.03
(-0.04, -0.01)
0.003
-0.06
(-0.10, -0.02)
0.008
0.73
(0.28, 1.18)
0.002
0.2
(0.01, 0.38)
0.039

ESR

CRP

Albumin

IGF-1 BA-z-scores

BMI
BA-z -scores

-0.02
(-0.03, -0.001)
0.037

1

Regression Coefficient for Unadjusted Analyses [i.e., one serum biomarker (independent variable) per model and no adjustment for potential confounding];
(95% confidence interval); 3P-value. BA z-score: z score based on bone age; BMI: Body mass index; WBC: White blood cell; ESR: Erythrocyte sedimentation
rate; IGF-1: Insulin-like growth factor-1; CRP: C-reactive protein.
2

these findings represents a lack of efficacy of thiopurines
(given that anthropometric parameters and skeletal
maturation reflect nutritional status/disease status) vs
a direct negative impact of thiopurines in pediatric CD.
Patients with lower body composition z-scores and lower
standardized BA results were not selectively placed on
thiopurines vs another medication such as methotrexate,
infliximab, or adalimumab as these measurements were
obtained at the time of the study.
Adalimumab and methotrexate were positively
associated (statistically significant) with measurements
of fat mass [subscapular CA z-scores (adalimumab/
methotrexate)] and BMI CA z-scores (adalimumab).
While these medications were not statistically signi
ficantly associated with these outcome BA z-scores
due to a smaller sample size available for BA analyses,
the direction of these associations (positive) remained
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unchanged and the effect sizes were similar to only mildly
decreased compared with the statistically significant
positive associations between these medications and
these outcome CA z-scores, supporting a positive
association between adalimumab and methotrexate with
these anthropometric parameter BA z-scores.
Similar to our finding of a positive association
between the anti-tumor necrosis factor alpha (TNF-α)
[48]
agent, adalimumab, and BMI, Diamanti et al reported
that weight and BMI improved in children treated with
infliximab, but not with mesalazine and azathioprine.
[49]
Wiese et al reported a significant increase in BMI with
infliximab treatment in adult CD.
In a pediatric CD study, investigators reported specific
medications were associated with greater increases
in race- and sex-specific z-scores for both lean mass
(infliximab) and fat mass (infliximab, glucocorticoid,
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Table 6 Significant associations between medications/serum biomarkers and height z -scores by sex (based on chronological age
(female n = 35; male n = 47)) - unadjusted analyses
Variable

1

Height CA z -scores

Point estimate

95%CI

P value

Females
Males
Males
Males
Males

0.65
-0.04
-0.03
0.23
-0.004

0.04, 1.25
-0.079, -0.002
-0.051, -0.011
0.04, 0.42
-0.006, -0.001

0.038
0.039
0.003
0.018
0.005

Infliximab
CRP
ESR
Hemoglobin
Platelets
1

Regression coefficient for unadjusted analyses [i.e., one medication or serum biomarker (independent variable) per model and no adjustment for potential
confounding]. CA z-score: z score based on chronological age; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.

Table 7 Significant associations between serum biomarkers and height z -scores [based on bone age (n = 49)] - unadjusted analyses
1

Variable

Height BA-z -scores

Point estimate

95%CI

P value

Albumin
CRP
ESR
IGF-1 BA-z-scores

Males and females
Males and females
Males and females
Males and females

0.8
-0.06
-0.02
0.26

0.22, 1.36
-0.11, -0.006
-0.05, -0.003
0.03, 0.48

0.008
0.03
0.029
0.025

1

Regression coefficient for unadjusted analyses [i.e., one serum biomarker (independent variable) per model and no adjustment for potential confounding].
BA z-score: z score based on bone age; BMI: Body mass index; ESR: Erythrocyte sedimentation rate; IGF-1: Insulin-like growth factor-1; CRP: C-reactive
protein.

[50]

and methotrexate) relative to height . Similarly, we
identified a positive association between methotrexate
and subscapular skinfold CA z-scores. In a CD patient
[14]
cohort, age 5-25 years, Sentongo et al reported triceps
skinfold z-scores, also a measure of adiposity, were
significantly correlated with corticosteroid exposure. Our
findings do not reveal a statistically significant association
between history of corticosteroid therapy and current
anthropometric parameters.
[31]
Csontos et al
reported baseline BMI increased
significantly during initiation of adalimumab/infliximab
therapy in adult IBD, in agreement with our identified
positive association between adalimumab and BMI.
They found fat free mass index also increased. They
found no significant differences between the effects
of adalimumab and infliximab on body composition,
whereas we identified significant associations between
body composition and adalimumab only, not infliximab.
Notably, fat free mass index and skeletal muscle mass
index significantly improved only in males. Subramaniam
[51]
et al reported infliximab was associated with significant
gains in muscle volume that correlated with male sex
[51]
in adult CD . Supporting these sex differences in
response to infliximab, in a mouse model of pulmonary
inflammation in which TNF-α was over expressed in
mouse lungs, lower body and muscle mass were evident
[52]
only in males .
Our study does not reveal a sex difference in the
association between medications and body composition,
but does identify a statistically significant positive
association between infliximab and height CA z-scores in
females only. A positive relationship between infliximab
and height BA z-scores was also identified in females
only, but did not reach statistical significance, likely due
to the smaller sample size available for BA analyses (n
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= 17 females for BA analyses vs n = 35 females for CA
analyses). The combination of findings described here
between infliximab and height z-scores (based on CA
and BA) supports a possible sex difference in response
to infliximab from the standpoint of statural growth.
Taken together, these findings of sex differences in
response to infliximab add to the growing body of
literature indicating that there may be sex differences
in the molecular pathways affecting statural growth and
body composition in CD. Our findings in combination
with the existing literature raise an intriguing question:
does TNF-α play an important role in compromising
body composition in CD males but statural growth in
[52]
females, and if so, why? Tang et al
speculated that
estrogen has protective effects against the actions
[53]
of TNF-α. Ordas et al
reported that clearance of
[54]
monoclonal antibodies is higher in men. Ternant et al
theorized that the central volume of distribution may be
higher in men because for a given body weight, plasma
volume is lower in women.
We found hemoglobin was positively associated, while
platelets, ESR, and CRP were negatively associated,
with height CA z-scores in males only, supporting our
previously reported findings of a greater detrimental
[10]
effect of inflammation on statural growth in males .
Several investigators have documented that growth
[9,10,14,21,32-35]
impairment is more frequent in males
.
Perhaps the molecular pathways that lead to growth
impairment in males are different than in females, and
less responsive to currently used medications, such
as infliximab. As expected, albumin and IGF-1 BA
z-scores were positively associated, while ESR and CRP
were negatively associated with height BA z-scores. In
contrast, no treatment (5-aminosalicylate, corticosteroids,
immunomodulators, infliximab, nutritional therapy,
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surgical resection) was associated with height, weight
or BMI at maximal follow up in a pediatric CD cohort in
[21]
Northern France .
The relationships between medications and anth
ropometric parameters may reflect efficacy of medi
cations, side effects of medications, or confounding
by indication. Since body composition measurements
were obtained as part of a study protocol and not
standard of care, it is unlikely these relationships reflect
confounding by indication since these body composition
measurements were not available to the care provider.
Our results suggest methotrexate, infliximab and
adalimumab are more effective than thiopurines for
treating pediatric CD.
As expected, body composition BA z-scores were
systematically higher than corresponding body com
position CA z-scores. Patients did not exhibit severe
deficiencies in fat stores, as reflected by standardized
subscapular and triceps skinfold measurements.
Depending on the measurement obtained, 3% to 11%
had subscapular or triceps skinfold measurement CA
z-scores or BA z-scores > 2.0, reflecting excess fat
stores. In contrast, 16%-17% had deficiencies in lean
mass tissue as reflected by mid-arm circumference
z-score measurements < -2.0 and only 2% with midarm circumference z-score measurements > 2.0. We
identified a negative association between thiopurines
and mid-arm circumference CA z-scores. The published
literature surrounding the relationship between me
[31,50-51]
dications and lean mass tissue is conflicting
.
More studies are needed to identify the most effective
treatments for improving lean mass tissue in pediatric
CD.
Correlations between inflammatory markers/disease
activity indices and anthropometric parameters have
[5,14,50,55,56]
been reported by other investigators
, similar
to our findings. Enhancing our understanding of the
specific inflammatory cytokines involved in molecular
pathways affecting body composition and growth is
critical for optimizing treatment.

to further investigate these intriguing findings and
would allow further risk stratification which will improve
patient counseling, guide expectations, and facilitate an
individualized treatment approach. Future studies should
examine the impact of monotherapy vs combination
therapy (including duration of treatment and drug levels)
on anthropometric status/disease status.

Summary and Conclusions

Complex processes regulate body composition and
growth in pediatric CD. We examined the relationship
between medication treatments and serum inflam
matory and hormonal biomarkers with anthropometric
parameters in a well-characterized pediatric CD cohort.
Our findings reinforce the importance of accounting
for BA when interpreting anthropometric parameters
in pediatric CD. The main findings of our study raise
intriguing questions.
Thiopurines were negatively associated with specific
anthropometric parameters. Do thiopurines have a
negative effect on nutritional status/disease status?
Alternatively, is the efficacy of thiopurines suboptimal?
This interesting finding may have significant impli
cations for pediatric CD treatment and requires further
investigation in a prospective longitudinal study to
determine if thiopurines should continue to be utilized as
a treatment for pediatric CD.
Infliximab was positively associated with standardized
height in females only. Is there a sex difference in
response to infliximab from the standpoint of statural
growth? Specific serum biomarkers were associated
with standardized height in males only, supporting the
hypothesis that inflammation has a more detrimental
effect on statural growth in males. The combination of
these findings lends further support to the theory that
sex differences in the molecular pathways driving statural
growth impairment in pediatric CD exist and should be
delineated in a prospective longitudinal study utilizing
height velocity BA z-scores as the primary outcome.
An improved understanding of this sex difference in
response to treatment would be a huge step towards
enhancing risk prediction and individualized treatment.
The studies presented herein contribute to a better
understanding of the relationship between medications
and serum inflammatory and hormonal biomarkers
with anthropometric parameters in pediatric CD. These
findings serve as a foundation on which to build future
studies with the goal of identifying patients at highest
risk for poor outcomes, enhancing treatment algorithms,
and ultimately developing individual treatment
approaches based on risk stratification. The present
study may provide a basis for mechanistic studies in
many pediatric chronic inflammatory conditions.

Limitations

The etiology of compromised nutritional status/disease
status is multifactorial. The cross-sectional study design
does not permit longitudinal assessment of changes in
anthropometric parameters with respect to medication
treatment and serum biomarkers to be determined.
Within-subjects characterization of the influence of
disease activity and hormone levels on changes in
anthropometric parameters may clarify the effects of
long-term inflammation on nutritional status/disease
status. Nevertheless, our results suggest a mechanistic
relationship between medications, inflammation and
anthropometric status/disease status, as well as a
difference by sex. Prospective longitudinal study,
collecting additional markers of disease activity/disease
status such as fecal calprotectin, cross-sectional imaging
and endoscopic assessment, is required as a next step
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Similar to impaired statural growth (height velocity), a dynamic marker of
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disease status, body composition deficits may reflect poorly controlled disease
despite the absence of overt clinical intestinal symptoms. Delayed bone age
(BA) is common in pediatric Crohn’s disease (CD). Determination of BA allows
clinically meaningful interpretation of growth in the context of skeletal maturity
in pediatric CD. The impact of accounting for BA in the interpretation of body
composition is unclear. Accurate interpretation of body composition is important
since it reflects nutritional and disease status. Not only is nutritional status
an important determinant of pubertal development and growth velocity, it is a
prognostic factor for disease course. The association between medications
and serum inflammatory and hormonal biomarkers with anthropometric
measurements is not well delineated in pediatric CD, particularly after adjusting
for maturational status (BA).

stratification which will improve patient counseling, guide expectations, and
facilitate an individualized treatment approach.
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Challenges in diagnosis of pancreatic cancer
Lulu Zhang, Santosh Sanagapalli, Alina Stoita

Abstract

Lulu Zhang, Santosh Sanagapalli, Alina Stoita, Department
of Gastroenterology, St. Vincent’s Hospital Sydney, Darlinghurst
2010, NSW, Australia

Pancreatic cancer is a growing source of cancer related
death, yet has poor survival rates which have not improved
in the last few decades. Its high mortality rate is attributed
to pancreatic cancer biology, difficulty in early diagnosis
and the lack of standardised international guidelines
in assessing suspicious pancreatic masses. This review
aims to provide an update in the current state of play in
pancreatic cancer diagnosis and to evaluate the benefits
and limitations of available diagnostic technology. The
main modalities discussed are imaging with computed
tomography, magnetic resonance imaging, endoscopic
ultrasound and positron emission tomography and tissue
acquisition with fine needle aspiration. We also review the
improvements in the techniques used for tissue acquisition
and the opportunity for personalised cancer medicine.
Screening of high risk individuals, promising biomarkers
and common mimickers of pancreatic cancer are also
explored, as well as suggestions for future research
directions to allow for earlier detection of pancreatic
cancer. Timely and accurate diagnosis of pancreatic cancer
can lead to improvements in the current poor outcome of
this disease.
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Core tip: Pancreatic cancer is becoming a leading cause
of cancer related death in Western societies. Rapid and
accurate diagnosis of a pancreatic mass is crucial for
improving outcomes. Current practice utilises multidetector computed tomography and/or magnetic reson
ance imaging, with a dedicated pancreas protocol as the
initial modality. endoscopic ultrasound is the preferred
method to further evaluate pancreatic masses as it has
more superior diagnostic accuracy and can provide
tissue acquisition. Pitfalls in diagnosis of pancreatic
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cancer are discussed, as careful recognition of these
conditions is important. There are exciting developments
of new diagnostic techniques that open the possibility of
personalised cancer medicine.

The motivation for this research is the dismal out
comes for pancreatic cancer that have failed to signi
ficantly improve; it is this that is the key problem to
be solved. The main focus of this review is to describe
the current state of play in pancreatic cancer diagnosis.
Rapid and accurate diagnosis of a pancreatic mass is
crucial for improving outcomes. After evaluating the
evidence underpinning all of the widely used modalities
for diagnosis, we intend to make a comparison of these
modalities and provide an evidence-based algorithm for
diagnosis.
The main objective of this review was to evaluate
and compare the suitability and accuracy of the current
diagnostic modalities that exist for pancreatic cancer. We
are currently lacking effective diagnostic and screening
modalities to diagnose pancreatic cancer at an early,
and therefore more likely curative stage. Therefore, it
is valuable to have a thorough understanding of the
currently available diagnostic technology, including its
benefits and limitations, in order to provide direction
for future research. Pitfalls and mimickers of pancreatic
cancers, biomarkers and the current screening programs
in high risks individuals will also be discussed.

Zhang L, Sanagapalli S, Stoita A. Challenges in diagnosis of
pancreatic cancer. World J Gastroenterol 2018; 24(19): 2047-2060
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i19/2047.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i19.2047

INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer
related death in Western societies and is projected to
be the second leading cause within a decade. It has
an average annual incidence rate of 12.5 per 100000
population (which is 3% of all cancers) in America, but
has a disproportionately high mortality, with an average
[1]
annual death rate of 10.9 per 100000 . Pancreatic
cancer is difficult to be diagnosed at an early stage,
with the vast majority of cancers found to be already
metastatic at the time of initial diagnosis. Only 9.7%
of pancreatic cancer are at a local stage at time of
[2]
diagnosis . These poor survival rates have not changed
significantly in nearly 40 years.
Ductal adenocarcinoma and its variants account for
over 90% of pancreatic malignancies. Presenting features
of this disease may include weight loss, jaundice,
malabsorption, pain, dyspepsia and nausea; however,
many patients are asymptomatic and no early warning
signs of pancreatic cancer have been established.
Known risk factors for pancreatic cancer include
[3]
cigarette smoking (relative risk increase of 2.5 times ),
[4]
high body mass index and lack of physical activity ,
[5]
[6]
diabetes and chronic pancreatitis . Furthermore, there
are also a number of inherited cancer syndromes linked
to pancreatic cancer including Hereditary Breast and
Ovarian Cancer Carriers of the BRCA1 or BRCA2 germline
mutations, familial atypical multiple mole melanoma syn
drome (FAMMM), Peutz-Jeghers syndrome, hereditary
pancreatitis, Hereditary Nonpolyposis Colorectal Cancer
(Lynch Syndrome) and familial pancreatic cancer. These
higher risk groups may be a good target for screening
and early diagnosis programs.
Surgical resection is the only curative treatment
for pancreatic cancer. Unfortunately, because of late
presentation, only 15% to 20% of patients are candi
dates for pancreatectomy. Furthermore, prognosis is
poor, even after a complete resection. Five year survival
after pancreaticoduodenectomy, or Whipples procedure,
is approximately 21% for negative margin resections
(R0) and 11% for microscopically positive margin
[7]
resections (R1) . Even in patients with negative margin
resections with presumed curative intent, up to 71% can
[7]
have disease recurrence .

WJG|www.wjgnet.com

LITERATURE SEARCH
A Medline search was conducted using the following
keywords and phrases: “pancreatic cancer, diagnosis,
imaging, biomarkers, screening, endoscopic ultrasound,
pitfalls”, with a focus on more recently published re
search. In addition, we performed a manual review of
the reference lists of the primary and review articles to
ensure identification of all relevant articles. In particular,
large scaled meta-analyses and systematic reviews were
preferred.

RESULTS
Diagnosis relies on imaging modalities such as computed
tomography (CT), magnetic resonance imaging (MRI),
positron emission tomography (PET) and endoscopic
ultrasound (EUS) that are used along with tissue ac
quisition. Early detection is the only way of identifying
small cancers and proceeding with curative surgery. We
describe the different diagnostic modalities that currently
exist, evidence underpinning their use and compare
the benefits and disadvantages of each. Table 1 below
provides a summary of our findings and figure 1 shows
a suggested algorithm based on our findings for the
evaluation of a patient with pancreatic cancer.

CT SCANNING
Multi-detector computed tomography (MDCT) is the
most widely available and best-validated tool for imaging
patients with pancreatic adenocarcinoma. MDCT takes
reproducible multi-planar imaging which provides good
spatial resolution and attenuation between tumour and
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Table 1 Benefits and limitations of pancreatic cancer diagnostic modalities
Diagnostic modalities
MDCT

MRI

EUS +/- FNA

PET/CT

Advantages

Limitations

Most commonly available
Best validated
Cheapest
Superior imaging
Depiction of local pancreatic disease
Iodine-free and no radiation
Safe and less invasive
High sensitivity
Able to detect small lesions
Able to take histological sample
Metastatic disease detection
Clarification of equivocal CT findings
Monitoring recurrence and response to adjuvant therapy

Nephrotoxicity
Radiation exposure
Expensive
Less available
Contraindicated with some metal implants
Less available in some countries
Operator dependent
Inability to detect distant metastasis
Expensive
Less available
Radiation and contrast exposure

CT: Computed tomography; MDCT: Multi-detector computed tomography; MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasound; FNA: Fine
needle aspiration; PET: Positron emission tomography.

Clinical suspicion of
pancreatic cancer

CT or MRI with
pancreas protocol
1
MDT review

Mass in pancreas
on imaging

Metastatic disease

No mass in pancreas
on imaging

No metastatic
disease

Metastatic disease

Biopsy confirmation
of metastatic site

Biopsy confirmation
of metastatic site
EUS + FNA

No metastatic
disease

If ongoing clinical
suspicion, consider
EUS +/- FNA to
confirm absence of
pancreatic cancer

Figure 1 Algorithm for the evaluation of a patient that has clinical suspicion of pancreatic cancer. 1Multi-disciplinary review should involve a panel including
gastroenterologist, surgeon, medical and or radiation oncologist, diagnostic imaging and pathologist. CT: Computed tomography; MDCT: Multi-detector computed
tomography; MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasound; FNA: Fine needle aspiration.

background pancreatic parenchyma with wide anatomic
coverage, and thus allowing comprehensive examination
[8]
of local and distant disease in one single section .
Numerous international guidelines endorse the use
of CT as the initial modality in diagnosis of suspected
[9,10]
pancreatic cancer
. In particular, MDCT is best
[10]
performed according to a dedicated pancreas protocol .
Despite some inter-institutional variability, the standard
MDCT pancreas protocol is a helical type scan that
takes interval images of 0.5 to 1 sub-millimetres, with
two phases: pancreatic parenchymal phase at 40 to 50
seconds and portal venous phase at 65 to 70 seconds.
The majority of modern scanners are 128 and 256

WJG|www.wjgnet.com

slice scanners. It includes the administration of both
intravenous high iodine concentrated contrast, injected
at a rate of 3 to 5 mL per second and ingestion of
neutral oral contrast. The pancreatic phase is described
as the intermediate between the arterial and hepatic
phase where maximal enhancement of the pancreas
is achieved to see the contrast between tumour and
pancreatic parenchyma, as well as visualization of the
[11]
peri-pancreatic arteries and veins . The image is usually
reconstructed in the following ways: (1) axial views at 2
to 5 mm thickness; (2) coronal and sagittal views with
multi-planar reformats at 2 to 3 mm thickness; and (3)
vascular evaluations with maximum intensity projections
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Figure 2 Axial and coronal plane view on computed tomography of a patient with a 2 cm mass in the body of pancreas (blue arrow), abutting splenic
artery (red arrow).
[15]

or three dimensional (3D) volumetric thick sections.
Pancreatic cancer appears on CT as an ill-defined
mass that enhances poorly compared to adjacent normal
pancreatic tissue; thus appearing hypodense on arterial
phase scans in 75% to 90% of cases, but may become
isodense on delayed scans. Findings which may be
predictive of pancreatic cancer include, from lowest to
highest specificity: ductal dilatation (sensitivity 50% and
specificity 78%), hypo-attenuation (sensitivity 75% and
specificity 84%), ductal interruption (sensitivity 45% and
specificity 82%), distal pancreatic atrophy (sensitivity
45% and specificity 96%), pancreatic contour anomalies
(sensitivity 15% and specificity 92%), and common bile
[12]
duct dilation (sensitivity 5% and specificity 92%) .
Figure 2 demonstrates two views on CT imaging of a
pancreatic cancer which has abutted into the splenic
artery.
When compared with other imaging modalities, CT
performs well in the diagnosis of pancreatic cancer. A
large meta-analysis comparing various imaging mo
dalities for the diagnosis of pancreatic cancer found a
combined sensitivity and specificity of 89% and 90%
[13]
respectively for CT , which was equivalent to MRI.
There has been reported improvement in the detection of
pancreatic cancer with recent suggestions of sensitivities
up to 96% for MDCT, secondary to acquisition of thin
collimation images, improved spatial and temporal reso
lution and use of multi-planar reconstruction and 3D
[14]
technique .
Multi-planar reconstruction on CT is important in
tumour staging; providing selective visualization of im
portant arterial and venous structures. This allows for
precise visualization of the relationship of the primary
tumour to the superior mesenteric artery (SMA), superior
mesenteric vein (SMV) and coeliac axis thereby providing
an assessment of vascular invasion and resectability. CT
is able to distinguish abutment, encasement, narrowing,
or occlusion of the portal vein/SMV at the confluence and
allow the surgeon to determine if a venous reconstruction
[14]
is technically feasible . The accuracy of CT in assessment
of vascular invasion is not strong, with the most recent
studies showing a sensitivity of only 60% and specificity
94% when determining involvement of surrounding
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vessels . The reason for favouring specificity over
sensitivity for vascular invasion is to avoid denying
[16]
surgery to patients with potentially resectable tumours .
Despite these values, consensus statements suggest that
preoperative evaluation of surgical resectability be based
[17]
on CT . CT is also able to provide 3D reconstruction
which can be very useful for pre-operative planning by
the surgeon.
CT also plays an important role in predicting un
resectability. If the tumour surrounds a vessel by more
than 180 degrees and occlusion of the SMV/portal
vein without surgical options of reconstruction, then it
[14]
is deemed T4 disease and is unresectable . Recent
studies have demonstrated that CT’s sensitivity for
unresectable disease is between 52% to 91%, and
[18]
specificities of 92% to 100% . One study also showed
that different generations of MDCT equipment did not
[19]
impact these values .
CT also provides the benefit of diagnosing distant
intra-abdominal and/or lung metastasis, which is im
portant given that diagnosis of pancreatic cancer is
often delayed. Findings of peritoneal carcinomatosis
on CT include ascites, peritoneal thickening, contrast
enhancement, nodular bowel wall thickening, and soft[16]
tissue infiltration of the omentum .
Whilst overall a safe, non-invasive and relatively
cheap test to perform, contrast CT is accompanied by the
risk of nephrotoxicity from the iodine-contrast agent and
as well as involving exposure to radiation. There is also
individual variability in getting parenchyma enhancement
due to technical factors such as the generation of CT
scanner, contrast material volume and concentration
and rate of injection, and patient factors such as age,
[8]
weight and cardiac output . Despite this, most centres
still endorse the use of MDCT as the first line modality
of choice for diagnosing pancreatic cancer and should
not be substituted by other more advanced imaging
modalities.

MRI
MRI of the pancreas works by evaluating the speed
of the diffusion process by random translational mole
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Figure 3 Multimodal imaging techniques utilised for a patient with 2.8 cm head of pancreas cancer (blue arrow) with portal vein and superior mesenteric
vein invasion. A: Hypodense mass on coronal view on CT; B: T1-weighted coronal view on MRI; C: T1-weighted axial view on MRI; D: MRCP view with dilated CBD
and PD (double duct sign); E: Axial view on PET CT imaging showing marked FDG avidity. CT: Computed tomography; MDCT: Multi-detector computed tomography;
MRI: Magnetic resonance imaging; PET: Positron emission tomography; MRCP: Magnetic resonance cholangiopancreatography; FDG: Fluorodeoxyglucose.
[9]

cular motion which differs between extracellular and
intracellular components of tissue, as well as differences in
[20]
tissue cellularity and cell density . The pancreas protocol
for MRI includes several sequences: T2-weighted singleshot fast spin-echo (SSFSE), T1-weighted in-phase and
opposed-phase gradient echo (GRE), T2-weighted fatsuppressed fast spin-echo (FSE), and diffusion-weighted
imaging (DWI) all provide an axial plane with less than
[21]
6mm thick slices . There is also the option to have preand dynamic post- IV contrast administration (gadolinium)
3D T1-weighted fat-suppressed gradient- echo (in
pancreatic, portal venous, and equilibrium phases) which
provides an axial plane but with the thinnest possible
[21]
slices of 2 to 3 mm . Pancreatic adenocarcinomas
normally appear hypo-intense to normal pancreas on
precontrast T1-weighted images and hypointense or
[16]
isointense on post-contrast T1-weighted images , as
seen in Figure 3.
MRI theoretically allows tumour detection at an
earlier stage by providing a comprehensive analysis of
the morphological changes of the pancreas parenchyma,
as well as that of the pancreatic duct. Despite this, in
meta analyses, MRI has only been shown to be equally
sensitive and specific in diagnosing and staging pan
creatic cancer as CT; with a combined sensitivity and
[13]
specificity of 89% and 89% respectively . This is
likely due to the difficulty in demonstrating a significant
benefit when the sensitivity and specificity of CT are
already relatively high. For this reason, MRI is not widely
used as the primary imaging modality in most centres
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due to issues of its cost and availability . Most experts
nevertheless acknowledge the added utility of MRI over
CT in certain situations; including the main benefit in
differentiating iso-attenuating pancreatic lesions and in
characterization of indeterminate liver lesions identified
[9]
at prior CT examinations . MRI is also valuable in
patients with impaired renal function or patients with
sensitivities to iodinated contrast. Furthermore, other
specific situations MRI seems to have an advantage over
CT is in differentiating pancreatic tumours from massforming pancreatitis, for tumours less than 2 cm, in
the presence of hypertrophied pancreatic head or focal
[22]
fatty infiltration of the parenchyma . In the authors’
experience, MRI is often used as a second-line test when
there is a high clinical suspicion of pancreatic tumour
despite none being visible on CT.

EUS WITH FINE NEEDLE ASPIRATION
EUS is performed under sedation and involves an upper
gastrointestinal endoscopic examination with the use
of an echoendoscope. The echoendoscope transducer
is positioned in the stomach, in direct proximity to the
pancreas so that it enables detailed high-resolution
imagines of the pancreas and surrounding vessels,
lymph nodes and left lobe of the liver. EUS is a safe,
well-tolerated procedure and has the added benefit of
allowing fine needle aspiration to be performed in order
to obtain a cytopathological diagnosis. It is particularly
ideal for lesions less than 2 cm or when there is a clinical
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A

B

Figure 4 Endoscopic ultrasound images of (A) a small pancreatic adenocarcinoma in the head of the pancreas (1.8 cm) not seen on other modalities; and (B)
a 3.1 cm pancreatic adenocarcinoma in the tail of the pancreas.

suspicion of pancreatic cancer but other modalities have
failed to identify a mass and for obtaining a confirmatory
biopsy. Figure 4 demonstrates the appearance of
pancreatic cancers on EUS imagining.
In large meta-analyses EUS with fine needle aspi
ration (EUS-FNA) was found to be highly accurate in
not only diagnosing malignancy but also in diagnosing
the correct aetiology for solid pancreatic masses, with
[23-26]
sensitivity of over 85% and specificity of 96%
.
Longitudinal studies have also observed a significant
increase in diagnostic accuracy over time, likely reflecting
an increase in operator proficiency with experience
and better visualisation with newer echoendoscopes.
The increase in the diagnostic accuracy was seen from
1995-2000 to 2001-2010, with pooled sensitivity of
83.0% increasing to 87.8%, while the pooled specificity
[23]
remained high at 96.6% and 95.6% . EUS is also used
as a reliable tool for local staging, as studies have shown
a sensitivity and specificity of 72% and 90% respectively
for T1-2 staging, 90% and 72% respectively for T3-T4
staging, and 87% and 92% respective for vascular
[27]
invasion .
The evidence suggests that EUS may have distinct
advantages in pancreatic cancer diagnosis when com
pared with other modalities. Comparative studies with
CT have demonstrated the superiority of EUS in primary
tumour detection and staging with the absence of a focal
mass lesion on EUS reliably excluding pancreatic cancer
irrespective of clinical presentation with a negative
[28]
predictive value of 100% . It has also been shown
that the diagnostic accuracy of EUS when no identifiable
[29]
mass was found on spiral CT was 92% . In a recent
meta-analysis, CT scan showed lower sensitivity than
EUS for nodal staging (24% vs 58%) and vascular
invasion (58% vs 86%); however, the specificities for
nodal staging (88% vs 85%) and vascular invasion
(95% vs 93%) were comparable in studies where both
[30]
imaging techniques were performed . EUS has its
greatest benefit over CT and MRI for small pancreatic
neoplasms (less than 2 cm), having a sensitivity of 94%
[31]
compared with 69% for MDCT and 83% for MRI .
Still, perhaps the clearest demonstration of the
benefits of EUS-FNA is its ability to obtain a tissue biopsy.
Large meta-analyses have demonstrated superiority
of EUS-FNA, with pooled sensitivity of more than 85%
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to 92% and pooled specificity of 94% to 100% in the
[23-25,28]
diagnosis of pancreatic lesion
. EUS is also shown
to be the best imaging modality for detecting vascular
(especially portal vein) invasion, with a reported accuracy
[29]
of 82%, compared with CT’s accuracy of 79% . The
[32]
overall complication rate of EUS-FNA is very low 0.85%
(including infection, self-limiting pancreatitis) and if the
tumour is in the head of pancreas, the needle tract will
be part of the resected specimen thus minimising the
risk of tumour seeding. Tumour seeding during EUS-FNA
is a rare but important complication to be considered,
[33,34]
with only a few case reports ever documented
. Apart
from this, other major complications such as perforation,
[24]
are extremely rare with a risk of 1:2500 .

Fine needle aspiration technique

Different techniques in retrieving samples have been
investigated for EUS including “fanning”, “slow pull” and
the “wet suction” technique (WEST). Randomised trials
comparing “fanning”, which involves sampling multiple
areas within a lesion with each pass, with standard
technique found that fanning was superior and fewer
[35]
passes were required to establish the diagnosis .
There was however no difference in diagnostic accuracy,
[35]
technical failure or complication rates . As for the “slow
pull” technique, where minimum negative pressure is
provided by removing the stylet from the needle slowly
and continuously, lower scores for contamination with
blood were found, with a higher sensitivity of diagnosis
[36]
of malignancy . Lastly, the WEST technique, which
involves flushing the needle with 5 mL of saline solution
to replace the column of air within the lumen of needle
to improve the quality of aspirate, also resulted in
significantly better cellularity and specimen adequacy
in cell blocks and specimen adequacy, but had no
[37]
difference in the amount of blood contamination .

On-site cytopathologist

The presence of an on-site cytopathologist has a bene
ficial effect on the diagnostic yield of EUS FNA, by sig
nificantly lowering the number of inadequate samples,
and increasing the diagnostic sensitivity and overall
[38,39]
accuracy for malignancy
. Studies demonstrated the
cost effectiveness of having an on-site cytopathologist
where the same accuracy of 87% was achieved with
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only 2.1 passes, compared to the 4 passes needed when
[40]
real-time evaluation of specimens was not available .

(Acquire, Boston Scientific, Marlborough, MA, United
States) and fork-tip needles (Shark Core, Medtronic,
Minneapolis, MN, United States) were developed to
overcome the technical issues which allowed acceptable
histological core samples and cytology aspirates, with
[45]
diagnostic accuracies of more than 90% .
A study comparing 22-gauge FNA and FNB needles
showed diagnostic cytologic specimens in 89.3% of
patients and histologic specimens in 80% of patients
[43]
with solid pancreatic mass lesions . Similarly, a recent
meta-analysis showed no significant difference in dia
gnostic adequacy (75.2% vs 89.0%), or diagnostic
accuracy (85.8% vs 86.2%) between biopsy and
[46]
aspiration needles . Most recently, a small retrospective
study showed better results with a 25-gauge core biopsy
needle reporting a combined cytological and histologic
sensitivities of 85%, specificities of 100% and accuracies
[47]
of 86% with a single pass and minimal complications .
If the FNB needle design can be further improved
and be routinely shown to provide diagnostic yields high
enough to eliminate the need for on-site cytopathological
evaluation, then this could also lead to a significant re
duction in the costs of pancreatic cancer.

Contrast-enhanced EUS

Contrast-enhanced EUS (CE-EUS) is a technique in which
during the EUS, a second-generation low mechanical
index microbubble ultrasound agent (UCA) is injected
peripherally. Due to its small size (2 to 10 µm), it detects
very slow flow and provides real time perfusion imaging
[41]
without the burden of Doppler-related artefacts .
Observational studies have demonstrated more accu
rate characterization of solid pancreatic lesions seen
on EUS by estimating their vascularity after injecting a
contrast agent. It was also found that a hyper-enhancing
lesion on CE-EUS was highly specific (more than 98%)
for excluding adenocarcinoma, while a hypo-enhancing
and hypo-echoic lesion was highly sensitive (more than
[41]
86%) for adenocarcinoma . It also helps differentiate
between a pancreatic adenocarcinoma (because of
lower uptake of contrast, or hypoenhancement) and
neuroendocrine tumours (NET), lymphoma, metastasis,
and pseudo-papillary tumours that mimic cancer but
show hyper-enhancement on CE-EUS. CE-EUS is bene
ficial in confirming that small pancreatic lesions are NET
(hypervascular lesions with early arterial enhancement),
characterisation of a mural nodule and malignant
[42]
transformation of intrapapillary mucinous neoplasms
and in providing further information on solid masses in
patients with chronic pancreatitis. There is also potential
to utilise CE-EUS for targeted EUS FNA to improve the
accuracy of biopsy by avoiding necrotic tissue and by
selecting the most adequate target. There are minimal
studies available assessing this and so this poses a
potential topic for future research.
Despite these findings, CE-EUS is not yet widespread
in all centres around the world. CE-EUS should not be
used in patients with unstable angina and there is a
small chance of an allergic reaction to the contrast.

EUS elastography

EUS elastography measures tissue elasticity in real time
using a dedicated software during an EUS examination.
Elasticity is depicted using a colour map, where hard
tissue is shown in dark blue, medium hard tissue in
cyan, tissue with intermediate hardness in green,
medium soft tissue in yellow and soft tissue as red.
Pancreatic malignancy appears as a heterogenous blue
predominant mass, whereas normal pancreas appear
as homogeneous green and inflammatory pancreatic
masses have a heterogeneous, green-predominant
[48]
appearance . The sensitivity and specificity of EUS
elastography to differentiate benign from malignant
pancreatic lesions has been reported as 92.3% and
80.0%, respectively, compared to 92.3% and 68.9%,
[49]
respectively, for the conventional EUS B-mode images .
Elastography is mainly used in Europe. It does have
limitations, as colour pattern provides a subjective
determination and has intra-observer and inter-observer
variability. Other studies reviewing elastography has not
been strong and so more research is required to make
conclusions regarding its benefits.
While elastography and CE-EUS provide additional
benefits to standard EUS, the combination of elas
tography and CE-EUS does not significantly increase
the diagnostic accuracy of either of the techniques
[50]
performed alone . Each modality has its benefits in
selected cases.

EUS fine needle aspiration versus fine needle biopsy

There has been recent research looking into techniques
to increase the amount of tissue acquisition to improve
the diagnostic accuracy of samples. Fine-needle biopsy
needles (EUS-FNB) have been designed in order to allow
core biopsies with preserved architecture which would
enable histological analysis, by shearing tissue from the
target lesion. Initially, 19-gauge calibre needles were
utilised but the mechanical friction caused by the torqued
echoendoscope limited its use for evaluating pancreatic
[43]
head masses . Studies assessing Trucut needles
showed that there was no significant difference between
the diagnostic accuracy of 19-gauge Trucut needle and
EUS-FNA needle, with a reported accuracy of 78% and
[44]
89% in one study . However, there were more technical
issues experienced with Trucut needle.
Newer 19-gauge, 22-gauge 25-gauge EUS needles
with reverse bevel technology (Pro-core, Cook Medical;
Winston Salem, NC, United States), Franseen type needles
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PET
PET with F-18-fluorodeoxyglucose (18FDG) has no
additional benefit in diagnosis of pancreatic cancer.
However, a more recent triple phase enhanced 18FDG-
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PET has been combined with CT to produce one fusion
image, as seen in Figure 3. At this point in time, experts
do not recommend PET/CT as a substitute for highquality contrast-enhanced CT because its role is still
[9]
being established . Despite this, the research has
been promising with the use of PET/CT for staging. A
meta-analysis has shown that the pooled sensitivity of
PET in diagnosis, in evaluating N staging and in liver
metastasis were 91%, 64% and 67% respectively; and
the corresponding specificities were 81%, 81% and
[51]
96% respectively . These values are higher than CT
alone. However, as a diagnostic tool, PET/CT performs
similarly to CT alone and hence adds no benefit over the
current primary diagnostic tools in diagnosing pancreatic
[52]
cancer .
Though the value of PET/CT alone for diagnosing
pancreatic cancer has not been shown to be better,
some studies have investigated its combined use with
other techniques. A meta-analysis has shown that the
combination of PET/CT plus endoscopic ultrasonography
is useful for suspected pancreatic cancer because of
the high sensitivity of PET/CT and the high specificity
[53]
of endoscopic ultrasonography . While initially it was
hoped that PET/CT will be able to differentiate between
mass-forming chronic pancreatitis and pancreatic cancer,
this is not the case due to considerable overlap between
the Standardised Uptake Value (SUVmax) values of
[54]
these two diseases . FDG PET/CT has been shown to
provide additional benefit in detecting distant metastasis,
[55]
particularly bone metastasis .
PET/CT shows promising role in assessing tumour
response to chemo-radiation therapy with the measure
ment of the change in SUV pre- and post- treatment,
which could potentially serve as a trial for preoperative
[56,57]
neoadjuvant therapies
.
In conclusion, at the present stage, PET/CT has no
role in routine diagnosis of pancreatic cancer but can be
used as an adjuvant modality in selected cases.

and can provide biliary and pancreatic duct brushing
[62]
cytology in patients with invasive pancreatic cancer .
Pancreatogram obtained during the ERCP can show
pancreatic duct stenosis, obstruction, narrowing and
abnormal branching of the main pancreatic duct,
obstruction and encasement of the common bile duct.
There are few studies that looked at ways to attain
cytological samples during ERCP through the use of an
endoscopic naso-pancreatic drainage (ENPD) tube which
is placed in the main pancreatic duct to collect pancreatic
juice repeatedly - a technique known as serial pancreatic[63]
juice aspiration cytologic examination or “SPACE” .
Only small-scale studies have examined the use of this
[63-65]
technique with relatively promising results
, but more
research is required prior to recommendation of its use.

BIOMARKERS
At present, there is no reliable diagnostic biomarker
for pancreatic cancer. A number of potential tumour
markers have been evaluated, but the most extensively
studied for diagnosing pancreatic cancer is carbohydrate
antigen 19-9 (CA 19-9). CA 19-9 is however expressed
and shed in a number of pancreatic and hepatobiliary
diseases, as well as other malignancies. CA 19-9 may be
falsely positive in cases of biliary infection, inflammation,
or obstruction (regardless of aetiology) and does not
[66]
necessarily indicate cancer or advanced disease . For
these reasons, it performs poorly as a screening tool,
[66]
with a low positive predictive value of 0.5% to 0.9% .
However, CA 19-9 does have a role as a prognostic
[9]
marker and for monitoring for recurrence after resection .
It performs better in symptomatic patients, with a
sensitivity and specificity of 79% to 81% and 82% to
90% respectively for the diagnosis of pancreatic cancer
[67,68]
in this setting
; with a CA 19-9 serum level of 100 U/mL
[67]
suggestive of unresectability or metastatic disease .
As well as its issues with specificity, CA 19-9 sensitivity
is also suboptimal; for example, CA 19-9 may be
undetectable in Lewis antigen-negative individuals and
hence can be negative in patients with advanced cancer.
There are a number of potential pancreatic cancer
biomarkers that are being investigated. in particular, serum
macrophage inhibitory cytokine 1 (MIC-1) is a promising
biomarker whose levels in the serum are typically elevated
in patients with pancreatic adenocarcinoma. Though
performing sub-optimally when used on its own, it has
been shown to produce improved diagnostic accuracy
[69]
when combined with CA 19-9 . Other studies have also
studied single research biomarkers such as CECAM-1,
Span-1, DUPAN-2, Alpha4GnT, PAM4, and combined
[70,71]
biomarkers with CEA, CA 19-9, and CA 242
, but none
demonstrating sufficient diagnostic accuracy to be used as
a screening test at this stage.
More recently, a combined panel of protein and
microRNAs serum exome for pancreatic cancer have
emerged as potential diagnostic tools with improved
sensitivities and specificities but have yet to have testing

ULTRASOUND AND
ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY
The pancreas is a retroperitoneal organ and hence
the sensitivity of transabdominal ultrasound is poor in
detecting pancreatic cancer and is not used in diagnosis
[58]
or staging of pancreatic cancer . The sensitivity ac
cording to studies vary between 48% and 89% with
lower specificity and accuracy, with variation in these
rates with the size of the tumour and operator’s level of
[59]
experience .
Given the excellent modern imaging, Endoscopic
retrograde cholangiopancreatography (ERCP) plays a less
[60]
prominent role in diagnosis of pancreatic cancer , and
is mainly used as a therapeutic modality due to potential
[61]
complications such as pancreatitis and perforation .
ERCP remains an important modality to provide biliary
drainage in obstructing head of the pancreas cancer
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[72]

within larger cohorts . There has also been early
research reviewing the use of inorganic nanomaterials
such as gold and carbon nanotubes which can be tar
geted towards specific pancreatic cancer cells, in early
[73]
detection and diagnosis .

pancreatic cancer can be made in the majority of patients
when suspicion arises. Nevertheless, there are a number
of situations where diagnostic findings are difficult
to distinguish from other benign conditions affecting
the pancreas. Accurate diagnosis in these settings is
crucial given the disparate therapeutic implications, and
generally relies on identifying and recognising radiological
or endoscopic subtleties, emphasising the importance of
close collaboration with expert centres.

SCREENING PROGRAMS
Pancreatic cancer screening is not feasible in the general
population due to the low incidence of pancreatic cancer
and lack of a cheap, easy and accurate screening test.
However, approximately 5% to 10% of pancreatic
cancers are due to a known genetic mutation and/or
have familial aggregation. As pancreatic cancer patients
become symptomatic later in the course of the disease,
early detection programs have been developed in
asymptomatic people at high risk of pancreatic cancer
(individuals with a 5% or more lifetime risk of pancreatic
cancer). The high-risk groups include familial pancreatic
cancer (members of a family with at least 2 first
degree relatives with pancreatic cancer) and inherited
pancreatic syndromes including Peutz-Jeghers syndrome
(lifetime risk of pancreatic cancer 36%), familial atypical
multiple mole melanoma syndrome (lifetime risk 17%),
hereditary pancreatitis (lifetime risk 49%), PALB2
mutation, known BRCA2 carrier with a first degree with
pancreatic cancer, Lynch syndrome with a first degree
[74]
with pancreatic cancer . In these high risk groups, the
International Cancer of the Pancreas (CAPS) Consortium
recommends starting screening at age 50, with yearly
surveillance if no pancreatic lesions are detected at
[75]
baseline assessment . EUS and MRI are the imaging
modalities of choice for screening as they have sufficient
sensitivities and specificities to detect small lesions (or
early cancer) and do not carry the risks of radiation
exposure. In these high risk groups, the overall yield for
detecting premalignant and malignant lesions using EUS
[76]
is 20% and using MRI/MRCP is 14% . EUS performs
better for small solid lesions and MRI for cystic lesions.
The current data from prospective observational studies
indicate that the diagnostic yield of neoplastic pancreatic
lesions varies significantly, depending if pre-cancerous
lesions (such as cysts, branch duct IPMN, main duct
IPMN) are included or not in the analysis, the screening
modality and the target population, being between
5% to 43%, whereas the detection rate for pancreatic
cancer is 2%. These data are consistent with the findings
from a recent systematic review of 542 high-risk indi
[76]
viduals screened . Currently, screening programs are
recommended to be conducted only by experienced
clinicians in a research setting with prospective data
collection and close international collaboration.

Focal chronic pancreatitis

Focal chronic pancreatitis is a common mimicker
of pancreatic cancer. It can form a focal mass and
subsequently can cause pancreatic and biliary duc
tal obstruction which may be indistinguishable in
[14]
appearance to that caused by ductal adenocarcinoma .
Standard imaging techniques including CT, MRI can be
inconclusive to distinguish the two in selected cases.
Depending on the degree of inflammation and fibrosis,
CE-EUS and elastography could help distinguish between
pancreatic adenocarcinoma and pseudotumoural chronic
pancreatitis. In these cases, EUS guided biopsy is
important and very close monitoring is recommended in
biopsy negative cases.

Autoimmune pancreatitis

Autoimmune pancreatitis clinically can present in a
similar fashion to pancreatic cancer; both most often
occurring in older persons typically aged over 60 years
and presenting as painless jaundice, new-onset diabetes
[77]
mellitus, and raised levels of serum tumour markers .
Serum IgG4 is frequently increased in autoimmune
pancreatitis, but occasionally can be mildly raised in 4%
[78]
to 7% of pancreatic cancers . However, the specificity
of IgG4 to autoimmune pancreatitis is strong, especially
when the serum IgG4 level is significantly raised to
[79]
at least twice the upper limit of normal . Typical CT
findings for autoimmune pancreatitis include a smooth,
diffusely enlarged homogenous gland with delayed
[78]
enhancement and capsule-like rim
as seen in figure
5. However, autoimmune pancreatitis can also appear
[14]
as a mass on CT if there is focal involvement . PET/CT
with 18FDG has been shown to help differentiate these
two diseases, with diffuse pancreatic uptake of FDG and
concomitant uptake by salivary glands more suggestive
[80]
of autoimmune pancreatitis . Histopathologic evidence
from a biopsy via EUS-FNB can produce the most
definitive confirmation by demonstrating typical features
of autoimmune pancreatitis such as lympho-plasmacytic
sclerosing pancreatitis, abundant IgG4 positive cells,
idiopathic duct centric pancreatitis and/or granulocyte
[81]
epithelial lesion in the pancreatic duct . IgG4 staining
of the ampulla biopsy is also suggestive of autoimmune
pancreatitis. Finally, autoimmune pancreatitis is usually
sensitive to treatment with steroids, so a positive
therapeutic trial can be helpful in excluding pancreatic
[77]
cancer in equivocal cases .

PERILS, PITFALLS AND SUBTLETIES
IN THE DIAGNOSIS OF PANCREATIC
CANCER

Solid pseudopapillary neoplasm of the pancreas

With the use of multimodal imaging techniques and tissue
acquisition as described above, a definitive diagnosis of
WJG|www.wjgnet.com

Solid pseudopapillary neoplasm (SPN) is a rare indolent
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Figure 5 Multimodal imaging techniques demonstrating autoimmune pancreatitis in a patient. A: Diffuse enlargement “sausage shape” of the tail axial view on
CT; B: Head of the pancreas axial view in arterial phase on MRI; C: Tail of the pancreas T1-weighted axial view on MRI; D: Homogenous restricted diffusion on DWI
axial view MRI. CT: Computed tomography; MRI: Magnetic resonance imaging; DWI: Diffusion-weighted imaging.

neoplasm that has a low malignant potential and can be
cured with resection but can be difficult to differentiate
[82]
radiologically from pancreatic adenocarcinoma . SPN
usually occurs in younger women and is located in the
tail of the pancreas. MRI is better than CT in detecting
this tumour, with typical findings of an encapsulated
mass with solid and cystic components, as well as
[81]
haemorrhage without an obvious internal septum .
The typical EUS appearance is of mixed solid cystic lesion
with a median tumour size of 4.2 cm but sometimes it
can present as a solid mass. The diagnostic yield of CT
alone is 23%, EUS is 41% with a combined diagnostic
yield of 52%. EUS FNA significantly increased the
[83]
diagnostic yield to 82% .
It is also important to not incorrectly diagnose ade
nocarcinoma in patients with SPN as there is a 5-year
survival rate of 96.9% post resection for SPN regardless
[82]
of the size of the tumour .

in pancreatic cancer through the development of new
diagnostic techniques with higher diagnostic accuracy.
We should also aim to develop better tools to assess risk
for developing cancer thereby facilitating better targeting
of screening programs and better selection of patients
for surgery.
Apart from those already discussed, examples of
other promising novel diagnostic techniques that are
under research include needle based confocal laser endo
microscopy (n-CLE), where a probe is passed through a
19-gauge EUS needle for real-time visualization of the
tissue at the microscopic level in the pancreatic cysts,
[86]
thus providing an optical biopsy . Similarly, probe
based confocal laser endomicroscopy (p-CLE) can be
used during an ERCP for indeterminate pancreato-biliary
[87]
stricture .
An ideal FNB needle design has not been found yet.
A recent study showed that fork tip needle had a higher
histologic yield than bevel needle but further studies are
[88]
needed to compare all types of FNB needles . Obtaining
adequate histological samples of the tumour during the
EUS is very attractive, as it can lead to enough samples
for DNA extraction, comprehensive whole exome
sequencing and next generation sequencing (NGS) of the
pancreatic tumour. A large amount of DNA will facilitate
preoperative genomic profiling and chemotherapy testing
and will play a role in individualised cancer treatment.
Mutation of the KRAS oncogene is present in 75%
to 95% of pancreatic cancer tissues. Combining EUSFNA cytology with KRAS mutation analysis on the biopsy
material can increase the pancreatic cancer accuracy
[89]
from 85% to 94% . This study shows promising results
particularly as EUS-FNB needles will continue to improve
and more material is obtained during the biopsy.
Detection of TP53 mutations in secretin-stimulated
pancreatic juice samples collected from the duodenum
of the patients with high grade dysplasia and pancreatic
[90]
cancer
opens a new area of future research in diag
nosis and potential screening for early pancreatic cancer.
EUS guided sampling of portal venous blood for circu
lating tumour cells may enhance the ability to detect
occult metastatic disease, allowing improved patient
[91]
selection for surgery . Advances in these fields will be
most beneficial in improving the outcomes of patients
with pancreatic cancer.

Annular pancreas

Annular pancreas is a rare congenital migratory
abnormality, with a reported incidence rate of up to 1 in
1000, and is due to incomplete rotation of the ventral
anlage around the duodenum that leads to the pancreas
[84]
encircling the second part of the duodenum . These
patients are asymptomatic and it is usually an incidental
finding on CT or MRI. An experienced radiologist
should be able to distinguish an annular pancreas from
a pancreatic mass, as a normal enhancing pancreas
and pancreatic duct encircling the second part of the
duodenum.

Pancreatic lipomatosis

Sometimes fatty replacement of the anterior portion
of the pancreatic head is seen in diabetes, obese or
elderly people. This can mimic a hypodense mass on
CT, however an MRI with in and out phases can exclude
the presence of a true mass by showing the presence of
[85]
intracellular fat .

PERSPECTIVES AND FUTURE
DIRECTIONS
Future research should focus on improving outcomes
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Whole genome sequencing of pancreatic adeno
carcinoma has found chromosomal rearrangements
leading to gene disruption and new candidate drivers
[92]
in pancreatic carcinogenesis . The development of
focus panel testing for pancreatic cancer is already
underway which will potentially allow tumour subtyping,
and may aid in the development of tumour specific
[93]
targeted therapies . These and other advances in
genetic understanding, including the identification of
several microRNAs involved in regulation of aberrant
cell replication, render them potential biomarkers for
[94]
diagnosis and prognosis .
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CONCLUSION
While the early diagnosis of pancreatic cancer remains
challenging, improvements in diagnostic technology
and methodologies in the last decade will hopefully
translate into improved outcomes. Screening of highrisk individuals using EUS and/or MRI is recommended
and shows promise in early detection. In patients with
suspected pancreatic cancer we propose the use of CT or
MRI as first-line investigations, with the choice between
the two being determined by cost, availability and local
expertise. Such cross-sectional imaging modalities
remain the gold standard for staging, both of the
primary lesion and detection of distal metastases. EUS
has become a powerful diagnostic modality and should
be used in adjunct, being superior in the detection of
small lesions and having the ability to obtain a tissue
diagnosis. While research is ongoing, at present there
is no role for the use of any routine biomarker in the
diagnosis of pancreatic cancer. Atypical cases can occur
and differentiation of malignant from benign pancreatic
lesions can be challenging; in these cases, opinion from
a radiologist with pancreato-biliary expertise should be
sought.
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Abstract
Biliary stricture complicating living donor liver trans
plantation (LDLT) is a relatively common complication,
occurring in most transplant centres across the world.
Cases of biliary strictures are more common in LDLT
than in deceased donor liver transplantation. Endoscopic
management is the mainstay for biliary strictures
complicating LDLT and includes endoscopic retrograde
cholangiography, sphincterotomy and stent placement
(with or without balloon dilatation). The efficacy and
safety profiles as well as outcomes of endoscopic
management of biliary strictures complicating LDLT is
an area that needs to be viewed in isolation, owing to
its unique set of problems and attending complications;
as such, it merits a tailored approach, which is yet to
be well established. The diagnostic criteria applied to
these strictures are not uniform and are over-reliant on
imaging studies showing an anastomotic narrowing.
It has to be kept in mind that in the setting of LDLT, a
subjective anastomotic narrowing is present in most
cases due to a mismatch in ductal diameters. However,
whether this narrowing results in a functionally
significant narrowing is a question that needs further
study. In addition, wide variation in the endotherapy
protocols practised in most centres makes it difficult to
interpret the results and hampers our understanding
of this topic. The outcome definition for endotherapy
is also heterogenous and needs to be standardised
to allow for comparison of data in this regard and
establish a clinical practice guideline. There have been
multiple studies in this area in the last 2 years, with
novel findings that have provided solutions to some of
these issues. This review endeavours to incorporate
these new findings into the wider understanding of
endotherapy for biliary strictures complicating LDLT, with
specific emphasis on diagnosis of strictures in the LDLT
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setting, endotherapy protocols and outcome definitions.
An attempt is made to present the best management
options currently available as well as directions for
future research in the area.

(DDLT), the biliary anastomosis in LDLT is more peri
[12,13]
pheral, smaller and complex
, resulting in tortuous
and angulated strictures, especially due to hypertrophy
[14]
of the transplanted liver . As a result, the efficacy and
safety profiles as well as the outcomes of endoscopic
management of biliary strictures complicating LDLT
represents an area that needs to be viewed in isolation,
owing to its unique set of problems and attending
complications; it merits a tailored approach, which is yet
to be well established.
This review focuses on the pathogenesis, mor
phology and diagnosis of the endoscopic management
of biliary strictures complicating LDLT, as well as some
unique problems associated with it. An attempt is
made to present the best current management options
available as well as rational perspectives on future
research in the area.

Key words: Biliary strictures; Endoscopic management;
Stenting; Self-expanding metal stents; Living donor
liver transplantation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Multiple lacunae exist in our current un
derstanding of biliary strictures complicating living
donor liver transplantation (LDLT). Although endoscopic
management is regarded the mainstay of treatment,
results are variable with multiple determinants of
success. The definition of these strictures itself may
need to be re-examined, from a mere narrowing on
imaging studies to a more comprehensive approach
which can signify functional impedance to bile flow. This
review outlines the current practices of management
and endeavours to incorporate novel concepts, such
as functionally significant obstructions, endoscopic
protocols and outcome definitions, into the wider
understanding of endoscopic management for biliary
strictures complicating LDLT.

BILE DUCT STRICTURES: LDLT vs DDLT
LDLT as a treatment for end-stage liver disease is
especially popular in most Asian countries, owing
to a difficulty in organ procurement from deceased
[15-17]
donors
. However, DDLT constitutes the majority
of transplants in the West, being performed within the
framework of a uniform, systematic organ allocation
programme along with better organ procurement
from deceased donors, that ensures shorter waiting
periods and allows for the use of DDLT as a standardof-care for end-stage liver disease. As is apparent,
this is predicated on a higher number of deceased
donors, early referral for liver transplantation, requisite
infrastructure and specialised man-power for fair and
efficient organ allotment; a lack thereof is palpable in
Asia, paving the way for robust LDLT programmes,
especially in far eastern countries like those in Japan,
[17-19]
Hong Kong, China and Korea
.
While the principles of endoscopic therapy for biliary
strictures complicating DDLT are similar to those that
occur with LDLT, there seems to be some differences in
the incidence, morphology and type of strictures, which
can be summarised as follows.

Rao HB, Prakash A, Sudhindran S, Venu RP. Biliary strictures
complicating living donor liver transplantation: Problems,
novel insights and solutions. World J Gastroenterol 2018;
24(19): 2061-2072 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i19/2061.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i19.2061

INTRODUCTION
Biliary stricture complicating living donor liver trans
plantation (LDLT) is a relatively common complication,
occurring in most transplant centres across the world.
Improvements in technique, better postoperative care,
surgical expertise and immunosuppressive medications
have resulted in a decreased incidence of biliary compli
[1-3]
cations over the years . The Roux en Y hepaticojejun
ostomy has given way to duct-to-duct anastomosis (DD)
which is the preferred mode of biliary reconstruction
[4-8]
in most cases . DD is technically easy, enables rapid
gastrointestinal recovery, has a lower risk of cholangitis
[2]
and maintains physiological choledochoenteric continuity .
Moreover, DD allows an easy endoscopic access to the
anastomosis, enabling endotherapy in most cases. Thus,
surgical management of biliary strictures following LDLT
has slowly been replaced by endoscopic retrograde
cholangiography (ERC) with stent placement, which
emerged as the first-line therapy during the last few
[1-3,9-11]
decades
.
Compared to deceased donor liver transplantation

WJG|www.wjgnet.com

Incidence

Bile duct strictures are the most common biliary com
plication after liver transplantation, accounting for
[7,12,20-23]
approximately 40% of all biliary complications
.
In general, biliary strictures have been reported to
[24,25]
occur in up to 5% of DDLT cases
. On the other
hand, those of LDLT have been reported to occur more
[4,12,26-28]
frequently: 7.3%-60.0% in right-lobe grafts
[29]
and 24% in left lateral segment grafts . In a study
[30]
by Gomez et al , biliary strictures occurred more
frequently following LDLT than in DDLT [10/30 (33.3%)
vs 27/357 (7.6%), respectively].

Morphology

Owing to the use of a smaller graft in LDLT (as compared
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Table 1 Incidence of biliary strictures with median time of onset after living donor liver transplantation
Study

Year

Total number, n

Biliary strictures, %

Median time of onset after LT in mo

Yazumi et al[13]
Seo et al[43]
Chang et al[22]
Hsieh et al[11]
Wadhawan et al[93]
Ranjan et al[94]
Rao et al[31]

2006
2009
2010
2013
2013
2016
2017

273
239
353
110
338
305
458

27
12
32
37
10
3
10

6.2
8.6
2.1
3
12
-

LT: Liver transplantation.

to the whole liver in DDLT), the calibre of the bile ducts
used for the anastomosis is smaller, often having a
disparity between the recipient and donor ducts. Surgical
anastomosis in these cases demand technical expertise
and experience in working with small ducts in order to
create an anastomosis that is free of tension and has
an adequate luminal diameter to enable free flow of
bile. As a result, strictures developing in this situation
will have a unique morphology and sometimes bizarre
configurations. Attempts have been made to classify
these strictures based on cholangiographic appearance,
size and number of ducts, all of which may have bearing
[31]
on the outcome of endoscopic management .

BILIARY STRICTURES COMPLICATING
LDLT
Incidence and pathophysiology

Biliary complications continue to be the most common
complication after LDLT, having a reported incidence
of 20%-43%, with biliary strictures accounting for
3%-40% of cases. Most biliary strictures present in the
[9,22,36,38,39]
first year following the liver transplantation
(Table 1).
With increasing experience in LDLT, in most Asian
countries there has been a decrease in overall incidence
of biliary complications, from 30% in the initial years
[3,6,20,25,31,40]
to around 15%-25% in recent years
. Highvolume LDLT centres in Tokyo and Hong Kong, having
extensive experience in management of biliary strictures,
report a relatively steady rate of biliary strictures, of
[8,41]
[21]
20%-25%
. In an elegant study by Morioka et al
from the Kyoto University, LDLT recipients were divided
into three time cohorts which differed with regard to
case experience. They found that while the rate of bile
leak significantly decreased with experience, there were
no differences in the development of biliary strictures
among the three groups (19%, 28% and 26% in the
three groups; P = 0.290). In a similar study from the
[20]
University of Toronto, Shah and colleagues
did not
find any difference in the rate of biliary strictures after
chronological stratification of their patient cohort into
the first 65 cases and the next 65 cases. However, a
[36]
recent study by Kim et al did show that patients who
underwent more recent procedures were less likely to
have biliary strictures, suggesting a small but important
role of surgical expertise on the risk of biliary strictures.
There seems to be several possible factors other
than poor surgical expertise that result in bile duct injury
and subsequent strictures. Among these, an important
cause of strictures is postoperative bile leak that causes
[23,38,42,43]
local inflammation and fibrosis
. Other factors
[20]
identified include older donor age , preoperative
[40,43]
model of end-stage liver disease score
, multiple
[43]
[41,44]
biliary ducts , graft cold ischemia time
, bile duct
[44,45]
[41]
diameter
, acute cellular rejection
and hepatic
artery thrombosis (HAT). As evident, most of these
factors lead to ischemic injury of the bile duct, eventually
culminating in strictures. While ischemia is a major factor
in NAS, it also plays a major role in the development of

Aetiology and type of stricture

Posttransplant biliary strictures can be classified as ana
stomotic strictures (AS) and nonanastomotic strictures
(NAS). AS is more common in LDLT patients than in
DDLT patients. This system of classification as AS or NAS
is extremely useful as clinical outcomes and treatment
[1]
modalities of the two types are somewhat different . AS
[32]
account for about 80% of biliary strictures after LDLT .
Factors contributing to the development of AS include
technical problems of the biliary anastomosis, ischemia
[33]
or bile leaks . Although the effect of ischemia is far
more pronounced in NAS, it might also play a significant
role in AS. AS usually present later in the course of the
[34]
posttransplant recovery , with a median interval of 5-8
[20,35,36]
mo after the liver transplantation
. It usually is a
single, sometimes tortuous stricture, at or within 5 mm
[33]
of the anastomotic site .
NAS, on the other hand, usually results from hepatic
artery injury or thrombosis, causing irreversible biliary
[1]
fibrosis due to ischemia . Other causes which have
been implicated include long cold ischemia time or
[33,37]
ABO type incompatibility
. Of all biliary strictures
after liver transplantations, NAS accounts for only
[11,13,22]
. In a Japanese study, NAS accounted
10%-25%
for only 6% of all biliary strictures and occurred in 5
[13]
of the 273 LDLT patients (2%) . In another study
with 339 patients undergoing right lobe LDLT, only 11
patients (10%) developed NAS, while 121 patients
(36%) developed AS, accounting for more than 90% of
[22]
the biliary strictures in that patient cohort . The Mayo
Clinic Hospital in Arizona reported only 3 of 110 LDLT
[11]
patients (3%) developing ischemic-type strictures .
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AS. This is because the bile duct epithelium is particularly
vulnerable to ischemia, as compared to hepatocytes or
[46-48]
vascular endothelium
. Local ischemic insults can
also arise from devascularisation at the time of hilar
dissection. Moreover, oxygen supply to the biliary tract is
solely supplied by the hepatic artery. Therefore, HAT can
lead to severe ischemic stress on the bile duct, resulting
in fibrosis and strictures. HAT is a major determinant of
[49]
[46]
NAS and complex, long AS that are usually difficult
to manage endoscopically. In addition, technical factors
like the number of biliary anastomosis, discrepancy in
ductal diameters, unavailability of biliary microsurgical
modalities, and aberrant biliary anatomy have been
found to be significant risk factors for the development
[1,46,50,51]
of biliary strictures
Moreover, endoscopic
management is particularly affected in patients with
[31]
multiple biliary anastomoses .
Multiple causative factors with intersecting and
often overlapping pathophysiological pathways make it
impossible to implicate a single factor that can predictably
lead to stricture formation. A useful approach would be
to aggregate individual factors as a composite score for
prognostication, early diagnosis and treatment.

radicles, along with vascular patency. However, the
sensitivity of ultrasonography to detect biliary dilatation
in the posttransplant patient is as low as 38%-66%,
thereby rendering it unreliable as a sole screening
[56-58]
modality for the diagnosis of biliary strictures
. A
scan by hepatobiliary iminodiacetic acid scintigraphy is
[59]
excellent for detecting bile leaks ; however, its role
in detecting biliary strictures is poor, with a sensitivity
[59,60]
of around 60%
. Computed tomography is useful
for detection of fluid collections and non-biliary lesions,
having a higher spatial resolution than magnetic re
[61]
sonance imaging . However, it is grossly inadequate
for the diagnosis of biliary strictures, unless used in
conjunction with the injection of biliary contrast agents,
like iodipamide meglumine. These contrast agents
have been found to be unsafe, with higher incidence
of allergic reactions; as such, the use of computed
tomography for biliary strictures has fallen out of favour
in most centres.
Magnetic resonance cholangiography (MRC) has
emerged as a reliable noninvasive tool to detect biliary
strictures complicating LDLT. The presence of bile within
the ducts allows for accurate delineation of the biliary
tree, which can highlight the anastomotic stricture
with diagnostic sensitivity and specificity in excess of
[62-64]
90%
. MRC can provide detailed imaging of the
entire biliary tract and is especially useful for complex
and intrahepatic strictures. Moreover, it can provide a
roadmap for therapeutic interventions. MRC has a high
negative predictive value that prevents unnecessary
[65,66]
procedures
. The limitations of MRC include lack
of interventional capability and high cost as a routine
diagnostic modality. It has also been found to have a
high rate of false positives.
Most LDLT recipients with DD can show a narrowing
of the anastomotic site in the absence of a ‘functionally
significant obstruction’ (FSO). Here, FSO is defined
as a critical obstruction at the anastomotic site that
results in a clinically significant impedance to bile
flow, evidenced by clinical symptoms and biochemical
alterations of cholestasis. In our centre, a unique set of
metrics are applied in the MRC to indicate FSO. While
most literature alludes to a dilated proximal duct and a
[3]
narrowing as pathognomonic of a stricture , we have
found it useful to use the ratio of the proximal duct
diameter to the recipient ductal diameter to signify FSO.
This approach is based on the hypothesis that a FSO
should cause impedance of bile flow that will result in
the hold-up of bile above the stricture, causing dilatation
and higher diameter on MRC, along with collapse of the
recipient bile duct below the anastomosis, due to lack
of bile flow across the stricture resulting in a smaller
ductal diameter on the MRC. The resultant ratio may
provide valuable clues as to the severity of obstruction
at the anastomosis and enable a singular, reproducible
definition of biliary strictures that can potentially
dictate further treatment with better outcomes. The
management approach practised in our centre using

Diagnostic challenges

The most common clinical presentation of biliary
strictures complicating LDLT is a cholestatic pattern of
liver function test results, with or without symptoms
of obstructive jaundice, such as icterus or pruritus.
However, other causes of cholestatic jaundice, such as
graft rejection (acute or chronic), recurrence of primary
disease (hepatitis B/C), fibrosing cholestatic hepatitis
[46]
C, sepsis or drug-induced cholestasis , make the
[52]
diagnosis of biliary strictures particularly challenging .
A high index of suspicion is warranted in such patients,
especially since they rarely have abdominal pain due to
[53-55]
hepatic denervation and immunosuppressants
. The
diagnostic protocol practised in most centres involves
a composite approach with clinical features, laboratory
evaluation, imaging studies and liver biopsy.
Among the factors detected by laboratory tests,
bilirubin, alkaline phosphatase, gamma-glutamyl
transferase and the transaminases are assessed initially.
However, these tests are nonspecific, with limited
diagnostic role for differentiating a biliary cause from a
hepatocellular aetiology for the symptoms. Liver biopsy
is extremely valuable to differentiate biliary strictures
from acute cellular rejection, but since it is an invasive
procedure with possible complications, it should be
reserved for cases with a high degree of suspicion for
rejection.

Imaging studies

Currently, the diagnosis of biliary strictures depends
heavily on cross-sectional imaging, which classically
demonstrates an anastomotic narrowing. Initial imaging
with ultrasonography of the abdomen with Doppler
study is carried out to examine the intrahepatic biliary
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balloon dilation with stent placement is superior for the
treatment of biliary strictures. A higher complication rate
notwithstanding, stent placement after balloon dilation
[67,68]
should be the standard of care in these patients
.
Moreover, endotherapy has the advantage over per
cutaneous transhepatic cholangiography because it
enables the placement of multiple large-calibre stents,
and is more physiological and less invasive.

LDLT patient presenting with clincial symptoms
(jaundice, pruritus, cholangitis) and biochemical
alterations (raised bilirubin/alkaline phosphatase)

Liver biopsy

Features of cholestasis
with or without rejection

Features of
rejection

Who will benefit from endotherapy?

this method of diagnosing biliary strictures complicating
LDLT is shown in Figure 1. However, prospective trials in
multicentric populations are required before widespread
application of this definition in the management protocol
for biliary strictures.

Various studies have tried to identify factors influencing
the outcome of endoscopic management in postLDLT
biliary strictures (Table 2). The detection of these factors
would help in streamlining the decision-making process
and ideal patient selection for endotherapy. Donor
characteristics, and pretransplant and posttransplant
factors have been found to influence the endoscopic
[9,22,31,43,69]
[22]
outcomes
. Chang et al
reported an overall
success rate of only 48%, especially for patients
with NAS (P = 0.016) and strictures associated with
posttransplant hepatic artery stenosis/thrombosis (P
[70]
= 0.016). Kim et al
reported that only the interval
between LDLT and the first ERC had an effect on the
outcome with endotherapy and, contrary to other
reports, that longer stricture duration had a better
outcome (P = 0.041). Swan neck deformity in rightlobe LDLT was also seen as a risk factor for difficult endo
scopic procedure as well as poorer outcomes. Finally,
bile leaks were found to be one of the most important
risk factors for stricture formation as well as poorer
[70]
[31]
stricture resolution with endotherapy . Kato et al
reported a 51% overall rate of stricture resolution in
postLDLT biliary strictures with DD and noted bile leaks
[9]
as the major cause of stent failure . Our previous study
showed HAT, multiple biliary anastomosis and older
donor age to be significant predictors of poor outcome
to endotherapy.
A paucity of conclusive evidence in the background
of heterogenous patient populations and endoscopic
management protocols make it difficult to identify a
subgroup of patients who will respond to endotherapy
in a predictable fashion. In this regard, uniform criteria
for diagnosis of biliary strictures as FSO may aid in
identifying patients with a significant stricture amen
able to endotherapy, an approach that needs further
validation.

Endoscopic management (endotherapy)

When to intervene?

MRC

2

MDR > 1.15

Immunosuppression

MDR < 1.15

ERC with aggressive
1
endotherapy protocols

Trial of pulsed methyl
prednisolone
Review of immunosuppression
medications

Favourable
response
No response

Figure 1 Management algorithm used in our centre for the treatment
of biliary strictures. 1Aggressive endotherapy protocols: Multiple ERC with
stricture dilatation and gradual upsizing of stents done every 3 mo for a
minimum period of 1 yr; 2MDR = MRC ductal ratio calculated as maximum
diameter of the recipient hepatic duct divided by the maximum diameter of the
donor bile duct as seen on an MRC done at the time of presentation with clinical
symptoms and biochemical alterations. The cut-off of 1.15 was computed
after an internal review of our patient data showed a sensitivity and specificity
of > 90% for the diagnosis of a functionally significant stricture (unpublished
data). ERC: Endoscopic retrograde cholangiography; LDLT: Living donor liver
transplant; MRC: Magnetic resonance cholangiography.

Endoscopic management (endotherapy) is usually the
first line of treatment for biliary strictures complicating
LDLT and includes ERC with biliary sphincterotomy, bal
[11,30,31]
loon dilatation and stent placement
. Endotherapy
is the mainstay of treatment and is usually the only
avenue outside of surgery used in a majority of patients.
However, endotherapy in LDLT recipients may be difficult
because of complex strictures with multiple ductal
[1]
anastomoses in bizarre configurations . It is a point
of contention whether balloon dilation in isolation or
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The timing of intervention has been an area that has
lacked adequate validation. Usually, ERC in the first few
weeks after LT is considered dangerous, due to the risk
of damage to the anastomosis. This, however, is more
applicable for bile leaks, as opposed to strictures since
the development of strictures usually takes a long time.
It is important to note that strictures that develop in the
first 6 mo are more likely to respond to endotherapy
[20,69]
than strictures that present late
.
A subgroup of patients that merit further study in
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cludes those who present with asymptomatic biochemical
alterations, liver biopsy inconclusive of rejection and
imaging studies showing an anastomotic narrowing.
The question of whether to wait it out or subject
the patient to aggressive endotherapy protocols is a
particularly harrowing one. On the one hand, there
is considerable data which have demonstrated that a
delay in treatment may be a significant determinant
[71,72]
of poor response to endotherapy
. In a study by
[69]
Buxbaum et al it was noted that a longer waiting time
for ERCP was related with a greater likelihood of failure
with endotherapy. However, the quantitative finding did
not reach statistical significance. In our previous report,
we found a similar inverse relationship between time to
ERC and endoscopic success, but again the finding was
[69]
not statistically significant . However, in the study by
[20]
Shah et al , a similar patient subgroup was kept under
follow-up with close observation and most were found
to be stricture-free during the long-term follow-up.
It would seem plausible that a delay in ERC with
stent placement should lead to a suboptimal success
owing to establishment and organisation of the fibrosis;
however, the identification of strictures that merit
treatment, as opposed to those that can be managed
conservatively, warrants further study. Again, in this
regard, the concept of FSO alluded to earlier may
provide some valuable insights. Yet, larger studies
exploring the accurate definition of FSO are needed
before any recommendations are made, and current
practice of early ERC with stent placement after balloon
dilation should be continued until proven otherwise.

with no uniform data on therapeutic superiority. An
ideal approach to this decision should involve careful
consideration of the time interval between the ERC and
liver transplantation, the ductal diameters and length of
the stricture before coming to a decision on the use of
both balloon dilation and stent therapy.
The need for endoscopic sphincterotomy has also
been examined, with a few authors proposing stent
placement across an intact sphincter of Oddi to reduce
[13,74]
the incidence of cholangitis and pancreatitis
.
However, there is no data corroborating this perceived
risk of cholangitis. Moreover, we have found that the
incidence of postERC pancreatitis is lower in liver
transplantation patients than in the general patient
population - a finding that was also observed in a
[75]
multicentric study by Law and colleagues . This can be
due to as yet unidentified effects of immunosuppressants
on the inflammatory cascade that drives post ERC
pancreatitis, representing an area that needs further
study.
The major disadvantage of endoscopic therapy
is the necessity for frequent procedures required for
stent exchanges, which may increase complications in
addition to increased cost of care. Stent exchanges are
usually performed every 2-3 mo to avoid stent occlusion
and cholangitis. Most of the studies in this regard have
been on DDLT patients, but it seems reasonable to
[76]
apply the same protocol in LDLT patients. Few studies
have performed stent exchanges and dilation every 2
[77]
wk and shown a superior success rate. Tabibian et al
showed that a stent therapy protocol wherein stent
exchanges are performed only once the patient is sym
ptomatic is superior to protocol-driven procedures.
However, it would seem pragmatic to exchange the
stents every 3 mo for a minimum of four exchanges
over a 1 year period and give a stent-free trial provided
the last cholangiogram shows stricture resolution.
Some Japanese groups advocate the placement of
‘inside stents’, whereby the plastic stent is completely
in the bile duct with an intact sphincter, reducing the
duodenobiliary reflux and consequently preventing
[13,14,74,78]
cholangitis
. This is postulated to improve stent
patency rates, with fewer ERC requirements and lower
incidence of cholangitis as it prevents duodenobiliary
reflux. The University of Kyoto reported use of a similar
strategy, with modified Amsterdam stents placed
inside the bile duct in 94/118 LDLT patients (80%) and
[74]
yielding a stricture resolution rate of 68% . Tsujino
[2]
and colleagues at the University of Tokyo, in as-yet
unpublished data, have alluded to their experience
in the area with 63 LDLT recipients who underwent
inside stent placement. The median interval for stent
exchange was as high as 161 d, with cumulative risk of
stent dysfunction being 12.3% at 6 mo and 18.1% at
[2]
12 mo .
Another promising approach is the use of the selfexpanding metal stent (SEMS). SEMS was introduced
to overcome the need for repeated procedures in

Protocol for endoscopic management of strictures

Ideal endoscopic management protocols include ERC
with endoscopic sphincterotomy, balloon dilatation and
stent placement. Repeated ERC at 2- to 3-mo intervals
with up-sizing of the stent or the use of multiple stents
with or without repeated balloon dilation for at least 1
year is the most preferred protocol across transplant
[2,3]
centres globally . However, the need for balloon
dilation of the strictures prior to the placement of
endoprosthesis is not universally accepted, with some
endoscopists opting for stent placement alone in the
first ERC, followed by balloon dilations in subsequent
ERC. Yet, there is no data that suggests superiority
of this method over both balloon dilation and stent
placement at the first ERC.
[73]
In 2003, Park et al described an alternate protocol
wherein patients without a significant narrowing on ERC
are dilated with a balloon after sphincterotomy and a
5F nasobiliary catheter is placed above the stricture.
This has many theoretical advantages in that it is easy
to perform a cholangiogram to assess improvement
of the stricture and obtain bile samples for culture;
thus, occlusion of the drain is readily diagnosed and
does not necessitate a repeat endoscopy to remove
[73]
the catheter . However, it is not a widespread endo
scopic protocol because of reduced patient acceptance
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Table 2 Therapeutic efficacy and factors affecting outcome of endotherapy in biliary strictures complicating living donor liver
transplantation
Study

Year

Biliary strictures, n (%)

Zoepf et al[68]
Yazumi et al[13]
Gomez et al[30]
Seo et al[43]
Chang et al[22]

2005
2006
2009
2009
2010

7 (7.78)
75 (27.5)
10 (33.34)
29 (12.1)
113 (32)

Hsieh et al[11]
Wadhawan et al[93]
Ranjan et al[94]
Rao et al[31]

2013
2013
2016
2017

41 (37.3)
35 (10.4)
10 (3.28)
41 (10.2)

5.3 mo
4 mo
6 mo

79
91
70
48

Kato et al[9]

2009

41 (42.7)

14.5 mo

85

Median duration of stent Overall stricture resolution,
therapy
%
4 mo
8.9 mo

Factors that affected
endoscopic outcome

100
33
20
65
48

24.1 ± 12.7 wk

NAS, HAT, Pretransplant
TACE

Donor age, multiple biliary
anastomoses, duration of
stent therapy
Stricture length, bile leak

HAT: Hepatic artery thrombosis; NAS: Nonanastomotic strictures; TACE: Transarterial chemoembolization.

Table 3 Role of self-expanding metal stent in the management of post living donor liver transplantation biliary strictures
Study

Year

Patients who underwent cSEMS, n

Duration of stent therapy

Stricture resolution, %

Complications, %

Kaffes et al[87]
Jang et al[89]
Kao et al[88]1
Rao et al2

2014
2017
2013
2018

10
35
200
4

12 wk
3.2 ± 1.4 mo
3 mo
8 mo

100
82.9
80-95

10
14.3
16
75

1

This was a meta-analysis comparing SEMS with multiple plastic stent, and both DDLT and LDLT patients were included; 2Unpublished data. cSEMS:
Covered Self-expanding metal stent; DDLT: Dead donor liver transplantation; SEMS: Self-expanding metal stent.

conjunction with providing better and faster stricture
resolution in these patients, owing to the larger diameter
(30F) of the stents. The initial use of uncovered SEMS
proved to be a disaster because of high rates of
complications due to stent ingrowth and over-growth
causing stent occlusion, formation of biliary sludge and
stones within the stents, and more importantly vascular
[79-82]
complications in the long term
. Covered (c)SEMS
was subsequently introduced and seemed to counter
most of the disadvantages of the uncovered SEMS (Table
3). The ease of endoscopic removal of cSEMS makes
them an ideal treatment modality for benign biliary
strictures.
Randomised controlled trials in DDLT patients com
paring SEMS with multiple plastic stents have shown
they are similar with respect to stricture resolution, but
SEMS required fewer interventions compared to plastic
[83,84]
stents
. A recent meta-analysis also showed no
superiority of SEMS over multiple plastic stenting, but
supported the use of SEMS owing to shorter treatment
[85]
time and fewer procedures . Very few reports have
[86-88]
explored the role of SEMS in LDLT patients
. In an
[89]
elegant study by Jang et al , a short fully-covered
SEMS with a waist in the centre to prevent migration
(Kaffes stent by Taewoong Medical, Seoul, South Korea)
(Figure 2) was used in 35 LDLT patients with refractory
strictures. The cases showed an excellent response
[89]
rate, with 83% stricture resolution and 6% migration .
However, the safety and efficacy of SEMS in LDLT is yet
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to be understood. At our centre, cSEMS was deployed
in 4 LDLT recipients with refractory biliary strictures.
However, stent occlusion due to sludge and stones
was seen in 3/4 patients (75%) (unpublished data),
necessitating additional plastic stent placement inside
the cSEMS.
The placement of cSEMS in high anastomotic
strictures may also lead to blockage of secondary
branches of the bile duct and subsequent biliary stasis
[71]
in those segments. Tsujino and colleagues
at the
University of Tokyo advocate the placement of inside
stents along with covered SEMS to counter this problem,
and this approach seems to hold promise pending future
studies. A particularly distressing complication of cSEMS
is stent migration, which is reported in 16%-33% of
[83,88]
cases
. The rate of stent migration seems to be
higher in LDLT patients than other patients with benign
[90]
biliary strictures . Finally, the placement of cSEMS
may aid duodenobiliary reflux due to disruption of the
sphincter mechanism and possibly result in ascending
cholangitis.

Endoscopic management: Outcome

In order to discuss therapeutic efficacy, a uniform
definition of biliary strictures has to be established. Most
studies have used multiple criteria for endoscopic success,
and these include symptomatic and/or biochemical
improvement, imaging studies showing resolution of
stricture, and absence of recurrence of cholestasis requi
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Features:
Fully covered
Stent tip diameter of 10, 12 mm
A mid stent waist (8/10 mm diameter) - creates a constant
force toward the centre of the stent preventing migration
Platinum radiopaque 10 cm long removal string

Figure 2 Fully-covered modified self-expanding metal stent used in the management of biliary strictures complicating Living donor liver transplantation.
The Kaffes stent (Taewoong Medical, Seoul, South Korea) is shown.
[9,14,31,69,91]

ring endoscopic/percutaneous interventions
.
It would seem beneficial to study these patients at two
time points - one assessing the response after a protocolbased endotherapy practice for a minimum of 1 year, and
a more long-term evaluation to assess rate of recurrence
and need for repeat interventions. Both these treatment
endpoint scans provide valuable insights on the course
of AS and will help in establishing a uniform treatment
protocol and follow-up.
[69]
In the study by Buxbaum et al , long-term success
was evaluated as a treatment goal and a 68% success
rate was found. In our previous report, stricture re
[31]
solution at the end of 1 year was only 48% . This
low rate of stricture resolution may be due to a
larger proportion of patients who had multiple biliary
anastomoses, older donor age and/or a nonuniform
endoscopy protocol applied for management. Future
studies likely need to look at a composite outcome,
combined with better patient selection criteria, which
can yield uniform and predictable results of therapeutic
efficacy for endotherapy.
In the event of technical failure of ERC, which is
defined as inability to cross the stricture with a guidewire,
a percutaneous transhepatic cholangiography with
biliary drainage via a percutaneous catheter can be
[70,73]
performed
. It is usually successful, especially in
patients with cholangitis who need urgent biliary drainage.
Percutaneous transhepatic cholangiography with drainage
is still a second-line therapy, as it is invasive and carries
risk of complications like bleeding, pseudoaneurysm
of the hepatic artery, bile leaks, infection, arterioportal
[45,92]
fistula and portal vein thrombosis
. Patient compliance
is also poor, and it is usually combined with an ERC
in a rendezvous procedure at our centre. Using this
technique, we have been able to get across the stricture
in most patients. All our patients who have undergone
the rendezvous procedure had subsequent successful
ERC with stent exchanges, and documented resolution of
stricture. We found that it is safe and precludes surgery in
most patients with a primary endoscopic failure.

is paramount for the development of a solution which
more often than not is obvious to a trained clinician.
To that end, the definition of biliary strictures in most
studies is not uniform and needs to be re-examined.
[69]
In the study by Buxbaum and colleagues , cholangi
ographic appearance of narrowing in a patient with
altered liver functions were treated with endoscopy.
In the study conducted at the University of Toronto,
however, only symptomatic alterations of liver function
tests in conjunction with a narrowing on imaging were
[20]
considered for endoscopic management . In our study
on LDLT recipients, we also included asymptomatic
patients with biochemical and imaging features of biliary
[31]
obstruction . This nonuniform definition is reflected in
the varying success rates of endotherapy reported from
these three studies (68%, 81% and 48% respectively).
A stricture that responds to endoscopic therapy should
be regarded as a ‘true’ stricture, or more appropriately
a FSO. This may provide a multidimensional definition
of biliary strictures that has the potential to streamline
patients into mutually exclusive treatment pathways and
ensure therapeutic efficacy. The ratio between donor
duct diameter and the recipient ductal diameter on the
MRC in conjunction with a subjective assessment of
contrast drainage across the stricture during the ERC
to indirectly signify the functional impedance to bile
flow of the stricture has been found to be useful in our
centre, having a superior therapeutic efficacy of 83% in
preliminary findings (unpublished data). This approach to
seek out an obstruction that is functionally significant in a
symptomatic patient may yield a patient group who will
be predictably responsive to endotherapy.
However, it is important to understand that endo
therapy may not be the answer for all strictures across
the board. As Abraham H Maslow remarked - ‘If the
only tool you have is a hammer, it is tempting to
treat everything as if it were a nail’; it is important to
realise that certain patients with biliary strictures of an
unfavourable morphology will not respond as well to
endotherapy. The correct identification of the patients
who will respond to endotherapy is the need of the hour.
The development of innovative modalities, newer stent
designs and endoscopic accessories needs to propel
future work in this area, especially for those patients
who are refractory to stent therapy.

NOVEL INSIGHTS AND AREAS OF
FUTURE RESEARCH
As in any scientific work, the formulation of the problem
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Concomitantly with the increase in the prevalences
of overweight/obesity, nonalcoholic fatty liver disease
(NAFLD) has worldwide become the main cause of
chronic liver disease in both adults and children.
Patients with fatty liver display features of metabolic
syndrome (MetS), like insulin resistance (IR), glucose
intolerance, hypertension and dyslipidemia. Recently,
epidemiological studies have linked obesity, MetS,
and NAFLD to decreased bone mineral density and
osteoporosis, highlighting an intricate interplay among
bone, adipose tissue, and liver. Osteoprotegerin (OPG),
an important symbol of the receptor activator of nuclear
factor-B ligand/receptor activator of nuclear factor
kappa B/OPG system activation, typically considered
for its role in bone metabolism, may also play critical
roles in the initiation and perpetuation of obesityrelated comorbidities. Clinical data have indicated that
OPG concentrations are associated with hypertension,
left ventricular hypertrophy, vascular calcification,
endothelial dysfunction, and severity of liver damage
in chronic hepatitis C. Nonetheless, the relationship
between circulating OPG and IR as a key feature of
MetS as well as between OPG and NAFLD remains
uncertain. Thus, the aims of the present review are to
provide the existent knowledge on these associations
and to discuss briefly the underlying mechanisms linking
OPG and NAFLD.
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activator of nuclear factor kappa B ligand

receptor activator of nuclear factor kappa B (RANK)/
OPG axis activation, has recently been highlighted as
an important factor of the biochemical mechanisms
[17-20]
underlying the association between MetS and CVD
.
Tumor necrosis factor (TNF) superfamily molecules,
namely, RANKL, its receptor (RANK), and its soluble
(decoy) receptor, OPG, mediate interactions (RANKL-OPG
axis) that exert multiple actions on bone metabolism,
[21-23]
endocrine functions, and the immune system
.
The RANKL-OPG axis is typically considered for its role
in bone metabolism, but proinflammatory cytokines
[e.g., interleukin (IL)-1b, IL-6, and TNF-α] that are
regulated by the RANKL-OPG axis in mediating bone
resorption in osteoporosis, may also play critical roles
in the initiation and perpetuation of obesity-related
[21-23]
comorbidities
. There is arising evidence that RANKL/
RANK/OPG system participate in the pathogenesis of
atherosclerosis and CVD by expanding the detrimental
actions of inflammation and multiple risk factors including
dyslipidemia, endothelial dysfunction, type 2 diabetes,
[20]
and high blood pressure .
Clinical data have displayed that circulating OPG
concentrations are associated with hypertension and left
ventricular hypertrophy in the general population, with
vascular calcification and altered endothelial function in
subjects with and without diabetes, and with severity of
[22-25]
liver damage in patients with chronic hepatitis C
.
Moreover, epidemiological studies have shown that OPG
concentrations may predict morbidity and mortality from
[26]
CVD . Nonetheless, still the association of circulating
OPG with IR as a key feature of MetS as well as of OPG
with NAFLD remains uncertain. Thus, the aims of the
present review are to provide the existent knowledge
on these associations and to discuss briefly the possible
underlying mechanisms linking OPG and NAFLD. We
searched in MEDLINE and EMBASE databases utilizing
the words “OPG”, “RANKL”, “RANK”, “IR”, “MetS”, and
“NAFLD” individually and in combination to recruit all
published articles from 1990 to 2018.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently, epidemiological studies have linked
obesity, metabolic syndrome, and nonalcoholic fatty
liver disease (NAFLD) to decreased bone mineral
density and osteoporosis, highlighting an intricate
interplay among bone, adipose tissue, and liver.
Osteoprotegerin (OPG), an important symbol of the
receptor activator of nuclear factor-B ligand/receptor
activator of nuclear factor kappa B/OPG axis activation,
has recently been suggested to have critical roles
in the initiation and perpetuation of obesity-related
comorbidities including NAFLD. The available studies
have reported either positive or negative associations
between OPG and NAFLD. Thus, more research is
needed to clarify its role in this liver disease.
Pacifico L, Andreoli GM, D’Avanzo M, De Mitri D, Pierimarchi
P. Role of osteoprotegerin/receptor activator of nuclear factor
kappa B/receptor activator of nuclear factor kappa B ligand axis
in nonalcoholic fatty liver disease. World J Gastroenterol 2018;
24(19): 2073-2082 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i19/2073.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i19.2073

INTRODUCTION
Concomitantly with the increase in the prevalences
of overweight/obesity, nonalcoholic fatty liver disease
(NAFLD) has worldwide become the main cause of
[1,2]
chronic liver disease in both adults and children .
NAFLD implies accumulation of lipids within hepatocytes,
with a spectrum ranging from simple steatosis to
[3-5]
steatohepatitis (NASH), progressive to cirrhosis .
Although patients with NAFLD have a high risk of
mortality from liver complications, the primary cause
of mortality in such patients is cardiovascular disease
[6]
(CVD) . Indeed, NAFLD may be considered in adults as
well as in children a multisystem disease affecting several
extra-hepatic organs and involving a range of extrahepatic chronic diseases, in particular type 2 diabetes,
[7-11]
CVD, and chronic renal disease
. These diseases
have the same underlying pathophysiological features
associated with metabolic syndrome (MetS), including
insulin resistance (IR), chronic systemic inflammation
and hyperlipidemia. Recently, epidemiological studies
have linked obesity, MetS, and NAFLD to decreased bone
mineral density (BMD) and osteoporosis, highlighting
an intricate interplay among bone, adipose tissue, and
[12-14]
liver
. With regard to this, the association between
NAFLD and decreased BMD has been also reported in the
[15,16]
pediatric obese population
.
Osteoprotegerin (OPG), an important symbol of the
receptor activator of nuclear factor-B ligand (RANKL)/
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OPG/RANK/RANKL SYSTEM
OPG, first recognized in 1997, is a cytokine belonging
[27-30]
to the superfamily of TNF receptor
. It has been
termed OPG for its protective role in bone. The OPG gene
discovered and cloned in 1998 is a single -copy gene
localized on chromosome 8 (8q24) consisting of five
[31]
exons over 29 kilobases . Fom a biochemical aspect,
OPG is a glycoprotein with a primary structure of 401
aminoacids and a molecular weight of 60 kilodaltons. OPG
has seven structural domains, which actuate its biological
[32]
functions in specific manners . The amino terminal
domains one to four, containing plenty of cysteine, impart
osteclastogenesis inhibitory characteristics. Domains five
and six at the carboxy terminal end include apoptosismediating death domain homologous regions. Domain
seven encloses a heparin-binding region along with a free
cysteine residue required for disulfide bond formation
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and dimerization. In fact, further to its monomeric
structure, OPG may be completed at the cys-400 residue
in the heparin binding domain to constitute a disulphide[32]
linked dimer . Before being secreted as monomeric and
dimeric forms, the twenty-one aminoacid’s signal peptide
of OPG is split from the N-terminal achieving a 380
aminoacid’s mature OPG protein. Therefore, as long as
the OPG monomer is biologically active, OPG homodimer
molecule is more active and its production is necessary
to generate complete biological activity in vitro and in
vivo. This is because the homodimer form possesses
higher affinity for the RANKL ectodomain than the OPG
monomer. RANKL and TNF-related apoptosis-inducing
[32]
ligand (TRAIL) bind to OPG with similar affinities .
OPG is highly expressed in various organs and
tissues including osteoblasts, lungs, cardiac tissue,
renal tissue, hepatic tissue, spleen, thymus, prostate,
ovary, small intestine, thyroid, lymphnodes, trachea,
adrenal gland, testis, and bone marrow, endothelial
cells and vascular smooth cells, while it is encountered
at very low levels in brain, placenta, and skeletal
[23,26,33]
muscle
. OPG has also been discovered by means
of immunohistochemistry in atherosclerotic plaques
of aortas and coronary arteries. Furthermore, OPG
expression has recently been demonstrated in human
[34]
adipose tissue .
RANK, an additional member of the TNF receptor
superfamily, is expressed on the surface of hematopoietic
precursor cells and mediates signaling that activates
[35]
osteoclastogenesis . Its ligand RANKL is typically
expressed on osteoblast/stromal cell surfaces. RANKL
is also encountered in stimulated T-lymphocytes, lymph
nodes, thymus, mammary gland, lungs, spleen and bone
marrow. It is a transmembrane protein, however, in the
blood is also present a soluble form (sRANKL). sRANKL
seems to derive from cleavage of membrane RANKL or
to be produced by T-lymphocytes. Membrane-bound
RANKL or sRANKL binds to RANK through interaction
with specific molecules such as TNF receptor-associated
factor (TRAF) proteins. The most important role of TRAFs
in RANK-RANKL signaling is the stimulation of NF-kBs as
well as mitogen-activated protein kinases and interferonregulatory molecules. TRAF proteins may also take part
[36]
to chronic inflammatory state and infection .

OPG acting as a soluble decoy receptor, negatively
regulates this interaction and competes with RANK,
preventing RANKL-RANK interactions.
While OPG is expressed in the vessels of healthy
mice, RANK and RANKL are not detected in the arteries
of healthy adult mice. In contrast, RANKL and RANK
-/have been discovered in the calcified arteries of OPG
mice and RANK expression occurred simultaneously with
[37]
the appearance of multinuclear osteoclast-like cells .
These findings suggest that vascular OPG protects
against RANK/RANKL induced osteoclast formation. In
humans, RANKL and RANK are often undetected in the
non-diseased vessel, while OPG is expressed in normal
arteries. However, early as well as advanced human
atherosclerotic lesions of carotid arteries and abdominal
aortas manifest both RANKL and OPG immunoreactivity
[38-40]
and mRNA expression
.
Immune cells express OPG, RANKL, and RANK and
these are believed to regulate inflammatory and immune
[41-43]
responses
. Binding of RANKL to RANK augments
dentritic cells’ survival, enhances the immunostimulatory
capacity of dentritic cells, and modulates activated T-cells.
In particular, RANKL/RANK signaling in the immune
system controls the development of thymocyte-mediated
medulla, and the development of self-tolerance in T
cells as well as the number of regulatory T cells (Treg).
RANKL also regulates the production of proinflammatory
[41]
cytokines in macrophages . An important function of
OPG in the immune system is related to the cytotoxic
ligand TRAIL, a potent activator of apoptosis. Binding of
[44]
OPG to TRAIL inhibits cell apoptosis .
Yet, OPG, RANKL, and RANK have been demonstrated
to be expressed in normal brain of rodents. Notably, in
normal brain, RANKL/RANK signaling has been related to
fever and body temperature control. The stimulation of
RANKL/RANK signaling obtained by the deletion of OPG
or the administration of RANKL has been demonstrated
to prevent the exacerbation of infart volume as well as
cerebral edema through the inhibition of the production
[45]
of pro-inflammatory cytokines .
The multiple actions of OPG/RANKL/RANK axis,
including modulation of cell survival, mineralization and
inflammation suggest a potential role as mediator of
metabolic complications including insulin resistance,
type 2 diabetes, MetS and NAFLD.

ROLE OF OPG/RANK/RANKL SYSTEM IN
BONE AND OTHER TISSUES

CLINICAL STUDIES
Insulin resistance

The wide variety of cells and tissues in major organ
systems such as the skeletal, vascular, and immune
systems as well as other systems producing OPG,
RANKL, and RANK support their role in the function
of these organs (Figure 1). Typically, the OPG/RANK/
RANKL axis regulates remodeling of bone as well as
differentiation and activation of osteoclasts, and thus,
the crucial equilibrium between formation and resorption
of bone. RANKL binds to RANK on osteoprogenitor cells
and controls osteoclastogenesis and bone resorption.
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NAFLD is strictly associated with IR, which is also a main
determinant in the pathogenesis of type 2 diabetes and
MetS. Even if investigators agree that IR is determined
by alterations in intracellular insulin signaling, various
causes have been suggested to explain by what means
such insulin signaling alterations originate in NAFLD.
Inflammation, activation of endoplasmic reticulum
stress pathways, and deposit of lipids in hepatocytes
[46,47]
have all been proposed to determine IR in NAFLD
.
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Pathophysiological

Physiological

Skeletal system

Immune system

Cardiovascular system

Bone modeling and remodeling

Osteoporosis, periodontal disease

Altered immue response
and inflammatory
response

Formation of thymocytemediated medulla and of
self-tolerance in T cells and
regulatory T cells

Cardiac structure alterations,
atherosclerosis, vascular
calcification

Preservation of heart and
vascular health

Figure 1 Role of osteoprotegerin/ receptor activator of nuclear factor-B ligand/receptor activator of nuclear factor kappa B axis in physiological and
pathophysiological conditions.

Numerous studies have reported on the association
[48-62]
between OPG and IR with contrastant results
.
In a cohort of 106 subjects with obesity, including
[48]
eighteen with type 2 diabetes, Gannage-Yared et al
demonstrated a positive relationship between OPG and
IR as evaluated by the homeostasis model assessment
[49]
for IR (HOMA-IR). In a cross-sectional study, Yaturu et al
demonstrated that OPG was significantly associated
with insulin levels and IR as well as with C-reactive
protein (CRP) and TNF-α in patients affected by type
2 diabetes, most likely reflecting the proinflammatory
[50]
state in this population. Pepene et al
reported a
positive association of OPG with HOMA-IR in a cohort of
[51]
women with polycystic ovary syndrome. Akinci et al
found that women with a history of gestational diabetes
mellitus developing MetS showed increased OPG values
compared to women who did not fulfill MetS criteria.
Yet, these authors showed that OPG concentrations
were associated with markers of IR, with carotid
intima-media thickness (IMT) and with subclinical
[52]
inflammation. Suliburska et al
found that HOMAIR values and OPG values were significantly increased
in obese adolescents than in the control group. A
significant positive correlation between OPG and IR was
found. In a large population of individuals with normal
glucose tolerance (n = 599), with impaired glucose
tolerance (n = 730) and with newly diagnosed diabetes
[53]
(n = 327), respectively, Niu et al
demonstrated that
elevated circulating OPG levels were independently
related to impaired glucose regulation and a higher risk
[54]
of microalbuminuria. Bilgir et al found that circulating
OPG and sRANKL values were significantly increased
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in prediabetic patients than in control individuals.
There was a positive relationship between sRANKL
and OPG. Yet, sRANKL was positively associated with
body mass index (BMI), HOMA-IR, and inflammatory
[55]
markers such as high-sensitivity CRP. Duan et al
demonstrated that circulating OPG concentrations were
increased in Chinese postmenopausal women with
diabetes and prediabetes. Moreover, serum OPG levels
[56]
showed significant correlation with IR. Mashavi et al
showed that OPG values were significantly increased
in postmenopausal women affected by osteoporosis
and impaired glucose metabolism (including impaired
glucose tolerance and type 2 diabetes) than women
with normal glucose tolerance. OPG concentrations
were independently associated with IR as evaluated
[57]
by HOMA-IR. Recently, Daniele et al
found that high
OPG concentrations were correlated with increased
endogenous glucose production (primarily reflecting
liver glucose production) and hepatic IR in individuals
with impaired glucose regulation, supporting the possi
bility that OPG could have a role in glucose homeos
tasis derangement that usually precede overt type 2
diabetes.
There have also been some studies demonstrating a
negative relationship between OPG and IR, though they
were predominantly based on healthy populations. In a
healthy population (exhibiting normal glucose tolerance
and exercise stress tests, thus excluding hyperglycemia
[58]
and ischemic heart disease, respectively), Ashley et al
found that OPG correlated inversely with HOMA-IR, and
suggested that high IR in healthy subjects is associated
with low levels of circulating OPG. In a subsequent
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study, these authors showed that OPG was higher in
patients with abnormal glucose tolerance compared to
[59]
normoglycemic healthy subjects . Nonethless, OPG
did not correlate with the severity of IR as evaluated
by HOMA-IR either on univariate or multiple linear
regression, suggesting that OPG elevation in these
individuals may be due to other factors. In agreement
[60,61]
with these findings, Ugur-Altun and colleagues
in two separate studies - the former involving obese
patients without diabetes vs lean healthy subjects,
the latter healthy young women - found a negative
[62]
relationship between OPG and IR. Ayina Ayina et al
demonstrated that HOMA-IR was inversely associated
with OPG values in women with obesity, meaning that
elevated OPG concentrations may be expression of high
insulin sensitivity.
The heterogeneity of the results of the studies on
the association between OPG and IR might reflect
differences in the population included in terms of gender,
age, ethnic background, and, importantly, in terms
of metabolic-associated diseases. Indeed, a positive
relationship has been found in studies that involved
individuals with high levels of IR, such as those affected
by type 2 diabetes and a previous history of gestational
diabetes, while a negative relationship in those that
involved healthy subjects. It should be acknowledged
that elevated circulating OPG has emerged as a strong,
[63,64]
independent predictor of CVD
. In particular, plasma
[65]
OPG is considered a marker of vascular calcifications ,
a feature often seen in patients with impaired glucose
[66]
homeostasis
and recently shown to involve insulin
[67]
actions . OPG concentrations in patients affected
by obesity and type 2 diabetes may thus reflect the
presence of CVD.

concentrations than those without the syndrome. Of
note, OPG values significantly and positively correlated
with the number of cardiovascular risk factors. In
addition, OPG expression in adipose tissue was endorsed,
and MetS patients expressed elevated OPG mRNA
[73]
values compared to those without. Bernardi et al
demonstrated that circulating OPG was higher in patients
with MetS compared to controls. In high-fat diet fed
C57BL6 mice, they also found that OPG was elevated,
and that OPG administration promoted systemic and
adipose tissue proinflammatory changes resembling
those observed in HDF fed mice. Finally, in patients with
[74]
type 2 diabetes, Tavintharan et al found OPG to be a
significant predictor of MetS also after adjustment for
age, sex, ethnic origin, glucose levels, and microvascular
complications.
The variation of the results of the studies on the
association between MetS and OPG may be in part
explained by differences in the population included
in terms of gender, age and associated diseases, and
importantly, in diagnostic criteria utilized.

NAFLD

There are few studies on the relationship between
OPG and NAFLD, with either positive or negative
[75-80]
associations having being described
(Table 1). In
[75]
a cross-sectional study, Yilmaz et al
first reported
that OPG levels were significantly decreased in patients
with definite and borderline NASH than in subjects
with simple liver steatosis. The authors also found a
negative relationship between OPG and HOMA-IR, and
between OPG and serum transaminases values. Thus,
low OPG concentration in subjects affected by NAFLD
may reflect the effects of IR, as well as the occurrence
[76]
of severe liver necroinflammation. Yang et al
tested
the accuracy of non-invasive biological markers for
identification of NASH, including OPG, in 179 patients
with biopsy-proven NAFLD (training group) and 91 ageand sex-matched healthy controls. Further 63 subjects
with NAFLD were separately included as validation
group. Serum levels of OPG decreased progressively
from controls to patients with NAFLD but without
NASH, and reached the lowest levels in patients with
NASH. Sensitivity and specificity of OPG for assessing
NASH were 81.30% and 74.60%, respectively. In
a case-control study involving 746 patients affected
by type 2 diabetes (of whom 367 with ultrasound[77]
diagnosed NAFLD), Niu et al
demonstrated that the
OPG concentrations were significantly decreased in
patients with NAFLD compared to patients without liver
involvement. The subjects in the lowest OPG quartile
[78]
were at higher risk for NAFLD. Finally, Erol et al
evaluated the association of OPG concentrations with
obesity, IR, and NAFLD in children and adolescents. OPG
concentrations in the youth with obesity were signifi
cantly decreased than in controls. Among obese youths,
those with high fasting insulin and high HOMA-IR values
displayed significantly lower OPG values. Patients with

Metabolic syndrome

Scant and contrastant literature is available on the
association between OPG and MetS. Initial studies found
[68,69]
no correlation between OPG and MetS
. In particular,
in a cohort of elderly Lebanese men, Gannage-Yared
[68]
et al
found no significant difference in OPG con
centrations between individuals with and without MetS.
[69]
Similar findings were reported by Nabipour et al in a
population-based sample of postmenopausal women.
In subsequent studies, however, an association between
OPG and MetS has been reported. In individuals with
peripheral artery disease, circulating concentrations of
[70]
OPG were raised in obese patients with MetS . Akinci
[51]
et al
found that women with a history of gestational
diabetes mellitus developing the MetS showed increased
OPG levels than women who did not fulfill the MetS
criteria. These findings were previously reported by the
same authors in a sample of 128 women with previous
gestational diabetes and 67 age-matched controls. OPG
values were associated with obesity, IR, and carotid
[71]
IMT .
[72]
Recently, Pérez de Ciriza et al
demonstrated
that patients with MetS had significantly elevated OPG
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Table 1 Studies assessing the association between osteoprotegerin and nonalcoholic fatty liver disease
Ref.

Study design

Yilmaz et al[75], 2010

Population

Findings

56 adult patients with histological-proven definite
NASH; 26 with borderline NASH; 17 with simple
fatty liver; and 58 healthy controls without evidence
of liver disease (normal results on liver function tests
and normal liver ultrasound).
Ayaz et al[79], 2014
Case-control study
60 adult patients with ultrasound-proven NAFLD
and 30 control subjects.
Yang et al[76], 2015
Cross-sectional study 179 patients with biopsy-proven NAFLD (training
group) and 91 age- and gender-matched healthy
subjects. 63 other NAFLD patients were separately
collected as validation group.
Monseu et al[80], 2016 Cross-sectional study
314 adult subjects with at least one criterion for
metabolic syndrome.

Niu et al[77], 2016

Erol et al[78], 2016

Cross-sectional study

OPG levels were significantly decreased in patients
with definite NASH and borderline NASH than
in controls. No significant differences were found
between patients with simple fatty liver and controls.
OPG levels were significantly increased in patients
with NAFLD compared to control subjects.
Serum levels of OPG decreased in a stepwise fashion
in controls, non-NASH NAFLD patients and NASH
patients.

OPG levels were positively associated with both
liver markers (such as alanine aminotransferase,
gamma-glutamyl transferase and ferritin levels) and
increased liver fat content as assessed by magnetic
resonance imaging.
Case-control study 746 adult patients with type 2 diabetes, of whom 367 OPG levels were significantly decreased in patients
with ultrasound-proven NAFLD.
with NAFLD compared to those without NAFLD.
Participants in the lowest OPG quartile had a
significantly increased risk for NAFLD (OR = 3.49,
95%CI: 1.86-6.94).
Cross-sectional study
107 children with obesity of whom 62 had
OPG levels in the obese group were significantly
ultrasound-proven NAFLD and 37 control subjects. lower than in controls. Among obese youths, those
with high fasting insulin and high HOMA-IR values
had significantly lower OPG levels. Patients with
hepatic steatosis had lower OPG concentrations than
those without liver involvement, although they did
not reach statistical significance.

NASH: Non-alcoholic steatohepatitis; OPG: Osteoprotegerin; NAFLD: Nonalcoholic fatty liver disease; HOMA-IR: Homeostasis model assessment for
insulin resistance.

hepatic steatosis had lower OPG concentrations than
those without liver involvement, although they did not
[79]
reach statistical significance. In contrast, Ayaz et al
demostrated that patients with NAFLD diagnosed via
ultrasonography had OPG levels significantly higher
[80]
compared to controls. Monseu et al
determined the
association between OPG and visceral adipose tissue and
liver fat content as measured by magnetic resonance
imaging, as well as other markers of the MetS in dys
metabolic adults. OPG levels were positively correlated
with visceral fat liver and liver fat content, as well as liver
markers such as alanine aminotransferase and HOMA-IR
index.
Some points must be considered when interpreting
the results of the few aforementioned studies. First, half
of them have included a small sample size. Second, the
clinical heterogeneity of patients’ population enrolled
in the studies. Third, methodologic heterogeneity in
defining the reference standard. In fact, liver disease
was differently evaluated, with the majority of the
studies utilizing ultrasonography that is known to be
unable to assess severity of liver disease such as NASH.

Because enhanced hepatocyte apoptosis has a key role
in the progression of liver disease, that is from simple
[82]
steatosis to NASH , it is tempting to suppose that the
decrease in circulating concentrations of OPG in NAFLD,
observed in the majority of the studies, might be
responsible for alterations in the mechanisms protecting
against hepatocyte apoptosis. Notably, accumulation of
OPG is closely related to reduced apoptosis in several
[81,83]
cell types
. These findings may imply that OPG exert
a common defensive effect on the pathophysiologic
derangements responsible for NAFLD through at
least two different mechanisms: The first mechanism
involves IR, while the second is based on protection of
hepatocytes from cell death by apoptosis. Nonethless,
the exact mechanisms responsible for the decrease of
OPG in subjects with NAFLD and NASH need additional
studies.

ANIMAL DATA
The development of transgenic technologies in mice has
led to advances in knowledge of the role of OPG/RANKL/
RANK system in bone metabolism and cardiometabolic
functions. Concerning cardiometabolic disorders, Hao
[84]
-/et al
showed that OPG mice exhibited a significant
increase in systolic blood pressure since early stages
of life, and that this rise was in parallel with the
-/osteoporotic change in these mice. OPG mice also

BIOLOGICAL ROLE OF OPG IN NAFLD
OPG acting like a decoy receptor for TRAIL and RANKL
neutralizes their biological actions. Of note, TRAIL is a
[81]
relevant inductor of apoptosis in hepatocyte cells .
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6

presented a higher heart weight/body weight ratio
than age-matched wild-type mice, indicating that OPG
plays an important role in the preservation of cardiac
[85]
structure. Kiechl et al
developed hepatocyte-specific
LKO
RANK knockout (RANK ) mice and compared them
WT
with wild-type mice. While RANK mice experienced
insulin resistance after 4 wk of a high-fat diet (NFD),
LKO
RANK mice did not. A very recent study demonstrated
that mice lacking β-catenin in osteoblasts exhibit during
the postnatal period reduced bone mass, increased
glucose level, reduced insulin production, reduced
fat accumulation and increased energy expenditure.
OPG overexpression normalized not only the reduced
bone mass but also the reduced fat accumulation and
[86]
increased energy expenditure .

7
8

9

CONCLUSION

10

Contention still exists on the exact role of OPG/RANKL/
RANK system in IR and NAFLD. The available studies
have reported either positive or negative associations
between OPG and IR as well as between OPG and
NAFLD. As previously outlined, possible explanations
of the discordant results may be related to differences
in the study population in terms of gender, age, ethnic
background, and, importantly, in terms of cardiometa
bolic-associated diseases. Interestingly, OPG seems
to have a dichotomous role in humans, as suggested
in CVD. In healthy subjects, the proatherogenic and
antiatherogenic effects are being held in a fine balance,
while in the presence of persistent risk factors the pro
atherogenic pathway becomes predominant. Moreover,
there are differences between human and animal
studies. Observational studies in human subjects show
that circulating OPG concentrations are associated
positively with severity and progression of coronary
artery disease, atherosclerosis, and vascular calcification
whereas animal studies support a protective role for
[87]
OPG . Future studies are necessary to clarify the role
of OPG in NAFLD.
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Abstract

Caterina Anania, Francesco Massimo Perla, Francesca
Olivero, Lucia Pacifico, Policlinico Umberto I Hospital,
Sapienza University of Rome, Rome 00161, Italy

Nonalcoholic fatty liver disease (NAFLD) is emerging
as the most common chronic liver disease, and is
characterized by a wide spectrum of fat-liver disorders
that can result in severe liver disease and cirrhosis.
Inflammation and oxidative stress are the major
risk factors involved in the pathogenesis of NAFLD.
Currently, there is no consensus concerning the
pharmacological treatment of NAFLD. However, lifestyle
interventions based on exercise and a balanced diet for
quality and quantity, are considered the cornerstone
of NAFLD management. Mediterranean diet (MD), rich
in polyunsaturated fats, polyphenols, vitamins and
carotenoids, with their anti-inflammatory and antioxidant effects, has been suggested to be effective in
preventing cardiovascular risk factors. In adults, MD has
also been demonstrated to be efficacious in reducing
the risk of metabolic syndrome. However, few studies
are available on the effects of the MD in both adult
and pediatric subjects with NAFLD. Thus, the aims of
the present narrative review are to analyze the current
clinical evidence on the impact of MD in patients with
NAFLD, and to summarize the main mechanisms of
action of MD components on this condition.
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Core tip: Lifestyle interventions based on exercise and
a balanced diet, are considered the cornerstone of
nonalcoholic fatty liver disease (NAFLD) management.
The Mediterranean diet (MD), low in saturated fats and
animal protein, high in antioxidants and fibers, and
with an adequate omega-3 to omega-6 fatty balance,
has been suggested to be effective in NAFLD. Although
the results from the available studies are encouraging,
there is still need of trials with larger sample size, along
with the standardization of the criteria to evaluate
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[8-10]

adherence to the diet, before including the MD as a
therapeutic dietary pattern in NAFLD.

identify fatty infiltration of the liver
. US is perhaps
the most practical way to assess hepatic steatosis, due
to its relatively low cost, availability, and safety. A major
limitation of this operator-dependent technique is its
limited sensitivitiy and specificity for diagnosing and
quantifying hepatic steatosis. MRS is considered the
non-invasive reference standard in the assessment of
liver steatosis, because it is able to measure the real
concentration of triglycerides within the hepatocytes.
However, MRS is too time consuming for routine
clinical practice, and requires a skilled operator to
correctly perform the examination, process the data,
and interpret the results. MRI has shown greater
promise for the quantitative assessment of hepatic
steatosis in adults and children. Until recently, the most
widely used method was based on the modified Dixon
[8]
technique . This imaging method is reliable in the
absence of magnetic field non-homogeneity and iron
deposition. Recent improvement in MRI have provided
measurement of the proton density fat-fraction [(PDFF):
The fraction of the liver proton density attributable to
liver fat],which is a inherent property of tissue and a
direct measure of liver fat content. MRI-PDFF is accu
rate, precise, and reliable for quantifying liver steatosis
having been validated against liver biopsy in both adults
[9,10]
and children
.
Currently, there is no agreement with respect to the
pharmacological treatment of NAFLD. However, lifestyle
interventions based on exercise and a balanced diet for
quality and quantity, are considered the cornerstone
[11]
of NAFLD management . Mediterranean diet (MD),
which is characterized by a significant amount of
fibers, polyunsaturated fats and antioxidants, has
been suggested to decrease the risk of cardiovascular
diseases (CVD). In adults, MD has also been demon
strated to be efficacious in reducing the risk of
[12-15]
MetS
. However, few studies are available on the
effects of MD in both adults and children with NAFLD.
Thus, the present narrative review aims to present
an analysis of the available literature on the effects of
the MD in patients with NAFLD, and to summarize the
main mechanisms of action of MD components on this
condition. To identify relevant studies, a systematic
literature search on MEDLINE and EMBASE databases
was conducted using the following keywords: “Mediter
ranean diet”, “nonalcoholic fatty liver disease”, “hepatic
steatosis”, “steatohepatitis”. All searches were limited
to studies published in English language
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the
[1,2]
most common causes of chronic liver disease . It re
presents a wide range in liver damage that may lead to
severe liver disease such as cirrhosis and hepatocellular
[3]
carcinoma . Adults as well as children with fatty
liver display abnormal glucose and lipid metabolism.
Therefore, NAFLD is now considered an important
[4]
component of the metabolic syndrome (MetS) . The
mechanism of liver injury in NAFLD is considered to
be a “multiple-hit process”. The first “hit” leads to an
increase in liver fat, while the next multiple factors lead
[5]
to inflammation . Indeed, the early manifestation of
NAFLD is triglyceride accumulation in the liver associated
with insulin resistance, which is considerably affected
by factors such as hyperenergetic diets, sedentary
lifestyle, and genetic susceptibility. Fat accumulation in
the liver is associated with lipotoxic hepatocellular injury
due to elevated free fatty acids, free cholesterol and
other lipid metabolites. Thus, mitochondrial dysfunction
with oxidative stress and endoplasmic reticulum stress[6]
associated mechanisms are activated .
Obesity is considered a key player in the develop
ment of NAFLD, and the majority of patients with
NAFLD are either obese or overweight. However,
NAFLD has been reported also in lean subjects.
“Lean” NAFLD represents subpopulation of patients
with fatty liver and normal BMI. These patients are
usually insulin resistant and have low HDL-C and
higher triglyceride concentrations when compared to
[7]
lean healthy controls . Visceral obesity (as opposed
to general obesity), insulin resistance, high fructose
and high cholesterol intake are the most prevalent
risk factors for lean NAFLD, although genetic factors
(e.g., Palatin-like phospholipase domain -containing
3 and Transmembrane 6 superfamily member 2 gene
variants) may have an important role.
NAFLD diagnosis requires proof of steatosis, which
relies on imaging techniques in clinical practice. Liver
biopsy remains the gold standard to address such
diagnosis and is the only valid method for differentiating
NASH from simple steatosis, however it is neither
feasible nor ethical to perform liver biopsy as a tool in
all putative patients. Noninvasive imaging techniques,
such as ultrasound (US), computed tomography
(CT), magnetic resonance imaging (MRI), and proton
magnetic resonance spectroscopy (MRS), can also
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DIET IN NAFLD TREATMENT
Results of studies regarding pharmacological options for
[11]
treatment of NAFLD are inconclusive . At the moment
the best treatment to manage NAFLD is lifestyle
[11]
intervention to achieve weight loss . A 7% to 10%
body weight reduction after energy restriction and/or
regular physical activity is associated with histological
improvement, resolution of liver fat, necroinflammation
[16,17]
and fibrosis
. Though weight loss is considered the
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content of complex carbohydrates and fibers. Ancel
Keys, who conducted large multinational studies in
[22-24]
, first reported a lower mortality
the 1950s-1980s
rate from CVD and cancer among people living in
Greece - as well as in certain parts of Italy and the
former Yugoslavia - in comparison to other populations.
Afterwards, other studies have confirmed these findings,
recognizing MD as a healthy and useful diet for reducing
[25-28]
the risk of CVD and cancer
as well as of obesity
[29]
and type 2 diabetes . Yet, MD has been proposed
[30]
as a longevity determinant in these populations .
Many studies suggest that the protective effects of MD
may be due mostly to the anti-inflammatory and antioxidant properties of its components. In particular,
the capacity of MD to reduce the risk of development
and progression of NAFLD has been attributed to
the nutraceutical effect of bioactive compounds and
phytochemicals with antioxidant and anti-inflammatory
capacity such as fibers, monounsaturated and omega-3
[31,32]
fatty acids and phytosterols
. NAFLD is associated
with visceral obesity, insulin resistance, dyslipidemia,
and chronic inflammation all of which are features
of Mets. MD may improve NAFLD by modulating
the presence of these conditions. In particular, the
antioxidant and anti-inflammatory effects as well as
the lipid-lowering effects and gut-microbiota-mediated
production of metabolites are the principal mechanisms
by which MD can influence metabolic health as well as
NAFLD.

Table 1 Traditional Mediterranean diet components
Components

Consumption

Fresh fruits

Daily, 3 servings

Rich in

Vitamin C, polyphenols,
carotenoids, fibers
Vegetables
Daily, 6 servings
Vitamin C, polyphenols, ω-3PUFA, carotenoids, fibers
Olive oil
Daily1
MUFA, polyphenols
Unrefined cereals
Daily, 8 servings
Polyphenols, fibers
Nuts
Weekly
Polyphenols, ω-3-PUFA,
fibers
Legumes
Weekly, ≥ 3 servings
Polyphenols, fibers
Fish
Weekly, 5-6 servings
ω-3-PUFA
Red wine
Weekly, ≥ 7 glasses
Polyphenols
1

As the main added lipid.

most effective treatment in NAFLD, some diets that
involve excessive and/or rapid weight loss (e.g, very
low carbohydrate, high fat diets) may actually cause or
[18,19]
exacerbate the disease, inducing insulin resistance
.
As weight reduction is a consequence of physical activity
and a ‘healthy diet’, dietary habits rather than weight
[18]
loss per se may improve NAFLD . Dietary treatment
to achieve weight loss must have not only quantitative
but also qualitative characteristics. Most studies
conclude that energy restriction alone is not enough to
[20]
treat NAFLD , and that the composition of the diet,
with modulation of both macro and micronutrients,
[21]
is crucial . Therefore, a balanced nutrition and a
moderate weight loss can now be considered as the
best therapeutic approach in NAFLD. According to
international guidelines, the first step for treating NAFLD
is to limit the intake of calories, of fats (saturated fatty
acids, trans fatty acids), and of fructose and, conversely,
to increase the intake of lean protein, fibers, and n-3
[15]
polyunsaturated fatty acid (PUFA) . Indeed, MD
appears as a useful dietary option to produce weight
loss followed by concomitant metabolic benefit for
NAFLD.

CLINICAL STUDIES ON MEDITERRANEAN
DIET IN NAFLD PATIENTS
Cross sectional studies

Recently, researchers have focused on the possible
association between MD and NAFLD. Data from cross
sectional studies suggest that MD components have
[33]
a beneficial effect on NAFLD . As such, the EASLEASD-EASO clinical Practice Guidelines have recently
encouraged MD as a lifestyle choice for treating the
[16]
disease . The available studies are presented in table
[34-40]
[34]
1
. Kontogianni et al were the first to explore the
potential impact of MD on NAFLD and its severity in 73
overweight/obese adult patients, of whom 34 had liver
biopsies. They found that the MD score was inversely
associated to serum alanine aminotransferase (ALT)
and insulin concentrations as well as to histological
characteristics of severe steatosis. A higher adherence
to MD (as determined by MedDietScore) was not
followed by a lower likelihood of having NAFLD, even
after adjustment for abdominal fat level. However, it was
[34]
associated with a less severe liver disease . Indeed,
patients with nonalcoholic steatohepatitis (NASH) were
less likely to adhere to MD (P = 0.004) versus patients
without NASH. Limitations of the study are the crosssectional design which enables to establish a casual
relation; the small sample size; and patients’ selection

MEDITERRANEAN DIET
MD is a nutritional model which has its origins in the
States surrounding the Mediterranean Sea. It was
therefore traditionally used by the populations living
in these regions. Although MD pattern may vary
among countries and regions owing to cultural, ethnic,
religious and agricultural differences, the common MD
pattern consists of eating primarily unrefined cereals,
vegetables and fresh fruit, olive oil, and nuts; eating
fish, white meat and legumes in moderation; limiting
red meat, processed meats and sweets; and drinking
red wine in moderation (Table 1). Therefore, the main
characteristics of MD are beneficial fatty acid profile
consisting of a low consumption of saturated fat and
cholesterol, and, conversely, of a high consumption of
monounsaturated fatty acid (MUFA) with a balanced
PUFA omega-6 to omega-3 ratio, along with a high
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criteria (elevated ALT, and ultrasound diagnosis of fatty
liver and its severity). Similarly, in a study including 82
[35]
adult subjects with biopsy-proven NAFLD, Aller et al
demonstrated that patients with greater adherence to
MD (as determined by the 14-item MD assessment
tool) were less likely to present histological features of
severe steatosis and NASH, as well as to have severe
insulin resistance. In a population-based study involving
[36]
797 apparently healthy Chinese adults, Chan et al
evaluated the relationship between two diet-quality
scores [Diet Quality Index-International (DQI-I) and MD
score] in subjects with (n = 220) and without (n = 577)
NAFLD [as established by proton-magnetic resonance
1
spectroscopy ( H-MRS)]. DQI-I, but not the MD score,
was significantly related to the NAFLD prevalence,
and this association was stronger in overweight/obese
versus normal weight subjects. Lack of an association
between MD and NAFLD prevalence can be explained
by the fact that the intake of certain foods such as milk
and milk products, olive oil, wine and nuts was lower in
[36]
this study cohort than in the traditional MD . Although
[36]
the study by Chan et al
included a relatively large
sample size and the diagnosis of NAFLD was achieved
1
by H-MRS, its major limitation is represented by lack
of adjustment in the analysis of lifestyle factors such
[37]
as physical activity. Recently, Trovato et al in a study
involving 1199 overweight/obese adult patients [with
(n = 532) and without (n = 667) ultrasound-diagnosed
hepatic steatosis] found that NAFLD patients were
less likely to be adherent to MD. Notably, poor MD
adherence strongly predicted the occurrence of NAFLD,
independently of body mass index (BMI), homeostatic
model assessment of insulin resistance (HOMA-IR), and
[38]
physical activity score. Very recently, Baratta et al
showed that MD adherence was inversely related to
NAFLD prevalence (as assessed by ultrasound) in a large
cohort of overweight/obese adults with cardio-metabolic
risk. Subjects with intermediate to high adherence to
MD were less likely to have NAFLD and more likely to
[38]
improve cardio-metabolic features . Again, limitations
of the last two studies include their cross-sectional study
design; lack of a normal weight control group; and use
of ultrasound for diagnosing NAFLD.
In children (Table 2), there are only two studies on the
[39,40]
[39]
association between NAFLD and MD
. Cakir et al
first analyzed in obese youths the association between
MD adherence [as assessed by the Mediterranean Diet
Quality Index (KIDMED)] and NAFLD (as diagnosed
by ultrasound and/or elevated ALT levels, as well as by
exclusion of other causes of fatty liver disease). The
authors evaluated overweight/obese children with (n =
106) and without (n = 21) NAFLD, as well as children
(n = 54) with normal BMI and without known chronic
disease. Subjects with a low MD adherence were more
likely to present with a higher BMI, though no correlation
was found with other parameters including steatosis
severity. Limitations of the study are the cross-sectional
design; the small sample size; assessment of fatty liver
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severity by ultrasound; and failure to include physical
[39]
[40]
activity level . Very recently, Della Corte et al analyzed
the adherence to MD (as assessed by the KIDMED score)
in 243 overweight/obese youths with and without NAFLD.
Of these, 100 underwent liver biopsy. Poor adherence
to MD was related to severity of liver damage as well as
to higher levels of C-reactive protein (CRP), insulin and
HOMA-IR values, homeostatic model assessment of β
cell function and blood pressure levels, thus suggesting
[40]
increased inflammatory potential of unhealthy diets .
Lack of a normal weight control group as well as failure
to adjust for confounding variables are major limitations
of this study.

CLINICAL STUDIES ON MEDITERRANEAN
DIET IN NAFLD PATIENTS
Longitudinal studies

Longitudinal studies are available, to our knowledge,
[33,41-46]
[41]
only in adult patients (Table 3)
. Fraser et al
in
a quasi-randomized trial evaluated the effect of three
different dietary interventions [the 2003 recommended
American Diabetes Association diet; a low glycemic index
(LGI) diet; and a modified MD] on ALT concentrations in
259 individuals with obesity and type 2 diabetes. Foodenergy intake was similar across all three diets,but diet
profiles differed in fat and carbohydrate components.
The lowest ALT level at 6 and 12 mo of follow-up was
achieved after MD intervention, independently of weight
[41]
loss, HOMA-IR or triacylglycerol values . In a very
small, randomized, cross-over intervention trial involving
12 non-diabetic patients with biopsy-diagnosed NAFLD,
[42]
Rayan et al compared MD to an isoenergetic standard
low fat-high carbohydrate diet. After 6 wk of treatment,
patients experienced after MD intervention a 38% re
1
duction in liver steatosis (as assessed by H-MRS) and
improvement of insulin sensitivity compared to patients
on low-fat, high-carbohydrate diet, independently of
[42]
weight loss or waist circumference changes . In a
randomized,controlled study involving adult subjects
[43]
wth type 2 diabetes, Bozzetto et al
evaluated the
effects of an isoenergetic MUFA diet versus a diet higher
in carbohydrate and fiber. They found that the hepatic
1
fat content (as measured by H-MRS before and after
8 wk of intervention) significantly decreased with MUFA
diet, independently of exercise. Subsequently, in a
single arm trial including 90 overweight NAFLD patients,
[44]
Trovato et al
evaluated the Bright Liver Score at
baseline and 1, 3, and 6 mo after MD intervention.
Over the 6-mo period, adherence to MD resulted in a
significant reduction of liver fat content, independently
[44]
of other lifestyle changes . In a 6-mo randomized
[45]
controlled study, Abenavoli et al
compared three
groups of overweight patients with ultrasound-diagnosed
NAFLD who received either MD alone (n = 10), or MD
supplemented with the Reasil complex including silybin
(an extract of Silybum marianum commonly known as
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Table 2 Cross sectional studies on the association between Mediterranean diet and non-alcoholic fatty liver disease
Authors, year,
[ref.]
country

Patient population

NAFLD Diagnosis

Adherence to MD

Kontogianni,
2014, Greece[34]

Comment

73 overweight/obese
Patients who met all the
Adherence to MD (as estimated
adult patients with
following criteria: abnormal
by MedDietScore) did not differ
NAFLD vs 58 age-,
ALT and/or GGT; ultrasound
significantly between patients and
gender-, and BMIevidence of hepatic steatosis
controls
matched controls with
and/or compatible liver
normal liver ultrasound/ histology; and no other cause
liver chemistry
of liver steatosis
Aller, 2015,
82 adult patients with
Liver biopsy in all 82 patients Higher adherence to MD (as estimated
Spain[35]
NAFLD (of whom 56
by the 14-item MD assessment tool)
had NASH, and 26 nonwas higher in patients with low grade
NASH; 35 had steatosis
of steatosis than in those with high
grade 1, and 47 steatosis
grade, in patients without NASH than
grades 2 and 3)
in those with NASH, and in patients
without liver fibrosis than in those with
liver fibrosis
1
Chan, 2015,
797 apparently healthy
H MRS was performed to
Subjects with fatty liver showed lower
Hong Kong[36] Chinese adults (332 male,
measure IHTG.
gender-adjusted MD score than those
465 female) of whom 220
Fatty liver was defined as
without fatty liver
(27.6%) had diagnosis of
IHTG ≥ 5%
fatty liver
Trovato, 2016, 1199 overweight/ obese
Hepatic steatosis and its
Greater prevalence of overweight/
Italy[37]
adult patients with (n
severity were assessed by
obesity (as assessed by BMI) and
= 532) and without (n =
ultrasound
insulin resistance (as assessed by
667) hepatic steatosis
HOMA-IR), sedentary life habits,
increased TG and HDL-C, greater use
of Western diet food, as well as poor
adherence to MD (as assessed by 1-wk
recall questionnaire) were found in
patients with hepatic steatosis vs those
without it
Baratta, 2017,
584 overweight/obese
Ultrasound evaluation
57 (9.8%) patients had low MD
Italy[38]
adult patients with ≥ 1
adherence (as estimated by MedCVD risk factor
Diet questionnaire), while 436 (74.6%)
and 91(15.6%) had, respectively,
intermediate and high MD adherence.
NAFLD prevalence significantly
decreased from subjects with low to
high adherence to MD (from 96.5% to
71.4%, P < 0.001)
Cakir, 2016,
Overweight/obese
Assessment of hepatic
Prevalence of a low level of MD
Turkey[39]
children with (n = 106,
steatosis and its severity by adherence (as established by KIDMED
Group 1) and without (n
ultrasound
index score) was significantly higher
= 21, Group 2) hepatic
in Group 1 children compared to those
steatosis; and children
belonging to Groups 2 or 3
with normal BMI and
without known chronic
disease (n = 54, Group 3)
Della Corte,
2017, Italy[40]

4 subgroups of
Among the 243 study children,
overweight/obese
ultrasound identified and
children: with and
excluded fatty liver in 66 and
without fatty liver; with
77, respectively.
and without NASH.
The remaining 100 underwent
liver biopsy identifying and
excluding NASH in 53 and 47,
respectively

Higher adherence to MD was not
associated with lower likelihood of
having NAFLD (even after adjustment
with abdominal fat level). However,
it was associated with lesser degree of
insulin resistance and less severe liver
disease among patients with NAFLD
In the logistic regression analysis,one
unit of the 14-item MD assessment
tool was associated with a lower
likelihood of having NASH (OR =
0.43) and steatosis (OR = 0.42)

Multivariate adjusted regression
analyses showed an inverse
association between MD score and
prevalence of fatty liver, which
approached the level of significance
Multiple regression analysis,
weighted by years of age, displayed
BMI, HOMA-IR and adherence to MD
as the most powerful predictors of
hepatic steatosis severity

In a multiple logistic regression
analysis, MD adherence (intermediate
vs low OR = 0.115; P = 0.041; high
vs low OR: 0.093; P = 0.030) were
independently associated with
NAFLD

The level of adherence to MD was
negatively correlated with BMI, but
no significant correlation was found
with ALT, total body fat, TG, and
HOMA-IR.
No significant difference in the level
of MD adherence was found between
patients with hepatic steatosis grade1
and those with grades 2 and 3
Prevalence of a low level of adherence Poor adherence to MD was associated
to MD (as estimated by KIDMED score)
to severe liver damage, with a
was significantly higher in patients
negative correlation with NAFLD
with NASH compared to those without
activity score and fibrotic stage
NASH as well as to those with and
without fatty liver (100% vs 28.8% vs
37.9% vs 9.1%; P = 0.01)

ALT: Alanine aminotransferase; BMI: Body mass index; CVD: Cardiovascular disease; GGT: Gamma-glutamyl transferase; 1H MRS: Proton magnetic
resonance spectroscopy; HOMA-IR: Homeostasis model assessment of insulin resistance; IHTG: Intrahepatic triglyceride content; MD: Mediterranean diet;
NAFLD: Non-Alcoholic Fatty Liver; NASH: Non-Alcoholic Steatohepatitis; OR: Odds ratio; TG: Triglycerides.

milk thistle), phosphatidylcholine and vitamin E (n =
10), or no pharmacological and nutritional treatment
(n = 30) . After 6 mo of follow-up, MD either alone
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or in association with the Realsil complex resulted in
significant improvement in fat accumulation as well
as in BMI, waist circumference, total cholesterol,
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Table 3 Longitudinal studies on the effects of Mediterranean diet on non-alcoholic fatty liver disease in adult patients
Authors, year,
[ref.]
country
Fraser, 2008,
Israel[41]

Bozzetto,
2012, Italy[43]

Ryan, 2013,
Australia[42]

Trovato, 2015,
Italy[44]

Study design

Patient population

Intervention (duration,
type, number of patients)

An open label,
Overweight /obese
parallel design,
patients with T2DM
quasi-randomized
(allocation by
alternation)
controlled trial
Randomized,
36 overweight /obese
controlled,
patients with T2DM
parallel-group
design

Liver outcome

3 groups at 6/12 mo:
ALT levels significantly
1. ADA diet, n = 64/54;
decreased at 6 and 12 mo in
2. Low GI diet, n = 73/64; modified MD vs low GI or ADA
3. Modified MD, n = 64/61. diets, independently of waist
Energy contents similar in to hip ratio, BMI, HOMA and
all three diets
triacylglycerol values
8 wk, 4 groups:
Liver fat (as measured by 1H
1. High-CHO/ high-fiber/ MRS) decreased more in groups
low GI diet, n = 9;
2 (-25%) and 4 (-29%) than in
2. MUFA diet, n = 8;
groups 1 (-4%) or 3 (-6%).
3. High-CHO/ high-fiber/ Two-way repeated-measures
low GI diet + exercise, n = ANOVA showed a significant
10;
effect on liver fat content for
4. MUFA diet + exercise, n MUFA diet, independently of
= 9.
exercise.
There were no significant ALT
and AST changes in all groups.
A randomized,
12 non-diabetic
A cross-over 6-wk dietary
MD group demonstrated a
controlled, cross- patients with a biopsyintervention study
significant decrease in liver
over study
proven NAFLD at
comparing traditional MD fat (as measured by 1H MRS)
baseline
vs low fat/high-CHO
compared to the low fat/ highCHO group (39% vs 7%).
ALT and GGT did not
significantly decrease with either
diet

Single arm

Non-diabetic
overweight/obese
patients with
ultrasound evaluation
of liver fat changes
from baseline

Abenavoli,
2015, Italy[45]

Controlled
randomized
study

Overweight/obese
patients with
ultrasound evaluation
of liver fat changes
from baseline

Misciagna,
2016, Italy[46]

Randomized,
controlled,
parallel-group
design

A population almost
composed of nondiabetic overweight/
obese patients (18 to
79 years old, without
overt CVD) with
ultrasound evaluation
of liver fat at baseline
and follow-up

WJG|www.wjgnet.com

90 patients following
intervention with MD
alone for 1, 3, and 6 mo

Other outcomes

At the end of intervention, there
were no significant changes in
body weight,WC, as well as in
glucose, total cholesterol, LDL-C,
HDL-C, TG, and HOMAIR values from baseline in all
groups

At the end of intervention, no
significant changes in body
weight, WC, as well as in TG,
and HDL-C in both groups.
Peripheral insulin sensitivity
improved only in the MD group.
Systolic BP declined significantly
in both groups, though to a
lesser degree in the low fat/
high-CHO group
Significant decrease of BMI
followed by parallel increases
of the MD adherence as well
as of physical activity were
observed from the first month of
intervention.
Significant decrease of HOMAIR was observed only after 3 and
6 mo

Liver fat significantly decreased
only after 6 mo of intervention.
By a multiple linear regression
model, changes in adherence to
the MD and BMI were found
to independently explain the
variance of decrease of liver fat
(R2 = 0.519; P < 0.0001).
No significant ALT changes
were observed throughout the
follow-up
6 mo, 3 groups:
Compared to the group that
Compared to the group that did
1. Hypocaloric MD, n = 10; did not undergo any treatment, not undergo any treatment, those
2. Hypocaloric MD plus
MD either alone or associated
following the MD either alone
Realsil complex, n = 10;
with the Realsil complex led to
or associated with the Realsil
3. No treatment, n = 10. significant improvement in liver complex had improvement in
steatosis
BMI, WC, hip circumference, as
well as in total cholesterol, and
TG.
Improvement in insulin
sensitivity occurred only in
patients receiving MD plus the
Reasil complex
3 and 6 mo, 2 groups:
MD with low GI was associated Six months after intervention,
1. MD with low GI, n = 44; until 55 yr of age, in both men
in both groups, the number of
2. Control diet(based on and women, with a more intense obese patients decreased while
INRAN guidelines), n = 46
reduction in liver fat than a
the number of overweight
control diet, at both the 3rd and
subjects increased.
6th month
Lower TG and glucosemia were
found at 6 mo in both groups
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Gelli, 2017,
Italy[33]

Single arm

46 (11 normal weight;
35 overweight/obese)
subjects (42 with ≥
1 MetS component;
4 with T2DM) with
ultrasound evaluation
of liver fat at baseline
and follow-up

All patients followed
intervention with MD
alone for 6 mo

At end-intervention, the
At end of intervention, of the 35
percentage of patients with
overweight/obese patients, 12
hepatic steatosis grade ≥ 2
showed ≥ 7% weight reduction
was reduced from 93% to 48%; while 7 achieved normal weight;
mean AST, ALT, GGT decreased mean serum total cholesterol,
significantly
HDL-C, AST, TG, glucose
concentrations, and HOMA-IR
values significantly improved

ADA: American Diabetes association; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; BP: Blood pressure;
CHO: Carbohydrates; GGT: Gamma-glutamyl transferase; GI: Glycemic index; 1H MRS: Proton magnetic resonance spectroscopy; HDL-C: High density
lipoprotein-cholesterol; HOMA-IR: Homeostasis model assessment of insulin resistance; INRAN: Italian National Research Institute for Foods and
Nutrition; LDL-C: Low density lipoprotein-cholesterol; MD: Mediterranean diet; MetS: Metabolic syndrome; MUFA: Monounsaturated fatty acid; T2DM:
Type 2 diabetes mellitus; TG: Triglycerides; WC: Waist circumference.

[45]

triglyceride and insulin resistance values . In a
[46]
randomized controlled study, Misciagna et al
com
pared two groups of non-diabetic overweight-obese
patients with moderate/severe ultrasound-diagnosed
NAFLD who followed, respectively, a control diet (based
on the Italian National Research Institute guidelines)
and a low glycemic Index Mediterranean Diet (LGIMD).
Compared to the control diet, LGIMD resulted in a major
th
th
[46]
reduction of liver fat at both 3 and 6 month . Finally,
very recently, in a single arm, observational study, Gelli
[33]
et al
treated with MD 46 normal weight (n = 11) or
overweight/obese (n = 35) patients with NAFLD. They
determined liver enzymes, metabolic parameters, CVD
risk indexes, and ultrasound-based NAFLD severity. At
the end of treatment, the proportion of patients with
liver steatosis grade ≥ 2 was reduced from 93% to
48%. Also, metabolic parameters and liver enzymes
[33]
decreased significantly .
Several points need be considered when interpreting
the results of the aforementioned studies. First, they
were based on high-risk populations, therefore not
representative of the general population. Second, most
of them were based on a small sample size. Notably,
none of the studies provided information on how sample
size was calculated and how participants were randomly
assigned to the intervention groups. As matter of fact,
there may be synergistic and antagonistic interactions
among food components of MD that may be difficult to
detect unless very large samples are used. Third, MD
includes a variety of eating patterns and, therefore, a
wide range in assessment score items. As such, using a
score for assessment of adherence to a dietary pattern
is limited by subjectivity, leading therefore to a great
variability in interpretation of study results. Fourth,
the majority of studies utilized ultrasonography that is
known to be highly operator-dependent, and to have
limited repeatability and reproducibility. In addition,
ultrasonography has shown low accuracy in assessing
severity of liver disease including presence and extent of
[47]
fibrosis . Fifth, most studies failed to take into account
total energy intake. Finally, most studies failed to adjust
for potential confounders including physical activity, and
socioeconomic and cultural levels, which might have
influenced lifestyle habits of the population studied.
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BIOLOGICAL MACHANISMS OF
MEDITERRANEAN DIET
Anti-inflammatory and antioxidant effects of MD
components

MD is based on compounds, such as polyphenols,
vitamins and other biomolecules that have antiinflammatory and antioxidant effects. This seems to be
relevant, since inflammation and oxidative stress play a
central role in the pathogenesis of NAFLD/NASH.
Polyphenols are present in whole-grain cereals,
vegetables and fresh fruits, olive oil, nuts and red
wine. They are a heterogenic group of bioactive com
pounds, including several hydro-soluble antioxidants,
[48]
characterized by a phenolic structure . Based on
their chemical structure, there are two categories of
polyphenols: flavonoid polyphenols, and the non[49]
flavonoid polyphenols .
Flavonoids are polyphenolic compounds that are
[50]
ubiquitously found
and provide much of the flavor
and color to fruits and vegetables. They have hepatoprotective effects in view of their antioxidant and anti[49,51-53]
inflammatory potential
. Among non-flavonoids,
resveratrol, a stilbene polyphenol content in red wine,
has been shown to exert hepato-protective activity
by affecting the three interacting components of
homeostasis such as the vessel, the blood platelets and
[54,55]
the clotting and the fibrinolytic system of plasma
.
Vitamins, which are significant components of MD,
can also be considered dietary antioxidants. They
reduce cellular stress and, in this way, they have a
pivotal role in preventing NAFLD progression. Vitamin
E has been shown to improve histological features of
[56-59]
NASH
. Vitamin D has immunomodulatory, antiinflammatory and anti-fibrotic properties while vitamin D
supplementation has been demonstrated to ameliorate
[60,61]
NAFLD histopathology
. When incubated with isolated
rat liver, vitamin C has been shown to decrease levels of
mitochondrial reactive oxygen species generation, and
to increase the levels of antioxidant enzymes and the
[62]
activity of the electron transport chain .
Carotenoids are also part of MD; they comprise a class
of natural fat-soluble pigments acting as antioxidants,
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[63]

which are found in several fruits and vegetables . Among
them, lycopene has been investigated as a potential
protective agent in NAFLD in view of its potent antioxidant
[64]
effects . Studies in lycopene-fed rats have shown that
lycopene has a preventive effect on experimental NASH by
reducing steatosis and inflammation as well as oxidative
[65]
stress .

components, mainly beans, vegetables and fruits and
whole-grain cereals. Water-soluble fibers have been
shown to increase the rate of bile excretion therefore
[75]
reducing serum total and LDL cholesterol .

GUT MICROBIOTA AND MD
COMPONENTS

Lipid-lowering effect of MD components

The liver is closely connected to the gut as it receives
about 70% of its blood supply directly from the
intestine via the portal vein. Therefore, it is one of the
organs mostly exposed to gut-derived toxic products,
such as bacteria and bacterial derivates. This crosstalking between the intestine and the liver is known
as the “gut-liver axis” and has been linked to liver
pathologies, including NAFLD. The relationship between
NAFLD and altered microbiota is mainly supported
[76,77]
by studies on animal models
.There are limited
[78,79]
data in humans
. Gut microbiota plays a crucial
role in the complex pathogenesis of NAFLD through
a variety of mechanisms such as predisposition to
obesity, induction of insulin resistance as well as of liver
[80]
inflammation, and alteration of choline metabolism .
Other mechanisms include increased microbiomemodulated metabolites such as bile acids, short chain
fatty acids, lipopolysaccharides as well as dysbiosis[81]
induced intestinal barrier dysfunction . Many different
factors may influence microbiota composition, including
age, comorbid conditions, host genotype and exposure
[82]
to antibiotics, and dietary habits . Diet largely
[83]
influences gut microbiota and its products . Specific
dietary factors, such as macronutrient composition (e.g.
increased protein intake), food type (e.g. glycemic index
or load) or the presence of specific bioactive compounds
(omega-3 fatty acids, fibers or polyphenols) have been
shown to influence the diversity and functionality of
[84]
the gut microbiota . Also protein, insoluble fibers and
fat content have important effects on gut microbiota
structure, function, and its secretion of metabolites that
modulate immune function and multiple metabolic and
[85-87]
inflammatory pathways
. Therefore, MD may have
a significant impact on the composition and diversity of
the microbiota. As MD is characterized by a high dietary
fiber intake, it promotes beneficial modification of the
gut microbiota with decreased Firmicutes and increased
Bacteroides, which have been shown to ameliorate
obesity, inflammation and related metabolic alterations.
Polyphenols contained in MD induce an increase in
Bifidobacteria, associated with various metabolic
benefits such as plasma cholesterol reduction and a
[88]
decrease of C-reactive protein (CRP) . Gut microbial
production of trimethylamine N-oxide from dietary
choline and l-carnitine enhances the risk of developing
CVD in both animals and humans, independently of
[89]
CVD risk factors . MD benefits on the gut microbiota
could also be the consequence of a low content of
choline and l-carnitine in MD diet.

The beneficial effects of MD on the hepatic lipid
metabolism and, consequently, on NAFLD prevention,
is influenced primarily by its fatty acid composition
which is characterized by high MUFA content with a
balanced PUFA omega-6 to omega-3 ratio due to the
abundance of vegetables, legumes, nuts, olive oil and
[66]
fish (instead of red meats) . It has been proved that
MUFA intake may prevent the development of NAFLD
by improving plasma lipid levels, reducing body fat
accumulation and decreasing postprandial adiponectin
[67,68]
expression
. PUFA regulate three major transcriptional
factors controlling multiple pathways involved in hepatic
carbohydrate and lipid metabolism. PUFA activation of
hepatic peroxisome proliferator-activated alpha (PPARα)
enhances fatty acid oxidation, while PUFA suppression of
sterol regulatory element binding protein-1 (SREBP-1)
and of carbohydrate regulatory element binding protein
(ChREBP)/Max-like factor X (MLX) results in the inhibition
of glycolysis and of de-novo lipogenesis. As such, PUFA
promote a shift in metabolism toward fatty acid oxidation
and away from fatty acid synthesis and storage, and may
[69,70]
positively affect NAFLD
. In addition to improvement
in steatosis, PUFA may induce an independent, antiinflammatory effect via suppression of tumor necrosis
factor and interleukin-6, responsible for the inflammation
[71]
occurring in NASH . Opposite health effects have been
found regarding the role of n-6 PUFA on NAFLD. N-6
PUFA, such as linoleic acid may have a pro-inflammatory
role due to their direct relation with the production of
arachidonic acid (AA). AA is metabolized to give rise to
the eicosanoid family of inflammatory mediators (e.g.
prostaglandins, leukotrienes and related metabolites),
and through these to regulate the production of
[72]
inflammatory cytokines . Excessive amounts of
omega-6 PUFA and a very high omega-6 to omega-3
ratio have been involved in the pathogenesis of many
diseases, including CVD, cancer, and inflammatory and
[73]
autoimmune diseases . A proportionally high intake of
n-6 PUFA is considered pro-inflammatory and possibly
associated with an increased risk of MetS. Therefore, not
only PUFA intake but also the n-6 PUFA to n-3 PUFA ratio
is relevant.
Several studies have shown that a reduced intake of
saturated fat is associated with a reduction of plasma
concentrations of total cholesterol, very low density
[74]
lipoprotein (LDL)-cholesterol and triglycerides .
MD can also contribute to lowering plasma cho
lesterol by high consumption of water-soluble fibers
which are found in large concentration in some MD
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CONCLUSION
11

MD, low in saturated fats and animal protein, high in
antioxidants, fiber and MUFA, and with an adequate
omega-3 to omega-6 fatty balance, represents an
healthy dietary pattern, which has been shown to
decrease CVD, MetS, and type 2 diabetes. Although MD
seems particularly attractive for its potential to improve
liver status, literature concerning the efficacy of this
dietary pattern in patients with NAFLD is still limited to
few cross-sectional as well as to few longitudinal studies
with certain limitations. In particular, longitudinal
studies have included small sample size, short-term
follow-up, different designs, different time points of
data collection, and above all poor methodology for
reporting the trial or diagnosing the liver outcome and
its associated comorbidities, anyone of which or any
combination of which may limit the generalizability of
study results. There is room for adequate randomized
dietary intervention trials comparing MD with a control
diet in a large sample of the general population,
along with a validation of the MD indexes in the
heterogeneous patient population with NAFLD.
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and expression of covalently-closed circular DNA. Gene
therapy with small interference RNA may be an effective
approach to ensure inhibition of viral expression and
disease progression, and hepatitis B virus X gene (HBX )
transcripts could be optimal targets for this therapy. This
study includes patients with different HBV genotypes
and clinical stages to cover many clinical and virological
situations. Using next-generation sequencing, we found
two hyper-conserved HBX regions, candidates for small
interference RNA therapy, which could enable pangenotypic inhibition of HBV expression, regardless of the
patients’ disease status.
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Abstract
AIM
To detect hyper-conserved regions in the hepatitis
B virus (HBV) X gene (HBX ) 5’ region that could be
candidates for gene therapy.

González C, Tabernero D, Cortese MF, Gregori J, Casillas R,
Riveiro-Barciela M, Godoy C, Sopena S, Rando A, Yll M,
Lopez-Martinez R, Quer J, Esteban R, Buti M, Rodríguez-Frías
F. Detection of hyper-conserved regions in hepatitis B virus X
gene potentially useful for gene therapy. World J Gastroenterol
2018; 24(19): 2095-2107 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i19/2095.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i19.2095

METHODS
The study included 27 chronic hepatitis B treatmentnaive patients in various clinical stages (from chronic
infection to cirrhosis and hepatocellular carcinoma, both
HBeAg-negative and HBeAg-positive), and infected with
HBV genotypes A-F and H. In a serum sample from
each patient with viremia > 3.5 log IU/mL, the HBX
5’ end region [nucleotide (nt) 1255-1611] was PCRamplified and submitted to next-generation sequencing
(NGS). We assessed genotype variants by phylogenetic
analysis, and evaluated conservation of this region by
calculating the information content of each nucleotide
position in a multiple alignment of all unique sequences
(haplotypes) obtained by NGS. Conservation at the HBx
protein amino acid (aa) level was also analyzed.

INTRODUCTION
Despite the efficacy of preventive vaccines, an
estimated 257 million people are living with chronic
hepatitis B virus infection (CHB) and more than 880000
people die each year of hepatitis B virus (HBV)-related
complications such as cirrhosis and hepatocellular
carcinoma (HCC) (WHO report, July 2017).
HBV is an enveloped DNA virus with partially doublestranded circular DNA. HBV replication requires RNA
intermediate and the activity of a reverse transcriptase.
This implies a high probability that genetic mutations
will occur, as the reverse transcriptase lacks 3’ to
5’ proofreading activity, leading to a viral mutation
-4
-5
rate of 10 to 10 substitutions/site/year, similar
[1]
to that observed for RNA viruses . Inter- and intra
genotype recombination events can further increase
[2]
HBV variability . Hence, HBV circulates as a complex
[3]
mixture of genetic variants, known as a quasispecies ,
that enables the virus to escape from the host’s
immune system, antiviral treatment, and vaccination,
thereby promoting progression to CHB. Furthermore,
the mutational profile is closely associated with HBV
genotype, and the genotype is associated with differing
effectiveness of the treatments used and outcomes of
[4,5]
the infection .
The main therapeutic approach for HBV infection
is based on inhibition of the viral polymerase by the
action of nucleotide analogues, whose goal is to
improve the patients’ quality of life and prolong survival
[6]
by preventing progression of the disease . However,
HBV cannot be completely eradicated with these drugs
because the viral intermediate known as covalently
closed circular DNA (cccDNA) can persist within the
nucleus of HBV-infected liver cells. cccDNA interacts

RESULTS
NGS yielded 1333069 sequences from the 27 samples,
with a median of 4578 sequences/sample (2487-9279,
IQR 2817). In 14/27 patients (51.8%), phylogenetic
analysis of viral nucleotide haplotypes showed a
complex mixture of genotypic variants. Analysis of
the information content in the haplotype multiple
alignments detected 2 hyper-conserved nucleotide
regions, one in the HBX upstream non-coding region (nt
1255-1286) and the other in the 5’ end coding region
(nt 1519-1603). This last region coded for a conserved
amino acid region (aa 63-76) that partially overlaps a
Kunitz-like domain.
CONCLUSION
Two hyper-conserved regions detected in the HBX 5’ end
may be of value for targeted gene therapy, regardless
of the patients’ clinical stage or HBV genotype.
Key words: Hepatitis B virus; Hepatitis B X gene;
Hepatitis B X protein; Gene therapy; Next-generation
sequencing; HBV conserved regions; Small interference
RNA
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) is not cured with classic
treatments, and liver disease can progress by persistence
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with histone and non-histone proteins, including viral
proteins such as the core and X protein (HBx), and
forms a minichromosome that permits transcription of
[7]
HBV genes , including pregenomic RNA, the precursor
of de novo viral DNA genomes. Because cccDNA persists,
it constitutes a viral reservoir that could promote
[8]
reactivation of the infection after treatment interruption .
Within this challenging scenario, research has been
aimed at deeply investigating the host-virus interactions
to better understand the mechanisms that establish
persistent HBV infection and to find new therapeutic
targets that can cure it.
In this line, new treatment approaches are currently
[9]
under development , with gene therapy being a
promising option. Homing endonucleases, such as zincfinger endonucleases (ZFNs), transcription activatorlike effector nucleases (TALENs), and RNA-guided
clustered regulatory interspaced short palindromic
repeats associated with the Cas endonuclease family
(CRISPR/Cas), can cleave selected sequences in
cccDNA, resulting in disruption of the gene due to
nonspecific DNA repair with consequent elimination of
[10,11]
the viral minichromosome
. However, systematic
random integration of the viral genome in the host
genome could represent a strong limitation to this
strategy. Indeed, the activity of this “molecular scissors”,
although sequence-specific, could entail a potential risk
of damage for the human genes close to the viral site of
integration.
Another promising gene therapy consists in silencing
specific genes at the post-transcriptional level through
a sequence-specific interaction between an mRNA
[12]
target and small interfering RNA (siRNA) . With this
approach, various regions of the viral mRNA sequence
can be targeted, including non-coding regions, without
affecting the host DNA. Although these therapies show
promise, the high variability of HBV and the association
between this variability and the patients’ clinical
outcome suggests that it may be important to find a
highly conserved target to guarantee their efficacy.
A good candidate for targeted gene therapy could
be the HBx protein, encoded by the HBV X gene (HBX).
This pleiotropic and multifunctional protein transactivates the expression of the viral genes. Together
with the HBV core protein (HBc), HBx attaches to the
[7]
cccDNA structure and is crucial for HBV replication . In
addition, this protein interacts with several cell signaling
pathways and genes, thus affecting many cellular
[13-15]
activities
. Due to its wide range of activity, HBx
plays a key role in the pathogenesis of HBV infection
and disease progression, and is strongly associated
with HCC. Hence, it could be an optimal target for a
hypothetical curative therapy for HBV infection.
The HBX gene, nucleotides (nt) 1374-1838, contains
[16,17]
important regulatory elements
. The coded protein is
comprised of 2 domains. The N-terminal domain [amino
acid (aa) 1-50, encoded by the 5’ end of the gene]

WJG|www.wjgnet.com

acts as negative regulator of the HBx transactivation
function, which resides in the C-terminal domain
(aa 51-154, encoded by the 3’ end). Interestingly, a
significant presence of multiple variants with deletions
and/or insertions (indels) has been found in the 3’ end
[18-20]
of HBX
. Considering this variability, the 3’ coding
region of the X gene would be ruled out as a possible
[21]
therapeutic candidate . However, the conservation at 5’
end of HBX and its potential for use as a gene therapy
target remains unexplored. To silence HBX at the posttranscriptional level, the non-coding region included in
HBX transcripts, upstream of the coding region, should
also be considered. The HBX gene is located near the
co-terminal 3’ end; hence, all HBV mRNAs produced
during the infection include this sequence (Figure 1).
Consequently, by targeting HBX transcripts at the
coding or non-coding level, interference with expression
of all the viral proteins could be achieved.
The aim of this study was to determine the con
servation of a region of the HBV genome encompassing
the HBX 5’ coding region and upstream non-coding
region (included in all HBV transcripts) in samples from
HBV-infected patients in various clinical stages and with
different viral genotypes. The ultimate objective was
to find hyper-conserved regions that might be feasible
targets for gene therapy, which could be used whatever
the patient’s clinical status or HBV genotype.

MATERIALS AND METHODS
Patients and samples

From a cohort of 46 well-characterized CHB patients
attending the outpatient clinic of Vall d’Hebron University
Hospital (Barcelona, Spain), we selected a group of 27
patients in various clinical stages and with different viral
genotypes. The samples included were 17 from HBeAgnegative patients (3 with chronic infection and14 chronic
hepatitis, 2 of them with cirrhosis and 1 with HCC), and
10 from HBeAg positive (2 with chronic infection and
8 with chronic hepatitis, 3 of them with cirrhosis and 2
with HCC, characterized according to the latest EASL
[6]
guidelines ), infected with several HBV genotypes: 5 A,
1 B, 7 C, 8 D, 2 E, 3 F, 1 H (Table 1).
All 27 patients were treatment-naïve, tested nega
tive for hepatitis D virus (HDV), hepatitis C virus (HCV),
and human immunodeficiency virus (HIV), and had a
serum sample with viremia levels > 3.5 logIU/mL, the
sensitivity limit of the PCR to amplify the studied region
(described below). The study was approved by the
Ethics Committee of Vall d'Hebron Research Institute,
and all patients signed a consent form to participate.

Serological and virological determinations

HBV serological markers (HBsAg, HBeAg, and anti-HBe)
and anti-HCV antibodies were tested using commercial
chemiluminescent assays on a COBAS 8000 analyzer
(Roche Diagnostics, Rotkreuz, Switzerland). Antibodies
against HDV were tested using the HDV Ab kit (Dia.Pro
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Figure 1 Hepatitis B virus genome and transcripts. The figure shows the HBV genome (in grey), with the DR1 and DR2 (direct repeat) regions, necessary for viral
DNA synthesis. The viral ORFs are highlighted with colored arrows, and nucleotide positions are reported. Wavy lines show the various HBV transcripts: the 3.5-kb
transcript, corresponding to the pregenomic RNA, which is translated to the core and polymerase and later subjected to reverse-transcription in the viral capsid, or to
the precore/core transcript, which is translated to the precore protein; the 2.4-kb and 2.1-kb transcripts, which are translated, respectively, to large and medium/small
HBsAg); and the 0.7-kB transcript, which is translated to the HBx protein. The region analyzed in this study and its corresponding nt positions are indicated by red
dashed lines. Note that the region of interest is included in all the viral transcripts. HBV: Hepatitis B virus; ORF: Open reading frame.

the universal adaptor M13 (underlined sequence) in
their 5’ end (forward 5’-GTTGTAAAACGACGGCCAGT
ATGCGTGGAACCTTTGTGGCT-3’ and reverse
5’-CACAGGAAACAGCTATGACCATGGGCGTTCACGGT
GGTCT-3’) using the following protocol: 95 ℃ for 2
min, followed by 30 cycles of 95 ℃ for 15 s, 60 ℃
for 20 s, and 72 ℃ for 15 s, and finally, 72 ℃ for 3
min. The second PCR round was performed using the
primers: forward 5’-CGTATCGCCTCCCTCGCGCCATCAGMID-GTTGTAAAACGACGGCCAGT-3’ and reverse
5’-CTATGCGCCTTGCCAGCCCGCTCAG-MID-CACAGGA
AACAGCTATGACC-3’. These primers included the 2
adaptors for the ultra-deep pyrosequencing system at
their 5’ ends, followed by a unique identifier multiplex
identifier sequence (MID), which enabled grouping the
sequences for each sample/patient, and the same M13
universal adaptor sequences as those used in the first
PCR in the 3’ ends. This second amplification protocol
comprised one denaturation step of 95 ℃ for 2 min,
followed by 20 cycles of 95 ℃ for 15 s, 60 ℃ for 20 s,
and 72 ℃ for 15 s, and finally, 72 ℃ for 3 min. All PCR
steps were performed using high-fidelity Pfu Ultra II DNA
polymerase (Stratagene, Agilent Technologies, Santa
Clara, United States). The final PCR products (amplicons)

Diagnostic Bioprobes, Sesto San Giovanni, Italy), and
anti-HIV antibodies were tested by the Liaison XL murex
HIV Ab/Ag kit (DiaSorin, Saluggia, Italy). HBV-DNA
was quantified by real-time PCR with a detection limit
of 10 IU/mL (COBAS 6800, Roche Diagnostics). HBV
genotypes in the region of interest were determined by
Sanger sequencing and by phylogenetic analysis with
the same regions extracted from 102 full-length HBV
genome sequences representative of HBV genotypes A
to H, obtained from GenBank (Supplementary Table 1
and Supplementary Figure 1).

Amplification of the region of interest

In this study we analyzed a portion of the HBX gene
encompassing HBX gene encompassed nt 1255 to nt
1611, a region included in the 5’ end of all the viral
transcripts. It covered a non-coding upstream region (nt
1255-1373) and the 5’end of the HBX coding region (nts
1374-1611), encoding aa 1 to 79 of HBx.
HBV DNA was extracted from 500 µL of serum
with the QIAamp UltraSens Virus Kit (QIAGEN,
Hilden, Germany), according to the manufacturer’s
instructions. Molecular amplification was performed by
nested PCR. The first PCR round used primers carrying
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Table 1 Main clinical and virological characteristics of the hepatitis B virus infected patients enrolled
Patient
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

1

Age

Sex

Origin

Clinical stage

HBeAg

HBV DNA
(log IU/mL)

ALT (IU/L)

Genotype

27
31
51
28
47
37
37
38
46
46
71
51
52
40
33
63
53
35
37
45
29
28
28
28
55
82
64

M
M
M
F
F
F
M
M
M
F
F
M
M
F
M
M
M
M
M
M
F
M
M
F
F
F
M

Sub-Saharan
Asian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Asian
Caucasian
Caucasian
Asian
Hispanic
Caucasian
Sub-Saharan
Caucasian
Caucasian
Asian
Asian
Asian
Asian
Caucasian
Caucasian
Caucasian

Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic infection
Chronic infection
Chronic infection
Cirrhosis
Cirrhosis/HCC
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic hepatitis
Chronic infection
Chronic infection
Cirrhosis
Cirrhosis/HCC
Cirrhosis/HCC

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

7.8
6.6
6.6
7.9
6.3
4.5
4.5
5.0
5.8
5.3
6.2
5.7
4.4
4.2
4.3
4.0
3.7
5.7
8.4
5.6
6.9
> 8.0
8.7
8.8
5.4
4.8
6.3

170
103
262
126
170
53
33
29
88
23
87
435
18
29
25
16
36
36
32
35
355
341
24
22
73.9
24
45

E
C
D
D
D
D
F
D
F
H
F
C
A
D
D
A
A
E
C
A
B
C
C
C
A
C
D

1

Genotype determined by Sanger sequencing of the X region (same region as was analyzed by next-generation sequencing). ALT: Alanine aminotransferase;
HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; M: Male; F: Female; HBV: Hepatitis B virus.

were purified with Agencourt AMPure XP magnetic beads
(Beckman Coulter, Beverly, United States). The quality of
the purified products was verified with the Agilent 2200
TapeStation System using the D1000 ScreenTape kit
(Agilent Technologies, Waldbronn, Germany).

clean set of sequences). Only haplotypes common
to the forward and reverse strands and present in
abundances of at least 0.1% were accepted; their
final frequencies were calculated as the sum of reads
observed in each strand. Finally, haplotypes with
abundances below 0.25% were excluded.
To analyze the aa sequence of HBx, all individual nt
haplotypes from each patient were translated into aa
sequences in the HBX gene open reading frame (ORF),
which was translated from frame 2. In the fragment
analyzed (nt 1255-1611) this ORF expanded from nt
1374 to 1611, encoding aa 1 to 79 of the HBx protein.
The upstream sequence was not translated, as it
corresponded to a non-coding region whose sequence
is included in the HBX transcripts. Once translated,
identical aa sequences were recollapsed into aa haplo
types and their frequencies were updated.

Next-generation sequencing and sequence quality
control

Purified DNA from each sample was quantified using the
Quant-iT PicoGreen dsDNA Assay Kit (Thermo Fisher
Scientific - Life Technologies, Austin, United States),
and a pool was formed in which each amplicon was
adequately represented in the analysis. The pool was
sequenced by next-generation sequencing (NGS) based
on ultra-deep pyrosequencing (UDPS) on the GS-Junior
or GS FLX platforms (454 Life sciences-Roche, Branford,
United States), following the manufacturer’s protocol.
[22]
The two platforms are reported to be interchangeable .
The sequences (reads) obtained after UDPS underwent
an in-house bioinformatics filtering procedure, based
[23]
on scripts developed in R language , as previously
[22]
described by our group . Briefly, the sequences were
assigned to each patient (demultiplexed) according to
their specific MID, and primers were trimmed. After
a general quality filter step, reads with the same nt
sequence were collapsed into haplotypes (unique
sequences covering the full amplicon observed on the
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Genotyping of the region haplotypes

The genotype of the nt haplotypes obtained by UDPS
was determined by discriminant analysis with the same
regions extracted from the 102 full-length patterns used
for Sanger sequencing (Supplementary Table 1 and
Supplementary Figure 1). We determined the maximum
genetic distances between sequences from the same
HBV genotype in this region and the minimum genetic
distances between sequences from different genotypes,

2099

May 21, 2018|Volume 24|Issue 19|

González C et al . hyper-conserved regions in HBX gene
in order to set a sequence identity threshold: sequences
with an identity above this threshold were clustered
together. Genotyping of each cluster centroid was done
[24,25]
by distance-based discriminant analysis (DB rule)
,
which takes into account the inter- and intra-class
variability of all genotypes. Genetic distances were
[26]
computed according to the Kimura-80 model .

Roche Diagnostics SL.

RESULTS
Analysis of the NGS sequences obtained and
genotyping results

After applying the quality filters, 1333069 sequences
were obtained from the 27 serum samples, yielding
a median (IQR) of 4578 (2478-9279) sequences per
patient.
In the region from nt 1255 to 1611 extracted from
the 102 full-length HBV genome sequences from
GenBank, analysis of the maximum genetic distance
within the same genotype (data not shown) resulted
in a sequence identity threshold of 96%. Therefore,
for each patient, haplotypes with a sequence identity
> 96% were clustered together and were considered
to belong to the same HBV genotype. Results of the
phylogenetic analysis of master sequences from each
cluster in each patient and the 102 GenBank patterns
are shown in Table 2. Genotype D nt haplotypes
were the most frequent in our patients, followed by
genotypes C, A, E, F, B, and H. None of the patients
included showed genotype G haplotypes. Moreover, in
14/27 cases (51.8%), some haplotypes were found
corresponding to different genotypes than those
previously identified by Sanger sequencing, thus
yielding a complex mixture of genotypic variants.

Conservation analysis

Sequence conservation was determined by calculating
the information content (IC) of each position in a
multiple alignment of all the different sequences found
in the patients. This analysis, based on Shannon’s
uncertainty, was done for a multiple alignment of nt and
[27]
aa sequences, and is defined as :
4

ICj (nt) = log2(4)-∑pij log2(pij)
i=1
20

ICj (aa) = log2(20)-∑pij log2(pij)
i=1

where j stands for the j-th position in the alignment,
i runs over the 4 nucleotides (or over the 20 aa), and
pij is the frequency of the i-th nucleotide (or aa) in the
j-th alignment position. IC ranges from 0, indicating
maximum uncertainty or variability, to log2 4 (i.e., 2
bits) for nt or log2 20 (i.e., 4.32 bits) for aa, indicating
maximum information or conservation.
When considering variability in human genetics, a
mutation is commonly considered fixed if it is found
[28]
in at least 1% of the population . However, in viral
quasispecies, variants can be present at any abundance
in a patient, and the limit for defining a fixed mutation
has not yet been established. Taking that into account,
we considered two scenarios providing limiting values
in our analysis. In the first scenario, we only included
the most abundant nucleotide at each position in each
patient (consensus approach). The IC values computed
in this way would be the upper limit of conservation.
In the second scenario, we included all variants in
the haplotypes from each patient that were present
at abundance greater than 0.25% (quasispecies
approach). The IC values computed in this way would
be the lower limit of conservation.
Sliding window analysis was then carried out to
locate the fragment of at least 25 nt or 10 aa (which
corresponds to the length of a possible target for
siRNA therapy) with the highest IC within the multiple
alignments. This analysis uses windows of 25 nt (or
10 aa) starting from the first position in the multiple
alignments and moves forward in steps of 1 (nt or aa).
For each window, the analysis computes the mean IC of
each position within the window. In addition, the results
are represented as sequence logos created using the R
[27]
language package motifStack .
The bioinformatics methods used in this study were
reviewed by Dr. Josep Gregori from the Liver DiseaseViral Hepatitis Laboratory of Vall d’Hebron Hospital
(Barcelona, Spain), CIBERehd research group, and
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Conservation of the HBX nucleotide sequence in the
region of interest

The region of interest was studied in multiple nt align
ments of the entire quasispecies in order to highlight
the most highly conserved regions. Sliding windows
analysis was implemented in two scenarios: using the
consensus approach (n = 27 sequences) and using the
quasispecies approach (n = 720 sequences). Of note, the
relative frequency of each haplotype was not considered
in the multiple alignments, so that the conservation
results would not be influenced by haplotype fitness.
As no differences were seen when the analyses by the
2 approaches were superimposed (2 highly conserved
regions with a mean IC near 2 bits were observed in
both; Figure 2), the results reported below all refer to the
analysis in the quasispecies scenario.
The first hyper-conserved region identified was
between nt 1255 and 1286 (23 nt in length) (Figure
3A). Most of the nucleotide positions showed high
conservation, yielding IC values near 2 bits (100%
maximum conservation), with the exception of position
1272 which showed an IC between 1.6 and 1.8 bits
(80%-90% maximum conservation) and positions
1258 and 1284, with an IC between 1.4 and 1.6 bits
(70%-80% maximum conservation).
The second hyper-conserved region consisted of 3
conserved nt fragments (1519-1543, 1545-1573, and
1575-1603: 25, 29, and 29 nt in length, respectively)
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Table 2 Results of genotyping of nucleotide haplotypes obtained in each patient, extracted by next-generation sequencing based on
ultra-deep pyrosequencing analysis %
Patient
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

A

B

C

D

E

F

H

0
0
7.1
0
0
1.7
0
7.1
0
0.9
0
95.1
0
46.6
89.7
0
0
0
0
100
0
0
0
0
97.9
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
99.6
0
0
0
0
0
0

0
100
0
0
0
0
0.3
0
0.3
0
0.3
4.4
100
8.2
4.4
0
0
0
95.3
0
0.4
100
87.8
100
0
100
0

0
0
92.9
100
100
98.3
51.3
92.9
7
50.9
7
0.5
0
33.2
8
100
100
0
3,6
0
0
0
12.2
0
2.1
0
100

100
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
100
0.9
0
0
0
0
0
0
0
0

0
0
0
0
0
0
48.4
0
92.7
0
92.7
0
0
12
1.5
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
48.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

%A to %H indicates the percentage of nucleotide haplotypes from each patient, classified as HBV genotype A, B, C, D, E, F or H. HBV: Hepatitis B virus.

spanning a region between nt 1519 and 1603 (85 nt).
Five of these 85 nt positions (5.9%) showed an IC
below 1.8 bits: positions 1527, 1557, 1589, and 1602
between 1.6 and 1.8 bits, and position 1524 between 1.4
and 1.6 bits (Figure 2B).

DISCUSSION
Although classic nucleotide analogue-based therapies
can effectively control HBV infection, eradication of the
virus is not achieved because of persistence of the viral
minichromosome, cccDNA. Furthermore, even though
HBV replication can be inhibited by drug treatment,
production of viral antigens may be maintained, and this
[29]
could lead to progression of the disease . To overcome
this challenge, new therapeutic approaches are needed,
and gene therapy has emerged as an interesting option.
[30]
Ramanan et al proposed a gene therapy based on
CRISPR/Cas9 to specifically target a conserved region in
HBV cccDNA. These authors reported an anti-HBV effect
both in vitro and in vivo, together with inhibition of de
novo infection in HepG2-hNTCP cells. However, in HBV
infection, the viral genome may be inserted in the host
genome. Hence, it is possible that a molecular scissors
strategy, such as the CRISPR/Cas9 approach, might
imply a risk of affecting the host genome in the regions
of viral genome insertion.
With the siRNA approach, viral replication could be
hampered and disease progression limited by direct
interference with the viral messengers. As has been
[12,31-33]
seen in both cell and mouse models
, this inter
fering RNA regulates the expression of specific viral
genes by promoting cleavage of targeted mRNAs, thus

Conservation of the HBx amino acid sequence

To further confirm the nt conservation found, we also
analyzed aa conservation in the same 2 scenarios
considered for nt variants (n = 27 sequences for
the consensus and n = 330 for the quasispecies
approach). As was seen with the nt sequences, there
were no difference when the 2 analyses (quasispecies
vs consensus) were superimposed (Figure 4), which
highlighted a single highly conserved region. Again,
the results reported refer to the analysis using the
quasispecies approach.
One highly conserved region was identified between
aa 63 and 76 (13 aa), which included a portion of a
Kunitz-like domain (Figure 5). All aa showed conservation
near 4 bits (100% maximum conservation). This region
in the HBx protein corresponded to the hyper-conserved
nt sequence between positions 1563 and 1602. The first
hyper-conserved nt region observed (nt 1255-1286) was
not taken into account in this analysis, as it corresponded
to a non-coding region and therefore, was not translated
into aa.

WJG|www.wjgnet.com

2101

May 21, 2018|Volume 24|Issue 19|

González C et al . hyper-conserved regions in HBX gene
Sliding window analysis (size = 25 nt, steps = 1)
2.0

By consensus
By QS

1.9

Bits

1.8
1.7
1.6
1.5
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1350

1400

1450

1500
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1 st nt position in window

Figure 2 Sliding window analysis of the nucleotide region of interest in the hepatitis B virus X gene (nt 1255-1611). Each point on the graph is the result of
the mean information content (IC, bits) of the windows 25-nt in size, with displacement between them in 1-nt steps. The purple line represents the mean IC from the
multiple alignments of all haplotypes (in abundance > 0.25%) in the quasispecies (QS) of all patients (n = 720), whereas the blue line shows the mean IC obtained
from the multiple alignments of the consensus obtained for each patient (n = 27).

inhibiting HBV replication. Specifically, siRNA promotes
target mRNA cleavage in a sequence-specific manner
[34]
through the RNA-induced silencing complex (RISC) .
Definition of an extremely conserved region in an
optimal HBV genomic region, such as the HBX gene,
could be very useful for siRNA-based gene therapy
strategies, and some authors have investigated this
concept. In a recent study using predictive software,
[33]
Thongthae et al estimated potential siRNA target sites
in the HBX gene (positions: 1317-1337, 1357-1377,
and 1644-1664) from an HBV genotype A sequence.
These were later tested in vitro, and a reduction in HBV
expression was observed. In another effort, the Arbutus
Biopharma Corporation recently published a phase-two
study in this line. An siRNA was used as treatment for
patients with chronic HBV infection, and the preliminary
data indicated that the therapy was well tolerated and
[35,36]
led to a significant reduction in HBsAg levels
.
HBX is located near the co-terminal 3’ end of all the
HBV mRNAs, which implies that interference at this level
could abrogate the production of all the viral antigens.
In addition, the HBX gene encodes a protein, HBx,
which plays a key role in the HBV viral cycle. However,
[37]
previous data reported by our group
and supported
[17,38-40]
in other studies
have described considerable
variability in the HBx transactivating C-terminal domain
(encoded by the 3’ end of the gene), with multiple
insertions and deletions. Because of this variability, this
region would not be considered an appropriate gene
therapy target.
In light of the importance of the HBx protein for viral
replication, it would be reasonable to posit that the gene
encoding this protein would have a conserved region.
On that basis and after excluding the 3’ end region, we
focused our study on the 5’ end region of HBX and its
upstream non-coding region (nt 1255-1611). For a gene
therapy to be effective in a broad range of conditions,
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the target sequence should remain conserved in a wide
spectrum of clinical and virological situations. Hence,
we analyzed samples from a heterogeneous group of
27 HBV-infected patients (in different clinical stages
of HBV infection and with different viral genotypes) to
seek a conserved target sequence over this spectrum.
Two hyper-conserved regions were found. The first
was located between nucleotides 1255 and 1286 in the
non-coding region. Of note, HBX transcripts initiate at
[41]
several different sites (between nt 1250-1350) , which
means that this conserved region might be not present
in all of them, but would likely be present in the other
viral transcripts. The second hyper-conserved region
was located between nucleotides 1519 and 1603, within
the coding region.
Conserved regions in this portion of the HBV gene
[42]
have been reported previously. Karinova et al observed
two conserved regions in the S and X ORF of the HBV
genotype A genome. These authors found that a
CRISPR/Cas9 molecular scissor directed to this conserved
region in HBX was able to modify both episomal cccDNA
and chromosomally-integrated HBV DNA in reporter cell
lines, thereby interfering with HBV replication and with de
novo infection of hepatoma cell lines. In addition, with the
[33]
use of predictive software, Thongthae et al estimated
some potential siRNA targets in the HBX gene (including
the non-coding region identified here) in a single viral
sequence, and reported the efficacy of this approach
in an in vitro study. The value of the present study is
that conservation of the regions examined was directly
substantiated by sequencing analysis of patient samples,
taking into account different HBV genotypes and
different clinical stages of the infection. Furthermore, the
nucleotide conservation documented here was supported
by detection of a conserved region in the HBx protein
sequence between aa 63 and 76, which is encoded by nt
1563-1602 (within the second hyper-conserved region).
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Figure 3 Representation by sequence logos of the information content of the most conserved regions detected in the multiple alignment of all nucleotide
haplotypes obtained (quasispecies), nts 1255-1286 and nts 1519-1603. The relative sizes of the letters in each stack of nt sequence logos indicate their relative
frequencies at each position within the multiple alignments of nt haplotypes. The total height of each stack of letters depicts the IC of each nt position, measured in
bits (Y-axis): 0 bits being the minimum and 2, the maximum conservation. Nucleotide positions with an IC between 1.6 and 1.8 (80%-90% of maximum conservation)
are indicated by light blue circles and those with an IC between 1.4 and 1.6 bits (70%-80% of maximum conservation) by pink circles. IC: Information content.

Of note, this fragment includes some aa from one of the
[43]
HBx Kunitz-like domains (aa 58-70) , which are able to
inhibit the function of cellular degrading enzymes, such
[44]
as proteases . This suggests that this portion of the
HBx protein may be conserved to preserve the integrity
of the protein, protecting it from undesired degradation.
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As a limitation of the study, we should mention the
relatively small sample size. From the initial group of
46 well-characterized treatment-naïve CHB patients
available, only those with viremia levels high enough to
amplify the HBV genome region of interest by our PCR
technique could be included. Furthermore, we wished to
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Figure 4 Sliding window of the coded the core and X protein amino acid sequence (aa 1-79). Each point on the graph is the result of the mean information
content (IC, bits) between windows of 10-aa size with displacement between them in 1-aa steps. The purple line represents the mean IC from the multiple alignments
of all haplotypes (in abundance > 0.25%) in the quasispecies (QS) of all patients (n = 330), whereas the blue line shows the mean IC obtained from the multiple
alignments of the consensus obtained for each patient (n = 27).
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Figure 5 Representation by sequence logos of the information content of the conserved region in the the core and X protein amino acid sequence (aa
63-76). The relative sizes of the letters in each stack in the sequence logos indicate their relative frequencies at each position within the multiple alignments of aa
haplotypes obtained. The total height of each stack of letters depicts the IC of each aa position, measured in bits (Y-axis): 0 bits being the minimum and 4.32 bits the
maximum conservation. Amino acids belonging to the Kunitz-like domain portion are framed in green. IC: Information content.

have a representation of various clinical stages of HBV
infection and most HBV genotypes (A to F and H), which
yielded a sample of 27 patients. Larger samples should
be analyzed in future studies to confirm conservation
of the regions investigated. We also have to point out
that the NGS technology used in this study (GS-Junior
platform, 454/Roche) has been discontinued by the
supplier; nonetheless, the protocol described here can
be adapted to currently available platforms, such as the
Illumina MiSeq (San Diego, United States). Finally, in
vitro functional studies should be performed to test the
potential usefulness of the 2 hyper-conserved domains
described here as targets for siRNA-based antiviral gene
therapy.
In summary, this study, performed in serum samples
from HBV patients infected by different viral genotypes
and in different clinical stages, identified regions in the
HBX gene with high levels of conservation in all these
circumstances. We found 2 hyper-conserved regions, the
first in the non-coding region of HBX transcripts, and the
second in the HBX coding region, which was conserved at
both the nt and aa level. These hyper-conserved regions
could be candidates for targeted gene therapies such as
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the siRNA approach. Of particular interest, because of the
co-terminal localization of the HBX gene, a siRNA system
designed to target these regions could interfere with
expression of all the HBV viral transcripts.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatitis B virus (HBV) infection can be controlled with current treatments,
but cure is not achieved due to persistence of covalently closed circular DNA
(cccDNA) in the nuclei of infected hepatocytes. This minichromosome forms a
viral reservoir that is a source of residual viral replication and expression of viral
proteins; thus, it has a key role in liver disease progression. To surmount this
circumstance, new anti-HBV therapeutic approaches are under development,
with gene therapy being a promising option. Among these approaches, small
interference RNA (siRNA) can be used to silence specific genes at the posttranscriptional level through a sequence-specific interaction with target mRNAs,
resulting in inhibition of viral protein expression. Among all the HBV proteins,
Hepatitis B X protein (HBx), coded by the HBV X gene (HBX), is a determining
factor in the infection. It regulates cccDNA expression and interacts with several
cellular pathways, facilitating liver disease progression. Of particular note,
because of its location near the co-terminal 3’ end, all HBV transcripts include
the HBX sequence. Hence, it could be a valuable target for a hypothetical
curative treatment based on gene therapy. In this sense, identification of hyperconserved regions within HBX is needed to define a new gene therapy system
that would be effective whatever the patient’s clinical stage or HBV genotype.
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Research motivation

on analyzing conservation of the HBX gene. Of note, considering the high
variability previously observed in the 3’end of HBX, we speculated that the 5’
end could be a better subject for study. Moreover, thanks to the co-terminality
of this viral gene, a siRNA targeting this gene could interfere with all the viral
transcripts. Here, we investigated conservation of a portion of the HBV genome
encompassing the HBX 5’ coding region and upstream non-coding region, both
of which are included in all HBV transcripts. By NGS analysis, we identified
two hyper-conserved regions in our region of interest in serum samples from
HBV patients with different clinical and virological characteristics. This new
therapeutic tool could have relevant applicability in clinical practice. Together
with inhibition of the expression of one of the main viral proteins involved in
HBV replication and disease progression, it could block the expression of the
other viral antigens, thus profoundly interfering with disease evolution and the
appearance of HCC. Furthermore, the NGS method developed here could be
used to find other hyper-conserved regions within the HBV genome that could
be potential targets for gene therapy based on siRNA.

Although antiviral therapy can suppress viral replication, the risk of liver disease
progression and development of hepatocellular carcinoma (HCC) remains due
to cccDNA-related expression of viral antigens. Interference with expression
of the viral proteins could be helpful to limit progression of the disease, and
siRNAs would be valid tools in this sense. To design an effective siRNA, an
appropriate target must be found. The HBX sequence is included in all the
viral transcripts due to its co-terminal localization in the viral genome. siRNAs
targeting hyper-conserved regions of this gene would interfere with expression
of all the viral proteins. Furthermore, as these regions are conserved in the
spectrum of clinical disease phases and viral genotypes, it would be a valid
therapeutic approach for a wide range of situations. This could profoundly limit
the risk of HCC, particularly in patients with low viremia due to antiretroviral
efficacy.

Research objectives

Considering the essential role of HBx in viral infection and its potential utility as
target for gene therapy, the aim of this study was to identify hyper-conserved
regions within the HBV genome encompassing the HBX 5’ coding region and
the upstream non-coding region (included in all HBV transcripts) in samples
from HBV-infected patients in various clinical stages and with different viral
genotypes. The regions identified might be feasible targets for a gene therapy
able to inhibit viral protein expression in a wide spectrum of clinical and
virological circumstances, thus limiting liver disease progression and the risk of
HCC.

Research perspectives

This study describes a method that can be used to find other conserved
sequences in the HBV genome, making it a starting point in the search for other
possible targets for gene therapy. Here, the hyper-conserved regions were
found by directly analyzing the viral quasispecies sequences obtained using
NGS. These regions can then be used to produce siRNA molecules for in vitro
and in vivo testing of antiviral activity.

ACKNOWLEDGMENTS

Research methods

The study included 27 treatment-naïve chronic hepatitis B monoinfected
patients in different clinical stages and with several HBV genotypes (from
A-F and H). A serum sample from each patient with viremia > 3.5 log IU/mL
was analyzed. The HBX 5’ end region [nucleotide (nt) 1255-1611] was PCRamplified and later analyzed using next-generation sequencing (NGS).
The sequences (reads) obtained after sequencing underwent an in-house
bioinformatics filtering procedure, and haplotypes with a relative frequency
≥ 0.25% were maintained in the analysis. Haplotypes were genotyped by
discriminant analysis with the same regions extracted from the 102 full-length
patterns. Conservation of the quasispecies sequences was determined by
calculating the information content (IC), based on Shannon’s uncertainty, of
each position in a multiple alignment of all different sequences found in the
patients. Sliding window analysis was then carried out to locate the fragment
of at least 25 nt or 10 aa (which corresponds to the length of a possible target
for siRNA therapy) with the highest IC within the multiple alignments, moving
forward in steps of 1 (nt or aa). This method enables detection of conserved
regions within the 5’ HBX gene by directly analyzing the viral quasispecies
obtained with NGS.

The statistical and bioinformatics methods used in this
study were reviewed by Dr. Josep Gregori from the liver
disease-viral hepatitis laboratory (Vall d’Hebron Institut
Recerca-Hospital Universitari Vall d’Hebron), CIBERehd
and Roche Diagnostics SL. The authors thank Celine
Cavallo for English language support and helpful editing
suggestions.

REFERENCES
1

2

Research results

After applying the quality filter, 1333069 haplotype sequences were obtained.
Genotyping analysis highlighted a complex mixture of HBV genotypes. By
studying the nt conservation, we identified two hyper-conserved nucleotide
regions in HBX. The first one, between nt 1255 and 1286, corresponded to
a non-coding region, whereas the second one, consisting of 3 conserved
fragments (spanning an overall portion between 1519 and 1603), coincided
with a coding region. Of note, the fragment between nt 1563 and 1602 was also
conserved at the amino acid level, identifying a region between residues 63 and
76, which included a portion of a Kunitz-like domain. These results highlight
new potential targets for gene therapy, mainly based on siRNA. Of note, in vitro
and in vivo functional studies of the specific siRNAs should be performed to test
their potential usefulness for therapy.

3

4

5

6

Research conclusions

Gene therapy represents a highly promising therapeutic tool to achieve a
cure against HBV infection. Several sequence-specific treatment systems are
currently in development, and identification of conserved sequences would
provide useful therapeutic targets. Detection of a target present in all the
clinical disease stages and HBV genotypes could lead to development of a
therapy that would be effective in a wide range of situations. Considering the
key role of HBx in viral infection and disease progression, we focused the study

WJG|www.wjgnet.com

7

8

2105

Lin YY, Liu C, Chien WH, Wu LL, Tao Y, Wu D, Lu X, Hsieh
CH, Chen PJ, Wang HY, Kao JH, Chen DS. New insights into the
evolutionary rate of hepatitis B virus at different biological scales.
J Virol 2015; 89: 3512-3522 [PMID: 25589664 DOI: 10.1128/
JVI.03131-14]
Kay A, Zoulim F. Hepatitis B virus genetic variability and
evolution. Virus Res 2007; 127: 164-176 [PMID: 17383765 DOI:
10.1016/j.virusres.2007.02.021]
Locarnini S, Zoulim F. Molecular genetics of HBV infection.
Antivir Ther 2010; 15 Suppl 3: 3-14 [PMID: 21041899 DOI:
10.3851/IMP1619]
Sunbul M. Hepatitis B virus genotypes: global distribution and
clinical importance. World J Gastroenterol 2014; 20: 5427-5434
[PMID: 24833873 DOI: 10.3748/wjg.v20.i18.5427]
Pujol FH, Navas MC, Hainaut P, Chemin I. Worldwide genetic
diversity of HBV genotypes and risk of hepatocellular carcinoma.
Cancer Lett 2009; 286: 80-88 [PMID: 19683385 DOI: 10.1016/
j.canlet.2009.07.013]
European Association for the Study of the Liver. European
Association for the Study of the Liver. EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus
infection. J Hepatol 2017; 67: 370-398 [PMID: 28427875 DOI:
10.1016/j.jhep.2017.03.021]
Belloni L, Pollicino T, De Nicola F, Guerrieri F, Raffa G,
Fanciulli M, Raimondo G, Levrero M. Nuclear HBx binds the
HBV minichromosome and modifies the epigenetic regulation
of cccDNA function. Proc Natl Acad Sci USA 2009; 106:
19975-19979 [PMID: 19906987 DOI: 10.1073/pnas.0908365106]
Yang HC, Kao JH. Persistence of hepatitis B virus covalently

May 21, 2018|Volume 24|Issue 19|

González C et al . hyper-conserved regions in HBX gene

9
10

11

12

13

14

15

16

17
18

19

20

21

22

23

closed circular DNA in hepatocytes: molecular mechanisms and
clinical significance. Emerg Microbes Infect 2014; 3: e64 [PMID:
26038757 DOI: 10.1038/emi.2014.64]
Bloom K, Ely A, Arbuthnot P. Recent advances in use of gene
therapy to treat hepatitis B virus infection. Adv Exp Med Biol 2015;
848: 31-49 [PMID: 25757614 DOI: 10.1007/978-1-4939-2432-5_2]
Dong C, Qu L, Wang H, Wei L, Dong Y, Xiong S. Targeting
hepatitis B virus cccDNA by CRISPR/Cas9 nuclease efficiently
inhibits viral replication. Antiviral Res 2015; 118: 110-117 [PMID:
25843425 DOI: 10.1016/j.antiviral.2015.03.015]
Weber ND, Stone D, Sedlak RH, De Silva Feelixge HS,
Roychoudhury P, Schiffer JT, Aubert M, Jerome KR. AAVmediated delivery of zinc finger nucleases targeting hepatitis B
virus inhibits active replication. PLoS One 2014; 9: e97579 [PMID:
24827459 DOI: 10.1371/journal.pone.0097579]
Gish RG, Yuen MF, Chan HL, Given BD, Lai CL, Locarnini
SA, Lau JY, Wooddell CI, Schluep T, Lewis DL. Synthetic RNAi
triggers and their use in chronic hepatitis B therapies with curative
intent. Antiviral Res 2015; 121: 97-108 [PMID: 26129970 DOI:
10.1016/j.antiviral.2015.06.019]
Poch O, Sauvaget I, Delarue M, Tordo N. Identification of four
conserved motifs among the RNA-dependent polymerase encoding
elements. EMBO J 1989; 8: 3867-3874 [PMID: 2555175 DOI:
10.1093/emboj/16.6.1248]
Tu H, Bonura C, Giannini C, Mouly H, Soussan P, Kew M,
Paterlini-Bréchot P, Bréchot C, Kremsdorf D. Biological impact of
natural COOH-terminal deletions of hepatitis B virus X protein in
hepatocellular carcinoma tissues. Cancer Res 2001; 61: 7803-7810
[PMID: 11691796]
Wang Q, Zhang WY, Ye LH, Zhang XD. A mutant of HBx
(HBxDelta127) promotes hepatoma cell growth via sterol
regulatory element binding protein 1c involving 5-lipoxygenase.
Acta Pharmacol Sin 2010; 31: 367-374 [PMID: 20173757 DOI:
10.1038/aps.2010.5]
Panjaworayan N, Roessner SK, Firth AE, Brown CM.
HBVRegDB: annotation, comparison, detection and visualization
of regulatory elements in hepatitis B virus sequences. Virol J 2007;
4: 136 [PMID: 18086305 DOI: 10.1186/1743-422X-4-136]
Kim H, Lee SA, Kim BJ. X region mutations of hepatitis B
virus related to clinical severity. World J Gastroenterol 2016; 22:
5467-5478 [PMID: 27350725 DOI: 10.3748/wjg.v22.i24.5467]
Ali A, Abdel-Hafiz H, Suhail M, Al-Mars A, Zakaria MK, Fatima
K, Ahmad S, Azhar E, Chaudhary A, Qadri I. Hepatitis B virus,
HBx mutants and their role in hepatocellular carcinoma. World
J Gastroenterol 2014; 20: 10238-10248 [PMID: 25132741 DOI:
10.3748/wjg.v20.i30.10238]
Lee SA, Mun HS, Kim H, Lee HK, Kim BJ, Hwang ES, Kook
YH, Kim BJ. Naturally occurring hepatitis B virus X deletions and
insertions among Korean chronic patients. J Med Virol 2011; 83:
65-70 [PMID: 21108340 DOI: 10.1002/jmv.21938]
Peng Y, Liu B, Hou J, Sun J, Hao R, Xiang K, Yan L, Zhang J,
Zhuang H, Li T. Naturally occurring deletions/insertions in HBV
core promoter tend to decrease in hepatitis B e antigen-positive
chronic hepatitis B patients during antiviral therapy. Antivir Ther
2015; 20: 623-632 [PMID: 25838313 DOI: 10.3851/IMP2955]
Homs M, Caballero A, Gregori J, Tabernero D, Quer J, Nieto
L, Esteban R, Buti M, Rodriguez-Frias F. Clinical application of
estimating hepatitis B virus quasispecies complexity by massive
sequencing: correlation between natural evolution and on-treatment
evolution. PLoS One 2014; 9: e112306 [PMID: 25393280 DOI:
10.1371/journal.pone.0112306]
Ramírez C, Gregori J, Buti M, Tabernero D, Camós S, Casillas
R, Quer J, Esteban R, Homs M, Rodriguez-Frías F. A comparative
study of ultra-deep pyrosequencing and cloning to quantitatively
analyze the viral quasispecies using hepatitis B virus infection as
a model. Antiviral Res 2013; 98: 273-283 [PMID: 23523552 DOI:
10.1016/j.antiviral.2013.03.007]
Team RC. A language and environment for statistical computing.
R Found. Stat. Comput. Vienna, Austria. 2016; Available from:

WJG|www.wjgnet.com

24
25
26
27
28
29
30

31

32
33

34
35

36

37

38

39
40

41
42

2106

URL: https://www.r-project.org/
Cuadras C. A distance approach to discriminant analysis and its
properties. In: Mathematics preprint series. Barcelona: 1991
Cuadras C. Distance analysis in discrimination and classification
using both continuous and categorical variables. In: Statistical
AData analysis and Interference. Amsterdam, 1989; 459-473
Kimura M. A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences. J Mol Evol 1980; 16: 111-120 [PMID: 7463489]
Schneider TD. Information content of individual genetic
sequences. J Theor Biol 1997; 189: 427-441 [PMID: 9446751
DOI: 10.1006/jtbi.1997.0540]
Griffiths AJF, Miller JH, Suzuki DT et al. An Introduction to
Genetic Analysis. 7th edition. New York; WH. Freeman: 2000
Kwon H, Lok AS. Hepatitis B therapy. Nat Rev Gastroenterol
Hepatol 2011; 8: 275-284 [PMID: 21423260 DOI: 10.1038/
nrgastro.2011.33]
Ramanan V, Shlomai A, Cox DB, Schwartz RE, Michailidis E,
Bhatta A, Scott DA, Zhang F, Rice CM, Bhatia SN. CRISPR/Cas9
cleavage of viral DNA efficiently suppresses hepatitis B virus. Sci
Rep 2015; 5: 10833 [PMID: 26035283 DOI: 10.1038/srep10833]
Klein C, Bock CT, Wedemeyer H, Wüstefeld T, Locarnini S,
Dienes HP, Kubicka S, Manns MP, Trautwein C. Inhibition of
hepatitis B virus replication in vivo by nucleoside analogues and
siRNA. Gastroenterology 2003; 125: 9-18 [PMID: 12851866 DOI:
10.1016/S0016-5085(03)00720-0]
Shlomai A, Shaul Y. Inhibition of hepatitis B virus expression and
replication by RNA interference. Hepatology 2003; 37: 764-770
[PMID: 12668968 DOI: 10.1053/jhep.2003.50146]
Thongthae N, Payungporn S, Poovorawan Y, T-Thienprasert NP. A
rational study for identification of highly effective siRNAs against
hepatitis B virus. Exp Mol Pathol 2014; 97: 120-127 [PMID:
24953337 DOI: 10.1016/j.yexmp.2014.06.006]
Tan FL, Yin JQ. RNAi, a new therapeutic strategy against viral
infection. Cell Res 2004; 14: 460-466 [PMID: 15625012 DOI:
10.1038/sj.cr.7290248]
Agarwal K, Gane E, Cheng W, Sievert W, Roberts S, Ahn SH,
Kim YJ, Streinu-cercel A, Denning J, Symonds W, Mendez P.
HBcrAg, HBV-RNA Declines in A Phase 2a Study Evaluating
the Multi-Dose Activity of ARB-1467 in HBeAg-Positive and
Negative Virally Suppressed Patients With Hepatitis B. Hepatology
2017; 66: 22A-23A
Eley T, Russ R, Streinu-cercel A, Gane EJ, Roberts SK, Ahn
SH, Kim YJ, Symonds W, Mendez P. Pharmacokinetics and
exploratory exposure-response of siRNAs administered monthly as
ARB-001467 ( ARB-1467 ) in a Phase 2a study in HBeAg positive
and negative virally suppressed subjects with chronic hepatitis B.
Hepatology 2017; 66: 23A-24A
Caballero A, Gregori J, Buti M, Tabernero D, Quer J, Blasi M,
Rodriguez-Algarra F, Casillas R, González C, Belmonte I, Nieto L,
Costa X, Esteban R, Homs M, Rodriguez-Frías F. Insertions and/or
deletions in the main regulatory region of hepatitis B virus suggest
multicoding of the X protein. J Hepatol 2015; 62: S523 [DOI:
10.1016/S0168-8278(15)30762-5]
Zhang ZH, Wu CC, Chen XW, Li X, Li J, Lu MJ. Genetic
variation of hepatitis B virus and its significance for pathogenesis.
World J Gastroenterol 2016; 22: 126-144 [PMID: 26755865 DOI:
10.3748/wjg.v22.i1.126]
Lazarevic I. Clinical implications of hepatitis B virus mutations:
recent advances. World J Gastroenterol 2014; 20: 7653-7664
[PMID: 24976703 DOI: 10.3748/wjg.v20.i24.7653]
Salarnia F, Besharat S, Zhand S, Javid N, Khodabakhshi B,
Moradi A. Mutations in Hepatitis-B X-Gene Region: Chronic
Hepatitis-B versus Cirrhosis. J Clin Diagn Res 2017; 11: OC31OC34 [PMID: 28511432 DOI: 10.7860/JCDR/2017/22570.9498]
Treinin M, Laub O. Identification of a promoter element located
upstream from the hepatitis B virus X gene. Mol Cell Biol 1987; 7:
545-548 [PMID: 3494193]
Karimova M, Beschorner N, Dammermann W, Chemnitz J,

May 21, 2018|Volume 24|Issue 19|

González C et al . hyper-conserved regions in HBX gene

43

Indenbirken D, Bockmann JH, Grundhoff A, Lüth S, Buchholz F,
Schulze zur Wiesch J, Hauber J. CRISPR/Cas9 nickase-mediated
disruption of hepatitis B virus open reading frame S and X. Sci Rep
2015; 5: 13734 [PMID: 26334116 DOI: 10.1038/srep13734]
Datta S, Banerjee A, Chandra PK, Biswas A, Panigrahi R,
Mahapatra PK, Panda CK, Chakrabarti S, Bhattacharya SK,

44

Chakravarty R. Analysis of hepatitis B virus X gene phylogeny,
genetic variability and its impact on pathogenesis: implications in
Eastern Indian HBV carriers. Virology 2008; 382: 190-198 [PMID:
18952249 DOI: 10.1016/j.virol.2008.09.007]
Lee J, Chung JH, Kim HM, Kim DW, Kim H. Designed nucleases
for targeted genome editing. Plant Biotechnol J 2016; 14: 448-462
[PMID: 26369767 DOI: 10.1111/pbi.12465]
P- Reviewer: Enomoto H S- Editor: Wang XJ L- Editor: A
E- Editor: Huang Y

WJG|www.wjgnet.com

2107

May 21, 2018|Volume 24|Issue 19|

World J Gastroenterol 2018 May 21; 24(19): 2108-2119

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i19.2108

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Prospective Study

Decreasing recurrent bowel obstructions, improving quality
of life with physiotherapy: Controlled study
Amanda D Rice, Kimberley Patterson, Evette D Reed, Belinda F Wurn, Kristen Robles, Bernhard Klingenberg,
Leonard B Weinstock, Janey SA Pratt, C Richard King III, Lawrence J Wurn
Amanda D Rice, Department of Internal Medicine, College of
Medicine-Phoenix, University of Arizona, Phoenix, AZ 85004,
United States

#NCT02639195 https://clinicaltrials.gov/ct2/show/results/
NCT02639195

Kimberley Patterson, Evette D Reed, Belinda F Wurn,
Kristen Robles, Lawrence J Wurn, Clear Passage Therapies,
Gainesville, FL 32606, United States

Informed consent statement: All subjects provided consent
for the study. Treated subjects provided written consent; untreated
subjects provided consent via the Assessment Center online
system.

Bernhard Klingenberg, Department of Mathematics and
Statistics, Williams College, Williamstown, MA 01267, United
States

Conflict-of-interest statement: Belinda F Wurn and Lawrence
J Wurn are the owners of Clear Passage. All other authors report
no conflicts.

Leonard B Weinstock, Clinical Medicine and Surgery,
Washington University School of Medicine, Specialists in
Gastroenterology, LLC, St. Louis, MO 63141, United States

Data sharing statement: Data will be available upon request
deidentified with IRB approval.
CONSORT 2010 statement: The guidelines of the CONSORT
2010 Statement have been adopted for this study.

Janey SA Pratt, Department of Surgery, Stanford University
School of Medicine, Palo Alto, CA 94035, United States

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

C Richard King III, College of Medicine, University of Florida,
Gainesville, FL 32607, United States
ORCID number: Amanda D Rice (0000-0003-0708-2160);
Kimberley Patterson (0000-0003-3370-9924); Evette D Reed
(0000-0003-2298-6993); Belinda F Wurn (0000-0002-0413
-4685); Kristen Robles (0000-0002-3428-0544); Bernhard
Klingenberg (0000-0001-9959-9989); Leonard B Weinstock
(0000-0001-6484-1691); Janey SA Pratt (0000-0002 -6850-3427);
C Richard King III (0000-0003-0807-1260); Lawrence J Wurn
(0000-0002 -1393-1264).

Manuscript source: Unsolicited manuscript
Correspondence to: Lawrence J Wurn, Research Associate,
Clear Passage Therapies, 4421 NW 39 th Ave, Suite 2-2,
Gainesville, FL 32606, United States. larryw@clearpassage.com
Telephone: +1-352-3361433
Fax: +1-352-3369980

Author contributions: Rice AD, Klingenberg B, King CR and
Wurn LJ designed the study; Patterson K, Reed ED, Wurn BF and
Wurn LJ performed the treatment; Rice AD performed subject
follow up and control subject data collection; Klingenberg B
performed the statistical analysis; Rice AD wrote the manuscript;
Patterson K, Reed ED, Wurn BF, Robles K, Klingenberg B,
Weinstock LB, Pratt JS, King CR and Wurn LJ revised the
manuscript for final submission.

Received: February 26, 2018
Peer-review started: February 27, 2018
First decision: March 15, 2018
Revised: April 22, 2018
Accepted: May 6, 2018
Article in press: May 6, 2018
Published online: May 21, 2018

Institutional review board statement: This study was
approved by MaGil Institutional Review Board.
Clinical trial registration: ClinicalTrials.gov registration

WJG|www.wjgnet.com

2108

May 21, 2018|Volume 24|Issue 19|

Rice AD et al . Treating SBO with physical therapy (physiotherapy)

Abstract

Rice AD, Patterson K, Reed ED, Wurn BF, Robles K,
Klingenberg B, Weinstock LB, Pratt JS, King CR, Wurn LJ.
Decreasing recurrent bowel obstructions, improving quality of
life with physiotherapy: Controlled study. World J Gastroenterol
2018; 24(19): 2108-2119 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i19/2108.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i19.2108

AIM
to compare (1) quality of life and (2) rate of recurrent
small bowel obstructions (SBO) for patients treated
with novel manual physiotherapy vs no treatment.
METHODS
one hundred and three subjects (age 19-89) with a
history of recurrent adhesive SBO were treated with a
manual physiotherapy called the Clear Passage Approach
(CPA) which focused on decreasing adhesive crosslinking
in abdominopelvic viscera. Pre- and post-therapy data
measured recurring obstructions and quality of life,
using a validated test sent 90 d after therapy. Results
were compared to 136 untreated control subjects who
underwent the same measurements for subjects who did
not receive any therapy, which is the normal course for
patients with recurring SBO. Comparison of the groups
allowed us to assess changes when the physiotherapy
was added as an adjunct treatment for patients with
recurring SBO.

INTRODUCTION
Adhesive small bowel obstruction (SBO) is a common
life-threatening complication of surgery or abdominal
trauma in both pediatric and adult populations, typically
caused by adhesions that form as a normal part of the
[1-3]
healing process . As a side effect of the inflammatory
response required for healing to occur, adhesions form in
tissues at and near the surgical repair within hours, due
to the presence of collagen and scar tissue mediators.
Surgery is frequently cited as the primary cause of
adhesive bowel obstruction; repeat surgery increases
[4]
the risk of adhesion formation . The financial cost
per patient for adhesiolysis and bowel resection was
$65955 and $114175, respectively, with 30-d hospital
readmission rates of 12.3% and 18.1% in the United
[5]
States in 2010 . The average hospital stay for cases of
SBO surgery was 14.2 d, and for abdominal adhesiolysis
[5]
was 8.4 d .
The present cost of a one-week course of CPA
physical therapy is under $7000 in the United States
(and is comparable in the United Kingdom). The therapy
is performed in an outpatient setting; no hospitalization
or surgery is required.
A large previously published clinical study that
followed adult subjects 10 years post-surgery found that
more than 30% of the surgical small bowel resection
subjects underwent additional surgery due to adhesions
[6]
within the study time frame . In a prospective analysis
of patients undergoing laparotomy who had previously
had one or more abdominal operations, 93% (195/210)
were found to have adhesions attributable to their prior
[1]
surgery . Patients with mesh inserted during surgery
have been identified as having an increase in adhesion
formation, leading to increased complexity of future
[7-9]
surgical procedures .
Thus, adhesion related disease causes significant
surgical efforts, hospital resources and comprises
major expenditures each year. Additionally, there is a
considerable negative impact on the patients’ quality of
life (QOL).
In the absence of bowel ischemia, strangulation or
perforation, current guidelines for the management of
SBO are gastric decompression with suction, full strength
gastrographin (in some institutions), and IV hydration
for the first 24-72 h to see if the obstruction will resolve
[10]
without surgery . While sometimes effective in treating
the current obstruction, this approach does not address

RESULTS
Despite histories of more prior hospitalizations, ob
structions, surgeries, and years impacted by bowel issues,
the 103 CPA-treated subjects reported a significantly
lower rate of repeat SBO than 136 untreated controls
(total obstructions P = 0.0003; partial obstructions P =
0.0076). Subjects treated with the therapy demonstrated
significant improvements in five of six total domains in the
validated Small Bowel Obstruction Questionnaire (SBO-Q).
Domains of diet, pain, gastrointestinal symptoms, quality
of life (QOL) and pain severity when compared to post
CPA treatment were significantly improved (P < 0.0001).
The medication domain was not changed in the CPA
treated group (P = 0.176).
CONCLUSION
CPA physical therapy was effective for patients with
adhesive SBO with significantly lower recurrence rate,
improvement in reported symptoms and overall quality
of life of subjects.
Key words: Clear passage approach; Manual therapy;
Physical therapy; Small bowel obstructions; Adhesions;
Physiotherapy; Alternative therapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A manual soft tissue physical therapy protocol
is an effective low risk preventative treatment option
for patients who suffer recurrent adhesive small bowel
obstructions. It increased the quality of life of subjects
by decreasing pain, decreasing recurrent obstructions,
improving diet and increasing bodily function. Because
the therapy was performed in an outpatient setting, it
eliminated the need for hospitalization and the risk and
increased cost of surgery.
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the internal adhesions or the risk of subsequent bowel
[11,12]
obstructions
. The only treatment currently available
to reverse adhesive bowel obstructions is surgery, which
frequently causes new adhesions. A number of surgical
techniques, modifications, and adhesion preventing
medications and barriers have been investigated, but
no solution has been shown to significantly prevent the
[13-19]
formation of adhesions to date
. Thus, any therapy
that decreases the risk of bowel obstruction in the
absence of surgery is of significant importance.
Manual physical therapy (mPT), a method of physio
therapy and rehabilitation, is used to treat patients with
a wide variety of adhesive conditions including burns,
adhesive capsulitis, radiculopathy, pain, infertility, and
[20-30]
lessening of scars
. This therapy has shown promise
[31,32]
in preventing adhesion formation in animal models
.
The Clear Passage Approach (CPA), a specialized
mPT regimen, hypothesized to deform the adhesions
that cause SBO episodes, has been demonstrated as
effective in decreasing adhesions, pain, and improving
QOL in subjects with recurrent SBO in case control
[33-35]
and efficacy studies
. In pilot studies, independent
radiologic reports showed that the therapy cleared
bowel stricture and obstruction, obviating the need for
[36,33-35]
planned laparotomy for adhesiolysis and SBO
.
Surgery is often necessary in cases of bowel ob
struction complicated by ischemia or caused by hernia or
cancer, however surgery has not been shown to improve
quality of life (QOL), reduce pain or recurrence rate in
patients with adhesive SBO. Further, except as shown in
pilot studies of CPA therapy, there is currently no other
treatment available to patients with known adhesions
who are currently not obstructed to reduce recurrence,
pain or need for further surgery. In this study, we report
on the use of the CPA, a manual physical therapy
protocol, to treat abdominal and pelvic adhesions that
cause SBO, and to improve the quality of life (QOL) of
study subjects when compared to untreated subjects in a
control arm.

included in this study. Exclusion criteria included: BMI
> 36, active infection, abnormal ovarian cysts, surgery
within the last 90 d, and bleeding disorders. Each
subject was provided with a written informed consent
as is standard for the clinical practice. Subjects with a
recent history of cancer were excluded from this study. A
total of 103 subjects were treated at one of five private
physical therapy clinics affiliated with Clear Passage
between November 2012 and October 2015. All CPA
therapists and affiliates completed 80 h practical training
and evaluation course prior to becoming certified in the
Clear Passage Approach. All subjects with follow up were
eligible and included in the analysis.
Subjects in the control arm were recruited via web
site and online advertisements for the study. Inclusion
criteria included: adult subjects who had experienced a
partial or total bowel obstruction within the last two years.
Exclusion criteria included: Cancer within the last 5 years,
chemotherapy or radiation treatments in the last 10 years,
current pregnancy, or prior treatment at Clear Passage.
All study related activities were performed via the NIH
Assessment Center (www.assessmentcenter.net) including
screening, informed consent and all data collection. A total
of 460 subjects were screened, with 281 subjects eligible
and 260 completing the initial questionnaire; 6 subjects
were removed from the control study due to having pre
viously received CPA treatment, 117 subjects were lost to
follow up, 1 subject was removed due to less than 50%
of the follow up questionnaire being completed. A total
of 136 subjects completed both questionnaires and were
included in the analysis. The study diagram is shown in
Figure 1. This study was approved by MaGil Institutional
Review Board.

Study design

This was a non-randomized controlled study comparing
subjects with a history of SBO that underwent CPA
treatment to that of untreated control subjects. The CPA
treatment group included a retrospective chart review
of subjects treated for adhesive disease with a history
of SBO that had undergone standard clinic follow up. All
subjects included in the treatment arm received treatment
within private outpatient physical therapy clinics by
therapists certified in the CPA. Subjects in a prospective
untreated control arm, including those not treated with
the CPA, were recruited for participation in a survey based
observational data collection.
Outcomes were measured via an observational
manner using the validated paper based SBO Question
[37]
naire (SBO-Q) using previously established quartiles .
The SBO-Q was developed and validated to be used
as a patient reported tool to quantify the experiences
of patients with recurrent SBOs. The questionnaire is
comprised of five domains and a pain rating section.
Each domain measures a distinct aspect of QOL. The Diet
domain assesses the diet of the subject from inability
to tolerate any liquid to a normal solid food diet. The
Pain domain reported pain throughout the body, with
oral intake of food or liquid, and with bowel function.

Aim and hypothesis

The aim of the study is twofold: (1) To determine whe
ther a manual physiotherapy can lower the rate of repeat
SBO in patients who have undergone prior adhesive
bowel obstructions and surgeries, and (2) to examine
whether the therapy can improve the quality of life of
these patients, using a validated test.
The hypothesis is that the manual physiotherapy
treatment can decrease SBO recurrence and improve the
self-reported quality of life in subjects with a history of
adhesive SBO, compared to untreated control subjects.

MATERIALS AND METHODS
Eligibility criteria

Subjects in the retrospective CPA treatment arm were
selected for inclusion in the study based upon medical
history and completion of both a pre-treatment and
post-treatment questionnaire. Only adult subjects were

WJG|www.wjgnet.com

2110

May 21, 2018|Volume 24|Issue 19|

Rice AD et al . Treating SBO with physical therapy (physiotherapy)
Control group

CPA treatment group

Screened by online system (n = 460)

Intervention
- Received CPA treatment and follow
up completed (n = 103)

Eligible with follow up
- Included in study (n = 103)

Analyzed (n = 103)
- Excluded from analysis (n = 0)

Eligible
Consented/enrolled (n =281)
Prospective

Retrospective

Chart review (n = 206)

Observational
questionnaire study only (n = 281)

Lost to follow up
- Did not complete follow up (n = 117)
- Received CPA treatment (n = 6)

Analyzed (n = 136)
- Excluded from analysis due to follow
up missing 50% of answers (n = 1)

Figure 1 Study diagram.

significant difference of 1 point in the mean domain
score of two domains. All computations were made in
[38]
the statistical software R .

The Gastrointestinal (GI) Symptom domain quantifies
symptoms often associated with SBO such as nausea,
emesis, bowel spasm and constipation. The Medication
domain reports the frequency of medications required
to maintain bowel function. The QOL domain quantifies
the amount of time off work, social activities and overall
concern of the patient regarding their bowel function.
These tend to be major lifetime concerns for many people
who experience recurring bowel obstructions.
Subjects provided previous medical history and
records; no radiologic evaluations were performed as
a part of the study. Questionnaires were completed
prior to treatment for the control measure. The posttreatment questionnaires were sent to the subjects 90
d post-treatment, with completion at 78-140 d posttreatment for the CPA treatment arm and 90-115 d for
the control arm subjects.

Treatment

Subjects treated with the CPA received manual therapy
to areas of the body identified by the treating therapists
as showing decrease mobility or function during the
evaluation via palpation and range of motion tests.
All subjects were evaluated from head to toe. In the
case of these subjects the focus of the therapy was
to the abdominopelvic viscera that demonstrated de
creased mobility, hypothesized to be due to adhesions
formed after surgery, trauma, or other tissue damage,
therefore leading to SBO episodes. The majority of the
therapy focused on treating abdominopelvic viscera
that demonstrated decreased mobility with palpation.
Treatment was administered in multiple hour sessions,
which included up to four hours a day over the course of
5 d with the typical subject completing 20 h of treatment.
The average number of treatment hours per subject was
22.6 ± 8.5 h with a range of 10-74 h; 75 of 103 subjects
in CPA treatment group received 20 h of treatment.
In order to decrease adhesions, the CPA uses
techniques from a variety of manual modalities to treat
the subject in an individualized manner, focusing on
each subjects’ areas of restriction and concern with the
goal of deforming adhesions and increasing the mobility
of adhered tissues and organs, working from the most
superficial tissues to those deeper in the body. The
therapy accomplishes this by the use of various sitespecific pressures across restrictive bands of adhered
tissues and structures within the abdomen and pelvis,
using a bimanual deep massage. The intent of the
therapy is to detach and reverse the crosslinking that

Sample size calculation

For evaluating the power of our study, we made some
simplifying assumptions. We assumed that differences
in the 6 domain scores before and after treatment
follow a normal distribution. For all but two of the
SBO-Q domains we assumed that the mean difference
was zero (i.e., no treatment effect), but for two domains
we assumed that the treatment lowered the average
domain score by 1 point. We assumed that the standard
deviation of each difference was 2.5 points. We then
simulated the power by looking at the proportion of
times that both multiplicities adjusted two-sided P-values
for the two domains where we assumed a treatment
effect is less than 5%. When selecting a sample size
of 100, this was the case in 82% of our simulations.
Therefore, 100 patients in the pre- and post-treatment
comparison result in at least 80% power to detect a
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Table 1 Demographics
Characteristics
Age, yr
Median
Range
Sex
Male
Female
Race
White
Black/African American
American Indian/Alaska Native
Asian
Native Hawaiian/Pacific Islander
Other
Unknown
Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Unknown
Marital Status
Married/long term relationship
Single
Divorced/widowed
Unknown

Control

CPA treatment

P value

33.5
19-71

57
19-89

< 0.001

58
78

33
70

0.0853

80
39
1
3
0
11
2

90
1
2
2
0
0
8

12
108
16

1
91
11

47
63
25
1

69
16
11
7

CPA: Clear Passage Approach.

Disease scoring

binds collagenous fibers together to form adhesions.
The therapists work progressively deeper from the
most superficial tissues restoring mobility via myofascial
[39]
release . Adhesions within and between organs and
interstitial spaces within the viscera were addressed
[29,34]
using the Wurn technique
which is a bimanual soft
tissue manipulation that can include a slow stretch to
adhered areas within the abdomen and pelvis, previously
shown to return patency to occluded fallopian tubes. The
intent of this technique is to detach crosslinks that bind
collagen fibers, thus shearing apart adhesions manually,
in order to return the tissues to a more mobile, less
adhered state. Toward the end of deep tissue work, CPA
certified therapists may use visceral manipulation to
[39]
increase organ motility . The amount of force and time
the force was applied to each area has the potential to be
significant but was maintained within the tolerance of the
subject in accordance with guidelines of the American
Physical Therapy Association. Detailed clinical treatment
records were maintained throughout the course of
therapy.

The overall degree of adhesive disease was determined
using a clinic generated disease scoring table that takes
into account all qualitative and quantitative measures
performed during the initial evaluation and post treatment
discharge assessment. The degree of impact on a subject’
s quality of life for range of motion was determined using
multiple resources, as well as the extensive experience
of the therapists. Multiple other standard physiotherapy
tests were also performed and included in the assessment
[40-44]
for disease score
. Supplemental Table 1 contains the
disease scoring protocol in which the score is expressed as
a decimal in which 0 represents no disease or impact on
overall function and 1 is severely impacted.

Statistical analysis
2

We used χ tests and t-tests for the analysis comparing
the demographic and medical variables between the
treated and control group.
For analyzing the multivariate responses from the
SBO-Q we used the minimum P-value based on a paired
t-statistic for each survey question as the test statistic for
[45]
the overall and the domain hypotheses . The raw and
multiplicity adjusted P-values displayed in tables refer
to testing the null hypothesis that the mean difference
between the initial and follow-up survey equals 0. Since
there are 6 domains for which we tested for a mean
difference, we used multiplicity adjusted P-values to
adjust the raw P-values and account for the fact that
we are testing 6 hypotheses simultaneously. For a
particular domain, a significant difference in the mean
domain score can be concluded when the corresponding
multiplicity adjusted domain P-value is less than 0.05.

Subject monitoring

Subjects enrolled in the control arm of the study were
not monitored as this was an observational web-based
study arm. Subjects included in the treatment arm
were monitored daily for changes in pain, diet, bowel
habits and overall well-being during their treatment as
is standard practice. Adverse events were monitored by
the treating therapists during the course of treatment
and reviewed during the chart review process. There
were no adverse events reported in the CPA treated
group within the clinical data, or by follow up.
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Table 2 Medical history

Number of previous surgeries
0
1-2
3-5
>6
unknown
Number of prior partial bowel obstructions in the last 3 yr
0
1-10
11-20
> 20
Number of prior total bowel obstructions
0
1
2
3
4 or more
Number of years impact on life due to bowel issues
Average (SD)

Control

CPA treatment

P value

4
89
39
3
1

4
16
34
49
0

< 0.001

3
132
1
0

24
70
8
1

4
47
46
27
12

53
29
11
3
7

5.5 (7.2)

10.7 (11.2)

< 0.001

0.4894

< 0.0001

CPA: Clear Passage Approach.

Using the multiplicity adjusted P-values (computed via the
Bonferroni correction) will control the overall (familywise)
error rate at 5%. Similarly, the multiplicity adjusted
P-values for each survey question account for the fact
that we are testing 37 hypotheses comparing mean
differences simultaneously, one for each question. For
any given survey question, a multiplicity adjusted P-value
less than 0.05 implies a significant difference in the mean
score, controlling the overall rate of Type I errors at 5%
when testing these 37 hypotheses simultaneously.
The statistical package R (R Foundation for Statistical
Computing, Vienna, Austria) was used for all statistical
analyses.

impacted their lives was 5.5 ± 7.2 for the control group
and 10.7 ± 11.2 for the CPA treated group (P < 0.001).

Rates of recurrent SBO

All subjects at the 90-d follow up questionnaire were
queried regarding the numbers of bowel obstructions,
hospitalization, and surgery for SBO experienced.
There were differences between the groups, with the
CPA treated group reporting fewer total number of
obstructions, hospitalizations and surgeries. A total of
124 control and 103 CPA treated subjects responded to
the questions. 21.77% of the control group subjects and
8.74% of the CPA group subjects experienced a partial
bowel obstruction between the two questionnaires (P =
0.0076), 14.52% of control group subjects and 0.97%
of CPA group subjects reported a total bowel obstruction
(P = 0.0003), 5.65% of control group subjects and
1.94% of CPA group subjects reported undergoing
surgery for a bowel obstruction (P = 0.1548). The
differences between untreated and treated patients
at follow up would naturally extrapolate into a sizable
decrease in cost, due to avoiding repeat SBO-related
hospitalizations and surgeries.

RESULTS
A total of 103 CPA treated subjects and 136 untreated
control subjects were included in the analysis. Demo
graphics for study subjects are located in Table 1 and
number of prior surgeries and bowel obstructions are
located in Table 2. Subjects in the CPA treatment group
were significantly older, and the total numbers of prior
surgeries, partial SBOs, and years impacted with bowel
symptoms were much higher than that of the control
group. There were 46.2% male subjects in the control
group and 32% male subjects in the CPA treated
group (P = 0.0853). The average age of subjects in
the control group was 36.4 ± 12.5 years and 54.5 ±
15.7 years for the CPA treated group (P < 0.001); the
average number of prior surgeries in the control is 2.07
± 1.29 as compared to 4.56 ± 2.86 for the CPA treated
(P = 0.0001). The average number of prior partial SBOs
in the control group was 1.88 ± 1.60 and 3.97 ± 5.09
in the CPA treated group (P = 0.0001). The number of
total SBO was 2.17 ± 1.85 for the control group and 1.68
± 7.95 for the CPA treated group (P = 0.4894). The
number of years the subjects reported bowel symptoms
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SBO-Q analysis

For both the control and CPA group we tested the null
hypothesis that for each of the 6 domains the mean
domain score the first time the survey was administered
was equal to the mean domain score the second time
the survey was administered 90 d later. The alternative
hypothesis was that there was a significant difference in
the mean domain score between the initial and followup administration of the survey for at least one domain.
Missing data from any question/subject was removed
from the overall analysis.
For the control group data, despite the fact that no
intervention took place between the two times the survey
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Table 3 Average difference (before/after) in Small Bowel Obstruction Questionnaire scores and P -values for each domain and
question for the control group
Domain question
Diet
Liquid
Soft
Solid
Anything
Pain1
General2
Upper GI
Lower GI2
BM2
Head_neck
Migrane
Coccyx
Eating2
Drinking
Back
GI symptoms1
Nausea
Vomit
GI_spasm
Constipation
Diarrhea
BS_JLM
Gas_bloat_dist2
Inc_sounds2
No_BM
Ab_BM
Eat_bloat2
Medication
Meds
Quality of life
Off_work
Off_social
Off_sex
Off_daily_function
Off_eat_out
Massage_worry
Worry
Pain severity
Duration_pain
Recent_max_pain
Recent_min_pain
Recent_avg_pain

Difference mean, St. Dev
-0.06
-0.09
-0.20
-0.11
0.13
0.17
0.50
0.00
0.35
0.50
0.01
0.05
-0.13
0.35
0.02
0.01
0.18
0.29
-0.04
-0.01
0.06
0.26
0.04
0.39
0.41
0.07
0.01
0.45
-0.03
-0.03
0.10
0.13
0.10
0.12
0.25
0.34
-0.31
0.06
0.23
0.33
0.24
0.35
0.02

0.93
1.08
1.20
1.48
1.35
0.61
1.23
1.11
1.14
0.96
1.05
1.18
1.07
1.24
1.10
1.11
0.58
1.22
0.88
0.97
0.90
1.14
0.96
1.32
1.14
1.10
1.22
1.51
1.39
1.39
0.77
1.19
1.42
1.37
1.38
1.23
1.19
1.07
1.46
1.24
2.62
2.17
1.89

Raw P -value

Multiplicity adjusted P -value

Lower confidence bound

Upper confidence bound

0.425
0.342
0.055
0.388
0.256
0.002
0.000
1.000
0.000
0.000
0.935
0.612
0.150
0.001
0.815
0.877
0.000
0.006
0.627
0.860
0.448
0.010
0.592
0.001
0.000
0.437
0.889
0.001
0.804
0.804
0.126
0.218
0.396
0.313
0.036
0.002
0.003
0.521
0.064
0.003
0.295
0.064
0.892

1.000
1.000
1.000
1.000
1.000
0.013
0.000
1.000
0.016
0.000
1.000
1.000
1.000
0.045
1.000
1.000
0.003
0.215
1.000
1.000
1.000
0.354
1.000
0.028
0.002
1.000
1.000
0.025
1.000
1.000
0.759
1.000
1.000
1.000
1.000
0.059
0.104
1.000
0.382
0.105
1.000
1.000
1.000

-0.28
-0.39
-0.54
-0.53
-0.25
0.02
0.15
-0.31
0.03
0.23
-0.29
-0.28
-0.43
0.00
-0.29
-0.30
0.05
-0.05
-0.28
-0.29
-0.19
-0.06
-0.22
0.02
0.09
-0.24
-0.33
0.03
-0.35
-0.42
-0.08
-0.21
-0.30
-0.27
-0.14
-0.01
-0.65
-0.24
-0.10
-0.02
-0.50
-0.26
-0.51

0.15
0.21
0.14
0.31
0.51
0.31
0.85
0.31
0.67
0.77
0.30
0.38
0.17
0.70
0.33
0.33
0.32
0.64
0.21
0.26
0.31
0.58
0.31
0.76
0.73
0.38
0.36
0.88
0.29
0.36
0.28
0.46
0.50
0.51
0.64
0.69
0.02
0.36
0.57
0.68
0.97
0.96
0.55

1

Denotes domains for which average scores (over all questions within a domain) are significantly different between the initial and the follow-up survey,
controlling the familywise error rate (over the 6 domains) at 5%. 2Denotes questions for which scores are significantly different between the initial
and the follow-up survey, controlling the familywise error rate (over the 37 questions included in the SBO-Q) at 5%. SBO-Q: Small Bowel Obstruction
Questionnaire.

was administered, Table 3 shows a significant difference
(multiplicity adjusted P < 0.05) in mean domain scores for
the Pain and GI Symptoms domain. However, the lower
bounds of a corresponding confidence interval for the
mean difference in domain scores are close to zero (0.02
and 0.05, respectively), indicating that, while statistically
significant, the actual improvement may be very small.
A further analysis of the individual survey questions
shows that within the Pain domain, General, Lower GI,
BM and Eating pain improved significantly between the
initial and follow-up survey. However, note the small
lower bounds for the corresponding confidence intervals
for the mean difference, indicating very small changes
except perhaps for BM and General pain. The significant
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improvement in those two could reflect a time-effect, the
perceived pain lessening over time. Similarly, the three
significant differences for individual questions in the GI
Symptoms domains all have very small lower bounds of
corresponding confidence intervals. For all other domains
and all other individual survey questions within domains
no significant differences emerged (multiplicity adjusted
P-values > 0.05). The diet domain had multiplicity
adjusted P = 0.425, the Medication domain P = 0.804,
and the QOL domain P = 0.126, all indicating no major
changes in symptoms over the three-month period studied.
For the CPA group, Table 4 shows significant diffe
rences for all domains (multiplicity adjusted P-value < 0.05)
except for the Medication domain (multiplicity adjusted
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Table 4 Average difference (before/after) in Small Bowel Obstruction Questionnaire scores and P -values for each domain and
question for the Clear Passage Approach treatment group
Domain question
Diet1
Liquid2
Soft2
Solid2
Anything2
Pain1
General2
Upper GI2
Lower GI2
BM2
Head_neck
Migrane
Coccyx
Eating2
Drinking2
Back2
GI symptoms1
Nausea2
Vomit
GI_spasm
Constipation2
Diarrhea2
BS_JLM
Gas_bloat_dist2
Inc_sounds
No_BM2
Ab_BM2
Eat_bloat2
Medication
Meds
Quality of life1
Off_work2
Off_social2
Off_sex2
Off_daily_function2
Off_eat_out2
Massage_worry2
Worry2
Pain Severity1
Duration_pain2
Recent_max_pain2
Recent_min_pain2
Recent_avg_pain2

Change mean, St. Dev
0.77
0.49
0.71
0.91
0.98
0.52
0.88
0.85
0.58
0.49
0.39
0.11
0.16
0.68
0.46
0.59
0.44
0.53
0.17
0.20
0.54
0.41
0.06
0.72
0.37
0.56
0.63
0.71
0.40
0.40
0.78
0.42
0.78
0.61
0.99
0.64
0.75
1.32
1.51
1.21
2.70
0.65
1.20

1.03
1.19
1.38
1.70
1.66
0.73
1.41
1.34
1.49
1.08
1.39
0.69
0.75
1.51
1.26
1.29
0.68
1.13
0.58
0.89
1.48
1.19
1.01
1.46
1.35
1.36
1.54
1.39
1.84
1.84
0.85
0.91
1.29
1.45
1.40
1.38
1.82
1.64
1.66
1.86
3.26
1.82
1.97

Raw P -value

Multiplicity adjusted P -value

Lower confidence bound

Upper confidence bound

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.005
0.117
0.035
0.000
0.000
0.000
0.000
0.000
0.003
0.026
0.000
0.001
0.559
0.000
0.008
0.000
0.000
0.000
0.029
0.029
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000

0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.005
0.001
0.201
1.000
1.000
0.001
0.013
0.000
0.000
0.000
0.113
0.979
0.013
0.028
1.000
0.000
0.286
0.003
0.003
0.000
0.176
1.000
0.000
0.000
0.000
0.003
0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.023
0.000

0.49
0.10
0.26
0.35
0.44
0.33
0.43
0.41
0.10
0.13
-0.06
-0.12
-0.09
0.18
0.05
0.17
0.26
0.16
-0.02
-0.09
0.06
0.02
-0.27
0.24
-0.08
0.11
0.13
0.26
-0.09
-0.20
0.55
0.12
0.36
0.12
0.53
0.19
0.15
0.78
1.07
0.61
1.62
0.04
0.55

1.04
0.87
1.16
1.47
1.53
0.72
1.34
1.29
1.07
0.85
0.85
0.34
0.41
1.17
0.87
1.01
0.62
0.90
0.36
0.49
1.03
0.79
0.39
1.19
0.81
1.01
1.14
1.17
0.89
1.00
1.01
0.72
1.21
1.10
1.45
1.09
1.34
1.85
1.95
1.82
3.78
1.25
1.86

1

Denotes domains for which average scores (over all questions within a domain) are significantly different between the initial and the follow-up survey,
controlling the familywise error rate (over the 6 domains) at 5%. 2Denotes questions for which scores are significantly different between the initial and the
follow-up survey, controlling the familywise error rate (over the 37 questions) at 5%.

P-value = 0.176). The domain confidence intervals
indicate that the mean difference in the average Diet and
Quality of Life score falls somewhere in between 0.5 and
1.0 on the 5-point scale, which is a rather large average
effect. (For comparison, in the control group, no significant
differences were reported for these two domains). Further,
the difference in the average Pain Severity score was
significant, ranging from 1.07 to 1.95. (For the control
group, there was no significant difference.)
Overall, in the CPA group 29 out of 37 survey
questions showed a significant difference (in fact, im
provement), compared to just 7 in the control group.
Judging by the confidence intervals (CIs), some of the
strongest improvements were seen in the Pain, QOL, and
Diet domains. In the Pain Domain, notable improvements
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occurred for the questions “Experience of pain in general”
(CI: 0.43-1.34), “Experience pain in the upper GI region”
(CI: 0.41-1.29), “Recent Maximum Pain” (CI: 1.62-3.78)
and “Duration of Pain” (CI: 0.61-1.82).
Patients who have undergone the significant trauma
of SBO accompanied by long hospital stays (average 14.2
[5]
d ), followed by invasive surgeries and recovery from
those events have significant “QOL” concerns afterwards.
With regard to the QOL domain, some noteworthy large
differences between the initial and follow-up survey
were observed for the question “How often the subject
worries about another SBO” (CI: 0.78-1.85), “How often
the subject was unable to perform daily functions” (CI:
0.53-1.45) and “How often the subject was unable to
attend social events”, (CI: 0.36-1.21). Related to QOL
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Table 5 Quartile assignment for each domain of the Small Bowel Obstruction Questionnaire for all groups and questionnaire time
points

Quartiles for control subjects
Normal
Mild
Moderate
Severe
Quartiles for CPA treated subjects
Normal
Mild
Moderate
Severe

Diet

Pain

44
54
24
14

16
76
41
3

24
21
35
23

47
27
24
5

Baseline
GI

Medication

Diet

24
79
29
4

4
37
59
36

100
27
9
0

34
61
30
11

24
80
29
3

26
86
22
2

12
22
78
24

100
24
12
0

50
34
15
4

22
39
27
15

71
7
25
0

52
26
16
9

74
22
6
1

74
20
8
1

60
26
9
8

82
3
18
0

but analyzed under the Diet domain, the question about
“The ability to eat anything” also showed some large
improvements (CI: 0.44-1.53).
When the total number of subjects per SBO-Q domain
are assessed for both questionnaires for the quartiles
indicating the degree of impact (normal, mild, moderate
and severe) it was observed that the general trend
demonstrated more subjects reporting experiences
corresponding to no impact or normal for the quartiles in
the CPA treatment group than the control group (Table 5).
The significance observed in the individual question score
analysis is also observed in this representation of the
data, showing the clinical significance of these changes in
the CPA treated group.

Medication

bending backwards or standing upright prior to therapy
diminished enough to show significant improvement in
trunk extension following the manual treatment. The
improvements in side bending and rotation also suggest
that decreasing adhesions in the abdomen and pelvis
allowed improved trunk ROM. These findings indicate
that improvements in trunk ROM measurements may be
suitable as a predictor for degree of adhesion deformation
post CPA treatment.

Disease scoring

The observations made by the therapists at the initial
evaluation and after CPA treatment were utilized to
generate an objective numerical value for analysis of
the overall state of the adhesive disease of the treated
subjects. This numerical score takes into account the
entire patient - assessed from head to toe, and includes
ROM, organ motility, standard physical therapy tests,
posture and tissue response with a range from 0 (no
disease or deficiencies) to 1.0 (maximum disease)
(supplemental Table 1). A total of 101 subjects in the CPA
treated group were included in the assessment; results
showed significant improvement in the full body disease
score. Prior to CPA treatment the average disease
score was 0.65 ± 0.11 (range 0.37-0.95) compared to
post CPA treatment 0.29 ± 0.10 (range 0.1-0.53) (P <
0.001). This measure correlates well with both the ROM
measures (Table 6 and the changes observed in the
quartiles post CPA treatment in Table 5).

Trunk range of motion

All CPA treated subjects underwent a comprehensive
physical therapy initial evaluation that included measure
ments for range of motion (ROM). It has been previously
demonstrated that a significant improvement in ROM
in the trunk was observed in patients with a history
of SBO and may be a positive predictor for outcome.
Included in these measurements are: trunk flexion; trunk
extension; left and right side bending; left and right trunk
[40,42–44]
rotation
.
Every subject who presented with decreased ROM
demonstrated improvement for at least one of the mea
surements presented in Table 6. Furthermore, 31.47% of
total measurements were within the normal range after
CPA treatment compared to 19.74% before treatment.
Although not all subjects had a normal ROM for all mea
sures after treatment, all subjects demonstrated overall
improvements.
Statistical analysis of changes showed a significant
increase in the mean ROM after treatment compared to
before for all six measures (multiplicity adjusted P-values
< 0.05).
Patients with a history of SBO and surgery often
presented with a kyphotic posture; we surmised this was
due to the pull of abdominal adhesions, creating a forward
flexion of the trunk. The improvement in trunk extension
following CPA treatment suggests that adhesions in the
abdomen and pelvis that prevented the subject from
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90 d/90 d post treatment
Pain
GI
QOL

QOL

DISCUSSION
It is widely accepted that the adhesions that cause SBO
and symptomology in subjects are often caused due
[10,46]
to prior abdominal or pelvic surgery
. This study is
the first controlled study of a specific physical therapy
protocol known as the Clear Passage Approach (CPA)
in subjects with a history of SBO. The results of this
study are very similar to those reported in an earlier
uncontrolled efficacy study and case reports using
[35]
the CPA to treat subjects with recurring SBO . In all
measures, the subjects treated with the CPA experienced
significant improvements as compared to experiences
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Table 6 Range of motion averages in Clear Passage Approach treated subjects prior to and post Clear Passage Approach treatment
Range of motion
measure (normal)

Pretreatment (n = 103)
mean (SD)

Post treatment (n = 103)
mean (SD)

Raw P value

Multiplicity
Lower confidence Upper confidence
adjusted P value
bound
bound

Number with normal ROM Number with normal ROM
Flexion (80)
Extension (25)
Left side bending (45)
Right side bending (45)
Left rotation (45)
Right rotation (45)

76.9 (19.4)
48
25.2 (13.7)
45
38.0 (10.3)
37
38.8 (12.2)
47
37.0 (14.8)
23
39.3 (13.6)
44

82.5 (15.1)
74
29.9 (11.8)
77
42.6 (8.7)
59
43.4 (8.7)
62
44.2 (14.4)
47
45.5 (12.3)
70

< 0.001

0.010

-10.4

-0.7

< 0.001

< 0.001

-7.8

-1.5

< 0.001

< 0.001

-7.2

-2.1

< 0.001

< 0.001

-7.4

-1.8

< 0.001

< 0.001

-10.4

-4

< 0.001

< 0.001

-9.5

-2.9

ROM: Range of motion.

before CPA treatment and when compared to untreated
controls. Manual physical therapy can provide adjunct
therapy for known adhesions where there is no other
available therapy proven to decrease recurrent SBO or
to treat pain associated with adhesive disease. Unlike
surgical procedures, adhesions do not appear to occur
[28]
after treatment with the CPA .
Because treatment group participants had more
complex histories and symptoms, their improvements
likely had more of an impact on daily function than
subjects in the control group. The results from this study
suggest that the CPA can be used to treat adhesions
and scar adherence safely in the recurrent SBO subject
population, demonstrating significant improvements
in overall pain, severity of pain, QOL and number of
episodes of SBO as compared to untreated subjects.
Further, subjects who were previously concerned about
having another SBO episode reported a significant
decrease in that concern three months after treatment.
In addition, the cost savings from using a relatively
inexpensive outpatient treatment in place of surgery to
prevent future obstruction, hospitalization and surgery is
worthy of consideration.
Based upon changes in range of motion and disease
scores, it is inferred that tissue and organ mobility was
improved as the subjects demonstrated an increased
range of motion in active movement tests. Improvements
in range of motion allowed subjects to perform daily tasks
more easily and contributed positively to their overall QOL.
The limitations of this study include the lack of rando
mization and sham treatment group. A sham treatment
is challenging to accomplish in a study such as this where
the treatment is 20 h of manual therapy over the course
of one week. Indirect measures used to assess adhesions
in the subjects including improvement in self-reported
symptoms; ROM and objective disease scoring were used
as outcome measures. While these measures are indirect,
all correlated well with the post CPA treatment experiences
and the decreased number of SBOs and surgeries in the
treatment group, compared to the control group.
Today when a patient is discharged after non-surgical
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(or surgical) management of adhesive SBO, there is no
therapy that can be prescribed to help reduce recurrence.
Further, the quality of life for patients who have under
gone SBO, with or without surgery, is often greatly com
promised. Repeat surgery for SBO is widely regarded
as a primary cause of recurring SBO. This technique
appears to delay or obviate surgery for many patients
who have undergone the trauma of SBO, at a fraction
of the cost of surgery. It offers a therapy where none
is currently available. The CPA therapy appears to be a
viable conservative option for patients who previously
were told that there was nothing that they could do to
reduce their chances of recurrent SBO.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Manual physiotherapy (mPT), called “manual physical therapy” in the United
States, has been used to treat a wide variety of adhesive conditions including
burns, adhesive capsulitis, radiculopathy, pain and the lessening of scars. In
pilot studies, independent radiologic reports showed that the Clear Passage
Approach (CPA), a specialized mPT performed in an outpatient setting,
cleared bowel stricture and obstruction, obviating the need for planned surgical
adhesiolysis and bowel resection. In case control and efficacy studies, CPA
demonstrated effectiveness decreasing adhesions and pain, and improving
quality of life (QOL) in subjects with recurrent small bowel obstruction (SBO).
Surgery is often cited as a primary cause of recurrent SBO due to the
formation of post-operative adhesions. If a non-invasive outpatient therapy can
decrease recurrent SBO and reduce the need for additional surgeries, it can
improve quality of life for patients, with lower risk and decreased cost.

Research motivation

Adhesions that form after surgery present major problems for physicians and
their patients. Surgeons note that adhesion barriers and gels are not always
effective at preventing recurrent adhesions. The opportunity to delay or prevent
post-surgical adhesions that can cause pain and recurring bowel obstruction
is profound for patients. Many people live in fear that another major surgery or
death could occur at any time, due to a recurrent obstruction.

Research objectives

The study has two main objectives: (1) To determine whether a manual
physiotherapy can lower the rate of repeat SBO in patients who have
undergone prior adhesive bowel obstructions and surgeries; and (2) to examine
whether the therapy can improve the quality of life of these patients, using a
validated test.
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Research methods

Research perspectives

This is a controlled phase two study in which 103 subjects with a history of
recurrent adhesive SBO were treated with a manual physical therapy called
the CPA. The focus of the therapy was to decrease adhesive crosslinking
in abdominopelvic viscera. Pre- and post-therapy data measured recurring
obstructions and quality of life using a validated test sent 90 d after therapy.
Results were compared to 136 untreated control subjects who underwent the
same measurements, but who did not receive any therapy. Until this method
was developed, physical therapy has never been investigated as a course to
treat recurring SBO.

There is a place for a multi-disciplinary approach to a vexing problem for
surgeons - the recurrence of adhesions and SBO following abdominal surgery
or pelvic surgery. We hope to be able to quantify further the degree to which
CPA can decrease the recurrence of SBO, and the need for repeat surgeries.
A prospective controlled study with closely matched study groups could be
performed with the CPA method vs sham physiotherapy.

REFERENCES
1

Research results

Despite histories of more prior hospitalizations, obstructions, surgeries, and
years impacted by bowel issues, the 103 CPA-treated subjects reported
a significantly lower rate of repeat SBO than 136 untreated controls (total
obstructions P = 0.0003; partial obstructions P = 0.0076). Subjects treated with
the therapy demonstrated significant improvements in five of six total domains
in the validated Small Bowel Obstruction Questionnaire (SBO-Q). Domains of
diet, pain, gastrointestinal (GI) symptoms, quality of life (QOL) and pain severity
when compared to post CPA treatment were significantly improved (P < 0.0001).
The medication domain was not changed in the CPA treated group (P = 0.176).
Numerous studies examine the use of mPT to decrease adhesions and
pain, and to improve function for conditions in various parts of the body. Pilot
studies that examine the use of CPA include independent radiographs of
cleared bowel obstruction. In a 10-year retrospective study of using CPA to treat
adhesion-related female infertility (n = 1392), CPA opened blocked fallopian
tubes in 60.85% (143/235) of women diagnosed with total tubal occlusion. In
a recent study, mPT was shown to disrupt bowel adhesions in a rat model.
This is the first controlled study of using a manual physiotherapy to decrease
adhesions in the bowel.
The availability of the therapy is presently limited to private outpatient
clinics in the United States and United Kingdom where therapists have been
fully trained and certified in the CPA.

2

3

4

5

6

Research conclusions

A manual physiotherapy significantly improved quality of life and significantly
decreased the rate of re-occlusion for patients with a history of SBO. Performed
in an outpatient setting, the non-invasive therapy significantly reduced repeat
obstructions. In addition, the physical therapy has a much lower risk and cost
than hospitalization or surgery.
The study proposes that manual physiotherapy, which is commonly used
to decrease adhesions in a variety of conditions, may be useful to decrease
adhesions in the bowel. As such, it may delay or prevent recurring SBO.
This study noted that: (1) Post-surgical adhesions are frequently cited
as the primary cause of SBO; (2) average costs in the United States for
adhesiolysis and SBO are $65955 and $114175, respectively; (3) average
hospital stays for adhesiolysis and SBO are 8.4 d and 14.2 d, respectively; (4)
costs for a novel non-surgical physiotherapy to address adhesions and SBO are
less than $7000; (5) Subjects treated with the therapy reported a significantly
lower rate of repeat SBO than the untreated controls (total obstructions P =
0.0003; partial obstructions P = 0.0076); (6) subjects treated with the therapy
demonstrated significant improvements in five of six total domains in the
validated SBO-Q; (7) statistical analysis showed a significant increase in all
six measures of trunk range of motion (flexion, extension, left and right side
bending, left and right rotation.)
A manual physiotherapy significantly decreased the rate of recurrent small
bowel obstruction (SBO) and improved quality of life for patients with a history
of prior SBO. Based on the decreased number of recurring obstructions and the
measurable improvements in trunk range of motion, this manual physiotherapy
can significantly improve outcomes and quality of life for patients who undergo
abdominal or pelvic surgery to treat adhesions or SBO.
This study proposes the use of a specialized manual physiotherapy, the
CPA, to delay or prevent recurring SBO. This study confirmed and quantified
hypotheses from earlier pilot studies that CPA could increase QOL, delay or
prevent recurring SBO, and delay or obviate the need for additional surgery
for patients with recurring SBO, with less risk and a lower cost than the
present model. The major implication for clinical practice is that physicians,
who are often stymied by the frequent recurrence of adhesions and SBO
following abdominal surgery or resection, now have a less risky and less costly
alternative to repeat surgery.

WJG|www.wjgnet.com

7

8

9

10

11

12

13

2118

Menzies D, Ellis H. Intestinal obstruction from adhesions - how
big is the problem? Ann R Coll Surg Engl 1990; 72: 60-63 [PMID:
2301905]
ten Broek RP, Issa Y, van Santbrink EJ, Bouvy ND, Kruitwagen
RF, Jeekel J, Bakkum EA, Rovers MM, van Goor H. Burden of
adhesions in abdominal and pelvic surgery: systematic review
and met-analysis. BMJ 2013; 347: f5588 [PMID: 24092941 DOI:
10.1136/bmj.f5588]
Parker MC, Ellis H, Moran BJ, Thompson JN, Wilson MS,
Menzies D, McGuire A, Lower AM, Hawthorn RJ, O’Briena F,
Buchan S, Crowe AM. Postoperative adhesions: ten-year follow-up
of 12,584 patients undergoing lower abdominal surgery. Dis Colon
Rectum 2001; 44: 822-829; discussion 829-830 [PMID: 11391142
DOI: 10.1007/BF02234701]
Strik C, Stommel MW, Schipper LJ, van Goor H, Ten Broek RP.
Risk factors for future repeat abdominal surgery. Langenbecks
Arch Surg 2016; 401: 829-837 [PMID: 27074725 DOI: 10.1007/
s00423-016-1414-3]
HCUPnet: A tool for identifying, tracking, and analyzing national
hospital statistics. 2012; Available from: URL: http://hcupnet.ahrq.
gov/HCUPnet.jsp?Id=6D36343307A90AD9Form=SelLAYJS=YA
ction=%3E%3ENext%3E%3E_LAY=Researcher
Wilson MS, Ellis H, Menzies D, Moran BJ, Parker MC, Thompson
JN. A review of the management of small bowel obstruction.
Members of the Surgical and Clinical Adhesions Research Study
(SCAR). Ann R Coll Surg Engl 1999; 81: 320-328 [PMID:
10645174]
Bingener J, Kazantsev GB, Chopra S, Schwesinger WH. Adhesion
formation after laparoscopic ventral incisional hernia repair with
polypropylene mesh: a study using abdominal ultrasound. JSLS
2004; 8: 127-131 [PMID: 15119656]
van Eijck FC, Wijnen RM, van Goor H. The incidence and
morbidity of adhesions after treatment of neonates with gastroschisis
and omphalocele: a 30-year review. J Pediatr Surg 2008; 43:
479-483 [PMID: 18358285 DOI: 10.1016/j.jpedsurg.2007.10.027]
Chelala E, Baraké H, Estievenart J, Dessily M, Charara F, Allé JL.
Long-term outcomes of 1326 laparoscopic incisional and ventral
hernia repair with the routine suturing concept: a single institution
experience. Hernia 2016; 20: 101-110 [PMID: 26093891 DOI:
10.1007/s10029-015-1397-y]
Di Saverio S, Coccolini F, Galati M, Smerieri N, Biffl WL, Ansaloni
L, Tugnoli G, Velmahos GC, Sartelli M, Bendinelli C, Fraga GP,
Kelly MD, Moore FA, Mandalà V, Mandalà S, Masetti M, Jovine E,
Pinna AD, Peitzman AB, Leppaniemi A, Sugarbaker PH, Goor HV,
Moore EE, Jeekel J, Catena F. Bologna guidelines for diagnosis and
management of adhesive small bowel obstruction (ASBO): 2013
update of the evidence-based guidelines from the world society
of emergency surgery ASBO working group. World J Emerg Surg
2013; 8: 42 [PMID: 24112637 DOI: 10.1186/1749-7922-8-42]
Lorentzen L, Øines MN, Oma E, Jensen KK, Jorgensen LN.
Recurrence After Operative Treatment of Adhesive Small-Bowel
Obstruction. J Gastrointest Surg 2018; 22: 329-334 [PMID:
29030779 DOI: 10.1007/s11605-017-3604-x]
Hajibandeh S, Hajibandeh S, Panda N, Khan RMA, Bandyopadhyay
SK, Dalmia S, Malik S, Huq Z, Mansour M. Operative versus nonoperative management of adhesive small bowel obstruction: A
systematic review and meta-analysis. Int J Surg 2017; 45: 58-66
[PMID: 28728984 DOI: 10.1016/j.ijsu.2017.07.073]
Pismensky SV, Kalzhanov ZR, Eliseeva MY, Kosmas IP,
Mynbaev OA. Severe inflammatory reaction induced by peritoneal

May 21, 2018|Volume 24|Issue 19|

Rice AD et al . Treating SBO with physical therapy (physiotherapy)

14
15

16

17

18
19
20

21

22

23

24

25
26

27

28

29

trauma is the key driving mechanism of postoperative adhesion
formation. BMC Surg 2011; 11: 30 [PMID: 22082071 DOI:
10.1186/1471-2482-11-30]
Arung W, Meurisse M, Detry O. Pathophysiology and prevention
of postoperative peritoneal adhesions. World J Gastroenterol 2011;
17: 4545-4553 [PMID: 22147959 DOI: 10.3748/wjg.v17.i41.4545]
Yigitler C, Karakas DO, Kucukodaci Z, Cosar A, Gülec B, Akin
ML. Adhesion-preventing properties of 4% icodextrin and canola
oil: a comparative experimental study. Clinics (Sao Paulo) 2012; 67:
1303-1308 [PMID: 23184208 DOI: 10.6061/clinics/2012(11)14]
Cheong YC, Shelton JB, Laird SM, Richmond M, Kudesia G, Li
TC, Ledger WL. IL-1, IL-6 and TNF-alpha concentrations in the
peritoneal fluid of women with pelvic adhesions. Hum Reprod
2002; 17: 69-75 [PMID: 11756364 DOI: 10.1093/humrep/17.1.69]
ten Broek RP, Wilbers J, van Goor H. Electrocautery causes more
ischemic peritoneal tissue damage than ultrasonic dissection. Surg
Endosc 2011; 25: 1827-1834 [PMID: 21140171 DOI: 10.1007/
s00464-010-1474-3]
Cahill RA, Redmond HP. Cytokine orchestration in post-operative
peritoneal adhesion formation. World J Gastroenterol 2008; 14:
4861-4866 [PMID: 18756592 DOI: 10.3748/wjg.14.4861]
Lauder CI, Garcea G, Strickland A, Maddern GJ. Abdominal
adhesion prevention: still a sticky subject? Dig Surg 2010; 27:
347-358 [PMID: 20847564 DOI: 10.1159/000314805]
Sucher BM. Ultrasonography-guided osteopathic manipulative
treatment for a patient with thoracic outlet syndrome. J Am
Osteopath Assoc 2011; 111: 543-547 [PMID: 21955534 DOI:
10.7556/jaoa.2011.111.9.543]
Sampson S, Meng M, Schulte A, Trainor D, Montenegro R,
Aufiero D. Management of Dupuytren contracture with ultrasoundguided lidocaine injection and needle aponeurotomy coupled with
osteopathic manipulative treatment. J Am Osteopath Assoc 2011;
111: 113-116 [PMID: 21357497]
Boyles R, Toy P, Mellon J Jr, Hayes M, Hammer B. Effectiveness of
manual physical therapy in the treatment of cervical radiculopathy:
a systematic review. J Man Manip Ther 2011; 19: 135-142 [PMID:
22851876 DOI: 10.1179/2042618611Y.0000000011]
Bayliss AJ, Klene FJ, Gundeck EL, Loghmani MT. Treatment of
a patient with post-natal chronic calf pain utilizing instrumentassisted soft tissue mobilization: a case study. J Man Manip Ther
2011; 19: 127-134 [PMID: 22851875 DOI: 10.1179/2042618611Y.
0000000006]
Şenbursa G, Baltaci G, Atay ÖA. The effectiveness of manual
therapy in supraspinatus tendinopathy. Acta Orthop Traumatol
Turc 2011; 45: 162-167 [PMID: 21765229 DOI: 10.3944/
AOTT.2011.2385]
Gaspar PD, Willis FB. Adhesive capsulitis and dynamic splinting:
a controlled, cohort study. BMC Musculoskelet Disord 2009; 10:
111 [PMID: 19735563 DOI: 10.1186/1471-2474-10-111]
Wurn LJ, Wurn BF, King CR, Roscow AS, Scharf ES, Shuster
JJ. Increasing orgasm and decreasing dyspareunia by a manual
physical therapy technique. MedGenMed 2004; 6: 47 [PMID:
15775874]
Wurn BF, Wurn LJ, Patterson K, King CR, Scharf ES. Decreasing
dyspareunia and dysmenorrhea in women with endometriosis via a
manual physical therapy: Results from two independent studies. J
Endometr 2011; 3: 188–96 [DOI: 10.5301/JE.2012.9088]
Wurn BF, Wurn LJ, King CR, Heuer MA, Roscow AS,
Hornberger K, Scharf ES. Treating fallopian tube occlusion with a
manual pelvic physical therapy. Altern Ther Health Med 2008; 14:
18-23 [PMID: 18251317]

30
31
32
33

34

35

36

37

38
39
40
41

42
43
44
45
46

Wurn BF, Wurn LJ, King CR, Heuer MA, Roscow AS, Scharf
ES, Shuster JJ. Treating female infertility and improving IVF
pregnancy rates with a manual physical therapy technique.
MedGenMed 2004; 6: 51 [PMID: 15266276]
Kramp ME. Combined manual therapy techniques for the
treatment of women with infertility: a case series. J Am Osteopath
Assoc 2012; 112: 680-684 [PMID: 23055467]
Bove GM, Chapelle SL. Visceral mobilization can lyse and prevent
peritoneal adhesions in a rat model. J Bodyw Mov Ther 2012; 16:
76-82 [PMID: 22196431 DOI: 10.1016/j.jbmt.2011.02.004]
Chapelle SL, Bove GM. Visceral massage reduces postoperative
ileus in a rat model. J Bodyw Mov Ther 2013; 17: 83-88 [PMID:
23294688 DOI: 10.1016/j.jbmt.2012.05.004]
Rice AD, Wakefield LB, Patterson K, Reed ED, Wurn BF, King
CR 3rd, Wurn LJ. Decreasing adhesions and avoiding further
surgery in a pediatric patient involved in a severe pedestrian
versus motor vehicle accident. Pediatr Rep 2014; 6: 5126 [PMID:
24711912 DOI: 10.4081/pr.2014.5126]
Rice AD, King R, Reed ED, Patterson K, Wurn BF, Wurn LJ.
Manual Physical Therapy for Non-Surgical Treatment of AdhesionRelated Small Bowel Obstructions: Two Case Reports. J Clin Med
2013; 2: 1-12 [PMID: 26237678 DOI: 10.3390/jcm2010001]
Rice AD, Patterson K, Reed ED, Wurn BF, Klingenberg B,
King CR 3rd, Wurn LJ. Treating Small Bowel Obstruction
with a Manual Physical Therapy: A Prospective Efficacy Study.
Biomed Res Int 2016; 2016: 7610387 [PMID: 26989690 DOI:
10.1155/2016/7610387]
Rice AD, Reed ED, Patterson K, Wurn BF, Wurn LJ. Clearing
bowel obstruction and decreasing pain in a terminally ill patient via
manual physical therapy. J Palliat Med 2013; 16: 222-223 [PMID:
23362839 DOI: 10.1089/jpm.2012.0458]
Rice AD, Wakefield LB, Patterson K, D’Avy Reed E, Wurn BF,
Klingenberg B, King Iii CR, Wurn LJ. Development and Validation
of a Questionnaire to Measure Serious and Common Quality of
Life Issues for Patients Experiencing Small Bowel Obstructions.
Healthcare (Basel) 2014; 2: 139-149 [PMID: 27429266 DOI:
10.3390/healthcare2010139]
A Language and Environment for Statistical Computing, R
Foundation for Statistical Computing. 2017
Glossary of Osteopathic Terminology. 2011; Available from: http://
www.aacom.org/resources/bookstore/Documents/GOT2011ed.pdf
Norkin CC, White DJ. Measurement of Joint Motion: A Guide to
Goniometry. 2nd ed. Philadelphia: F.A. Davis Company; 1995
Senbursa G, Baltaci G, Atay A. Comparison of conservative
treatment with and without manual physical therapy for patients
with shoulder impingement syndrome: a prospective, randomized
clinical trial. Knee Surg Sports Traumatol Arthrosc 2007; 15:
915-921 [PMID: 17333123 DOI: 10.1007/s00167-007-0288-x]
Kendall F, McCreary E. Muscles: Testing and Function. 3rd ed.
Baltimore: Williams & Wilkins; 1983
Surgeons AA of O, editor. Joint Motion: Method of Measuring and
Recording. Chicago: AAOS; 1965
Hoppenfield S. Physical Examination of the Spine and
Extremities. New York: Appleton Centry-Crofts; 1976
Westfall P, Young S. Resampling-based multiple testing: Examples
and methods for p-value adjustment. New York: Wiley; 1993
Brüggmann D, Tchartchian G, Wallwiener M, Münstedt K,
Tinneberg HR, Hackethal A. Intra-abdominal adhesions: definition,
origin, significance in surgical practice, and treatment options.
Dtsch Arztebl Int 2010; 107: 769-775 [PMID: 21116396 DOI:
10.3238/arztebl.2010.0769]

P- Reviewer: Delibegovic S, Kaya DO, Ünver B S- Editor: Wang XJ
L- Editor: A E- Editor: Huang Y

WJG|www.wjgnet.com

2119

May 21, 2018|Volume 24|Issue 19|

World J Gastroenterol 2018 May 21; 24(19): 2120-2129

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i19.2120

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

META-ANALYSIS

Prognostic impact of the red cell distribution width in
esophageal cancer patients: A systematic review and
meta-analysis
Wei-Yu Xu, Xiao-Bo Yang, Wen-Qin Wang, Yi Bai, Jun-Yu Long, Jian-Zhen Lin, Jian-Ping Xiong, Yong-Chang Zheng,
Xiao-Dong He, Hai-Tao Zhao, Xin-Ting Sang
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Wei-yu Xu, Xiao-bo Yang, Yi Bai, Jun-yu Long, Jian-zhen
Lin, Jian-ping Xiong, Yong-chang Zheng, Hai-tao Zhao, Xinting Sang, Department of Liver Surgery, Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100730, China
Wen-qin Wang, Xiao-dong He, Department of General
Surgery, Peking Union Medical College Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College, Beijing 100730, China

Manuscript source: Unsolicited manuscript

ORCID number: Wei-yu Xu (0000-0002-2101-4829); Xiao-bo
Yang (0000-0003-1929-8866); Wen-qin Wang (0000-0003-3346
-316X); Yi Bai (0000-0002-1179-3734); Jun-yu Long
(0000-0001-5745-7165); Jian-zhen Lin (0000-0002-4767-8834);
Jian-ping Xiong (0000-0002-6163-2621); Yong-chang Zheng
(0000-0002-6956-1186); Xiao-dong He (0000-0001-9475-28920);
Hai-tao Zhao (0000-0002-3444-8044); Xin-ting Sang
(0000-0003-1952-0527).

Correspondence to: Xin-ting Sang, MD, Professor, Department
of Liver Surgery, Peking Union Medical College Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College,
1 Shuaifuyuan, Wangfujing, Beijing 100730,
China. sangxt@pumch.cn
Telephone: +86-10-69156042
Fax: +86-10-69156042

Author contributions: Xu WY and Yang XB contributed
equally to this work; Xu WY conceived, designed and wrote the
manuscript that led to the submission; Xu WY, Yang XB and
Wang WQ searched and filtered the literature; Long JY, Lin JZ and
Xiong JP selected and interpreted the data; Wang WQ and Zheng
YC revised the manuscript; Zhao HT and Sang XT provided
financial support for this work; He XD, Zhao HT and Sang XT
are co-corresponding authors, and they contributed equally to this
work; All authors read and approved the final manuscript.

Received: March 7, 2018
Peer-review started: March 7, 2018
First decision: March 21, 2018
Revised: April 3, 2018
Accepted: April 16, 2018
Article in press: April 15, 2018
Published online: May 21, 2018

Supported by CAMS Innovation Fund for Medical Science
(CIFMS), No. 2017-12M-4-003; International Science and
Technology Cooperation Projects, No. 2015DFA30650 and No.
2016YFE0107100; Capital Special Research Project for Health
Development, No. 2014-2-4012; and Beijing Natural Science
Foundation, No. L172055.

Abstract
AIM
To clarify the previous discrepant conclusions, we per
formed a meta-analysis to evaluate the prognostic
value of red cell distribution width (RDW) in esophageal
cancer (EC).

Conflict-of-interest statement: The authors deny any conflict
of interest.

METHODS
We searched the PubMed, EMBASE, Web of Science and
Cochrane Library databases to identify clinical studies,
followed by using STATA version 12.0 for statistical

PRISMA 2009 Checklist statement: The authors have read the
PRISMA 2009 Checklist, and the manuscript was prepared and
revised according to the PRISMA 2009 Checklist.
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analysis. Studies that met the following criteria were
considered eligible: (1) Studies including EC patients
who underwent radical esophagectomy; (2) studies
including patients with localized disease without distant
metastasis; (3) studies including patients without pre
operative neoadjuvant therapy; (4) studies including
patients without previous antiinﬂammatory therapies
and with available preoperative laboratory outcomes; (5)
studies reporting association between the preoperative
RDW and overall survival (OS)/disease-free survival
(DFS)/cancer-specific survival (CSS); and (6) studies
published in English.

wjgnet.com/1007-9327/full/v24/i19/2120.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i19.2120

INTRODUCTION
Esophageal cancer (EC) is one of the most common
[1,2]
digestive malignancies worldwide , ranking as the
[3]
fourth leading cause of cancer-related death and
[4]
leading to approximately 400000 deaths in 2012 . The
incidence of EC varies widely across different countries
[5]
and regions . According to the latest national statistics,
EC is the fourth most common malignant tumor type
[1]
in China , with cancer-related morbidity and mortality
rates of 11.1% and 13.3%, respectively, in 2015,
which has emerged as a severe public health problem,
[6]
particularly in some high-risk rural areas . However, in
2012, the cancer-related morbidity and mortality rates
of EC (3.41% and 2.98%, respectively) were lower in
[4]
North America and Europe than those in China .
EC is a highly aggressive digestive malignancy
characterized by rapid growth and early metastasis.
The rate of distant metastasis in EC patients is as high
[7]
as 20%-30% at the time of initial diagnosis . Despite
the progress in radical resection and adjuvant therapy
(radiation and chemotherapy), the 5-year overall survival
(OS) rate of patients with EC remains approximately
[8]
20% in China , emphasizing an urgent need to detect
effective prognostic biomarkers which could guide
[9,10]
personalized therapeutic strategy for EC patients
.
In recent years, accumulating evidence has shown
that systemic inflammatory responses are closely
associated with tumor initiation, progression and inva
[11-14]
sion
. Therefore, a variety of inflammatory indicators
have been explored to assess their potential prognostic
roles in various cancers. One such marker is the red
blood cell distribution width (RDW), which is defined
as the coefficient of variation in the red blood cell
size. An elevated RDW indicates anisocytosis, which is
considered as the basis for the clinical diagnosis of iron
[15]
deficiency anemia . However, fluctuations in the RDW
have recently been reported as involved in many other
pathophysiological conditions. For example, an elevated
RDW is strongly associated with chronic inﬂammation,
poor nutritional status, and age-associated diseases,
which is indicative of changes in erythropoiesis. In
addition, a number of studies have demonstrated a
significant correlation between RDW and conventional
inflammatory parameters, such as the C-reactive
protein, interleukin-6 and tumor necrosis factor-α levels
and erythrocyte sedimentation rate. Cancer has been
revealed to be associated with chronic inﬂammation, and
the latter is a key determinant of disease progression
[16,17]
[18]
and survival in various cancers
. In 2007, Felker et al
found that RDW could serve as an independent predictor
of morbidity and mortality in heart failure. Recent studies
have revealed that RDW is associated with prognosis in
[19]
several types of cancer, such as lung cancer , prostate

RESULTS
A total of six articles, published between 2015 and 2017,
fulfilled the selection criteria in the end. Statistical analysis
showed that RDW was not associated with the prognosis
of EC patients, irrespective of OS/CSS [hazard ratio (HR)
= 1.27, 95% confidence interval (CI): 0.97-1.57, p =
0.000] or DFS (HR = 1.42, 95%CI: 0.96-1.88, p = 0.000).
Subgroup analysis indicated that elevated RDW was
significantly associated with worse OS/CSS of EC patients
when RDW > 13% (HR = 1.45, 95%CI: 1.13-1.76, p =
0.000), when the patient number ≤ 400 (HR = 1.45,
95%CI: 1.13-1.76, p = 0.000) and when the study type
was retrospective (HR = 1.42, 95%CI : 1.16-1.69, p =
0.000).
CONCLUSION
Contrary to our general understanding, this meta-analysis
revealed that RDW cannot serve as an indicator of poor
prognosis in patients with EC. However, it may still be
a useful predictor of unfavorable prognosis using an
appropriate cut-off value.
Key words: Red cell distribution width; Prognostic impact;
Systematic review; Meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Red cell distribution width (RDW) has been
established as a prognostic factor for cancer patients.
In consideration of esophageal cancer (EC), many ar
ticles have concluded that RDW is correlated with poor
prognosis. However, recent studies have indicated that
elevated RDW harbors no prognostic value for EC, which
might, instead, be a favorable prognostic factor for
EC patients. No consensus is available in the previous
literature concerning whether elevated RDW is a negative
or favorable prognostic factor for EC patients. To this
end, for the first time, this systematic review and metaanalysis was performed to evaluate the prognostic value
of RDW in EC.
Xu WY, Yang XB, Wang WQ, Bai Y, Long JY, Lin JZ, Xiong
JP, Zheng YC, He XD, Zhao HT, Sang XT. Prognostic impact
of the red cell distribution width in esophageal cancer patients:
A systematic review and meta-analysis. World J Gastroenterol
2018; 24(19): 2120-2129 Available from: URL: http://www.
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and Wang) who also evaluated the titles and abstracts
of all candidate articles. Full-text was reviewed when
the articles could not be categorized based on the title
and abstract. Articles were included and excluded in
accordance with the corresponding criteria defined in
this study. Any disputes during the selection period
were discussed with and resolved by a third investigator
(Xiong). A flowchart demonstrating the details of the
study selection according to the PRISMA guidelines is
shown in Figure 1.

Table 1 PubMed search strategy
Number

Search items

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17

Esophageal Neoplasm.ti,ab
esophagus neoplasm.ti,ab
esophagus neoplasms.ti,ab
cancer of esophagus.ti,ab
cancer of the esophagus.ti,ab
esophagus cancer.ti,ab
esophagus cancers.ti,ab
esophageal cancer.ti,ab
esophageal cancers.ti,ab
esophageal squamous cell cancer.ti,ab
ESCC.ti,ab
esophageal adenocarcinoma.ti,ab
or #1- #12
red cell distribution. ti,ab
RDW.ti,ab
or #14- #15
#13 and #16

[20]

Inclusion and exclusion criteria

Studies that met the following criteria were considered
eligible: (1) A study of EC patients who underwent radical
esophagectomy; (2) a study of patients with localized
disease without distant metastasis; (3) a study of
patients without preoperative neoadjuvant therapy; (4)
a study of patients without previous antiinﬂammatory
therapies and with available preoperative laboratory
outcomes; (5) a study of the association between the
preoperative RDW and OS/disease-free survival (DFS)/
cancer-specific survival (CSS); and (6) a complete paper
published in English. Studies that met the following
criteria were excluded: (1) Letters, case reports, reviews
or preclinical studies; (2) studies describing a repeated
analysis or duplicate data; (3) studies lacking key infor
mation for further analysis; and (4) nonhuman studies.

[21]

cancer and EC .
RDW is an important complete blood count parameter
that is routinely monitored in cancer patients. Several
[21-26]
studies conducted in recent years
have investigated
the relationship between EC prognosis and RDW due
to the easy accessibility of obtaining blood samples and
the low cost of analyzing RDW. However, the results of
these studies show some discrepancies, which could be
attributed to differences in the study design and relatively
small sample sizes. To this end, in the present study, a
meta-analysis was performed to identify the correlation
between RDW and survival in EC patients.

Data extraction

We used predesigned extraction forms for data collec
tion. The following information was extracted from each
study: first author’s name, year of publication, country
of the patients, research type, number of male/female
patients included in the study, pathological types, RDW
cut-off value, hazard ratio (HR) of elevated RDW for OS,
CSS and DFS with 95% confidence interval (CI) and
P-value. Assuming that most of the deaths were related
to cancer, in the case of unavailability of OS information,
data for CSS were extracted. HRs from multivariable
analyses were extracted when available; otherwise, HRs
from univariable analyses were extracted or estimated
from Kaplan-Meier survival curves as described by
[27]
Parmar and colleagues . HRs for subgroups were
compared defined by different markers.

MATERIALS AND METHODS
This meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Data sources and search strategies

A systematic review of studies that evaluated the
prognostic value of RDW in EC patients was performed.
Four databases were electronically searched: Medline
(host: OVID) from 1946 to April 2017; EMBASE (host:
OVID) from 1974 to April 2017; and Web of Science
and Cochrane Database of Systematic Reviews from
2005 to June 2017. The search terms used in our study
were “RDW”, “red cell distribution width with esophageal
neoplasm”, “esophagus neoplasm”, “esophagus
neoplasms”, “cancer of esophagus”, “cancer of the
esophagus”, “esophagus cancer”, “esophagus cancers”,
“esophageal cancer”, “esophageal cancers”, “esophageal
squamous cell cancer” (ESCC), and “esophageal adeno
carcinoma”. Both free text and MeSH terms were used
as keywords. The search strategy used for the PubMed
database is shown in Table 1, and the presented search
strategy was also used for the other electronic databases.

Data synthesis and statistical analyses

HRs and the corresponding 95%CIs were directly ob
tained from each publication. If the values were not
directly reported, the values were calculated according
[27]
to the method described by Parmar and colleagues .
The meta-analysis was performed with STATA software
version 12.0 (STATA Corporation, College Station, TX,
United States) to combine the HRs with 95%CIs for
categorical data and the weighted mean difference
or standardized mean difference with 95%CIs for con
tinuous data. All statistical tests were bilateral, and a P
value < 0.05 was considered as statistical significance.
If the data were not suitable for pooling, a systematic
narrative synthesis of the information was performed,

Study selection

The search was performed by two investigators (Xu
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Identification

Records identified through searching database
from their inception to 13 July 2017 (n = 17)
PubMed (8); EMBASE (2), web of science (7);
Cochrane library (0)

Records
removed (n = 7)

Screening

10 of records after
duplicates removed

Records excluded (n = 4)
Non-related (n = 4)

4 of records excluded
6 of records screened

Eligibility

0 full text articles
excluded

Included

6 of studies included in
qualitative synthesis

6 of studies included in
quantative synthesis (metaanalysis)

Figure 1 Methodological flow diagram of the meta-analysis.

which was presented in the text to understand and to
summarize the findings as well as characteristics of the
included studies.

included the sequential omission of each study using
the “metaninf” STATA command, aimed to validate the
findings of this meta-analysis.

Heterogeneity analysis

Assessment of publication bias

The heterogeneity of the pooled results was assessed
through Cochran’s Q test and Higgins I-squared sta
tistic. Significant heterogeneity was identified by P <
2
0.05 and/or I > 50%, and the random-effects model
(DerSimonian-Laird method) was used to combine the
data. Otherwise, the fixed-effects model (Mantel-Haenszel
method) was employed. To explore the potential source
of heterogeneity among studies, subgroup analyses were
performed according to various variables, such as the
RDW cut-off value, the patient number in each study,
and the study type and quality.

Begg’s funnel plot and Egger’s linear regression test
were performed to evaluate publication bias, and a P
value of < 0.05 was considered statistically significant.

RESULTS
Search results and study characteristics

Initially, 17 studies were selected from the electronic
databases, and 10 studies remained after the removal
of duplicates. After reading the titles and/or abstracts,
four unrelated studies were excluded, and six full[21-26]
text articles
were further assessed. None of these
studies were excluded after thorough review of full-text.
[21-26]
These six studies
, which included 3826 patients,
were included in this meta-analysis. The detailed search
method and a flowchart representing the selection
process are shown in Figure 1. These studies included
five retrospective studies and one prospective study. The
sample sizes varied from 144 to 2396, with a median
value of 638. All six studies were conducted in Asian
countries. The cut-off values for the RDW ranged from
12.2% to 15.3%. All six studies reported a correlation
between RDW and OS/CSS, and two of the studies also
investigated the association between RDW and DFS.

Assessment of study quality

The quality of the included studies was assessed by using
[28]
the Newcastle-Ottawa quality scale (NOS) . Three
aspects, namely, selection, comparability and outcomes,
were assessed on this scale, which had a maximum
score of 9. Studies with scores ≥ 7 were considered to
be of high quality.

Sensitivity analysis

If significant heterogeneity was observed, a sensitivity
analysis was performed after data extraction and
subgroup analyses. This sensitivity analysis, which
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2016
2016
2016
2016
2017
2017
2017

Hirahara et al
Sun et al
Zhang et al
Zhang et al
Hu et al
Hu et al
Hu et al

3
4
5
5
6
6
6

Japan
China
China
China
China
China
China

China

Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Prospective
Prospective

Retrospective

Retrospective
Retrospective

Research type

144
362
468
468
2396
2396
2396

179

Patients
number
277
179

Male Female Pathological RDW, cut-off CSS/OS/
types
value, %
PFS/DFS
240
37
ESCC
14.5
CSS
150
29
ESCC (133),
15
OS
EAC (46)
150
29
ESCC (133),
15
DFS
EAC (46)
129
15
ESCC
15.3
CSS
268
94
ESCC
13.6
OS
376
92
ESCC
12.2
OS
376
92
ESCC
12.2
DFS
1822
574
ESCC
12.90 (men)
OS
1822
574
ESCC
12.70 (women)
OS
1822
574
ESCC
OS
2.332
1.381
1.505
1.474
0.85
1.02

3.208

1.719
3.087

HR, U

1.304
0.946
1.068
1.046
0.76
0.89

1.922

1.268
1.85

LCI, U

4.19
2.016
2.122
2.077
0.94
1.18

5.353

2.331
5.152

UCI, U

0.005
0.094
0.02
0.027
0.002
0.73

< 0.001

U
< 0.001
< 0.001

P -value,

0.929
0.948
0.943
0.75
0.88
0.75

1.356
1.349
0.84
1.01
0.92

1.02

1.022
1.023

LCI, M

1.684

1.907

1.396
1.895

HR, M

1.94
1.929
0.93
1.17
1.08

3.071

3.565

1.908
3.508

UCI, M

0.095
0.101
0.001
0.996
0.051

0.03

0.043

M
0.036
0.042

P -value,

6
5
7
7
8
8
8

7

NOS
score
6
7

The HRs and 95%CIs from the six studies involving 3826 patients were extracted and then pooled. The pooled results showed that the RDW was not associated with OS
2
or CSS (HR = 1.27, 95%CI: 0.97-1.57, p = 0.000; Figure 2), with significant heterogeneity among the six studies (I = 53.6%, P = 0.056; Figure 2); thus, the randomeffects model was adopted for further analyses. The correlation between the RDW and DFS in EC patients were further investigated based on the pooled HRs and 95%
CIs from two studies comprising 647 patients. As a result, RDW was not associated with DFS (HR = 1.42, 95%CI: 0.96-1.88, P = 0.000; Supplementary Figure 1), and
2
no heterogeneity was observed (I = 0.0%, P = 0.423; Supplementary Figure 1). In consideration of the significant heterogeneity of the pooled results regarding the
effect of the RDW on OS/CSS, subgroup analyses, sensitivity analyses and Begg’s funnel plot and Egger’s linear regression analyses were conducted to further identify the
heterogeneity source.
[26]
Sensitivity analyses was carried out by sequentially omitting each study to investigate its influence on results, indicating that the study conducted by Hu et al was the
2
primary source of heterogeneity (Figure 3). After exclusion of this study, the heterogeneity was effectively reduced or eliminated (I = 0.0%, P = 0.926; Supplementary Figure
2). Surprisingly, the corresponding pooled HR varied with the inclusion (HR = 1.27, 95%CI: 0.97-1.57, P = 0.000; Figure 2) and omission of this study (HR = 1.42, 95%CI:
[26]
1.16-1.69, P = 0.000; Supplementary Figure 2). After reviewing the six studies included in our meta-analysis, we found that the study conducted by Hu et al was the only
prospective study, whereas the other five studies were retrospective ones. The sensitivity analyses indicated that the study type might be a source of heterogeneity. Therefore,
we performed a subgroup analysis based on the study type (Supplementary Figure 3) and found that a high RDW was significantly associated with poor OS/CSS in patients
with EC in the subgroup of retrospective studies.
To further explore other sources of heterogeneity, we performed a subgroup analysis based on the RDW cut-off values (≤ 13% or > 13%). For RDW cut-off value >
2
13%, heterogeneity was effectively reduced or eliminated after exclusion of the study in which the cut-off value was ≤ 13%, (I = 0.0%, P = 0.850; Figure 4), and the
corresponding pooled HR was increased (HR = 1.45, 95%CI: 1.13-1.76, P = 0.000; Figure 4). This finding indicated that the RDW cut-off value might be another source of
heterogeneity. Thus, at an RDW cut-off value > 13%, a high RDW is significantly associated with poor OS/CSS in patients with EC.
Furthermore, when the subgroups were stratified by patient number (≤ 400 or > 400), the heterogeneity was effectively reduced or eliminated after excluding the studies
2
with > 400 patients (I = 0.0%, P = 0.850; Supplementary Figure 4), and the corresponding pooled HR was increased when the patient number was ≤ 400 (HR = 1.45,
95%CI: 1.13-1.76, P = 0.000; Supplementary Figure 4). Hence, the subgroup analyses indicated that the patient number might also be a source of heterogeneity. For studies

Impact of the RDW on OS and DFS in EC

With the exception of one study, the NOS scores of all the other studies were > 5. The general characteristics of the six included studies are summarized in Table 2.

2016

Wan et al

2

Year of
Country
publication
2015
China
2016
China

Chen et al
Wan et al

Author

Order
number
1
2

Table 2 Main characteristics of included studies in meta-analysis
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Study
ID
Gui-Ping Chen et al (2015)
Guo-Xing Wan et al (2016)
Noriyuki Hirahara et al (2016)
Peng Sun et al (2016)
Fan Zhang et al (2016)
Dan Hu et al (2017)
Overall (I -squared = 53.6%, P = 0.056)

%
Weight
20.36
5.04
6.48
16.93
18.31
32.89
100.00

HR (95%CI)
1.40 (1.02, 1.91)
1.89 (1.02, 3.51)
1.68 (0.93, 3.07)
1.38 (0.95, 2.02)
1.36 (0.95, 1.94)
0.92 (0.75, 1.08)
1.27 (0.97, 1.57)

NOTE: Weights are from random effects analysis
-3.51

0

3.51

Figure 2 Forest plots of studies evaluating HR with 95%CI of red cell distribution width for overall survival in esophageal cancer patients. CI: Confidence
interval; HR: Hazard ratio.
Meta-analysis estimates, given named study is omitted
Lower CI Limit
Estimate
Upper CI Limit
Gui-Ping Chen et al (2015)

Guo-Xing Wan et al (2016)

Noriyuki Hirahara et al (2016)

Peng Sun et al (2016)

Fan Zhang et al (2016)

Dan Hu et al (2017)
-0.02 0.03

0.27

0.51 0.56

Figure 3 Effect of individual studies on the pooled HR for red cell distribution width and overall survival of esophageal cancer patients. HR: Hazard ratio;
RDW: Red cell distribution width.
Study
ID
0
Gui-Ping Chen et al (2015)
Guo-Xing Wan et al (2016)
Noriyuki Hirahara et al (2016)
Peng Sun et al (2016)
Subtotal (I -squared = 0.0%, P = 0.850)

1.40
1.89
1.68
1.38
1.45

1.91)
3.51)
3.07)
2.02)
1.76)

20.36
5.04
6.48
16.93
48.81

1
Fan Zhang et al (2016)
Dan Hu et al (2017)
Subtotal (I -squared = 62.6%, P = 0.102)

1.36 (0.95, 1.94)
0.92 (0.75, 1.08)
1.07 (0.67, 1.48)

18.31
32.89
51.19

Overall (I -squared = 53.6%, P = 0.056)

1.27 (0.97, 1.57)

100.00

HR (95%CI)
(1.02,
(1.02,
(0.93,
(0.95,
(1.13,

%
Weight

NOTE: Weights are from random effects analysis
-3.51

0

3.51

Figure 4 Forest plots of RDW > 13% vs RDW ≤ 13% evaluating HR with 95%CI of red cell distribution width for overall survival in esophageal cancer
patients. CI: Confidence interval; HR: Hazard ratio; RDW: Red cell distribution width. 0: RDW > 13%; 1: RDW ≤ 13%.

with patient number ≤ 400, a high RDW was significantly
associated with poor OS/CSS in patients with EC.
Finally, when the subgroups were stratified by NOS
scores (≤ 6 or > 6), heterogeneity was effectively
reduced or eliminated after omitting the studies with NOS
2
scores > 6 (I = 0.0%, P = 0.876; Supplementary Figure
5), and the corresponding pooled HR was increased (HR
WJG|www.wjgnet.com

= 1.42, 95%CI: 1.09-1.74, P = 0.000; Supplementary
Figure 5). Thus, the study quality might be another
source of heterogeneity.

Publication bias

Begg’s funnel plot and Egger’s linear regression analyses
were performed to estimate the potential publication bias
2125
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in the present meta-analysis. The P values regarding
OS/CSS were 0.133 (Begg’s test; Supplementary Figure
6) and 0.005 (Egger’s test; Supplementary Figure 7).
Due to the small sample sizes of the included studies,
there was significant publication bias in our study, which
was also demonstrated by the funnel plot (Funnel plot;
Supplementary Figure 8). Therefore, publication bias
might be another source of heterogeneity.

important clinical implications in guiding therapeutic
strategies for EC.
There are several reasons for the discrepant
conclusions from diverse studies. Four small-scale
[21-24]
retrospective studies
demonstrated that an ele
vated RDW was a predictor of unfavorable prognosis in
EC patients, and the underlying mechanism might be
one of the following. First, since Rudolf Virchow noted
the presence of leucocytes within tumor tissues appro
ximately 150 years ago and suggested that cancer might
[11,39]
be initiated as a result of chronic inflammation
,
numerous preclinical and population-based studies have
verified his observation. Inflammation might contribute
to increased RDW levels by not only impairing iron
metabolism but also inhibiting the production of or
response to erythropoietin or by reducing red blood cell
[40,41]
survival
. Second, chronic inflammation has also been
[42]
associated with poor response to chemotherapy . Third,
RDW has been found to be correlated with malnutrition,
which is an independent risk factor for nosocomial
infections associated with poor therapeutic response,
an increased rate of treatment-related toxicity, reduced
[43,44]
survival rates, and poor quality of life
.
[26]
In contrast, one large-scale prospective study con
cluded that an elevated RDW was a positive predictor
of prognosis in male EC patients, however the actual
mechanism remains largely undefined. This finding is
[45]
consistent with the results of another cohort study with
data from 26709 nondiabetic adults with more than 14
years of follow-up, which indicated that a low RDW was
significantly associated with an increased incidence of
diabetes mellitus independent of traditional risk factors.
The underlying mechanism might be as follows. Aerobic
glycolysis has been proposed as a hallmark of cancer,
and the acidic environment caused by aerobic glycolysis
[46]
is a necessary component of carcinogenesis . Due to
the significant association between a low RDW and an
increased incidence of diabetes mellitus, it is reasonable
to speculate that an elevated RDW might be a surrogate
indicator of improved glucose metabolism, which is a key
factor for prolonged survival in EC patients. Nevertheless,
further clinical evidence and preclinical experiments are
warranted to support and verify the accurate mechanism
and to identify the real prognostic significance of the
RDW in EC.
However, when the data from female patients were
included in the present study, the RDW was not found to
be associated with OS (HR = 0.92, 95%CI: 0.75-1.08,
p = 0.000; Supplementary Figure 9), which is consis
tent with the conclusions of an intermediate-scale
[25]
retrospective study
included in this meta-analysis.
Further analyses revealed that the two above studies
have some common characteristics-the sample size was
relative large (468 vs 2396) and the RDW cut-off values
were 13%. This finding is consistent with the results of
[47]
a study
conducted in 2012, which revealed that the
RDW was elevated (> 14.8%) in 31.6% of benign biliary
obstruction cases and 68.4% of malignant biliary stricture
cases, whereas the RDW was reduced (< 14.8%) in

DISCUSSION
To the best of our knowledge, this study constitutes
the first meta-analysis investigating the prognostic
value of the RDW in EC. The most notable finding
is that RDW is not associated with the prognosis of
EC patients, including both OS/CSS and DFS. This
novel finding is inconsistent with previous conclusions
regarding the prognostic value of RDW in EC. Significant
heterogeneity was observed across the included studies.
After investigating the source of this heterogeneity by
subgroup and sensitivity analyses, we derived four major
conclusions. (1) In the retrospective studies, an elevated
RDW was associated with poor OS/CSS, which did not
affect DFS. (2) In the included prospective study, an
elevated RDW was associated with a favorable prognosis
in male ESCC patients, which is contradictory to the
[20,29-32]
conclusions of most previous studies on cancers
.
Additionally, RDW was not associated with prognosis in
female patients. (3) When the patient number was ≤
400, an elevated RDW was associated with poor OS/
CSS, but this prognostic correlation was not observed
when the number of patients was > 400. And, finally, (4)
an elevated RDW was significantly associated with poor
OS/CSS when the RDW cut-off value was > 13%, but
this association was not observed when the cut-off value
was ≤ 13%.
The role of the RDW is being increasingly appreciated
due to its close correlation with the risks of cardiovascular
[33,34]
diseases and systematic inﬂammation
. Previous
studies have identified RDW as an accurate predictor of
inﬂammation in hepatitis B infection, mortality due to
acute pancreatitis, and activity of inﬂammatory bowel
[34-36]
disease
. Moreover, an elevated RDW has been
found to be a risk factor and progression indicator in
[19,31,37,38]
multiple malignancies
.
In the last 2 to 3 years, studies concerning the cor
relation between RDW and EC prognosis have become
increasingly prominent. However, the conclusions of
these studies are varied and sometimes even conflicting.
[21-24]
Four small-scale retrospective studies
included in
this meta-analysis concluded that an elevated RDW was
significantly associated with worse OS in EC patients. In
[25]
addition, one intermediate-scale retrospective study
concluded that the RDW was not associated with OS
[26]
at all. Moreover, one large-scale prospective study
concluded that an elevated RDW was associated
with better OS in male but not female EC patients.
Considering that men are three to four times more likely
[7]
to suffer from EC than women , this finding harbors

WJG|www.wjgnet.com

2126

May 21, 2018|Volume 24|Issue 19|

Xu WY et al . Impact of red cell distribution width
72.9% of benign cases and 27.1% of malignant cases
(these differences were statistically significant, p <
0.001). Therefore, an RDW cut-off of 14.8% was the
most suitable for predicting a malignant biliary stricture,
with a sensitivity of 72% and a specificity of 69% (area
under the curve = 0.755, 95%CI: 0.649-0.810). The
conclusions of the two studies might be partly attributed
to the lower RDW cut-off value. Thus, more large-scale
studies exploring the actual relationship between RDW
and the prognosis of EC patients are urgently needed
in the future. Furthermore, it is necessary to establish a
reasonable method for identifying the appropriate RDW
cut-off value for predicting the prognosis of EC patients.
However, in contrast to the findings obtained from
male EC patients, an elevated RDW was not associated
[26]
with the prognosis of female EC patients . Despite the
prospective nature of the study demonstrating these
results, we cannot neglect a potential correlation between
the RDW and sex due to the large sample size in that
study. However, more studies are needed to investigate
and confirm this correlation and to explore the underlying
mechanisms.
There are certain limitations that should be ac
knowledged in this meta-analysis. First, most of the
studies included in this meta-analysis were retro
spective in nature, and the numbers of patients in
these retrospective studies were relatively small.
Only one study was prospective, which might prevent
generalization of the results. Second, this meta-analysis
was performed based on the pooled HRs and 95%CIs
from eligible studies, rather than detailed individual
information. We were unable to exclude uncontrolled or
unmeasured risk factors from the original studies, which
might have confounded the true association, resulting
in potential bias. Third, the cut-off values for the RDW
varied across the included studies due to differences
in the study populations and experimental methods.
Although the patients were divided into RDW-high and
RDW-low populations, the stratification might change
depending on the cut-off values. Therefore, a standard
and uniform cut-off value is needed to accurately define
high versus low RDW. Fourth, all of the included articles
were in English, most of the included studies included
a small number of patients, and potential publication
bias cannot be neglected. Thus, more large-scale,
well-designed and high-quality prospective studies are
required to elucidate the precise mechanisms linking the
RDW to survival in EC patients.
In conclusion, an elevated RDW is not associated
with the prognosis of EC patients, including both
OS/CSS and DFS. This finding is contrary to previous
knowledge regarding the prognostic value of the RDW
in malignant tumors, particularly in EC. However, when
the RDW cut-off value is > 13%, the patient number is
≤ 400, and the study type is retrospective, an elevated
RDW is indeed significantly associated with worse OS/
CSS in EC patients.
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Research background

Esophageal cancer (EC) was the eighth most common cancer globally, with
about half of all cases occurring in China. Prominent symptoms usually do not
appear until the cancer has infiltrated over 60% of the circumference of the
esophageal tube, by which time the tumor is already in an advanced stage and
the prognosis generally tends to be fairly poor. Therefore, finding a simple and
effective prognostic indicator is particularly urgent for individualized treatment of
EC patients. Recently, red blood cell distribution width (RDW), as an important
complete blood count parameter which has a close correlation with cancerrelated inflammation, has been investigated as an important prognostic factor
for EC patients in more and more studies, but the conclusions of these studies
have not been consistent. Therefore, we conducted this meta-analysis to
explore and verify the real role of RDW in the prognosis of patients with EC.

Research motivation

We systematically reviewed the existing studies regarding the role of RDW in
the prognosis of EC patients and performed a meta-analysis with the extracted
data to clarify the real impact of RDW on the outcomes of the EC patients.
Identifying the real role of RDW in the prognosis of patients with EC and
the defects existing in the previous and current studies can guide the future
researchers to conduct more well-designed related studies on this topic and the
upstream or downstream research related to RDW.

Research objectives

The main objectives of this article were to perform a meta-analysis of the data
provided in these studies with inconsistent conclusions about the prognostic
effect of RDW on EC patients, and to verify the real impact of RDW on the
prognosis of EC patients by increasing the sample size. In the end, we could
determine whether we need to conduct further studies on this topic according to
the conclusion of this systematic review and meta-analysis.

Research methods

First, we searched four related electronic databases (PubMed, EMBASE,
Web of Science and Cochrane Library) using the identified MESH terms, and
finally identified six studies which met the standards based on the inclusion
and exclusion criteria of the selected literature, then we assessed the quality of
the included studies according to Newcastle-Ottawa quality scale. Second, we
used the electronic EXCEL table to collect the data from the included studies
that we needed and utilized statistical software (STATA version 12.0) to conduct
statistical analysis of the related data. Third, we performed the sensitivity
analysis, subgroup analysis, Begg’s funnel plot and Egger’s linear regression
test to explore the potential source of heterogeneity among studies, to find the
influencing factors that affect the role of RDW in the prognosis of EC patients
and point out the directions for further related research in the future.
Different from the traditional review, we used meta-analysis methods
to synthesize data and perform statistical analysis to the relevant literature
and quantify the effect of RDW on the prognosis of EC patients. Moreover,
in addition to sensitivity analysis and subgroup analyses to find sources
of heterogeneity, we also used the Begg’s funnel plot and Egger’s linear
regression test to quantify publication bias rather than just using the traditional
funnel plot for qualitative analysis. These were the characteristics and indicate
the novelty of the research methods used in our study.

Research results

This systematic review and meta-analysis indicated that elevated RDW was
not an independent risk factor for the worse outcome of EC patients overall,
whether it’s for overall survival/cancer-specific survival [hazard ratio (HR)
= 1.27, 95% confidence interval (CI): 0.97-1.57, P = 0.000] or disease-free
survival (HR = 1.42, 95% CI: 0.96-1.88, P = 0.000). The prognostic value of
RDW in patients with EC is only reflected in the retrospective study (HR = 1.42,
95%CI: 1.16-1.69, P = 0.000) of small samples (sample size ≤ 400, HR = 1.45,
95% CI = 1.13-1.76, P = 0.000) currently, and there is a need to choose the
appropriate RDW cutoff value (RDW > 13%, HR = 1.45, 95%CI: 1.13-1.76, P =
0.000) as a prerequisite. Therefore, the actual effect of RDW on the prognosis
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of EC patients needs further prospective multicenter large-sample studies to be
validated in the future.

10

Research conclusions

Different from the traditional viewpoints, our systematic and meta-analysis
demonstrated that RDW had no correlation with the prognosis of EC patients,
no matter favorable or unfavorable. Therefore, such traditional theories and
assumptions, that cancer-related inflammation leads to an increased RDW in
the blood, and elevated RDW in turn suggests the occurrence of cancer, were
challenged and questioned by the results of our meta-analysis. At the same
time, it also suggests that we could perform the meta-analysis to statistically
analyze the inconsistent result data of different types of small-sample studies
and achieve a conclusion that is completely different from our previous
understanding. This leads to the emergence of new theories and assumptions
and provides direction for our future research design and potential mechanism
research. Our systematic reviews and meta-analysis suggest that we should
be more cautious and rational to see the impact of increased RDW on the
prognosis of EC patients in our future clinical work.

11
12

13
14
15

Research perspectives

From our study, we could learn that we can’t blindly believe in traditional ideas
that already exist. When the opinions of previous studies are inconsistent and
chaotic, we should use statistical methods to perform statistical clustering
analysis on various data, and draw a scientific conclusion to guide our
clinical work and indicate the future research direction. Moreover, through
the systematic analysis of the previous research, we should carry out more
multicenter, large-sample prospective studies in the future to overcome the
defects of the current research in the study design to further verify the role of
RDW in the prognosis of EC patients. In addition, we also need to conduct
further basic experiments based on the results of such above-mentioned
optimized research to uncover its underlying mechanisms.

16
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Abstract
We report the first application of pressurized intra
peritoneal aerosol chemotherapy (PIPAC) as a rescue
therapy before palliative D2 gastrectomy combined
with liver metastasectomy performed in a 49-yearold woman with peritoneal carcinomatosis who was
primarily diagnosed with and underwent surgery for a
Krukenberg tumor. The PIPAC procedure was performed
2
with the use of cisplatin at 7.5 mg/m and doxorubicin
2
at 1.5 mg/m for 30 min at 37 ℃. Eight weeks after
the PIPAC procedure, the patient underwent open
classic D2 gastrectomy with the creation of a Roux-en-Y
anastomosis (RNY) combined with liver metastasectomy.
The patient underwent the classic protocol for
chemotherapy combined with Xeloda. The patient felt
better and returned to her daily activities. Multicenter
data should be gathered to confirm the usefulness of
PIPAC as a rescue or neoadjuvant supportive therapy in
a very select group of patients who have been recently
qualified to undergo classic chemotherapy or standard
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oncologic surgical procedures.

Table 1 Coexisting diseases - data from the patient’s medical
history report

Key words: Peritoneal carcinomatosis; Pressurized
intraperitoneal aerosol chemotherapy; Neoadjuvant
therapy; Gastric cancer; Krukenberg tumor

Diabetes - Type 1
Hypothyroidism
Paroxysmal atrial fibrilation
Hypertension
Rheumatoid arthritis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The Krukenberg tumor (KT) is very often
misdiagnosed as primary ovarian cancer and may
be occasionally diagnosed during a clinical workup. The fast implementation of effective treatment
is always necessary. This case might contribute to
future confirmation of the usefulness of pressurized
intraperitoneal aerosol chemotherapy as a rescue or
neoadjuvant, supportive form of therapy in a very
select group of patients. This clinical development
might be particularly important for patients with a KT
presentation of gastric cancer who have been recently
qualified to undergo classic chemotherapy or standard
oncologic surgical procedures.

[14,15]

pancreas, uterus, cervix, or urinary bladder
. KT is
considered a late-stage disease, and despite growing
clinical knowledge, there are still many controversies
regarding standardized treatment protocols for this
[16]
subset of patients . To date, there are no universally
accepted and recommended prognostic factors for KT
treatment that indicate the superiority of one particular
surgical algorithm or chemotherapeutic regimen over
[17,18]
another
.
We report the first case in the recent and past
literature of the application of pressurized intraperitoneal
aerosol chemotherapy (PIPAC) as neoadjuvant therapy
before palliative D2 gastrectomy combined with liver
metastasectomy performed in a patient who was with
primarily diagnosed and underwent surgery for a KT.

Nowacki M, Grzanka D, Zegarski W. Pressurized intraperitoneal
aerosol chemotheprapy after misdiagnosed gastric cancer: Case
report and review of the literature. World J Gastroenterol 2018;
24(19): 2130-2136 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i19/2130.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i19.2130

CASE REPORT
A 49-year-old woman with several co-morbidities
(Table 1) was admitted in February 2017 to another
hospital with ascites and abdominal masses. Abdominal
ultrasound showed bilateral ovarian tumors, ascites and
suspicion of peritoneal metastases, suggesting locally
advanced ovarian cancer. An exploratory laparotomy
was performed by the gynecology team, confirming the
presence of two ovarian masses (left: 8 cm × 6 cm, right
12 cm × 8 cm), diffuse peritoneal metastasis (peritoneal
carcinomatosis index - PCI = 19) and ascites (volume
= 120 ml). Bilateral hysterectomy was performed in
combination with bilateral adnexectomy, omentectomy,
appendectomy and pelvic lymphadenectomy. The intrao
perative situs was evaluated by the gastrointestinal
surgeon who confirmed that complete cytoreduction was
not possible.
Recovery was uneventful. Histology revealed signet
ring tumor cells arranged singly, in cords or in nests within
cellular ovarian stroma (Figure 1a and b). Additional
staining revealed CK7(+), CK20(-), CDX2(+) and
CA125(-) status, suggesting a primary tumor originating
from the upper gastrointestinal (GI-) tract. Postoperative
upper GI endoscopy showed a mucin-positive, poorly
differentiated adenocarcinoma located in the antral
mucosa (Figure 1c and d). Staging was completed with
an abdominal CT scan that showed a superficially located
metastasis in liver segment 5 (Figure 2).
The patient was referred in April 2017 to our tertiary
center for further therapy.
At admission, the patient had reduced general
condition (ECOG - 2) and in reduced nutritional status

INTRODUCTION
Gastric cancer (GC) is one of the leading causes of
cancer-related death worldwide, despite the fact that
knowledge about its etiology, diagnostics, systemic
chemotherapy and surgical techniques have signifi
cantly developed and improved during the last three
[1-4]
decades . The most problematic issue concerning the
clinical management of GC is diagnosis at an advanced,
[5]
and often metastasized, stage . This circumstance
is explained by the fact that local symptoms occur
only at an advanced stage. Apart from extensive
local tumor growth rendering the patient ineligible for
curative resection, peritoneal carcinomatosis, which is
synchronous in approximately 10% of patients, limits
[6-11]
therapeutic options in this subset of patients
.
Another metastatic site, other than the peritoneum,
is the ovaries; tumors at these sites are referred to as
Krukenberg tumors (KTs). These tumors are very often
misdiagnosed as primary ovarian cancer and may be
occasionally diagnosed during a clinical work-up for
[12,13]
abdominal tenderness in the lower abdomen
. The
KT is described mainly as a rare metastatic tumor of
the ovary that originates from the gastrointestinal tract
(stomach - 76%; colorectum - 4%, biliary system 3%; appendix - 3%) but can also originate from breast
(4%) and from other miscellaneous sites such as the

WJG|www.wjgnet.com

2131

May 21, 2018|Volume 24|Issue 19|

Nowacki M et al . PIPAC after misdiagnosed GC with Krukenberg tumor

A

B

C

D

Figure 1 Histological ovary assay. A: Signet ring of tumor cell infiltration within the ovarian stroma (10 ×, HE); B: Mucicarmine staining highlights the presence of
mucin in the cytoplasm (10 ×). Histopathologic evaluation of antral mucosa showing (C) poorly differentiated carcinoma infiltration with signet ring cells (20 ×, HE) and
(D) mucicarmine staining of mucin-positive cells in the gastric mucosa (10 ×).

A

B

C

D1
2.48 cm

D

E

D3
0.99 cm

D4
1.34 cm

Figure 2 Abdominal computed tomography and abdominopelvic magnetic resonance scans. A: Post-contrast computed tomography image in the portal venous
phase showing a hyperintense enhancing lesion in segment V (isodense in the native phase) of the liver, which was diagnosed as a superficially located suspicious
metastatic lesion; B-E: Abdominopelvic magnetic resonance scans with evident masses and suspicious nodules.

(BMI of 18.37 and weight loss identified in the nutritional
anamnesis). Laboratory tests were within normal limits.
The patient was presented to the multidisciplinary tumor
board, and a systemic combination chemotherapy com
bined with intraperitoneal chemotherapy with cisplatin
and doxorubicin (as a pressurized aerosol, PIPAC C/D)
was recommended, with palliative intent. The patient
gave voluntary and informed consent to the planned
treatment, and the study was performed in accordance
with the precepts established by the declaration of

WJG|www.wjgnet.com

Helsinki.
The PIPAC procedure was first performed in May
2017, according to standard protocols described by
[19]
Hubner et al . Shortly thereafter, after a 12 mmHg
capnoperitoneum has been established, two trocars were
inserted, and a staging laparoscopy was performed. After
confirmation of the tightness of the abdomen, a solution
2
of low-dose cisplatin (7.5 mg/m BSA) and doxorubicin
2
(1.5 mg/m BSA) diluted in 200 ml of saline solution was
aerosolized at a pressure of 12 mmHg and a temperature
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High pressure injector

LAP-CO2 insufflator

Micropump

Laparoscope
camera

Highpressure
line

*

D-B trocars

CAWS

*

Figure 3 Schematic presentation of the pressurized intraperitoneal aerosol chemotherapy procedure. The procedure is performed under general anesthesia
and based on standard diagnostic laparoscopy procedures. Two small incisions are always made to obtain surgical access using two double-balloon secured trocars
(D-B* - double-balloon secured trocars). The first one is used for the laparoscopic camera and is connected to a closed aerosol waste system (CAWS*). The second
one connected to the CO2 insufflator is for the micropump nebulizer used for delivering chemotherapy under pressure via a high-pressure line.

A

B

C

Figure 4 Palliative open D2 gastrectomy combined with liver metastasectomy. A: Liver metastasectomy procedure involving removal of the metastatic lesion
combined with parenchyma coagulation; B: Open gastrectomy procedure showing the staple line after resection; C: Creation of a Roux-en-Y anastomosis (RNY) using
sutures.

gastrectomy, D2 lymphadenectomy and atypical liver
resection were performed (Figure 4). Histopathologic
evaluation demonstrated a poorly differentiated
carcinoma of the stomach, which was ypT3N2 (4/40)
and high grade (G3) (Figure 5). The liver metastasis had
a diameter of 2.5 cm. All the resection margins were
tumor-free, so the procedure was considered (potentially)
curative. The postoperative course was uneventful.
Four months after surgery, the patient was completely
recovered and had returned to her daily activities (ECOG =
1; BMI = 20.23). Postoperative adjuvant chemotherapy
with Xeloda was recommended. Narrow follow-up
examinations (abdominal CT scan) will be performed.

of 37 ℃ into the abdomen using a CE-certified nebulizer
®
(Capnopen , Capnomed, Villingendorf, Germany).
After 30 min of application, the toxic aerosol was safely
removed via a closed aerosol waste system (CAWS). The
diagram displaying the PIPAC procedure is presented in
Figure 3. The PIPAC procedure was tolerated very well,
and no postoperative complications were noted.
Eight weeks after the PIPAC procedure, an exploratory
laparotomy was performed. This time period has been
suggested in the literature as the optimal time period
between the next surgical intervention and each PIPAC
[20]
surgery . Macroscopically, a 3-cm tumor was palpated
in the gastric body, infiltrating the gastric serosa, and no
diffuse peritoneal metastasis were found anymore during
a detailed standard surgical intraoperative PC lesion
assessment, so complete cytoreduction (CC-0 according
to Sugarbaker) appeared feasible. Therefore, curative

WJG|www.wjgnet.com
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The diagnosis of a Krukenberg tumor of gastric cancer
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A

B

C

D

Figure 5 Histopathologic evaluation performed after open D2 gastrectomy combined with liver metastasectomy. A: Tumor microfocus infiltrations in the
peritoneal adipose tissue in the vicinity of the distal surgical margin (obj. 20 ×, HE); B: Metastatic foci in the subcapsular region of the lymph node (obj. 20 ×, HE); C, D:
Liver metastasis of gastric carcinoma (obj. 10 ×, 20 ×, HE).

origin is associated with a poorer prognosis than other
types of primary origin KTs and is significantly more
[21]
clinically problematic . Several papers focus on different
treatment options in patients with KT and mainly report
on two specific issues: (1) The role of gastrectomy and
metastasectomy under different clinical conditions; and
(2) the assessment of the effectiveness and superiority
[22,23]
of surgical and chemotherapy interventions
. The
main problem in such descriptions is related to the fact
that in large number of papers, the analyzed material
[24]
concerned data only until the time of KT diagnosis .
In this paper, we present the case of 49-year-old
PC patient with a high PCI index who was diagnosed
primarily with KT due to an intrapathology assay in which
bilateral hysterectomy combined with removal of the
uterine appendages, omentectomy, appendectomy and
pelvic lymphadenectomy was performed. The optimal
treatment in such cases has still not been fully described
in schematic recommendations and guidelines regarding
[25]
the role of gastrectomy . In recent and past literature,
the beneficial outcomes of palliative gastrectomy have
[26]
been presented . Thus, because of the young age and
good performance status of our patient along with the
nonacceptance of standard intravenous forms of therapies
with a parallel allowance for an intraperitoneal form of
drug delivery, we elected the aforementioned treatment
protocol consisting of “neoadjuvant” PIPAC followed by
D2 gastrectomy. During our literature review we found
information about some cases in which cytoreductive sur
geries were performed in combination with hyperthermic
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intraperitoneal chemotherapy (CRS+HIPEC) procedures
with good clinical effects that improved the survival of
[27-29]
GC patients
. In our case, such an intervention was
not possible due to the very aggressive CRS surgery and
the patient’s disqualification by medical oncologists. We
also found interesting data about a novel and promising
intraoperative drug delivery technique - pressurized
intraperitoneal aerosol chemotherapy - that has also
been used as a neoadjuvant therapy before cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy in
[30]
different clinical cases . In the recent and past literature,
the effectiveness of repetitive PIPAC has also been
documented for irresectable PC originating from pancreatic
or ovarian cancer with a median histologically proven
[20,30-32]
regression rate of up to 50%
. In this case, our MDT
recommended PIPAC as a bridge (sandwich) therapy
before a possible more definitive CRS+HIPEC procedure
with palliative D2 gastrectomy without other cytoreduction
and final qualification for standard chemotherapy
protocols, according to the current international guidelines,
until these therapies are personally acceptable to the
patient.
During the clinical work-up, we encountered another
problematic clinical issue regarding the patients meta
static lesion in the liver, which would normally render a
[33]
patient ineligible for PIPAC treatment . Fortunately, the
metastatic lesion in our patient was located superficially,
and after PIPAC was performed, no complications were
reported.
In our opinion, in the future, additional clinical studies
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should be performed in multiple centers to confirm the
usefulness of PIPAC as a rescue or neoadjuvant, supportive
form of therapy in a very select group of patients. This case
might contribute to future confirmation of the usefulness
of PIPAC as a rescue or neoadjuvant, supportive form
of therapy in a very select group of patients. This clinical
development might be particularly important for patients
with a KT presentation of gastric cancer who have been
recently qualified to undergo classic chemotherapy or
standard oncologic surgical procedures.

with a KT presentation of gastric cancer who have been recently qualified to
undergo classic chemotherapy or standard oncologic surgical procedures.
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Pancreatic ductal adenocarcinoma (PDAC) is one of the
deadliest cancers, mostly due to its resistance to treatment.
Of these, checkpoint inhibitors (CPI) are inefficient when
used as monotherapy, except in the case of a rare subset
of tumors harboring microsatellite instability (< 2%). This
inefficacy mainly resides in the low immunogenicity and
non-inflamed phenotype of PDAC. The abundant stroma
generates a hypoxic microenvironment and drives the
recruitment of immunosuppressive cells through cancerassociated-fibroblast activation and transforming growth
factor β secretion. Several strategies have recently
been developed to overcome this immunosuppressive
microenvironment. Combination therapies involving CPI
aim at increasing tumor immunogenicity and promoting
the recruitment and activation of effector T cells. Ongoing
studies are therefore exploring the association of CPI
with vaccines, oncolytic viruses, MEK inhibitors, cytokine
inhibitors, and hypoxia- and stroma-targeting agents.
Adoptive T-cell transfer is also under investigation.
Moreover, translational studies on tumor tissue and blood,
prior to and during treatment may lead to the identification
of biomarkers with predictive value for both clinical
outcome and response to immunotherapy.
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therapy.
The objectives of this review are (1) to present
an overview of the immune therapies that have so
far been tested in PDAC, (2) to describe the main me
chanisms involved in resistance to these therapies, and
(3) to introduce the current strategies to overcome
this resistance.

therapies remain inefficient when used as single agents
in pancreatic ductal adenocarcinoma (PDAC). Here,
we present an overview of the biological mechanisms
underlying these failures and the lessons learned,
giving a rationale for innovative combination therapies.
In particular, the latest ongoing studies are attempting
to overcome the immunosuppressive microenvironment,
the basis of resistance to CPI in PDAC.

FAILURE OF IMMUNE MONOTHERAPIES
IN PDAC

Hilmi M, Bartholin L, Neuzillet C. Immune therapies in
pancreatic ductal adenocarcinoma: Where are we now? World J
Gastroenterol 2018; 24(20): 2137-2151 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i20/2137.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i20.2137

Patients with PDAC were treated with anti–PD-1/PD-L1
(pembrolizumab, atezolizumab) and anti–CTLA-4 (ipi
[12–14]
limumab) monotherapies in three phase Ⅰ
and one
[14]
phase Ⅱ trials , respectively. Overall, these studies
showed no activity of checkpoint inhibitor (CPI) mono
therapies in unselected patients with advanced, pretreated, progressive PDAC (Table 1).
Nevertheless, PD-1 blockade appears to be efficient
in a subset of patients with PDAC harboring a mismatch
repair (MMR) deficiency. The MMR machinery is encoded
by four key genes (MLH1, MSH2, MSH6, PMS2), which
behave as genome safeguards by correcting base
mispairs occurring during DNA replication. Loss of
MMR results in drastically increased rates of somatic
[15,16]
mutations
, potentially translated into neoantigens
[17,18]
that can be recognized by the immune system
rendering them responsive to CPI. MMR deficiency
can be caused by inherited germline defect in the
case of Lynch syndrome, predisposing to a spectrum
of tumors [mainly, colorectal (CRC) and endometrial
cancers], or emerge from somatic mutations or
[19]
promoter methylation (e.g., in BRAF-mutated CRC) .
Microsatellite instability-high (MSI-H) is the phenotypic
evidence of MMR deficiency. Recently, the use of
pembrolizumab was approved for MSI-H or MMR[20]
deficient tumors based on five clinical trials , which
including 149 patients with tumors from 15 primary
origins, mostly CRC (91/149). The objective response
rate was 39.6%, including complete responses in 7.4%,
and 78% of responses lasted more than 6 mo. MSI-H is
thus recognized as a predictive biomarker of response
[21,22]
to PD-1 blockade
.
Six patients with PDAC were included in a multitumor
expansion study of pembrolizumab (12 cancer types)
with evidence of clinical benefit (one stable disease,
three partial responses, and two complete responses).
[23]
However, MSI-H is a rare event in PDAC as illustrated
by a genetic study on 385 PDAC that reported that
hypermutated profiles (all related to MMR deficiency)
[24]
were found in less than 2% of cases (4 out of 385) .
Therefore, the subset of PDAC patients eligible for CPI
monotherapy is small.
Beside CPI, other immune therapy strategies (vac
cines, oncolytic viruses, TGFβ inhibitors) have been
tested and also remained inefficient in PDAC patients
when used as monotherapies or in combination with
gemcitabine chemotherapy (Table 1). Overall, except

INTRODUCTION
Immunotherapy has paved the way for new therapeutic
opportunities in cancer. Cytotoxic T lymphocyteassociated protein 4 (CTLA-4) and programmed cell
death-1 (PD-1) are receptors expressed on the surface
of T-cells that regulate the duration and the amplitude of
[1]
immune responses in physiological conditions . CTLA-4
is involved in the priming phase (lymph node) while PD-1
and its ligand PDL-1 are implicated in the effector phase
(tumor) (Figure 1). The hijacking of these immunological
"checkpoints" by cancer cells is a major mechanism of
immune evasion, a better understanding of which led to
the clinical development of anti–CTLA-4 and anti–PD-1/
PD-L1 mAb with striking efficacy in several malignancies,
including chemoresistant tumors. For example, objective
responses associated with prolonged survival were
[2]
observed in 30%-45% of melanomas , 15%-20% of
[3,4]
lung cancers , 13% of pre-treated head and neck
[5]
[6]
carcinomas , 22%-25% of pre-treated kidney cancers ,
[7]
and more than 60% of Hodgkin lymphomas following
anti–PD-1/PD-L1 monotherapies, leading to their clinical
approval in these indications. However, immunotherapy
failed to improve the outcome of patients in some tumor
[8]
types , notably pancreatic ductal adenocarcinoma
(PDAC).
Recent epidemiological projections have predicted
that PDAC will become the second leading cause
of cancer-associated death in the USA and Europe
[9]
by 2030 . PDAC is the gastrointestinal tumor with
the poorest prognosis, with 80% of patients having
advanced disease at diagnosis and a 5-year survival rate
[10]
that does not exceed 7% . PDAC is characterized by
its resistance to conventional therapies (chemotherapy,
[11]
targeted therapy and radiotherapy) ; thus innovative
therapeutic options are crucially needed. Despite hopes
raised by the results of immune therapies in other
cancers, these strategies have so far been disappointing
in PDAC. Nonetheless, an improved understanding
of the biology of its microenvironment has recently
provided a rationale for innovative therapeutic co
mbinations to unlock PDAC resistance to immune
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Table 1 Summary of clinical trials of immune therapies (single agent or combination with gemcitabine) in patients with pancreatic
ductal adenocarcinoma
Type of
immunotherapy
Immune checkpoint
inhibitors

Therapeutic vaccines

Molecules

Trial

Phase

n

Population

Main results

PD-L1 (BMS-936559)

Brahmer et al[8]

Ⅰ

14

No objective response

PD-L1 (atezolizumab)

Herbst et al[12]

Ⅰ

1

PD-1
(pembrolizumab)
CTLA-4 (ipilimumab)

Patnaik et al[13]

Ⅰ

1

Royal et al[14]

Ⅱ

27

GVAX

Jaffee et al[118]

Ⅰ

14

Lutz et al[119]

Ⅱ

60

Laheru et al[120]

Ⅱ

50

Lutz et al[30]

Pilot
Randomized

54

Advanced PDAC
Pre-treated
Advanced PDAC
Pre-treated
Advanced PDAC
Pre-treated
Advanced PDAC
Pre-treated
Resected PDAC
Adjuvant
Combination with
chemoradiotherapy
Resected PDAC
Adjuvant
Combination with
chemoradiotherapy
Advanced PDAC
Pre-treated
Combination with
cyclophosphamide
Resected PDAC
Neoadjuvant and
adjuvant
Combination with
cyclophosphamide

CRS 207

Le et al[121]

Ⅰ

7

GVAX + CRS 207

Le et al[78]

Ⅱ

90

Randomized

Oncolytic viruses

Anti-transforming
growth factor β
(TGFβ)

Algenpantucel-L

Hardacre et al[122]

Ⅱ

70

Mutated KRAS
peptide

Gjertsen et al[123]

Ⅰ/Ⅱ

5

Gjertsen et al[124]

Ⅰ/Ⅱ

48

Abou-Alfa et al[125]

Ⅰ

24

Ⅲ

1062

Telomerase peptide
(GV1001)

Middleton et al[126]

Mutated adenovirus
(ONYX-15)

Hecht et al[127]

Ⅰ/Ⅱ

21

Mulvihill et al[128]

Ⅰ

23

Oettle et al[129]

Ⅰ/Ⅱ

37

Anti-TGFβ2
(trabedersen)

WJG|www.wjgnet.com

Randomized
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No objective response
No objective response
No objective response
3 patients remained disease-free for >
25 mo

Median disease-free survival: 17.3 mo
Median overall survival: 24.8 mo

Median overall survival: 4.3 mo

Arm 1: GVAX alone
Arm 2: Cyclophosphamide
(intravenous) + GVAX
Arm 3: Cyclophosphamide (daily oral)
+ GVAX
Intra-tumoral tertiary lymphoid
aggregates
PD-1 and PDL-1 upregulation
No objective response

Advanced PDAC
Pre-treated
Advanced PDAC
Pre-treated

Arm 1: Cyclophosphamide + GVAX +
CRS-207
Arm 2: Cyclophosphamide + GVAX
No objective response
Disease-free survival: 62% at 1 yr
Overall survival: 86% at 1 yr

Resected PDAC
Adjuvant
Combination with
chemotherapy
Advanced PDAC
Pre-treated
Advanced PDAC
Pre-treated
Resected PDAC
Adjuvant
Resected PDAC
Adjuvant
Advanced PDAC
First line
Combination with
chemotherapy

No objective response
No objective response
Median overall survival in resected
PDAC: 25.6 mo

Advanced PDAC
Pre-treated and first line
Combination with
chemotherapy
Advanced PDAC
Pre-treated and first line
Advanced PDAC
Pre-treated

Median disease-free survival: 8.6 mo
Median overall survival: 20.3 mo
Arm 1: chemotherapy alone
Arm 2: sequential chemoimmunotherapy
Arm 3: concurrent chemoimmunotherapy
No benefit on overall survival of
adding vaccination to chemotherapy
Two partial responses

No objective response
One complete response
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TGFβ receptor
inhibitor
(galunisertib)

Melisi et al[130]

156

Ⅱ

Randomized

Advanced PDAC
Pre-treated and first line
Combination with
chemotherapy

Arm 1: galunisertib + gemcitabine
Arm 2: gemcitabine +placebo
No benefit on overall survival of
adding galunisertib to chemotherapy

CTLA-4: Cytotoxic T lymphocyte-associated protein 4; PD-1: Programmed cell death-1; PD-L1: Programmed death-ligand 1.

for MSI-H tumors, PDAC are considered to be resistant
to single-agent immune therapy.

The “cancer-immunity cycle” theory defines three
conditions that are required to obtain an effective anti[25]
tumoral immune response : tumor immunogenicity, T
cell recruitment and activation.

actionable targets to trigger the immune response
[37-39]
(e.g., for vaccine strategies)
. Nonetheless, such
approaches are currently limited by the poor performance
of neoepitope predictive algorithms. Indeed, less than
5% of predicted neoepitopes actually give rise to a
[34]
biological response . The Tumor Neoantigen Selection
Alliance initiative is a global bioinformatics collaborative
effort aiming to develop a software that can best predict
immunogenic mutation-associated cancer antigens from
[40]
patients’ tumor DNA .

Tumor immunogenicity: Immunogenicity is related to
the degree of epitope structural difference between tumor
and normal cells. The more different the epitope, the
[26]
more likely to be recognized by T cells . Hence, tumorassociated antigens (TAA) loosely fall into two classes
based on their tumoral specificity and immunogenicity:
(1) Low (differentiation antigens, overexpressed selfantigens) and (2) high (viral antigens, cancer-germline
genes, and neoantigens) tumoral specificity. Neoantigens
are peptides generated from non-silent coding mutations
in the cancer cell genome and are highly immunogenic.
Several studies have shown that tumor mutation load is
linked to neoantigen burden and positively correlated with
[27,28]
response to immunotherapy
. Pancreatic cancer has
a low mutation load compared to other solid tumors, with
an average mutation rate of 1 mutation per megabase
(Mb) (compared to 11 mutations per Mb for melanoma),
[29]
only occasionally yielding neoantigens . Nevertheless,
PDAC has an immunogenic capacity as reflected by
the presence of T-cell infiltrates and tertiary lymphoid
[30-32]
structures in resected PDAC samples
. Some studies
suggest that although the rate of mutations is low, it is
sufficient to create highly immunogenic neoantigens,
[33,34]
notably through KRAS codon 12 mutations
.
Importantly, DNA mutations do not necessarily
translate into immunogenicity because both antigen
presentation by major histocompatibility complex (MHC)
and recognition by the T cell receptor (TCR) with a high
affinity are required to induce T cell response, leading
to the concept of neoantigen quality. It has been shown
that the fitness of a neoantigen, i.e., its distance from
the wild type sequence coupled with its binding affinity
[35]
to the TCR, is correlated with the activation of T cells .
High-quality neoantigens (mutation-associated or
microbial-like sequences) have been associated with
longer survival in PDAC, highlighting the fact that the
neoantigen quality outweighs the neoantigen quantity
[36]
in clinical significance .
Determining MHC-antigenic structures (e.g., using
mass spectrometry) is useful to (1) predict which
neoantigen will be recognized by T cells and (2) identify

T cells recruitment and activity: The release of tumor
[41]
neoantigens following cell death
allows antigenpresenting cells (APC), such as dendritic cells to uptake
and present them to T cells leading to the activation
[42-44]
of the latter
. Secondly, T cells must be recruited
[45]
into the tumor after trafficking in blood vessels
and
[46]
passing through the endothelial wall . Finally, tumorinfiltrating lymphocytes (TIL) recognize and kill tumor
[43]
cells .
Depending on the histological pattern of TIL, tumors
are classified into T-cell inflamed (also known as “hot”
tumors) vs non-inflamed (“cold”) tumors, in which T
[47]
cells are excluded or absent . Preclinical and clinical
evidence suggest that only patients who have T-cell
[47]
inflamed tumors respond to CPI monotherapy . Most
PDAC are thought to belong to the non-inflamed tumor
group, displaying low levels of TIL along with low PD-L1
expression, which can account for the poor efficacy of
[48-50]
single-agent immune therapies
.
PDAC display an abundant desmoplastic stroma,
the extent of which is often greater than the epithelial
[51,52]
component of the tumor
. The stroma is a complex
structure composed of extracellular matrix proteins and
various cell types including cancer associated fibroblasts
[52]
(CAF), endothelial cells, and immune cells . This
fibrotic barrier was believed to physically impede T cell
[53]
infiltration . However, recent work using multiplex
imaging for spatial analysis of desmoplastic elements
in PDAC revealed that collagen Ⅰ deposits are inversely
[54]
correlated with TIL numbers . This observation
has led to the hypothesis that the stroma may be
[55]
a chemical rather than a physical barrier
(Figure
2). Indeed, PDAC is characterized by a high density
of immunosuppressive cells including T regulatory
cells (TREG) and myeloid cells [e.g. dendritic cells,
myeloid derived suppressive cells (MDSC) and
M2 macrophages], which are negative prognostic
[56]
[57]
factors . Myeloid cells release TGFβ , nitric oxide
synthase and arginase, preventing TIL recruitment and
[56,58]
activity
. Tumor hypoxia is a predominant driver
in the recruitment of these immune cells through CAF

Reasons why checkpoint inhibitor monotherapies
failed to show any activity in pancreatic ductal
adenocarcinoma

WJG|www.wjgnet.com
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M2
macrophage

MHC + neoantigen

Tumor cell
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T cell
TCR
TCR
T cell

Priming phase

Effector phase

Lymph node

Tumor (pancreas)
Tumor cell

T cell

DC

MHC

T cell

TCR

MHC

TCR

CD28
PD-1

PD-L1

B7
CTLA4

Anti-PD-1/Anti-PD-L1

Anti-CTLA4

Figure 1 Cytotoxic T lymphocyte-associated protein 4 and programmed cell death-1 biological functions and therapeutic targeting. Cells of the immune
system express several surface molecules that are important for immune surveillance and regulation of the immune response. T cell receptor (TCR) is expressed by
T cells; it is an antigen-specific molecule that is unique to each T cell clone. Major human compatibility (MHC) molecule is expressed by antigen-presenting cells (e.g.,
dendritic cell) and display a potential tumor antigen for recognition by the specific TCR. Left panel: When an antigen presented in the context of MHC is recognized by
the TCR, interaction of CD28 (expressed by T cell) with B7 (CD80/CD86) molecules provide a co-stimulatory signal leading to T-cell activation. However, depending
on the conditions and microenvironment, these T cells can also express various levels of cytotoxic T lymphocyte-associated protein 4 (CTLA-4), a regulatory
receptor (immune checkpoint) with a higher binding affinity for B7 than CD28. Therefore, when CTLA-4 is available at the cell surface, it successfully competes for
binding with B7, removing the co-stimulatory signal and leading to T-cell downregulation. Tumor cells can then escape the T cell cytotoxic effect (immune evasion).
CTLA-4 blockade affects the immune priming phase occurring in the lymph node, by supporting the activation and proliferation of a higher number of effector T cells,
regardless of TCR specificity, and by reducing Treg-mediated suppression of T-cell responses. Right panel: T cells also express PD-1 receptor, which has the potential
to induce a programmed-death cascade in T cells that mistakenly react to host cells and thereby maintaining self-tolerance. PD-1 ligand, PD-L1, is used by tumor cells
to engage the PD-1 receptor and switch off the reaction, inducing immune tolerance to the MHC-presented antigen. PD-L1 can also be expressed by stromal cells
(e.g., M2 macrophages). PD-1 blockade works during the effector phase in peripheral tissues (tumor) to restore the immune function of “exhausted” T cells that have
been turned off following extended or high levels of antigen exposure. CTLA-4: Cytotoxic T lymphocyte-associated protein 4; DC: Dendritic cell; MHC: Major human
compatibility; PD-1: Programmed cell death-1; PD-L1: Programmed death-ligand 1; TCR: T cell receptor.
[59-61]

activation
. Activated CAF then secrete immuno
[62,63]
suppressive cytokines
, such as CXCL12 and IL-6,
which promote MDSC recruitment and inhibit effector
T cell recruitment.
In addition, although T cell infiltration seems to be
necessary for the response to immune therapy, the
presence of TIL is not sufficient to induce an effective
[64]
anti-tumor response . Indeed, TIL activation is
required. However, in PDAC, even in the presence of
tumor-specific neoepitopes, T cells display a reduced
[34]
activation signature
and most of them are PD-1–
[65]
positive , suggesting that T cell activation is actively
suppressed. Notably, not only MDSC but also TREG

WJG|www.wjgnet.com

and CD8-positive γδT cells restrain activation of αβT
[66]
cells that are directed against the tumor . These
deleterious TIL represent approximately 40% of CD8positive TIL populations in PDAC and may mislead
the interpretation of the biological significance of TIL
in PDAC. This may enlighten some negative results
showing no prognostic impact of T cell infiltration in
[56,64]
PDAC
.
Overall, given its low mutational load, low lymphocyte
count, the presence of inflammatory cytokines and
hypoxia, PDAC displays a unique microenvironment that
is unfavorable to immune therapy according to the cancer
[67]
immunogram and requires combination strategies .
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Cancer cell
Fibroblast
Desmoplastic stroma
Chemical > Physical barrier

Extracellular matrix
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...

3-Low
T-cell activity
1-Low
Immunogenicity
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effector T cells

Infiltration by
immunosuppressive cells
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Figure 2 Summary of the mechanisms responsible for pancreatic ductal adenocarcinoma resistance to immune therapy. The circle outlines the three steps
of the cancer-immunity cycle: (1) Immunogenicity (yellow); (2) T-cell recruitment and (3) activation. Pancreatic ductal adenocarcinoma resistance to immune therapy
is due to the combination of several factors: (1) Low tumor immunogenicity, with a low mutation rate and low neaoantigen burden compared to other tumors (e.g.,
melanoma); (2) low T-cell recruitment and (3) activation: the dense desmoplastic stroma generates high interstitial pressure; this results in poor tumor perfusion
and intra-tumor hypoxia, which in turn activates fibroblasts to release immunosuppressive cytokines (e.g., TGFβ, IL-6, CSF1 = “chemical barrier”) that lead to the
recruitment of immunosuppressive cells (M2 macrophages, TREG, MDSC) and exclusion and anergy of effector T cells. CSF1: Colony stimulating factor 1; IL-6:
Interleukin-6; MDSC: Myeloid-derived suppressive cells; TGFβ: Transforming growth factor β; TREG: T regulatory cells.

Research challenges

can induce immunogenic cell death, sensitize tumor
cells to immune-mediated destruction and enhance T
[69-71]
cell activation
. Although some investigators have
shown that FOLFIRI [folinic acid, 5-fluorouracil (5FU)
and irinotecan combination] can be given with vaccines
to CRC patients without abrogation of the immune
[72]
response , 5FU and irinotecan have been reported to
[73]
be more immunosuppressive . Therefore, combining
them with an immune therapy may impair the immunemediated anti-tumor response, and a sequential design
for immune therapy after induction chemotherapy using
these agents may be more effective.
Tumor vaccines and oncolytic viruses both aim at
increasing tumor antigen recognition by the immune
[74,75]
system through presentation by dendritic cells
.
Although relatively inefficient as monotherapies, vac
cine strategies are currently explored in combination
with CPI. GVAX is a granulocyte-macrophage colonystimulating factor (GM-CSF)-secreting allogeneic
PDAC vaccine. It was first evaluated in combination
[76]
with anti–CTLA-4 therapy . Thirty pre-treated PDAC
patients were randomized to receive ipilimumab alone
or combined with GVAX. The latter experienced a
longer median overall survival (OS) (3.6 mo vs 5.7
mo, P = 0.07) with no additional toxicity. Furthermore,

Rational combinations: Following the failure of CPI
monotherapies in PDAC, efforts have been made to
develop rational combinations to overcome PDAC
resistance to immune therapy. Based on the cancer
[25]
immunity cycle , most of them combine a CPI with
another agent aiming to (1) increase tumor immu
nogenicity; (2) increase TIL number and activity;
and/or (3) attenuate immunosuppression in the tumor
microenvironment. Combination therapy can employ
immune therapy, conventional chemo/radiotherapy,
[50,68]
targeted therapy, or vaccine/adoptive T-cell therapy
.
Increasing tumor immunogenicity: Chemothera
peutic agents and radiotherapy may play a dual
role by directly killing cancer cells, thus reducing the
overall tumor burden and indirectly by releasing proinflammatory molecules and tumor-associated antigens
(TAA) (e.g., calreticulin, ATP) which, when presented
in an immunogenic fashion, may function as in situ
vaccines to attract and activate T cells (so called
“immunogenic death”). Among chemotherapeutic
agents used in the PDAC therapeutic armamentarium,
platinum-based agents and taxanes are preferential
combination partners for immunotherapy because they
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the observation that neoadjuvant GVAX was able
to induce intra-tumoral tertiary lymphoid structures
and upregulate PD-L1 membranous expression in
[30]
resected tumor samples
provided a rationale for its
combination with anti–PD-1. This was also supported
[77]
by preclinical data in mouse models
showing an
improved survival rate with the combination of GVAX
and PD-1 blockade compared to each agent taken
individually. In clinical practice, GVAX is associated
to cancer vaccine CRS-207 (an attenuated form of
Listeria monocytogenes) and/or cyclophosphamide
(aiming at downregulating TREG) in clinical trials in the
[78]
adjuvant setting . GVAX/cyclophosphamide therapy
is also currently being tested in PDAC in combination
with nivolumab (anti–PD-1) alone (NCT02243271,
NCT02451982, NCT03161379) or combined to ipili
mumab (anti-CTLA-4) (NCT03190265), or with
pembrolizumab (anti–PD-1) alone (NCT02648282) or
combined to the indoleamine-2,3 dioxygenase (IDO, an
enzyme that inhibits T cells proliferation by catalyzing
[79]
the degradation of tryptophan ) inhibitor epacadostat
(NCT03006302). Restoring the proliferation and ac
[80]
tivation of various immune cells, including T cells ,
may potentiate the response to vaccine therapy. Of
note, there is also a rationale for combining GVAX
[77,81]
with TGFβ inhibitors in preclinical models
. How
ever, this combination has not reached clinical trials.
GVAX, like peptidic “one-size-fits-all” vaccines,
has to face the challenges of (1) the unique tumor
antigen landscape specific to each patient and (2) the
emergence of immune evasion, both of which can
[82]
compromise patient response to vaccine therapy .
Personalized vaccine approaches are expected to
partially overcome these issues but their development
remains limited by their logistic complexity and high
[82-84]
costs
. Alternatively, oncolytic viruses combine
antigen presentation with the induction of a type
Ⅰ interferon-γ (IFN-γ) response that potentiates
[74,75]
effector T-cell activation
. Similar to the vaccine
approach, the oncolytic virus reolysin was tested in
metastatic PDAC in combination with carboplatin
and paclitaxel but failed to improve progression-free
[85]
[86]
survival (PFS) . However, a phase Ⅱ study
ex
plored the combination of reolysin, pembrolizumab
(anti–PD-1) and chemotherapy in 11 patients with
pre-treated PDAC and showed antitumor activity with
a manageable safety profile. Among the 5 evaluable
patients, two had stable diseases (126 and 221 d) and
one had partial response lasting more than 6 mo. A
phase Ib trial in combination with pembrolizumab and
gemcitabine, irinotecan or leucovorin/5-fluorouracil
(5-FU) is ongoing (NCT02620423).

PD-1 antibodies resulted in an improved OS in patients
with advanced melanoma compared with each agent
used as monotherapy, albeit at the price of increased
toxicity with 59% of patients experiencing grade 3 or 4
[87]
adverse events (vs 21%-28% with monotherapy) .
The PA.7 randomized phase Ⅱ trial (NCT02879318)
explores the combination of tremelimumab (anti–
CTLA-4 mAb) and durvalumab (anti–PD-L1 mAb)
with gemcitabine plus nab-paclitaxel chemotherapy
vs chemotherapy alone as a first-line treatment for
metastatic PDAC. Co-targeting of other immunomo
dulatory pathways such as IDO, OX40, CD40, the
lymphocyte activation gene 3 protein (LAG3) or T
cell immunoglobulin and mucin 3 (TIM3), among nu
merous candidates, might be as efficient and less toxic
[88]
than PD-1/CTLA-4 combination
but remain to be
explored in PDAC patients.
Combination with anti-M2/-MDSC: The CCL2-CCR2
chemokine axis induces the recruitment of immuno
[89]
suppressive tumor-associated-macrophages (TAM) .
A CCR2 inhibitor (PF-04136309) has been tested in
combination with FOLFIRINOX chemotherapy in a
phase Ib study in patients with borderline resectable/
[89]
locally advanced PDAC . The objective response rate
was 49% and disease control rate reached 97% with
a manageable safety profile. Interestingly, ancillary
studies showed (1) a decrease in TAM infiltration to
gether with (2) a decrease in circulating monocytes
and (3) an increase in bone marrow monocytes in
patients treated with the combination, supporting the
mechanistic hypothesis of a reduction in intra-tumor
[90]
monocyte recruitment from the bone marrow .
Other inflammatory pathways have been targeted
using small molecules or mAb and are currently being
explored in clinical trials in combination with CPI
based on promising results in mouse models. These
[91]
include colony stimulating factor 1 receptor (CSF1R)
[92]
(NCT02777710), IL-6 , TGFβ (NCT02734160), CCR4
(NCT02301130), CXCR2 (NCT02583477) and CXCR4/
CXCL12 (NCT03168139). Nonetheless, similarly to
the results obtained following pathway inhibition using
tyrosine kinase inhibitors, secondary resistance due
to cytokine axes compensation has emerged, leading
to disease progression and pleading for combination
[93]
strategies .
Combination with MEK inhibitors: MEK inhibition
(MEK-i) was primarily developed in PDAC as a KRAS
signaling inhibition strategy, given the high frequency of
[94]
activating KRAS mutations in these tumors (> 90%) .
MEK-i failed to improve the survival rate of PDAC
patients when used as monotherapy or in combination
[94]
with gemcitabine . However, novel perspectives are
opening up for MEK-i as a combination partner with
immune therapy. Indeed, MEK-i exerts multifaceted
immunostimulatory effects by (1) increasing MHC-I
expression and decreasing PD-L1 expression on tumor
cells, (2) increasing TIL activity and survival, and (3)
[95]
decreasing macrophage and MDSC infiltrates .
A phase Ib study (NCT01988896) has investigated

Increase TIL recruitment and activity: Most anti–
PD-1/PD-L1-based combination trials focus on converting
the PDAC non-inflamed (immune-excluded or desert)
microenvironment into an inflamed pattern by increasing
T cells recruitment and activity.
CPI combination: The association of CTLA-4 and
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the combination of cobimetinib (MEK-i) with ate
zolizumab (anti–PD-L1) in pre-treated metastatic CRC;
durable objective responses were observed in patients
with microsatellite stable (MSS)/MSI-low tumors,
mostly KRAS-mutated, prompting the evaluation of this
combination in PDAC in a clinical trial (NCT03193190).
Targeting tumor hypoxia: Likewise, hypoxia-targeting
strategies have been tested with disappointing results in
[96]
combination with gemcitabine . Evofosfamide (TH-302)
is a cytotoxic prodrug that is activated under hypoxic
conditions, targeting hypoxic tumor areas. It is now being
explored as a combination partner for immunotherapy
since it can improve tumor tissue oxygenation and
subsequently decrease MDSC recruitment and increase
[59,97]
effector T cell activity
. The use of TH-302 with
CPI may therefore be effective in restoring a favorable
immune environment. A phase Ⅰ trial is underway to
study the combination of TH-302 with ipilimumab (antiCTLA-4) in PDAC, melanoma, head and neck cancer and
prostate cancer (NCT03098160).
Targeting fibroblasts and the stromal physical
barrier: There have been contradictory reports on the
roles of the desmoplastic stroma in PDAC (tumorpromoting vs tumor-restrictive effect). CAF elimination
using sonic hedgehog inhibitors or genetic strategy
for selective depletion of α-smooth muscle actin
(α-SMA)-positive cells in transgenic mice resulted in
aggressive and undifferentiated tumors with increased
[98,99]
vascularization and TREG infiltration, respectively
.
Clinical trials with hedgehog inhibitors in PDAC were
[100]
negative for any anti-neoplastic activity . Strategies
then shifted toward stroma modulation rather than
depletion.
Focal adhesion kinase (FAK) is a cytoplasmic ty
rosine kinase protein that has been reported to be
overexpressed and active in many solid tumors, including
[101]
PDAC . FAK is expressed by fibroblastic cells as well
[101]
as tumoral, endothelial and immune cells
, and its
[102]
inhibition engenders pleiomorphic effects . In preclinical
models, FAK inhibition reduced fibrosis, decreased the
amount of tumor-infiltrating immunosuppressive cells,
and rendered the previously unresponsive KPC mouse
[102]
models sensitive to PD-1 blockade
. Two phase Ⅰ
/Ⅱ studies are underway to verify the benefit of this
combination (NCT02546531 and NCT02758587). Other
CAF-modulating or anti-fibrotic agents are also under
investigation including TGFβ inhibitors (NCT02734160),
PEGPH20 (NCT03193190) and vitamin D (NCT03331562)
in combination with CPI. In addition, all-trans-retinoic
acid (ATRA) (NCT03307148), and BET-inhibitors
(NCT02711137) are being explored in combination with
chemotherapy.

hematological malignancies with T cells expressing CD19
[104,105]
CAR
. Similarly, mesothelin CAR-T therapy has been
[106]
proposed in solid tumors . In PDAC, this therapy led
[107]
to the prolonged survival in a mouse model study .
Nevertheless, clinical development of this strategy in
solid tumors is hampered by (1) its limited efficacy
in comparison with the results seen in hematological
malignancies; (2) high level of toxicity, including lifethreatening immune adverse events (neurotoxicity and
cytokine release syndrome); and (3) costs and logistics
to be deployed on a large patient population. Next
generation CAR T-cells are currently being developed to
[108]
overcome these challenges .

CONCLUSION
Rethink current clinical trial approaches

Besides exploring new therapeutic avenues, it is also
necessary to rethink the design of clinical immune
therapy trials targeting PDAC. The clinical trial design
tends to shift from traditional phase Ⅰ to Ⅲ develop
ment plan toward a signal detection strategy in multiple
patient cohorts. In the context of an increasing number
of clinical trials, there is a need to identify the most
relevant combinations among the numerous candidate
agents. Development of new preclinical models closer
to the complex in vivo conditions should significantly
improve the predictive value for therapeutic agent
testing and guide the selection of the most active
combinations for evaluation in clinical trials.
Second, the examples of MEK-i, vaccines, evo
fosfamide or TGFβ inhibitors show that it may be worth
giving a second chance to some molecules that were
found inactive as monotherapy.
In addition, patients with heavily pre-treated, pro
gressive, advanced PDAC are not good candidates
for immune therapy and this may partially account
for failure of previous studies. These patients should
possibly be excluded from immunotherapy clinical
trials. Alternatively, positioning immune therapy as
maintenance strategy following a course of induction
chemotherapy (e.g., with FOLFIRINOX) seems to
present several advantages: (1) It allows the identifi
cation and exclusion of patients with rapid tumor
progression; (2) such a treatment may have induced
immunogenic cell death and sensitized the tumor
to CPI; and (3) given that induction chemotherapy
was not interrupted due to inefficacy, it could be rein
troduced at disease progression. Taken together, these
elements support the development of immune therapy
as maintenance therapy in patients with controlled
disease.
Finally, there is a critical need for predictive bio
marker identification in order to guide patient selection
for immune therapy and to stratify the randomization.
Meanwhile, it is necessary to assess the predictive value
of already available PDAC molecular classifications in
[109-112]
the ancillary studies of ongoing clinical trials
.

 AR-T cells: Adoptive cell therapy is a technology that
C
has recently drawn increasing attention. T cells may
be engineered to express a chimeric antigen receptor
[103]
(CAR) in order to target specific tumor antigen . This
approach has already proven its effectiveness in B-cell
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Future directions

PDAC is resistant to CPI monotherapy due to its un
favorable non-immune inflamed microenvironment.
A better understanding of the biological mechanisms
underlying PDAC immunosuppression may pave the
way to innovative and promising strategies. Given the
key role of the team hypoxia-TGFβ-CAF-M2/MDSC, the
development of rational combinations of immunotherapy
targeting these pathways and cell populations to increase
intra-tumor recruitment and activation of T cells is
coherent. To achieve this, we will have to reconsider
inactive molecules in monotherapy, optimize the
position of immunotherapy in the therapeutic sequence
and develop new preclinical models to better predict
therapeutic efficacy.
Furthermore, an improved understanding of the
mechanisms of sensitivity and resistance to immun
otherapy has revealed the increasing complexity in the
[113]
tumor antigens, TIL, TREG, and MDSC landscape . For
instance, (1) anti-inflammatory and pro-inflammatory
cytokines have counter balancing activities; (2) biological
effects may be different between primary and metastatic
tumor sites as illustrated by dissociated responses; (3)
hypermutated tumors are more likely to respond to
[114]
but also to develop resistance to CPI ; and (4) the
immune therapy response is also dependent on the
[115,116]
[117]
patient microbiota
and genetics . Mechanisms
of action of CPI remain yet to be fully elucidated. The
collaboration between clinicians and researchers will be
the cornerstone of future progress in this field.
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Liver transplantation and multivisceral transplantation in
the management of patients with advanced neuroendocrine
tumours
Ashley Kieran Clift, Andrea Frilling
generally accepted albeit somewhat controversially
discussed therapeutic strategy in highly selected
patients with non-resectable hepatic metastases from
neuroendocrine tumours (NET). Whilst there are some
exclusion criteria, these are not universally followed,
and the optimal set of inclusion parameters for deeming
patients eligible has not yet been elucidated. This is
due to heterogeneity in the study populations, as well
differing approaches employed and also divergences
in selection criteria between centres. Recent data have
suggested that OLT may represent the most efficacious
approach in terms of overall and disease-free survival
to the management of NET metastatic to the liver
when conducted in accordance with the modified
Milan criteria. Therefore, a consensus set of selection
criteria requires definition to facilitate stringent and
fair allocation of deceased-donor organs, as well as
consideration for living-donor organs. In the context
of classically non-resectable metastatic tumour bulk,
multivisceral transplantation with or without the liver
may also be indicated, yet experience is very limited.
In this review, we discuss the diagnostic work-up of
patients in whom the aforementioned transplantation
approaches are being considered, critically analyse
the published experience and also anticipate future
developments in this field, including a discussion of
immediate and longer-term research priorities.
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Core tip: Liver transplantation is a generally accepted
option in selected patients with advanced neuroendocrine
tumours metastatic to the liver. Outcomes may be
favourable in exquisitely selected patients, yet the opti
mal selection criteria have not yet been elucidated.
Multivisceral transplantation is valid but rarely utilised,
for example, in cases of metastatic bulk threatening gut

Abstract
Orthotopic liver transplantation (OLT) represents a
WJG|www.wjgnet.com

2152

May 28, 2018|Volume 24|Issue 20|

Clift AK et al . Transplantation for advanced neuroendocrine tumours
metastatic burden, either in those with pancreatic head
[12]
tumours and LM , or potentially some patients with no
LM but extensive mesenteric lymph node metastases
threatening vascular supply to the gut by encasement
[13,14]
of mesenteric vessels
. Again, recent data suggest
improving outcomes over time with such approaches
[15]
involving intestinal allografts
and therefore these
could be more widely utilised in the near future.
In this review, we provide an overview of the diagnostic
work-up of patients with NELM being considered for
transplantation, specifically the power of both functional
and morphological imaging in patient selection. Thereafter,
we provide a critical analysis of the reported outcomes
from OLT and MVT/MMVT and conclude with discussion of
future perspectives in this burgeoning field.

vascular supply.
Clift AK, Frilling A. Liver transplantation and multivisceral
transplantation in the management of patients with advanced
neuroendocrine tumours. World J Gastroenterol 2018; 24(20):
2152-2162 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i20/2152.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i20.2152

INTRODUCTION
Representing an increasingly prevalent class of neo
plasms, neuroendocrine tumours (NET) display protean
clinical manifestations, and those arising from the lung,
pancreas and bowel possess a particular proclivity for
metastasis to the liver. Up to 90% of small bowel NET
display evidence of at least nodal metastasis at initial
[1]
diagnosis , and the incidences of liver metastases (LM)
in small bowel and pancreatic NET treated at specialist
centres range between 67%-91% and 28.3%-77%,
[2,3]
respectively . The liver is the sole location of distant
oligo-metastatic disease in approximately half of all
[4]
NET and their presence has markedly detrimental
impact on the long-term survival of NET patients, thus
conferring great significance on the management of
[5-7]
neuroendocrine liver metastases (NELM) .
Therapeutic strategies for NELM may incorporate
surgical approaches, i.e., resection with curative or
palliative intention, peptide receptor radionuclide
therapy, liver-directed trans-arterial or percutaneous
[8]
treatments and medical therapies . Hepatic surgery is
the only approach offering potential cure, and resection
of liver deposits if attainable has classically been held
as the first-line modality conferring the best survival
[8]
outcomes . However, cure is rarely realised even with
complete elimination of the hepatic tumour burden as
patients almost invariably develop recurrent disease,
and resection should be regarded in most to be a
palliative endeavour. Under the premises of complete
resection of the primary tumour and loco-regional
lymph node metastases , the radical approach of total
extirpation of the liver with unresectable NELM in the
context of orthotopic liver transplantation (OLT) has
re-gained attention as outcomes continue to improve.
In fact, stringently selected patients undergoing OLT
may actually attain the most favourable survival
outcomes, based on recent data from Mazzaferro and
his group following the modified Milan (‘Milan NET’)
[9]
criteria . However, there is great divergence in the
selection criteria followed at different centres, and a
recent systematic review of retrospective case series
calculated a median overall survival at 1-, 3-, and
[10]
5-years of 89%, 69% and 63%, respectively .
Multivisceral transplantation (MVT) with or without
[11]
the liver (i.e., modified [M]MVT)
is a seldom utilised
approach for highly selected patients with extensive
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PRE-TRANSPLANT EVALUATION –
PATIENT SELECTION
Liver transplantation may be offered to patients with
metastases of low- or intermediate grade (G1/2) NET
[16]
(Ki67 of < 20% ) confined to the liver without extrahepatic metastases, unless these are themselves
[8]
resectable . Up to 80% of NELM display diffuse
multifocal and bilobar spread, and are therefore
not amenable for standard resections with curative
[17]
attempt . In patients with non-miliary metastases
but nevertheless conventionally non-resectable he
patic disease, advanced surgical procedures such
as ALPPS may be considered to offer chance of
[18,19]
resection via a two-stage approach
. Accordingly,
meticulous selection of patients with advanced NET
for transplantation approaches relies on the use of
high quality imaging strategies to accurately depict
disease burden, with emphasis both on the distribution
of disease within the liver, but especially also possible
extra-hepatic deposits as these could render a patient
ineligible for transplantation (Figure 1a-c). Morph
ological and functional imaging modalities have im
portant roles in the evaluation of NET and their meta
stases.
As most NELM are hypervascular, computed to
mography (CT) imaging must include hepatic arterial
[20]
phases . Furthermore, diffusion-weighted magnetic
resonance imaging (DW-MRI) should be systematically
performed in any evaluation of NELM as it possesses the
highest specificity of all MRI phases, even in tumours <
[21]
1 cm in size .
Functional imaging with positron emission tomo
graphy (PET) using 68-gallium radiolabelled DOTA
68
peptides combined with CT (e.g., Ga-DOTATATE or
68
Ga-DOTATOC PET/CT) represents the gold standard
approach in G1/G2 NET as it may detect lesions that
morphological imaging modalities cannot, as well as
those not identified by somatostatin-receptor scinti
111
[21-23]
graphy with In-conjugated radiopharmaceuticals
.
68
Imaging with Ga-DOTA PET/CT detects NELM with
a sensitivity between 82%-100%, a specificity of
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A

B

C

Figure 1 Multimodality imaging in a patient with neuroendocrine liver metastases considered for transplantation. A: Magnetic resonance imaging of the liver
in a patient with hepatic metastases from a small bowel neuroendocrine tumour. This patient underwent resection of the primary tumour, and then a left hepatectomy.
Following post-hepatectomy lanreotide, peptide receptor radiotherapy and also selective internal radiotherapy for recurrent hepatic metastases, this patient was
considered for orthotopic liver transplantation. There was no extra-hepatic disease on conventional cross-sectional imaging. B: 68Ga-DOTATATE PET/CT in the
same patient. Multiple foci of increased avidity are demonstrated within the liver that were not appreciated on magnetic resonance imaging. C: Radiotracer uptake
corresponding to one of multiple bone metastases. According to standard criteria, these would exclude this patient from orthotopic liver transplantation.

67%-100%, and also detects extra-hepatic disease
with a sensitivity of 85%-100% and a specificity of
[23]
67%-90% . In fact, a major proportion of the power
68
of Ga-DOTA PET/CT in terms of surgical selection is in
its ability to identify extra-hepatic disease that is capable
[24,25]
of altering clinical strategies
, which is especially
relevant when considering visceral transplantation.
Novel radiotracers for PET/CT, such as those us
ing 64-copper have shown promising results com
68
parable to Ga-DOTA , although they are not in wide
[26]
circulation as of yet . The archetypal oncological
18
radiotracer F-FDG is widely used in the imaging of
adenocarcinomas, and there is increasing evidence to
support its implementation in the radiological work68
up of NET patients alongside Ga-DOTA PET to assess
the metabolic activity of tumours which correlates with
[27]
disease aggressiveness and prognosis . However, one
18
may argue that there is limited (if any) role of F-FDG
PET/CT in NET patients as part of pre-transplant workup as lower-grade disease is the sine qua non for
consideration of this approach. Additional radiotracers
have also been assessed in cohorts of NET patients,
18
especially in European centres, specifically F-DOPA
11
[28,29]
and C-5-hydroxytryptophan
. However, experience
with these tracers is limited, and can at present only
be recommended as part of investigative studies, or
as an adjunct to lessen radiological uncertainty when
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there are inconclusive findings with ‘standard’ functional
imaging.
Alongside detailed radiological depiction of disease
status, patient functional status and relevant co-mo
rbidities must also be evaluated in the overall asse
ssment of patients being considered for transplantation.
Carcinoid heart disease (CHD) manifests as fibrous
endocardial thickening involving cardiac valves and subvalvular apparatus, particularly in the right heart. It has
an incompletely elucidated aetiology but is presumed to
be linked to excessive circulating vasoactive substances
secreted by NET, and exerts considerable morbidity and
mortality in NET patients. Transthoracic echocardiography
is the gold-standard modality for assessment of cardiac
function in patients suspected of having/at risk of
[30]
CHD . Furthermore, untreated CHD is an accepted
contraindication for OLT, and should be treated before
[30]
OLT, or even any hepatic surgery is planned .
Patients with advanced NET considered for tra
nsplantation require extensive evaluation. This includes
assessment of their anaesthetic risk and co-morbidity
profile, including specific emphasis on the presence
(and if applicable, treatment of) carcinoid heart
disease, which is a contraindication to transplantation.
Radiological evaluation of disease should include CT
(hepatic arterial phase), MRI (especially DW-MRI) and
68
if available, Ga-DOTA PET/CT. The latter is essential in
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Table 1 Results from liver transplantation in selected registry reports, multicentre series and recent single centre series
Ref.

Year

Nobel et al[58]
Le Treut et al[38]

2015
2013

Registry (UNOS)
Registry (ELTR)

120
213 (6 MVT)

Nguyen et al[40]

2011

Registry (UNOS)

184

Gedaly et al[37]
Sher et al[51]

2011
2015

Mazzaferro et al[9]

2016

Bonaccorsi-Riani
et al[59]
Olausson et al[50]

2010

Van Vilsteren et
al[60]
Frilling et al[61]

2006

2007

2006

Study type/setting Total patients

Registry (UNOS) 150 (13 MVT)
Multicentre series
85
(United States)
Single centre series
42
(Italy)
Single centre series
9
(Belgium)
Single centre series 15 (5 MVT)
(Sweden)
Single centre series
19
(United States)
Single centre series 15 (1 MVT)
(Germany)

Overall survival (%)
Disease-free survival (%)
1 yr 2 yr 3 yr 4 yr 5 yr 10 yr 1 yr 2 yr 3 yr 4 yr 5 yr 10 yr
87
69
63
Overall
81
73
65
55
52
65
49
40
33
30
ELTR score 0-1
79
57
ELTR score 2-3
38
19
Overall
79.5
61.4
49.2
Post-MELD
84.7
65
57.8
80
64
48
771
501
321
83
60
52
97.2
88

77

33

88.8

86.9
67

90
88
78.3

33

11

70

20

86.9

80
67.2

69.4

48.3

1

Calculated from 83 patients. UNOS: United Network for Organ Sharing (United States); ELTR: European Liver Transplant Registry; MELD: Modified endstage liver disease score; MVT: Multivisceral transplantation.

patients considered for liver transplantation as it enables
the best opportunity for the depiction of extrahepatic
disease which could invalidate this form of approach.
As it represents the gold-standard imaging modality in
68
NET, Ga-DOTA PET/CT is also most useful in patients
considered for intestinal/multivisceral transplantation.

over a protracted period of time. Current gold-standard
imaging modalities understage disease burden by
50% when compared with meticulous pathological
[35]
examination , thus explaining the clinical reality
that resection with curative intent is almost always a
palliative endeavour, albeit an excellent one in terms
of significant improvement in the duration of patient
overall survival.
Therefore, OLT represents an attractive paradigm for
radical therapy of NELM, insofar as total hepatectomy
with subsequent transplantation theoretically offers
complete resection of both macro- and micro-metastatic
disease burden at a single time-point. This approach
is heavily debated and rarely utilised (just over 700
[36]
patients) , and represents only 0.2%-0.3% of all liver
transplants recorded in US/European liver transplant
[37,38]
registries
. Table 1 summarises recent published
experience from selected series.
There is growing evidence to support consideration
of wider implementation of OLT in NET. However,
major obstacles include the already heavy demands
on deceased-donor livers for non-malignant conditions
and also HCC, as well as the limited use of living-donor
liver transplantation (LDLT) outside of Asia, where LDLT
accounts for up to 60%-90% of all liver transplant
[39]
activities in some countries . The use of LDLT of
course introduces complex ethical considerations, such
as risks of morbidity and perhaps even mortality to the
healthy donors.

ORTHOTOPIC LIVER TRANSPLANTATION
Curative (R0) resection of NELM may be associated
with the most favourable survival outcomes in reported
retrospective series however is subject to significant
[8,31–33]
limitations
. First, approximately 80% of patients
with NELM will not be eligible for this approach due to
the anatomical distribution of hepatic disease burden
abrogating the feasibility of radical surgical tumour
[17]
elimination . Second, to what extent R0 resection is
actually associated with favourable outcomes cannot be
confidently assessed given that studies are retrospective
and thus outside the auspices of randomised trials, and
that whilst patients are highly selected, the selection
criteria themselves are often very poorly defined, if
[34]
at all . Essentially, the effects of favourable tumour
biology and favourable patient characteristics, such
as co-morbidity profiles are impossible to disentangle
from the reported outcomes due to this selection bias.
Third, even in patients undergoing hepatectomy/other
hepatic resection with curative intent, vertiginous rates
[8,33]
of recurrence are clearly recognised
, to the extent
that disease recurrence should not only be considered,
but actively expected. The juxtaposition of favourable
overall-survival against starkly poor disease/recurrencefree survival in hepatic resection is attributable to most
likely the presence of undetected micro-metastases that
given the relative indolence of NET, clinically manifest
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Results with orthotopic liver transplantation

A recent comprehensive systematic review of Moris
[10]
et al
identified 64 studies for inclusion, 4 of which
represented registry reports (which were described
narratively), and 57 were single-centre reports. Registry
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reports did not uniformly document the primary tumour
site in transplanted patients, but cumulative analysis
of single-centre studies identified the pancreas as the
primary tumour derivation in the majority of patients
(53.4%) with the ileum the second most common
(23%). However, only 3 studies described the histologic
type of these primary tumours. The majority of patients
presented with synchronous hepatic disease, and most
received pre-transplant therapy with medical modalities
(hormone-based or chemotherapy), resection of
primary tumour or NELM resection. Only approximately
5.6% of patients did not undergo any pre-OLT treat
ment. Given the large number of heterogeneous
studies, rates of concomitant primary tumour resection
and OLT were not reported, nor were the comparative
survivals between patients receiving pre-OLT treatment
or not. Regarding immunosuppression therapy utilised,
no large cohort studies discussed this. With regards to
the long-term outcomes with OLT, 1-, 3-, and 5-year
OS was 89%, 69% and 63%, respectively. Recurrence
after LT ranged between 31.3-56.8%. There was no
clear information regarding the radiological modalities
used in pre-transplant assessment, nor in follow-up;
therefore one could speculate that recurrence may
68
in truth be higher if Ga-DOTA PET/CT was not used
during follow-up.
The review of the United Network for Organ Sharing
(UNOS) database by Gedaly et al. reported 150 liver
transplants performed for metastatic NET (of a total of
[37]
87280) between October 1988 and January 2008 .
Thirteen of these patients received more than one organ
(see later), and the overwhelming majority (91.3%)
underwent LT using organs from deceased donors. The
tumour histology/functional status was not uniformly
reported, with 46.7% of cases documenting ‘unspecified
NET’. Gedaly and colleagues calculated 1-, 3-, and
5-year OS rates of 81%, 65% and 49%, respectively
for patient undergoing OLT. Recurrence information was
available for 83 patients, and 1-, 3-, and 5-year DFS
rates were 77%, 50% and 32%, respectively. There
was no significant difference observed in survival in
patients older or younger than 55years, however there
was a significant improvement in 5-year survival in
patients undergoing transplantation after the 67day
median wait-time versus those transplanted earlier
(63% vs 36%). Lastly, an interesting comparison was
drawn between OS of patients undergoing OLT for
NET and HCC (n = 4693) which failed to identify any
significant difference.
Another study from the UNOS database encompassing
a wider time-frame (1988 to March 2011) and 184
patients with metastatic NET focussed on the effect of the
introduction of the model for end-stage liver disease
score/paediatric model for end-stage liver disease
[40]
(MELD/PELD) scores in 2000 on OLT outcomes .
Overall survival rates for the entire NET cohort at 1-,
3-, and 5-years were 79.5%, 61.4% and 49.2%,
respectively. In contrast to the aforementioned UNOS
[37]
database study , these rates were significantly
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lower than those observed in patients with HCC, or
those undergoing LT for non-malignant indications in
the same time period (85.8%, 71.1% and 60.6%;
85.2%, 78.3% and 73%). Seventy-four OLT for NET
occurred prior to MELD/PELD introduction, and these
patients had significantly worse survival outcomes
compared to those transplanted following MELD/PELD
implementation. Pursuant to this, when only the LT for
NET occurring after 2002 were considered, there were
no significant differences between overall survival when
compared to HCC (84.7% vs 88%; 65% vs 74.3%;
and 57.8% vs 64.4%), although patients transplanted
for non-malignant indications fared significantly better
(87.1%, 79.5% and 73.7%).
The largest series yet reported is the analysis of
the European Liver Transplant Registry by Le Treut
[38]
et al . Their retrospective analysis over a 27-year
period identified 213 patients receiving LT for one of 3
classes of indication: hormonal syndrome/symptoms
(17%), tumour bulk (24%), or ‘oncological’ (54%).
The LM were synchronous in 119/213 cases, and
the median interval between diagnosis of LM and LT
was 25 months (1-149). Prior to LT, 83% of patients
underwent surgical therapy targeting the primary
tumour (n = 158) or LM (58); these included 23
cases of major hepatic resection (10.8%). In terms
of non-surgical treatment, there were 161 instances of
‘chemotherapy’ (76%) including somatostatin analogues
in 63 patients, and trans-arterial chemoembolisation
in 76. The 3-mo post-operative mortality was 10%,
with early re-transplantation, upper abdominal ex
enteration, splenectomy, operative duration > 10 h,
R1/R2 resection margin, hepatomegaly and surgery
in addition to LT identified as significant arbiters
of this. Regarding survival, the median OS postLT was 67months, with 1-, 3-, and 5-year overall
survival rates of 81%, 65% and 52%, respectively.
Disease-free survival rates at the same intervals were
65%, 40% and 30%, respectively. There were no
associations between long-term survival and three age
cut-offs, nor time between diagnosis and LT. However,
poor prognosis generally was associated with major
resection in addition to LT, poorer tumour differentiation
and hepatomegaly. Furthermore, as the authors
identified improved outcomes in those transplanted
after 2000 (n = 106, 59% OS vs 46% prior to this),
multivariate analyses were utilised to develop a 4-point
prognostic scale in which the presence/absence of
hepatomegaly, age > 45, or their undergoing major
resection with LT were considered/’scored’. Patients
with 0/1 of these factors demonstrated 5-year OS and
DFS of 79% and 57%, respectively, whereas patients
with 2/3 of these predictors had 5-year OS and DFS of
38% and 19%, respectively.
Clearly, these larger studies are limited by the
heterogeneity of included patients. This has effects on
[41]
the divergent adverse prognosticators identified .
Furthermore, the selection criteria utilised are usually
very poorly documented. An exception to this is the
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Table 2 Comparison of published selection criteria for liver transplantation in neuroendocrine liver metastases, and cirrhosis with
hepatocellular carcinoma
Criteria and context
Milan NET criteria[42]
Neuroendocrine liver metastases

Milan criteria[62]
HCC and cirrhosis
UCSF criteria[63]
HCC and cirrhosis
Navarro criteria[64]
HCC and cirrhosis
Valencia criteria[65]
HCC and cirrhosis
‘Up-to-7’ criteria[66]
HCC

Parameters
Age < 60
G1/G2 tumour grade
Primary tumour drained by the portal venous system
Metastatic involvement limited to the liver
Hepatic tumour burden not > 50%
Six months of no tumour progression
Single tumour ≤ 5 cm
Or, ≤ 3 tumours each ≤ 3 cm in size
No macrovascular invasion
Single lesion ≤ 6.5 cm
Or, 2-3 lesions ≤ 4.5 cm each, with total tumour diameter ≤ 8 cm
No macrovascular invasion
Single lesion ≤ 6 cm
Or, 2-3 lesions ≤ 5 cm each
No macrovascular invasion
1-3 lesions ≤ 5 cm each, total tumour dimeter ≤ 10 cm
No macrovascular invasion
Number of tumours + size of tumours (in cm) ≤ 7
No microvascular invasion

HCC: Hepatocellular carcinoma; G: Grade.

recent data from Milan, which have detailed impressive
outcomes from patient selection using their ‘Milan NET’
[42]
criteria . Table 2 compares the Milan NET criteria for
NELM and also documented transplantation criteria
for HCC, including the original Milan criteria applicable
only to HCC.
In their most recent report of a prospective series,
[9]
Mazzaferro, et al . reviewed 88 patients referred
for consideration of OLT, of which 42 were offered
transplant. Forty-six patients either had waiting-list
conditions that precluded transplant consideration,
or refused transplantation. In those undergoing OLT,
the median OS was not attained, whilst 5-year and
10-year OS rates were 97.2% and 88.8%, respectively.
Rates of disease progression in those receiving OLT
were 13.1% at 5- and 10-years, i.e., all recurrence/
progression occurred within the first 5 years of followup. Contrastingly, 5-, and 10-year OS rates in those not
undergoing OLT were 50.9% and 22.4%, respectively.
Follow-up comprised CT or MRI every 3-4 mo, with
68
18
Octreoscan, Ga-DOTA PET/CT or F-FDG PET/CT only
used when morphological imaging/chromogranin assays
were suspicious for recurrence. There was no clear
documentation on how many patients underwent each
of these tumour-targeted imaging modalities, nor what
their specificities were for recurrent disease.
Although these survival outcomes certainly appear
to be the most favourable encountered in the literature
pertaining to therapy of NELM, these results must
be considered with due diligence as by their nature,
such studies possess important inherent bias, similar
to those expressed by series of hepatic resection.
Whilst tumour burden did not differ between the trans
planted and non-transplanted groups, patients not
undergoing transplant were significantly older than
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those that did (median 55.5 years vs 40.5 years),
had higher T stages of the primary tumour (69.5%
T3/4 vs 54.8% T3/T4), had higher WHO grade, and
underwent less locoregional therapy including liver
resection, transarterial chemoembolisation (TACE) or
peptide receptor radionuclide therapy (PRRT) (73.9%
of the non-transplant group received none vs 57.1%
of the transplanted group). Lastly, the earlier discussed
prognostic score as developed by Le Treut et al. was
0 or 1 in 52.4% and 35.7% of transplanted patients,
respectively. Evidently, patients undergoing OLT are
incredibly highly selected and thus the extent to which
positive outcomes can be attributed to appropriate OLT
‘itself’ rather than favourable patient/tumour biology
is unclear. It may be possible that a considerable
proportion of transplanted patients would be candi
dates for hepatic resection. Nevertheless, at face
value, these results with the Milan NET criteria appear
favourable in the context of an 86.9% 10-year DFS.

Neoadjuvant and adjuvant therapy

There are no significant differences between posttransplant immunosuppression therapy for NELM and
HCC. Consideration of neoadjuvant and adjuvant conc
epts should be incorporated into the multidisciplinary
discussion of patients evaluated for possible trans
plantation. Recurrence rates post-OLT in general range
[10]
between 31.3%-56.8% . A consensus is yet to be
established regarding such approaches, however one
may speculate that pre-OLT PRRT, or the use of posttransplant somatostatin analogues could be useful
given their anti-proliferative effects as documented in
[43,44]
randomised clinical trials
. These methods could
theoretically downstage/control disease prior to trans
plantation, or retard the development of recurrent
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[51]

micro-metastases. An additional consideration could
be the use of mammalian target of rapamycin (mTOR)
inhibitors such as everolimus, which has documented
[45]
anti-proliferative effects on NET in clinical trials
,
and also serve immunosuppressive functions with the
[46,47]
advantage of exerting no nephrotoxic effects
. Pretransplant cytotoxic chemotherapy does not have an
established role – indeed, NET in general exhibit a low
response rate to such treatment, and the effects of
cytotoxic agents appear limited to advanced pancreatic
[8]
NET .
Recent data suggest that OLT is a promising th
erapeutic option in metastatic NET and may be ass
ociated with favourable long-term survival outcomes.
It should be used when hepatic disease is controlled,
after the resection of the primary tumour, and not as a
‘last resort’ intervention. In addition, concomitant major
resection should be avoided if possible at the time
of transplant. Carcinoid heart disease is an accepted
contraindication. However, OLT patients present a
highly selected cohort, especially those transplanted in
accordance with the Milan NET stipulations. The optimal
selection criteria require definition, and reports of OLT
should adhere to a number of reporting standards
(see discussion). The role of neoadjuvant and adjuvant
concepts in liver transplantation for NELM needs to be
defined to reduce disease recurrence. Outcomes from
OLT were initially poor, but have considerably improved
as a result of refined immunosuppression regimens,
surgical technique and patient selection. In the modern
era, outcomes with OLT for metastatic NET are not
statistically dissimilar to those encountered in HCC.

allograft. The multicentre series of Sher et al included
17 patients (total 85, 20%) undergoing a multivisceral
transplantation and reported overall survival rates at 1-,
3- and 5-years of 81%, 40% and 40%, respectively.
These were lower than those undergoing OLT, however
not significantly so. Thirteen of the 150 patients re
[37]
ported by Gedaly et al
(8.7%) received additional
organs alongside the liver, however the survival data
specifically for this sub-set of patients was not clearly
detailed as the authors merely stated that on inclusion
of MVT cases, the cohort OS data did not change signifi
cantly. Lastly, the published data from Nordic centres
have described a 2-year overall survival of 67% in 6
patients with pancreatic head NET that underwent
intestinal transplantation within a multivisceral graft,
which was not inferior to the outcomes from those trans
[12]
planted for intestinal failure .
Clearly, reports of IT/MVT/MMVT in NET are limited
by: (1) The small numbers of patients transplanted;
(2) the inconsistent quality of outcome reporting and
selection criteria in publications; and (3) the inclusion
of multiple indications in single publications (often
including non-malignant indications).
Nevertheless, as outcomes continue to improve
for IT/MVT/MMVT, one may anticipate a cautiously
managed expansion of the number of patients with
advanced NET being considered for and undergoing such
procedures. As with OLT, emergent concepts will include
the optimisation of patient selection criteria, as well as
innovative neoadjuvant/adjuvant concepts to abrogate
disease recurrence and monitor for allograft dysfunction.
For example, recent case reports have detailed the use
of everolimus post-MVT in 2 NET patients in attempts to
suppress recurrence whilst avoiding the nephrotoxicity
[52]
of calcineurin inhibitors , as well as the use of PRRT
to stabilise disease prior to MMVT which also included
simultaneous transplantation of a sentinel skin flap
from the organ donor to aid monitoring of rejection and
[13]
tailoring of immunosuppression regimens .
Intestinal/multivisceral/modified multivisceral trans
plantation has been utilised in a very small number of
patients with advanced NET worldwide. Case series
tend to be small yet highly heterogeneous in terms of
patient inclusion, and outcome reporting is of varying
quality. Nevertheless, innovative approaches continue
to be described in the setting of such advanced surgical
procedures.

INTESTINAL AND MULTIVISCERAL
TRANSPLANTATION
Intestinal transplantation (IT) has gained acceptance
as a standard therapeutic strategy in patients with
intestinal failure failing rehabilitation, diffuse portal
thrombosis or other intra-abdominal catastrophe,
but has also been performed in patients with nonresectable, slow-growing tumours encasing the mesen
teric root as this threatens the vascular supply to the
[15,48,49]
gut
. Transplantation of the intestines may be
within the context of simultaneous transplantation of
the stomach, duodenum, pancreas and small bowel
with (multivisceral transplantation, MVT) or without the
[11]
liver (modified MVT, MMVT) . Experience with this
radical approach in neuroendocrine tumours is incredibly
limited to either case reports or to small numbers
within cohorts composed predominantly of patients
[13,37,38,50]
undergoing OLT
. In this setting, patients either
have pancreatic head tumours, and/or bulky metastatic
load within the small bowel mesentery.
Less than 20% of all NET patients undergoing liver
transplantation also receive additional organs – in the
[10]
aforementioned systematic review of Moris et al only
5.7% of transplants (16/279) outside the largest re
gistry reports/multicentric series receive a multi-organ
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CONCLUSION
For patients with well-controlled, G1/G2 neuroendo
crine tumours, transplantation approaches may be valid
therapeutic strategies in those with classically nonresectable metastases confined to the liver (OLT) and/or
bulky mesenteric tumour load threatening the vascular
supply to the gut (IT/MVT/MMVT). It is generally
advised that the primary tumour and any attendant
locoregional lymph node metastases be resected prior
to undergoing OLT, and there is a suggestion that longer
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wait times/observance period prior to transplant to
monitor for disease stability, although this is not based
[9,36]
on high-quality evidence
. It is debatable if small
volume bone metastases are necessarily a contraindication to transplantation given that they may be
well-controlled with PRRT.
Patients are stringently selected in accordance
with a mixture of criteria that are either well defined,
or barely documented. As with the NET clinical arena
in general, the majority of data available to inform
modern clinical practice is derived from retrospective
case series of varying quality in their reporting. Pro
spective studies and randomised clinical trials of
surgical treatment for NET are logistically challenging
given their relative rarity and relative indolence re
quiring prolonged follow-up, even before considering
the difficulties in randomisation of surgical therapy.
Transplantation approaches in NET are subject to the
same difficulties. Decision making such as expanding
the criteria/exceptions of transplant co-ordinating
institutions to include NELM will rely on sound identifi
cation of patients most suitable for receiving donated
organs which in turn can expect the best outcomes.
This is mandated in the context of limited yet heavily
demanded availability of deceased donor organs and
also limited use of LDLT outside of Asia. Therefore,
at least in the short-to-medium terms, such decision
making must be based on analyses of the currently
available data which is mostly of a retrospective
nature. Collaborations such as registries and interinstitutional initiatives will enable statistical analysis of
ever-larger pooled patient cohorts. Going forward, the
non-mutually exclusive NET and surgical communities
must recognise the shortcomings thus far experienced
in data reporting in order to improve current and
future data collection for use in novel informative
projects.
In order to counteract the previously discussed
deficiencies in data reporting and also facilitate intercentre collaboration in the analysis of larger cohorts, we
propose that each of the following be documented at
an individual patient level within institutional databases,
and be available to collaborators, notwithstanding
ethical approval for the secure sharing of such data:

behaviour for 6 months to ensure disease control is
associated with preferable outcomes in OLT. This needs
to be clearly documented in larger numbers. Such
data also add to the temporal treatment trajectory
of individual patients, which may be complex as
transplant patients are often heavily ‘pre-treated’.
Clear comparisons will only be valid when results are
interpreted in the context of the ‘patient journey’.
(2) Clinicopathological characteristics – especially
age at transplantation, Ki67 index, hepatic tumour
burden (if applicable), clinical syndromes, grade and
differentiation of primary tumour and metastases,
disease stage (including other metastatic sites and
treatment for these), surgical histopathology results
(margin and lympho/vascular invasion) and patient comorbidities.
Optimised selection criteria in the short-to-medium
term will likely be developed by multivariable analyses
of individual-level data accrued from disparate
centres, and clinicopathological characteristics are
often reliable arbiters of tumour behaviour and thus
patient outcomes. Therefore, clear documentation of
parameters that are potentially predictive/prognostic in
nature is essential.
(3) Selection criteria – e.g. compliance with Milan
NET criteria, or other institutional protocols; imaging
modalities and patient-specific parameters for disease
assessment.
As aforementioned, selection criteria for surgical
intervention are typically very poorly documented,
confounding the collation and interpretation of multicentric data. Whilst the Milan-NET criteria are clearly
followed in its respective centre, whether or not
alternative protocols are used versus collective multidi
sciplinary decision making should be documented.
(4) Use of neoadjuvant/adjuvant concepts: Despite
excellent results from one centre that does not appear
to have utilised post-operative prophylaxis against
disease recurrence, whether or not such strategies have
been/should be employed in other centres has not been
documented clearly. As previously discussed, medical
therapies with anti-proliferative/anti-tumour effects
could theoretically be useful in disease stabilisation prior
to transplant, or to reduce the risks of post-transplant
recurrence. This must be clearly delineated from pretransplant treatment and treatment for post-transplant
recurrence. The use of such concepts may be included
in multivariable analyses to examine for associations
between their utilisation and outcomes (or lack thereof/
thereon).
Lastly, it is becoming increasingly clear that multifactorial
assessment of neuroendocrine tumour characteristics have
[53]
tangible benefits in not only prognostication , but also
[54,55]
detection of recurrence
and prediction of response to
[56]
treatment . Novel markers developed from ‘omics’-based
technologies, such as the multi-analyte NETest are able to

(1) Indication for transplantation and timing – time
between diagnosis and transplantation, duration of
disease stability prior to OLT/MVT.
There is a need to clearly distinguish at which point
during the patient journey that the best outcomes may
be attained. Patients undergoing OLT when disease
is controlled with therapy are posited to derive true
benefit with excellent survival. Whilst it is suspected
that patients undergoing OLT/MVT as an ultima ratio
approach will have poorer outcomes, i.e. marginal
life gains, this needs to be categorically confirmed
and also judiciously analysed as a possibly legitimate
‘salvage’ option.
Reports suggest that the observation of tumour
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predict outcomes from PRRT and also disease recurrence,
and therefore possibly offer improved selection and impact
[56,57]
follow-up decisions
. Precise molecular definition of
patient-specific neuroendocrine tumour biology may
also have ramifications on patient selection for surgery
or transplantation, as well as monitoring for detection
of recurrence possibly before lesions are detectable on
imaging. Such techniques should also be investigated within
the remit of transplantation for advanced NET.
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Characteristics and predictors of gastric cancer after
Helicobacter pylori eradication
Satoki Shichijo, Yoshihiro Hirata

Abstract

Satoki Shichijo, Department of Gastrointestinal Oncology,
Osaka International Cancer Institute, Osaka 541-8567, Japan

Helicobacter pylori (H. pylori ) eradication can reduce

gastric cancer. However, gastric cancer still develops
after eradication, and cases who received eradication
therapy are increasing. In this study, we have reviewed
the characteristics and predictors of primary gastric
cancer developing after H. pylori eradication. In terms
of the characteristics, endoscopic, histologic, and mo
lecular characteristics are reported. Endoscopically,
gastric cancer after eradication is often depressedtype and shows a gastritis-like appearance, which
sometimes makes the diagnosis difficult. Histologically,
most gastric cancer after eradication is intestinal
type, and non-neoplastic epithelium, also called epi
thelium with low-grade atypia, is frequently seen
over the tumor, which is presumably the cause of the
endoscopic gastritis-like appearance. As for molecular
characteristics, some markers, such as Ki67, MUC2, and
Wnt5a expression, are lower in cancer from patients
in whom H. pylori has been eradicated. In terms of
predictors, several Japanese studies have reported
that severe endoscopic atrophy at eradication is a
risk factor for gastric cancer development. Histologic
intestinal metaplasia, especially in the corpus, and
long-term use of proton pump inhibitors, are also re
ported as risk factors for gastric cancer after H. pylori
eradication. These studies on the characteristics and
predictors of gastric cancer development will become
the cornerstone for establishing a novel surveillance
program based on the gastric cancer risk stratification
specific to H. pylori -eradicated patients.
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Core tip: Gastric cancer develops even after successful

Helicobacter pylori (H. pylori ) eradication therapy.
With the prevalence of eradication therapy, occurrence
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Based on these findings, other studies examined
the effect of H. pylori eradication on preventing gastric
[23]
cancer. Fukase et al
reported that metachronous
development of gastric carcinoma was reduced by H.
pylori eradication after endoscopic resection of early
gastric cancer in an open-label multicenter randomized
[24]
controlled trial. Wong et al performed a prospective,
randomized, placebo-controlled, population-based
study to examine the association of primary gastric
cancer and eradication therapy. The incidence of gas
tric cancer development was similar between the
eradication-treatment group and placebo group in this
study. However, in the subgroup without precancerous
lesions, eradication significantly decreased the de
velopment of gastric cancer. Recent systematic re
views and meta-analysis showed reduction of primary
and metachronous gastric cancer by H. pylori eradi
[25-27]
cation
. Although the effect of H. pylori eradication
on the prognosis is not determined yet, it is expected
that H. pylori eradication and elimination within society
will lead to less gastric cancer cases and a reduction of
[28]
medical costs .
These reports on the effect of H. pylori eradication
for gastric cancer also elucidated another important
fact. That is, gastric cancer did develop in H. pylori[29,30]
eradicated patients
, not only in gastric cancertreated patients, who presumably possess the highest
[24,31]
risk, but also in gastric-cancer naïve cases
. Time
from eradication to cancer occurrence varied from se
[31,32]
veral months to more than 10 years
. Therefore,
identification of high-risk subjects, who would benefit
from extensive surveillance, is an important clinical
problem. Many earlier studies have investigated dif
ferences in gastric cancers that developed in H. pyloriinfected and eradicated patients, to assist the early
and accurate diagnosis in eradicated cases. Recent
studies, which included a relatively large number of H.
pylori-eradicated cohorts, enabled analysis of the risk
factors of future gastric cancer development.
The purpose of this review article was to summarize
the characteristics of gastric cancer that developed
after H. pylori-eradication therapy, and also to identify
the predictors of primary gastric cancer. Many previous
studies have examined risk factors for metachronous
gastric cancer development, in follow-up or crosssectional studies of endoscopically removed gastric
[33-37]
cancer cases
. Because these cohorts had already
developed gastric cancer, they benefited from mul
tiple, surveillance endoscopy as well as H. pylori eradi
cation. There are many review articles on this specific
[38-40]
topic
. However, these patients who once had
gastric cancer are high-risk patients anyway, and close
follow-up should be required. In contrast, a review
article for the risk factors in gastric-cancer naïve cases
after H. pylori eradication, which would be valuable
for stratifying huge numbers of H. pylori-eradicated
patients according to gastric cancer risk, has not been
conducted thus far. The findings of this article will be
useful for establishing a proper follow-up strategy for H.

rates of gastric cancer detected after eradication are
increasing and this is becoming an important clinical
issue. We review the characteristics and predictors of
primary gastric cancer after H. pylori eradication, and
discuss the risk stratification of gastric cancer after
eradication.
Shichijo S, Hirata Y. Characteristics and predictors of gastric
cancer after Helicobacter pylori eradication. World J Gastroenterol
2018; 24(20): 2163-2172 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i20/2163.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i20.2163

INTRODUCTION
Gastric cancer is one of the deadliest malignancies, with
1 million cases annually around the world. In the past,
the standard curative treatment was surgical resection
with lymph node dissection, as the disease was usually
diagnosed in the advanced stages in symptomatic
subjects. To improve the prognosis of gastric cancer,
diagnostic instruments and techniques were developed
in Japan, where the occurrence of, and mortality by,
gastric cancer were extremely high. Surveillance by
endoscopy is one of the methods that enable early
diagnosis of gastric cancer. Not only through diagnosis
[1]
but also by its therapeutic properties endoscopy
has changed the management, and improved the pro
gnosis, of gastric cancer. The discovery of the gastric
pathogen, Helicobacter pylori (H. pylori), which was
[2]
recognized as a group 1 carcinogen , dramatically
changed the image of gastric cancer from a cryptogenic
devastating disease to an infectious, predictable and
[3]
preventable one .
Warren and Marshall isolated H. pylori from gastric
[4]
tissue with gastritis . Initially the pathogenesis of
this bacterium was examined in peptic ulcer patients.
Developments of diagnostic procedures and antibiotics
for H. pylori have improved the treatment of peptic
[5-7]
ulcers . Further research on this pathogen revealed
its pathogenesis in relation to chronic gastritis and
gastric cancer as well, with early studies demonstrating
that H. pylori infection increased the risk for gastric
[8,9]
[10]
cancer . Uemura et al
performed a cohort study
of endoscopic surveillance of gastric cancer and found
that all occurrences of gastric cancer in the cohort were
in H. pylori-infected subjects. From these findings, H.
pylori infection was incorporated into the previously
proposed gastric carcinogenesis process known as
[11-13]
Correa’s cascade
. Specifically, H. pylori infection
initiates sequential histological changes such as non[14-16]
atrophic gastritis, atrophic gastritis
, intestinal
[15-18]
metaplasia
, dysplasia, and intestinal-type gastric
[19]
cancer . In contrast, such a sequential model was
not applicable to diffuse-type gastric cancer, though
diffuse-type gastric cancer is also associated with H.
[20-22]
pylori infection
.
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Table 1 Endoscopic and histological characteristics of gastric cancer after Helicobacter pylori eradication
Ref.

Number of gastric cancer after
eradication/during infection

Study design

Case recruitment

Characteristics

Shichijo et al[31]
Maehata et al[42]

21/NA
96/96

Surveillance
ESD cases

Intestinal type
Depressed

Nishizawa et al[43]
Matsuo et al[44]

34/NA
26/78

Case series
Propensity scorematched study
Case series
Case control study

Yamamoto et al[45]

18/36

Case control study

Horiguchi et al[48]

71/115

Case control study

Ito et al[52]
Kitamura et al[53]
Hori et al[54]

29/NA
27/27
59/152

Case series
Case control study
Case control study

Surveillance
Surveillance

Depressed, intestinal type, relatively small
Male, intestinal type, flat-depressed, low MUC2
and Wnt5a
Early stage cancer
Smaller, lower Ki-67 index, depression, complete
gastric type or gastric predominant mixed type
Case series
Non-tumorous epithelium
Surface differentiation
ESD cases
Normal columnar epithelium
Endoscopic resection cases
Low-grade atypia on the surface
Endoscopic resection cases Non-neoplastic epithelium, flattening of tumors,
muting of the whitish discoloration

NA: Not applicable; ESD: Endoscopic submucosal dissection.

A

B

C

Figure 1 Gastritis-like appearance. A: White light image by conventional endoscopy. Slightly reddish depressed lesion is detected in posterior wall of the upper part
of the corpusl; B: A gastritis-like appearance under narrow-band imaging under magnifying endoscopy; C: Well-differentiated tubular adenocarcinoma with low-grade
atypia (HE, orig. mag. ×100). Note the non-neoplastic epithelium (arrows) partially covered the surface of the adenocarcinoma (arrowheads).
[43]

pylori-eradicated subjects.

ENDOSCOPIC AND HISTOLOGICAL
CHARACTERISTICS OF GASTRIC
CANCER AFTER H.PYLORI ERADICATION

Gastritis like appearance: Another important charac
teristic of gastric cancer after H. pylori eradication is its
gastritis-like appearance. This was initially reported by
[46]
Kobayashi et al . A “gastritis-like” appearance under
narrow-band imaging with magnifying endoscopy was
characterized by uniform papillae and/or tubular pits
with a whitish border, regular or faint microvessels,
and unclear demarcation, resembling the adjacent
noncancerous mucosa (Figure 1). They examined re
trospectively, differentiated-type early gastric cancer
of 50 lesions after eradication, and 50 lesions without
eradication. A “gastritis-like” appearance was more
frequent for the eradication group (22/50) than the
control group (2/50), and the “gastritis-like” appearance
[46]
correlated with histological surface differentiation .
They also reported that the development of “gastritislike” appearance was associated with less endoscopic
[47]
atrophy . These phenotypic characteristics or changes
make the diagnosis of gastric cancer after H. pylori
eradication difficult. In fact, it is reported that utilization
of chromoendoscopy did not improve the diagnostic

Endoscopic features

Many studies have examined the endoscopic findings
of primary gastric cancer after H. pylori eradication.
Most of these studies were derived from early gastric
cancer cases who underwent endoscopic treatment
and, therefore, potentially include selection bias.
Depressed lesion: One of the notable endoscopic
features of gastric cancer after H. pylori eradication
is its depressed appearance. Kamada et al. reported
that among 20 gastric cancer cases discovered in H.
pylori-eradicated patients, 90% (18 cases) were ulcer
[41]
type . In a recent and relatively large propensity scorematching study of endoscopic submucosal dissection
cases, 81% (78 of 96) of early gastric cancers from H.
pylori-eradicated patients were depressed type, a signifi
cantly higher proportion than the 53% (51 of 96) in H.
[42]
pylori-positive cases . Many other studies, including
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[44,45]

case series , or case control studies
also indicated
predominance of depressed or ulcer type (0-Ⅱc) gastric
cancer in H. pylori-eradicated cases (Table 1).
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[48]

Other: One study evaluated Ki67 staining, which is a
molecular indicator of cell proliferation. The Ki67 index
was lower in the eradicated group than in the noneradicated group. Immunohistochemical phenotyping
revealed that gastric cancer after eradication was
[45]
more often gastric-predominant type . Another study
investigated mucus patterns and Wnt5a expression
in gastric cancer specimens derived from H. pylorieradicated and infected patients. The result showed
MUC2 and Wnt5a expressions were significantly lower
[44]
in gastric cancers from H. pylori-eradicated patients .

reliability of gastric cancer after H. pylori eradication .
These endoscopic characteristics of gastric cancer after
eradication were associated with histological features
that have been termed “non-neoplastic epithelium”
(Discussed in the following chapter).
Other: Smaller tumor size is also reported as a charac
teristic of gastric cancer in H. pylori-eradicated cases.
[45]
Yamamoto et al
reported that the average diameter
of gastric cancer detected after successful eradication
was smaller than that in non-eradicated, age, sex, and
cancer-depth matched controls. However the control
group did not undergo the routine follow-up examination
that was performed in the eradicated group. Another
propensity-matched study indicated similar tumor size in
[42]
H. pylori-eradicated and infected patients .

Predictors of primary gastric
cancer after H. pylori eradication
In this section, we summarize risk factors for gastric
cancer development after H. pylori eradication. There
[31,32,55-58]
are several cohort studies
and case-control
[59-63]
studies
on this topic (Table 2). These studies have
examined patients’ characteristics, endoscopic features,
and histological findings associated with gastric cancer
after H. pylori eradication.

Histology

Other characteristics of gastric cancer detected after H.
pylori eradication by histological assessment.
Intestinal type: We have previously conducted a co
hort study of 573 H. pylori-eradicated cases. During
the 6.2 ± 4.8 years of the observation period, we found
21 cases of primary gastric cancer in these H. pylori[31]
eradicated patients . Among the 21 tumors, 20 (95%)
were intestinal-type gastric cancer, while only one was
diffuse type. We did not compare those cancers with
non-eradicated cases; however, before eradication
therapy, the numbers of intestinal and diffuse-type gas
[49]
tric cancers were roughly even . We speculate that
Helicobacter eradication could lead to the dominance
of intestinal-type gastric cancer. This intestinal-type
dominance (i.e., diffuse-type reduction) was also re
[35,50,51]
ported in other studies
. However, several studies
did not show differences in histological type between H.
[42,45]
pylori-eradicated and non-eradicated cases
. These
studies analyzed only endoscopic treatment cases, which
inevitably exclude diffuse-type cancers. This reduction
of diffuse-type gastric cancer by H. pylori eradication will
be clarified in future large-scale analysis.

Endoscopic gastric atrophy

The classification of endoscopic atrophy was first des
cribed by Kimura and Takemoto in 1969 to discriminate
the histological border between the pyloric and fundic
[64]
glands . They found a close association between this
boundary and gastritis. Later, Uemura et al. showed,
in their important report, which indicated the critical
involvement of H. pylori in gastric carcinogenesis, that
severe endoscopic atrophy was a risk factor for primary
[10]
gastric cancer development in H. pylori-infected cases .
As for patients in whom H. pylori had been eradi
cated, Take et al. investigated risk factors associated
with gastric cancer development in 1674 H. pylori[32]
eradicated peptic ulcer patients . In their mean
5.6-year surveillance endoscopy program following H.
pylori eradication, they found 28 cases of gastric cancer
in patients with a mean age of 51 years. Patients with
severe endoscopic gastric atrophy, which they defined
as Kimura-Takemoto classification O2 and O3, before
eradication had increased risk for gastric cancer (0.62%
per year), compared to patients with mild (C1 and C2)
and moderate (C3 and O1) atrophy (0.04% and 0.28%
per year, respectively).
We also examined endoscopic atrophy for the predi
[31]
ction of gastric cancer in the above-mentioned study .
Multivariate analysis revealed that histologic intestinal
metaplasia and severe endoscopic atrophy are indepen
dent risks for gastric cancer development. In our study,
patients with O2 or O3 atrophy at eradication had
9.3-fold risk for developing gastric cancer compared to
patients with no or mild atrophy (C0-C2) in multivariate
[55,56]
analysis. Many other cohort studies
and case[59,60]
control studies
showed similar results, that severe
endoscopic atrophy is associated with gastric cancer
development in H. pylori-eradicated patients (Table 2).

Non-neoplastic epithelium: This histological character
istic was initially described in a study that evaluated the
histological change of gastric tumors after Helicobacter
[52]
pylori eradication . They named non-neoplastic epi
thelium which often appeared on the surface of gastric
cancer after eradication as epithelium with low-grade
atypia (ELA). ELA was observed in 22 out of 27 gastric
cancer cases detected after successful eradication where
[53]
gastric-type mucin was frequently expressed . Hori
et al. compared 59 tumors detected after eradication
and 152 detected while infected, and showed that the
histological length ratio of non-neoplastic epithelium to
the tumor was 8% for the eradicated group, and 0%
for the infected group. The extension of non-neoplastic
epithelium has been reported in several other studies
[48,54]
(Table 1)
.
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Table 2 Risk factor of gastric cancer development after Helicobacter pylori eradication
Ref.

Subject
number

Shichijo et al[31]
Take et al[32]
Toyoshima et al[55]
Sakitani et al[56]
Cheung et al[57]

Study design

Diagnosis

Age

573

Cohort study

CG/DU/GU

58

6.4

21

1674
1232
965
63397

Cohort study
Cohort study
Cohort study
Cohort study

51
54
63
55

5.6
2.5
4.5
7.6

28
15
21
153

56
63

5.3
4.1

8
21

4.6
NA

79
47

NA

94

Takata et al[58]
Kodama et al[59]

GU/DU
CG/DU/GU
CG/DU/GU
Helicobacter pylori infection (GU
2%, DU 3%)
101
Cohort study
CG/GU/GC
2355 Matched control study
CG/DU/GU/GC

Sugimoto et al[60]
Haneda et al[62]

1200
261

Maeda et al[63]

177

Cross- sectional study
Cross sectional study

NA
70
CG/DU/GU/GC/
57
MALToma/hyperplastic polyp
Cross sectional study
NA
NA

Follow-up Number
period (yr) of cancer

Risk factor
Endoscopic severe atrophy
Histologic intestinal metaplasia
Endoscopic severe atrophy
Endoscopic severe atrophy
Endoscopic severe atrophy
Proton pump inhibitor
Age
Endoscopic severe atrophy
OLGA staging
Histologic atrophy at the antrum
Histologic inflammation at the corpus
Histologic intestinal metaplasia at the
corpus
Endoscopic severe atrophy
Pepsinogen Ⅰ/Ⅱ ratio ≤ 4.5
Epigenetic marker

GU: Gastric ulcer; DU: Duodenal ulcer; CG: Chronic gastritis; GC: Gastric cancer; NA: Not available.

A

B

C

Figure 2 Intestinal metaplasia in the corpus. A: Endoscopic image of the intestinal metaplasia in the corpus. Greyish-white, slightly opalescent, flat, elevated
lesions of various sizes; B: Narrow-band imaging under a magnifying endoscopy image, light blue crest appears as blue-white lines visible on the epithelial surface[75]; C:
Microscopic picture of a biopsy specimen with intestinal metaplasia (HE, orig. mag. ×100).

Histological intestinal metaplasia

[17,18]

distribution
. Compared to the group with no intes
tinal metaplasia, patients with metaplasia limited to
antrum had a 4.5-fold increased risk, and patients with
metaplasia in corpus had a 7.6-fold increased risk in
univariate analysis. Multivariate analysis revealed that
the presence of histologic intestinal metaplasia was an
independent risk for gastric cancer development. To the
best of our knowledge this is the first report that shows
intestinal metaplasia as the predictor of future gastric
cancer after H. pylori eradication.
[59]
Kodama et al
performed cross-sectional and
case-control analyses of an H. pylori-eradicated cohort
and reported that the histological intestinal metaplasia
score in the corpus was significantly higher in gastric
cancer cases than that in age- and sex- matched noncancer controls. This study also evaluated the intestinal
metaplasia score in the antrum, which did not show a
statistical difference between the two groups. Taken
together, the presence of intestinal metaplasia, espe
cially in the corpus, might indicate a higher risk for de
veloping gastric cancer.

Another well-characterized gastric cancer risk is his
tological intestinal metaplasia, evaluated at the time of
eradication therapy (Figure 2). It has been suggested
that intestinal metaplasia precedes gastric cancer de
[11,13]
velopment, especially for intestinal-type cancer
.
There have been debates on whether this histological
change is a precancerous or a paracancerous lesion,
which has not yet been completely clarified. Nonethe
less, several observational studies have indicated that
the presence of intestinal metaplasia in the background
gastric tissue indicates a higher risk for accompanying
[10,17,18,65,66]
or developing gastric cancer
.
As described above, we have analyzed 573 endos
copy-based surveillance cases after H. pylori eradiation,
[31]
in which 21 cases of gastric cancer were observed .
Before eradication, participants had been evaluated for
[17,18]
the presence of intestinal metaplasia
and neutrophil
infiltration using antral and corpus biopsies, and the
degree of endoscopic atrophy. We classified patients into
three groups according to the histological metaplasia
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Long-term use of proton pump inhibitors

[59]

al . also reported only three gastric cancer cases,
developed from 655 patients with duodenal ulcers
(0.5%), while 10 of 902 (1.1%), 14 of 593 (2.4%),
and 3 of 51 (5.9%) cases developed from patients
with chronic gastritis, gastric ulcers, and gastric cancer,
respectively. These reports indicate duodenal ulcer
patients who received eradication therapy have less risk
for future gastric cancer occurrence than do patients
who have undergone eradication for other H. pylorirelated diseases.
Pepsinogen (PG) methods are clinically used for the
gastric-cancer screening program in Japan. As low PGI
levels and low PGI/Ⅱ ratios are correlated with mucosal
atrophy, the efficacy of this screening method for iden
tifying high-risk subjects of gastric cancer has been
[71,72]
reported in multiple cohort studies
. However PG
[73]
values and ratios change after H. pylori eradication ,
and the usefulness of the PG method in H. pylori[62]
eradicated patients was not evident. Haneda et al .
examined PG levels in post-eradication cases with and
without gastric cancer, and found that the optimal
cut-off value for the PGI/Ⅱ ratio was 4.5 (instead of
the usual 3.0). The usefulness of this cut-off value in
clinical practice needs to be confirmed in a cohort or a
prospective study.
Finally, molecular indicators of gastric cancer risk
have been investigated intensively. Recent research,
focused on epigenetic markers, has revealed completely
new types of gastric cancer risk predictors. In a casecontrol study consisting of eight cases without infection,
75 atrophic gastritis post-eradication cases and 94
gastric cancer post-eradication cases, nine candidate
epigenetic markers, which showed elevated methylation
[63]
levels in cancer cases, were isolated . These new
markers are now being evaluated in a prospective
cohort study, which will elucidate the clinical usefulness
of these molecular approaches in the near future.

[57]

Cheung et al recently reported, based on a territorywide health database of Hong Kong, that long term
use of proton pump inhibitors (PPI) was associated
with an increased gastric cancer risk in subjects after
H. pylori-eradication therapy. Among 63397 eligible
patients who received clarithromycin-based triple ther
apy between 2003 and 2012, 153 cases of gastric
cancer developed before 2015. The risk increased
with duration of PPI use (Hazard ratio 5.0, 6.7, and
8.3 for ≥ 1, 2, and 3 years, respectively). Many re
searchers quickly responded to this topic, and both
[67]
[68,69]
affirming and contradicting reports
followed this
paper. Interestingly, another population-based study
in Sweden also indicated the increased risk of gastric
cancer (regardless of H. pylori infection or eradication)
[70]
in maintenance therapy with PPI . Contrary to the
[57]
former study on H. pylori-eradicated cases , this
study did not find that the risk increased with thera
peutic duration. Therefore, this topic still requires
more study before a consensus can be reached, but
clinicians should take PPI use into account for future
studies of gastric cancer risk assessment.

Other

Age factor has also been reported in many studies. Most
studies showed an older age at eradication is associated
with an increased risk of developing cancer in univariate
[31,55,59]
analysis
. However, age is also closely associated
with other gastritis-related phenotypes, which often
lead to less value in carcinogenesis under multivariate
analysis. For example, a cohort study examined 101 his
tologically diagnosed corpus atrophic gastritis patients
[58]
who underwent successful eradication therapy . This
study found eight gastric cancer cases (all intestinal
type) during a mean follow-up period of 5.3 year, and
the patients’ characteristics and serum biochemistry
data were compared in the groups with and without
cancer. Out of age, sex, the disease indicated for eradi
cation (gastritis or gastric ulcer), prior gastric cancer,
pepsinogen value, and gastrin value, only age (64 years
vs 55 years) was statistically different between groups.
However, lack of multivariate analysis or other important
confounding factors, such as endoscopic atrophy or his
tological metaplasia, might have led to an immature con
clusion in this study.
Endoscopic diagnosis associated with H. pylori
infection has been examined as a risk or protective
factor for gastric cancer development. In a H. pyloripersistent infection cohort, reduced risk for gastric
cancer development was found specifically in duodenal
ulcer patients (0 out of 275 for duodenal ulcer vs 36
[10]
out of 971 for other diseases) . As for patients after
[41]
eradication therapy, Kamada et al
reported that
no gastric cancer developed in 654 duodenal ulcer
patients, while 12 of 575 (2.1%), two of 453 (0.4%),
and six of 105 (5.7%) cases were reported in gastric
ulcer, atrophic gastritis and endoscopic resection for
early gastric cancer patients, respectively. Kodama et
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Perspectives
Here we have reviewed characteristics and predictors
of gastric cancer after H. pylori eradication. Knowledge
of endoscopic characteristics, such as depressed and
gastritis-like appearance, and an understanding of the
histological non-neoplastic epithelium, will be helpful in
detecting gastric cancer while screening subjects after
eradication therapy. Reportedly, the tumors detected
after H. pylori eradication seemed to be less proliferative
and more gastric phenotype. This might be associated
with a differentiation program by adult-tissue stem cells,
and the mechanism of these molecular changes and
the effect of H. pylori eradication will be an interesting
research project. As for predictors, severe endoscopic
atrophy, histologic intestinal metaplasia before era
dication, and PPI use are reportedly risk factors for
gastric cancer development after eradication. Cases
with these risk factors should be carefully followed up
by endoscopy, with special attention paid to the afore
mentioned characteristic endoscopic findings.
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So far, most of the risk factors were evaluated be
fore the eradication, which is helpful for identifying
high-risk patients early so they can be invited into a
surveillance program. However, risk stratification ac
cording to findings after eradication, not those before
eradication, might be more practical, because infor
mation prior to eradication is not always available.
For example, we proposed that histological intestinal
metaplasia is an important risk factor for future gas
tric cancer development, but most of the H. pylorieradicated subjects in the community did not receive
a histological evaluation prior to eradication. If there is
little change in the metaplasia after eradication, then
assessment of histology after eradication may be used
as a substitute, but this would need to be evaluated by
independent studies. Risk stratification by pepsinogen
[62]
levels after eradication has been reported , but fur
ther validation studies are necessary. Some researchers
have focused on endoscopic changes after H. pylori
[74]
eradication that was accompanied with cancer . Maplike redness after eradication, which corresponds to
intestinal metaplasia histologically, could be a predictor
for metachronous gastric cancer. Importantly, recent
retrospective epigenetic research used gastric samples
collected from post-eradication cases, which is ideally
[63]
applicable to all subjects . Therefore the result of the
ongoing prospective study is highly anticipated.
Eradication therapy is relatively new, and current stu
dies are mostly limited to elder patients over 50 years
old. Therefore, further long-term follow-up studies, over
several decades, or a study of the young population
should be required to form a consensus for an adequate
surveillance program. Based on the results reviewed
in this paper, it is safe to propose annual endoscopic
surveillance for high-risk H. pylori-eradicated patients,
such as those with severe endoscopic atrophic gastritis
(O2 or O3) or histological intestinal metaplasia before
eradication. Patients who require PPI treatment for any
reason after eradication should also have an annual
checkup for both gastric cancer surveillance and for the
conditions requiring PPI. However, for other relatively
low-risk eradicated patients, such as subjects with
mild atrophy or no metaplasia, little evidence exists
to propose a proper surveillance program. As these
relatively low risk patients consist of the majority of H.
pylori-eradicated cases, studies targeting these subjects
will definitely be required. New studies, new modalities,
and new concepts will lead to the establishment of a
primary gastric cancer surveillance program suitable for
all H. pylori-eradicated cases according to their cancer
risk stratification.
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AIM
To assess the effects of hepatitis E virus (HEV) on the
production of typeⅠ interferons (IFNs) and determine the
underlying mechanisms.
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METHODS
We measured the production of interferon (IFN)-alpha
and -beta (-α/β) in genotype 3 HEV-infected C3A cells
at different time points (0, 8, 12, 24, 48, 72 and 120 h)
by enzyme-linked immunosorbent assay (ELISA). The
expression levels of IFN-stimulated gene (ISG)15 in HEVinfected C3A cells at different time points were tested by
western blotting. The plasmid-expressing open reading
frame 3 (ORF3) or control plasmids (green fluorescent
protein-expressing) were transfected into C3A cells,
and the levels of IFN-α/β and ISG15 were evaluated,
respectively. Furthermore, the plasmid-expressing ISG15
or small interfering RNA-inhibiting ISG15 was transfected
into infected C3A cells. Then, the production of IFN-α/β
was also measured by ELISA.
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RESULTS
We showed that genotype 3 HEV could enhance the
production of IFN-α/β and induce elevation of ISG15 in
C3A cells. HEV ORF3 protein could enhance the produc
tion of IFN-α/β and the expression of ISG15. Additionally,
ISG15 silencing enhanced the production of IFN-α/β.
Overexpression of ISG15 resulted in the reduction of
IFN-α/β.

HEV has a 7.2-kb single-stranded, positive-sense RNA
[10]
genome containing three open reading frames (ORFs) .
The ORF1 protein comprises the functional domains of
virions. ORF2 is the major structural protein of virions
and encodes the viral capsid protein. And, ORF3 protein,
a small molecule phosphoprotein, is involved in viral
[11]
particle secretion . A recent study found that chronic
HEV infections were almost exclusively caused by the
[12]
zoonotic genotype 3 HEV strains .
TypeⅠ interferons (IFNs) are key components of
innate immunity and known to be the first-line defense
against virus infection. IFN exerts many biological effects,
such as antiviral and antitumor activity, and immune
regulation by activating hundreds of downstream
[13,14]
IFN-stimulated genes (ISGs)
. One of the most
abundantly IFN-induced proteins is ISG15, which is en
coded and expressed as a ubiquitin-like protein. ISG15
is covalently attached to target proteins through a
C-terminal LRLRGG motif, in a process called ISGylation.
ISGylation could alter protein properties directly by
addition of ISG15, as well as by reducing the degradation
of the target protein by competing with ubiquitin conju
[15]
gation . Previous studies have shown that ISG15 is
critical for control of certain viral and bacterial infections
and is linked to the process of budding or egress for
[16-18]
many RNA virus families
.
As few studies have focused on the role of ISG15 in
HEV infection, we investigated whether HEV infection
could regulate the expression of ISG15 and the impact
of ISG15 on IFN production during HEV infection in the
present study, which is of great significance to expand
our understanding of the interaction between ISG15 and
HEV pathogenesis.

CONCLUSION
HEV may promote production of IFN-α/β and expression
of ISG15 via ORF3 in the early stages, and increased
ISG15 subsequently inhibited the production of IFN-α/β.
Key words: open reading frame 3; interferon-stimulated
gene 15; interferon-alpha; Hepatitis E virus; interferonbeta
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, few studies have investigated the role of
ISG15 in hepatitis E virus (HEV) infection and the impact
of ISG15 on interferons (IFN) production. This study
showed that HEV could inhibit the level of typeⅠ IFN
through regulating the expression of IFN-stimulated gene
(ISG)15, which may attenuate the IFN response, allowing
for successful infection of their hosts. The present study
enhances the understanding of the interaction between
ISG15 and HEV in the host innate immune response,
which may provide useful insight for the development of
new antiviral drugs and antiviral strategies.
Wang M, Huang Y, He M, Peng WJ, Tian DY. Effects of hepatitis
E virus infection on interferon production via ISG15. World J
Gastroenterol 2018; 24(20): 2173-2180 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i20/2173.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i20.2173

MATERIALS AND METHODS
Cells and virus

C3A is a derivative of HepG2 cells (hepatoma cells).
C3A cells were obtained from the American Type Cul
ture Collection (ATCC) (Manassas, VA, United States)
and cultured in Dulbecco’s Modified Eagle’s Medium
supplemented with 10% fetal bovine serum (Gibco,
Thermo Scientific, Waltham, MA, United States), penicillin
(100 U/ml) and streptomycin (100 μg/ml) at 37 ℃ with
5% CO2. The genotype 3 Kernow-C1 HEV infectious
cDNA clone was a kind gift from the National Institute
of Diagnostics and Vaccine Development in Infectious
Diseases (NIDVD, Xiamen, China). The ATG start codon
of ORF3 in Kernow-C1 HEV was altered to GTG to
construct an HEV ORF3 mutant, which led to the loss of
ORF3 protein expression.

INTRODUCTION
Hepatitis E virus (HEV) infection is one of the most
common causes of acute hepatitis or sporadic acute
[1]
hepatitis in many parts of the world . At least 20 million
HEV infections occur annually, which are mostly selflimiting and have different clinical manifestations, such as
[2,3]
asymptomatic, acute liver failure and rare chronicity .
In some cases, HEV infections can cause up to 30%
[4]
mortality in pregnant women and may result in chronic
hepatitis in immunocompromised individuals, such as
those receiving organ transplants or chemotherapy,
and individuals infected with human immunodeficiency
[5-7]
virus . Currently, at least four genotypes exist among
HEV strains, of which HEV genotypes 1 and 2 are obli
gate human pathogens and HEV genotypes 3 and 4
[8]
are mostly zoonotic . Recently, a study found that a
genotype 3 HEV isolated from a chronically infected pa
tient could be adapted to grow in human C3A hepatoma
[9]
cells .
WJG|www.wjgnet.com

Reagents and plasmids

Anti-ISG15 antibody was purchased from Signalway
Antibody (42509, 1:1000 dilution; Pearland, TX,
United States). AntiHEV ORF3-specific antibody was
purchased from Abbiotec (250688, 1:1000; San Diego,
CA, United States). Primary antibody against β-actin
(#BM0627, 1:400 dilution) was purchased from Boster
(Wuhan, China). We constructed a plasmid-expressing
2174

May 28, 2018|Volume 24|Issue 20|

Wang M et al . HEV effects IFN production via ISG15
Table 1 Primers used in this study
Name

Primer

Sequence

β-actin

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

5’- AGCGAGCATCCCCCAAAGTT -3’
5’- GGGCACGAAGGCTCATCATT -3’
5’- GCGCAGATCACCCAGAAGAT -3’
5’- GTTCGTCGCATTTGTCCACC -3’
5’- UGUCGGUGUCAGAGCUGAATT -3’
5’- UUCAGCUCUGACACCGACATT -3’
5’- GAUGCUGGCGGGCAACGAATT -3’
5’- UUCGUUGCCCGCCAGCAUCTT -3’
5’- UGAGCACCGUGUUCAUGAATT -3’
5’- UUCAUGAACACGGUGCUCATT -3’
5’- UUCUCCGAACGUGUCACGUTT -3’
5’- ACGUGACACGUUCGGAGAATT -3’

ISG15
siRNA1
siRNA2
siRNA3
Negative control

ORF3 (ORF3) as well as a plasmid-expressing ISG15
(ISG15). ORF3 and ISG15 fragments were cloned into
the pEGFP-N1 vector (green fluorescent protein (GFP)expressing, GenBank accession #55762) by digesting
with XhoⅠ and Hind Ⅲ to construct the pORF3-EGFP
plasmid (ORF3) and pISG15-EGFP plasmid (ISG15). All
the clones were confirmed by restriction digestion and
DNA sequencing.

All samples were tested in triplicate.

Western blot analysis

Cells were lysed in RIPA buffer (Beyotime Biotechnology,
Shanghai, China), and the protein concentration was
determined using an enhanced BCA protein assay
kit (Beyotime Biotechnology). Ten micrograms of
each protein sample were separated on 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis and
subsequently transferred to polyvinylidene difluoride
membranes. Samples were then incubated with specific
primary antibodies overnight, following incubation
with an antimouse secondary antibody solution for 2
h at room temperature. The blotted membranes were
exposed to film, and the protein bands were visualized
by a scanner system.

HEV infection

Th cDNA clones were linearized with BglⅡ, and the
genomic RNA was transcribed using the MEGAscript Kit
(Ambion, Thermo Scientific). C3A cells cultured in a sixwell plate were transfected with capped RNA transcripts
from Kernow-C1 HEV infectious cDNA clone using
DMRIE-C reagent (Invitrogen, Grand Island, NY, United
States) following the manufacturer’s protocol. The ratio of
RNA to DMRIE-C was 2 μg:8 μl. After 6 h, the medium in
the six-well plate was removed and replaced with serumfree medium. The cells and cell culture supernatants
were harvested at different time points (0, 8, 12, 24, 48,
72 and 120 h) and used in experiments.

Real-time reverse transcriptase-polymerase chain
reaction

Total RNA from C3A cells was isolated using Trizol
(Thermo Scientific) and reverse-transcribed into cDNA
using the TaqMan Reverse Transcription Reagents
(Thermo Scientific). The mRNA level of ISG15 was
quantified by real-time PCR using SYBR master mix
(Thermo Scientific). The PCR amplification conditions
included 1 cycle of 95 ℃ for 2 min, and 40 cycles of 95 ℃
for 10 s, 60 ℃ for 20 s, and 72 ℃ for 30 s; the Roche
Light Cycler 480 Ⅱ Real-Time PCR System was used.
Threshold cycle (CT) values were determined by RTPCR and normalized by the housekeeping gene β-actin.
−ΔΔCt
The mRNA abundance was calculated using the 2
method and expressed as fold-change. Primers are
shown in Table 1.

Cell transfection

C3A cells were plated in six-well microplates and trans
fected with a plasmid-expressing ORF3-EGFP (ORF3)
or the HEV mutant, leading to the loss of ORF3 protein
expression (ΔORF3) using Lipofectamine TM 3000
Transfection Reagent (Invitrogen, San Diego, CA,
United States) for 48 h. Then, the cells and cell culture
supernatants were harvested at different time points (0,
8, 12, 24, 48, 72 and 120 h) and used in experiments.

Small interfering RNA-mediated knockdown

Statistical analysis

The small interfering RNAs (siRNAs) targeted against
ISG15 were purchased from Santa Cruz Biotechnologies
(Dallas, TX, United States). C3A cells were transiently
transfected with 20 nmol/L of siRNA using the DMRIE-C
reagent (Invitrogen) according to the manufacturer’s
protocol. Primers are shown in Table 1.

All the data are presented as mean ± SD. Statistical
differences between the samples and the controls
were assessed by the Student’s t-test. P < 0.05 was
considered statistically significant.

RESULTS

Enzyme-linked immunosorbent assay

HEV infection enhances the production of IFN-α/β and
induces elevation of ISG15 protein in C3A cells

The concentrations of IFN-alpha and -beta (-α/β) were
evaluated in cell culture supernatants using a human
IFN-α/β ELISA kit (Joyee Biotechnics, Shanghai, China).
WJG|www.wjgnet.com

In this study, C3A cells were transfected with HEV RNA.
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Figure 1 Hepatitis E virus infection enhances the production of Interferon-α and -β and induces elevation of Interferon-stimulated gene 15 protein in C3A
cells. A: The concentrations of IFN-α and β were evaluated in cell culture supernatants at different time points (0, 8, 12, 24, 48, 72 and 120 h) by enzyme-linked
immunosorbent assay; B: The expression of ISG15 protein replication was detected at different time points (0, 8, 12, 24, 48, 72 and 120 h) by western blotting. The
data are expressed as mean ± standard error of the mean. aP < 0.05, bP < 0.01. HEV: Hepatitis E virus; IFN: Interferon; ISG: IFN-stimulated gene.

To determine whether HEV infection could affect the
production of typeⅠ IFN, the concentrations of IFN-α/β
were evaluated in cell culture supernatants at different
time points (0, 8, 12, 24, 48, 72 and 120 h) by ELISA.
The levels of IFN-α/β in the HEV infection group were
significantly increased at each time point (P < 0.05),
and the levels of IFN-α/β reached the maximum at 24
h, while no significant changes were observed in the
control group (Figure 1A).
Next, we identified whether HEV could induce ISG15.
ISG15 protein expression was detected at different time
points by western blotting. It showed HEV enhanced
the expression of ISG15 (P < 0.01) and ISG15 protein
expression reach the maximum at 24 h as compared to
the control group (Figure1B).

concentrations of IFN-α/β increased the maximum at
24 h (Figure 2A). The ORF3 group could induce higher
ISG15 protein expression than ΔORF3 group (P < 0.01).
ISG15 protein was poorly expressed in the early stage,
from 0 h to 12 h, and significantly increased at 24 h,
reaching the maximum at 72 h (Figure 2B).

ISG15 silencing enhances the production of IFN-α/β in
C3A cells

To investigate the levels of IFN-α/β when ISG15 was
inhibited, we first constructed three siRNAs that could
inhibit the expression of ISG15 and then transfected
them into C3A cells, respectively. Then, the mRNA and
protein levels of ISG15 were detected to determine
which siRNA had the best inhibitory effect (Figure
3A and B). The siRNA2 was found to have the best
inhibitory effect on ISG15. Next, the siRNA2 was trans
fected into C3A cells that had been pretreated with
HEV RNA. The expression of IFN-α was significantly
increased in the HEV-infected C3A cells transfected with
siISG15 compared to the HEV-infected cells (P < 0.05).
Consistently, the expression of IFN-β showed the same
trend (P < 0.01) (Figure 3C).

HEV ORF3 protein enhances the production of IFN-α/β
and the expression of ISG15 protein in C3A cells

To investigate how HEV enhances the production of
IFN-α/β and induces elevation of ISG15, we constructed
a plasmid-expressing ORF3-EGFP (ORF3) and the HEV
mutant leading to the loss of ORF3 protein expression
(ΔORF3). C3A cells were transfected with ORF3 or
ΔORF3 respectively, and the production of IFN-α/β and
the expression of ISG15 protein were detected. The
production of IFN-α/β was significantly increased at
each time point in the group transfected with ORF3
plasmid (ORF3 group) compared to the ORF3-lacking
group (ΔORF3 group) (P < 0.05). In addition, the
WJG|www.wjgnet.com

Overexpression of ISG15 results in the reduction of
IFN-α/β in C3A cells

To investigate the effect of ISG15 overexpression on
IFN-α/β, the plasmid -expressing ISG15 was constructed
and transfected into C3A cells. The level of ISG15 was
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Figure 2 Hepatitis E virus open reading frame 3 protein enhances the production of Interferon-α and β and the expression of Interferon-stimulated gene
15 protein in C3A cells. C3A cells were transfected with 2 μg of either pORF3-EGFP (ORF3) or pEGFP-N1 empty vector (GFP), and the HEV mutant, leading to the
loss of ORF3 protein expression (ΔORF3) for 48 h, untreated cells were used as the control (Con). Then, the cells and cell culture supernatants were harvested at
different time points (0, 8, 12, 24, 48, 72 and 120 h). A: The concentrations of IFN-α and β were evaluated in cell culture supernatants at different time points (0, 8, 12,
24, 48, 72, 120 h) by enzyme-linked immunosorbent assay; B: The expression of ISG15 protein was detected at different time points (0, 8, 12, 24, 48, 72 and 120 h)
by western blotting. The data are expressed as mean ± standard error of the mean. aP < 0.05, bP < 0.01. GFP: Green fluorescent protein; HEV: Hepatitis E virus; IFN:
Interferon; ISG: IFN-stimulated gene; ORF: Open reading frame.
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Figure 3 Interferon-stimulated gene 15 silencing enhances the production of Interferon-α/β in C3A cells. Three siRNA inhibiting ISG15 (siISG15) and controlsiRNA (si-control) were constructed, and C3A cells were cotransfected with 20 nmol/L ISG15-targeted siRNA (siISG15) or control-siRNA (si-control) along with HEV
RNA. A: The mRNA level of ISG15 was estimated by reverse transcription-PCR; B: The protein level of ISG15 was estimated by western blotting. Next, the siRNA2
was transfected into C3A cells that had been pretreated with HEV RNA, and the impact of siISG15 on IFN was investigated; C: The level of IFN-α/β was tested by
enzyme-linked immunosorbent assay. The data are expressed as mean ± standard error of the mean. aP < 0.05, bP < 0.01. HEV: Hepatitis E virus; IFN: Interferon;
ISG: IFN-stimulated gene; si: Small interfering.
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Figure 4 Over-expression of Interferon-stimulated gene 15 results in the reduction of Interferon-α/β in C3A cells. C3A cells were transfected with 2 mg
ISG15-EGFP plasmid (ISG15) along with HEV RNA. A: ISG15 protein expression was detected by western blotting; B: The levels of IFN-α/β were detected by
enzyme-linked immunosorbent assay. aP < 0.05. HEV: Hepatitis E virus; IFN: Interferon; ISG: IFN-stimulated gene.

detected by western blotting. The cells transfected with
ISG15 plasmid had a considerably higher ISG15 level
than the control cells (Figure 4A). Then, the production
of IFN-α/β was tested when cells were transfected with
ISG15 plasmid and HEV RNA. The level of IFN-α/β was
decreased when the cells were treated with HEV and
ISG15 plasmid (P < 0.05) (Figure 4B), which indicated
over-expression of ISG15 may result in reduction of
IFN-α/β.

trated that most viruses have the ability to regulate the
[19]
IFN response during infection . When cells are infected
by viruses, such as influenza viruses, the activated
host innate immune response will lead to secretion of
typeⅠ IFN. Then, the induced IFN exerts its antiviral
[20]
activity . Over the last decade, numerous studies have
reported that ISG15 plays a crucial role against viral
[21,22]
infection
. However, few studies have investigated
the effects of HEV on ISG15. In the present study, we
found that the expression of ISG15 and the IFN level
were simultaneously increased during HEV infection,
which indicated that HEV could induce ISG15 expression
in C3A cells. Recent studies have revealed that ISG15,
as an innate immune protein with broad spectrum
antiviral activity, continues to accumulate rapidly when
[23]
the host is infected by a virus , which is consistent with
the findings in this research.
HEV consists of three ORFs. Genotype 1 HEV strain
[24]
could inhibit typeⅠ IFN induction by ORF1 products .
However, the ORF3 products of genotype 1 HEV have
[25]
been reported to enhance the production of IFN .
Because we found that genotype 3 HEV could induce the
level of IFN, we next tested the impact of HEV ORF3 on
IFN. We found that HEV ORF3 could increase the levels
of IFN-α/β, which indicates that HEV ORF3 is responsible
for the regulation of IFN. Similarly, we investigated
whether HEV ORF3 could affect the expression of ISG15.
As we expected, the level of ISG15 was increased by
HEV ORF3. Previous studies have shown that ORF3
[26]
protein is associated with the egress of HEV . As ISG15
is also associated with the process of egress for many
[27]
RNA virus families , we supposed that HEV ORF3
may regulate the egress of HEV through ISG15, which

DISCUSSION
The innate immune system is the first line of defense
against invading pathogens. TypeⅠ IFNs, such as IFN-α/
β, make up part of the innate immunity system and
are critical for innate immunity against viral infection.
ISG15, a member of the ISGs induced by IFN, has an
important role in the regulation of antiviral immunity. In
this study, we demonstrated that HEV infection could
enhance the production of IFN-α/β and induce elevation
of ISG15 protein. ORF3 protein may be responsible
for the enhancement of IFN-α/β and ISG15 by HEV.
Furthermore, ISG15 silencing enhanced the production of
IFN-α/β in C3A cells. Over-expression of ISG15 resulted
in the reduction of IFN-α/β in C3A cells. Collectively, these
results indicated that HEV could induce the production of
IFN and ISG15, and the increased ISG15 in turn reduced
the level of IFN, which revealed a possible correlation
between HEV infection and IFN production by regulating
the expression of ISG15.
In our study, we first found that HEV infection could
enhance the production of IFN-α/β and induce the
elevation of ISG15 protein. A previous study demons
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24, 48, 72 and 120 h) were measured by enzyme-linked immunosorbent assay
(ELISA). The expression levels of ISG15 in HEV-infected C3A cells at different
time points were tested by western blotting. Then, C3A cells were transfected
with plasmid-expressing open reading frame 3 (ORF3) or control plasmids, the
levels of IFN-α/β and ISG15 was evaluated, respectively. Next, the plasmidexpressing ISG15 or small interfering RNA-inhibiting ISG15 was transfected
into infected C3A cells. The production of IFN-α/β was also measured by
ELISA.

requires further experiments to confirm.
Furthermore, the possible correlation between
enhanced levels of IFN and ISG15 during HEV infection
was investigated. ISG15 silencing enhanced the
production of IFN-α/β, and over-expression of ISG15
resulted in the reduction of IFN-α/β in C3A cells, indicating
that ISG15 is a negative regulator of IFN. It has been
indicated that the absence of intracellular ISG15 in the
ISG15-deficient patients prevents the accumulation of
USP18, which is a potent negative regulator of IFN-α/β
signaling, thus resulting in the enhancement and am
plification of IFN-α/β responses and increase of viral
[15,28]
resistance in humans
.
In addition, it was found that ISG15 over-expression
[29]
inhibited induction of IFN-β by HCV infection . Evidence
revealing high hepatic ISG15 levels was associated with
low antiviral IFN-response during the early phase of
[30]
antiviral therapy , supporting the notion that ISG15 is
a negative regulator of the IFN system. However, this
raises the question of why the levels of IFN-α/β could
be reduced by HEV infection via ISG15. As we know,
the IFN production is always enhanced to promote
an antiviral state in an infected host, but viruses have
evolved many strategies to antagonize the induction
of IFNs. As there is little knowledge about how HEV
inhibits induction of IFN, the result that the level of IFN
could be inhibited by HEV via ISG15 will enhance our
fundamental knowledge of the mechanisms of induction
and evasion of typeⅠ IFN responses by HEV.
In conclusion, the findings of the present study
showed that HEV could inhibit the level of typeⅠ IFN
through regulating the expression of ISG15, which may
attenuate the IFN response, allowing for successful
infection of the host. The present study enhances the
understanding of the interaction between ISG15 and HEV
in the host innate immune response, which may provide
useful insight for the development of new antiviral drugs
and antiviral strategies.

Research results

In this study, we demonstrated that HEV infection could enhance the production
of IFN-α/β and induce elevation of the ISG15 protein. ORF3 protein may be
responsible for the enhancement of IFN-α/β and ISG15 by HEV. Furthermore,
ISG15 silencing enhanced the production of IFN-α/β in C3A cells. Overexpression of ISG15 resulted in the reduction of IFN-α/β in C3A cells.

Research conclusions

The findings of the present study showed that HEV could inhibit the level of
type Ⅰ IFN through regulating the expression of ISG15, a finding which may
enhance the understanding of the interaction between ISG15 and HEV in the
host innate immune response, and provide useful insight for the development of
new antiviral drugs and antiviral strategies.

Research perspectives

The future research will focus on whether HEV ORF3 could regulate the egress
of HEV through ISG15.
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Abstract
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AIM
to evaluate indoleamine-2,3-dioxygenase 1/cyclo
oxygenase 2 (IDO1/COX2) expression as an independent
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prediction for adverse prognosis in colorectal cancer. World J
Gastroenterol 2018; 24(20): 2181-2190 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i20/2181.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i20.2181

prognostic biomarker for colorectal cancer (CRC) patients.
METHODS
We retrospectively studied the medical records of 95
patients who received surgical resection from August 2008
to January 2010. All patients were randomly assigned to
adjuvant treatment with or without celecoxib groups after
surgery. We performed standard immunohistochemistry to
assess the expression levels of IDO1/COX2 and evaluated
the correlation of IDO1/COX2 with clinicopathological
factors and overall survival (OS) outcomes.

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancerrelated death worldwide. Nearly one million cases of
[1,2]
CRC are diagnosed worldwide each year . Because
of genetic mutations and environmental factors, CRC
development is a very complex process and is de
[3,4]
termined by multistage factors . Currently, immu
notherapy has become one of the most promising
[5]
treatments for CRC .
Recent studies have demonstrated that the tumor
microenvironment plays a vital role in the progression
of cancer development - e.g., cancer cells, through
expressing inhibitory proteins, such as PD-L1 and CTLA4,
[6-8]
create an immunosuppressive microenvironment .
Clinical trials have shown that combining PD-1/PD-L1
with CTLA4 blockade therapy seems to be a better
therapy than single blockade. However, this favorable
[9]
outcome is achieved in only less than 40% of patients .
Other studies have confirmed that the tumor micro
environment has more inhibitory factors, including
indoleamine-2,3-dioxygenase 1 (IDO1), and suppresses
the T cell response to tumors. IDO1 belongs to a unique
class of mammalian heme dioxygenase enzymes and
is the first and rate-limiting enzyme in the degradation
of the essential amino acid tryptophan, resulting in the
[9]
accumulation of their metabolites such as kynurenine .
T cells sense low tryptophan and high kynurenine via
mTORC and GCN2 signaling pathways to initiate an
amino acid starvation response, resulting in T cell cycle
arrest and cell death, and favoring the differentiation of
regulatory T cells; as a result, the immune mediator is
[10]
escapes in cancer .
In humans, IDO1 is usually expressed only in pla
cental endothelial cells and mature dendritic cells.
Activating T lymphocytes could express interferon-r in
the tumor microenvironment, resulting in inducing IDO1
expression in most tissues and cell types and inhibiting
[11]
T cell responses to tumor cells . Many human tumors
still express IDO1 through PKC and PI3K signaling
triggered by PGE2 in the absence of T cell infiltration.
Constitutive expression of cyclooxygenase 2 (COX2)
[11]
by MAPK signaling could induce PGE2 production .
Because many tumors harbor oncogenic mutations in
these signaling pathways, they could express IDO1
constitutively in the absence of interferon-r. Therefore,
IDO1 and COX2 are currently of great interest in cancer
research as prognostic and therapeutic biomarkers of
tissues and sera.
CRC has demonstrated high heterogeneity in recent
years. Hence, biomarkers need to be identified and
enabled to stratify the different subgroups. Similar
to other tumors, such as endometrial carcinoma and
liver and ovarian cancers, the IDO expression levels

RESULTS
The expression of nuclear IDO1 was significantly
correlated with body mass index (P < 0.001), and IDO1
expression displayed no association with sex, age, tumor
differentiation, T stage, N stage, carcinoembryonic
antigen, cancer antigen 19-9, CD3+ and CD8+ tumor
infiltrating lymphocytes, and COX2. In univariate anal
ysis, we found that nuclear IDO1 (P = 0.039), nuclear/
cytoplasmic IDO1 [hazard ratio (HR) = 2.044, 95%
confidence interval (CI): 0.871-4.798, P = 0.039],
nuclear IDO1/COX2 (HR = 3.048, 95%CI: 0.868-10.7,
P = 0.0049) and cytoplasmic IDO1/COX2 (HR = 2.109,
95%CI: 0.976-4.558, P = 0.022) all yielded significantly
poor OS outcomes. Nuclear IDO1 (P = 0.041), nuclear/
cytoplasmic IDO1 (HR = 3.023, 95%CI: 0.585-15.61,
P = 0.041) and cytoplasmic IDO1/COX2 (HR = 2.740,
95%CI: 0.764-9.831, P = 0.038) have significantly poor
OS outcomes for the CRC celecoxib subgroup. In our
multivariate Cox model, high coexpression of cytoplasmic
IDO1/COX2 was found to be an independent predictor of
poor outcome in CRC (HR = 2.218, 95%CI: 1.011-4.48,
P = 0.047) and celecoxib subgroup patients (HR = 3.210,
95%CI: 1.074-9.590, P = 0.037).
CONCLUSION
Our results showed that cytoplasmic IDO1/COX2 coex
pression could be used as an independent poor predictor
for OS in CRC.
Key words: Prognosis; Indoleamine-2,3-dioxygenase 1;
Cyclooxygenase 2; Colorectal cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It was reported that indoleamine-2,3-dioxy
genase 1 (IDO1) is an inhibitory factor that suppresses
the T cell response to tumors. In this study, we
evaluated IDO1/cyclooxygenase 2 (COX2) expression
as an independent prognostic biomarker for colorectal
cancer (CRC) patients. In our multivariate Cox model,
high coexpression of cytoplasmic IDO1/COX2 was found
to be an independent predictor of poor outcome in CRC
patients and celecoxib subgroup patients. Our results
showed that cytoplasmic IDO1/COX2 coexpression could
be used as an independent predictor for poor overall
survival in CRC.
Ma WJ, Wang X, Yan WT, Zhou ZG, Pan ZZ, Chen G, Zhang
RX. Indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 expression
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are correlated with the overall survival (OS) of CRC
[12-16]
patients
. One study showed that IDO1 expression
at the invasive front was significantly associated with
[17]
OS . One report has hypothesized that the nuclear
localization of IDO1 promotes the immunosuppression
[18]
independence of enzyme activity . In CRC, the level
of COX2 expression was increased in up to 85 cases but
not in the normal colonic epithelium. A selective COX2
inhibitor, celecoxib, could improve chemosensitivity
when CRC cells are exposed to the combination with 5-FU
[19]
and CPT-11
and could reduce hand-foot syndrome
[20]
induced by capecitabine . However, whether IDO1/
COX2 coexpression is correlated with OS in CRC patients
remains unknown.
In this study, we conducted a retrospective analysis
for the potential prognostic importance of the correlation
of IDO1 and COX2 in survival outcome prognosis, in
cluding their coexpression, cytoplasmic and nuclear
localization of IDO1, and tumor-infiltrating lymphocytes
(TILs).

at 4 ℃. Subsequently, the samples were incubated with
secondary antibody (Dako, Glostrup, Denmark) at room
temperature for 0.5 h.
All the stained slides were scored independently
by two experienced pathologists who were blinded to
the patients’ identity and clinical status. H-scores of
dominant staining intensity (0, 1+, 2+ and 3+) and
the percentage of positive tumor cells (0 to 100%) of
immunostaining were adopted for the expression data
analysis. IDO1 expression was classified as high or low
based on whether the H-score was above or below the
score of 0.1. COX2 expression was considered high if
the score was above 0.6 as the median cut-off. T cell
infiltration of tumors was assessed by semiquantitative
estimation of the density of CD3-positive/CD8-positive
(CD3+/CD8+) cells and was scored as follows: 1+:
No or sporadic CD3+/CD8+CD3þ cells; 2+: Moderate
numbers of CD3+/CD8+ cells; 3+: Abundant occurrence
of CD3+/CD8+ cells; and 4+: Highly abundant occur
[21]
rence of CD3+/CD8+ cells .

Follow-up

MATERIALS AND METHODS

The last date of follow-up was October 2017. All patients
(51 males and 44 females) were followed up every 3 mo
in the first 2 years and every 6 mo thereafter. History and
physical examination should be given every 3 to 6 mo
for 2 years, and then every 6 mo for a total of 5 years. A
carcinoembryonic antigen (CEA) test and abdominal and
pelvic ultrasound test were recommended at baseline
and every 3 to 6 mo for 2 years, then every 6 mo for a
total of 5 years. Colonoscopy is recommended at appro
ximately 1 year after resection. Repeat colonoscopy is
typically recommended at 3 years, and every 5 years
thereafter, unless follow-up colonoscopy indicates
advanced adenoma, in which case colonoscopy should be
repeated in 1 year. Chest, abdominal and pelvic CT scans
were recommended annually for up to 5 years. During
the follow-up, 33 patients (34.7%) died of cancer-related
causes. Sixty-two patients (65.3%) were still alive at the
time of the last follow-up report.

Patient characteristics

All tissues were collected from 95 patients who had
undergone surgical resection from August 2008 to
January 2010 at the Department of Colorectal Surgery
of Sun Yat-sen University (Guangzhou, China). Patients
were randomly assigned to adjuvant treatment with
XELOX/capecitabine alone combined with or without
celecoxib groups after surgery. All patients in the groups
2
received celecoxib 200 mg/m twice daily, given for
14 d (day 1 to day 14) of a 3-wk cycle for total of 6-8
[20]
cycles . The eligibility criteria were as follows: (1) Stage
Ⅱ/Ⅲ CRC eligible for adjuvant chemotherapy; (2) all
tumor tissue pathological diagnoses confirmed to be CRC
by a pathologist. The cases were selected consecutively
based on the availability of resection tissues and followup data.

Immunohistochemical staining

Statistical analysis

Formalin-fixed, paraffin-embedded tumor specimens
were cut into 4-μm sections. After baking at 60 ℃ for
2 h, the samples were deparaffinized in xylene and
rehydrated in a series of graded ethanol. Next, the
samples were incubated with 3% hydrogen peroxide for
10-15 min to block endogenous peroxidase activity. The
sections were microwaved for antigen retrieval in 0.01
mol/L sodium citrate buffer (pH 6.0) for 30 min, and
then were pre-incubated in 10% normal goat serum for
30 min to block nonspecific staining. The sections were
then incubated with the primary rabbit anti-human
IDO1 monoclonal antibody (working dilution, 1:100;
Cell Signaling Technology, Danvers, MA, United States),
rabbit antihuman COX2 monoclonal antibody (working
dilution, 1:200; Beijing Golden Bridge Biotechnology,
China), rabbit antihuman CD3 monoclonal (working
dilution: 1:50; Beijing Golden Bridge Biotechnology) and
mouse antihuman CD8 monoclonal (working dilution,
1:100; Beijing Golden Bridge Biotechnology) overnight
WJG|www.wjgnet.com

The SPSS software package (version 23.0; IBM Corp,
Armonk, NY, United States) and GraphPad Prism (version
7.0; GraphPad Software Inc, La Jolla, CA, United States)
were used for statistical analysis. OS was defined as the
time from the diagnosis of CRC to death of the patient or
last date of follow-up. Chi-square test was used to assess
the correlation of the IDO1 status with clinicopathologic
characteristics. Survival curves were generated using the
Kaplan-Meier method, and differences between curves
were assessed by the log-rank test. The Cox multivariate
proportional hazards regression model was used to
determine the independent risk factors that influence
OS. P-values < 0.05 were considered to be statistically
significant.

RESULTS
IDO1 and COX2 expression in CRC

To elucidate the biological significance of IDO1/COX2 in
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Figure 1 Indoleamine-2,3-dioxygenase 1, cyclooxygenase 2, CD3 and CD8 expression in colorectal cancer. A: Examples of the tumoral staining intensity (0,
1+, 2+ and 3+) of IDO1 in immunohistochemistry analysis; B: Examples of the tumoral staining intensity (0, 1+, 2+ and 3+) of COX2 in immunohistochemistry analysis;
C: Representative examples of tumors with intraepithelial CD3 and CD8 scores (1+, 2+, 3+ and 4+). CRC: Colorectal cancer; COX2: Cyclooxygenase 2; IDO1:
Indoleamine-2,3-dioxygenase 1.

IDO1 expression in the study cohort of 95 CRC patients
with certain clinical and pathological factors. The
expression of nuclear IDO1 was significantly correlated
with body mass index (BMI) (P < 0.001); however,
cytoplasmic IDO1 showed no relationship with BMI (P =
0.16). We observed no relationship between cytoplasmic
and nuclear IDO1 expression and clinical factors
such as sex, age, cancer (colon and rectum), tumor
differentiation, T stage, N stage, CEA, cancer antigen
(CA)19-9, CD3+ and CD8+ TILs, COX2, and celecoxib
treatment (Tables 1 and 2).

CRC, especially in the CRC celecoxib subgroup, we used
immunohistochemical staining to test the expression
of IDO1 and COX2 in the selected 95 CRC specimens.
The results showed that IDO1 expression is primarily
localized in the cytoplasm within the nucleus of tumor
cells (Figure 1).

Association of cytoplasmic and nuclear IDO1 expression
with clinicopathological parameters in CRC patients

To gain insight into the role of the localization of IDO1
protein in CRC, we correlated cytoplasmic and nuclear

WJG|www.wjgnet.com

2184

May 28, 2018|Volume 24|Issue 20|

Ma WJ et al . IDO1/COX2 predicts prognosis of CRC
Table 2 Correlation of nuclear indoleamine-2,3-dioxygenase
1 expression with colorectal cancer clinicopathologic
parameters

Table 1 Correlation of cytoplasmic indoleamine-2,3dioxygenase 1 expression with colorectal cancer clinicopa
thologic parameters
Characteristic
Sex
Male
Female
Age in yr
≥ 60
< 60
Cancers
Colon
Rectum
BMI
≥ 25
< 25
Tumor differentiation
Moderate and poor
Well
Colon cancer stage
3
2
T stage
4
2/3
N stage
1/2
0
Rectum cancer stage
3
2
T stage
4
2/3
N stage
1/2
0
CEA in ng/mL
>5
≤5
CA19-9 in U/mL
> 37
≤ 37
CD3 TILs
High
Low
CD8 TILs
High
Low
COX2
High
Low
Treatment group
Celecoxib
Non-celecoxib

Total

Low IDO1

High IDO1

P -value

Characteristic
Sex
Male
Female
Age in yr
> 60
≤ 60
Cancers
Colon
Rectum
BMI
> 25
≤ 25
Tumor differentiation
Moderate and poor
Well
Conlon cancer stage
3
2
T stage
4
2/3
N stage
1/2
0
Rectum cancer stage
3
2
T stage
4
2/3
N stage
1/2
0
CEA in ng/mL
>5
≤5
CA19-9 in U/mL
> 37
≤ 37
CD3 TILs
High
Low
CD8 TILs
High
Low
COX2
High
Low
Treatment group
Celecoxib
Non-celecoxib

0.074
52
43

22 (42.3)
27 (62.8)

30 (57.7)
16 (37.2)

30
65

17 (56.7)
32 (49.2)

13 (43.3)
33 (50.8)

46
49

24 (52.2)
25 (51.0)

22 (47.8)
24 (49.0)

20
75

7 (35.0)
42 (56.0)

13 (65.0)
33 (44.0)

78
17

42 (54.5)
7 (41.2)

35 (45.5)
10 (58.8)

20
26

12 (60.0)
12 (46.2)

8 (40.0)
14 (53.8)

29
17

14 (48.3)
10 (58.8)

15 (51.7)
7 (41.2)

20
26

11 (55.0)
13 (50.0)

9 (45.0)
13 (50.0)

24
25

11(45.8)
14 (46.0)

13 (54.2)
11 (44.0)

22
27

12 (55.6)
12 (44.4)

10 (45.4)
15 (55.6)

24
25

12 (50.0)
13 (52.0)

12 (50.0)
12 (48.0)

42
53

24 (57.1)
25 (47.2)

18 (42.9)
28 (42.8)

17
78

6 (35.3)
43 (55.1)

11 (64.7)
35 (44.9)

36
59

22 (61.1)
28 (47.5)

14 (38.9)
31 (42.5)

22
73

12 (54.5)
38 (52.5)

10 (45.5)
35 (47.5)

48
47

26 (54.2)
24 (51.1)

22 (45.8)
23 (48.9)

44
51

25 (56.8)
25 (49.0)

19 (43.2)
26 (51.0)

0.65

0.93

0.16

0.47

0.52

0.69

0.96

0.67

0.68

0.88

0.45

0.22

0.27

0.96

0.92

0.58

Total

Low IDO1

High IDO1

51
44

39 (76.5)
36 (81.8)

12 (33.5)
8 (19.2)

30
65

24 (80.0)
51 (78.5)

6 (20.0)
14 (21.5)

46
49

38 (82.6)
37 (75.5)

18 (17.4)
12 (24.5)

20
75

9 (45.0)
66 (88.0)

11 (55.0)
9 (12.0)

78
17

60 (76.9)
14 (82.3)

18 (23.1)
3 (17.7)

20
26

17 (85.0)
21 (80.8)

3 (15.0)
5 (19.2)

29
17

23 (19.3)
15 (88.2.)

6 (20.7)
2 (11.8)

20
26

16 (80.0)
22 (84.6)

4 (20.0)
4 (15.4)

24
25

17 (70.8)
21 (84.0)

7 (29.2)
4 (16.0)

22
27

16 (72.7)
21 (77.8)

6 (27.3)
6 (22.2)

24
25

16 (66.7)
21(84.0)

8 (33.3)
4 (16.0)

42
53

35 (83.3)
39 (73.6)

7 (16.7)
14 (26.4)

81
17

41 (50.6)
8 (47.1)

40 (49.4)
9 (52.9)

36
59

28 (77.8)
47 (79.7)

8 (22.2)
12 (20.3)

22
73

15 (68.2)
60 (82.2)

7 (31.8)
13 (17.8)

48
47

38 (79.2)
37 (78.7)

10 (20.8)
10 (21.3)

44
51

38 (86.4)
37 (72.5)

6 (13.6)
14 (27.5)

P -value
0.70

0.92

0.52

< 0.001

0.87

0.98

0.71

0.98

0.44

0.94

0.28

0.37

0.78

0.96

0.26

0.84

0.16

Data are presented as n or n (%). BMI: Body mass index; CA: Cancer
antigen; CEA: Carcinoembryonic antigen; COX2: Cyclooxygenase 2; CRC:
Colorectal cancer; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumorinfiltrating lymphocytes.

Data are presented as n or n (%). BMI: Body mass index; CA: Cancer
antigen; CEA: Carcinoembryonic antigen; COX2: Cyclooxygenase 2; CRC:
Colorectal cancer; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumorinfiltrating lymphocytes.

Correlation of IDO1/COX2 protein expression with poor
prognosis in CRC

predictors for the OS outcome in CRC patients. We
observed that cytoplasmic IDO1 and COX2 expression
could not predict OS outcomes in our univariate
analysis (cytoplasmic IDO1: P = 0.10; COX2: P =
0.51). However, nuclear IDO1 (P = 0.039), nuclear/
cytoplasmic IDO1 (hazard ratio (HR) = 2.044, 95%
confidence interval (CI): 0.871-4.798, P = 0.039),

We analyzed the correlation between IDO1 and tra
ditional clinicopathologic parameters with patients’
outcomes by univariate analysis. We also performed
analyses to determine whether IDO1 and COX2 ex
pression and localization represent potential independent
WJG|www.wjgnet.com

2185

May 28, 2018|Volume 24|Issue 20|

Ma WJ et al . IDO1/COX2 predicts prognosis of CRC
Table 3 Univariate analysis of the correlation of clinicopathological parameters with overall survival in patients with colorectal
carcinoma

Sex, male vs female
Age in yr, ≤ 60 vs > 60
Cancer, colon vs rectum
BMI, > 25 vs ≤ 25
Tumor differentiation, moderate and poor vs well
Stage, 3 vs 2
T stage, T4 vs T2/3
N stage, N1/2 vs N0
CEA in ng/mL, > 5 vs ≤ 5
CA19-9 in U/mL, > 37 vs ≤ 37
CD3 TILs, high vs low
CD8 TILs, high vs low
Nuclear IDO1, high vs low
Cytoplasmic IDO1, high vs low
Nuclear and cytoplasmic IDO1, high vs low
COX2, high vs low
Nuclear IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ
Cytoplasmic IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ
Treatment group, celecoxib vs non-celecoxib

HR

95%CI

0.750
0.899
1.279
1.579
2.798
1.003
1.418
1.005
2.137
1.262
1.195
2.096
2.044
1.690
2.044
1.235
3.048
2.109
0.943

0.399-1.411
0.472-1.714
0.712-2.296
0.697-3.579
1.373-5.702
0.534-1.882
0.755-2.664
0.536-1.887
1.141-4.004
0.547-2.911
0.649-2.198
0.975-4.504
0.871-4.798
0.901-3.173
0.871-4.798
0.659-2.314
0.868-10.7
0.976-4.558
0.489-1.826

P value
0.37
0.74
0.41
0.21
0.039
0.99
0.27
0.99
0.025
0.56
0.55
0.018
0.039
0.10
0.039
0.51
0.0049
0.022
0.86

BMI: Body mass index; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CI: Confidence interval; COX2: Cyclooxygenase 2; CRC: Colorectal carcinoma;
HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumor infiltrating lymphocytes.

nuclear IDO1/COX2 (HR = 3.048, 95%CI: 0.868-10.7,
P = 0.0049), cytoplasmic IDO1/COX2 (HR = 2.109,
95%CI: 0.976-4.558, P = 0.022), tumor differentiation
(HR = 2.798, 95%CI: 1.373-5.702, P = 0.039), CEA
(HR = 2.137, 95%CI: 1.141-4.004, P = 0.025), and
CD8 TILs (HR = 2.096, 95%CI: 0.975-4.504, P = 0.018)
(Table 3) yielded significantly poor OS outcomes in CRC
patients (Figure 2B-G, Supplementary Figure 1E) but not
with other clinicopathologic parameters such as sex, age,
BMI, T stage, N stage, CA19-9 and CD3+ TILs, including
whether celecoxib was used or not (Figure 2A, 2C, 2H,
Supplementary Figure 1A-D, 1F-J).
We also performed multivariate Cox modeling
to analyze whether IDO1/COX2 represent potential
independent predictors for the OS outcome in CRC
patients. Combined cytoplasmic IDO1/COX2 coex
pression analysis yielded a stronger predictor index, with
HR = 2.218 (95%CI: 1.011-4.48, P = 0.047) in the
High
High
IDO1 /COX2
group, and tumor differentiation was
significantly correlated with OS (HR = 3.473, 95%CI:
1.201-10.046, P = 0.022) (Table 4) but not nuclear
IDO1, cytoplasmic IDO1, nor combined nuclear IDO1/
COX2 expression. Our results revealed that cytoplasmic
IDO1/COX2 coexpression and tumor differentiation were
independent predictors for poor OS in CRC.

cytoplasmic IDO1 (HR = 3.023, 95%CI: 0.585-15.61, P
= 0.041), cytoplasmic IDO1/COX2 (HR = 2.740, 95%CI:
0.764-9.831, P = 0.038) (Table 5), tumor differentiation
(HR = 7.396, 95%CI: 2.749-19.90, P = 0.021) and
CD8 TILs (HR = 2.821, 95%CI: 0.774-10.29, P =
0.026) have significantly poor OS outcomes for the CRC
celecoxib subgroup (Figure 3B, 3D, 3F, 3H and 3I) but
not with other clinicopathologic parameters such as sex,
age, BMI, T stage, N stage, CEA, CA19-9 and CD3+ TILs
(Figure 3A, 3C, 3E and 3G, Supplementary Figure 2A-I).
We further performed the multivariate Cox modeling
to analyze whether IDO1/COX2 represents potential
independent predictors for OS outcome in the CRC
celecoxib subgroup. Combined cytoplasmic IDO1/COX2
coexpression analysis yielded a stronger predictor
index, with HR = 3.210 (95%CI: 1.074-9.590, P =
High
High
0.037) in the IDO1 /COX2
group, and tumor
differentiation was significantly correlated with OS (HR
= 11.962, 95%CI: 1.526-23.787, P = 0.018) (Table 6)
but not nuclear IDO1, cytoplasmic IDO1, nor combined
nuclear IDO1/COX2 expression. Our results revealed
that cytoplasmic IDO1/COX2 coexpression and tumor
differentiation were independent poor predictors of OS in
the CRC celecoxib subgroup.

Correlation of IDO1/COX2 protein expression with poor
prognosis in the CRC celecoxib subgroup

DISCUSSION
Current immunotherapy has been achieving very ef
fective and promising results, especially for stage IV
disease. However, more than 50% of these patients who
need more new therapies will progress with resistance
[22]
to immunotherapy . IDO1 is associated with T cell
apoptosis through depleting tryptophan in the tumor
microenvironment. Therefore, IDO1 inhibitors have
emerged as new options for cancer therapy. However, a

We also performed analyses to determine whether
IDO1 and COX2 expression and localization represent
potential independent predictors for OS outcome in
CRC patients. We observed that cytoplasmic IDO1 and
COX2 expression could not predict OS outcomes in uni
variate analysis (cytoplasmic IDO1: P = 0.31; COX2: P
= 0.25). However, nuclear IDO1 (P = 0.041), nuclear/
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Table 4 Multivariate analysis of the correlation of indoleamine-2,3-dioxygenase 1 with overall survival in patients with Colorectal
cancer
HR
Cytoplasmic IDO1 and COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ
Tumor differentiation, poor and moderate vs well

P -value

95%CI

2.218
3.473

1.011-4.48
1.201-10.046

0.047
0.022

CI: Confidence interval; COX2: Cyclooxygenase 2; HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1.
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Figure 2 Correlation of Indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 protein expression with a poor prognosis in colorectal cancer. A-C: Correlation
between nuclear or cytoplasmic IDO1 and COX2 expression with CRC patient OS. Survival curves were generated using the Kaplan-Meier method, and differences
between survival curves were estimated by the log-rank test. Nuclear IDO1 showed a statistically significant correlation with OS; D-E: Correlation between the
different expression levels of nuclear and cytoplasmic IDO1/COX2 and OS in CRC patients. Group Ⅰ: IDO1LowCOX2Low; Group Ⅱ: IDO1HighCOX2Low; Group Ⅲ:
IDO1LowCOX2High; Group Ⅳ: IDO1HighCOX2High. The association of the four groups (Ⅳ vs Ⅰ/Ⅱ/Ⅲ) with OS was significant (P < 0.05); F: Combined analysis of
nuclear and cytoplasmic IDO1 and its correlation with OS in CRC. The association of nuclear and cytoplasmic IDO1 expression with OS was significant (P < 0.05);
G: Correlation between tumor differentiation and OS in CRC. The association of tumor differentiation (moderate and poor vs well) with OS was significant (P < 0.05);
H-I: Correlation between CD3 TILs and CD8 TILs and OS in CRC; H: CD3 TILs (P > 0.05); I: CD8 TILs (P < 0.05). CRC: Colorectal cancer; COX2: Cyclooxygenase 2;
IDO1: Indoleamine-2,3-dioxygenase 1; OS: Overall survival; TILs: Tumor-infiltrating lymphocytes.

recent study suggested the alternative hypothesis that
nuclear IDO1 promotes immunosuppression instead
[18]
of enzyme activity . In previous studies, high IDO
expression in CRC has been found to be associated with
the presence of metastatic disease and outcome and a
reduction in CD3-positive TILs, revealing the important
[12,17]
role in therapeutic blockade for this disease
. In up
to 85% of CRC patients, COX2 is highly expressed but
not in normal colonic epithelium. Celecoxib is a COX2
inhibitor used in the treatment regimen for CRC; previous
studies have demonstrated celecoxib in combination

WJG|www.wjgnet.com

with chemotherapy to overcome resistance in therapy[19]
refractory cancer cells in vitro and in vivo . However,
clinical studies have not been clarified to show the role
of celecoxib in CRC patients and its potential prognostic
importance.
In the present study, we evaluated CRC patients
treated with or without celecoxib. We found no significant
relationship with IDO1 or COX2 expression and OS in
patients treated with or without celecoxib. However, our
discovery revealed that cytoplasmic IDO1 and COX2
were correlated with OS in patients treated with or
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Table 5 Univariate analysis of the correlation of clinicopathological parameters with overall survival in CRC celecoxib subgroup

Sex, male vs female
Age in yr, ≤ 60 vs > 60
Cancer, colon vs rectum
BMI, > 25 vs ≤ 25
Tumor differentiation, moderate and poor vs well
Stage, 3 vs 2
T stage, T4 vs T2/3
N stage, N1/2 vs N0
CEA in ng/mL, > 5 vs ≤ 5
CA19-9 in m/L, > 37 vs ≤ 37
CD3 TILs, high vs low
CD8 TILs, high vs low
Nuclear IDO1, high vs low
Cytoplasmic IDO1, high vs low
Nuclear and cytoplasmic IDO1, high vs low
COX2, high vs low
Nuclear IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ
Cytoplasmic IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ

P value

HR

95%CI

0.854
1.249
1.034
1.328
7.396
1.075
1.389
1.075
1.934
1.551
1.02
2.821
3.023
1.623
3.023
1.746
1.885
2.740

0.329-2.219
0.432-3.609
0.420-2.543
0.351-5.020
2.749-19.90
0.415-2.782
0.537-3.596
0.415-2.782
0.743-5.033
0.431-5.575
0.414-2.510
0.774-10.29
0.585-15.61
0.617-4.267
0.585-15.61
0.672-4.541
0.279-12.76
0.764-9.831

0.74
0.70
0.94
0.71
0.021
0.88
0.50
0.88
0.21
0.43
0.97
0.026
0.041
0.31
0.041
0.25
0.38
0.038

BMI: Body mass index; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CI: Confidence interval; COX2: Cyclooxygenase 2; CRC: Colorectal carcinoma;
HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumor infiltrating lymphocytes.
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Figure 3 Correlation of indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 protein expression with a poor prognosis in the colorectal cancer celecoxib
subgroup. A-D: Correlation between nuclear or cytoplasmic IDO1 and COX2 expression with OS in the CRC celecoxib subgroup. Survival curves were generated
using the Kaplan-Meier method, and differences between survival curves were estimated by the log-rank test. Nuclear IDO1 and nuclear and cytoplasmic IDO1
showed a statistically significant correlation with OS; E: Correlation between different expression levels of nuclear and cytoplasmic IDO1/COX2 with the OS of the
CRC celecoxib subgroup. Group Ⅰ: IDO1LowCOX2Low; Group Ⅱ: IDO1HighCOX2Low; Group Ⅲ: IDO1LowCOX2High; Group Ⅳ: IDO1HighCOX2High. The association of four
groups (Ⅳ vs Ⅰ/Ⅱ/Ⅲ) with OS is not significant (P > 0.05); F: Correlation between tumor differentiation and OS in CRC. The association of tumor differentiation
(moderate and poor vs well) with OS is significant (P < 0.05); G-H: Correlation between CD3 TILs and CD8 TILs with CRC OS; G: CD3 TILs (P > 0.05); H: CD8 TILs (P
< 0.05). CRC: Colorectal cancer; COX2: Cyclooxygenase 2; IDO1: Indoleamine-2,3-dioxygenase 1; OS: Overall survival; TILs: Tumor-infiltrating lymphocytes.
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Table 6 Multivariate analysis of the correlation of indoleamine-2,3-dioxygenase 1 with overall survival in Colorectal cancer
celecoxib subgroup

Cytoplasmic IDO1 and COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ
Tumor differentiation, poor and moderate vs well

HR

95%CI

P -value

3.210
11.962

1.074-9.590
1.526-23.787

0.037
0.018

CI: Confidence interval; COX2: Cyclooxygenase 2; HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1.
Because of genetic mutations and environmental factors, CRC development
is a very complex process and is determined by multistage factors. Currently,
immunotherapy has become one of the most promising treatments for CRC.
However, whether indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 (IDO1/
COX2) coexpression is correlated with overall survival (OS) in CRC patients
remains unknown.

without celecoxib. Additionally, our data further found
that nuclear IDO1 and COX2 were not correlated with OS
in patients of either group. However, one recent study
showed that nuclear IDO1 plays a more important role in
CRC instead of enzyme activity. From our data, nuclear
IDO1 could not be an independent prognostic factor for
CRC patients. Some other unknown factors in the nucleus
might combine to nuclear IDO1, possibly influencing the
OS of CRC patients. These patients in our study have not
been treated with IDO1 inhibitors. Therefore, whether
nuclear expression affects IDO1 inhibitors is unclear.
Constitutive IDO1 expression is dependent on an
autocrine loop of PGE2 production through activating
the PI3K and PKC pathways and subsequent activation
of IDO1 transcription by factors such as ETV4. PGE2
production mediates the expression of COX2. However,
in our study, we found that IDO1 or COX2 expression
was not correlated with OS. Three explanations
are possible. First, CRC patients were treated with
celecoxib only for no more than 6 mo. COX2 might
still influence the expression of IDO1, which would
negatively regulate effector T cells. Second, another
signaling pathway might activate IDO1 expression in
CRC patients. Third, these patients were treated with
celecoxib but not combined with IDO1 inhibitors.
There are some limitations in our current study.
This study was a retrospective study, with its intrinsic
associated limitations. Second, although our cohort
size consists of well-annotated celecoxib groups, its
number is still modest. Third, to minimize bias and im
munohistochemistry methodological limitations, we have
herein adopted rigorous standardized assay methods
in our study. All immunohistochemistry scores were
affirmed by two blinded, well-trained clinical pathologists
working independently. Furthermore, a larger clinical
sample cohort size would be valuable to validate our
results, and more chemotherapy-resistant patients need
to be considered.
The results of the current study demonstrate that
the coexpression of cytoplasmic IDO1 and COX2 plays a
key role in survival prognosis for CRC patients; IDO1 or
COX2, nuclear IDO1 and COX2 alone may not serve as
a feasible biomarker for prognostic prediction. Therefore,
localization of IDO1 and COX2 may serve as a better
biomarker to predict CRC patient OS.

Research motivation

CRC has demonstrated high heterogeneity in recent years. Recent studies have
demonstrated that IDO1 can suppress the T cell response to tumors. A selective
COX2 inhibitor, celecoxib, could improve chemosensitivity when CRC cells are
exposed to the combination of 5-FU and CPT-11 and could reduce hand-foot
syndrome induced by capecitabine. In this study, we conducted a retrospective
analysis for the potential prognostic importance of the correlation of IDO1 and
COX2 in survival outcome prognosis, including their coexpression, cytoplasmic
and nuclear localization of IDO1, and tumor-infiltrating lymphocytes.

Research objectives

This study aimed to clarify the potential significance of IDO1/COX2 as a pro
gnostic biomarker in CRC in vitro.

Research methods

Immunohistochemical staining of IDO1 and COX2 was performed in a clinical
cohort consisting of 96 CRC cases. Expression of IDO1 and COX2 was
correlated with clinicopathological indicators and the clinical outcome of CRC
patients.

Research results

In the CRC group, combined cytoplasmic IDO1/COX2 coexpression analysis
yielded a stronger predictor index, with hazard ratio (HR) = 2.218 (95%
confidence interval (CI): 1.011-4.48, P = 0.047) in the IDO1High/COX2High group,
and tumor differentiation was significantly correlated with OS (HR = 3.473,
95%CI: 1.201-10.046, P = 0.022) but not nuclear IDO1, cytoplasmic IDO1, nor
combined nuclear IDO1/COX2 expression. Our results revealed that cytoplasmic
IDO1/COX2 coexpression and tumor differentiation were independent predictors
for poor OS in CRC.
In the CRC celecoxib subgroup, combined cytoplasmic IDO1/COX2
coexpression analysis yielded a stronger predictor index, with HR = 3.210
(95%CI: 1.074-9.590, P = 0.037) in the IDO1High/COX2High group, and tumor
differentiation was significantly correlated with OS (HR = 11.962, 95%CI:
1.526-23.787, P = 0.018) but not nuclear IDO1, cytoplasmic IDO1, nor
combined nuclear IDO1/COX2 expression.

Research conclusions

The results of the current study demonstrate that the coexpression of cyto
plasmic IDO1 and COX2 plays a key role in survival prognosis in CRC patients.

Research perspectives

IDO1 could be a novel therapeutic target for human CRC, especially as a bio
target of immunotherapy.
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Abstract

Wang X, Wang S, Liu ZH, Qi WQ, Zhang Q, Zhang YG, Sun DR,
Xu Y, Wang HG, Li ZX, Cong XL, Zhao P, Zhou CY, Wang JB.
Regulatory polymorphism of CXCL10 rs1439490 in seronegative
occult hepatitis C virus infection. World J Gastroenterol 2018;
24(20): 2191-2202 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i20/2191.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i20.2191

AIM
To examine the relationship between the single nucl
eotide polymorphism CXCL10 rs1439490 and sero
negative occult hepatitis C virus (HCV) infection (OCI).
METHODS
one hundred and three cases of seronegative OCI and
155 cases of seropositive chronic HCV infection (CHC)
were diagnosed at five Liver Centers in Northeastern
China, from 2012 to 2016. CXCL10 rs1439490,
rs1440802, and IL-28B rs12979860 were analyzed by
sequencing. Serum CXCL10 was measured by ELISA.
Intrahepatic CXCL10 was determined by quantitative
PCR and immunohistochemical semi-quantitative scoring.
Liver necroinflammation and fibrosis were scored
according to the METAVIR system.

INTRODUCTION
Occult hepatitis C virus (HCV) infection (OCI) involves
the detection of intrahepatic HCV RNA by percutaneous
transhepatic liver biopsy in patients with long-standing
liver dysfunction who are seronegative for anti-HCV
[1]
antibodies and RNA . OCI was proposed as a subtype
[2]
of chronic HCV infection (CHC) . It was found to occur
[3]
in 8.9% of patients with cryptogenic hepatic disease ,
[4]
1.27% of infectious liver disease-free subjects , and
in patients without conventional HCV markers but
abnormal liver enzyme levels, or healthy subjects with
normal alanine aminotransferase (ALT) levels and no
[1,3-12]
clinical evidence of liver disease
.
To date, the pathogenesis of OCI remains unclear.
It is unknown why OCI patients do not produce antiHCV antibodies after exposure to HCV and why
serum HCV RNA is not detectable. Low detection
sensitivity has been implicated as a major reason
[13]
for OCI , which may explain the existence of occult
infection in anti-HCV seropositive and HCV RNA sero
negative individuals. Mutant HCV strains that may
subvert the conventional HCV assays have also been
[14]
rd
implicated in OCI . However, the 3 generation
HCV antibody detection assays cover most HCV
structural and nonstructural antigens and achieve up
[15]
to 99% sensitivity . Instead, OCI may be the result
[16]
of “sporadic” exposure to trace amounts of HCV
that generate insufficient T cell activation and B cell
responses against infection. Consequently, serum anti-

RESULTS
CXCL10 rs1439490 G/G was more prevalent in OCI
patients (n = 93/103; 90.3%) than in CHC patients
(n = 116/155; 74.8%; P = 0.008). OCI patients had
lower serum CXCL10 levels than CHC patients (192.91
± 46.50 pg/mL vs 354.78 ± 102.91 pg/mL, P < 0.0001).
Of IL-28B rs12979860 C/C patients, OCI patients with
rs1439490 G/G had lower serum and liver levels of
CXCL10 and lower levels of liver necroinflammation and
fibrosis than non-G/G patients. OCI patients had higher
alanine aminotransferase normalization rates after Peginterferon treatment than CHC patients (P < 0.05) and
serum CXCL10 decreased significantly (P < 0.0001).
Liver necroinflammation and fibrosis were alleviated
in 8 OCI patients after treatment. Multivariate analysis
indicated that rs1439490 G/G significantly influenced
the occurrence of OCI in HCV infection (OR = 0.31,
95%CI: 0.15-0.66, P = 0.002).
CONCLUSION
CXCL10 rs1439490 G/G is positively associated with
OCI in HCV infection and antiviral outcome.
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HCV activity cannot be detected by current clinical
methods. Indeed, persistent low levels of virusspecific T-cell responses have been identified in OCI
[17,18]
patients
. However, this host immune response
can only partially suppress HCV replication, but cannot
eliminate the virus or viral antigens. Thus, HCV RNA
remains detectable in the liver – the primary target
tissue.
Patients with OCI have distinct clinical outcomes
from those with CHC even of the same genotypes,
indicating the role of host factors in OCI pathogenesis.
The interleukin-28B (IL-28B) locus has been associated
with HCV outcomes and IL-28B C/C was shown to
[19]
occur more often in OCI than in CHC patients . In OCI
patients, intrahepatic HCV RNA load was significantly
lower in those with the IL-28B C/C genotype than
[19]
in those with C/T or T/T genotypes . Thus, IL-28B
polymorphisms may affect endogenous IFN-λ levels and
be associated with low viral replication in some patients.
However, interferon (IFN) has also been shown not to
play a determining role in OCI occurrence, and IL-28B
C/C OCI patients were found to have lower serum levels
of CXC chemokine ligand 10 (CXCL10) than IL-28B C/C
[19]
CHC patients . Therefore, regulation of OCI and the
associated disease progression likely involves additional
host immune factors.
The importance of CXCL10 expression during chronic
hepatitis B virus (HBV) infection has recently been
emphasized. Two single nucleotide polymorphisms
(SNPs) of CXCL10 (G-201A and C-1513T) were reported
to have high allele frequency in chronic HBV infected
Chinese populations. The polymorphism G-201A in the
CXCL10 promoter was also implicated in the genetic
variation underlying the susceptibility to chronic HBV
[20]
infection progression . G-201A is located within the
CXCL10 promoter region and is proximal to the NFκB1/2 binding sites. The G-201A SNP is associated
with the expression of CXCL10 in peripheral blood
mononuclear cells (PBMC), underpinning the mecha
nism of chronic HBV disease progression. Based on this
large cohort study, and the observation that both HCV
and HBV promote the development of hepatic lesions
and fibrosis by inducing inflammatory infiltration rather
than by damaging hepatocytes directly, we hypothesized
that CXCL10 G-201A may also affect the disease
manifestation of CHC. However, to date, there is no such
report.
In this study, we examined the expression frequency
of CXCL10 G-201A (rs1439490), C-1513T (rs1440802)
and IL-28B rs12979860 SNPs in OCI and CHC patients
to investigate whether these polymorphisms are asso
ciated with OCI. In addition, we further analyzed the
correlation of these SNPs with the serum and liver levels
of CXCL10 and liver HCV RNA levels in OCI patients.

or radiographic abnormalities of unknown etiology
underwent liver biopsy between 2012 and 2016 at five
hospitals in Northeastern China (China-Japan Union
Hospital of Jilin University, People’s Hospital of Jilin City,
Fourth Affiliated University of Harbin Medical University,
People’s Hospital of Hunchun City, and the Second
People’s Hospital of Daqing City). All patients were Han
Chinese. Subjects seronegative for anti-HCV antibodies
and HCV RNA, but with detectable intrahepatic HCV
RNA were included in the OCI group (n = 103). One
hundred and fifty-five normal CHC patients who
underwent liver biopsy prior to antiviral therapy during
the same period were included in the CHC control
group. Informed consent forms were obtained from all
patients. The study was approved by the Institutional
Review Boards of the individual centers (registration
number: ChiCTR-ONRC-12002207).

Inclusion/exclusion criteria

OCI inclusion criteria were as follows: (1) Serum antiHCV antibodies and HCV RNA negative in 3 consecutive
tests within at least 3 mo, and persistent liver
dysfunction and/or radiographic abnormalities; (2) HCV
RNA/HBV DNA seronegative after ultracentrifugation
and undetectable in PBMC; and (3) HCV RNA-positive
in liver tissue. CHC inclusion criteria were as follows:
(1) Serum anti-HCV antibodies and HCV RNA positive,
and diagnosed with CHC in accordance with the EASL
[21]
guidelines ; and (2) consent to receive hepatic his
tological evaluation prior to anti-HCV treatment.
Exclusion criteria were as follows: (1) Occult HBV
infection, drug-induced liver disease, fatty liver di
sease, autoimmune liver disease, inherited metabolic
liver disease after liver biopsy; (2) co-infection with
other types of hepatitis (A, D, E), Epstein-Barr virus,
cytomegalovirus, or human immunodeficiency virus;
(3) chronic HCV infection complicated with decom
pensated cirrhosis or primary liver cancer; (4) severe
heart, brain or kidney complications; and (5) received
or receiving pegylated IFN (Peg-IFN) plus ribavirin
(RBV) or IFN treatment.

SNP analyses of CXCL10 rs1439490, rs1440802, and IL28B rs12979860

Peripheral blood samples were collected from the
patients, placed in anticoagulant EDTA-treated tubes,
and genomic DNA was extracted using a Puregene
SK8224 DNA isolation kit from Sangon Biotech
(Shanghai, China), according to the manufacturer’s
instructions. The primers targeting specific fragments
were designed and synthesized by Sangon Biotech:
[20]
CXCL10 promoter region G-201A rs1439490 : For
ward: 5’-TTCAGTAACATAAACCCCAACAA-3’; Reverse:
5’-CACAAAGGAAGACAATAAGGGAG-3’. CXCL10 pro
[20]
moter region C-1513T rs1440802: Forward : 5’-CTC
ACTTTGTCTCACCAATCTCA-3’; Reverse: 5’-CAGAGAA
[22]
ATGAGAGACCTAAGTGTG-3’. IL-28B rs12979860 :
Forward: 5’-CCTCTGCACAGTCTGGGATTC-3’; Reverse:
5’-GCTCAGGGTCAATCACAGAAG-3’.

MATERIALS AND METHODS
Patients

A total of 1796 patients with liver dysfunction and/
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Table 1 Algorithm for evaluation of histological activity
Piecemeal necrosis

+

0 (none)
0
0
1 (mild)
1
2 (moderate)
2
3 (severe)

Lobular necrosis

0
1
2
3
4

Serum CXCL10 levels

Serum CXCL10 levels were measured by human CXCL10
Quantikine ELISA (R&D, Minneapolis, MN, United
[20]
States) . The sensitivity of detection was 38-1340 pg/
mL.

Measures and monitoring

A standardized sample collection and data analysis
protocol was applied at the five liver centers, including
ELISA for serum anti-HCV antibodies (Roche Molecular
Diagnostics, NJ, United States), highly sensitive, realtime PCR-based assay for HCV RNAs (LOD 15 IU/
mL; COBAS Ampliprep/COBAS TaqMan 48 Analyzer,
Roche), direct sequencing of serum or intrahepatic RNA
for HCV genotyping (SinoMD, China), and Fibroscan
for liver fibrosis (Echosens, France). Serum samples
negative in routine HCV RNA tests were further
ultracentrifuged and retested. If the ultracentrifuged
serum remained HCV negative, PBMC were tested.
In OCI patients, HCV RNA levels were re-assessed
every 12 wk after initiation of antiviral treatment until
the end of treatment or follow up. CHC patients had
serum HCV RNA tests at 4 and 12 wk after initiation
of treatment, and then every 12 wk until the end of
treatment or follow up.

Liver necroinflammation activity and fibrosis

Liver tissues were obtained by percutaneous transhepatic
liver biopsy and routinely stained with hematoxylin and
eosin (HE). The biopsies were examined by experienced
pathologists. Hepatic necroinflammation activity and
fibrosis stages were scored according to the METAVIR
[23]
scoring system as shown in Tables 1 and 2.

Liver immunohistochemistry

Biopsied hepatic tissues were immunohistochemically
stained with anti-CXCL10 antibody (Abcam, Cambridge,
United Kingdom). The staining intensity was assessed
in 10 high-power fields based on the following scale:
Score 0 – negative (-), staining absent; score 1 –
weakly positive (+), yellowish; score 2 – moderately
positive (++), brown; score 3 – strongly positive
(+++), dark brown. The staining intensity in each
field was calculated as: IS (intensity score) = Σ[(0 ×
F-)+(1 × F+)+(2 × F++)+(3 × F+++)], in which F is
the percentage of cells stained at each intensity. The
average score of 10 fields was the quantitative result
[24]
of the whole slide . Sections were scored by two
independent observers.

Statistical analysis

Allele frequencies for each SNP were determined by the
Hardy-Weinberg equilibrium test and the differences
between groups were examined by Chi-square tests.
Qualitative results were expressed as frequency and
percentage, and statistical analyses were performed
using the Chi-square test or Fisher exact probability
test. Quantitative data were expressed as mean ± SD
and analyzed using the Student t-test. Stepwise binary
logistic regression analysis was used to determine the
influencing factors. A two-sided P value less than 0.05
was considered statistically significant, and odds ratios
(ORs) and 95% confidence intervals (95%CI) were

Intrahepatic CXCL10 mRNA

RNA was extracted from biopsied liver tissue and subjected
to quantitative real-time PCR using the following primers:
Forward: 5’-CTGAATCCAGAATCGAAGGCCATC-3’; Reverse:
5’-TGTAGGGAAGTGATGGGAGAGG-3’. The expression was
normalized to the expression of house-keeping gene β-actin
[20]
using primers as described previously .

WJG|www.wjgnet.com

0 (none)
1 (mild)
2 (moderate)
1
2
2
3 (severe)
3

Patients were treated with Peg-IFNα-2a (180 mg sub
cutaneous once weekly) plus RBV (1200 mg/d if body
weight > 75 kg and 1000 mg/d if ≤ 75 kg for HCV
[21]
genotype 1; 800 mg/d for non-genotype 1) . Genotype
1 OCI patients were treated for 48 wk and non-genotype
1 patients for 24 wk. For CHC patients, treatment was
[21]
in accordance with the EASL guidelines . Patients who
received more than 80% of the cumulative total planned
[25]
dose were considered to have completed the treatment .
All patients were followed up for 24 wk after treatment
and a second liver biopsy was performed 24-96 wk after
therapy in patients with informed consent.

Score

No fibrosis
Stellate enlargement of portal tract but without septa formation
Enlargement of portal tract with rare septa formation
Numerous septa without cirrhosis
Cirrhosis

Histological activity score

Antiviral therapy

Table 2 Fibrosis scoring
Description

=

0 (none or mild)
1 (moderate)
2 (severe)
0, 1
2
0, 1
2
0, 1, 2

2194

May 28, 2018|Volume 24|Issue 20|

Wang X et al . CXCL10 rs1439490 in occult HCV infection
Table 3 Clinical characteristics of patients enrolled in this study n (%)

Gender
Male
Female
Age (yr)
ALT (IU/L)
GGT
BMI
HOMA-IR
Transfusion/surgery/tattoo history
Family history of HCV infection
Intrahepatic HCV RNA (log10 IU/mL)
HCV genotype
Genotype 1
Non-genotype 1
Fibrosis (Fibroscan)
F0-1
F2-4
METAVIR activity score
METAVIR fibrosis score

Seronegative OCI patients (n = 103)

Seropositive CHC patients (n = 155)

58 (56.3)
45 (43.7)
52.16 ± 7.64
61.13 ± 23.54
56.31 ± 16.63
23.73 ± 2.38
2.39 ± 0.15
8 (7.8)
29 (28.2)
3.19 ± 1.05

83 (53.5)
72 (46.5)
42.70 ± 9.15
93.17 ± 55.39
52.86 ± 15.69
24.12 ± 2.36
2.42 ± 0.18
26 (16.8)
19 (12.3)
5.48 ± 1.49

66 (64.1)
37 (35.9)

98 (63.2)
57 (36.8)

65 (63.1)
38 (36.9)
1.14 ± 0.34
1.82 ± 0.98

104 (67.1)
51 (32.9)
1.69 ± 0.68
1.87 ± 1.07

P value
0.664

< 0.001
< 0.001
0.093
0.192
0.219
0.027
< 0.001
< 0.001
0.89

0.317

< 0.001
0.673

P < 0.05; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transpeptidase; BMI: Body mass index; HOMA-IR: Homeostasis model assessment of
insulin resistance; HCV non-genotype 1: Other HCV genotypes except for genotype 1, including HCV 2-6 genotypes.

CXCL10 polymorphisms in OCI patients compared with
CHC patients

assessed by SPSS software (v19.0; SPSS Inc., Chicago,
IL, United States).

CXCL10 G-201A G/G genotype was more prevalent
in the OCI group (93 of 103; 90.4%) than in the CHC
group (116 out of 155; 74.8%; P = 0.008) (Table
4). The distribution of CXCL10 rs1440802 (C-1513T)
did not differ significantly between the two groups
(P = 0.733) (Table 4). Of the patients with IL-28B
rs12979860 C/C genotype (Table 5), OCI was as
sociated with a higher frequency of CXCL10 G-201A
G/G (87 of 97; 89.7%) than CHC (95 of 128; 74.2%;
OR = 0.33; 95%CI: 0.15-0.71; P = 0.005).

RESULTS
Clinical characteristics of seronegative OCI patients
compared with seropositive CHC patients

The clinical characteristics of OCI and CHC patients are
shown in Table 3. OCI patients were significantly older
than CHC patients (52.16 years vs 42.70 years; P <
0.001) and had higher rates of HCV infection history
in family members (28.2% vs 12.3%; P < 0.001).
In contrast, the OCI group had lower base levels
of ALT than the CHC group (61.13 ± 23.54 IU/L vs
93.17 ± 55.39 IU/L; P < 0.001), lower rates of blood
transfusion/surgery/tattoo history (7.8% vs 16.8%; P
= 0.027), lower levels of intrahepatic HCV RNA (3.19
± 1.05 vs 5.48 log10 IU/mL ± 1.49 log10 IU/mL; P <
0.001), and lower METAVIR necroinflammation activity
scores (1.14 ± 0.34 vs 1.69 ± 0.68; P < 0.001). No
significant difference in HCV genotype and METAVIR
fibrosis stages were observed between the two groups.

Serum and liver CXCL10 levels, and HCV RNA
levels in OCI patients with different CXCL10 G-201A
polymorphisms

The relationship between IL-28B rs12979860 poly
morphism and CXCL10 is unclear. We showed that
rs12979860 C/C patients had similar serum levels of
CXCL10 to non-C/C patients in both the OCI and CHC
group (Figure 1, P = 0.311 and 0.667). Due to the
prevalence of IL-28B rs12979860 C/C genotype within
both groups, we next compared the serum and liver
CXCL10 levels and HCV RNA levels in rs12979860
C/C patients with different CXCL10 G-201A SNPs.
Rs12979860 C/C OCI patients had lower serum
CXCL10 levels, lower levels of intrahepatic CXCL10
mRNA (Figure 2B, 1.18 ± 0.27 vs 2.24 ± 0.65, P <
0.0001) and immunohistological staining scores (Figure
2C and D, 0.94 ± 0.34 vs 2.71 ± 0.52, P < 0.0001),
as well as HCV RNA than CHC patients (Figure 2E;
3.20 ± 1.07 log10 IU/mL vs 5.53 ± 1.46 log10 IU/mL,
P < 0.0001). In addition, within both groups, CXCL10
rs1439490 G/G patients had lower levels of serum and
liver CXCL10 (Figure 2A, OCI: 184.82 ± 39.19 pg/mL
vs 252.10 ± 49.52 pg/mL, P < 0.0001; CHC: 333.91 ±

Serum CXCL10 levels in OCI patients with different
polymorphisms of IL-28B rs12979860

Serum CXCL10 levels in OCI and CHC patients were
compared. As shown in Figure 1, the OCI group ex
hibited significantly lower serum CXCL10 levels than
the CHC group (192.91 ± 46.50 pg/mL vs 354.78 ±
102.91 pg/mL, P < 0.0001), irrespective of IL-28B
rs12979860 C/C or non-C/C (C/T+ T/T). However,
serum CXCL10 levels did not differ significantly be
tween IL-28B rs12979860 polymorphism (OCI: 191.75
± 45.04 pg/mL vs 211.67 ± 68.56 pg/mL, P = 0.311;
CHC: 356.42 ± 106.10 pg/mL vs 347.0 ± 87.50 pg/mL,
P = 0.667) (Figure 1).
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Table 4 IL-28B single nucleotide polymorphism rs12979860 and CXCL10 single nucleotide polymorphism G-201A, C-1513T in
occult hepatitis C virus infection and chronic hepatitis C virus infection patients n (%)
Seronegative OCI patients (n =103)

Seropositive CHC patients (n =155)

P value

97 (94.2%)
6 (5.8%)

128 (82.6%)
27 (17.4%)

0.009

93 (90.4%)
9 (8.7%)
1 (0.9%)

116 (74.8%)
35 (22.6%)
4 (2.6%)

0.003

26 (25.2%)
54 (52.4%)
23 (22.4%)

40 (25.8%)
78 (50.3%)
37 (23.9%)

0.733

IL-28BSNP rs12979860
C/C
Non-C/C
CXCL10 SNP rs1439490 (G-201A)
G/G
G/A
A/A
CXCL10 SNP rs1440802 (C-1513T)
C/C
C/T
T/T

P value: OCI group compared with CHC group; P < 0.05; IL-28BSNP rs12979860 non-C/C genotype included IL-28BSNP rs12979860 C/T + T/T genotypes.
OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

600

b
a

Serum CXCL10 (pg/mL)

a
400

200

0

CC+non-CC
CC
(n = 103) (n = 97)

Non-CC
(n = 6)

OCI

CC+non-CC
CC
(n = 155) (n = 128)

Non-CC
(n = 27)

CHC

Figure 1 Serum CXCL10 levels in occult hepatitis C virus infection patients with different variants of IL-28B rs12979860 (C/C or non-C/C) as compared to
chronic hepatitis C virus infection patients. aP < 0.0001; bP = 0.001. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

Efficacy of antiviral treatment in OCI patients with
different CXCL10 G-201A variants

101.01 pg/mL vs 421.24 ± 94.19 pg/mL, P < 0.0001;
Figure 2B, OCI: 1.16 ± 0.25 vs 1.42 ± 0.29, P = 0.003;
CHC: 2.10 ± 0.61 vs 2.65 ± 0.60, P < 0.0001; Figure
2C and D, OCI: 0.91 ± 0.33 vs 1.20 ± 0.34, P = 0.009;
CHC: 2.07 ± 0.51 vs 2.45 ± 0.47, P < 0.0001), except
for intrahepatic HCV RNA (Figure 2E; OCI: 3.25 ± 1.09
log10 IU/mL vs 2.76 ± 0.66 log10 IU/mL, P = 0.163;
CHC: 5.47 ± 1.42 log10 IU/mL vs 5.71 ± 1.58 log10 IU/
mL, P = 0.422).

A total of 73 OCI patients and 90 CHC patients
completed more than 80% of the planned antiviral drug
doses. After 12 wk of treatment, ALT normalization
occurred in 95.9% of OCI and 82.2% of CHC patients (P
< 0.05; data not shown). In G-201A G/G OCI patients
with lower baseline serum CXCL10, serum CXCL10
levels decreased to 60.90 ± 16.78 pg/mL and 57.2 5 ±
19.51 pg/mL at the endpoint of antiviral treatment and
at 24 wk follow up, respectively. In G-201A G/G CHC
patients, serum CXCL10 levels decreased to 89.77 ±
35.94 pg/mL and 73.33 ± 22.64 pg/mL at these time
points - approximately 1.4-fold higher than in OCI
patients (Figure 4).
Eight OCI patients who completed the course of
treatment had a second liver biopsy. All these CXCL10
G-201A G/G patients had undetectable intrahepatic
HCV RNA. CXCL10 mRNA, necroinflammation activity
and fibrosis scores also decreased (Table 6). In contrast,
of the 5 CHC patients who finished ≥ 80% of planned
doses and achieved SVR, 2 patients (1 G/G and 1
non-G/G) remained intrahepatic HCV RNA detectable

METAVIR scores in OCI patients with different variants
of CXCL10 G-201A
In IL-28B rs12979860 C/C patients, those with OCI
had lower hepatic necroinflammation scores than
CHC patients, as evaluated by the METAVIR scoring
system (P < 0.0001). However, METAVIR scored liver
fibrosis stages did not differ significantly (P = 0.67).
Necroinflammation activity (OCI: 1.05 ± 0.21 vs 1.80 ±
0.42, P < 0.0001; CHC: 1.60 ± 0.64 vs 2.09 ± 0.72, P
< 0.0001) and fibrosis stage (OCI: 1.72 ± 0.99 vs 2.40
± 0.69, P = 0.04; CHC: 1.64 ± 1.03 vs 2.58 ± 1.03, P
< 0.0001) scores were both lower in CXCL10 G-201A
G/G than in non-G/G SNP patients (Figure 3).
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Table 5 CXCL10 single nucleotide polymorphism G-201A in occult hepatitis C virus infection and chronic hepatitis C virus
infection patients with IL-28B rs12979860 C/C n (%)
Seronegative OCI patients (n = 97)

Seropositive CHC patients (n = 128)

P value

OR (95%CI)

87 (89.7)
10 (10.3)

95 (74.2)
33(25.8)

0.005

0.331
(0.154-0.711)

G/G
Non-G/G (G/A + A/A)

P value: OCI group compared with CHC group; P < 0.05; OR: odds ratio; 95%CI: 95% confidence interval; CXCL10 rs1439490 non-G/G genotype included
CXCL10 rs1439490 G/A + A/A genotypes. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

B

A

4

a

a

200

0

Non-GG
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(n = 95)

OCI
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Non-GG
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a

a

3

CXCL10 +
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(n = 97) (n = 87) (n = 10) (n = 128) (n = 95) (n = 33)

CHC
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a

3

0

Non-GG
(n = 33)

a
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CXCL10 +++
Score:2.8
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1

0
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Non-GG

(n = 97) (n = 87) (n = 10) (n = 128) (n = 95) (n = 33)

Liver HCV RNA (log10IU/mL)

E
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a

8

CHC

6
4
2
0

GG+non-GG
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Non-GG GG+non-GG
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Non-GG

(n = 97) (n = 87) (n = 10) (n = 128) (n = 95) (n = 33)
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Figure 2 Comparison of serum CXCL10 levels (A), liver CXCL10 mRNA levels (B), representative (C) and grouped (D) liver CXCL10 IHC scoring, and liver
hepatitis C virus RNA levels (E) among IL-28B rs12979860 C/C patients with different CXCL10 rs1439490 polymorphisms. aP < 0.0001; bP = 0.003; cP = 0.009.
OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

Logistic regression analysis of factors associated with
OCI

and only 3 patients achieved intrahepatic HCV RNA
conversion to negative (2 patients with G-201A G/G and
1 patient with non-G/G). Nevertheless, CXCL10 mRNA,
necroinflammation activity, and fibrosis scores in liver
tissue all decreased after antiviral treatment (Table 7).
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As shown in Table 8, age, blood transfusion, family
history of HCV infection, low levels of intrahepatic
HCV RNA, IL-28B rs12979860 C/C genotype, and
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Table 6 Intrahepatic hepatitis C virus RNA, CXCL10 mRNA, and METAVIR scores of 8 seronegative occult hepatitis C virus
infection patients who underwent a second liver biopsy
Patient ID

1
2
3
4
5
6
7
8

CXCL10
Intrahepatic HCV RNA (log10 Relative liver CXCL10 mRNA
G-201A SNP
IU/mL)
Before
2.17
3.57
2.72
5.08
2.83
1.97
4.64
2.94

G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G

After
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)

Before
1.20
0.95
0.74
1.31
1.42
1.06
1.03
1.26

METAVIR
necroinflammation score

After
0.80
0.90
0.63
0.94
0.64
0.83
0.70
0.71

Before
1
1
1
1
1
2
2
1

METAVIR
fibrosis scores

After
0
0
1
0
0
1
0
1

Before
0
1
1
1
0
1
2
3

After
0
1
1
0
0
1
1
1

SNP: Single nucleotide polymorphism; HCV: Hepatitis C virus.

A

a
a

METAVIR-necroinflammation
activity score (%)

100

a

4.6%
(n = 4)

80

60

40

95.4%
(n = 83)

80%
(n = 8)

60

23.1%
(n = 20)

40

0

42.5%
(n = 37)
6.9%
(n = 6)
OCI G/G (n = 87)

A1

21.2%
(n = 7)
a

80

20

A2

48.4%
(n = 46)

20%
(n = 2)

1.1%
(n = 1)
26.4%
(n = 23)

100

A3

48.5%
(n = 16)

b

B

30.3%
(n = 10)

43.2%
(n = 41)

20

0

METAVIR-fibrosis stages score (%)

8.4%
(n = 8)

8.4%
(n = 8)

10%
(n = 1)

25.3%
(n = 24)

40%
(n = 4)

15.8%
(n = 15)

30%
(n = 3)

46.3%
(n = 44)

20%
(n = 2)

OCI non-G/G (n = 10)

4.2%
(n = 4)

12.1%
(n = 4)

45.5%
(n = 15)

F4

F3

F2
21.2%
(n = 7)
18.2%
(n = 6)
3%
(n = 1)

F1

F0

CHC G/G (n = 95) CHC non-G/G (n = 33)

Figure 3 METAVIR necroinflammation activity (A) and fibrosis stage scores of patients with IL-28B rs12979860 CC genotype (B). aP < 0.0001; bP = 0.04. OCI:
Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

CXCL10 G-201A G/G genotype all influenced OCI
occurrence (all P < 0.05). Furthermore, multivariate
analysis showed that CXCL10 G-201A G/G genotype
(OR = 0.31, 95%CI: 0.15-0.66; P = 0.002) and IL28B rs12979860 C/C genotype (OR = 0.28, 95%CI:
0.11-0.71; P = 0.008) significantly influenced occult
occurrence in patients with HCV infection.
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DISCUSSION
CXC chemokine ligand (CXCL-10), also known as
IFN-gamma inducible protein (IP-10), is a small
and potent cytokine belonging to the C-X-C motif
chemokine family. CXCL10 was previously considered
an IFN-stimulated gene; however, CXCL10 induction
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Table 7 Intrahepatic hepatitis C virus RNA, CXCL10 mRNA, and METAVIR scores of 5 seropositive chronic hepatitis C virus
infection patients who underwent a second liver biopsy
Patient ID

1
2
3
4
5

CXCL10
Intrahepatic HCV RNA (log10 Relative Liver CXCL10 mRNA
G-201A SNP
IU/mL)
Before
After
Before
After
G/G
6.18
(-)
1.93
0.93
G/G
3.9
(-)
1.80
0.90
G/A
7.74
1.94
2.78
1.30
G/A
7.38
(-)
2.39
1.24
G/G
5.51
1.38
1.31
1.12

METAVIR
necroinflammation score
Before
After
1
0
2
1
2
1
2
1
1
1

METAVIR
fibrosis scores
Before
After
2
1
1
1
3
2
2
2
2
1

SNP: Single nucleotide polymorphism; HCV: Hepatitis C virus.

Table 8 Logistic regression analysis of factors associated with seronegative occult occurrence of hepatitis C virus
Variable
Age
Blood transfusion
Family history of HCV
Intrahepatic HCV RNA level
IL-28B C/C
CXCL10 G-201A G/G

OR
1.15
0.39
3.66
0.30
0.29
0.32

Univariate analysis
95%CI
1.11-1.19
0.17-0.92
1.85-7.25
0.23-0.39
0.12-0.74
0.15-0.68

P value

OR

Multivariate analysis
95%CI

P value

< 0.001
0.031
< 0.001
< 0.001
0.009
0.003

0.28
0.31

0.11-0.71
0.15-0.66

0.008
0.002

P < 0.05; OR: Odds ratio

in hepatocytes during acute HCV infection does not
require IFNs. Infected hepatocytes and intrahepatic
infiltrated lymphocytes secrete CXCL10 within the first
[26]
days of HCV infection . HCV-associated pathogenassociated molecular patterns (PAMPs) have recently
been reported to be capable of directly activating the
[26,27]
cellular innate immune pathways
. HCV RNAs
or intermediates during viral replication can directly
activate toll-like receptor 3 (TLR3) and retinoic acidinducible gene-I (RIG-I), and induce the activation
of nuclear factor-kappa B (NF-κB) via a myeloid
differential protein-88-independent pathway (MyD88independent pathway). NF-κB was found to positively
regulate CXCL10 transcription during HCV infection as
well as following exposure to poly(I·C) (a TLR3 agonist)
and 5′ poly(U) HCV RNA (a RIG-I agonist) from two
[26]
viral genotypes . In addition, the transiently nuclear
translocated interferon regulatory factor 3 (IRF3) was
recruited to the proximal interferon sensitive response
element (ISRE) during HCV infection and activated
the CXCL10 promoter independently of type Ⅰ/Ⅲ IFN
signaling. In vitro experiments also demonstrated
that during early HCV infection, Huh7-derived cells
expressing both TLR3 and RIG-I produced maximal
CXCL10 mRNA with negligible induction of type Ⅰ or Ⅲ
IFN, and neutralization of type Ⅰ and type Ⅲ IFN did
[26,27]
not affect CXCL10 induction
.
The engagement of CXCL10 with C-X-C motif
chemokine receptor 3 (CXCR3) expressed on the
surface of CD4+ Th1 cells, natural killer (NK) cells,
and CD8+ cytotoxic T cells induces the activation and
[27,28]
migration of these cells to inflammatory sites
.
Within the liver, the activated CD4+Th1 cells produce
more IFN-γ and tumor necrosis factor alpha (TNF-α),

WJG|www.wjgnet.com

which in turn stimulate further secretion of CXCL10
from liver cells. Thus, the CXCL10-CXCR3 axis creates
an amplification feedback loop (second paracrine
signaling pathway) and maintains a sustained adaptive
immune response, which plays an important role in
viral suppression during acute HCV infection. However,
this autoimmune process is not able to eliminate the
virus in approximately 70% of patients and the virus
[29]
persists for decades . Instead, the CXCL10-CXCR3
signaling cytokines and cytotoxic factors released from
CD4+ Th1 cells contribute to chronic liver inflammation
and is termed the CXCL10-mediated non-specific
immune response.
[19]
This study and that by Bartolomé et al
revealed
that serum CXCL10 levels in OCI patients were lower
than in CHC patients, suggesting an underlying role of
CXCL10 in the lower levels of HCV replication in OCI
patients and the chronic immune response. IL-28B
polymorphisms may affect the endogenous IFN-λ level,
and thus are associated with low viral replication. We
observed a higher prevalence of IL-28B rs12979860
C/C in OCI than in CHC patients, which is consistent
[19]
with Bartolomé’s report . This phenomenon could
partially explain the suppression of HCV replication in
OCI patients; however, low expression of CXCL10 in
the context of IL-28B C/C genotype-associated high
endogenous IFN expression remains to be understood.
[20]
Deng et al
recently reported that two CXCL10
SNPs, G-201A and C-1513T, were overrepresented
in Chinese populations from Beijing and Chongqing
with chronic HBV infection. G-201A locates within
the CXCL10 promoter region and is proximal to the
NF-κB1/2 binding sites. G-201A SNP was associated
with the expression of CXCL10 in PBMC and chronic
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Figure 4 Effect of antiviral therapy on serum CXCL10 levels of IL-28 rs12979860 C/C patients with different CXCL10 G-201A single nucleotide
polymorphisms. A: The baseline serum CXCL10 levels of IL-28 rs12979860 C/C patients who completed the Peg-IFNα plus ribavirin treatment; B-C: The serum
CXCL10 levels of the patients at the endpoint of antiviral treatment (B) and at 24 wk follow up (C); aP < 0.0001; bP = 0.038; cP = 0.008; dP = 0.008; eP = 0.009. OCI:
Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.
[20]

HBV disease progression . This study inspired us
to investigate whether these CXCL10 SNPs were
associated with OCI. The general population in
the Northeast area of China (Jilin and Heilongjiang
Provinces) recruited in our study had a similar allele
frequency of CXCL10 G-201A and C-1513T to the
general population in Deng’s study (data not shown).
However, G-201A G/G genotype, but not C-1513T,
was more prevalent in OCI patients. OCI patients
with G-201A G/G had not only lower levels of serum
CXCL10, but also lower levels of liver mRNA and
CXCL10 protein. OCI patients also exhibited less
severe liver METAVIR necroinflammation activity and
fibrosis. We hypothesize that CXCL10 G-201A may
influence the secretion of CXCL10, and subsequently
the binding of CXCL10 to CXCR3 on the surface of
Th1 cells. As such, the CXCL10-CXCR3 axis-mediated
adaptive immune response is compromised. This
concession would affect spontaneous clearance of
the virus, but may also cause less liver damage.
These extremely low levels of HCV replication are not
sufficient to elicit anti-HCV antibodies. However, longterm HCV replication still promotes liver disease.
With respect to antiviral treatment, the co
mprehensive antiviral efficacy was better in OCI patients
than in CHC patients, with CXCL10 G-201A G/G OCI
patients even better than non-G/G OCI patients. ALT

WJG|www.wjgnet.com

normalization rate increased along with the decrease
in serum CXCL10 level. Due to the requirement for
intrahepatic biopsy, only 8 OCI patients and 5 CHC
patients who finished antiviral treatment consented
to receive a second liver biopsy after treatment.
Nevertheless, the results showed a decreased
tendency of METAVIR liver necroinflammation activity
and fibrosis scores along with the decrease in liver
CXCL10 mRNA and protein levels. All 8 OCI patients
achieved conversion to liver HCV RNA negative and
5 CHC patients achieved seroconversion to HCV RNA
negative with 3 cases of conversion to liver HCV RNA
negative. The relationship between decreased serum
CXCL10 levels in CHC patients and antiviral treatment
efficacy is complicated. It remains to be determined
whether this is due to the suppression of HCV RNA or
direct inhibition of viral replication by CXCL10. High
CXLC10 levels were considered to negatively affect the
antiviral efficacy of IFN-based treatment. However,
CXCL10 levels have also been reported to affect nonIFN therapy for HCV infection, and are implicated as
a surrogate marker of intracellular viral replication
[30,31]
complex decay
.
In summary, our study revealed a higher prevalence
of CXCL10 G-201A (rs1439490) G/G in OCI patients
than in CHC patients. OCI patients with G-201A G/G
achieved better antiviral efficacy with Peg-IFN plus RBV.
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with CHC, and may be an independent prognostic factor for IFN-based antiviral
treatment.

CXCL10 G-201A G/G is associated with a seronegative
occult response to HCV infection, and may be an
independent prognostic factor for IFN-based antiviral
treatment. Our results suggest the potential clinical
significance of CXCL10 G-201A genotyping in identifying
OCI during chronic HCV infection. In addition, clarifying
the correlation between CXCL0 rs1439490 and liver
necroinflammation or fibrosis stage may also guide IFNbased antiviral treatment of CHC patients. However,
given the current availability of direct acting antiviral
agents, the relationship between CXCL10 G-201A G/G
and IFN-free anti-HCV regimens requires further study.

Research perspectives

More paired liver biopsies before and after antiviral treatment are anticipated
to examine the correlation of CXCL10 change with clinical outcomes of OCI.
In addition, given the current availability of direct acting antiviral agents, the
relationship between CXCL10 G-201A G/G and IFN-free anti-HCV regimens
requires further study.
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Abstract
AIM
To perform a systematic review and meta-analysis on
donor-to-recipient gender mismatch as a risk factor for
post-transplant graft loss.
METHODS
A systematic literature search was performed using
PubMed, Cochrane Library database and EMBASE. The
primary outcome was graft loss after liver transplan
tation. Odds ratios and 95% confidence intervals were
calculated to compare the pooled data between groups
with different donor-to-recipient gender matches. Three
analyses were done considering (1) gender mismatches
(F-M and M-F) vs matches (M-M and F-F); (2) Femaleto-Male mismatch vs other matches; and (3) Male-toFemale mismatch vs other matches.
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RESULTS
A total of 7 articles were analysed. Gender mismatch
(M-F and F-M) was associated with a significant in
crease of graft loss respect to match (M-M and F-F)
(OR: 1.30; 95%CI: 1.13-1.50; P < 0.001). When F-M
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donor-recipient gender mismatch truly impacts on
survival rates.
The main aim of the present study is to report a
systematic review of the literature and a meta-analysis
focused on investigating the role of donor-to-recipient
gender match in the setting of liver transplantation as
a potential predictor of graft loss.

mismatch was specifically investigated, it confirmed its
detrimental role in terms of graft survival (OR: 1.83;
95%CI: 1.20-2.80; P = 0.005). M-F mismatch failed to
present a significant role (OR: 1.09; 95%CI: 0.73-1.62;
P = 0.68).
CONCLUSION
Gender mismatch is a risk factor for poor graft survival
after liver transplantation. Female-to-male mismatch
represents the worst combination. More studies are
needed with the intent to better clarify the reasons for
these results.

MATERIALS AND METHODS
Search strategy

A systematic search was done in relation to relevant
studies focusing on the role of gender match in organ
donation for LT. The search strategy was done in
accordance with the Preferred Reporting Items for
Systemic Reviews and Meta-Analysis (PRISMA) guide
[8]
lines, as well as PRISMA for abstracts . A search of
the electronic databases MEDLINE-PubMed, Cochrane
Library and EMBASE was conducted using the following
research terms: (gender[tw] OR sex[tw]) AND (dis
cordance[tw] OR mismatch[tw] OR match[tw]) AND
(liver transplant*[tw]).
Text word [tw] was preferred respect to MeSH words
with the intent to identify In Process citations. Studies
published before March 15, 2018, were taken into
consideration.

Key words: Graft survival; Female-to-male mismatch;
Liver transplantation; Donor-to-recipient match; Gender
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Limited data exist on the role of donor-torecipient gender mismatch after liver transplantation.
This is the first systematic review and meta-analysis
specifically investigating the role of gender match in the
setting of liver transplant. Female-to-male mismatch
was a risk factor for graft loss, with a 83-fold increased
risk.
Lai Q, Giovanardi F, Melandro F, Larghi Laureiro Z, Merli M,
Lattanzi B, Hassan R, Rossi M, Mennini G. Donor-to-recipient
gender match in liver transplantation: A systematic review and
meta-analysis. World J Gastroenterol 2018; 24(20): 2203-2210
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i20/2203.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i20.2203

Screening process

The present qualitative systematic review included a
priori search criteria of journal articles among adult (age
≥ 18 years) human patients. Studies were limited to
the English language.
Exclusion criteria were: (1) Papers lacking sufficient
statistical details; (2) review articles; (3) nonclinical
studies; (4) expert opinions; (5) letters; (6) conference
summaries; and (7) case reports.

INTRODUCTION

Study selection

Liver transplantation (LT) represents the gold-standard
therapy for the treatment of more than fifty liver
disorders, consenting to obtain excellent results in terms
[1]
of survival rates even in case of dreadful pathologies .
However, LT represents a scarce resource. As a con
sequence, a careful matching between donor and re
cipient should be done, with the main intent to optimize
[2]
the results in terms of post-LT survivals . Gender match
seems to represent one of the aspects influencing
outcomes after LT, although this association is largely
controversial. Monocentric studies showed a correlation
between donor gender and graft loss, mainly in case
[3,4]
of female donor-to-male recipient (F-M) mismatch .
On the opposite, a large international study based on
[5]
16410 LT subjects did not find any correlation .
Recently, several scores aimed at identifying the
quality of donors have been developed, with the main
intent to optimize the donor-to-recipient matching and
[6,7]
to predict post-transplant outcomes . However, no
one of them showed donor gender as a risk factor for
poor graft survival, thus raising the question of whether

WJG|www.wjgnet.com

Two reviewers (QL and FG) independently screened
the identified studies and their extracted data. In case
of disagreement, the paper was discussed by all the
authors.

Quality assessment

Selected studies were reviewed based on the repre
sentativeness of the study population, comparability of
cohorts, adequate assessment of outcomes, sufficient
length of follow-up, adequacy of follow-up, and source
of study funding. The quality of the papers was assessed
using the Newcastle-Ottawa Quality Assessment Scale
(NOS): Studies with scores > 6 were defined as high[9]
quality studies .
NOS details of each selected study were reported
in Table 1. The characteristics coming from each
study were collected in Table 2. The following features
were collected: Author, year of publication, number of
transplanted cases, investigated follow-up period of
the study, number of cases for each donor-to-recipient
gender combination (M-M, F-F, M-F, and F-M), graft
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Table 1 Quality of studies evaluated by the modified Newcastle-Ottawa scale
Ref
Case
definition
Kahn et al[17]
Marino et al[18]
Grande et al[19]
Berrevoet et al[20]
Brooks et al[21]
Croome et al[22]
Grat et al[23]

Selection
Comparability
Outcome
Representativeness Selection of Definition of Comparable Comparable Assessment
Integrity of
controls
controls
for therapy for etiology of outcomes
follow-up

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Quality score

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Table 2 Demographic and clinical aspects of the selected studies
Ref.

Year

Kahn et al[17]
Marino et al[18]
Grande et al[19]
Berrevoet[20]
Brooks et al[21]
Croome et al[22]
Grat et al[23]

1993
1995
1997
1997
1997
2013
2015

n
883
462
423
105
994
1042
76

FU
(mo)

M-M

Number for group
F-F

M-F

F-M

M-M

Graft survival (%)
F-F

M-F

F-M

M-M

Patient survival (%)
F-F

M-F

F-M

2
24
60
6
24
120
120

350
201
189
40
392
412
-

121
71
64
12
219
217
29

312
92
69
32
247
249
47

50
98
101
21
126
164
-

72
72
52
65
74
75
-

64
64
64
67
76
65
75

72
78
59
66
76
76
73

40
55
71
71
56
59
-

85
77
NA
78
NA
NA
NA

83
82
NA
100
NA
NA
NA

83
82
NA
81
NA
NA
NA

62
66
NA
86
NA
NA
NA

FU: Follow-up; M: Male; F: Female; NA: Not available.

survival for each group reported at the last follow-up
and patient survival for each group reported at the last
follow-up.

screening. According to the title and the abstract, 54
articles were removed. Of the remaining 22 papers, 15
were not considered eligible after full-text evaluation.
Unfortunately, in 9 articles specifically investigating the
role of gender matching in LT, not enough statistical
information was available, thus determining their re
[4-5,10-16]
moval from further analyses
.
Eventually, 7 articles were identified, with a total of
[17-23]
3935 investigated cases (Table 2)
.
As for the quality of the reported studies, all the
investigated articles were retrospective cohort studies
all presenting the excellent NOS value of eight, thus
reporting the overall high quality of the studies focused
on this topic (Table 1).
Three studies were from European countries, three
others were from the United States and one from
Canada. Five of the reported studies were published
before the year 2000. The number of reported cases
ranged from 76 to 1042 subjects. Six studies reported
all the possible combinations of gender match, while
[24-26]
one study only reported M-F and F-F subjects
.
Only looking at the six studies reporting all the possible
combinations, M-M cases ranged from 38% to 45%
of cases, F-F from 11% to 21%, M-F from 16% to
37% and F-M from 6% to 24%. Globally, M-M cases
were 1584, F-F subjects were 743, M-F 1048 and F-M
560. Gender-matched cases (M-M and F-F) were 2327
(59%), whilst mismatched cases (M-F and F-M) were
1608 (41%).
Graft survival was reported in all the studies, al
though variable follow-up periods were used across the
analysed series. In detail, M-M patients reported a graft
survival ranging 52%-75%, F-F subjects 64%-75%, M-F

Statistical analysis

Follow up period strongly varied from 2 to 120 mo
in the investigated studies: graft survival rates were
estimated at their last available value. Summary
measures were extracted from each study and used
2
to generate a pooled odds ratio (OR). Higgins I
2
statistic was used to assess heterogeneity. Higgins I
statistic values of 0-25%, 25%-50%, and > 50% were
considered as indicative of homogeneity, moderate
heterogeneity, and high heterogeneity, respectively.
2
When Higgins I statistic value was < 25%, a fixed2
effects model was used. Conversely, if Higgins I
statistic value overpassed this threshold, a randomeffects model was adopted. OR was considered
statistically significant when the P value < 0.05; OR
and 95%CI > 1 revealed a higher risk of graft loss,
whereas a result < 1 had the opposite meaning. The
analysis was performed using OpenMEE software
(http://www.cebm.brown.edu/openmee/index.html).

RESULTS
The selection process of the articles is explained in
Figure 1.
As for the selection process according to the PRISMA
guidelines, the various examined databases provided
a total of 137 articles to screen. Four more articles
were added after manual research. After removal
of 65 duplicates, 76 articles were available for the
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Records identified through database
searching (n = 137)

Additional records identified
through references (n = 4)

Duplicates removed (n = 65)
Records after duplicates removed
(n = 76)

Records excluded based on
title (n = 20)

Records screened (n = 56)

Eligibility

Full-text articles assessed for
eligibility (n = 22)

Included

Records excluded based on
abstract (n = 34)

Studies included in qualitative
synthesis (n = 7)

Full-text articles excluded, with reasons
(n = 15);
Non-human study (n =0)
Review article (n = 4)
Human experimental study (n = 0)
Letter or to the Editor (n = 1)
Not English language (n = 1)
Study not reporting detailed data (n = 9)

Figure 1 PRISMA flowchart of the literature search and study selection.

cases 59%-78% and F-M individuals 40%-71%.
Three different meta-analyses were performed. First,
a fixed-effects model was realized comparing matched
(M-M and F-F) and mismatched (F-M and M-F) cases.
We observed a higher risk for graft loss in mismatched
cases (OR: 1.13; 95%CI: 1.30-1.50; P < 0.001) (Figure
2
2A). Higgins I statistic presented a value = 2.2% (P
= 0.41), showing homogeneity among the examined
studies; funnel plot also did not show publication biases
(Figure 3A).
Then, starting from this evidence, two separated
random-effects models were done investigating the
specific role of F-M and M-F mismatches, respectively.
When F-M mismatch was compared with the other
three combinations, we reported a higher risk for graft
loss in mismatched cases (OR: 1.83; 95%CI: 1.20-2.80;
P = 0.005) (Figure 2B).
2
Higgins I statistic presented a value = 75.8% (P
< 0.001), showing a great heterogeneity among the
examined studies; funnel plot showed the presence of
publication biases (Figure 3B).
Lastly, when M-F mismatch was compared with
the other three combinations, we did not report any
increased risk for graft loss in mismatched cases (OR:
1.09; 95%CI: 0.73-1.62; P = 0.68) (Figure 2C). Higgins
2
I statistic presented a value = 80.5% (P < 0.001),
showing a great heterogeneity among the examined
studies; funnel plot showed the presence of publication
biases (Figure 3B).

not related to any negative course. These results may
be connected with several possible explanations. For
example, different donor female and male hormones
[11]
should play a role in this phenomenon . Some studies
showed that a connection exists between estrogens
and protection to ischemic injury: in other terms, when
a female liver is removed from its homeostasis, the
[24]
ischemic damage is major respect to a male one .
Estrogens also participate in favoring cholangiocyte
proliferation and, consequently, the post-ischemic biliary
[25]
repair .
Another possible explanation should be related
to the differences in size among human females and
males. Given that women are statistically smaller than
men, and thus, by extension, have smaller livers, we
should also postulate that an F-M mismatch may be
connected with a greater risk for initial poor graft due
to a small-for-size syndrome, a higher rate of complex
vascular and biliary reconstruction due to the size
discrepancy and, ultimately, longer warm ischemia
[26]
times during the transplant . Similar considerations
should be done when other surrogates of size match
have been investigated: for example, the American
Donor Risk Index failed to demonstrate an effect of
gender as a risk factor for graft failure, but the variable
“height” was present, clearly demonstrating that a
discrepancy in terms of donor-to-recipient size is an
[6]
important risk factor .
It is interesting to note that the evidence that F-M
mismatch is related to poor results has been reported
in several experiences worldwide. A study from Japan
showed that F-M mismatch related to a greater risk
for patient death in a specific living-donor LT setting
[14]
(OR: 2.10; 95%CI: 1.24-3.57; P = 0.006) . A study
from Germany based on 2144 LT cases showed that 1-,

DISCUSSION
The results reported in the present meta-analysis sug
gest a detrimental role of the F-M mismatch in terms of
graft survival. On the opposite, the M-F mismatch was
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Figure 2 Forest plot result. A: Forest plot of odds ratios and 95% confidence intervals for the association between any donor-to-recipient mismatch (F-M and
M-F) and graft survival in patients undergoing liver transplantation. Weights are from binary fixed-effect analysis; B: Forest plot of odds ratios and 95% confidence
intervals for the association between donor-to-recipient F-M mismatch and graft survival in patients undergoing liver transplantation. Weights are from binary randomeffect analysis; C: Forest plot of odds ratios and 95% confidence intervals for the association between donor-to-recipient M-F mismatch and graft survival in patients
undergoing liver transplantation. Weights are from binary random-effect analysis.

poor post-LT course, like age (median: 47 years vs 39
years), height (165 cm vs 178 cm), and cerebrovascular
accident as cause of death (59% vs 35%) (P < 0.001):
F-M mismatch was associated with a 17% increased
risk of graft loss respect to an M-M match (95%CI:
1.11-1.24; P < 0.001), whereas M-F mismatch was not
[12]
(HR = 1.02; 95%CI: 0.96-1.09; P = 0.46) . These
results are absolutely in line with the results observed
in the present meta-analysis. However, when F-M
mismatch was adjusted for significant recipient- and
donor-related risk factors, its association with graft
loss disappeared (HR = 0.95; 95%CI: 0.89-1.02; P =
[12]
0.18) .
The present study presents some shortcomings.

5-, 10- and 15-year graft survival rates progressively
decremented starting from the M-F combination (84%,
76%, 68% and 61%) to the F-F match (83%, 76%,
64% and 56%), the M-M match (85%, 72%, 63% and
53%) and, lastly, the F-M mismatch (80%, 66%, 56%
[15]
and 49%) (P = 0.003) .
However, some caution should be taken into account
in definitively considering F-M mismatch as a risk
factor for graft loss. It is, in fact, important to underline
that several confounders should influence the results
observed in our study. An interesting study from the
United States investigated a large multicentric population
of 28222 LT recipients, showing that female donors were
different respect to male ones for several risk factors of
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Figure 3 Funnel plots of the patients undergoing liver transplantation. A: Funnel plot of the seven studies investigating the association between any donor-torecipient mismatch (F-M and M-F) and graft survival in patients undergoing liver transplantation; B: Funnel plot of the six studies investigating the association between
donor-to-recipient F-M mismatch and graft survival in patients undergoing liver transplantation; C: Funnel plot of the six studies investigating the association between
donor-to-recipient M-F mismatch and graft survival in patients undergoing liver transplantation.
[22,23]

The observed results should suggest the necessity of a
meta-regression for minimizing the effect of potential
confounders (donor age, donor ethnicity, ischemia time
duration, and the presence of donor co-morbidities).
Unfortunately, it was impossible to perform such an
analysis according to the data obtainable from the
selected studies. Funnel plots confirmed the presence
of study biases, further suggesting the idea that some
confounders may participate in altering the results of
the meta-analysis. Another possible shortcoming of the
present study is connected with the great heterogeneity
observed among the studies in terms of the followup period. We can only assume that, although some
studies presented a very short period of observation
[17]
(only 60 d in one case ), such a period was able to
capture a significant number of events: it is, in fact,
clear that the first post-LT months typically represent
the period in which the higher rate of graft loss is
observed. Lastly, some studies were performed in the
early nineties, thus reporting the early results of some
LT centers. However, we should report that the negative
role of F-M mismatch was observed also in more recent

WJG|www.wjgnet.com

studies
.
In summary, female to male donor-recipient mis
match represents a risk factor for graft loss after liver
transplantation, with an 83-fold increased risk of graft
failure. Several mechanisms should be postulated:
Hormones, a major vulnerability to ischemic damages
or size discrepancies have been advanced as possible
explanations. However, some confounders should be
taken into account. As a consequence, further large
studies trying to design well-calibrated studies are
needed, with the intent to definitively clarify the potential
detrimental role of gender mismatch in the setting of
liver transplantation.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Donor-to-recipient gender match has been described as a possible risk factor
for post-liver transplant outcomes, mainly when a female-to-male mismatch is
done. However, no definitive data exist on this aspect, with only some, mainly
monocentric, studies showing somewhat contrasting results. The impact
of a meta-analysis on this aspect should be great, mainly in function of the
opportunity to clarify a capital element of the organ allocation process in the
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setting of liver transplantation.

4

Research motivation

The main aim of the present study is to clarify the role of donor-to-recipient
gender mismatching in the setting of liver transplantation. The problem
connected to this research is that no definitive clarity exists on the possible
risks connected with the use of female donors for transplanting male recipients,
although several studies raised on some concerns about this specific matching.
The possibility to better clarify this aspect is connected with a safer opportunity
to allocate organ during liver transplantation, thus improving the postoperative
outcomes of subjects undergoing this type of transplant.

5
6

Research objectives

7

The main objective of the study was to better clarify the role of donor-torecipient gender mismatch as a possible real risk factor for post-liver transplant
graft and patient survival, or if its negative role was caused by several other
confounding aspects in the allocation process.

Research methods

Three separate meta-analyses were realized after the systematic collection of
all the articles available on English literature focused on the specific argument
of donor-to-recipient gender match. First, a meta-analysis focused on the
comparison between matched and mismatched cases was done. After this,
two separate analyses were done specifically looking at the F-M and M-F
mismatches.

8

Research results

9

According to the observed results, donor-to-recipient gender mismatch
represented a risk factor for post-transplant outcomes, with a 30-fold increased
risk for graft loss. When F-M mismatch was specifically investigated, an 83-fold
increased risk for graft loss was reported, while such a risk was not present
when an M-F mismatch was investigated. Despite the results confirmed the
negative role of an F-M mismatch, open questions remained on its effective
role, mainly in light of the presence of possible confounding factors potentially
justifying these poorer results (i.e., donor and recipient age, recipient disease
severity and cause, donor ethnicity, ischemia time duration, and the presence
of donor co-morbidities).

10

11

12

Research conclusions

Gender mismatch is a risk factor for poor graft survival after liver transplantation.
Female-to-male mismatch represents the worst combination. A particular
caution should be taken into account when this combination is present, thus
improving the elements to consider during the organ allocation process.

13

14

Research perspectives

New studies are needed in this specific setting, with the intent to better clarify
the reasons for the poor graft survivals observed in presence of a donor-torecipient F-M gender mismatch. These studies mainly need to explore the
possible confounders potentially being the cause for the reported results.

15
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Irritable bowel syndrome in children: Current knowledge,
challenges and opportunities
Niranga Manjuri Devanarayana, Shaman Rajindrajith

Abstract

Niranga Manjuri Devanarayana, Department of Physiology,
Faculty of Medicine, University of Kelaniya, Ragama 11010, Sri
Lanka

Irritable bowel syndrome (IBS) is a common and
troublesome disorder in children with an increasing
prevalence noted during the past two decades. It has
a significant effect on the lives of affected children
and their families and poses a significant burden on
healthcare systems. Standard symptom-based criteria
for diagnosis of pediatric IBS have changed several
times during the past two decades and there are some
differences in interpreting symptoms between different
cultures. This has posed a problem when using them to
diagnose IBS in clinical practice. A number of potential
patho-physiological mechanisms have been described,
but so far the exact underlying etiology of IBS is unclear.
A few potential therapeutic modalities have been tested
in children and only a small number of them have
shown some benefit. In addition, most of the described
patho-physiological mechanisms and treatment options
are based on adult studies. These have surfaced
as challenges when dealing with pediatric IBS and
they need to be overcome for effective management
of children with IBS. Recently suggested top-down
and bottom-up models help integrating reported
patho-physiological mechanisms and will provide an
opportunity for better understanding of the diseases
process. Treatment trials targeting single treatment
modalities are unlikely to have clinically meaningful
therapeutic effects on IBS with multiple integrating
patho-physiologies. Trials focusing on multiple combined
pharmacological and non-pharmacological therapies are
likely to yield more benefit. In addition to treatment,
in the future, attention should be paid for possible
prevention strategies for IBS.
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conduct effective clinical trials for IBS. In addition, the
therapeutic options of managing IBS is not all that well
[24]
researched in children . With all the research and
clinical interest on non-communicable diseases including
IBS around the globe, and emerging novel investigation
techniques, there are more opportunities to understand
the likely patho-physiology of childhood IBS, develop
more therapeutic modalities to support children and
moreover, to develop potential preventive methods.
In this review, we have attempted to highlight
the main challenges concerning the diagnosis, pathophysiology and management of childhood IBS while
summarizing the current knowledge on epidemiology,
risk factors, patho-physiology, diagnosis and mana
gement. Furthermore, we have also outlined a road
map for possible directions for future research which
would of benefit to children with IBS.

Core tip: Even though irritable bowel syndrome (IBS)
is a common worldwide pediatric problem, little is
known of its exact patho-physiology and management.
Therefore, a large number of children are suffering
from its intestinal and extra-intestinal symptoms. Novel
research using new advanced technologies based on
proposed top-down and bottom-up models of pathophysiology and treatment trials focusing on multiple
combined interventions are likely to be more beneficial
in understating and treating pediatric IBS. In addition,
the time has come to explore possible prevention
strategies for this problem.
Devanarayana NM, Rajindrajith S. Irritable bowel syndrome in
children: Current knowledge, challenges and opportunities. World
J Gastroenterol 2018; 24(21): 2211-2235 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i21/2211.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i21.2211

Definition of IBS
IBS is a symptom based diagnosis. Therefore, defining
the exact symptom based diagnostic criteria for childhood
IBS has always been a major challenge.

Introduction
Irritable bowel syndrome (IBS) is a common pediatric
[1-10]
functional gastrointestinal disorder (FGID)
with
severe disabling upper and lower gastrointestinal
[11]
[1,11]
symptoms and extra-intestinal symptoms
. It has a
[2,11,12]
[11-13]
significant impact on daily activities
, education
[9,10,13,14]
and health related quality of life
of affected
children. The healthcare consultation rate is high in
[1,9,15]
affected children
and it leads to a significant annual
[15-17]
healthcare cost
.
Unlike many other gastrointestinal disorders,
IBS and other FGIDs have major challenges in
terms of diagnosis, underlying patho-physiology and
management. In the absence of detectable biomarkers,
[18]
IBS is a purely symptom based diagnosis . However,
the accepted diagnostic criteria for IBS have changed
[18-20]
several times in the past
and are quite likely to
change in the future. Keeping up with these changes is
a major test for both clinicians and researchers dealing
with IBS and in the past numerous disagreements have
been reported even among medical professionals in
[21,22]
terms of interpreting them
. Numerous mechanisms
have been suggested as possible underlying causes
[23]
for symptoms of IBS . During the past decade the
number of research on pediatric neuro-gastroenterology
have increased at a global level and more and more
studies have been conducted using non-invasive,
sophisticated, cutting edge technologies to understand
motility of the digestive tract, intestinal microbiota,
underlying genetic and epigenetic mechanisms, gas
trointestinal signaling molecules and different areas of
[23]
the brain in relation to stimuli from the gut . However,
up to now these findings have failed to give a clear
holistic picture on the underlying patho-physiology
of IBS. Without a clear and proven understanding
of the patho-physiology, it is not easy to design and

WJG|www.wjgnet.com

Rome IV criteria for IBS

At the beginning, all abdominal pain disorders in
children were classified into one group labelled as
recurrent abdominal pain by John Apley. He defined it
as at least three episodes of abdominal pain, severe
enough to affect their activities over a period longer
[25]
than three months . This definition was accepted
by both clinicians and researchers all over the world
for almost five decades. The formation of the Rome
Foundation paved the way for developing a new
diagnostic classification system for functional abdominal
pain disorders. Introduction of Rome Criteria in 1989
for chronic abdominal pain in adults provided the
opportunity to use the same criteria for the pediatric age
group and it was demonstrated that a large proportion
of children with chronic abdominal pain also fulfilled the
[26]
adult criteria for IBS . Based on these findings, Rome
Ⅱ criteria released in 1999, and subsequently the
Rome Ⅲ criteria released in 2006, included symptom[19,20]
based diagnostic criteria for IBS in children
.
Pediatric Rome criteria gained popularity immediately
after they were released and have been adopted in
[27-30]
subsequent research conducted in IBS
. However,
both Rome Ⅱ and Rome Ⅲ criteria had their own
deficiencies which were often directed to the difficulties
in reporting and interpreting the symptoms between
different cultures, populations, communities and social
[28]
classes. Schurman et al , comparing the child report,
parental report and the physician diagnosis, showed a
diagnostic disagreement between the 3 groups when
they used the Rome Ⅱ criteria. Most of the time the
reasons for the discrepancies in the diagnoses were due
to disagreement on symptoms related to defecation.
The diagnostic agreement (both Rome Ⅱ and Rome Ⅲ)
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Table 1 Rome IV criteria for irritable bowel syndrome in children and subtypes
Diagnostic criteria for irritable bowel syndrome (IBS)[18]
Must include all of the following
Abdominal pain at least 4 d per month associated with one or more of the following:
Related to defecation
A change in frequency of stool
A change in form (appearance) of stool
In children with constipation, the pain does not resolve with resolution of the constipation (children in whom the pain resolves have functional
constipation, not irritable bowel syndrome)
After appropriate evaluation, the symptoms cannot be fully explained by another medical condition
Above criteria needs to be fulfilled for at least 2 mo before diagnosis.
Diagnostic criteria for IBS subtypes[31]
IBS with predominant constipation
More than one-fourth (25%) of bowel movements with Bristol stool form types 1 or 2 and less than one fourth (25%) lf bowel movements with
Bristol stool form types 6 or 7
IBS with predominant diarrhea
More than one-fourth (25%) of bowel movements with Bristol stool form types 6 or 7 and less than one fourth (25%) lf bowel movements with
Bristol stool form types 1 or 2
IBS with mixed bowel habits
More than one-fourth (25%) of bowel movements with Bristol stool form types 1 or 2 and more than one fourth (25%) lf bowel movements with
Bristol stool form types 6 or 7
IBS unclassified
Patients who meet diagnostic criteria for IBS but whose bowel habits cannot be accurately categorized into 1 of the 3 groups above

[32]

was also poor when pediatric gastroenterologists were
[21,22]
compared to gastroenterology fellows
.
The deficiencies mentioned above, the expansion of
knowledge and better understanding of childhood FGIDs
[18]
paved the way for development of Rome Ⅳ criteria ,
released in 2016, after summarizing a decade of research
[18]
on FGIDs . In that venture, the label of abdominal pain
related functional gastrointestinal disorders was replaced
by the term functional abdominal pain disorders (FAPDs).
In addition, the frequency of pain symptoms was
differently worded from once a week for at least 2 mo in
[18]
Rome Ⅲ to at least 4 d per month for at least 2 mo .
However, the 4 main FAPDs; IBS, functional dyspepsia
(FD), abdominal migraine (AM) and functional abdominal
pain not specified (FAP-NS) remain the same. The new
Rome Ⅳ criteria for IBS are summarized in Table 1. Exact
validity of these Rome Ⅳ criteria need to be studied in
the future.

prevalence of 12.4% . Several studies from Greece,
Nigeria, South America and Sri Lanka have recognized
IBS as the most prevalent FGID among children and
adolescents (2.9%, 9.9%, 3.8%-6.4% and 3.6%-7%
[6-9,33-36]
respectively)
. Many other studies have also
[1]
reported a high prevalence of IBS in China (13.25%) ,
[2]
[3]
Nigeria (16%) and Turkey (22.6%) . In contrast
to this, studies from United States have shown lower
[37,38]
prevalence rates of IBS (2.8% and 5.1%)
. A recent
study from the Mediterranean region also reported IBS
[39]
in 4% of children and adolescents . However, it is not
clear whether the differences in reported prevalence
are true differences or are due to the differences in
interpreting Rome criteria between different cultures in
terms of pain characteristics and bowel habits.
Different subgroups of IBS have different bowel
symptoms and because of that, the exact approach
to the management differs between subgroups.
Therefore, recognizing sub-types of IBS is of utmost
importance in effective management of children with
this conditions. Even though IBS sub-groups were only
recently recognized in Rome Ⅳ criteria, in the past some
researchers have used adult criteria to differentiate
between sub-groups of IBS in children. A prospective,
hospital based study from Italy reported IBS-C as the
most prevalent IBS sub-type (45%) followed by IBS
with mixed bowel habit and IBS unspecified (29%),
[12]
and IBS-D (26%) . Some other studies have reported
[3]
IBS-C as the most common IBS sub-type too .
However, two more recent epidemiological from Greece
and Nigeria reported higher prevalence of IBS-M (47.9%
and 53.6% respectively). In these two studies IBS-D
and IBS-C were noted in 16.7%-19% and 27.4%-6.3%
[2,33]
respectively
. In contrast, an Asian study noted an
almost similar prevalence of IBS-C, IBS-D and IBS-M
[11]
(29%-30%) . The changing nature of IBS subtypes

Sub-types of IBS

The sub-categories of IBS in children [IBS with
predominant diarrhea (IBS-D), IBS with predominant
constipation (IBS-C), IBS with mixed bowel habits
(IBS-M) and IBS unclassified (IBS-U)] are included in
Rome Ⅳ for the first time, in parallel with adult criteria
[31]
(Table 1) . Subcategories are very important in the
management of affected children.

Epidemiology of IBS
IBS is often reported as one of the commonest FGIDs
in children. A recent meta-analysis conducted on
epidemiologic studies on abdominal pain from 1957
to 2014, noted IBS in 8.8%, FD and FAP in 4.5% and
3.5% respectively. Another systematic review and
meta- analysis on IBS in Asian children showed a higher

WJG|www.wjgnet.com
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[56]

is well established and in a 1 year of follow up study, a
significant number of children changed their sub-type or
outgrew their symptoms, indicating the instability of the
[12,40]
proposed sub-types
.

controls . In another systematic review, pooled incidence
[57]
of IBS is 10% following acute gastroenteritis . Even
higher incidence of IBS (10%-15%) has been reported
[58]
after bacterial gastroenteritis . The gastrointestinal
infections commonly associated with post-infectious
IBS are Campylobacter species, Escherichia coli and
[54,55]
Salmonella species
. Studies conducted so far have
failed to demonstrate a clear association between viral
[59]
gastroenteritis and IBS .

Predisposing factors for the IBS
Numerous factors have been suggested as possible
predisposing factors for IBS in children. However,
pinpointing exact predisposing factors and avoiding
them is a major challenge in the management of this
condition.

Asthma and atopic disorders

IBS and asthma-related symptoms occur frequently
together and are independently associated with each
[60-65]
other in adults
. Similarly other studies have
reported an increased risk of IBS in children with allergic
[66]
diseases . In contrast, some other studies have failed
[67]
to find an association between asthma and IBS .

Sex

Studies conducted so far have not shown gender as a
clear risk factor for development of IBS. Some studies
[2,11]
have reported a high prevalence of IBS in girls
, while
[41]
others failed to show such a difference . Some studies
have suggested that fluctuations in ovarian hormones
may have an effect on development of symptoms in
[42,43]
IBS
. However, the exact role of sex hormones on
IBS is not yet clear.

Diet

Gastrointestinal disorders such as IBS are commonly
attributed to ingestion of different food items such as
[68,69]
certain carbohydrates and fats
. There is some
evidence that higher intake of spicy food and fried
[1,70]
food increase the risk of IBS
. However, the exact
relationship between IBS and diet is not clear. The exact
role of food allergy in the development of IBS is not
[71]
well researched either . There is some evidence that
[41]
food allergy is also associated with IBS in children .
In contrast some other adult studies failed to demon
[62]
strate such an association . However, a significant
percentage of patients with IBS have a restricted diet
[69,72,73]
with exclusion of certain foods and drinks
.

Age

Many studies have reported higher prevalence of IBS in
children between 8-12 years and decrease in prevalence
[2,4,11,41]
with advancing age
. The decreased rates of
prevalence with age are most likely due to spontaneous
resolution of IBS with time.

Psychological factors

Several psychological factors have been recognized
as risk factors for development of IBS. They include
[11,44,45]
[45]
[1,41]
psychological stress
, excess worry , anxiety
,
[1]
[46]
depression , physical, emotional and sexual abuse
[1,10]
and abnormal personality traits
. Furthermore, the
adult studies have shown that these exposures lead
to persistence of symptoms of FAPDs such as IBS into
[47]
adulthood .

Socioeconomic, family and environmental factors

Few studies have reported an association between
[2]
[74]
socioeconomic status and IBS . Affluent social class
and exposure to cold are reported to be associated with
[1]
this condition .

Patho-physiological mechanisms
for IBS

Early life events

Exact relationship between early life events and
paediatric IBS is not clear. Some studies have reported
high prevalence of FAPDs in patients exposed to gastric
[48]
suction during neonatal period , born to mothers
with gestational diabetes and pregnancy induced
[49]
[49]
hypertension , admitted to a special care baby unit ,
[50]
[51]
having an umbilical hernia , having pyloric stenosis ,
[52]
with Henoch-Schonlein purpura
and with a history
[53]
of cow’s milk allergy . However, further studies are
needed to confirm these associations with IBS.

Out of all the FGIDs, perhaps IBS is the most researched
diseases entity in terms of its patho-physiology. These
studies have reported large number of different and
possible patho-physiological mechanisms. However,
at the moment all these studies have only possibly
touched on the surface of this complicated disease
entity and have failed to demonstrate an exact pathophysiological mechanism/s. The majority of the pathophysiological studies include small samples, sometimes
do not included a control group and the reported mean
differences are too small to provide a statistical power
[75]
to obtain meaningful conclusions . In addition, some
of the studies were conducted in a heterogeneous
group of patients with chronic functional abdominal
pain rather than in specifically in those with IBS and

Gastrointestinal infections

Past history of gastroenteritis is a well-recognized
predisposing factor for development of IBS in children
[2,41,54,55]
and adults
. A meta-analysis has reported a
mean prevalence rate of IBS as 9.8% in individuals with
history of infectious gastroenteritis, while it was 1.2% in

WJG|www.wjgnet.com
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Top-down model

Bottom-up model

Exteroceptive stress
Psychological factors
Early life events
Chronic stress
Adverse life events

Enhanced sensory
perception and processing
Altered symptom related
behaviours
Decreased coping
Psychological disturbances

Autonomic nervous system
HPA axis

Spinal afferents
Sympathetic afferents

Enhance gut sensitivity
(visceral hypersensitivity)
Gastrointestinal dysmotility
Inflammation
Increased gut mucosal
permeability
Mucosal immune activation
Altered gut microbita

Neuroplasticity of ENS
Altered neuroendocrine
siganlling e.g. 5-HT

Interoceptive stress
Gastrointestinal infections
Gut distension
Inflammation
Altered gut microbiota
Dietary factors and food allergy
Gut immune activation
Bile acid malabsorption

Figure 1 Top-down and bottom-up models of patho-physiology of irritable bowel syndrome. ENS: Enteric nervous system; 5-HT: 5-hydroxytryptamin; HPA axis:
Hypothalamo-pituitary-adrenal axis.

Top-down model vs bottom-up model

therefore could not be exactly applied to IBS. Several
controversies exist in the proposed patho-physiology of
[76]
IBS . Strangely, most of the proposed mechanisms do
not correlate with the clinical symptoms.
Two models have been proposed to explain the
[77]
patho-physiology of IBS . First is the “top-down
model” which suggest that the main patho-physiological
changes are initiated in the brain. According to this
model, the primary disease processes in the brain
interact with the peripheral organs through the brain-gut
axis to generate alterations in the gut leading to clinical
[78]
expression of IBS . The proponents of the “bottomup model” which proposes that peripheral factors in the
gut play the a key role and the alteration in cerebral
[79]
functions are secondary to brain-gut interactions .
In both models, a large number of patho-physiological
mechanism have been suggested and interactions
between these mechanisms are believed to result in
the development of IBS in susceptible individuals. Main
suggested patho-physiological mechanisms for IBS are
illustrated in Figure 1 according to the top-down and
bottom-up models.

WJG|www.wjgnet.com

In top-down model, the symptoms of IBS are believed
to be caused by alternations in the central nervous
system initiated by various stressors directed at the
central nervous system (exteroceptive stress) such as
[11,45,46]
[1,41]
[1]
adverse life events
. anxiety
and depression .
It is believed that several neural networks of the
brain interact with each other in an intricate manner
to generate symptoms. Studies conducted in adult
patients with IBS have reported interactions between
central executive network (involving attention, working
memory planning and response selection), salient
network (responding to external and internal stimuli
that reach to the brain), sensory motor network and
autonomic networks (central control of autonomic
[76,78,80]
function)
. These interactions are believed to alter
the activity of the enteric nervous system through the
autonomic nervous system and hypothalamo-pituitaryadrenal axis (HPA axis), causing physiological changes
in the gut including visceral hypersensitivity and
alteration in motility, permeability, secretion, immune
[78,80]
reactions and the microbiome
.
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The bottom-up model suggests that various stressors
directed at the gut can influence central nervous system
and alter the cortical response to the visceral stimuli
[77]
causing symptoms in IBS . Intestinal infections,
mucosal inflammation, gut distension, immune mediated
reactions, food allergy, alterations in gut microbial
flora, increased intestinal permeability and abnormal
responses of the enteric nervous system to gut stimuli
(e.g., alterations in neurotransmitters such as serotonin)
in combination or in isolation trigger symptom generation
in this model. The gut may influence the brain via the
intrinsic primary afferents neurons, whose cell bodies
are located in cranial and dorsal nerve root ganglia. The
sympathetic afferents from gut are believed to be the
main mediator of nociceptive stimuli while vagal afferents
are mainly believed to be involved in non-nociceptive
sensations (e.g., local reflexes, gastric accommodation
[77]
etc.) .
The main problem is that the patho-physiological
changes reported in the gut and the central nervous
system in patients of IBS up to now can be attributed
to both these models and identifying which comes
first is like a chicken or the egg situation. However,
the introduction of these two models has laid some
foundations for direction of further research in the
patho-physiology of IBS.

the autonomic functions of the gut specifically. How
these findings can be directly applied to the autonomic
functions of the gastrointestinal tract is far from clear.
Currently no exact technique is available to assess
the gastrointestinal autonomic functions. Therefore,
development of such a technique is a major challenge
and will provide better opportunities to understand the
role of the autonomic nervous system in gut functions
in both health and disease.
Hypothalamo-pituitary-adrenal axis: The
hypothalamic-pituitary-adrenal axis (HPA axis) is
considered to be an important communicator in
the brain-gut axis. HPA axis is activated by both
exteroreceptive and interoceptive stress and therefore
likely to be involved in both patho-physiological models.
Activation of HPA axis ultimately results in increased
release of corticotrophin releasing hormone (CRH),
adrenocorticotrophic hormone (ACTH) and cortisol.
Increased release of CRH is believed to promote
central sensitization while ACTH and cortisol tend to
activate resident immune cells and extrinsic primary
afferents in the gastrointestinal tract causing peripheral
[23]
sensitization .
Corticotrophin releasing factor (CRF) is increasingly
recognized as an important factor in the development
of FGIDs including IBS. However, only a few human
studies have been conducted so far and most of the
assumptions are based on results of animal studies.
One study reported an upregulation of CRF-Receptor
[87]
type 1 (CRF-R1) in patients with IBS . In addition,
long-lasting epigenetic changes in the CRF expression
have been reported in those exposed to neonatal stress,
which results in the transcriptional responses to stress
[88]
in adulthood . In contrast, another study assessed
the diurnal rhythm of cortisol and stress reactivity and
showed that cortisol as a marker of stress does not have
[89]
a major role in abdominal pain in infants . Similar to
humans, CRF-R1 upregulation, reversible mitochondrial
damage and IBS like gut dysfunction were reported
in rats after exposure to psychological stress. In this
study, the increased CRF-R1 expression, reversible
mucosal inflammation, increased epithelial permeability
and conductance, and abnormal colonic response after
exposure to stress lasted for a short duration (7 d) while
visceral hypersensitivity observed after administration
[90]
of exogenous CRF persisted for 30 d after exposure .
In agreement, others have reported that CRF and
its receptors play an important role in stress related
alterations of visceral sensitivity and gastrointestinal
[91-93]
motility
.

Communication between brain and the gut: brain-gut-axis

Both conceptual models recognize interactions between
brain and the gut as the main patho-physiological
[77]
mechanism in IBS . This bidirectional communication
is called as the brain-gut axis and consists of the central
and autonomic nervous systems, enteric nervous
system and neuro-endocrine system and the neuro[23,81]
immune system
.
Autonomic nervous system: Autonomic nervous
system has been considered to be one of the main
[82]
communicators between the brain and the gut
in
both top-down and bottom-up models of pathogenesis
of IBS. However, so far very few studies have been
conducted to assess the autonomic nervous system in
IBS and its exact role in generation of symptoms is not
clear.
Studies conducted in adults have shown a cor
relation between vagal response and post-prandial
[83]
abdominal symptoms of IBS-D and IBS-C . Some
other studies have reported abnormal gastric motility
[83,84]
and underlying vagal defects
. Another study has
reported abnormal fingertip blood flow responses
in subjects with IBS suggesting excess sympathetic
[85]
activity . Findings of the above studies suggest that a
shifting of sympathetic-parasympathetic balance may
contributes to the pathogenesis of IBS. However, some
other studies failed to demonstrate abnormalities in
[86]
autonomic functions in patients with IBS .
However, all these studies have assessed either
cardiovascular or ocular autonomic functions, but not
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Observed patho-physiological changes in IBS

Numerous studies have been conducted in adults and
children with IBS and large number of possible pathophysiological mechanisms have been suggested.
However, they are like individual pieces of a large jigsaw puzzle and we are far from solving this complicated
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problem. Fitting up available information on pathophysiology and finding the missing pieces of this puzzle
is a major challenge.

When functional magnetic resonance imaging (fMRI) was
used, insular cortex and pre-frontal cortex are recognized
as the main areas of the central nervous system which
[109]
are involved in the processing of visceral pain in IBS .
It is also possible that alterations in pain appraisal,
hypervigilance to interoceptive signals from the gut and
engagement of emotional arousal could also contribute
[110]
to the patho-physiology .

Visceral hypersensitivity: Visceral hypersensitivity
is defined as an enhanced perception of mechanical
triggers applied to the bowel which seem as pain and
[94]
discomfort . In normal individuals, physiological
changes in the gastrointestinal tract such as motility
and distension do not cause pain. When there is altered
sensory response to physiological stimuli, it is called
visceral hypersensitivity. Two main types of visceral
hypersensitivity have been identified so far. They are
hyperalgesia and allodynia. Hyperalgesia is defined as in
intensified pain sensation in response to normal stimuli
which usually do not provoke pain, while allodynia is the
elevated nociceptive sensation in response to normal
[95]
stimuli .
Visceral hypersensitivity is considered to be the
[76]
cornerstone in the patho-physiology of IBS . One
pediatric study has reported decreased rectal sensory
[96]
threshold for pain in IBS and functional abdominal pain .
Another study in children with IBS has demonstrated that
abdominal pain is associated with abnormal perception of
[97]
visceral sensations and hypersensitivity . Similar results
have been reported in several other pediatric studies
[98-100]
too
. Adults studies have also reported lowered
[101]
rectal pain threshold in patients with IBS
. Several
factors such as psychological stress, gastrointestinal
infections, alterations in gut microbiota, inflammation,
immunological factors, food, as well as genes, have been
[98,102,103]
suggested to induce visceral hypersensitivity
.
Visceral hypersensitivity is believed to be results from
pain modulation at both peripheral level as well as at
[95]
central nervous system .

Alterations in neurotransmitters and receptors:
More and more emerging evidence have recognized
alterations in serotonin as important mediator in
[111]
pathogenesis of IBS . Serotonin (5-hydrodytryptamine;
5-HT) is an important neurotransmitter in enteric
neurons and paracrine signaling substance secreted by
[112]
enterochromaffin (EC) cells in the intestinal mucosa .
It mediates communication between the brain and the
[95]
gut , and has been shown to be the responsible agent
[113,114]
for bloating, nausea and vomiting
. In addition, it
is considered to be an important signaling molecule in
the central nervous system involved in mood, appetite,
sleep, memory and learning. Alterations in serotonin is
implicated in central nervous system disorders such as
[115]
anxiety, depression and some psychiatric disorders .
Serotonin is removed by a highly selective transporter
called the serotonin transporter (SERT). Gene
polymorphisms of SERT receptors have been shown to
[116-118]
be associated with IBS
. In addition, some distinct
changes in EC cell numbers and content as well as
release and uptake of serotonin appear to have relevance
[115,119,120]
to the patho-physiology of IBS
.
Gastrointestinal dysmotility: A large number of
studies have demonstrated abnormalities in gastric
[121-124]
[123-130]
myoelectrical activity
, gastric motility
[131,132]
and accommodation
and intestinal and colonic
[125,133-135]
transit
in patients with IBS and other FAPDs.
Few have reported an association between motility
[128]
abnormalities and exposure to stress . It is suggested
that stress can lead to alterations in central aminergic
[136]
network involving serotonin and noradrenaline
and therefore believed to play an important role in
the pathogenesis of IBS, especially in the top-down
model. However, so far no clear relationship has been
demonstrated between motility abnormalities and
[128]
symptoms in children with IBS . Therefore, whether
the observed gastrointestinal motor abnormities are a
cause for IBS or an effect of IBS is yet to be determined.

Modulation of pain: (1) At the enteric nervous system:
Main function of the enteric nervous system is to
regulate local gastrointestinal reflexes and to transmit
sensory information to the central nervous system for
[104]
processing and integration . A vast majority of afferent
information received from the gut is used for regulation
[105]
of normal functions such as motility and secretion .
Information regarding the sensory perception and
modulation at the level of enteric nervous system
is limited. One study assessing mast cell-induced
excitation of visceral nociceptive sensory neurons in
adults with IBS has suggested the possibility of initiation
and perpetuation of symptoms through modulation of
[106]
sensory neurons in the enteric nervous system . (2) At
the central nervous system: Increased pain perception
in IBS is considered to be at least partly related to
altered descending inhibition and pain affecting at the
peripheral level and catastrophizing of pain at the central
[107]
level . It is reported that increased pain perception in
IBS is not due to the tendency to report more pain but
[107]
because of increased spinal nociceptive transmission
[108]
and impaired endogenous inhibition of somatic pain .
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Immune mediated mechanisms: Increased
prevalence of allergies and atopic disorders including
[137-139]
asthma have been shown in patients with IBS
.
But the small number of research ventures conducted
up to now with small sample sizes have failed to
demonstrate an exact link with immunoglobulin E
[140,141]
(IgE )
. Increased numbers of mass cells have
been reported throughout the gastrointestinal tract in
[102,142,143]
patients with IBS
. It is suggested that serotonin
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[157]

is released during degranulation of these cells and
stimulates peripheral nerves in the submucosa and
increases visceral sensitivity.

distension . In addition, gut microbiota may influence
other patho-physiological factors such as intestinal
permeability, brain function, enteric nervous system,
gastrointestinal motility and visceral pain, contributing
[151]
to the patho-physiology of FGIDs . However, further
studies are needed, especially in children, to confirm
the role of gut microbiota in IBS.

Infection, inflammation and intestinal barrier
functions: It is suggested that visceral hypersensitivity
observed in patient with IBS can be secondary to the
activation of immune cells and to the development
of low-grade inflammation. Studies conducted in
children with IBS have demonstrated an accumulation
[144]
of inflammatory cells in the intestinal mucosa
. A
previous study conducted in children with FAP or IBS has
reported an increased gut permeability and low grade
inflammation. It has also been shown that the low grade
inflammation was related to the degree to which pain
[145]
interfered with activities . The increased permeability is
attributed to the enlarged spaces between epithelial cells,
cytoskeletal condensation, abnormal gene and protein
expression in tight junction proteins of intestinal epithelial
cells and reduction in the expression of occluding and
[146,147]
zonula occludens protein 1
. Bacterial mediated
and proteasome mediated alterations have also been
suggested as possible triggers for low grade inflammation
which ultimately leads to increase intestinal permeability
[148]
(“leaky gut”) .
IBS is common after gastroenteritis and it is
[149]
often of the IBS-D type
. In post-infectious IBS,
gastrointestinal infections are believed to stimulate the
[150]
immune system causing low-grade inflammation
.
Post-infectious IBS is associated with hyperplasia of
EC cells, increased counts of neutrophils, mast cells
and T cells in the colonic mucosa. It is believed that
gastrointestinal infections stimulate the immune system
causing low-grade inflammation leading to post[150]
infectious IBS .

Food: Even though children have identified a large
number of food items which exacerbates their symptoms
only a few have been reported to be associated
with IBS. IBS has been shown to be associated
with fermentable oligo-, di- and monosaccharides
[158]
carbohydrates and polyols (FODMAPs) . However, the
exact relationship between lactose and fructose mal[159]
digestion and IBS is not clear . Its relationship with
[160,161]
fiber is rather controversial
.
Genetic, epigenetic and environmental factors:
Previous studies have reported that those with a
family history of IBS or other bowel symptoms are
[41,162]
more likely develop IBS
. Similarly, twin studies
have suggested that there is a higher concordance
of occurrence of IBS in monozygotic twins than in
[163]
dizygotic twins
. The concordance rate of IBS in
monozygotic twins was 17.2% while that was 8.4%
[163]
in dizygotic twins . However, if genetic factors play
a major role in development of IBS, the concordance
rate in monozygotic twins needs to be much higher.
Therefore, it is possible that social and environmental
factors also play an important role in development of
[163]
IBS, in addition to the genetic predisposition . This
finding is further strengthened by other studies which
reported that parents of children with FAPDs have
[37,164]
higher tendency to develop similar illnesses
.
A large number of genetic polymorphisms were
considered to be associated with IBS. However, overall
[165]
there is limited evidence of a genetic association
.
The most frequently studied genetic associations are
related to the serotonergic system, including sero
[116,117]
tonin transporter (SERT) gene polymorphisms
.
MicroRNAs considered to play a role in the pathogenesis
of IBS through regulating serotonin reuptake transport
[166]
expression
and single-nucleotide polymorphisms
rs56109847 led to reduce microRNA binding and
overexpression of the target gene in intestinal cells
[167]
increasing IBS-D risk .
Other gene polymorphisms involved in IBS include
[168]
mitochondrial DNA polymorphism , alpha 2 receptor
[169]
gene C-1291G polymorphism
, cytokine gene
[170,171]
polymorphisms (e.g., IL-10 and IL 12 C (-1188) A)
and tumor necrosing factor super family (TNFSF) 15
[172-174]
polymorphism
.
However, identification of a single gene polymorphism
in patient with IBS alone would not possibly explain the
complex nature of this disease. It is known that epigenetic
changes in the genome play a crucial role in pathogenesis
of diseases. It is possible that environmental factors,

Microbiota: Gut microbiota is reported to be different
in patients with IBS that in healthy individuals, with
increased Firmicutes/Bacteroids ratio, increased relative
abundance of fecal Ruminoccus torque like phenotypes
and reduced bacterial diversity with increase in certain
bacterial species (Enterobacteriaceae, Veillonella,
Dorea) and reduction of other species (Bifidobacterium,
[110,151]
Collinsella, Clostridiales)
. Children with IBS
have significantly higher percentage of Haemophilus
[152-154]
parainfluenzae in their gut
. Increasing visceral
sensitivity, altered gastrointestinal transit and increase in
permeability of the intestine is reported in experimental
studies using germ free animals receiving gut microbiota
of patients with IBS, indicating a potential pathogenic
[155]
role of gut microbiota
. Some other studies have
reported an association between differences in short
chain fatty acid production by colonic bacteria and the
development of symptoms in diarrhea predominant
[156]
IBS
. Interactions between the gut microbiota and
food (fermented protein products, generation of gases)
are potential sources for cell damage, altered barrier
function as well as symptoms such as bloating and
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psychological stresses, exposure to child maltreatments
and some of the Patho-physiological mechanisms
interact with each other in a very intricate manner to
alter epigenetic DNA (by DNA methylation, histone
modification) and changes in micro-RNA which can alter
the gene expression (inhibition of increase transcription) to
produce IBS phenotype. However, further evidence needs
to be generated in this vital area of association between
[175]
epigenetic changes and IBS .

predictive values of 0.71 and 0.24 respectively . In
addition, the subtypes of IBS are known to change from
one type to another over a period of time both in adults
[12,180]
and children, questioning the validity of subtypes
.
In addition, a significant percentage of children who
fulfilled the Rome criteria for functional abdominal pain
disorders were found to have organic pathologies on
endoscopic examination of the upper gastrointestinal
[179,181]
tract
. Therefore, further validation and refinement
of Rome criteria may be needed to improve its diag
nostic utility. Perhaps it is imperative to validate and
calculate the likelihood ratios of each symptom of new
Rome Ⅳ criteria to improve their clinical utility and that
endeavor would be a challenge in the years to come.

Diagnosis
IBS is a clinical diagnosis. Therefore, a thorough clinical
evaluation is the most important part in the diagnosis.
The process includes a detailed clinical history,
including the past medical history, drug history, social
and psychological histories. In addition, the physical
examination generally should not reveal abnormalities
that could indicate the possibility of an organic disorder.
The clinical history is aimed at eliciting criteria laid
[18]
down by the Rome committee . Therefore, the main
components of the clinical history should include details
about abdominal pain, relieving and aggravating nature
of the pain related to bowel motions and details about
stool patterns. The symptoms need to be recurrent and
should be at least four time per month for a minimum
of 2-mo duration. The sub-type of IBS depends on the
presence of a particular stool pattern. Presence of hard
stools > 25% of the time with loose watery stools <
25% of the time helps to diagnose IBS-C whereas the
opposite denotes the diagnosis of IBS-D. Alteration of
stool pattern between diarrhea and constipation over a
period of time suggests IBS-M whereas when the stool
pattern is not like any of these, it leads to the diagnosis
[18]
of IBS-U (Table 1). In addition, children with IBS are
suffering from a large number of somatic symptoms
and psychological problems including maladjustment,
[10,46]
depression and anxiety
. Eliciting these in the
history would also help in the diagnosis and long term
management of these children.
The diagnosis of IBS heavily depends on the nature
of the stools and therefore the assessment of stool
pattern is a crucial factor in the diagnosis. The current
gold standard to assess the nature of the stools is
the Bristol Stool Form Scale which was developed
[176]
primarily using adult subjects (BSFS) . Nonetheless,
the consistency of the stools described by the BSFS
[177]
correlated with the whole gut transit time in children .
More recently, Lane and colleague have developed a
modified BSFS for children, which has only 5 stool types
and that form has been shown to be reliable in children.
Further evaluation of this scale, which looks more child
[178]
friendly, is needed before using it to assess children .
However, the Rome criteria for children are not
validated through a standard process as there is no gold
standard to compare with. The diagnostic utility of Rome
criteria to detect IBS and other FAPDs had a sensitivity
of 0.35, specificity of 0.6, with negative and positive
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Alarm features

Red flag features are a group of symptoms and signs
that could indicate underlying organic pathology
in children with IBS. The red flag features are an
important concept as adult guidelines state that a safe
diagnosis of IBS can be made using symptom based
[182]
criteria in the absence of red flag features . The Rome
Ⅳ committee for childhood FGIDs has identified several
features that should be considered as alarm features
that indicate the potential of having organic diseases
[18]
(Table 2) . Clinicians are supposed to look for these
features during the clinical evaluation mainly to rule out
organic diseases such as inflammatory bowel disease
and other disease entities that lead to malabsorption
and growth failure. A study involving 606 patients (128
children with Crohn’s disease and 478 with abdominal
pain) found presence of anemia, blood in stools and
weight loss are most predictive of having Crohn’s
[183]
[184]
disease
. Tam et al
studied 80 patients fulfilling
Rome Ⅲ criteria for FD. They consider several alarm
features including gastrointestinal blood loss, dysphagia,
and persistent vomiting. After thorough investigations,
including upper gastro-intestinal endoscopies in all
these children, the positive and negative predictive
value of the presence of alarm symptoms to detect
[184]
organic pathology were 0.33 and 0.97 respectively .
Several other studies have also been conducted to
assess the validity of the presence of alarm features in
detecting organic disorders in children with recurrent
[179,184-186]
abdominal pain
. However, since these studies
have used a variety of symptoms and signs as red flag
features it is extremely difficult to develop a validated
set of red flag features to use in the day-to-day clinical
practice to differentiate organic disorders from IBS.
However, it is very valuable to have a set of alarm
features to guide the clinician to decide on especially
the invasive investigations such as gastrointestinal
endoscopies, transit studies and other intrusive
radiological procedures. One of the greatest challenges
that we have is to develop a correct set of red flag
features that have reasonable validity. Once available,
these clinical clues could be used as a screening tool to
rule out organic disorders and strengthen the clinical

2219

June 7, 2018|Volume 24|Issue 21|

Devanarayana NM et al . IBS in children
remains questionable. Furthermore, the North American
Society of Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHN) committee on chronic abdominal
pain also does not recommend performing these
[188]
investigations in children
. It is reassuring for the
practicing clinicians to conduct a few basic tests to rule
out possible organic diseases that could present with
recurrent abdominal pain and strengthen the diagnosis of
IBS. This is also an opportunity to convince demanding
parents that there are no dangerous organic disorders
in the child and at the same time not subjecting them
to unnecessary invasive investigations. However, yet
again it is a challenge to develop a set of investigations
that could help the clinician and the family while not
subjecting children to unnecessary invasive procedures
as data on this important aspect is sparse. A prospective
study selecting children from a broader base rather
than fulfilling Rome criteria for IBS and investigating for
potential organic diseases and the use of Rome criteria
to define IBS would be a useful way of addressing this
issue. It is essential to consider the regional differences in
the organic pathologies in the different parts of the world
when compiling this list of investigations.

Table 2 Potential alarm features in children with irritable
[18]
bowel syndrome
Family history of inflammatory bowel disease, celiac disease or peptic
ulcer disease
Persistent right upper or lower abdominal pain
Dysphagia
Odynophagia
Persistent vomiting
Gastrointestinal blood loss
Nocturnal diarrhea
Arthritis
Perirectal disease
Involuntary weight loss
Deceleration of linear growth
Delayed puberty
Unexplained fever

diagnosis of IBS based on Rome symptom based
criteria. This would undoubtedly minimize subjecting
children to unnecessary and invasive investigations. It
would be reasonable to use the following symptoms
and signs as alarm features (Unintentional weight loss,
significant lower gastrointestinal bleeding in the absence
of an anal fissure, significant arthritis, any amount of
upper gastrointestinal blood loss, persistent fever with
abdominal pain, persistent diarrhea, family history of
inflammatory bowel disease or celiac disease).

Coeliac screening

Coeliac disease (CD) is a multisystem disease and
the gastrointestinal symptoms are similar to IBS with
diarrhea. It is well known that gluten is a potential
precipitating factor in a subset of patients with IBS
even when the serology is negative (non-coeliac gluten
sensitivity). A meta-analysis of adult studies has clearly
demonstrated that pooled odds ratio for positive IgA
anti-gliadin antibodies, endomysial antibodies and/or
anti-tissue transglutaminase antibodies, and biopsyproven CD in IBS subjects against controls were 3.21
(95%CI: 1.55-6.65), 2.75 (95% CI 1.35-5.61), and
[189]
4.48 (95%CI: 2.33-8.60), respectively
. On par
with those results, the Turkish Celiac Study Group has
found a borderline significant association between IBS
[190]
and CD
. Furthermore, a study from Iran reported
a higher prevalence of CD in children with recurrent
[191]
abdominal pain compared to the general population .
Therefore, it could be recommended to screen children
with IBS for celiac disease in areas known to have a
high prevalence of that disease. However, prevalence
of CD is increasingly noted in other parts of the world.
CD is increasingly identified outside the Western world.
Prevalence of 1% in children attending a tertiary care
[192]
hospital was reported from North India . Therefore,
screening children present with symptoms of IBS
(especially with IBS-D) for celiac disease would be an
important step towards early recognition of CD in the
future.

Investigations
It is generally considered that the diagnosis of IBS is
solely dependent on fulfilling Rome criteria for children.
The current concept is to make a clinical diagnosis
using the latest Rome criteria and conduct a set of basic
investigations to rule out common organic disorders.
However, evidence is emerging that it is not solely
a disease where there are no diagnostic biomarkers
and thorough investigations would reveal significant
pathologies in children who even fulfill Rome criteria
for IBS. In this section we will discuss the important
investigations that are useful in children with IBS.

Routine investigations

Most clinicians order routine investigations including blood
count, inflammatory markers, routine biochemistry, urine
microscopy, Celiac screening and ultra-sonogram to
evaluate children with features of IBS. In a retrospective
study, Dhroove and co-workers noted the low yield of
commonly conducted blood, urine and stool tests to
[187]
distinguish organic disorders from FAPDs . In addition,
these tests incurred a large sum of money. However,
it could also possible that Dhroove and colleagues
have selected a well-defined set of patients who have
no organic disorders and therefore essentially bound
to have no abnormalities in the investigation panel.
Furthermore, no studies have assessed the diagnostic
utility of these tests in FAPD. Therefore, the value of
basic laboratory investigations in the diagnosis of IBS
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Fecal calprotectin

Calprotectin is a calcium binding protein that accounts for
60% of the protein in the cytosol of human neutrophils.
Elevated calprotectin in feces indicates ongoing
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neutrophil recruitment due to inflammation. Therefore,
estimation of fecal calprotectin is increasingly used as a
non-invasive screening for intestinal inflammation. Most
pediatric gastroenterologists performed fecal calprotectin
assay to rule out the possibility of inflammatory
bowel disease (IBD). However, it should be noted that
there is a variability of test results depending on the
[193]
manufacturer . A mild rise (< 50) or positivity of fecal
calprotectin does not indicate the possibility of having
IBD. It has been shown that children with IBD show
a mean value of 349 µg/g whereas the majority of
children with other diseases had a mean value of 16.5
[194]
µg/g . Studying 126 children with pain predominant
FGIDs, Flagstad and co-workers noted that the median
calprotectin concentrations were at or lower than 16
mg/kg which was at the lower detection limit and there
were no differences between the FGID subgroups. Nine
[195]
children (7%) had slightly raised values
. All these
results indicate the value of fecal calprotectin as a useful
test in differentiating IBS from other inflammatory
disorders presenting with a similar clinical picture.

chronic loose stools. Therefore, the clinician should have
a lower threshold to perform endoscopies in children
presenting with IBS-D when they have some concerns
regarding the presence of an organic pathology.

Radiological investigations

Clinicians tend to order ultra-sonogram of abdomen
to evaluate children with IBS. However, performing
ultrasonography in the absence of clear cut jaundice,
recurrent vomiting and significant urinary symptoms
would not yield any added benefit in the search for
[198]
another cause for abdominal pain in these children .

Gastrointestinal motility investigations

Motility studies would help in some instances where the
diagnosis is not straight forward. Non-invasive ultrasonographic evaluation of the gastric emptying and
antral motility is useful in assessing children with IBS
as it had been shown that children with IBS do have
[128]
abnormal gastric emptying and antral motility . Lower
rectal sensory threshold for pain had been a prominent
[99]
feature of children with IBS . Furthermore, children
IBS were found to have lower rectal sensory threshold
for pain than controls and children with organic disease
[96]
with abdominal pain . Although not conducted in dayto-day practice, incorporating them into the positive
diagnosis of IBS in cases where the diagnosis of IBS
is not entirely clear would enhance the overall clinical
care of these children. With the evolution of high
resolution manometry in children it would be possible
to detect novel abnormalities which could help in both
understanding the patho-physiology and management.

Endoscopy

Endoscopy in pediatric gastroenterology practice is
considered as an invasive procedure as it needs general
anesthesia. Therefore, convincing parents for their child
with features suggestive of IBS to undergo an upper
or lower gastrointestinal endoscopy is a challenge to
a pediatric gastroenterologist. Previous researchers
have found significant number of disease entities
when they performed endoscopies in children with
recurrent abdominal pain, IBS or FD. Two studies from
the Western world have noted 30%-37% of children
with chronic abdominal pain and FAPDs had organic
pathology such as Helicobacter pylori infection, peptic
ulcer disease, inflammatory bowel disease, celiac
disease and eosinophilic gastroenteritis to explain their
symptoms. In both these studies presence of alarm
symptoms did not predict the possibility of an organic
[181,186]
disorder
. However, others have reported very low
yield from the endoscopy and they found a changing
number of red flag features that could be present
[184,196]
in children with organic disorders
. Obtaining a
negative endoscopy in children with chronic abdominal
pain including IBS does not improve the clinical
[197]
outcome
. Therefore, it is challenging to decide
whether a child with IBS needs routine endoscopy
or not. A great deal of clinical competence is needed
to decide on this matter rather than depending on
individual research findings and guidelines. Disease
entities such as celiac disease, peptic ulcer disease,
food allergy, and inflammatory bowel disease, including
microscopic colitis, could only be confirmed by endo
scopic biopsies. Therefore, children with substantial
evidence (growth faltering, blood stained stools, chronic
diarrhea, hematemesis) suggestive of serious organic
pathologies should undergo endoscopy despite fulfilling
criteria for IBS. Most of these disorders present with
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Management of IBS
An effective physician-parent-patient relationship is
a major component of effective management of IBS.
Management of IBS involves counselling and parental
education, pharmacological and non-pharmacological
therapies (Table 3).

Counselling and parental education

Most parents are anxious to know what is the cause
for the abdominal pain in their children. They are often
worried about serious medical conditions including
possibility of malignancies. Once evaluation is over it
is imperative that the clinician explain the negative
investigations means that the child does not have a
serious organic disorder and is having IBS. At this stage
the clinician also needs to explain that the functional
nature of the disease using diagrams and illustrations.
The relationship between the family and the clinician
would not only yield a positive diagnosis but also a
[199]
global improvement of symptoms .
Parental behavior often does not help in childhood
FAPDs. The anxiety of the parents would reflect in
symptom severity and negatively influence the treatment
[200]
outcome in children
. In a randomized controlled
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and anti reflux agents. Most of these studies have
included children with IBS under the umbrella term of
recurrent abdominal pain and sub-group analysis has
not been carried out to highlight the efficacy of the
given therapeutic agent for IBS alone. This may partly
be due to lack of statistical significance when analyzed
according to the disease entities. In the following section
the pharmacological and psychological interventions for
children with FAPDs will be discussed, highlighting the
efficacy of the intervention specifically of IBS when the
data are available.
However, it is very difficult to prioritize and re
commend one agent over the other in the background
of lack of clear evidence and the choice depends upon
several factors including availability, cost and the
preference of the clinician. The latest guideline from the
NASPGHN also does not recommend one agent over
[188]
the other .

Table 3 Management options for children with irritable
bowel syndrome
Counselling and explanation to parents/child
Control maternal response to child’s pain
Pharmacological interventions
Gastroprokinetics (domperidone)
Antidepressants (amitriptyline, citalopram)
Acid suppressing agents (famotidine, omeprazole)
Antispasmodics (peppermint oil, mebavarine, dotavarine)
Antihistamines (cyproheptadine)
Antibiotics (rifaximin)
Psychological interventions
Guided imagery
Gut directed hypnotherapy
Cognitive behavioral therapy
Yoga therapy
Neuromodulation
Low FODMAP diet
Probiotics

[201]

Gastroprokinetics: Gastroprokinetics are known
to augment gastric motility and improve symptoms
[206]
especially in adults with FD . One double blind ran
domized placebo controlled clinical trial has evaluated the
clinical efficacy of domperidone in children with FAPDs.
In this study a significant cure rates, improvement of the
overall clinical condition and reduction in pain severity
was noted in the intervention group. The subgroup
analysis pointed out that children with FAP-NOS
respond better than IBS and FD. However, the clinical
improvement had no relationship to the improvement of
gastric motility. Although there were concerns regarding
cardiac arrhythmias, no adverse reactions were reported
[207]
during the treatment period .

trial Walker et al
have shown that parental attention
increases the complaints of children with FAPDs. In fact,
it is possible to reduce parental solicitous response by
[202]
cognitive behavioral therapy . It has been shown that
on long term follow-up some of these children outgrow
[40]
their symptoms only with reassurance and education .
In addition, it is also possible that the initial diagnosis
[40]
may change into a different category .
Hence, the time invested in counseling and ex
planation is an important part in the management. The
challenge is that most of the gastroenterology clinics
are over burdened with children suffering from FGIDs
[203]
and the counselling would be time consuming
.
Preparation of educational material for them to refer
in the form of booklets and materials in official web
sites of the clinics, or forming patient groups under the
guidance of the clinicians would be the way forward in
the future. Therefore, spending time with explanation
of the possibility of functional nature of the disorder will
be a very effective method of managing children with
FAPDs.

Antidepressants: The brain gut microbiota axis has
[208]
been implicated in the pathogenesis of FAPDs
. It
is also well known that various centers and networks
in the brain such as salient network, central executive
network and sensory motor network have a combined
output through autonomic network and the HPA axis,
[78]
altering motility, secretions and microbiota in IBS .
Modulating these mechanisms in order to relive
symptoms, tricyclic antidepressants and selective
serotonin reuptake inhibitors have been used in clinical
trials. However, in one well designed trial, amitriptyline
was not superior to the placebo in relieving symptoms
[209]
in children . Another study with lesser methodological
rigor found a significant improvement in health related
[210]
quality of life in the treatment group . Although there
is a theoretical possibility of cardiac arrhythmias, both
studies noted no adverse events related to treatment.
Similarly, serotonin reuptake inhibitor citalopram has
not shown any therapeutic benefit in children with
[211]
FAPDs
. These findings are surprising as studies
among adult patients with IBS showed a clear benefit of
[212]
antidepressants therapy .
Although, the evidence is still lacking it is possible to
use these drugs in a situation where the child is having

Pharmacological management of IBS

Although many clinicians rely on the pharmacological
approach, the overall efficacy of pharmacological agents
in IBS is low. Several systematic reviews have pointed
out the lack of well-designed high quality clinical trials
in this area and lack of therapeutic efficacy of these
[204,205]
agents
. The other issue pertaining to the clinical
trials in children with FAPDs is that almost all paediatric
trials have lumped together all FAPDs rather than
including one specific FAPD such as IBS or FD. One of
the major challenges that has come out of this practice
is the inability to focus on one disease entity at a time.
The small numbers of patient could be overcome by
multicentre studies.
Current pharmacological agents to treat children with
FAPDs include motility agents, antidepressants, acid
suppressing agents, antispasmodics, antihistamines,
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central symptoms such as anxiety and depression with
abdominal pain. With available evidence, one of the
future opportunities is to conduct a randomized trial
using children with IBS alone.

benefits of antispasmodic treatment in adult patients
[161]
with IBS . However, those drugs such as cimetropium,
dicyclomine, pinaverum and trimebutine have not been
used in clinical trials of children with IBS.

Acid suppressing agents: Acid suppressing therapies
are commonly used in children with FAPD, thinking
that this is due to “gastritis” and suppressing acid
in the stomach would reduce the symptoms. In an
observational study of 290 children with chronic
abdominal pain it was noted 2/3 of the patients were
treated with proton pump inhibitors with a mean
[181]
duration of 11 wk
. In other instances, simple
H 2 receptor blockers are used by the clinicians.
However, the evidence for this practice is lacking. In a
randomized trial, although famotidine was noted to be
superior to placebo in global symptom improvement,
[213]
the drug fails to reduce abdominal pain
. Recent
literature concerning adverse effects of long term acid
suppression shows significant increase in respiratory and
gastrointestinal infections, hypomagnesaemia, vitamin
B12 deficiency and increase pathological fractures.
In addition, it is worth to remember that it is possible
to have rebound hyperacidity after discontinuation
[214]
of therapy
. Therefore, long term acid suppression
should be discouraged in children with FAPDs without
proven Helicobacter pylori infection. However, this poses
a big challenge as a large proportion of practitioners
are used to prescribe acid suppression therapy for
abdominal pain for generations.

Antihistamines: Cyproheptadine is an antihistaminic
agent that has been tested in a small double blind
placebo controlled trial as a potential therapeutic
modality for children with FAPDs but not specifically IBS
alone. Although the authors reported a positive result
on reduction of abdominal pain intensity and frequency,
small sample size and non-validated assessment tools
[222]
reduce the legitimacy of the data .
Antibiotics: Rifaximin is a semisynthetic poorly
absorbed antimicrobial derivative of rifamycin. Rifaximin
formulation contains an extra pyrido-imidazole ring to
reduce systemic absorption that is less than 1% after
oral administration. Rifaximin elicits its antimicrobial
properties by binding to the beta-subunit of the bacterial
DNA-dependent RNA polymerase and thus inhibiting
bacterial RNA syn283 synthesis. It has been approved
[204]
for the treatment of IBS-D in adults .
Two clinical trials have assessed the efficacy of
[223]
rifaximin in children with FAPDs . Both studies have
used children with all FAPDs rather than IBS alone. It is
surprising to observe this trend in both trials as the drug
is only recommended in IBS-D in adults. One of the
well-known trials in adults to assess the efficacy is the
TARGET trial which has shown the efficacy of rifaximin
in patients who do not have small intestinal bacterial
[224]
overgrowth . Both pediatric trials have used lactulose
breath test to include children into these studies.
Although small intestinal bacterial overgrowth (SIBO)
is known to produce symptoms similar to IBS, it’s not
known to be associated with FD or FAP. It was noted
in the double blind placebo controlled trial that 2 wk
of rifaximin was not effective in controlling abdominal
[223]
pain in children . It was surprising to note that 42%
of children with positive lactulose breath test (LBT)
had FD or IBS where SIBO had not been implicated in
the patho-physiology. The other trial is an open label
trial including 50 children with FAPDs (15% FD, 30%
[225]
FAP and 55% IBS) . All underwent LBT and children
with positive LBT were treated with rifaximin for 7 d
and others remained untreated. LBT became normal
in 64% and they had significant improvement of their
abdominal pain, bloating, and flatulence. Children
who had abnormal LBT after treatment showed no
improvement of symptoms. There was no subgroup
analysis with regards to IBS in both trials.

Antispasmodic agents: Antispsmodic agents are
known to reduce smooth muscle spasms in the
gastrointestinal tract and are thought to reduce
symptoms of FAPDs. One such agent is peppermint
oil. Studies in adults have shown beneficial effects of
[215]
peppermint oil in treating patients with IBS
. Two
trials have been conducted in children with FAPDs
[216,217]
testing the therapeutic benefits of peppermint oil
.
Both have methodological flaws and analysis even after
combining both studies. The evidence is still insufficient
to recommend peppermint oil for the treatment of
[218]
FAPDs .
Mebevarine is an antispasmodic drug which has
[219]
direct effect on gastrointestinal smooth muscles . It’
s efficacy in treating children with FAPDs was assessed
in a randomized controlled trial. After 4 and 12 wk of
treatment with mebevarine, the treatment group had
no superior reduction of pain compared to the placebo
[220]
group
.
In another randomized controlled trial, the efficacy
of dotavarine was evaluated using 132 children with
recurrent abdominal pain. Although the drug reduced
the abdominal pain episodes and reduced missed
school days when compared to the placebo group, the
number of pain-free days after treatment did not differ
[221]
significantly between both groups .
A Cochrane review has clearly indicated the potential
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Psychological interventions for IBS

Guided imagery: Guided imagery provides a state
[226]
of engagement in imagery and relaxation
. It is
considered as an effective intervention in children
[227]
with pain
and could be delivered through an audio
recording. In a pilot study comparing guided imagery
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with standard medical care to standard medical care
alone, van Tilburg and co-workers showed that guided
imagery is superior to standard medical care in children
with FAPD. The results also found that treatment effects
[228]
were sustained up to 6 mo . Another study compared
guided imagery with progressive muscle relaxation
with simple breathing exercise. In this study children
who received guided imagery with progressive muscle
relaxation had greater reduction in the number of days
with pain and days with missing activity. However, the
[227]
follow-up data was available only for 2 mo
. Both
studies indicate the possibility of using guided imagery
as a potential therapeutic option for FAPDs.

teaching of relaxation techniques, identification and
change of negative pain related thoughts and modifying
[233]
family responses to illness behavior . When the data
were pooled, CBT had a significant degree of success
compared to controls in the short term (< 3 mo) follow
up. However, the effect was not sustainable at 6 mo
and one year. The analysis also found no evidence
that CBT is effective on pain intensity scores after the
intervention. Therefore, the data is not very supportive
of using CBT in managing children with FAPDs. No data
on efficacy of CBT on IBS were included in the analysis.
Yoga therapy: Yoga techniques involve a series of
physical exercises, breathing techniques, combined with
meditation methods aimed to reduce anxiety, improve
body tone and increase feelings of wellbeing. When
used as a treatment for FAPDs, yoga therapy is thought
to improve altered function of the brain-gut-microbiota
axis. Up to now, 3 clinical trials have assessed the
efficacy of yoga therapy for children with FAPDs
compared to controls using standard medical care or
in a waiting list. According to a meta-analysis from the
Cochrane group, the results show no advantage of yoga
therapy on pain intensity, pain frequency and functional
[233]
disability . The review does not provide details of the
efficacy of yoga therapy on IBS in children.

Gut directed hypnotherapy: Abnormalities in
the brain-gut axis have been implicated with the
patho-physiology of FAPDs in children. In addition,
abnormal motility in the gastrointestinal tract and the
visceral hypersensitivity have also been considered as
[208]
contributory factors
. Gut directed hypnotherapy
is used to teach necessary hypnotic skills to control
[229]
and normalize gut function through several steps .
The approach has shown a beneficial therapeutic
effect on several studies conducted in adults with
[230]
refractory IBS . Vlieger and co-workers conducted a
randomized trial comparing gut directed hypnotherapy
with the standard medical care in children with IBS or
functional abdominal pain. Compared to the standard
medical care, hypnotherapy was superior in reducing
pain scores. In addition, at one year follow up treatment
success was noted in 85% of children received gut
directed hypnotherapy and 25% of children received
standard treatment indicating effectiveness of hypno
[231]
therapy in FAPDs
. The therapeutic response was
[231]
sustained even after 4.8 years of follow up . When
compared, hypnotherapy delivered using a compact disc
is not inferior to the hypnotherapy given by a trained
therapist in reducing pain intensity and pain frequency
scores at 8 wk, post treatment 6 and 12 mo in children
with FAP or IBS. In the subgroup analysis, no indication
was found for different treatment effects in children
with IBS and FAP. However, the publication provided no
direct statistical data on the efficacy of hypnotherapy on
[232]
IBS alone .

Other interventions

Neuromodulation: Neuromodulation uses a transcu
taneous electrical stimulation to stimulate local skin nerve
fibers and autonomic nervous system specifically, the
efferent parasympathetic outflow to the gastrointestinal
tract augmenting gastrointestinal function. There is
evidence to prove that delayed gastric emptying and
altered antral motility play a major patho-physiological
[128]
[234]
role in IBS . Kovacic et al
have tested this concept
to treat FAPD in a clinical trial including 115 adolescents.
Compared to the sham control group, adolescents who
received electrical stimulation had improvement of pain
after 3 wk of therapy. Therefore, although promising, it
is difficult to recommend neuromodulation therapy for
children with FAPDs without further studies. One of the
limitations in this study, as in most of the other studies,
is that they have not specifically assessed the efficacy of
neromodulation on IBS.

Cognitive behavioral therapy (CBT): CBT aims to
improve the child’s mental health and coping strategies,
specifically in helping them to understand the onset
and progress of their abdominal pain. It then offers the
child a strategy to help manage it, along with anxiety
[233]
management and behavioral techniques
. A recent
Cochrane review has analyzed 10 interventional studies
using CBT for chronic abdominal pain in children. In
this analysis it was shown that all studies had parental
involvement with the child although the number of
sessions could vary. Methods they used are also diverse,
including teaching of coping and distraction strategies,
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Diet: Dietary components had been thought to be
involved in the pathogenesis of FAPDs. Most parents
tend to point out certain dietary items as sometimes
the cause and sometimes the aggravating factor
[235]
for FAPDs
. Studies in adults have shown diet
containing fermentable oligosaccharides, disaccharides,
monosaccharides and polyols (FODMAP) tends to alter
intestinal function and microbiota and contribute to the
[79]
pathogenesis of IBS . Chumpitazi and co-workers
have investigated the value of low FODMAP diet in
treating children with IBS. In this randomized cross
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over trial, children were randomized to receive 48 h of
either low FODMAP diet or typical American diet. The
authors found that, compared to the baseline, children
had fewer daily abdominal pain episodes during the low
FODMAP diet and more while they were on a typical
[236]
American diet . Although the results are promising,
it is necessary to know the long-term efficacy of the
intervention, including potential effects on growth and
nutrition of children, before recommending low FODMAP
diet for childhood IBS.

abdominal pain. In this meta-analysis, they conducted
a subgroup analysis of the efficacy of probiotics in IBS
and concluded that probiotics are effective in treating
children with IBS [pooled OR of 3.01 (95%CI: 1.77-5.13;
P < 0.001)], and the estimated number need to treat
[242]
was four . Therefore, probiotics can be recommended
as a therapeutic modality for treating children with
IBS. However, alteration of stool patterns (diarrhea,
constipation) are equally disturbing to patients as well
as abdominal pain. Therefore, it is imperative that the
probiotic strains that could help in these aspects as well
as abdominal pain should be used in future clinical trials.
Developing a simple method available at the grass root
level to identifying the microbial signature of children
with IBS would be very useful as the clinicians can then
individualize the probiotic treatment depending on the
nature of the gut microbiome.
When consider the summarized evidence it is
difficult to recommend one treatment over the other
in treating children with FAPDs. It is mainly due to the
small number of studies that have been conducted on
most of the therapeutic modalities. Available guideline
from the North American and European societies of
Pediatric Gastroenterology Hepatology and Nutrition
for managing children with chronic abdominal pain also
does not recommend a clear pathway for using these
[188]
therapeutic options .
However, it is possible to draw some tentative
conclusions considering the available evidence. It is very
clear that the long term use of acid suppressing agents
could cause more harm than benefits and therefore,
should be avoided in treating FAPDs. Similarly,
encouraging an increase in the fiber content in the
diet over the recommended amount (age in years +
5 in grams) is not helpful in the management of these
children.

Fiber: Fiber consumption is thought to be beneficial
for intestinal health. There are 4 randomized trials
assessing the benefit of different types of fiber
supplements in children with FAPDs (e.g., psyllium,
[237-240]
glucomannan)
. Fiber supplementation is believed
to be helpful to soften stools, enhance colonic transit
[160,241]
and improve fecal output
. Various measures were
used to assess the outcome (Faces pain scale-revised,
Birmingham IBS symptom questionnaire, Eong-Baker
faces pain rating scale). When all 4 studies were pooled
there was no significant difference between the fiber
group and the placebo group in improvement of pain (OR
= 1.83, 95%CI: 0.92-3.65) and pain intensity (SMD =
[242]
-1.24, 95%CI: -3.41 to 0.94) .
Probiotics: Altered microbiome has been suggested
as a potential patho-physiological mechanism of IBS.
Reduction in bifidobacteria, lactobacilli and increased
ratio of Fermicuticus: Bacteroid ration were noted in
[78]
patients with IBS . In addition, children with IBS were
[152]
noted to have greater percentage of proteobacteria .
Therefore, probiotics (live microorganisms that improve
the balance of intestinal microbiome) have been used in
the treatment of FAPDs in children. Three studies have
evaluated the efficacy of probiotics in children with IBS.
The first study conducted by Bauserman and Michail
included 50 children randomized to receive Lactobacillus
GG or a placebo. After 6 wk of therapy the authors
found no difference between the intervention and the
placebo groups in relation to relieving abdominal pain
[243]
or other gastrointestinal symptoms . The other study
that assessed the efficacy of Lactobacillus GG in 52
children (randomized to receive either LGG or placebo)
noted a reduction in pain during the follow up period of
4 wk. No improvement in stool scale was noted during
[244]
the study period . In addition, it was also shown that
LGG is effective in reducing frequency and intensity
of pain in children with IBS compared to functional
[245]
[246]
abdominal pain
. Guandalini et al
studied the
utility of VSL 3# (probiotic mixture) in treating children
with IBS in a double blind randomized cross-over trial.
The results were encouraging and noted that VSL 3#
could significantly relieve overall symptoms, reduce
abdominal pain and bloating. However, no improvement
[242]
was noted in stool patterns. Newlove-Delgado et al
conducted a systematic review and the meta-analysis of
the value of probiotics in treating children with recurrent

WJG|www.wjgnet.com

Prevention
IBS in children is a disease with substantial burden
on healthcare systems and the economy. The cost of
evaluation and in-patient care of children with IBS was
rising from 1997 to 2009 in the United States (from
[15]
USD 5278 to 18853) . The estimated annual cost of
caring for children with FAP/IBS in the European union
[16]
is likely to be over 15 billion euros . It has also been
shown that parental productivity loss accounts for at
least 22% of this cost. In addition, IBS also negatively
affects the health related quality of life (HRQoL) of
children. Several studies have shown the poor HRQoL
[9,14,247]
[13]
in children with IBS
. Sagawa et al
have
clearly illustrated the negative effect of IBS on the
quality of school life in children. In addition, the current
therapeutic armory is not adequate as most of the
treatment for IBS in children are not evidence based.
Therefore, it is of paramount importance to plan a
preventive strategy to overcome the current challenges.
It has been shown that other functional gastroin
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testinal disorders such as infantile colic is preventable
by prescribing prophylactic probiotic strains to patients
[248]
who are vulnerable to develop it
. In addition, oral
administration of Lactobacillus GG to neonatal rats
following exposure to intracolonic chemical irritant did
not develop visceral hyperalgesia later in the life and
less biogenic amines and neurotransmitters involved
[249]
in pain modulation
. Very similarly future research
should aim to prevent development of IBS and other
similar pain related FGIDs in vulnerable groups such as
neonates exposed to interventions by using prophylactic
therapeutic interventions.
It is known that exposure to abuse and other
adverse life events predispose children to develop
IBS and the severity of symptoms are related to
[46]
the exposure . Studies among adults have plainly
illustrated that childhood exposure to abuse increase
[250]
vulnerability to develop IBS in adults as well
.
Preventive strategies implemented effectively with
education about child protection and law enforcement
against child maltreatment would be effective in
preventing children being exposed to child abuse. When
exposed, proper and prompt rehabilitation of these
children will also be helpful in preventing development
of IBS. Psychological stress is a key driving force in
IBS. It is well known that exposure to stressful home or
school related stressful life events predispose children
[7]
to develop FGIDs including IBS . Therefore, minimizing
school related stress by more child friendly curricula and
providing diverse educational opportunities for children
would be an investment for the future. In addition,
educating parents to minimize home related stresses
such as alcoholism, frequent punishments etc., which
would predispose children to develop IBS and related
disorders would be another preventive step.
Exposure to gastrointestinal infection is another well
[55]
known etiological factor especially in IBS . Ensuring
safe water, immunization against gastrointestinal
infections and prompt treatment for infective diarrhea
to minimize gastrointestinal inflammation need to be
ensured across the communities where infections are
common.
Attempts at prevention of IBS is a challenge and a
future opportunity to reduce the disease burden and
minimize the wastage of large sums of public funds. It
has been shown that a significant proportion of adults
with IBS had childhood chronic abdominal pain and
[251]
possibly IBS
. Therefore, the attempt to prevent
FAPDs including IBS in childhood possibly have a
compound effect to minimize economic burden of adults
with IBS as well.

results of adult studies and how much these finding can
be applied to childhood IBS is not clear.

Challenges and way forward in diagnosis of IBS

When it comes to IBS, applying the symptom based
diagnostic criteria have become a challenge due to
differences in interpretation of them between different
regions in the world and different cultures. There are
some attempts taken to understand cross cultural
differences in reporting gastrointestinal symptoms and
to overcome this problem.

Challenges and way forward in understanding pathophysiology of IBS

Patho-physiology is another main grey area in childhood
IBS. Even though a lot of mechanisms have been
suggested, their exact role in generation of symptoms
is not clear. Most of the proposed patho-physiological
mechanisms are heavily based on assumed theories
rather than exact scientific evidence.
Up to now, almost all researchers and research
groups have worked in isolation focusing on a single
patho-physiological mechanism that could lead to IBS.
However, the multi-factorial nature of IBS cannot be
described using a single patho-physiological mechanism.
It is quite possible that multiple mechanisms involved
in the pathogenesis of IBS in a given child, and these
mechanisms are likely to be different from another
depending on the sociocultural, genetic and epigenetic
factors. Therefore, a multi-professional collaborative
research involving researchers and clinicians who have
expertise in molecular and cell biology, organ physiology,
genetic and epigenetic mechanisms, gastrointestinal
motility, modern culture independent microbiological
techniques, and cutting edge neurosciences is the only
way to solve the enigma of the patho-physiology of
IBS in children. The proposed top-down and bottom-up
[77]
models
have laid the foundation for this integrated
approach to study and understand the patho-physiology
of childhood IBS.

Challenges and the way forward in the management of IBS

It is difficult to overcome the therapeutic demand of
childhood IBS using the same conventional therapeutic
agents that had been used during the past decades.
Most of these agents are not very promising in the
current evidence-based era. There are a number of
novel agents that pediatric researchers could use by
learning from adult counterparts. Some of these agents
are already approved by the drug regulatory authorities
for adults. Therefore, using well characterized patients
diagnosed based on current Rome Ⅳ criteria, the
efficacy of the agents such as elobaxibat, lubiprostone,
linaclotide, 5-HT 3 receptor antagonists such as
alosetron and ondansetron need to be tested for
treating children with IBS.
As mentioned earlier the patho-physiology IBS is
[78,79]
multifactorial
. It is believed that more than one

Challenges and way forward in
childhood IBS
Epidemiology of pediatric IBS is well researched, but
little is known of its patho-physiology and management.
Most of the available evidence in this area is based on
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patho-physiological mechanism might be operating
in generating symptoms in one patient. Most of the
drugs that are used in children have tried to address
one patho-physiological mechanism in the belief that
correction of one such mechanism would alleviate
symptoms in a given patient. This approach is probably
not the best way of dealing with a child with IBS in real
life.
The main feature of children with IBS is pain in
the abdomen. Therefore, it is essential to use a pain
reliever initially. Depending on the type of pain the
clinician could use a smooth muscle relaxant or a
gastroprokinetic. In addition, if a child with IBS is having
a lot of psychological disturbances including anxiety
and somatization with constipation it is better to treat
this child with a centrally acting management option
(amitriptyline, gut directed hypnotherapy or cognitive
behavioral therapy) with a laxative (polyethylene
glycol, linocletide, lubiproston) to relieve symptom of
constipation. Similarly, if the child is suffering from
diarrhea predominant IBS one can approach with a
probiotic or rifaximin to restore the gut flora. However,
we need to generate evidence through well conducted
focused studies using children with IBS alone.
In the recent past, more and more possible
predisposing factors are recognized for IBS, including
gastrointestinal infections, asthma and allergy, dietary
factors and genetic and epigenetic factors. Therefore,
the time has come to start focusing on prevention
strategies targeting those patients with a high risk of
developing IBS, in addition to management of affected
individuals.
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CONCLUSION
IBS is a common FGID among children around the
world. A large number of children are suffering because
of intestinal and extra-intestinal symptoms of IBS.
However, little is known of its exact patho-physiology
and management. Novel research using advanced
technologies based on proposed top-down and bottomup models of patho-physiology and treatment trials
focusing on multiple combined interventions are likely
to be more beneficial in understating and treating
paediatric IBS. Many risk factors have been recognised
for IBS. Therefore, the time has come to explore
possible prevention strategies for this problem.
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Gastric cancer (GC), with its high incidence and mortality
rates, is a highly fatal cancer that is common in East Asia
particularly in China. Its recurrence and metastasis are
the main causes of its poor prognosis. Circulating tumor
cells (CTCs) or other blood biomarkers that are released
into the circulating blood stream by tumors are thought
to play a crucial role in the recurrence and metastasis
of gastric cancer. Therefore, the detection of CTCs
and other blood biomarkers has an important clinical
significance; in fact, they can help predict the prognosis,
assess the staging, monitor the therapeutic effects and
determine the drug susceptibility. Recent research has
identified many blood biomarkers in GC, such as various
serum proteins, autoantibodies against tumor associated
antigens, and cell-free DNAs. The analysis of CTCs and
circulating cell-free tumor DNA (ctDNA) in the peripheral
blood of patients with gastric cancer is called as liquid
biopsy. These blood biomarkers provide the disease
status for individuals and have clinical meaning. In
this review, we focus on the recent scientific advances
regarding CTCs and other blood biomarkers, and discuss
their origins and clinical meaning.
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optimal management for GC patients; these blood
biomarkers should be able to provide early detection,
clinical staging, therapy response monitoring, and
prognosis for GC.
Cells can be released into the blood stream from the
original tumor and/or corresponding distant metastatic
sites. These circulating tumor cells (CTCs) could be
collected and detected through respective technologies
according to their physical and biologic features. CTCs
from cancer patients may be considered as a type of
real-time “liquid biopsy” that could provide real-time
information about the cancer status. CTCs have already
been accepted by the FDA as a prognostic biomarker for
monitoring patients with breast, prostate and colorectal
[7]
cancer . Currently, the concept of “liquid biopsy” has also
been accepted for the clinical application of evaluating
ctDNAs that apoptotic and necrotic cancer cells discharge
[8]
into the blood circulation . As we know, there are
numerous genetic and epigenetic aberrations that could
activate oncogenes and promote tumor progression.
Therefore, we have developed sensitive molecular
assays for the detection of ctDNAs in the blood plasma
to find tumor-specific aberrations. Moreover, several
autoantibodies against specific tumor associated antigens
(TAAs) that are expressed by cancer cells and can be
detected in the blood plasma more than five years prior
[9]
to diagnosis have already been identified . Therefore,
CTC, ctDNAs and autoantibodies could become potential
[10]
blood biomarkers for gastric cancer .
In this article, we focus on the clinical applications
of CTC, ctDNAs and autoantibodies after a brief
introduction of the biology and detection technologies,
and we explore the future prospects of blood biomarkers
in gastric cancer patients.

Core tip: As liquid biopsy, the detection of circulating
tumor cells (CTCs) and other blood biomarkers have
their certain clinical significance. In this review, we
focus on the recent scientific advances of CTCs and
some other blood biomarkers, and discuss their origin
and clinical usefulness.
Li TT, Liu H, Yu J, Shi GY, Zhao LY, Li GX. Prognostic and
predictive blood biomarkers in gastric cancer and the potential
application of circulating tumor cells. World J Gastroenterol
2018; 24(21): 2236-2246 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i21/2236.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i21.2236

INTRODUCTION
Gastric cancer (GC) ranks as the fifth most common
malignant tumor and the third leading cause of cancer
deaths, with more than 951000 new cases and 723000
[1]
deaths estimated per year (GLOBOCAN 2012) .
Despite the development of diagnostic techniques,
surgical techniques and perioperative management in
recent years, the prognostic outcomes for GC remain
poor. Because early stage GC tends to be asymptomatic
and because mass screening is not popular, most
[2]
patients in China are diagnosed at an advanced stage .
The prognosis of peritoneal metastasis from gastric
cancer is very poor. In addition, the median survival
is 4-12 mo, and the 5-year actuarial survival rate of
[3,4]
patients with peritoneal metastasis is less than 5% .
Therefore, finding useful diagnostic and monitoring tools
for gastric cancer patients should be considered as the
most important clinical objectives.
A “liquid biopsy” for gastric cancer patients is
used to detect physiological indicators or parameters
in the serum; the procedure is less invasive than an
endoscopic or surgical biopsy, and it allows practitioners
to detect the disease earlier and visualize the dynamics
and development of gastric tumors, as well as treat
ment efficiency and chemotherapy resistance. Carcinoe
mbryonic antigen (CEA), cancer antigen 19-9 (CA19-9)
and cancer antigen 72-4 (CA72-4) are regarded as
clinically popular gastrointestinal tumor biomarkers.
However, their positivity rates are less than 40% in
GC patients, and the sensitivity and specificity of these
[5,6]
blood biomarkers are not sufficient . Indeed, if a
blood biomarker is to be used in a population-based
screening program, it should be reliable in repeated
applications and easily measurable in blood serum or
plasma by common laboratory equipment. Moreover,
it should be present in the bloodstream before the
onset of manifestations and clinical symptoms, be
able to distinguish between cancer and inflammation
and have high positive predictive value for malignant
tumors. Therefore, there is an urgent need to identify
more precise and effective blood biomarkers to provide
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THE BIOLOGY BEHIND CTCs
The cancer cells that are released from the original
tumor or corresponding distant metastatic sites into
the circulating blood are called CTCs. However, these
epithelial tumor cells cannot stay in the harsh conditions
of the bloodstream, and it is possible that CTCs are
[11]
selected through these harsh conditions . This proposal
is consistent with the phenomenon that there are many
apoptotic or fragmented CTCs in the peripheral blood
[12]
stream of cancer patients . The treacherous journey
through the vasculature is necessary for the spread
of cancer cells to additional sites. CTCs are closely
[13]
associated with activated platelets and macrophages .
Moreover, the transference of metastatic cancer cells into
the circulating blood often relies on various chemokines,
such as CCR4, CCR7, CCR9, and CXCR4, which guide
[14]
the cancer cells across the blood vessels . Even a few
months or years after primary tumor removal, CTCs
can be detected in the peripheral bloodstream of cancer
patients, which indicates that cancer cells can be released
[15,16]
into the circulation from other metastatic sites
.
However, how these CTCs give rise to tumor metastasis
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and progression remains unclear. Future comparative
genomic analyses of primary carcinoma and metastatic
specimens along with CTCs from the same patient might
provide more insight (Figure 1).
Currently, CTCs are often detected by epithelial
markers such as epithelial cell adhesion molecule (EpCAM)
and cytokeratins (CKs), which are not expressed on
the surface of blood cells and distinguish CTCs from the
[17]
masses of blood cells . Epithelial cancer cells can make
an epithelial-to-mesenchymal transition (EMT) that leads
to decreased epithelial marker expression and enhanced
plasticity and migration and invasion capacity. The CTCs
that undergo EMT could be resistant to anoikis, which are
[17]
necessary for the survival and dissemination of CTCs . It
has been previously indicated that EMT might particularly
[18]
affect the stemness of tumor cells . CTCs that undergo
EMT might escape detection by EpCAM-based collection
methods, such as the CellSearch system. Our previous
study explored mesenchymal markers (Vimentin and
Twist) to identify the mesenchymal phenotypes of
CTCs in the bloodstream and their relevance to therapy
[19]
responses .

of knowledge has hindered the development of the
application of CTCs for clinical diagnosis. However,
new significant perspectives regarding the biological
meaning of CTCs and various revolutionary techniques
[22]
have been reported . We believe that equipment for
the combined collection, detection, and characterization
of CTCs will soon be applied clinically.

CTCs AS AN INDICATOR FOR GC
RECURRENCE AND METASTASIS
Recurrence and metastasis not only predict clinical
outcomes but also affect the quality of life of GC patients.
They are the most critical factors in the treatment of
GC. It was originally thought that incomplete surgical
resection resulted in recurrence and metastasis after
the operative treatment of GC; therefore, extensive
radical resection was applied. However, this procedure
was not successful, indicating that there are other
possible reasons for recurrence and metastasis. Some
researchers found that tumor cells could be released into
the bloodstream at the early stage of solid tumors (e.g.,
[7]
breast, colon, lung, and gastric cancer) . Therefore,
CTCs may also play a vital role in monitoring the
dissemination of gastric cancer and guiding the treatment
of GC patients with recurrence and metastasis.
As summarized in Table 1, many studies have re
ported the clinical value of CTCs as prognostic indicators
by different detection methods, including the CellSearch
[23]
system, RT-PCR/qRT-PCR, and FISH. Uenosono et al
detected CTCs using the CellSearch system in 251
gastric cancer patients and found that the overall survival
(OS) was obviously lower in patients with CTCs than in
patients without CTCs (P < 0.0001). Subgroup analysis
revealed that the relapse-free survival and OS were
significantly lower in patients with CTCs than in patients
without CTCs in the resection group (P < 0.0001). In a
[24]
prospective study, Matsusaka et al also assessed the
correlation between CTCs detected by the CellSearch
system and chemotherapy and clinical outcomes. They
found that GC patients with at least 4 CTCs at 2 and 4
wk after the onset of chemotherapy had an obviously
shorter overall survival and progression-free survival
than the patients with less than 4 CTCs. However, the
CTCs levels at baseline (i.e., before chemotherapy) had
no positive correlation with the clinical outcomes. These
findings may indicate that the treatment response of
CTCs is correlated with clinical outcomes. The number
of studies using RT-PCR/qRT-PCR methods is relatively
[25]
small. However, Mimori et al
detected a candidate
marker, the membrane type 1 matrix metalloproteinase
(MT1-MMP) mRNA level, in more than 800 GC patients.
This marker was chosen based on the results of a cDNA
microarray analysis, and its correlation with prognosis
was subsequently validated using qRT-PCR. As a
consequence, the MT1-MMP mRNA level in the peripheral
blood may be an independent prognostic indicator of
recurrence and metastasis in GC patients (P = 0.0018).

TECHNOLOGIES FOR CTCs DETECTION
The evolution of various technologies to enrich and
detect CTCs has been considerable, even resulting in
[17]
the detection and verification of new CTC markers .
It is vital that we pay close attention to the biological
characteristics of tumor cells dissemination and potential
stem cell like properties that are affected by EMT,
[18]
particularly in the field of CTCs . Therefore, many
companies have optimized their devices to select and
[17]
detect CTCs that have undergone EMT .
After an enrichment step, we could greatly increase
the concentration of CTCs and enable the easy detection
of even a single tumor cell. Then, CTCs can be detected
by different techniques. In theory, CTCs could be
positively or negatively chosen based on physical features
(e.g., size, density, deforming character, and electric
charges) and biologic features (e.g., the expression
of protein markers). The enrichment of positively or
negatively chosen CTCs could also be achieved based on
particular combinations of physical and biologic features
in a device. Then, the CTCs could be detected through
immunologic, molecular, and/or functional assays.
Recently, increasing numbers of research teams have
attempted functional tests using cultures and xenografts
[20,21]
of CTCs
. In vitro and in vivo CTCs models can
be applied to detect individualized drug susceptibility.
However, the ability to establish CTCs cultures and
xenografts of CTCs should be improved to design
personalized medicine. Currently, hundreds or thousands
of CTCs are required to construct cancer cell cultures
or xenografts, which limits this approach to individual
therapy (Figure 1).
The new technical developments that we focus on
are based on new discoveries in CTC biology. A lack

WJG|www.wjgnet.com

2238

June 7, 2018|Volume 24|Issue 21|

Li TT et al . Blood biomarkers in gastric cancer

Pre-colonization (minutes to hours)
Primary tumour
Blood sampling
Circulating tumour cells

Local invasion

Intravasation

Platelet
Circulation

Blood vessel

Leukocytes

Separation/enrichment methods

Filtration
by size

Cancer
cell

Marker proteins

Density

Cancer
cells

Immuno-magnetic
enrichment

Fluorescence activated
cell sorting

CTC-Chip

Ficoll

Circulating
tumor cells

EpCAM+
Normal
cell

Positive
selection

White blood cells
negative selection

Magnet

EpCAM
Conjugate
MAB
Positive
selection

Immuno-magnetic CD45+
depletion

White blood
cells

Negative
selection
Fluorescent
light

Cancer
cell

CD45+

CD45
Conjugate
MAB

Glyco A

Magnet
Negative
selection

Leukocytes

Detector

Laser light

Analyzer

CTC detection and profiling
Sequence
Expression analysis

FISH

Cell culture

CellSearch CTC

Figure 1 Flow chart of current and potential applications of circulating tumor cell. Circulating tumor cells (CTCs): The blood samples from cancer patients are
processed through various isolation/enrichment and detection techniques. CTCs are usually captured along with contaminating leukocytes. Various detection methods
are utilized to detect the rare cell population in the bloodstream.
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Table 1 Prognostic value of circulating tumor cells in gastric cancer
Characteristic and number of
patients

Detection method

Statistic value

Ref.

P = 0.014
P = 0.03

CK19 (+) vs (-)
CEA (+) vs (-)

P = 0.02

CEA (+) vs (-)

CK20 mRNA

OS
Liver metastasis
recurrence
Recurrence/
metastasis
2-yr-survival

P < 0.05

CK20 (+) vs (-)

RT-PCR
RT-PCR

CK20 mRNA
CEA mRNA

OS
Recurrence

P = 0.0363
P ≤ 0.00022

52

RT-PCR

Ⅰ-Ⅳ

42

qRT-PCR

C-Met mRNA
MUC1 mRNA
CEA mRNA

P = 0.0178
P = 0.0352
P = 0.032

Ⅰ-Ⅳ

64

MAH

Ⅰ-Ⅳ

57

RT-PCR

hTERT/CK19/CEA/
MUC1
CK20 mRNA

OS
OS
Recurrence/
metastasis
Recurrence/
metastasis
5-yr survival

CK20 (+) vs (-)
CEA after sugery
(+) vs (-)
C-Met (+) vs (-)
MUC1 (+) vs (-)
CEA (+) vs (-)

P > 0.05

All marker (+) vs
the others
CK20 (+) vs (-)

Metastatic

27

CellSearch System

EpCAM CK8/18/19

OS

P = 0.039

CTC ≥ 2 vs < 2

Ⅰ-Ⅳ

69

RT-PCR

Ⅰ-Ⅳ

810

RT-PCR

CK19 mRNA
CK20 mRNA
MT1-MMP

P = 0.0347
P = 0.049
P = 0.0018

CK19 (+) vs (-)
CK20 (+) vs (-)
MT1-MMP (+) vs (-)

Ⅰ-Ⅳ
Ⅰ-Ⅳ

55
70

RT-PCR, ELISA
qRT-PCR

Survivin mRNA
Survivin mRNA

OS
OS
Recurrence/
metastasis
RFS
OS

P = 0.026
P = 0.036

CellSearch system

EpCAM CK8/18/19

qRT-PCR

CEA mRNA

Ⅰ-Ⅳ

30

qRT-PCR

CK18 mRNA

Ⅰ-Ⅳ

95

qRT-PCR

B7-H3 mRNA

PFS ,OS (2 wk after
chemotherapy)
PFS ,OS (4 wk after
chemotherapy)
Recurrence
DFS
RFS
OS
OS

P < 0.001

Ⅰ-Ⅳ

51 (2 wk after
chemotherapy)
48 (4 wk after
chemotherapy)
123

Survivin (+) vs (-)
Survivin high vs
low
CTC ≥ 4 vs < 4

P = 0.001
P = 0.001
P < 0.001
P = 0.001
P = 0.046

Ⅰ-Ⅳ
Ⅰ-Ⅳ

98
52

RT-PCR, ELISA
qRT-PCR

Survivin mRNA
miR-200c

DFS
OS
RFS

P < 0.001
P = 0.016
P = 0.044

Survivin (+) vs (-)
miR-200c high vs
low

Ⅰ-Ⅳ
Ⅰ-Ⅳ

75
251

Immunofluorescence
CellSearch system

GFP
EpCAM CK8/18/19

22

CellSearch system

EpCAM CK8/18/19

Ⅰ-Ⅳ

62

qRT-PCR

Ⅰ-Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ

36
136
100

Flow cytometry
CellSearch system
Cell Search system

KRT19/MUC1/
EPCAM/CEACAM5/
BIRC5 mRNA
CD133 ABCG2
EpCAM CK8/18/19
EpCAM CK8/18/19

P =0.0021
P < 0.001
P < 0.001
P = 0.23
P = 0.91
P = 0.003
P < 0.001

CTC ≥ 5 vs < 5
CTC (+) vs (-)

Ⅰ-Ⅳ

OS
OS
RFS
OS
PFS
OS
PFS

Ⅰ-Ⅳ

24

FACS-ICC

EpCAM

Ⅰ-Ⅳ

136

CellSearch system

EpCAM CK8/18/19

Ⅰ-Ⅳ

65

Immunofluorescence

OBP-401

Ⅰ-Ⅳ

106

CellSearch system

EpCAM CK8/18/19

Ⅰ-Ⅳ

43

IsoFlux platform

EpCAM

OS
PFS
OS
PFS
OS
PFS
OS
PFS
OS
RFS
OS
RFS
OS

P = 0.034
P = 0.016
P = 0.004
P = 0.004
P = 0.014
P = 0.007
P < 0.001
P = 0.001
P = 0.183
P = 0.034
P = 0.003
P = 0.0002
P = 0.0013

Ⅰ-Ⅳ

17
57

RT-PCR
RT-PCR

CA19 mRNA
CEA mRNA

Ⅰ-Ⅳ

106

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

46

qRT-PCR

Ⅰ-Ⅳ
Ⅰ-Ⅲ

41
46

Ⅰ-Ⅳ

Advanced

P = 0.009

Yeh et al[44], 1998
Miyazono et al[45],
2001
Sumikura et al[46],
2003
Friederichs et al[47],
2005
Illert et al[48], 2005
Seo et al[49], 2005
Uen et al[50], 2006
Wu et al[51], 2006
Wu et al[52], 2006
PituchNoworolska et al[53],
2007
Hiraiwa et al[54],
2008
Koga et al[55], 2008
Mimori et al[25],
2008
Yie et al[56], 2008
Bertazza et al[57],
2009
Matsusaka et al[24],
2010

CEA (+) vs (-)

Qiu et al[58], 2010

CK18 (+) vs (-)

Saad et al[59], 2010

B7-H3 high vs low

All marker (+) vs
the others

Arigami et al[60],
2011
Cao et al[61], 2011
ValladaresAyerbes et al[62],
2012
Ito et al[63], 2012
Uenosono et al[23],
2013
Sclafani et al[64],
2014
Kubisch et al[65],
2015

CD133 (+) vs (-)
CTC (+) vs (-)
CTC ≥ 5 vs < 5

Xia et al[66], 2015
Okabe et al[67], 2015
Lee et al[68], 2015

CTC ≥ 2 vs < 2
CTC ≥ 3 vs < 3

Meulendijks et al[69],
2016
Li et al[70], 2016

OBP-401 (+) vs (-)

Ito et al[71], 2016

CTC ≥ 2 vs < 2

Peront et al[72], 2017

CTC ≥ 17 vs < 17

Brungs et al[73], 2018

CTC ≥ 2 vs < 2

qRT-PCR: Quantitative real-time polymerase chain reaction; MAH: Membrane-array hybridization; DFS: Disease-free survival; OS: Overall survival; PFS:
Progression-free survival; RFS: Relapse-free survival.
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Taken together, these studies indicate that CTCs
result in GC recurrence and metastasis and may act
as vital therapeutic targets for the treatment of GC
recurrence and metastasis after radical resection.

with GC. A correlation between the plasma and tissue
HER2 amplification ratios was observed by ddPCR (ρ =
0.424, 95%CI: 0.125-0.652, P = 0.00721).

Cancer-associated autoantibodies

IgG Autoantibodies against specific tumor associated
antigens (TAAs) can be detected in the blood more than
five years prior to a clinical diagnosis of cancer, thus
indicating their important role in the prognosis of early[37,38]
stage cancer
. Additionally, autoantibodies have other
promising biomarker qualities: they can be detected
[39,40]
in every type of tumor that has ever been tested
and they are very stable and have antigen specificity.
Assessing the autoantibody response against TAAs with
multiplex immunoassays is supposed to be viable, and
this method might make them clinically applicable.
To the best of our knowledge, ten studies have
reported the clinical diagnosis values of diverse GC
associated autoantibodies or their combinations (Table
3). In these studies, the recognized biomarkers can
distinguish GC patients from healthy controls with
comparatively excellent specificity (87%-100%), but
discrepant sensitivity (19.3%-98.9%). There are three
[41]
studies that described the AUC: Zhou et al
reported
that autoantibodies against seven TAAs could distinguish
GC patients from healthy subjects with an AUC of 0.73.
[42]
Zayakin et al
showed that 45 autoantibodies could
distinguish GC patients from healthy subjects with an
[43]
AUC of 0.79, while Meistere et al
reported an AUC
of 0.60. These ten studies of autoantibodies in GC
vary greatly regarding the number of autoantibodies
measured (ranging from 2 to 102), the techniques used
to detect the autoantibodies, the definition of suitable
control groups, and the methods used to normalize the
data and define cut-off values. Taken together, these
factors may greatly hinder the clinical application of the
reported biomarkers.
In general, measuring autoantibodies against TAAs
has been reported to have excellent specificity but
general sensitivity, which would hamper its use in clinical
medicine. The biological mechanisms underlying the
limitations of autoantibody sensitivity are currently
unknown. Additionally, the heterogeneity of TAAs among
cancer patients is very high, and one cancer-specific
autoantibody usually has a low probability of detection
and is thus unlikely to have statistical significance.
Therefore, recently published studies are likely to be
statistically inefficient. However, diagnostic biomarker
panels result in the low repeatability of initial results and
reduce the diagnostic value of autoantibodies, but this
issue could be remedied by analyzing combinations with
good statistical significance.

OTHER POTENTIAL BLOOD BIOMARKERS
Cell-free nucleic acids

Tumor DNA can be released into the blood stream from
the primary tumors, circulating tumor cells, or meta
stases of cancer patients. The majority of circulating
cell-free tumor DNAs (ctDNAs) come from apoptotic
or necrotic cancer cells that release fragmented DNA
into the circulating blood. Dying nonmalignant host
cells can also release cell-free DNAs (cfDNAs) into the
circulating blood. These normal cfDNAs can dilute the
ctDNAs concentrations in cancer patients, particularly
in circumstances when tissue-damaging procedures,
including surgery, chemotherapy, or radiotherapy, were
carried out. Even though the length of DNA fragments
might provide some information about the derivation
[26,27]
of cfDNAs
, we should further explore the biological
features of the ctDNAs in the circulating blood. Several
studies have indicated that ctDNAs can even be absorbed
by host cells, and this uptake can affect the biology of
[28,29]
these host cells
. Thus, ctDNAs may be indicated as
a new target for anti-tumor treatment in order to dilute
this type of oncogenic DNA, an idea proposed decades
[30]
ago . Several clinical applications of ctDNAs have been
used for gastric cancer. ctDNAs is not only a tool for
the early detection of cancer but also a prognostic or
predictive factor (Table 2).
Among previous studies of ctDNAs in GC patients, we
found that some studies focused on the concentration of
ctDNAs. In these studies, the housekeeping gene, beta[31]
[32]
actin , and a non-coding DNA sequence, ALU , were
assessed. By comparison, the most widely used method
for detecting ctDNAs is the measurement of methylated
DNA in the plasma or serum; this measurement is
often performed with methylation specific-PCR (MSP) or
quantitative methylation specific-PCR (qMSP) assays.
With the advances in technology and verification of more
sensitive and specific genes, evidence has accumulated
in this field. Comprehensive analyses using methylation
CpG island microarray have indicated the possibility of
more meaningful genes for measuring methylated DNA.
[33]
Furthermore, Ling et al
have shown the effective
application of methylated XAF1 DNA. This DNA could
be used as a diagnostic or prognostic biomarker with
high specificity and sensitivity. In addition to mutation
analyses, gene amplification appears to provide
[34]
relevant blood biomarkers. Park et al
found that the
combination of plasma HER2 and MYC concentrations to
diagnose GC had a sensitivity and specificity of 69% and
92%, respectively. To determine the effect of sequencing
methods upon the overall diagnostic accuracy, Shoda
[35]
[36]
et al compared qPCR and digital droplet PCR (ddPCR)
for detecting the HER2 amplification ratio in 60 patients
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PERSPECTIVES
In general, the field of CTCs, ctDNAs and autoantibodies
is stimulating discovery regarding the tumor recurrence
and metastasis, but it is still in the early stages. The
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Table 2 Detection of cell-free tumor DNA in gastric cancer
Candidate biomarkers

Sample size

Sample type

Method/technology

Diagnostic value/outcome

Ref.

Total cell-free DNA level
b-actin
DNA methylation
markers RPRM
(Reprimo)

GC = 53, HC = 21

Plasma

qPCR

AUC = 0.75, P < 0.0001

Sai et al[31], 2007

Gene amplification
MYC gene copy number
(MYC/GAPDH ratio)

GC = 57, HC = 39

RUNX3

KCNA4 + CYP26B1

SLC19A3

Alu DNA sequences
FAM5C + MYLK

XAF1

GC = 43, HC = 31

GC (preoperative) = 65,
GC (postoperative) = 43,
HC = 50
GC = 46, GPL = 46, HC
= 30
Discovery: GC = 45, HC
= 60; Validation: GC =
20, HC = 20
GC = 54, HC = 59

95.3% GC, 9.7% HC, P < 0.00001;
Strong correlation between
methyl status in tissues and
plasma
Tissues and
qPCR
AUC = 0.816; Strong positive
plasma
correlation between MYC levels
in GC tissues and plasma (r =
0.342; P = 0.009)
Tissues and serum
qMSP
AUC = 0.8651, Sn = 95.5%, Sp =
62.5%; Decrease after surgical
resection
Serum
Discovery: Methylation AUC = 0.917, Sn = 91.3%, Sp =
microarray in tissues;
92.1%
Testing: MSP
Plasma
MSRED-qPCR
Increased in GC, P < 0.0001
GC tissues and
plasma

Plasma

GC = 58, GPL = 46, HC
= 30

Serum

GC = 202, HC = 88

Tumor tissues and
serum

Total cfDNA level

Early GC = 16; advanced
Plasma
GC = 14; HC = 34
HER2 + MYC
GC = 81; gastritis = 63; Plasma and tissues
HC = 32
HER2 gene copy number
Discovery: GC = 52
Plasma and tissues
(HER2/RPPH1 ratio)
(pre and post-operative
treatment), HC =
40;Validation: GC = 25
plasma

TP53

GC = 6

Plasma

AKT1, AKT3, PIK3CA,
PTEN, ARID1A, TP53
and BRAF

GC = 277

Plasma and tissues

HER2

GC = 70

Plasma and tissues

HER2

GC = 60; HC = 30

Plasma and tissues

MSP

Bernal et al[74], 2008

Park et al[75], 2009

Sakakura et al[76], 2009

Zheng et al[77], 2011

Ng et al[78], 2011

AUC = 0.784, Sn = 75%, Sp =
Park et al[32], 2012
63%
Discovery: MeDIP in AUC = 0.838, Sn = 77.6%, Sp =
Chen et al[79], 2012
cell lines; Testing: MSP 90% for GC vs HC; Sn = 30.4%
for GPL vs HC; Decrease after
surgical resection
qMSP
AUC = 0.909, P < 0.0001; 83.9%
Ling et al[33], 2013
concordance between tissues
and serum
Measurement of
AUC = 0.991, Sn = 96.67%, Sp =
Kim et al[80], 2014
cfDNA concentration
94.11% for GC vs HC
FISH and qPCR
AUC = 0.850, Sn = 69%, Sp =
Park et al[34], 2014
92%
qPCR
AUC = 0.746, Sn = 53.9%, Sp
Shoda et al[35], 2015
= 96.7%; Positive correlation
between GC tissues and
plasma (r = 0.424; P = 0.00721);
Decrease in post-treatment
plasma in HER2 + GC cases; Sn
= 66.7%, Sp = 100%
Parallel sequencing
ctDNATP53 mutation in three Hamakawa et al[81], 2015
out of six patients (50%)
MassARRAY system
32 out of 94 patients (34%)
Fang et al[82], 2016
with a tissue mutation had a
corresponding mutation in
plasma
dual-color ISH assay ctDNA had a high concordance
Gao et al[83], 2017
of HER2 amplification with
tumor tissues(91.4%, Kappa
index = 0.784, P < 0.001)
digital droplet PCR The preoperative plasma HER2
Shoda et al[36], 2017
ratio correlated with the tumor
HER2 status (P < 0.001); Sn =
73.3%, Sp = 93.3%
Alu81-qPCR

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

transformation of these blood biomarkers into conven
tional clinical indicators is hampered by the absence
of consistency among different technical methods.
The CellSearch system is the first standardized semiautomatic technique approved by the FDA to enrich and
detect CTCs in patients with breast, prostate or colorectal
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cancer. Many studies have shown that the results of
CTCs detection with the CellSearch system could serve
as a clinical prognostic and therapeutic effectiveness
indicator for these cancers. Recently, a few studies have
shown that detection of CTCs in GC patients using the
CellSearch system could be used for staging, predicting
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Table 3 Detection of autoantibodies against tumor associated antigens in gastric cancer
Biomarker signature description

Technology

Study design

Sample size (GC/controls)

ELISA

GC vs HC

135/82

PARSE assay

GC vs HC (age and
sex matched)
GC vs HC

48/46

100/79

ELISA

GC vs HC, training
set
GC vs HC, validation
set
Cardia GC vs HC

ELISA, fixed cut-off

GC vs HC

91/346

ELISA, individual
cut-off
45 T7 phage-displayed TAA clones T7 phage displayed
(including NY-ESO-1, DDX53,
TAA microarray
MAGE antigens etc.)

GC vs HC

91/346

GC vs HC (age and
sex matched)

T:100/100

2 TAAs-p62 and Koc
3TAAs-IQGAP3, KRT23 and
REG3A
3 TAAs-p16, p53 and c-myc

ELISA

6 TAAs-p53, Hsp70, HCC-22-5,
PrxVI, KM-HN-1 and p90

7 TAAs - p53, C-myc, p16, IMP1,
Koc, p62 and Survivin
7 TAAs - C-myc, Cyclin B1, IMP1,
Koc, P53, p62 and Survivin

ELISA

64 TAAs (including MAGEA4,
CTAG1, TP53, ERBB2_C and
SDCCAG8 antigens etc.)

Bead-based
multiplex serology

102 TAAs (including CTAG1B/
CTAG2, DDX53, IGF2BP2, TP53
and MAGEA3 antigens etc.)

A recombinant
antigen microarray

74/82

248/74
88/140

V:235/213
GC vs gastritis
GC vs gastric ulcer
GC vs HC

235/100
235/54
T:155/224

GC vs HC

V:146/97

GC vs HC

829/929

Diagnostic value

Ref.

Sn = 19.3%, Sp = 97.6%, P
Zhang et al[84],
< 0.01
2001
Sn = 22.9%, Sp = 100%, P Xu et al[85], 2012
< 0.001
Sn = 21.6%, Sp = 97.6%; P Looi et al[86], 2006
< 0.001
Sn = 49.0%, Sp = 92.4%, P Hoshion et al[87],
< 0.01
2017
Sn = 52.0%, Sp = 90.5%, P
< 0.01
AUC = 0.73, Sn = 64%, Sp Zhou et al[41], 2015
= 87%, P < 0.001
Sn = 52.7%, Sp = 89.9%, P
Zhang et al[88],
< 0.01
2003
Sn = 98.9%, Sp = 93.1%, P
Koziol et al[89],
< 0.001
2003
AUC = 0.79, Sn = 59%, Sp Zayakin et al[42],
= 90%, P < 0.001
2013
AUC = 0.64, Sn = 58.7%,
Sp = 55%, P < 0.001
AUC = 0.76, Sn = 58.7%,
Sp = 81.5%, P < 0.001
Sn = 0-12%, Sp = 98%;
Werner et al[90],
P > 0.05
2016
Sn = 32%, Sp = 87%;
P < 0.001
AUC = 0.60, Sn = 21%, Sp Meistere et al[43],
= 91%, P < 0.001
2017

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

3

patients’ overall survival and evaluating the treatment
effectiveness. However, large-scale clinical studies are
needed to further validate the important role of CTCs and
to explore an applicable cut-off value for the CTCs score
in GC patients.
Although various methods and techniques have been
recommended for ultimately establishing an applicable,
sensitive and real-time monitoring system using
circulating blood, few methods can currently be applied
in clinical practice. Large-scale clinical trials and further
exploration of the biology and significance of blood
biomarkers might solve the associated problems and
improve their application as blood biomarkers. Therefore,
the exploration of revolutionary blood biomarkers, such
as CTCs, ctDNAs and autoantibodies, could provide many
advantages for gastric cancer patients and improve their
clinical outcomes in the future.
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Every colorectal surgeon during his or her career is faced
with anastomotic leakage (AL); one of the most dreaded
complications following any type of gastrointestinal
anastomosis due to increased risk of morbidity, mortality,
overall impact on functional and oncologic outcome and
drainage on hospital resources. In order to understand
and give an overview of the AL risk factors in laparoscopic
colorectal surgery, we carried out a careful review of
the existing literature on this topic and found several
different definitions of AL which leads us to believe that
the lack of a consensual, standard definition can partly
explain the considerable variations in reported rates of
AL in clinical studies. Colorectal leak rates have been
found to vary depending on the anatomic location of the
anastomosis with reported incidence rates ranging from
0 to 20%, while the laparoscopic approach to colorectal
resections has not yet been associated with a significant
reduction in AL incidence. As well, numerous risk factors,
though identified, lack unanimous recognition amongst
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researchers. For example, the majority of papers describe
the risk factors for left-sided anastomosis, the principal
risk being male sex and lower anastomosis, while little
data exists defining AL risk factors in a right colectomy.
Also, gut microbioma is gaining an emerging role as
potential risk factor for leakage.

The etiology of AL is considered multifactorial.
Colorectal leak rates have been found to vary according
to the anatomic location of the anastomosis, with distal
colorectal, coloanal and ileoanal leak rates ranging from
1% to 20%, colocolonic leak rates from 0% to 2%, and
[6-9]
ileocolonic leak rates from 0.02% to 4% . After almost
a century of investigation, a number of patient-related and
perioperative factors, as well as technical considerations,
have been implicated as risk factors for AL. In some
instances conclusive recommendations are firmly justified
[1,10]
whereas others are still open to debate
. Many authors
have tried to compose nomograms in order to predict the
risk of AL yet, despite the significance of such scores, they
[11-13]
are not frequently used in clinical practice
.
Surgical techniques and technologies as well as
perioperative care have greatly evolved over the
past several decades. The laparoscopic approach is
now increasingly considered the standard of care in
almost all colorectal diseases due to improved shortterm postoperative results with no detrimental effects
on oncological outcomes when compared to open
[14,15]
surgery
. Laparoscopy is associated with providing a
better view of the surgical field, less intraoperative blood
loss, reduced tissue trauma and lower inflammatory
[16]
response . Despite these reported advantages the
laparoscopic approach for colorectal resections has
not been associated with a significant reduction in AL
incidence until now. Most published studies and meta[17,18]
analyses reported similar rates to open surgery
.
Recently a retrospective analysis of 25097 patients
undergoing colectomy for colon cancer revealed that,
after adjusting for other factors, patients who had
undergone open or converted procedures were nearly
twice as likely to suffer from AL when compared to
those subject to laparoscopy. This significant difference
suggests that there may be true benefits to minimally
[19]
invasive colon resection as it relates to AL .
The aim of this review was to evaluate the current
literature in order to identify patient-related and
perioperative risk factors for AL in patients undergoing
colorectal resection by way of the laparoscopic approach.

Key words: Laparoscopic colorectal surgery; Colorectal
surgery; Anastomotic leakage; Laparoscopy; Risk factor;
Rectal cancer; Diverting stoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In colorectal surgery, knowledge and prevention
of possible complications are mandatory. Anastomotic
leakage is a major issue in laparoscopic colorectal surgery
and furthermore, its etiology is not fully understood. The
aim of this review was to evaluate the current literature
to identify patient-related and perioperative risk factors
for leakage in patients undergoing colorectal resection
by laparoscopy. Full awareness of risk factors is essential
for identifying high-risk patients and properly select them
for diverting stomas in order to mitigate potential severe
clinical consequences of anastomotic leakage.
Sciuto A, Merola G, De Palma GD, Sodo M, Pirozzi F, Bracale
UM, Bracale U. Predictive factors for anastomotic leakage after
laparoscopic colorectal surgery. World J Gastroenterol 2018;
24(21): 2247-2260 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i21/2247.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i21.2247

INTRODUCTION
Every colorectal surgeon during his or her career is faced
with anastomotic leakage (AL); one of the most dreaded
complications following any type of gastrointestinal
anastomosis due to increased risk of morbidity, mortality,
overall impact on functional and oncologic outcome and
[1]
drainage on hospital resources .
Several definitions of AL can be found in the literature
and therefore lack of a standardized definition can partly
explain the considerable variations in AL reported rates
[1,2]
among clinical studies . More generally, AL is grouped
together with all conditions characterized by clinical
or radiologic features of anastomotic dehiscence in
accordance with the United Kingdom Surgical Infection
[3-5]
Study Group . In order to make a valid comparison of
the different existing studies characterizing AL, in 2010
specific guidelines on defining AL following rectal surgery
were published by the International Study Group of
Rectal Cancer. According to these guidelines AL is defined
as a defect of the intestinal wall at the anastomotic site
(including suture and staple lines of neorectal reservoirs)
leading to a communication between the intra- and
[4]
extraluminal compartments .

WJG|www.wjgnet.com

SEARCH STRATEGY AND QUALITY
ASSESSMENT
A systematic review of literature was conducted
[20]
according to the PRISMA statement . A literature
search was carried out in electronic databases
(PubMed, Medline, EMBASE) in order to retrieve all
papers related to AL risk factors during laparoscopic
colorectal surgery. The following search string was used:
[(colorectal OR colon OR rectal OR colon surgery OR
rectal surgery OR colorectal surgery) AND (anastomotic
leak OR leakage OR fistula OR dehiscence) AND (risk
factor OR risk) AND (laparoscopic OR laparoscopy)]. Two
independent researchers analysed each article first by
title and abstract, and subsequently by the full text and
extracted the relevant data. In case of disagreement a
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third researcher was consulted. A manual search was
conducted to identify further relevant studies. All papers
not in the English language, reviews, meta-analyses and
study-protocols were excluded. Both randomized and
non-randomized studies were included in the review.
The papers were divided into the following categories
according to anastomosis location: (1) Right-sided
anastomosis: all anastomoses involving the ileum and
the colon such as in a right colectomy; (2) left-sided
anastomosis: all anastomoses involving the left colon
(colocolonic, colorectal and coloanal anastomoses) or
the ileum (ileorectal and ileoanal); and (3) all types of
resection: both right-sided and left-sided anastomoses.
According to PRISMA guidelines, the selection flow
diagram is reported in Figure 1.
The JADAD score was used to assess the quality of
randomized controlled trials (RCTs) and papers with a
score of ≥ 3 were included in the analysis. The meth
odological quality of non-randomized surgical studies was
assessed with a MINORS score. A score ≥ 10 for noncomparative studies and ≥ 14 for comparative studies
[21,22]
was fixed as a threshold for inclusion in the analysis
.

first RCT analyzing the role of intracorporeal stapled
versus extracorporeal stapled anastomosis following
laparoscopic right colectomy using a standardized
approach. In their series of 60 patients (30 EA vs 30 IA)
no significant difference was observed between the two
groups with respect to AL (6.6% in the IA group versus
0% in the EA group, P = 0.39). In the largest multicenter
study comparing IA and EA for 512 right-sided colorectal
cancers, the incidence of leak or dehiscence was 4.19%
(12 patients) in the IA group and 5.50% (12 patients) in
[3]
the EA group (P = 0.53) . Similarly, in a case-matched
[27]
study, Vignali et al compared the outcomes of IA (64
patients) versus EA (64 patients) in an obese population
2
[body mass index (BMI) > 30 kg/m ]. Clinically evident
anastomotic leaks occurred in 4.7% of the patients in the
IA group vs 7.8% in the EA group (P = 0.71). Also, in a
retrospective multicentric comparative study including
195 patients, multivariate analysis revealed a trend
towards lower risk of clinical AL (requiring percutaneous
or operative intervention) with IA that failed to reach
statistical significance (adjusted OR = 0.29, P >
[28]
0.05) . Other retrospective series found no significant
differences in incidence of anastomotic leaks between
[29-32]
the two techniques
. With regards to IA, a singlecentre retrospective series of 162 patients found that
double-layer closure of enterotomy was associated with
a significantly lower incidence of AL compared to singlelayer closure (1.2% in DL vs 7.8% in SL, p = 0.044)
[33]
after mechanical ileocolic anastomosis .

RISK FACTORS FOR LEAKAGE
Right-sided anastomosis

After the literature review and quality assessment, one
RCT and nine non-randomized papers were included in
[23]
the analysis. Kwak et al
reported their retrospective
series of 423 patients who had undergone laparoscopic
colonic resection and anastomosis for appendix or right
colon cancer. The overall leakage rate over the 8-year
study period was 3.78% (16/423 patients). Among
patient-related factors, habitual smoking was found
to be significantly associated (P = 0.007) with AL with
an odds ratio (OR) of 6.529 and it was suggested that
vascular ischemia from nicotine-induced vasoconstriction
and microthromboses, together with carbon monoxideinduced cellular hypoxia, inhibit anastomotic circulation
[24]
in smokers . Neoadjuvant chemotherapy correlated
with AL (6.3% in the leakage group compared to the
0.5% in the non-leakage group, P = 0.007) however
the sample size of only 3 patients was too small to be
[23]
clinically relevant . Among operative factors, longer
operating time was found to be significantly associated
with leakage (OR = 1.024, P < 0.001).

Left-sided anastomosis

Following a literature review and quality assessment, 5
RCTs and 34 non-randomized studies were included in
the analysis (Table 1).

Patient-related factors

Male sex: AL was reported to be more common
amongst men which may be reflective of the fact that
technical difficulties can be intensified in male patients
[34]
due to their narrow pelvises . In a retrospective
study of 296 patients who had undergone laparoscopic
anterior resection (LAR), male gender was a significant
[35]
risk factor with an OR of 18.0 at multivariate analysis .
[36]
Similarly, Kim et al
analyzed risk factors for AL in
312 LARs for both extraperitoneal and intraperitoneal
disease location. Male gender was the only risk factor
identified and leakage was 13.2 times higher in men
[37]
than in women. Tanaka et al
‘s prospective trial also
found that men are at a higher risk for leakage (OR =
4.12). In a multicenter analysis of 1609 patients with
rectal cancer, male gender was a significant risk factor
amongst all patients [hazard ratio (HR) = 1.943] and
particularly amongst patients without defunctioning
[34]
stoma (HR = 3.468) .

Intracorporeal anastomosis

Laparoscopic right colectomy with intracorporeal ana
stomosis (IA) is reported to have some benefits in terms
of enhanced postoperative recovery in comparison with
laparoscopic-assisted right colectomy with extracorporeal
[25]
anastomosis (EA) . Both approaches appear to achieve
similar results in terms of AL occurrence. Definitive
conclusions are difficult to draw, however due to the
nature of the published studies and the heterogeneity of
surgical techniques used in fashioning the EA, including
[26]
both manual, totally-stapled, and stapled-manual .
[26]
Vignali et al
published an interim analysis of the

WJG|www.wjgnet.com

BMI: Two papers have shown that BMI could also be a
risk factor for AL. In a series of 1059 patients undergoing
laparoscopic sigmoidectomy for diverticulitis, BMI ≥ 35
2
kg/m was independently associated (OR = 2.3) with AL
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Records identified through
database searching
(n = 374)

Additional records identified
through other sources
(n = 3)

Eligibility

Screening

Records after duplicates removed
(n = 377)

Records screened
(n = 377)

Full-text articles
assessed for eligibility
(n = 54)

Included

Studies included in
qualitative synthesis
(n = 33)

Records excluded
(n = 323)

Full-text articles excluded, with
reasons: Non-English language
or non-pertinent with the subject
(n = 21)
Full-text articles excluded for
MINORS score < 11 for noncomparative and < 14 for
comparative
(n = 5)
31 papers added after manual
and cross search

Studies included for
the review
(n = 59)

Figure 1 Selection flow diagram according to PRISMA guidelines.

and as tumor size and/or stage increases, intrapelvic
manipulation becomes restricted and rectal transection
[41]
more challenging . Moreover, patients with a tumor
larger in size or more advanced in TNM staging usually
[40]
suffer from a worsened systemic physical status . In
a series of 154 rectal cancer patients, tumor size ≥
5 cm in diameter was associated with a 4-fold higher
[42]
[40]
risk of leakage . Zhu et al found that tumors larger
than 3 cm in diameter, as well as TNM stage, were
independently associated with leakage.

and/or postoperative abscess both in an intent-to-treat
[38]
analysis and amongst laparoscopically completed cases .
[39]
Yamamoto et al
found that BMI was independently
predictive for developing AL (OR = 1.479).
Preoperative nutritional status: Malnutrition impairs
anastomotic healing by affecting collagen synthesis
or fibroblast proliferation. Impaired preoperative nutri
tious status defined as anemia or hypoproteinemia
(hemoglobin ≤ 100 g/L or albumin ≤ 32 g/L) was found
to be significant (P = 0.047) at a univariate analysis in a
retrospective series of 132 patients undergoing LAR for
[40]
cancer . This finding was not confirmed at multivariate
analysis (P = 0.253).

Post-operative hypoalbuminemia: Post-operative
nutritional status monitoring could be a good way to
identify patients with high risk of post-operative AL.
In a retrospective series of 200 patients undergoing
laparoscopic curative surgery for colorectal cancer, the
average serum albumin levels on POD1 and POD3 were
significantly lower in the AL group compared to the non[43]
leakage group (P < 0.0005) .

[34]

Neoadjuvant therapy: Park et al reported that pre
operative chemoradiation was a risk factor for leakage in
their subgroup analysis of patients without defunctioning
stoma (HR = 2.418), but not in their analysis of all
[35]
patients after LAR for cancer. Hamabe et al reported an
association between AL and neoadjuvant chemotherapy
with an OR of 3.5 at multivariate analysis.

[44]

Post-operative diarrhea: Ito et al
reported an
association between postoperative diarrhea and occur
rence of AL, with an OR of 86.3. The authors speculated
that early postoperative diarrhea increases endoluminal
pressure at the anastomotic site. Furthermore, leaking
of watery stool through the anastomosis may lead to the

Tumor size and stage: Tumor size may represent
one of the risk factors for AL following LAR. This proce
dure involves surgery in an anatomically narrow space

WJG|www.wjgnet.com

2250

June 7, 2018|Volume 24|Issue 21|

Sciuto A et al . Risk factors for anastomotic leakage
Table 1 Studies involving laparoscopic colorectal procedures with left-sided anastomosis
Year

No. of patients

Overall leak rate (n )

Risk factor identified

[8]

Ito et al

2008

180

5.0% (9)

Kim et al[36]
Pugliese et al[66]
Kim et al[47]
Zhu et al[40]

2008
2008
2009
2010

266
157
270
132

6.4% (17)
10.8% (17)
6.3% (17)
9.1% (12)

Choi et al[45]

2010

156

10.3% (16)

Huh et al[46]

2010

223

8.5% (19)

Kayano et al[41]

2011

250

10.0% (25)

Akiyoshi et al[49]

2011

363

3.6% (13)

Yamamoto et al[39]
Hinoi et al[68]
Park et al[34]

2012
2013
2013

111
888
1609

5.4 (6)
9.3% (83)
6.3% (101)

Kawada et al[42]

2014

154

12.3% (19)

Majbar et al[65]
Silva-Velazco et al[38]

2016
2016

131
1059

16.0% (21)
9% (95)

Van Praagh et al[74]

2016

16

50% (8)

Hamabe et al[35]

2017

296

8.1% (24)

Lee et al[48]

2017

128

0.78% (1)

Tanaka et al[37]

2017

395

8.4% (33)

Ito et al[44]

2017

69

15.9% (11)

Shimura et al[43]
Van Praagh et al[75]

2018
2018

196
123

5.61% (11)
23.6% (29)

TME
N° of staplers firing (≥ 3)
Male sex
Conversion
Tumor location in middle or lower rectum
Tumor size (diameter ≥ 3 cm)
Distance from the anal verge (≤ 6 cm)
TNM stage
Anastomotic level ≤ 5 cm from the anal verge
Long operation time (≥ 270 min)
Extraperitoneal location of tumor
Operative time > 220 min
Male sex
Multiple stapler firings (≥ 2)
Middle/low rectal cancer
Lack of pelvic drain
BMI
LCA ligation in LAR
Male sex
Low anastomosis (< 7 cm)
Preoperative chemoradiation
Advanced tumor stage
Perioperative bleeding (≥ 2 transfusions)
Multiple firings of the linear stapler (> 3)
Tumor size > 5 cm
Operative time > 300 min
Intraoperative bleeding > 100 mL
Stapler firings > 3
Precompression before stapler firing
Conversion to open surgery
BMI ≥ 35 kg/m2
N° of staplers firing
Longer operative time
Low diversity of gut microbiota
High presence of Lachnospiraceae
Male sex
Distance from anal verge < 7 cm
Neoadjuvant chemotherapy
Stapler firings > 2
Distance from anal verge
Male sex
Absence of transanal tube
Absence of transanal tube
Post-operative diarrhea
Post-operative hypoalbuminemia
Bacteroidaceae
Low diversity of gut microbiota
High presence of Lachnospiraceae
Anostomosis covered with C-Seal

Author

BMI: Body mass index; LCA: Left colic artery; LAR: Laparoscopic anterior resection; TME: Total mesorectal excision.

development of localized or generalized pelvic infection.

0.001) and multivariate analysis (OR = 6.855; 95%CI:
1.271-36.964; P = 0.025) in a series of 156 patients
[45]
undergoing LAR without diverting ileostomy . In this
study the AL rate was 10 times higher (20.6% vs 2.3%)
when the anastomotic region was located within 5 cm
of the anal verge. Accordingly, low levels of anastomosis
accompanied with total mesorectal excision (TME) were
[8]
independently associated with leakage . In their series
[48]
of 128 patients, Lee et al
reported that low distance
from the anal verge could be a risk factor for leakage
but that, due to their very low leak rate, they could not
demonstrate it.

Operative factors

Level of anastomosis: The distance of the
anastomosis from the anal verge is regarded as the
most important predictive factor for leakage. Several
studies have shown that the lower the anastomosis,
[34,40,45-47]
[35]
the higher the risk of leakage
. Hamabe et al
reported that the leak rate was 3.4 times higher for
tumors located less than 7 cm from the anal verge.
An anastomotic level within 5 cm from the anal verge
was a risk factor for leakage at both univariate (P <
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Number of linear stapler firings: A disadvantage
in laparoscopic surgery is that rectal transection may
[41]
be more difficult than in open surgery . The narrow
space in which to insert the stapler, inadequate traction
and a suboptimal cutting angle may necessitate mul
[34]
tiple applications of the linear stapler . The concern
about number and direction of stapler firings has
been reported by many surgeons. In a series of 180
cancer patients, three or more stapler firings during
rectal division significantly increased the risk of AL
after the laparoscopic double stapling technique (OR
[8]
= 4.6) . Rectal division through the right-lower port
required more stapler firings than division through the
suprapubic port, especially in the TME group, and a
smaller percentage of patients required three or more
staples for vertical rectal division than for transverse
[34]
division (15% vs 45%, P = 0.03). Park et al
also
reported that a number of linear stapler firings > 3 was
[45]
a risk factor for leakage (HR = 7.849). Choi et al
found that 16.7% of the cases in which 3 or more linear
staplers were used had AL, whereas only 6.8% of the
cases in which 2 or fewer linear staplers were used had
leakage. Though there was no statistical significance
to this difference (P = 0.068), the authors claimed that
efforts to reduce the number of linear staplers to 2 or
[47]
less seemed to be warranted. Kim et al
found that
more than 2 stapler firings were associated with leakage
at univariate analysis. The number of stapler firings
increased significantly in men (P = 0.023), in patients
with a tumor at a lower level (P = 0.034), and in those
with longer operating times (P < 0.001). Several other
authors reported an association between multiple linear
[38,41,42]
[48]
stapler firings and AL incidence
. In Lee et al ’s
series, this association could not be statistically proven
due to the very low leak rate.

univariate analysis). Based on the two risk factors
(sex and anal verge distance) patients were stratified
according to risk for AL occurrence. The incidence of AL
was 8.1% in the overall population compared to 23%
in high-risk patients (males with tumors less or equal
than 7 cm from the anal verge). Within this group, DS
creation significantly reduced the AL rate (P = 0.0363)
as the rate of AL occurrence was 10.7% in patients for
whom a DS was created compared to 33.3% in patients
without a DS. The occurrence of AL in the low-risk group
was not influenced by DS creation (P = 0.2443). Based
on the findings of this study, DS may help prevent the
occurrence of AL in a high-risk population.
Transanal TME: Transanal TME (TaTME) represents
the latest advanced surgical access technique for pelvic
dissection and anastomosis during rectal resection and
is being implemented in clinical practice in order to
overcome the technical drawbacks and limitations of
[50]
standard laparoscopic TME
. For instance, the distal
rectal transection does not involve multiple stapler
firings and therefore eliminates this potential risk factor
[50]
for leakage. Recently, Penna et al
analyzed 1594
TaTME cases with an anastomosis recorded on the
[51]
international TaTME registry . The overall anastomotic
failure rate was 15.7%. This included early (within
30-d; 7.8%) and delayed (after 30 d; 2.0%) leak,
pelvic abscess (4.7%), anastomotic fistula (0.8%),
chronic sinus (0.9%), and anastomotic stricture in 3.6%
of cases. Of 250 patients diagnosed with anastomotic
failure, 219 had a defunctioning stoma created at the
index operation. The reported early leak rate of 7.8%
was higher than the previously published rate of 5.4% in
[52]
the initial 720 registry cases . The authors suggested
that this value could be explained by an increased
complexity of cases performed transanally, wider
adoption of TaTME by surgeons at the start of their
learning curve, or improved recording and reporting of
adverse events on the registry. Nonetheless, the leak
rate was comparable to previously reported incidences
in colorectal surgery. Upon multivariate analysis, male
sex, obesity, smoking, diabetes, larger tumors (> 25
mm maximum diameter), tumor height > 4 cm from
anorectal junction on magnetic resonance imaging,
and intraoperative blood loss of ≥ 500 mL were risk
factors for early AL. These factors are similar to those
identified in previous studies on laparoscopic rectal
resections. Significantly more cases that did not have a
defunctioning stoma developed early symptomatic AL
compared with those that were defunctioned (12.4% vs
7.2%, OR = 0.547, P = 0.015). However, the presence
of a defunctioning stoma did not appear to significantly
influence incidence of anastomotic failure in this cohort.
Anastomotic technique (manual versus stapled) was
not identified as a risk factor for early AL, although the
manual technique significantly increased the risk of
late stricturing. A few published studies have compared
laparoscopic and transanal TME with respect to AL
rates. A RCT including 100 patients found a leak rate

Diverting stoma: Although evidence regarding the
clinical benefit of fecal diversion is conflicting, it is
generally agreed that creation of a diverting stoma (DS)
can reduce the clinically adverse effects of AL, including
fecal peritonitis and septicemia, rather than preventing
leakage. In a retrospective series of 69 patients
[44]
undergoing LAR , no significant difference between DS
group and no-DS group in terms of AL incidence (15.4%
vs 16.3%) was noted. Although AL was observed in
four patients in the DS group, none of them developed
AL grade C. In contrast, 57.1% (4/7 cases) of the
patients in the no-DS group developed AL grade C, but
[44]
this difference did not reach statistical significance .
[34]
In the series from Park et al
(1609 patients)
defunctioning stoma did not significantly reduce risk of
AL (OR = 0.649, P = 0.154 at multivariate analysis).
Similarly, in a series of 363 LARs, the incidence of
AL was 4.8% in patients with covering stoma versus
[49]
3.3% in patients without stoma (P = 0.4718) . Other
[38,41,42]
studies reported similar findings
.
[35]
In a series of 296 low LARs for cancer , AL was
observed in 5.5% of patients with DS and in 8.7%
of patients without DS (OR = 0.60, P = 0.4243 at
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of 2% in the transanal group compared to 10% in the
laparoscopic group, without a significant difference (P
[53]
= 0.204) . Other retrospective matched case-control
trials did not find any statistically significant difference
[54-57]
in terms of AL rates between the two approaches
.
Results from the recently commenced RCTs comparing
TaTME with laparoscopic TME may provide some robust
[58,59]
data in the future
.

changed surgical plans in 11 (7.9%) patients, with the
majority of changes occurring at the time of transection
of the proximal margin (7%). No AL was recorded
amongst this subgroup of patients. In a prospective
single-institution study of 68 patients undergoing
laparoscopic resection for left-sided colorectal cancers,
AL occurred in 16.7% of the poor perfusion group
based on ICG fluorescence imaging, whereas none of
the patients in the good perfusion group had AL. When
further focusing on LAR, the AL rate was 10.7%. Leak
occurred in 30% of the poor perfusion group, whereas
[63]
no leak took place in the good perfusion group .

Circular stapler: In animal models pre-compression
before firing with a circular stapler was demonstrated
to reduce intestinal wall thickness and acquire optimal
[42]
anastomosis . Only one published study reported that
long pre-compression time before firing was associated
[42]
with AL at a multivariate analysis (OR = 4.85) . The
diameter of the circular stapler was not found to be a
[34,45,46]
risk factor for leakage in three studies
.

Fibrin glue: Fibrin glue application over the stapled
anastomosis was not found to be significantly
associated with leakage following laparoscopic rectal
[46]
cancer surgery without stool diversion .

Intraoperative endoscopy: The usual ways of
assessing the integrity of colorectal anastomosis such
as the air leak test, direct laparoscopic visualization and
inspection of doughnuts may be suboptimal methods
for predicting anastomotic complications. The use of
intraoperative endoscopy (IOE) allows direct visualization
and testing with the air leak test for anastomotic
defect or bleeding, inadvertent bowel wall injury at
the anastomotic site, adequacy of distal margins,
vascularity of the anastomosis, and unsuspected distal
[60]
lesions or stricture at the preoperative assessment .
[60]
Li et al compared 107 patients who had undergone
routine IOE to 137 patients who had undergone selective
IOE during laparoscopic colorectal surgery. A 5.7-fold
increase in anastomotic complications was observed in
the selective IOE group although the difference was not
statistically significant due to their small sample size. AL
incidence was comparable between the two groups.

Operative time: Prolonged operations may reflect
intraoperative difficulties especially in critical patients.
Therefore operative time was investigated as a
[38]
possible risk factor for AL. Silva Velazco et al
found
an increasing OR of 1.03 for every 30 minutes of
surgical duration. Several other authors have shown
that prolonged operative time can be associated with
leakage, with a reported threshold varying from 220 to
[42,45,46]
300 minutes
.
Conversion: Conversion was found to be a controversial
topic in the literature, with some authors reporting higher
morbidity and mortality in converted patients, while
others reporting outcomes comparable to laparoscopy.
In a single-institution retrospective analysis of 1114
patients undergoing elective laparoscopic resection for
non-metastatic colorectal cancer, the conversion rate
was 10.9%. The most common reason for conversion
was a locally advanced tumor followed by obesity and
adhesions. Conversion was associated with significantly
longer operative time and greater blood loss. No
statistically significant differences in terms of an overall
30-day postoperative morbidity rate were observed
between the converted and laparoscopic cases (16.4%
vs 15.7%; P = 0.849) regardless of tumor location
(colon vs rectum). In particular, no statistically significant
differences were observed between the groups in terms
[64]
of the AL rate (3.3% vs 4.9%; P = 0.416) .
[65]
In contrast, Majbar et al in their retrospective study
reported an association between conversion and AL at
multivariate analysis (OR = 2.86). Similarly, in a series
of 157 patients undergoing LAR for adenocarcinoma,
[66]
Pugliese et al reported a leak rate of 41% in converted
patients compared to 8% in non-converted patients, with
a 7.9-fold higher risk for developing a leak in the latter
group.

Indocyanine green fluorescence angiography:
Intraoperative assessment of perfusion at the site of
anastomosis with indocyanine green (ICG) has been
increasingly considered a potential intraoperative tool
that could be used to ensure adequate perfusion,
possibly leading to a reduction in the AL rate. Most
published studies focused on the change of surgical
strategy (site of resection and/or anastomosis) due
to the subjective recording of hypoperfusion after ICG
fluorescence angiography (FA). However, its capacity
to reduce AL incidence needs to be confirmed in large
[61]
RCTs. Boni et al
compared 42 patients undergoing
LAR with ICG angiography to a historical control
group of 38 patients operated on without the use of
angiography. No clinically relevant leaks were observed
in the FA group, whereas two leaks were reported in
the case-matched group. This difference is not likely to
be statistically significant due to the limited number of
[62]
patients analyzed. Jafari et al published a prospective
multicenter clinical trial including 139 patients who
had undergone laparoscopic left-sided colectomy and
anterior resection. The overall AL rate was 1.4%. FA
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anastomosis after anterior resection, even in cases of
the 5% of patients lacking a marginal artery in the left
colic flexure resulting in ischemia on the proximal side
[67]
of anastomosis . The decision to perform a high or low
tie of the inferior mesenteric artery during laparoscopic
left-sided colorectal resections is controversial. In a
multicenter retrospective study by 20 institutions in
[68]
Japan, Hinoi et al
found that LCA preservation is a
significant factor for low leakage rates after LAR for
middle and low rectal cancers, regardless of tumor size,
extent of lymph node metastasis, and extent of excision.
In their series of 888 patients the overall incidence of
anastomotic leak was 9.3%. LCA preservation was
associated with a leak rate of 7.4% compared to 13.2%
in the non-preservation group (P = 0.005 and < 0.001
by univariate and multivariate analysis, respectively)
although this result might be biased due to the different
surgical and pathological backgrounds between the
two groups with more advanced cancer/stage in
the LCA non-preservation group. Thus a subgroup
analysis was performed on 411 patients undergoing
en bloc radical lymph node excision associated with
LCA ligation or preservation. The AL rate was 7.1%
in the LCA preservation group compared to 14.5% in
the LCA non-preservation group, the difference being
statistically significant (P = 0.024 and 0.005, univariate
and multivariate analysis, respectively). In contrast, the
level of inferior mesenteric artery ligation was not found
to be a risk factor for leakage in a series of 156 patients
[45]
undergoing LAR without DS .

Trans-anal drainage: A trans-anal drainage tube
was speculated by many authors to be a good way
[37,44]
to prevent post-operative AL
. In a case series of
[44]
69 LARs, Ito et al
found that the use of trans-anal
drainage is associated with lower incidence of postoperative AL. In particular, the authors explained that
the presence of a trans-anal drain could prevent the
unfavorable effect of post-operative diarrhea. Tanaka
[37]
et al
also sustained that the absence of a trans-anal
drainage tube after laparoscopic low anterior resection
for stage 0/1 cancer is associated with a higher risk of
post-operative AL with an OR of 3.11 at multivariate
analysis. Contrarily, insertion of trans-anal drainage was
[35]
reported as not correlating with AL by Hamabe et al ,
in high-risk patients as well.
Gut microbiota: Intestinal flora near the anastomotic
site has been proposed to interact with intestinal tissue
[10]
and likely affects intestinal healing . Some experimental
studies suggest that cues released by surgically injured
tissues can lead to phenotype transformation of
intraluminal microbes, turning them into pathogens.
These may play a causative role in the development of
AL by increased collagenase production and activation
[72]
of host metalloproteinase-9 . Nonetheless, extensive
clinical evidence on the impact of gut microbiota on
[73]
postoperative anastomotic complications is lacking .
A pilot study compared the intestinal microbiota of 8
patients who had developed AL with 8 matched patients
with healed circular stapled colorectal anastomoses
[74]
without any clinical signs of AL . The abundance
of the Lachnospiraceae family was found to be signi
ficantly higher in patients who had developed AL when
compared to patients who had not (P = 0.001), while
microbial diversity levels were higher in the latter group
(P = 0.037). Also, BMI was positively associated with
the abundance of the Lachnospiraceae family (P =
0.022). The same study group further investigated
the role of gut microbiota in the development of AL in
a series of 123 ‘‘donuts’’ of patients where a stapled
[75]
colorectal anastomosis was made . In 63 patients this
anastomosis was covered with a C-seal; a bioresorbable
sheath stapled to the anastomosis. In the group of nonC-seal samples a high abundance of Lachnospiraceae
and Bacteroidaceae and lower microbial diversity were
confirmed to be strongly associated with AL. A bacterial
composition that consisted of 60% or more of these
two families seemed to be predictive for AL. On the
contrary, other species such as Prevotella copri and the
Streptococcus genus were both negatively associated
with AL. The authors speculated that a disturbed
microbial composition which is more easily associated
[10]
with low microbial diversity
due to preoperative or
surgical processes, may affect the metabolic balance
and lack colonization resistance to pathogenic bacteria
that could play a role in the development of AL. In
C-seal patients where AL rates were slightly higher, it
seemed that any potential protective benefits or harmful
consequences of the gut microbiota composition were

Pelvic drainage: Routine prophylactic drainage after
colorectal anastomoses is debatable and the evidence
[69]
to support its use is low . A recent RCT analyzed
469 patients who underwent rectal resection with
infraperitoneal anastomosis, of whom 93.6% were
operated on by laparoscopy. There was no significant
difference in terms of pelvic sepsis between drained and
non-drained patients, either during hospital stay or at 30
days after surgery (16.1% vs 18.0%, P = 0.58). Early
(< 5 d) versus late (> 5 d) pelvic drain removal did not
affect significantly the risk of pelvic sepsis (11.6% vs
[70]
18.6%, P = 0.122) .Two retrospective studies found
pelvic drainage associated with lower rates of AL after
LAR, though without reaching statistical significance.
[42]
Kawada et al
reported AL in 10.8% of drained
patients versus 20.8% of non-drained patients (P =
0.18) in a series of 154 low LARs without DS. Similarly,
in a series of 363 LARs, 2.6% of drained patients had
clinical AL compared to 6.3% of non-drained patients (P
= 0.11). Nonetheless lack of pelvic drain was found to
be independently predictive (P = 0.0225, OR = 3.814)
[49]
of leakage at a multivariate analysis . Pelvic drain
may prevent hematomas or seromas that constitute a
fertile medium for bacteria and may promote infection
which can involve the anastomosis thereby causing
dehiscence. Moreover, pelvic drain may help control
leaks if they do take place, leading to a less severe
[71]
clinical course .
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Table 2 Studies involving both right and left-sided anastomoses
Author

Year

No. of patients

Overall leak rate (n )

Risk factor identified

Kockerling et al[82]

1999

894

4.2% (38)

Senagore et al[80]
Kirchhoff et al[83]

2003
2008

260
1316

2.7% (7)
27.7% (59)

Akiyoshi et al[79]

2011

1194

1.0% (12)

Ris et al[90]

2018

504

2.4% (12)

Rectal resection
Malignant disease
Anastomotic level < 10 cm from the anal verge
BMI ≥ 30 kg/m2
BMI ≥ 30 kg/m2
Male gender
Malignant neoplasia
BMI ≥ 30 kg/m2
Rectal tumor location
No use of indocyanine green

BMI: Body mass index.

negated, as progression to AL was independent of the
dominant bacterial composition before surgery. These
observations suggested that the C-seal influences the
microbial composition after introduction and that this
may ultimately impair anastomotic healing.

RCTs and seven non-randomized studies were included
in the analysis (Table 2).
BMI: In a cohort of 1194 patients who had undergone
laparoscopic resection for colorectal cancer, the rate of
AL was significantly higher in the obese II Group (BMI
2
2
> 30 kg/m ) than in the nonobese (< 24.9 kg/m ) and
2
obese I (BMI 25 to 29.9 kg/m ) groups (8% vs 1% and
0.4%; P = 0.0004 and 0.0002, respectively). BMI >
2
30 kg/m was found to be independently predictive of
[79]
the development of leakage (OR = 10.27) . Similarly,
in a series of 260 laparoscopic colectomies, the AL
rate was significantly higher amongst obese (5.1%)
[80]
versus non-obese (1.2%) patients . On the contrary,
a retrospective study on 213 patients undergoing
laparoscopy colorectal surgery for inflammatory bowel
disease failed to demonstrate any difference in AL rates
between normal-weight patients and overweight or
[81]
obese patients .

Perioperative events: Bleeding during surgery may
predispose to leakage due to hemodynamic alterations
[42]
at the anastomotic site. Kawada et al
found that
intraoperative bleeding at more than 100 ml was
associated with significantly increased incidence of
leakage (P = 0.037). Perioperative bleeding requiring
2 or more units was reported to be a risk factor for
leakage in patients undergoing LAR for cancer (HR =
8.462) including those without defunctioning stoma
[34]
(HR = 10.705) . Also, unexpected events related to
anastomosis during surgery such as instrument failure,
ischemia of the proximal colon, tumor perforation and
additional surgery caused by anastomotic bleeding have
[45]
been significantly associated with leakage .

[79]

Tumor location: Akiyoshi et al reported that tumor
location in the rectum, rather in the colon, was found to
be independently predictive of the development of AL
(OR = 18.20) upon multivariate analysis. At univariate
analysis, the type of operative procedure (LAR/
intersphincteric resection versus others) was associated
with leakage (P = 0.0004) in addition to tumor
location. This finding was confirmed by a prospective
multicenter study which reported on 1134 patients of
[82]
whom 894 had an anastomosis . In this series the
leak rate was highest after LAR (12.7%) followed by
left hemicolectomy (7.1%), right hemicolectomy (4%),
sigmoidectomy (2.9%), and rectopexy with resection
(1.25%; P = 0.0001). Surgery for benign disease was
associated with a lower rate of AL (2.6%) than surgery
for malignant disease (6.7%). Cancer was signifi
cantly associated with AL in a series of 1316 elective
[83]
laparoscopic colorectal procedures as well .

Surgeon’s experience and hospital size: Two
important factors that may impact the risk of AL after
laparoscopic colorectal surgery are the experience of the
surgeon performing the procedure and hospital volume.
Two published papers report on the risk of AL as related
to the experience of the surgeon and only one related to
[76-78]
hospital size
. The individual surgeon performing the
procedure, as well as hospital volume, were found to be
risk factors for AL although these studies were excluded
from the review after quality assessment.
[41]
Kayano et al
analyzed the AL rate of LAR during
the learning curve period in a series of 250 cases that
were evaluated in five groups of 50 patients each. The
postoperative complication rate decreased significantly
by group 5 (201-250 cases) and it was noted that
AL decreased with an increase in cases although no
significant difference was observed over the course
[34]
of the learning curve period. Park et al
found no
correlation between the incidence of AL and both
hospital caseload and surgeon’s TME experience.

Preoperative Infliximab therapy: In a retrospective
series of patients undergoing elective laparoscopic
resection for inflammatory bowel disease, 142 had
preoperative therapy within 12 wk before surgery and
were compared to 376 who had not received Infliximab.

All types of laparoscopic colorectal resections

After the literature review and quality assessment, three
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The rate of anastomotic leaks (2.1% vs 1.3%, P =
0.81) was similar. Subgroup analysis confirmed similar
rates of leakage regardless of whether patients had
ulcerative colitis or Crohn’s disease. According to this
study, Infliximab treatment in patients refractory to
conventional pharmacological therapy did not seem to
affect short-term outcomes in those patients eventually
[84]
submitted to surgical treatment .

studies, that may lead to patient and surgeon selection
bias. Second, different definitions of AL were used
across the studies, which is a general problem in the
literature dealing with this postoperative complication.
Moreover, some series are heterogeneous in terms of
type of patients, study era, surgical technique, and
perioperative practice. The variable presence of DS
across studies dealing with rectal resections should also
be considered. Finally, some studies have relatively
small sample size.

[85,86]

Oral antibiotics: Recent studies
suggest that use
of oral antibiotics in preoperative bowel preparation
could lower infectious complications and also incidence
of AL after colorectal surgery. This finding further
supports a role of the gut microbiota in anastomotic
[67]
integrity . However data on the impact of this measure
in patients specifically undergoing minimally invasive
[86]
colorectal surgery are still limited . In a retrospective
ACS-NSQIP database analysis, in which 5291 (62.5%)
patients underwent minimally invasive surgery, oral
antibiotic preparation was associated with lower rates
of surgical site infection (SSI) and AL for both minimally
[87]
invasive and open cohorts . A recent RCT by Hata
[88]
et al
revealed that patients undergoing laparoscopic
colorectal procedures for cancer had a lower incidence of
overall SSIs (7.3% vs 12.8%, OR = 0.536, P = 0.028)
when receiving oral antibiotic prophylaxis in addition
to mechanical bowel preparation. However, incidence
of organ/space infection was comparable to that of
patients receiving mechanical bowel preparation and IV
prophylaxis where 6/290 (2.1%) leaks took place in the
IV group compared to 5/289 (1.7%) in the oral-IV group.
In another single-center RCT including 515 colorectal
cancer patients undergoing elective laparoscopic
resection, IV perioperative antimicrobial prophylaxis
alone was not inferior to combined pre-operative oral and
IV perioperative prophylaxis with regards to SSI. AL was
observed in 2.5% of the IV-only group and in 1.2% of
the oral-IV group (OR = 2.01, P = 0.504). The authors
speculated that the study was evidently underpowered to
provide any conclusions regarding the contribution of oral
[89]
microbial prophylaxis in reducing AL .

CONCLUSION
Anastomotic leakage remains a major issue in lapa
roscopic colorectal surgery. Current evidence about
the risk factors for leaking mainly comes from nonrandomized retrospective studies, most of which deal
with rectal resections. In such studies, the presence of
a diverting stoma should be taken into account when
analysing the association between leakage and predictive
factors. Several clinical variables and surgical issues
have been extensively investigated, although some of
them remain controversial, and it remains difficult to
accurately predict the development of leakage. This
suggests that the etiology of this fearsome complication
is not fully understood and dictates the need for further
investigations. Full awareness of risk factors is essential
for identifying high-risk patients and properly select
them for diverting stomas in order to mitigate the severe
clinical consequences of anastomotic leakage.
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Abstract
Hepatitis B virus (HBV) is still a worldwide health
concern. While divergent factors are involved in its
pathogenesis, it is now clear that HBV RNAs, principally
templates for viral proteins and viral DNAs, have diverse
biological functions involved in HBV pathogenesis. These
functions include viral replication, hepatic fibrosis and
hepatocarcinogenesis. Depending on the sequence
similarities, HBV RNAs may act as sponges for host
miRNAs and may deregulate miRNA functions, possibly
leading to pathological consequences. Some parts
of the HBV RNA molecule may function as viralderived miRNA, which regulates viral replication. HBV
DNA can integrate into the host genomic DNA and
produce novel viral-host fusion RNA, which may have
pathological functions. To date, elimination of HBVderived covalently closed circular DNA has not been
achieved. However, RNA transcription silencing may
be an alternative practical approach to treat HBVinduced pathogenesis. A full understanding of HBV RNA
transcription and the biological functions of HBV RNA
may open a new avenue for the development of novel
HBV therapeutics.
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frames: 3.5 kb pre-C/C or pre-genomic RNA (pgRNA),
2.4 kb pre-S, and 0.7 kb X mRNA (Figure 1). Viral
particles with a 3.2-kb-long partially double-stranded
relaxed circular DNA (rcDNA) genome invade the
cell through the sodium taurocholate co-transporting
polypeptide (NTCP) receptor. After un-coating of surface
antigen, the core particles transport the genome to the
hepatocyte nucleus. Then, covalently closed circular
DNA (cccDNA) is molded from rcDNA. The cccDNA plays
a role as a template in the transcription of HBV RNA
[17]
(Figure 2) .
The viral genes are transcribed by the cellular RNA
polymerase II from cccDNA. Two enhancers designated
enhancer I (EnhI) and enhancer II (EnhII) have been
identified in the HBV genome, which drive and regulate
[18]
the expression of the complete viral transcripts .
Moreover, recently, various host proteins were revealed
to be involved in the process of HBV RNA transcription
from cccDNA, and the most representative host
proteins are structural maintenance of chromosomes
(Smc) proteins Smc5 and Smc6. Because Smc5/6
inhibit HBV RNA transcription from cccDNA, the efficient
transcription of HBV RNA from cccDNA requires the
degradation of Smc5/6. HBV regulatory protein X
(HBx) hijacks the host Cullin 4-ROC1 RING E3 ubiquitin
ligase (CRL4) complex to target Smc5/6 co-localized
with nuclear domain 10 (ND10) for ubiquitination,
[19-21]
which, in turn, promotes HBV transcription
. Thus,
the existence of HBV RNAs means the degradation of
[22]
Smc5/6. Because Smc5/6 is related to DNA repair ,
this degradation may eventually lead to carcinogenesis.
Therefore, this ubiquitination pathway has strong
potential as a novel therapeutic target in interventions
for HBV pathogenesis.

Core tip: Recently, it has been shown that hepatitis
B virus (HBV) RNAs have diverse biological functions
in the pathogenesis of HBV. HBV RNAs may work
as sponges for host miRNAs and deregulate miRNA
functions. Novel viral-host fusion RNA may be produced
from HBV-DNA integration sites, which may also
have pathological functions. Understanding HBV RNA
transcription and the biological functions of HBV-related
RNAs may open a new avenue for the development of
novel HBV therapeutics that target HBV RNAs.
Sekiba K, Otsuka M, Ohno M, Yamagami M, Kishikawa T,
Suzuki T, Ishibashi R, Seimiya T, Tanaka E, Koike K. Hepatitis
B virus pathogenesis: Fresh insights into hepatitis B virus RNA.
World J Gastroenterol 2018; 24(21): 2261-2268 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i21/2261.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i21.2261

Introduction
Hepatitis B virus (HBV) is a small enveloped DNA virus
that belongs to the Hepadnaviridae virus family. HBV
may establish a chronic infection in the liver, which can,
in turn, lead to cirrhosis and hepatocellular carcinoma
(HCC). Although HBV has infected humans for at
[1]
least 500 years , the virus was not discovered until
[2]
[3]
1966 , and in 1970 Dane et al identified the virus
particle by electron microscopy. Since then, an antiviral
therapy has been developed; these anti-HBV drugs
are nucleos(t)ide analogs that can sufficiently suppress
[4-9]
viral DNA load in most cases . Moreover, vaccination
programs have already been established to prevent
[10]
HBV infection . However, these are not sufficient to
eradicate HBV. In fact, an estimated 257 million people
are still chronically infected, and 887 thousand people
die annually, primarily from the complications of HBV,
[11-13]
which include cirrhosis and HCC
.
Recently, RNAs, especially non-coding RNAs, have
[14]
been revealed to have diverse functions . We and
others previously reported that viral RNAs not only
work as templates for protein synthesis and viral
DNA replication in the case of HBV but also exhibit
[15,16]
biological functions involved in its pathogenesis
.
In this context, even when HBV DNA is maintained
at a relatively low level by nucleos(t)ide analogs, viral
RNAs alone may harm the host, leading to cirrhosis or
HCC. Thus, understanding the functions of HBV RNAs
may act as a platform for the future development of
HBV therapeutics. In this paper, we review current
knowledge on the biological impact of HBV RNAs on
host cells.

HBV RNAs may deregulate the
function of host micro RNAs
MicroRNAs (miRNAs) are short, single-stranded, noncoding RNAs. Mature miRNAs are recruited into the
Ago2-related RNA-induced silencing complex (RISC)
and act to suppress the gene expression of target
mRNAs. Depending on the target mRNA, miRNAs are
[23]
responsible for various biological functions . Recent
studies have shown that HBV RNAs have several
regions complementary to miRNAs, and act as miRNA
sponges to upregulate the expression of miRNA targets;
[15,24]
this results in the induction of HBV pathogenesis
.A
list of miRNAs that could be trapped by HBV RNAs and
may be involved in HBV pathogenesis is shown in Figure
3. In the following paragraphs, we discuss the potential
biological roles of miRNAs in HBV pathogenesis.

Promoting viral replication by
HBV RNAs

The process of HBV-RNA
transcription

Although our knowledge of the direct relationship be
tween HBV RNAs and viral replications are limited, HBV
RNAs may promote viral replication via sequestering

The HBV genome has four overlapping open reading
WJG|www.wjgnet.com
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Figure 1 Hepatitis B virus genome structure. The 3.2-kb partially double-stranded relaxed circular DNA genome of the hepatitis B virus (HBV) is shown in the
center. The surrounding colored arrows indicate the locations of the four overlapping open-reading frames. The black arrows show the viral mRNA. Pol: Polymerase;
DR1: Direct repeat 1; DR2: Direct repeat 2.
[25,26]

cellular miRNAs, such as miR-122 and miR-15 family

.

miR-122 negatively regulates HBV replication. It has
been reported that one possible mechanism mediating
the negative regulation of HBV replication by miR-122
depends on the expression level of cyclin G1, a target
of miR-122. Decreased expression or function of
miR-122 would result in the suppression of p53 through
upregulation of cyclin G1 expression, which further
increases HBV transcription by blocking specific binding
[33]
of p53 to HBV enhancer elements .

miR-122

miR-122 is highly and specifically expressed in
hepatocytes. It plays multiple roles in the control of
lipid metabolism, iron homeostasis, and the circadian
rhythm and has anti-inflammatory and anti-tumorigenic
[27-31]
functions
. The expression level of miR-122 is
decreased in HBV-producing cells and in liver tissue from
[25,32,33]
chronic hepatitis B patients
. Furthermore, there is
an inverse correlation between miR-122 expression level
[32]
and HBV replication . Previously, it was found that
the expression levels of pri-miR-122 and pre-miR122,
the precursors of miR-122, were not decreased in HBVpositive HCC tissues and cells compared to normal liver
[25,34,35]
tissue and cells
. Therefore, the downregulation of
mature miR-122 expression is thought to be the result
of binding to a conserved sequence at the 3’ end of all
HBV transcripts following degradation. Although the
precise mechanisms remain to be clarified, viral noncoding RNAs may play a critical role modulating the
turnover of host miRNAs through the degradation of
[36-40]
target miRNAs
.

WJG|www.wjgnet.com

miR-15 family

The miR-15 family is also reported to regulate HBV
replication. For instance, HBV RNA can sequester miR15a and miR-16-1, and overexpression of these miRNAs
decreases viral replication. Although the direct molecular
mechanism of miR-15 family members has not been
fully elucidated, among the multiple targets of miR-15a
and miR16-1, cyclin D1 is thought to be involved in the
regulation. Specifically, the up-regulation of cyclin D1
[26]
was demonstrated to be required for HBV replication .

HBV-encoded miRNA (HBV-miR-3)
[41]

Yang et al
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Figure 2 The life cycle of the hepatitis B virus. Hepatitis B virus (HBV) virions infect hepatocytes, and then rcDNA enters the nucleus and is converted to
covalently closed circular DNA (cccDNA). Structural maintenance of chromosomes 5 and 6 (Smc5/6) can silence cccDNA, but HBV regulatory protein X (HBx) hijacks
the Cullin 4-ROC1 RING E3 ubiquitin ligase (CRL4) complexes by binding to damage-specific DNA-binding protein 1 (DDB1) to target Smc5/6 for ubiquitination.
Smc5/6 is consequently degraded by the proteasome, and cccDNA can then be transcribed. Transcribed HBV pregenomic RNA (pgRNA) is co-packaged with reverse
transcriptase in capsids and is normally (~90%) reverse-transcribed into rcDNA, while double stranded linear DNA (dslDNA) is rarely (10%) synthesized depending
on the binding region of the RNA primer. dslDNA can be integrated into the host cell genome, and virus-human chimeric RNA can be transcribed from integrated HBV
DNA. After reverse transcription, the mature nucleocapsids can either be secreted as virions or cycle to the nucleus to add to the cccDNA pool.

miR-3 was expressed in HBV-infected tissues and
cells. The viral-derived miRNA targeted the 3.5-kb
HBV transcript to reduce HBc protein and pgRNA/HBVRI production. The inhibition of HBV replication was
suggested to contribute to the development of persistent
infection in chronic hepatitis B patients. However, there
is insufficient direct evidence for this mechanism, and,
therefore, further studies are warranted.

fibrosis by blocking collagen synthesis or the TGF-β
[45-48]
pathway
. Among these miRNAs, miR-122 was
reported to have complementary lesion(s) in HBV RNAs.
As previously mentioned, miR-122 is highly expressed
in the healthy liver, but is downregulated in HBV-infected
livers via sequestration by HBV RNA. This change in
miR-122 expression leads to the development of liver
fibrosis through the activation of collagen synthesis via
[47]
the TGF-β pathway .

Promoting hepatic fibrosis by HBV
RNAs

PROMOTION OF CARCINOGENESIS BY
HBV RNAS

Liver fibrosis underlies the majority of chronic liver
diseases and is a precursor to cirrhosis and HCC. The
cycle of liver damage and repair leads to the deposition
of extracellular matrix proteins and the development of
fibrosis. Some miRNAs, such as miR-21, miR-221/222
and miR-181b, cause liver fibrosis through deregulation
of the transforming growth factor-β (TGF-β) or nuclear
[42-44]
factor-κB (NF-κB) pathways
. On the other hand,
miR-29b, miR-101, miR-122, and miR-214-3p inhibit

WJG|www.wjgnet.com

HBV is the leading risk factor for the development of
HCC worldwide. Many mechanisms have been reported
to lead to the development of HCC, and one such
mechanism involves the sequestration of host miRNAs
by HBV RNA.

miR-122

Decreased miR-122 levels resulted in increased pituitary
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while viral-human chimeric RNAs are transcribed from integrated HBV DNA. These RNAs, except HBV-CCNA2, have complementary lesion(s) to cellular micro RNAs
(miRNAs) and act as miRNA sponges, in turn triggering upregulated expression of the miRNA target and resulting in the induction of HBV pathogenesis. HBV-CCNA2
promotes tumor development through the newly synthesized chimeric transcript, which has new splice sites in the pre-mRNA produced by viral DNA integration.

tumor transforming gene 1 (PTTG1)-binding factor
(PBF) expression, which enhanced the proliferation
and invasiveness of HCC in vitro and tumorigenicity in
vivo, through PBF-mediated activation of the PTTG1
[25]
transcription factor . The possible contribution of these
mechanisms to HBV-related carcinogenesis should be
further examined in studies on human samples.

proposed targets of miR-15a is Smad7, an inhibitor of
the TGF-β pathway. Thus, HBV mRNA can interfere with
TGF-β signaling by upregulating Smad7 expression,
which obstructs TGF-β-induced apoptosis and promotes
[50]
tumor development .

RNAs produced from integrated
HBV DNA may promote
carcinogenesis

let-7 family

miRNAs in the let-7 family are classified as putative
tumor suppressor miRNAs. The expression level of this
family of miRNAs is often decreased in human cancers,
including HCC, and promotes transformation by
suppressing oncogenic targets, such as LIN28B, HMGA2
and c-Myc. Studies conducted by our group and others
found that let-7 family miRNAs (e.g., let-7g and let-7a)
[15,24]
could be sequestered by HBV-RNA
. Furthermore,
we demonstrated that this functional downregulation
could lead to the promotion of tumorigenesis.

HBV DNA can integrate into host chromosomes at
various locations. Integrated HBV DNA lacks the ability
to transcribe pgRNA because HBV double-stranded
linear DNA is only ~16 nt longer than the length of
the genome, making it too short to transcribe pgRNA.
Despite this, integrated HBV DNA levels correlate with the
development of HCC. Indeed, the majority of HBV-related
HCCs contain at least one HBV genome integration
[51]
site . While the mechanism of carcinogenesis induced
by the integration of the HBV genome has been
explained in several ways, virus-related RNAs from the
integration sites are definitely involved.

miR-199a-3p

miR-199a-3p is also involved in carcinogenesis and
contributes to the malignant potential of HCC. Indeed,
downregulation of miR-199a-3p correlated with poor
[49]
HCC patient survival . This miRNA targets mammalian
target of rapamycin (mTOR) and c-Met in HCC cells. The
restoration of miR-199a-3p levels in HCC cells resulted
in G(1)-phase cell cycle arrest, decreased invasive
capability, enhanced susceptibility to hypoxia, and
increased sensitivity to doxorubicin-induced apoptosis.

HBx-long interspersed nuclear element 1

HBV DNA integration often occurs within or near repeti
tive, non-coding sequences, such as long interspersed
nuclear element 1 (LINEs) and short interspersed
[52]
nuclear elements (SINEs) . By applying Viral-FusionSeq to detect possible fusions between viral and human
[53]
sequences , a viral-human hybrid RNA transcript called
[54]
HBx-LINE1 was identified in HBV-related HCCs . The
presence of this long non-coding RNA, a fusion of the

miR-15a

miR-15a can be sponged off by HBV mRNAs. One of the
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human LINE1 and HBx genes, was correlated with poor
[54]
prognosis in HCC patients .
HBx-LINE1 contains six binding sites for miR-122,
which enable the chimeric HBx-LINE1 transcript to act
as a molecular sponge for miR-122. This sequestration
leads to an increase in hepatic cell β-catenin signaling, a
decrease in E-cadherin levels, increased cell migration,
[35]
and significant mouse liver injury, leading to HCC .
Therefore, HBx-LINE1 is a potential therapeutic target
and prognostic biomarker for HCC. While this is an
interesting result, further studies are needed to uncover
the precise mechanism of oncogenesis.

and viral DNA replication but also exhibit biological
functions that play a role in pathogenesis. Because
current therapies are unable to solve this problem,
novel therapeutic agents that target the cccDNA itself,
or inhibit its transcription, are strongly warranted.
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Abstract
AIM
To investigate the value of multiparameter joint analysis
in the early diagnosis of gastric cancer (GC) in clinical
practice.

Informed consent statement: All study participants or their
legal guardian provided written informed consent prior to study
enrollment.
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METHODS
Concentrations of CEA, CA724 and three kinds of
cytokines (TNF-α, IL-6 and IL-8) in 176 GC patients,
117 atypical hyperplasia patients, and 204 healthy
control individuals were used for building the diagnostic
model, then 58 GC patients, 41 atypical hyperplasia
patients, and 66 healthy control individuals were
enrolled independently. The joints of the indicators
were analyzed by binary logistic regression analysis
method.

INTRODUCTION
Gastric cancer is a kind of malignant tumor derived from
[1-3]
gastric mucosal epithelial cells . It is the fourth most
common malignancy worldwide, and it ranks second
[4]
in terms of the number of deaths . In China, gastric
cancer is one of the most malignant tumors, with high
[5]
morbidity and mortality . Deaths from gastric cancer
account for approximately 25% to 30% of the deaths
[6]
from all cancer types . Its pathogenesis involves
aging of the body, eating habits and psychological
[7-9]
factors . In recent years, more stress, poor diet and
overwork have been shown to have greater influence
on the incidence of gastric cancer. The occurrence and
[10]
development of gastric cancer is a multistep process .
In current clinical practice, the main treatment for
gastric cancer is surgery. The 5-year survival rate is very
[11]
low ; however, if the gastric cancer is detected at an
early stage, the 5-year survival rate can be as high as
[12]
90% . Early diagnosis and treatment of gastric cancer
is extremely important for gastric cancer patients.
At present, many methods of diagnosing gastric cancer
[13]
are used in scientific research and clinical practice .
Serologic biomarkers are important detection methods.
In early gastric cancer, the tumor markers [such as
carcinoembryonic antigen (CEA) and cancer antigen
(CA)724] are increased to some extent in the blood. The
levels of these markers have been used as important
indicators in gastric cancer screening, early diagnosis
[14]
and prognosis evaluation . However, no specific tumor
marker has been found at present. Diagnosis based
[15]
on a single tumor marker has some limitations . The
detection rate of gastric cancer is still very low.
Cytokines are small molecules secreted by cells
in response to various stimuli, and they are involved
in biological processes, through their binding to spe
[16]
cific receptors on target cells . Many studies have
demonstrated that cytokine production and cellular
immune function are important regulatory factors in
[17-19]
the development of tumors
. As multifunctional
molecules, these inflammatory factors not only directly
damage tumor cells but also act as important mediators
in the killing of tumor cells by mononuclear cells. The
relationship of cytokines and gastric cancer provides a
new direction for exploring the pathological mechanism
of gastric cancer and may also provide a potential
means of diagnosing and treating gastric cancer in the
clinical setting.
Studies have confirmed that patients with cancer
usually have defects in their immune function, especially
having cellular immune dysfunction. TNF-α, IL-6 and IL-8
are important mediators of the inflammatory response
and a series of other pathophysiological processes in
[20-22]
vivo
. Their value in the diagnosis of gastric cancer
has been evaluated, although their diagnostic value in
combination with conventional biomarkers, such as CEA
and CA724, has not been studied.

RESULTS
For discriminating the healthy control group and the
GC group, IL-6 had the best diagnostic value, and
the area under curve (AUC) of joint analysis was
0.95 (0.93-0.97). For the early stage and advanced
stage GC, the AUC were 0.95 (0.92-0.98) and 0.95
(0.92-0.97). For discriminating the atypical hyperplasia
group and GC group, CA724 had the best diagnostic
value, and the AUC of joint analysis was 0.97
(0.95-0.99). For the early stage and advanced stage
GC groups, the AUC were 0.98 (0.96-0.99) and 0.96
(0.94-0.98). After evaluation, for discriminating the
GC, early stage GC and advanced cancer group from
the healthy control group, the diagnostic sensitivity
was 89.66%, 84.21% and 92.31%, respectively, and
the specificity was 92.42%, 90.91% and 90.91%. For
discriminating the GC, early stage GC and advanced
cancer groups from the atypical hyperplasia group,
the diagnostic sensitivity was 87.93%, 78.95% and
92.31%, respectively, and the specificity was 87.80%,
85.37% and 90.24%.
CONCLUSION
We have built a diagnostic model including CEA,
CA724, IL-6, IL-8, and TNF-α. It may provide potential
assistance as a screening method for the early detection
of GC.
Key words: Gastric cancer; Atypical hyperplasia; Serum;
Cytokine; Early detection
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aimed to use multiparameter joint analysis
for improving sensitivity and specificity for detection of
gastric cancer. By combining CEA, CA724, IL-6, IL-8 and
TNF-α, we built a diagnostic model, which may provide
potential assistance as a screening method for the early
detection of gastric cancer.
Li J, Xu L, Run ZC, Feng W, Liu W, Zhang PJ, Li Z. Multiple
cytokine profiling in serum for early detection of gastric cancer.
World J Gastroenterol 2018; 24(21): 2269-2278 Available from:
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In this study, we first evaluated the diagnostic
value of CEA, CA724 and three cytokines (TNF-α, IL-6
and IL-8) for gastric cancer. Then, we analyzed the
combinations of the conventional biomarkers with the
cytokines by using binary logistic regression. Our aim
was to use the multiparameter joint analysis to improve
diagnostic sensitivity and specificity and to provide a
novel potential method for the early diagnosis of gastric
cancer in clinical practice.

thoroughly on a horizontal shaker, and the assay buffer
was vacuumed and then blotted on the bottom of
the plate. Second, 25 μL of each standard or control
was added to the appropriate wells, and 25 μL of
assay buffer was also added to each well, followed by
the addition of 25 μL of serum matrix diluent to the
standard and control wells. Third, after mixing the
microspheres well, 25 μL of hybrid microspheres were
added to each well, and the plate was covered with
sealing film and foil, before incubation overnight at 4 ℃
on a horizontal shaker. Fourth, after washing, 25 μL
of the detection antibody was added to each well and
incubated for 1 h at room temperature. Then, 25 μL of
streptavidin-PE was added to each well and incubated
for 30 min at room temperature. Fifth, after washing,
the 96-well plate was placed in the Luminex reading
instrument, and the levels were calculated according to
the standard curve.

MATERIALS AND METHODS
Samples enrolled

Written consent was obtained. The study was reviewed
and approved by the Institutional Review Board of the
Affiliated Tumor Hospital of Zhengzhou University. This
study was conducted from January 2015 to December
2016. There were 176 gastric cancer patients enrolled
in our study (63 early-stage and 113 advanced-stage
patients). The stages were confirmed by pathological
examination. All the gastric cancer patients were
enrolled before surgery, chemotherapy, radiotherapy and
immunotherapy. In addition, 117 atypical hyperplasia
patients were enrolled. The examination results were
confirmed by gastroscopy and pathological examination.
Finally, 204 healthy control individuals were also
enrolled. The healthy controls were without obvious
disease, and the results of the basic tests were checked
by B-mode ultrasound and CT examination, including of
the heart, brain, kidney and other important organs. After
building the diagnostic model, 58 gastric cancer patients
(19 early-stage and 39 advanced-stage patients), 41
atypical hyperplasia patients, and 66 healthy control
individuals were independently enrolled.

Statistical methods

SPSS 21.0 statistical software was used to analyze the
data. The serum levels of CEA, CA724, IL-6, IL-8 and
TNF-α in the different groups were compared by oneway ANOVA. The diagnostic value was evaluated by the
area under the curve (AUC) of the receiver operator
characteristic (ROC) curve, and the cutoff value was
determined by the Youden index. The combinations
of the indicators were analyzed by the binary logistic
[23]
regression analysis method . P < 0.05 indicated statis
tical significance.

RESULTS
Comparison of CEA, CA724, IL-6, IL-8 and TNF-α levels
in the three groups

Serum collection and detection equipment

As shown in Figure 1, the concentrations of CEA, CA724,
IL-6, IL-8 and TNF-α in the healthy control group,
the atypical hyperplasia group and the gastric cancer
group were compared. As shown in Figure 1A, the
concentrations of IL-6 in the healthy control, atypical
hyperplasia and gastric cancer groups were 10.05
(6.47, 18.26), 50.17 (23.93, 110.40) and 63.96 (38.93,
139.10), respectively. The concentrations of IL-8 were
0.48 (0.07, 1.17), 0.85 (0.33, 2.44) and 1.80 (0.11,
6.28), respectively (Figure 1B). The concentrations of
TNF-α were 5.49 (4.16, 7.21), 6.73 (5.31, 8.27) and
10.20 (5.88, 16.41), respectively (Figure 1C). The
concentrations of CEA were 1.53 (0.91, 2.26), 1.51 (1.15,
2.05) and 2.35 (1.12, 5.22), respectively (Figure 1D).
The concentrations of CA724 were 2.02 (1.15, 4.30),
2.21 (1.02, 3.41) and 4.03 (1.52, 11.62), respectively
(Figure 1E). The concentrations of IL-6, IL-8, TNF-α, CEA
and CA724 in the atypical hyperplasia group and gastric
cancer group were significantly different from those in
the healthy control group. The concentrations of IL-6,
IL-8, TNF-α and CA724 in the gastric cancer group were
significantly different compared to those of the atypical
hyperplasia group.

After the collection of whole blood samples, the
tubes were centrifuged for 7 min at 3500 r/min and
immediately stored at -80 ℃. The CEA and CA724 levels
were detected by the Roche Modular E170 automatic
electrochemiluminescence immunoassay analyzer. The
reagents, standards and controls were purchased from
Roche. The serum levels of IL-6, IL-8 and TNF-α were
detected by Luminex 200, and the detection kits were
purchased from Millipore.

Serum concentrations of IL-6, IL-8 and TNF-α

Serum samples from the cancer group and the control
group were stored in a freezer at -80 ℃. Before perform
ing the experiment, the serum samples were thawed,
and 100 μL of serum was transferred from each sample
to centrifuge tubes. The reagents were allowed to
equilibrate to room temperature at 25 ℃, and wash
buffer was diluted 10 times with deionized water.
The serum concentrations of IL-6, IL-8 and TNF-α
were determined by the following protocol. First, 200
μL of assay buffer was added to each reaction well in
a 96-well plate. After sealing, the solution was mixed
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Figure 1 Comparison of carcinoembryonic antigen, CA724, IL-6, IL-8 and TNF-α in the three groups. A: IL-6; B: IL-8; C: TNF-α; D: CEA; E: CA724. CA: Cancer
antigen; CEA: Carcinoembryonic antigen.
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Table 1 Diagnostic value of the five indicators for discriminating the healthy control group and the gastric cancer group
Indicator

AUC

95%CI of AUC

Cutoff value

Sensitivity, %

Specificity, %

IL-6
IL-8
TNF-α
CEA
CA724

0.92
0.65
0.76
0.65
0.64

0.91-0.94
0.60-0.71
0.71-0.81
0.60-0.71
0.58-0.70

20.31
1.45
7.82
3.45
5.80

92.05
55.68
65.91
36.36
40.91

78.92
79.41
82.84
92.65
84.34

AUC: Area under curve; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CI: Confidence interval; IL: Interleukin; TNF: Tumor necrosis factor.
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Figure 2 Diagnostic value of IL-6, IL-8, TNF-α and CA724 for discriminating the atypical hyperplasia group and gastric cancer group. A: IL-6; B: IL-8; C:
TNF-α; D: CA724. CA: Cancer antigen; CEA: Carcinoembryonic antigen.

Diagnostic value of the concentrations of CEA, CA724,
IL-6, IL-8 and TNF-α for the detection of gastric cancer

For the two conventional biomarkers, CEA and CA724,
the AUCs were 0.65 (0.60-0.71) and 0.64 (0.58-0.70),
respectively. To discriminate between the atypical
hyperplasia group and the gastric cancer group, as
shown in Figure 2A, the conventional biomarker CA724
had the best diagnostic value, with an AUC of 0.68
(0.62-0.74). When the cutoff value was 9.13 U/mL, the
sensitivity and specificity were 31.25% and 97.44%,
respectively. The three cytokines, IL-6, IL-8 and TNF-α,
showed poorer diagnostic values, and their AUCs were
0.59 (0.52-0.66), 0.55 (0.49-0.63) and 0.68 (0.62-0.74),

As shown in Table 1, when the concentrations of
CEA, CA724, IL-6, IL-8 and TNF-α were used alone to
discriminate between the healthy control group and the
gastric cancer group, the AUCs of the five indicators
ranged from 0.64 to 0.93. The concentration of IL-6 had
the best diagnostic value for discriminating between
the healthy control group and the gastric cancer group.
When the cutoff value was 20.31 pg/mL, the sensitivity
and specificity were 92.05% and 78.92%, respectively.
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Figure 3 Joint analysis of CEA, CA724, IL-6, IL-8 and TNF-α for discriminating the healthy control group and gastric cancer group. A: Healthy control group
vs gastric cancer group; B: Healthy control group vs early stage gastric cancer group; C: Healthy control group vs advanced stage gastric cancer group. CA: Cancer
antigen; CEA: Carcinoembryonic antigen.

respectively (Figure 2B-D).

cancer group, the AUC was 0.97 (0.95-0.99). For earlystage gastric cancer, the AUC was 0.98 (0.96-0.99),
and for advanced-stage gastric cancer, it was 0.96
(0.94-0.98), as shown in Figure 4B and 4C. For discri
minating between the atypical hyperplasia group and
the gastric cancer group, our joint analysis method also
showed similar diagnostic values for early-stage and
advanced-stage gastric cancer.

Joint analysis of the diagnostic value of the
concentrations of CEA, CA724, IL-6, IL-8 and TNF-α for
the detection of gastric cancer

After evaluating the diagnostic value of the concentrations
of CEA, CA724, IL-6, IL-8 and TNF-α separately, binary
logistic regression was used to analyze the indicators
jointly. As shown in Figure 3A, for discriminating between
the healthy control group and the gastric cancer group,
the AUC was 0.95 (0.93- 0.97). For early-stage gastric
cancer, the AUC was 0.95 (0.92- 0.98), and for advancedstage gastric cancer, it was 0.95 (0.92- 0.97), as shown
in Figure 3B and 3C. For discriminating between the
healthy control group and the gastric cancer group, our
joint analysis method showed similar diagnostic values for
early-stage and advanced-stage gastric cancer.
For discriminating between the atypical hyperplasia
group and the gastric cancer group, four indicators,
namely CA724, IL-6, IL-8 and TNF-α, were used in the
joint analysis. As shown in Figure 4A, for discriminating
between the atypical hyperplasia group and the gastric

WJG|www.wjgnet.com

Validation of the joint analysis for the detection of
gastric cancer

After building the diagnostic model, 58 gastric cancer
patients (19 early-stage and 39 advanced-stage
patients), 41 atypical hyperplasia patients, and 66
healthy control individuals were independently enrolled.
Then, the diagnostic model including CEA, CA724,
IL-6, IL-8 and TNF-α for discriminating between the
healthy control group and the gastric cancer group
and the diagnostic model including CA724, IL-6, IL-8
and TNF-α for discriminating between the atypical
hyperplasia group and the gastric cancer group were
evaluated. After evaluation, for discriminating between
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Figure 4 Joint analysis of IL-6, IL-8, TNF-α and CA724 for discriminating the atypical hyperplasia group and gastric cancer group. A: Atypical hyperplasia
group vs gastric cancer group; B: Atypical hyperplasia group vs early stage gastric cancer group; C: Atypical hyperplasia group vs advanced stage gastric cancer
group. CA: Cancer antigen; CEA: Carcinoembryonic antigen.

the healthy control group and the gastric cancer group,
the early-stage gastric cancer group and the advancedstage gastric cancer group, the diagnostic sensitivities
were 89.66%, 84.21% and 92.31%, respectively. In
addition, the specificities were 92.42%, 90.91% and
90.91%, respectively. For discriminating between the
atypical hyperplasia group and the gastric cancer group,
the early-stage gastric cancer group and the advancedstage gastric cancer group, the diagnostic sensitivities
were 87.93%, 78.95% and 92.31%, respectively. In
addition, the specificities were 87.80%, 85.37% and
90.24%, respectively.

involving multiple gene and molecular level changes.
In the pregastric cancer stage there are precancerous
lesions, most of which remain unchanged and a small part
of which develop into cancer.
The Correa cascade is the most commonly recog
[24]
nized pattern of gastric carcinogenesis . Because most
gastrointestinal cancer has no obvious symptoms in the
early stage, it cannot be detected in a timely manner;
however, when clinical symptoms develop, it is often
too late to effectively treat the cancer, resulting in low
postoperative survival rates of patients with malignant
tumors. Early detection is the key to improving the
[12]
survival rate of patients and the cure rate . Therefore,
early detection of gastric cancer is crucial to the im
provement of the treatment of gastric cancer.
CEA is a cell surface antigen. It is a tumor-associated
antigen extracted from embryonic tissue and can be
detected in a variety of body fluids. As one of the most
common tumor markers, it is widely used as a diagnostic
and monitoring index for various gastrointestinal tumors,
[25]
especially gastric adenocarcinoma . CA724 is a high
molecular weight glycoprotein, and it is one of the best

DISCUSSION
According to the estimates of the World Health
Organization, nearly 7 million people die from tumors each
year worldwide, and that number is increasing annually.
Gastric cancer is one of the common malignant tumors
that endanger human health. It causes the second highest
number of cancer-related deaths. The occurrence and
development of gastric cancer is a multistage process,
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[11]

tumor markers for the diagnosis of gastric cancer. It
has high specificity for gastric cancer and has good
[26]
applicability in digestive system malignant tumors . The
results of our study showed that the serum levels of CEA
and CA724 in the gastric cancer group were significantly
higher than those in the atypical hyperplasia and healthy
control groups. The results were consistent with those of
[27,28]
previous studies
and indicated that these markers
have certain diagnostic value for gastric cancer.
The inflammation in cancer is a multifactorial process.
Phagocytes are effector cells that initiate inflammation.
They can use a variety of surface receptors to identify
invading foreign microorganisms that they finally kill.
In this process, activated phagocytes secrete a large
number of pro-inflammatory cytokines such as IL-6,
IL-8, and TNF-α. The expression levels of these proinflammatory cytokines are significantly increased in
inflammatory diseases.
As a very important immunosuppressive regulator,
IL-8 is a cytokine secreted by fibroblasts, epithelial
cells and mononuclear macrophages, and it plays an
important role in the growth, differentiation or gene
[29]
expression of many kinds of cells . In gastric cancer
patients, the expression levels of IL-8 are higher in
the tumor tissue, serum and malignant effusion of
the thoracic and abdominal cavity but lower in normal
tissues and serum. In addition, IL-8 also plays an
important role in the angiogenesis of gastric tumors.
It can act on vascular endothelial cells, inducing largescale proliferation of endothelial cells to promote
[30]
angiogenesis . In our experiment, the levels of IL-8 in
patients with gastric diseases (gastric cancer group and
atypical hyperplasia group) were significantly higher
than that in the healthy control group. The results
showed that IL-8 was highly expressed in patients with
gastric cancer and gastric inflammatory diseases, which
was consistent with the results of previous studies.
IL-6 has been demonstrated to play a role in
[31]
tumor metastasis and tumor angiogenesis . The IL-6
gene is active in many tumor tissues and peripheral
blood vessels, and the secretion of various cytokines
is increased. Numerous studies have demonstrated
that it not only directly stimulates monocyte-derived
macrophages and fibroblasts to secrete IL-6 but also
that cancer cells can secrete a large amount of IL-1α
to promote the proliferation of malignant cells in their
[32]
own growth process . The imbalance of IL-6 and its
receptor affects the stability of the whole environment
and leads to disordered immune function, which may
[33]
induce tumors . In our study, the level of IL-6 was
significantly higher in gastric cancer patients than in
atypical hyperplasia patients. Previous studies also
found that tumors were associated with abnormal
expression of IL-6.
TNF-α is a multifunctional cytokine produced by
macrophages and activated T cells. It is involved in
inducing an acute albumin reaction, activating neutrophils
and lymphocytes, regulating the metabolic activity of
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tissues and promoting the release of other cytokines .
Studies have shown that TNF-α can kill a variety of tumor
cells and enhance the body’s anti-tumor action, but it
can also promote the growth and metastasis of some
tumors. It can cause tumor tissue hypoxia and vascular
damage around the tumor, promoting the cytotoxic effect
of natural killer cells and macrophages and enhancing
[34]
the body’s immunity, thereby inhibiting tumor growth .
When the level of TNF-α is abnormal, the patient’s
immune system is disordered, which triggers systemic
cytotoxicity, resulting in escape of the tumor cells from
host immune surveillance and allowing them to continue
[35]
to grow . In our study, the levels of TNF-α in the gastric
cancer and atypical hyperplasia groups were significantly
higher than in the healthy control group, suggesting
that TNF-α may be closely related to the occurrence
and development of gastric cancer. As an important
regulator of inflammation, TNF-α may play a role in
tumor-associated inflammatory processes, increasing the
risk of inflammation-induced tumors. Our results were
consistent with those of previous studies.
Although we have built a potential diagnostic model
for the early detection of gastric cancer, there were still
some limitations to our study. First, there were only
three investigated in our study, and many other kinds
of cytokines were excluded. Second, the Luminex 200
detection system may be too sensitive, resulting in a
high degree of variance, which may have affected the
results of our study. Third, the sample size of our study
was relatively small, and the diagnostic model validation
was only performed in a small cohort.
In conclusion, we have built a diagnostic model
including the levels of CEA, CA724, IL-6, IL-8 and TNF-α.
It may provide a potential screening method for the early
detection of gastric cancer.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Early diagnosis and treatment of gastric cancer (GC) is extremely important for
GC; however, there is still no effective detection method for the early detection
of GC.

Research motivation

Many studies have demonstrated that the joint analysis of a panel of indicators
may improve the diagnostic value for kinds of cancers. Cytokines have also
been demonstrated to play important roles in the development of cancer.

Research methods

Concentrations of carcinoembryonic antigen (CEA), cancer antigen (CA)724,
TNF-α, IL-6 and IL-8 in 176 GC patients, 117 atypical hyperplasia patients and
204 healthy controls were used for building the model; then, 58 GC patients, 41
atypical hyperplasia patients and 66 healthy controls were used for validation.
The joints of the indicators were analyzed by binary logistic regression analysis
method.

Research results

For discriminating the GC, early-stage GC and advanced cancer patients
from the healthy control group, the diagnostic sensitivity was 89.66%, 84.21%
and 92.31%, respectively. The specificity was 92.42%, 90.91% and 90.91%,
respectively. For discriminating the GC, early stage GC and advanced cancer
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patients from the atypical hyperplasia group, the diagnostic sensitivity was
87.93%, 78.95% and 92.31%, respectively. The specificity was 87.80%, 85.37%
and 90.24%, respectively.

15

Research conclusions

We have built a diagnostic model including CEA, CA724, IL-6, IL-8 and TNF-α,
and it may represent a potential assistant screening method for the early
detection of GC.

16

Research perspectives

Our study provides a simple, effective and noninvasive detection method for
the assistant detection of gc. In the future study, multicenter and larger sample
size design should be included to validate the diagnostic value.

17
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the Ruijin
Hospital, Shanghai Jiao Tong University School of Medicine.

AIM
To examine the correlation between magnetic resonance
imaging (MRI) and endoscopic index of severity (CDEIS)
in patients with Crohn’s disease (CD).

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
This was a retrospective study of 104 patients with CD
that were treated at the Ruijin Hospital between March
2015 and May 2016. Among them, 61 patients with
active CD were evaluated before/after treatment. MRI
and endoscopy were performed within 7 d. CDEIS was
evaluated. MRI parameters included MaRIA scores,
total relative contrast enhancement (tRCE), arterial RCE
(aRCE), portal RCE (pRCE), delay phase RCE (dRCE),
and apparent diffusion coefficient. The correlation and
concordance between multiple MRI findings and CDEIS
changes before and after CD treatment were examined.

Conflict-of-interest statement: All authors declare that they
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Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Among the 104 patients, 61 patients were classified
as active CD and 43 patients as inactive CD. Gender,
age, disease duration, and disease location were not
significantly different between the two groups (all P >
0.05). CRP levels were higher in the active group than
in the inactive group (25.12 ± 4.12 vs 5.14 ± 0.98 mg/L,
P < 0.001). Before treatment, the correlations between

Manuscript source: Unsolicited manuscript
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School of Medicine, 197 Ruijin 2nd Rd, Shanghai 200025,
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CDEIS and MaRIAs in all patients were r = 0.772 for
tRCE, r = 0.754 for aRCE, r = 0.738 for pRCE, and r =
0.712 for dRCE (all MaRIAs, P < 0.001), followed by
MRI single indexes. Among the active CD patients, 44
cases were remitted to inactive CD after treatment. The
correlations between CDEIS and MaRIAs were r = 0.712
for aRCE, r = 0.705 for tRCE, r = 0.685 for pRCE, and r
= 0.634 for dRCE (all MaRIAs, P < 0.001).

there are few available data about the strength of the
association between MRI and CDEIS for the evaluation of
CD before and after treatment.
It is currently uncertain whether MRI abnormalities
are concordant with changes in CDEIS and whether MRI
is only a supplementary/accessory assessment method
to endoscopy or could be substituted to endoscopy during
follow-up. Of course, MRI is a non-invasive examination,
improving the patients’ quality of life and compliance
[12]
to follow-up. Tielbeek et al
showed that MRI is fairly
reproducible but had a moderate agreement with CDEIS;
nevertheless, they did not examine the two examinations
during follow-up or before/after treatment. Similar results
[6,13]
were observed by Rimola et al
, but again without
follow-up or treatment efficacy assessment.
Therefore, the aim of the present study was to
examine the correlation and concordance between
multiple MRI findings and CDEIS changes before and
after CD treatment. The results could improve our
understanding of CD and provide non-invasive modalities
for examining the efficacy of treatments.

CONCLUSION
Arterial MaRIA should be an indicator for CD follow-up
and dynamic assessment. CD treatment assessment
was not completely concordant between CDEIS and
MRI.
Key words: Magnetic resonance imaging; Bowel; Crohn’
s disease; Crohn’s disease endoscopic index of severity;
Concordance
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: magnetic resonance imaging (MRI) is accurate
in evaluating Crohn’s disease (CD) activity and treatment
efficacy, but endoscopy (CD endoscopic index of severity)
is still the first choice. There are few available data about
the concordance between MRI and endoscopy findings
before and after treatment. This study provides evidence
that MRI indicators are the most sensitive when the
disease progresses.

MATERIALS AND METHODS
Study design and patients

This was a retrospective study of 104 patients with CD
and treated at the Ruijin Hospital between March 2015
and May 2016. The project was approved by the ethics
committee of the Ruijin Hospital. The need for individual
consent was waived because of the retrospective nature
of the study.
All patients diagnosed with CD during the study
period were included. The exclusion criteria were:
(1) Poor MR image quality that could not be used for
diagnosis and measurements; or (2) incomplete clinical
data. The diagnosis of CD was based on the criteria from
[14]
the World Health Organization (WHO) . These criteria
are: (1) Non-contiguous/segmental lesions visible by
imaging, endoscopy, and/or the resected specimen; (2)
manifesting as paving stones/longitudinal ulcer visible by
imaging, endoscopy, and/or the resected specimen; (3)
inflammatory lesions of the entire wall based on clinical
manifestations and/or resected specimen showing
abdominal masses, and stenosis visible by imaging
and endoscopy; (4) histopathological manifestations of
non-cheese-like granuloma; (5) cleft/fistula visible by
imaging, endoscopy, and/or the resected specimen; and
(6) anal lesions visible by clinical manifestations and/or
biopsy/resected specimen. The diagnosis of CD is made
in the presence of: (1) Criteria 1+2+3 and any one of 4,
[14]
5, or 6; or (2) criterion 4 and any two of 1, 2, or 3 .
Endoscopic and MRI examinations were performed
within 7 days. The disease course ranged from 1 to 5
years in all patients.
A first MRI and endoscopy were performed in the
[11]
104 included patients. According to the CDEIS score
before treatment, the patients were classified as active
CD (CDEIS > 6) or inactive CD (CDEIS ≤ 6). A second

Zhu ny, Zhao xs, Miao F. magnetic resonance imaging and
Crohn’s disease endoscopic index of severity: Correlations and
concordance. World J Gastroenterol 2018; 24(21): 2279-2290
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i21/2279.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i21.2279

INTRODUCTION
Crohn’s disease (CD) is an inflammatory bowel disease
[1]
that may involve the entire gastrointestinal tract .
[2]
The morbidity of CD has increased in recent years .
CD is characterized by segmental and transmural
inflammation with nearly 70% involvement of the small
[3,4]
bowel, particularly the terminal ileum . Since CD can
easily recur, accurate and comprehensive evaluation
and follow-up are essential to design an individualized
[5]
treatment program .
Magnetic resonance imaging (MRI) of bowels can not
only display eventual lesions in the bowel mucosa and
sub-mucosa, but also show mesenteric vessel changes
and complications. MRI is an important method in the
[6-10]
non-invasive diagnosis of CD
. The Crohn’s Disease
[11]
Endoscopic Index of Severity (CDEIS)
is calculated
based on endoscopy findings and can only show mucosal
ulcers and stenosis. It is generally used to assess CD
activity and the accuracy of MRI indicators. Nevertheless,
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MRI and endoscopy were conducted in 61 active
CD patients after 24-26 wk of medical therapy with
glucocorticoids, infliximab (IFX), or adalimumab (ADA).

contrast agent injection.
All MR images were independently reviewed by
two experienced gastrointestinal radiologists who
were blinded to the CDEIS results. Since the CDEIS
represents the worst segment seen during endoscopy,
the radiologists selected the worst segment on MRI for
analysis. In the present study, each lesion observed
during MRI could be matched to the endoscopy findings.
T2WI can show the intestinal wall thickening,
serosal edema (T2WI high signal), and mucosal defects
[6-11,15]
suggesting ulcers
. For each individual, bowel
thickness was measured using the T2WI sequence.
[6-11,15]
Wall edema
(hyperintensity on T2WI of bowel
wall relative to the signal of the psoas muscle), ulcer in
[6]
mucosa (deep depression in the mucosal surface of a
thickened segment), and reactive lymph nodes (enlarged
> 1 cm) were observed in T2WI. LAVA dynamic
[4,16]
enhanced sequence was used to evaluate
: (1) Wall
enhancement pattern: layer stratified enhancement
or non-layer stratified enhancement; (2) changes in
morphology including shortened mesenteric border,
pseudodiverticulum, and stenosis; and (3) perienteric
exudation, wall edema, ulcer in mucosa, reactive lymph
nodes, perienteric exudation, morphological changes,
and layer stratified enhancement, each defined as
present or absent.
For patients in the active phase, regions of interest
2
(ROIs) of < 0.5-cm were placed on the mucous layer
of the lesion segment. In active CD, the mucous layer
can be seen clearly due to edema in the sub-mucous
layer. For inactive CD, the ROI was placed on the
whole bowel wall since the mucous and sub-mucous
layers cannot be differentiated. According to a study
[17]
by Semelka et al , quantitative measurement of ROIs
of wall signal intensity (WSI) was conducted before
and after intravenous contrast administration. Relative
contrast enhancement (RCE) was calculated according
to: RCE = (WSIpost-enhancement - WSIpre-enhancement)/(WSIpreenhancement) × 100 × SDnoisepre-enhancement/SDnoise post-enhancement),
where SDnoise pre-enhancement is the average of three standard
deviations (SDs) of the signal intensity measured
outside of the body before enhancement, and SDnoise postenhancement presents the same noise after enhancement.
DWI can be used to measure the movement of
water molecules in living bodies. In the presence of
acute inflammation, the edema, exudation of intestinal
wall tissue, and elevated inflammatory cytokine levels
limit the movement of the water molecules in tissues
and cells (i.e., the diffusion is limited). Hence, the DWI
signals increase while apparent diffusion coefficient
(ADC) values decrease. Those values are reversed
[6-11,15]
when inflammation improves
. In DWI sequences,
ROIs of ADC placed on the bowel wall of CD lesions
were measured using the Functool Software, and the
average values were obtained. A simplified Magnetic
Resonance Index of Activity (MaRIA) was calculated for
each segment using the formula 1.5 × wall thickness
(mm) + 0.02 × RCE + 5 × edema + 10 × ulceration.

Endoscopic examination

Intestinal preparation was performed routinely the night
before endoscopy. Double balloon enteroscopy was
performed using an oral intubation depth of about 220 cm
and a mean anal intubation depth of 120 cm. Colonoscopy
was performed by pushing the endoscope from the anus
to the distal ileum. All endoscopic examinations were
performed by the same two gastroenterologists.

CDEIS

[11]

CDEIS was determined as previously reported :
CDEIS = (12 × the number of bowel segments with
deep ulcers + 6 × the number of bowel segments with
superficial ulcers + affected bowel surfaces with no ulcer
+ ulcerated surface) ÷ the total number of affected
segments + 3 × the number of ulcerated stenosis + 3
× the number of stenosis with no ulcer.

MRI

All patients were instructed to fast overnight prior to the
MRI examination. The patients were requested to take
polyethylene glycol electrolyte powder at 8 PM the day
before MRI. Isotonic mannitol solution (2.5%; 2000
ml) was prepared by adding 250 ml of hyperosmotic
mannitol solution (0.05 kg of mannitol, concentration of
20%) to 1750 ml of water. Each patient was given three
to four 500-mL glasses of isotonic mannitol solution (total,
1500-2000 ml) to optimize the distention of the small
bowel. Each glass was given within 10 min. The first
glass was given at 40-45 min before MRI. All patients
completed bowel preparation before MRI.
All MRI examinations were performed using a 1.5 T
MRI unit (GE Signa, HDxt, GE Healthcare, Waukesha,
WI, United States). Patients were placed in the supine
position with an abdomen coil. MRI was performed with
the following sequences: (1) Transverse fast imaging
employing steady-state acquisition (FIESTA): Echo
time/repetition time (TE/TR) 1.34/3.559 ms, slice thick/
gap 5/1 mm, flip angle 55, bandwidth 125, number
of excitation (NEX) 1.0, frequency (Freq) 224, field of
view (FOV) 40 × 40 cm; (2) coronal T2 Weight SingleShot Fast Spin Echo (T2WSSFSE): TE/TR 74.56/1800
ms, slice thick/gap 5/1 mm, bandwidth 31.25, Freq
288, FOV 40 cm × 40 cm; (3) coronal FIESTA: TE/TR
1.364/3.285 ms, slice thick/gap 5/1 mm, flip angle 55,
bandwidth 125; (4) transverse diffusion weight imaging
2
(DWI): b values were 0, 600 s/mm , TE/TR 67.5/1800
ms, slice thick/gap 5/1 mm, Freq 128, NEX 2.0; and
(5) coronal Liver Acquisition with Volume Acceleration
(LAVA) dynamic enhanced scan: TE/TR 1.452/3.12
ms, slice thickness/gap 4-4.4/1 mm, flip angle 12,
bandwidth 125, Freq 288, FOV 40 cm × 40 cm;
contrast agent, Magnevist 0.2 ml/kg, injection rate of
2 ml/s, enhanced scan point of 20, 50, and 90 s after
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Artery enhancement sequence on T1W1 shows the
blood supply of the intestine. aRCE is the enhancement
rate during arterial phase and represents the degree
of blood supply. pRCE is the blood supply during the
portal phase. dRCE is the blood supply during the period
of delay. In the presence of acute inflammation, the
enhancement rates of the various phases are elevated. If
the peak value of the enhancement curve is delayed, the
[6-11,15]
inflammation is likely to be improved or chronic
.
The average RCE (total RCE, tRCE; arterial phase RCE,
aRCE; portal phase RCE, pRCE; delay phase RCE,
dRCE) and ADC values of the lesions in each patient
were obtained. ∆tRCE, ∆aRCE, ∆pRCE, ∆dRCE, ∆ADC,
∆MaRIA, ∆thickness, and ∆CDEIS were defined as ∆
CDEIS = (indicators after treatment-indicators before
treatment)/indicators before treatment.
If the lesions were improved after medical treatment
of CD, the following MRI manifestations could be seen:
(1) T2WI showed that the thickening of the intestinal
wall was alleviated, edema was alleviated or had
disappeared, and mucosal ulcers were healed; (2)
dynamic T1W1 enhancement sequence showed that
the enhancement of the lesion segment had weakened,
and the intestinal wall was no longer stratified; (3)
the exudation surrounding the intestines was reduced
or had disappeared, and the enlarged lymph nodes
surrounding the intestines had shrunk; and (4) DWI
sequence showed that the signals of the diseased
segment were reduced and ADC values were increased.

than in the inactive group (P < 0.001).

MRI agreement

An inter-observer agreement evaluation between the two
radiologists was performed using kappa statistics, which
showed a high correlation (0.936) when considering all
parameters. Therefore, the average results of the two
radiologists were used for evaluation.

Before treatment

Table 1 presents the MRI findings before treatments.
Higher proportions of patients in the active group
showed edema, mucosal ulcer, enhancement pattern,
morphological changes, and perienteric exudation than
in the inactive group (all P < 0.05).
On MRI and compared with the inactive group,
the active group showed lower ADC (P = 0.001) and
higher thickness, tRCE, aRCE, pRCE, dRCE, and MaRIA
(all P < 0.05). At endoscopy, the active group showed
higher CDEIS scores than the inactive group (P = 0.001)
(Table 1).
MRI quantitative parameters (ADC value, bowel
thickness, tRCE, aRCE, pRCE, dRCE, and MaRIA scores)
were significantly correlated with CDEIS. The highest
correlation was found between MaRIA and CDEIS with
coefficients of r = 0.772 for tRCE, r = 0.754 for aRCE,
r = 0.738 for pRCE, and r = 0.712 for dRCE, followed
by tRCE, aRCE, pRCE, dRCE, bowel thickness, and ADC
value (r = 0.661, 0.634, 0.518, 0.507, 0.356, and
-0.276, respectively) (Table 1).
In the active CD group, CDEIS was significantly
correlated with MaRIAs, tRCE, aRCE, pRCE, dRCE,
bowel thickness, and ADC, with coefficients of r = 0.789,
0.767, 0.745, 0.718, 0.726, 0.548, 0.54, 0.459, 0.311,
and -0.207, respectively (Table 2). On the other hand,
in the inactive CD group, MaRIA (for tRCE), and tRCE
were positively correlated with CDEIS (r = 0.746 and
0.718, respectively) (Table 2, and Figures 1 and 2).

Statistical analysis

Statistical analysis was performed using SPSS 19.0 for
Windows (IBM, Armonk, NY, United States). Categorical
variables (intestinal wall edema, ulcer in mucosa, reactive
lymph nodes, perienteric exudation, wall enhancement
pattern, and morphological changes) were analyzed
using the Spearman correlation. Continuous variables
(bowel thickness, tRCE, aRCE, pRCE, dRCE, ADC values,
MaRIA) were expressed as mean ± standard deviation,
and the Pearson correlation analysis was performed.
∆MRI indicators were analyzed with ∆CDEIS using
the Pearson correlation. An inter-observer agreement
evaluation between the two radiologists was performed
using the kappa statistics. Two-sided P-values < 0.05
were considered statistically significant.

After treatment

All 61 patients in the active group underwent MRI and
endoscopy examinations after medical treatment. The
correlation coefficients between CDEIS and MaRIAs
were r = 0.771 for MaRIA of aRCE, r = 0.755 for
MaRIA of dRCE, r = 0.740 for MaRIA of pRCE, and
r = 0.736 for MaRIA of tRCE, which were all higher
than that between CDEIS and single MRI parameters.
Among single MRI indicators, the highest correlation
was found for aRCE. The same correlation order was
found between ∆MaRIAs and ∆CDEIS as that between
MaRIAs and CDEIS. For single ∆MRI indicators, the
correlation was in the order of ∆aRCE > ∆ADC > ∆pRCE
> ∆dRCE > ∆tRCE, with r = 0.593, -0.545, 0.529, 0.512,
and 0.467, respectively (Table 3). No correlation was
observed between CDEIS and bowel thickness (Table 3).
After treatment, 17 of the 61 patients remained
with active CD. Table 4 presents the characteristics of
these patients. Gender, age, disease duration, disease

RESULTS
Characteristics of the patients

Table 1 presents the characteristics of the patients.
Among the 104 patients, 61 patients (male/female,
36/25; mean age, 27.5 ± 11.4 years) were classified as
having active CD (CDEIS > 6) and 43 patients (male/
female, 24/19; mean age, 24.4 ± 8.0 years) as having
inactive CD (CDEIS ≤ 6). Gender, age, disease duration,
and disease location were not significantly different
between the two groups (all P > 0.05). C-reactive
protein (CRP) levels were higher in the active group
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Table 1 Characteristics of the patients before treatments

Gender (M/F)
Age
Disease duration
Disease location
Rectum
Sigmoid/left colon
Transverse colon
Right colon
Ileum
Treatment regimen
Glucocorticoid
IFX
ADA
Edema
Reactive lymph nodes
Mucosal ulcer
Enhancement pattern
Morphological changes
Perienteric exudation
CRP (mg/L)
ADC (mm2/s)
Thickness (mm)
tRCE (%)
aRCE (%)
pRCE (%)
dRCE (%)
MaRIA
tRCE
aRCE
pRCE
dRCE
CDEIS

All n = 104

Active n = 61

Inactive n = 43

P value

59/45
31.37 ± 9.56
3.5

36/25
27.5 ± 11.4
3.9

23/20
34.44 ± 5.37
3.3

0.230
0.650
0.550

0
4
14
16
70

0
2
7
10
42

0
2
7
6
28

23
18
20
61
25
49
61
31
38
18.34 ± 8.45
1.87 ± 0.471
7.89 ± 3.23
78.34 ± 45.34
124.45 ± 61.11
254.21 ± 198.22
377.15 ± 223.21

23
18
20
61
16
38
61
12
38
25.12 ± 4.12
1.598 ± 0.383
9.23 ± 3.36
92.153 ± 101.34
181.46 ± 97.80
321.90 ± 231.03
466.18 ± 260.08

0
0
0
0
9
11
0
19
0
5.14 ± 0.98
1.949 ± 0.431
6.75 ± 2.49
40.592 ± 11.019
92.63 ± 45.48
201.32 ± 124.66
271.91 ± 209.66

< 0.001
0.311
< 0.001
0.006
0.023
< 0.001
< 0.001
0.001
0.001
0.017
< 0.001
0.020
0.002

20.37 ± 3.42
18.88 ± 4.11
26.32 ± 2.89
19.26 ± 3.21
8.15 ± 4.03

26.18 ± 5.02
28.40 ± 4.84
35.09 ± 4.64
36.81 ± 5.11
10.57 ± 3.02

6.44 ± 1.03
6.43 ± 2.74
6.94 ± 2.58
7.25 ± 2.32
3.46 ± 1.23

< 0.001
< 0.001
< 0.001
0.001
0.001

IFX: Infliximab; ADA: Adalimumab; CRP: C-reactive protein; ADC: Apparent diffusion coefficient; tRCE: Total relative contrast enhancement; aRCE:
Arterial relative contrast enhancement; pRCE: Portal phase relative contrast enhancement; dRCE: Delay phase relative contrast enhancement; MaRIA:
Magnetic resonance index of activity; CDEIS: Crohn’s disease endoscopic index of severity.

Table 2 Correlations between magnetic resonance indicators and Crohn’s disease endoscopic index of severity before treatment in
the two groups
All n = 104
ADC
Thickness
tRCE
aRCE
pRCE
dRCE
MaRIA
tRCE
aRCE
pRCE
dRCE
CDEIS

Active group n = 61

Inactive group n = 43

r

P value

r

P value

r

P value

-0.276
0.356
0.661
0.634
0.519
0.507

0.012
0.001
< 0.001
< 0.001
< 0.001
< 0.001

-0.207
0.311
0.726
0.548
0.540
0.459

0.016
0.002
< 0.001
< 0.001
< 0.001
< 0.001

-0.202
0.952
0.718
0.238
0.921
0.022

0.356
0.013
< 0.001
0.274
0.022
0.920

0.772
0.754
0.738
0.712
8.15 ± 4.03

< 0.001
< 0.001
< 0.001
< 0.001

0.789
0.767
0.745
0.718
10.57 ± 3.02

< 0.001
< 0.001
< 0.001
< 0.001

0.746
0.334
0.230
0.280
3.46 ± 1.23

< 0.001
0.288
0.471
0.378

ADC: Apparent diffusion coefficient; tRCE: Total relative contrast enhancement; aRCE: Arterial relative contrast enhancement; pRCE: Portal phase relative
contrast enhancement; dRCE: Delay phase relative contrast enhancement; MaRIA: Magnetic resonance index of activity; CDEIS: Crohn’s disease endoscopic
index of severity.

location, and CRP levels were similar between the
two groups. The inactive group showed better clinical
and MRI performances than the active group after
treatments (all P < 0.05). In those 17 patients, no
statistical correlation was found between endoscopy
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score and MRI indicators. The remaining 44 patients
remitted into inactive CD. The correlations between
CDEIS and MRI parameters in these 44 cases were
in the order of MaRIA for aRCE > MaRIA for tRCE >
MaRIA for pRCE > MaRIA for dRCE > aRCE > ADC
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Table 3 Correlations between magnetic resonance imaging indicators and Crohn’s disease endoscopic index of severity in the 61
active Crohn’s disease patients after treatment
CDEIS
ADC
Thickness
tRCE
aRCE
pRCE
dRCE
MaRIA
tRCE
aRCE
pRCE
dRCE

ΔCDEIS

r

P value

-0.467
0.242
0.548
0.619
0.493
0.490

< 0.001
0.201
0.002
< 0.001
0.008
0.015

0.736
0.771
0.740
0.755

< 0.001
< 0.001
< 0.001
< 0.001

ΔADC
Δthickness
ΔtRCE
ΔaRCE
ΔpRCE
ΔdRCE
ΔMaRIA
tRCE
aRCE
pRCE
dRCE

r

P value

-0.545
0.407
0.467
0.593
0.529
0.512

0.001
0.148
0.018
0.002
0.004
0.003

0.724
0.781
0.724
0.760

< 0.001
< 0.001
< 0.001
< 0.001

ADC: Apparent diffusion coefficient; tRCE: Total relative contrast enhancement; aRCE: Arterial relative contrast enhancement; pRCE: Portal phase relative
contrast enhancement; dRCE: Delay phase relative contrast enhancement; MaRIA: Magnetic resonance index of activity; CDEIS: Crohn’s disease endoscopic
index of severity.

A

B

D

E

C

Figure 1 Magnetic resonance imaging of a typical case of active Crohn’s disease before treatment. Female, 32 years of age, active Crohn’s disease. A: T2WI
showed intestinal wall thickening and submucosal edema in the distal ileum; B: Fast imaging employing steady-state acquisition showed intestinal wall thickening and
submucosal edema in the distal ileum; C: Diffusion weight imaging showed marked high intensity; D and E: Dynamic enhancement showed obvious layer stratified
enhancement.

value > tRCE > pRCE > dRCE, with r = 0,712, 0.705,
0.685, 0.634, 0.697, -0.516, 0.420, 0.350, and 0.341,
respectively (Table 5).
Among MRI qualitative indicators, statistical analysis
could not be done for mucosal ulcer because of its
low frequency (16/61). Edema in the submucosa and
perienteric exudation were decreased (61/61 and 18/18)
after treatment. In addition, the enhancement pattern
of the bowel wall in inactive CD patients changed to nonstratified enhancement (44/61), whereas it remained
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stratified enhancement in active CD patients (17/61)
(Figures 3 and 4).

DISCUSSION
MRI is fairly reproducible but shows only a moderate
[6,12,13]
agreement with CDEIS
. Furthermore, the con
cordance of the two examinations during follow-up or
before/after treatment remains uncertain. Therefore, this
study aimed to examine the correlation and concordance

2284

June 7, 2018|Volume 24|Issue 21|

Zhu NY et al . MRI and CDEIS concordance

A

D

B

C

E

F

Figure 2 Magnetic resonance imaging of a typical case of active Crohn’s disease after treatment (same patient as in Figure 1). She remained in the active
Crohn’s disease group after treatment. A: T2WI showed intestinal wall thickened and submucosal edema decrease in the distal ileum; B: Fast imaging employing
steady-state acquisition showed intestinal wall thickened and submucosal edema decrease in the distal ileum; C: Diffusion weight imaging showed less high intensity;
D and E: Dynamic enhancement showed layer stratified enhancement.

A

B

D

E

C

Figure 3 Magnetic resonance imaging of a typical case of active Crohn’s disease before treatment. Male, 25 years of age, active Crohn’s disease. A: Fast
imaging employing steady-state acquisition showed intestinal wall thickening and submucosal edema in the ascending colon; B and C: T2WI showed intestinal wall
thickening and submucosal edema in the ascending colon; D and E: Dynamic enhancement showed obvious enhancement; F: Diffusion weight imaging showed
marked high intensity.
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Table 4 Subgroups in the active Crohn’s disease patients according to disease activity after treatments
Remained active (n = 17)
Pre-treatment
Gender (M/F)
Age
Disease duration
Disease location
Sigmoid/left colon
Transverse colon
Right colon
Ileum
Treatment regimen
Glucocorticoids
Infliximab
Adalimumab
CRP
CDEIS
CRP
ADC
Thickness
tRCE
aRCE
pRCE
dRCE
MaRIA
tREC
aRCE
pRCE
dRCE
ESR

Improved to inactive (n = 44)

Post-treatment

Pre-treatment

P value

Post-treatment

10/7
30.4 ± 5.5
1-5

26/18
26.7 ± 10.1
1-5

0.332
0.563

1
3
4
14

1
4
6
28

8
6
3
28.01 ± 5.22
12.23 ± 5.12
28.01 ± 5.215
1.52 ± 0.12
9.12 ± 1.21
89.14 ± 13.33
179.03 ± 20.66
330.02 ± 67.12
453.29 ± 54.05

10.47 ± 3.43
15.12 ± 4.32
1.44 ± 0.34
7.66 ± 1.41
69.49 ± 12.11
166.16 ± 22.44
285.27 ± 57.71
385.5 ± 45.32

15
12
17
20.91 ± 5.45
10.12 ± 2.11
20.91 ± 5.45
1.59 ± 0.17
8.2 ± 2.22
82.11 ± 12.47
181.14 ± 34.1
301.32 ± 54.12
440.18 ± 33.09

3.11 ± 0.21
5.84 ± 0.743
1.73 ± 0.2
5.42 ± 1.32
45.32 ± 4.53
89.76 ± 12.71
199.23 ± 23.2
257.22 ± 44.13

0.054
0.001
0.002
0.001
0.012
0.021
0.001
0.001
0.001

35.17 ± 5.66
28.22 ± 6.76
37.79 ± 5.59
36.09 ± 8.12
24.186 ± 3.210

30.12 ± 3.12
19.12 ± 4.09
29.21 ± 4.21
25.2 ± 5.77
18.28 ± 3.38

26.56 ± 2.90
29.47 ± 5.22
36.28 ± 4.72
27.08 ± 5.79
21.49 ± 3.33

6.23 ± 1.11
6.48 ± 1.38
7.11 ± 1.74
7.22 ± 1.59
3.184 ± 0.568

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.916

0.292

CRP: C-reactive protein; ADC: Apparent diffusion coefficient; tRCE: Total relative contrast enhancement; aRCE: Arterial relative contrast enhancement;
pRCE: Portal phase relative contrast enhancement; dRCE: Delay phase relative contrast enhancement; MaRIA: Magnetic resonance index of activity; CDEIS:
Crohn’s disease endoscopic index of severity; ESR: Erythrocyte sedimentation rate.

Table 5 Correlations between magnetic resonance indicators and Crohn’s disease endoscopic index of severity in the active group
according to disease activity after treatment
Remained active n = 17
ADC
Thickness
tRCE
aRCE
pRCE
dRCE
MaRIA
tRCE
aRCE
pRCE
dRCE

Improved to inactive n = 44

r

P value

r

P value

-0.219
0.105
0.356
0.376
0.305
0.381

0.518
0.758
0.203
0.255
0.113
0.134

-0.516
0.170
0.420
0.697
0.350
0.341

0.002
0.568
0.005
0.002
0.010
0.015

0.268
0.268
0.306
0.309

0.400
0.399
0.334
0.329

0.705
0.712
0.685
0.634

< 0.001
< 0.001
< 0.001
< 0.001

ADC: Apparent diffusion coefficient; tRCE: Total relative contrast enhancement; aRCE: Arterial relative contrast enhancement; pRCE: Portal phase relative
contrast enhancement; dRCE: Delay phase relative contrast enhancement; MaRIA: Magnetic resonance index of activity.

among multiple MRI findings and CDEIS changes before
and after CD treatment. The results strongly suggest
that MRI artery phase-enhanced indexes were the most
sensitive indicators, especially arterial MaRIA, for CD
follow-up and dynamic assessment of the therapeutic
effects. CD treatment assessment was not completely
concordant between CDEIS and MRI.
The clinical course of CD usually presents an acuteremission-recur cycle. Therefore, regular monitoring and
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follow-up are needed. The assessment methods for the
diagnosis and follow-up include clinical manifestations,
endoscopy, histopathology, computed tomography
[18]
(CT), and MRI . In clinical practice, there is often a
low correlation between clinical symptoms and bowel
inflammatory activity. Clinical symptoms may be unrelated
[19,20]
to endoscopy and imaging findings
. Endoscopy and
histopathology exams are the first choice for the diagnosis
[1,18]
of CD
. Nevertheless, these approaches are invasive
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Figure 4 Magnetic resonance imaging of a typical case of active Crohn’s disease after treatment (same patient as in Figure 3). The patient was in remission
(inactive Crohn’s disease) after treatment. A: Fast imaging employing steady-state acquisition showed decreased intestinal wall thickening and no submucosal edema;
B and C: T2WI showed decreased intestinal wall thickening and no submucosal edema; D: Diffusion weight imaging showed less high intensity; E: Enhancement
showed less enhancement.

and ill-suited for regular monitoring and follow-up.
Therefore, MRI is probably one of the most appropriate
methods for the long-term evaluation and monitoring of
CD.
An early study on the efficacy of CD treatment
was reported using MRI enhanced index and bowel
[21]
thickness . Other MRI evaluations, such as mucosal
[22]
ulcer and ADC value, were used in recent studies .
[23-27]
Some studies
focused on the accuracy of MRI
indicators for the evaluation of CD and the response
to medical therapy. One study reported that changes
in CD clinical activity were significantly correlated with
[28]
changes in MRI activity score . Bowel wall thickening,
mesenteric lymphadenopathy, and fat wrapping with
vascular proliferation were the MRI parameters that
changed significantly after induction and maintenance
[28]
treatment in responders . The changes in MRI activity
score were mostly pronounced during the first 3 months
of treatment compared with long-term treatments
[28]
(weeks 52-54) . In the present study, both MRI scores

WJG|www.wjgnet.com

(MaRIA) and single MRI indicators (ADC, tRCE, aRCE,
pRCE, dRCE, and bowel thickness) were evaluated.
After treatment, MaRIA scores, ADC, tRCE, aRCE,
pRCE, dRCE, ∆ADC, ∆tRCE, ∆aRCE, ∆pRCE, and ∆dRCE
remained correlated with CDEIS, but bowel thickness
was not, possibly because CD is a chronic and recurrent
disease. Both edema and chronic fibrosis can be found
in thickened bowel segment. After effective medical
therapy, inflammation may be improved and edema may
have regressed, but fibrous adipose tissue hyperplasia
may be present or become more serious. This may
weaken the correlation between bowel thickness
and CDEIS. Secondly, compared with other studies,
the evaluation timing after treatment was different.
Therefore, the decision when to make the MRI evaluation
is still an issue. Various MRI assessment timings may
produce different results in treatment effect. Thirdly, our
sample size was limited. Nevertheless, a recent study
[29]
supports the use of MaRIA for the evaluation of CD .
In the present study, higher correlations were found
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for MaRIA scores than that for single MRI indicators.
Among them, the MaRIA score of aRCE showed the
best correlation after treatment. Among single MRI
indicators, the best correlation was found between aRCE
and CDEIS. Possible reasons that MRI artery phase
enhanced indexes were the most sensitive for efficacy
assessment after CD treatment may be decreased blood
supply to mucosal ulcer and improved inflammation.
Nevertheless, each correlation coefficient of en
hanced indexes was decreased compared with those
before treatment in 61 patients with CD. In general,
MRI findings, as a treatment evaluation method, were
not completely matched with CDEIS, especially after
24-26 wk of effective treatment. Grouped by treatment
effect, good correlation between MRI and CDEIS results
was found in active CD patients who experienced
remission but not among those who remained with
active CD after treatment. This finding may also reflect
that time has an impact on the changes between MRI
and CDEIS.
DWI has recently been shown to be an appropriate
[30,31]
tool for the follow-up of CD
. In the present study,
the correlation between ADC values and CDEIS after
treatment was increased compared with that before
treatment, especially ∆ADC. Though ADC value was
proved to be a reliable independent indicator for the
evaluation of CD and with a similar value to that of
[9,22]
enhancement indicators in previous studies
, the
present study showed that it was more valuable and
reliable to follow-up the change of ADC values for
dynamic monitoring. It had a good value reflecting CD
prognosis during periods rather than at specific time
point of the disease.
Among qualitative indicators, because of strict
requirement for bowel distension, no advantage was
shown for MRI detecting mucosal ulcer compared
with endoscopy. Other MRI indicators, such as edema,
exudation, and enhancement pattern, were sensitive
and matched the CDEIS changes before and after
treatment. Because these are subjective indicators
and may vary among observers, they seem to be less
accurate and dependable indicators compared with RCE
and ADC values. Nevertheless, a study showed that
endoscopy and MRI were concordant, even without
[32]
bowel preparation . Additional studies are warranted
on this point.
The present study is not without limitations. The
sample size was small and from a single center. In
addition, the retrospective nature of the study prevented
the study of parameters that were not routinely
collected. Thirdly, all treated patients were grouped
together, but different treatments might have different
impact on MRI findings. Finally, MRI T2W1 and T1W1
dynamic enhancement sequences can show intestinal
fistula but, in the present study, the frequency of fistula
was low. Therefore, reliable statistical analyses could
not be performed. Additional studies are necessary to
improve upon these results.
In conclusion, MRI indicators were correlated with

WJG|www.wjgnet.com

CDEIS, but such correlation was decreased in patients
with active CD that became inactive after treatment. CD
treatment assessment was not completely concordant
between CDEIS and MRI. MRI artery phase enhanced
indexes seemed to be the most sensitive indicators,
especially MaRIA score of aRCE. MaRIA scores were
better than single MRI indicators for CD follow-up and
dynamic assessment of therapeutic effects.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Crohn’s disease (CD) is an inflammatory bowel disease that may involve the
entire gastrointestinal tract. CD easily recurs, and accurate and comprehensive
evaluation and follow-up are essential to design an individualized treatment
program. Crohn’s Disease Endoscopic Index of Severity (CDEIS) is generally
used to assess CD activity. However, it is currently uncertain whether MRI
abnormalities are concordant with changes in CDEIS. In addition, whether MRI
is only a supplementary/accessory assessment method to endoscopy or could
substitute endoscopy during follow-up remains unclear.

Research motivation

The clinical symptoms of CD may be unrelated to endoscopy and imaging
findings. Endoscopy and histopathology are the first methods of choice for the
diagnosis of CD. Nevertheless, these approaches are invasive and ill-suited for
regular monitoring and follow-up. Therefore, MRI is probably one of the most
appropriate methods for long-term evaluation and monitoring of CD.

Research objectives

We hypothesized that CDEIS changes correlated with MaRIA scores as well as
individual MRI parameters before and after CD treatment. The present study
aimed to help us to understand the pathological changes of CD and provide
non-invasive modalities for examining therapeutic effects.

Research methods

One hundred and four patients with CD were analyzed retrospectively. Among
them, 61 and 43 patients were considered to have active CD (CDEIS > 6) and
inactive CD (CDEIS ≤ 6), respectively. MaRIA scores as well as individual MRI
parameters, including total relative contrast enhancement (tRCE), arterial RCE
(aRCE), portal RCE (pRCE), delay phase RCE (dRCE), and apparent diffusion
coefficient (ADC), were evaluated. Correlation and concordance between
multiple MRI findings and CDEIS were examined.

Research results

In the present study, we found that CDEIS had correlations with MaRIAs at
baseline in all patients, including tRCE, aRCE, pRCE, dRCE (all MaRIAs, P
< 0.001), followed by single MRI indexes. Among the 61 active CD patients,
44 cases were remitted to inactive CD after treatment. In the 44 patients who
achieved remission, correlations between CDEIS and all MaRIAs remained
after treatment. However, the values of the correlation coefficient (r) were
decreased. The most significant correlations were found between MaRIAs for
aRCE and CDEIS.

Research conclusions

MRI indicators had correlations with CDEIS in patients with active CD before
treatment. However the correlations were decreased in patients with active
CD that became inactive after treatment. The assessment was not completely
concordant between CDEIS and MRI in patient with CD before and after
treatment. The MaRIA score of aRCE seemed to be an important indicator. For
dynamic assessment of therapeutic effects, MaRIA scores were better than
single MRI indicators.

Research perspectives

Endoscopic results were not completely consistent with MR data among
CD patients. The most sensitive indicators in evaluating efficacy by MR
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were relevant indicators during the MR enhanced arterial phase. The most
appropriate timing for performing MR evaluation and monitoring disease
conditions after treatment of CD should be explored in the future.
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AIM
to investigate the effect of dietary fiber on symptoms
and esophageal function testing parameters in nonerosive gastroesophageal reflux disease (GERD) (NERD)
patients.

CONSORT 2010 statement: Aligned with CONSORT 2010
(TREND statement for non-randomized studies).

METHODS
Thirty-six NERD patients with low (< 20 g/d) dietary fiber
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intake were enrolled in the study. They were examined
with the use of symptom questionnaire (GERD-Q), highresolution esophageal manometry, 24-h esophageal pHimpedance examinations, and food frequency question
naire before and after 10 d of usual diet supplemented
by psyllium 5.0 g TID. Complete data of 30 patients
were available to the final analysis. The obtained results
were analyzed with the use of non-parametric statistics
(Wilcoxon matched pairs test).

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
condition that is characterized by reflux of gastric
content into the esophagus and is associated with
symptom-related quality of life decrease and numerous
[1-4]
complications . Impaired gastroesophageal motility
with an increased number of transient lower esophageal
sphincter relaxations (TLESR), acidification of the
esophagus, and low esophageal clearance are considered
to be the most important factors in the pathogenesis
[1,5-7]
of GERD
. Current treatment of GERD includes
lifestyle modification, antisecretory drug use, and anti[6-9]
reflux surgery . While healing of reflux esophagitis
requires profound suppression of gastric acid secretion
and long-term use of maintenance treatment with
proton pump inhibitors (PPIs), patients with non-erosive
GERD (NERD) may also benefit from other treatment
[10]
options, like lifestyle or diet modification . Dietary fiber
supplementation may be one of the nutrients used for
usual diet modification in GERD patients. It was shown
that decreased stomach and gut motility, prolonged
period of gastric content evacuation, and gastric overdistension associated with low dietary fiber intake
and low fiber consumption may play a crucial role in
formation of hiatal hernia, which negatively interferes
[11-13]
with anti-reflux barrier
. Increased intragastric
pressure and decreased motility are also established risk
[14-22]
factors of gastroesophageal reflux
. The beneficial
effect of dietary fiber on esophageal motility in GERD
patients is also assumed to be mediated through its
ability to bind nitric oxide contained in food and diminish
its negative influence on lower esophageal sphincter
[23,24]
(LES) pressure
. It was demonstrated that some of
the dietary fibers may affect not only the rate of gastric
emptying but also decrease gastric acidity, making the
number of gastroesophageal refluxes lower and reducing
[25]
their damaging capacity .
There is no direct evidence to date on the positive
influence of dietary fiber on GERD. Therefore, the
aim of the present study was to evaluate the effect
of dietary fiber on the presence of gastroesophageal
reflux, esophageal acidity, lower esophageal sphincter
pressure, and clinical manifestations of non-erosive
gastroesophageal reflux disease in patients with low
dietary fiber intake.

RESULTS
The number of patients experiencing heartburn was
less (93.3% at baseline vs 40% at the end of the study,
P < 0.001) and the GERD-Q score decreased (mean
± SD: 10.9 ± 1.7 vs 6.0 ± 2.3, P < 0.001) after the
treatment period. Minimal resting lower esophageal
sphincter (LES) pressure increased from 5.41 ± 10.1
to 11.3 ± 9.4 mmHg (P = 0.023), but no change in
residual LES pressure and mean resting pressure was
found. Total number of gastroesophageal refluxes (GER)
decreased from 67.9 ± 17.7 to 42.4 ± 13.5 (P < 0.001)
predominantly by acid and weak acid types of GERs. No
significant change in mean esophageal pH and % of time
pH < 4 was registered. Maximal reflux time decreased
from 10.6 ± 12.0 min to 5.3 ± 3.7 min (P < 0.05).
CONCLUSION
Fiber-enriched diet led to a significant increase of
minimal lower esophageal sphincter resting pressure, a
decrease of number of gastroesophageal refluxes, and
a decrease of heartburn frequency per week in NERD.
Key words: gastroesophageal reflux disease; psyllium;
gastroesophageal reflux; lower esophageal sphincter
relaxation; esophageal motility; Dietary fiber; heartburn;
non-erosive gastroesophageal reflux disease
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Low dietary fiber intake is associated with
decreased stomach and gut motility and delayed
gastric emptying, which may contribute to the risk of
gastroesophageal reflux and gastroesophageal reflux
disease (GERD) symptom frequency. The ability of
dietary fibers to bind nitric oxide contained in food
may diminish its negative effect on lower esophageal
sphincter pressure. Our study is the first prospective
trial demonstrating that increasing dietary fiber intake
results in an increase of minimal esophageal resting
pressure, a decrease in the number of gastroesophageal
refluxes, and a decrease in heartburn episodes per
week in patients with non-erosive GERD.

MATERIALS AND METHODS
This single-center open-label prospective study was
performed from 2012 to 2016 at the Department of
Gastroenterology and Hepatology of Federal Research
Center of Nutrition and Biotechnology according to Good
Clinical Practice guidelines, the Declaration of Helsinki
(1996). Study design, protocol and patients’ informed
consent form were approved by the Institute of Nutrition
IRB (Moscow, Russia). This study was registered on the
ClinicalTrials.gov website (NCT01882088).

Morozov S, Isakov V, Konovalova M. Fiber-enriched diet
helps to control symptoms and improves esophageal motility in
patients with non-erosive gastroesophageal reflux disease. World
J Gastroenterol 2018; 24(21): 2291-2299 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i21/2291.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i21.2291
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Enrollment criteria

made with the use of Ohmega equipment (MMS,
Enschede, the Netherlands) and 2pH-6 impedance
channels catheters (UniTip). The studies were performed
[31-33]
by the standard technique
. Catheters were inserted
transnasally and located with esophageal pH electrode
5 cm above the upper border of the lower esophageal
sphincter, as defined by high resolution manometry.
Patients were instructed to press the event marker button
on the pH data logger to mark their meal times (then
excluded from the analysis), body posture, symptom
occurrence, and drug intake. These events together with
time of onset were also marked by the patients into the
paper diary to exclude mistakes. Patients were encouraged
to maintain their normal daily activities throughout the
measurement and to continue their regular diet. Manual
review of the tracings was performed by experienced
operators. Reflux episodes were defined as a decrease
from baseline of more than 50% impedance moving from
the distal to the proximal extent.

Enrollment criteria were: willingness to participate in the
study (signed informed consent); clinical diagnosis of
NERD; dietary fiber deficiency confirmed by validated
dietary questionnaire; and pathological gastroesophageal
reflux by 24-h esophageal pH-impedance. Exclusion
criteria were as follows: antisecretory (PPI, H2-histamine
receptor blockers) drug use 14 d before day 0, concomi
tant medications including nitrates, beta-adrenergic
blocking agents, calcium channels blockers, and any of
the hormones (topic steroids for less than 14 d before
enrollment were allowed), inability to perform any of the
diagnostic procedures required by the study protocol,
allergy to psyllium, previous abdominal surgery, and
general condition of the patient not allowing to participate
in the study by the opinion of the investigator.

Diagnosis of non-erosive form of GERD

Step 1: The presence of GERD symptoms, their
severity and frequency were evaluated by certified
gastroenterologists. The primary selection criteria for
GERD patients was the presence of heartburn and
acid regurgitation for at least 2 times a week. These
symptoms were verified with a language-specific
[26]
version of the international GERD-Q questionnaire .
Symptom score of 8 points or higher was considered a
positive for the presence of GERD. All patients included
in the study had a history of heartburn for more than 6
mo and a previous response to acid suppressive therapy
(either PPIs or H2-hystamine receptor blockers). We did
our best to exclude other reasons that would mask the
disease (i.e., excluded the use of medication known
to affect esophageal motility and sensing; excluded
functional heartburn, etc.).

Step 4: Dietary intake of energy and macro- and
micronutrients were determined using a validated PCbased Food Frequency Questionnaire (FFQ-1.0, Institute
of Nutrition, Moscow, Russia). Dietary fiber intake
deficiency was established when daily fiber intake was
less than 20 g/d.
If the presence of NERD by endoscopy and GERD-Q
questionnaire and low dietary fiber intake were
confirmed, eligible subjects were examined with the
use of high-resolution esophageal manometry and 24-h
esophageal pH-impedance. Presence of pathological
gastroesophageal reflux by esophageal pH-impedance
studies, positive symptom index, symptom association
probability, and symptom sensitivity indexes were
necessary to proceed to the dietary intervention phase.

Step 2: Endoscopy studies were performed using Exera
II CV-180 panendoscope (Olympus Ltd, Osaka, Japan).
Absence of esophageal erosions and positive results on
the GERD-Q questionnaire were necessary to proceed
with further examination.
High-resolution esophageal manometry (HRM). HRM
studies were performed using a solid-state 36 channel
10Fr catheter (UniTip, Unisensor AG, Portsmouth, NH,
United States) inserted transnasally from the pharynx to
the stomach after fasting. After the patients were allowed
time to adapt to the catheter placement, they were
usually given 10 liquid swallows of 5 mL water. Standard
software was used to analyze the obtained results (Solar
[27-30]
GI, MMS, Enschede, the Netherlands)
. Mean and
minimal resting pressure of lower esophageal sphincter
pressure at rest and after 10 swallows of water, residual
pressure and percent of relaxation, and their change
after the course of treatment were recorded. Any type of
achalasia or signs of major motility disorders by Chicago
[30]
classification v 3.0 were exclusion criteria.

Dietary intervention

Step 3: Twenty-four h esophageal pH-impedance.
Twenty-four h esophageal pH-impedance studies were

WJG|www.wjgnet.com
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Patients were provided with psyllium (Mucofalk , Dr.
Falk PharmaGmbH, Germany) in sachets by 5.0 g and
were instructed to use it three times a day (15 g per
day that is an equivalent of 12.5 g of soluble dietary
fiber). Psyllium was used in accordance with the
manufacturer’s recommendations: the content of the
sachet was mixed with at least 150 ml of water, and
the resulting suspension was taken as soon as possible,
followed by an additional drink of liquid (1 cup). Besides
psyllium supplementation, patients were advised to
follow their usual diet. Formal interview on compliance
with the study drug was performed at the end of the
study and the number of used and unused sachets
brought by the patient was counted.
No PPIs, H2-hystamine receptors blockers, or
prokinetics were allowed during the study. Antacid use
was allowed when needed. It was recommended to use
hydrotalcit 0.5 g (Rutacid, KRKA, Slovenia) no more than
four times a day after meal. Patients were instructed to
chew the tablet and then swallow it. Patients were asked
to note the presence of heartburn, acid regurgitation and
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or higher indicated a large-size effect.

Table 1 Study population
Population characteristics
Total subjects in the study, n
Male/Female, n
Ethnic characteristic
Age, yr, mean ± SD
BMI, kg/m2, mean ± SD
Weight, kg, mean ± SD
Waist/hip ratio, mean ± SD
Smoking, yes, n (%)
Alcohol use, yes, n (%)
Alcohol, g/d, mean ± SD
Dietary fiber intake, g/d, mean ± SD
Hiatal hernia
Presence, n (%)
Size, cm, mean ± SD
Esophageal motility disorders per Chicago 3.0
Ineffective esophageal motility, n (%)
Fragmented peristalsis, n (%)
Normal, n (%)
Mean stool frequency per week, mean ± SD

Result

RESULTS

30
18/12
Non-Hispanic
Caucasians 100%
34.7 ± 9.3
26.7 ± 6.9
82.5 ± 17.9
0.91 ± 0.08
6 (20)
14 (46.7)
1.1 ± 1.7
6.0 ± 2.3

Thirty-six patients were enrolled in the study, and com
plete data from 30 were included in the final analysis
(Table 1). One patient withdrew informed consent
before day 0, and another patient was excluded due to
non-compliance. One of the enrolled patients could not
tolerate esophageal manometry, and in one case, there
was no possibility to place the catheter due to narrow
nasal passages and a deviated nasal septum. Migration
of the pH-impedance probe was found in two patients
during repeated examination. The data of mentioned
these six patients were excluded from the final analysis
(Figure 2).
Complete resolution of heartburn (i.e., absence of
the symptom during 7 consecutive days) was found in
18 of the 30 participants (60%) at the end-point (P =
0.0004) (Table 2). GERD-Q score decrease from (mean
± SD) 10.9 ± 1.7 at the baseline to 6.0 ± 2.3 at the
end of treatment period (P < 0.001) (Table 2).
Mean lower esophageal sphincter resting pressure
increased, but it did not reach statistical significance
(mean ± SD: 22.6 ± 9.4 mm Hg vs 25.6 ± 11.8 mm
Hg; P = 0.47). In the majority of patients, minimal
resting pressure at rest as well as during functional tests
with 10 water swallows was significantly decreased by
the end of the study compared to the baseline (Table 2).
No influence of the treatment on residual pressure and
proportion of relaxation were found during the study.
The number of all but non-acid GERs significantly
decreased (Table 2), resulting in a significant shortening
of maximal reflux time (mean ± SD, 10.6 ± 12.0 at
baseline to 5.3 ± 3.7 minutes at the end of treatment, P
= 0.017). However, no significant changes in the mean
esophageal pH and proportion of time with pH < 4 in
the lower esophagus were found during the study.
Dietary fiber supplementation was well tolerated. No
serious adverse event was registered during the study.
Because of the primary indication of psyllium (laxative),
significant increase in bowel movements was expected,
but it was not necessary to withdraw treatment due to
severe diarrhea (stool frequency per week, mean ± SD
7 ± 2 at baseline vs 8 ± 3 at the end of the treatment
period, P = 0.00002).
Antacid use was registered in two out of 30 patients,
and the number of taken tablets did not exceed the
allowed maximum per day.

16 (53.3)
0.9 ± 0.5
14 (46.7)
9 (30.0)
7 (23.3)
7.0 ± 2.0

BMI: Body mass index.

stool frequency during the treatment period.
Design of the study is shown on the Figure 1.
Repeated 24-h esophageal pH-impedance, high
resolution esophageal manometry, GERD-Q, and food
th
frequency questionnaires were performed on the 10
day of treatment (end of treatment).
Main studied outcomes were GERD symptom
presence during last 7 d, changes in the total GERD-Q
score, number of reflux episodes (GER), their acidity
and duration; lower esophageal sphincter (LES) mean
resting pressure, minimal LES resting pressure, residual
LES pressure, and percent of relaxation.

statistical analysis

The obtained data were analyzed using standard
software (Statistica 10, StatSoft Inc., United States).
Wilcoxon matched pairs test of non-parametric module
was used to assess changes of the studied parameters
after the course of fiber supplementation in comparison
to baseline. A P value of 0.05 was considered statistically
significant.
Sample size calculation and power analysis. No similar
studies were found in the literature to acquire data on the
effect of psyllium on GERD symptoms and esophageal
HRM and pH-impedance. We hypothesized that the
main effect of the intervention would be a decrease in
heartburn frequency. Our previous studies showed that
GERD-Q score in the NERD patients group was (mean ±
SD) 10.0 ± 1.5. To calculate sample size, we assumed
that psyllium supplementation decrease GERD-Q score
to 'normal' values (i.e., less than 8) and choose a value
of 7. Sample size calculation was performed using 1-Way
[34]
ANOVA . Effect size calculation was performed for every
comparison. Value of size effect less than 0.2 indicated a
small effect, 0.5 indicated a medium-sized effect, and 0.8
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DISCUSSION
In this open-label prospective study, we demonstrated
for the first time that intake of dietary fibers increases
LES minimal resting pressure and decreases the number
of acid, weakly-acid, and total refluxes. It was associated
also with twice as low frequency of heartburn and
GERD-Q score in patients with NERD. The effect of dietary
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Table 2 Results of the study

Symptoms’ characteristics
Presence of heartburn during 7 d, % of patients
GERD-Q score, mean ± SD
High resolution esophageal manometry (lower esophageal sphincter function)
At rest, mean ± SD
Mean resting pressure, mmHg
Minimal resting pressure, mmHg
Average, after 10 swallows of water, mean ± SD
Mean resting pressure, mmHg
Minimal resting pressure, mmHg
Residual pressure, mmHg
% Relaxation
Esophageal 24-hrs pH-impedance, mean ± SD
Number of refluxes
Number of acid refluxes
Number of weak acid refluxes
Number of non-acid refluxes
Mean pH
% time pH < 4
Maximal reflux time, min
Number of high gastroesophageal refluxes (17 cm above LES), mean ± SD
Gastric acid exposure
Mean pH, mean ± SD

Baseline

EOT

P value

93.3
10.9 ± 1.7

40
6.0 ± 2.3

0.000438
0.000003

22.0 ± 9.4
5.41 ± 10.1

26.5 ± 11.3
11.3 ± 9.4

0.37
0.023

20.5 ± 9.5
14.1 ± 8.0
7.5 ± 6.1
49.7 ± 15.0

22.0 ± 10.3
14.9 ± 6.4
7.0 ± 5.4
51.3 ± 19

0.11
0.008
0.94
0.3

67.9 ± 17.7
43.2 ± 14.7
23.9 ± 11.7
0.7 ± 1.1
5.9 ± 0.8
5.6 ± 4.8
10.6 ± 12
23.1 ± 9.2

42.4 ± 13.5
30.3 ± 15.3
11.3 ± 8.27
0.6 ± 1.7
5.7 ± 0.9
5.5 ± 7.57
5.3 ± 3.7
12.2 ± 6.6

0.000002
0.002415
0.000016
0.34
0.06
0.20
0.017
0.000004

1.2 ± 0.29

1.3 ± 0.36

0.35

EOT: End of treatment period; LES: Lower esophageal sphincter.

The authors noted that dietary fiber intake remained
inversely associated with the risk of GERD symptoms in
fully adjusted models, while associations between the
other nutrients and GERD symptoms were not altered
in direction or magnitude of the effect after adjusting
[36]
for BMI, energy consumption, or demographics .
Surprisingly, despite solid epidemiological evidence of
the possible protective effects of dietary fibers on GERD
symptoms and risks of esophageal adenocarcinoma
[24,37,38]
development
, interventional studies supporting
the effect of diet modification on esophageal function
are still scarce, and we did not find any in which dietary
fiber was used.
Assessment of nutritional factors affecting the
presence of GERD symptoms showed that low dietary
fiber intake is one of the typical features of GERD
[39,40]
patients’ diet
. Inverse medium strength correlation
was found between dietary fiber intake and the presence
[40]
of GERD (Spearman rank R = -0.26, p < 0.05) .
The significant influence of dietary fiber on esophageal
motility and especially LES function in NERD patients
was found in our study (Table 2). The function of LES
[41]
after different meals was also studied by Sun et al in
eight GERD patients during the 2 h after a standard and
fatty test meal. Increase in TLESRs was found after any
test meal, but a decrease in resting pressure of LES was
found only after the fatty meal, which was also associated
with increased numbers of reflux episodes and percent of
time with pH < 4. It was concluded that the combination
of a decrease in LES pressure and TLESR is a major
event that resulted in more severe and prolonged
refluxes in GERD patients. These data correspond with
the results of our study. Significant increase in minimal

interventions on the symptoms of gastroesophageal
reflux disease is poorly studied. Available data are based
predominantly on epidemiological studies. In the HUNT
study in a Swedish population there was a negative
correlation between coffee intake and reflux symptoms,
with an approximate 40% decrease in risk among people
who drank more than seven cups of coffee per day
compared to those who drank less than one cup (OR =
[35]
0.6; 95%CI: 0.4-0.7) . Also, a moderate and dosedependent association between increasing frequency of
meals of salted fish or meat and reflux symptoms was
observed (p value for linear trend = 0.0007). The risk
of reflux among people who ate salted food three times
per week or more was higher by 50% compared with
those who never ate salted food (OR = 1.5; 95%CI:
1.2-1.8). With increasing dietary fiber content in the
predominantly consumed bread type (HUNT 2; cross
sectional data), the risk of reflux significantly decreased
(P value for linear trend, 0.0001). People who preferred
to eat bread with 7% dry weight of dietary fibers or
more had an approximately halved risk of having reflux
symptoms compared with those who predominantly
ate white, low fiber (1%-2%) content bread (OR = 0.5;
[35]
95%CI: 0.4-0.7) .
[36]
In a cross-sectional study by El-Serag et al , a
non-significant trend for higher total caloric (energy)
intake and lower fiber intake among persons with
GERD symptoms was found. There was a dose-response
relationship between GERD symptoms and total energy
(calories per day) (p = 0.06), saturated fat (p = 0.04),
cholesterol (p = 0.03), and fat servings (p = 0.06)
intake. Specifically, saturated fat intake was positively
associated with an increased risk of GERD symptoms.
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Single-center, open-label, prospective study (NCT01882088)

-14 d

10 d

0d
*

Usual diet + psyllium 15.0 g/d

Presence of heartburn and acid regurgitation
≥ 2 times a week

GERD-Q questionnaire
High-resolution esophageal
manometry
24-h esophageal pH-impedance
Food frequency questionnaire

GERD-Q score ≥ 8
Esophagogastroscopy
(absence of esophageal mucosal breaks)
High-resolution esophageal manometry
24-h esophageal pH-impedance
Food frequency questionnaire
Dietary fiber < 20 g/d
Inclusion/exclusion criteria evaluation
Excl:
Concomitant medication (PPI, H2-blockers,
nitrates, Ca channel blockers, hormones etc );
Abdominal surgery;
Allergy to psyllium, etc

*

Psyllium (Mucofalk®, Dr. Falk Pharma GmbH, Germany) 5.0 TID

No PPIs and prokinetics allowed. Antacids allowed when needed.

Figure 1 Design of the study. PPI: Proton pump inhibitor.

resting pressure of LES was found in our patients after
treatment with dietary fibers, but there were no changes
in percent of LES relaxation. Therefore, at least one
component of anti-reflux barrier (LES pressure) was
partly restored and, accordingly, the number of refluxes
of all types has to be decreased, which was shown in our
study (Table 2).
In this study, increased intake of dietary fiber signi
ficantly impacted the total number of refluxes and
especially acid refluxes, according to the results of
24-h esophageal pH-impedance. The effect of different
diets on esophageal acid exposure was assessed in
a few studies. In one cross-over study, it was shown
that esophageal acid exposure was greater during
the high-calorie than low-calorie diet (mean, 8.6% ±
2.0% vs 5.2% ± 1.4% time pH < 4/24 h; P < .01). No
difference was observed between the high-fat and lowfat diets [mean, 8.6% ± 2.0% vs 8.2% ± 1.6% time
pH < 4/24 h; P = non-significant (NS)]. In contrast,
the frequency of reflux symptoms was not affected
by calorie density (median, 6; range, 2-12 vs median,
8; range, 2-13; P = NS) but was increased by highfat content (median, 11; range, 5-18 vs median, 6;
[42]
range, 2-12; P < 0.05) . The effect of carbohydrate
quote reduction (to < 20 g of carbohydrates a day)
on esophageal acid exposure and symptoms of GERD
within 1 week (3 to 6 d) was assessed in a prospective
study. After the start of intervention, the percentage
of time with pH < 4 decreased from 5.1% to 2.5% (P
= 0.022), and Johnson-DeMeester score significantly
reduced (mean ± SE of 34.7 ± 10.1 before the diet
[43]
vs 14.0 ± 3.7 after initiating the diet; P = 0.023) .

WJG|www.wjgnet.com

The mean GERD Symptom Assessment Scale-Distress
Subscale (GSAS-ds) score decreased from 1.28 to 0.72
(P = 0.0004), and, specifically, the severity score of the
symptom “heartburn or burning pain inside the chest
or breast bone” improved from 1.88 ± 0.23 prior to the
diet to 0.88 ± 0.23 following initiation of the diet (P =
0.019). Unfortunately, only eight subjects of the same
sex were enrolled in the study, and no data regarding
the actual diet and amount of dietary fiber were
provided by the authors.
The dose of the dietary fiber used in the study
was chosen based on the on-label information, ethical
considerations, safety reasons, and the need for dose
standardization. The enrolled patients had very low basal
dietary fiber intake (approximately 6.0 g/d, Table 1),
therefore, supplementation with 12.5 g of soluble fiber
a day during the study drew near the recommended
daily allowance, according to national Russian guidelines
[44]
(20 g/d) . This dose of dietary fiber was far from that
dose recommended in the United States (14 g/1000
kcal/d, using the energy guideline of 2000 kcal/d for
women and 2600 kcal/d for men, the recommended
daily dietary fiber intake is 28 g/d for women and 36
[45]
g/d for men) . This difference may partly explain why
the mean lower esophageal sphincter resting pressure
increase did not reach statistical significance (Table 2).
The effects of dietary fiber on GERD symptoms seen
in epidemiological studies were dose-dependent, i.e.
higher dose of consumed dietary fiber was associated
[35]
with a lower risk of heartburn . Efficacy and safety
of higher dietary fiber doses in GERD patients need to
be studied in a specially designed dose escalating trial.

2296

June 7, 2018|Volume 24|Issue 21|

Morozov S et al . Dietary fiber supplementation in NERD

Assessed for eligibility, n = 36

Enrollment

Withdrew consent, n = 1

Enrolled, n = 35
Intolerance of high-resolution
esophageal manomentry, n = 2

Low compliance to treatment, n = 1

Analysis

Excluded-2 (inadequate repeated pH-impedance recording)
Complete data to analyze n = 30

Figure 2 Patients screening and recruitment chart.

Since the recommended daily allowances differ around
the world, it seems reasonable to confirm the obtained
results in countries with different dietary habits.
Psyllium was chosen for the dietary intervention
because the mentioned preparation is the only dietary
fiber approved as a drug in Russia. The amount of
dietary fiber in the drug is controlled, in contrast to
food supplements were the quantity of psyllium may
somewhat differ. According to the aim of the study,
we needed to guarantee the amount of dietary fiber
consumed to ensure the validity of the results.
The means of supplementation may also play an
important role. A healthy diet is more readily accepted
by patients than regular intake of drugs or food
[46,47]
supplements
. However, in that case, the actual
amount of the fiber consumed is more difficult to control.
The performed study has a number of limitations
that were predictable at the phase of planning. For
example, no previous data on the influence of psyllium
on esophageal motility were available. Therefore, it
was not possible to estimate the sample size necessary
to achieve statistically significant results on the mean
lower esophageal sphincter resting or residual pressure.
We suppose that the results obtained here may help to
plan further studies. Another limitation is the absence
of a placebo-control. Due to the nature of psyllium and
its preparation, it is almost impossible to produce a
comparator of similar viscosity, solubility in water, and
taste. Our study did, however, provide additional data
for evidence-based modification of NERD-patient diet.
In conclusion, a fiber-enriched diet led to a signi
ficant increase of minimal lower esophageal sphincter
resting pressure and a decrease of the number of
gastroesophageal refluxes and frequency of heartburn
per week in NERD patients with low dietary fiber intake.
Psyllium 5.0 g TID was well tolerated by non-erosive

WJG|www.wjgnet.com

GERD patients with low dietary fiber intake. Larger and
placebo controlled studies are needed to confirm the
obtained results.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Background

Frequency of heartburn is negatively correlated with the amount of dietary
fiber consumed according to epidemiological studies. Low dietary fiber intake
is associated with decreased stomach and gut motility and delayed gastric
emptying, which may contribute to the risk of gastroesophageal reflux. The
ability of dietary fibers to bind nitric oxide contained in food may diminish its
negative effect onto low esophageal sphincter pressure, but it has not been
clinically proven yet. This is the first prospective trial demonstrating that an
increase of dietary fiber consumed results in a significant increase of minimal
esophageal resting pressure a decrease of the number of gastroesophageal
refluxes and frequency of heartburn per week in patients with non-erosive
gastroesophageal reflux disease (GERD) (NERD).

Research motivation

Reflux disease symptoms are associated with low consumption of dietary
fiber, according to epidemiological studies. However, no studies were available
to date that evaluated the effect of dietary fibers on esophageal motility and
reflux pattern and there were no interventional studies demonstrating the
effect of dietary fibers on GERD symptoms. For the first time, we showed that
additional daily consumption of 12.5 g of soluble dietary fiber is associated
with an increase in minimal lower esophageal sphincter resting pressure and
a decrease in the number of gastroesophageal refluxes and frequency of
heartburn per week in NERD.

Research objectives

The main objective of the study was to evaluate the effect of increased dietary
fiber consumption on the number of gastroesophageal refluxes, esophageal
acidity, the lower esophageal sphincter pressure, and clinical manifestations of
NERD in patients with low dietary fiber intake.

Research methods

The study was conducted as a pilot single-center prospective trial with very
strict inclusion criteria aimed to support the diagnosis and to exclude other
reasons able to affect esophageal motility and NERD symptoms. Change
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in GERD-Q questionnaire score, lower esophageal sphincter function
by high resolution esophageal manometry, number of different types of
gastroesophageal refluxes, and acid exposure time were assessed before and
after patient diet modification (increased intake of dietary fiber). Data were
analyzed using non-parametric statistics.

7

Research results

8

Our study is the first prospective trial demonstrating that increasing the amount
of dietary fiber consumed results in an increase of minimal esophageal resting
pressure and a decrease of the number of gastroesophageal refluxes and
frequency of heartburn per week in patients with non-erosive GERD. Diet
modification with additional psyllium (5.0 g TID) was well tolerated by nonerosive GERD patients with low dietary fiber intake.

9

Research conclusions

Our results are consistent with epidemiological studies that found an inverse
correlation between the amount of dietary fibers consumed and symptoms
of GERD. We demonstrated that diet modification with an addition of 12.5 of
soluble fiber a day led to a decrease of GERD symptom frequency, an increase
in lower esophageal sphincter resting pressure, and a decrease in the number
of gastroesophageal refluxes. These findings are promising and suggest that
nutritional interventions may be effective in GERD management.

10

11
12

Research perspectives

Well-planned trials are needed to examine further novel potential mechanisms
of nutritional support for patients with esophageal disorders. Moreover,
multicenter, placebo-controlled, dose-escalating trials are necessary to confirm
our results, to establish the dose necessary to reach the optimal effect on
esophageal motility and NERD symptoms, and to evaluate the effect of different
types of dietary fibers.
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Abstract
AIM
To evaluate the differences in acute kidney injury (AKI)
between acute-on-chronic liver failure (ACLF) and
decompensated cirrhosis (DC) patients.
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Informed consent statement: Written informed consents
were obtained from all participants or their legal representatives.
Conflict-of-interest statement: The authors declare no conflicts
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METHODS
During the period from December 2015 to July 2017,
280 patients with hepatitis B virus (HBV)-related
ACLF (HBV-ACLF) and 132 patients with HBV-related
DC (HBV-DC) who were admitted to our center were
recruited consecutively into an observational study.
Urine specimens were collected from all subjects and
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the levels of five urinary tubular injury biomarkers were
detected,including neutrophil gelatinase-associated
lipocalin (NGAL), interleukin-18 (IL-18), liver-type fatty
acid binding protein (L-FABP), cystatin C (CysC), and
kidney injury molecule-1 (KIM-1). Simultaneously, the
patient demographics, occurrence and progression of
AKI, and response to terlipressin therapy were recorded.
All patients were followed up for 3 mo or until death
after enrollment.

INTRODUCTION
Acute kidney injury (AKI), including hepatorenal syn
drome (HRS), is a common complication of patients with
acute-on-chronic liver failure (ACLF) or decompensated
cirrhosis (DC) and is always associated with poor
[1-3]
outcome . Previous studies have clearly demonstrated
that acute-on-chronic liver failure and decompensated
[4,5]
cirrhosis are two different diseases . In patients with
decompensated cirrhosis, the liver and extrahepatic
organ failure usually occurs gradually over several
weeks to several months on the basis of cirrhosis, and
patients often have severe circulatory dysfunction. For
acute-on-chronic liver failure, the liver failure often
happens suddenly within 4 wk, in patients with either
previously diagnosed or undiagnosed chronic liver
disease and is usually associated with a precipitating
even, and the systemic inflammatory response play an
[4,5]
important role in the pathogenesis of organ failure .
However, the differences in acute kidney injury between
patients with these two diseases are rarely studied,
and it is uncertain whether AKI should be treated in the
same way in these two diseases. A clear clarification on
the differences in AKI between ACLF and DC patients
will promote timely and more appropriate management
of the patients.
Clinically, AKI can be divided into structural and
functional kidney injury, prerenal azotemia and HRS are
the most common causes of functional kidney injury,
and acute tubular necrosis is the most common cause of
[6-8]
structural renal impairment . Accurate distinguishing
the etiologies of AKI is critical as their treatments differ
[6-8]
markedly . In recent years, studies on kidney tubular
injury biomarkers for early detection of AKI have
garnered broad interest, several studies demonstrated
that some of these biomarkers in urine are significantly
increased in patients with structural kidney injury
and have the potential to distinguish structural from
functional AKI, the combination of these biomarkers can
[7-10]
improve the accuracy of diagnosis
. Terlipressin is a
vasoconstrictor and is widely used in the treatment of
HRS. Previous studies have shown that it can improve
renal function in most patients with HRS.However, it is
[11,12]
ineffective in patients with structural kidney injury
.
Furthermore, due to the high incidence of hepatitis
B virus (HBV) infection, patients with HBV-ACLF account
[1]
for over 80% of all ACLF patients in China . Therefore,
in this prospective study, we assessed the levels of
five extensively studied urinary biomarkers of tubular
damage, including neutrophil gelatinase-associated
lipocalin (NGAL), interleukin-18 (IL-18), kidney injury
molecule-1 (KIM-1), liver-type fatty acid binding
protein (L-FABP), and cystatin C (CysC), to explore the
etiological differences of AKI between HBV-ACLF and
HBV-DC patients. Simultaneously, differences in the
natural course of AKI, patient’s response to terlipressin
treatment and patient outcomes were also evaluated,
aimed to clarify the differences in AKI between ACLF
and DC patients.

RESULTS
AKI occurred in 71 and 28 of HBV-ACLF and HBV-DC
patients, respectively (25.4% vs 21.2%, P = 0.358).
Among all patients, the levels of four urinary biomarkers
(NGAL, CysC, L-FABP, IL-18) were significantly elevated in
patients with HBV-ACLF and AKI (ACLF-AKI), compared
with that in patients with HBV-DC and AKI (DC-AKI) or
those without AKI. There was a higher proportion of
patients with AKI progression in ACLF-AKI patients than
in DC-AKI patients (49.3% vs 17.9%, P = 0.013). Fortythree patients with ACLF-AKI and 19 patients with DC-AKI
were treated with terlipressin. The response rate of ACLFAKI patients was significantly lower than that of patients
with DC-AKI (32.6% vs 57.9%, P = 0.018). Furthermore,
patients with ACLF-AKI had the lowest 90 d survival rates
among all groups (P < 0.001).
CONCLUSION
AKI in ACLF patients is more likely associated with
structural kidney injury, and is more progressive, with a
poorer response to terlipressin treatment and a worse
prognosis than that in DC patients.
Key words: Decompensated cirrhosis; Acute-on-chronic
liver failure; Acute kidney injury; Biomarker; Etiology;
Treatment; Prognosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute kidney injury (AKI) is common in acuteon-chronic liver failure (ACLF) and decompensated
cirrhosis (DC) patients. Though ACLF and DC have
been identified as two different diseases, the difference
in AKI between these two diseases is rarely studied,
and whether AKI should be handled in the same way
in both diseases is still uncertain. This study combined
multiple tubular injury biomarkers and has shown that
AKI in patients with ACLF is distinctly different from
in DC patients. AKI in ACLF patients is more likely
to be caused by structural damage, and tends to be
more progressive, with poorer response to terlipressin
treatment and a worse prognosis.
Jiang QQ, Han MF, Ma K, Chen G, Wan XY, Kilonzo SB, Wu
WY, Wang YL, You J, Ning Q. Acute kidney injury in acute-onchronic liver failure is different from in decompensated cirrhosis.
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URL: http://www.wjgnet.com/1007-9327/full/v24/i21/2300.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i21.2300

WJG|www.wjgnet.com

2301

June 7, 2018|Volume 24|Issue 21|

Jiang QQ et al . AKI in ACLF and DC
included those patients with chronic kidney disease,
obstructive uropathy, urinary tract infection, hepatocellular
carcinoma or other malignancies, cirrhosis or liver failure
without HBV infection, acute liver failure, previous kidney
or liver transplantation, pregnancy, age < 18 or > 80
years.
All study participants were hospitalized and received
anti-HBV therapy along with standard supportive treat
ment according to their individual indications. Patients
with stage 2 or 3 AKI who do not respond to the diuretic
withdrawal and plasma volume expansion with albumin
and without apparent structural kidney injury had received
terlipressin treatment according to the International Club
[3]
of Ascites (ICA)-AKI recommendations . Among them,
10 patients with ACLF-AKI and 6 patients with DC-AKI
were treated with octreotide at the same time due to
gastrointestinal bleeding or acute pancreatitis. Patient’
s response to terlipressin was assessed at the end of
treatment, as follows: (1) No response, no regression of
AKI; (2) partial response, AKI regression to a lower stage
with serum creatinine decreased to ≥ 0.3 mg/dl (26.5
µmol/L) above the baseline value; or (3) full response,
serum creatinine decreased to a value within 0.3 mg/dl
(26.5 µmol/L) of the baseline value.
Patient demographics, clinical and laboratory data,and
the natural course of AKI were recorded after enrollment,
all patients were followed up for at least 3 mo or until
death.

MATERIALS AND METHODS
Patients

Consecutive patients with HBV-ACLF or HBV-DC who
were admitted to Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology between
December 2015 and July 2017 were enrolled in this
observational study. This study was approved by the
Ethics Committee of Tongji Hospital (TJ-C20151108),
and written informed consents were obtained from all
participants or their legal representatives. Two hundred
and eighty patients with HBV-ACLF and 132 patients
with HBV-DC were recruited and were divided into four
groups according to the presence of ACLF, DC, and AKI,
as follows: (1) Patients with DC without AKI (DC-non-AKI)
group; (2) patients with ACLF without AKI (ACLF-nonAKI) group; (3) patients with both DC and AKI (DC-AKI)
group; and (4) patients with both ACLF and AKI (ACLF-AKI)
group. Patients with HBV-ACLF were diagnosed according
to the definition of the Asian-Pacific Association for the
[5]
Study of the Liver (APASL) 2014 , this includes patients
with previous HBV infection who had developed jaundice
(total bilirubin ≥ 5 mg/dl) and coagulopathy (prothrombin
activity (PTA) < 40% or INR ≥ 1.5) within 4 wk, and
complicated by ascites and/or encephalopathy. HBV-DC
patients were those with HBV-related cirrhosis, which
were confirmed by a combination of clinical, imaging
(computed tomography, magnetic resonance imaging,
or ultrasonography) and endoscopic findings, presenting
with significant signs of decompensation, such as ascites,
hepatic encephalopathy, variceal bleeding, spontaneous
bacterial peritonitis (SBP), or hepatorenal syndrome, but
have not yet reached the ACLF diagnostic criteria, or have
[13]
a history of liver function decompensation .
AKI was diagnosed according to the International Club
[3]
of Ascites (ICA)-AKI criteria , as follows: an increase in
serum creatinine by more than 0.3 mg/dl (≥ 26.5 µmol/l)
within 48 h or to more than 1.5 times the baseline value.
The most recent serum creatinine result within the
previous three months, or the serum creatinine result
upon hospital admission, was considered as the baseline
serum creatinine. AKI was categorized into three stages
[3]
according to the ICA-AKI staging standard : Stage 1
(AKI-1), an increase in serum creatinine to more than 0.3
mg/dl (26.5 µmol/L) or by 1.5 to 2 fold from baseline
value; stage 2 (AKI-2), an increase in serum creatinine
by 2 to 3 fold from baseline value; stage 3 (AKI-3), an
increase in serum creatinine to more than 3 fold from
baseline or need renal replacement therapy. The recovery
or progression of AKI was evaluated at discharge and the
patients were classified as no-change (if there was no
change of AKI stage), recovery (if the patient reached a
lower stage from the first recorded or acquired a normal
renal function), or progression (if there was AKI stage
deterioration to a higher stage or if the patient needed
dialysis).
Twenty-four patients with mild chronic hepatitis B (CHB)
and 20 health controls (HC) during the same period were
also included as control groups. Our exclusion criteria

WJG|www.wjgnet.com

Specimen collection and biomarker measurement

Ten milliliter of fresh urine samples were collected on
the day of enrollment and/or after AKI was confirmed.
The samples were immediately centrifuged at 3000
rpm for 15 min at -4 ℃ and the supernatants were
subsequently stored at -80 ℃ for future biomarker and
creatinine measurements. Five urine samples were
could not be collected due to either the patients’ inability
to cooperate or the presence of anuria. Samples from
24 CHB patients and 20 healthy controls (HC) were also
collected.
The biomarkers of kidney tubular damage were
measured using corresponding enzyme-linked immuno
sorbent assay (ELISA) kits according to the manufacturers’
instructions: NGAL (BioPorto, Gentofte, Denmark),
L-FABP (Hycultbiotech, Uden, The Netherlands), IL-18
(Medical and Biological Laboratories, Nagoya, Japan),
CysC (R&D Systems, Minneapolis, MN), KIM-1 (R&D
Systems, Minneapolis, MN).The ELISA methods and
detection ranges for these biomarkers were as previously
[14,15]
described
. All intra-assay and inter-assay variabilities
were less than 10%. Urine creatinine was measured
by enzyme colorimetry using an automatic biochemical
analyzer (cobas8000, Roche Diagnostics, Mannheim,
Germany).The concentrations of all urinary biomarkers
were normalized to urinary creatinine to adjust for
variations of urine concentration.

Statistical analysis

In this study, categorical variables were expressed as
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Table 1 Baseline characteristics of hepatitis B virus-related acute-on-chronic liver failure and hepatitis B virus-related decompensated
cirrhosis patients categorized according to the presence of acute kidney injury
Characteristics

HBV-DC

HBV-ACLF

P valuea

P valueb

DC-non-AKI (n = 104) DC-AKI (n = 28) ACLF-non-AKI (n = 209) ACLF-AKI (n = 71)
Age (yr)1
Male (%)3
Cirrhosis (%)3
Complications
Ascites (%)3
HE (%)3
GI bleeding (%)3
SBP (%)3
Pulmonary infection (%)3
Diabetes (%)3
Hypertension (%)3
Clinical and laboratory data
ALT (U/L)2
AST (U/L)2
ALP (U/L)2
Serum bilirubin (mg/dL)2
Serum albumin (g/L)2
Serum creatinine (mg/dL)2
BUN (mmol/L)2
eGFR (mL/min/1.73 m2)2
Serum sodium (mmol/L)2
Serum potassium (mmol/L)2
INR2
Leukocyte count (× 109/L)2
PLT (× 109/L)2
Hemoglobin (g/L)2
MAP (mmHg)1
HBV-DNA (log10)2
Child-Pugh score2
MELD score2

51.4 ± 1.0
89 (85.6)
104 (100)

58.1 ± 2.2
17 (60.7)
28 (100)

44.2 ± 0.8
189 (90.4)
87 (41.6)

49.3 ± 1.3
65 (91.5)
34 (47.9)

0.002
0.002
< 0.001

< 0.001
< 0.001
< 0.001

73 (70.2)
6 (5.8)
8 (7.7)
13 (12.5)
11 (10.6)
10 (9.6)
6 (5.7)

27 (96.4)
1 (3.6)
4 (14.3)
17 (60.7)
8 (28.6)
3 (10.7)
4 (14.3)

127 (60.8)
13 (6.2)
2 (1)
28 (13.4)
14 (6.7)
17 (8.1)
13 (6.2)

58 (81.7)
14 (19.7)
3 (4.2)
41 (57.7)
23 (32.4)
10 (14.1)
8 (11.3)

0.105
0.06
0.097
0.787
0.638
1
0.736

< 0.001
0.006
0.001
< 0.001
< 0.001
0.492
< 0.212

40.5 (22-82)
56 (39.3-88.7)
103 (82.3-137.8)
2.8 (1.3-5.3)
31.3 (27.05-34.4)
0.78 (0.68-0.87)
4.0 (3.3-5.2)
104 (92.8-115.1)
138.5 (134.7-141)
4.0 (3.6-4.3)
1.45 (1.28-1.81)
3.6 (2.5-5.0)
61.3 (45.3-104.8)
114 (94.5-126)
82.9 ± 1.1
4.5 (2.7-6.3)
9 (7-11)
13 (8.1-16)

33.5 (21-59.5)
61 (39.5-104)
97 (70.8-120)
4.1 (1.7-8.0)
28.6 (24.1-33.7)
0.97 (0.81-1.23)
12.8 (8.0-17.8)
45.9 (40-59.5)
135.4 (133.2-138.4)
3.9 (3.4-4.3)
1.65 (1.48-2.14)
4.1 (3.1-6.6)
67.5 (39.3-89.3)
95.5 (75.75-112)
75.9 ± 1.5
4.1 (2.8-6.1)
11 (8-12)
19.7 (16.2-25.3)

134 (70.5-302)
119 (78.5-207)
132 (110-162)
17.5 (11.2-25)
31.8 (29.2-34.4)
0.68 (0.6-0.81)
3.5 (2.8-4.3)
113.9 (102.8-124.7)
137.3 (134.7-139.4)
4.1 (3.6-4.4)
1.89 (1.6-2.65)
5.9 (4.4-8.4)
95.2 (64.5-140.5)
123 (107.5-136)
86.7 ± 0.7
5.4 (3.7-7.1)
11 (9-12)
21.2 (19-25)

136 (60.5-253.5)
146 (62-277.5)
129 (101.5-155)
25.7 (18.4-34)
31.5 (28.7-34.6)
0.94 (0.74-1.26)
11.2 (8.2-18)
42.7 (27.4-58.5)
130 (126.4-133.9)
3.6 (3.1-4.5)
2.81 (1.98-3.86)
10.0 (6.0-13.3)
79 (47-115.5)
115 (100.5-131.5)
76.7 ± 1.1
5.3 (3.5-7.2)
12 (11-13)
34.5 (29.2-41.6)

< 0.001
< 0.001
0.001
< 0.001
0.023
0.665
0.905
0.164
0.001
0.487
< 0.001
< 0.001
0.058
< 0.001
0.921
0.043
0.061
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
< 0.057
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.013
< 0.001
< 0.001

1

Means ± SD, compared by Student’s t test or one-way ANOVA test; 2Median (IQR), compared by Mann-Whitney U test or Kruskal-Wallis test; 3Number
(percentage), compared by fisher's exact test or chi-square test; aDC-AKI group vs ACLF-AKI group; bCompared among all groups. SD: Standard deviation;
IQR: Inter-quartile range; DC: Decompensated chirrhosis; ACLF: Acute-on-chronic liver failure; AKI: Acute kidney injury; HE: Hepatic encephalopathy; GI:
Gastrointestinal; SBP: Spontaneous bacterial peritonitis; ALT: Alanine amino transaminases; AST: Aspartate transaminases; ALP: Alkaline phosphate; BUN:
Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; INR: International normalized ratio; MAP: Mean arterial pressure; MELD: Model of endstage liver disease score.

frequencies and percentages, and were compared using
Fisher’s exact test or the chi-square test. Continuous
variables were reported as mean ± SD for normally
distributed variables and were compared using the
Student’s t test or one-way ANOVA testing. Continuous
variables with non-normal distributions were presented
as medians with interquartile ranges (IQR) and were
compared using the Mann-Whitney U test or the KruskallWallis test. The cumulative survival rates at 90 d were
estimated using the Kaplan-Meier method and were
compared by the Log-rank test. A Cox proportionalhazards model, adjusted for potential confounders,
was used to estimate the effects of DC, ACLF and AKI
on 90-day mortality. All analyses in this study were
conducted using IBM SPSS Statistics 23.0 and P < 0.05
(two-sided) was considered statistically significant.

HBV-DC were enrolled. During admission or hospi
talization, 71 and 28 patients developed AKI in HBVACLF and HBV-DC groups, respectively (25.4% vs
21.2%, P = 0.358). Baseline and hospitalization
characteristics of patients with HBV-ACLF or HBV-DC
are shown in Tables 1 and 2.
Patients in the ACLF-AKI group had the highest
Model for End-stage Liver Disease (MELD) score, serum
bilirubin levels, INR, and leukocyte counts and the
lowest serum sodium levels. In contrast, patients with
DC-AKI had the lowest serum albumin and hemoglobin
levels. Prevalences of ascites, SBP, and pulmonary
infection was noted to be higher among AKI patients
compared to those without AKI, but there were no
differences between the ACLF-AKI and DC-AKI groups.
Hepatic encephalopathy (HE) was more common in
ACLF-AKI patients than in DC-AKI patients.

RESULTS

The levels of tubular damage biomarkers

Patient’s characteristics and demographics

The concentrations of NGAL, CysC, L-FABP, IL-18 in
urine were found to be significantly elevated in patients

A total of 280 patients with HBV-ACLF and 132 with
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Table 2 Clinical characteristics of hepatitis B virus-related acute-on-chronic liver failure and hepatitis B virus-related decompensated
cirrhosis patients after enrollment
Characteristics

HBV-DC

HBV-ACLF

P valuea

P valueb

DC-non-AKI (n = 104) DC-AKI (n = 28) ACLF-non-AKI (n = 209) ACLF-AKI (n = 71)
Hospitalization (d)1
Complications
Ascites (%)2
HE (%)2
GI bleeding (%)2
SBP (%)2
Pulmonary infection (%)2
Serum creatinine (mg/dL)1
Baseline
Peak
Final
Treated with terlipressin (%)2
Treatment time1
30-d mortality2
90-d mortality2

13 (8-20)

12.5 (9-18.3)

26 (17-43)

16 (10.5-33)

0.144

< 0.001

80 (76.9)
8 (7.7)
11 (10.6)
22 (21.2)
20 (19.2)

28 (100)
3 (10.7)
5 (17.9)
19 (67.9)
8 (28.6)

141 (67.5)
41 (19.6)
5 (2.4)
68 (32.5)
43 (20.6)

67 (94.4)
31 (43.7)
6 (8.5)
47 (66.2)
23 (32.4)

0.570
< 0.001
0.151
0.872
0.944

< 0.001
< 0.001
0.002
< 0.001
0.134

0.78 (0.68-0.87)
0.84 (0.74-0.96)
0.76 (0.66-0.87)
7 (6.7)
10 (9.6)

0.97 (0.81-1.23)
1.69 (1.44-2.07)
1.05 (0.77-1.48)
19 (67.9)
5 (3-9)
9 (32.1)
14 (50)

0.68 (0.6-0.81)
0.83 (0.7-0.94)
0.74 (0.64-0.85)
38 (18.2)
69 (33)

0.94 (0.74-1.26)
1.99 (1.63-2.57)
1.48 (0.98-2.32)
43 (60.6)
6 (3-9)
42 (59.2)
51 (71.8)

0.665
0.028
0.014
0.499
0.023
0.015
0.039

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1

Median (IQR), compared by Mann-Whitney U test or Kruskal–Wallis test; 2Number (percentage), compared by fisher's exact test or chi-square test; aDCAKI group vs ACLF-AKI group; bCompared among all groups. SD: Standard deviation; IQR: Inter-quartile range; HE: Hepatic encephalopathy; GI:
Gastrointestinal; SBP: Spontaneous bacterial peritonitis.

with ACLF-AKI, which were markedly higher than those
in the DC-AKI group and the groups without AKI,but
there was no significant difference in the levels of these
biomarkers between DC-AKI and non-AKI patients.
The level of urinary KIM-1 was significantly higher in
ACLF-AKI patients than in those without AKI, while no
difference was observed between ACLF-AKI and DC-AKI
groups (Figure 1).

the ACLF-AKI group was significantly lower than that in
the DC-AKI group (P = 0.018) (Figure2D).
Next, we used logistic regression analysis to deter
mine factors associated with the response to terlipressin
treatment. A univariate analysis showed that DC patients
with lower leukocyte count, serum creatinine, INR, total
bilirubin (TBIL) and MELD scores, without the occurrence
of HE had a good response to terlipressin. The levels
of TBIL, INR, serum creatinine and MELD scores were
closely related to the patient’s grouping, therefore
were excluded from multivariate analysis. Among the
parameters for multivariate analysis including patient’s
grouping (DC or ACLF), HE, and leukocyte count, patient’
s grouping (DC or ACLF) was independently associated
with treatment response. Patients with ACLF-AKI were
the poorest responders of terlipressin treatment (Table 3).

Recovery and progression of AKI

At the time of AKI diagnosis, there were 33 (46.5%)
AKI-1, 28 (39.4%) AKI-2, and 10 (14.1%) AKI-3
patients in the ACLF-AKI group and 17 (60.7%) AKI-1,
9 (32.1%) AKI-2, and 2 (7.2%) AKI-3 patients in the
DC-AKI group (P = 0.396) (Figure2A). However, for the
peak stages of AKI, these proportions were significantly
different among ACLF-AKI and DC-AKI patients: there
were 23 (32.4%) AKI-1, 22 (31%) AKI-2, and 26
(36.6%) AKI-3 patients in the ACLF-AKI group and
13 (46.4%) AKI-1, 12 (42.9%) AKI-2, and 3 (10.7%)
AKI-3 patients in the DC-AKI group (P = 0.039) (Figure
2B). Next, we assessed the progression of AKI at
discharge and found a higher proportion of patients with
AKI progression in the ACLF-AKI group than in the DCAKI group (49.3% vs 17.9%, P = 0.013) (Figure 2C).

Outcomes

Survival rates at 90 d were significantly decreased in
patients with AKI in comparison with those without.
Patients with ACLF-AKI had the lowest survival rates
among all groups (P < 0.001) (Figure3). A total of
14 patients received liver transplantation. One of the
fourteen patients had AKI before transplantation and
this patient survived until a 90 d follow-up. Five patients
(2 patients with DC and 3 patients with ACLF) were lost
to follow-up. All patients with mild CHB survived at 90 d
follow-up.
To further assess the effects of AKI, ACLF and DC
on 90-day mortality, several factors (age, presence
of ascites, HE, SBP, and leukocyte count) that were
associated with mortality in the univariate analysis were
adjusted in a Cox proportional hazards model (Table
4). ACLF-AKI patients had a highest death risk [HR
7.986 (3.823-16.683)], markedly higher than that in

Patients’ response to terlipressin treatment

There were 43 and 19 patients treated with terlipressin
in the ACLF-AKI and DC-AKI groups, respectively
(60.6% vs 67.9%, P = 0.499). At the end of treatment,
there were 27 (62.8%) non-responders, 2 (4.7%)
partial responders, and 14 (32.6%) full responders in
the ACLF-AKI group and 5 (26.3%) non-responders,
3 (15.8%) partial responders, and 11 (57.9%) full
responders in the DC-AKI group. The response rate in
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Figure 1 Box-plot of urinary tubular damage biomarkers levels in different groups. A: Urinary NGAL; B: Urinary CysC; C: Urinary L-FABP; D: Urinary IL-18;
E: Urinary KIM-1. The boxes in each graph represents the median (middle line), 25th percentile (bottom line) and 75th percentile (top line) values, whereas lower and
upper whiskers represent data within1.5 IQR of the lower quartile and upper quartile, respectively. Circles represent outliers. Kruskal-Wallis test were used for all
comparison and P < 0.05 were considered as have statistical significance, aP < 0.05, bP < 0.01, cP < 0.001. ACLF: Acute-on-chronic liver failure; DC: Decompensated
cirrhosis; AKI: Acute kidney injury; CHB: Chronic hepatitis B; HC: Healthy controls; NGAL: Neutrophil gelatinase-associated lipocalin; CysC: Cystatin C; L-FABP: Livertype fatty acid binding protein; IL-18: Interleukin-18; KIM-1: Kidney injury molecule-1.

other groups. The risk of death was also higher in DCAKI patients [HR 4.674 (1.977-10.943)] than those in
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ACLF-non-AKI and DC-non-AKI individuals. In addition,
older age and the presence of HE and ascites were also
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Table 3 Univariate and multivariate logistics regression analysis to assess factors associated with the response to terlipressin treatment
Variables

Univariate analysis

Age
Gender
Grouping (DC/ACLF)
Baseline serum creatinine
Peak serum creatinine
Cirrhosis
HE
GI bleeding
Ascites
SBP
Pulmonary infection
ALT
AST
Serum albumin
Serumbilirubin
Serum sodium
INR
Leukocyte count
MAP
Child-Pugh score
MELD
Treatment time

Multivariate analysis

OR (95%CI)

P value

1.024 (0.975-1.075)
0.35 (0.090-1.357)
0.282 (0.087-0.913)
1.074 (0.417-2.77)
0.499 (0.268-0.930)
1.50 (0.513-4.385)
0.318 (0.103-0.981)
1.091 (0.262-4.537)
0.735 (0.044-12.330)
0.452 (0.125-1.633)
0.970 (0.324-2.904)
0.997 (0.993-1.001)
0.997 (0.993-1.002)
0.986 (0.895-1.1087)
0.956 (0.917-0.996)
1.071 (0.986-1.163)
0.462 (0.260-0.823)
0.903 (0.816-0.999)
0.998 (0.937-1.062)
0.809 (0.608-1.076)
0.921 (0.870-0.975)
1.020 (0.978-1.065)

0.344
0.129
0.035
0.882
0.029
0.459
0.046
0.905
0.831
0.226
0.956
0.153
0.095
0.782
0.032
0.103
0.009
0.048
0.944
0.146
0.004
0.352

OR (95%CI)

P value

0.282 (0.087-0.913)

0.035

-

0.148

-

0.180

DC: Decompensated chirrhosis; ACLF: Acute-on-chronic liver failure; HE: Hepatic encephalopathy; GI: Gastrointestinal; SBP: Spontaneous bacterial
peritonitis; ALT: Alanine amino transaminases; AST: Aspartate transaminases; INR: International normalized ratio; MAP: Mean arterial pressure; MELD:
Model of end-stage liver disease score.

that in HBV-DC patients.
To the best of our knowledge, there is only one
[16]
published study by Maiwall et al
that reported
differences in AKI between ACLF and DC patients. In
that study, patients with ACLF-AKI were found to be
more likely to have structural kidney injury, which had
a greater possibility to resolve despite of the faster
progression and poorer prognosis compared to patients
with DC. However, the majority of patients in that
study were caused by alcoholic cirrhosis and AKI were
[16]
classified based on microscopic urinalysis , which
cannot accurately distinguish the type of renal injury
[17,18]
in some cases
. Current study is the first one to
investigate differences in AKI between HBV-ACLF and
HBV-DC patients by evaluating of the levels of novel
tubular damage biomarkers and comparing the patients’
response to terlipressin treatment in different groups.
Accumulating evidences has shown that biomarkers
of renal tubular injury in urine can distinguish between
structural and functional renal impairment, though the
specific biomarkers for differential diagnosis and their
[7,8]
[10]
effect size remain controversial . Fagundes et al
have previously shown that NGAL levels in urine could
distinguish structural and functional kidney injury
[19]
effectively. Ariza et al also found that urinary NGAL is
a good biomarker for differential diagnosis, followed by
IL-18, but CysC and KIM-1 were found less useful for this
[7]
purpose. Belcher et al studied five biomarkers (NGAL,
IL-18, L-FABP, KIM-1 and albumin) in their research and
concluded that a combination of all those biomarkers
significantly improved accuracy in the differentiation of

Table 4 Cox proportional-hazards model to assess the 90 d
death risk
Variables

90-d mortality

Age
Ascite
HE
DC without AKI
ACLF without AKI
DC with AKI
ACLF with AKI

HR (95%CI)

P value

1.022 (1.005-1.039)
2.120 (1.075-4.178)
5.342 (3.654-7.808)
Reference
3.449 (1.684-7.064)1
4.674 (1.977-10.943)1
7.986 (3.823-16.683)1

0.010
0.030
< 0.001
0.001
< 0.001
< 0.001

1

The death risk of patients with DC without AKI were set as reference,
HR were adjusted by age, presence of ascites, HE, SBP and leukocyte
count. HR: Hazards ratio; HE: Hepatic encephalopathy; SBP: Spontaneous
bacterial peritonitis; DC: Decompensated chirrhosis; ACLF: Acute-on
-chronic liver failure; AKI: Acute kidney injury.

associated with 90 d mortality.

DISCUSSION
This study was conducted to explore the etiology, natural
course and prognostic differences of AKI between
patients with HBV-ACLF and HBV-DC. The response to
terlipressin was also assessed between the two groups.
We have demonstrated that the structural tubular
damage is the dominant pathophysiological mechanism
of AKI during the course of ACLF-AKI. We have also
showed that AKI in HBV-ACLF patients were more
progressive and have a lower response rate to terlipressin
treatment as well as a worse prognosis compared with
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Figure 2 Acute kidney injury staging, progression and the response to terlipressin in ACLF-AKI and DC-AKI patients. A: AKI stages at diagnosis (P = 0.396);
B: Peak stages of AKI (P = 0.039); C: Progression of AKI (P = 0.013); D: Patient’s response to terlipressin (P = 0.018). All analyses compared by fisher's exact test or
chi-square test, P < 0.05 were considered as have statistically significant.

structural and functional kidney injury compared with
any single biomarker alone.
In the current study, five of the most extensively
studied biomarkers (NGAL, CysC, L-FABP, IL-18, and
KIM-1) were evaluated. Four (NGAL, CysC, L-FABP,
and IL-18) of these biomarkers levels in urine were
markedly elevated in ACLF-AKI patients, but not in
DC-AKI patients and those without AKI. According to
the findings of previous studies, the results of current
study drove us to the hypothesis that AKI in HBV-ACLF
patients is more likely to be caused by structural kidney
injury than in HBV-DC patients, and our findings are
[16]
consistent with that of Maiwall et al . In addition to
Maiwall’s findings, we have further revealed that AKI
is not only more progressive in HBV-ACLF patients but
also associated with poor recovery.
In patients with DC, organ hypoperfusion due to
progressive hemodynamic dysfunction caused by serious
splanchnic vasodilation is considered a major cause of
AKI. Patients with AKI usually have a lower mean arterial
[2,20]
pressure (MAP)
. Similarly, we found that MAP was
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significantly lower in the DC-AKI group than in patients
without AKI. There was no significant difference in
MAP levels between the ACLF-AKI and DC-AKI groups,
which was expected because of the similar but severe
[20,21]
hemodynamic changes in ACLF and DC
. Previous
studies have reported that the systemic inflammatory
response plays a more important role than hemodynamic
dysfunction in the pathogenesis of ACLF and organ
failure, and these patients usually have elevated levels
of pathogen associated molecular patterns (PAMPs) and
[20,21]
damage associated molecular patterns (DAMPs)
.
These inflammatory mediators can directly or indirectly
lead to microcirculation dysfunction, oxidative stress,
mitochondrial energy metabolism disorders, and
[22,23]
eventually renal tubular cell apoptosis and necrosis
.
IL-18 is not only a biomarker of kidney injury but also an
inflammatory mediator, and the levels of IL-18 in urine
were significantly higher in patients with ACLF-AKI in
this study. We also found significantly higher leukocyte
counts in patients with ACLF, especially in those with
ACLF-AKI. The different pathogeneses of ACLF and DC
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levels are associated with the development of structural
[24,25,28,29]
kidney injury
. Serum bilirubin levels were
significantly higher in patients with ACLF-AKI than in
DC-AKI patients in this study, further explaining our
results. Although some of patients recieved octreotide,
there was no significant difference in the proportion of
patients receiving octreotide between the two groups.
There is persuasive evidence that AKI is associated
[30,31]
with high mortality in patients with liver disease
.
Similarly, we also found that survival rates were signifi
cantly lower in patients with AKI than those without.
Moreover, it is interesting that survival rates in the ACLFAKI group were significantly lower than those in the DCAKI group. Many studies had demonstrated that the
mortality of patients with AKI is stage-dependent and
[1,32,33]
[34]
closely related to the etiologies of AKI
. Singer et al
reported that patients with structural kidney injury were
[35]
usually associated with poor prognosis. Nadim et al
also showed that the presence of structural kidney injury
was associated with higher mortality. A higher proportion
of stage 2 or 3 AKI in HBV-ACLF patients was observed in
this current study and which is more likely to be caused
by structural kidney injury. This may explain the lower
survival rates in ACLF-AKI pateints.
Although this is a prospective observational study
with a large series of patients, there are still limitations.
First, our findings cannot be further verified,as it is
impractical to obtain kidney biopsies from most of
the AKI patients in this serious condition. In addition,
all patients in our study were enrolled from a singlecenter in China,there may be a certain selection bias.
A multi-center prospective study needed for further
investigation. Finally, this sutdy mainly focuses on HBVrelated ACLF and DC patients. One should consider
the definitions and etiology differences when interpret
these results into western patients , where alcoholism
constitutes the major etiology of ACLF (type A noncirrhosis, type B with compensated cirrhosis, type C
[4]
with decompensated cirrhosis) and DC .
In conclusion, this study demonstrated that AKI in
patients with HBV-ACLF is distinctly different from that
in HBV-DC patients. In patients with HBV-ACLF, AKI was
more likely to be due to structural kidney injury, tended
to be more progressive, with a lower response rate to
terlipressin therapy and a poorer prognosis compared
with those in DC-AKI patients. Accurate differentiating
the causes of AKI is critical, and AKI in patients with
HBV-ACLF or HBV-DC should be managed in different
ways. Further studies are required to validate these
findings.

Cumulative survival rate (%)
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P < 0.001

0.2
0.0
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30
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Figure 3 Kaplan-Meier curves shows the cumulative survival rates of
acute-on-chronic liver failure and decompensated cirrhosis patients
categorized accorrding to the presence of acute kidney injury. Survival
estimates were compared by log-rank test, P < 0.05 was considered statistically
significant. ACLF: Acute-on-chronic liver failure; DC: Decompensated cirrhosis;
AKI: Acute kidney injury.

may explained the hypothesis that there is a difference in
the etiology and natural course of AKI between these two
disease states. In addition, previous studies have found
that hyperbilirubinemia is one of the causes of structural
[24,25]
renal injury in patients with liver disease
. The level
of serum bilirubin in patients with ACLF was significantly
higher than that in DC patients, this may also contribute
to the differences in AKI between these two diseases.
Terlipressin is a vasoactive agent and has been
[11,26]
widely used for the treatment of HRS
. Several
previous studies have demonstrated that the use of
terlipressin significantly improves renal function and
[11,26]
survival in patients with decompensated cirrhosis
.
However, research on the use of terlipressin to treat
[27]
AKI in ACLF patients is limited. Jindal et al
reported
that only 35% of patients with ACLF-AKI responded to
terlipressin, which is lower than 40%-60% responders
in DC-AKI as reported by other investigators. In this
study, we also found that the response rate of the
ACLF-AKI group was significantly lower than that of the
DC-AKI group, and having HBV-related ACLF was an
independent predictor of poor response to terlipressin.
As terlipressin is ineffective in patients with structural
renal impairment, and our study found that the levels of
biomarkers that represent structural renal impairment
in patients with ACLF-AKI was significantly higher
than that in patients with DC-AKI, we considered the
low response rate of terlipressin treatment in ACLFAKI patients is associated with a higher proportion
of structural kidney damage in these patients. In
addition, previous studies have shown that high serum
bilirubin levels are associated with a low response to
terlipressin treatment, and elevated serum bilirubin
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Acute kidney injury (AKI) is a common and serious complication of acuteon-chronic liver failure (ACLF) and decompensated cirrhosis (DC). Previous
studies have been clearly established that the acute-on-chronic liver failure
and decompensated liver cirrhosis are two different diseases.However, the
differences in acute kidney injury among patients with these two diseases are
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rarely studied and whether AKI should be managed in the same way in patients
with these two diseases is still uncertain.

Research motivation

Clinically, the treatment of patients with different types of renal impairment is
significantly different. A clear clarification on the differences in AKI between
ACLF and DC patients will promote timely and more appropriate management
of the patients.
6

Research objectives

This study was conducted to clarify the differences in AKI between hepatitis
B virus (HBV)-ACLF and HBV-DC patients, including the differences in the
etiology of AKI, natural course, patient’s response to terlipressin and prognosis.
7

Research methods

This study is a prospective observational study, patients with HBV-ACLF and
HBV-DC who were admitted to our hospital between 2015.12 and 2017.7 were
consecutively recruited. Urine specimens of all patients were collected at the
time of admission and when AKI was diagnosed, and the levels of five tubular
injury biomarkers in urine were detected. Simultaneously, the demographic
data, natural course of AKI, patient’s response to terlipressin treatment and
patient outcomes were recorded.

8
9

Research results

Patients with ACLF-AKI have significantly higher urinary biomarker levels than
those with DC-AKI or without AKI. There was a higher proportion of patients
with AKI progression in ACLF-AKI patients than in DC-AKI patients (49.3% vs
17.9%, P = 0.013). Forty-three patients with ACLF-AKI and 19 patients with
DC-AKI were treated with terlipressin, the response rate to terlipressin was
significantly lower in patients with ACLF-AKI than in patients with DC-AKI (32.6%
vs 57.9%, P = 0.018). In addition, patients in the ACLF-AKI group had the
lowest survival rate at 90 d among all groups (P < 0.001).

10

11

Research conclusions

12

Our study demonstrated that AKI in patients with HBV-ACLF is distinct different
from in HBV-DC patients.In HBV-ACLF patients, AKI is more likely to be
caused by structural damages and tends to be more progressive, with a poorer
response to terlipressin and a worse prognosis than in HBV-DC patients.

13

Research perspectives

Our results suggest that AKI occurring in patients with HBV-ACLF or HBVDC should be managed in different ways. Large-scale multi-center studies are
required to validate these findings, and the differences in AKI between patients
with ACLF and DC caused by other etiologies still need to be further studied.

14
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Abstract
AIM
To analyze the effect of intralesional steroid injections
in addition to endoscopic dilation of benign refractory
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refractory esophageal strictures: A meta-analysis. World J
Gastroenterol 2018; 24(21): 2311-2319 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i21/2311.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i21.2311

esophageal strictures.
METHODS
A comprehensive search was performed in three data
bases from inception to 10 April 2017 to identify trials,
comparing the efficacy of endoscopic dilation to dilation
combined with intralesional steroid injections. Following
the data extraction, meta-analytical calculations were
performed on measures of outcome by the randomeffects method of DerSimonian and Laird. Heterogeneity
2
of the studies was tested by Cochrane’s Q and I
statistics. Risk of quality and bias was assessed by the
Newcastle Ottawa Scale and JADAD assessment tools.

INTRODUCTION
Benign esophageal stricture (BES) is the narrowing of
[1]
the lumen due to scar formation and fibrosis . The
most common, simple strictures need 3-5 sessions of
endoscopic dilation at most, while benign refractory
esophageal strictures (BRES) require more than
3-5 repeated endoscopic dilation sessions, or it is
impossible to achieve a 14 mm wide lumen after 3
[2]
sessions of dilation .
Patients fail to maintain an effective swallowing
action resulting in significant dysphagia. Other
symptoms can be atypical chest pain, heartburn and
odynophagia. BRES significantly impair the quality
of life and may cause severe complications, most im
portantly weight loss due to malnutrition, but aspiration
[3]
and regurgitation may occur too . Patients with
BRES need regular endoscopic dilations and it is not
uncommon that the stricture recurs in days or weeks,
necessitating frequent repeat procedures, in some
cases multiple times a month.
There are many potential causes of BRES, the most
frequent being peptic stricture from pathological acid
exposure in gastro-esophageal reflux disease (GERD).
Other common causes include radiation, caustic
injury, and anastomotic strictures after esophageal
surgery or endoscopic submucosal dissection. Less
frequent etiologies include eosinophilic esophagitis,
congenital and drug-induced stenosis, and it may also
develop as a complication of nasogastric intubation or
[1]
sclerotherapy of esophageal varices .
The pathogenesis of BRES is not entirely under
stood, but chronic inflammation must have a key role.
The initial narrowing of the esophageal wall results from
edema and muscular spasm as part of an inflammatory
process. As the disease progresses, erosions and
ulcerations evolve as well as chronic inflammation,
leading to fibrous tissue production and collagen
deposition. The chronic inflammation probably induces
the synthesis of transforming growth factor beta
(TGF-β) and α2-macroglobulin, which are inhibitors of
collagenase activity. Therefore, depositions of collagen
form scars, resulting in the narrowing of the lumen
[3]
and the rigidity of the wall . Steroids (triamcinolone
[2]
acetonide injection into 4 quadrants of the stricture )
reduce the activity of these inflammatory pathological
pathways (e.g. the transcription of matrix protein
genes, including fibronectin and procollagen), so this
may be considered as an effective treatment of scarforming conditions, providing the basis for the trials
[1]
included in this meta-analysis .
The epidemiology of BRES is not well-known. Most

RESULTS
Eleven articles were identified suitable for analyses,
involving 343 patients, 235 cases and 229 controls
in total. Four studies used crossover design with 121
subjects enrolled. The periodic dilation index (PDI)
was comparable in 4 studies, where the pooled result
showed a significant improvement of PDI in the steroid
group (MD: -1.12 dilation/month, 95%CI: -1.99 to -0.25
P = 0.012; I 2 = 74.4%). The total number of repeat
dilations (TNRD) was comparable in 5 studies and
showed a non-significant decrease (MD: -1.17, 95%CI:
2
-0.24-0.05, P = 0.057; I = 0), while the dysphagia
score (DS) was comparable in 5 studies and did not
2
improve (SMD: 0.35, 95%CI: -0.38, 1.08, P = 0.351; I
= 83.98%) after intralesional steroid injection.
CONCLUSION
Intralesional steroid injection increases the time be
tween endoscopic dilations of benign refractory eso
phageal strictures. However, its potential role needs
further research.
Key words: Intralesional steroid; Meta-analysis; Benign
refractory esophageal stricture; Dilation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Benign refractory stricture can be a very chal
lenging pathology, which requires regular endoscopic
dilations. Results of this meta-analysis suggest that
endoscopic intralesional steroid injection significantly
decreases the frequency of the endoscopic dilations in
benign refractory esophageal strictures. In addition,
there are very few and mild complications reported
in association with this method. We believe that
the benefits of intralesional steroid in the treatment
of benign refractory stricture overweigh its risks.
However, further research would be essential on this
treatment method, as there are no data concerning its
efficacy and safety in different etiologies of refractory
esophageal strictures.
Szapáry L, Tinusz B, Farkas N, Márta K, Szakó L, Meczker Á,
Hágendorn R, Bajor J, Vincze Á, Gyöngyi Z, Mikó A, Csupor
D, Hegyi P, Erőss B. Intralesional steroid is beneficial in benign
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of the available data are provided by small clinical
studies and case studies. The incidence of esophageal
stricture seems to be decreasing in parallel with the
[3,4]
growing use of proton pump inhibitors (PPIs) , yet
its common cause is GERD and it still occurs in 7%-23%
[4]
of GERD patients with esophagitis .
Endoscopic dilation is an effective standard treat
[1,2]
ment for BES
; however, 30%-40% of patients
show refractory dysphagia within the first year after
intervention and require frequent and repeat dilations in
[3]
the long term . Several trials have been conducted to
determine the efficacy of intralesional steroid injection
in the treatment of BRES since the first encouraging
[5]
results were published in a canine model in 1969 .
However, a meta-analysis has not been carried out yet.
We wanted to investigate whether intralesional
steroid injection in combination with dilation is bene
ficial in the treatment of BRES.

Selection process: Records were managed by
the EndNote X7.4 software (Clarivate Analytics,
Philadelphia, PA, United States) to remove duplicates.
Publications were screened first by title, second by
abstract, and finally by full-text, based on our eligibility
criteria. The comprehensive search and the selection
of the studies were carried out by two investigators.

Data extraction

Numeric and texted data were extracted onto a purpose
designed Excel 2016 sheet (Office 365, Microsoft,
Redmond, WA, United States). The extracted data
were the following: study author, year of publication,
geographical location, study design, number of con
trols and cases, age of the patients, etiology of the
strictures, length and location of the stricture, dose
of the intralesional steroid injection, the outcomes of
the treatment with and without intralesional steroid
injection (DS, TNRD and PDI, the complications of the
treatment and follow-up time). Data extraction was
performed by two investigators and extracted data
were checked by a third investigator.

MATERIALS AND METHODS
A meta-analysis was performed following the Preferred
Reporting Items for Systematic Reviews and Meta[6]
Analysis (PRISMA) statement . The meta-analysis
was registered in advance in PROSPERO under the
registration number 42017072329. The PICO items
of the search strategy were: Population (P): Patients
with esophageal stricture; intervention (I): Dilation plus
intralesional steroid injection; control (C): Dilation alone;
and outcomes (O): Dysphagia score (DS), total number
of repeat dilations (TNRD) and periodic dilation index
(PDI).

Statistical analysis

In our statistical analysis, we compared the outcomes
of treatment with dilation alone to the outcomes of
dilation in combination with intralesional steroid in
jections. Meta-analytical calculations were conducted
on the TNRD, PDI and DS. Standardized difference
in means (SMD), difference in means (MD) and 95%
confidence interval (95%CI) were calculated using the
random-effects method developed by DerSimonian and
[7]
Laird . Results reported in the study in median and
range were converted to means and standard deviation
[8]
with the Hozo method . Heterogeneity among trials
2
was tested with Cochrane’s Q and I statistics. According
2
to the Cochrane Handbook, I values of 25%-50%,
50%-75% and > 75% correspond to low, moderate
[9]
and high degrees of heterogeneity . The Q test implies
that the heterogeneity among effect sizes reported in
the studies under examination is more diverse than
could be explained by random error only. We considered
the Q test significant if P < 0.1. The presence of any
publication bias was examined by visual inspection of
the funnel plots.

Search strategy

The article search was carried out in PubMed, Embase
and Cochrane databases from inception to 10 April
2017. Two investigators conducted a comprehensive
search with a combination of the following keywords:
(oesophagus OR esophagus) AND [stricture OR ste
nosis OR refractory stricture OR benign stricture OR
(o)esophageal stricture] AND (dilation OR dilatation)
and (steroid OR triamcinolone OR intralesional ste
roid). No filters were imposed on the searches in
the individual databases. References in the primarily
eligible articles were screened for additional suitable
publications.

Assessment of risk of selection and information bias

Inclusion and exclusion criteria: Articles were
selected if they had detailed data on a control (endo
scopic dilation only) and a treatment group (endoscopic
dilations with intralesional steroid injection). Benign
refractory esophageal strictures of all etiologies re
quiring repeat dilations were included. Language was
not an exclusion criterion. Conference abstracts were
also included if they contained sufficient data. Case
reports, case series, and results from pediatric and
non-human trials were excluded. We did not contact
the authors of the included articles.
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The assessment of risks of bias and quality was done at
[10]
the outcome level. The Newcastle-Ottawa Scale was
used for case control trials with the following 8 items.
Item 1: Were the cases randomly selected subjects
with BRES without significant exclusion criteria? Item 2:
Were the controls randomly selected subjects with BRES
without significant exclusion criteria? Item 3: Was there
an endoscopic or radiological diagnosis of BRES? Item
4: Was the diagnosis of non-refractory BES excluded?
Item 5: Were the cases and controls comparable? Item
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Table 1 Main characteristics of the studies included
Study

Study design

Kochhar et al[13] 1999
Kochhar et al[14] 2002
Ahn et al[16] 2015
Nijhawan et al[16] 2016
Dunne et al[17] 1999
Altintas et al[18] 2004
Orive-Calzada et al[20] 2012
Hirdes et al[19] 2013
Pereira-Lima et al[21] 2015
Camargo et al[22] 2003
Rupp et al[23] 1995

Crossover
Crossover
Crossover
Crossover
RCT
RCT
Cohort
RCT
RCT
RCT
RCT

Country
India
India
New Zealand
India
United States
Turkey
Spain
Netherland
Brazil
Brazil
United States

Parameter
PDI
PDI
PDI
PDI
TNRD, DS
TNRD
TNRD
TNRD, DS
TNRD, DS
DS
DS

Cases

Patients
Control

Etiology of
BRES

Follow-up
(mo)

Cases

Complication
Control

14
71
25
11
20
11
14
31
9
7
22

14
71
25
11
22
10
9
29
10
7
21

Mixed
Mixed
Mixed
Corrosive
Mixed
Mixed
Mixed
Anastomotic
Mixed
Mixed
Mixed

23
59
90
18
60
48
45
33
13
12
11

1
0
0
0
0
1
0
5
0
0
0

0
0
0
0
0
1
1
1
0
0
0

PDI: Periodic dilation index; NRD: Total number of repeat dilations; DS: Dysphagia score; RCT: Randomized controlled trial; BRES: Benign refractory
esophageal stricture.

6: Were the subjects and investigators blinded to the
intralesional steroid treatment? Item 7: Was follow-up
long enough (≥ 6 mo) for outcomes to occur? Item 8:
Was there complete follow up of all subjects enrolled?
For the above detailed items an answer of yes re
presented low risk, no represented high risk, while
lack of description represented unknown risk of bias.
Modified NOS was used for studies with cross-over
study design with the 7 out of the above detailed 8
items as item 2 regarding the selection of controls was
not applicable due to the cross-over study design.
[11]
The JADAD scoring system
was used for the
assessment of randomized controlled trials with the
following 5 items. Item 1: Was the study described
as randomized? (Yes = 1 point, No = 0 point); Item
2: Was the randomization scheme described and ap
propriate? (Yes = 1 point, No = -1 point); Item 3: Was
the study described as double-blind? (Yes = 1 point,
No = 0 point); Item 4: Was the method of double
blinding appropriate? (Yes = 1 point, No = -1 point, if
the answer of Item 3 was No, Item 4 is not calculable);
Item 5: Was there a description of dropouts and
withdrawals? (Yes = 1 point, No = 0 point).

selection process is shown on Figure 1 and the main
characteristics of the studies included are shown in
Table 1.

Results of the statistical analysis

The PDI was comparable in 4 studies with crossover
[13,14,15,16]
design involving 121 patients
. The pooled
result showed that PDI significantly decreased in the
intralesional steroid plus dilation group, with difference in
means method. (MD: -1.16, 95%CI: -1.99, -0.25, P =
0.012). There was a high degree of heterogeneity across
the studies included in the analysis for PDI (Q = 11.73,
2
df = 3, P = 0.0084, I = 74.43%). A detailed result of the
analysis on PDI by the random effect model is shown in
Figure 2.
[17,18,19,20,21]
The TNRD was comparable in 5 studies
,
where MD was -1.172 in comparison to the dilation
alone group (95%CI: -0.238, 0.053; P = 0.057). The
studies in this analysis showed no heterogeneity: (Q =
2
3.66; df = 4; P = 0.45; I = 0.0%). A detailed result
of the analysis on TNRD by the random effect model is
shown in Figure 3.
[17,18,21,22,23]
The DS was comparable in 5 studies
, and
an improvement could not be observed in the combined
therapy group (std. MD: 0.347, 95%CI: -0.383, 1.077,
P = 0.351). We note that DS was only comparable with
standardization as different studies used different scoring
systems. There was a high degree of heterogeneity
across the studies included in the analysis for DS (Q =
2
24.97, df = 4, P < 0.001, I = 83.98%). A detailed result
of the analysis on DS by the random effect model is
shown in Figure 4.

Assessment of the grade of evidence

The GRADE system was used to assess the strength
of recommendation and quality of evidence of our
results. GRADE stands for Grades of Recommendation
[12]
Assessment, Development, and Evaluation .

RESULTS
Results of the selection process

Complications

Our search identified 321 articles in Embase, 109 in
PubMed, and 12 in the Cochrane database, a total of
[13-23]
11 articles
(10 in English and 1 in Portuguese)
eligible for the quantitative analysis, these included
343 patients in total, 235 cases and 229 controls, as
four studies used cross-over design with 121 subjects
enrolled. Further 3 articles gave results, but they were
[24-26]
not suitable for meta-analytical calculations
. The
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Due to the low number of events of complications,
statistical analysis was not possible; therefore, only
narrative synthesis could be performed. It is important
to note that all trials reported low numbers of com
plications; therefore, this technique seems to be
[13]
safe. Kochhar et al
reported transient worsening of
dysphagia for 24 h in one patient after the intralesional
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Table 2 Results of the Newcastle-Ottawa quality assessment scale for cross-over and cohort studies

Ahn et al[21] 2015
Kochhar et al[21] 2015
Kochhar et al[21] 2015
Nijhawan et al[21] 2015
Orive-Calza et al[21] 2015

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

Item 7

Item 8

+
-

N/A
N/A
N/A
N/A
-

+
+
+
+
+

+
+
+
+
?

+

?
?
?
+

+
+
+
+
+

?
+
+
+
?

Modified NOS
Modified NOS
Modified NOS
Modified NOS
NOS

Identification

Item 1: Were the cases randomly selected subjects with BRES without significant exclusion criteria? Item 2: Were the controls randomly selected subjects
with BRES without significant exclusion criteria? Item 3: Was there an endoscopic or radiological diagnosis of BRES? Item 4: Was the diagnosis of nonrefractory BES excluded? Item 5: Were the cases and controls comparable? Item 6: Were the subjects and investigators blinded to the intralesional steroid
treatment? Item 7: Was follow-up long enough (≥ 6 mo) for outcomes to occur? Item 8: Was there complete follow up of all subjects enrolled? For the above
detailed items an answer of yes represented low risk, no represented high risk, while lack of description represented unknown risk of bias (- = high risk of
bias; ? = unknown or moderate risk of bias; + = low risk of bias). BRES: Benign refractory esophageal stricture; BES: Benign esophageal stricture.

Records identified through
database searching
(n = 442)

Additional records identified
through other sources
(n = 6)

Eligibility

Screening

Records after duplicates removed
(n = 339)

Records screened
(n = 339)

Records excluded
(n = 295)

Full-text articles assessed
for eligibility
(n = 44)

Full-text articles excluded,
with reasons
(n = 29)

Included

Studies included in
qualitative synthesis
(n = 14)

Studies included in quantitative
synthesis (meta-analysis)
(n = 11)

Figure 1 Prisma flow chart of the study selection process.

Results of the assessment of risk of bias and quality

steroid injection. There were 2 perforations reported by
[18]
Altintas et al
one in the dilation only and one in the
combined treatment group, both in caustic strictures.
[19]
Hirdes et al
reported one gastrointestinal bleeding in
the monotherapy group and 5 adverse events, such as
1 laceration and 4 candida esophagitis in the patients
treated with intralesional steroid. However, the laceration
developed in a patient, who continued the anticoagulant
therapy during the procedure, and the other 4 patients
received adjuvant chemotherapy, which is a risk factor for
candidiasis. One perforation occurred in the dilation only
[20]
group in Orive-Calzada et al trial, with no complication
reported in patients with intralesional steroid injection.
Other trials did not report any adverse events in either
therapy group.

WJG|www.wjgnet.com

Detailed results of the assessments are shown in Table
2 and 3.

DISCUSSION
The summary of our findings are shown in Table 4.
Endoscopic dilation as the standard treatment of BES is
[1,2]
effective in most cases , but BRES develops in some
cases, necessitating repeated endoscopic dilations in the
[3]
long term . Endoscopic intralesional steroid injections
may be useful and may reduce the number of necessary
dilations. However, because of the low incidence of
refractory benign esophageal strictures and because of
the low number of studies and articles published on the
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Table 3 Results of the quality assessment of randomized controlled trials by the JADAD scoring system
Item 1

Item 2

Item 3

Item 4

Item 5

Overall

Quality

1
1
1
1
1
1

-1
-1
1
1
-1
-1

0
0
1
1
1
0

0
0
1
1
-1
0

0
0
1
1
1
0

0
0
5
5
1
0

Low; 0
Low; 0
High; 5
High ,5
Low; 1
Low; 0

Dunne et al[17] 1999
Altintas et al[18] 2004
Hirdes et al[19] 2013
Pereira-Lima et al[21] 2015
Camargo et al[21] 2003
Rupp et al[21] 1995

Item 1: Was the study described as randomized? (Yes = 1 point, No = 0 point); Item 2: Was the randomization scheme described and appropriate? (Yes
= 1 point, No = -1 point); Item 3: Was the study described as double-blind? (Yes = 1 point, No = 0 point); Item 4: Was the method of double blinding
appropriate? (Yes = 1 point, No = -1 point, if the answer of Item 3 was No, Item 4 is not calculable); Item 5: Was there a description of dropouts and
withdrawals? (Yes = 1 point, No = 0 point). Low range of quality: 3 >, high range of quality: 2 <.

Table 4 Summary of findings
Outcomes

Intervention values

PDI

Control values

Number of patients

Quality of evidence (GRADE)

Comments

121

Very low

Only studies with cross-over
design were analyzed

165

Very low

Different length of follow up
results in high risk of bias

178

Very low

Different scoring scales were
used and different lengths of
follow up result in high risk
of bias

0.335/mo

1.355/mo
MD: -1.12
95%CI: -1.99 to -0.25
P = 0.012
n/a
n/a
MD: -1.17
95%CI: -0.24 to 0.05
P = 0.057
n/a
n/a
SMD: 0.35
95%CI: -0.38 to 1.08
P = 0.351

TNRD

DS

PDI: Periodic dilation index; TNRD: Total number of repeat dilations; DS: Dysphagia score; MD: Mean difference; SMD: Standardized mean difference.

Study name

Statistics for each study
Difference Standard
in means
error

Difference in means and 95%CI

Lower
limit

Upper
limit

P -value

Kochar, 1999

-1.440

0.478

-2.377

-0.503

-0.003

Kochar, 2002

-0.740

0.371

-1.467

-0.013

0.046

Ahn, 2015

-0.300

0.075

-0.446

-0.154

0.000

Nijhawan, 2015

-2.350

0.512

-3.354

-1.346

0.000

-1.115

0.444

-1.985

-0.245

0.012
-4.00

-2.00

0.00

2.00

4.00

Figure 2 Forest plot of the random effect analysis of the 4 studies concerning periodic dilation index shows a significant decrease of periodic dilation
index after intralesional steroid injection in addition to endoscopic dilation.

topic, there is little evidence as to whether this approach
is beneficial. Moreover, to the best of our knowledge, no
meta-analysis has been carried out yet.
The effectiveness of intralesional steroid injections for
[7]
BRES was first tested in a canine model in 1969 . The
[27]
first study on humans was carried out by Holder et al .
They examined 10 pediatric patients, some with postsurgical (anastomotic) strictures and some with corrosive
strictures (from acid or lye). They found that additional
intralesional steroid treatments were only effective on
the anastomotic strictures, but not on the caustic ones.
Among the parameters of the 11 articles included
in our meta-analysis, the PDI, TNRD and DS were com
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parable. It is important to note that all studies used
boogie dilators and no studies reported results with
balloon dilation
The PDI values were calculated with the mean
difference method due to the similar measures and
showed a significant improvement of the PDI in the
[13-16]
steroid group. These four articles
examined one
patient group, treated first with a series of dilations
alone, followed by a dilation combined with intralesional
steroid injections afterwards. PDI values were
compared before and after the intralesional steroid
injections, as these patients all required continuing
endoscopic dilation despite the steroid injections. It
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Study name

Difference in means and 95%CI

Statistics for each study
Difference Standard
in means
error

Lower
limit

Upper
limit

P -value

Dunne et al. , 1995

-3.550

1.381

-6.257

-0.843

0.010

Altintas et al. , 2004

-0.700

1.173

-2.998

1.598

0.551

Orive-Calzada et al. , 2012

0.330

0.776

-1.192

1.852

0.671

Hirdes et al. , 2013

-2.000

0.940

-3.842

-0.158

0.033

Pereira-Lima et al. ,2014

-1.000

0.919

-2.801

0.801

0.277

-1.172

0.617

-2.381

0.037

0.057
-7.00

-3.50

0.00

3.50

7.00

Figure 3 Forest plot of the random effect analysis of the 5 studies concerning total number of repeat dilation shows a non-significant decrease of total
number of repeat dilation after intralesional steroid injection in addition to endoscopic dilation.

Study name

Statistics for each study

Std diff in means and 95%CI

Std diff in
means

Standard
error

Lower
limit

Upper
limit

P -value

Dunne et al. , 1995

0.674

0.318

0.052

1.297

0.034

Rupp et al. , 1995

1.081

0.327

0.441

1.721

0.001

Camargo et al. , 2007

1.165

0.578

0.032

2.298

0.044

Hirdes et al. , 2013

0.072

0.258

-0.434

0.579

0.779

Pereira-Lima et al. ,2014

-1.354

0.509

-2.353

-0.356

0.008

0.347

0.372

-0.383

1.077

0.351
-4.00 -2.00 0.00 2.00 4.00

Figure 4 Forest plot of the random effect analysis of the 5 studies concerning dysphagia score shows no significant improvement of dysphagia score
after intralesional steroid injection in addition to endoscopic dilation.
[15]

[21]

must be noted that the study by Nijhawan et al
showed a statistically significant, strong improvement
in the PDI with the combined therapy in patients
with corrosive strictures only, so the lack of subgroup
analysis results in a high degree of bias.
[17,18,19,20,21]
The TNRD
was compared with the method
noted above. We found a non-significant (P = 0.057)
improvement in the combined therapy group using
the mean difference method. Interestingly, the article
[20]
by Orive-Calazda et al
did not identify improvement
compared to the control groups: 9 study group patients
and 12 control group patients received 30 and 37
dilations, respectively. The only published multicenter
study investigating the TNRD was carried out by
[19]
Hirdes et al , but all the patients had an anastomotic
stricture, resulting in a bias in the interpretation of their
data. In this case, the importance of the subgroup
analysis must be highlighted again.
The third parameter, which describes the quality
of life best, is the DS. Due to the use of different
scoring systems, it was only possible to compare the
[17,19,21,22,23]
data from five articles
with standardization.
Based on the statistical analysis of the articles under
examination, we did not find any improvement in the
steroid group. However, this result cannot be regarded
as relevant due to the high heterogeneity of the data.
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It is important to note that Pereira-Lima et al , proved
a significant improvement in the DS in the combined
therapy group in a randomized controlled trial. Hirdes
[19]
et al reported DS results in patients with anastomotic
strictures only, which remains a significant bias.
Only a few studies reported outcomes of the treat
ment with intralesional steroids for different etiologies
[13]
[15]
of the strictures. Kochhar et al and Nijhawan et al
demonstrated significant improvement in caustic
[19]
strictures. Hirdes et al
detected no benefit from
the combined treatment in anastomotic stricures.
[16]
[14]
Ahn et al and Kochhar et al
showed the most
improvement in peptic strictures, both in studies with
cross over design.
There was no data on the histological activity of the
inflammation of the strictures, although intralesional
steroid is likely to be of more benefit in strictures
with high degree of active inflammation, than in long
standing fibrotic strictures. Subgroup analysis on the
degree of inflammation could have given further in
depth understanding of the effects of intralesional
steroid injections.

Limitations

We observed variable reporting of intervention outcomes.
Studies with low patient numbers, heterogeneous data,
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use of different scoring systems, and differences in
follow-up time resulted in significant difficulties of
[17,23]
the analysis. Even though two long-term studies
were only available as abstracts, they contained
the necessary data for the purposes of this metaanalysis. In addition, there was a lack of detailed data
on etiological subgroups, which prevented us from
performing a subgroup analysis, reulting in a high risk
of bias.
In summary, the use of intralesional steroid in
jections seems to be beneficial in the treatment of
BRES with a very low quality of evidence and a weak
recommendation. A large, multicenter, prospective
randomized trial could provide better evidence for the
role of intralesional steroid therapy in the treatment of
BRES.

the stricture should be collected with a long follow up period.
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Abstract
Bile acid diarrhea results from excessive amounts of bile
acids entering the colon due to hepatic overexcretion
of bile acids or bile acid malabsorption in the terminal
ileum. The main therapies include bile acid sequestrants,
such as colestyramine and colesevelam, which may
be given in combination with the opioid receptor
agonist loperamide. Some patients are refractory to
conventional treatments. We report the use of the
farnesoid X receptor agonist obeticholic acid in a patient
with refractory bile acid diarrhea and subsequent
intestinal failure. A 32-year-old woman with quiescent
colonic Crohn’s disease and a normal terminal ileum
had been diagnosed with severe bile acid malabsorption
and complained of watery diarrhea and fatigue. The
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diarrhea resulted in hypokalemia and sodium depletion
that made her dependent on twice weekly intravenous
fluid and electrolyte infusions. Conventional therapies
with colestyramine, colesevelam, and loperamide had
no effect. Second-line antisecretory therapies with
pantoprazole, liraglutide, and octreotide also failed.
Third-line treatment with obeticholic acid reduced the
number of stools from an average of 13 to an average
of 7 per 24 h and improved the patient’s quality of life.
The fluid and electrolyte balances normalized. The effect
was sustained during follow-up for 6 mo with treatment
at a daily dosage of 25 mg. The diarrhea worsened
shortly after cessation of obeticholic acid. This case
report supports the initial report that obeticholic acid
may reduce bile acid production and improve symptoms
in patients with bile acid diarrhea.

pathophysiology, BAD is classified as type 1, which
is caused by ileal resection, disease, or injury, type
2, which consists of primary or idiopathic BAD, and
type 3, which is secondary to other conditions, e.g.,
[4-6]
cholecystectomy .
The medical treatments of BAD include the bile
[3,7,8]
acid sequestrants colestyramine and colesevelam
.
Antisecretory or antimotility drugs such as loperamide
and proton pump inhibitors may be added. Some
patients with BAD experience an insufficient effect of
the available conventional medical treatments and
[9,10]
suffer from an impaired quality of life
.
BAD is proposed to result from defective gut-liver
feedback mechanisms. Hepatic bile acid synthesis is
inhibited by fibroblast growth factor 19 (FGF19) that is
produced by ileal enterocytes upon stimulation by bile
acids in the terminal ileum via the farnesoid X receptor
[5,11]
(FXR)
. Decreased circulating FGF19 levels have been
[12]
reported in patients with primary BAD and in patients
[13]
with Crohn’s disease and diarrhea . Obeticholic acid,
a potent FXR agonist, stimulates ileal FGF19 production
and may thereby decrease hepatic bile acid production
[14]
in BAD . Obeticholic acid is currently used to treat
[15,16]
primary biliary cholangitis
and non-alcoholic
[17,18]
[14]
steatohepatitis
, but it may also improve BAD .
In this case report, we describe the investigations
and treatments of a 32-year-old woman with Crohn’
s disease who suffered from chronic secretory diarrhea
that could be potentially attributed to multiple causal
factors. Because no infectious, inflammatory, or
metabolic cause was demonstrated other than severe
bile acid malabsorption, both type 1 and type 2 BAD
were considered. The patient experienced a marked
and sustained improvement following treatment with
obeticholic acid.

Key words: Bile acid malabsorption; Diarrhea; Farnesoid
X-activated receptor; Crohn’s disease
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bile acid diarrhea develops when excessive
amounts of bile acids enter the terminal ileum and
exceed the intestinal absorptive capacity. The excess
bile acids enter the colon and cause secretory diarrhea.
We report a patient with multiple potential causes of
chronic diarrhea and suggest a systematic strategy
for the diagnosis and treatment of this condition.
Furthermore, we describe the use of a new treatment
for severe bile acid diarrhea, obeticholic acid, which
stimulates the farnesoid X receptor of the terminal
ileum and increases fibroblast growth factor 19, thereby
decreasing hepatic bile acid production via negative
feedback.
Hvas CL, Ott P, Paine P, Lal S, Jørgensen SP, Dahlerup JF.
Obeticholic acid for severe bile acid diarrhea with intestinal
failure: A case report and review of the literature. World J
Gastroenterol 2018; 24(21): 2320-2326 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i21/2320.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i21.2320

CASE REPORT
A 32-year-old Caucasian woman was referred to our
unit for refractory diarrhea lasting 10 years. She had
a 15-year history of recurrent depression and primary
tonic-myoclonic epilepsy. Following the onset of
diarrhea, she had been diagnosed with colonic Crohn’
75
s disease, and selenium homotaurocholic acid test
[19]
(SeHCAT) scintigraphy
performed six years before
referral to our unit had revealed a day-7 relative bile acid
retention of 0, indicating severe bile acid malabsorption.
Conventional treatments for BAD with the bile acid
sequestrants colestyramine and colesevelam had a
limited or transient effect, and the diarrhea had been
unresponsive to antisecretory treatments such as
loperamide and codeine phosphate. At the time of
referral, the patient received low-dose 6-mercaptopurine
for Crohn’s disease, 625 mg colesevelam three times
per day, 2-8 mg of loperamide per day for BAD, 1500
mg of levetiracetam per day for depression, and 400
mg of lamotrigine per day for epilepsy. The doses of
both levetiracetam and lamotrigine had been optimized

INTRODUCTION
Chronic secretory diarrhea causes intestinal losses of
[1]
water, sodium, and potassium . In severe cases, it
may negatively affect the fluid and electrolyte balance.
Chronic secretory diarrhea may be caused by intestinal
inflammation, infection, drug side effects or abuse,
neuroendocrine tumors, functional diarrhea, or bile
acid diarrhea (BAD). When no cause is identified, the
condition is termed diarrhea-predominant irritable bowel
[2]
syndrome (IBS-D) .
BAD occurs when excess amounts of bile acids
enter the colon and induce colonic fluid and electro
[3]
lyte secretion and motility changes . Based on the
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Table 1 Potential causes of chronic diarrhea and their diagnostic investigations and results in a patient with severe bile acid diarrhea
and intestinal failure
Potential cause of diarrhea
Excess bile acid production with deficient
retention
Active Crohn’s disease

Small bowel disease (celiac disease, autoimmune
enteropathy)
Clostridium difficile infection
Pathogenic intestinal infection
Systemic infection
Small intestinal bacterial overgrowth (SIBO)
Use of antidepressant and antiepileptic
medications
Laxative use
Neuroendocrine tumor
Metabolic disease

Investigations

Results

SeHCAT scintigraphy

0 retention, indicating an excess loss of bile acids

Small bowel imaging; colonoscopy; fecal
calprotectin

Normal MRI of small bowel and capsule
endoscopy; normal colonoscopy with biopsies;
fecal calprotectin < 30 mg/kg
Normal biopsies; anti-transglutaminase negative

Duodenal and jejunal biopsies; plasma tissue
transglutaminase antibody
Clostridium difficile toxin test
Salmonella, Shigella, Campylobacter, and Yersinia
fecal cultures; PCR for intestinal parasites
HIV test; gamma-interferon test for tuberculosis
Hydrogen breath test
Observation during drug holiday; therapeutic
drug monitoring
Urine laxative screen repeated with a patientblinded sampling time
Chromogranin A, gastrin, vasoactive intestinal
polypeptide, renin, and aldosterone
Thyroid function test and synacthen test

Positive before fecal transplant; negative repeated
tests after fecal transplant
Negative
Negative
Negative
Treatment dose optimized
Negative × 2
All within the reference range
All within the normal range

SeHCAT: Selenium homotaurocholic acid test.

using therapeutic drug monitoring. Prior treatments
also included 40 mg of escitalopram per day and 225
mg of venlafaxin per day, which led to poor control
of the depression and did not affect bowel function.
Anti-inflammatory Crohn’s disease treatments with
infliximab, adalimumab, natalizumab, and vedolizumab
had been provided before referral and did not affect the
diarrhea. Crohn’s disease remission had been verified
via a colonoscopy and fecal calprotectin measurement.
The duodenal biopsies were normal. The patient had
not undergone bowel surgery.
During the first admission to our unit, the results
from all investigations were reviewed, and a diagnostic
workup was planned (Table 1). The patient’s height and
weight were 52 kg and 170 cm, respectively. Biochemical
analysis revealed severe electrolyte deficiency with low
plasma levels of potassium and magnesium. Although
the plasma sodium level was normal, sodium depletion
was indicated by the urinary sodium being below the
detection limit using both single urine measurements
and an analysis of a 24-h urine collection. Fecal
cultures were negative for Campylobacter, Salmonella,
Yersinia, and Shigella species, but a PCR toxin test for
Clostridium difficile was positive. A 10-d trial of 125
mg of vancomycin four times per day had a transient
effect on the diarrhea, and repeat fecal tests were
negative. MRI of the small bowel and pan-enteric double
balloon endoscopy revealed endoscopic remission,
and duodenal, jejunal, ileal, and colonic biopsies were
normal. A laxative screen and markers of systemic
infection or metabolic disease were normal (Table 1).
All medical treatments were reviewed, and because
the diarrhea persisted despite conventional treatment,
trials of spironolactone, octreotide, and liraglutide were
initiated during the admission but were without effect or
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produced unacceptable side effects (Table 2). The dose
of 6-mercaptopurine was optimized using thiopurine
metabolite measurements, revealing a normal TPMT
genotype and phenotype, an E-TGN level of 247 nmol/
mmol HGB, and an E-MeMP level of 2354 nmol/mmol
HGB.
Due to having persistent dehydration with a passage
of up to 5 L of watery stools per day, the patient was
considered for long-term intravenous support. The
patient’s potassium levels normalized upon infusions of
up to 100 mmol of potassium per day, but the urinary
sodium became measurable in the 24-h urine samples
only after hypertonic NaCl was applied at 2000 mL of 3%
NaCl per day. Because intravenous supplementation was
necessary to sustain a normal hydration and electrolyte
status, the patient was classified as having type III
[20]
intestinal failure, subtype A3 . A scheduled regimen
was established with twice weekly infusions of fluids
and electrolytes, but the patient remained underweight,
had watery diarrhea, and had a poor quality of life.
A trial of obeticholic acid was considered because of
[14]
the promising initial reports . Following collaboration
with Intercept Pharmaceuticals and approval from
the National Health Authorities, we were able to
start obeticholic acid during admission. In the initial
investigation, a repeat Clostridium difficile test was
positive, and a fecal transplant using an anonymous
donor was performed following a short vancomycin taper.
Subsequently, the mean number of bowel passages
per 24 h decreased from a mean of 17 to a mean of
13. Obeticholic acid was then started at 10 mg per day
and increased to 25 mg per day after 4 d. Importantly,
obeticholic acid further reduced the number of bowel
movements from a mean of 13 to a mean of 7 per 24 h
(Figure 1). When the number of bowel movements
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Table 2 Anti-diarrheal drug treatments, their mechanisms of action, and their treatment results in a patient with severe bile acid
diarrhea and intestinal failure
Drug
Colestyramine (Questran®)
Colesevelam (Cholestagel®)
Pantoprazole
Loperamide (Imodium®)
Codeine phosphate
Spironolactone
Octreotide
Liraglutide (Victoza®)
Obeticholic acid (Ocaliva®)

Mechanism of action

Treatment effect

Bile salt sequestrant
Bile salt sequestrant
Proton pump inhibitor
Decreases intestinal motility
Decreases intestinal motility
Increases renal potassium reabsorption
Antisecretory
Increases glucagon-like peptide 1 (GLP-1)
Stimulates ileal FGF19 production, thereby
inhibiting hepatic bile acid production

Limited effect
Limited effect
No effect
No effect
No effect; sedation
No effect on potassium deficiency
No effect; abdominal pain
No effect; weight loss of 2 kg to 52 kg
Marked reduction of stool volume and fecal
electrolyte loss

FGF19: Fibroblast growth factor 19.

Fecal transplant
Obeticholic acid start
Acute diarrhea

Number of bowel movements per 24 h
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Figure 1 Bowel movement frequencies before and during the initial two months of treatment with 25 mg obeticholic acid once daily for
severe bile acid diarrhea with intestinal failure.

during the two weeks of treatment with 25 mg of
obeticholic acid per day was compared with that of the
two weeks before treatment, the difference was highly
statistically significant (P = 0.00001, Mann-Whitney
U test). While nightly bowel movements had been a
persistent problem before the initiation of treatment,
these were reduced from a mean of 3 nightly bowel
openings to a mean of 2 nightly bowel openings following
treatment, and on occasional nights, the patient did not
open her bowel during the night. The patient’s weight
increased by 2 kg to 54 kg, and she was weaned off
intravenous fluid support. She resumed social activities,
including running, although this occasionally induced an
increase in the number of bowel movements (Figure 1).
She remained sensitive to non-steroid anti-inflammatory
drug treatment because a single dose of 400 mg of
ibuprofen transiently induced liquid stools (Figure 1).
The quality of life was estimated using the Euroqol EQ5D-3L questionnaire (https://euroqol.org). Before the
treatment, the patient reported an overall wellbeing of
35 on a 0-100 scale. This increased to 85 following two
weeks of obeticholic acid treatment and remained at this
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level for six months of follow-up.
To examine whether the effects were specific to
obeticholic acid and whether the effect would last
without continued treatment, the patient agreed to
a treatment pause. Following three days without
obeticholic acid, the patient’s condition deteriorated,
with an increase in the number of bowel movements in
24 h from 7 to 16 and profound hypokalemia. Shortly
after restarting obeticholic acid, the patient’s bowel
control was reestablished. During 6 mo of follow-up,
we observed no adverse effects, and control of Crohn’
s disease, epilepsy, and depression did not change. A
single episode of increased serum pancreatic amylase
(266 U/L; reference range: 10-65 U/L) necessitated a
pause of the 6-mercaptopurine treatment. Ultrasound
examination revealed a normal pancreas and bile ducts,
and the p-amylase level normalized. A diagnosis of
acute pancreatitis could therefore not be confirmed,
and treatment was restarted without further episodes
or an increase in the pancreatic or liver function
tests. The plasma lipids were slightly elevated before
the treatment and decreased during the obeticholic

2323

June 7, 2018|Volume 24|Issue 21|

Hvas CL et al . Obeticholic acid for bile acid diarrhea
acid treatment. Thus, the patient’s total cholesterol
decreased from 7.5 to 5.9 mmol/L, and her LDLcholesterol level decreased from 4.5 to 3.1 mmol/L,
while her HDL-cholesterol increased slightly from 2.0
to 2.1 mmol/L. Measurements of fasting serum FGF19
were performed once before and six times during
treatment with obeticholic acid, using the Human
FGF-19 Quantikine ELISA kit DF 1900 (R&D Systems,
Minneapolis, MN, United States). Although the mean
FGF19 level increased from 35.7 to 167.0 pg/mL during
treatment with 25 mg per day, we observed a marked
fluctuation in the serum FGF levels during obeticholic
treatment, with serum FGF19 concentrations ranging
from 21 pg/mL to 728 mg/mL.

increased FGF19 levels, but with substantial variation
between samples obtained during treatment. The
finding supports that hepatic bile production is inhibited
by FGF19 signaling following the obeticholic acid[12,24,25]
induced stimulation of FXR in ileal enterocytes
. It
also emphasizes that the use of FGF19 measurement
should be validated. In general, FGF19 levels depend on
[26,27]
renal function, age, and systemic inflammation
. In
patients with Crohn’s disease, FGF19 levels are generally
lower than in control patients, and low levels are
associated with ileal resection and with active disease,
[13]
independently of ileal resection .
In conclusion, we found that treatment with oral
obeticholic acid (25 mg daily) induced a marked and
sustained improvement of bowel function, fluid and
electrolyte balance, and quality of life in this patient
with severe BAD and intestinal failure. Future clinical
trials should investigate the long-term clinical effects of
obeticholic acid, including safety measures and serum
FGF19 dynamics.

DISCUSSION
This case report demonstrates the challenges related
to the diagnosis and treatment of patients with
multifactorial chronic diarrhea. In this patient, a thorough
and systematic evaluation of several differential
diagnoses was pivotal for understanding the causes of
chronic diarrhea in the presence of a severely disrupted
electrolyte balance and intestinal failure. Because the
SeHCAT retention rate was 0 on day 7, an overproduction
of bile acids in combination with severe bile acid
malabsorption was indicated. In the absence of other
causes of chronic diarrhea, we concluded that the patient
had severe BAD. Before treatment with obeticholic acid,
the patient had intestinal failure with a dependency on
intravenous fluid and electrolyte support. To the best
of our knowledge, this is the first report of BAD of such
severity.
For patients with chronic diarrhea, the SeHCAT
scintigraphy identifies those with BAD and, hence, a
[8,19,21-23]
treatable cause of diarrhea
. It further helps
to tailor the treatment. This investigation therefore
remains an important tool in the diagnostic workup and
should be considered in patients with Crohn’s disease
[6]
and unresolved diarrhea .
While this patient was refractory to conventional
therapies for diarrhea, she improved both clinically
and biochemically following treatment with obeticholic
acid. This adds to the promising data that indicate
obeticholic acid may improve BAD via a modulation of
negative feedback signaling of FGF19 on hepatic bile
[14]
acid production . Obeticholic acid is marketed for the
treatment of primary biliary cholangitis and has been
investigated in dosages of 10 mg to 50 mg daily for 3
[15]
[16]
mo and up to 10 mg daily for 12 mo . Pruritus was
the most common side effect and occurred in up to
two-thirds of the treated patients, even at low doses.
We observed no side effects in this patient. Because the
treatment was well-tolerated, and the improvements of
fluid balance and quality of life were sustained during
the follow-up, we did not change the treatment dose.
We measured fasting serum FGF19 levels both before
and during treatment and found that obeticholic acid
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

A 32-year-old woman with chronic diarrhea that had multiple potential causes
including bile acid diarrhea, Crohn’s disease, and medications for epilepsy and
depression.

Clinical diagnosis

Bile acid diarrhea (BAD), diagnosed by selenium homotaurocholic acid test
scintigraphy with 0 bile acid retention after seven days.

Laboratory diagnosis

Persistently low plasma levels of sodium and potassium and undetectable
24-h urine sodium excretion, indicating intestinal failure with dependency of
intravenous fluid support.

Pathological diagnosis

Normal duodenal, jejunal, ileal, and colonic biopsies, indicating quiescent
Crohn’s disease. Positive Clostridium difficile toxin PCR test indicating
Clostridium difficile colitis.

Treatment

Clostridium difficile colitis was treated with vancomycin followed by fecal
microbiota transplantation. Bile acid diarrhea was refractory to conventional
treatments including colestyramine and colesevelam, and oral obeticholic acid
treatment was commenced at 10 mg per day, increasing to 25 mg per day.
Upon this, the patient’s bowel habits and quality of life improved.

Related reports

Obeticholic is licensed for primary biliary cholangitis and has been used in nonalcoholic steatohepatitis. It was recently reported that obeticholic acid may
improve bile acid diarrhea through induction of fibroblast growth factor 19 that
inhibits hepatic bile production.

Term explanation

BAD–bile acid diarrhea, resulting from excess hepatic production and/or
deficient ileal reabsorption of bile acids, which in turn induces colonic fluid and
electrolyte secretion and leads to chronic secretory diarrhea.

Experiences and lessons

In patients with chronic diarrhea, a thorough and systematic diagnostic workup
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may help to differentiate between potential causes of diarrhea. Some patients
with bile acid diarrhea are refractory to conventional treatments. Obeticholic
acid may be of clinical benefit in these patients.
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Abstract
Colorectal cancer (CRC) is the second leading cause of
cancer worldwide. CRC is still associated with a poor
prognosis among patients with advanced disease. On
the contrary, due to its slow progression from detectable
precancerous lesions, the prognosis for patients with early
stages of CRC is encouraging. While most robust methods
are invasive and costly, actual patient-friendly screening
methods for CRC suffer of lack of sensitivity and specificity.
Therefore, the development of sensitive, non-invasive and
cost-effective methods for CRC detection and prognosis
are necessary for increasing the chances of a cure. Be
yond its beneficial functions for the host, increasing
evidence suggests that the intestinal microbiota is a
key factor associated with carcinogenesis. Many clinical
studies have reported a disruption in the gut microbiota
balance and an alteration in the faecal metabolome of
CRC patients, suggesting the potential use of a microbialbased test as a non-invasive diagnostic and/or prognostic
tool for CRC screening. This review aims to discuss the
microbial signatures associated with CRC known to date,
including dysbiosis and faecal metabolome alterations, and
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the potential use of microbial variation markers for noninvasive early diagnosis and/or prognostic assessment of
CRC and advanced adenomas. We will finally discuss the
possible use of these markers as predicators for treatment
response and their limitations.

tools and prognostic/predictive factors. This review will
focus on gut microbiota-related markers, which may be
new biological markers for CRC screening or prognosis
determination.

Key words: Colorectal cancer; microbiota; F. nucleatum ;
Colibactin-producing E. coli ; prognostic markers;
diagnostic markers; dysbiosis

CURRENT STRATEGIES FOR CRC
SCREENING AND PROGNOSTIC
FACTORS

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Screening strategies

Individual (opportunistic) and population-based (orga
nized) screening strategies have been established
permitting the reduction of CRC mortality either by
[12]
detecting CRC or removing premalignant lesions .
Several CRC screening tests have been used and have
different degrees of performance that vary worldwide
and are primarily driven by costs, lifestyle and endoscopic
resource constraints. In addition to the classic invasive
endoscopic approaches, there has been great interest
in developing and evaluating non-invasive methods,
including radiographic examinations and stool- and
blood-based tests, with the goal of creating efficient,
[13-18]
safe, convenient and cost-effective screening tools
.
Endoscopy is currently the most effective modality for
detecting asymptomatic premalignant polyps and CRC
and for preventing CRC development by the immediate
[13]
removal of premalignant lesions . However, this
procedure requires prior bowel cleansing and causes
postprocedural discomfort, which are both responsible
for low participation rates in colonoscopy CRC screening
[13]
programmes . Moreover, the need for general an
aesthesia and the invasiveness of the procedure exposes
[19,20]
patients to potentially severe complications
. Com
puted tomography (CT) colonography, also known
as “virtual colonoscopy”, is a non-invasive alternative
[21-23]
to colonoscopy
. However, CT colonography pre
sents some drawbacks such as its high cost, lack of
standardized methods, need for bowel cleansing, poor
performance for detecting small or flat lesions, and lack
[14,24]
of ability to perform immediate biopsy
. For these
reasons, other non-invasive stool- and blood-based tests
are more promising tools for initial CRC screening in twostep approaches.
Non-invasive stool-based early CRC screening mo
dalities involve either detecting occult bleeding in the
stool, such as with guaiac fecal occult blood test (gFOBT)
and faecal immunohistochemical testing (FIT), or
detecting DNA, RNA and protein markers of neoplasia
in faeces. The rationale for the use of such tools is that
the mucosa of both polyps and CRC is more fragile and
vascularized and thus bleeds and desquamates more
easily than normal colonic mucosa. The effectiveness
of gFOBT and FIT have been established for reducing
both CRC incidence and mortality, thus permitting their
[2,19,21,25-36]
use in many CRC screening programmes
.
However, these techniques have been criticized for their
[14]
relatively low specificity . Therefore, new molecular

Core tip: Many clinical studies have reported a disruption
in the gut microbiota balance and in the faecal meta
bolome in colorectal cancer. In this review, we describe
the modifications in the microbiota composition and
metabolome observed in colorectal cancer (CRC) tissue
and stool samples. Then, we detail how these microbiota
modifications may represent novel and promising noninvasive diagnostic and/or prognostic markers for CRC and
advanced adenoma.
Villéger R, Lopès A, Veziant J, Gagnière J, Barnich N, Billard
E, Boucher D, Bonnet M. Microbial markers in colorectal
cancer detection and/or prognosis. World J Gastroenterol 2018;
24(22): 2327-2347 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i22/2327.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i22.2327

INTRODUCTION
Approximately 5% of the population in Western coun
tries will develop colorectal cancer (CRC) during their
[1]
lifetime . CRC is a heterogeneous disease with a
wide range of long-term outcomes and responses to
treatment. Despite recent advances in the genetic and
molecular characterization of tumours, CRC remains
associated with a poor prognosis and very low rates
of long-term survival among patients with advanced
[2,3]
disease . On the contrary, the 5-year survival of
patients treated during the early stages of CRC, which
represent only one-third of all CRC patients, is encour
[4]
aging, ranging from 72% to 100% . Therefore, early
detection of both premalignant lesions and CRC is cru
[5]
cial for increasing the chances of a cure . Moreover,
accurate determination of the prognosis is crucial for
the practitioners, in order to optimize and personalize
treatment strategies. Given the poor prognosis of
this cancer, it is essential to validate new diagnostic
and prognostic markers. Studies on the implications
[6-11]
of the gut microbiota in CRC are now increasing
.
Identification of a CRC-associated dysbiosis and/or the
targeted detection of procarcinogenic bacterial species
and/or their effectors in stool or tissue samples may
represent promising tools to overcome the limitations
and the poor performance of current CRC screening
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CRC screening methods targeting abnormal proteins
or mRNA expression (e.g., PKM2, β-actin expression),
gene mutations (e.g., KRAS, APC, P53), microsatellite
instability (MSI) or aberrantly methylated promoter
regions present in stool or body fluids are a developing
area of investigation to establish innovative large[13,14,37-45]
scale screening programmes
. As many tissues
release some of their constituents in the bloodstream,
the detection of circulating tumour cells DNA (cfDNA)
in the blood is a recent area of great interest in CRC
[46-49]
screening
. Although these biomarker tests show
promising sensitivities, their high costs and high test
positivity rates may lead to greater demands on endo
scopy departments, and the absence of large-scale
validation currently remains the main limitation of their
routine use in population-based CRC screening pro
[18,40,41]
grammes
.

tently elevated CEA levels after treatment are correlated
to both a higher risk of recurrence and decreased sur
vival. Similarly, normal CEA levels after treatment are
associated with improved recurrence-free and overall
[104]
survival . In addition to CRC screening, investigations
evaluating cfDNA have recently gained attention in the
field of CRC research. The detection and the quanti
fication of specific gene mutations (RAS and BRAF genes)
[105,106]
or DNA methylation alterations
are correlated with
[107,108]
CRC prognosis
, independent of the tumour stage.
In the future, monitoring of cfDNA levels may guide
[109,110]
therapeutic strategies
and improve patient followup, allowing the earlier detection of recurrence.
As we previously mentioned, all these screening
strategies and prognostic markers present many limita
tions. Therefore, there is still a need to develop other
effective non-invasive screening and prognostic tools
to replace or supplement those currently in use, with
the aim of decreasing CRC mortality and optimizing
treatment strategies. The study of intestinal microbiota
provides new leads to identify powerful biomarkers.

Prognostic and predictive factors

Many prognostic factors including many socioeconomic
and clinical factors are routinely used to optimize
[50-53]
and personalize treatment strategies
. However,
pathological factors are currently the most powerful tools
that are routinely used to adapt therapeutic strategies,
especially for conditioning the administration of nonoperative treatments, such as chemotherapy and radio
therapy. The TNM international staging system remains
the gold-standard for determining both CRC prognosis
[4,54-56]
and treatment indications
. Unfortunately, this
classification is largely imperfect, which is highlighted by
the constant changes it undergoes with the advances
in the field of CRC research. Furthermore, it has some
limitations. In particular, it is inaccurate for some sub
groups of patients whose prognosis and indications for
adjuvant treatments remain unclear. Therefore, some
other pathological prognostic factors are routinely used,
such as the presence of lymphovenous and/or perineural
[57-60]
[61,62]
invasion
, tumour budding
and tumour differen
[63,64]
tiation grade
.
In addition, studies have shown tumour genomics
and cellular alterations can supplement clinicopatho
[65]
logical factors. Aneuploidy , tumour-infiltrating lympho
[66,67]
[68]
cytes
, overexpression of the CEA in tumours ,
[69,70]
allelic loss in DCC, TP53, APC and MCC genes
, TP53
[71]
[72]
gene mutations , expression of CD44 protein , high
[73]
levels of thymidylate synthetase , and the detection of
MSI and both RAS and BRAF genes mutations all play
prominent roles in determining CRC prognosis and in
personalizing treatments. They are independent strong
[74-82]
prognostic factors
and are also predictive of the
response to some widely used chemotherapy regimens,
[74,76,83-94]
including targeted therapies and immunotherapy
.
Serum prognostic factors [e.g., C-reactive protein
(CRP), carcinoembryonic antigen (CEA), and cfDNA] can
also be very useful tools. Both CRP and serum albumin
levels are associated with a worse prognosis but are
[95-101]
not routinely used as prognostic factors for CRC
.
The CEA level is a well-recognized and routinely used
[102,103]
independent prognostic factor for CRC
. Persis
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MICROBIAL SIGNATURES IN CRC
Functions of intestinal microbiota on gut homeostasis

The intestinal microbiota and its host have coevolved
to establish a symbiotic relationship leading to digestive
system homeostasis. Many metabolic, immunological,
structural and protection functions that are essential to
the health of the host are performed by the intestinal
microbiota. Thus, one of the major functions of the gut
microbiota is to ferment complex carbohydrates in order
to produce a large amount of metabolites (short chain
fatty acids (SCFAs), bile acids, choline, essential vitamins,
etc.), some of which represent energetic and nutrient
[111,112]
substrates for intestinal cells
. Others are involved
in the regulation of cellular processes or participate in
[112,113]
regulating hepatic lipid and glucose homeostasis
.
Another function of the gut microbiota is the main
tenance of epithelial homeostasis since commensal
[114]
bacteria can promote epithelial integrity . They can
induce structural and functional maturation of the colonic
[115]
epithelium with strong modulation of mucus cells
.
The intestinal microbiota also plays a fundamental role
in the development, maturation and function of the host
[115,116]
immune system
and also confers resistance to
colonization by pathogenic microorganisms by competing
both for nutrients and attachment sites to the intestinal
epithelium, by producing and secreting antimicrobial
compounds, such as bacteriocins, and by strengthening
[117]
epithelial tight junctions .

CRC-associated gut microbiota dysbiosis

Approaches used to study the gut microbiome:
The gut microbiota has a very large diversity of microbial
populations such as bacteria, archaea, eukaryotes
and viruses. Because the colonic microbiota is mostly
represented by bacteria, the bacterial community
is the most studied. Both tissue and faecal samples
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provide information about the structure of bacterial
populations. The analysis of tissues is more relevant for
evaluating the mechanisms of microbiota involvement
in physiopathology. However, sampling of mucosaassociated bacteria by endoscopic biopsy of intestinal
tissue is an invasive procedure. It is more difficult to
implement than collection of a faecal sample, especially
in healthy donors. Therefore, the vast majority of studies
on the diversity and richness of the gut microbiota are
conducted on stool samples, which are more useful for
identifying diagnostic or prognostic markers for patho
logies such as CRC.
The first data concerning the gut microbiota were
provided by cultural approaches. However, these ap
proaches allow only limited evaluation of this ecosystem,
since less than 30% of intestinal bacteria have been
cultivated to date. Since the 1990s, the advent of
molecular tools targeting the bacterial 16S ribosomal
RNA (rRNA) gene has revolutionized our knowledge of
the gut microbiota from both faeces and tissues. Thus,
genetic fingerprinting techniques (terminal restriction
fragment length polymorphism (T-RFLP), denaturing
gradient gel electrophoresis (DGGE), hybridization
approaches (fluorescence in situ hybridization (FISH),
microarrays) and clone library analysis have been ap
plied to provide a more complete description of its struc
[118-122]
ture
. Currently, quantitative PCR (Q-PCR) and
16S rRNA gene next-generation sequencing (NGS) are
the most used methods for describing the composition
of the intestinal bacterial community and therefore for
comparing the gut microbiota of healthy individual to
that of patients with diseases. Thus, modifications in
the microbiota composition, also called dysbiosis, in
[123-130]
faeces and tissues have been described in CRC
.
These different approaches allow only taxonomic identi
fication of microbial communities. However, the gut is
a complex and variable ecosystem. Understanding its
function and the specific role of the different bacterial
populations is essential. A metagenomics approach
(shotgun sequencing) makes taxa identification possible
and allows exploration of the metabolic potential of
[126,131,132]
the intestinal microbiota
. Thus, the American
Human Microbiome Project (HMP) and the European
“MetaHIT” (Metagenomics of the Human Intestinal Tract)
consortia were formed in order to generate a catalogue
[133]
of genes carried by the gut microbiota
. Intestinal
microbial dysbiosis was recently investigated in patients
[125,126,131,132]
with CRC
. Combining the metagenomics data
available in databases with the application of other highthroughput meta-omics approaches, it is now possible
to gain a better insight into the microbial function and to
reveal the link between genetic potential and functionality
in the gut microbiota.

with samples from healthy individuals. The complexity
of the gut microbial ecosystem associated with other
technical or biological parameters, such as the geo
graphical location of the studied populations, the lifestyle,
the diet, the sample type (faeces, mucosa, tumour), the
location of the tissue sampled (i.e., right or left colon),
the age of the individual, the stage of the disease, the
number of patients studied, the molecular approach
used (metagenomics, 16S rRNA gene NGS), the regions
of the 16S rRNA targeted (V1-V2, V3, V3-V5, V4-V6
regions) for the NGS approach, and the taxonomic level
considered, contribute to the lack of consensus on the
definition of the composition of dysbiotic microbiota in
patients with CRC.
Alpha diversity metrics, which represent the specific
richness and the distribution of individuals within the
species were found to be increased in adenoma and
adenocarcinoma tissues compared with in normal mu
[134-136]
cosa
. However, these parameters were unchanged
[125,134,137,138]
in faecal samples
, suggesting that the in
crease in diversity was limited to the neoplastic lesions
and did not extend to the entire mucosa.
Significant shifts can be observed in the composition
of the bacterial community at the phylum taxonomic
level but also on a finer phylogenetic scale in CRC
samples. However, these modifications vary depending
on the analytic techniques used and the sample location
(mucosa, adenocarcinoma, stool). It is accepted
that Bacteroidetes, Fusobacteria and Proteobacteria
are enriched, while Firmicutes is decreased in CRC
[10,139]
patients
(Figure 1). A similar dysbiosis has been
[140,141]
described in CRC animal models
. In a taxonomy[142]
based analyses conducted in 2013, Ahn et al
de
scribed a lower relative abundance of Clostridia and
increased Fusobacterium and Porphyromonas in case
subjects compared with control subjects. Additionally,
the genera Bacteroides and Prevotella, Bacteroides
fragilis, Enterococcus faecalis, Streptococcus bovis,
Streptococcus gallolyticus and Escherichia coli
were overrepresented, while Bacteroides vulgatus,
Lactobacillus and Faecalibacterium prausnitzii were
decreased in the faeces or tumours of patients with
[123-125,131,143-146]
CRC
. Other studies found that Parvimonas
micra, Solobacterium moorei, Peptostreptococcus sto
matis were consistently enriched in the microbiomes of
[126,131]
the stools of CRC patients
. Many studies showed
an enrichment of Fusobacterium nucleatum in stool and
tissue samples from patients with colorectal carcinoma,
which were confirmed by quantitative polymerase chain
[126,131,147-149]
reaction (PCR)
(Figure 1). In addition to
taxonomic studies, a metagenomics analysis showed an
enrichment of virulence-associated bacterial genes in the
[132]
tumour microenvironment
. Many studies reported
a high prevalence of toxin genes expressed by some
species described above. Most of enterotoxigenic B.
fragilis (ETBF) strains detected in mucosal samples from
patients with CRC harboured the bft gene, which encodes
[149]
the bacterial toxin B. fragilis toxin (BFT)
(Figure 1).
ETBF and BFT carrying strains were detected more

Cancer-associated microbiome alterations: To
date, there is no consensus in terms of the microbiota
modifications observed in CRC using high-throughput
sequencing of the bacterial 16S rRNA gene and meta
genomics both in faecal and tissue samples compared
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Tumor-associated dysbiosis
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Figure 1 Bacterial and metabolic composition shifts during carcinogenesis. BFT: B. fragilis toxin.
[153]

by Nakatsu et al . In early stages of CRC, bacteria
belonging to Fusobacterium, Parvimonas, Gemella and
[153]
Leptotrichia genera were more abundant . Moreover,
the occurrence of Escherichia coli, Pseudomonas
veronii and Lactococcus were specific to adenomatous
[135,153]
lesions
, whereas Fusobacterium enrichment
[153]
was observed in carcinomas . Additionally, the abun
dance of Bacteroides fragilis and Granulicatella were
progressively increased during the adenoma-carcinoma
[135]
sequence. Lu et al
showed that there was a clear
increase in both Proteobacteria and Bacteroidetes in
tissues from patients with colorectal adenoma compared
[147]
with tissues from healthy volunteers. Kostic et al
found that Fusobacterium spp. were enriched in human
colonic adenomas relative to the surrounding tissues and
in stool samples from patients with colorectal adenoma
compared with samples from healthy subjects. In
addition, Lactococcus and Pseudomonas were enriched in
preneoplastic tissue, whereas Enterococcus, Bacillus, and
Solibacillus were reduced. A high frequency of colibactinproducing E. coli and enterotoxigenic Bacteroides fragilis
were also observed in adenomas from patients with

often in stool samples from CRC patients compared
[150]
with samples from controls . Many studies reported
that mucosa-associated BFT-producing B. fragilis was
[130,149]
more prevalent in late-stage CRC
. Other toxins
named cyclomodulins [cytolethal distending toxin
(CDT), colibactin, cytotoxic necrotizing factor and
cycle inhibiting factor], which are carried by E. coli,
[145,146,151,152]
were more prevalent in CRC samples
. In
particular, the colibactin toxin, which is synthesised
from the pks island, was preferentially detected in
[145,146,152]
strains isolated from CRC patients
(Figure
1). These toxin genes could be targets of interest for
developing new prognostic or diagnostic factors.
The majority of published data were obtained in the
adenocarcinoma stage. However, the intestinal mucosa
might present different ecological niches according to
the stage of colorectal tumour progression. Due to dif
ficulties in sampling patients during the early stages of
the disease, studies focusing on the temporal evolution
of microbiota dysbiosis during colorectal carcinogenesis
are scarce. Nevertheless, metacommunities can be
defined from the bacterial community configurations
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[154]

[163]

Familial Adenomatous Polyposis . Recently, Eklöf et
[151]
al
showed that the prevalence of colibactin-producing
E. coli were progressively increased in the adenomacarcinoma sequence.
Finally, most of these studies do not take into account
the heterogeneity of this pathology. As an example,
Prevotella and Firmicutes populations were more
abundant in individuals with proximal tumours, whereas
Bacteroidetes populations were overrepresented in distal
[155]
cancers
. More recently, a drastic difference in the
microbial composition has been observed in the mucosa
of colitis-associated CRC patients, with an increase in the
Enterobacteriaceae family and the Sphingomonas genus
and a decrease in Fusobacterium and Ruminococcus
genera, when compared with the mucosa of sporadic
[156]
CRC patients . Similarly, we observed that colibactinproducing E. coli were more frequently identified
[157]
in microsatellite stable (MSS) CRC
. In the same
way, high colonization by F. nucleatum and negativecolibactin E. coli bacteria were detected in patients with
MSI (microsatellite instability) compared with the MSS
[149,157,158]
phenotype
. All these data suggest that the
dysbiosis signature of CRC might be different according
to the tumour phenotype and/or molecular alterations.
In conclusion, all these data show that there is an
adenoma- and a CRC-associated signature in the micro
biome (Figure 1). Metagenomics studies showed a
redundancy in the metabolic functions of the intestinal
microbiota. Therefore, studies of metabolites might
reflect the CRC-associated microbiota dysbiosis with a
lower heterogeneity than taxonomic determination.

GC-MS and LC-MS analysis .
During the last decade, using NMR and/or MS,
metabolic profiles of colorectal tumour biopsies and
matched colon mucosa samples revealed potential
biomarkers in carbohydrate metabolism, short-chain fatty
acid and other lipid metabolism, nucleotide biosynthesis,
[164,165]
and secondary bile and steroid metabolism
.
The repertoire of metabolic derangements derived
from cancer cells, their microenvironment and the gut
microbiota composition and activity may culminate in a
distinct metabolic phenotype (also called metabotype)
that characterizes the pathology of CRC. Metabolome
analysis of blood and urine samples from CRC patients
were performed, and several studies reported relevant
[166-168]
biomarkers for CRC
. However, the transient loca
lization of faeces in the colon and rectum makes it an
ideal matrix for gaining information about the health
and pathological state of the colon and rectum, and
[169]
thus for colorectal cancer diagnosis . Faecal samples
consist of a diverse range of endogenous metabolites
including tumour cell metabolites and gut microbiota
[169]
metabolites .
Microbial influence on the faecal metabolome:
When ingested, the majority of food nutrients are ab
sorbed in the small intestine. The residues that reach the
colon are complex nutrients, generally fibres (complex
carbohydrates), but also protein residues and host
products such as mucin and bile acids secreted by the
[170]
liver in response to fat ingestion . These compounds
are metabolized by the microbial populations into a
diversity of metabolites that can be use by the host
[171]
colonic cells . The gut microbiota makes an important
contribution to human metabolism by providing
enzymatic functions that are not encoded by the human
genome, such as the breakdown of polysaccharides
and polyphenols and the synthesis of vitamins by fer
[172]
mentation and anaerobic degradation .
Polysaccharides and non-digestible carbohydrates are
[173]
the primary substrates for microbial fermentation .
Saccharolytic fermentation of carbohydrates produces
[174]
beneficial metabolites such as short-chain fatty acids .
However, if there is limited carbohydrate intake, bac
teria use alternative energy sources, resulting in the
production of other metabolites that may be more detri
[172]
mental to human health . The three SCFAs acetate,
propionate and butyrate, which are considered beneficial
metabolites, are mainly produced from polysaccharides
and oligosaccharides through their metabolism into
pyruvate (Figure 2). Propionate and acetate can be
produced from lactate, while butyrate and acetate can
[171]
be produced from acetyl CoA (Figure 2)
. Butyrate
is an important energy source for gut epithelial cells,
while propionate and acetate are mostly metabolized
in the liver for cholesterol synthesis, gluconeogenesis
[175]
or lipogenesis . For more information, the complete
synthesis and functions of SCFAs was extensively and
[113,175]
previously described
. Microbial use of bile salts is
a classic example of the relationship between the gut

Profiling metabolome alterations in CRC

Metabolite analysis procedures: The metabolome
has been defined as the complete complement of all
small molecule (< 1500 Da) metabolites found in a
[159]
specific cell, organ or organism . Global metabolomics
alterations reflect changes due to environmental factors,
diet, drugs, exercise, genetic variation and regulation,
changes in the gut microflora, and altered kinetic
[160]
activity or levels of enzymes . The most widely used
analytical high-throughput tools for metabolomics
studies are nuclear magnetic resonance (NMR) and mass
spectrometry (MS), and they both can provide comple
[161]
mentary snapshots of the metabolome of body fluids .
Sample preparation is arguably the most critical step
in metabolomics, but there is no universal, robust and
repeatable approach defined. NMR spectroscopy benefits
[162]
from being highly reproducible
and offers the potential
to precisely quantify compounds in complex mixtures
[163]
without complex sample preparation requirements .
Gas chromatography coupled with MS (GC-MS), which
is used for the analysis of volatile low molecular weight
metabolites, and liquid chromatography coupled with MS
(LC-MS), which is used for the analysis of non-volatile
components, have a higher sensitivity than NMR, but the
sample preparation must be more fastidious. For more
details regarding sample preparation in metabolomics,
several authors previously described methods for NMR,
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[183]

microbiota metabolism and the host metabolism. The
primary bile acids cholic acid and chenodeoxycholic
acid are produced in the liver from cholesterol and are
conjugated to glycine or taurine. They are secreted by
[176]
the liver following high fat intakes
. The intestinal
microbiota can affect the biotransformation of bile acids
via deconjugation, dehydrogenation, epimerization,
and 7α/β-dehydroxylation of primary bile acids to
[177]
generate secondary bile acids
. A number of gut
bacteria possess bile salt hydrolase enzymes that are
capable of hydrolysing the amide bond between the
bile acid and its conjugated amino acid, producing
the secondary bile acids deoxycholate and litocholate
(Figure 2). Bile salt hydrolase genes were identified in
Bacteroides, Bifidobacterium, Clostridium, Lactobacillus,
[178]
and Listeria . Deconjugation of bile acids by microbial
hydrolases leads to an increased level of secondary bile
acids, especially deoxycholic acid, which is also known
[179]
to exert carcinogenic activity . Polyphenols from fruits
and vegetables are poorly absorbed in the intestine,
[180]
and 90-95% are metabolized by the gut microbiota .
The diversity of polyphenol compounds is wide and
[181]
has been summarized by Marín et al
and Rowland
[172]
et al . Several gut microbial enzymes can transform
plant polyphenols, such as phenolic acids, flavonoids,
[172,181,182]
and lignans into simple phenolic metabolites
.
These microbial phenolic metabolites are mostly known
for their antioxidant activity and have been shown
to inhibit the production of pro-inflammatory media
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tors
. Microbial protein fermentation generates
potentially toxic and pro-carcinogenic metabolites in
volved in CRC, such as phenols, sulfides, ammonia
[7]
and nitrosamines . A subset of bacteria, including
Bacteroidetes and Firmicutes species, produce potentially
bioactive substances via the degradation of amino
acids, especially nitrogenous compounds that can exert
[184-186]
carcinogenic effects
. Moreover, sulfides produced
in the gut by the bacterial reduction of dietary sulfate are
[187]
enterotoxic . Microbial metabolism may contribute to
the toxicity of alcohol, especially in the gastrointestinal
tract where aerobic and facultative anaerobic bacteria
convert ethanol to acetaldehyde, which is known to be
[188]
a highly toxic and pro-carcinogenic compound
. A
specific role for bacterial biofilms in colonic metabolome
[189]
was also reported
. With organic acids, gas is the
major products of microbial fermentation in anaerobic
systems. Anaerobic bacterial fermentation can lead to
the synthesis of hydrogen, carbon dioxide, or methane
for the majority. Some minor gases, such as NH3, NH2,
volatile amines, indolic and phenolic compounds , that
are mainly associated with peptide fermentation, are also
[190,191]
produced
(Figure 2). Among them, H2S is produced
by sulfate-reducing bacteria (Desulfovibrio spp.) by sulfur
amino acids and taurine metabolism.
Given the key role of the gut microbiota in dietary
metabolism and the growing evidence of its potential
impact on host health, studies were performed to
elucidate the metabolic functions of the gut micro
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[189]

biota. These studies mostly used metagenomic, meta
transcriptomic, or metaproteomic approaches, but using
metabolomics to study the gut microbiota appears to be
a promising method. Indeed, metabolomics allow the
measurement of both host and microbial metabolites,
including metabolites in host samples derived from
the microbiota and host metabolites processed by the
microbial population.

on cancer development and progression .
All these data suggest that faecal metabolomics
may not only be used for diagnostic purposes but may
also serve as a prognostic tool for CRC treatment in
the future.

Metabolome alterations in CRC: The analysis of the
CRC-associated metabolome has highlighted differences
in the biochemical composition of CRC patients’ stools.
Few animal studies have investigated the metabolomic
profile of faeces in CRC models. Significant alterations
were observed in fatty acid metabolites and metabolites
associated with bile acids (hypoxanthine xanthine,
taurine) in faeces of Hmga1 mice as analysed by ultraperformance liquid chromatography UPLC/MS/MS and
[192]
GC-MS . Increased levels of short, arginine-enriched,
tetra-peptide fragments were reported in the transgenic
[192]
mouse faeces . Similarly, CRC patients were found to
have higher levels of some amino acids and alterations
in the levels of some SCFA in their stools compared with
[193]
controls
. Butyrate and several butyrate-producing
[194]
bacteria were depleted in CRC patients’ stools
.
[143]
Chen et al
observed that butyrate and butyrateproducing bacteria were more prevalent in healthy
controls than in advanced colorectal adenoma patients,
with a lower prevalence of Clostridium, Roseburia,
and Eubacterium spp. and a higher prevalence of
Enterococcus and Streptococcus spp. Moreover, faecal
β-glucuronidase activity is increased in patients with
[195]
CRC compared with healthy controls
. High-fat
diets, which are positively correlated with the incidence
of CRC, lead to an increase in bile secretion, and
increased faecal bile acid concentrations were reported
[196]
in patients with CRC . High faecal bile concentrations
were positively correlated with the incidence of CRC,
with potential tumour-promoting effects of bile acids
[176]
themselves . Furthermore, strong antimicrobial bile
acid activities lead to significant changes in the gut
microbiota composition, with a relative increase in
some Gammaproteobacteria and Bacteroidetes species
[197]
that are associated with CRC . The dietary intake of
preformed N-nitroso compounds is positively correlated
[185]
with CRC in European populations
, but these
compounds can also be formed endogenously via aciddriven nitrosation in the stomach and by the nitrosation
of amines that are derived from the microbial
[198]
fermentation of protein in the large intestine . Higher
levels of H2S were detected in CRC patients than those
in healthy controls, but no increases in Desulfovibrio
spp. were observed in faecal samples from patients
[199]
with CRC . Using metabolome screening, a metabolic
influence of microbial biofilms on colonic tissues and
the related occurrence of cancer has been reported. It
was found that host cancer and specific bacterial biofilm
structures contributed to the polyamine metabolite pool
1
12
(N ,N -diacetylspermine), which might have an impact

Validation of multi-bacteria models for early detection
and/or prognosis determination
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MICROBIAL-RELATED BIOMARKERS FOR
CRC DIAGNOSIS AND CLASSIFICATION
Even if a precise microbial signature associated with
CRC and a precancerous lesion have not been exactly
defined, different works have shown that dysbiosis may
provide new significant biomarkers for CRC diagnosis or
prognostic determination.
Several studies were able to determine a correlation
between faecal microbial dysbiosis and CRC prognosis/
[140]
diagnosis. In 2014, Zackular et al
used faecal samples
from 30 CRC patients, 30 colonic adenoma patients
and 30 healthy controls to establish a classification
model. The authors observed significant differences in
the gut microbiome of healthy controls when compared
with those with adenoma or CRC, and faecal microbial
screening had an accuracy of 0.798 AUC for predicting
CRC. By combining their gut microbiome data with
known clinical risk factors (body mass index, age, race),
they were able to significantly improve the ability of
faecal microbial screening to discriminate between the
three clinical groups when compared with risk factors
[131]
alone. Zeller et al , with 53 CRC patients, 42 adenoma
patients and 61 controls, established a 16S-based
classifier for CRC detection and validated their model
[200]
with an accuracy of 0.82. More recently, Ai et al
sequenced the 16S rRNA gene from the faeces of 141
Chinese participants and evaluated the performance of
different classifiers for predicting CRC based on faecal
microbiota. The authors reported a strong variation
in the CRC prediction between the different models
tested, with the Bayes Net algorithm displaying the best
performance. Their prediction test, with 0.93 AUC, was
more accurate than the FOBT, while combining both tests
improved the accuracy. This list of studies that assessed
the use of changes in the faecal microbiota for colorectal
adenoma and CRC screening is non-exhaustive. Among
these studies, while an association between CRC and
microbiota is clear, there is limited agreement in the taxa
reported.
[201]
For this reason, Shah et al
conducted a micro
biome-based meta-analysis for CRC, using the results
from 9 studies and including 79 colorectal adenomas
patients, 195 CRC patients and 235 controls, in order to
identify a common microbial marker in stool samples. In
addition to the previously reported taxa, they highlighted
a significant increase in Parvimonas micra ATCC 33270,
Streptococcus anginosus, Parabacteroides distasonis and
other members of Proteobacteria. Their microbiomebased CRC versus control classification produced an area
under the receiver operating characteristic (AUROC)

2334

June 14, 2018|Volume 24|Issue 22|

Villéger R et al . Microbial markers for colon cancer screening
curve of 80.3%, which was 91.3% when combined
with clinical markers from the bioinformatics pipeline.
[202]
Similarly, Amitay et al
conducted a systematic review
of 19 studies (including most of the studies cited above)
examining the differences in the gut microbial community
in faecal samples from people diagnosed with CRC or
adenomas and from people without colorectal neoplasia
to generate faecal multi-bacterial models for early
detection of adenomas and CRC. Overall, they concluded
that there was limited but encouraging evidence that
the differences in the faecal gut microbiome between
people diagnosed with CRC or adenoma and healthy
controls could be used to develop new faecal tests. The
authors suggested that future research should focus
on developing unified documented and reproducible
protocols for studying the human gut microbiome from
faecal samples for more comparable results between
[202]
cohorts .
In many studies, patients had a corresponding
decrease in the Firmicutes/Bacteroidetes ratio, which
might be an important marker for intestinal dysbiosis
in colorectal precancerous lesions. F. nucleatum, BFTproducing B. fragilis, and colibactin-producing E. coli are
known to be associated with a more aggressive TNM
[130,145,149,158]
stage
. Their detection by PCR in tissues or
faeces might allow the development of rapid tests for new
prognostic factors. With a 16S rRNA gene sequencing
approach, F. nucleatum, B. fragilis and Faecalibacterium
prausnitzii were identified as useful prognostic biomarkers
[203]
for CRC
. Indeed, in this study, F. nucleatum and
B. fragilis were more abundant in the groups with a
worse prognosis, while Faecalibacterium prausnitzii was
more abundant in the survival group. Similarly, Mima
[158]
et al
showed that the amount of F. nucleatum DNA
in colorectal cancer tissue was associated with shorter
survival. Another study demonstrated that the detection
of F. nucleatum associated with the non-invasive
screening FIT could be a promising marker for detecting
[204]
[151]
neoplastic lesions . Recently, Eklöf et al
explored
the use of microbial markers for bacteria harbouring
the pks island, which codes for colibactin synthesis, and
F. nucleatum in stool as potential screening markers
for CRC. Authors suggested that the presence of the
pks island and F. nucleatum detection could predict
cancer with a specificity of 63.1% and a sensitivity of
84.6%, suggesting the potential value of these microbial
parameters as putative non-invasive biomarkers for
[151]
CRC detection . Multicentric clinical studies need to
be performed to validate all these promising results in a
larger cohort. Moreover, these bacterial markers might
provide a CRC-associated microbiome risk profile that
might aid in the early identification of individuals who are
at risk and require close surveillance.

CRC. To our knowledge, only a few studies with different
metabolomics methods have shown the diagnostic
potential of faecal samples for human colorectal cancer.
They are summarized in Table 1. In 2009, Bezabeh
[205]
1
et al
used H NMR to detect colorectal neoplasia in
111 CRC human faecal samples and compared them
with samples from 412 healthy controls. NMR-based
metabolic profiling of faecal water extracts from patients
with colorectal cancer and healthy individuals was able
to identify potential diagnostic markers, such as SCFA
(acetate and butyrate) and amino acids (proline and
[206]
cysteine) . More recently, the analysis of lyophilized
stools by HPLC-GC/MS-MS resulted in the identification
of 41 relevant faecal metabolites, such as xenobiotics,
heme, peptides/amino acids, vitamins and co-factors,
that had increased or decreased concentrations in CRC
[207]
samples
. Volatile metabolome profiling of faecal
samples using GC/TOF-MS also had diagnostic potential
[208]
for detecting colorectal cancer. Phua et al
evaluated
a small cohort and identified three specific markers
(fructose, linoleic acid, and nicotinic acid) that were
found at lower levels in the faecal volatile metabolome of
CRC patients than in that of healthy subjects. A similar
study using an electronic nose on samples from 40 CRC
patients, 60 advanced adenoma patients, and 57 healthy
controls was able to strongly distinguish the faecal
volatile organic compounds (VOC) profile of patients
[209]
with CRC and advanced adenoma from controls
.
Given the volatility of the analysed compounds, improper
sample collection and storage can drastically reduce the
repeatability and robustness of the method. Batty et
[210]
al
proposed the use of selected ion flow tube mass
spectrometry (SIFT-MS) to classify 62 human faecal
samples with a positive result on FOBT. Indeed, their
method showed a 75% correct discrimination between
[210]
CRC samples and low risk samples . More recently,
[211]
Sinha et al
intended to establish a microbe-metabolite
correlation through the analysis of lyophilized faecal
samples of 42 CRC patients and 89 healthy controls
using HPLC-GC/MS-MS. They reported that CRC was
independently associated with lower levels of Clostridia,
Lachnospiraceae, p-aminobenzoate and conjugated
linoleate and with higher levels of Fusobacterium,
Porphyromonas, p-hydroxy-benzaldehyde, and palmitoylsphingomyelin. The authors identified a strong microbemetabolite correlation in CRC patients. In conclusion,
the diagnostic potential of metabolic profiling of faeces is
strongly supported by several human studies, but these
analytical techniques require standard procedures in
order to obtain comparable and robust high-quality data.

Prediction of treatment response with microbialassociated markers

It has long been recognized that the gut microbiota can
modify the pharmacokinetics of various drugs including
anticancer therapies thus influencing therapeutic out
[212-217]
[218-220]
comes
and/or side effects
. Irinotecan, which
is a first-line chemotherapeutic agent for metastatic
CRC, causes adverse and dose-limiting effects that are

Screening faecal microbial-related metabolites for CRC
detection

Screening the faecal metabolome is a promising noninvasive procedure for obtaining a unique metabolic
fingerprint to diagnose or determine the prognosis of

WJG|www.wjgnet.com

2335

June 14, 2018|Volume 24|Issue 22|

Villéger R et al . Microbial markers for colon cancer screening
Table 1 Fecal metabolic profiling studies in colorectal cancer
Matrix

Cohort

Aqueous dispersion 111 CRC, 412 healthy
of stools
controls
Fecal water extract
Lyophilized human
faeces

Lyophilized human
faeces
Volatile organic
compounds in
the headspace of
lyophilized stool
samples
Lyophilized human
faeces
Human faeces

Lyophilized human
faeces

Human faeces

21 CRC
11 healthy controls
11 CRC
10 healthy controls

11 CRC, 10 healthy
controls
40 CRC, 60 advanced
adenomas,
57 healthy controls

Study observations

Analytical method
1

Potential to detect colorectal neoplasia

Reproducible and effective method for detecting colorectal cancer markers.
(↘) SCFA (acetate, butyrate) appears to be the most effective marker in CRC.
(↘) butyric acid, linoleic acid, glycerol,
(↘) secondary bile acid associated with (↘) Ruminococcus spp.,
(↗) leucine, valine, acetic acid, valeric acid, isobutyric acid, isovaleric acid,
(↗) A. muciniphila associated with (↗) proline, serine, threonine
(↘) fructose, linoleic acid, and nicotinic acid in CRC stools.
Discrimination of fecal VOC profiles of patients with adenomas and CRC.

Ref.

One-dimensional H
magnetic resonance
spectroscopy
NMR

[206]

GC-MS

[193]

GC/TOF-MS

[208]

Electronic nose

[209]

48 CRC,
41 metabolites significantly associated with CRC (↘) xenobiotics (↘) heme, HPLC-GC/MS-MS
102 healthy controls peptides/amino acids, vitamins, co-factors, other CRC associated molecules.
31 CRC,
Discrimination of CRC samples with better specificity and sensitivity than
SIFT-MS
31 controls with
FOBT.
positive FOBT
(↘) ammonia, sulfides, acetaldehyde
42 CRC,
Microbe-metabolite correlation in CRC: (↗) Clostridia, Lachnospiraceae,
HPLC-GC/MS-MS
89 healthy controls
p-aminobenzoate and conjugated linoleate.
(↗) Fusobacterium, Porphyromonas, p-hydroxy-benzaldehyde, and palmitoylsphingomyelin.
13 CRC
Discrimination of CRC samples with 7 metabolites:
UPLC-MS/MS;
alphahydroxyisovalerate, isovalerate, N1-methyl-2-pyridine-5-carboxamide,
GC/MS
7-ketodeoxycholate, deoxycholate, valerate, and tryptophylglycine

[205]

[207]
[210]

[211]

[165]

CRC: Colorectal cancer; CT: Computed tomography; gFOBT: Guaiac fecal occult blood test; NMR: Nuclear magnetic resonance; MS: Mass spectrometry;
GC-MS: Gas chromatography coupled with MS; LC-MS: Liquid chromatography coupled with MS; UPLC: Ultra-performance liquid chromatography;
HPLC: High-performance liquid chromatography; TOF: Time of flight; VOC: Volatile organic compounds; SIFT-MS: Selected ion flow tube MS.

[214,219]

largely influenced by bacterial β-glucuronidase
.
Metagenomic and metabolomic profiling of patients’ gut
microbiota could thus be informative before choosing this
drug to predict side effects. Moreover, specific members
of the gut microbiota might also drive chemoresistance
to treatment. Indeed, Fusobacterium nucleatum, causes
resistance to oxaliplatin and 5-FU through autophagy
induction in colorectal cancer cell lines in vitro and in vivo
[221]
in mouse models of colorectal xenografts . Conversely,
the sensitivity of cancer cells to many chemotherapeutic
agents has been shown to be modulated by intra[212,215,216,221,222]
tumoural microbial agents
. Moreover, the
gut microbiota also has a long-term impact on both
the efficacy and toxicity of anticancer therapies. In
particular, it can modulate the concomitant anti-tumour
[223-227]
immune response
. Indeed, various pre-clinical
mouse models of subcutaneous tumours (melanoma,
lung cancer, sarcoma) have suggested that specific
crosstalk between bacteria and immune cells may affect
[223-227]
responses to anticancer chemotherapies
. In terms
of CRC in particular, the efficacy of oxaliplatin, which is a
drug routinely used for CRC treatment, has been shown
to be strongly reinforced by gut microbiota in mice
that were transplanted with MC38 colorectal syngeneic
tumours, due to myeloid cells with increased anti-tumour
[224]
functions . In addition, it has been described that the
gut microbiota contributes to anti-tumour functions of
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adoptively transferred T cells in several models, including
[225,228,229]
colorectal tumours implanted in mice
. This
suggests that the patients’ microbiota should also be
taken into account in future clinical studies involving
infusion of autologous anticancer T cells.
Immune checkpoint therapies are often used in as
sociation with chemotherapies and can also be positively
or negatively impacted by the gut microbiota in terms
[230-233]
of toxicity
and therapeutic effect, as shown for
[231,233]
[234]
[235-237]
anti-CTLA-4
, anti-PD-L1
and anti-PD-1
antibodies. Interestingly, three clinical investigations
demonstrated that the gut microbiota can be used
to predict responder and non-responder patients to
PD-1/PDL-1 immunotherapies in several solid epithelial
[235-237]
tumours
. In terms of CRC, many studies have
shown the capacity of the gut microbiota to modulate
[238-240]
tumour-infiltrating myeloid cell
and T cell re
[241-244]
sponses
, while improvement in immunotherapy
efficacy by the microbiota is mediated precisely by these
immune pathways in solid human epithelial tumours
[235-237]
(e.g., melanoma)
. Moreover, in a subcutaneous
CRC mouse model, a positive impact of some microbial
[233]
species on anti-CTLA-4 immunotherapy was observed .
Given the severe colitis observed in some patients
receiving immunotherapies (e.g., antibodies to CTLA4
and PD-L1) and the role of gut microbes in colitis, it is
possible that the gut microbiota influences this toxicity.
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Investigations are thus needed to elucidate the potential
role of the microbiota on immunotherapy efficacy and
toxicity in preclinical models and patients. Gut microbiota
profiling of CRC patients might be useful in the future to
predict treatment responses and/or side effects of cancer
chemotherapies and immunotherapies. All these data
could lead to “personalized medicine 2.0” that is being
developed in an ongoing study investigating the impact
of the intestinal microbiome on treatment responses and
the toxicity of capecitabine or TAS-102 chemotherapies
[245]
in patients with metastatic and/or irresectable CRC .
Perioperative antibiotic prophylaxis strategies tar
geting the gut microbiota are widely used in colorectal
surgery. The aim of such approaches is to prevent both
surgical site and wound infections, protecting against
potential contamination by the microorganisms that
are spread from surgically induced alterations of the
intestinal epithelial barrier. However, these antibiotic
prophylaxis strategies may also impair the beneficial
impact of the gut microbiota on intestinal immune
[246]
function and healing (for review
). Few studies
have investigated the impact that bowel preparation
prior to colorectal surgery may have on the mucosa[247]
associated and luminal colonic microbiota . After the
suppression of beneficial bacteria, the host may lose
its colonization resistance to pathogens and may have
decreased local stimulation of systemic immunity and the
[248,249]
healing process
. After surgery, if the commensal
microbiota does not repopulate the tract, the situation
can lead to the development of pathogenic bacteria
[250]
such as C. difficile
. Moreover, data from animal
and human studies have suggested that some of the
bacteria present at the anastomotic site may respond
to surgical stress by activating virulence pathways,
which results in alterations in the healing process. An
investigation of the faecal microbiota of patients before
and after colorectal surgery for CRC revealed that
Enterococcus faecalis and Pseudomonas aeruginosa
were the dominant pathogens present postoperatively
in the stools, with a several log-fold increase during the
[251]
postoperative recovery period . Postoperative sepsis
(e.g., anastomotic leakage, perianastomotic abscess)
is the most feared complication after colorectal surgery
and is responsible for potentially deadly complications
and significant alterations in the patient’s quality of life.
The critical role of the intestinal microbiome in sepsis
has been illustrated by studies on germ-free animals,
which demonstrated improved survival in these animals
[252]
compared with conventional animals
. Therefore,
the restoration and/or maintenance of a microbiota
favouring intestinal healing and preventing surgical site
infections after colorectal surgery could be a promising
approach for the development of new therapeutic strat
egies, thus targeting the gut microbiota to improve
surgical outcomes. Moreover, the parallel development of
tools, such as the “personalized microbiota composition
analysis”, to be performed pre- and postoperatively
to evaluate the clinical relevance of gut microbiota
modulation to positively influence the clinical outcomes
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and to optimize the perioperative strategies appears
promising.

Limitations of microbial markers and future challenges
and directions

The complexity of the microbiome turns the need for
microbial marker-based diagnosis techniques into
a real challenge. Numerous studies have reported
associations between microbial markers, such as F.
nucleatum, or colibactin-producing E. coli, and CRC, but
to date, there is no universal microbial marker defined
for CRC detection. Several limitations should be taken
into consideration for the future development of new
tests. First, the very high variability of the microbiota
composition between individuals due to sex, age, diet,
lifestyle, genetic background, medication use, ethnicity,
or geographical location make finding a universal
microbial marker almost impossible. Antibiotic therapy
greatly influences the expression of microbial markers
and is a critical limitation to microbial marker use.
Moreover, standardization in terms sample collection and
storage, RNA or metabolite extraction, sample analysis,
and data processing is essential to compare studies.
If studies that screen for microbiota composition use
the same method of 16S rRNA sequencing, the use
of metabolomics technologies will require exhaustive
[253]
standardization between studies. Stary et al
shared
a very interesting and detailed list of recommendations
for using microbial markers for CRC screening. (1) Any
studies should be prepared carefully, taking into account
the recommendations and limitations of techniques
published previously. (2) Validation of CRC screening
markers on specific populations should be encouraged
because differences in the gut microbiome are observed
in different geographical locations or in different racial/
ethnic groups. (3) Whenever possible, conventional
culture should be used to confirm the findings from
sequencing studies. Particularly, the candidate marker
status of species or genes revealed by molecular tech
niques should be confirmed or refuted by culture and vice
versa. Systematic high-throughput culturomics should be
developed because cultivation represents an approach
that is economical. (4) Screening techniques for CRC
risk should evaluate all the known candidate markers,
combining particular species, genotoxin production and
possibly further strain characteristics whenever relevant.
And (5) the potential for practical detection should
always be considered. For example, tumour screening,
which requires colonoscopy, is costly, uncomfortable for
patient and is the gold standard tool for CRC screening.
Faecal samples are better non-invasive specimens
for developing these microbial-associated-markers.
However, faeces are likely to contain a large number
of microbial species unrelated to the disease site,
which may introduce noise in the detection of potential
biomarkers of the disease. Because some bacteria that
are associated with CRC, such as F. nucleatum, are
indigenous to the human oral cavity, analysing the oral
microbiome may be an alternative screening method
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for CRC. Saliva is a biological fluid that may be suitable
for biomarker detection. The oral microbial compositions
may theoretically reflect the oral and general health
[254]
status. Flemer et al
found that several oral taxa (such
as Streptococcus and Prevotella spp.) were differentially
abundant in CRC patients versus controls. Moreover, they
developed a classification model based on the oral swab
microbiota that distinguished individuals with CRC or
polyps from controls (sensitivity: 53% CRC, 67% polyps;
specificity: 96%). Importantly, when data from both the
faecal and oral swab microbiota were considered in this
model, the sensitivity increased to 76% for CRC and
88% for polyps. In addition to Stary’s recommendations,
we showed that microbial markers might be different
[157]
depending on the tumour CRC phenotype . Moreover,
a deeper understanding of the gut microbiota structure
and function may help to identify several bacteria that
when combined may provide a real CRC-associated
microbial signature.
Finally, the therapeutic efficacy of anticancer drugs
could also be improved by active modulation of the
gut microbiota through the use of probiotics, prebiotics
or specific inhibitors. This perspective is supported by
the fact that immunotherapy resistance observed in
germ-free mice, in antibiotic-treated mice, and in those
that have previously received faecal microbiota trans
plantation (FMT) from non-responder patients, can
[233,235-237]
be reversed by FMT from responder patients
.
Moreover, it has been highlighted that specific bacterial
[226]
species, such as Lactobacillus johnsonii , Enterococcus
[223,226]
[223]
hirae
Barnesiella intestinihominis , Akkermansia
[237]
[233]
[234,236]
muciniphila , Bacteroides
and Bifidobacterium
species, are beneficial in this context, which may lead the
way to innovative “oncobiotics” strategies that combine
anticancer and microbiota-targeting agents.
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CONCLUSION

17

In this review, we discuss both predictive and prognostic
microbial-associated markers identified in CRC. The
faecal-associated microbiota may be dynamically linked
to colon cancer, which, in turn, may offer evidence
for microflora-associated diagnostic, preventive, and
prognostic approaches for CRC. However, it is clear that
additional clinical studies are necessary to validate these
parameters to improve the diagnosis and therapeutic
management of CRC.
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Abstract
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer and a major public health problem
worldwide. Hepatocarcinogenesis is a complex multistep
process at molecular, cellular, and histologic levels with
key alterations that can be revealed by noninvasive im
aging modalities. Therefore, imaging techniques play
pivotal roles in the detection, characterization, staging,
surveillance, and prognosis evaluation of HCC. Currently,
ultrasound is the first-line imaging modality for screening
and surveillance purposes. While based on conclusive
enhancement patterns comprising arterial phase hyper
enhancement and portal venous and/or delayed phase
wash-out, contrast enhanced dynamic computed to
mography and magnetic resonance imaging (MRI)
are the diagnostic tools for HCC without requirements
for histopathologic confirmation. Functional MRI tech
niques, including diffusion-weighted imaging, MRI with
hepatobiliary contrast agents, perfusion imaging, and
magnetic resonance elastography, show promise in
providing further important information regarding tumor
biological behaviors. In addition, evaluation of tumor
imaging characteristics, including nodule size, margin,
number, vascular invasion, and growth patterns, allows
preoperative prediction of tumor microvascular invasion
and patient prognosis. Therefore, the aim of this article is
to review the current state-of-the-art and recent advances
in the comprehensive noninvasive imaging evaluation
of HCC. We also provide the basic key concepts of HCC
development and an overview of the current practice
guidelines.
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In addition, microbubble enhanced US , perfusion
[18]
and dual-energy CT , and other evolving imaging
techniques have led to improved diagnostic accuracies
[19]
and better characterization of HCC . Moreover, func
tional MR imaging techniques, including diffusion weight
[20]
ed MR imaging (DWI) , MR hepatobiliary contrast
[21]
agents etc., show promise in providing further biological
information of HCC, enabling personalized treatment
decisions in the era of precision medicine.
In this review, we discuss the current state-of-theart and recent advances in the noninvasive imaging
assessment of HCC. The basic key concepts of HCC de
velopment and an overview of current practice guidelines
are illustrated as well. Treatment assessment of HCC,
however, involves another complex system of different
imaging techniques and features and, thus, is not within
the scope of this review.

Core tip: Noninvasive imaging modalities allow diagnosis,
characterization, staging, surveillance, and prognosis
evaluation of hepatocellular carcinoma (HCC). Functional
magnetic resonance imaging techniques show promise in
providing further important information of tumor biological
behaviors, and, thus, improve the early detection ability
and characterization accuracies for HCC. Development of
prediction model comprising serological, imaging, texture,
and radiogenomic parameters may facilitate preoperative
evaluation of tumor recurrence and patient survival. Here,
we reviewed recent advances in imaging techniques for
noninvasive HCC assessment, basic key concepts of HCC
development, and current practice guidelines for HCC
management.
Jiang HY, Chen J, Xia CC, Cao LK, Duan T, Song B. Noninvasive
imaging of hepatocellular carcinoma: From diagnosis to prognosis.
World J Gastroenterol 2018; 24(22): 2348-2362 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i22/2348.htm
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HEPATOCARCINOGENESIS
Hepatocarcinogenesis is a complex multistep process
at molecular, cellular, and histologic levels. Chronic
liver inflammation can result in repeated cell injury,
death, and regeneration cycles, leading to subsequent
epigenetic and genetic alterations of hepatocytes. At
the molecular level, important oncogenes (e.g. MYC)
and tumor suppressor genes (e.g. TP53, E-cadherin,
RASSF1, and PTEN) are either mutated or aberrantly
[22-24]
regulated due to structural genetic alterations
,
and several abnormally functioned signaling pathways
(e.g., Ras, epithelial growth factor receptor, and insulin[2]
like growth factor receptor 1 signaling) . At the cellular
level, HCC can develop after malignant transformation
of mature hepatocytes or, as suggested by emerging
[25,26]
data, intrahepatic stem cells
. At the histologic level,
phenotypically abnormal precursor hepatic lesions, in
cluding cirrhotic nodules, low-grade dysplastic nodules
(LGDN), and high-grade dysplastic nodules (HGDN),
dedifferentiate and gradually evolve to form early and
[27]
eventually progressed HCCs . This process is a biologic
continuum and may occur simultaneously at various
rates in different parts of the liver.
Several key alterations happen during hepatocarcino
genesis. First, distinct hemodynamic changes take place
during the multistep process. The blood supply of the
nodules changes along with malignant transformation:
the number of intranodular portal tracts decreases gra
dually, while the number of unpaired arteries increases.
Eventually, HCC is supplied mostly by the hepatic artery
[27]
system via abnormal unpaired arteries . This results in
the characteristic enhancing pattern of hepatic arterial
phase hyperenhancement and portal venous and/or de
layed phases wash-out relative to the background liver on
contrast enhanced multiphasic CT and MRI. In addition,
venous drainage of nodules evolves from hepatic veins to
sinusoids and portal veins, which may explain why HCC
mostly spreads through the portal venous system rather
than hepatic veins.
Second, the most morphologically prominent fea

INTRODUCTION
Hepatocellular carcinoma (HCC) is a malignant epithelial
tumor derived from hepatocytes. HCC is the fifth most
common type of cancer and the second leading cause
[1]
of cancer-related death worldwide . Approximately
70%-90% of HCCs are developed on the background of
[2]
established liver cirrhosis or advanced fibrosis . Hepatitis
B virus (HBV) and/or hepatitis C virus (HCV) infection,
alcohol, and nonalcoholic fatty liver disease (NAFLD) are
[3-6]
the most predominant risk factors for HCC worldwide .
Currently, the most effective curative treatment for
[7-16]
HCC is liver transplantation
. However, its wide ap
plication is limited by the shortage of liver grafts and the
possibility of tumor recurrence. Other major treatment
options include hepatic resection, local ablation, trans
arterial chemoembolization, systematic therapy, and
[7-16]
best supportive care
. However, the prognosis of HCC
is largely dependent on the stage at which the tumor is
detected, with complete curative treatment of the earlystage HCCs being the most effective way to improve
long-term patient survival.
Noninvasive imaging modalities, including ultrasound
(US), computed tomography (CT), and magnetic
resonance imaging (MRI), have played pivotal roles in
assessing HCC in recent decades. Several clinical practice
[7-16]
guidelines
have recommended noninvasive imaging
approaches as the first-line tools for the screening,
diagnosis, staging, and surveillance of HCC. Unlike
many other solid tumors, the diagnosis of HCC can be
established according to characteristic enhancement
patterns on dynamic multiphasic CT or MRI, without
further requirements for histopathologic confirmation.
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tures during hepatocarcinogenesis are the formation
of a fibrous tumor capsule (a smooth, uniform and
enhancing rim surrounding most or all of a nodule)
and the “nodule-in-nodule” (smaller nodules with dif
ferent imaging features within a larger outer nodule)
architecture. Notably, since cirrhotic nodules, dysplastic
nodules, and early HCC rarely present with a fibrous
capsule, the capsule appearance is more suggestive of
progressive HCC. The “nodule-in-nodule” architecture
can be the result of successively dedifferentiated clonal
populations or nodules with more fat development within
a larger outer nodule. Fat can accumulate in dysplastic
nodules and early HCC; however, the fat content usually
[28,29]
regresses as the nodule grows or in progressed HCC
.
Third, the expression of several important protein
transporters is altered significantly during hepatocarcino
genesis. The organic anionic transporting polypeptides
(OATP) family includes proteins that are expressed on
the sinusoidal membranes of hepatocytes and involved
[30]
in the transportation of bile salts . MRI hepatobiliary
contrast agents are predominantly taken up by human
[30]
hepatocytes via OATP8 (also known as OATP1B1/3) .
During hepatocarcinogenesis, the expression of OATP8
[31]
decreases progressively . Most HCCs, many HGDNs,
and some LGDNs present with OATP8 underexpression
relative to the background liver, resulting in hypointense
nodules observed in the hepatobiliary phase (HBP) on
[32]
MRI . Moreover, emerging data suggest that OATP8
expression decreases before the reduction in portal
[31,33]
tracts and increases in unpaired arteries
. Therefore,
hepatobiliary agents can help improve the sensitivity
[34]
in detecting early small HCCs . In addition, OATP8
expression has been shown to be inversely correlated
[33,35]
with HCC tumor grade and aggressiveness
.

capability of CEUS, enabling the imaging of Kupffer
[43]
cells . CEUS has similar performance to CT and MRI for
[44-46]
characterizing focal liver lesions
.
Relative to dynamic CT and MRI, US can be performed
real-time and is less expensive with no associated nephro
[47]
toxicity or ionizing radiation. In addition, CEUS allows a
continuous imaging and characterization of the dynamic
wash-in and wash-out of contrast agents and can be
useful to resolve indeterminate vascular shunts detected
by CT or MRI. However, US is more prone to interand intraobserver variabilities and requires recognized
expertise to perform good examinations. Besides, the
application of US is limited in obese patients and patients
with very cirrhotic heterogeneous livers. In addition,
the performance of US is usually deteriorated for deep,
subdiaphragmatic, multiple, and treated lesions. In gene
ral, US is less accurate for diagnosing HCC than CT or
[37,48]
MRI
. Therefore, US is not yet recommended as the
first-line diagnostic tool for HCC, according to current
[7-16]
guidelines
.
CT and MRI: Dynamic multiphasic CT and MRI are
[7-16]
considered the first-line diagnostic modalities for HCC
.
Characteristic imaging features of HCC include hyper
enhancement in the hepatic arterial phase and washout appearance in the portal venous and/or delayed
[7-16]
phases relative to the background liver
(Figures
1 and 2). Upon visualization of the above-mentioned
imaging features, diagnosis of HCC can be established
without further histopathologic confirmation. According
[34,37,49-51]
to recent meta-analyses
, the sensitivities of
dynamic CT and of MRI were 63%-76% and 77%-90%,
respectively, and the specificities were 87%-98% and
84%-97%, respectively. Recently, several functional MR
imaging techniques have been developed to improve the
noninvasive evaluation of HCC. Among them, the most
significant techniques are DWI and hepatobiliary contrast
agents.
DWI is a functional MRI technique that allows quan
[52]
titative measurements of proton diffusion in tissues .
HCC and other malignancies are usually characterized
by increased cellularity and, thus, have restricted water
[52,53]
proton diffusion
. Therefore, most HCCs are ob
served as a hyperintense lesion on high b value DWI
with low apparent diffusion coefficient (ADC) value on
quantitative maps compared with background liver.
Intravoxel incoherent motion (IVIM) is a recently devel
oped DWI-derived approach. IVIM can separate the
effects of perfusion-related diffusion from pure molecular
[53]
diffusion . DWI and IVIM enable improved detection of
[51,54,55]
HCC and better characterization of small lesions
.
Therefore, “restricted diffusion” on DWI has been in
corporated in the Liver Imaging Reporting and Data
System (LI-RADS) endorsed by the American College
of Radiology (ACR) as an ancillary imaging feature that
[9]
favors malignancies . Moreover, both ADC and IVIMderived parameters are significantly correlated with HCC
[56-59]
histologic grade
.
However, DWI and DWI-based techniques have

NONINVASIVE DETECTION,
CHARACTERIZATION, AND DIAGNOSIS
OF HCC
The prognosis of HCC is highly dependent on the stage
[36]
at which the tumor is detected . Therefore, early
detection and accurate characterization are pivotal in
the management of HCC. Imaging modalities, including
US, CT, and MRI, play crucial roles in noninvasive HCC
diagnosis.

Imaging modalities

US: US has been widely used as the screening test
for HCC, with a sensitivity ranging from 51%-87%
[37-39]
and a specificity from 80%-100%
. HCC is usually
characterized as a hypoechoic nodule with hyper
enhancement in the arterial phase and washout in the
[40]
late phase on US . Contrast-enhanced US (CEUS) with
microbubble contrast agents is useful for characterizing
[41,42]
focal liver lesions
and has added diagnostic value
[40]
to conventional US . More recently, the introduction of
Sonazoid (gaseous perflubutane, GE Healthcare, Oslo,
Norway) microbubbles has led to improved diagnostic
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Figure 1 Hepatocellular carcinoma in a 32-year-old male with chronic hepatitis B. Axial dynamic non-enhanced (A), late arterial phase (B), and portal venous
phase (C) CT images show the 8.5 cm mass with arterial phase hyperenhancement and portal venous phase wash-out appearance. The capsule is seen as a
hyperattenuating ring on portal venous phase (C, white arrow). The hematoxylin-eosin (HE) staining of the mass at 200 × magnification proved it to be EdmonsonSteiner grade Ⅱ (D).

several limitations. First, the performance of DWI for
diagnosing HCC may be degraded due to unstandardized
DWI techniques and imaging protocols, including the
determination of optimal b values and breathing tech
niques (respiratory-triggered, free-breathing, breathhold, respiratory-cardiac triggering, etc.) across different
modalities and medical centers. Therefore, universal
thresholds for ADC and other quantitative parameters
may not be acquirable. Second, DWI is sensitive to
motion artifact; thus, detection and characterization of
HCC can be greatly affected in the presence of motion
[60]
artifacts . Most importantly, DWI demonstrates re
stricted specificity for HCC, because many lesions, in
cluding hemangioma and other non-HCC malignancies,
[61,62]
can show restricted diffusion on DWI
. Therefore,
diffusion-weighted images should be interpreted with
images from other sequences with caution.
Hepatobiliary contrast agents, including gadobenate
dimeglumine (Gd-BOPTA) and gadoxetate disodium
(Gd-EOB-DTPA), can provide information regarding
tumor vasculature and hepatocyte function in a single
[63]
examination . As discussed above, hepatobiliary agents
are taken up by hepatocytes via OATP8, and its expression
decreases progressively during hepatocarcinogenesis.
Therefore, most HCCs are hypointense relative to the
surrounding liver parenchyma in the HBP.
As the expression of OATP8 decreases prior to
neoangiogenesis, MRI with hepatobiliary contrast agents
demonstrated superior capacity for detecting early HCC

WJG|www.wjgnet.com

lesions compared with dynamic multiphasic CT and MRI
[34,51]
with extracellular contrast agents
. Recently, Gd-EOBDTPA-enhanced MRI has been recommended by several
Asian guidelines as the first-line diagnostic modality for
[7,11,12]
HCC
. Besides, hypointensity in the HBP has been
endorsed as an important ancillary imaging feature that
favors malignancies, although not exclusively HCC, by LI[9]
RADS . Moreover, Gd-EOB-DTPA can help differentiate
early HCCs from several types of benign or borderline
nodules, including cirrhosis-associated regenerative or
dysplastic nodules, focal nodular hyperplasia, and hyper
[64-67]
vascular pseudolesions
. In addition, it has also been
shown that the lower relative enhancement ratio on
Gd-EOB-DTPA-enhanced MRI, which is defined as the
ratio of the relative signal intensity of HCC versus the
surrounding liver parenchyma on the HBP images to that
on unenhanced images, can be indicative of a higher
[68-70]
histologic grade
.
However, 5%-20% HCCs can be iso- or even hyper
intense in the HBP probably due to overexpression of
[7,31,35]
OATP8
. In addition, any lesion with abnormally
functioned hepatocytes, including benign lesions such
as hemangiomas and other non-HCC malignancies, can
appear hypointense on the HBP images. This results in
relatively low specificity of hepatobiliary agents for HCC
diagnosis. The specificity can be improved, however,
when incorporating images obtained from dynamic
phases and other sequences. Another important limi
tation is that the delayed phase, which can better de
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Figure 2 Hepatocellular carcinoma in 47-year-old male with chronic hepatitis B. 4.7-cm-sized mass in right anterior hepatic section shows hypointensity on
unenhanced T1-weighted image (A), hyperenhancement in arterial phase (B), hypointensity relative to the surrounding liver parenchyma in portal venous phase (C),
and 20 min hepatobiliary phase (D). An enhancing capsule (white arrow, the peripheral rim of smooth enhancement) in portal venous phase, mosaic architecture,
intermediate hyperintensity on T2-weighted images (E), and restricted diffusion (F) are also visible. The mass was confirmed as Edmonson-Steiner grade Ⅱ at 200 ×
magnification with hematoxylin-eosin (HE) staining (D).

Gd-EOB-DTPA-enhanced MRI, and caution is warranted
when interpreting the HBP images, particularly when
the enhancement patterns are atypical of HCCs in the
dynamic phases.
Perfusion imaging permits quantitative evaluation
[19]
of the microcirculation within tissues . After admini

pict the wash-out appearance than the portal venous
phase, is absent on Gd-EOB-DTPA-enhanced MRI.
Instead, it provides a transitional phase revealing the
transition from extracellular to intracellular-dominant
[71]
enhancement . Therefore, the wash-out appearance
should only be recognized in the portal venous phase on
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stration of an iodinated tracer, serial images revealing
the variations in tracer concentrations over time are
rapidly acquired, and perfusion parameters are then
extracted and adjusted. Perfusion imaging can be
performed based on several modalities, including
CEUS, CT (perfusion CT), and MRI (dynamic contrastenhanced MRI). Perfusion imaging shows potential in
the detection and characterization of HCC by providing
important quantitative information regarding tumor
vasculature and angiogenesis. Several studies have
reported that the arterial hepatic blood flow and hepatic
perfusion index of HCC are significantly higher than the
surrounding liver parenchyma, while the portal venous
[72-75]
hepatic blood flow is lower
. In addition, perfusion
CT parameters are correlated with the tumor histologic
grade, with higher perfusion values being indicative of
[76]
well-differentiated HCC . In addition to its role in HCC
detection and characterization, perfusion imaging is most
frequently used to assess the treatment response to
[77,78]
several therapies, including locoregional treatment
,
[79,80]
transarterial chemoembolization
, and anti-angiogenic
[81,82]
therapies
.
Major limitations of perfusion include the following.
First, patients are exposed to a large amount of radiation
with high-dose contrast agents when undergoing per
fusion CT examinations. For dynamic contrast enhanced
MRI, image quality can be degraded by motion artifacts
and poor spatial resolution. In addition, imaging protocols
and MR techniques lack standardization across centers
and modalities. Therefore, low-dose perfusion imaging
with better image quality and more standardized pro
tocols should be explored in future studies.
Magnetic resonance elastography (MRE) allows
the noninvasive measurement of tissue stiffness and
has been widely used in the evaluation of liver fibro
[83]
sis . Recently, Motosugi reported that higher liver
stiffness measured by MRE was a risk factor for HCC
[84]
development ; however, this finding was not in line
with Anaparthy’s study, which showed no significant
correlation between liver stiffness and HCC development
[85]
in patients with compensated cirrhosis . In addition,
it has been shown that MRE can help to differentiating
malignant focal liver lesions from benign ones, with
malignant liver lesions, including HCC, demonstrating
significantly higher mean shear stiffness than benign
[86,87]
lesions
. However, the evidence for MRE in HCC
remains scarce; thus, more studies are needed to refine
and validate the performance of MRE for diagnosing and
evaluating HCC.

F-FDG PET was reported to be useful in patient selection
[90]
before liver transplantation , detection of extrahepatic
[91]
[92]
metastases , and evaluation of tumor recurrence .
The introduction of novel radiotracers shows promise in
optimizing the sensitivity of PET for HCC, among which
choline has been studied the most. It has been reported
18
11
that the detection rate of F/ C-choline for HCC was
[93]
18
84% , and F-fluorocholine demonstrated significantly
18
[94]
higher sensitivity for HCC detection than F-FDG .
Major imaging modalities and their reported diagnostic
performances, advantages, and limitations are illustrated
in Table 1.

Diagnostic algorithms and comparison of guidelines

According to the advantages and limitations of different
imaging techniques for HCC, various diagnostic algo
rithms have been recommended by guidelines from
different regions and countries. Among them, guidelines
proposed by the American Association for the Study of
[14]
[9]
Liver Diseases (AASLD) , the ACR , the European
Association for the Study of the Liver and the European
Organization for Research and Treatment of Cancer
[15]
(EASL-EORTC) , the Asian Pacific Association for the
[7]
Study of the Liver (APASL) , the Japan Society of
Hepatology and the Liver Cancer Study Group of Japan
[11]
(JSH-LCSG) , the Korean Liver Cancer Study Group and
[12]
[95]
the National Cancer Center (KLCSG-NCC) , China ,
and the Indian National Association for study of the
[16]
Liver (INASL)
are the most influential ones. Notably,
these diagnostic algorithms should only be applied to
patients with increased risks of developing HCC, including
adult patients with cirrhosis, chronic HBV and/or HCV
infections, or current or prior HCC. The size-based di
agnostic algorithms were endorsed by five guidelines
(KLCSG-NCC, INASL, China, EASL-EORTC, and AASLD).
When a nodule is detected in a high-risk patient, further
evaluation and diagnosis should be made according to
the nodule diameter. The diagnostic cut-off size of 1 cm is
recommended by most guidelines, except for the Chinese
guideline, in which a cut-off size of 2 cm is adopted. The
non-size-based diagnostic algorithms stratify nodules by
their typical enhancement patterns on dynamic CT or
MRI regardless of the nodule sizes, as recommended by
the remaining two guidelines (JSH-LCSG and APASL).
Generally, contrast-enhanced dynamic CT and/or MR are
the recommended noninvasive diagnostic modalities,
and the prime diagnostic criteria endorsed by most
guidelines with typical patterns comprising arterial phase
hyperenhancement and portal venous and/or delayed
phase wash-out. Biopsy is considered only for suspicious
nodules without typical dynamic enhancement pattern,
or nodules still inconclusive after a second alternative
imaging technique.
Despite similarities in the diagnostic criteria for HCC
across different guidelines, discrepancies also exist in the
use of tumor markers such as alpha-fetoprotein (AFP),
the number of required imaging modalities, and the use
of CEUS and/or the hepatobiliary contrast agent Gd-

Tumor metabolism imaging: positron emission
tomography

18

positron emission tomography (PET) using F-fluoro
18
deoxyglucose ( F-FDG) as a radiotracer can provide
information regarding tissue gluconeogenesis, which is
18
elevated in most malignancies, including HCC. F-FDG
PET is not used routinely in HCC imaging because of
[88,89]
its limited sensitivity (about 50%-70%)
. However,

WJG|www.wjgnet.com

2353

June 14, 2018|Volume 24|Issue 22|

WJG|www.wjgnet.com

2354

Screening and
surveillance

Imaging features of HCC

Arterial phase
hyperenhancement, portal
venous phase wash-out
appearance and hepatobiliary
phase hypointensity.

68%-85%
57%-75%

77%-90%
67%-82%

90%-93%

63%-70%

63%-76%

79%-93%

55%-76%

80%-94%

90%-97%

84%-97%
68%-95%

87%-98%

82%-98%

26%-49% 80%-100%

87%-91%

88%-95%
86%-94%

89%-93%

80%-98%

67%-80%

≤ 20 mm

Specificity
All size

51%-67%

≤ 20 mm

Sensitivity
All size

Disadvantages

1. Real-time, less expensive, no ionizing radiation. 1. Requires recognized expertise to perform good
2. CEUS Allows real-time continuous imaging and
examinations.
characterization of the dynamic washin of contrast 2. Sensitive to inter- and intraobserver variabilities.
agents.
3. Limited application in obese patients and
3. CEUS Can help resolve indeterminate vascular
patients with very cirrhotic heterogeneous livers.
shunts detected by CT or MRI.
4. US is less accurate compared with CT and MRI
for HCC diagnosis.
5. CEUS may demonstrate deteriorated
performance for deep, subdiaphragmatic, multiple
and treated lesions.
1. Widely available and well validated worldwide.
1. Ionizing radiation exposure.
2. Enables full cross-sectional evaluation of the liver 2. Requires application intravenous contrast agents.
and can provide important staging information.
3. Less sensitive for early and small lesions.
3. Demonstrates high specificity for HCC diagnosis.
1. No ionizing radiation exposure;
1. More Sensitive to motion and susceptibility
2. Widely available and well validated worldwide;
artifact.
3. Enables full cross-sectional evaluation of the liver 2. Requires injection of potentially nephrotoxic
and can provide important staging information;
contrast agents.
4. Demonstrate high specificity for HCC diagnosis;
3. More time-consuming than CT or US.
5. Better depiction of tumor intrinsic characteristics 4. Limited sensitivity for early and small lesions.
than CT.
1. Permits evaluation of hepatocyte functions.
1. Prolonged examination time and increased cost.
2. Very sensitive for early and small lesions.
2. Less available and validated than CT or
3. Hepatobiliary phase signal intensity is well
conventional MR.
correlated with HCC histologic grade.
3. Some HCCs can appear iso- or even hyperintense
4. Can help differentiate early HCCs from cirrhosison hepatobiliary phase images.
associated benign nodules.
4. Hepatobiliary phase hypointensity may be
appreciated in a wide spectrum of diseases with
both benign and malignant entities.
5. Delayed phase, which can better depict washout
appearance, is absent.

Advantages

EOB-DTPA. Diagnostic systems advocated by Western guidelines, including the EASL-EORTC and AASLD, are more intended to improve the specificity of HCC diagnosis, while
algorithms proposed by Asian guidelines tend to attain maximum sensitivity for HCC detection. For example, most Asian guidelines included the use of CEUS in their diagnostic
algorithms, and two of them (KLCSG-NCC and China) included serum AFP levels. In contrast, AFP levels and CEUS were considered less valuable or even removed in guidelines
from Europe and the United States. The use of Gd-EOB-DTPA-enhanced MRI is also controversial. All the Asian algorithms recommended performing Gd-EOB-DTPA-enhanced
MRI, and it was even endorsed as the first-line diagnostic modality for HCC in the JSH-LCSG and APASL guidelines. However, Gd-EOB-DTPA-enhanced MRI is not yet used as
a primary diagnostic test in guidelines from Europe or America but rather as a complementary technique to dynamic images. Similarities and differences of different guidelines
are illustrated in Table 2.

US: Ultrasound; CEUS: Contrast-enhanced ultrasound; CT: Computed tomography; MRI: Magnetic res-onance imaging; HCC: Hepatocellular carcinoma.

Gadoxetateenhanced
MRI

B-mode US

Role

Nodules with altered
echogenicity (hypo- or
hyperechoic) and abnormal portal
venous and/or arterial blood
flow compared with background
liver.
CEUS
Focal liver lesion Hyperenhancement in the hepatic
characterization,
arterial phase and wash-out
rapid diagnosis appearance in the portal venous
and/or delayed phases.
CT
Diagnostic
Hyperenhancement in the hepatic
arterial phase and wash-out
appearance in the portal venous
and/or delayed phases.
MRI All
Diagnostic
Hyperenhancement in the hepatic
Gadoliniumarterial phase and wash-out
enhanced
appearance in the portal venous
MRI
and/or delayed phases.

US

Modality

Table 1 Major Imaging modalities for the diagnosis of hepatocellular carcinoma
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Table 2 Comparison of guidelines of different countries and regions
Region

Year

Country/society

Stratification

Cut-off size

AFP

CEUS

EOB-MRI

Asia

2014
2014
2014
2017
2017
2012
2011

Japan/JSH-LCSG
Korea/KLCSG-NCC
India/INASL
China/NHFPCPRC
APASL
EASL-EORTC
USA/AASLD

Dynamic pattern
Size-based
Size-based
Size-based
Dynamic pattern
Size-based
Size-based

/
1 cm
1 cm
2 cm
/
1 cm/ 2 cm
1 cm

Not included
Included
Not included
Included
Not included

Included
Not included
Included
Included
Included

First-line
Preferentially recommended
According to availability
Optional
First-line
Not included
Not included

Europe
America

AFP: Alpha fetoprotein; CEUS: Contrast-enhanced ultrasonography; EOB-MRI: Gadoxetic acid-enhanced MRI; JSH-LCSG: Japan Society of Hepatology Liver Cancer Study Group of Japan; KLCSG-NCC: Korean Liver Cancer Study Group - National Cancer Center; INASL: The Indian National Associa-tion
for Study of the Liver; NHFPCPRC: National Health and Family Planning Commission of the Peo-ple’s Republic of China; APASL: Asia-Pacific Association
for the Study of the Liver; EASL-EORTC: Eu-ropean Association for the Study of the Liver - European Organization for Research & Treatment of Can-cer;
AASLD: The American Association for the Study of Liver Diseases.

Notably, the LI-RADS system proposed by the ACR
provided a separate algorithm for US screening and
surveillance of HCC and guidance on the diagnosis of
non-HCC malignancies and macrovascular invasion,
which have been beyond the scope of other diagnostic
systems thus far. Moreover, several ancillary imaging
features were incorporated into the LI-RADS algorithm.
Although the levels of evidence supporting these ancil
lary features remain relatively low, these features dem
onstrate great potential for improving detection and
characterization of liver nodules. In addition, a treatment
response assessment algorithm for malignant hepatic
lesions treated with locoregional therapies has been
advocated in the most recent LI-RADS system, allowing
a comprehensive assessment of treatment response
to different locoregional therapies. Therefore, the LIRADS system shows promise in optimizing the diagnostic
accuracies of current noninvasive modalities for liver
nodules, but more studies are needed to validate further
the performance of this algorithm in prospective cohorts.

SURVEILLANCE OF HCC
Several guidelines have recommended US as the
first-line surveillance modality for HCC in high-risk
[7-16]
patients
, including cirrhotic patients and noncirrhotic
patients with chronic HBV and/or HCV infection or
high HBV-DNA levels. Noncirrhotic patients with family
history of HCC and NAFLD should also undergo routine
[7-16]
surveillance
. US demonstrated a sensitivity of
40%-81% and specificity of 80%-100% for surveillance
[38,100-102]
purposes
. The recommended screening interval
for HCC is 6 months. In cirrhotic patients, subcentimeter
nodules (< 1 cm) detected by US should be followed
[14]
[15]
every 3 -4
months during the first year and every
6 months thereafter, while nodules over 1 cm should
undergo further imaging work-ups and/or biopsy for
characterization.
US is a noninvasive, real-time imaging technique
with good patient acceptance, relatively low cost, and
no radiation exposure. However, the performance of
US is highly dependent on the equipment quality and
operator expertise. In addition, US may not be sensitive
enough to detect early-stage HCCs, with a pooled
[101]
sensitivity of 63% . To improve the sensitivity of US
in HCC surveillance, the 2017 APASL guideline endorsed
the combination of AFP levels and US as the standard
[7]
surveillance strategy for HCC . However, emerging
data have shown that AFP provided limited diagnostic
benefits of a low (6%-8%) additional detection rate with
increased false positive results and surveillance cost when
[15,101]
combined with US
. In addition, AFP levels can be
within the normal range in up to 35% of small HCCs and
elevated in patients with active hepatocyte regeneration
[12]
due to various etiologies . Thus, the measurement of
AFP levels is not within the recommended surveillance or
[14]
diagnostic scheme in the most recent AASLD or EASL[15]
EORTC guidelines.

STAGING OF HCC
Several staging systems based on dynamic contrastenhanced multiphasic CT and MRI have been developed
for HCC. The Barcelona Clinic Liver Cancer (BCLC)
classification is currently the most widely used staging
[15]
system and has been endorsed by the EASL-EORTC
[14]
and the AASLD
as the standard staging system for
HCC. The BCLC classification incorporates radiologic
staging of HCC (size and number of HCC nodules, pre
sence of nodal and macrovascular invasion and extra
hepatic metastases), with liver function and physiologic
[96]
status . A corresponding treatment schedule, from
liver resection and transplantation to best supportive
care, is recommended for each stage. The BCLC system
demonstrated superior capacity in treatment guidance,
[14]
particularly for patients with early stage HCC , and
[97-99]
prognosis prediction
. However, the performance of
this system may be affected due to considerable hetero
geneity of disease severity within the intermediate stage
[71]
(BCLC-B) . In addition, a worldwide consensus on the
optimal staging system for HCC has not been reached
yet.
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NONINVASIVE PROGNOSTIC
EVALUATION
Tumor characteristics evaluated by noninvasive imaging
techniques can be indicative of HCC prognosis after
treatment. It has been shown that presence of cirrhosis,
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A

B

C

D

E

F

G

H

Figure 3 Hepatocellular carcinoma in a 71-year-old male with recognized cirrhosis. Gd-EOB-DTPA-enhanced MR image demonstrates a 5.3 cm lobulated
HCC in right posterior section of liver. The lesion shows peritumor enhancement in arterial phase (B, white arrow) and peritumor hypointense (D, black arrow) in
hepatobiliary phase. Capsular disruption and non-smooth tumor margin are present (white triangles) in arterial phase (B) and portal venous phase (C). The lesion was
histopathologically proven to be Edmonson-Steiner Ⅲ grade with hematoxylin-eosin (HE) staining at 200 × magnification (G). Prominent microvascular invasion was
detected at 200 × magnification with CD31 immunohistochemical staining (H).

large tumor size (> 3 cm), multifocality, vascular in
vasion, and Eggel’s growth classification (type 2 and
3) were associated with higher recurrence rates and
[103-107]
worse prognosis after liver resection
or liver trans
[108-110]
plantation
.
Microvascular invasion (MVI), defined as micro
scopically detected tumor thrombi within small tumor
or peritumoral vessels (central hepatic vein, portal vein
branches, and venous vessels in tumor capsule and/or
[111]
fibrous septa)
, has drawn worldwide attention in
recent years. MVI is indicative of early infiltration of
tumor cells into the tumor vessels. The presence of MVI
should be recognized based on microscopy, but several
imaging features may be predictive of MVI. The presence
of non-smooth tumor margins, no or incomplete capsule,
multifocality, intratumoral arteries, and large tumor size
detected on contrast-enhanced dynamic CT and MRI
were reported to be associated with an increased risk for
[112-118]
MVI
. In addition, Eggel’s growth classification type
2 (single nodule with extranodular growth) and type 3
(multiple confluent nodules) were also correlated with
[119-121].
higher MVI risk
Moreover, it has been shown that
arterial phase peritumoral enhancement, possibly due
WJG|www.wjgnet.com

to compensatory arterial hyperperfusion after decreased
portal venous flow caused by tumor thrombi occlusion
of the minute portal venules around the tumor, was also
[122,123]
indicative of a higher risk of MVI
.
Apart from conventional dynamic CT and MRI, func
tional MR techniques play a pivotal role in evaluating
MVI. Studies have shown that higher tumor-to-liver sig
nal intensity ratio and lower ADCs value measured on
[124-126]
DWI can predict MVI in HCC
. This may be due to
higher cellularity with restricted diffusion and decreased
perfusion in MVI-positive HCCs compared with MVInegative ones. In addition, it has also been shown that
increased mean kurtosis values measured by diffusion
kurtosis imaging, which is a DWI-based MR technique,
[127]
were independent risk factors for MVI .
Gd-EOB-DTPA-enhanced MRI is another useful tool
for assessing MVI in HCC patients. The presence of a
faint hypointense halo around the tumor in the HBP
[128-131]
can predict the presence of MVI
(Figure 3). One
possible explanation for this specific imaging feature is
that MVI can cause hemodynamic changes surrounding
the tumor due to obstruction of minute vessels, resulting
in impaired hepatocytic function and decreased uptake of
2356
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Gd-EOB-DTPA in these areas.
Comprehensive predictive models incorporating
several imaging and serological parameters have been
developed recently to predict the presence of MVI. Lei
[132]
et al
conducted a retrospective study including 1004
consecutive HBV-related HCC patients and developed a
nomogram for preoperative estimation of MVI. A large
tumor diameter, multiple nodules, incomplete capsule,
typical dynamic pattern of HCC on contrast-enhanced
MRI, elevated AFP levels, elevated HBV DNA load, and
decreased platelet count were incorporated into the
predictive model. The sensitivities of the training and
validation cohorts were 74% and 62%, respectively,
while the specificities were 77% and 81%, respectively.
Another study demonstrated that radiogenomic venous
invasion, which was derived from a 91-gene HCC “venous
invasion” gene expression signature consisting of three
major imaging features (“internal arteries”, “hypodense
halo” and “tumor-liver difference”) on contrast-enhanced
CT, was able to predict MVI with a sensitivity and
[114]
specificity of 76% and 94%, respectively .
Although substantial progress has been made in
the noninvasive evaluation of HCC prognosis with com
binations of various imaging features and modalities,
there is still debate over the optimal predictive model
for tumor recurrence and patient survival. In addition,
the current data are mostly limited to single-center ex
periences with relatively small numbers of HCC cases.
Therefore, further large-scale multicentered studies
are necessary to develop the comprehensive predictive
models to assess HCC prognosis, particularly those that
use artificial intelligence techniques in the era of radio
mics and radiogenomics.

still urgently needed. Therefore, more multicentered,
large-scale, prospective studies are encouraged to ex
plore the biological behaviors of HCC and to develop
comprehensive diagnostic and predictive models based
on serological, imaging, texture, and radiogenomic
parameters.
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Abstract

Matthew Strohl, Talat Bessissow, Peter L Lakatos, Division
of Gastroenterology, McGill University Health Center, Montreal,
Québec H4A 3J1, Canada

Inflammatory bowel disease (IBD) is a lifelong, progres
sive disease that has disabling impacts on patient’s lives.
Given the complex nature of the diagnosis of IBD and
its management there is consequently a large economic
burden seen across all health care systems. Quality in
dicators (QI) have been created to assess the different
façades of disease management including structure,
process and outcome components. Their development
serves to provide a means to target and measure quality
of care (QoC). Multiple different QI sets have been
published in IBD, but all serve the same purpose of trying
to achieve a standard of care that can be attained on a
national and international level, since there is still a major
variation in clinical practice. There have been many recent
innovative developments that aim to improve QoC in
IBD including telemedicine, home biomarker assessment
and rapid access clinics. These are some of the novel
advancements that have been shown to have great
potential at improving QoC, while offloading some of the
burden that IBD can have vis-a-vis emergency room visits
and hospital admissions. The aim of the current review
is to summarize and discuss available QI sets and recent
developments in IBD care including telemedicine, and to
give insight into how the utilization of these tools could
benefit the QoC of IBD patients. Additionally, a treatingto-target structure as well as evidence surrounding
aggressive management directed at tighter disease
control will be presented.
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Core tip: The approach to diagnosis, follow up and
management of inflammatory bowel disease (IBD) has
undergone a major transformation in the past decade.
Many different international quality indicators that span
structure, process and outcome measures have been
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developed. These serve as major targets in optimizing
quality of care (QoC). New developments have been de
signed to improve QoC including utilizing telemedicine,
home biomarker testing and providing rapid access
care to patients. Treating to target with proactive dis
ease management guided by clinical history utilizing
adjunctive biomarkers at the onset of IBD has been
shown to improve objective outcomes. This will likely
serve as the new favored treatment approach in many
IBD centers across the globe.

moved towards a similar structure focusing on complex
outcomes encompassing clinical, endoscopic and PROM
[11]
improvements .
A major challenge in the field of IBD lies in the
large heterogeneity in clinical practice. This variation
in everyday practice is seen in many domains of IBD
management such as diagnostic testing, monitoring,
therapeutic interventions and knowledge of preventative
[12-14]
care recommendations
. As a result of the apparent
differences in practice, a major interest was sparked in
devising a standard set of measures to assess quality
and provide a means to quantify quality of care (QoC).
This occurred by developing quality indicators (QIs).
QIs may be related to three components in health care:
[15]
Structure, process and outcome parameters of care .
The goal is to utilize them to develop standards by which
[16]
QoC can be assessed and measured .
In the following review, an overview of the various
QIs that have been developed for IBD will be provided.
Additionally, emerging evidence supporting the wide
spread application of high QoC will be discussed along
with some data on actual QI adherence at different
centers and institutions. This will highlight how QIs can
influence the level of care in IBD. Novel advancements
which may have the potential to positively influence QoC
will also be reviewed. Finally, the concept of treating-totarget along with aggressive management directed at
tighter disease control will be presented.

Strohl M, Gonczi L, Kurt Z, Bessissow T, Lakatos PL. Quality
of care in inflammatory bowel diseases: What is the best way to
better outcomes? World J Gastroenterol 2018; 24(22): 2363-2372
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i22/2363.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
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INTRODUCTION
Inflammatory bowel disease (IBD) which primarily en
compass ulcerative colitis (UC) and Crohn’s disease (CD)
are chronic, progressive and disabling inflammatory
diseases of the gastrointestinal (GI) tract, that in the
uncontrolled setting often have disabling effects on an
[1-3]
individual’s health and overall quality of life . The pre
valence and incidence of IBD is higher in North America
and Western Europe compared to other parts of the
[4,5]
world with data suggesting these rates are increasing .
Owing to IBD’s chronicity, varying degrees of severity and
lifelong presence it contributes a large economic burden
[1,6]
in all health care systems .
The treatment approach to managing IBD has
evolved in the past decade undergoing a significant par
adigm shift in philosophy. With the advent of early and
routine use of biological therapies the manner in which
IBD is diagnosed, managed and monitored has been
in constant flux. The most recent advancements have
been catalyzed by evidence suggesting that targeting
symptom-based outcome parameters does not largely
[7,8]
alter the natural course of IBD . Inspired by evidence
in other specialties, notably from the rheumatoid arthritis
literature, the International Organization for the Study
of Inflammatory Bowel Diseases (IOIBD) devised the
STRIDE recommendations with the objective of providing
[9]
a treat-to-target framework for IBD . In parallel, ongoing
evidence was amounting in the IBD literature regarding
the association of endoscopic healing with improved
clinical and long-term outcomes. This supports the notion
[10]
of treating-to-target in IBD patients . The STRIDE
recommendations include targeting improvement in
clinical and endoscopic outcomes and also incorporate
patient reported outcome measures (PROM). These
recommendations give rise to the potential of a greater
impact on IBD compared to the former symptom derived
scales including the Crohn’s Disease Activity Index
(CDAI) or the partial Mayo Score. Virtually all newly de
signed and recently published clinical trials in IBD have
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QUALITY INDICATORS IN IBD
In general, QIs provide specific measurable elements of
care for which there is evidence or consensus that can
be applied to assess the QoC provided. This, thereore
[17,18]
has the capacity to influence and improve QoC
. In
2011 the American Gastrointestinal Association (AGA)
published their clinical performance metrics that is used
by federal health insurance providers to incentivize or
penalize gastroenterologists managing IBD patients
[19]
depending on the QoC they provide . Given the limited
scope of the AGA measures the Crohn’s and Colitis
Foundation of America (CCFA) set out to develop, via a
robust method, a set of top process and outcome rated
QIs. The CCFA came out with its top-ten highly rated
process and outcome related measures with the ultimate
[16]
goal of having an impact on improving QoC in IBD .
Outside of the Unites States of America there have
been multiple other published QI sets looking at various
measures. In Spain a set of structure, process and
outcome measures for quality of care was published
[20]
using the Delphi consensus framework . In Canada
[21]
a similar set of QIs was published in 2014 . The
Spanish and Canadian QI sets had the added layer of
looking at structure metrics focusing on the importance
of having a medical expert, a multidisciplinary team
including a dedicated IBD nurse to assist in managing
these complex cases. More recently in Canada, through
the development of the Promoting Access and Care
through Centers of Excellence (PACE) program a new
set of structure, process and outcome QIs has been
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developed . The PACE program’s focus is to standardize
QoC provided by physicians both in community hospitals
and academic centers in an attempt to reduce the
existing variation in practice. Unique to the process of
developing these QIs was the involvement of actual IBD
patients and IBD nurses in the QI selection procedure.
The British Society of Gastroenterology initially
published guidelines to serve as their foundation for
[23]
QoC in 2012 . On a similar theme with comparable
[24]
components a QI set was published in Asia . All these
QIs have been established to accomplish the same and
improve QoC. The difficulty of these approaches lies
in finding the balance between a wide array of data
captured and the practicality of the QI set to be used in
clinical practice (Table 1).

having to quit. Surprisingly, adequate access to care was
only reported by 70% of those who responded to the
survey with 53% of responders feeling they were unable
to convey important information after consultation
with a specialist. Clearly there are large differences in
the practice of IBD between and even within a given
health care system. Consequently, quality metrics and
guidelines need to be reiterated and reinforced along
with potential auditing measures to ensure that health
professionals are upheld to appropriate standards.

EVIDENCE SURROUNDING QI
APPLICATION
Intuitively one would stipulate that the more rigorously
QIs are adhered to in IBD, the more one would expect to
[34]
note an improvement in outcomes. Peña-Sánchez et al
conducted a retrospective population matched cohort
study attempting to demonstrate a measureable outcome
difference in patients exposed to a multidisciplinary IBD
clinic (MIBDC) compared to controls who were not. The
MIBDC accounted for some structural QIs such as having
an IBD fellowship trained GI specialist, specialized IBD
nurses, registered dieticians and a clinical psychologist.
The goal set out by this unit was to ensure quality and
continuity of care. Ultimately, what their study showed
in the exposed UC group was lower rates of IBD related
hospitalization (HR = 0.66, 95%CI: 0.49-0.89) and lower
odds of corticosteroid dependence (OR = 0.39, 95%CI:
0.15-0.98). In the entire exposed group compared to
the un-exposed matched cohort they demonstrated a
lower risk of IBD-related surgeries (HR = 0.78, 95%CI:
0.61-0.99), lower rates of 5-ASA use (HR = 0.81,
95%CI: 0.69-0.95), higher rates of immunomodulatory
use (HR = 1.68, 95%CI: 1.42-1.99) and higher rates of
biologic use (HR = 1.85, 95%CI: 1.52-2.27). This study
effectively showed that an integrated medical care model
in IBD was associated with better QoC in IBD patients
compared to standard practice.
[35]
Law et al performed a cohort study focusing on the
impact of having exclusively subspecialized IBD trained
physicians manage IBD patients admitted to hospital on
short and long term clinical outcomes. They compared
a cohort whereby inpatients were managed under gen
eral gastroenterology care to ones managed under spe
cialized IBD care. Looking at multiple in-hospital process
and outcome QIs there were many similarities between
the cohorts. The only statistically significant difference
was that the specialized cohort ensured more objective
disease assessment as evidenced by the higher rates of
CRP testing at admission (82% vs 71%, P = 0.05) and
discharge (25% vs 13%, P = 0.05). The cohort managed
by specialized IBD care had increased frequency of high
dose biologic therapy for induction (26% vs 9% P = 0.04,
OR = 5.5, 95%CI: 1.3-23.17) and a higher proportion
of patients in remission at 90 d (OR = 1.6, 95%CI:
0.99-2.69). Although there was no difference in rates of
surgery at 90 d, early surgery (within 30 d) was more

VARIATION IN CLINICAL PRACTICE
Despite the development of multiple clinical practice
guidelines in diagnosing and managing IBD from
[25-28]
[29,30]
Europe
and North America
as well as the var
ious of published quality measures in IBD highlighted
above there is substantial heterogeneity in the practice of
[31]
individual physicians. Feuerstein et al
retrospectively
audited medical records from practices in academic,
community and private centers in the United States to
assess the adherence to quality measures published by
the AGA. The authors discovered poor documentation
of IBD quality measures by physicians regardless of
practice settings. Specifically, a low proportion of phy
sicians evaluated vaccination status with only 16.7% of
patients evaluated for pneumococcal vaccine and 28.7%
of patients evaluated for influenza vaccine. Additionally,
only 25% of patients were assessed for bone loss. A
survey of patients with CD and UC in the United States
also demonstrated a large variation in practice between
gastroenterologists (GI) in academic centers (GIA) vs
[32]
private GI and other GIs . In this survey CD patients
seen by a GIA compared to private GIs had less use
of 5-aminosalicylates and higher rates of biologic and
immunomodulator uses (P < 0.001 for all). Furthermore,
on multivariate analysis in GIA patients with CD there
was less steroid use (OR = 0.84, 95%CI: 0.567-1.06),
higher rates of influenza vaccination (OR = 1.33, 95%CI:
1.15-1.53) and higher rates of clinical remission (OR =
1.18, 95%CI: 1.02-1.37). Another study from Asia using
a questionnaire devised from the AGA quality metrics
showed a large variety in the deliverance of performance
measures, again highlighting the heterogeneity in
[24]
practice . The European Crohn’s and Colitis Organization
conducted a web based survey study of patients from
27 different European Countries also showing signif
[33]
icant impact on quality of life (QoL) . 4990 patients
responded to the survey of which 52% reported cortico
steroid use within 12 mo, 71% experienced at least 2
flares in a 2-year period and 44% of felt their lives were
negatively impacted at times in between flares. Many
reported on the negative impact the disease had with
respect to work notably 44% reported losing their jobs or
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Table 1 Available quality indicators-set to assess the quality of care in inflammatory bowel disease
AGA
Structural QIs
IBD unit/clinic
Has access to healthcare professionals: pharmacist, ophthalmologist, rheumatologist, obstetrician and
dermatologist
Has access to all of the following healthcare professionals: Dieticians, mental health worker/psychologist,
stoma therapist
Has a dedicated IBD nurse.
Has at least one gastroenterologist with specialized IBD training
Has timely access to an Endoscopy Unit
Has access to CT and MRI with at least one modality with enterography
Has access to a GI radiologist and a GI histopathologist
Has access to a surgical program that performs at least 10 Ileoanal pouch operations a year
Has access to a fellowship trained colorectal surgeon
Should be integrated in a hospital with an Emergency Department
Process QIs
IBD type documented including disease location and severity
Latent tuberculosis and Hepatitis B testing before anti-TNF therapy
Appropriate initiation of steroid-sparing therapy
Clostridium difficile testing during acute flares
Venous thromboembolism prophylaxis is administered to patients according to national guidelines
Cytomegalovirus testing via flexible sigmoidoscopy in steroid-refractory UC
TPMT testing prior to thiopurine therapy
Colectomy or close surveillance for low-grade dysplasia
Surveillance colonoscopy for patients with colonic disease
Screening and counseling for smoking cessation
Vaccine education including pneumococcal and influenza
Each IBD patient should be assigned one identifiable IBD specialist in charge of their care
In patients with corticosteroid refractory IBD other induction therapies are recommended
Medical salvage therapy and surgery are offered in UC inpatients failing to respond to intravenous
corticosteroids within 5 d
The IBD Unit/clinic has a mechanism to screen for mental health issues
Patients with IBD receiving maintenance immunosuppressive therapy are monitored with a blood count
and liver profile every three months
Disease activity assessment is performed after initiating induction therapy
The IBD Unit/clinic has a formal process for transfer of care from pediatric to adult
IBD patients at risk for metabolic bone disease are assessed managed accordingly
Calcium and Vitamin D are recommended in conjunction with systemic corticosteroids
All HBsAg+ IBD patients should receive antiviral drugs while being treated with an anti-TNF drug
Outcomes QIs
Proportion of patients with steroid-free clinical remission (CR) for > 12-mo period
Proportion of patients currently taking prednisone (excluding those diagnosed within 112 d)
Number of days per month/year lost from school/work attributable to IBD
Number of days per year in the hospital attributable to IBD
Number of emergency room visits per year for IBD
Proportion of patients with malnutrition
Proportion of patients with anemia
Proportion of patients with normal disease-targeted health-related quality of life
Proportion of patients currently taking narcotic analgesics
Proportion of patients with nighttime BM’s or leakage
Proportion of patients with incontinence in the last month
Number of IBD-related surgeries per patient-year
Validated assessment of patient adherence to management plan

CCFA

1

PACE

Spanish

1

Asia

√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

√
√

√
√
√
√
√
√
√
√
√
√
√

√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

√

√

√
√
√
√
√
√
√
√
√
√
√

√
√
√
√
√

√
√
√
√
√
√

√
√
√
√
√
√
√
√
√
√

√
√
√
√
√

√
√

√

√
√

√

√
√

√
√

1

Only selected QIs included. AGA: American Gastrointestinal Association; CCFA: Crohn’s and Colitis Foundation of America; MRI: Magnetic resonance
imaging; PACE: Promoting access and care through centers of excellence; QI: Quality indicators; IBD: Inflammatory bowel disease; CT: Computed
tomography; GI: Gastrointestinal; UC: Ulcerative colitis.

commonly seen in the subspecialized IBD care group (OR
= 2.73, 95%CI: 1.22-6.12). While both retrospective
in nature these two studies support the notion that pro
viding resources and specialized care geared at focusing
on optimizing and maximizing QoC is associated with
better outcomes in IBD patients.
There is a scarcity of published data in the literature
of IBD centers reporting on their performances with
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respect to the various published QIs. Recently, a study
from Hungary was one of the first of its kind to report
on its center’s performance with respect to well ac
cepted structure, process and outcome QIs. Gonczi
[36]
et al
vigorously evaluated whether or not their
center was meeting the targeted QIs. In addition, they
demonstrated effective implementation of a fast track
open clinic concept centered on IBD care. This func
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tioned by providing immediate access for outpatient
consultation within a median of 1 d following request.
This fast track resource coupled with the IBD center
applying and self-assessing adherence to QIs has a large
potential on positively effecting QoC, optimizing resource
utilization and possibly impacting disease outcomes. An
important shortcoming to highlight while assessing QIs
is that certain outcome QIs may differ depending on cen
ter type. For instance, the outcomes at subspecialized
referral centers for complex, refractory IBD cases are
certainly different than community GI centers.

telemedicine via myIBDcoach had fewer outpatient visits,
fewer telephone consultations, fewer admissions to hos
pital as well as an increased adherence to medication.
Importantly there were no significant differences in flare
rates, rates of surgeries, emergency room visits or rates
of corticosteroid use. Effectively via the well-designed
myIBDcoach system the authors showed improved QoC,
decreased resource utilization in terms of outpatient visits
without demonstrating negative outcomes with respect
to flares or complications of active disease.
Another major challenge with a large economic
burden in the management of IBD relates to frequent
emergency room (ER) visits. In a study from Manitoba,
Canada, over a three-year period 76% of newly diag
nosed IBD cases and 49% of patients already known
[42]
to have IBD had at least 1 ER visit . Many strategies
have been utilized to decrease this burden in the ER
and provide rapid access to the appropriate clinical
care needed in times of active IBD. A pediatric study
showed that increasing the availability of IBD specialists
and specialized nurses via an electronic platform can
[43]
decrease the frequency of ER visits . Although in its
infancy, a tertiary IBD center at McGill University in
Montreal aimed to demonstrate improved quality of care
[44]
by implementing a rapid access clinic (RAC) . The RAC
was structured by providing IBD patients followed at the
clinic with an emergency contact email address, with a
specific document explaining the pertinent symptoms
that merit utilization of this access avenue. Each email
was read and reviewed by a specialized IBD nurse or
physician and depending on the situation a RAC visit
was booked and the patient was seen. The preliminary
data demonstrated a more optimized resource uti
lization including frequent use of proactive biomarker
measurements such as therapeutic drug monitoring, fecal
calprotectin and C-reactive protein levels. The preliminary
data also revealed that there was less need for computed
tomography (CT), magnetic resonance imaging (MRI)
and endoscopy. Notably, only a few patients in the RAC
cohort required an ER visit within 30-90 d after accessing
care. Clearly at high volume IBD centers this model of
implementing a RAC may have significant potential to
optimize resource utilization, decrease ER visits and
improve QoC.
IBD has a large psychosocial impact on patients
with respect to their careers, productivity and social and
[45,46]
intimate lives dramatically affecting their QoL
. The
European Federation of Crohn’s and Ulcerative Colitis
Associations published the results of a large survey to
[45]
assess the impact of IBD from the patient’s perspective .
In total 4670 patients responded to a questionnaire
that spanned 6 categories and contained 52 questions.
48% of respondents felt that their life was significantly
impacted by IBD even in times in remission. With re
spect to work, 60% of surveyed patients felt stresses
or pressured about taking time off when sick with 20%
reporting being discriminated at workplace due to IBD.
56% of people felt that IBD had affected their career

NOVEL ADVANCEMENTS WITH
POTENTIAL TO INFLUENCE QOC
Optimizing patient care in IBD is a challenging process
owing to the fact that achieving tight disease control
and adequately monitoring patients requires substantial
resource utilization, while requiring a significant com
mitment from patients with respect to their time.
This, coupled with the current demand to incorporate
PROMs and assessing quality metrics to optimize QoC
has sparked initiatives for reorganization of how care is
delivered. Telemedicine, generally referred to as medicine
practiced at a distance, has been present in healthcare
[37]
in a variety of chronic diseases for nearly two decades
[Wootton, 2012 #61]. It provides a means to incorporate
patient self-management by allowing patients to relay
information to health care providers and to receive feed
[37]
back . Given the constraints and high resource usage
in active IBD care, incorporating telemedicine appears
promising. A systematic review and meta-analysis
published in 2014 looked at all the published randomized
control trials (RCTs) found that distance management
significantly decreased clinic visits (mean difference of
-1.08, 95%CI: -1.6 to -0.55) but did not affect relapse or
[38]
hospital admission rates . One of the main limitations
of this analysis was the heterogeneity in the type of
distance management or forms of telemedicine used in
the included trials.
Many platforms for telemedicine in IBD exist but
[39]
are limited to specific subsets of IBD patients . A
group from the Netherlands recognized this limitation
which provided the foundation for the development of
[40]
MyIBDcoach . MyIBDcoach is the first telemedicine
system that enables home monitoring for all subtypes
of IBD. The platform may be used in academic and
non-academic settings and looks at IBD facets, nonIBD related aspects as well as other features including
[40]
PROMS and quality metrics. De Jong et al showed in
their inception study that myIBDcoach was practical and
well received by patients and health care providers. The
same group then conducted a multicenter randomized
control trial (RCT) to investigate the effect on care
that their system may have compared to standard of
[41]
care . In the trial, they sought to compare outpatient
visits; patient reported quality care and PROMs between
the two groups. Overall the group that incorporated
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paths with 31% of individuals stating they either lost a
job or quit a job due to their illness. 35% felt that their
disease had prevented them from pursuing intimate re
lationships. These negative impact patient centered mea
sures on QoL were not incorporated into outcome metrics
in many of the landmark IBD clinical trials. More recently
however, this has changed and incorporating PROMs are
[11]
an integral component in newly designed trials .
To address the issue of incorporating PROMs the IBD
Disability index (IBD-DI) was developed as a tool that
physicians can administer to evaluate the functional
[47]
status of IBD patients . The IBD-DI was validated for
use in clinical trials showing high internal consistency,
[48]
inter-observer reliability and construct validity . The
limitations of such a tool are its length and the fact
that it was designed to be administered by health care
professionals in the setting of clinical trials. Given the
importance of QoL in managing IBD a recently developed
[49]
tool known as the IBD-Disk was developed . It is a selfadministered shortened adaptation of key components
integrated in the IBD-DI tool. There are 10 items within
the questionnaire with explanatory statements for each
item. These are scored in a disc-shaped visual analog
scale from 0 (absolutely disagree) to 10 (absolutely
agree). This shortened IBD-Disk has the potential to be
an integral PROM that can be used in day-to-day prac
tice. Further work is needed to assess the tool’s operating
characteristics and should compare the tool to the IBDDI.
Within the realm of IBD management a major limi
tation that exists in many heath care systems is the
challenge in objectively determining disease activity.
[50]
Endoscopy is ubiquitously considered the gold standard
but is expensive, invasive and utilizes significant health
care resources thus imposing limitations when assessing
IBD disease response during time of disease activity.
Non-invasive markers biochemical and fecal markers
such as CRP and FC are therefore often used in adjunct
with clinical parameters in assessing disease response
[51,52]
to therapy
. FC physiologically representing gut spe
cific inflammation, has become more commonly imple
mented as it has been shown to more accurately reflect
[51]
endoscopic activity compared to CRP . The drawback
of conventionally available FC testing is that the test is
enzyme-linked immunosorbent assay (ELISA) based
and often is run in batches in hospitals. Consequently,
there are often delays from obtaining the test and
acting on the results which may result in unnecessary
therapy escalation or utilizing endoscopy, which is more
immediately available and reliable while waiting on the
[53]
results of FC . This limitation sparked the development
of more rapidly available ELISA testing with the caveat
that these tests also need to be performed in the hospital
[54, 55]
as point of care testing
. Recognizing this drawback,
a group out of Norway (CALPRO, Inc., Oslo, Norway)
set out to develop a test that would allow FC testing
directly by the patient as opposed to the point of care
[56]
model which was simultaneously being developed .
The same group developed the CalproSmart that allows
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FC testing to be performed by the patients themselves
[53]
at home with the results available within minutes .
[53]
Vinding et al
compared the performance of the
CalproSmart tool to conventional FC ELISA testing
with exciting results. The correlation coefficient was
0.685 with sensitivity, specificity, positive predictive
value and negative predictive values of 82%, 85%,
47% and 97% respectively using a cut-off of 150 μg/g.
The positive likelihood ratio (LR+) at this cut-off was
5.51 while the negative likelihood ratio (LR-) was 0.21.
Extrapolating from the performance of the CalproSmart
home assessment at the cut-off used (150 μg/g) it
appears to be more suitable in correlating the absence
of disease activity rather than predicting disease activity.
Nevertheless, this kind of tool empowers the patient, can
be integrated in eHealth and telemedicine systems and
provides a means of potentially identifying early relapse
in IBD.

TREATING TO TARGET IN IBD
There has been a major shift in the management of IBD
in the past decade. Classically, IBD was managed in a
step-up approach escalating therapy if it were felt to be
[57]
indicated based primarily on symptom driven scores .
However, the step-up paradigm of management has
many limitations. Firstly, it puts individuals at a higher
risk of prolonged corticosteroid exposure and the as
[58]
sociated increased adverse events . Secondly, due to
time constraints inherent in a step-up framework there
is a delay in delivering more effective therapy in high
[59]
risk patients . Lastly, this model depends on symp
tom derived scales for disease activity which poorly
[59]
correlate to endoscopic disease activity . Evidence
has been conclusive in the rheumatoid arthritis (RA)
literature whereby treatment strategies that utilize
aggressive upfront strategies treating-to-target, as op
posed to conventional step up therapy have resulted
[60]
in better outcomes . In RA management strategies
are employed that modify treatments aggressively and
proactively in response to changes in validated outcome
[61]
measures indicative of active disease .
Motivated by the rheumatology field and other chron
ic diseases such as diabetes mellitus that use a model
that actively guide therapy based on specific targets, a
treat-to-target paradigm was devised for IBD. Initially
[59]
Bouguen et al proposed a framework to guide treatingto-target in Crohn’s disease. In this model during the
initial treatment phase, disease response should be
actively followed using clinical symptoms, biochemical
markers adjunctively and ultimately targeting mucosal
healing. If there is a lack of response, initial therapy
should be optimized accordingly with consideration of
adding adjunctive medication. If, despite this, treatment
targets are not achieved then a class switch should
be considered. While the CD specific framework was
developed IOIBD were simultaneously working on
developing IBD related treat-to-target recommendations.
The IOIBD published the STRIDE recommendations
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[9]

encompassing targets to strive for in both UC and CD .
These recommendations encompassed specific targets
that should be the main focus when managing IBD.

in the tight control group achieved mucosal healing
compared to 30% in the clinical management group (P
= 0.01). In terms of secondary outcomes, statistically
significant differences were observed between the two
groups in deep remission, biological remission and
steroid-free remission at every follow up visit. There
were no significant differences in adverse events nor
serious adverse events between the two arms. The
CALM study is a pivotal trial in IBD as it is the first to
show superiority of incorporating objective markers of
inflammation in addition to clinical symptoms in a treatto-target framework that leads to better outcomes in
IBD compared to conventional clinical management
approaches.

EVIDENCE SUPPORTING TIGHTER
CONTROL LEADING TO BETTER
OUTCOME
Prior to the innovation and development of treatingto-target, the concept of early combined immuno
suppression (ECI) emerged. This treatment strategy was
conceived due to the evidence of shortcomings in how
IBD was being managed at the time using a step-up
[62]
approach. Both the TOP-DOWN [D’Haens, 2008 #78]
[63]
and SONIC
were well designed RCTs for treatment
naïve Crohn’s patients that showed superiority in the ECI
group compared to conventional therapy. Note that both
these trials utilized symptoms derived primary outcome
measures: Harvey Bradshaw Index (HBI) ≤ 4 for SONIC
and Crohn’s disease activity index (CDAI) < 150 in TOPDOWN. Despite the results of these two landmark trials,
the common practice at the time remained limited to
the step-up model. Subsequently the REACT trial was
designed to validate the generalizability of algorithmbased therapy notably in the practice of community GIs
[64]
in existing IBD patients . The REACT trial randomized
two groups to either the algorithm-based or conventional
therapy. Disease activity was assessed at 4 or 12 wk post
initial corticosteroid therapy with remission being defined
by a HBI ≤ 4. In the algorithm-based group disease was
reassessed every 12 wk and therapy was optimized if
clinical remission was not attained. Ultimately, although
the study did not demonstrate statistically different
rates of corticosteroid free clinical remission at 12 mo,
the trial did show that at 24 mo the composite outcome
rate of surgery, hospital admissions and or serious
disease related complications was lower in the algorithmbased group while no differences in serious drug related
adverse events was noted.
Novel concepts of treating-to-target combined with
a top-down approach were the inspirations for designing
[65]
the CALM study . This study was a RCT aimed at in
vestigating the efficacy and safety of two treatment
algorithms in achieving mucosal healing in early CD.
One arm, the tight control group, was modelled on a
treat-to-target framework with therapy decisions de
termined on the basis of pre-specified treatment failure
criteria compromised of clinical symptoms (CDAI) and
biomarkers of inflammation (CRP and FC). Comparatively,
the clinical management group’s treatment plan was
solely based on clinical symptoms (CDAI). A few of the
exclusion criteria included current or previous biologic or
immunomodulator exposure, fibrostenotic disease and
fistulizing disease (only perianal fistula not draining at
enrolment were included). The primary endpoint was the
proportion of patients with mucosal healing, defined by
a Crohn’s disease endoscopic index of severity (CDEIS)
< 4 and no deep ulcers 48 wk after randomization.
With respect to the primary outcome 46% of patients
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CONCLUSION
The field of IBD is rapidly changing with major shifts
in the philosophy of management. Meeting structure,
process and outcome QIs and keeping the patient at
the center of focus is key in achieving good QoC. Much
advancement in the diagnosis, follow-up and access to
care are being made with promising results.
It is becoming increasingly clear, particularly looking
at the CALM and REACT trials, aggressive and proactive
management guided by treating-to-target and actively
reassessing a patient’s evolution is a promising path to
improve long term related IBD disease outcomes. Mea
suring multiple QIs and adjusting the treatment plan
accordingly will help to improve the level of care and
optimize patient access, monitoring and outcomes of
patients with IBD.
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Treatment of Helicobacter pylori infection in atrophic
gastritis
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Abstract

Edith Lahner, Marilia Carabotti, Bruno Annibale, MedicalSurgical Department of Clinical Sciences and Translational
Medicine, Sant’Andrea Hospital, University Sapienza, Rome
00189, Italy

Helicobacter pylori (Hp) is a major human pathogen

causing chronic, progressive gastric mucosal damage
and is linked to gastric atrophy and cancer. Hp-positive
individuals constitute the major reservoir for trans
mission of infection. There is no ideal treatment for
Hp. Hp infection is not cured by a single antibiotic, and
sometimes, a combined treatment with three or more
antibiotics is ineffective. Atrophic gastritis (AG) is a
chronic disease whose main features are atrophy and/or
intestinal metaplasia of the gastric glands, which arise
from long-standing Hp infection. AG is reportedly linked
to an increased risk for gastric cancer, particularly when
extensive intestinal metaplasia is present. Active or past
Hp infection may be detected by conventional methods
in about two-thirds of AG patients. By immunoblotting
of sera against Hp whole-cell protein lysates, a previous
exposure to Hp infection is detected in all AG patients.
According to guidelines, AG patients with Hp positivity
should receive eradication treatment. The goals of treat
ment are as follows: (1) Cure of infection, resolution of
inflammation and normalization of gastric functions; (2)
possible reversal of atrophic and metaplastic changes
of the gastric mucosa; and (3) prevention of gastric
cancer. An ideal antibiotic regimen for Hp should achieve
eradication rates of approximately 90%, and complex
multidrug regimens are required to reach this goal.
Amongst the factors associated with treatment failure
are high bacterial load, high gastric acidity, Hp strain,
smoking, low compliance, overweight, and increasing
antibiotic resistance. AG, when involving the corporal
mucosa, is linked to reduced gastric acid secretion. At a
non-acidic intra-gastric pH, the efficacy of the common
treatment regimens combining proton pump inhibitors
with one or more antibiotics may not be the same as that
observed in patients with Hp gastritis in an acid-producing
stomach. Although the efficacy of these therapeutic
regimens has been thoroughly tested in subjects with Hp
infection, there is a paucity of evidence in the subgroup
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of patients with AG. Bismuth-based therapy may be an
attractive treatment in the specific setting of AG, and
specific studies on the efficacy of bismuth-based therapies
are needed in patients with AG.

gastric juice, as it has developed its ecological niche
between the mucus and the epithelial layer; (3) its chronic
presence in the human stomach may lead to benign
and malignant disorders in the upper gastrointestinal
tract and even to some disorders outside of the gastro
intestinal tract; (4) although gram-negative, Hp is
sensitive to penicillin, which generally works better on
the wall of gram-positive bacteria; (5) Hp infection is not
cured by a single antibiotic, and sometimes, a combined
treatment with three or more antibiotics is ineffective;
and (6) since Hp is able to evade several immune
defence mechanisms, no effective vaccine has been
developed.
Atrophic gastritis (AG) is a chronic disease whose
main features are atrophy and/or intestinal metaplasia
of the gastric glands. When the oxyntic mucosa is in
volved, atrophy leads to a lack of both gastric acid and
intrinsic factor production as well as to cobalamin or
[3,4]
iron malabsorption and eventually anaemia . AG is a
complex condition that may arise from long-standing
[5]
Hp infection or in the context of autoimmune gastritis ,
and it is reportedly linked to an increased risk for gastric
neoplasias such as intestinal-type adenocarcinoma and
type 1 gastric carcinoids, in particular when extensive
[6]
intestinal metaplasia is present . In a meta-analysis,
the ratios of the AG incidence in Hp-positive patients to
that in Hp-negative ones ranged from 2.4 to 7.6, with
[7]
a summary estimate of 5 (95%CI: 3.1-8.3) , thus sug
gesting a strong relationship between incidence of AG
and Hp infection.
Ongoing Hp infection has been linked to an increased
risk of gastric cancer, though the data are conflicting on
whether the treatment of Hp infection prevents gastric
cancer. Hp infection has also been identified as a decisive
pathogenetic factor of gastric MALT lymphoma, and
Hp eradication is the treatment of choice in all MALT
[1,8]
lymphoma patients infected by the bacterium . Hp
has been classified as a class Ⅰ carcinogen by the World
Health Organization and the International Agency for
[8]
Research on Cancer Consensus Group in 1994 . The
Uemura study on 1526 Japanese subjects showed that
gastric cancer developed in 2.9% of 1246 Hp-infected
patients over 7.8 years, whereas gastric cancer was
not observed in 280 uninfected control subjects or in
a subgroup of 253 individuals who received Hp eradi
[9]
cation therapy early during follow-up . The greatest
benefit of cure of Hp infection on gastric cancer risk
in asymptomatic adults has been reported in regions
with the highest incidence of gastric cancer; reported
relative risks for regions of low, intermediate and high
incidence of gastric cancer were 0.80, 0.49, and 0.45,
[10]
respectively . A recent study of nearly 39000 asymp
tomatic subjects showed that the cumulative incidence
of gastric cancer was significantly higher in the noneradication group (hazard ratio 4.1) compared to the
[11]
eradication group or to the Hp-negative group , thus
supporting the positive effect of Hp eradication on the
prevention of gastric cancer in this setting.

Key words: Atrophic gastritis; Preneoplastic condition;
Intestinal metaplasia; Helicobacter pylori ; Eradication
treatment
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Atrophic gastritis (AG) may arise from longstanding Helicobacter pylori (Hp) infection and is linked
to increased gastric cancer risk. According to guidelines,
Hp-positive AG patients should receive eradication treat
ment. The goals of treatment are as follows: (1) Cure
of infection, (2) possible reversal of atrophic/metaplastic
changes, and (3) prevention of gastric cancer. When
involving the corporal mucosa, AG is linked to reduced
acid secretion. At a non-acidic intra-gastric pH, the ef
ficacy of common treatment regimens may not be the
same as those observed in an acid-producing stomach.
There is a paucity of evidence of efficacy of eradication
regimens in AG patients. Bismuth-based therapies may be
promising.
Lahner E, Carabotti M, Annibale B. Treatment of Helicobacter
pylori infection in atrophic gastritis. World J Gastroenterol 2018;
24(22): 2373-2380 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i22/2373.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i22.2373

INTRODUCTION
Helicobacter pylori (Hp), a gram-negative bacterium
inhabiting the luminal surface of the gastric epithelium
first isolated in 1982, is thought to have infected humans
for more than 50000 years. Hp is the most infectious
human pathogen, affecting approximately 50% of the
population. In Northern Europe and North America,
about one-third of adults have this bacterium, whereas in
Southern and Eastern Europe, South America, and Asia,
more than half of people are estimated to be infected.
Hp infection occurs commonly in developing countries,
whereas the infection rates are decreasing in developed
countries, potentially indicating that socioeconomic status
and living standards might play roles in the distribution of
[1]
the infection .
[2]
As elegantly summarized by De Francesco et al ,
there is still no ideal treatment against Hp, and the
“therapeutic battle” continues, probably for several
reasons; Hp is a peculiar bacterium characterized by
some particular features: (1) This organism, notwith
standing its pathogenic nature, has been present in the
stomach of humans for many thousands years; (2) it
is one of the very few bacteria able to survive in acidic
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A meta-analysis found that antral and body gastric
atrophy could regress after eradicating Hp (pooled OR
0.5 and 0.2, P < 0.01), but this effect was not observed
[12]
for intestinal metaplasia , suggesting that cure of Hp
infection may have a beneficial long-term effect on
gastric atrophy. Another meta-analysis reported that
eradication of H. pylori is effective only in a subset of
patients in whom intestinal metaplasia or dysplasia are
[13]
absent . Nevertheless, the reported predictors for body
atrophy reversal were an absence of intestinal metaplasia
(HR = 2.4, 95%CI: 1.2-4.8), mild atrophy (HR = 2.14,
95%CI: 1.12-4.1), and moderate-severe inflammation
[14]
before treatment (HR = 5.3; 95%CI: 1.64-17.3) .
Given the important link between AG and gastric
cancer, between gastric cancer and Hp infection, and be
tween Hp infection and AG, the treatment of Hp infection
in patients with AG is an important issue that we wish to
focus on in this review.

Previous work tried to quantify the risk of gastric
neoplasms in AG patients. A progression rate of AG
to gastric cancer up to 2% yearly has been observed
[21,22]
at follow-up periods up to 16 years
. A systematic
review showed, in AG patients with pernicious anaemia,
[23]
an estimated 7-fold relative risk of gastric cancer . A
very recent systematic review reported widely ranging
annual incidence rates of gastric cancer in patients with
gastric atrophy (0.53 to 15.24 per 1000 person years)
and intestinal metaplasia (0.38 to 17.08 per 1000 person
[24]
years) . The clinical relevance of AG is supported
by European guidelines recommending endoscopichistologic surveillance with 3-year intervals in patients
[25]
with moderate to severe extensive AG . Similarly, the
Kyoto guidelines on the management of Hp gastritis
[26]
recommend surveillance of these patients .

THE LINK BETWEEN HP INFECTION AND
AG

THE LINK BETWEEN AG AND GASTRIC
CANCER

AG is viewed as the first important step in the patho
genesis of gastric cancer, which probably develops in a
multistep process beginning from chronic gastritis and
going forward through AG, intestinal metaplasia, and
[15]
dysplasia . It is accepted that this sequence is usually
triggered by Hp infection and is synergistically influenced
by a variety of genetic and environmental factors.
Amongst Hp-positive patients, only up to 2% of subjects
will develop gastric cancer, supporting the idea that
the final effects of Hp infection could be affected by its
prevalence as well as environmental, bacterial, and host
[8,27]
factors
.
Amongst a prospective cohort of patients with AG
involving the corporal mucosa, 22.6% and 52.7% of
patients were Hp-positive as diagnosed, respectively,
by histology of gastric biopsies and by anti-Hp IgG anti
[28]
bodies assessed by ELISA serology . This result implied
that there was active or past Hp infection in about twothirds of these patients. A further study, investigating
AG patients for previous exposure to Hp infection by
immunoblotting of sera against Hp whole-cell protein
lysates, observed that all the AG patients classified as Hpnegative by histology and conventional ELISA serology
showed an immunoblotting seroreactivity, including in
[29]
each case either cagA or vacA ; the concomitant sero
reactivity against cagA and vacA was highly prevalent
in the Hp-negative AG patients, similar to those with
positive histologic infection (77.4% vs 86.2%) and with
positive ELISA serology (vs 61.5%). These data suggest
that immunoblotting is able to prove a previous exposure
to Hp infection in virtually all patients with AG, making
plausible a hidden role of the infection in this condition.
In clinical practice, the presence of Hp infection in AG
patients may be difficult to show, as non-invasive tests
such as the urea breath test or the stool antigen test may
be falsely negative, and the most reliable test seems to
be the presence of active infection (acute inflammatory
infiltration) on histological evaluation of gastric biopsies

AG, especially when associated with intestinal meta
plasia, is a linked to a higher risk for gastric cancer, thus
representing a precancerous condition. The eventual
development of the intestinal-type gastric adenocarcinoma
is the end result of an inflammation-metaplasia-dysplasia[15]
carcinoma sequence, the so-called Correa cascade .
One important determinant of gastric cancer risk is how
the precancerous changes in the gastric mucosa are
distributed within the stomach. The oxyntic gland atrophy
and/or the intestinal metaplasia distributed in a multifocal
pattern, including the lesser curvature of the corpus and
fundus (multifocal atrophic gastritis), reported as the
“extensive” phenotype and has been associated with a
higher risk of gastric cancer. The idea of ‘gastritis of the
carcinoma phenotype’ proposes that corpus-predominant
[16]
gastritis increases the risk of gastric cancer , probably
due to changes in the intra-gastric milieu, such as in
creased pH, reduced ascorbic acid and the scavenging
of nitrites, perhaps due to dysbiosis of the gastric micro
[17,18]
biota
and probably also due to bacteria other than
Hp, such as Lachnospiraceae, Lactobacillaceae, and
[19]
Streptococcaceae .
Notwithstanding a growing body of evidence, the
composition of a healthy gastric microbiota remains unde
fined, and the relationship between Hp and other gastric
bacteria or other microorganisms is yet to be clarified.
Some evidence shows that Hp decreases the diversity
of the gastric microbiota, suggesting its predominance
over other microorganisms. Therefore, Hp may represent
the main but not the sole microbial trigger of gastric
diseases, and microbes other than Hp may play a role
in the occurrence of long-term complications of Hp in
[20]
fection . Therefore, it might be speculated that the
antibiotic treatment given for eradicating Hp may in
some cases be beneficial for gastric cancer risk because
it is efficacious in eliminating bacteria other than Hp.
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[30]

[39,40]

combined with Hp IgG serology .
As mentioned above, the outcome of Hp infection
is highly strain- and host-dependent, which implies
that multiple interplaying factors should be taken into
[31]
consideration . Amongst strain-dependent factors, a
very recent systematic review showed that Hp strains
positive for the virulence factors vacA, s1m1, and cagA
can significantly increase the risk of gastric cancer, and
these bacterial genetic markers may be used for risk
[32]
stratification between different populations .
Corpus-predominant AG is considered one of the
outcomes of Hp infection that puts patients at higher
[9]
risk for gastric cancer . A previous study using immu
noproteome technology to identify Hp antigens showed
that sera from AG (40.5% ± 2%) and gastric cancer
patients (25.9% ± 1.8%) showed a significantly higher
and stronger mean immunoreactivity vs Hp antigens
compared to peptic ulcer patients (11.2% ± 1.3%).
[33]
That method differentially recognized 17 Hp antigens .
These data suggest that patients with gastric cancer
and those with AG, its precursor condition, may display
a common serological immunorecognition pattern of Hp
antigens, confirming the link between the infection and
these conditions.

(OLGIM), may be mentioned
. In geographical
areas with a sufficiently high expertise, endoscopic
scoring systems such as that of Kimura and Takemoto
can be applied, but histological confirmation is still rec
[41]
ommended .
The reversibility of AG after Hp eradication remains a
controversial issue. A recent meta-analysis of 12 studies
reported that eradication was linked with a significant
reduction in AG in the corpus (P = 0.006) but not in the
antrum (P = 0.06); furthermore, there was evidence for
a significant effect on intestinal metaplasia neither in the
[42]
corpus (P = 0.42) nor in the antrum (P = 0.76) . Two
[12,13]
other meta-analyses observed consistent findings
,
showing significant improvement of gastric atrophy
after cure of Hp infection, whereas improvement was
not shown for intestinal metaplasia. A very recent longterm follow-up study reported that AG and intestinal
metaplasia in the antrum and corpus improved only in
[43]
the Hp-cured patients compared to baseline . These
data support the idea that Hp eradication may be a pre
vention strategy for gastric cancer through resolution/
improvement of precancerous lesions.

PROPOSED ERADICATION REGIMENS
Since the 1990s, in different countries, national and in
ternational guidelines for the management of patients
with Hp infection have been published. These guidelines
generally comprise first-line therapy recommendations,
[26,35,44-51]
which vary by country or region
.
An ideal antibiotic regimen for Hp should achieve
eradication rates of approximately 90%, and complex
multidrug regimens are required to reach this goal.
Amongst factors associated with treatment failure
are high bacterial load, high gastric acidity, Hp strain,
smoking, and low compliance. However, the increasing
antibiotic resistance, particularly against clarithromycin,
seems to be played a major role in poor outcomes. To
limit the problem of resistance, a combination of drugs
[2,35,44]
with no significant resistance would be necessary
.
Decreasing eradication rates with standard therapies
have prompted recent changes in recommended firstline therapies. Proposed treatment regimens are mainly
bismuth-based triple therapies in Eastern guidelines,
mainly concomitant and bismuth-based therapy in West
ern guidelines, and less commonly sequential or hybrid
[2]
regimens . However, these recommendations refer to
chronic Hp gastritis, without taking into consideration the
peculiar condition of AG.
In particular, AG, when involving the corporal mucosa,
is notably linked to reduced gastric acid secretion and
consequent hypochlorhydria. In this particular intragastric microenvironment with a non-acidic intra-gastric
pH, the efficacy of the common treatment regimens using
the combination of a proton pump inhibitor with one or
more antibiotics may not be the same as observed in
patients with Hp gastritis in an acid-producing stomach.
Though the efficacy of these therapeutic regimens has
[52-54]
been largely tested in subjects with Hp infection
,

TREATMENT OF HP INFECTION IN AG
Hp is a major human pathogen causing chronic and
progressive gastric mucosal damage, and it is aetio
logically related to gastric atrophy and gastric cancer.
Hp-positive individuals constitute the major reservoir
[8,34]
for transmission of the infection
. According to main
[26,35,36]
guidelines and consensus statements
, all Hppositive individuals should receive eradication treatment
unless competing considerations are present. This
recommendation implies that all patients with AG and
positivity to Hp should receive eradication treatment.
The possible goals of treatment of Hp infection in AG
patients are as follows: (1) Cure of infection, resolution
of related mucosal inflammation and normalization of
gastric functions (acid secretion); (2) possible reversal of
atrophic and metaplastic changes of the gastric mucosa
and preventing the lesions reaching the so-called point
of no return, beyond which the reversibility of histological
changes is virtually considered not possible anymore;
and (3) finally, prevention or risk reduction of gastric
cancer, as current evidence is consistent with the notion
that cure of Hp infection may stop the progression
of damage and may reduce the Hp-related events
[10,37,38]
increasing genetic instability in the gastric mucosa
.
The potential benefits of cure of Hp infection for
a single individual, including in terms of cancer risk
reduction, depend on the degree and extent of atro
phic damage that has already occurred at the time
of eradication and the eventual reversibility of that
[26,35]
damage
. Amongst the several approaches to stratify
the risk, the validated histological staging systems, such
as operative link for gastritis assessment (OLGA) and
operative link for gastric intestinal metaplasia assessment
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Table 1 Eradication rates reported in previous studies in patients with corporal atrophic gastritis n (%)
Countries

Patients, n

Treatment regimen

Cured patients

Mexico

57

49 (85.9)

Vannella et al[14], 2011

Italy

192

Kamada et al[56], 2003

Japan

45

Ohkusa et al[57], 2001

Japan

163

Omeprazole (40 mg), amoxicillin (1 g), and clarithromycin (500 mg),
twice daily for two wk
Dicitrate bismuthate (120 mg qds) for 4 wk, plus amoxicillin (1 g tds),
and metronidazole (250 mg tds) during the first 2 wk
Omeprazole (20 mg), amoxicillin (1500 mg) and clarithromycin (600 mg)
for 1 wk
Proton-pump inhibitor and antibiotic therapy for 1 wk

Reference
Sánchez Cuén et al[55], 2016

there is a paucity of evidence in the subgroup of patients
with AG. From some studies, albeit not designed for this
aim, eradication rates of AG patients can be extrapolated,
and they have ranged between 71% and 86%. In a
previous study in which 192 patients with Hp-positive
AG were treated with bismuth-based triple regimens,
[14]
an overall eradication rate of 70.8% was achieved . In
another study, of 57 patients with intestinal metaplasia
receiving standard triple therapy, the infection was
successfully cured in 49 patients (eradication rate
[55]
85.9%) . Less recent Japanese studies achieved
[56,57]
eradication rates of 82.2% and 70.5%
. Table 1
summarizes the eradication rates reported in previous
studies.
Bismuth-based therapy may be an attractive treat
ment in the specific setting of AG. Bismuth has been used
for centuries in medicine. From a gastroenterological
perspective, bismuth salts have been used to treat
peptic ulcer disease, dyspepsia, parasitic infections,
[58]
microscopic colitis, and infectious diarrhoea . Soon
after the discovery of Hp, Marshall highlighted that
some antimicrobial compounds (e.g., bismuth salts
and metronidazole) had been used to treat peptic ulcer
disease in the past with some success. These results led
to a renewed interest in bismuth compounds, largely
because bismuth was found to inhibit the growth of Hp
[59]
and effective in eradicating the bacterium . In 1995,
two articles, independently and at the same time,
showed that adding PPI to bismuth-based triple therapy
[60,61]
increased treatment efficacy
. This combination main
ly remained a rescue therapy during the following ten
years, when the PPI-clarithromycin-based triple therapy
[62]
was the standard therapy . Bismuth has an established
history in the treatment of Hp. Colloidal bismuth sub
citrate has potent anti-Hp activity (MIC 4-32 μg/mL),
and in vitro resistance has not been detected. Further,
bismuth increases eradication when included in double,
[2]
triple, and quadruple regimens .
In AG patients, in whom acid secretion is generally
impaired, treatment with PPI may not make sense at
all. Therefore, in this specific setting, bismuth-based
therapy may represent a more promising treatment
option, especially in the recent galenic formulation,
bismuth subcitrate potassium, metronidazole, and
tetracycline (BMT, sold under licence as Pylera®). In
particular, this formula consists of 140 mg of bismuth
subcitrate potassium (equivalent to Bi2O3), 125 mg of
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136 (70.8)
35 (82.2)
115 (70.5)

metronidazole and 125 mg of tetracycline hydrochloride
given as a three-in-one capsule four times daily for ten
[63]
days . Generally, this formula is associated with 20 mg
of omeprazole twice daily, which in hypochlorhydric AG
patients is not indicated or even useless. One advantage
of this three-in-one treatment is that it should allow us
to standardize the doses of molecular antimicrobials,
which is not always possible when the compounds are
taken separately. Undeniably, 14 d triple therapy with
bismuth salts, tetracycline and metronidazole was the
first therapy to achieve consistently high Hp eradication
[2,63]
rates
. The bismuth-based quadruple therapy is in
cluded among the recommended first-line therapies
in the current European, United States, Canadian and
[35,36,48,49]
Chinese guidelines
. Several studies have inves
tigated the efficacy of bismuth-containing quadruple
therapy. A previous systematic review showed that the
triple capsule Pylera® achieved eradication rates rang
ing between 84% and 97%. Eradication rates were
similar for clarithromycin- and metronidazole-resistant
strains. Eradication rates with an omeprazole, bismuth,
metronidazole and tetracycline regimen appeared com
parable between metronidazole-resistant and -sensitive
strains. This effect was not seen with the use of triple
therapy in cases of clarithromycin resistance. Previous
clinical trials did not report any serious side effects from
bismuth-based regimens, and compliance was similar to
[63]
standard triple therapy .
The safety of bismuth administration for Hp eradi
cation has been confirmed in a systematic review of 35
randomized clinical trials with a total of 4763 patients,
[64]
2435 of whom were treated with bismuth salts : no
serious adverse event was reported with the bismuth
therapy. There was also no statistically significant dif
ference in the total number of adverse events between
those receiving bismuth salts and other regimens or in
the individual adverse events, that is, abdominal pain,
diarrhoea, dizziness, headache, metallic taste, nausea
or vomiting. A very recent Italian study compared 10
d sequential and bismuth-based quadruple therapies
for first-line Hp treatment in 495 patients, achieving
similarly high eradication rates (92% vs 91%) as first[65]
line treatments for Hp infection in clinical practice .
Unfortunately, patients were not stratified according to
pattern of gastritis.
Though bismuth salts represent a promising treat
ment in the setting of AG with a rationale based on
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may be an attractive treatment in the specific setting of
AG, and specific studies on the efficacy of bismuth-based
therapies are needed in patients with AG.
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gastric function, such as impaired gastric secretion. These alterations create
an intragastric environment that leads to dysbiosis of the gastric microbiota.
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Abstract
AIM
To investigate the relationship between hypoxia-inducible
factor-1α (HIF-1α), prolyl 4-hydroxylase beta (P4HB)
expression, and clinicopathologic parameters, as well
as the prognostic value of these genes for patients with
gastric cancer (GC).
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METHODS
Hypoxia is a critical factor that shapes the GC micro
environment. In previous reports, we have demonstrated
that P4HB is a potential target of HIF-1α. In the present
study, gene expression profiling interactive analysis
(GEPIA) was used to analyze the relationship between
P4HB and hypoxia-associated genes. To this end, 428
GC tissue samples were used to analyze the expression
of HIF-1α and P4HB via immunohistochemical staining.
Patient samples were classified as having weak-expression
or over-expression both in terms of HIF-1α and P4HB.
Correlations between biomarkers and clinicopathological
factors were analyzed to predict survival.

Zhao Y. Prognostic value of hypoxia-inducible factor-1 alpha and
prolyl 4-hydroxylase beta polypeptide overexpression in gastric
cancer. World J Gastroenterol 2018; 24(22): 2381-2391 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i22/2381.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i22.2381

INTRODUCTION
Despite a decline in the incidence of gastric cancer (GC)
[1]
globally in recent years , this form of cancer is still the
second most common type of cancer and the second
[2]
leading cause of cancer-related death in China . This
is attributed to its specific biological characteristics:
a lack of early clinical manifestation, local invasion,
and systemic metastasis. Most patients with GC are
diagnosed at an advanced stage. Although traditional
treatment strategies have improved, the median overall
[3]
survival (OS) of advanced GC is less than 1 year , with
more than half of patients having a recurrence within
[1]
5 years of surgery and adjuvant chemotherapy . As a
result, it is urgent to identify effective biomarkers to aid
in prognostic accuracy as a part of therapy against GC.
Considerable evidence has shown that the hypoxic
tumor microenvironment is closely associated with cancer
[4]
[5]
progression and metastasis . Hypoxia-inducible factors
(HIFs), HIF-1 and HIF-2, play a co-operative role in
[6]
mediating the cellular response to low oxygen tension .
In response to hypoxia, the expression of these factors
are self-regulated, resulting in the acceleration of cell
dissemination, invasion, and angiogenic properties, as
well as a shift among cancer cells towards a metastatic
[5]
phenotype . Specifically, HIF-1α, a subunit of HIF-1,
has been shown to upregulate epithelial mesenchymal
[7]
transition-related transcription factors (EMT-TFs) , and
[8]
to antagonize p53 .
In the last decade, a plethora of targeted molecular
therapies have been approved and used in clinical practice
based on gene expression profiling research. However,
the efficacy of these drugs has not met expectations, and
the anticipated breakthroughs in treatment resulting from
[9]
their use have not been achieved . As tumor invasion
and metastasis requires multiple molecular alterations,
a reasonable combination of several biomarkers may
improve prognostic accuracy.
In previous research, we identified prolyl 4-hydroxy
lase beta polypeptide (P4HB) as a putative downstream
molecular target of HIF-1α based on bioinformatics
prediction and experimentation. These molecules af
fected the invasion and metastasis of GC. P4HB is an
abundant multifunctional enzyme that belongs to the
[10]
protein disulfide isomerase (PDI) family . It can act
as an endoplasmic reticulum (ER) chaperone to inhibit
[11]
the aggregation of misfolded proteins . Studies have
shown that P4HB is overexpressed in hepatocellular
[12,13]
carcinoma
and has a close relationship with drug
[14]
resistance in malignant glioma and non-small cell lung
[15]
cancer .
The aim of this study was to investigate the cor

RESULTS
P4HB demonstrated a positive correlation with hypoxiaassociated genes (P < 0.05). HIF-1α and P4HB
overexpression have a significant correlation with TNM
2
2
staging (χ = 23.32, P = 0.00; χ = 65.64, P = 0.00) and
2
2
peritoneum cavity metastasis (χ = 12.67, P = 0.00; χ =
39.29, P = 0.00). In univariate analysis, patients with a
high HIF-1α expression trend had a shorter disease-free
survival (DFS: 44.80 mo vs 22.06 mo) and overall survival
(OS: 49.58 mo vs 39.92 mo). P4HB overexpression
reflected similar results: patients with over-expression
of P4HB had a shorter survival time than those with
weak-expression (DFS: 48.03 mo vs 29.64 mo, OS:
52.48 mo vs 36.87 mo). Furthermore, HIF-1α is also a
clinicopathological predictor of dismal prognosis according
to multivariate analysis (DFS, 95%CI: 0.52-0.88, P < 0.00;
OS, 95%CI: 0.50-0.85, P < 0.00). However, P4HB was
meaningful in DFS (95%CI: 0.58-1.00, P < 0.05) but not
in OS (95%CI: 0.72-1.23, P > 0.05).
CONCLUSION
Overexpression of HIF-1α and P4HB is associated with
poor prognosis in patients with GC. Thus, these genes
may be potential prognostic biomarker candidates in GC.
Key words: Gastric cancer; Hypoxia inducible factor-1α;
Prolyl 4-hydroxylase beta polypeptide; Overall survival;
Clinicopathological predictors; Disease free survival
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The progression of gastric cancer is closely
related to the hypoxic tumor microenvironment. In the
present study, we found the expression levels of prolyl
4-hydroxylase beta (P4HB) and hypoxia-inducible factor1α (HIF-1α) were significantly increased in gastric
cancer tissue, and patients with high P4HB and HIF-1α
expression had an increased risk of death and relapse
compared with patients with low P4HB and HIF-1α
expression after adjusting for potential confounders.
Based on our research, we suggest that higher expression
of P4HB and HIF-1α promotes risk of death and relapse
and may act as an indicator of prognosis in patients with
gastric cancer.
Zhang J, Wu Y, Lin YH, Guo S, Ning PF, Zheng ZC, Wang Y,
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relation between HIF-1α, P4HB expression, and
relevant clinicopathologic parameters in GC patients.
Furthermore, we also evaluated whether prognosis and
hepatic/peritoneum metastasis are associated with HIF1α or P4HB expression.

section was immunostained with antibodies against
HIF-1α (Abcam, 1:100) and P4HB (BOSTER, 1:50)
and visualized by incubation with the appropriate
biotin-conjugated secondary antibodies and immmuno
peroxidase detection using the VECTASTAIN ABC Elite
kit (Linaris, Werthein, Germany) and diaminobenzidine
(DAB) substrate (BOSTER, China).

MATERIALS AND METHODS
Ethical statement

Evaluation of immunohistochemistry staining

This study was conducted with approval of the Liaoning
Province Cancer Hospital and Institute Institutional
Review Board. Informed consent for specimen pres
ervation was obtained from patients before their surgery
at Liaoning Province Cancer Hospital and Institute.

Immunoreactivity of HIF-1α and P4HB was evaluated
independently by two experienced pathologists. The final
results of the evaluation were obtained after considering
the staining intensity of the proportion of positive cells.
This proportion was calculated as the mean percentage
of gene-positive tumor cells elevated in five areas at
200 × magnification. The proportion of positive cells was
considered from the following: 0, negative; 1, positive in
≤ 10% of cells; 2, positive in > 10% and ≤ 50% of cells;
3, positive in > 50% and ≤ 75% of cells; and 4, positive
in > 75% of cells. Then, staining intensity of this level
was scored as 0, negative; 1, weak; 2, moderate; and
3, strong. The two scores were multiplied and expressed
as a graded: 0, negative; 1-4, weak expression; 5-8,
moderate expression; and 9-12, strong expression. The
median score was used as the expression cutoff point
(HIF-1α median score = 6, P4HB median score = 4).
Patients were divided into over-expression or weakexpression groups based on these values.

Patients and tissue samples

This retrospective study enrolled a total of 428 patients
with GC who underwent gastrectomy between January
2009 and December 2011 at Liaoning Province Cancer
Hospital & Institute (Liaoning, China). All patients
underwent initial curative gastrectomy, 423 cases
(98.8%) were D2 lymph node dissected, and five cases
(1.2%) were D1 lymph node dissected. None of the
enrolled patients received chemotherapy or radiotherapy
before surgery. All enrolled patients had a sufficient
number of paraffin embedded tumor specimens stored.
Adenosquamous carcinoma or neuroendocrine carcinoma
patients were excluded from our analysis. Tumor staging
conformed to the eighth edition of the American Joint
Committee on Cancer/Union International Control Center
(AJCC/UICC) TNM staging manual (2017). The median
patient age at surgery was 58 years (range 32-81
years), 304 (71.0%) were male, and 124 (29.0%) were
female. All patients with staging more advanced than IIA
received adjuvant chemotherapy. The clinicopathological
parameters of patients included age, gender, Borrmann
type, tumor size, tumor histological morphology, Lauren
type, tumor differentiation, T category, N category,
TNM stage, vascular invasion, perineural invasion, and
operation (Table 1).
Follow-up assessment included physical examination,
complete blood count, liver function test, endoscope,
pulmonary, abdominal, and pelvic computed tomography
(CT) scan. Follow-up assessments were performed every
3-6 mo for 5 years after surgery. The date of first relapse
and date of death were recorded in applicable cases.
Survival was calculated from the time of surgery until the
last follow-up or death from any cause. The last follow-up
data included were from July 1, 2017. The first relapse
date and death date were recorded. Disease-free survival
(DFS) was defined as the period between surgery and
the first relapse diagnosis. Overall survival (OS) was
defined as the period between the resection date and
death for any cause.

Genes related to HIF-1α and P4HB

We used the online database Gene Expression Profiling
Interactive Analysis (GEPIA, http://gepia.cancerpku.
[16]
cn/index.html) , an interactive web server, to analyze
our RNA sequencing expression data based on The
Cancer Genome Atlas (TCGA) and the Genotype-Tissue
Expression (GTEx) projects.

Statistical analysis

Statistical Package for Social Science (SPSS), version
19.0 (Armonk, NY, United States) was used for statistical
2
analysis. The χ test or Fisher’s Exact test was used
to explore the correlations among clinicopathological
variables and biomarker variables (HIF-1α and P4HB).
Survival curves were analyzed by the Kaplan-Meier
method, and univariate survival analysis was performed
using log-rank test. Cox proportional hazards model was
used to examine the effects on survival for prognostic
biomarkers.

RESULTS
Expression of P4HB is associated with hypoxiaassociate biomarkers in GC

In previous research, we demonstrated that P4HB is
downstream of HIF-1α. Inhibition of HIF-1α expression
down-regulates the expression of P4HB. Therefore, we
suspected P4HB is co-expressed with other hypoxiaassociated genes. To examine this hypothesis, we ex

Immunohistochemistry

Serial sections (5 μm) of tumor tissue and adjacent
tissue were fixed on poly-L-lysine-coated slides. Each
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Table 1 Patients characteristics and univariate analysis (n = 428)
Characteristics

n (%)

DFS

t /mo
Age (median, yr)
< 60
≥ 60
Gender
Male
Female
Bormann type
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Tumor size
< 5 cm
≥ 5 cm
Location
Up
Middle
Low
Tumor histological morphology
Adenocarcinoma
Absolute signet ring cell carcinoma
Mixed carcinoma
Lauren type
Intestinal
Diffuse
Mixed type
Tumor differentiation
Poor
Moderate and high
Vessel invasion
No
Yes
Perineural invasion
No
Yes
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Operation
D1
D2
Hepatic metastasis
Yes
No
Peritoneum cavity metastasis
Yes
No
HIF-1α
Weak-expression
Over- expression
P4HB
Weak-expression
Over- expression

P value
0.47

199 (46.5)
229 (53.5)

40.02
37.72

304 (71.0)
124 (29.0)

37.74
41.38

33 (7.7)
189 (44.2)
200 (46.7)
6 (1.4)

64.24
45.99
28.43
17.50

243 (56.8)
185 (43.2)

46.15
29.12

90 (21.0)
121 (28.3)
217 (50.7)

33.10
39.98
40.49

319 (74.5)
3 (0.7)
106 (24.8)

39.45
63.67
36.09

200 (49.5)
129 (26.9)
99 (23.1)

41.74
39.28
33.96

288 (67.3)
140 (32.7)

36.54
43.43

299 (69.9)
129 (30.1)

43.24
28.49

320 (74.8)
108 (25.2)

42.76
27.03

85 (19.9)
24 (5.6)
16 (3.7)
303 (70.8)

65.15
61.13
59.04
28.61

179 (41.8)
67 (15.7)
84 (19.6)
98 (22.9)

62.20
37.22
23.48
10.24

93 (21.7)
101 (23.6)
228 (53.3)
6 (1.4)

64.16
63.27
18.44
7.00

5 (1.2)
423 (98.8)

7.00
39.17

46 (10.7)
382 (89.3)

18.48
41.24

155 (36.2)
273 (63.8)

14.45
52.61

209 (48.8)
219 (51.2)

44.80
33.06

213 (49.8)
215 (50.2)

48.03
29.64

OS
2

χ /Z

t /mo

-0.72

P value

2

χ /Z

0.79

-0.26

0.56

-0.59

0.00

70.97

0.00

-5.87

0.22

3.03

0.36

2.03

0.06

5.50

0.01

-2.54

0.00

-5.65

0.00

-5.26

0.00

124.25

0.00

322.11

0.00

271.25

0.00

-3.79

0.00

-5.10

0.00

-13.96

0.00

-4.24

0.00

-6.91

44.97
44.34
0.42

-0.80
43.99
46.23

0.00

78.58
64.21
51.15
35.78
27.33

0.00

-6.17
50.57
36.84

0.09

4.92
40.62
45.26
45.96

0.26

2.70
45.15
63.67
42.56

0.07

5.28
47.59
44.97
40.12

0.01

-2.74
42.72
48.58

0.00

-6.06
48.60
35.47

0.00

-5.63
47.95
34.82

0.00

143.15
65.20
62.44
61.33
36.61

0.00

323.31
63.47
48.52
33.05
17.52

0.00

285.22
64.20
65.59
28.30
9.50

0.00

-3.45
9.20
45.06

0.00

-5.31
28.22
46.62

0.00

-14.35
23.47
56.66

0.00

-4.41
49.58
39.92

0.00

-6.88
52.48
36.87

DFS: Disease-free survival; OS: Overall survival; HIF-1α: Hypoxia-inducible factor-1α; P4HB: Prolyl 4-hydroxylase beta.
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plored the correlation between P4HB and HIF-1α and
hypoxia-associate biomarkers: hydrocarbon receptor
nuclear translocator (ARNT), carbonic anhydrase 9 (CA9),
egl-9 aryl solute carrier family 2 member 1 (SLC2A1 or
Glut-1), lactate dehydrogenase A (LDHA or LDH5), and
vascular endothelial growth factor A (VEGFA) in GEPIA.
Higher P4HB expression was observed in our database
with high HIF-1α (R = 0.31, P = 1.3e-10), ARNT (R =
0.23, P = 3.4e-6), CA9 (R = 0.099, P = 0.045), SLC2A1
(R = 0.19, P = 0.00011), VEGFA (R = 0.27, P = 2.7e-8),
and LDHA (R = 0.16, P = 0.00086) (Figure 1A-F).

tumor size, tumor differentiation, vessel invasion, peri
neural invasion, T category, N category, TNM stage,
operation, hepatic metastasis, and peritoneum cavity
metastasis. HIF-1α-weak-expression patients displayed a
longer DFS (44.80 mo vs 22.06 mo) and OS (49.58 mo
vs 39.92 mo) (Table 1, Figure 3A and C). Patients with
strong-expression of P4HB had a shorter survival time
than those with weak-expression (DFS: 48.03 mo vs
29.64 mo, OS: 52.48 mo vs 36.87 mo, Table 1, Figure
3B and D).
Multivariate analysis used factors with P < 0.05
in univariate analysis. A backward stepwise method
was used in the Cox proportional hazards model. After
adjusting for Bormann type, tumor size, TNM stage, and
other variables, TNM stage was undoubtedly associated
with shorter DFS and OS (DFS: P = 0.00, HR = 24.65,
95%CI: 16.04-37.87; OS: P = 0.00, HR = 87.72,
95%CI: 41.21-186.68). Vessel invasion amplification was
associated with shorter DFS (DFS: P = 0.00, HR = 0.70,
95%CI: 0.53-0.93). Finally HIF-1α over-expression was
an independent prognostic factor predicting DFS and OS
(DFS: P = 0.00, HR = 0.67, 95%CI: 0.52-0.88, OS: P
= 0.00, HR = 0.65, 95%CI: 0.50-0.85). However, P4HB
was only the independent prognostic factor predicting
DFS but not OS (DFS: P = 0.04, HR = 0.76, 95%CI:
0.58-1.00, OS: P = 0.65, HR = 0.94, 95%CI: 0.72-1.23)
(Table 3).

HIF-1α and P4HB expression in GC specimens

To investigate the role of HIF-1α and P4HB in GC tis
sue, we detected the expression of HIF-1α and P4HB
by immunohistochemistry (IHC) in a total of 428 GC
samples tissues. We found that 51.2% (n = 219) of
tissues showed HIF-1α with strongly positive expression
(Figure 2A), and 44.8% (n = 209) showed weakly
positive expression (Figure 2B). Additionally, 50.2%
(n = 215) of tissues showed P4HB with strongly positive
expression (Figure 2C), and 49.8% (n = 213) showed
weakly positive expression (Figure 2D). The number of
patients with both genes over-expressed was 174, and
it was 168 for weak-expression. The number of patients
only with HIF-1α over-expression was 45 and with only
P4HB over-expression was 41.

Correlation between the expression of HIF-1α, P4HB,
and clinicopathologic factors

DISCUSSION
Metastasis is the most common cause of treatment
failure in cancer, and its process is complex and highly
orchestrated. Studies have demonstrated that not
only the primary tumor but also the distant tissue
microenvironment influence the propensity for tumor
[17,18]
metastasis
. Oxygen is an essential nutrient in normal
tissue as well as in facilitating tumor spread. When solid
tumors grow faster than oxygen delivery, they use the
hypoxic signaling pathway to maintain their oxygen
[19]
supply and adapt to hypoxic conditions . Regardless
of the initiation site, tumor metastasis is promoted by
HIF signaling; specifically, HIF-1 and HIF-2 coordinate
to stabilize this pathway and maintain homeostasis of
[20]
the hypoxic microenvironment . As a key transcription
factor, HIF-1α is involved in each step of the tumor
metastatic cascade: from epithelial-mesenchymal
[7]
[21]
[22]
transition (EMT) , intravasation , extravasation ,
the establishment of premetastatic niche to survival
[23]
at a distant site . In vitro and in vivo experiments
have shown that downregulation of HIF-1α expression
can significantly inhibit the malignancy phenotype of
[24,25]
GC
. However, as a malignant tumor with significant
heterogeneity, the prognostic role of HIF-1α in GC is
remains controversial.
[26]
Four systematic reviews (Lin et al , Chen et
[27]
[28]
[29]
al , Zhu et al , Zhang et al ) have reported on
the prognostic role of HIF-1α in GC. Briefly, all of the
meta-analyses consider HIF-1α to have a remarkable

The association between clinicopathological characteristics
and the expression of HIF-1α and P4HB are summarized
2
in Table 2. According to χ test or Fisher’s Exact test, HIF1α overexpression was associated with T category (P =
2
2
0.01, χ = 10.93), N category (P = 0.00, χ = 23.55),
2
TNM stage (P = 0.00, χ = 23.32), hepatic metastases
2
(P = 0.01, χ = 6.98), and peritoneum cavity metastasis
2
(P = 0.00, χ = 12.67). P4HB overexpression was
2
associated with Bormann type (P = 0.00, χ = 29.18),
2
tumor size (P = 0.00, χ = 11.09), tumor differentiation
2
2
(P = 0.03, χ = 4.53), perineural invasion (P = 0.03, χ =
2
4.71), T category (P = 0.00, χ = 44.94), N category (P
2
2
= 0.00, χ = 54.13), TNM stage (P = 0.00, χ = 65.64),
2
and peritoneum cavity metastasis (P = 0.00, χ = 39.29).

Univariate and Multivariate analysis in the cohort of GC
patients

In this series, 416 of 428 patients had available clinical
follow-up data. Specifically, 250 patients (58.4%) died
prior to end of follow-up. Of these, 155 (36.2%) and 46
(10.7%) developed peritoneum cavity metastasis and
hepatic metastasis, respectively. The median DFS was
31.50 mo (range 5-91), and the median OS was 45.00
mo (range 7-91).
Clinical outcomes and clinicopathological factors
were evaluated by Kaplan-Merier method and log-rank
test. These global prognostic factors were undoubtedly
associated with DFS and OS, such as: Bormann type,

WJG|www.wjgnet.com

2385

June 14, 2018|Volume 24|Issue 22|

Zhang J et al . Prognostic value of HIF-1α and P4HB overexpression in GC
Table 2 Hypoxia-inducible factor-1α and prolyl 4-hydroxylase beta expressions and clinicopathologic characteristics
Characteristics

Age
< 60
≥ 60
Gender
Male
Female
Bormann type
Ⅰ
Ⅱ
Ⅲ
Ⅴ

Tumor size
< 5 cm
≥ 5 cm
Tumor histological morphology
Adenocarcinoma
Absolute signet ring cell carcinoma
Mixed carcinoma
Location
Up
Middle
Low
Lauren type
Intestinal
Diffuse
Mixed type
Tumor differentiation
Poor
Moderate and high
Vessel invasion
No
Yes
Perineural invasion
No
Yes
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Operation
D1
D2
Hepatic metastases
Yes
No
Peritoneum cavity metastasis
Yes
No

HIF-1α
Low

High

209 (48.8)

219 (51.2)

P4HB

P value
0.42

93 (46.7)
116 (50.7)

106 (53.3)
113 (49.3)

149 (49.0)
60 (48.4)

155 (51.0)
64 (51.6)

16 (48.5)
104 (55.0)
88 (44.0)
1 (16.7)

17 (51.5)
85 (45.0)
112 (56.0)
5 (83.3)

124 (51.0)
85 (45.9)

119 (49.0)
100 (54.1)

157 (49.2)
3 (100.0)
49 (46.2)

162 (50.8)
0 (0.0)
57 (53.8)

40 (14.4)
53 (43.8)
116 (53.5)

50 (55.6)
68 (56.2)
101 (46.5)

96 (48.0)
73 (56.6)
40 (40.4)

104 (52.0)
56 (43.4)
59 (59.6)

132 (45.8)
77 (55.0)

156 (54.2)
63 (45.0)

152 (50.8)
57 (44.2)

147 (49.2)
72 (55.8)

160 (50.0)
49 (45.4)

160 (50.0)
59 (54.6)

32 (88.9)
11 (45.8)
41 (45.1)
125 (45.1)

4 (11.1)
13 (54.2)
50 (54.9)
152 (54.9)

111 (62.0)
28 (41.8)
37 (44.0)
33 (33.7)

68 (38.0)
39 (58.2)
47 (56.0
65 (66.3)

54 (58.1)
65 (64.4)
87 (38.2)
3 (50.0)

39 (41.9)
36 (35.6)
141 (61.8)
3 (50.0)

2 (40.0)
207 (48.9)

3 (60.0)
216 (51.1)

14 (30.4)
195 (51.0)

32 (69.6)
187 (49.0)

58 (37.4)
151 (55.3)

97 (62.6)
122 (44.7)

0.91

0.06

0.30

0.18

0.15

0.05

0.08

0.21

0.41

0.01

0.00

0.00

0.69

0.01

0.00

χ

2

Low

High

213 (49.8)

215 (50.2)

96 (48.2)
117 (51.1)

103 (51.8)
112 (48.9)

148 (48.7)
65 (52.4)

156 (51.3)
59 (47.6)

26 (78.8)
110 (58.2)
75 (37.5)
2 (33.3)

7 (21.2)
79 (41.8)
125 (62.5)
4 (66.7)

138 (42.0)
75 (14.6)

110 (58.0)
105 (85.4)

163 (51.1)
2 (66.7)
48 (45.3)

156 (48.9)
1 (33.3)
58 (54.7)

41 (45.6)
60 (49.6)
112 (51.6)

49 (54.4)
61 (50.4)
105 (48.4)

104 (52.0)
64 (49.6)
45 (45.5)

96 (48.0)
65 (50.4)
54 (54.5)

133 (46.2)
80 (57.1)

155 (53.8)
60 (42.9)

153 (51.2)
60 (46.5)

146 (48.8)
69 (53.5)

169 (52.8)
44 (40.7)

151 (47.2)
92 (59.3)

9 (56.3)
13 (54.2)
69 (81.2)
122 (40.3)

7 (43.8)
11 (45.8)
16 (18.8)
181 (59.7)

126 (70.4)
28 (41.8)
28 (33.3)
31 (31.6)

53 (29.6)
39 (58.2)
56 (66.7)
67 (68.4)

72 (77.4)
65 (64.4)
75 (32.9)
1 (16.7)

21 (22.6)
36 (35.6)
1503 (67.1)
5 (83.3)

1 (20.0)
212 (50.1)

4 (80.0)
211 (49.9)

17 (37.0)
196 (51.3)

29 (63.0)
186 (48.7)

46 (29.7)
167 (61.2)

109 (70.3)
106 (38.8)

0.65

0.01

7.26

1.09

3.45

3.78

5.98

3.17

1.60

0.69

10.93

23.55

23.32

0.16

6.98

12.67

P value

χ

2

0.35

0.57

0.48

0.49

0.00

29.18

0.00

11.09

0.49

1.42

0.63

0.94

0.57

1.14

0.03

4.53

0.38

0.78

0.03

4.71

0.00

44.94

0.00

54.13

0.00

65.64

0.18

1.79

0.07

3.38

0.00

39.29

HIF-1α: Hypoxia-inducible factor-1α; P4HB: Prolyl 4-hydroxylase beta.

correlation with poor OS in GC, but whether HIF-1α has
a close relationship with DFS or PFS is still unclarified.
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Meanwhile, a limitation in these meta-analyses is sample
size, as the largest sample size involved in the studies
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Table 3 Multivariate analysis of significant prognostic factor for survival in gastric cancer patients
Variables

DFS

OS

P value

HR

95%CI

P value

HR

95%CI

0.26
0.34
0.95
0.01
0.44
0.00
0.00
0.04

1.15
0.88
0.99
0.70
0.90
24.65
0.67
0.76

0.91-1.46
0.67-1.15
0.74-1.33
0.53-0.93
0.68-1.19
16.04-37.87
0.52-0.88
0.58-1.00

0.38
0.38
0.84
0.19
0.25
0.00
0.00
0.65

1.11
0.89
1.03
0.83
0.86
87.72
0.65
0.94

0.88-1.40
0.68-1.16
0.77-1.31
0.63-1.09
0.66-1.11
41.21-186.68
0.50-0.85
0.72-1.23

Bormann
Tumor Size
Tumor differentiation
Vessel invasion
Perineural invasion
TNM stage
HIF-1α expression
P4HB expression

DFS: Disease-free survival; OS: Overall survival; HIF-1α: Hypoxia-inducible factor-1α; P4HB: Prolyl 4-hydroxylase beta.
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Figure 1 High prolyl 4-hydroxylase beta expression as a marker of tumor hypoxia. A: HIF-1α protein; B: ARNT protein; C: CA9 protein; D: SLC2A1 protein; E:
VEGFA protein; F: LDHA protein. HIF-1α: Hypoxia-inducible factor-1α; ARNT: Hydrocarbon receptor nuclear translocator; CA9: Carbonic anhydrase 9; SLC2A1: Egl-9
aryl solute carrier family 2 member 1; VEGFA: Vascular endothelial growth factor A; LDHA: Lactate dehydrogenase A.
[33]

was 216. In comparison, we collected samples from 428
patients in our research. The univariate and multivariate
analysis highlighted the overexpression of HIF-1α as an
independent factor in predicting DFS and OS of GC; this
[30]
conclusion is similar to that of Li et al .
In a previous study, we demonstrated that P4HB is
a potential target of HIF-1α with bioinformatics analysis
and molecular biology. P4HB functions primarily as the
beta subunit of prolyl 4-hydroxylase, forming a tetra
meric enzyme with P4HA1 or P4HA2 subunits. Although
the mechanism of interaction between HIF-1α and P4HB
is not clear, some studies suggest that HIF-1 promotes
extracellular matrix remodeling under hypoxic conditions
[31]
[32]
by inducing P4HA1
and P4HA2 in breast cancer .

WJG|www.wjgnet.com

[34]

Moreover, P4HA1 and P4HA2 are also treated as a
hypoxia-associated gene in head and neck squamous cell
carcinoma (HNSCC), and its signature is a prognostic tool
in treatment of HNSCC patients. The interaction between
P4HA1/2 has also been reported in chondrosarcoma
[35]
[36]
cells and soft tissue sarcomas , but whether P4HA1/2
is directly regulated by HIF-1 has not been reported.
It is possible that P4HB acts as a bridge between
HIF-1α and P4HA1/2. P4HB, also named PDIA1, is
a promising chemotherapy target in ovarian cancer
[37]
[38]
cells and acts as an oncogene in melanoma . PDIA6
is an upstream gene of the Wnt/β-catenin signaling
pathway affected by the proliferation and growth of
[39]
bladder cancer cells . ERp19 knockdown of GC cells
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Figure 2 Representative images of hypoxia-inducible factor-1α and prolyl 4-hydroxylase beta staining of gastric tissue. A and E: HIF-1α was strongly
expressed in GC tissue; B and F: HIF-1α was weakly expressed in GC tissue; C and G: P4HB had strong expression in GC tissue; D and H: P4HB had
weak expression in GC tissue. Magnifications in all figures were 100 × and 400 ×. HIF-1α: Hypoxia-inducible factor-1α; GC: Gastric cancer; P4HB: Prolyl
4-hydroxylase beta.

dramatically suppressed cell growth and inhibited cellular
migration, whereas ERp19 over-expression reversed
[40]
these changes . In light of these findings, PDI proteins
are viewed as prognostic factors for clinical use, but
the molecular regulation mechanisms of P4HB in GC is
unclear. Hence, our present study confirmed P4HB as an
independent prognostic factor in GC patient DFS for the
first time.
We analyzed the relationship between HIF-1α and

WJG|www.wjgnet.com

P4HB expression as well as with clinicopathologic
characteristics. This analysis reveals that protein over
expression was correlated with both TNM stage and
peritoneum cavity metastasis. However, it is highly likely
that TNM stage is a crucial prognostic factor. Peritoneum
cavity metastasis is the most frequent pattern seen
in postoperative recurrence in GC. Together, they can
determine the prognosis of GC patients.
The positive correlation between biomarker protein
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Figure 3 Kaplan-Meier curves for disease-free survival and overall survival. A: Disease free survival curves stratified by HIF-1α expression (P = 0.00); B:
Overall survival curves stratified by HIF-1α expression (P = 0.00); C: Disease free survival curves stratified by P4HB expression (P = 0.00); D: Overall survival curves
stratified by P4HB expression (P = 0.00). Patients were divided into an over-expression group and a weak-expression group, according to expression of HIF-1α and
P4HB. Log-rank test was used to evaluate significance. HIF-1α: Hypoxia-inducible factor-1α; P4HB: Prolyl 4-hydroxylase beta.

expression and the decisive factors (TNM stages and
peritoneum cavity metastasis) implies an assignable
effect of HIF-1α and P4HB in prognosis of GC. In re
viewing the entire dataset, we found that HIF-1α may be
more meaningful than P4HB to clinical data: HIF-1α is
associated with DFS and OS, but P4HB is only meaningful
to DFS. This also indirectly proves that HIF-1α, as the
upstream gene, is involved in more signaling pathways
than P4HB, which may be related to recurrence. Thus,
the effect of HIF-1α is broad, not only for cancer, but
also in the development of normal tissue. This suggests
potential dire consequences for complete targeted HIF1α silencing at the genetic level. Therefore, it is very
important to clarify the precise regulation relationship of
HIF-1α and to identify the specific downstream target
genes.
Although we have demonstrated the significance
of HIF-1α and P4HB in GC prognosis, the limitations
of this study, such as its retrospective study approach
and restricted sample size, should not be neglected.
Furthermore, we did not include analysis of neoadjuvant
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chemotherapy as a factor affecting patient outcomes
in this study. Further studies should be undertaken to
understand better the molecular mechanism between
other biomarkers and survival in GC.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The poor prognosis of patients diagnosed with gastric cancer (GC) reflects
the limitation of our arsenal of anticancer therapeutic strategies. Hypoxia is a
critical factor that shapes the GC microenvironment. However, the involvement
of GC cells under such conditions remains poorly explained. Although the core
transcription factor of the hypoxia signal pathway hypoxia-inducible factor1α (HIF-1α) has been studied for decades, its prognostic value in GC is still
unclear and controversial.

Research motivation

In a previous report, we demonstrated that prolyl 4-hydroxylase beta (P4HB) is
a potential target of HIF-1α, but the exact mechanism was not determined.

Research objectives

The aim of the present study is to evaluate the prognostic value of HIF-1α and
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P4HB in GC.

10

Research methods

This study included 428 patients with confirmed GC who underwent gastrectomy
in a single Chinese Cancer Center between 2009 and 2011. Clinicopathologic
features as well as immunohistochemical analysis of HIF- 1a and P4HB were
determined. Long-term survival of these patients was analyzed using univariate
and multivariate analyses.

11
12

Research results

P4HB was positively correlated with hypoxia-associated genes. HIF-1α and
P4HB overexpression were significantly correlation with TNM staging and
peritoneum cavity metastasis. In univariate analysis, patients with high HIF1α expression trend had a shorter disease-free survival and overall survival.
P4HB overexpression exhibited similar results. Furthermore, HIF-1α is a
clinicopathological predictor of dismal prognosis by multivariate analysis.

13

14

Research conclusions

The prognostic value of P4HB in GC was first reported. We confirmed that
HIF-1α overexpression could be considered a useful independent prognostic
biomarker in GC after gastrectomy and is correlated to both poor overall
survival and disease-free survival. Taken together with our previous research,
we are more determined that P4HB is a hypoxia-associated gene and regulated
by HIF-1α.

15

16

Research perspectives

Our research team will explore the mutual regulatory mechanism of HIF-1
and P4HB in future studies through mass spectrometry analysis and coimmunoprecipitation. In addition, we will explore the relationship between the
two biomarkers by establishing animal models.

17
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Abstract

Informed consent statement: Patients were not required to
provide informed consent for the study because the analysis used
anonymous clinical data obtained after each patient agreed to
treatment by written consent. For full disclosure, the details of
the study are published on the home page of Fukushima Medical
University.

AIM
To investigate the location to which a pancreatic stent
should be inserted to prevent post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis (PEP).
METHODS
Over a ten-year period at our hospital, 296 patients under
went their first ERCP procedure and had a pancreatic
stent inserted; this study included 147 patients who had
ERCP performed primarily for biliary investigation and had
a pancreatic stent inserted to prevent PEP. We divided
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these patients into two groups: 131 patients with a stent
inserted into the pancreatic head (head group) and 16
patients with a stent inserted up to the pancreatic body
or tail (body/tail group). Patient characteristics and ERCP
factors were compared between the groups.

plays a significant role in endoscopic investigation and
treatment for cholangiopancreatic diseases. However, a
serious adverse effect of ERCP is pancreatitis. Previous
studies have found that post-ERCP pancreatitis (PEP)
[1-8]
occurs in 0.4%-5.6% of cases , and that mortality
[4,6-8]
from PEP occurs in 0-0.1% of cases
. Pancreatic
stents have been shown to be useful for preventing
[9-22]
PEP
. The adaptation of pancreatic stent insertion
to prevent PEP has been reported in the contexts of
sphincter of Oddi dysfunction, a history of pancreatitis
or PEP, difficulty with biliary duct cannulation, pancreatic
[23]
duct cannulation, and others . Despite pancreatic ductal
stent insertion, PEP was reported to occur in 1.7%-20%
[12-18]
of these cases
. The pancreatic stent that should be
used is unclear (size, with flap or without flap, insertion
location, etc.). One study found that a 5-Fr pancreatic
[24]
stent was easier to insert than a 3-Fr pancreatic stent ,
and another reported that a 5-Fr pancreatic stent was
similarly effective as a 4-Fr pancreatic stent in preventing
[25]
PEP . An additional report stated that insertion of a
pancreatic stent with a diameter > 5 Fr was effective in
[22]
preventing PEP . The incidence of PEP, however, was
not reduced in most reports. Meanwhile, two reports
have discussed the length of the pancreatic stents.
[26]
Fujisawa et al
compared pancreatic stent lengths
(unflapped straight stent, 5 Fr at 3 cm vs 5 Fr at 5 cm)
and reported that the PEP rate and the median time
until stent migration were lower in the 3-cm group than
in the 5-cm group. However, pancreatic sizes varied, and
3-cm or 5-cm pancreatic stents were primarily inserted
[22]
at the pancreatic head. Olsson et al
reported that a
pancreatic stent with a length > 5 cm and a diameter >
5 Fr is most effective in preventing PEP. The independent
efficacy of a longer pancreatic stent to prevent PEP
remains unknown.
Therefore, we investigated whether the location of
an inserted pancreatic stent rather than the pancreatic
stent length influenced the frequency of post-ERCP
hyperamylasemia and PEP.

RESULTS
Pancreatic amylase isoenzyme (p-AMY) levels in the head
group were significantly higher than those in the body/
tail group [138.5 (7.0-2086) vs 78.5 (5.0-1266.5), P =
0.03] [median (range)]. No cases of PEP were detected
in the body/tail group [head group, 12 (9.2%)]. Of the
risk factors for post-ERCP hyperamylasemia (≥ p-AMY
median, 131 IU/L), procedure time ≥ 60 min [odds
ratio (OR) 2.65, 95%CI: 1.17-6.02, P = 0.02) and stent
insertion into the pancreatic head (OR 3.80, 95%CI:
1.12-12.9, P = 0.03) were identified as independent risk
factors by multivariate analysis.
CONCLUSION
Stent insertion up to the pancreatic body or tail reduces
the risk of post-ERCP hyperamylasemia and may reduce
the risk of PEP.
Key words: Pancreatic stent; Endoscopic retrograde
cholangiopancreatography; Post-endoscopic retrograde
cholangiopancreatography pancreatitis; Post-endoscopic
retrograde cholangiopancreatography hyperamylasemia;
Pancreatic body or tail
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated whether the location of the
inserted pancreatic stent rather than pancreatic stent
length influenced the frequency of post-endoscopic retro
grade cholangiopancreatography (ERCP) hyperamylasemia
and post-ERCP pancreatitis (PEP). Pancreatic amylase
isoenzyme levels after ERCP were significantly higher
in the head group than in the body/tail group. PEP did
not occur in the body/tail group. Stent insertion into
the pancreatic head was an independent risk factor for
hyperamylasemia after ERCP, while stent insertion up to
the pancreatic body or tail reduced the risk of post-ERCP
hyperamylasemia and may reduce the risk of PEP.

MATERIALS AND METHODS
Study design

In this retrospective study, we compared the efficacy of
pancreatic ductal stent insertion between patients with
a stent inserted into the pancreatic head and patients
with a stent inserted up to the pancreatic body or tail.
This study was approved by the Institutional Review
Board of Fukushima Medical University.

Sugimoto M, Takagi T, Suzuki R, Konno N, Asama H, Sato Y, Irie
H, Watanabe K, Nakamura J, Kikuchi H, Waragai Y, Takasumi M,
Hikichi T, Ohira H. Pancreatic stents for the prevention of postendoscopic retrograde cholangiopancreatography pancreatitis
should be inserted up to the pancreatic body or tail. World J
Gastroenterol 2018; 24(22): 2392-2399 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i22/2392.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i22.2392

Patients

In all, 296 patients underwent their first ERCP proce
dure and had a pancreatic stent inserted at our hospital
between January 2007 and November 2017 (Figure 1).
Among these patients, 147 underwent ERCP primarily
for biliary investigation and had a stent inserted to
prevent PEP and were included in this study. We di
vided these patients into two groups: 131 patients

INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP)
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Patients underwent initial ERCP
Pancreatic stent (+)
n = 296
●
●
●
●
●
●
●
●

Excluded from this study
n = 149

ERCP mainly performed for biliary
investigation
Pancreatic stent (+) to prevent
post-ERCP pancreatitis
n = 147

Stent inserted into the pancreatic head
n = 131
(Head group)

ERCP mainly performed for pancreatric investigation, n = 102
Vater's papilla tumor, n = 14
Acute pancreatitis before ERCP, n = 13
Resection of a part of the stomach, n = 6
Post-ERCP hyperamylasemia without isozyme measured, n = 4
Hyperamylasemia before ERCP, n = 8
No ERCP imaging available, n = 1
Malfusion of the pancreaticobiliary ducts, n = 1

Stent inserted up to the pancreatic body
or tail
n = 16
(Body/tail group)

Figure 1 Subjects in this study. A total of 296 patients underwent their first ERCP procedure and had a pancreatic stent inserted at our hospital between January
2007 and November 2017. Among these patients, 147 who received ERCP primarily for biliary investigation and had a stent inserted to prevent post-ERCP
pancreatitis were included in this study. We divided these patients into two groups: 131 patients with a stent inserted into the pancreatic head (head group) and 16
patients with a stent inserted up to the pancreatic body or tail (body/tail group). ERCP: Endoscopic retrograde cholangiopancreatography.

A

ERCP procedures

B

All the patients had an endoscope inserted after they were
sufficiently sedated with midazolam. After the endoscope
reached the descending part of the duodenum, biliary
cannulation was initiated. When a guidewire was passed
into the pancreatic duct or contrast media was injected,
the guidewire was placed in the main pancreatic duct
(MPD) as deep as possible by pancreatography. We
injected contrast media as sparingly as possible to confirm
MPD placement. After biliary cannulation was achieved,
a pancreatic stent was inserted. If biliary cannulation was
difficult, we inserted a pancreatic stent and performed
a precut of Vater’s papilla. The lengths of the pancreatic
stents were determined randomly by the endoscopists.
If the patient was diagnosed with PEP or elevated serum
pancreatic amylase isoenzyme (p-AMY) (≥ 500 IU/L) with
abdominal pain, then the pancreatic stent was removed
1 d after ERCP. In other cases, pancreatic stents with
a flap were removed 2-3 d after ERCP, but pancreatic
stents without a flap were not removed. JF260V, JF240,
and TJF240 ERCP endoscopes (Olympus, Tokyo, Japan)
were used. A Tandem XL (Boston Scientific Japan, Tokyo,
Japan), MTW ERCP catheter taper (MTW Endoskopie,
Wesel, Germany), or PR-233Q (Olympus) was used as the
ERCP catheter. A CleverCut 3V (Boston Scientific Japan,
Tokyo, Japan) was used for endoscopic sphincterotomy
(EST). An RX Needle Knife (Boston Scientific Japan, Tokyo,
Japan) was used to precut Vater’s papilla. A Zimmon
5-Fr, 2-cm single pigtail stent without an inner flap (Cook
Japan, Tokyo, Japan), a Zimmon 5-Fr, 4-cm single pigtail
stent with an inner flap (Cook Japan, Tokyo, Japan), a

Figure 2 Inserted pancreatic stent. A: A pancreatic stent (Geenen 5 Fr, 5 cm)
was inserted into the pancreatic head; B: A pancreatic stent (Geenen 5 Fr, 7
cm) passed the angle between the pancreatic head and body and was inserted
up to the pancreatic body or tail.

with a stent inserted into the pancreatic head (head
group) and 16 patients with a stent inserted up to the
pancreatic body or tail (body/tail group). The location of
the inserted pancreatic stent was determined by X-ray
during ERCP (Figure 2).
In total, 149 patients were excluded from this study
because 102 patients underwent ERCP primarily to
investigate the pancreatic duct, 14 patients had a Vater’
s papilla tumor or pancreatic cancer invasion to Vater’s
papilla, 13 patients contracted acute pancreatitis before
ERCP, eight patients had hyperamylasemia before ERCP,
six patients had part of the stomach resected, four pa
tients did not have amylase isozyme measurements
after ERCP hyperamylasemia, one patient did not have
images from the ERCP, and one patient had malfusion
of the pancreaticobiliary ducts.
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Table 1 Comparison of patient demographic and clinical characteristics n (%)
Head group (n = 131)
Age, median (range), yr
Male/female
Pancreatic calcification
Parapapillary diverticulum
Diameter of the MPD, median (range), mm
Diagnosis
Left hepatic duct extension
Biliary stricture
Benign
Malignant
Pancreatic cancer
Biliary tract cancer
Hepatocellular carcinoma
Obstructive jaundice by metastatic cancer
Barrett’s esophageal cancer
Colon cancer
Gastric cancer
Uterine cancer
Bladder cancer
Ovarian cancer
Suppression of lymph node swelling
Central bile duct stone
Primary sclerosing cholangitis
Gallbladder adenomyosis
IPNB
Sphincter of Oddi dysfunction
Biliary cysts
Lemmel syndrome

Body/tail group (n = 16)

71.0 (29-97)
69/62
4 (3.1)1
38 (29.5)2
3.1 (0.7-22.0)

66.5 (26-81)
11/5
1 (6.3)
5 (31.2)
3.7 (1.5-13.8)

P value
0.052
0.29
0.45
1.0
0.15

1
5
24
33
3

7
3

1
4
2
1
1
1
1
47
1
3
1
1
1
1

4
1

1

Data from four cases were not available; 2Data from two cases were not available. MPD: Main pancreatic duct.

Geenen 5-Fr, 3-cm stent with outer flaps and without an
inner flap (Cook Japan, Tokyo, Japan), or a Geenen 5-Fr,
5-, 7-, or 9-cm stent with inner flaps and outer flaps was
used as the pancreatic stent.

hemorrhagic pancreatitis). Pancreatic stent migration
was confirmed randomly by X-ray or CT.

Statistical analyses

Kolmogorov-Smirnov tests and Shapiro-Wilk normality
tests were used to test normality. Mann-Whitney U tests
were used to compare continuous variables. Fisher’s
exact tests were used to compare nominal variables.
Logistic regression was used to investigate post-ERCP
hyperamylasemia factors. A P value < 0.05 was con
sidered to indicate a statistically significant difference.
All statistical analyses were performed using the EZR
platform (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna,
Austria). More precisely, EZR is a modified version of
R commander that was designed to perform functions
[28]
frequently used in biostatistics .

Examined parameters

Patient characteristics (age, gender, pancreatic calci
fication, parapapillary diverticulum, and diameter of the
MPD) and ERCP factors (EST, endoscopic papillary balloon
dilation (EPBD), precut of Vater’s papilla, procedure
time, serum levels of p-AMY, PEP, and pancreatic stent
migration within 1 wk) were compared between the
head group and the body/tail group. The p-AMY value
peaked within 1 wk of ERCP. The level of p-AMY was
measured 3 h and 24 h after ERCP. If the level of serum
amylase was more than three times the normal level
24 h after ERCP, with p-AMY accounting for the majority
of the change in serum amylase, we measured p-AMY
every day until the serum amylase level decreased to
approximately two times the normal level or to a normal
level. PEP was diagnosed by hyperamylasemia more
than three times the normal level at more than 24 h after
[27]
ERCP and abdominal pain . In addition, we confirmed
peripancreatic inflammation by contrast computed tomo
graphy (CT) imaging in all PEP patients. The severity of
[27]
PEP was determined as proposed by Cotton et al (mild:
hospitalization prolonged for 2-3 d; moderate: 4-10 d;
and severe: more than 10 d, or pseudocyst requiring
intervention (percutaneous drainage or surgery), or
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RESULTS
Patient characteristics were not significantly different
between the two groups (Table 1). Regarding aspects
of the ERCP procedures, the p-AMY levels after ERCP
in the head group were significantly higher than those
in the body/tail group [138.5 (7.0-2086) IU/L vs 78.5
(5.0-1266.5), P = 0.03] [median (range)] (Table 2).
Other factors were not different between the two groups,
and PEP did not occur in the body/tail group. However,
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Table 2 Comparison of endoscopic retrograde cholangiopancreatography procedures n (%)
Head group (n = 131)
EST
Precut of Vater’s papilla
EPBD
Pancreatic stent migration within 1 wk
Procedure time, median (range), min
Type of stent
Zimmon 5 Fr, 2 cm
Zimmon 5 Fr, 4 cm
Geenen 5 Fr, 3 cm
Geenen 5 Fr, 5 cm
Geenen 5 Fr, 7 cm
Geenen 5 Fr, 9 cm
p-AMY after ERCP, median (range), IU/L
PEP
Mild
Moderate
Severe

Body/tail group (n = 16)

98 (75.4)
43 (33.1)
8 (6.2)
26 (19.8)
60 (20-150)1
3
1
59
58
11
138.5 (7.0-2086)3
12 (9.2)
2
8
2

P value

15 (93.8)
5 (31.3)
0 (0)
0 (0)
60 (40-120)2

0.12
1
0.6
0.076
0.31

12
4
78.5 (5.0-1266.5)
0 (0)

0.03
0.363

Data from three cases were not available; 2Data from one case were not available; 3Pancreatic amylase data from seven cases were not available, but the
level of serum amylase was not elevated. EPBD: Endoscopic papillary balloon dilation; p-AMY: Pancreatic amylase isoenzyme; PEP: Pancreatitis.
1

Table 3 Risk factors of post-endoscopic retrograde cholangiopancreatography hyperamylasemia (≥ pancreatic amylase isoenzyme
median, 131 IU/L) (univariate analysis) n
1

Age (≥ 71 yr)
Gender (male/female)
Pancreatic calcification
Parapapillary diverticulum
MPD ≥ 3.2 mm
EST
EPBD
Precut of Vater’s papilla
Stent inserted pancreatic head
Pancreatic stent migration within a week
Procedure time ≥ 60 min

p-AMY < 131 IU/L (n = 70)

1
p-AMY ≥ 131 IU/L (n = 70)

29
40/30
3
27
36
52
3
18
58
11
45

41
35/35
2
16
36
55
3
26
66
12
57

P value
0.063
0.5
1
0.043
1.0
0.69
1.0
0.20
0.06
1.0
0.048

1

Pancreatic amylase data were not available in seven cases, but the level of serum amylase was not elevated. MPD: Main pancreatic duct; EPBD: Endoscopic
papillary balloon dilation.

Table 4 Risk factors for post-endoscopic retrograde cholangiopancreatography hyperamylasemia (≥ pancreatic amylase isoenzyme
median, 131 IU/L) (multivariate analysis by logistic regression with backward stepwise selection)

Procedure time ≥ 60 min
Stent insertion into the pancreatic head

OR

95%CI

P value

2.65
3.80

1.17-6.02
1.12-12.9

0.020
0.032

= 0.02] and stent insertion into the pancreatic head (OR
3.80, 95%CI: 1.12-12.9, P = 0.032) (Table 4).

PEP occurred in 12 patients in the head group (mild 2;
moderate 8; and severe 2).
Regarding the risk factors of post-ERCP hyper
amylasemia (≥ p-AMY median, 131 IU/L), age ≥ 71
years, parapapillary diverticulum, stent insertion into the
pancreatic head, and procedure time ≥ 60 min were
identified as significant factors in the univariate analysis
(factors with P < 0.15 were selected for multivariate
analysis) (Table 3). Logistic regression with backward
stepwise selection was performed using these four items,
and the independent risk factors included procedure time
≥ 60 min [odds ratio (OR) 2.65, 95%CI: 1.17-6.02, P
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DISCUSSION
In this study, we investigated how far a pancreatic stent
should be inserted. We compared several factors between
the head group and the body/tail group. P-AMY levels
after ERCP were significantly higher in the head group
than in the body/tail group. PEP did not occur in the
body/tail group. Stent insertion into the pancreatic head
was an independent risk factor for hyperamylasemia
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after ERCP.
Several reports are available regarding the diameter
[29]
of pancreatic stents. Lawrence et al reported that 3-Fr
pancreatic stents passed spontaneously and did not
induce changes in the pancreatic duct. Zolotarevsky et
[24]
al reported that placement of a 5-Fr pancreatic stent
was easier, faster, and required fewer wires compared
[25]
to a 3-Fr pancreatic stent. Pahk et al
reported that
4-Fr pancreatic stents migrated more frequently than
5-Fr pancreatic stents; therefore, the need for additional
endoscopy to retrieve the pancreatic stent was reduced
by using a 4-Fr pancreatic stent. However, PEP was no
less common with the slimmer stents in these reports.
This report showed that pancreatic stent placement
in the pancreatic body or tail could reduce the rates of
post-ERCP hyperamylasemia and PEP. Difficulty with
pancreatic duct drainage leads to proteinase activation,
[30]
which exacerbates pancreatitis . Pancreatic stent place
ment up to the pancreatic body or tail could allow greater
pancreatic duct drainage than stent placement in the
pancreatic head. Therefore, stent placement up to the
pancreatic body or tail may reduce the risks of PEP and
post-ERCP hyperamylasemia. In addition, no pancreatic
stent migration was observed in the body/tail group.
Therefore, the risk of pancreatic stent obstruction by
contact with the duodenal wall was considered to be low.
This study has some limitations. First, this was a retro
spective study with a small number of patients at a single
institution. In addition, we generally insert stents into the
pancreatic head, as described in past reports; we only
recently began inserting pancreatic stents up to the body
or tail of the pancreas. Therefore, the number of patients
in the body/tail group was small. We hope to conduct
larger prospective studies to verify the findings of this
study. We performed a multivariate analysis, including
post-ERCP serum p-AMY levels, and were able to identify
the risk factors for post-ERCP hyperamylasemia. Second,
many patients were excluded from this study. However,
the amount of contrast media used in 102 patients to
investigate the pancreatic duct by pancreatography
was much higher than the target amount of this study.
The risk of PEP in the 102 excluded patients was very
different from that in the general population, as many
of these excluded patients had chronic pancreatitis.
In addition, many patients with pancreatic stricture
underwent pancreatic stenting as treatment rather than
for the prevention of PEP. Therefore, the patients included
in the present study and the 102 patients excluded from
the study could not be compared. Third, due to the
retrospective nature of this study, ERCP procedures were
not performed by specific endoscopists. In this study,
ERCP was performed by specialists in pancreaticobiliary
endoscopy who had experience in performing at least
2000 ERCP procedures or by trainees under the guidance
of these specialists. Therefore, the quality of the ERCP
procedure was considered to be consistent. Fourth,
stents without an inner flap (Geenen 5 Fr, 3 cm and
Zimmon 5 Fr, 2 cm) were used in only the head group.

WJG|www.wjgnet.com

Consequently, the stent migration rate was higher in
the head group than in the body/tail group. In past
reports, however, incidence of spontaneous pancreatic
stent migration did not subsequently result in increased
[25,26,31]
incidence of PEP
. Therefore, using a stent without
an inner flap was not considered disadvantageous in the
head group.
In conclusion, stent insertion up to the pancreatic
body or tail reduced the incidence of post-ERCP hyper
amylasemia and may reduce the incidence of PEP.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Pancreatic stents are reported to be useful for preventing pancreatitis (PEP).

Research motivation

We wanted to determine the appropriate length of a pancreatic stent for preventing
PEP.

Research objectives

To investigate whether a stent should be inserted into the pancreatic head,
body, or tail to prevent PEP.

Research methods

Patient characteristics and endoscopic retrograde cholangiopancreatography
(ERCP) factors were compared between 131 patients with a stent inserted into
the pancreatic head (head group) and 16 patients with a stent inserted up to the
pancreatic body or tail (body/tail group).

Research results

Pancreatic amylase isoenzyme (p-AMY) levels after ERCP were significantly
higher in the head group than in the body/tail group. PEP did not occur in the
body/tail group. Stent insertion into the pancreatic head was an independent
risk factor for hyperamylasemia after ERCP.

Research conclusions

Stent insertion up to the pancreatic body or tail reduced the incidence of postERCP hyperamylasemia and may reduce the incidence of PEP.

Research perspectives

Prophylactic stent insertion up to the pancreatic body or tail may be the main
method for preventing PEP. We hope that a future prospective, multicenter
study will confirm the conclusion of this study.
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Abstract
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AIM
To ascertain the prognostic role of the T4 and N2 category
th
in stage Ⅲ pancreatic cancer according to the 8 edition
of the American Joint Committee on Cancer (AJCC)
classification.
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METHODS
Patients were collected from the Surveillance Epidemiology
and End Results (SEER) database (2004-2013) and were
divided into three groups: T(1-3)N2, T4N(0-1), and T4N2.
Overall survival (OS) and disease-specific survival (DSS) of
patients were evaluated by the Kaplan-Meier method.
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RESULTS
For the first time, we found a significant difference in
OS and DSS between T(1-3)N2/T4N(0-1) and T4N2 but
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not between T(1-3)N2 and T4N(0-1). A higher grading
correlated with a worse prognosis in the T(1-3)N2 and
T4N2 groups.
CONCLUSION
Patients with stage T4N2 had a worse prognosis
th
than those with stage T(1-3)N2/T4N(0-1) in the 8
edition AJCC staging system for pancreatic cancer. We
recommend that stage Ⅲ should be subclassified into
stage ⅢA [T(1-3)N2/T4N(0-1)] and stage ⅢB (T4N2).

Stage Ⅲ, which especially highlights the importance of
regional lymph nodes. When there is no distant meta
stasis, tumors with metastasis in ≥ 4 regional lymph
nodes, whatever the T category, is also defined as stage
[8]
Ⅲ . Clinically, the accurate stage of the pancreatic tumor
determines the type of surgical resection, which seriously
impacts the patient outcome. Therefore, the aim of this
study was to evaluate the changes in the AJCC system
for defining stage Ⅲ pancreatic cancer and to identify
their prognostic factors.

Key words: Pancreatic cancer; Stage Ⅲ; T4 category;
N2 category

MATERIALS AND METHODS
Patients

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

The Surveillance Epidemiology and End Results (SEER)
database (2004-2013) was used for the study. The
National Cancer Institute’s SEER*Stat software (Version
8.2.0) was used to identify patients. Patients meeting
the following criteria were included: (1) Pathologically
confirmed diagnosis; (2) surgical treatment; (3)
th
definite cancer stage Ⅲ according to the 8 edition of
the AJCC criteria; (4) regional lymph node evaluation
based on pathologic evidence; (5) first primary tumor;
and (6) active type of follow-up. Further exclusion criteria
included (1) age < 18 years old; (2) unavailable followup data or 0 d of follow-up; and (3) unknown cause of
death. Demographics, including age, gender, race, and
marital status, were retrieved. Tumor variables included
the location of the primary tumor, histological type, and
grade. Survival data were extracted at 1-mo intervals
for a follow-up period between 1 mo and 110 mo.

Core tip: The 8th edition American Joint Committee on
Cancer TNM criteria for pancreatic cancer incorporated
several significant changes of Stage Ⅲ. T4 and N2
categories were defined as two key parameters of Stage
Ⅲ. Thus, we used the Surveillance Epidemiology and
End Results database, a population-based database, to
evaluate the new changes in pancreatic cancer staging
and the prognostic factors.
Yu HF, Zhao BQ, Li YC, Fu J, Jiang W, Xu RW, Yang HC,
Zhang XJ. Stage Ⅲ should be subclassified into Stage ⅢA and
th
ⅢB in the American Joint Committee on Cancer (8 Edition)
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Statistical analysis

The enrolled patients were divided into three groups
th
based on parameters according to the 8 edition AJCC
criteria [T(1-3)N2; T4N(0-1); T4N2]. Survival curves
for overall survival (OS) and disease-specific survival
(DSS) were plotted by Kaplan-Meier analysis according
to cancer stages. Univariate analysis with the Cox pro
portional hazards regression model was performed to
explore the difference in prognostic factors between the
three groups. All statistical analyses were performed
using SPSS, version 20 (Armonk, NY, United States). A
two-sided P-value of < 0.05 was considered statistically
significant.

INTRODUCTION
Pancreatic cancer is a challenging disease with significant
[1,2]
morbidity and mortality . In recent years, the incidence
worldwide has increased up to 13/100000 per year due
to developments in the detection and management
[3]
of pancreatic cancer . However, only approximately
4% of patients will live 5 years after diagnosis, and the
[4,5]
incidence almost approaches mortality . Curative
resection is considered the only potential for cure in
pancreatic cancer, which can provide prolonged survival;
however, even after surgery, the 5-year overall survival
rate remains low. Therefore, an accurate staging of the
tumor and appropriate treatment strategy is necessary.
The tumor (T), lymph nodes (N), and metastases (M)
categories make up the cornerstone of various cancer
staging systems of the American Joint Committee on
[6]
th
th
Cancer (AJCC) . In the 6 and 7 edition of the AJCC
system, stage Ⅲ pancreatic cancer is only defined as T4/
any N/M0, i.e., the tumor involves the celiac axis or the
superior mesenteric artery (unresectable primary tumor)
[7]
th
no matter the N stage . In contrast, the 8 edition
defines T4 and N2 categories as two key parameters of

WJG|www.wjgnet.com

RESULTS
A total of 1744 pancreatic cancer patients were selected
from the SEER database. The age of the patients ranged
from 19 to 93 years, with a median age of 63.9 years.
The patients’ clinical characteristics are presented in Table
1. The majority of the patients (1526, 87.5%) were in
Stage T(1-3)N2, followed by Stage T4N(0-1) (138, 7.9%)
and Stage T4N2 (80, 4.6%). For the three groups, most
of the patients were white and between 60-79 years
old. The tumors were mainly located in the head of the
pancreas and in Grade Ⅱ and Ⅲ.
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Table 1 Demographic and tumor characteristics for stage Ⅲ pancreatic cancer patients n (%)
Characteristics

Number of patients
T(1-3)N2 (n = 1526)

Age
18-59
60-79
> 80
Race
White
Black
Others
Sex
Male
Female
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Unknown
Marital status
Single
Married
Unknown
Primary site
Head of pancreas
Other parts of pancreas
Histology
Adenomas and adenocarcinomas
Ductal and lobular neoplasms
Others

T4N(0-1) (n = 138)

T4N2 (n = 80)

496 (32.5)
932 (61.1)
98 (6.4)

44 (31.9)
84 (60.9)
10 (7.2)

32 (40)
41 (51.2)
7 (8.8)

1295 (84.8)
131 (8.6)
100 (6.6)

110 (79.7)
16 (11.6)
12 (8.7)

64 (80)
7 (8.8)
9 (11.2)

809 (53.0)
717 (47.0)

72 (52.2)
66 (47.8)

39 (48.8)
41 (51.2)

125 (8.2)
691 (45.2)
627 (41.1)
13 (0.9)
70 (4.6)

17 (12.3)
63 (45.7)
42 (30.4)
0 (0)
16 (11.6)

10 (12.5)
32 (40)
29 (36.3)
2 (2.5)
7 (8.7)

504 (33.0)
987 (64.7)
35 (2.3)

43 (31.1)
91 (66.0)
4 (2.9)

29 (36.3)
49 (61.2)
2 (2.5)

1266 (83.0)
260 (17.0)

87 (63.0)
51 (37.0)

62 (77.5)
18 (22.5)

809 (53.0)
625 (41.0)
92 (6.0)

74 (53.6)
48 (34.8)
16 (11.6)

39 (48.8)
30 (37.5)
11 (13.7)

Table 2 Univariable analyses for overall survival in stage Ⅲ pancreatic cancer patients
T(1-3)N2 (n = 1526)

Characteristics
Age
18-59
60-79
> 80
Race
White
Black
Others
Sex
Male
Female
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Unknown
Marital status
Single
Married
Unknown
Primary site
Head of pancreas
Other parts of pancreas
Histology
Adenomas and adenocarcinomas
Ductal and lobular neoplasms
Others

T4N(0-1) (n = 138)
a

P

HR

95%CI

Reference
0.947-1.239
1.040-1.734

0.244
0.024

1.357
2.223

1.068
1.058

Reference
0.858-1.328
0.825-1.357

0.558
0.656

1.016

Reference
0.896-1.152

2.045
2.578
3.788
2.005

T4N2 (n = 80)
b

c

P

HR

95%CI

Reference
0.801-2.298
0.847-5.838

0.256
0.105

1.924
1.307

Reference
1.005-3.682
0.285-5.998

0.048
0.731

1.155
0.835

Reference
0.573-2.328
0.354-1.970

0.688
0.681

0.885
1.678

Reference
0.316-2.476
0.575-4.895

0.816
0.344

0.806

1.003

Reference
0.645-1.561

0.989

0.437

Reference
0.222-0.859

0.016

Reference
1.549-2.701
1.952-3.407
1.973-7.272
1.381-2.911

0.000
0.000
0.000
0.000

1.240
1.379
0.484

Reference
0.594-2.586
0.646-2.944
0.146-1.597

0.567
0.406
0.233

4.708
9.385
14.118
3.357

Reference
1.375-16.119
2.593-33.972
1.734-114.943
0.698-16.153

0.014
0.001
0.013
0.131

0.882
1.001

Reference
0.772-1.007
0.649-1.544

0.064
0.995

0.560
3.268

Reference
0.336-0.935
0.710-15.034

0.027
0.128

1.566
0.196

Reference
0.779-3.150
0.019-2.007

0.208
0.170

1.222

Reference
1.039-1.437

0.015

0.872

Reference
0.537-1.416

0.579

1.219

Reference
0.553-2.688

0.624

1.089
1.017

Reference
0.960-1.236
0.782-1.322

0.184
0.902

1.166
0.964

Reference
0.730-1.864
0.504-1.844

0.52
0.913

1.617
1.712

Reference
0.746-3.506
0.729-4.020

0.224
0.217

HR

95%CI

1.083
1.343

Stratified analyses were performed to demonstrate
th
the prognostic impact on OS by the AJCC 8 edition stage
Ⅲ system (Table 2). In Stage T(1-3)N2, the risk of death
WJG|www.wjgnet.com

P

was significantly higher for patients aged > 80 years
old [hazard ratio (HR), 1.343; 95%CI: 1.040-1.734;
P = 0.024]. In Stage T4N2, the risk of death was sig
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Table 3 Univariable analyses for disease-specific survival in stage Ⅲ pancreatic cancer patients
T(1-3)N2 (n = 1526)

Characteristics
Age
18-59
60-79
> 80
Race
White
Black
Others
Sex
Male
Female
Grade

Ⅲ
Ⅳ

Unknown
Marital status
Single
Married
Unknown
Primary site
Head of pancreas
Other parts of pancreas
Histology
Adenomas and adenocarcinomas
Ductal and lobular neoplasms
Others

P

HR

95%CI

P

HR

95%CI

P

1.073
1.319

Reference
0.935-1.232
1.013-1.718

0.314
0.040

1.357
2.463

Reference
0.776-2.371
0.909-6.669

0.285
0.076

2.078
1.484

Reference
1.057-4.086
0.317-6.949

0.034
0.616

1.028
1.062

Reference
0.818-1.291
0.8123-1.369

0.812
0.644

1.099
0.875

Reference
0.510-2.371
0.364-2.105

0.809
0.766

0.898
1.653

Reference
0.318-2.536
0.552-4.949

0.839
0.369

1.006

Reference
0.884-1.144

0.933

1.067

Reference
0.672-1.694

0.784

0.469

Reference
0.236-0.933

0.031

2.145
2.709
4.151
2.038

Reference
1.604-2.867
2.026-3.623
2.151-8.010
1.382-3.006

0.000
0.000
0.000
0.000

1.341
1.496
/
0.562

Reference
0.599-3.005
0.653-3.430
/
0.163-1.937

0.476
0.341
/
0.361

4.537
9.551
12.706
2.463

Reference
1.314-15.664
2.620-34.815
1.541-104.769
0.461-13.177

0.017
0.001
0.018
0.292

0.902
1.021

Reference
0.786-1.034
0.655-1.590

0.138
0.928

0.613
4.531

Reference
0.357-1.054
0.961-21.369

0.077
0.056

1.820
0.190

Reference
0.888-3.727
0.018-1.981

0.102
0.165

1.228

Reference
1.040-1.450

0.015

0.761

Reference
0.456-1.271

0.297

1.365

Reference
0.607-3.070

0.451

1.066
1.029

Reference
0.937-1.214
0.787-1.344

0.333
0.837

1.126
0.953

Reference
0.686-1.849
0.485-1.872

0.639
0.888

1.946
2.134

Reference
0.874-4.335
0.884-5.151

0.103
0.092

1.0
Disease-specific survival (percentage)

1.0
Overall survival (percentage)

T4N2 (n = 80)

95%CI

Ⅰ
Ⅱ

T4N(0-1) (n = 138)

HR

Group 1: T(1-3)N2
Group 2: T4N(0-1)
Group 3: T4N2

0.8

Group
Group
Group
Group

0.6
0.4

1 vs
1 vs
2 vs
3 vs

2: P = 0.229
3: P = 0.019
3: P = 0.009
(1+2): P = 0.015

0.2
0.0
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Group 2: T4N(0-1)
Group 3: T4N2

0.8
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0.6
0.4
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3: P = 0.014
3: P = 0.003
(1+2): P = 0.011
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Figure 1 Kaplan-Meier analysis of overall survival in stage Ⅲ pancreatic
cancer patients. There was no significant difference between the T(1-3)N2
and T4N(0-1) groups (P = 0.229). However, compared with stage T4N2, the OS
curve of T(1-3)N2/T4N(0-1) was significantly better [stage T(1-3)N2 vs T4N2:
P = 0.019; stage T4N(0-1) vs T4N2: P = 0.009; stage T(1-3)N2 + T4N(0-1) vs
T4N2: P = 0.015]. OS: Overall survival.

Figure 2 Kaplan-Meier analyses of disease-specific survival N stage Ⅲ
pancreatic cancer patients. There was no significant difference between the
T(1-3)N2 and T4N(0-1) groups (P = 0.124). However, compared with stage
T4N2, the DSS curve of T(1-3)N2/T4N(0-1) was significantly better [stage T(13)N2 vs T4N2: P = 0.014; stage T4N(0-1) vs T4N2: P = 0.003; stage T(1-3)N2
+ T4N(0-1) vs T4N2: P = 0.011]. DSS: Disease-specific survival.

nificantly higher for patients aged 60-79 [HR: 1.924;
95%CI: 1.005-3.682; P = 0.048]. Notably, females had
a lower risk of death than males in Stage T4N2 [HR:
0.437; 95%CI: 0.222-0.859; P = 0.016]. In addition,
a higher grading correlated with a worse prognosis in
the T(1-3)N2 and T4N2 groups. For example, the HRindex of Grade IV in Stage T4N2 was 14.118 [95%CI:
1.734-114.943; P = 0.013] compared with 1.000 (Ref
erence) for Grade Ⅰ, 4.708 (95%CI: 1.375-16.119; P =

0.014) for Grade Ⅱ, and 9.385 (95%CI: 2.593-33.972;
P = 0.001) for Grade Ⅲ. Relatively few differences were
observed in Stage T(1-3)N2. For example, HR was 2.045
for Grade Ⅱ (P < 0.001), 2.578 for Grade Ⅲ (P < 0.001)
and 3.788 for Grade IV (P < 0.001) when Grade Ⅰ was
referred to 1.000. However, grade was not a significant
prognostic factor for Stage T4N(0-1). Furthermore,
marital status and the primary site of the tumor had
an influence on OS. For example, the risk of death was
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significantly higher for Stage T(1-3)N2 patients whose
tumor was not located in the head of the pancreas (HR:
1.222; 95%CI: 1.039-1.437; P = 0.015), while it was
lower for Stage T4N(0-1) patients who were married (HR:
0.560; 95%CI: 0.336-0.935; P = 0.027).
In contrast, little difference was observed in the
th
prognostic impact on DSS for the AJCC 8 edition stage
Ⅲ system. As shown in Table 3, there was no significant
difference in DSS for Stage T4N(0-1) patients with
different marital statuses.
In addition, OS and DSS analysis for stage Ⅲ disease
stratified by three groups are presented in Figure 1 and
Figure 2. There was no significant difference for OS
or DSS between the T(1-3)N2 and T4N(0-1) groups.
However, compared with Stage T4N2, both the OS and
DSS curves of T(1-3)N2/T4N(0-1) were significantly
better [OS: Stage T(1-3)N2 vs T4N2: P = 0.019, Stage
T4N(0-1) vs T4N2: P = 0.009; DSS: Stage T(1-3)N2 vs
T4N2: P = 0.014, Stage T4N(0-1) vs T4N2: P = 0.003).

cancer. Apart from these two factors, poor prognostic
factors include a high tumor grade and positive margins
[11]
of resection . This may be why a higher grading was
correlated with a worse prognosis in the T(1-3)N2 and
T4N2 groups.
On the other hand, the multistep invasion-metastasis
cascade for cancer cells is very complex. First, a cancer
cell locally invades the surrounding tissue. During me
tastatic dissemination, it enters the microvasculature
of the blood or lymph systems and then survives and
translocates to microvessels of distant tissues. Finally,
the cancer cell survives and adapts to the foreign micro
environment of distant tissues and forms a secondary
[12-14]
tumor
. Therefore, the different OS and DSS curves
suggest that tumors are in the different processes of
invasion; that is to say, a tumor at stage T4N2 is further
along than stage T(1-3)N2/T4N(0-1). More thorough
research is needed for the different pancreatic cancer cell
populations.
Regrettably, this study is a mere statistical analysis of
patients with pancreatic cancer based on the SEER data,
and a more intensive study is required. More detailed
information is necessary for us to confirm the relationship
between stage Ⅲ classification and survival.

DISCUSSION
Pancreatic cancer is one of the most lethal human
cancers, making its staging clinically significant. By ana
lyzing a nationally representative data set, this study
further underlines the prognostic relevance of the number
of metastatic lymph nodes (N2 vs N1), which allows for
a finer stratification of patients in the case of resectable
(T1-3) and unresectable (T4) pancreatic cancer. This
finding could possibly have relevant repercussions on
treatment strategies.
As an aggressive and devastating disease, less than
20% of patients present with localized, potentially curable
[2]
tumors . In other words, the majority of pancreatic
cancers are highly invasive. The most noteworthy finding
in the study is that there was no significant difference for
OS or DSS between stage T(1-3)N2 and stage T4N(0-1),
while they were significantly better than stage T4N2.
This indicates that stage Ⅲ is a heterogeneous group
and should be subclassified into stage ⅢA [T(1-3)N2/
T4N(0-1)] and stage ⅢB (T4N2).
The AJCC TNM classification is based on the assess
[2]
ment of resectability . Accordingly, pancreatic cancer is
staged. As the basis of cancer staging, tumor size is one
of the strongest prognostic factors in pancreatic cancer.
T1, T2, and T3 tumors are potentially resectable, whereas
T4 tumors are unresectable because they involve the
celiac axis or the superior mesenteric artery. In this study,
patients undergoing surgical treatment were analyzed
to ascertain the prognostic role of the T4 category. In
addition, tumor metastasis to regional lymph nodes is a
[9]
vital step in the progression of cancer . The detection
of tumor cells in the lymph nodes is an indication of the
spread of the tumor, where some molecules, such as
VEGF-C/D and VEGF-R3, play crucial roles as novel key
[10]
regulators in lymphangiogenesis . There is no doubt
that tumor size and lymph node metastases are the
two most significant prognostic factors for pancreatic
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The 8th edition American Joint Committee on Cancer (AJCC) TNM staging
system for pancreatic cancer has been applied in clinical practice since Jan 1
2018. The definition of stage Ⅲ consists of TanyN2M0 and T4NanyM0. Our
study aimed to evaluate the changes in the AJCC TNM system for defining
stage Ⅲ pancreatic cancer.

Research motivation

The 8th edition AJCC TNM staging system for pancreatic cancer has just been
applied in clinical practice for a short while and has not been validated yet.
Hence, we used a population-based database to evaluate the rationality of the
new staging system.

Research objectives

The primary purpose of this study was to examine the accuracy of classification
of stage Ⅲ . If there was some inadequacy, we would make necessary
modifications in order to assure the precise staging.

Research methods

Patients were selected from the Surveillance Epidemiology and End Results
database (2004-2013) and were divided into three groups: T(1-3)N2, T4N(0-1),
and T4N2. Overall survival (OS) and disease-specific survival (DSS) of each
group were evaluated by the Kaplan-Meier method.

Research results

A significant difference was observed in OS and DSS between T(1-3)N2/
T4N(0-1) and T4N2 but not between T(1-3)N2 and T4N(0-1), which indicated
stage Ⅲ was a heterogeneous group. Additionally, a higher grading correlated
with a worse prognosis in the T(1-3)N2 and T4N2 groups.

Research conclusions

Patients with stage T4N2 had a worse prognosis than those with stage T(13)N2/T4N(0-1) in the 8th edition AJCC staging system for pancreatic cancer.
Stage Ⅲ should be subclassified into stage ⅢA [T(1-3)N2/T4N(0-1)] and stage

2404

June 14, 2018|Volume 24|Issue 22|

Yu HF et al . Modification of 8th edition AJCC staging system for pancreatic cancer
ⅢB (T4N2), which will improve the staging system greatly.

Research perspectives

8

Larger sample sizes with prospective data should be provided to validate the
modification in further research.
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Abstract
A 61-year-old female patient with chronic hepatitis B virus
infection was diagnosed with liposarcoma in a community
hospital. Fine needle aspiration biopsy confirmed the
diagnosis of well-differentiated liposarcoma. Abdominal
computed tomographic angiography (CTA) showed that
the mass adhered to and constricted the main trunk and
branch of the superior mesenteric vein (SMV), especially
the ileocolic vein, and collateral circulation was observed
during the vascular reconstruction scan. The abdominal
liposarcoma was resected. Because of the collateral cir
culation, devascularization of the SMV was attempted,
and we resected the eroded SMV. The condition of the
blood vessels was evaluated 20 d after surgery using
CTA, which showed that the SMV had disappeared.
Significant improvements in SMV collateral circulation
and the inferior mesenteric vein were observed after
vascular reconstruction. The patient had an uneventful
postoperative course except for transient gastroplegia.
Twenty months after surgery, the patient had a recurrence
of liposarcoma. She underwent tumor resection to remove
the distal small intestine and right hemicolon. We learned
that (1) direct devascularization of the main SMV trunk
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without a vein graft is possible. The presence of collateral
circulation can increase the success rate of patients
undergoing radical surgery and prevent the occurrence of
serious postoperative complications. In addition, (2) this
case demonstrated the clinical value of 3D reconstruction.

is repaired during the resection of the main SMV . The
clinical course and consequences following resection
of the main trunk of the SMV without reconstruction
for giant retroperitoneal liposarcoma have not been re
ported. Here, we report a case of giant retroperitoneal
liposarcoma with resection of the main trunk of the SMV
without reconstruction, the postoperative course, and the
radiographic findings following SMV resection. Treatment
was a resection of a retroperitoneal liposarcoma.

Key words: Superior mesenteric vein; Retroperitoneal
liposarcoma; Surgery
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

CASE REPORT

Core tip: A large liposarcoma adhered to and constricted
the main trunk and branches of the superior mesenteric
vein (SMV). Because of the existence of the collateral
circulation, which had been observed by computed tomo
graphic angiography, we resected the eroded SMV and
devascularized it without vein grafting. In the case, we
were aware of the clinical value of 3D reconstruction, and
we believed that the collateral circulation could replace
the function of SMV. Moreover, the collateral circulation
may have ensured this patient’s postoperative survival.
However, the actual condition for the formation of
collateral circulation must be explored further.

Presentation

A 61-year-old female patient with chronic hepatitis B
virus infection was admitted to our clinic for surgical
resection due to a computed tomography (CT) scan
showing a large retroperitoneal mass. The mass was
biopsied immediately in a community hospital, revealing
a well-differentiated liposarcoma.
On admission, her medical history was unremarkable.
Her physical examination revealed no major abnor
malities except for mild epigastric abdominal pain.
Laboratory investigations showed low albumin level
(28 g/l) and positive HcAb. Tumor markers (CA19-9,
CEA, CA125) were normal. Laboratory tests revealed
the following transaminase levels: an aspartate amino
transferase (AST) of 17 U/l (normal, < 40 U/l), an
alanine aminotransferase (ALT) of 11 U/l (normal, < 40
U/l), and a total bilirubin of 1.5 μmol/l (normal, 6-20.5
μmol/l). Abdominal and pelvic contrast-enhanced CT
(Figure 1A and B) was performed and indicated a 118
mm × 258 mm × 303 mm soft tissue mass with mixed
density containing fat. Abdominal computed tomographic
angiography (CTA) showed that the mass adhered to
and constricted the main trunk and branch of the SMV,
especially the ileocolic vein; the right renal vein; and the
inferior vena cava, and the plane parallel to the renal
hilum was significantly compressed, with a slender renal
vein (Figure 2A-D). Fortunately, renal dynamic imaging
showed that the function of both kidneys was normal.
Considering the complicated relationship between the
tumor and compressed veins, we tried to perform vas
cular reconstruction. We observed that the middle colic
vein (MCV) walked the tumor surface. Two slight veins
that could not be anatomically named beginning at the
SMV beneath the splenic-portal vein confluence were
found (Figure 3). We hypothesized that the two veins
were collateral vessels. The one collateral vessel collected
blood coming from the left colon, and the other went
to the retroperitoneum. The MCV showed displacement
and did not supply the mass except for the confluence
with the SMV. Interestingly, the MCV connected with the
inferior pancreatic vein, which collects blood from the
pancreas and stomach via the right gastroepiploic vein.

Miao RC, Wan Y, Zhang XG, Zhang X, Deng Y, Liu C.
Devascularization of the superior mesenteric vein without
reconstruction during surgery for retroperitoneal liposarcoma:
A case report and review of literature. World J Gastroenterol
2018; 24(22): 2406-2412 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i22/2406.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i22.2406

INTRODUCTION
Although common as a soft tissue sarcoma, liposarcoma
is a rare malignant tumor of embryogenic mesoderm
origin that occurs in the extremities, the trunk, or the
retroperitoneum and seldom in the digestive tract. Welldifferentiated, myxoid, round cell, pleomorphic, and
dedifferentiated are all histologic types of liposarcoma.
Retroperitoneal liposarcoma, which derives from mes
enchymal rather than adipose tissue, has no obvious
symptoms until the liposarcoma is large enough to com
[1]
press the surrounding organs . The 5-year survival
rate for well-differentiated retroperitoneal liposarcoma
[2]
is 83% . However, it also has a high recurrence rate.
Therefore, the primary treatment for retroperitoneal
liposarcoma is complete resection of the tumor with wide
margins, including excision of other organs. Complete
resection of the tumor is difficult, usually due to the
invasion of major organs or vessels that cannot be sepa
rated from the tumor.
Retroperitoneal liposarcoma clearance during surgery
can be facilitated by resection of the vessels involved,
especially the superior mesenteric vein (SMV) or the
portal vein. SMV injuries are highly lethal, and the vessel
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Therapeutic intervention

Due to the complicated organs that were involved, we
discussed this case with a multidisciplinary team, including
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Figure 1 Preoperative computed tomography scan. A: Abdominal contrast-enhanced computed tomography showing a large tumor (118 mm × 258 mm × 303
mm) in the abdomen. B: Coronal multiplanar reformation showing that the lesion adhered to and constricted the main trunk of the superior mesenteric vein.

A

B
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D

Figure 2 Preoperative abdominal computed tomographic angiography. A-C: The same location (green cross) of the main trunk of the superior mesenteric vein
in the horizontal scan, coronary scan, and sagittal scan. D: 3-dimensional CT scan showing that the lesion adhered to and constricted the main trunk of the superior
mesenteric vein.

Splenic vein
Collateral circulations

Inferior pancreatic vein
Superior mesenteric vein

Displacement and
pressure of Middle colic
vein (MCV)

Inferior mesenteric vein

Figure 3 Preoperative vascular reconstruction plan: Superior mesenteric vein collateral circulation development.
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Figure 4 Normal bowel after the superior mesenteric vein was occluded by vessel clamp (A); and Doppler B-ultrasound showing venous blood flow (B and
C).

A

B

Figure 5 Histological analysis revealing a well-differentiated retroperitoneal liposarcoma (A) and surgical specimen of the liposarcoma (B).

for the low albumin level. Therefore, her albumin was
increased to 30.6 g/l. The abdominal liposarcoma was
resected. The portal vein and the splenic vein were free
from the tumor. The base of the tumor (118 mm ×
258 mm × 303 mm) was close to the CMV, which was
easy to resect by cutting off the pedicle. Consistent with
preoperative CT and CTA, we found during surgery that
the tumor was supported by the SMV, whose normal
anatomy had to be destroyed. We initially stripped
the SMV from the tumor. Unfortunately, the SMV was
adhered to the tumor, and it bled immediately when
peeled away. Considering the preoperative plan, we
tried to occlude the SMV by vessel clamp for 20 min and
did not see bowel ischemia (Figure 4A). There were no
changes to venous blood flow to the liver by Doppler
and B-mode ultrasound (Figure 4B and C). In the end,
the SMV and liposarcoma were resected simultaneously
without graft substitutes, allowing for no change to
the bowel or liver, and the MCV was retained and
communicated with the branch of the inferior pancreatic
vein. The final pathology report confirmed the diagnosis
of well-differentiated liposarcoma (Figure 5A). Despite
identifying only one liposarcoma before surgery, we
found two larger masses and some smaller masses that
were easy to remove (Figure 5B).

Gynecology, Urology, Radiology, and Gastroenterology.
Because of the complexity of the vessel invasion, it
was impossible to perform the retroperitoneal tumor
dissection and to keep vessels intact. Ligation of the
superior mesenteric vein was necessary. However, ac
cording to the imaging findings, we did not have a proper
sized vein graft, because the tumor invaded SMV at this
point. We were reluctant to use a synthetic graft because
of the potential risk of graft infection and thrombosis.
The SMV is the most important vein in abdomen, and
it collects the blood from the abdominal organs and
forms the portal vein together with the splenic veins.
It carries abundant nutrients into the liver, and serves
as a metabolic energy source for the liver itself. We
noticed that the patient’s liver function did not show
significant damage. This is unexpected given the longterm compression of the SMV. Therefore, we discussed
the collateral circulation and suggested that vascular
passage between the MCV and the inferior pancreatic
vein could support complete venous return to the
abdominal organs. In this case, the collateral vessels can
ensure normal venous return for abdominal organs after
resecting the SMV. A similar finding had been reported
in a pancreaticoduodenectomy, despite possibly causing
[4]
lethal consequences . Therefore, the preferred choice of
operation was surgical removal of the liposarcoma and
invaded SMV. If the blood supply to the intestine was
insufficient, the portal vein could be reconstructed.
The patient had no surgical contraindication except
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Postoperative treatment and follow-up

The condition of the blood vessels was evaluated for
20 d after surgery using CTA. We found that the SMV
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Significant improvement
of SMV collateral
circulation

Figure 6 Vascular reconstruction scan on postoperative day 20 showing significant improvement in superior mesenteric vein collateral circulation and
inferior mesenteric vein (A). B: Vascular reconstruction scan 2 mo after the operation. Various and remarkable SMV collateral circulation flow returning to the portal
vein and IMV. SMV: Superior mesenteric vein.

removal of the SMV. Only one case in the previous lite
[4]
rature reported use of this technique . That patient
was diagnosed with pancreatic head tumor and had
formed multiple collateral circulations. The proximal SMV
was invaded by the tumor. After neoadjuvant therapy,
the tumor volume was reduced, relieving pressure
on the portal vein, and the pancreatoduodenectomy
was performed. At the beginning of the procedure,
anastomosis of the superior mesenteric vein and portal
vein was attempted, but, as occurred in our case, the
distance was too great. The vascular reconstruction
was denied by the surgeon because of the high risk
of postoperative graft immunity and thrombosis. The
anastomosis was performed between the splenic vein
and the portal vein to relieve the reflux pressure of the
portal vein, and the superior mesenteric vein was ligated.
The patient recovered well after surgery. Regretfully, that
patient died because of ascites 15 mo after surgery.
In pancreaticoduodenectomy, both the SMV and portal
veins must be resected and reconstructed when the
tumor invades the vein, in order to obtain R0 resection.
During a common vein trauma, an anastomosis should
be made to repair the vein. However, if the segment of
the damaged vein is too long, the best choice is a vein
graft, typically a synthetic graft because of the complex
[6]
anticoagulant therapy after surgery . Mobilizing the liver
would weaken the tension in the anastomosis. Moreover,
anastomotic thrombosis caused by revascularization
is another postoperative complication. Previously,
ligation of the SMV during pancreaticoduodenectomy
due to anastomosis of the portal and splenic veins in a
desperate situation that decompressed the mesenteric
[4]
venous system was reported . This study produced
an interesting surgical option of deliberately breaking
the SMV in cases where the SMV had been eroded. In
the present case, because some collateral circulation
was observed on the scan before the operation, ve
nous collaterals secondary to the portal vein may
have allowed the patient’s postoperative survival. The
postoperative vascular reconstruction on POD 20 also
showed significant improvement of collateral circulation,
which had been much too slight on the preoperative

had disappeared. Significant improvement in collateral
circulation was found from vascular reconstruction (Figure
6A). This collateral circulation helped venous blood
completely return to the portal vein. On postoperative
day (POD) 6, the patient experienced nausea and
vomiting, suggesting postoperative complications of
the ileus. The patient’s bowel sounds were weak, and
her serum transaminase levels peaked (AST = 80 U/l,
ALT = 103 U/l). Gastrointestinal decompression and
enteral nutritional support were undertaken. Upper
gastrointestinal radiography was performed to evaluate
the recovering function of the alimentary canal. On POD
23, bowel function recovered. On POD 27, no abnormal
signs were observed by CT scan. The patient was
discharged on POD 29.
After 2 mo, the patient did not feel any discomfort,
and the patient’s condition was evaluated by CTA and
serum tumor marker levels. The results showed nor
mal levels of AFP, CA125, and CA199. The collateral
circulation had good blood supply (Figure 6B). For followup, the patient had a CT every 6 mo. After 20 mo, CT
and CTA results showed a recurrence of liposarcoma. The
numerous masses were of variable sizes and invaded the
intestines. We had to remove the distal small intestine
and right hemicolon. Short bowel syndrome did not occur
after the operation. The patient was discharged on POD
27.

DISCUSSION
Liposarcomas are the second most common soft tissue
sarcoma in adults after malignant fibrous histiocytoma
and predominantly occur in the lower extremities and the
[5]
retroperitoneum . Although retroperitoneal liposarcomas
are common, few international studies have reported a
large tumor similar to our case. In the current case, the
two liposarcomas were quite large, and the larger one
constricted the main vasculature in the abdominal cavity,
especially the SMV. Among patients with retroperitoneal
liposarcomas, ours is the first case about resection of the
SMV without revascularization. It is rare that vascular
revascularization is not performed after the surgical
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Figure 7 The change in alanine aminotransferase (orange line) and aspartate aminotransferase (blue line) levels during the hospital stay.

scan. Therefore, we have evidence that the collateral
circulation existed for a long time and may have been
able to replace the SMV. However, the SMV resection
without any reconstruction is a suitable option for special
situations where another vessel can functionally replace
the SMV. In this case, we had found collateral circulation
by preoperative vascular reconstruction. This is the most
sensitive method for detecting the formation of collateral
circulation. However, its false negative rate (FNR) has
not been seen in related studies. In addition, in this case,
a vein graft was not performed because we considered
the possibility of postoperative venous thrombosis.
However, vein transplantation is still very necessary for
patients without the observation of collateral circulation.
Therefore, we believed that the possible collateral
circulation reconstruction time and conditions need to be
explored in further studies.
Abdominal veins may serve as collateral channels
[7]
within the systemic circulation . The presence of porto
systemic collateral veins (PSCVs) is common in portal
hypertension, which is defined as blood flow through
a vessel or a vascular bed that is obstructed due to
occlusion, as in extrahepatic portal vein obstruction
(EHPVO), or distorted, as in liver cirrhosis. In the present
case, due to the gradual growth of liposarcomas, the
SMV was compressed slowly into a nonfunctional vein,
whose function was replaced by collateral veins over
a long time. In addition to PSCV, portoportal collateral
vein (PPCV) pathways are frequently found in patients
with EHPVO. Although SMV devascularization without
reconstruction during surgery is not recommended, this
case showed the possibility of success with the presence
of PSCVs. Because tumor compression might contribute
to abnormal blood vessels by causing displacement or
applying pressure, high quality imaging examination
is necessary. This case demonstrated the clinical value
of 3D reconstruction. Medicine today is not an isolated
discipline, rather it is improved with the aid of science
and technology. In addition, removal of revascularization
procedures during surgery reduces the likelihood of
postoperative thrombosis. In this patient, the CMV
was retained and communicated with the branch of
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the inferior pancreatic vein to ensure venous blood
stream come from abdominal organs. There are many
anatomic variations for the CMV. In recent years, two
types of variation have been reported: (1) The CMV
returns directly to the SMV; (2) The CMV and the right
and left right colon veins return to the Henle’s trunk
together. The confluence of the middle colonic vein
with the inferior pancreatic duodenal vein has not been
previously reported. This confluence may also be due
to the anatomical variation formed by long-term tumor
compression.
The ileus was the only postoperative complication
in the gastrointestinal system. Because of the ileus, the
patient’s serum transaminases (AST 80 U/l, ALT 103
U/l) were abnormally elevated on POD 13 (Figure 7).
We hypothesized that the reduction of blood back to the
liver and the blood flow stasis in the intestine contributed
to the sudden liver disorder. The patient was treated
with gastrointestinal decompression and nutritional
support, and this complication was controlled before
discharge from the hospital. One month postoperatively,
the levels of transaminases had declined. Two months
postoperatively, the levels of transaminases (AST = 16
U/l, ALT = 24 U/l) had returned to normal.
Twenty months after the first surgery, the patient
had a recurrence of liposarcoma that was concerning.
The prognosis of RPLS patients is highly variable. Some
survive only a few months, whereas others can survive
for decades. At present, there is a lack of medical evi
dence to help with determining prognosis. Some studies
have found that the liposarcoma local recurrence rate 5
years after surgery is close to 50%, and as the followup time increases, the recurrence rate continues to rise
[8]
slowly . Today, there are no adjuvant therapy guidelines
[9]
for the prevention of postoperative tumor recurrence .
In the present case, the patient did not receive adjuvant
therapy. Postoperative radiotherapy, chemotherapy, and
immunotherapy in patients with liposarcoma are still in
the research phase. One report found that postoperative
radiotherapy can reduce the local recurrence of RPLS,
[10]
especially in pathological types with poor prognosis .
However, there is no effect on survival. Another study de
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liver ischemia was observed, and then the SMV and liposarcoma were resected
simultaneously without graft substitutes.

monstrated that preoperative radiotherapy can improve
[11]
the overall survival of patients . Therefore, preoperative
and postoperative adjuvant therapy for liposarcoma
patients is necessary.
We are reporting this case in line with CARE Guide
lines. We believe this case should be reported for future
reference and research. The collateral circulation may
have allowed this patient’s postoperative survival. How
ever, the actual conditions for the formation of collateral
circulation still need to be explored further.

Related reports

To the best of our knowledge, this is the first report of devascularization of the
superior mesenteric vein without reconstruction applied to the resection of a
retroperitoneal tumor.

Experiences and lessons

We believe that this case should be reported for future reference and research.
The collateral circulation may have ensured this patient’s postoperative survival.
However, the actual conditions for the formation of collateral circulation still
require additional examination.
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Abstract
magnetic resonance (MR) imaging of the liver is an
important tool for the detection and characterization
of focal liver lesions and for assessment of diffuse
liver disease, having several intrinsic characteristics,
represented by high soft tissue contrast, avoidance
of ionizing radiation or iodinated contrast media, and
more recently, by application of several functional
imaging techniques (i.e. , diffusion-weighted sequences,
hepatobiliary contrast agents, perfusion imaging,
magnetic resonance (MR)-elastography, and radiomics
analysis). MR functional imaging techniques are
extensively used both in routine practice and in the field
of clinical and pre-clinical research because, through
a qualitative rather than quantitative approach, they
can offer valuable information about tumor tissue and
tissue architecture, cellular biomarkers related to the
hepatocellular functions, or tissue vascularization profiles
related to tumor and tissue biology. This kind of approach
offers in vivo physiological parameters, capable of
evaluating physiological and pathological modifications
of tissues, by the analysis of quantitative data that could
be used in tumor detection, characterization, treatment
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selection, and follow-up, in addition to those obtained
from standard morphological imaging. In this review we
provide an overview of recent advanced techniques in MR
for the diagnosis and staging of hepatocellular carcinoma,
and their role in the assessment of response treatment
evaluation.

alcohol abuse, non-alcoholic fatty liver disease (NAFLD),
and less frequent disorders such as hemochromatosis.
All etiologies could lead to cirrhosis and may be
complicated by tumor formation, but the risk is higher
in patients with hepatitis infection. In the coming
[5]
years, the diffusion of new antiviral agents for HCV ,
[6]
vaccination and therapy for HBV , and prevention
campaigns are expected to reduce the burden of chronic
viral liver disease and its complications, including
[7]
HCC . On the other hand, the widespread epidemic of
obesity is expected to induce a significant increase in
the incidence of NAFLD and its complications, such as
[8,9]
NASH, cirrhosis, and HCC .
Liver cirrhosis is a common underlying condition
associated with hepatocarcinogenesis. Cirrhosis develops
after a long period of chronic liver disease, when the risk
of HCC is still low. The nodules that could be potentially
found in a cirrhotic liver comprise: Small and large
regenerative nodule (RN), low-grade dysplastic nodule
(LGDN), high-grade dysplastic nodule (HGDN), early
HCC, well-differentiated HCC, and moderately-poorly
differentiated HCC. Hepatocarcinogenesis is a multistep
event during which cell density increases, Kuppfer cells
decrease, nodules enlarge, and hemodynamics change.
In the initial phase, normal arterial supply decreases
but portal perfusion is still present. Later, intranodular
arterial vascularity increases due to the appearance
of unpaired arteries (capillarization) while portal blood
[10]
supplies progressively decrease . Simultaneously,
organic anionic transporting polypeptide (OATP),
transporters of bile salts, gradually decrease. OATP
expression levels are high in RNs and LGDNs and
lower in many HGDNs, early HCCs, and progressed
HCCs. The hemodynamic changes are well depicted
during dynamic multidetector computed tomography
(MDCT) and magnetic resonance imaging (MRI), and
both European and American guidelines have endorsed
this technique for the diagnosis of HCC > 1 cm, based
on the typical hallmarks of hypervascularity in arterial
phase with wash-out in portal phase, thereby avoiding
[11,12]
liver biopsy
.
However, there remains a high rate of false
negative, ranging from 25%-30%, in particular for
[13,14]
nodules < 2 cm
, which actually are the most often
encountered focal liver lesions, thanks to the widespread
of surveillance programs. In these small nodules,
hemodynamic changes of hepatocarcinogenesis are in
an early stage, since neoangiogenesis is incomplete and
they are still mainly filled by portal vessels, in contrast
to progressed HCC. MRI in part overcomes these limits.
It has been recently demonstrated that this diagnostic
technique has a higher diagnostic performance over
computed tomography (CT) in the detection of high[15]
risk nodules . This is due to its high contrast resolution
and to its multiparametric characteristics. In fact, it is
known that hyperintensity on T2 weighted sequences
and restricted diffusion in diffuse weighted images
[16]
(DWI) are features of malignancy . Moreover the
recent introduction of hepatospecific MRI contrast agent

Key words: Liver; Cirrhosis; Hepatocellular carcinoma;
Magnetic resonance; Transarterial chemoembolization;
Contrast media
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Magnetic resonance (MR) of the liver is an
important diagnostic option for detection and cha
racterization of focal liver lesions. To date, beside the
standard morphological sequences, new functional
imaging tools (i.e. , diffusion-weighted sequences,
hepatobiliary contrast agents, perfusion imaging, MRelastography, or radiomics analysis) have been introduced
in clinical practice. The aim of functional imaging is to
provide in vivo quantitative complementary functional
data related to the tissue or tumor modifications, offering
useful comprehensive information about the biology,
behavior, and prognosis of hepatocellular carcinoma
lesions. This functional approach may help clinicians
correctly manage cirrhotic patients, also after therapeutic
treatment.
Ippolito D, Inchingolo R, Grazioli L, Drago SG, Nardella M,
Gatti M, Faletti R. Recent advances in non-invasive magnetic
resonance imaging assessment of hepatocellular carcinoma.
World J Gastroenterol 2018; 24(23): 2413-2426 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i23/2413.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i23.2413

INTRODUCTION
Liver cancer is the fifth most frequently diagnosed
malignancy among men and the ninth among women.
Recently, it has risen from the third to the second cause
of death from cancer, accounting for nearly 746000
deaths in 2012. In some regions, like Eastern and
South-Eastern Asia, mortality almost equals incidence
[1]
with an overall ratio of 0.95 . The most common
histological subtype of liver cancer is hepatocellular
carcinoma (HCC), representing more than 90% of
cases. The incidence of HCC increases with advanced
age, reaching, at least in developed countries, a peak
[2]
at 70 years . In up to 90% of cases, HCC occurs in the
setting of liver cirrhosis and overall, one-third of cirrhotic
[3]
patients will develop HCC during their lifetimes .
The primary risk factor for HCC is still represented by
chronic hepatitis B virus (HBV) or hepatitis C virus (HCV)
[4]
infection , with a prevalence of virus B infection in
Eastern countries and a prevalence of virus C infection
in Western countries. Other causes of cirrhosis comprise
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Cellularity

Vascularization

Figure 1 Schematic comparison between diffusion weighted images (on the left) and perfusion maps (on the right) showing the meaning from the
pathophysiological point of view of the two different functional magnetic resonance techniques. The diffusion offers qualitative information strictly related to
tissue cellularity, while perfusion sequences offer qualitative information about tissue vascularization.

gadolinium-ethoxybenzyl-dieth-ylenetriamine pentaacetic
®
acid (Gd-EOB-DTPA, Primovist ; Bayer Schering Pharma,
Berlin, Germany), which gives information not only
on vascular changes but also on hepatocyte function,
raises the sensitivity for the detection of early HCC
[17]
to 91%-93% . Based on this feature, Kim BR and
[16]
colleagues demonstrated that readers had significantly
higher detection sensitivity for early HCCs with MRI than
with multidetector CT (78.6% vs 52.4%, P = 0.001;
71.4% vs 50.0%, P = 0.011; and 73.8% vs 50.0%, P
= 0.001, respectively), as shown by 30 more LI-RADS
category 4 early HCCs identified at MRI.
The correct characterization of all nodules possibly
encountered in a cirrhotic liver is of paramount impor
tance because they are managed completely differently.
In fact, while regenerative and dysplastic nodules
deserve a strict follow-up, HCC should be treated with
the more suitable therapeutic option, according its
stage. This is clearly defined by the Barcelona Clinic
Liver Cancer (BCLC) staging system, adopted in all
Western countries and endorsed by both American and
European guidelines.
In this context, beside traditional radiological
techniques, new functional imaging tools have been
introduced in clinical practice in order to provide not
only morphological information but also functional data
information. Functional magnetic resonance imaging
encompasses a wide range of advanced techniques
capable of evaluating physiological and pathological
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modifications of tissues, by the analysis of quantitative
data, in addition to those obtained from standard
morphological imaging. These techniques may include
diffusion-weighted sequences, hepatobiliary contrast
agents, perfusion imaging, MR-elastography, and more
recently radiomics analysis. In particular, perfusion
imaging (related to vascular profile) and diffusion
imaging (related to cellular profile) (Figure 1) techniques
have been extensively studied during various steps
of HCC evolution, from initial assessment of vascular
modifications in cirrhotic liver, through its progression in
tumor lesion, and finally to its follow-up after treatment.
Hence, in this review, we provide an overview of recent
advances and techniques in MR studies for the diagnosis
and the staging of HCC.

CONTRAST MEDIA: EXTRACELLULAR
AND HEPATOBILIARY AGENTS
Gadolinium is a paramagnetic ion that shortens T1
relaxation time in tissues and, therefore, produces an
[18]
increase in signal intensity . Based on bio-distribution,
there are three categories of gadolinium-based contrast
agents: extracellular fluid agents (ECFAs), blood pool
agents (BPCAs), and targeted and organ-specific contrast
agents, such as hepatocyte-specific contrast agents
(HCAs). ECFAs and HCAs are the most commonly used
in liver imaging. ECFAs consist of gadolinium chelated
[19]
to an organic compound, such as DTPA . They are
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Table 1 Gadolinium-based magnetic resonance imaging contrast agent
Contrast agent

Category

Relaxivity

Structure

Concentration
(mmol/mL)

Reccomended dosage
(mmol/kg)

ECFAs
ECFAs
ECFAs
ECFAs
ECFAs
ECFAs
BPCAs
HCAs
HCAs

Standard
Standard
Standard
Standard
Standard
Standard
High
High
High

macrocyclic
macrocyclic
macrocyclic
Linear
Linear
Linear
Linear
Linear
Linear

0.5
1.0
0.5
0.5
0.5
0.5
0.25
0.5
0.25

0.1
0.1
0.1
0.1
0.1
0.1
0.03
0.1
0.025

Gadoterate-meglumine
Gadobutrol
Gadoteridol
Gadopentetate- dimeglumine
Gadoversetamide
Gadodiamide
Gadofosfaset-trisodium
Gadobenate- dimeglumine
Gadoxetate-disodium

ECFAs: Extracellular fluid agents; BPCAs: Blood pool agents; HCAs: Hepatocyte-specific contrast agents.

[25]

further divided in standard relaxivity macrocyclic agents,
standard relaxivity linear agents, and high relativity
linear agents (Table 1). The details regarding the
advantages and disadvantages of each contrast category
is beyond the scope of this article, but in general, there
[20]
is little clinical difference . The standard dose is 0.1
mmol/kg typically injected intravenously at a rate of
2 mL/s followed by a normal saline “flush” of 20 to 50
mL. After the injection, ECFAs are rapidly cleared from
the intravascular space through the capillaries into the
extracellular space. They are mainly eliminated by renal
excretion and have imaging dynamics comparable
to the extracellular iodinated contrast media used in
CT. However, MRI is more sensitive to the effects of
gadolinium than CT is to the effects of iodine, because
gadolinium has an amplification effect due to the
number of adjacent water protons relaxed by a single
[19,21]
gadolinium atom
. In summary, ECFAs enter into
the liver through the hepatic artery and portal vein and
are freely redistributed into the interstitial space; they
demonstrate vascular perfusion by distributing and allow
the evaluation of liver lesions based on assessment
of vascularity. The combination of arterial phase
hyperenhancement followed by washout appearance
in the portal venous and/or delayed phase is the key
[11,12]
diagnostic feature of HCC
(Figure 2).
The pathophysiologic basis for arterial phase
hyperenhancement in HCC is related to the increasing
of the intranodular arterial supply during hepato
[22]
carcinogenesis . The mechanisms underlying washout
appearance in HCC depend on a range of factors:
early venous drainage of contrast material from the
tumor, progressive enhancement of background liver,
reduced intranodular portal venous blood supply,
tumor hypercellularity with corresponding reduction
in extracellular volume, and intrinsic hypoattenuation/
[23]
hypointensity . In cirrhotic patients, this enhancement
pattern has approximately 100% specificity for lesions
larger than 2 cm and approximately 90% specificity
[24]
for those of 1-2 cm . However, the main limitation
with ECFAs for diagnosis and staging HCCs is low
per-lesion sensitivity, because an atypical vascular
behavior is quite common in small (< 2 cm) nodules
and approximately one-third of these are malignant
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(‘‘the one-third rule’’) . Indeed, the intranodular
hemodynamic changes during carcinogenesis start
with an arterial hypovascularity with portal perfusion
still present, followed by a decrease of both arterial
and portal blood supply, then followed by an increase
in arterial vascularity to isovascular, and, finally, to a
[12]
hypervascular pattern .
On the other hand, several recent studies demon
strated that the expression of OATP diminishes during
[26]
hepatocarcinogenesis . Moreover, OATP 8 expression
level decreases prior to complete neoangiogenesis,
with elevation of arterial flow and reduction of portal
[27]
venous flow . Thanks to their lipophilic characteristics,
HCAs, after the intravascular/interstitial distribution, are
taken up by functioning hepatocytes, metabolized, and
excreted into the bile through the OATP 8: Consequently,
nodules with low or no OATP expression (the majority of
HCC, many early HCCs, and some high-grade dysplastic
nodules) do not uptake HCAs and appear hypointense
in the hepatobiliary phase (HBP) (Figure 2). A recent
meta-analysis has shown that the impact of HBP on a
per-lesion sensitivity is significant, in particular the use
of Gd-EOB-DTPA allowed a sensitivity of 87% vs 74%
[28]
(p = 0.03) the one without HBP . Based on these
considerations, the current contrast agents applied in the
study of the liver are the gadobenate dimeglumine (Gd®
BOPTA/Dimeg, MultiHance , Bracco, Milan, Italy), which
is a chelate of the paramagnetic gadolinium ion salified
with two molecules of meglumine, and gadolinium
ethoxybenzyl diethylenetriaminepentaacetic acid (Gd®
EOB-DTPA, Primovist , Bayer Schering Pharma, Berlin,
Germany), which is a highly water-soluble contrast
agent with an ethobenzyl group attached to gadolinium
[29]
diethylenetriamine pentaacetic acid . The approved
dose of Gd-BOPTA for hepatic imaging is 0.05 mmol/kg
[30]
(0.1 ml/kg of a 0.5 mol/L solution) , and it should be
administered undiluted followed by a normal saline “flush”
of 20 to 50 mL. Hepatic uptake represents 2%-4% of
the injected dose for Gd-BOPTA, and the HBP is typically
performed between 45 and 120 min after injection and is
necessary in order to achieve sufficient enhancement.
The approved dose of Gd-EOB-DTPA is 0.025 mmol/kg,
which is considered the minimum effective dose for
the detection of liver lesions in the hepatobiliary phase.

2416

June 21, 2018|Volume 24|Issue 23|

Ippolito D et al . Advances in magnetic resonance liver
Lesion

Sequences
Unenhanced T1

Arterial

Portal venous

Delayed

Hepatobiliary

DWI

T2

HCC classic

ECA

HCC green

HCC
hypovascular

HCC classic

HBA

HCC green

HCC
hypovascular

Isointense lesion

Hyperintense lesion

Hypointense lesion

Slightly hyperintense lesion

Figure 2 Schematic representation showing dynamic contrast enhanced sequences, diffusion weighted images, and T2-weighted features in typical,
green, and hypovascular hepatocellular carcinoma, comparing information from extracellular contrast agent and hepatobiliary contrast agent. ECA:
Extracellular contrast agent; HBA: Hepatobiliary contrast agent; DWI: Diffusion weighted images.

The modalities of gadoxetic acid administration were
[31]
addressed in the ESGAR consensus statement (flowrate of 1-2 mL/s followed by a 20 mL saline flush at
1-2 mL/s using a bolus triggering technique). Hepatic
uptake represents 50% for Gd-EOB-DTPA, and the
HBP reaches its maximum intensity approximately
20 min after injection with gadoxetate disodium and
[32]
persists for several hours . The clinical use of liverspecific contrast agents allows the radiologist to obtain
morphologic and vascular-related information, although
an overlap between delayed phase and hepatocyte phase
[33]
have to be considered during dynamic evaluation .
[34]
A recent meta-analysis
reported that in trials of
MRI that directly compared test performance using
different contrast agents, use of HCAs was associated
with higher sensitivity than ECAs (difference of 13%),
with no difference in specificity. The difference was
somewhat greater for HCC lesions smaller than 2 cm
(difference of 15%). These finding were stressed by
[31]
the ESGAR consensus , who stated that a Gd-EOBDTPA MR examination should be performed in order
to characterize an undetermined focal liver lesion of
10 mm or larger in the cirrhotic liver. In summary,
HCAs allow a comprehensive non-invasive imaging
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assessment of the liver parenchyma, intrahepatic lesions
depiction or characterization, hepatic vasculature, and
the biliary tree in a single examination. They have
several advantages in the evaluation of the cirrhotic
liver including: (1) Higher sensitivity for the diagnosis of
[34]
HCC, in particular for lesions smaller than 2 cm ; (2)
improved characterization of arterially enhancing lesions
[35]
without definite washout on subsequent imaging ; (3)
the possibility to differentiate arterially enhancing lesion
[36]
vs pseudolesions ; and (4) detection of lesions with
decreased uptake evidenced only in the HBP that are
[37]
likely to be precancerous or borderline lesion .

PERFUSION IMAGING
Perfusion MRI in the assessment of HCC focuses on
[38-40]
the detection and characterization of lesions
,
[38,41-44]
the evaluation of response to therapy
, and
[44,45]
determination of prognosis
(Table 2).
The basis of dynamic contrast-enhanced (DCE)perfusion MR imaging is the acquisition of multiple image
sets, every few seconds, through the tumor or as much
of the organ as possible, after gadolinium injection.
The rate and pattern of contrast enhancement reflects

2417

June 21, 2018|Volume 24|Issue 23|

Ippolito D et al . Advances in magnetic resonance liver
Table 2 Magnetic resonance imaging perfusion with dynamic contrast-enhanced magnetic resonance imaging in the assessment of
hepatocellular carcinoma, focus on diagnosis, characterization, response to therapy, and prognosis
Ref.

Year

Magnet (Tesla)

Contrast agent

Parameters

1.5 T

Gadobenate-dimeglumine and gadopentetatedimeglumine
GD-EOB-DTPA
Gadobenate-dimeglumine
Gadoterate-dimeglumine

AF, VF, ART, DV, MTT

Diagnosis and characterization
Taouli et al[38]
2013
Chen et al[39]
Jajamovich et al[40]
Abdullah et al[61]
Response to therapy
Ippolito et al[41]
Taouli et al[38]
Chen et al[45]
Prognosis
Chen et al[45]
Chen et al[45]

2017
2016
2008

3T
3T
1.5 T

2016
2013

1.5 T
1.5 T

2016
2016
2016

Ktrans, Kep, iAUC, max-Ktrans
ART, K trans, ve, kep, τ
HPI, MTT, DV, TF, AF, PF
ME, MRE, RAE, RE, RLE, RVE, TTP
AF, VF, ART, DV, MTT

1.5 T

GD-EOB-DTPA
Gadobenate-dimeglumine and Gadopentetatedimeglumine
Gadodiamide

1.5 T
1.5 T

Gadodiamide
Gadodiamide

Peak, Slope, AUC, Ktrans, Kep, Ve
ART, AF, PF, TF, MTT, DV, PEAK, SLOPE, AUC

Peak, Slope, AUC, Ktrans, Kep, Ve

ART: Arterial fraction; K trans: Contrast agent transfer rate constant from plasma to extravascular extracellular space; VE: Extravascular extracellular
volume fraction; Kep: Contrast agent intravasation rate constant; τ: Mean intracellular water molecule lifetime; ME: Maximum enhancement; MRE:
Maximum relative enhancement; RAE: Relative arterial enhancement; RE: Relative enhancement; RLE: Relative late enhancement; RVE: Relative venous
enhancement; TTP: Time to peak; HPI: Hepatic perfusion index; MTT: Mean transit time; DV: Distribution volume; TF: Total blood flow; AF: Arterial blood
flow; PF: Portal blood flow; AUC: Area under the gadolinium distribution-time curve.

the time evolution of the contrast agent within the
tissue, which occurs as a result of the microcirculatory
pathophysiological changes. Perfusion MRI could extend
the currently used qualitative assessment applied for the
differential diagnosis of lesions, by applying quantitative
metrics to describe their vascular behaviour.
The main purpose of MRI perfusion is the quanti
fication of vascular characteristics of HCC, because the
growth and progression of histological malignancy of
[46]
HCC are associated with new blood vessels formation
(angiogenesis). Moreover, the targets of anti-angiogenic
drugs, recently used for HCC treatment, are represented
by these new blood vessels and, therefore, the perfusion,
as a functional imaging technique, may be suitable for
[47-50]
evaluating patients treated with these agents
.
Dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) provides non-invasive imaging
biomarkers that can measure changes in tumor
blood flow, vascular permeability, and interstitial and
[40,43,47]
intravascular volumes
and can predict the survival
[51-53]
outcome in patients with HCC
. Generally, DCE-MRI
consists of acquisition of T1-weighted MR images before,
during, and after intravenous injection of a gadolinium[40]
based contrast agent . The contrast agent extravasates
at level of tumor tissue, from intravascular to the
extravascular extracellular space (EES) with increased
[43,54,55]
T1-w signal
. This extravasation to EES in the
tumor tissue depends on vessel leakiness (permeability)
and blood flow (perfusion), and so the signal measured
with DCE-MRI could be sensitive to alterations in
[43,54]
vascular permeability, EES, and blood flow
.
DCE-MRI signals can be quantified using a semiquantitative (model free) or quantitative (model
[56]
based) analysis . Both analysis methods have several
[54,57]
parameters related with tumor angiogenesis
and can
[56]
give different information on liver and tumor perfusion .
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Briefly, with the semi-quantitative analysis, all perfusion
parameters are extracted directly from time-signal
intensity (SI) curves [e.g., AUC, maximum SI or peak
enhancement ratio, wash-in slope, mean transit time
(MTT)], derived from different dynamic contrastographic
sequences. Although widely used, semi-quantitative
analysis is highly affected by the acquisition systems and
comparison and quantification of these parameters can
[56,57]
be difficult
because the true concentration of contrast
agent in the tissues is not estimated (Figure 3).
Quantitative analysis depends on fitting the time
SI curves with the changes in concentration of the
contrast agent using pharmacokinetic techniques using
several kinetics models based on different physiological
[56]
assumptions made . These kinetics models can be
bi-compartmental models (taking into account vessels
and EES) or mono-compartmental (taking into account
the vascular space because of the typical architecture
[56]
of the liver) , with a double or single input system
(arterial and portal or arterial alone), conventional
compartment (CC) models vs distributed parameters
[54,56]
(DP) models
.
Several parameters extracted with quantitative
analysis are related to the influx of contrast agent from
the intravascular space to the EES (K trans) and its
reverse (Kep), the volume fraction of EES (Ve), which
is an indirect expression of the cellular density of the
[43,54,56]
tissue
.
In comparison to the semi-quantitative analysis,
these parameters are more time consuming because
they generate parametric maps through a pixel-by-pixel
curve fitting process. Although the histogram analysis
and the heterogeneity of these parametric maps are
more computationally demanding, they may also
[43,56]
provide additional information
. Moreover, numerous
pharmacokinetic models have been proposed by Tofts
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Figure 3 Gd-EOB-DTPA enhanced magnetic resonance images of a 67-year-old male patient with large hepatocellular carcinoma lesion in the right liver
lobe. Panels A-B: T1-weighted sequences “in and out of phase” demonstrate a heterogeneous mass slightly hypointense without a signal drop in “out of phase”
sequence. Panels C-D: T2-weighted image without and with fat saturation demonstrates a slightly hyperintense mass with a central, homogeneous hyperintense area,
as per necrosis. Panels E-H: Dynamic contrast-enhanced images delineate the typical contrast behavior of hepatocellular carcinoma (HCC): Hyperenhancement
during the arterial phase (F) followed by wash-out in portal and delayed phase (G-H). In the hepatobiliary phase image 20 min after Gd-EOB-DTPA injection the
nodule appears highly hypointense compared with the surrounding enhanced liver (panel I). Panel J: On the diffusion weighted image, HCC lesion is hyperintense due
to the restriction of water diffusion. Panel K-L: Perfusion images derived from semiquantitative analysis (relative arterial enhancement and maximum enhancement)
the HCC is characterized by high vascularity intensity signals, shown as hot-spots signals.
[58]

[59]

[60]

et al , Brix et al , and Larsson et al , using a single
[43]
arterial input function . Because HCC receives major
blood supply from hepatic neo-arteries and often arise
from a cirrhotic liver, the single input model (considering
only the arterial input) and the dual compartment model
(because of the alteration in the EES) are frequently
[54,56]
both used in the literature
.
However, because of numerous DCE-MRI–related
limitations, parameters derived from these pharma
cokinetic models may lack sufficient precision for clinical
[38]
application , and there is no consensus regarding the
pharmacokinetic model that should be used to quantify
HCC perfusion parameters, even if some studies
demonstrated that some pharmacokinetic models can
[40]
be equivalent in the results .
All these possibilities and differences in the field of
DCE-MRI led to literature studies with different results.
In general, two recent studies demonstrated
that HCC had significantly higher peak, slope, AUC,
arterial fraction, and arterial flow but lower portal
[45]
flow, distribution volume, and MTT than the liver .
HCCs with high peak are correlated to a longer overall
[45]
survival (OS) in comparison with HCC with low peak
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before systemic therapy. Secondly, high peak reduction
assessed early (1 wk) after systemic therapy can be
[44]
related to OS .
DCE-MRI semi-quantitative parameters (relative
arterial, venous, and late enhancement; maximum
enhancement; maximum relative enhancement, and
time to peak) potentially can be used also to differentiate
residual viable tumor tissue and effective treated lesions
[41]
after TACE or RFA . Some of them, in a multivariate
analysis, seemed also to predict the response to
[42]
radiotherapy RT .
Some groups found that with DCE-MRI it is possible
to quantify the perfusion in the liver and HCC with an
increased arterial flow and decreased portal venous flow
in HCC compared with cirrhotic liver, with significant
differences in the degree of arterial versus portal venous
[38]
blood flow in treated and untreated HCCs .
Perfusion parameters could be correlated to the
grading differentiation of HCC, but in most of the cases,
there were no significant differences in perfusions and
grade of HCC differentiation, with the exception of
[40]
the arterial fraction (ART) . The ART parameter is a
value estimated each time through perfusion equations

2419

June 21, 2018|Volume 24|Issue 23|

Ippolito D et al . Advances in magnetic resonance liver
obtained from the addition of the two input inflow
[40]
(arterial and portal) into one . Moreover, it has been
suggested that ART can be used to assess response to
[38,40,61]
local regional therapy in HCC
.
[39]
In a recent study from Chen et al , the maxKtrans seemed to correlate with tumor grades (rho =
-0.382, P = 0.028). The Ktrans, Kep, and iAUC of highgrades HCC were significantly lower than that of lowgrades HCC (P = 0.001, 0.031, 0.003, respectively),
but there was no statistically significant differences for
[39]
Ve between high grade and low grade HCC (P > 0.05) .
These results suggest that DCE-MRI can be useful
as a non-invasive marker of HCC angiogenesis, but new
equipment and sequences and models are still under
investigation. New equipment will be applied in the near
future to quantify the perfusion of HCC, as a biomarker
of degree of malignancy, prognosis, and response to
[38-40]
therapy
.

reducing the SNR of the normal liver parenchyma or
the lesion-to-non lesion CNR. DW imaging should not
be considered a stand-alone sequence, but should be
integrated in MR protocols: The combination of Gd-EOBDTPA and DWI could allow the assessment of the three
main processes in the hepatic multistep carcinogenesis
(vascular changes, hepatocyte change, and tissue
diffusivity). A recent meta-analysis showed that the
combination of gadoxetic acid-enhanced MRI and
DWI significantly improved both diagnostic accuracy
and specificity for HCCs associated with chronic liver
[69]
disease . Several studies underline the importance
that DWI adds to dynamic contrast-enhanced MRI,
in characterization of small or atypically enhancing
[70,71]
[71]
lesions
. In particular, Briani et al
demonstrated
that the hypovascular lesions ≥ 10 mm that appeared
hyperintense in DWI are associated with progression
to hypervascular HCC. DWI can not only indicate
the morphological characteristics of a lesion with a
qualitative assessment, but with apparent diffusion
coefficient (ADC) measurement, can also provide a
quantitative index of diffusion characteristics, analyzing
[70,72]
structure and tissue components. Some authors
suggested that a lesion-to-liver ADC ratio cut-off value
of 0.92 may offer good sensitivity, specificity, and
accuracy in differentiating HCC vs dysplastic nodules
[70]
(DN). Inchingolo et al , furthermore, obtained higher
values (sensitivity 90.91%, specificity 80.95%, and
accuracy of 83.55%, when the group of LGDNs was
compared to the group that included both HGDNs and
[73]
HCCs, with a cut-off of 0.95. Jiang et al
conducted
a retrospective analysis of the correlation between
qualitative and quantitative DWI and HCC tumor
grade. They found that while SI values on DWI could
distinguish only between well-differentiated HCC and
moderately or poorly differentiated HCC, ADC values
could distinguish between well, moderately, and
poorly differentiated HCC, with the consequence of
a better pre-operative and non-invasive histological
characterization. Further applications of DW imaging are
still ongoing, and larger studies are needed to validate
these results. One example is the application of DWI
concerning the prediction of microvascular invasion
(MVI) in HCC. MVI still remains one of the important
prognostic factors of HCC recurrence, especially after
[74,75]
surgical resection or liver transplantation
. In the
past, other imaging characteristics have previously been
suggested as predictors of MVI, such as tumor size,
shape and margin, capsule, peritumoral enhancement,
and dynamic enhancement pattern; but recently Yang
[76]
et al proposed a new integrated evaluation of T2 and
DWI images by defining the concept of “diffusion- and
T2-weighted imaging mismatch”. They demonstrated
that this new “DWI/T2 mismatch” was an independent
predictor of MVI (odds ratio 4.521, P = 0.035), with a
high specificity (95.65%). Another potential application
of DWI is the assessment of liver tumor response to
novel therapy. In fact, while a change in tumor size is

DIFFUSION WEIGHTED IMAGING
DWI is a functional MRI sequence that allow the
characterization of biological tissues based on the diffusion
properties of water molecules, providing information
about tissue cellularity and about the integrity of cellular
[2]
membranes . In fact, in high cellular tissue, the higher
density of hydrophobic cellular membranes reduces the
[62]
“apparent” diffusion of water protons , thus the water
diffusion can be considered relatively “restricted”. More
simply the “diffusion restriction” refers to a tumor signal
intensity that is higher than the surrounding parenchyma
(the liver for example) on high b-value DW MR images,
and, to date, DW-imaging represents an integral part of
the routine MR protocol for liver disease (Figure 4).
[63]
In 2010, Taouli et al defined DW MR imaging, an
attractive technique, which was reaching a potential
for clinical use in the abdomen, particularly in the liver.
Less than a decade later, all the potential uses of DWI
are greatly shown, and diffusion can be considered a
useful tool for the diagnosis of focal liver lesions, with
[64]
better results than T2-weighted images
especially
[65]
in HCC . There are various reasons why: DWI adds
useful qualitative and quantitative information to
standard sequences; it has a short acquisition time and
can be easily included to existing protocols; and it does
[66,67]
not need the use of contrast materials
.
Although several DW imaging sequences can be
applied to evaluate the liver, the single shot spin-echo
(SE) echo-planar technique is the most frequently
used in combination with fat suppression. Recent
[68]
studies
compared free breathing (FB) vs respiratory
triggered (RT) DWI for detecting HCC, using a 3 T
scanner, a 32-channel torso-cardiac phased-array coil,
and dual-source parallel radiofrequency excitation
and transmission technology. They concluded that FBDWI provided better image quality and showed higher
detectability of HCCs in patients with chronic liver
disease compared to RT-DWI, without significantly

WJG|www.wjgnet.com

2420

June 21, 2018|Volume 24|Issue 23|

Ippolito D et al . Advances in magnetic resonance liver

A

B

C

D

E

F

G

H

I

J

Figure 4 Gd-EOB-DTPA enhanced magnetic resonance images of a 61-year-old patient with hepatocellular carcinoma nodule in the VII segment of the
liver. Panels A-B: A single nodule slightly hypointense on the T1-weighted “in phase” sequence (A) with a signal drop in the “out of phase” sequence, as per fat
deposition. Panels C-D: On T2-weighted image without and with fat saturation the nodule appears slightly hyperintense. Panels E-H: Dynamic contrast-enhanced
images demonstrate the typical contrast behavior of hepatocellular carcinoma: Which appear hypervascular during the arterial phase (F) with wash-out in portal and
delayed phase (G-H). Panel I-J: Diffusion weighted image (DWI) shows the hyperintense pattern of the lesion which appear hypointense on the relative apparent
diffusion coefficient map (arrowhead). Previously treated lesion with transarterial chemoembolization is recognizable, in panel A-E-F-G-H, at V segment of the liver
(arrow). No any restriction of signal intensity is evident on DWI (panel I-J).

the common effect of conventional chemotherapy, locoregional therapies may lead to stability of tumor size
or even an increase in hepatic tumo. Moreover, novel
molecular-targeted therapies may alter the morphology
of the tumor by affecting its angiogenesis, with
[77]
unchanged tumor size . Recent studies have shown
the possibility to differentiate viable tissue from necrosis
on the basis of ADC cut-off values, because necrosis has
[78,79]
higher ADC values
. For patients with HCC treated
with Sorafenib, a transient decrease in tumor ADC
value approximately 1 month after treatment has been
reported to be suggestive of hemorrhagic necrosis;
however, a sustained decrease in ADC at 3-mo follow[80]
up may indicate viable tumor or its progression . ADC
values in patients with HCC treated with transarterial
radioembolization (TARE) have been shown to increase,
a finding suggestive of cellular necrosis. Increased
ADC values in such cases may be an early marker of
treatment response before changes in tumor size are
[81]
observed . Despite the several attempts to use ADC
values in clinical practice, reproducibility of volumetric
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quantification with diffusion-weighted imaging is not
well established. Moreover, there are some technical
aspects that need to be considered, like the differences
in scanner equipments, the lack of a standardized DWI
protocol, the low reproducibility and comparability of
ADC measurements among different studies, and finally,
[64]
the susceptibility of ADC maps to noise and artefacts .

MR ELASTOGRAPHY
MR elastography (MRE) is an MRI-based method for the
quantitative assessment of liver fibrosis and increased
stiffness. This technique is based on the application of
mechanical waves (generated through the machine) to
the region of interest (the liver). These waves and their
wave-length are located in the liver through different
elastographic sequences (the most used are gradientecho sequences with motion-encoding gradients) to
obtain different set of images and maps. With two
different reconstruction algorithms applied to this set
of images, it is possible to obtain a final colored image,
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called “confidence map”, with different stiffness areas of
the liver expressed with different colors that correspond
to different in kilo-pascal values (kPa).
Different studies have demonstrated the possibility
to use MRE for assessment of mild degree of liver
[82-84]
fibrosis
and to differentiate malignant and benign
[85]
nodules in the liver . A recent study tried to understand
if there was a correlation between HCC stiffness detected
[84]
with MRE and HCC pathologic features . Tumor stiffness
(TS) seemed to be higher in moderate/well differentiated
HCC in comparison to poor differentiated HCC (6.5 ± 1.2
kPa vs 4.9 ± 1.2 kPa, p < 0.01); but at the moment,
no correlation is found to liver parenchyma stiffness,
[84]
vascular invasion, and tumor encapsulation .
Another important application of MRE regards the
assessment to treatment response and in particular
90
loco-regional treatment [ Yttrium radio-embolization
(RE), trans-arterial chemoembolization (TACE), and
[86]
radiofrequency ablation (RFA)] .
[87,88]
In two animal studies
, reduction in TS was
[89]
associated with histologically proven central necrosis
and decreased cellular proliferation and moderate
[88]
induction of apoptosis . In a preliminary study on
humans, MRE seems to provide early evidence of
therapeutic response, demonstrating that treated tumors
have significantly lower TS compared to untreated
tumors (3.9 ± 1.8 kPa vs 6.9 ± 3.4 kPa, p = 0.006)
and cirrhotic liver, while intra-tumoral hemorrhage is
associated with higher TS. TS seems to relate with
visually assessed percentage of necrosis and ER and is
[86]
more in patients treated with RE .
MRE still has the limitation of hepatic iron overload,
which can decrease hepatic signal intensity in gradient
echo based MRE sequences to unacceptably low
[83]
levels . On the other hand, MRE enables qualitative
and quantitative assessment of TF without the use of
[86]
gadolinium chelates .
Despite some of the limitations of MRE, it remains
a promising technique not only for the evaluation of
liver fibrosis but also in the spectrum of diagnosis and
[83,84,86]
prognosis of HCC
.

studies concerning the use of texture analysis in the
[90-93]
assessment of HCC
. The main problems are due
to differences in the equipment, contrast phase chosen
for the analysis, and type of segmentation (circular ROI
vs tumor shape ROI, slice analysis vs volumetric ROI
analysis). Recently, two studies have been published
on the possibility to use complex texture analysis in
[94]
MRI to assess the malignancy of HCC (Zhou et al )
or to predict the progression of hypovascular nodules
(detected with gadoxetate disodium acid during hepa
[90]
tobiliary phase) into hypervascular HCC lesions . In
both studies, volumetric region of interest (VOI) was
evaluated.
All these preliminary studies demonstrated that,
among the different features assessed with texture
analysis, some of them seem to perform better on a
specific dynamic phase (arterial or hepatobiliary) and
can give useful information. In order to differentiate low
[94]
grade and high grade HCC , “mean intensity value” (a
histogram feature) presented significantly larger values
in low-grade HCCs than in the high-grade HCCs, and
the values of gray-level run-length nonuniformity (GLN)
were significantly smaller in low-grade HCCs than in
high-grade HCCs.
Moreover, in another study, different histogram
metrics showed the possibility to predict the progression
[90]
of a hypovascular nodule into an HCC , using different
flip angles and volumetric region of interest.
Radiomics appears to offer a nearly limitless supply
of imaging biomarkers that could potentially aid in
cancer detection, diagnosis, assessment of prognosis,
prediction of response to treatment, and monitoring
[89]
of disease status . Further studies and validations
are required for the performance of the features by
themselves, their application according to the different
contrast phases available during MRI sequences, and
the different MRI equipment.

CONCLUSION
MRI of the liver represents an important tool for the
detection and characterization of focal liver lesions and
for the evaluation of diffuse liver disease. The main
advantages of MRI relies on superior soft tissue contrast,
absence of ionizing radiation, and the possibility of
performing functional and advanced imaging techniques.
Unlike conventional MR imaging sequences, which are
usually reported qualitatively based on the varying
brightness of tissue, functional MR-imaging techniques
offers quantitative data. Among the different functional
MR imaging techniques, DWI, MR elastography, and
T1-weighted DCE sequences are the most likely to
find clinical use at present or in the near future in liver
imaging.
MR functional imaging allows for the addition of
qualitative and quantitative functional information to
conventional anatomic sequences and routine clinical
protocols, thereby offering clinicians further comprehensive

RADIOMICS
Radiomics represents the possibility to convert
digital medical images (CT, MR, or positron emission
[89]
tomography images) into high-dimensional data ; the
hypothesis is that biomedical images contain information
that reflects underlying pathophysiology and that these
relationships can be revealed via quantitative image
analyses. MRI based radiomics signature are currently
investigated in glioblastoma, breast, and faringeal cancer.
Currently, there are no studies about the possibility to
use radiomics in the assessment of HCC. Main efforts
remain focused on some complex texture analysis, taking
in account just few features, which represent a small and
impaired part of radiomics data analysis.
Controversial results were obtained from different
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information about the biology, behavior, and prognosis
about HCC lesions.
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Cell-based therapies for acute and chronic liver
diseases are under continuous progress. Mesenchymal
stem/stromal cells (MSCs) are multipotent cells able to
migrate selectively to damaged tissue and contribute to
its healing and regeneration. The MSC pro-regenerative
effect occurs due to their immunomodulatory capacity
and their ability to produce factors that promote cell
protection and survival. Likewise, it has been observed
that part of their paracrine effect is mediated by
MSC-derived extracellular vesicles (EVs). EVs contain
proteins, lipids and nucleic acids (DNA, mRNA, miRNA,
lncRNA) from the cell of origin, allowing for intercellular
communication. Recently, different studies have
demonstrated that MSC-derived EVs could reproduce,
at least in part, the biological effects obtained by MSCbased therapies. Moreover, due to EVs’ stability for long
periods of time and easy isolation methods they have
become a therapeutic option to MSCs treatments. This
review summarizes the latest results achieved in clinical
trials using MSCs as cell therapy for liver regeneration,
the role of EVs in liver physiopathology and the
potential of MSC‑derived EVs as intercellular mediators
and therapeutic tools in liver diseases.
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their role in liver diseases, and finally, the role of MSCderived EVs as therapeutic tools for liver regeneration.

Core tip: Cell-based therapies for acute and chronic
liver diseases are very attractive strategies. In
particular, mesenchymal stem/stromal cells (MSCs)
are multipotent cells able to induce protective and
pro-regenerative effects in different liver diseases.
The mechanism through which MSCs support tissue
regeneration is via secretion of paracrine factors, and
solid evidence supports that part of these effects is
mediated by extracellular vesicles (EVs). Therefore, EVs
have become an attractive option in the research for
new treatments in liver diseases.

CLINICAL TRIALS INVOLVING THE USE
OF MSCS IN LIVER DISEASES
Clinical investigations using MSCs to treat a broad
spectrum of degenerative diseases, including liver
[11,12]
diseases, are increasing steadily in recent years
.
The first clinical trial using MSCs was started in 2005
and 52 trials are registered up to now (CinicalTrial.gov
[13]
and reviewed by Tsuchiya 2017 ). MSCs are obtained
from bone marrow in most of the studies, but other
sources such as umbilical cord, adipose tissue and
menstrual blood has also been tested (Figure 1A). It
should be noted that, allogeneic transplantation is more
commonly used than autologous (Figure 1B). Between
liver diseases, most of the trials are destined to the
treatment of liver cirrhosis (Figure 1C) and only 2 of
them are in phase II/III (CinicalTrial.gov). Unfortunately,
only 22 of 52 registered clinical trials have published
their results (Table 1). It is important to mention that
MSCs were administered after culture in vitro between
passages 3 to 6. Regarding the administration route,
[14-28]
MSC transplant was performed by peripheral vein
,
[29-33]
[15,27]
hepatic artery
, portal vein
or directly into the
[16,34,35]
spleen
. One study performed on 12 patients
showed similar therapeutic effects when MSCs were
[17]
injected into the spleen or intravenously .
In general, MSC administration in patients with
different liver pathologies proved to be feasible and
safe (Table 1). Regarding their efficacy, studies
demonstrated that MSCs exert positive effects on liver
function by increase in serum levels of albumin and
improving coagulation or decreasing bilirubin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
[17-19,21-24,26,29,31,33-35]
and γ-glutamyltransferase (γ-GT)
. In
addition, the MELD (Model for End-stage Liver Disease)
and Child-Pugh scores were improved after MSC
[14-19,23,28-32,34]
treatment
(Table 1). Furthermore, in some
studies it was demonstrated that the application of
MSCs not only improved patient’s quality of life but also
[22,26,31]
modulated the immune response of patients
. In
this sense, a randomized clinical trial using autologous
BM-derived MSCs in patients with hepatitis B virusrelated liver cirrhosis resulted in an improvement of liver
function, an increase in Treg cells, and a decrease in Th17
cells, serum levels of interleukin (IL)-17, tumor necrosis
factor alpha (TNF-α) and IL-6; in addition, tumor growth
factor beta (TGF-β) levels were increased in comparison
[31]
with control group . Similar results were reported in
a phase I/II clinical trial in patients with primary biliary
cirrhosis (PBC) transplanted with allogeneic MSCs that
showed a reduction in the number of CD8+ T-cells and
[22]
an increment of Treg cells and IL-10 serum levels .
[32]
Recently, Suk et al reported a phase II clinical trial
comparing the effects of one or two doses of autologous
BM-derived MSC therapy with a control group in alco
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INTRODUCTION
A diverse set of toxic, metabolic, and inflammatory
insults result in liver diseases and imply different
degrees of inflammation, apoptosis, and necrosis of
[1-4]
parenchymal cells . For example, acute liver failure
(ALF) is characterized by a massive and sudden death
of hepatocytes that lead to abrupt hepatocellular
[3]
and systemic dysfunction . Similarly, in patients
with chronic liver disease an important loss of viable
[1,2,4]
parenchymal cells is observed
. Cirrhosis is caused
by diverse chronic liver diseases, such as viral hepatitis
[1,2]
and chronic alcoholism . Moreover, increases in the
prevalence of hypertriglyceridemia, obesity and diabetes
in developed countries have resulted in an increase
in the incidence of non-alcoholic fatty liver disease
[4,5]
(NAFLD) . This condition is characterized by a lipid
accumulation in the liver that could lead to hepatocytes
apoptosis and inflammation. Regardless the liver chronic
disease origin, the apoptosis of hepatocytes results in
extracellular matrix accumulation that will affect the
liver histoarchitecture of liver and ultimately impair its
[4]
function . It is well known that mesenchymal stem/
stromal cells (MSCs) migrate toward injured organs
where they can provide tissue protection and promote
[6-8]
liver regeneration . These properties make MSCs
interesting tools to carry therapeutic genes in modern
[6]
cellular-based therapeutic strategies . It is accepted
that the main mechanism through which MSCs support
tissue regeneration is via secretion of paracrine
[7,9]
factors . However, solid evidence supports that part
of these effects are mediated by extracellular vesicles
[10]
(EVs) . In this review, we first provide an update on
clinical trials using MSCs in different liver diseases;
second, the mechanisms involved in the therapeutic
effects of MSCs; third, general EVs characteristics and
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A

B

Cell source
2%

MSC transplan

8%

8%
BM (n = 25)

37%

UC (n = 17)
49%

Allogeneic (n = 29)

AT (n = 4)

Autologous (n = 19)

Menstrual blood (n = 1)
Unknown (n = 4)

63%

33%

C

Liver disease
6%

4%
Cirrhosis ( n = 31)

10%

Liver failure ( n = 9)
Liver transplantation ( n = 5)

18%
62%

Acute on chronic liver failure ( n = 3)
Other ( n = 2)

Figure 1 Mesenchymal stem/stromal cells clinical trials in liver disease. A: MSCs clinical trials classified by cell source; B: MSCs clinical trials classified by
transplant type; C: MSCs clinical trials classified by liver disease treated. Data from http//www.clinicaltrial.gov. n: Number of clinical trials; MSCs: Mesenchymal stem/
stromal cells; BM: Bone marrow; UC: Umbilical cord; AT: Adipose tissue.

holic patients. The authors observed that liver fibrosis
quantification diminished after cell treatment, although
no significant differences in fibrosis area were found
between one and two doses. Importantly, no evidence of
tumor formation was found during the follow-up in the
[32]
MSC-treated groups .
On the other hand, MSCs were used to diminish
hepatocellular damage in acute liver diseases. Recently,
a phase II clinical trial in acute-on-chronic liver failure
compared the standard medical treatment with one
[28]
dose of allogeneic BM-derived MSC therapy . In
this study, MSC treatment demonstrated to be safe
and able to improve bilirubin levels and MELD score.
Interestingly, MSC transplant increased survival rate
[28]
and decreased severe infection events .
Long-term immunosuppression is frequently asso
ciated with impairment in patients´ quality of life
and increased risk of infection or cancer. Therefore,
considering their immunomodulatory capacity, MSCs can
be used to induce tolerance after liver transplantation. In
[25]
this regard, Detry et al reported that MSC infusion 3 d
after liver transplant was feasible, safe and well tolerated.
No opportunistic infections or de novo cancer were
detected in 12 mo follow-up. However, no difference
+
was observed in peripheral blood CD4 T cell proportion
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and immunosuppression could not be withdrawn in
MSC-treated patients. In addition, the administration of
umbilical cord-derived MSCs as therapy to prolong graftsurvival in patients with severe ischemic-type biliary
[24]
lesions after liver transplantation was also evaluated .
Six doses of MSCs were infused intravenously every
2-4 wk, and patients were followed-up for 2 years and
compared with a prospective cohort of patients treated
with standard therapy. Remarkably, MSCs were safe,
improved hepatic function, prolonged graft-survival and
did not induce cancer or increase microbial infection
[24]
events . In conclusion, these results demonstrated
that MSC therapy is a safe procedure, especially in
the field of solid organ transplant where intense and
prolonged immunosuppression is required. Moreover,
MSC administration could prevent the development of
opportunistic infections or de novo tumor formation. All
considered, the promising information generated in the
clinic opens the possibility for further studies to determine
the optimal protocol conditions of MSC application
needed to induce tolerance after liver transplant.
Application of MSCs for treatment of either acute
or chronic liver diseases has a promising future in the
clinic. In acute liver diseases, MSCs could have a role
decreasing liver damage progression or as a bridge for
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Table 1 Mesenchymal stem/stromal cells clinical trials for liver diseases
Ref.

Etiology or
disease

Cell source/
origen

Study design
(n ; groups)

Mohamadnejad
et al[14] 2007
Kharaziha et al[15]
2009

Cirrhosis

BM/Auto

n=4

1, 0.6 × 107

2-4

Cirrhosis

BM/Auto

3.5 × 107

El-Ansary et al[16]
2010

Cirrhosis

BM/Auto

n = 8; 4 HBV
1 HCV 1
Alcohol 2
Control
n = 12

Peng et al[29] 2011 Cirrhosis (HBV)

BM/Auto

Amer et al[34] 2011

Cirrhosis
(HCV)

BM/Auto

El-Ansary et al[17]
2012

Cirrhosis
(HCV)

BM/Auto

Cirrhosis (HBV)

UC/Allo

Acute-onchronic Liver
failure (HBV
cirrhosis)
Cirrhosis

UC/Allo

Zhang et al[18]
2012
Shi et al[19] 2012

Cell administration condition

Phase

Results

Follow
up

Side effects

IV

I

MELD ↓

12 mo

None

3-4

PV/IV

I/II

MELD ↓

24 wk

None

10 × 106

1

IS/IV

I

n = 158; 53
MSC 105
Control
n = 40; 20 MSC
20 Control

3.4-3.8 × 108

3

HA

I/II

2 × 107

NA

IS/IH

I/II

ALB ↑, C.P ↓, MELD
↓

6 mo

n = 25; 9 MSC
6 Hep. Diff. 10
Control
n = 45; 30 MSC
15 Control
n = 43; 34 MSC
9 Control

1 × 106/kg MSC
or 40% HLCs and
60% MSCs
0.5 × 106/kg every
4 wk, 3 times
0.5 × 106/kg every
4 wk, 3 times

5

IV

II

6 mo

3-4

IV

I/II

48 wk

None

3-4

IV

I/II

ALB↑, MELD ↓, no
differences between
HLCs vs MSCs.
ALB ↑, MELD↓,
ascites ↓
ALB ↑, PT ↑, MELD
↓, SR↑

Fever (50%),
transient
shivering
(15%)
NA

72 wk

None

3-4

IV

II

No beneficial effect

12 mo

None

4

IV

I/II

48 wk

None

24 wk

None

20 wk

None

12 mo

None

26 wk

NA

24 wk

NA

12 mo

None

BIL↓,ALP↓, g‑GT ↓,
graft survival ↑
No beneficial effect

24 mo

None

6 mo

None

ALB ↑, PT↓
ALT↓, AST↓, BIL
↓, improve liver
allograft histology,
acute rejection↓ (↑
peripheral Tregs,
↑ Tregs/Th17 cell
ratio).
NA

1 mo
12 wk

None
None

24 mo

None

Dose

n = 25; 14 MSC
2 × 108
11 Control
n=7
0.5 × 106/kg every
4 wk, 3 times

P value Route

MELD ↓; no
6 mo
differences between
IS vs IV
ALB ↑, MELD ↓
48 mo

Mohamadnejad
et al[20] 2013
Wang et al[21] 2013 UDCA-resistant
PBC

BM/Auto

Amin et al[35] 2013

Cirrhosis

BM/Auto

n = 20

10 × 106

2

IS

Jang et al[30] 2014

Cirrhosis

BM/Auto

n = 11

5 × 107 every 4 wk,
2 times

4-5

HA

Wang et al[18] 2014 UDCA-resistant
PBC

BM/Allo

n = 10

3-5 × 105/kg

3-5

IV

Salama et al[23]
2014

Cirrhosis

BM/Auto

n = 40; 20 MSC
20 Control

1 × 106/kg

0

IV

Xu et al[31] 2014

Cirrhosis

BM/Auto

n = 56; 27 MSC
29 Control

0.75 × 106/kg

NA

HA

Suk et al[32] 2016

Cirrhosis

BM/Auto

n = 55; 18
MSC (× 1 d) 19
MSC (× 2 d) 18
Control
n = 82; 12 MSC
70 Control
n = 20; 10 MSC
10 Control
n=4
n = 20; 14 MSC
13 Control

5 × 107 (1 mo post
BM asp.) /5 × 107
(1 and 2 m post
BM asp.)
1 × 106/kg; week 1,
2, 4, 8, 12 and 16
1.5-3 × 106/kg; day
3 post-transplant
6.6 × 105/kg
1 × 106/kg; every
4 wk, 3 times

4-5

HA

ALP↓, g-GT ↓,
quality of life↑
(fatigue↓, pruritus↓)
I/II ALT ↓,AST ↓,BIL ↓,
PT ↓, ALB↑, PT↑
II
C.P ↓, TGF-β ↓,
α‑SMA ↓, collagen‑1
↓, fibrosis ↓,
I/II ALT ↓, AST ↓, g‑GT,
BIL ↓, IgM ↓, Tregs
↑, IL-10↑, CD8+T
cells↓
II
ALT↓, AST↓,BIL↓,
ALB↑, PT↑, C.P↓,
ascites ↓
II/III
ALB↑, MELD↓, ↑
Tregs/Th17 cell
ratio, IL-17↓, TNF‑α
↓, IL-6↓, TGF-β ↑
II
C.P ↓, fibrosis ↓

4

IV

II/III

2-3

IV

I/II

0
3-4

HA
IV

I
I

n=7

1 × 106/kg; day 0
and day 2 posttransplantation

2-3

PV/IV

I

Zhang et al[24]
Ischemic-type
2017
biliary lesions
Detry et al[25] 2017
Liver
transplantation
Sakai et al[33] 2017
Cirrhosis
Shi et al[26] 2017
Liver
transplantation

Hartleif et al[27]
2017

Pediatric liver
transplantation

UC/Allo

UC/Allo
BM/Allo
AT/Auto
UC/Allo

BM/Allo
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Lin et al[28] 2017

Acute-onchronic
Cirrhosis (HBV)

BM/Allo

n = 110; 56
MSC 54
Control

1-10 × 105 cells/
kg; 1/wk, 4 wk

5-6

IV

I/II

MELD↓, SR↑,
infections↓

24 wk

None

P: Passage; BM: Bone Marrow; Allo: Allogeneic; Auto: Autologous; IV: Intravenous Infusion; MELD: Model for end-stage Liver Disease; HBV: Hepatitis B
Virus; HCV: Hepatitis C Virus; IS: Intrasplenic; IH: Intrahepatic; NA: Not available; HA: Hepatic artery; CP: Child-Pugh score; HLC: Hepatocyte-like cells;
UC: Umbilical cord; SR: Survival rate; Cr: Creatinine; BIL: Bilirubin; PBC: Primary biliary cirrhosis; UDCA: Ursodeoxycholic acid; Hep. Diff.: Hepatocyte
differentiated; PT: Prothrombin time; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyltrans
peptidase; Asp: Aspiration.

liver transplant. In chronic liver diseases, MSCs could
contribute to decrease liver damage, to ameliorate
the degree of fibrosis, and even to avoid the need
for transplant in some particular cases. On the other
hand, in the post-transplant setting, MSC therapy could
extend the graft survival and/or decrease the amount of
immunosuppression. However, it is extremely important
to understand that therapeutic potential of MSCs is an
open question, and the information regarding source of
MSCs, culture conditions, pre-condition protocols before
cell transplantation, administration route, number of
doses, and time of treatment are very heterogeneous
and standardization is needed.

considered one of the advantages for their regenerative
[7,41-43]
application
. By definition, MSCs give rise to cells of
mesodermal lineages including osteoblasts, adipoblasts
[44]
and chondroblasts . Furthermore, there are many
reports demonstrating that MSCs might differentiate to
ectodermal (neurons), endodermal (hepatocytes) as
well as other mesodermal lineages (cardiomyocytes),
[7,41]
but this field remains very controversial
. In
this context, a putative mechanism postulated for
liver regeneration was the MSC differentiation into
[45]
hepatocyte-like cells . A number of differentiation
in vitro protocols were explored in MSCs obtained
from bone marrow, adipose tissue or umbilical cord
demonstrating that MSC-derived cells acquired
characteristic markers and functions of immature and
[7]
mature hepatocytes (reviewed in Fiore et al ). In fact,
a clinical trial compared the effect of autologous BMMSCs undifferentiated or differentiated into hepatocytelike cells in patients with cirrhosis. Despite the
improvement of liver function, there was no significant
difference between undifferentiated or differentiated
[17]
MSC-based treatment . However, difficulties to study
and reproduce the in vitro differentiation and in vivo
tracking after their administration, makes the MSC
differentiation to hepatocytes a controversial field. This
difficulty is due, at least in part, to unspecificity and/or
unreliability of methods/trackers/reagents frequently
used for the identification of cells or the phenotype they
[46,47]
might acquire after their transplantation
. It should
be noted that track able MSCs by GFP expression is
detectable in the liver up to 7 d after transplant and
[48]
then the signal rapidly decreases in animal models .
Moreover, some evidence indicated that in spite of
the MSC homing to the liver, the rate of differentiation
[49,50]
to hepatocyte-like cells is very low (less to 1%)
.
Together, this information demonstrates that the main
regenerative effect of MSCs cannot be explained by the
differentiation to hepatocyte-like cells.
Broad scientific consensus states that the rege
nerative effect of MSCs is due to paracrine mechanisms.
The versatility of MSCs makes them able to differen
tially express factors depending on the surrounding
[51]
microenvironment . In the context of liver fibrosis,
it was observed that MSCs produce high levels of
anti-apoptotic growth factors such as SDF-1, VEGF,
hepatocyte growth factor (HGF) and insulin-like growth
[9]
factor (IGF)-I . Also, the release of HGF, fibroblast
growth factor (FGF), IL-6, fibrinogen and TGF-α can
[51]
induce hepatocyte proliferation . In addition, HGF

MECHANISM OF ACTION OF MSCS IN
LIVER REGENERATION
As detailed above, is necessary to understand the mecha
nisms that mediate MSCs therapeutic effects prior to
continuing with its clinical application. The understanding
of MSC biology has grown considerably. In the last
decade, many mechanisms involved in their regenerative
potential have been identified. These mechanisms
involve, at least in part, migration toward injured tissues,
immunomodulatory properties, differentiation and/or
secretion of regenerative factors, which induce cell
[7,9,36,37]
survival and proliferation
. It has been described
that MSCs can be recruited to inflamed tissue by
classic mechanism of blood stream migration: Rolling,
[8,36]
adherence to endothelium and transmigration
. The
injured liver produces signals that induce migration
[38,39]
and homing of different cell types
. Both, chronic
and acute liver injury induce apoptosis and necrosis
of hepatocytes and/or cholangiocytes, infiltration of
leucocytes, monocytes and activation of Kupffer cells
(KCs), liver sinusoidal endothelial cells (LSECs) and
[2,3,40]
hepatic stellate cells (HeSCs)
. In this context,
MSCs could be attracted by several chemokines,
cytokines and factors secreted by the damaged liver
microenvironment, such as IL-1β, IL-6, IL-8, monocyte
chemoattractant protein-1 (MCP-1), growth-regulated
protein (GRO), TNF-α, TGF-β1, platelet-derived growth
factor (PDGF), vascular endothelial growth factor (VEGF),
and stromal cell-derived factor 1 (SDF-1) among others.
Receptors for these chemoattractants were found to
be expressed in MSCs allowing them to migrate to the
[11,36]
injured liver
.
The differentiation potential of MSCs has been
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and epidermal growth factor (EGF) can induce hepatic
[52]
progenitor cell proliferation and differentiation
and
VEGF increases angiogenesis, an important event
[53]
for liver regeneration . Moreover, IL-10, HGF and
IGF-I produced by MSCs can reduce fibrogenesis by
[7,9]
inhibition of HeSCs activation and proliferation . MSCs
also secrete factors involved in extracellular matrix
remodeling and chemokines that attract immune cells
[51]
which could modulate their function . In this way,
in vivo administration of conditioned medium (CM)
obtained from MSC cultures can be effective to reduce
liver injury. It was reported that the administration of
MSC-derived CM significantly improved short-term
survival in a D-galactosamine-induced rat model of
[54,55]
fulminant hepatic failure
. Furthermore, MSC-CM
therapy had great inhibitory effects on hepatocellular
death reducing hepatocyte apoptosis in a 90%. In
addition, an increase in liver regeneration programs and
[55]
number of proliferating hepatocytes was observed .
Subsequently, it was demonstrated that EVs, present in
CM, are partly responsible of the therapeutic effects of
[10,56]
MSCs
.

are implicated in many intercellular communications,
we will first describe their implication in liver diseases.

EVS IN LIVER DISEASES
EVs have been implicated in a number of physiological and
pathophysiological processes, such as immune response,
angiogenesis, tissue regeneration, tumorigenesis/metastasis
[60-62]
and neurodegenerative diseases
. In patients with
primary biliary cirrhosis it was demonstrated that serum
exosomes are taken up by peripheral monocytes and
dendritic cells, resulting in the up regulation of co[63]
stimulatory molecules . Interestingly, serum circulating
EVs present different miRNA composition in cirrhotic
[63,64]
patients when compared with healthy controls
. Recent
findings demonstrated that EVs are implicated in viral
hepatitis, drug-induced injury, alcohol injury, non-alcoholic
[65,66]
steatohepatitis and biliary injury
.

EVs derived from parenchymal cells

Exosomes transport a variety of macromolecules
that could act as signals between donor and recipient
cells. In vitro studies demonstrated that liver paren
chymal cells produce EVs that are involved in many
[65,66]
physiological and pathophysiological processes
.
For instance, it was demonstrated that there is an
increase in the number of circulating exosomes with
proliferative effect on hepatocytes after ischemia/
[67]
[67]
reperfusion injury . Nojima et al
reported that EVs
derived from hepatocytes, but no other liver cells can
induce hepatocyte proliferation in vitro. It should be
noted that hepatocyte-derived EVs exert their effect
in a dose-dependent manner. Furthermore, their
administration in mice under ischemia/reperfusion liver
injury or after 70% hepatectomy promotes hepatocyte
proliferation and liver regeneration. Similarly, Herrera
[68]
et al
showed that hepatic progenitor cell-derived
EVs promote hepatocyte proliferation, suppress cell
death, and accelerate liver regeneration in rats after
hepatectomy. The author suggested that this effect is
mediated by the delivery of RNA by EVs to target cells.
It is worth mention, that current data demonstrated
that hepatocyte-derived exosome properties are
mediated by fusion with target hepatocytes transferring
[67,69,70]
their cargos
. For example, hepatocyte-derived
EVs transfer neutral ceramidase and sphingosine kinase
2 (SK2) within hepatocytes resulting in the induction
of sphingosine-1-phosphate (S1P), a demonstrated
[67]
promoter of cell proliferation
(Figure 2). Further
studies of the same group showed that CXCR1 is
required for packaging of SK2 into exosomes and
CXCR2 regulates neutral sphingomyelinase activity and
[71]
there by neutral ceramidase production .
On the other hand, hepatocyte-derived EVs in a
nonalcoholic steatohepatitis (NASH) model interact with
[72]
macrophages inducing an inflammatory phenotype
(Figure 2). Activation of the death receptor 5 (DR-5)
expressed on hepatocytes by free fatty acid induces

EXTRACELLULAR VESICLES
Although, EVs were described as intracellular mediators
many years ago, they have recently generated great
interest as therapeutic and diagnostic tools. Initially,
“extracellular vesicle” was used to refer to all kind of
vesicles released by cells. Nevertheless, the increased
knowledge of their biology allowed to distinguish
[57]
between different types of vesicles . Exosomes
(50-100 nm in diameter) are homogenous and the
largest family of EVs and are different from microvesicles
(100-1000 nm) and apoptotic bodies (500-2000 nm) in
[58]
size and biogenesis . While exosomes are originated
from multivesicular bodies (MVBs), microvesicles
are originated directly from plasma membrane and
[58]
released to extracellular space . At present, vesicles
can only be fractioned according to their sizes and no
specific markers have been described. Due to a large
heterogeneity in methods of isolation and terminology
in the past published results, in this review we will refer
to exosomes and microvesicles as “EVs”. In order to
define a minimal criteria for EV characterization, the
International Society for Extracellular Vesicles (ISEV)
suggests a semi-quantitative analysis for typical protein
marker, such as CD9, CD63, CD81, Alix or TSG101, size
[59]
analysis and morphology examination . In addition to
these specific proteins, EVs contain a large number of
proteins (growth factors, cytokines, vesicles proteins),
DNAs, mRNAs, microRNAs (miRNAs), long non-coding
[57,59]
RNAs (lncRNAs)
. An interesting characteristic of EVs
is that they can be charged with specific components of
the cell of origin, and this “cargo” could be modified by
[58]
different stimuli and microenvironment conditions . As
mentioned above, it has been demonstrated that EVs
are involved in the paracrine effects of MSCs, but as EVs
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Figure 2 Extracellular vesicles as paracrine mediator in liver disease and therapeutics potential of mesenchymal stem/stromal cells. After ischemia
reperfusion injury (I/R) or hepatectomy, hepatocytes (1) HPCs (2) release EVs with the ability to induce hepatocyte proliferation. (3) HPC-derived EVs stimulate
LSECs and macrophages production of proliferative cytokines such as IL25 and IL17B. (4) On the other hand, free fatty acids induce the production of hepatocytederived EVs that result in the activation of quiescent HeSCs and pro-inflammatory macrophages (M1). (5) During chronic hepatitis C virus infection, EVs secreted
by HCV-infected hepatocytes induce activation of HeSCs. (6) EVs secreted by hepatocytes after alcohol injury (containing CD40L and miRNAs) induce activation of
monocytes and HeSCs. It seems to be a balance between EVs derived from active or quiescent HeSCs that promotes or inhibits fibrogenesis. Activated HeSC-derived
EVs induce activation of quiescent HeSCs trough CCN2 (7) and quiescent HeSCs inhibit activated HeSCs transferring Twist1 or miRNA199a-5p (8). LSEC-derived
EVs could also regulate HeSC activation (9). MSC-EVs induce hepatocyte proliferation, reduce oxidative stress and apoptosis, and modulate inflammatory response
by carrying GPX1 or SK2 (10). Engineered MSC-EVs transferring miRNA-122, miRNA 181 5p and miRNA-223 have potential effects. The effects of MSC-EVs on
HeSCs, hepatic macrophages, LSEC and infiltrated cells populations remain poorly explored. Green arrows: Inactivation of HeSCs; Red arrows: Activation of HeSCs;
Blue arrow: Proliferative effect; Colors spots represent EVs from different cell origin; NCDase: Neutral ceramidase; SK2: Sphingosine kinase 2; S1P: Sphingosine-1phosphate; IL: Interleukin; SK1: Sphingosine kinase 1; CCN2: Connective tissue growth factor; Twist1: Basic helix-loop-helix transcription factor; GPX1: Glutathione
peroxidase 1; HCV: Hepatitis C virus; EVs: Extracellular vesicles.
[74]

there lease of EVs that could stimulate IL‑1β and IL-6
[72]
expression on macrophages . On the same line, EVs
derived from palmitic acid (PA) stimulated hepatoma cells
(Huh7 and HepG2) induce a profibrogenic phenotype on
[73]
HeSCs . Moreover, the activation of HeSCs seems to be
related with the presence of miRNA-122 and miRNA-192
[73]
in the EVs
(Figure 2). Similarly, an increase in the
number of circulating exosomes in mice is observed after
[74]
chronic alcohol consumption . Furthermore, in vitro
incubation of hepatocytes with ethanol not only increases
the release of exosomes but also allows monocyte
[74,75]
activation through miRNA-122 horizontal transfer
.
Remarkably, circulating EVs obtained from patients with
alcoholic hepatitis show higher levels of miRNA-30a,
miRNA-192 and, in particular, miRNA-122 than those
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obtained from heathy donors (Figure 2).
EVs have also been implicated in horizontal transfer
of information in chronic hepatitis C infection between
[76]
hepatocytes and HeSCs. Devhare et al demonstrated
that EVs derived from HCV-infected hepatocytes transfer
viral RNAs that increases the expression of profibrogenic
markers on HeSCs. Interestingly, these EVs carry miR19a that activates the STAT3 signaling, enhancing the
expression of TGF-β and IL-6. Importantly, miR-19a upregulation was observed in HCV-infected hepatocytes
[76,77]
and in sera of chronic HCV patients with fibrosis
[78]
(Figure 2). Moreover, Seo et al
demonstrated that
EVs are implicated in HeSCs activation via toll-like
receptor 3 with the subsequent activation of γδ T cell
population exacerbating liver fibrosis. Regarding other
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liver parenchymal cells, the role of cholangiocyte-derived
EVs has been less studied. However, the presence of
circulating EVs with altered miRNA composition and
immunostimulatory functions on patients with PBC could
suggest a role of cholangiocyte-derived EVs on this
[63,64]
disease
.

from alcohol exposed monocytes contain high levels of
[90,91]
miR-27a that is known to induce M2 polarization
(Figure 2).
In summary, it has been determined that EVs
play a key role on the pathophysiological response
to liver damage. EVs allow the interaction between
parenchymal cells and non-parenchymal cells, mainly
HeSCs, Kupffer cells and LSECs, mediating their anti/
pro-fibrogenic state. The role of EVs in cell-to-cell
communication during liver damage and the transfer of
molecules, proteins and miRNAs is gaining importance
in the field. Furthermore, this mechanism can be
exploited for new therapeutic approaches or used as
biomarkers in non-invasive methods. In line with this,
it has recently been reported that MSCs release high
levels of EVs that can mediate part of their therapeutic
effects. Thus, considering the key role of EVs in liver
cell communication, MSC-derived EVs (MSC-EVs) could
be studied as a new therapeutic approach for hepatic
regeneration strategies.

EVs derived from non-parenchymal cells

Non-parenchymal cells, including LSECs, Kupffer cells,
lymphocytes, and HeSCs play a critical role in many
liver diseases and use EVs for communication with
[65,66]
neighbor cells during liver damage
. For instance,
connective tissue growth factor (CCN2), a pro-fibrogenic
mediator, is packaged into EVs produced by activated
HeSCs. Then, exosome CCN2 can be delivered to
other quiescent or activated HeSCs to induce trans[79]
activation . On the other hand, EVs derived from
quiescent but not from activated HeSCs transport Twist
1 that suppress CCN2 on target cells through miR-214
[80]
[81]
induction . Furthermore, Chen et al
showed that
miR-199a-5p is loaded in quiescent HeSCs-derived
EVs and also regulates CCN2 expression and activity
on target cells (Figure 2). It seems to be a balance
between EVs derived from active or quiescent HeSCs
that promotes or inhibits liver damage. In addition,
LSECs are known to maintain the HeSC quiescence
through direct cell-to-cell contact and paracrine factors
[82]
[83]
secretion . Wang et al
demonstrated that LSECderived EVs have the ability to transfer Sphingosine
kinase 1 (SK1) to regulate HeSC activation. In contrast,
[84]
Ichinohe et al
demonstrated that progenitor hepatic
cell-derived EVs stimulate LSECs and Kupffer cells to
produce IL17B and IL25 resulting in proliferation of small
progenitor hepatic cells (SPHCs) and liver regeneration
(Figure 2). These findings evidence the importance
of EVs derived from LSECs in affecting the activation
state of neighboring cells. However, the mechanisms by
which exosomes reach and attach target cells are not
well understood. It has been reported that endocytosis
of LSEC-derived EVs is mediated by the interaction
between exosomal fibronectin and its ligand on the
[83]
surface of HeSCs . Additionally, integrin αvβ3 or α5β1
and heparan sulfate proteoglycan are ligand for EVsHeSCs interaction and allow information transfer from
[85]
endothelial cells .
Other important non-parenchymal cells involved in
fibrogenesis are Kupffer cells and infiltrating macrophages.
These cells are key players not only in fibrogenesis but also
[86,87]
in fibrosis resolution and regeneration
. In alcoholic
liver injury, hepatocyte-derived EVs enriched in miR‑122
sensitize macrophages to LPS and induce their production
[75]
of pro-inflammatory cytokines . Moreover, CD40L
presence on hepatocyte-derived EVs during alcoholic
hepatitis promotes macrophage activation and the switch
[88,89]
to a pro-inflammatory profile
. In contrast, in vitro
exposure of monocytes to alcohol increased their release
of EVs, which in turn induce an anti-inflammatory M2
[90]
profile of naïve monocytes . Interestingly, EVs derived
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MSC-EVS AND THEIR POTENTIAL FOR
LIVER REGENERATION
As described above, the main mechanism by which
MSCs support the repair and regeneration of injured
[7]
tissues is by releasing paracrine factors . Recently,
this paracrine mechanism was described to be partially
[10,56]
mediated by EVs released by MSCs
. In vitro
assays demonstrated that MSC-EVs induce hepatocyte
proliferation and dedifferentiation into progenitor
[92,93]
oval cells
. Therapeutic effects of MSC-EVs were
demonstrated in pre-clinical models of acute kidney
[94]
injury , and then in pathologies of heart, brain, kidney,
[95]
muscle and liver .
[96]
Li et al
demonstrated that MSC-EVs reduced
the degree of hepatic injury, collagen deposition and
inflammation in mice with fibrosis induced by carbon
tetrachloride (CCl4). The antifibrotic effect observed by
MSC-EVs is mediated by the inactivation of TGF-β1/
Smad signaling pathway. Moreover, a reversion of the
epithelial-to-mesenchymal transition (EMT) both in vivo
[96]
and in vitro was observed after the EV treatment
(Figure 2). Therefore, EVs derived from human MSCs
were effective in mice demonstrating that they preserve
at least part of the immunomodulatory properties of the
cells of origin.
As for liver fibrosis, the therapeutic capacity of
MSC-EVs was also assessed in acute models of liver
[97]
injury. Cheng et al
studied the effect of EVs derived
from menstrual blood MSCs in a galactosamine/LPS
mice model. MSC-EVs were able to enhance animal
survival and reversion of liver failure through hepatocyte
apoptosis inhibition and systemic inflammation reduction.
In addition, in vitro assays showed that EVs are taken
up by AML12 cells (hepatocyte cell line) resulting in the
[97]
inhibition of apoptosis induced by galactosamine/LPS .
[98]
Similar results were observed by Haga et al using EVs
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Table 2 Mesenchymal stem/stromal cells-derived extracellular vesicles in experimental models of liver disease
Ref.
Haga et al[98] 2016

Yan et al[100] 2016

Tan et al[99] 2014

Chen et al[97] 2017

Nong et al[101] 2016

Du et al[93] 2017

EVs Isolation/characteristics

Experimental model

Protocol

Ultracentrifugation Size:
46-116 nm Alix+ CD9+, CD81+

C57Bl mice. ALF, i.p. 20
mg/body D‑GalNAc + 0,3
mg/body TNF-α

2 × 108 to 2 × 1010 i.p./i.v.

Biological effects

↑ Survival, ↑ F4/80, ↑ inhibitor
MMP-1 and IL-6, ↓ inflammation
and apoptosis, ↓ ALT/AST, ↓ ALP, ↓
EGF, SCF, IFN-γ, IP-10, IL-1α, MIP‑3,
MCP-1/3
Ultracentrifugation Size:
BALB/c-nu/nu mice, i.p.
8, 16, and 32 mg/kg i.v./oral
↓ Oxidative stress and apoptosis
30-100 nm CD9+, CD61+,
CCL4‑induced ALF, 0.15-0.35
Induces ERK1/2 phosphorylation and
CD63+
mL/kg
Bcl2 expression Inhibits IKKB/NFkB/
casp9/3 pathway
TFF, 100.kDa MWCO filter C57BL/6 mice. CCL4-induced
0.4 μg (100 μL) i.s.
↑ Cell viability: TAMH, THLE-2, and
Size: 55-100 nm
ALF, i.p. 0.05 mL CCL4/kg
Huh-7 ↑ Hepatocytes proliferation
↓ ALT/AST ↓ Casp 3/7 ↑
antiapoptoticBcl-xL
Centrifugation and ExoquickC57BL/6 mice. ALF, i.p.
1 μg/μL i.v.
↑ Liver function and survival ↓
TC Size: 30-100 nm CD63+
D-GalNAc 800 mg/kg and
Apoptosis ↓ TNF-α, IL-6 and IL-1 ↓
and tsg101+
LPS 50 μg/kg
Casp-3 ↓ Necrosis and inflammation
Ultracentrifugation and
Rats I/R injury
600 μg suspended in 400 μL ↑ GSH, GSH-PX and SOD ↓ AST/ALT
ultrafiltration Size: 50-60 nm
of PBS i.v.
↓ TNF-α, IL-6 and HMGB1 ↓ Casp-3
CD9+, CD63+ and CD81+
and Bax
Centrifugation and filtered
C57 mice I/R injury
2.5 × 1012 particles in 500 μL
↑ Hepatocytes proliferation ↑
by 0, 45-μm PVDF filter
of PBS i.v.
SK activity and S1P formation.
ExoQuick Size: 100-200 nm
Hepatoprotective and proliferative
Alix+, CD63+ and CD81+
effect abolished by the inhibition of
SK or S1P receptor 1

i.p.: Intraperitoneal injection; i.v.: Intravenous injection; i.s.: Intrasplenic; MMP: Metalloproteinases; CCL 4: Corbon tetrachloride; D-GalNAc: N
Acetylgalactosamine; IL: Interleukins; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; EGF: Epidermal
growth factor; SCF: Stem cell factor; TNF: Tumor necrosis factor; IFN: Interferon; IP: Inducible protein; MIP: Macrophage inflammatory protein; MCP:
Monocyte chemotactic protein; ERK: Extracellular signal-regulated kinase; Bcl: B-cell lymphoma; TFF: Tangential flow filtration; MWCO: Molecular
weight cut-off; ALF: Acute liver failure; TAMH: Transgenic mouse hepatocyte; THLE: T-antigen immortalized human liver epithelial; Casp: Caspase;
GSH: Glutathione; GSH-PX: Glutathione peroxidase; SOD: Superoxide dismutase; HMGB: High mobility group box; PBS: Phosphate-buffered saline; SK:
Sphingosine kinase; S1P: Sphingosine 1-phosphate.

derived from bone marrow MSCs in an animal model of
acute liver failure. A relevant finding was the preservation
of the biological activity of cryopreserved-EVs m up to 3
[98]
mo, indicating the stability of EVs .
It is known that induction of oxidative stress in the
liver results in severe hepatic diseases by inducing cell
apoptosis. A protective and proliferative effect of MSCEVs in a lethal mice model induced by a single dose of
[99]
CCl4 has been reported . In addition, MSC-EVs inhibited
hepatocyte apoptosis induced by acetaminophen and
[99]
H2O2 and increased cell viability in vitro . In this line, Yan
[100]
et al
demonstrated that EVs derived from umbilical
cord MSCs induced an antioxidant effect on hepatocytes.
Glutathione peroxidase 1 (GPX1) delivered on MSC-EVs
reduces the reactive oxygen species (ROS) intracellular
levels and inhibits the oxidative stress-induced apoptosis
in vitro and in vivo. Remarkably, authors demonstrated
that a low dose of EVs (16 mg/kg of body weight)
resulted in similar effects either by tail vein administration
[101]
or oral gavage. In addition, Nong et al
tested the
effect of EVs generated from MSC-derived Induced
pluripotent stem cells (iPSCs) (MSC-iPSC-EVs) in hepatic
ischemia-reperfusion (I-R) injury models. In vivo
administration of MSC-iPSC-EVs in I-R injury mice model
resulted in a decrease of oxidative stress response and
apoptosis, and an increase of hepatocyte proliferation
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(Figure 2).Consistently, an amelioration of hepatic
damage and inflammatory response was observed after
EV treatment. It should be noted that MSC-iPSC-EVs
keep the characteristics of EVs usually obtained from
tissue-derived MSCs (bone marrow, adipose tissue and
[101]
umbilical cord)
. In addition, it has been reported
that MSC-iPSC-EVs could directly fuse with hepatocytes
increasing the activity of sphingosine kinase (SK1).
Moreover, the increase in SK activity will in turn increase
the sphingosine-1-phosphate (S1P) levels affecting
[93]
hepatocyte proliferation (Table 2).
Although there is a great therapeutic potential of MSCEVs in liver protection and regeneration, it is mandatory
to understand the mechanisms involved in their biological
effects. One key point of research is to know the bio
distribution of EVs after systemic administration in vivo.
In vitro assays showed that EVs are taken up via integrin
[67,85,90,97]
mediated endocytosis by target liver cells
. In
addition, MSC-EV biodistribution after intravenous (IV)
administration shows EVs uptake as fast as 3 to 6 h after
[97]
injection in liver, spleen and lung cells . Furthermore,
[98]
Haga et al
reported that liver, spleen and lung from
mice with fulminant hepatitis exert a higher uptake of
MSC-EVs in comparison with organs from healthy mice.
However, since these experiments have been carried out
using lipophilic tracers, confirmation of these results with
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specific markers is necessary. The MSC-EV survival in
circulation after being administered and the recognition
pathways used by the target cells need to be studied in
depth. Moreover, this knowledge could help to define
the better scheme of doses, the time of treatment and
the route of administration depending of the type of liver
damage. In addition, conformation details of proteins and
nucleic acids loaded in the EVs is required.

efficacy and potency.

CONCLUSION
MSCs-based therapy has emerged as a potent and
innovative treatment for acute and chronic liver
diseases. The safety and feasibility observed in the early
clinical trials using MSCs have increased the interest to
translate the use of these cells to the clinic. Moreover,
pro-regenerative results and an improvement in the
life quality of patients were observed. In ALF, MSCs
could have a role decreasing liver damage progression
due their immunomodulatory properties. In chronic
liver diseases, MSCs could contribute to decrease liver
damage and to ameliorate the degree of fibrosis. Even
more, in both case MSC treatment could not only delay
the transplant but also to avoid it in some particular
cases. In addition, in the post-transplant setting, MSC
therapy could extend the graft survival and/or decrease
the amount of immunosuppression required. Although
the main mechanism by which MSCs support the
repair and regeneration of injured livers is by releasing
paracrine factors, strong evidences demonstrated that
this paracrine mechanism is mediated by EVs released
by MSCs. Therefore, due to EVs’ stability for long periods
of time and easy isolation methods they have become a
therapeutic option to MSCs treatments in liver diseases.
At present, EVs are strongly explored for therapeutic or
diagnostic application, and more information is needed
to develop more efficient tools for liver diseases based
on MSC-EVs. However, it is important to understand
that therapeutic potential of MSCs or its EVs is still a
matter of debate. In addition, standardization of source
of MSCs, culture conditions, pre-condition protocols for
cell transplantation, administration route, doses and time
of treatment is required. Nevertheless, considering that
development of new therapeutic approaches for liver
diseases is urgent, MSCs emerge as potent innovation.
Thus, take advantage of the therapeutic potential of
MSCs as promising tool for liver regeneration could
attend to an important worldwide human health problem.

ENGINEERING MSC-EVS FOR LIVER
REGENERATION
Recently, an increased interest has been shown by
the research community to improve the efficiency
[102]
and potency of EVs loading specific cargos
. As
described above, the EVs produced by MSCs have
useful properties that would allow them to be used as
[62]
therapies in different liver pathologies , and advances
in nanomedicine would allow to improve the technology
[102,103]
to generate more effective EVs
. Thereby,
engineered EVs can be generated with strategies based
on covalent surface chemistry, hydrophobic insertions
or membrane permeabilization. Moreover, modification
of the parental cells through metabolic labeling, genetic
modification or by insertion of exogenous material could
also produce modified EVs. These engineered EVs could
carry specific DNAs, mRNAs or non-coding RNAs to the
[102]
specific cell .
[104]
Lou et al
demonstrated that miRNA-122
expression in MSCs by lentiviral infection increased
their therapeutic effect in a fibrosis model in mice.
MiR-122 positively regulates proliferation and trans
differentiation of HeSCs having an important role in liver
[105]
fibrogenesis
. Authors demonstrated that in vitro
miRNA-122 is transferred to HeSCs through MSC-EVs
resulting in the regulation of genes involved in collagen
[104]
maturation and cell proliferation
. Another strategy
uses EVs derived from MSCs with transient expression
of miRNA-181-5p as a therapeutic option in a liver
[106]
fibrosis model
. As for miRNA-122, miRNA-181-5p
was delivered by MSC-EVs reducing the fibrosis and
[106]
the inflammatory state of fibrotic mice . Moreover, in
vitro experiments show that after reaching the target
cell, miRNA-181-5p binds to3´-UTR of STAT3 and Bcl-2,
which in turn down regulates TGF-β1 expression and
[106]
induces autophagy in HeSCs . Finally, in a model of
autoimmune hepatitis, a cytoprotective effect of MSC-EVs
engineered to charge miRNA-223 was observed. The in
vitro experiments demonstrated that miRNA-223 levels
were increased in hepatocytes after their incubation with
[107]
the engineered EVs . Similar results were observed
in vivo with an increase of this miRNA in the liver and
a reduction of its target gene NLRP3, and therefore a
[107]
decrease in hepatocyte apoptosis
(Figure 2).
In summary, more information is needed not only to
develop more efficient therapies for liver diseases based
on MSC-EVs but also to engineer them to increase their
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Liver transplantation (LT) is one of the most effective
treatments for end-stage liver disease caused by related
risk factors when liver resection is contraindicated.
Additionally, despite the decrease in the prevalence
of hepatitis B virus (HBV) over the past two decades,
the absolute number of HBsAg-positive people has
increased, leading to an increase in HBV-related liver
cirrhosis and hepatocellular carcinoma. Consequently,
a large demand exists for LT. While the wait time
for patients on the donor list is, to some degree,
shorter due to the development of living donor liver
transplantation (LDLT), there is still a shortage of
liver grafts. Furthermore, recipients often suffer from
emergent conditions, such as liver dysfunction or even
hepatic encephalopathy, which can lead to a limited
choice in grafts. To expand the pool of available liver
grafts, one option is the use of organs that were
previously considered “unusable” by many, which are
often labeled “marginal” organs. Many previous studies
have reported on the possibilities of using marginal
grafts in orthotopic LT; however, there is still a lack
of discussion on this topic, especially regarding the
feasibility of using marginal grafts in LDLT. Therefore,
the present review aimed to summarize the feasibility
of using marginal liver grafts for LDLT and discuss the
possibility of expanding the application of these grafts.
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the possibility of expanding the application of marginal
grafts in LDLT.

Core tip: There are few reviews concerning the
feasibility of using marginal liver grafts in living donor
liver transplantation (LDLT). We reviewed more than
300 articles, summarized new findings, and confirmed
that marginal grafts are a feasible option for expanding
options for patients on liver transplant waiting lists
in emergency situations in LDLT (e.g. , liver failure
or hepatic encephalopathy). However, such grafts
place the recipients at greater risk for adverse events.
Although some indispensable treatments are needed
to address the deficiencies of these grafts, recipients
can receive a favorable prognosis, similar to that of
patients who receive standard liver grafts, under these
treatments.

SMALL-FOR-SIZE GRAFTS IN LDLT
Choosing to use a liver graft can be a remarkably
complex decision. There is an increasing trend of
patients dying while on waiting lists due to the everyday
risk of death or serious complications while waiting; this
risk must be balanced against the use of a marginal
graft, which may not be feasible. Size mismatching
between the graft and the recipient is a critical predictor
of the so-called “marginal liver grafts” in LDLT recipients.
A small-for-size graft has become the main reason for
unsuitability for liver donation in some transplantation
[9]
centers . The most common index with which to
evaluate graft size matching is the graft-to-recipient
weight ratio (GRWR) or graft volume (GV)/standard
liver volume (SLV). The GRWR was first reported
to require a safety range of above 1%; otherwise,
[10]
the rate of graft survival could decrease . With the
increased demand for LDLT and the improvement of
surgical techniques, however, many expanded-criteria
grafts are used. Accordingly, the accepted arbitrary
requirement for GRWR was reduced to 0.8%, and the
[11,12]
GV/SLV value was 40%
. As many transplantation
centers accumulated experience on small-for-size
grafts for LDLT, grafts with a GRWR < 0.8% were used
and reported to be as safe as those with a GRWR ≥
[13-17]
0.8%
. After challenging the boundary of GRWR
= 0.8%, the acceptable minimum GRWR has been
[18]
continuously lowered. Lee SD et al
reported that
a GRWR as low as 0.7% is safe and that there is no
need to modulate portal pressure in adult-to-adult LDLT
using the right-lobe in favorable conditions, such as a
low Model for End-Stage Liver Disease (MELD) score.
[19]
Furthermore, Alim A et al
even suggested that a
GRWR as low as 0.6% may be safe if the MELD score
is < 20, donor age is < 45, and there is no evidence
of liver steatosis in the donor graft during portal inflow
modulation performed according to the portal flow. To
date, the reported lowest GRWR of grafts that have
been successfully used is between 0.40% and 0.46%
[20]
(Table 1) .
Small-for-size syndrome (SFSS), including smallfor-size dysfunction (SFSD) and small-for-size nonfunc
tion (SFSNF), is a concerning and life-threatening
complication in patients receiving grafts with a GRWR
[21,22]
< 0.8%
. The incidence of SFSS varies from 4.7%
[23-30]
to 27.5% in different LT centers
. Specifically, the
syndrome rate can be as high as 50%-75% in left-lobe
LDLT or small-for-size grafts group and as low as 8.4%
[31,32]
in right-lobe LDLT
. Graft size is the only independent
[31]
predictor of SFSS . However, other studies have
described that SFSS can occur even in the presence of
[16]
a normal GRWR . Regardless of the definition used for
SFSS, it seems clear that other key factors should be
considered in addition to a mismatched graft size. The
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INTRODUCTION
The high mortality of patients on waiting lists due to
the shortage of cadaveric donors is a major challenge
[1]
in liver transplantation (LT) . This challenge has led
to the emergence of living donor liver transplantation
[2,3]
(LDLT) after the first successful procedure in 1989 .
However, following a sharp increase in recipients
who suffer from emergency situations, the wide gap
between the demands of patients and suitable living
[4,5]
donors is gradually increasing
. Therefore, the
transplantation community has focused on the search
for strategies to increase the pool of available liver
grafts, including the use of organs that were previously
considered “unusable” by many and often labeled
[6]
“marginal” organs .
An accepted definition of marginal donors remains
unclear in LDLT. These expanded-criteria grafts have the
potential to increase the risk of poor graft function or
primary nonfunction and are referred to as “marginal”
[7]
organs . In this review, we define marginal liver grafts
for LDLT as small-for-size grafts, older donors, moderate
or severe steatosis of liver grafts, chronic hepatitis,
and grafts with tumors. The survival of recipients with
marginal organs can be the same as that of patients
[8]
with high-quality liver grafts under proper treatment .
Many previous studies have reported on the
possibilities of using marginal grafts in orthotopic
liver transplantation (OLT), but there is still a lack
of discussion on this topic, especially regarding the
feasibility of using marginal grafts in LDLT. Therefore,
the present review aimed to summarize and discuss
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Table 1 Recommended minimum graft-to-recipient weight ratio in different studies
Recommended minimum
GRWR

Ref.
Kiuchi et al (1999)
Lee et al[11] (2003)
Moon et al[13] (2010)
Lan et al[14] (2009)
Selzner et al[15] (2009)
Chen et al[16] (2014)

n (small vs large)

One-year survival (small vs large) Five-year survival (small vs large) Study type

1%
0.8%
Less than 0.8%
Less than 0.8%
Less than 0.8%
Less than 0.8%
Left lobe graft vs right
lobe graft
Less than 0.7%

276 (49 vs 215)
141 (10 vs 131)
427 (35 vs 392)
89 (15 vs 74)
271 (22 vs 249)
196 (45 vs 151)

61.2% vs 92.6%
Univariate and multiple analysis
87.8% vs 90.7%
73.3% vs 71.6%
91.0% vs 89.0%
82.2% vs 81.4%

NS
NS
74.1% vs 79.4%
NS
83.0% vs 87%
71.1% vs 75.5%

RS
RS
RS
RS
RS
RS

218 (19 vs 199)

89.5% vs 95.9%

89.5% vs 86.8%

RS

Alim et al[19] (2016)

0.6%

649

Lee et al[20] (2015)

0.40%

NS

[10]

She et al[17] (2017)
Lee et al

[18]

(2014)

317 (23 vs 294)

100% vs 93.2%
NS
Seven patients had GRWR of 0.6%. If MELD score was below 20,
donor age below 45, and no signs for any hepatosteatosis, GRWR of
0.6% was safe
Lowest GRWR of 0.40% had been successfully used

RS
RS
RS

PS: Prospective study; RS: Retrospective study; Ref.: Reference; GRWR: Graft-to-recipient weight ratio.

Table 2 Incidence of small-for-size syndrome when using small-for-size grafts n (%)
Ref.

n

SFSS (Incidence)

Factors to SFSS

Study type

Goldaracena et al[21] (2017)

NS

NS

RE

NS

NS

Botha et al (2010)
Goralczyk et al[24] (2011)
Soejima et al[25] (2003)

21
22
36

1 (4.7)
5 (22.7)
8 (22.2)

Ben-Haim et al[26] (2001)

40

5 (8)

Sudhindran et al (2012)
Yi et al[28] (2008)
Soejima et al[29] (2012)

NS
29
312

10%-20%
8 (27.5)
43 (15.3)

Gruttadauria et al[30] (2015)

83

13 (15.7)

174

20 (11.5)

8

4 (50)

A graft GRWR < 0.8% of predisposes the graft to SFSS
GRWR of 0.8 to 1.0 was established as a lower limit to
prevent SFSS
Hemi-portocaval shunt can decrease SFSS incidence
Posterior cavoplasty can decrease SFSS incidence
Cirrhosis predisposes the graft to SFSS
Child’s class B or C with received grafts of GRWR < 0.85%
predisposes the graft to SFSS
Left lobe grafts predisposes the graft to SFSS
Left lobe grafts predisposes the graft to SFSS
Left lobe grafts predisposes the graft to SFSS
Non-surgical modulation of the portal inflow can decrease
SFSS incidence
Left lobe grafts predisposes the graft to SFSS
Surgical modulation of the portal inflow can decrease SFSS
incidence

[22]

Graham et al

(2014)

[23]

[27]

[31]

Shoreem et al

(2017)

Lauro et al[32] (2007)

RE
RS
RS
RS
RS
RE
RS
RS
RS
RS
RS

RE: Review; RS: Retrospective study; SFSS: Small-for-size syndrome; GRWR: Graft-to-recipient weight ratio.

incidence of SFSS is listed in Table 2.
Middle hepatic vein (MHV) or outflow reconstruction
of the liver graft is associated with size mismatch. A
small-for-size graft without MHV reconstruction can
lead to various degrees of congestion of the anterior
[33]
segment and a greater loss of hepatocellular function .
In our early observational studies with small sample
[34]
sizes, we recommended a GRWR > 1.0%
or even
[35]
1.2%
as a security threshold for patients without
[36]
MHV reconstruction. Asakuma M et al
established
an algorithm known as the estimated congestion
ratio (ECR, ECR = regional volume of v5 + v8 / rightlobe volume) to estimate whether MHV should be
reconstructed for low-GRWR grafts. A liver with an
ECR > 0.4 is an MHV-dominant liver, and higher GRWR
grafts should be used. However, it is still unknown how
far we can lower the GRWR following the improvement
of postoperative management and surgical technique
if there is no reconstruction of outflow. In addition to
outflow reconstruction, the inflow of grafts, including
portal hypertension following reperfusion and the

WJG|www.wjgnet.com

hyperdynamic splanchnic state, is reported as a major
[37-39]
factor that can trigger SFSS
; however, these views
[40]
are controversial . Enhanced cholestasis, hepatocyte
ballooning, disruption of the sinusoidal line, and
transformation of activated Ito cells into fibroblasts are
observed under the conditions of portal hypertension,
[41,42]
or overperfusion
. Recipients with a final portal vein
pressure (PVP) ≤ 15 mmHg or a pressure gradient of
PVP-central vein pressure (CVP) ≤ 5 mmHg have a
[43]
better prognosis . In another study, liver-graft-tospleen-volume ratio was used to predict early graft
function in children and young adults undergoing LDLT,
[44]
in which < 0.88 predicted portal hyperperfusion .
[45]
Moreover, a MELD score > 20 , a decline in the platelet
[46]
(PLT) count at post operation day (POD) 3 > 56%
and donor age > 45 years are also risk factors for a
[19]
poor prognosis in recipients of small-for-size grafts .
To increase the safety of the expanded use of smallfor-size grafts, some treatments are recommended.
Graft inflow or PVP modulation is at the forefront of
these treatments. Portosystemic shunting techniques
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Table 3 Remedies when using small-for-size graft
n

Remedy for using small-for-size graft

Study type

Botha et al[23] (2010)
Goralczyk et al[24] (2011)
Kim et al[47] (2017)
Hessheimer et al[48] (2011)
Xiao et al[49] (2012)
Sato et al[50] (2008)
Nutu et al[51] (2018)
Badawy et al[52] (2017)

21
22
160
NS
1
4
2
164

RS
RS
RS + PSM
AE
CR
CR
CR
RS

Troisi et al[53] (2016)

NS

Xu et al[54] (2015)
Gao et al[55] (2017)
Kobayashi et al[56] (2009)

NS
NS
5

Hemi-portocaval shunt can decrease SFSS incidence
Posterior cavoplasty can decrease SFSS incidence
Preserving collateral veins on small-for-size grafts
Portocaval shunt
Transjugular intrahepatic portosystemic shunt
Portocaval shunt using ligamentum teres
Complete splenic embolization
Splenectomy
Splenic artery ligation, splenectomy, meso-caval shunt, spleno-renal shunt,
portocaval shunt, and splenic artery embolization
Dual grafts
Adipose-derived mesenchymal stem cells tranplantation
Auxiliary partial liver transplantation

Ref.

SR
RE
AE
CR

PSM: Propensity score matching; AE: Animal experiments; CR: Case report; SR: Systematic review; RE: Review; SFSS: Small-for-size syndrome.

[19,47-50]

[58]

or preservation of collateral veins
, as well as
[51-53]
splenectomy or splenic artery ligation/embolization
,
are effective ways to address post-transplantation portal
hyperperfusion. In cases where the GRWR of grafts is
[54]
very low, dual grafts can be considered . Moreover,
[55]
autologous stem cell implantation and auxiliary partial
LDLT (a second transplant) are also reported to treat
[56]
SSFS . Remedies when using small-for-size grafts are
listed in Table 3.
Generally, a GRWR < 0.8% is no longer a critical
predictor for recipients and can even be lowered to
0.5%-0.6% if there are accompanying factors of PVP ≤
15 mmHg, MHV reconstruction, or young donor age.

OLDER DONORS IN LDLT
Because LDLT allows more choices in the use of a suitable
liver graft compared with OLT, elderly donors were
rarely considered in the early years of transplantation.
However, following the increasing demands for LDLT and
the urgent need to save the lives of patients suffering
from hepatic encephalopathy, the use of elderly liver
grafts has been reported more frequently in recent years
as a means to increase the donor pool and address
[57]
high waiting list mortality . In Japan, the percentages
of donors older than 50 and 60 years were 18.1% and
[58]
4%, respectively . It is expected that the number of
older donors will increase in the future because of the
[59]
continuing donor shortage .
The definition of older donors is quite different
in different transplantation centers. In the present
review, we define older donors as donors older than
50 years. Controversy exists regarding the use of
livers from older donors. The liver regeneration rate
is impaired in older donors (donor age ≥ 50 years)
compared with young donors (donor age < 30 years),
according to computed tomography (CT) volumetric
[60]
data after LDLT at POD 7 , and donor age (≥50
years) was independently correlated with impaired
[61]
remnant liver regeneration at 3
and 6 mo in right-
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[62]

lobe LDLT . Kawano Y et al
analyzed telomeres
in the hepatocytes of 12 paired donor-recipients and
found that donor age was a crucial factor affecting the
sustainability of telomere length in hepatocytes after
pediatric LDLT. Based on the conclusion that older
donors were significantly associated with impaired
liver regeneration, some researchers found that the
recipients of grafts from donors older than 45-50 years
old, along with a GW/SLV ratio < 35%-40%, had
[63,64]
[65]
worse outcomes
. Yoshizumi T et al
established
the following formula, called a predictive score, to
evaluate the impact of donor age, graft size, and MELD
score on prognosis: predictive score = 0.011 × graft
weight (%) - 0.016 × donor age - 0.008 × MELD
score - 0.15 × shunt (if present) - 1.757. Patients
with a predictive score ≥ 1.3 had a lower incidence of
postoperative complications and a better prognosis.
Additionally, more studies have shown that
LDLT using older donors could induce more serious
postoperative complications and higher mortality rates
[66-70]
than transplants using younger donors
; similarly,
having a donor older than the recipient by > 20 years
[68]
is problematic . Moreover, it has been reported that
fibrosis progression in patients with recurrent hepatitis
C tended to be faster after LDLT with grafts from
[71]
older donors . Donor age is an independent, strong
prognostic factor in LDLT. However, other researchers
found that grafts from older donors can be used safely,
even though the regenerative capacity of older grafts is
[72-75]
impaired when the donor age is ≥ 50 years
or even
[76]
≥ 55 years . The impact of older donors on the 1- and
5-year survival of recipients is shown in Table 4.
While donor age is a controversial topic, the
impaired regenerative capacity of older grafts has been
confirmed in some studies. According to these previous
studies, older liver grafts can be prudent candidates
but cannot be used in the presence of other marginal
conditions (e.g., small-for-size grafts or moderate and
severe steatosis). More high-quality and prospective
studies are needed on this topic.
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Table 4 Older donors for living donor liver transplantation
Definition of
older donors

n (older vs

50 yr old
50 yr old
50 yr old

101 (24 vs 77)
15 (6 vs 9)
299 (62 vs 237)

NS

12

Imamura et al (2017)
Dayangac et al[64] (2011)

NS
50 yr old

198
150 (28 vs 122)

Yoshizumi et al[65] (2008)

NS

28

Ref.
[58]

Tanemura et al (2012)
Ono et al[60] (2011)
Akamatsu et al[61] (2007)
Kawano et al[62] (2014)
[63]

[66]

Han et al (2014)
Kamo et al[67] (2015)
Shin et al[68] (2013)
[69]

Kubota et al

(2017)
[70]

Katsuragawa et al

Wang et al[72] (2015)
Ikegami et al[73] (2008)
Li et al[74] (2012)
Goldaracena et al[75] (2016)
Kim et al[76] (2017)

young)

55 yr old
604 (26 vs 578)
60 yr old
1597 (69 vs 1528)
Donor-recipient
821
age gradient > 20
50 yr old
315 (126vs 189)
NS

24

50 yr old
50 yr old
50 yr old
50 yr old
55 yr old

159 (10 vs 149)
232 (32 vs 200)
129 (21 vs 108)
469 (91 vs 378)
540 (42 vs 498)

One-year survival (older vs young)

Five-year survival (older vs young)

Older donor livers might have impaired regenerative ability
Liver regeneration is impaired with age after donor hepatectomy
85.0% vs 93.0%
72.0% vs 87.0%
Donor age is a crucial factor affecting telomere length sustainability in
hepatocytes after pediatric LDLT
A worse outcome might be associated with aging of the donor
78.6% vs 83.4%
NS
Graft size, donor age, and patient status are the indicators of early graft
function
Median OS (M): 31.2 ± 31.3 vs 50.6 ± 40.6
69.5% vs 81.2%
62.0% vs 79.3%
Worse graft survival was observed if the donor is older than the recipient
by > 20
73.0% vs 80.9%
39.7% vs 47.1%
G/SLV and donor age were independent factors that affected graft survival
rates
100% vs 93.0%
90.0% vs 87.0%
80.0% vs 81.7%
73.8% vs 76.7%
90.0% vs 86.0%
66.0% vs 75%
92.0% vs 96.0%
83.0% vs 79.0%
95.2% vs 94.6%
NS

Study type
RS
RS
RS
PS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS

LDLT: Living donor liver transplantation; CR: Case report; RS: Retrospective study.

[85,86]

bile duct
. CT scans can provide a clear indication of
[87]
biliary strictures in ABO-incompatible LDLT . Yamada
[88]
Y et al reported a case of idiopathic hypereosinophilic
syndrome following ABO-incompatible LDLT. The patient
suffered from portal vein thrombosis on postoperative
day 10, and the histopathological findings of the
thrombus revealed dense eosinophilic deposition. Studies
on the impact of ABO incompatibility on LDLT are listed in
Table 5.
Despite serious complications, ABO-incompatible LDLT
can be a feasible option for patients if certain essential
[89,90]
treatments are included
. Rituximab, an anti-CD20
immunoglobulin (IgG)1 terminating B-lymphocytes with
an affinity for IgG Fc receptor (FcγR), is a critical strategy
in the regimens for desensitization for ABO-incompatible
LDLT and yields outcomes for ABO-incompatible LDLT
[91,92]
that are similar to those for ABO-compatible LDLT
.
[93]
Rituximab is given for 3 d , 3 wk, or even as soon as
[94]
a suitable donor that is ABO-compatible is selected
2
at a dosage of 375 mg/m . In the early stage of trans
plantation, rituximab was usually given along with one
[95,96]
or more other protocols, such as a splenectomy
,
[97-102]
[100,103]
plasma exchanges
, intravenous IgG
, and
[92,104,105]
intrahepatic arterial infusion of prostaglandin E1
.
In some recent studies, pre-transplant rituximab and/or
basiliximab monotherapy, without additional treatments,
also yielded outcomes that are comparable to those of
[106]
procedures with additional treatments . The affinity
between IgG Fcγ Receptor (FcγR) and rituximab, however,
is influenced by the single-nucleotide polymorphisms
(SNPs) of FcγR. SNPs of FCGR2A (131H/R) and FCGR3A
(158F/V) are the alleles that encode FcγR. FCGR2A (131H/
H) had a higher affinity for IgG1 than FCGR2A (131H/R

ABO-INCOMPATIBLE LDLT
Although more high-quality liver grafts are available
for patients in LDLT than in OLT, donors are restricted
to family members or domestic relationships in many
transplantation centers because of ethical norms. ABOincompatible LTs are performed only in emergencies,
when ABO-compatible grafts are unavailable. Therefore,
breaking ABO blood group barriers becomes inevitable.
ABO-incompatible LT was first performed and reported
[77]
by Starzl et al , and no acute rejections were observed
after transplantation. Subsequently, ABO-incompatible
LT gradually began to be performed in some LT centers,
[78,79]
and hyperacute rejection was commonly reported
.
In addition to antibody-mediated rejection, ABOincompatible LDLT can involve other complications.
Thrombotic microangiopathy (TMA) is a rare complication
following LT, but it is reported to have a slightly
[80-82]
higher incidence in ABO-incompatible LDLT
. ABO
incompatibility, cyclophosphamide and recipient blood
group (type O) are closely correlated with the occurrence
[80,82]
of TMA
. The incidence of TMA is 37.9% following
ABO-incompatible LDLT and 0.0%-2.8% following
[80]
ABO-compatible LDLT (OR = 44.7) . The elevation
of fibrinolytic function markers, such as plasminogen
activator inhibitor type 1, can be considered a predictor
of TMA following LDLT. The incidence of biliary tract
complications is more common than that of TMA. Biliary
strictures are one of the most important complications
associated with ABO incompatibility, with reported
[83,84]
incidence rates between 15.8% and 20.7%
. An
isoagglutinin attack on the graft vascular endothelium
can result in ischemic cholangiopathy, and isoagglutinin
can even directly attack the endothelium of the graft
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Table 5 Impact of ABO-incompatible on living donor liver transplantation
Ref.

n

Complications

Incidence of related
complication (%)

Miyata et al[80] (2007)

57

Thrombotic
microangiopathy

7.0

Oya et al[81] (2008)

1

Risk factors

Kishida et al[82] (2016)

129

Song et al[83] (2014)

1102

Biliary stricture

15.8

Biliary stricture
Idiopathic
hypereosinophilic

20.4

ABO-incompatibility,
CPA, and recipient blood
group (type O)
ABO-incompatible LDLT
(type B to O)
ABO-incompatible,
tacrolimus
ABO-incompatible, acute
cellular rejection
ABO-incompatible

NS

ABO-incompatible

[84]

(2016)

408

[88]

(2010)

1

Ikegami et al

Yamada et al

Thrombotic
microangiopathy
Thrombotic
microangiopathy

NS
10.1

Study type
RS
CR
RS
RS
RS
CR

LDLT: Living donor liver transplantation; CR: Case report; RS: Retrospective study.

or R/R). Accordingly, patients with FCGR2A (131H/H)
have a better reaction to the effects of rituximab on B
[91]
cells . The treatment results of ABO-compatible LDLT
are summarized in Table 6.
These findings reveal that rituximab monotherapy
in ABO-compatible LDLT is feasible, but it is better to
test the SNPs of FcγR; otherwise, multiple treatments,
such as plasma exchanges and intravenous IgG, must
be performed in addition to rituximab if there is a
lower affinity between IgG FcγR and rituximab. There
is still a lack of more persuasive evidence to confirm
the feasibility of splenectomy in conjunction with ABOcompatible LDLT treatments.

during regeneration after LDLT. In this study, 67 LDLT
recipients examined on POD 10 were scored based on
the numbers of portal tracts per area of liver tissue and
intrahepatic cholestasis, and the preoperative degree of
macrovesicular steatosis was found to be independently
associated with cholestasis after LDLT. However, these
researchers also found that the long-term capacity of
hepatocyte regeneration was not impaired after LDLT
[113]
with mild macrovesicular steatosis grafts
. Based
on this finding, some recent studies have found that
moderately steatotic liver grafts and donors with a
2
BMI ≥ 30 kg/m are not contraindications for LDLT,
and complications and survival are not significantly
different compared with those associated with non[114,115]
steatosis grafts
. Moreover, the risk of steatosis
was determined by the presence of microsteatosis
and macrosteatosis, rather than the total quantitative
degree of steatosis. The grafts with high microsteatosis
(30%) mixed with macrosteatosis showed no significant
difference in postoperative biochemical liver function,
2-wk graft regeneration, postoperative complications,
[116]
and 5-year survival
. The studies on the impact of
graft steatosis on LDLT outcomes are listed in Table 7.
To decrease the risk associated with fatty liver grafts,
especially with severe steatosis, some treatments
[117]
are suggested (Table 8). According to Oshita et al ,
donors who are diagnosed with hepatic steatosis
pre-transplantation should undergo a diet treatment
consisting of an 800-1400 kcal/d diet and a 100-400
kcal/d exercise regimen without drug treatment with
a target body mass index of 22 kg/m². After these
strategies, the average BMI was reduced from 23.3 ± 0.6
to 21.9 ± 0.4 kg/m². The liver biopsy results of most of
these donors showed stage 0/1 fibrosis and minimal/
mild steatosis after the diet therapy. In addition, surgical
outcomes and overall survival did not significantly differ
between the recipients of grafts from non-steatosis and
diet-treated donors (with steatosis). In another study,
bezafibrate (400 mg/d) was used along with a proteinrich (1000 kcal/d) diet and exercise (600 kcal/d) for 2-8

LIVER GRAFT STEATOSIS
Steatosis is a common feature used to identify marginal
liver function, and reports on the utility of steatotic
liver grafts in clinical practice have yielded controversial
results. The use of steatotic liver grafts has been
confirmed to have a significant relationship with
[107,108]
increased complications and poorer outcomes
.
Traditionally, steatotic livers with > 60% fat must
be discarded. Livers with < 30% fat are feasible
and anticipated to have good function. Livers with
30%-60% fat have poor results, with decreased
[109]
graft survival and decreased patient survival
.
Moreover, hepatic steatosis is reported to be a
[110]
leading cause of donor rejection in LDLT . In some
transplantation centers, approximately 40% of donor
[9]
grafts are discarded because of severe liver steatosis .
Because of the release of inflammatory cytokines
and inhibition of the capacity to differentiate steatosis
hepatocytes, the early regenerative capacity of the
remnant liver is injured, and, as a result of impaired
hepatocyte replication, compensatory expansion of
hepatic progenitor cells occurs during steatotic liver
[111]
[112]
regeneration after LDLT . Furthermore, Cho et al
confirmed that hepatic steatosis is associated with intra
hepatic cholestasis and transient hyperbilirubinemia
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Table 6 Remedies when using ABO- incompatible on living donor liver transplantation
n

Immunosuppression strategy

Remedies

105

TAC + MP + AZ

Rituximab

Yoon et al[90] (2018)

918

TAC + MP + steroids

Sakai et al[91] (2017)

20

TAC+ MP

Egawa et al[92] (2017)

33

TAC

Ikegami et al[93] (2007)

1

TAC + MP + steroids

Ikegami et al[94] (2009)

7

TAC + MP + steroids

Usui et al[95] (2007)

73

TAC + MP + steroids

Chen et al[96] (2017)

2

TAC + MP + steroids

Uchiyama et al[97] (2011)

15

TAC + MP + steroids

Soin et al[98] (2014)

3

TAC + MP + steroids

Rummler et al[99] (2017)

10

TAC + MP + steroids

Kim et al[100] (2016)

182

TAC + MP + steroids

Kim et al[101] (2013)

22

TAC + MP + steroids

Kawagishi et al[102] (2005)

3

TAC + MP + steroids

Kim et al[103] (2017)

43

TAC + MP + steroids

Yoshizawa et al[104] (2005)

8

Ref.
[89]

Kawagishi et al

(2009)

Egawa et al[105] (2008)

118

TAC + MP +
cyclophosphamide
TAC + steroids

Yamamoto et al[106] (2018)

40

TAC + MP + steroids

Conclusion

ABO-incompatible LDLT can
be feasible used if humoral
rejection are overcome
Rituximab and PE
ABO-incompatible LDLT is a
feasible option under remedies
Rituximab and PE
FCGR SNPs influence the effect
of rituximab on B-cells
Rituximab, PE, local
Only rituximab dose is a
infusion, splenectomy and
significantly favorable factor
immunoglobulins
for AMR
Rituximab and PE
Rituximab and plasma
exchanges seemed ineffective
Rituximab, IVIG, and PE
Rituximab, IVIG, and PE seems
to be a safe treatment
Rituximab, PE and
Bone suppression is a big
splenectomy
challenge when using
rituximab
Basiliximab combine with
ABO-i LDLT with splenectomy
splenectomy
is undoubtedly life-saving
Rituximab and PE
Isoagglutinin mediatedrejection should be more
concerned
Rituximab and PE
ABO-incompatible LDLT is a
feasible option under remedies
PE
Immunosuppression only
combining with PE is feasible
Rituximab, IVIG, and PE
ABO-incompatible LDLT can
be safely performed under
remedies
Rituximab and PE
ABO-incompatible LDLT can
be safely performed under
remedies
Rituximab and PE
ABO-incompatible LDLT can
be safely performed under
remedies
Rituximab and IVIG
A simplified protocol using
rituximab and IVIG for ABO-I
LDLT is safe
Rituximab and PGE1 infusion
Rituximab prophylaxis and
HA infusion therapy is feasible
Methylprednisolone and PGE1 Recipients with preexisting
infusion
high effector CD8 T- cells are
unfavorable candidates for
ABO-I LDLT
Rituximab monotherapy
Rituximab monotherapy is
feasible

Study type
RS

RS
PS
RS

CR
RS
RS

CR
RS

CR
RS
RS

RS

CR

RS

RS
RS

RS

LDLT: Living donor liver transplantation; CR: Case report; RS: Retrospective study; SNPs: Single-nucleotide polymorphisms.

[118]

wk . Even severely steatotic livers could be used for
LDLT grafting subsequent to this short-term treatment
regimen. Furthermore, a 1200 kcal/d diet and a
minimum of 60 min/d of moderate cardio training are
also recommended to rapidly reverse liver steatosis in
[119]
donors . In addition to lifestyle and dietary changes,
dual-graft LDLT was reported when one donor had
[120]
severe liver steatosis and another had a low GRWR .
In conclusion, steatosis in the donor must be
thoroughly evaluated before LDLT, either by biopsy or
imaging diagnosis. The proportion of macrosteatosis is
now considered a crucial predictor of the prognosis of
recipients. If there are no further options, donors with
hepatic steatosis can reach donation criteria through

WJG|www.wjgnet.com

lifestyle and dietary changes in a short time.

CHRONIC HEPATITIS OF GRAFTS
The use of liver grafts that test positive for chronic
hepatitis or other blood disseminated diseases found in
epidemic areas is usually inevitable in cases of organ
shortages associated with OLT. However, because
LDLT recipients, to some degree, have more choices
regarding his/her donors, there are a few studies
reporting on HBsAg or HBcAb(+) liver grafts, while no
studies refer to HCV-positive living liver grafts.
HBsAg(-) LDLT patients who have received HBsAg
or HBcAb(+) grafts have a high risk of de novo HBV
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Table 7 Impact of graft steatosis on living donor liver transplantation
n

Conclusion

Dirican et al[9] (2015)

161

Perkins et al[109] (2006)

NS

Kotecha et al[110] (2013)
Cho et a[111]l (2010)

340
54

Cho et al[112] (2006)

67

Cho et al[113] (2005)

55

Gao et al[114] (2009)

24

Knaak et al[115] (2017)

105

Han et al[116] (2015)

211

Approximately 40% of donor grafts are discarded because of severe liver steatosis
Typically steatotic livers with > 60% fat are not transplanted; with < 30% fat are
usable and anticipated to have good function; with 30%-60% fat give poor results
Hepatic steatosis is a leading cause of donor rejection in LDLT
Hepatocyte replication is impaired during steatotic liver regeneration after LDLT
Hepatic steatosis is associated with intrahepatic cholestasis and transient
hyperbilirubinemia during regeneration
Mildly steatotic graft did not increase the risk of graft dysfunction or morbidity in
LDLT
Moderately steatotic (30%-60%) liver grafts provide adequate function in the first
phase after transplantation and can be used for transplantation
Donors with BMI > 30, in the absence of graft steatosis, are not contraindicated for
LDLT
The risk of steatosis may be determined by the relative composition of MiS and
MaS, rather than the total quantitative degree

Ref.

Study type
RS
Comments
PS
PS
PS
PS
RS
RS
RS

LDLT: Living donor liver transplantation; RS: Retrospective study; PS: Prospective study.

Table 8 Treatments for fat donors
n

Ref.
[117]

Oshita et al

(2012)

128

Nakamuta et al[118] (2013)

11

Choudhary et al[119] (2015)

16

[120]

Moon et al

(2006)

2

Treatments

Study type

Diet treatment consisting of an 800 to 1400 kcal/d diet and a 100 to 400 kcal/d
exercise regimen without drug treatment, targeting body mass index of 22 kg/m²
Bezafibrate (400 mg/d) was used along with a protein-rich (1000 kcal/d) diet and
exercise (600 kcal/d) for 2-8 wk
1200 kcal/d and a minimum of 60 min/d of moderate cardio training are also
recommended to rapidly reverse liver steatosis in donors
Dual-graft living donor liver transplantation for severe graft steatosis

RS
RS
PS
CR

RS: Retrospective study; PS: Prospective study; CR: Case report.

patients who had a YMDD mutation were given adefovir
[123]
[127]
combined with lamivudine . Hara Y et al
reported
one patient who experienced spontaneous eradication of
de novo HBV after LDLT with an HBcAb(+) graft without
any treatment. This 8-year-old female patient (HBsAgnegative) underwent LDLT, received an HBcAb(+) leftlobe graft, and was subsequently infected with HBV.
Sixteen years after LDLT, her serological HBV status was
as follows: HbsAg(-), HBsAb(+), HBeAb(-), HBeAb(+),
HbcAb(+), and HBV DNA(-). In another study, recipients
with HCV genotype 2 infections who had received an
HBcAb(+) graft were given sofosbuvir and ribavirin,
along with hepatitis B IgG to prevent recurrence of HCV
[128]
and HBV .
In HbsAg(+) LDLT patients who receive HBsAg
or HBcAb(+) grafts, the antiviral protocol must be
performed as for HBsAg(-) LDLT patients to maintain
the HBV DNA at a low or negative level, despite the
persistence of the HBV marker (HBsAg). High-dose
HBV IgG, lamivudine, famciclovir, and interferon were
[129-131]
recommended (Table 10)
.
Populations with HBsAg-negative/HBcAb-positive
and undetectable serum HBV DNA have been gradually
increasing over the past several decades. Most patients
are now considered to have a covert HBV infection and
have a high risk of HBV reactivation when treated with

infection after transplantation (Table 9). However,
these grafts are still considered to be safe and feasible
with antiviral prophylaxis in both adult and pediatric
[121-126]
LDLT
. Patients were given HBV vaccinations to
achieve anti-HBs > 1000 IU/L pre-transplantation
and > 100 IU/L post-transplantation, with a standard
post-transplantation treatment regimen of high-dose
hepatitis B IgG, lamivudine and/or adefovir (in cases
[126]
of lamivudine resistance) . Specifically, some studies
have proposed a new strategy; specifically, patients
with a pre-transplantation anti-HB titer > 1000 IU/L
do not need post-transplantation prophylaxis; patients
with a low pre-transplantation titer, < 1000 IU/L, should
be given lamivudine post-transplantation (at a dose
of 100 mg/d or 3 mg/kg/d for at least 2 years after
transplantation) or adefovir prophylaxis (with lamivudine
at a dose of 10 mg/d if a mutant strain for lamivudine
is identified) and, hopefully, will respond appropriately
to post-transplantation vaccinations by maintaining
anti-HB titers > 100 IU/L; and low titer non-responders
(anti-HB titer < 100 IU/L despite vaccination) should be
[121]
given continuous lamivudine or adefovir indefinitely .
In some transplantation centers, nucleotide analogs
(lamivudine) are routinely used first if HBsAg(-) LDLT
patients receive HBsAg or HBcAb(+) grafts, regardless
of the anti-HB titer, for at least 2 years. Moreover,
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Table 9 Impact of HBsAg or HBcAb(+) grafts on HBsAg(-) living donor liver transplantation patients
Donor

Incidence of de novo
HBV infection (%)

Wang[121] (2017)

HBcAb(+)

4.2

Xi et al[122] (2013)

HBcAb(+)

23.9

Dong et al[123] (2017)

HBcAb(+)

7.9

Loggi et al[124] (2016)
Lei et al[125] (2013)
Lin et al[126] (2007)

HBsAg(+)
HBcAb(+)
HBcAb(+)

NS
15.0
3.3

Hara et al[127] (2016)

HBcAb(+)

NS

Ref.

Prevention of de novo HBV infection
HBV vaccinations with the aim of achieving anti-HBs > 1000 IU/L
pre-transplant and > 100 IU/L post-transplant
No prophylaxis, adefovir, and lamivudine are given to de novo
patients
HBIG 100 IU/kg during the operation and lamivudine 3 mg/kg
per day after the surgery for at least 1 year until HBV vaccine
reaction
HBIG and lamivudine, adefovir or tenofovir
No specific prophylaxis
Lamivudine monoprophylaxis, HBV vaccinations
Lamivudine first and adefovir dipivoxil were combined with
lamivudine 2 yr later

Study type
RS
RS
RS
SR
RS
RS
CR

HBV: Hepatitis B virus; RS: Retrospective study; SR: Systematic review; CR: Case report.

Table 10 Impact of HBsAg or HBcAb(+) grafts on HBsAg(+) living donor liver transplantation patients
Ref.
Hwang et al[129] (2006)
[130]

Soejima et al
(2007)
Jeng et al[131] (2015)

Donor

Incidence of de novo
HBV infection

HBsAg(+)

NS

HBsAg(+)
HBsAg(+)

NS
NS

Prevention of De Novo HBV infection
High-dose HBIG and lamivudine, famciclovir and
interferon; a final regimen of lamivudine and adefovir
lamivudine and adefovir dipivoxil
Entecavir 0.5 mg once daily

Study type
CR
CR
RS

HBV: Hepatitis B virus; CR: Case report; RS: Retrospective study.

Table 11 Graft with hepatic benign tumor
n

Ref.
Li et al[133] (2017)

15

Fuchino et al[134] (2017)

1

Type of tumors in grafts
Cavernous hemangioma, perivascular epithelioid
cell tumor, inflammatory pseudotumor, and focal
nodular hyperplasia
HBsAg(+) and inflammatory pseudotumor

Prognosis

Study type

One patient died from pulmonary embolism

OS

Tumor vanished after 3 yr

CR

OS: Observational study; CR: Case report.

[132]

a robust immunosuppressive agent . Therefore, the
use of HBsAg-negative/HBcAb-positive liver grafts has
a high risk of de novo HBV for HBsAg(-) recipients.
However, with active immunization and an antiviral pro
tocol, the HBsAg-negative/HBcAb-positive liver grafts
can be transplanted safely.

resection graft with a benign hepatic tumor. These
benign tumors are as follows: Cavernous hemangioma,
perivascular epithelioid cell tumor, inflammatory pseudo
tumor, and focal nodular hyperplasia. One patient died
from a pulmonary embolism, and the other 14 patients
had a good prognosis. Additionally, a vanishing tumor
in a liver graft from an HBV(+) donor was observed.
Contrast-enhanced magnetic resonance imaging (MRI)
showed hypervascularity in the arterial phase and in the
hepatobiliary phase, the tumor showed a low intensity,
findings similar to those in HCC. Regardless, the graft
with suspected HCC was accepted by the recipient, and
the tumor disappeared completely within several months
[134]
after LDLT .
For LDLT patients using grafts with a benign hepatic
tumor, only two observational studies with a small
sample size are present in the literature (Table 11).
It seems that grafts with benign tumors are feasible
in some conditions, but more studies with long-term
follow-ups are needed to evaluate the safety of these

GRAFTS WITH A BENIGN HEPATIC
TUMOR
Usually, there are rare recipients of LDLT or doctors
who are willing to make an active choice to use a graft
with an undetermined tumor. This is not only an ethical
issue but also indicates a high risk for recipients to face
rapid dysfunction of their liver grafts. However, if recipi
ents are in an emergency situation and have no other
proper donors, grafts with benign tumors may be a last
[133]
choice. Li G et al
recently reported on 15 consecutive
recipients using an otherwise discarded, partial liver
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GRWR ≥ 0.7%, < 0.8%

GRWR < 0.8%

Reevaluation

No needs PVP control
and as effective as
GRWR ≥ 0.8%

GRWR ≥ 0.6%, < 0.7%

Grafts size
GRWR ≥ 0.8%

GRWR < 0.7%

Available

GRWR ≥ 0.5%, < 0.6%
≥ 50-years old

ABO-incompatible
Blood type
matching

Available

FCGR2A (131H/H)

SNPs of Fc γ R testing
FCGR2A (131H/R or R/R)

ABO-compatible

Available

Steatosis

Total steatosis < 30% or
macrosteatosis < 25%

no steatosis

Rituximab monotherapy

Rituximab along with splenectomy,
plasma exchanges, intravenous
immunoglobulin or intrahepatic
arterial infusion

Total target: BMI: 22 kg/m² or less
Diet: 800-1400 kcal/d and a protein-rich diet
Exercise: 400-600 kcal/d and at least 60 min/d
moderate cardio training for 2-8 wk
Drug: Bezafibrate 400 mg/d (not necessary)

Total steatosis ≥ 30% or
macrosteatosis ≥ 25%

Remedies: PVP control,
MHV reconstruction, donor
age ≤ 45-years old and

Remedies: Restrict selection
for use: without steatosis
and small-for-size grafts

Older liver grafts are
still controversial

Donor age
< 50-years old

Remedies: Portosystemic
shunting, splenectomy or
splenic artery ligation

Life- and diet-style
changes of donors

Available
Pre-transplant anti-HBs titer ≥ 1000 IU/L:
without need for post-transplant prophylaxis

HbsAg or HbcAb(+)
Chronic hepatitis
grafts

Grafts with
tumor

HbsAg or HbcAb(-)

Pre-transplant anti-HBs titer < 1000 IU/L: posttransplant vaccination by maintaining anti-HBs
titers ≥ 100 IU/L along with lamivudine or adefovir

HBV vaccinations
for recipients before
transplantation

Available

Pre-transplant anti-HBs titer < 100 IU/L: highdose hepatitis B immunoglobulin along with
long term lamivudine or adefovir treatment

Using grafts with benign tumors is feasible but need a
long term follow up and a large sample study

Figure 1 Selective strategies and remedies of using marginal donors in living donor liver transplantation.

marginal grafts.

dysfunction. Some indispensable treatments are needed
to address the deficiencies of these grafts.
There are some new findings in this review: (1) It is
permissible for the GRWR to be as low as 0.5%-0.6% (not
0.8%, as currently specified) if PVP is controlled under
15 mmHg; otherwise, outflow reconstruction is needed.
(2) There is controversy surrounding older liver grafts.
These grafts can be used prudently, but other marginal
conditions must be absent (e.g., small-for-size grafts
or moderate and severe steatosis). (3) Splenectomy is
no longer necessary when an ABO-incompatible LDLT is
performed. Rituximab monotherapy is even confirmed

CONCLUSION
To our knowledge, this is the first review on marginal
donors specifically for LDLT. This review, which includes
cohort studies, case-control studies, and case reports
on marginal liver grafts in LDLT, demonstrated that
marginal grafts are a feasible way to expand the options
for patients on LT waiting lists in emergency situations
(e.g., liver failure or hepatic encephalopathy); however,
these grafts place the recipients at a greater risk of liver
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to be an effective treatment if there is a high affinity
between IgG FcγR and rituximab. (4) Total steatosis of
liver grafts is not a proper predictor of prognosis. Instead,
the presence of microsteatosis and macrosteatosis is a
crucial factor. Donors with steatosis of the liver can meet
the donation criteria through lifestyle and dietary changes
before surgery. (5) HbsAg or HbcAb(+) grafts increase
the risk of de novo HBV infection after transplantation
in HBsAg(-) LDLT patients but can also be used safely
with active immunotherapy. And (6) Grafts with benign
tumors that have been discarded from other patients
are feasible, but the long-term prognosis cannot be
determined.
According to the new findings of this review listed
above, we summarized a selection of strategies for
different types of marginal liver grafts in LDLT and
their related treatments (Figure 1). With this review,
based on more than 100 references, we expect that
the transplantation pool can be effectively and safely
expanded in the situation of organ shortage.
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Vedolizumab for inflammatory bowel disease: from
randomized controlled trials to real-life evidence
Maria Lia Scribano
bowel disease (IBD). However, some patients experience
primary nonresponse, loss of response, or intolerance.
Therefore, introducing a newer class of therapy with a
mechanism of action that acts on different inflammatory
pathways involved in IBD pathogenesis is appealing.
Vedolizumab is a fully humanised monoclonal antibody
that selectively targets α4β7 integrin. Based on the
results of the pivotal clinical GEMINI trials, vedolizumab
was approved for the treatment of adult patients with
moderately to severely active ulcerative colitis (UC)
and Crohn’s disease (CD) refractory or intolerant to
either conventional therapy or TNFα inhibitors. This
review describes the efficacy, safety, and tolerability of
vedolizumab reported in both randomized, controlled,
clinical trials and from real-world experience in patients
with UC and CD in order to identify its place in treatment
algorithms for IBD.
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Core tip: Vedolizumab represents an interesting new
therapeutic option for the treatment of patients with
moderate-to-severe ulcerative colitis and Crohn’s disease
that are refractory or intolerant to either conventional
treatments or anti-TNFα agents. This review describes
the efficacy, safety, and tolerability of vedolizumab
demonstrated in the clinical GEMINI trials. In addition,
the paper reviews the effectiveness and the safety of
vedolizumab in the real-world studies in order to identify
its place in treatment algorithms for patients with
inflammatory bowel disease.
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Abstract
The biologic antitumor necrosis factor alpha (anti-TNFα)
agents have revolutionised the treatment of inflammatory
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trials (GEMINI program) and in the GEMINI long-term
[27,28]
safety (LTS) study
, the effectiveness of vedolizumab
in the real-world studies, and the drug’s safety profile.

Introduction

Efficacy of vedolizumab from
RCTs

The introduction of biologic, antitumor necrosis factor
alpha (anti-TNFα) therapies has transformed the
management of patients with moderate-to-severe,
active inflammatory bowel diseases (IBD) that are
[1-3]
refractory to conventional treatments . However, a
proportion of patients do not respond to these drugs,
loose their response over time, or are intolerant to these
[4-6]
treatments . Additionally, the efficacy of a second
anti-TNFα agent is lower in patients who have previously
[7]
received an anti-TNFα drug . Therefore, the advent of
a newer class of therapy, characterized by a different
mode of action, is an attractive option for patients with
IBD.
Vedolizumab is a fully humanised monoclonal IgG-1
antibody that selectively inhibits the interaction between
α4β7 integrin and mucosal addressin cell adhesion
molecule-1 (MAdCAM-1). It prevents lymphocyte
translocation from the blood into the inflamed gut
[8,9]
tissue, resulting in a reduction in local inflammation
(Figure 1).
The efficacy of vedolizumab for the induction
and maintenance of remission in patients with IBD
was demonstrated in the pivotal phase III GEMINI
[10-12]
studies
. Based on the results of these randomized,
double-blind, placebo-controlled trials, vedolizumab
was approved for the treatment of adult patients with
moderate-to-severe active ulcerative colitis (UC) and
Crohn’s disease (CD) who had an inadequate response
to either standard therapies or TNFα antagonists by
both the European Medicines Agency and the US Food
and Drug Administration.
However, all randomized controlled trials (RCTs)
have restrictive enrolment criteria and, in order to
include a highly selected and homogeneous population,
[13]
tend to exclude several groups of patients . This limits
the generalisation of RCT results to patients commonly
seen in general practice.
Patients in real-world cohorts tend to have more
complicated diseases, multiple comorbidities, variable
treatment regimens applied with flexibility, and followup controls that are not fixed. In addition, the goals of
therapy in clinical practice are variable and are specific
[14]
for the single patient (“treat to target”) . Therefore,
evaluating biologic therapies is highly relevant in the
clinical practice setting.
To date, several real-world studies on the effectiveness
and safety of vedolizumab in patients with moderate[15-26]
to-severe, active UC and CD have been published
.
This paper reviews the efficacy of vedolizumab for the
treatment of IBD from the randomized controlled clinical
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Vedolizumab in UC

The efficacy of vedolizumab for inducing and maintaining
remission in patients with UC was demonstrated in
the GEMINI 1 study, a trial involving more than 800
patients with moderate-to-severe UC, defined as a Mayo
[29]
[10]
score
of 6-12, with an endoscopic subscore ≥ 2 .
The trial consisted of two induction cohorts; a doubleblind cohort including 374 patients randomized to
receive vedolizumab 300 mg intravenous (iv) or placebo
at weeks 0 and 2, and a second additional cohort of
521 patients receiving open-label vedolizumab aimed
to generate the needed number of responders to fulfil
sample-size requirements for the maintenance phase.
Eligible patients had no response to or unacceptable
adverse events from steroids, immunosuppressive drugs,
or anti-TNFα therapy.
In the first cohort, a significantly higher rate of
patients treated with vedolizumab achieved clinical
response, clinical remission, and mucosal healing after
6 wk compared to placebo. The primary outcome of
the induction phase, clinical response at week 6, was
achieved by 47.1% of patients treated with vedolizumab
vs 25.5% of patients in the placebo group (p < 0.001)
(Table 1).
Patients from both cohorts achieving clinical response
to vedolizumab at 6 wk were randomized to receive
vedolizumab 300 mg iv every 4 wk or 8 wk, or to
receive placebo in the maintenance phase for up to
52 wk. The results of the maintenance phase were as
impressive as those in the induction phase. The rates
of clinical remission at week 52, the primary outcome
of the maintenance phase, were significantly higher in
patients treated with vedolizumab than in those treated
with placebo (44.8% in the vedolizumab 4-weekly
group, 41.8% in the vedolizumab 8-weekly group, and
15.9% in the placebo group; p < 0.001). Durable clinical
remission (defined as remission at week 6 and week
52) was also reported by significantly more patients in
the vedolizumab groups (24.0% in the vedolizumab
4-weekly group, 20.5% in the vedolizumab 8-weekly
group, and 8.7% in the placebo group; p = 0.001 and p
= 0.008, respectively, vs placebo). Vedolizumab was also
associated with greater mucosal healing rates (p < 0.001
for both vedolizumab groups vs placebo) and significantly
higher rates of steroid-free remission (p < 0.001 for both
vedolizumab groups vs placebo) (Table 1).
A clear difference in efficacy between the 4- and
8-weekly vedolizumab regimens was not observed.
Efficacy was reported by both patients with previous
exposure to anti-TNFα therapy as well as those who
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Figure 1 Vedolizumab targets the α4β7 integrin, preventing leucocyte translocation from the blood into the inflamed gut tissue. MadCAM-1: Mucosal
addressin cell adhesion molecule.

were anti-TNFα therapy-naïve; however, slightly better
outcomes were seen in patients who were TNFα-inhibitornaïve.

who were vedolizumab responders were randomized
to receive vedolizumab 300 mg iv administered at
either 4- or 8-weekly intervals up to week 52. Clinical
remission at week 52, the primary endpoint of this
phase, was significantly greater in patients assigned to
vedolizumab therapy every 4 wk or 8 wk (36.4% and
39.0%) than in the placebo group (21.6%; p = 0.004
and p < 0.001, respectively, vs placebo). The rates of
steroid-sparing remission were also significantly higher
among patients treated with vedolizumab (p = 0.04
and p < 0.02, respectively, vs placebo), while the rates
of durable clinical remission showed no significant diffe
rences (Table 1).
Similar results were observed in the GEMINI 3 trial,
which evaluated the efficacy of vedolizumab in 315
patients with moderately to severely active CD and
inadequate response, loss of response, or intolerance to
[12]
previous TNFα antagonists . Patients were assigned
randomly to receive vedolizumab 300 mg iv or placebo
at weeks 0, 2, and 6. Clinical remission at week 6 was
observed in 15.2% of vedolizumab patients compared
to 12.1% in the placebo group (p = 0.4) (Table 1).
Therefore, the primary endpoint of the study was not
met. However, the rates of clinical remission at week
10 were significantly higher in patients treated with
vedolizumab (26.6% vs 12.1% in the placebo group; p
= 0.001). The benefit in this population was therefore
observed at week 10, suggesting a delayed response in
obtaining clinical remission. In clinical practice, there is
an opportunity for a fourth induction dose at week 10 in
patients with CD, with insufficient response to the first
three administrations of vedolizumab.
A meta-analysis pooling data from the phase II

Vedolizumab in CD

The efficacy of vedolizumab in patients with moderately
to severely active CD was demonstrated in the GEMINI
[11,12]
2 and GEMINI 3 clinical trials
. In GEMINI-2, 368
patients were randomized to receive either vedolizu
[11]
mab 300 mg iv or placebo at week 0 and week 2 .
Additionally, as in the GEMINI 1 trial, a second cohort of
747 subjects was treated with vedolizumab in an openlabel fashion. All patients enrolled had active disease
[30]
defined by a Crohn’s Disease Activity Index (CDAI) of
220-450, and had one of the following: serum C-reactive
protein (CRP) > 2.87 mg/L or colonoscopic documentation
showing ≥ 3 large ulcers or ≥ 10 aphthous ulcers,
or faecal calprotectin concentrations > 250 μg/g in
conjunction with computed tomography or magnetic
resonance enterography, small-bowel radiography, or
capsule endoscopy revealing Crohn’s ulcers. Eligible
patients had no response to or unacceptable adverse
events from steroids, immunosuppressive drugs, or antiTNFα drugs.
Two coprimary endpoints in the induction trial,
clinical remission and CDA-100 response, were
evaluated at week 6. A significantly greater proportion
of patients receiving vedolizumab achieved clinical
remission at 6 wk with respect to the placebo group
(14.5% vs 6.8%; p = 0.02) (Table 1). However, the
CDAI-100 response rate was comparable to the placebo
(31.4% vs 25.7%; p = 0.23).
During the maintenance phase, 461 patients
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Table 1 Phase III randomized controlled trials of vedolizumab in patients with ulcerative colitis and Crohn’s disease
Study
GEMINI 1[10] 2013

n (patients)

Setting of trial

Treatment arms

374

Induction

300 mg
Placebo
300 mg 4 weekly
300 mg 8 weekly
Placebo
300 mg
Placebo
300 mg 4 weekly
300 mg 8 weekly
Placebo
300 mg
Placebo

Maintenance

GEMINI 2[11] 2013

368

Induction
Maintenance

GEMINI 3[12] 2015

315

Induction

Clinical response Clinical remission CS-free remission
(%)
(%)
(%)
47.1
25.5
-

31.4
25.7
45.5
43.5
30.1
-

16.9
5.4
44.8
41.8
15.9
14.5
6.8
36.4
39.0
21.6
15.2
12.1

45.2
31.4
13.9
28.8
31.7
15.9
-

Mucosal healing
(%)
40.9
24.8
56.0
51.6
19.8
-

-

Clinical response was defined as a reduction in the Mayo score of at least 3 points plus a decrease of at least 30% from the baseline score, with a decrease in
the rectal bleeding subscore ≥ 1, an absolute rectal bleeding subscore ≤ 1 (GEMINI 1), or as a ≥ 100-point decrease in the CDAI score (GEMINI 2). Clinical
remission defined as a Mayo score of ≤ 2 and no subscore > 1 (GEMINI 1) or as a CDAI score ≤ 150 points (GEMINI 2, GEMINI 3). CS: Corticosteroid.

and phase III randomized controlled studies involving
patients with active CD showed that vedolizumab
increased the rates of clinical remission and CDAI-100
response during the induction phase, although it failed
to meet some of the primary endpoints of the GEMINI 2
[31]
and GEMINI 3 trials .

remission after 104 and 152 wk, respectively. Similarly,
the rates of remission reported by the patients with CD
who responded to the induction phase of the GEMINI 2
study were 83% (n = 100/120) and 89% (n = 62/70)
at the same time points.
An increase in dosing frequency in patients who
had withdrawn early from the GEMINI 1 and GEMINI 2
studies, treated every 8 wk to every 4 wk in the GEMINI
LTS trial, resulted in remission rates of 28% and 32%,
respectively, after 52 wk. Similar improvements were
observed regardless of previous anti-TNFα therapy.
A retrospective evaluation of mucosal healing after
treatment with vedolizumab in patients with IBD
enrolled in the GEMINI LTS study at Leuven University
[33]
Hospital was recently reported . A total of 58 patients
(34 UC, 24 CD), previously exposed to anti-TNFα
therapy, were endoscopically followed for a median
duration of 3.2 years. Mucosal healing, corrected with
non-responder imputation, was reported by 50% of
patients with UC and 29% with CD. Additionally, 32.4%
of patients with UC and 20.8% with CD achieved
histological healing. A significant correlation between
mucosal and histological healing was observed in both
patients with UC and CD.

Long-term efficacy of
vedolizumab in IBD from clinical
trials
An interim analysis of the efficacy data from the
[27,28]
GEMINI LTS study was recently published
. The
GEMINI LTS study is an ongoing, open-label, extension
trial in patients with UC and CD designed to investigate
the long-term safety of vedolizumab in patients with
IBD. In addition, an exploratory evaluation of longterm clinical efficacy was also performed. Patients were
enrolled from the long-term, phase II, C13004 study
and from the GEMINI 1, GEMINI 2, and GEMINI 3 trials.
A remaining part of the population consisted of patients
with IBD who were vedolizumab-naïve who were
included directly into the GEMINI LTS trial. A total of
894 patients with UC and 1349 with CD were enrolled in
the GEMINI LTS. All patients received vedolizumab 300
mg iv every 4 wk.
Populations evaluated during the efficacy analysis of
the GEMINI LTS included only patients with moderateto-severe UC (532/894) or CD (1297/1349); patients
from the C13004 study were excluded because some
patients with mild IBD were enrolled in this study.
Outcomes of clinical response and remission,
evaluated using a partial Mayo score in UC and the
[32]
Harvey-Bradshaw Index
in CD, were assessed
after up to 152 wk of therapy. The results showed
that among patients with UC having a response to
vedolizumab at week 6 in the GEMINI 1 study, 88%
(n = 120/136) and 96% (n = 70/73) were in clinical
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Effectiveness of vedolizumab in
patients with IBD from real-world
studies
Several prospective and retrospective real-life studies
of vedolizumab in patients with moderate-to-severe UC
and CD have been published by authors from Europe
[15-26]
and the United States
.

European real-life studies

To date, the French GETAID group (Groupe d’ Etude
Therapeutique des Affections Inflammatoires du tube
Digestif) has published the largest real-world cohort
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Table 2 Real-world studies on vedolizumab in patients with inflammatory bowel disease, Crohn’s disease, or ulcerative colitis
Study author (country) years
Amiot et al[15,16] (France), 2016-2017
Eriksson et al[19] (Sweden), 2017
Baumgart et al[17] (Germany), 2016
Dulai et al[23] (United States, multicentre), 2016
Kopylov et al[20] (Israel), 2017
Shelton et al[24] (United States, Boston), 2015
Macaluso et al[22] (Italy, Sicily), 2018
Allegretti et al[26] (United States, Boston), 2017
Stallmach et al[18] (German Registry), 2016
Vivio et al[25] (United States, Saint Louis), 2016
Samaan et al[21] (United Kingdom), 2017
Total

IBD

CD

UC

294
246
212
212
204
172
163
136
127
102 (51)2
50
1.918

173
147
97
212
130
107
84
96
67
30
27
1.170

121
991
115
741
651
79
40
60
21
231
697

UC + IBD unclassified; 2102 patients started vedolizumab, and 51 patients were followed prospectively. IBD: Inflammatory bowel disease; CD: Crohn’s
disease; UC: Ulcerative colitis.
1

A
Clinical response
Clinical remission

70

Steroid-free remission

60
50
40
30
20
10
0
Amiot

Baumgart

Kopylov

Shelton

Stallmach

Samaan

B

Clinical response
Clinical remission
Steroid-free remission

70
60
50
40
30
20
10
0
Amiot

Baumgart

Kopylov

Shelton

Stallmach

Samaan

Figure 2 Real-world studies with vedolizumab in patients with ulcerative colitis (A) and Crohn’s disease (B): Results at week 14.

comprising 294 patients with moderately to severely
active IBD who were followed prospectively until week
[15,16]
54
(Table 2). Almost all patients had previously
failed at least one anti-TNFα agent, with 91% having
failed two. Patients received vedolizumab 300 mg iv
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at weeks 0, 2, and 6 then every 8 wk afterward up
to week 52. At week 6, 32% of patients with UC and
31% with CD were in clinical remission. The primary
outcome of the induction study, steroid-free clinical
remission at week 14, was reported by 36% and 31%
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[15]

of patients with UC and CD, respectively
(Figure 2A
and B). At week 54, steroid-free clinical remission rates
were 40.5% in patients with UC and 27.2% in patients
[16]
with CD . Mucosal healing, assessed between weeks
30 and 54, occurred in 54.8% of patients with UC and
29.8% with CD. However, it was evaluated in only a
small proportion of the population, and it is possible
that patients with active disease were reassessed less
frequently. A significant number of patients experienced
inadequate response or loss of response during the
year of treatment, and vedolizumab therapy was
optimized (300 mg every 4 wk) in 54% of patients.
Dose optimization induced or restored clinical response
in 41% of patients, of whom 30% achieved clinical
remission.
Predictors of clinical effectiveness were assessed
by the authors, who found that a clinical response at
week 6, baseline CRP > 20 mg/L, and a higher baseline
disease activity were predictive of steroid-free remission
[15]
at week 14 in both groups . In addition, patients
with UC and CD who achieved a clinical response at
week 6 were more likely to achieve steroid-free clinical
[16]
remission at week 54 (p < 0.001) .
A German National cohort study prospectively
included 212 patients with IBD, most of whom were
[17]
anti-TNFα experienced (Table 2). The results showed
that clinical remission at week 6 was reached by 11.3%
and 15.5%, and at week 14 by 23.5% and 23.7%,
of patients with UC and CD, respectively (Figure 2A
and B). This group identified a low HBI at baseline
and hospitalization in the past 12 mo as independent
predictors of clinical remission at week 14 in patients
with CD.
These data were followed by a longer-term study
that included some patients from the previous German
induction cohort as well as additional patients with
[18]
IBD
(Table 2). Based on nonresponding imputation
analysis, clinical remission was observed in 22% and
19% of patients with UC and CD, respectively, at week
14 (Figure 2A and B). Clinical remission at week 54
was reported by 15/60 (25%) patients with UC and
14/67 (21%) patients with CD. Nonresponse status at
week 14 was an indicator of a low likelihood of clinical
response and remission at week 54 in patients with
both diseases. In addition, the reduction of CRP at week
14 in patients with UC and CD, and of faecal calprotectin
in patients with UC, was predictive of clinical remission
at week 54.
More recently, a large prospective cohort based
on the Swedish National Quality Registry for IBD
(SWIBREG), evaluating the data at week 12, 52 and
the last follow-up, reported that clinical remission was
obtained with vedolizumab after 52 wk in 64% and
60% of patients with UC and CD, respectively, 86% of
[19]
whom had previously used TNFα inhibitors
(Table
2). Elevated CRP at baseline and prior use of anti-TNFα
were associated with a higher risk of vedolizumab
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discontinuation.
The large, Israeli, real-world study in patients with
IBD who had high rates of previous anti-TNFα therapy,
showed similar efficacy of vedolizumab in patients with
[20]
UC and CD (Table 2; Figure 2A and B). A retrospective
cohort of 50 patients with IBD from the UK demonstrated
similar rates of effectiveness compared to the other real[21]
world studies (Table 2; Figure 2A and B).
Very recently, real-world data on the effectiveness
of vedolizumab on gut and articular symptoms in 163
[22]
patients with IBD were reported by an Italian group
(Table 2). Steroid-free remission was observed in 71
(43.6%; UC: 45.6%, CD: 41.7%) and 29 (40.8%;
UC: 40.0 %, CD: 41.7%) patients at weeks 10 and 22,
respectively. At the same time points, a response on
articular symptoms was achieved in 39.5% and 45.4%
of patients with IBD who had active spondyloarthritis
at baseline. The only factor associated with response
on articular manifestations was the coexistence of a
concomitant intestinal benefit at both weeks 10 and 22.
These data suggest that the improvement of articular
symptoms could be mainly related to the intestinal
response.

United States real-world studies

A large real-world cohort in the United States was
published by the US VICTORY (Vedolizumab for Health
Outcomes in Inflammatory Bowel Diseases) consortium
and included 212 patients with CD, 90% of whom were
[23]
TNFα-antagonist exposed (Table 2). This retrospective
study of seven medical centres from across the United
States reported rates of clinical remission of 18%, 35%,
and 54% at 6, 12 and 18 mo, respectively. Prior TNFαinhibitor use, severe disease activity, active perianal
disease, and smoking history were associated with a
lower likelihood of achieving clinical remission. Cumulative
rates of mucosal healing and “deep remission” (defined as
a combination of clinical remission and mucosal healing)
after 12 mo were observed in 63% and 26% of patients
with CD, respectively. Patients with previous anti-TNFα
treatment and severe disease activity were less likely to
obtain mucosal healing.
In another study from the United States, two centres
in Boston enrolled 172 patients with IBD, almost all with
[24]
previous use of TNFα antagonist
(Table 2). Similar
rates of clinical response, clinical remission, and steroidfree remission at week 14 were reported by patients
with UC and CD (Figure 2A and B). Early response at
week 6 was a significant predictive factor of week 14
response/remission in patients with UC, with a trend
toward significance in those with CD. Elevated CRP (> 8
mg/L) at baseline was associated with a lower likelihood
of achieving clinical response/remission in patients with
both diseases.
[25]
Vivio et al
reported data on 102 patients with
IBD, of whom 51 were followed prospectively (Table
2). At week 14, 55% of the patients with UC in the
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[15,20,23,24,41]

prospective cohort achieved clinical remission. Rates
of mucosal healing and endoscopic improvement after
a median treatment duration of 22 wk were higher in
patients with UC (69% and 76%) than in patients with
CD (30% and 52%).

IBD
. These data are in line with the finding
that combination therapy did not lead to higher early
[38]
vedolizumab trough levels . A potential explanation
is the low immunogenic profile of vedolizumab, which
[42,43]
differs from that of anti-TNFα agents
. Currently, only
a multicentre study and a recent case series showed
that the addition of an immunomodulatory agent to
vedolizumab was associated with an increased clinical
[26,44]
response and remission in patients with CD and UC
.
Further studies are needed to better define this aspect.

Combination of vedolizumab and
anti-TNFα agents in the treatment
of IBD
The combination of vedolizumab and anti-TNFα drugs
(infliximab or adalimumab) in the treatment of IBD was
very recently reported by a case series of 6 patients
[34]
with UC and 4 patients with CD . Before combination
therapy, all patients were treated with anti-TNFα,
however they still had an active disease even after the
optimization of the dosage and/or the infusion interval.
At the time of inclusion 4 patients received concomitant
immunomodulators and 1 patient received systemic
corticosteroid. The patients were prospectively followed
for at least 12 mo (median 17 mo) and at the end
of the follow-up period all patients achieved clinical
remission, and 8 out of 10 could stop the anti-TNFα
treatment.
In 2 case reports previously published vedolizumab
was successfully used in association with an antiTNFα drug for the treatment of a patient with chronic
refractory pouchitis and axial spondylarthritis and a
[35,36]
patient with CD and erythema nodosum
.
These data suggest that combination treatment of
vedolizumab and anti-TNFα therapy might represent
a therapeutic option in selected patients with IBD,
however further larger studies are needed.

Safety of vedolizumab from
randomized controlled trials
and real-world studies
Safety data on vedolizumab have been evaluated
from four double-blind and two open-label trials in an
analysis that included over 2800 vedolizumab-exposed
[45]
patients with IBD who were treated for up to 5 years .
A very good safety profile and minimal immunogenicity
were reported.
The risk of progressive multifocal leukoencephalopathy
(PML) is a potential safety concern for drugs that block
lymphocyte migration. More than 500 cases have
[46]
occurred in natalizumab-treated patients . However,
no cases of PML have been observed during treatment
with vedolizumab according to the concept that the
gut selectivity of vedolizumab is protective against the
[47]
development of PML .
Vedolizumab is not associated with an increased risk
of serious or opportunistic infections, and few patients
(< 1%) discontinued therapy because of infection. The
most common events were upper respiratory tract
infections, which accounted for approximately half
of the total infections. Lower respiratory tract, lung
infections, and abdominal and enteric infections were
reported with similar rates as those in the placebo
group. Serious infections including sepsis, Clostridium
difficile infections, and tuberculosis occurred very rarely
(≤ 0.6% of patients). Independent risk factors for
serious infections were younger age (HR = 0.97) and
concomitant steroid use (HR = 1.88) in patients with
CD, and prior anti-TNFα failure (HR = 1.99) in patients
with UC. Concomitant narcotic analgesic use was a risk
factor for patients with both CD and UC (HR = 2.72 and
HR = 2.68, respectively).
The rate of malignancy was consistent with that
generally reported in patients with IBD.
A total of 23 hepatobiliary events were observed
among vedolizumab-treated patients, most of which
were hepatic steatosis and transaminase increases.
Five hepatic events were considered serious and
vedolizumab was interrupted. Appropriate treatment
resulted in resolution or near resolution of the liver
abnormalities.
Infusion-related reactions occurred in ≤ 5% of

Predictors of response to
vedolizumab
Several factors have been evaluated as predictors of
response and remission to vedolizumab and a recent
[37]
review summarized the current data . Overall, patients
with less disease activity (by clinical and inflammatory
indices), naïve to TNFα inhibitors, and having higher
[38-40]
vedolizumab trough levels at induction
had a
greater likelihood of responding to treatment in both
disease groups.
Concomitant immunomodulatory treatment was not
associated with improved results in the GEMINI 1 and 2
[10,11]
studies
. However, the interpretation of these data
is limited by the small sample size of patients receiving
concomitant immunomodulators and their interruption
during the maintenance period in both trials. In addition,
the studies were not designed to address outcomes in
patients on combination immunosuppressive therapy.
No consistent benefit of adding an immunomodulatory
agent to vedolizumab was observed in some realworld studies and in a small group of patients with
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patients, and < 1% of patients discontinued the infusion
or received an incomplete dose. Transient anti-drug
antibodies were reported by 4% of subjects enrolled in
the GEMINI 1 and GEMINI 2 trials, suggesting that loss
of response related to the development of anti-drug
antibodies may be a rare event.
Additionally, a post-hoc analyses of the GEMINI 1
and GEMINI 2 studies did not report any significant
differences in infections or other adverse events amongst
the age groups, confirming a good safety profile in older
[48]
(> 55 years) patients .
No higher rate of adverse events than the one
expected with anti-TNFα therapy alone was observed in
the small series of patients treated with a combination
of vedolizumab and anti-TNFα agents.
The good safety profile of vedolizumab may be
related to its mechanism of action, which is characterized
by a gut-selectivity, without systemic action.
Cumulative evidence from real-world studies has not
pointed out any relevant differences in infectious and
noninfectious adverse events compared to those seen
[49]
in the RCTs . Therefore, postmarketing data have
confirmed the favourable safety profile of vedolizumab
observed in the GEMINI program.

overall rate of adverse events similar to that reported
in the placebo group. In addition, an increasing amount
of real-world data has confirmed the reassuring safety
profile of vedolizumab over an extended treatment
period.
In conclusion, vedolizumab has demonstrated effi
cacy and safety in patients who failed TNF-α antagonists,
and should therefore be considered a valid second-line
induction and maintenance therapy for these patients.
In addition, along with other biologic drugs, vedolizumab
should be considered as a first-line treatment for steroiddependent and steroid-refractory patients and for patients
not responding or intolerant to immunosuppressant
agents, thanks to its favourable safety profile. Although
head-to-head prospective trials to compare the safety
of biologic drugs are not available, in patients in whom
it is preferable to avoid systemic immunosuppression
(patients with high risk of opportunistic infections or the
[55,56]
elderly
), vedolizumab may be a safer alternative.
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Core tip: Nonalcoholic steatohepatitis (NASH) is increa
singly prevalent as a remarkable problem worldwide.
Increased evidence indicates the critical role of gut
microbiota in NASH progression. We aimed to investigate
the dynamic alterations in the gut microbiota and the
related metabolites during NASH development in mice
fed a methionine-choline-deficient (MCD) diet. We for the
first time find that the MCD diet may induce persistent
gut microbiota and metabolome deterioration.

Abstract
AIM
To investigate changes in gut microbiota and me
tabolism during nonalcoholic steatohepatitis (NASH)
development in mice fed a methionine-choline-deficient
(MCD) diet.

Ye JZ, Li YT, Wu WR, Shi D, Fang DQ, Yang LY, Bian XY,
Wu JJ, Wang Q, Jiang XW, Peng CG, Ye WC, Xia PC, Li LJ.
Dynamic alterations in the gut microbiota and metabolome
during the development of methionine-choline-deficient dietinduced nonalcoholic steatohepatitis. World J Gastroenterol
2018; 24(23): 2468-2481 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i23/2468.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i23.2468

METHODS
Twenty-four male C57BL/6J mice were equally divided
into four groups and fed a methionine-choline-sufficient
diet for 2 wk (Control 2w group, n = 6) or 4 wk
(Control 4w group, n = 6) or the MCD diet for 2 wk
(MCD 2w group, n = 6) or 4 wk (MCD 4w group, n =
6). Liver injury, fibrosis, and intestinal barrier function
were evaluated after 2 and 4 wk of feeding. The fecal
microbiome and metabolome were studied using 16s
rRNA deep sequencing and gas chromatography-mass
spectrometry.

INTRODUCTION
The prevalence of nonalcoholic fatty liver disease (NAFLD),
the most common chronic liver disease worldwide,
is increasing, encompassing a pathological spectrum
from simple steatosis to nonalcoholic steatohepatitis
[1]
(NASH) . NASH is a liver characteristic of metabolic
syndrome, accounting for lipid accumulation and hepatic
[2]
inflammation and is projected to be the main indication
[3]
for liver transplantation in the next decade . NASH is
commonly associated with type 2 diabetes, cardiovascular
[4,5]
disease, and end-stage kidney disease , and no
approved pharmacological therapies currently exist for
[6]
NASH .
Recently, compelling evidence has indicated the
critical role of the gut microbiota in the pathogenesis
[7]
and progression of NAFLD to NASH . Normally, the
commensal gut microbiota and the host maintain a
beneficial symbiotic relationship. The liver may function as
a vascular firewall, mediating mutualism between the host
[8]
and the intestinal commensal bacteria . This intimate
connection between the gastrointestinal tract and liver
defines the term gut-liver axis. However, gut microbiota
dysbiosis increases the influx of harmful substances,
such as lipopolysaccharide (LPS), ethanol, and bacterial
DNA, into the liver through portal vein circulation and
[9,10]
promotes NASH development
. Currently, early and
noninvasive diagnosis of NASH with high sensitivity and
specificity remains challenging. Metabolomics, along
with other “omics” technologies, helps provide a detailed
understanding of biochemical events using the systems
biology approach and facilitates early diagnosis and
[11]
exploitation of treatment strategies .
Despite the importance of the gut microbiota and
metabolome in NASH, detailed information regarding
their role during NASH development is limited. The

RESULTS
The mice fed the MCD diet presented with simple hepa
tic steatosis and slight intestinal barrier deterioration
after 2 wk. After 4 wk of feeding with the MCD diet,
however, the mice developed prominent NASH with liver
fibrosis, and the intestinal barrier was more impaired.
Compared with the control diet, the MCD diet induced
gradual gut microbiota dysbiosis, as evidenced by a
marked decrease in the abundance of Alistipes and
the (Eubacterium ) coprostanoligenes group (P < 0.001
and P < 0.05, respectively) and a significant increase in
Ruminococcaceae UCG 014 abundance (P < 0.05) after
2 wk. At 4 wk, the MCD diet significantly reduced the
promising probiotic Bifidobacterium levels and markedly
promoted Bacteroides abundance (P < 0.05, and P < 0.01,
respectively). The fecal metabolomic profile was also
substantially altered by the MCD diet: At 2 wk, arachidic
acid, hexadecane, palmitic acid, and tetracosane were
selected as potential biomarkers that were significantly
different in the corresponding control group, and at 4 wk,
cholic acid, cholesterol, arachidic acid, tetracosane, and
stearic acid were selected.
CONCLUSION
The MCD diet induced persistent alterations in the gut
microbiota and metabolome.
Key words: Nonalcoholic steatohepatitis; Methioninecholine deficient diet; Gut microbiota; Metabolome;
Nonalcoholic fatty liver disease
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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purpose of the present study was to investigate dyna
mic alterations in the gut microbiota and metabolome
during the development of methionine-choline-deficient
(MCD) diet-induced NASH in a mouse model.

the total tissue region and represented the average of
six randomly selected fields from each section.

Oil red O staining and liver triglyceride assay

Frozen liver sections fixed in OCT (10 µm) were stained
with Oil red O (Sigma-Aldrich, St. Louis, MO, United
States). Images were captured using the abovemen
tioned NanoZoomer Digital Pathology system. To quantify
intrahepatic lipid accumulation, the mean optical density
of the red intensity was assessed using Image-Pro Plus
software.
The liver triglyceride (TG) content was determined
using a commercial kit from Applygen Technologies Inc.
(Beijing, China) according to the manufacturer’s protocols,
and the final TG concentrations were normalized to the
corresponding protein content.

MATERIALS AND METHODS
Animals and treatments

The animal protocol was designed to minimize the animals’
pain or discomfort and was approved by the Animal Care
Committee of Zhejiang University School of Medicine
(Permit number: 2017-591). Male C57BL/6J mice (8 wk
old) were purchased from SLAC Laboratory (Shanghai,
China). After their arrival, the mice were acclimatized for
1 wk in a specific pathogen-free environment (23 ℃, 12
h/12 h light/dark, 50% humidity, and ad libitum access
to food and water) prior to experimentation. The mice
were fed a methionine-choline-sufficient diet (Research
Diet, New Brunswick, United States) for 2 wk (the Control
2w group, n = 6) or 4 wk (the Control 4w group, n = 6).
Alternatively, the mice were fed an MCD diet (Research
Diet) for 2 wk (the MCD 2w group, n = 6) or 4 wk
(the MCD 4w group, n = 6). The diet specifications are
summarized in Supplementary Table 1. After 2 or 4 wk on
the diet, the mice were euthanized by an intraperitoneal
injection of 4% chloral hydrate (with 1 mg/100 mL of
atropine, to inhibit respiratory secretions) for tissue
collection.

Immunohistochemistry and immunofluorescence
staining

Paraffin-embedded liver sections were stained for F4/80
(anti-active macrophage) (Abcam, Cambridge, United
Kingdom) and α-SMA (fibrosis hallmark) with immuno
histochemistry (IHC) staining procedures as previously
[14]
detailed . Briefly, liver sections were incubated with a
specific primary antibody, followed by incubation with
horseradish peroxidase (HRP)-linked secondary antibody
(Dako, Glostrup, Denmark) and 3,3’-diaminobenzidine;
the sections were then scanned with the NanoZoomer
Digital Pathology system. Image-Pro Plus software
was used to count F4/80+ cells and quantitatively
analyze the staining intensity of α-SMA as previously
[13]
described . Six fields of view were randomly selected
in each section.
Likewise, paraffin-embedded colon sections were
stained for Zonula occludens-1 (ZO-1) (intestinal barrier
hallmark) (Proteintech, Rosemont, IL, United States)
with standard immunofluorescence staining procedures
[15]
as previously detailed . Briefly, sections were incubated
with the rabbit polyclonal ZO-1 antibody, followed by
incubation with Texas Red-conjugated goat anti-rabbit
antibody (Jackson ImmunoResearch, West Grove, PA,
United States) and 4’,6-diamino-2-phenyl indole (DAPI),
and images were captured using a Zeiss LSM T-PMT
confocal microscope (Zeiss, Jena, Germany).

Sample collection

Fecal samples were collected from all mice upon defecation
and were stored at -80 ℃ for further procedures. Blood
samples were centrifuged (3000 rpm, 15 min) for serum
separation, and all serum aliquots were stored in a -80 ℃
freezer. Liver and colon samples were fixed in either
neutral-buffered formalin or optimal cutting temperature
(OCT)-embedding media for histological staining or were
snap-frozen in liquid nitrogen and kept in a -80 ℃ freezer
for further procedures.

Histopathological evaluation of liver tissue

Paraffin-embedded liver sections were stained with
hematoxylin-eosin (HE) or Masson’s trichrome to
detect liver injury or fibrosis. The stained sections were
scanned using a NanoZoomer Digital Pathology system
(Hamamatsu Photonics, KK, Japan), which digitally
scanned the sections into a particular image format
for further assessment. The HE-stained sections were
scored in accordance with the NAFLD activity score
(NAS) system (score 0-2: Not NASH, 3-4: Borderline
[12]
NASH, and 5-8: NASH) . Six fields from each section
were selected and analyzed at 200 × magnification. The
Masson’s trichrome-stained sections were analyzed to
quantify fibrosis using Image-Pro Plus software (version
6.0, Media Cybernetics, Rockville, United States) as
[13]
previously detailed . For each section, the blue area
(collagen) was normalized to the red area (hepatocyte).
The fibrosis index (%) was calculated as a percent of
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Microbial community analysis of fecal samples

Total DNA was extracted from fecal samples with a
QIAamp fast DNA stool mini kit (Qiagen, Valencia, CA,
United States) following the manufacturer’s handbook.
After determining the DNA concentration and integrity,
an amplicon sequencing library was constructed based
on the PCR-amplified V3-V4 variable regions of 16s
rDNA. Then, the qualified libraries were paired-end
sequenced on an Illumina MiSeq platform according
to manufacturer’s procedures. Raw sequencing data
were subjected to filtration using Trimmomatic, FLASH,
and QIIME software. Then, clean reads were clustered
into operational taxonomic units (OTUs) using UPARSE
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Table 1 Effects of the methionine-choline-deficient diet on nonalcoholic fatty liver disease activity score, alanine aminotransferase,
aspartate aminotransferase, and hepatic triglycerides levels

NAS
Steatosis
Inflammation
Ballooning
TG (nmol/mg protein)
ALT (U/L)
AST (U/L)

Control 2w

MCD 2w

Control 4w

MCD 4w

0.17 ± 0.17
0.00 ± 0.00
0.00 ± 0.00
0.17 ± 0.17
179.41 ± 21.72
19.33 ± 0.88
105.50 ± 10.55

1.17 ± 0.17a
1.17 ± 0.17b
0.00 ± 0.00
0.00 ± 0.00
592.88 ± 55.84b
413.83 ± 81.77a
327.33 ± 39.92a

0.33 ± 0.21
0.33 ± 0.21
0.00 ± 0.00
0.00 ± 0.00
204.45 ± 6.76e
34.83 ± 2.64b,d
109.83 ± 11.91d

4.83 ± 0.31c,f,j
2.50 ± 0.22c,e,j
1.17 ± 0.17b,e,i
1.17 ± 0.31
731.60 ± 113.46a,h
974.17 ± 163.00a,h
749.677 ± 92.34b,d,i

a

P < 0.05, bP < 0.01 and cP < 0.001 vs Control 2w group, dP < 0.05, eP < 0.01 and fP < 0.001 vs MCD 2w group, hP < 0.05, iP < 0.01 and jP < 0.001 vs Control
4w group. The data are shown as the means ± SEM of 6 mice per group. MCD: Methionine-choline-deficient; NAS: NAFLD activity score; NAFLD:
Nonalcoholic fatty liver disease; TG: Triglycerides; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

software with a 97% threshold. The representative
read from each OTU was selected using the QIIME
[16]
package . Representative OTU sequences were
annotated and taxonomically classified using Ribosomal
Database Project (RDP) Classifier v.2.2, trained on the
[17]
Silva database version 123 . The linear discriminant
analysis (LDA) effect size (LEfSe) method (http://
huttenhower.sph.harvard.edu/galaxy/) was applied
to differentiate taxa with statistical significance and
[18]
biological relevance .

normalized peak areas; metabolites with VIP values > 1
and P values < 0.05 were included.

Statistical analysis

The data are shown as the means ± SEM, and the
Kolmogorov-Smirnov test was performed to assess data
normality. For most data, one-way ANOVA with Tukey’s
post hoc test was used to determine the significance
between the groups. The Wilcoxon rank sum test was
used to evaluate alpha diversity and principal coordinates
between the different cohorts in the 16s sequencing
analysis. Analysis of similarities (ANOSIM) was performed
to test for microbial community clustering according to
unweighted UniFrac distance matrices. P values < 0.05
were considered significant. The data were analyzed
using SPSS version 17.0 for Windows (SPSS Inc.,
Chicago, IL, United States).

Metabolomic profiling analysis of fecal samples

Metabolomic profiling analysis was performed as pre
[19]
viously described with slight modification. Briefly, fecal
metabolites were extracted by mixing 15 mg of feces
with 800 μL of ice-cold methanol. After homogenization
and centrifugation, the supernatant was transferred
into an Eppendorf tube containing 20 μL of 1 mg/mL
heptadecanoic acid as the internal standard. Then, the
sample was dried using a nitrogen stream (Aosheng,
Hangzhou, China). The residue was reconstituted in 50 μL
of 15 mg/mL methoxylamine hydrochloride in anhydrous
pyridine and was incubated at 37 ℃ for 24 h. Then,
50 μL of N,O-bistrifluoroacetamide (BSTFA) [with 1%
trimethylsilyl chloride (TMCS)] (Sigma-Aldrich, St. Louis,
MO, United States) was added to the mixture, and the
sample was incubated at 70 ℃ for 120 min. Metabolomic
analysis was performed with a gas chromatographymass spectrometry (GC-MS) on an Agilent 7890A GC
system coupled to an Agilent 5975C inert mass selective
detector (MSD) system (Agilent Technologies, Santa
Clara, CA, United States). For data analysis, ChemStation
software (version E.02.02.1431), and ChromaTOF
software (version 4.34, LECO, St. Joseph, MI, United
States) were used. Metabolites were identified by the
National Institute of Standards and Technology (NIST)
and Fiehn databases. Principal component analysis (PCA)
and orthogonal partial least-squares-discriminant analysis
(OPLS-DA) were performed to visualize metabolic
differences among the experimental groups. Differential
metabolites were selected according to the statistically
significant VIP values obtained from the OPLS-DA model,
and the P values from two-tailed Student’s t-tests on the
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RESULTS
MCD diet resulted in gradual liver injury and intestinal
barrier impairment

After 2 wk, the mice fed the MCD diet developed simple
hepatic steatosis: the liver showed predominantly micro
vesicular fat accumulation without lobular inflammation
and ballooning (Figure 1A, Table 1). Hepatic steatosis was
significantly increased in the MCD 2w group compared
with that in the Control 2w group, as further indicated by
Oil red O staining and hepatic TG quantification (Figure
1B and D, Table 1). No significant difference was found in
the number of F4/80+ cells between the MCD 2w group
and the Control 2w group (Figure 1C and E). Compared
with the Control 2w group, the MCD 2w group presented
significantly increased serum alanine aminotransferase
(ALT) (P < 0.01) and aspartate aminotransferase (AST)
(P < 0.01) levels (Table 1). Evidence of liver fibrosis was
not found, as shown by Masson’s trichrome and α-SMA
immunohistochemical staining (Figure 2). Intestinal barrier
[10]
destruction is associated with NAFLD progression ;
therefore, we detected tight junction protein expression
in the colon, where the most abundant gut microbiota
[20]
reside . ZO-1 immunostaining revealed that the colon
tissues of the mice in the MCD 2w group exhibited
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Figure 1 Methionine-choline-deficient diet induced hepatic injury, fat accumulation, and macrophage infiltration. A-C: Representative liver histology assessed
by HE staining (A), Oil red O staining (B), and macrophages (F4/80) staining (C). Scale bar: 250 μm. D: Representative staining intensities of Oil red O as designated
by mean optical density. E: Percentage of F4/80 positive cells. The data are given as the means ± SEM. n = 6 per group. cP < 0.001 vs Control 2w group, eP < 0.01
and fP < 0.001 vs MCD 2w group, jP < 0.001 vs Control 4w group by post hoc ANOVA one-way statistical analysis. MCD: Methionine-choline-deficient.

and C). Immunohistochemical analysis further confirmed
our result: α-SMA protein expression was significantly upregulated in the MCD 4w group compared with that in
the Control 4w group (Figure 2B and D). Intestinal barrier
function was further impaired in the mice fed the MCD diet
for 4 wk compared with that in the mice fed the control
diet, as revealed by ZO-1 immunostaining (Figure 3).

increased disruption and disorganization on the apical
surface and in the crypts (Figure 3).
As expected, the mice in the MCD 4w group developed
prominent NASH, as evidenced by major hepatic steatosis
with lobular inflammation and ballooning hepatocytes in
the liver (Figure 1A, Table 1). Oil red O staining and hepatic
TG quantification also revealed that fat accumulation
was significantly increased in the livers of the mice fed
the MCD diet for 4 wk (the MCD 4w group) compared
with that in the mice fed the control diet for 4 wk (the
Control 4w group) (Figure 1B and D, Table 1). F4/80+
cell infiltration was significantly increased in the MCD 4w
group compared with that in the Control 4w group (Figure
1C and E). In addition, we found that the mice in the MCD
4w group exhibited indications of liver fibrosis, including
periportal and interstitial collagen deposition (Figure 2A

WJG|www.wjgnet.com

MCD diet induced gradual gut microbiota dysbiosis

The MCD diet clearly altered the gut microbiota con
figuration. No significant differences were observed in
alpha diversity between the control and MCD groups
after 2 and 4 wk of treatment, as estimated by the
Chao1, Shannon, and Simpson indices (data not shown).
However, these two groups were clearly separated
into different clusters at 2 wk (ANOSIM, P < 0.01, r =
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Figure 2 Methionine-choline-deficient diet induced liver fibrosis after 4 wk of feeding. A-B: Representative liver histology assessed by Masson’s trichrome
staining (A) and α-SMA staining (B). Scale bar: 250 μm. C: Percent of Masson’s trichrome-stained area as indicated by the fibrosis index (%). D: Representative
staining intensities of α-SMA as designated by the mean optical density. The data are given as the means ± SEM. n = 6 per group. aP < 0.05 and bP < 0.01 vs Control
2w group, dP < 0.05 and eP < 0.01 vs MCD 2w group, hP < 0.05 and iP < 0.01 vs Control 4w group by post hoc ANOVA one-way statistical analysis. MCD: Methioninecholine-deficient.

0.6352) and at 4 wk (ANOSIM, P < 0.01, r = 0.9074)
in the unweighted UniFrac principal coordinate analysis
(PCoA), which was performed to calculate the betadiversity values (Figure 4A). The most abundant taxa
at the phylum, family, and genus levels are shown
in Figure 4B-D. At the phylum level, Tenericutes was
increasingly more abundant in the fecal microbiota of
the MCD group compared with that of the control group
at 2 and 4 wk (P < 0.05, and P < 0.01, respectively),
while Verrucomicrobia was consistently less abundant in
the MCD group at 2 and 4 wk (P < 0.05, and P < 0.05,
respectively). Compared with the control group, the MCD
group had a significantly higher abundance of Firmicutes
and a significantly reduced abundance of Proteobacteria
at 2 wk (P < 0.001, and P < 0.05, respectively). At 4
wk, the abundance of Actinobacteria was significantly
lower in the MCD group than that in the corresponding
control group (P < 0.01). At the family level, the relative
abundance levels of Rikenellaceae, Desulfovibrionaceae,
and Verrucomicrobiaceae were persistently reduced
in the MCD group compared with those in the control
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group at 2 wk (P < 0.001, P < 0.05, and P < 0.05
respectively) and at 4 wk (P < 0.05, P < 0.05, and P
< 0.05 respectively). The relative abundance of the
Bacteroidales S24-7 group was significantly lower in the
MCD group than that in the control group at 2 wk (P <
0.01), while Ruminococcaceae was significantly higher
in the MCD group (P < 0.05). Compared with the control
group, the MCD group had significantly higher abundance
levels of Bacteroidaceae and Enterobacteriaceae at 4 wk
(P < 0.01, and P < 0.05 respectively) and a significantly
reduced abundance of Bifidobacteriaceae (P < 0.05).
At the genus level, the abundance of the Rikenellaceae
RC9 gut group was significantly reduced in the MCD
group compared with that in the control group at 2 and
4 wk (P < 0.001, and P < 0.05, respectively). Compared
with the control group, the MCD group presented with
marked decreases in the abundance levels of Alistipes
and (Eubacterium) coprostanoligenes at 2 wk (P < 0.001,
and P < 0.05, respectively) and a significant increase
in Ruminococcaceae UCG 014 abundance (P < 0.05).
However, at 4 wk, the MCD diet significantly reduced the
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Figure 3 Methionine-choline-deficient diet resulted in gradual intestinal barrier impairment. Representative colon histology was assessed by ZO-1
immunofluorescence staining. Scale bar: 100 μm. The data are given as the means ± SEM. MCD: Methionine-choline-deficient.

MCD diet altered the fecal metabolomic profile during
NASH progression

abundance of the promising probiotic Bifidobacterium
and markedly promoted Bacteroides abundance (P <
0.05, and P < 0.01, respectively).
To characterize further the distinguishing phylotypes
in the gut microbiota of the two groups, LEfSe analysis
was performed. No significant differences were found
between the MCD 2w group and Control 2w group. At 4
wk, however, we found that the MCD diet increased the
abundance levels of Anaerotruncus, Bilophila, SMB53,
Clostridium, Anaeroplasma, Turicibacter, Helicobacteraceae,
Flexispira, and Bacteroides [LDA score (-log10) > 4.8]
and decreased the abundance levels of Allobaculum,
S24-7, Bifidobacterium, Adlercreutzia, Lachnospiraceae,
Akkermansia, Sutterella, Desulfovibrionaceae, Porphyromo
nadaceae, Parabacteroides, and Erysipelotrichaceae [LDA
score (log10) > 4.8] (Figure 4E and F).
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Using an untargeted strategy, we studied the fecal
metabolome associated with functional characteristics
of the gut microbiome, and a total of 322 metabolites
were ultimately identified and quantified.
2
2
The PCA model was established (R X = 0.526, Q =
0.223), corresponding to the four groups (the Control
2w group, MCD 2w group, Control 4w group, and MCD
4w group) (Figure 5A), and the score plot showed
a clustering tendency in the first predictive principal
component (X axis) and second predictive principal
component (Y axis). Then, an OPLS-DA model was
constructed. As depicted in Figure 5B, the score plot in
the direction of the X axis (the first predictive principal
component) and Y axis (the first orthogonal principal
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Figure 4 Methionine-choline-deficient diet induced gut microbiota dysbiosis. A: PCoA plot of the microbiota based on unweighted UniFrac metric. Each symbol
represents one sample (n = 6 per group). B-D: Top most abundant taxa at the phylum (B), family (C), and genus (D) levels. E: LEfSe cladogram represented taxon
enriched in the Control 4w group (green) and in the MCD 4w group (red). Rings from the inside out represented taxonomic levels from phylum to genus. Sizes of the
circles indicate the relative abundance levels of the taxa. F: Discriminative biomarkers with an LDA score > 4.8. MCD: Methionine-choline-deficient.

component) showed a significant separation in the
metabolomics datasets among the four groups. The
2
explained variance, R , was 0.968. The cross-validated
2
predictive ability Q was 0.914, indicating that a random
fecal GC-MS spectrum discriminates among the four
groups 91.4% of the time. Therefore, these results
indicate the distinct clustering of the fecal metabolomic
profiles induced by the MCD diet over time. Characteristic
metabolites that had been significantly modified by the
MCD diet were further identified according to the OPLSDA model, with VIP values > 1 and P values < 0.05 (Figure
5E and F, and Supplementary Tables 2 and 3). Ultimately,
103 and 93 metabolites were selected at 2 and 4 wk,
respectively, most of which were mainly associated with
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pathways involved in lipid, amino acid, carbohydrate,
nucleotide, cofactors, and vitamin metabolism. S-plots
were used to identify further potential biomarkers among
the metabolites. As shown in Figure 5C and D, arachidic
acid, hexadecane, palmitic acid, and tetracosane at 2 wk
and cholic acid, cholesterol, arachidic acid, tetracosane,
and stearic acid at 4 wk were the farthest from the
origin and were selected as potential biomarkers due to
their marked contribution to the separation between the
control and MCD groups.

DISCUSSION
To the best of our knowledge, this is the first study to
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Figure 5 Methionine-choline-deficient diet altered the fecal metabolomic profile during nonalcoholic steatohepatitis progression. A: 4-state model of a PCA
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Enterobacteriaceae include many potential pathogens and
LPS-producing bacteria and are significantly increased in
[10]
NASH patients . Furthermore, as evidenced by LEfSe
analysis, the MCD diet favored LPS-producing bacteria
[35,36]
(Bilophila, and Anaeroplasma
), pro-inflammatory
[37,38]
bacteria (Anaerotruncus, and Turicibacter
), and
other opportunistic pathogens (SMB53, Clostridium,
[39-42]
Helicobacteraceae and Flexispira
) after 4 wk of
feeding and inhibited the promising probiotics Sutterella
[43,44]
and Akkermansia
. Therefore, these data indicate an
important role for the microbiota in NAFLD progression to
NASH.
To link the gut microbiota with their functional states,
an untargeted metabolomics analysis was integrated into
this study. A core of the MCD diet-responsive signaling
pathways were involved in lipid, nucleotide, cofactor,
vitamin, carbohydrate, and amino acid metabolism.
S-plots further identified potential biomarkers among
the metabolites during NASH development. Arachidic
acid under-representation and tetracosane overrepresentation were prominent features in the group with
MCD diet-induced steatosis and NASH compared with the
corresponding control groups at 2 and 4 wk. However,
functional exploration of the association between
arachidic acid and tetracosane with non-alcoholic
fatty liver disease has not been well documented and
[45]
warrants further studies. Kuroda et al
reported
that hexadecane causes nonspecific inflammation.
Therefore, we speculated in this study that the increased
hexadecane levels after the MCD diet treatment for 2
wk may contribute to disease progression, although we
have not yet obtained direct evidence for this effect. Jiao
[46]
et al
found that the cholic acid level is increased in
[47]
NASH patients. JianHua et al found that cholic acid is
significantly decreased in humans with NASH, which is
consistent with our study results in the MCD 4w group.
Stearic acid is a potent anti-inflammatory lipid and may
accelerate hepatic dysfunction recovery in a rat model
[48]
of liver injury . Our study found that the stearic acid
level was significantly decreased in the NASH mice after
the MCD diet treatment for 4 wk. Although our study
found an association between altered gut microbiota and
metabolism and NASH, a causative contribution of the
gut microbiota and metabolism to NASH progression has
not been sufficiently documented. Establishing a better
understanding of the gut microbiota and metabolomics
in this disease state will provide beneficial information for
the treatment and prevention of NAFLD.
In conclusion, the MCD diet induced gut microbiota
and metabolome deterioration. Fundamental observa
tions of these alterations will provide new insight into
NASH-associated intestinal disorder and gut-targeted
therapies for NASH.

demonstrate dynamic alterations in the gut microbiota
and metabolome in an experimental model of MCD
diet-induced steatohepatitis: We sought to determine
the key microbiota and metabolites involved in NASH
progression over time.
Mice fed the MCD diet developed simple hepatic
steatosis at 2 wk and prominent NASH at 4 wk. Among the
most abundant taxa, the prevalence of the Rikenellaceae
RC9 gut group in the family Rikenellaceae, family
Desulfovibrionaceae, and family Verrucomicrobiaceae in
the phylum Verrucomicrobia was consistently decreased
at 2 and 4 wk in the MCD-supplemented group com
pared with that in the control group, while the phylum
Tenericutes was consistently increased in the MCDsupplemented group. The phylum Tenericutes was also
increased in the mice fed a high-fat diet and is correlated
[21]
with obesity-associated metabolic characteristics . The
Rikenellaceae RC9 gut group was previously shown to
be decreased in rats with hypertriglyceridemia-related
acute necrotizing pancreatitis and in cows receiving oil
[22,23]
supplementation
, but the specific function of this
taxa remains poorly understood. High Rikenellaceae
abundance is reportedly associated with healthy
[24]
metabolic states , and one study reported the ability
of some of the bacteria in the family Rikenellaceae to
[25]
produce butyrate . Desulfovibrionaceae are known as
sulfate-reducing bacteria that produce hydrogen sulfide
[26]
(H2S) , which has its pros and cons in relation to gut
health. Some studies have demonstrated that H2S
functions as a mucosal barrier breaker and therefore
[27,28]
leads to inflammation
. Regarding the advantages
of H2S, previous studies have reported that H2S is a
crucial mediator in gastrointestinal mucosal defense
[26,29]
and repair and in reducing systemic inflammation
.
Verrucomicrobiaceae abundance is positively correlated
with gastrointestinal health and negatively correlated
[30]
with gut inflammation . Therefore, disrupted barrier
homeostasis, as evidenced by the ZO-1 immunostaining
results in this study, may be associated with a decrease
in MCD-sensitive microbiota.
In this study, we found that Bifidobacterium in the
family Bifidobacteriaceae, Bacteroides in the family
Bacteroidaceae, and the family Enterobacteriaceae
respond to the MCD diet in a time-dependent manner.
The first of these taxa tended to decrease, while the
latter two tended to increase after only 4 wk of feeding.
Consistently, Bifidobacterium was significantly decreased
in NASH subjects compared with that in healthy and
[10]
obese subjects . Various members of the genus
Bifidobacterium have recently attracted substantial interest
due to their multiple beneficial effects on the host, such
as protection against enteropathogenic infection through
[31]
acetate production , promotion of antitumor immunity,
and facilitation of programmed cell death protein 1
[32]
ligand 1 (PD-L1)-specific antibody therapy . Although
Bacteroides spp. are overall regarded as beneficial
[33]
microorganisms , they can also cause gut-related
[34]
bacteremia in conditions of high portal venous pressure .
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steatohepatitis (NASH) has been extensively studied.
6

Research motivation

Gut microbiota dysbiosis in NASH is mainly depicted as an endpoint, and little
is known regarding the microbiota disturbances during NASH progression.

Research objectives

Our goal was to investigate dynamic changes in the gut microbiota and its
metabolism during the progression from simple hepatic steatosis to NASH in
mice fed a methionine-choline-deficient (MCD) diet.

7

Research methods

8

C57BL/6J mice were equally divided into four groups and fed either a
methionine-choline-sufficient diet for 2 or 4 wk (the Control 2w group and
Control 4w group, respectively) or the MCD diet for 2 or 4 wk (the MCD 2w
group and MCD 4w group, respectively) (n = 6 per group). Liver injury, fibrosis,
intestinal barrier function, and the fecal microbiome and metabolome were
studied.

9

Research results

The mice fed with the MCD diet for 2 wk developed simple hepatic steatosis,
which progressed to prominent NASH with liver fibrosis after 4 wk. Compared
with the control diet, the MCD diet induced gradual intestinal barrier impairment
and gut microbiota dysbiosis; the fecal metabolomic profile was also
substantially altered by the MCD diet.

10

Research conclusions

The MCD diet induced persistent alteration of the gut microbiota and
metabolome.

11

Research perspectives

We may have for the first time shown that an MCD diet induced persistent gut
microbiota and metabolome deterioration. Fundamental observations of these
alterations will provide new insight into NASH-associated intestinal disorder and
gut-targeted therapies for NASH.

12
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Abstract
AIM
to evaluate the association of 12 tag single nucleotide
polymorphisms (tagSNPs) in three onco-long non-coding
RNA (lncRNA) genes (HOTTIP , CCAT2 , MALAT1 ) with
the risk and prognosis of hepatocellular cancer (HCC).

Informed consent statement: All patients gave informed
consent.
Conflict-of-interest statement: All authors disclose no conflicts
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METHODS
Twelve tagSNPs covering the three onco-lncRNAs were
genotyped by the KASP method in a total of 1338
samples, including 521 HCC patients and frequencymatched 817 controls. The samples were obtained from
an unrelated Chinese population at the First Hospital of

STROBE statement: The guidelines of the STROBE Statement
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reviewers. It is distributed in accordance with the Creative
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China Medical University from 2012-2015. The expression
quantitative trait loci (eQTL) analyses were conducted
to explore further the potential function of the promising
SNPs.

tumor with high incidence and mortality, and it is the
[1,2]
main histologic type of primary liver cancer . Similar
to most other solid tumors, HCC patients are considered
to be incurable due to the extensive heterogeneity in the
[3]
clinical manifestations and biological characteristics .
HCC heterogeneity can be manifested via diverse
genetic, epigenetic, and histogenic features, as well as
[4]
ethnic differences in patients . Knowledge of genetic
and epigenetic variations could aid the early detection
and personalized management of HCC. To date, the
research hotspots regarding genetic and epigenetic
variations are not only coding genes but also noncoding
RNAs.
long non-coding RNAs (lncRNAs) are a type of
noncoding RNA with a length of 200 bp, which can
function as miRNA sponges to compete with mRNAs
by acting as so-called competing endogenous RNAs
[5]
(ceRNAs) . Genetic variations such as single-nucleotide
polymorphisms (SNPs) can alter the expression of
[6]
coding genes and lncRNAs . To date, several lncRNAs
have been reported to be involved in carcinogenesis,
such as H19, HOTHAIR, HOTTIP, CCAT2, and MALAT1.
Regarding studies of genetic variation, only H19 and
HOTAIR SNPs have been well investigated. For example,
several meta-analyses showed that H19 and HOTHAIR
[7-9]
SNPs were associated with cancer risk , and the
HOTAIR rs920778 SNP was found to be associated with
[10]
ovarian cancer prognosis . Only four studies have
focused on the polymorphisms of the onco-lncRNAs
HOTTIP, CCAT2, and MALAT1 (Gene ID: 100316868,
[11-14]
101805488, 378938, respectively)
. Among them,
[11]
Gong et al
found that these SNPs were significantly
associated with lung cancer susceptibility or platinumbased chemotherapy response. However, no SNPs in
the above-mentioned lncRNAs have been reported to
be associated with HCC risk, and few comprehensive
and systematic analyses have been performed on
polymorphisms in these three onco-lncRNAs. It thus
remains unclear whether the promising SNPs in these
lncRNAs have potential to be used as biomarkers for
HCC risk and prognosis.
In the present study, we adopted a candidate
gene association study strategy with the selected 12
potentially functional tagSNPs covering the three oncolncRNAs HOTTIP, CCAT2, and MALAT1 to determine
whether these SNPs are associated with HCC risk and
prognosis and whether promising SNPs could affect
the expression of corresponding lncRNAs. We aimed to
identify predictive biomarkers for HCC risk and prognosis,
establish experimental basis for the comprehension of
the HCC etiology, and improve our understanding of the
pathogenesis and disease progression of HCC.

RESULTS
Three SNPs in HOTTIP , one promoter SNP in MALAT1 ,
and one haplotype of HOTTIP were associated with
HCC risk. The HOTTIP rs17501292, rs2067087, and
rs17427960 SNPs were increased to 1.55-, 1.20-, and
1.18-fold HCC risk under allelic models (P = 0.012, 0.017
and 0.049, respectively). MALAT1 rs4102217 SNP was
increased to a 1.32-fold HCC risk under dominant models
(P = 0.028). In addition, the two-way interaction of
HOTTIP rs17501292-MALAT1 rs619586 polymorphisms
showed a decreased effect on HCC risk (P interaction =
0.028, OR = 0.30) and epistasis with each other. HOTTIP
rs3807598 variant genotype showed significantly longer
survival time in HBV negative subgroup (P = 0.049, HR =
0.12), and MALAT1 rs591291 showed significantly better
prognosis in female and HBV negative subgroups (P =
0.022, HR = 0.37; P = 0.042, HR = 0.25, respectively).
In the study, no significant effect was observed in eQTL
analysis.
CONCLUSION
Specific lncRNA (HOTTIP and MALAT1 ) SNPs have
potential to be biomarkers for HCC risk and prognosis.
Key words: Hepatocellular cancer; Single nucleotide
polymorphism; Long non-coding RNA; Risk; Prognosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aim to evaluate the association of twelve
tag single nucleotide polymorphisms (tagSNPs) in three
onco-lncRNA genes (HOTTIP , CCAT2 , MALAT1 ) with
the risk and prognosis of hepatocellular cancer (HCC).
Twelve tagSNPs covering the three onco-lncRNAs were
genotyped by the KASP method in a total of 1338
samples. We found three SNPs in HOTTIP , one promoter
SNP in MALAT1 and one haplotype of HOTTIP gene
were associated with HCC risk. In addition, HOTTIP
rs3807598 variant genotype showed significantly
longer survival time in hepatitis B virus (HBV) negative
subgroup, and MALAT1 rs591291 showed significantly
better prognosis in female and HBV negative subgroups.
Wang BG, Xu Q, Lv Z, Fang XX, Ding HX, Wen J, Yuan Y.
Association of twelve polymorphisms in three onco-lncRNA
genes with hepatocellular cancer risk and prognosis: A casecontrol study. World J Gastroenterol 2018; 24(23): 2482-2490
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i23/2482.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i23.2482

MATERIALS AND METHODS
Patients and study design

This research project was approved by the Ethical
Committee of the First Hospital of China Medical
University and written informed consent was obtained
from each subject at the time of recruitment. The study

INTRODUCTION
Hepatocellular cancer (HCC) is a common malignant
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was designed to be composed of two parts: risk and
prognosis. In the risk study, a total of 1338 participants
were recruited, including 521 patients who underwent
surgical operation for HCC at the First Hospital of
China Medical University between 2012 and 2015. The
inclusion and exclusion criteria were as follows: (1) The
participants who underwent surgical operation were
diagnosed with HCC by pathological confirmation, in
accordance with the World Health Organization (WHO)
classification; and (2) removal of other pathological
types of liver cancer (gallbladder cell carcinoma, mixtype liver cancer. and hepatosarcoma). A total of 817
frequency-matched controls were also recruited, some
of whom were from a health screening program from
the Zhuanghe area, Liaoning Province, China, performed
between 2002 and 2012, while others were from a
health screening program at the First Hospital of China
Medical University performed between 2012 and 2015.
To investigate further the association of these lncRNA
polymorphisms with clinicopathological parameters and
overall survival of HCC patients, we used data of 351
HCC cases for which information on death or survival
was available. Patients with (1) distant metastasis
found preoperatively or (2) incomplete pathological
data entries were excluded from the survival analysis.
st
Follow-up was completed by July 1 , 2017. For the
promising SNPs, lncRNA expression was investigated
to explore the possible mechanism by which they
exerted their effects, according to our experimental
and bioinformatic data. The study design is shown in
Figure 1. This research project was approved by the
Ethical Committee of the First Hospital of China Medical
University and written informed consent was obtained
when the patients and controls were recruited.

Risk study (521 HCC vs 817 controls)

Main effect and haplotype analysis

SNP-SNP interaction and epistatic effect analysis

Prognosis study (351 HCC)

Univariate and multivariate cox analysis

eQTLs analysis

In our date, 68 cancer and
68 non-cancer tissues

Figure 1 Flow chart of the study design.

Genomics, Hoddesdon, United Kingdom). For quality
control, we repeatedly genotyped 10% of the total
samples at one time. The concordance rate of these
repeated samples reached 100%, which demonstrated
that the genotyping results were reliable.

eQTL analyses

Selected polymorphic sites

The extraction of total RNA from 68 HCC specimens
and corresponding samples from nearby noncancerous
[15]
regions was performed as described previously , and a
total of 2.0 µg of isolated RNA was converted into cDNA
using Quantscript RT Kit (Tiangen Biotech, Beijing,
China). The RNA expression levels of the promising
lncRNA genes (HOTTIP and MALAT1) and an internalcontrol gene (GAPDH) were measured using SYBR
Premix Ex Taq II (TaKaRa Biotech, Dalian, China) in an
Eppendorf Mastercycler Gradient System (Eppendorf
AG, Hamburg, Germany). Each reaction was performed
in duplicate and controls without a template were also
tested every time. The primers are summarized in
Supplementary Table 1.
To perform functional candidate polymorphism and
expression quantitative trait locus (eQTL) analyses on the
promising genes, we mined the data from the following
databases: GTExPortal (https://www.gtexportal.org/
home/) and Haploreg (http://www.broadinstitute.org/
[21]
mammals/haploreg/haploreg.php) .

We selected polymorphisms using 1000G data (http://
www.internationalgenome.org/home), as reported
[15-17]
previously
. The tagSNPs were selected separately
using the following criteria: (1) Haploview with the
Tagger function was used; (2) the population of the
HapMap selected Chinese Han Beijing (CHB) population;
2
(3) those for which pairwise tagging had r of ≥ 0.8; and
(4) those with a minor allele frequency of ≥ 5%. The
selection area was enlarged by 10 kb both upstream and
downstream for these three lncRNA genes. FastSNP and
fSNP searches were used to predict the potential SNP
[18,19]
function (http://compbio.cs.queensu.ca/F-SNP/)
.
A total of 12 SNPs from the three lncRNA genes were
selected by integrating these two publicly available tools.
Locations and characteristics of the selected SNPs are
shown in Table 1.

Genotyping

Genomic DNA was extracted using a previously reported
[20]
method
and diluted to a working concentration of
20 ng/µL for genotyping. The genotyping assay was
performed by Gene Company (Shanghai, China), using
allele-specific PCR with KASPar (KASP) reagents (LGC

WJG|www.wjgnet.com

In public databases:
GTExPortal and HaploReg

Statistical analysis

Between-group differences in sex variability, as well
as accordance with Hardy-Weinberg equilibrium, were
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Table 1 Association of lncRNA gene single nucleotide polymorphisms and risk of hepatocellular cancer (n )
Gene
HOTTIP

Chr. Pos.

SNP1

Loc.

Genotype

Controls (%)

Cases (%)

7p15.2

rs17501292

Exon

TT
TG
GG
TG + GG vs TT
G vs T
GG
GC
CC
CC vs GG + GC
C vs G
CC
CA
AA
AA vs CC + CA
A vs C
GG
GC
CC
GC + CC vs GG
C vs G

732 (91.2)
71 (8.8)
0 (0)

453 (87.1)
66 (12.7)
1 (0.2)

174 (21.7)
405 (50.6)
222 (27.7)

88 (16.9)
263 (50.7)
168 (32.4)

172 (21.7)
387 (48.8)
234 (29.5)

85 (16.7)
259 (50.9)
165 (32.4)

608 (75.1)
180 (22.2)
22 (2.7)

362 (69.6)
148 (28.5)
10 (1.9)

rs2067087

rs17427960

MALAT1

22q13.2

rs4102217

Exon

Intron

Promoter

P 2 value
0.021
NA
0.017
0.012
0.236
0.015
0.035
0.017
0.707
0.032
0.028
0.049
0.011
0.481
0.028
0.097

OR (95%CI)

P HWE value

1 (Ref.)
1.52 (1.06-2.17)
NA
1.54 (1.08-2.20)
1.55 (1.10-2.18)
1 (Ref.)
1.16 (0.90-1.49)
1.49 (1.08-2.08)
1.35 (1.02-1.82)
1.20 (1.03-1.41)
1 (Ref.)
1.05 (0.81-1.35)
1.78 (1.03-2.00)
1.39 (1.03-1.85)
1.18 (1.00-1.37)
1 (Ref.)
1.39 (1.08-1.79)
0.76 (0.36-1.63)
1.32 (1.03-1.69)
1.20 (0.97-1.50)

0.190

0.674

0.613

0.055

1

The sort order was according to the SNP location in its genes from 5' starting to 3' ends. 2P value was calculated by adjusted by age and gender. NA: Not
available; Chr. Pos.: Chromosomal position; Loc.: Localisation; PHWE: P value for Hardy-Weinberg Equilibrium.
2

compared by the χ test and by analysis of variance
for age variability. Multivariate logistic regression with
adjustments for age and sex was used to show the
association between selected lncRNA polymorphisms
and HCC risk. The haplotypes of each gene were
[22]
analyzed using SHEsis software . The two-way
pairwise interactions of lncRNA SNP-SNP were calculated
using multivariate logistic regression. Univariate and
multivariate survival analyses were carried out by the
log-rank test and the Cox proportional hazards model.
The differences of relative lncRNA levels between two
groups were tested by Student’s t-test. P value < 0.05
was considered to be significant.

showed in a recessive model. HOTTIP rs17501292 and
MALAT1 rs4102217 were associated with an increased
risk of HCC (P = 0.017 and 0.028, OR = 1.54 and 1.32,
respectively) in a dominant model. In addition, HOTTIP
rs2067087 and rs17427960 variant genotypes also
showed associations with an increased risk of HCC (P =
0.035 and 0.028, OR = 1.35 and 1.39, respectively) in
a recessive model. Stratified analysis based on gender,
age, smoking, and drinking was performed to analyze
the association between each SNP and HCC risk. The
results are shown in Supplementary Table 4 and suggest
these variables have potential predictive value for
specific subgroup populations in HCC risk.

RESULTS

The association of haplotype in four lncRNA genes with
HCC risk

The association of SNPs in lncRNA genes with HCC risk

We chose to exclude haplotypes with a frequency of
less than 0.03 from the analysis. We found only one
haplotype in the HOTTIP gene that was associated with
HCC risk. Compared with other haplotypes, patients
with the C-G-T-A haplotype of HOTTIP rs3807598rs17501292-rs2067087-rs17427960 showed a 1.91-fold
increased risk of HCC (P = 0.006, 95%CI: 1.20-3.05;
Table 2).

The demographic characteristics of HCC cases and
control subjects are shown in Supplementary Table 2. All
polymorphism genotype distributions in cases and controls
are shown in Table 1, including 12 SNPs in three lncRNA
genes (HOTTIP: rs3807598, rs17501292, rs2067087,
rs17427960, rs78248039; CCAT2: rs3843549,
rs138947056, rs6983267; MALAT1: rs4102217,
rs591291, rs11227209, and rs619586). Among them,
most SNPs accorded with Hardy-Weinberg equilibrium,
except for CCAT2 rs6983267 (PHWE = 0.029). This SNP
was thus excluded from further association analysis.
Among these remaining 11 SNPs, four in the HOTTIP
and MALAT1 genes were associated with HCC risk,
and they all increased HCC risk (HOTTIP: rs17501292,
rs2067087, rs17427960; MALAT1: rs4102217; Table
1, Supplementary Table 3). Among them, two SNPs
(HOTTIP: rs17501292; MALAT1: rs4102217) showed
significant in a dominant model and the other two

WJG|www.wjgnet.com

Two-way SNP-SNP interaction models for lncRNA
polymorphisms

For the data mining of two-way SNP-SNP interactions,
we analyzed all possible pair combinations between
all of these 11 SNPs and found that the pairwise
interaction of HOTTIP rs17501292-MALAT1 rs619586
was significant (Pinteraction = 0.028, OR = 0.30, 95%CI:
0.10-0.88; Table 3).
We further analyzed the epistatic effect of HOTTIP
rs17501292 and MALAT1 rs619586 and found in the
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Table 2 Association of haplotype of lncRNA gene and hepatocellular cancer risk (n )
Haplotype
HOTTIP1
CGCA
CTGC
GTCA
CCAT22
AAG
AAT
MALAT13
CTCA
GCCA
GTCA
GTGG

Control (%)

Case (%)

OR (95%CI)

P value

33.54 (2.4)
663.39 (47.3)
604.75 (43.1)

407.00 (4.5)
389.97 (43.4)
401.77 (44.7)

1.91 (1.20-3.05)
0.85 (0.71-1.01)
1.08 (0.91-1.28)

0.006
0.066
0.406

623.60 (39.8)
937.40 (59.8)

434.27 (42.7)
577.73 (56.9)

1.13 (0.96-1.33)
0.89 (0.75-1.04)

0.136
0.136

217.99 (13.8)
934.81 (59.3)
296.19 (18.8)
85.00 (5.4)

167.00 (16.3)
599.74 (58.6)
1720 (16.6)
58.94 (5.8)

1.22 (0.08-1.52)
0.97 (0.82-1.14)
0.86 (0.70-1.06)
1.07 (0.76-1.51)

0.080
0.718
0.160
0.689

Haplotype for 1HOTTIP rs3807598-rs17501292-rs2067087-rs17427960; 2CCAT2 rs3843549-rs138947056-rs6983267; 3MALAT1 rs4102217-rs591291-rs11227209rs619586.

eQTL analysis

Table 3 The two-way interaction of HOTTIP rs17501292MALAT1 rs619586 polymorphisms in the risk of hepatocellular

We used eQTL analysis to investigate the effect of
the SNPs identified to be associated with HCC risk on
lncRNA expression. In neither the cancerous group nor
the noncancerous group was a significant difference
observed for the effect of the positive SNPs on lncRNA
expression levels (Table 5). Among them, only the
heterozygote genotype of intronic rs17427960 of the
HOTTIP gene was associated with higher lncRNAHOTTIP expression, with borderline significance (CA
vs CC: P = 0.063; Table 5). Next, we searched public
databases for the SNPs for which positive results were
obtained in the eQTL analysis (rs17501292, rs2067087,
rs17427960, rs4102217). The results from the
GTExPortal showed that rs4102217 is a functional SNP
in 34 different tissues, such as pancreas and stomach
(Supplementary Table 8), and that rs17501292 is a
functional SNP in tibial artery tissue; however, no eQTL
data for rs2067087 and rs17427960 were found in
the public databases. In addition, in Haploreg, it was
shown that these SNPs are associated with several
kinds of regulatory motifs if the SNP bases altered
(Supplementary Figure 1).

cancer

MALAT1 rs619586

Variables

AA
AG + GG
HCC vs CON (n = 335 vs 572)
HOTTIP rs17501292
TT
Case/control
OR (95%CI)
TG + GG
Case/control
OR (95%CI)

372/617
1

78/107
1.21(0.88-1.66)

61/55
6/15
1.84 (1.25-2.71)
0.66 (0.26-1.73)
Pinteraction = 0.028, OR (95%CI) = 0.30 (0.10-0.88)

HCC: Hepatocellular cancer; CON: Control.

subset with MALAT1 rs619586 AA wild type and HOTTIP
rs17501292 SNP an increased risk of HCC under a
dominant model (P = 0.002, OR = 1.85); however,
in the subset with the HOTTIP rs17501292 TG+GG
genotype, the MALAT1 rs619586 SNP decreased the
risk of HCC under a dominant model (P = 0.050, OR =
0.36; Supplementary Table 5).

DISCUSSION

The association of lncRNA SNPs with HCC cancer
prognosis

In this study, we preliminarily screened all of the tagSNPs
covering three onco-lncRNAs, HOTTIP, CCAT2, and
MALAT1, for associations with HCC risk and prognosis.
We identified four promising risk-associated SNPs,
one haplotype, and a two-way pairwise interaction
combination associated with HCC risk. We also found that
patients carrying the HOTTIP rs3807598 and MALAT1
rs591291 variant genotypes had a longer survival
time in the HBV-negative subgroup. Further molecular
experiments were also conducted to investigate
whether the tagSNPs could affect the expression of
the corresponding lncRNAs. Our study provides an
experimental basis for seeking predictive biomarkers for
the risk and prognosis of HCC.

We analyzed the association of all 11 SNPs with the
overall survival of HCC patients but found no significant
association in either univariate or multivariate Cox
proportional hazard analysis (Supplementary Table 6). In
the stratified analysis, those with the HOTTIP rs3807598
variant genotype were shown to have a significantly
longer survival time in the HBV-negative subgroup (P =
0.049, HR = 0.12, 95%CI = 0.02-0.99), and MALAT1
rs591291 showed an association with a significantly
better prognosis in the female and HBV-negative
subgroups (P = 0.022, HR = 0.37, 95%CI = 0.16-0.87;
P = 0.042, HR = 0.25, 95%CI = 0.07-0.95, respectively;
Table 4, Supplementary Table 7).
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Table 4 Univariate proportional hazard analysis stratified by host characteristics for the association of lncRNA polymorphisms and
hepatocellular cancer n (%)
Gene
HOTTIP

SNP

Stratified

Stratified factors

HBV

Positive

Negative

MALAT1

Genotype
CC
CG
GG
CC
CG
GG

rs591291
Gender

Male

Female

HBV

Positive

Negative

HCC
n = 136
30 (22.06)
73 (53.68)
33 (24.26)
n = 31
10 (32.26)
13 (41.94)
8 (25.80)
n = 285
n = 286
98 (34.27)
146 (51.05)
42 (14.68)
n = 64
22 (34.38)
37 (57.81)
5 (7.81)
n = 139
54 (38.85)
69 (49.64)
16 (11.51)
n = 31
8 (25.81)
16 (51.61)
7 (22.58)

rs3807598

CC
TC
TT
CC
TC
TT
CC
TC
TT
CC
TC
TT

Death

MST (M)

P value

Hazard ratio (95%CI)

12
23
11

90.0
90.1b
64.1b

0.391
0.680

1 (reference)
0.74 (0.37-1.48)
0.84 (0.37-1.91)

7
4
1

21.0
41.8b
70.3b

0.374
0.049

1 (reference)
0.60 (0.16-1.97)
0.12 (0.02-0.99)

39
56
19

48.0
56.0
47.0

0.865
0.678

1 (reference)
0.97 (0.64-1.45)
1.12 (0.65-1.94)

13
9
0

32.0
56.0
NA

0.022
0.286

1 (reference)
0.37 (0.16-0.87)
0.04 (0.00-16.09)

18
21
7

69.0
92.1b
90.0

0.816
0.965

1 (reference)
0.93 (0.49-1.74)
0.98 (0.41-2.35)

5
4
3

6.0
27.0
21.0

0.042
0.215

1 (reference)
0.25 (0.07-0.95)
0.40 (0.09-1.71)

HR: Hazard rate; MST: Median survival time (months); NA: Not available.

Table 5 Differences of lncRNA gene mRNA levels in different genotypes in hepatocellular cancer and non-cancer tissues
Variable

Non-cancer tissues

n

ΔCt (Mean ± SD) Normalized 2-ΔΔCt

Cancer tissues

P 1 value

The effect of HOTTIP rs17501292 genotypes to HOTTIP mRNA expression
TT
10
12.32 ± 4.06
1 (0.60, 16.68)
Ref.
TG
1
NA
NA
NA
GG
0
NA
NA
NA
The effect of HOTTIP rs2067087 genotypes to HOTTIP mRNA expression
GG
2
8.64 ± 2.06
1 (0.24, 4.17)
Ref.
GC
5
12.25 ± 4.17
0.13 (0.01, 1.23)
0.253
CC
4
13.70 ± 3.86
0.03 (0.00, 0.86)
0.453
The effect of HOTTIP rs17427960 genotypes to HOTTIP mRNA expression
CC
2
8.64 ± 2.06
1 (0.24, 4.17)
Ref.
CA
5
11.55 ± 3.21
0.13 (0.01, 1.15)
0.254
AA
3
13.56 ± 4.71
0.03 (0.00, 0.86)
0.465
The effect of MALAT1 rs4102217 genotypes to MALAT1 mRNA expression
GG
52
-2.25 ± 4.40
1 (0.05, 21.11)
Ref.
GC
16
-3.76 ± 3.60
2.85 (0.23, 34.54)
0.404
CC
NA
NA
NA
NA

n

ΔCt (Mean ± SD) Normalized 2-ΔΔCt

P 1 value

25
2
0

11.84 ± 3.87
15.30 ± 1.65
NA

1.39 (0.10, 20.39)
NA
NA

Ref.
0.735
NA

5
13
8

11.66 ± 1.43
11.85 ± 3.53
12.23 ± 5.42

1 (0.37, 2.69)
0.88 (0.08, 10.13)
0.67 (0.02, 28.84)

Ref.
0.101
0.444

6
13
6

12.47 ± 2.34
11.88 ± 3.72
11.38 ± 5.88

1 (0.20, 5.06)
2.13 (0.04, 125.37)
1.51 (0.11, 19.84)

Ref.
0.063
0.348

51
16
1

-0.98 ± 4.88
-2.79 ± 4.55
NA

1 (0.03, 29.45)
3.51 (0.15, 82.14)
NA

Ref.
0.742
NA

1

The statistical analysis for the effect of genotype to phenotype was used two-independent sample t-test, and for the combination of genotype to phenotype
was used ANOVA analysis. NA: Not available.

[30-33]

LncRNAs function as ceRNAs to compete with
mRNAs for access to miRNAs, which could regulate the
[5]
expression of coding genes . Most studies on lncRNA
expression have focused on H19 and HOTAIR as well
as other lncRNAs such as PRNCR1, HOTTIP, CCAT1,
CCAT2, and MALAT1. HOTTIP, CCAT2, and MALAT1 are
all onco-lncRNAs, which have similar biological functions
[23-29]
in promoting cell proliferation and invasion
. They can
also promote HCC metastasis and epithelial-mesenchymal
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transition
. The HOTTIP gene is located in 7p15.2 and
has three exons, the CCAT2 gene is located in 8q24.21
and has one exon, and the MALAT1 gene is located in
11q13.1 and has two exons. The most common SNPs
reported for these genes are HOTTIP rs3807598, CCAT2
rs6983267, and MALAT1 rs619586. The first of these
was found to be predictive of hematological toxicity in
[34]
a three-way interaction pattern , and the latter two
were indicated to be associated with platinum-based
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[11]

chemotherapy response in lung cancer . In this study,
we found that SNPs in two exons (rs17501292 and
rs2067087) and one intron (rs17427960) of the HOTTIP
gene as well as an SNP in the promoter (rs4102217) of
the MALAT1 gene were associated with HCC risk; these
variant alleles increased HCC risk in the range from 1.18to 1.55-fold. These four SNPs are reported here for the
first time to be associated with cancer risk. Concerning
the commonly studied HOTTIP rs3807598 and MALAT1
rs619586 SNPs, no significant associations with HCC
risk were found in this study, which is consistent with
[35]
the findings in a report by Liu . In addition, we found
that none of the CCAT2 SNPs was associated with HCC
risk. Following the identification of the possible significant
SNPs, we further analyzed the relationship between the
HOTTIP C-G-C-A haplotype of rs3807598-rs17501292rs2067087-rs17427960 and HCC risk. The results
showed an increase in HCC risk of 1.91-fold in those
with this haplotype, and the OR value was greater than
that for each SNP alone. Taking these findings together,
it is newly indicated that the HOTTIP SNPs rs17501292,
rs2067087, and rs17427960 and the MALAT1 SNP
rs4102217 have potential to be biomarkers for HCC risk.
Combined interaction analysis for multiple SNPs
from different genes is more sensitive and powerful
[36]
than one-dimensional SNP analysis . For individual
SNPs at single loci that were previously shown to have
no or a weak effect on disease risk, an epistatic effect
[37]
may appear when they are analyzed in combination .
One of the most significant findings in this study was
the SNP-SNP interaction identified for the HOTTIP
rs17501292-MALAT1 rs619586 polymorphisms, which
was confirmed by the epistatic effect analysis. In the
main-effect analysis, HOTTIP rs17501292 had a weak
effect, and MALAT1 rs619586 had no effect on the risk
of HCC. However, the pairwise analysis of these two in
combination showed that they had an interactive effect
on HCC risk. Subsequently, we analyzed the epistatic
effect of these two SNPs and found that MALAT1
rs619586 was associated with a decreased risk of HCC
only in the presence of the HOTTIP rs17501292 TG+GG
genotype. A similar epistatic effect between coding
[38]
genes was also found in our previous study . Further
investigations are needed to verify our findings and the
mechanism involved in the epistatic phenomenon.
In the prognostic analysis, we found no significant
association of the studied SNPs with the overall survival
of HCC patients. However, in the stratified analysis
based on gender, we found that MALAT1 rs591291
was associated with significantly better prognosis in
the female subgroup. When stratified by HBV infection
status, we found that patients carrying HOTTIP
rs3807598 and MALAT1 rs591291 variant genotypes had
longer survival times. As some biomarkers are specific
for certain subgroups and have potential to be used
for the diagnosis or individualized therapy of specific
[39]
subgroups , the above-mentioned polymorphisms
could have value in predicting HCC prognosis for certain
subgroups.
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eQTL is an analysis in which the combination of mRNA
expression and genotype data is applied to determine
which variants are correlated with the transcription levels
[40]
of genes . We analyzed the SNPs potentially associated
with HCC risk in our own data and then reanalyzed them
in two public databases for the eQTL analysis. HOTTIP
rs17501292 and rs2067087 are both located in exon 2
of this gene, while rs17427960 is in intron 2. In contrast,
rs4102217 is located at -1255 bp of the MALAT1 gene,
within the promoter region. Among these four SNPs,
we found that only the heterozygous genotype of
intronic rs17427960 of the HOTTIP gene was associated
with a higher lncRNA-HOTTIP expression level, with
borderline significance. The public databases offered
some supportive evidence for this from findings in other
tissues, suggesting that rs4102217 in the MALAT1
promoter is a functional SNP in 34 different tissues, such
as pancreas and stomach, and that exonic rs17501292
of HOTTIP is a functional SNP in tibial artery tissue. In
addition, some regulatory motifs, which were predicted
by the bioinformatical software listed in Supplementary
Figure 1, are transcription factors like PAX-4 and AP1.
Thus, it is reasonable to assume that these SNPs could
regulate certain motifs, leading to higher expression of
oncogenic lncRNA and thus an elevation of HCC risk.
However, further functional research is required to
confirm this.
In summary, we found that the SNPs rs17501292,
rs2067087, and rs17427960 in the HOTTIP gene,
rs4102217 in the MALAT1 gene, and a haplotype of
HOTTIP increased the risk of HCC. In addition the
SNPs HOTTIP rs3807598 and MALAT1 rs591291 were
associated with longer survival time in the HBV-negative
subgroup.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Genetic polymorphisms could be biomarkers for cancer risk and prognosis.
Recent years, it was found that coding genes and non-coding genes had single
nucleotide polymorphisms (SNPs). LncRNAs had important roles in the tumor
incidence, progression, and prognosis. Thus, lncRNA polymorphisms had
potential to be biomarkers for cancer precaution and prognostic prediction.

Research motivation

The aim of this study is to screen out the effective biomarkers for the
hepatocellular cancer (HCC) risk and prognosis. The selected polymorphisms
would have potential for the prediction of cancer risk and prognosis.

Research objectives

Five hundred and twenty-one patients of HCC and frequency matched 817
controls were studied for the cancer risk study. Among them, 351 patients for
which the information was all available were recruited for the prognosis study.
Then, 68 HCC specimens and corresponding samples from the noncancerous
region were detected for the expression level study.

Research methods

For the risk and prognosis study, the samples were detected by the genomic
DNA extracted and allele-specific PCR with KASPar reagents. The single
nucleotide polymorphisms were selected by the Haploview software. The
expression level study isolated the RNA isolated and then converted it to cDNA.
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The SYBR based real-time PCR were adopted for the lncRNA expression.
12

Research results

We found the HOTTIP rs17501292, rs2067087, and rs17427960 SNPs
increased HCC risk by 1.55-, 1.20-, and 1.18-fold under an allelic model, and
the MALAT1 rs4102217 SNP increased HCC risk by 1.32-fold under a dominant
model. In addition, the two-way interaction of HOTTIP rs17501292 and
MALAT1 rs619586 polymorphisms decreased HCC risk and exhibited epistatic
effects. In the survival analysis, the HOTTIP rs3807598 variant genotype
showed significantly longer survival time in the hepatitis B virus (HBV)-negative
subgroup, and MALAT1 rs591291 showed an association with significantly
better prognosis in the female and HBV-negative group. In this study, no
significant effect in eQTL analysis was observed.

13

14

Research conclusions

Some specific HOTTIP and MALAT1 SNPs have the potential to be biomarkers
for HCC risk and prognosis.
15

Research perspectives

Screening SNPs could be valuable for the identification of biomarkers for HCC
risk and prognosis. It could also be used for patient care, as there would be a
cohort of patients who would benefit from screening using these positive SNPs.

16
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Abstract
AIM
To compare the efficacy, improved quality of life, and
prognosis in patients undergoing either subtotal colonic
bypass with antiperistaltic cecoproctostomy (SCBAC) or
subtotal colonic bypass plus colostomy with antiperistaltic
cecoproctostomy (SCBCAC) for the treatment of slow
transit constipation.

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest.
Data sharing statement: No additional data are available.
STROBE statement: The authors have read the STROBE
Statement checklist of items, and the manuscript was prepared
and revised according to the STROBE Statement checklist of
items.

METHODS
Between October 2010 and October 2014, aged patients
with slow transit constipation who were hospitalized and
underwent laparoscopic surgery in our institute were
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divided into two groups: the bypass group, 15 patients
underwent SCBAC, and the bypass plus colostomy
group, 14 patients underwent SCBCAC. The following
preoperative and postoperative clinical data were
collected: gender, age, body mass index, operative time,
first flatus time, length of hospital stay, bowel movements
(BMs), Wexner fecal incontinence scale, Wexner cons
tipation scale (WCS), gastrointestinal quality of life
index (GIQLI), numerical rating scale for pain intensity
(NRS), abdominal bloating score (ABS), and ClavienDindo classification of surgical complications (CD) before
surgery and at 3, 6, 12, and 24 mo after surgery.

(SCBCAC) to treat aged patients with constipation and
conducted a retrospective control study in compari
son with subtotal colonic bypass with antiperistaltic
cecoproctostomy (SCBAC). From our study, we concluded
that laparoscopic SCBCAC is an effective and safe
procedure for the treatment of slow transit constipation
in an aged population and can significantly improve the
prognosis. Its clinical efficacy is more favorable compared
with that of SCBAC.
Yang Y, Cao YL, Wang WH, Zhang YY, Zhao N, Wei D.
Subtotal colonic bypass plus colostomy with antiperistaltic
cecoproctostomy for the treatment of slow transit constipation
in an aged population: A retrospective control study. World J
Gastroenterol 2018; 24(23): 2491-2500 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i23/2491.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i23.2491

RESULTS
All patients successfully underwent laparoscopic
surgery without open surgery conversion or surgeryrelated death. The operative time and blood loss were
significantly less in the bypass group than in the bypass
plus colostomy group (P = 0.007). No significant
differences were observed in first flatus time, length of
hospital stay, or complications with CD > 1 between the
two groups. No patients had fecal incontinence after
surgery. At 3, 6, and 12 mo after surgery, the number of
BMs was significantly less in the bypass plus colostomy
group than in the bypass group. The parameters at 3, 6,
12, and 24 mo after surgery in both groups significantly
improved compared with the preoperative conditions
(P < 0.05), except NRS at 3, 6 mo after surgery in
both groups, ABS at 12, 24 mo after surgery and NRS
at 12, 24 mo after surgery in the bypass group. WCS,
GIQLI, NRS, and ABS significantly improved in the
bypass plus colostomy group compared with the bypass
group at 3, 6, 12, and 24 mo after surgery (P < 0.05)
except WCS, NRS at 3, 6 mo after surgery and ABS at
3 mo after surgery. At 1 year after surgery, a barium
enema examination showed that the emptying time was
significantly better in the bypass plus colostomy group
than in the bypass group (P = 0.007).

INTRODUCTION
Constipation is one of the most common gastrointestinal
symptoms. Generally, the incidence is 16% in females
and 12% in males, but it affects more than 30% of the
[1]
aged population and seriously alters the life quality
[2]
of patients. In terms of treatments for constipation ,
surgery is a common approach for treatment of
intractable slow transit constipation (STC), especially for
those with poor responses to conservative treatment.
One of the two commonly used surgical approaches is
total colectomy with ileorectal anastomosis (TC-IRA),
which is widely used in the treatment of slow transit
[3-5]
constipation because of its high cure rate . Although
constipation is alleviated, the main problem after surgery
is the increased number of bowel movements (BMs),
which causes some patients to suffer from abdominal
pain, abdominal bloating, refractory diarrhea, loss
[5-8]
of nutrients, and intestinal obstruction . The other
surgical approach is subtotal colectomy with cecorectal
[9,10]
anastomosis (SCCRA)
, which preserves the ileocecal
valve and partial colon to be conducive to the absorption
of water, electrolytes, bile salts, and vitamins and can
alleviate severe postoperative diarrhea. More importantly,
SCCRA is associated with a lower incidence of intestinal
obstruction and can considerably improve the life quality
[11-14]
of patients
. Based on different anastomosis sites,
SCCRA is divided into two procedures: subtotal colectomy
with isoperistaltic cecorectal anastomosis (SCICRA)
and subtotal colectomy with antiperistaltic cecorectal
anastomosis (SCACRA). SCICRA requires rotation of the
ileocecal junction, which may easily lead to blood vessel
[9,15-19]
torsion and poor blood circulation
. In contrast,
SCACRA does not require rotation of the ileocecal junction
and can avoid causing blood vessel torsion. Additionally,
the function of the ileocecal junction is preserved. Thus,
the SCACRA surgical method maintains the physiological
[10,20-25]
anatomy
. Although the abovementioned methods
have good efficacy in the treatment of slow transit

CONCLUSION
Laparoscopic SCBCAC is an effective and safe procedure
for the treatment of slow transit constipation in an aged
population and can significantly improve the prognosis.
Its clinical efficacy is more favorable compared with that
of SCBAC. Laparoscopic SCBCAC is a better procedure
for the treatment of slow transit constipation in an aged
population.
Key words: Subtotal colonic bypass plus colostomy with
antiperistaltic cecoproctostomy; Subtotal colonic bypass
with antiperistaltic cecoproctostomy; Minimally invasive
surgery for treatment of constipation; Clinical efficacy;
Slow transit constipation in an aged population
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Constipation is one of the most common gastro
intestinal symptoms. From October 2010 to October
2014, we employed laparoscopic subtotal colonic bypass
plus colostomy with antiperistaltic cecoproctostomy
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constipation, they are not suitable for aged patients
or patients in poor physical condition because of the
large wound produced and the length of the operation;
these patients need non-surgical treatments. After longterm treatment with oral laxative agents, the patients
become nonresponsive to these agents and have to
undergo enema administration periodically to alleviate
their constipation. Some patients cannot tolerate the
suffering of constipation and have to choose ileostomy,
which considerably impacts the quality of life of patients.
In 2010, Yong-Gang Wang reported a subtotal colonic
bypass with antiperistaltic cecoproctostomy (SCBAC) via
an abdominal approach to treat slow transit constipation.
In Wang’s study, the average patient age was 51 years
(range: 28-75 years). In patients who received 1-year
follow-up, the alleviation rate of constipation was up
[26]
to 75% (9/12) . The procedure Wang used involved
closing the distal portion of the cecum, after which
side-side anastomosis was performed between the
blinding end of the cecum and the rectum. In 2010, we
performed four laparoscopic SCBACs in patients over 70
years old. After surgery, two patients experienced severe
abdominal pain, abdominal bloating, rectal discomfort,
and tenesmus. They did not respond to oral laxatives and
required enemas for daily BMs. We examined these four
patients with barium enemas and found barium retention
in the excluded colon for 84 h in one case and 300 h
in another. Therefore, we considered that the patient’s
postoperative symptoms may be related to the retention
of indigested food and feces in the excluded colon. If
the upper portion of the rectum was occluded with endside anastomosis between the cecum and rectum, the
excluded colon could become a closed loop. Thus, colonic
mucus and fluid cannot be discharged, and observation
of the excluded colon becomes impossible, which may
cause delays in the detection and treatment of potential
colonic lesions. From October 2010 to October 2014,
we employed laparoscopic subtotal colonic bypass plus
colostomy with antiperistaltic cecoproctostomy (SCBCAC)
to treat aged patients with constipation and conducted a
retrospective control study in comparison with SCBAC.

electromyography, anorectal manometry, and routine
preoperative examination for colonic resection.
The surgical indications for this study are described
as follows. Inclusion criteria: (1) The Rome III diagnosis
criteria for constipation; (2) confirmed diagnosis of
slow colon transit constipation (at least two positive
colonic transit tests were recorded before surgery);
(3) chronic (non-surgical treatment for more than
5 years), severe (WCS > 15), refractory (long-term
dependence on high-dose laxative or application of
enema) slow transit constipation; and (4) age ≥ 70
years. The exclusion criteria included: (1) American
Society of Anesthesiologists (ASA) score > 3; (2) liver
and kidney dysfunction; (3) patients with psychological
symptoms or with history of mental illness, such as
rectal abuse, vaginal abuse, etc.; (4) patients with
obvious signs of outlet obstruction (such as frequent
defecation, difficult defecation without dry feces, and
anorectal dysfunction); (5) patients with a history of
major abdominal surgery; (6) exclusion of organic colon
disease; and (7) patients with life-threatening diseases,
such as cancer.

Surgical procedure

Each procedure was performed by the same surgical
team of the Institute of Anal-Colorectal Surgery of PLA.
The patients were placed in the Trendelenburg position
(≤ 15°) with legs apart. The pneumoperitoneum
was maintained at 8 kPa or less. In the bypass plus
colostomy group, laparoscopy was performed via five
incisions. The five trocars were placed as follows: trocar
1 was placed at a site 0.5-1 cm above the umbilicus,
trocar 2 was placed at the lateral margin of the left
rectus abdominis muscle 4 cm below the umbilicus,
trocar 3 was placed at the lateral margin of the left
rectus abdominis muscle 2 cm above the umbilicus,
and trocars 4 and 5 were placed at the mirror position
of trocars 2 and 3 at the lateral margin of the right
rectus abdominis muscle. The surgeon stood on the
left side of the patient to mobilize the ileocecal junction
and the ascending colon and to lower the ileocecal
junction down to the pelvic inlet with preservation of the
blood supply. A laparoscopic linear cutting stapler with
a 45-mm green staple unit was used to transect the
ascending colon at a site 2-3 cm distal to the ileocecal
junction. Then, the appendix was excised. The surgeon
then moved to the right side of the patient to dissect
the lateral peritoneum of the sigmoid colon. At a site 4-6
cm above the peritoneal fold or at the level of the sacral
promontory, a laparoscopic linear cutting stapler with
a 45-mm green staple unit was used to transect the
upper rectum after dissection of the rectal mesentery
and ligation of the marginal arteries. The lower right
abdominal incision was extended to the desired length.
The head of a 29- to 33-mm circular stapler was placed
in the bottom of the cecum. The shaft of the stapler was
placed in the rectum via the anal canal to complete endside anastomosis (end rectum to lateral cecum). The

MATERIALS AND METHODS
Patient selection

This was a two-phase study conducted in the Institute
of Anal-Colorectal Surgery of PLA. From October 2010
to June 2012, 15 consecutive patients over 70 years old
underwent laparoscopic SCBAC (LSCBAC); this group
of patients was defined as the bypass group. From July
2012 to October 2014, 15 consecutive patients over 70
years old underwent laparoscopic SCBCAC (LSCBCAC);
this group of patients was defined as the bypass
plus colostomy group. Follow-ups were performed in
these two groups of patients for more than 2 years.
One patient in the bypass plus colostomy group was
lost during follow-up. The preoperative examination
included colonic transit test, defecography, colonoscopy,
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ileocecal junction did not need rotation. The lower left
abdominal incision was extended to desired length. The
end of the rectal-sigmoid colon was used for colostomy
via an extraperitoneal approach. At the end of the
procedure, a drainage tube was placed in the Douglas’
pouch.
In the bypass group, laparoscopy was performed
via three incisions. The placements of trocars 1, 2,
and 3 were the same as in the bypass plus colostomy
group. The surgeon stood on the left side of the patient,
and the surgical procedures were the same as those
of the bypass plus colostomy group except for the
rectal transection. The shaft of the stapler was placed
in the rectum via the anal canal to complete sideside anastomosis between the right wall of the rectum
and the cecum at the level above the rectal ampulla
or sacral promontory. At the end of the procedure, a
drainage tube was placed in the Douglas’ pouch.

the WCS, ABS, GIQLI, and NRS with preoperative
parameters. We studied the variations in parameters
among patients in each group. We also compared the
postoperative parameters between the two groups at
3, 6, 12, and 24 mo after surgery, including the WIS,
WCS, ABS, GIQLI, NRS, and BM. Thus, the effects of
two different surgical methods for the treatment of STC
patients were evaluated.
The variables were expressed as mean ± standard
deviation (SD). T-tests were used for the comparison of
paired data at different time points within each group.
For the comparison of data between the two groups,
independent samples t-test and Fisher’s exact test were
applied. For the comparison of postoperative functional
recovery (WIS, WCS, ABS, GIQLI, NRS, and BM)
between groups, analysis of covariance was applied. P
< 0.05 was considered statistically significant. All data
were analyzed using SPSS version 19.0 (SPSS Inc.,
Chicago, IL, United States).

Patient data collection

The following statistical data were collected: (1) Patient
sex, age, and body mass index (BMI); (2) surgical
parameters (operative time and blood loss); and (3)
postoperative recovery (first flatus time, length of
hospital stay, and postoperative complications). The
following clinical data were collected before surgery and
3, 6, and 12 mo after surgery: the number of daily BMs
and the Wexner incontinence scale (WIS, on a scale of
0-20, in which 0 represents the best and 20 represents
[4]
complete incontinence) . The following clinical data
were collected before surgery and 3, 6, 12, and 24
[27]
mo after surgery: The Wexner constipation scale
(WCS, on a scale of 0-30 in which the higher score
represents more severe constipation; the scores of
healthy individuals are less than 8), the gastrointestinal
[28]
quality of life index
(GIQLI, on a scale of 0-144 in
which (125.80 ± 13.00) represents the index in healthy
population), abdominal pain intensity indicated by
[29]
the numerical rating scale (0-10)
(NRS, 0-3: Mild
pain and no impact on sleep; 4-6: Moderate tolerable
pain and mild impact on sleep; 7-10: Severe pain and
serious impact on sleep), and the abdominal bloating
score (ABS, the score is inferred from the GIQLI scoring
table, from 0-4: 0 = absent; 1 = occasionally; 2 =
sometimes; 3 = most of the time; 4 = all the time).
Symptoms with scores > 1 were defined as surgeryrelated abdominal pain and bloating, and symptoms
with scores ≥ 3 were defined as severe postoperative
frequent abdominal pain and bloating. The Clavien[30]
Dindo classification
was used to assess surgical
complications. The complications defined as class II
or above were studied. All postoperative data were
obtained from the questionnaire by clinical visit or
telephone follow-up. This study began in October 2012.

RESULTS
Basic information and preoperative data

Patient characteristics were not significantly different
between the two groups. Both groups predominantly
consisted of females, with ages ranging from 70 to
80 years. The average age was 74.86 ± 3.42 in the
bypass plus colostomy group and 74.73 ± 3.11 in the
bypass group. All patients in both groups suffered from
severe constipation before surgery. The preoperative
WCS scores were 16.86 ± 1.56 and 16.93 ± 1.16 in
the bypass plus colostomy group and the bypass group,
respectively. The preoperative GIQLI scores were very
low in both groups (64.00 ± 3.51 and 63.20 ± 2.40 in
the bypass plus colostomy group and the bypass group,
respectively). No patient in either group experienced
fecal incontinence but somewhat suffered from
abdominal pain and bloating (Table 1).

Surgical data and postoperative results

All patients successfully underwent laparoscopic surgery
without open surgery conversion or surgery-related
death. The operative times were short in both groups
(42.67 ± 3.35 min in the bypass plus colostomy group
and 36.56 ± 4.06 min in the bypass group). However,
the operative time was significantly longer in the bypass
plus colostomy group than in the bypass group (P <
0.001). The blood loss was negligible in both groups
(14.43 ± 3.11 mL in the bypass plus colostomy group
and 11.13 ± 2.93 mL in the bypass group). However,
the blood loss was significantly less in the bypass group
than in the bypass plus colostomy group (P = 0.007).
No significant differences were observed in first flatus
time or length of hospital stay between the two groups
(P = 0.317 and P = 0.644, respectively). We compared
each complication of Clavien-Dindo > 1 and did not note
differences between the groups (P = 0.007) (Table 1).
No anastomotic leakage was reported in either group,

Statistical analysis

We compared the postoperative parameters at 3, 6, 12,
and 24 mo after surgery of the two groups, including
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Table 1 Clinical characteristics of patients (mean ± SD)

Basic information

Preoperative data

Operative and
postoperative data

Sex
Age
BMI
WCS
GIQLI
ABS
NRS
Operative time
Blood loss
First flatus time
Hospital stay
Morbidity (Dindo > I)

Bypass plus colostomy
group (n = 14)

Bypass group (n = 15)

P value

6/8
74.86 ± 3.42
20.03 ± 1.09
16.86 ± 1.56
64.00 ± 3.51
2.71 ± 0.73
3.00 ± 1.04
42.67 ± 3.35
14.43 ± 3.11
1.86 ± 1.03
14.00 ± 1.66
1 (7.14)

5/10
74.73 ± 3.11
20.27 ± 1.39
16.93 ± 1.16
63.20 ± 2.40
2.40 ± 0.63
2.87 ± 1.30
36.86 ± 4.06
11.13 ± 2.95
2.20 ± 0.78
13.67 ± 2.13
1 (6.67)

0.710
0.919
0.612
0.882
0.477
0.224
0.764
< 0.001
0.007
0.317
0.644
0.960

M/F
yr
kg/m2
(0-30)
(0-144)
(0-4)
(0-10)
min
mL
d
d
n (%)

BMI: Body mass index; WCS: Wexner constipation scale; GIQLI: Gastrointestinal quality of life index; ABS: Abdominal bloating score; NRS: Numerical
rating scale.

but one case of pneumonia was reported in each group.
Both cases of pneumonia were cured. No patients had
fecal incontinence after surgery. At 3, 6, and 12 mo
after surgery, the WIS was significantly better, and the
number of BMs was significantly less in the bypass plus
colostomy group than in the bypass group.

colostomy group and did not exceed 72 h (P = 0.002).

DISCUSSION
Primarily, constipation occurs in the aged population
and shows increased incidence and severity with aging.
Aged patients over 70 years often have varying degrees
of accompanying cardiovascular and cerebrovascular
diseases and cannot tolerate some major surgeries. In
our study, the preserved length of the ileocecal junction
[31]
was determined in reference to Wei’s study
in which
the lengths of the preserved cecum were 2-3 cm distal
to the upper edge of the ileocecal junction. All surgeries
in the 29 patients were successful. The surgical
procedures were the same in both groups except for the
cecorectal anastomosis, for which side-side anastomosis
was used in the bypass group, while end-side
anastomosis and colostomy were used in the bypass
plus colostomy group. The preoperative characteristics
of the patients were not significantly different between
the two groups. Water and fluid diet could be started
24 h after surgery. No obvious abdominal pain was
reported after surgery, and the signs of early recovery
of intestinal function were noted. The follow-up data
showed there was no intestinal obstruction due to
adhesions that required surgery.
The results obtained in this study for the treatment
of slow transit constipation in an aged population with
SCBCAC are very satisfactory. The quality of life has been
improved significantly after operations in all the patients.
This indicates that these two surgeries have advantages,
including minimal trauma, fast recovery, and safe and
feasible procedures. There are some explanations for
these good results. The first is that we selected the
patients strictly before operation. Rigorous psychological
assessment is needed before surgery in order to
eliminate the patients with psychological symptoms or
with history of mental illness. Also, a careful physiologic
assessment is necessary to eliminate other causes
of constipation, such as organic colon disease, outlet

Functional recovery

Functional recovery compared at different time
points within the same group: WCS and GIQLI
significantly improved (P < 0.001) at 3, 6, 12, and 24
mo after surgery in both groups. In the bypass plus
colostomy group, NRS significantly improved at 12
and 24 mo after surgery (P < 0.001); ABS significantly
improved (P < 0.001) at 3, 6, 12, and 24 mo after
surgery. In the bypass group, NRS did not improve at
3, 6, 12, and 24 mo after surgery; ABS significantly
improved (P = 0.003) at 3 and 6 mo but did not
improve at 12 and 24 mo after surgery (P = 0.207 and
P = 0.670, respectively) (Table 2).
Functional recovery compared between groups:
At 3, 6, 12, and 24 mo after surgery, WCS, GIQLI, NRA,
and ABS were compared between the two groups.
WCS and NRS remained unimproved at 3 and 6 mo
after surgery, and ABS remained unchanged at 3 mo
after surgery. Additional above-noted parameters were
significantly better in the bypass plus colostomy group
than in the bypass group at each time point. These
improvements continued over the time course, as
shown in Figure 1 and Table 3.
At 1 year after surgery, barium enema examinations
were performed in all patients of both groups. The
barium emptying times were 22.71 ± 4.41 h and 113.60
± 110.53 h in the bypass plus colostomy group and
the bypass group, respectively. The former group was
significantly better than the latter group (P = 0.007). In
the bypass group, barium emptying time ≥ 72 h was
seen in eight (53.33%) patients. In contrast, the longest
barium emptying time was 30 h in the bypass plus

WJG|www.wjgnet.com

2495

June 21, 2018|Volume 24|Issue 23|

Yang Y et al . SCBCAC for treatment of slow transit constipation
Table 2 Preoperative and postoperative functional recovery results (mean ± SD)
Bypass plus colostomy group (n = 14)
Preoperative
WCS

16.86 ± 1.56

GIQLI

64.00 ± 3.51

ABS

2.71 ± 0.73

NRS

3.00 ± 1.04

Postoperative
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo

2.71 ± 2.30
2.64 ± 2.50
2.36 ± 2.13
1.86 ± 1.46
106.57 ± 5.79
114.50 ± 7.59
119.79 ± 8.24
122.21 ± 6.85
1.29 ± 0.83
0.86 ± 0.77
0.86 ± 0.66
0.79 ± 0.70
2.50 ± 1.29
2.21 ± 1.47
1.14 ± 0.86
1.07 ± 0.62

Bypass group (n = 15)

P value

Preoperative

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.187
0.094
< 0.001
< 0.001

16.93 ± 1.16

P value

Postoperative
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo

63.20 ± 2.40

2.40 ± 0.63

2.87 ± 1.30

4.33 ± 3.83
5.07 ± 4.06
6.40 ± 5.16
6.60 ± 5.42
88.27 ± 12.26
95.13 ± 14.87
97.60 ± 18.38
98.47 ± 18.09
1.53 ± 0.83
1.67 ± 0.82
2.07 ± 0.88
2.27 ± 1.16
3.27 ± 1.34
3.53 ± 2.00
3.93 ± 2.92
4.07 ± 3.04

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
0.003
0.207
0.670
0.320
0.126
0.123
0.105

WCS: Wexner constipation scale; GIQLI: Gastrointestinal quality of life index; ABS: Abdominal bloating score; NRS: Numerical rating scale.

A

B

Bypass plus colostomy group
Bypass group

25.00

Bypass colostomy group
Bypass group

140.00
20.00 P = 0.882

P < 0.001

120.00

P < 0.001

P < 0.001 P < 0.001

100.00

15.00

P = 0.012 P = 0.005

10.00

P = 0.183

80.00

P = 0.063

P = 0.477

60.00
40.00

5.00

20.00
0.00

Pre-operation

3 mo

6 mo

12 mo

0.00

24 mo

Pre-operation

post-operation post-operation post-operation post-operation

C

24 mo

9.00

8.00

8.00

P = 0.003 P = 0.002

7.00

7.00

P = 0.054

6.00

P = 0.764

6.00

P = 0.127

5.00

4.00

4.00

3.00

3.00

2.00

2.00

1.00

1.00

0.00

12 mo

Bypass colostomy group
Bypass group

10.00

9.00

5.00

6 mo

D

Bypass plus colostomy group
Bypass group

10.00

3 mo

post-operation post-operation post-operation post-operation

Pre-operation

3 mo

6 mo

12 mo

0.00

24 mo

P = 0.224
P = 0.429 P = 0.011

Pre-operation

3 mo

6 mo

P < 0.001

12 mo

P < 0.001

24 mo

post-operation post-operation post-operation post-operation

post-operation post-operation post-operation post-operation

Figure 1 X-axis: Preoperative and postoperative time points. A: Y-axis: WCS scores; ▲: Mean of WCS in the bypass plus colostomy group; △: Mean of WCS
in the bypass group; │: 95% confidence interval of WCS. B: Y-axis: GIQLI scores; ◆: Mean of GIQLI in the bypass plus colostomy group; ◇: Mean of GIQLI in the
bypass group; │: 95% confidence interval of GIQLI. C: Y-axis: NRS scores; ■: Mean of NRS in the bypass plus colostomy group; □: Mean of NRS in the bypass
group; │: 95% confidence interval of NRS. D: Y-axis: ABS scores; ●: Mean of ABS in the bypass plus colostomy group; ○: Mean of ABS in the bypass group; │:
95% confidence interval of ABS. WCS: Wexner constipation scale; GIQLI: Gastrointestinal quality of life index; ABS: Abdominal bloating score; NRS: Numerical rating
scale.
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Table 3 Postoperative functional recovery comparison between the two groups (mean ± SD)

Barium emptying times
BMs

WIS

WCS

GIQLI

ABS

NRS

Time (postoperative)

Bypass plus colostomy group (n = 14)

Bypass group (n = 15)

P value

12 mo
3 mo
6 mo
12 mo
3 mo
6 mo
12 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo
3 mo
6 mo
12 mo
24 mo

22.71 ± 4.41
4.07 ± 1.90
3.21 ± 0.89
2.43 ± 0.85
4.14 ± 1.41
1.86 ± 1.29
1.36 ± 0.63
2.71 ± 2.30
2.64 ± 2.50
2.36 ± 2.13
1.86 ± 1.46
106.57 ± 5.79
114.50 ± 7.59
119.79 ± 8.24
122.21 ± 6.85
1.29 ± 0.83
0.86 ± 0.77
0.86 ± 0.66
0.79 ± 0.70
2.50 ± 1.29
2.21 ± 1.47
1.14 ± 0.86
1.07 ± 0.62

113.60 ± 110.53
5.60 ± 1.24
4.20 ± 1.47
3.60 ± 1.35
5.60 ± 1.60
3.87 ± 1.55
3.53 ± 2.00
4.33 ± 3.83
5.07 ± 4.06
6.40 ± 5.16
6.60 ± 5.42
88.27 ± 12.26
95.13 ± 14.87
97.60 ± 18.38
98.47 ± 18.09
1.53 ± 0.83
1.67 ± 0.82
2.07 ± 0.88
2.27 ± 1.16
3.27 ± 1.34
3.53 ± 2.00
3.93 ± 2.92
4.07 ± 3.04

0.007
0.016
0.038
0.010
0.015
0.001
0.001
0.183
0.063
0.012
0.005
< 0.001
< 0.001
< 0.001
< 0.001
0.429
0.011
< 0.001
< 0.001
0.127
0.054
0.003
0.002

BMs: Bowel movements; WIS: Wexner fecal incontinence scale; WCS: Wexner constipation scale; GIQLI: Gastrointestinal quality of life index; ABS:
Abdominal bloating score; NRS: Numerical rating scale.

obstruction syndrome, mixed constipation, or small
intestinal dysfunction. The other possible reason for the
results is the innovation in operative procedures. The
procedure of SCBCAC can be manipulated simply and
has characteristic features of less invasion and good
effect. It also should intuitively require shorter operation
time and less risk of contamination during surgery so
that the aged population could be well-tolerated and
compatible with this procedure.
We found that WCS and GIQLI at 3, 6, 12, and 24
mo after surgery significantly improved compared with
the values before surgery in both groups. In the bypass
plus colostomy group, ABS significantly improved at 3, 6,
12, and 24 mo after surgery compared with that before
surgery. Compared with NRS before surgery, NRS
improvement was not noted at 3 and 6 mo but was
evident at 12 and 24 mo after surgery. In the bypass
group, NRS did not improve at 3, 6, 12, and 24 mo
after surgery compared with that before surgery. ABS
improvement was seen at 3 and 6 mo but disappeared
at 12 and 24 mo after surgery. These results suggest
that the efficacy of the bypass plus colostomy is better
than that of the bypass group. The reasons for these
observations may be that SCBAC cannot improve but
can actually worsen symptoms of abdominal pain and
bloating.
Based on changes in WIS and BM, we noted that the
number of BMs increased somewhat in both groups;
however, the movements appeared to decrease over
time. These results indicate that the number of BMs
at 6 or 12 mo after surgery was lower in the bypass
plus colostomy group than in the bypass group. WIS
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was relatively low in both groups 3 mo after surgery
and appeared to decrease over time. Obviously, the
WIS improvements at 3, 6, and 12 mo after surgery
were significantly better in the bypass plus colostomy
group than in the bypass group. The above-noted
results suggest that the isolated bypass surgery cannot
improve the symptoms of abdominal pain and bloating
but can worsen the symptoms of rectal discomfort and
increase the number of BMs.
In terms of the changes in WCS, GIQLI, ABS, and
NRS at 3, 6, 12, and 24 mo after surgery, we noted
that WCS was not significantly different at 3 and 6
mo after surgery between the two groups but that
it improved in the bypass plus colostomy group and
worsened in the bypass group overtime. WCS at 12
and 24 mo after surgery was better in the bypass plus
colostomy group than in the bypass group. In the bypass
plus colostomy group, GIQLI at 3 mo after surgery
significantly improved and continued to improve over
time, eventually reaching the average level of the healthy
population. In the bypass group, GIQLI improved without
significance. At 6, 12, and 24 mo after surgery, GIQLI
was significantly better in the bypass plus colostomy
group than in the bypass group. ABS and NRS were not
different at 3 mo after surgery, but these parameters
continued to improve in the bypass plus colostomy group
but conversely worsened in the bypass group over time.
At 12 and 24 mo after surgery, ABS and NRS became
significantly different between the two groups. In terms
of the incidence rates of postoperative abdominal pain
and bloating, the incidence rates of severe abdominal
bloating were 0 vs 46.67% (7/15) between the bypass
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produces gas and that postoperative abdominal pain
may be caused by food-residue-stimulated peristalsis or
even intestinal spasm. The feces in the excluded colon
will cause a desire for defecation and rectal discomfort,
but the amount of defecation each time is small, and the
patient experiences a feeling of incomplete defecation.
These symptoms reduce patient quality of life. To this
end, we recommend using subtotal colonic bypass plus
colostomy rather than an isolated bypass of the colon for
the treatment of refractory constipation in aged patients.
Of course, there is no denying that colostomy
may bring a little inconvenience to the patients’ daily
life compared with healthy people, but unlike other
permanent colostomy, the colostomy in SCBCAC does
not need to excrete a large amount of stool every
day. In our study, the healing of the abdominal wall
stoma was favorable. A small amount of intestinal fluid
or mucus was drained every 1-3 d, but the drainage
amount gradually decreased over time. No ulcers or
hemorrhages were seen in the skin around the stoma
because no feces were discharged from it. The daily
life of patients was not negatively affected. Obviously,
colostomy for benign disease did not influence quality
of life in aged population. However, this could not be
accepted for a younger patient population. Also, there is
a problem that tumor occurrence might be increased in
the nonfunctional colon and further research is needed
to confirm this.
This work is a retrospective single-center study
and has certain limitations. We will further develop a
multicenter randomized controlled study. Meanwhile,
we will expand the sample size and continue long-term
follow-up to further evaluate the efficacy of the subtotal
colonic bypass plus colostomy.
Laparoscopic SCBCAC is an effective procedure
for the treatment of slow transit constipation and is
particularly suitable for aged people in poor physical
condition who are not suitable for subtotal colonic
resection. The efficacy of laparoscopic SCBCAC is
superior to that of SCBAC in the aged population.

Figure 2 Barium enema examination of a patient in the bypass group at 1
year after surgery.

Figure 3 The longest emptying time of a patient in the bypass group: 360 h
after barium enema examination at 1 year after surgery.

plus colostomy group and the bypass group, and the
incidence rates of severe abdominal pain were 0 vs 40%
(6/15), respectively, between the bypass plus colostomy
group and the bypass group. These results suggest
that bypass plus colostomy has more advantages in
improving the symptoms of constipation, relieving
abdominal pain and bloating, and improving the quality
of life in aged patients.
What are the causes of abdominal pain, abdominal
bloating, rectal discomfort, and increased BMs after
surgery? To address these questions, we performed
barium enema examinations in these patients at 1 year
after surgery and compared the barium emptying times
between the two groups. The barium emptying time was
significantly shorter in the bypass plus colostomy group
than in the bypass group. Moreover, the barium retention
sites were in the excluded colon rather than in the small
intestine. Further analysis of these data revealed that
the longest emptying times were 30 h and 360 h in the
bypass plus colostomy group and the bypass group,
respectively (shown in Figures 2 and 3). Moreover,
the barium emptying times were > 72 h in eight of 15
patients of the bypass group. Therefore, we postulated
that postoperative abdominal bloating may be caused
by undigested food entering the excluded colon, which
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Constipation affects more than 30% of the aged population and seriously
alters the life quality of patients. In terms of treatments for constipation,
surgical treatment is a common approach for treatment of intractable slow
transit constipation, especially for those with poor responses to conservative
treatment. This study offers a better procedure for the treatment of slow transit
constipation in an aged population.

Research motivation

Although the current surgical methods have good efficacy in the treatment of
slow transit constipation, they are not suitable for aged patients or patients in
poor physical condition because of the large wound produced and the length
of the operation; these patients need non-surgical treatments. After long-term
treatment with oral laxative agents, patients become nonresponsive to these
agents and have to undergo enema administration periodically to alleviate their
constipation. Some patients cannot tolerate the suffering of constipation and
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have to choose ileostomy.

4

Research objectives

The main aim of this study is to compare the efficacy, improved quality of
life, and prognosis in patients undergoing either subtotal colonic bypass with
antiperistaltic cecoproctostomy (SCBAC) or subtotal colonic bypass plus
colostomy with antiperistaltic cecoproctostomy (SCBCAC) for the treatment of
slow transit constipation.

5

Research methods

Aged patients between October 2010 and October 2014, who had slow transit
constipation, were hospitalized and underwent laparoscopic surgery in our
institute and were divided into two groups: the bypass group and the bypass
plus colostomy group. The following preoperative and postoperative clinical
data were collected: gender, age, body mass index, operative time, first
flatus time, length of hospital stay, bowel movements (BMs), Wexner fecal
incontinence scale, Wexner constipation scale (WCS), gastrointestinal quality
of life index (GIQLI), numerical rating scale for pain intensity (NRS), abdominal
bloating score (ABS), and Clavien-Dindo classification of surgical complications
(CD) before surgery and at 3, 6, 12, and 24 mo after surgery.

6
7

8

Research results

9

All patients successfully underwent laparoscopic surgery without open surgery
conversion or surgery-related death. The operative time and blood loss were
significantly less in the bypass group than in the bypass plus colostomy group.
No significant differences were observed in first flatus time, length of hospital
stay, or complications with CD > 1 between the two groups. No patients had
fecal incontinence after surgery. At month 3, 6, and 12 after surgery, the
number of BMs was significantly less in the bypass plus colostomy group than
in the bypass group. The parameters at month 3, 6, 12, and 24 after surgery in
both groups significantly improved compared with the preoperative conditions,
except for NRS at month 3 and 6 after surgery in both groups, ABS at month 12
and 24 after surgery, and NRS at month 12 and 24 after surgery in the bypass
group. WCS, GIQLI, NRS, and ABS significantly improved in the bypass plus
colostomy group compared with the bypass group at month 3, 6, 12, and 24
after surgery except WCS, NRS at month 3, 6 after surgery and ABS at month 3
after surgery. At 1 year after surgery, a barium enema examination showed that
the emptying time was significantly better in the bypass plus colostomy group
than in the bypass group.

10

11

12
13

Research conclusions

We draw a conclusion from this study that laparoscopic SCBCAC is an effective
and safe procedure for the treatment of slow transit constipation in an aged
population and can improve the prognosis significantly. Its clinical efficacy
is more favorable compared with that of SCBAC. Laparoscopic SCBCAC is
a better procedure for the treatment of slow transit constipation in the aged
population.

14

Research perspectives

16

15

This work is a retrospective single-center study. We will further develop a
multicenter randomized controlled study. Meanwhile, we will expand the sample
size and continue long-term follow-up to evaluate further efficacy of the subtotal
colonic bypass plus colostomy.

17
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Abstract
AIM
To determine the efficacy and safety of transarterial
embolization and low-dose continuous hepatic arterial
infusion chemotherapy with oxaliplatin and raltitrexed
in hepatocellular carcinoma (HCC) with major portal
vein tumor thrombus (MPVTT).

Institutional animal care and use committee statement:
The pharmacokinetics study was reviewed and approved by the
Department of Laboratory Animal Science, Peking University
Health Science Center.
Conflict-of-interest statement: The authors declare, to the best
of our knowledge, no conflict of interest exists.

METHODS
eighty-six patients with MPVTT accepted routine
embolization. The catheter was kept in the hepatic
artery and oxaliplatin (50 mg in 250 mL of glucose)
was infused by pump for 4 h, followed by raltitrexed (2
mg in 100 mL of 0.9% saline) infusion by pump for the
next 1 h. The efficacy and safety were evaluated after

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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[7]

the transarterial chemoembolization (TACE).

those without PVTT . When a thrombus involves the
main portal vein, the prognosis is much worse than
in cases in which a thrombus involves a branch of the
[8]
portal vein .
Treatment of advanced HCC with major portal vein
tumor thrombosis (MPVTT) remains a challenge. MPVTT
can increase the risk of wide tumor transmission and
also increase the pressure of the portal vein (especially
when accompanied with arterial portal vein shunt),
which results in acute variceal hemorrhaging, intractable
ascites, hepatic encephalopathy, and failure. All of these
conditions limit treatment choices.
It is well known that transarterial chemotherapy
can achieve high local concentrations. Many patients
who cannot endure systemic chemotherapy can
benefit from transarterial chemoembolization (TACE).
We have adopted continuous hepatic arterial infusion
chemotherapy technique in our center for the treatment
of colon cancer liver metastasis and have demonstrated
[9]
its safety and advantage . However, PVTT patients
cannot endure a regular dose of chemotherapy due to
its high risk and high complexity, and we need a more
effective and safe protocol that uses the smallest dose
possible to provide a sufficient effect while limiting
toxicity.
When we sought to create a protocol for transarterial
infusion chemotherapy (TAI), we needed to determine
a total dose and infusion time, but we first needed
to solve following problems: (1) How does a certain
dose and infusion time influence the concentration
in local tissue? (i.e., pharmacokinetics)? (2) How do
high-concentration drugs interact with the tumor (i.e.,
pharmacodynamics)? And (3) What are the optimum
time and concentration for the application of a certain
chemotherapy drug, and how can these parameters be
realized in the clinic?
We firstly performed a pharmacokinetics study in a
swine model and pharmacodynamics studies in different
tumor cell lines to learn the real-time drug concentration
in local tissue and how tumor cells respond under such
an environment during continuous hepatic arterial
infusion chemotherapy. Based on our findings, we
determined the suitable concentration and infusion time
for a certain agent, designed a protocol based on the
above mentioned studies, and observed its efficacy and
safety for patients with MPVTT.

RESULTS
Full or partial embolization was achieved in 86 cases,
where all the cases received low dose continuous hepatic
arterial infusion chemotherapy. Complete responses
(CRs), partial responses (PRs), stable disease (SD), and
disease progression (PD) for intrahepatic disease were
observed in 0, 45, 20, and 21 patients, respectively. The
1-, 2-and 3-year overall survival rates of the 86 patients
were 40.7%, 22.1%, and 8.1% respectively, and the
median survival time was 8.7 mo. Complication was
limited.
CONCLUSION
TACE with low dose continuous hepatic arterial infusion
of oxaliplatin and raltitrexed could be an option in
MPVTT patient; it was shown to be effective in patients
with advanced HCC with MPVTT with less toxicity.
Key words: Transarterial embolization; Oxaliplatin; Major
portal vein tumor thrombus; Raltitrexed; Continuous
hepatic arterial infusion chemotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We analyzed the pharmacokinetic and
pharmacodynamic characteristics of continuous hepatic
arterial infusion of oxaliplatin and raltitrexed to aid
interventional radiologist in determining a more accurate
infusion protocol. The clinical protocol based on the
pharmacokinetics study in a swine model and the
pharmacodynamics study in tumor cell lines was shown
to be effective and safe in hepatocellular carcinoma with
main portal vein tumor thrombus.
Zhu LZ, Xu S, Qian HL. Transarterial embolization and lowdose continuous hepatic arterial infusion chemotherapy with
oxaliplatin and raltitrexed for hepatocellular carcinoma with
major portal vein tumor thrombus. World J Gastroenterol 2018;
24(23): 2501-2507 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i23/2501.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i23.2501

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
prevalent cancer and the third most common cause
[1,2]
of cancer-related death worldwide , particularly in
[3]
Asian countries . Recent studies have indicated that
the overall clinical survival of HCC remains extremely
poor, especially among patients with invasion of the
[4]
portal vein branches . Portal vein tumor thrombosis
(PVTT) is a strong predictor of mortality in patients with
[5]
HCC and is usually associated with an unsatisfactory
[6]
prognosis . The median survival time is only
approximately 2-4 mo compared with 10-24 mo among

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

This was a retrospective study. All patients were admitted
to our hospital between May 2010 and March 2017.
A total of 86 consecutive patients with unresectable
advanced HCC and major PVTT received TACE. The
diagnoses of HCC were established using pathology in
64 patients, and the diagnoses were established based
on two types of typical HCC imaging, i.e., computed
tomography (CT) and magnetic resonance imaging
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Table 1 Characteristics of the patients with major portal vein tumor thrombosis
MPVTT characteristics

Portal trunk + left branch

Portal trunk + right branch

Portal trunk + SMV or SV

Portal trunk + IVC

27

36

12

11

27
0
35-84

30
6
33-72

8
4
42-70

8
3
37-74

6
17
4

6
22
8

3
5
4

3
6
2

15
12
11
15
12
10
10

16
20
30
32
26
22
15

8
4
7
7
5
7
3

7
4
7
6
3
4
7

n
Gender
Male
Female
Age
Child-Pugh grade
Child A
Child B
Child C
Tumor Size
5-10 cm
> 10 cm
Gastric esophageal varices
Splenomegaly
Hypersplenism
Ascites
Hepatic artery-portal vein shunt
MPVTT: Main portal vein tumor thrombus.

(MRI), plus a serum alpha-fetoprotein (AFP) level of
more than 400 ng/mL in 30 patients.
All patients were categorized as American Joint
th
[10]
Committee on Cancer stage IIIa (6 edition) . Portal
vein thrombosis was evaluated according to criteria of
[11]
the Liver Cancer Group of Japan .
The baseline data are presented in Table 1. Most of
the patients were positive for hepatitis B virus (HBV)
infection. Seventy-eight patients were male, and 16
were female. Forty-four (46.8%) patients had a tumor
larger than 10 cm. Etiologies of HBV and HCV infection
were identified in 72 and four cases, respectively. The
age range was 31-84 years (mean: 53.7 years). The
pre-treatment evaluations consisted of a complete
history and physical examination, blood cell count, liver
and renal panels, AFP value assessment, and a triphase CT scan or dynamic MRI of the liver. All patients
had an ECOG performance status ≤ 2, a serum total
bilirubin ≤ 3.0 mg/L, a serum aminotransferase ≤ 100
IU/L, a white blood cell count ≥ 3000/µL, a hemoglobin
4
level ≥ 8 g/dL, and a platelet level ≥ 7.5 × 10 /µL or
corrected to this level via embolization of the spleen.
Sixteen patients had gastrointestinal bleeding, and 46
patients had ascites upon admission.

lesions had developed in the liver. When lesions were
detected, TACE was performed again to control the
intrahepatic lesions.

Evaluation

The acute and late toxicities from the treatments were
[12]
graded according to the NCI-CTCAE version 4.0
Monthly evaluations of the responses to TACE were
recommended.
The responses were defined using the mRECIST
[13]
criteria
based on an enhanced CT and MRI of the
liver.

Statistical analysis

SPSS version 19.0 (SPSS Inc., Chicago, IL, United
States) for Windows was used for the data analysis.
Overall survival (OS) was calculated from the date of
HCC diagnosis until death or until the date of the last
follow-up visit for all patients who were still alive.

RESULTS
Full embolization was achieved in 68 cases, and partial
embolization was achieved in 18 cases. For 86 patients
who received embolization, the catheter was kept in the
hepatic artery and them low-dose continuous hepatic
arterial infusion chemotherapy was administered.
Radiologically complete responses (CRs), partial
responses (PRs), stable disease (SD), and disease
progression (PD) of the intrahepatic disease were
observed in 0, 45, 20, and 21 patients, respectively.
The following time was 1-55 mo, the 1-, 2- and 3-year
overall survival rates of the 86 patients were 40.7%,
22.1% and 8.1%, respectively, and the median survival
time was 8.7 mo. Moreover, in 35 patients, we observed
the uptake of lipiodol in the MPVTT after TACE, and with
the passage of time, collateral circulation was gradually
established, and the incidences of bleeding and ascites

Protocol for the continuous hepatic arterial infusion of
oxaliplatin and raltitrexed

After routine embolization, we kept the catheter in the
segmental artery and confirmed its proper position via
fluorescence imaging. When the patient was returned
to the ward, 50 mg oxaliplatin in 250 mL of glucose was
infused with a pump over 4 h. Then, 2 mg raltitrexed in
100 mL of 0.9% normal saline was infused with a pump
over the next 1 h. Ondansetron was used to prevent
vomiting.
The treatment protocol began with 1-11 sessions
of TACE (average interval: 3.2 mo). The patients were
followed up every 1-3 mo to check whether new tumor
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slightly increased. Eight of these patients exhibited
transient abnormal renal function, but function returned
to normal within 1 wk in all cases. This phenomenon
might have been due to the massive necrosis of the
tumor cells.
Postembolization syndrome, which included pain
and fever, occurred frequently and was successfully
treated with conservative treatment. Twenty-five cases
experienced nausea and loss of appetite. However, no
cases had severe (grades 3 or 4) adverse effects, and
symptoms were controllable with medical treatment.
Myelosuppression was very rare; only eight cases
exhibited slight reductions of the WBC and PLT count
and recovered within 1 week without medical treatment.

Cumulative survival rate

1.0
0.8
0.6
0.4
0.2
0.0
0.00

10.00

20.00

30.00
t /mo

40.00

50.00

60.00

Figure 1 Kaplan-Meier curves of the overall survival for all 86 patients
(months).

DISCUSSION
The western guidelines of the Barcelona Clinic Liver
Cancer (BCLC) staging system are frequently applied
[14]
for decisions regarding initial treatments for PVTT, but
the management options for HCC with PVTT are more
limited. To date, radiation and systematic chemotherapy
[15]
or sorafenib targeted therapy
have been used for
PVTT. However, the median survival time with sorafenib
[16]
is only 6.5 mo in Asia . In China, economic conditions
restrict the application of sorafenib for most patients.
Therefore, consecutive TACE is still used to treat
selected patients with PVTT.
TACE has traditionally been considered to be
contraindicated in cases of PVTT due to its high embolic
effect and the potential for inducing hepatic necrosis
[6,16]
and worsening liver dysfunction
. However, with
progress of the technique, the effects of TACE have
been confirmed in some randomized controlled trials
[17]
(RCTs) . A meta-analysis of prospective randomized
trials demonstrated that survival is improved and good
liver function is preserved after TACE for unresectable
[15]
HCC
TACE can be safely performed in patients
with HCCs that invade the main portal vein and
[18]
may improve overall survival . A meta-analysis of
[19]
prospective randomized trials
demonstrated that
TACE is potentially suitable and safe for patients with
advanced HCC with PVTT, including patients with
MPV obstructions. For selected patients with MPV
obstructions, especially those with established collateral
circulation and good liver function preservation, TACE
[20]
treatment may prolong survival . Although PVTTs are
located outside of the liver parenchyma, their feeding
artery still arises from the hepatic artery branches. We
successfully embolized lesions in the liver and PVTTs
via the hepatic artery branches in 86 cases; in the
remaining eight patients, we still performed infusion
chemotherapy via the hepatic artery despite the
presence of shunts because we found stains of intrahepatic lesions.
Hepatic arterial infusion chemotherapy has been
investigated for the treatment of advanced HCC with
portal vein tumor thrombosis in Asian countries. In

decreased. These changes may have contributed to the
OS benefit (Table 1).
Thirty-five cases died within the first 6 mo, and
these deaths were mainly due to bleeding and acute
liver failure. Subsequently, the rate of death slowed
(Figure 1).

Case 1

In a 47-year-old man with a HCC and MPVTT, an
angiography via the proper hepatic artery revealed a
tumor stain in the liver (Figure 2A), a stain in the right
branch, and a portal trunk tumor thrombus (Figure
2B). We performed super-selective catheterization
and administered embolization and chemotherapy
infusion (Figure 2C). A post-operative CT scan revealed
scattered deposition of lipiodol inside the MPVTT as well
as intra-hepatic lesions (Figure 2D).

Case 2

In a 51-year-old woman with a HCC and MPVTT, a preoperative CT scan revealed a tumor thrombus invading
into the right branch and portal trunk (Figure 3A and
B). Angiography via the celiac hepatic artery revealed
a tumor stain in the liver and right branch and a portal
trunk tumor thrombus (Figure 3C). A post-operative CT
scan revealed the deposition of lipiodol inside the MPVTT
(Figure 3D).

Complications

The main complications included acute variceal hemorr
haging, intractable ascites, and hepatic encephalopathy
and failure. Twenty-eight cases exhibited variceal
hemorrhaging after TACE; 19 of these complications
occurred within 3 mo, and 14 of these patients died.
Fourteen cases had intractable ascites after TACE, and,
among the 15 cases with ascites before TACE, the ascites
decreased or disappeared after the TACE.
Although a majority of the cases had background
cirrhosis, acute liver failure was rare and was observed
in six cases. Twenty-eight cases had moderately
increased ALT and AST levels, but the T-Bil levels were
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A

B

C

D

Figure 2 Images of case 1. A: Angiography via the proper hepatic artery revealed a tumor stain in the liver; B: Portal trunk tumor thrombus; C: Super-selective
catheterization and administered embolization and chemotherapy infusion; D: Post-operative computed tomography (CT) scan revealed scattered deposition of
lipiodol inside the major portal vein tumor thrombosis as well as intra-hepatic lesions.

this protocol, chemotherapeutic agent is infused into
the hepatic artery via an implanted catheter, which
reduces systemic side effects by first pass effects and
maximizes drug delivery to the tumor. However, for
HCC with MPVTT, patients always exhibit accompanying
hypertension and hypersplenism. Thus, regulardose chemotherapy may elicit more serious systemic
toxicity, and patients may be more prone to have
serious myelosuppression and gastrointestinal reaction
and bleeding. Additionally, the nutrition conditions of
MPTVV patients are generally poor, which makes a loss
of appetite even more dangerous. Therefore, we need
a more feasible protocol to ensure effectiveness while
limiting the toxicity of chemotherapy.
In interventional therapy, the most feasible methods
for reducing systemic toxicity are to reduce the dose or
prolong the infusion time. However, doctors may worry
that low doses could reduce the effect and wonder how
a suitable dose and infusion time can be selected to
ensure the effect. Where is the balance point? To find
the answer, we must first understand the local plasma
concentrations during the infusion process under
different doses and whether these concentrations could
meet our needs; subsequently, we can make the right
decisions.
We performed a pharmacokinetics study with 1
mg/4 mg raltitrexed and 35 mg/150 mg oxaliplatin
in a swine model. During infusion, both oxaliplatin

WJG|www.wjgnet.com

and raltitrexed maintained high concentrations in the
lobar hepatic artery during the whole infusion process.
The highest concentrations of 35 mg and 150 mg of
oxaliplatin at 4 h infusion time were 4259 μg/L and
14287 μg/L, respectively. The highest concentrations
of 1 mg raltitrexed at 30 min, 60 min, and 120
min infusion times were 405, 212, and 128 μg/L,
respectively. The corresponding highest concentrations
in the 4-mg raltitrexed group were 1601, 902, and 587
μg/L. These results indicated that, even with the lowest
dose and the longest infusion time, relatively high
concentrations could be maintained.
However, we still needed to demonstrate how such
high concentrations would act on tumor cells. We used
the concentrations obtained from the pharmacokinetics
study to perform an in vitro pharmacodynamics study
in multiple tumor cell models. A MTT assay was used to
measure the effects of oxaliplatin and raltitrexed on cell
viability using different combinations of concentrations
and times. We found that oxaliplatin and raltitrexed
increased cell death in a concentration and time
dependent manner. For oxaliplatin, a concentration of
5000-10000 μg/L and an infusion time of 4 h was a
suitable combination. For raltitrexed, a suitable time
was 60-120 min, and a suitable concentration was
250-500 μg/L.
By using super-selective or super super-selective
techniques, we advanced a catheter into the segmental
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Figure 3 Images of case 2. A: Pre-operative CT scan (right branch); B: Pre-operative CT scan (portal trunk); C: Tumor stain in the liver and right branch and a portal
trunk tumor thrombus; D: Post-operative CT scan revealed the deposition of lipiodol inside the major portal vein tumor thrombosis.

branch in most cases, and the blood flow in the target
artery ranged from 1-2 mL/s. From this information,
we could calculate the dose needed during infusion.
For example, if we wanted to achieve a final 5000
μg/L concentration in the target artery, the required
oxaliplatin could be calculated as 5000 (μg/L) × 14400
6
s × 1 (mL/s)/10 = 72 mg; if we wanted to achieve a
final concentration of 500 μg/L in the target artery, the
required raltitrexed could be calculated as 500 (μg/L) ×
6
3600 s × 1 (mL/s)/10 = 1.8 mg.
Based on the results from these studies, 50 mg
oxaliplatin was infused for 4 h, and 2 mg raltitrexed
was infused for the next 1 h. This protocol produced
good results and fewer complications. The 1-, 2-, and
3-year overall survival rates were 40.7%, 22.1%, and
8.1%, respectively. The complications were acceptable.
Myelosuppression was observed in only eight patients.
Twenty-eight patients exhibited bleeding, but 19 of these
complications occurred within 3 mo after the TACE and
may have been due to the establishment of collateral
circulation and a decrease of portal vein pressure.
Obviously, low-dose continuous hepatic arterial infusion
chemotherapy can ensure a sufficient local concentration
and an increase in cell death in tumor tissue, and longer
infusion times mean that the tumor tissue can take up
more of the agent. Additionally, the human body has
more time to eliminate the agent, which dramatically
reduces the toxicity.
The limitations of this study were the small number
of patients and the retrospective design. Multivariate
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analysis may not precisely identify the factors associated
with OS and PFS in such a small study.
In conclusion, this pharmacokinetic and pharmacody
namic study provided important information regarding
the characteristics of drugs during continuous hepatic
arterial infusion. TACE with low dose oxaliplatin and
raltitrexed was effective and less toxic in patients with
advanced HCC with MPVTT, making it a viable option for
such patients.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

We had generated a pharmacokinetics and pharmacodynamics model for
transarterial infusion. Here, we aimed to translate these findings into a clinical
protocol for hepatocellular carcinoma (HCC) with portal vein tumor thrombus
(PVTT).

Research motivation

Although transarterial chemoembolization (TACE) is widely used in the
treatment of HCC with PVTT, the incidence of complication is high and overall
survival is short, thereby limiting its use. More safe and effective protocols need
to be developed to improve therapeutic effects.

Research objectives

We want to provide a simple and effect way to determine a clinical protocol
based on pharmacokinetic and pharmacodynamic studies.

Research methods

After embolization, we kept the catheter in the feeding artery of the tumor and
infused chemotherapy: oxaliplatin 50 mg in 250 mL of glucose was infused by
pump for 4 h and raltitrexed 2 mg in 100 mL of 0.9% saline for the next 1 h after.
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Research results

All cases received low dose continuous hepatic arterial infusion chemotherapy
without major complications. Complete responses, partial responses, stable
disease, and disease progression for intrahepatic disease were observed in 0,
45, 20, and 21 patient, respectively. The 1-, 2-, and 3-year overall survival rates
of the 86 patients were 40.7%, 22.1%, and 8.1% respectively, and the median
survival time was 8.7 mo.

10

11

Research conclusions

TACE with low dose continuous hepatic arterial infusion of oxaliplatin and
raltitrexed could be safely used in major portal vein tumor thrombosis (MPVTT)
patients. It is effective in patients with advanced HCC with MPVTT and is less
toxic.

12

13

Research perspectives

Continuous hepatic arterial infusion chemotherapy was shown to be effective
with limited complications. Based on results from pharmacokinetic and
pharmacodynamics studies; we were able to choose agents and adjust the
protocol with high efficiency.

14
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Abstract

Institutional review board statement: The study was
reviewed and approved by Sheng-Jing Hospital of China Medical
University Institutional Review Board.

AIM
To detect the expression of raf kinase inhibitory
protein (RKIP) in gastrointestinal stromal tumors (GISTs)
and to analyze its relationship with clinicopatholgical
characteristics and prognosis of this disease.

Informed consent statement: The patient involved in this
study gave her written informed consent authorizing use and
disclosure of her protected health information.

METHODS
Sixty-three patients with pathologically diagnosed GISTs
who underwent surgical resection at the Shengjing
Hospital of China Medical University from January 2011
to January 2015 and had complete clinical, pathological,
and follow-up data were included. Immunohistochemical
method was used to detect the expression of RKIP
in GIST tissue samples from these patients. KaplanMeier method was used to calculate the survival rate
of 60 patients with complete follow-up data, and Cox
regression analysis was performed to identify factors
affecting the prognosis of patients GISTs to evaluate
further the diagnostic and prognostic value of RKIP in
GISTs.
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
In GIST tissues, RKIP positive signals, manifesting as
brownish yellow or brown granules, were located in the
cytoplasm or on the membrane. Of 63 tissue samples
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included in this study, 34 (54%) were positive and 29
(46%) were negative for RKIP expression. Statistical
analysis showed that RKIP expression in GISTs was
significantly associated with tumor size, National
Institutes of Health (NIH) risk grade, and mucosal
invasion, but had no significant association with age,
gender, tumor location, or the number of mitotic figures.
Univariate Kaplan-Meier analysis revealed that the 1-,
3-, and 5-year survival rates were 94.4%, 89.2%, and
80.5% for patients with positive RKIP expression, and
88.6%, 68.2%, and 48.2% for patients with negative
RKIP expression, suggesting that patients with high
RKIP expression had significantly higher survival rates
than those with low expression (Log-rank test, P =
0.0015). Cox regression analysis demonstrated that
NIH risk grade was significantly associated with the
prognosis of GISTs (P = 0.037), suggesting that NIH
risk grade is a significant predictor of the prognosis of
GISTs. RKIP expression had a tendency to predict the
survival of GISTs (P = 0.122), suggesting that RKIP
expression may have appreciated value to predict the
prognosis of GISTs.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) have pre
viously been classified or pathologically diagnosed as
leiomyosarcomas, leiomyomas, or leiomyoblastomas.
For many years, surgical resection was the only effective
treatment for GISTs. Until 1983, Mazur and Clark,
two professors of pathology at the State University
of New York, found that these “leiomyomas” have
neither smooth muscle characteristics nor Schwann
characteristics, and they for the first time proposed
[1,2]
[3]
the concept of GISTs . In 1998, Hirota et al at
the Osaka University reported that GISTs contained
activated c-kit mutations. Further immunohistochemical
examination showed that GIST tissue was positive for
CD34 and CD117. Since then, the diagnosis of GISTs
[4]
entered the standardization phase .
GISTs are now considered the most common
gastrointestinal mesenchymal tumors, accounting for
about 1%-4% of all gastrointestinal neoplasms. With
the application of endoscopic ultrasound (EUS) in the
gastrointestinal tract, more GISTs have been detected
[5-7]
and distinguished form other subepithelial lesions .
[8,9]
The annual incidence of GISTs is about 2/100000 .
Approximately 90% of GISTs are located in the stomach
and small intestine, with gastric lesions being the most
common (~60%). Geneticists estimate that about
10% of all individuals suffer from deleterious gene
[10]
mutations , and current research shows that the
development of GISTs is associated with multiple gene
mutations, such as c-kit and PDGFRα (platelet derived
growth factor receptor alpha) mutations. C-kit gene
mutations generally occur in exon 11 (~60%) and
include deletions, point mutations, and insertions. In
some GISTs without c-kit mutations, PDGFRα mutations
may occur, which account for about 8% of all GISTs.
PDGFRα mutations occur mainly in exon 18 (~6% of
all GISTs) and occasionally in exons 12 and 14 (~1.5%
and 0.5% of all GISTs, respectively). Exons 18 and 12
encode the intracellular tyrosine kinase domain and
jaxtamembrane domain, respectively. Of note, a small
portion of GISTs are wild-type tumors, without c-kit or
PDGFRα abnormalities.
GISTs are basically a malignancy, and there are
almost no absolutely benign GISTs. Seemingly benign
GISTs have the potential to be malignant. For many
years, treatment of GISTs was limited to surgical
resection and the application of chemotherapy regimens
for sarcomas, but with poor efficacy. In 2000, the first
successful case using the targeted drug “imatinib”
in GISTs was reported. Imatinib is a small molecule
tyrosine kinase inhibitor that targets c-kit and PDGFRα
and can prevent the initiation of the downstream
oncogenes by inhibiting theses tyrosine kinases.
The application of the targeted drug imatinib in
GISTs was a milestone in the understanding and
gene therapy of GISTs. However, with the increased

CONCLUSION
This study demonstrated that: (1) RKIP expression in
GISTs is associated with tumor size, NIH risk grade,
and mucosal invasion, and low or no expression of
RKIP predicts a high malignancy potential; (2) high
RKIP correlates positively with the survival of patients
with GISTs; and (3) RKIP expression has appreciated
value for predicting the survival of patients with GISTs,
although it is not an independent prognostic factor in
GISTs.
Key words: Gastrointestinal stromal tumors; Raf kinase
inhibitory protein; Immunohistochemistry; Survival analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, the expression of raf kinase
inhibitory protein (RKIP) in gastrointestinal stromal
tumors (GISTs) was examined by immunohistochemistry.
We explored the relationship between RKIP protein
expression and survival and prognosis in a large sample
of GIST patients in China. RKIP protein expression
was correlated with tumor growth, differentiation, ma
lignancy, and the prognosis of the tumor. Our findings
provide evidence for the diagnosis and prognosis
assessment of GIST and offer new tumor treatment
targets in GIST.
Wang Y, Chen JJ, Wang XF, Wang Q. Clinical and prognostic
significance of raf kinase inhibitory protein expression in
gastrointestinal stromal tumors. World J Gastroenterol 2018;
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application of imatinib in clinical cases, drug resistance is
beginning to emerge. Thus, it is important to investigate
further the pathogenesis of GISTs and discover new
therapeutic targets for this malignancy.
Raf kinase inhibitory protein (RKIP), also known as
phosphatidylethanolamine-binding protein 1 (PEBP1), is
an important endogenous modulator of many kinases
and the star protein of recent oncology research. This
[11]
protein was initially identified in the brain of cattle . RKIP
belongs to a highly conserved family of phospholipidbinding proteins, which contains more than 400 mem
bers and is widely distributed in microbes, plants,
and mammals. RKIP can regulate multiple signaling
transduction pathways, including the Raf/MAP kinase
(MAPK) pathway, the β-adrenergic (β-AR) pathway, and
[12-14]
the NF-kappa B pathway
. RKIP is not only a kinase
inhibitor but also a target of phosphorylation, having
important and complex functions, such as regulating
tumor growth and metastasis and affecting cell cycle and
apoptosis.
Recently, there have been many studies on RKIP,
including in gastric cancer, colon cancer, esophageal
cancer, and gynecological tumors. However, there have
been very few reports on RKIP in GISTs. The role of
this protein in the growth and metastasis of GISTs,
the relationship between RKIP expression and clinical
characteristics of GISTs, and the effect of RKIP expression
on the prognosis of GISTs remain unclear. To address
these problems, we detected the expression of RKIP
in GISTs by immunohistochemistry and analyzed the
clinical and prognostic significance of RKIP expression in
GISTs, with an aim to provide a basis for GIST diagnosis,
prognosis evaluation, and identification of new tumor
therapeutic targets.

Table 1 Clinicopathological data of the 63 patients with
gastrointestinal stromal tumors

Number

Percentage (%)

33
30

52.4
47.6

32
31

50.8
49.2

35
12
14
2

55.6
19.0
22.2
3.2

11
20
18
14

17.5
31.7
28.6
22.2

10
19
10
24

15.9
30.1
15.9
38.1

11
35
6
11

17.5
55.6
9.4
17.5

33
30

52.4
47.6

Gender
Male
Female
Age (yr)
≥ 56
< 56
Tumor location
Stomach
Duodenum
Jejunoileum
Colon
Tumor size (cm)
<2
2-5.9
6-10
> 10
NIH risk grade
Very low
Low
Moderate
High
Mitotic figures per 50 HPFs
0
1-4
5-9
>10
Mucosal invasion
Yes
No
HPFs: High-power fields.

of Health (NIH) consensus on defining the risk of
aggressive behavior: (1) Very low risk of aggressive
behavior (grade I), tumor size < 2 cm and mitotic
figures < 5/50 high-power fields (HPFs); low risk (grade
II), tumor size of 2-5 cm and mitotic figures < 5/50
HPFs; moderate risk (grade III), tumor size of 5-10 cm
and mitotic figures < 5/50 HPFs, or tumor size < 5 cm
and mitotic figures of 6-10/50 HPFs; and high risk (grade
IV), tumor size > 5 cm and mitotic figures > 5/50 HPFs,
or tumor size > 10 cm and mitotic figures > 10/50
HPFs.
Of 63 cases of GISTs included in this study, three
died from other reasons and the remaining 60 had
complete follow-up data, with a mean follow-up period
of 48 mo (range, 5-61 mo). Tumor-adjacent tissue
samples were collected as controls.

MATERIALS AND METHODS
Patients

Sixty-three patients with pathologically diagnosed GISTs
who underwent surgical resection at the Shengjing
Hospital of China Medical University from January 2011
to January 2015 and had complete clinical, pathological,
and follow-up data were included in this study. There
were 33 men and 30 women, with a mean age of
56.2 years (range, 21-83 years). The location of GISTs
included the stomach (n = 35, 55.6%), duodenum (n =
12, 19.0%), jejunoileum (n = 14, 22.2%), and colon (n
= 2, 3.1%).
The diagnostic criteria for GISTs were histopathological
features consistent with GISTs and immunohistochemical
positivity for CD117, immunohistochemical negativity for
CD117 but positivity for CD34, or immunohistochemical
negativity for CD117 and CD34 as well as smooth muscle
actin (SMA), desmin, and S-100 (to exclude smooth
muscle tumors and neurogenic tumors). There were 59
(90.8%) cases positive for CD117 and 50 (76.9%) cases
positive for CD34 (Table 1).
GISTs were graded based on the National Institutes

WJG|www.wjgnet.com

Patients (n = 63)

Characteristic

Immunohistochemical staining

GIST tissue samples were fixed in formalin, embedded
in paraffin, and cut into 4 μm sections. The sections
were then routinely dewaxed and rehydrated. After
endogenous peroxidase was inactivated with H2O2, heatmediated antigen retrieval was performed. The sections
were then blocked with 5% bovine serum albumin
(BSA) blocking solution for 20 min at room temperature.
Subsequently, the sections were incubated with primary
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A

B

C

D

45 μm

Figure 1 Immunohistochemcial staining for Raf kinase inhibitory protein in gastrointestinal stromal tumor tissues. A: Negative expression; B: Mildly positive
expression; C: Moderately positive expression; D: Strongly positive expression. Scale bars on Figure. Magnification is 200 ×.

antibody (rabbit anti-RKIP antibody) for 12 h at room
temperature, followed by incubation with secondary
antibody (biotinylated goat anti-rabbit IgG) for 20 min
at 25 ℃. After that, the sections were incubated with
SABC-AP/BCIP reagents to develop the color. Finally,
the sections were counterstained with nuclear fast red,
dehydrated, mounted, and observed under a microscope.

from the date of surgery to the date of the last followup or death. Of the 63 cases included, 60 had complete
follow-up data and three died of other diseases or
accidents. The follow-up period was between January
2013 and December 31, 2017.

Statistical analysis

SPSS17.0 software was used for all statistical analyses.
Percentages were compared using the chi-square test.
Survival curves were plotted with GRAPHPAD software,
and survival analysis was performed using the KaplanMeier method and the log-rank test. Multivariate
prognostic analysis was performed using a Cox regression
model. P-values < 0.05 were considered statistically
significant.

Evaluation of immunohistochemical staining

Positive immunohistochemical staining signals for RKIP
were present in the cytoplasm or on the membrane.
A semi-quantitative method that combines staining
intensity and the percentage of positive cells was
adopted to evaluate the expression of RKIP. Ten HPFs
were randomly selected from a slide, and 100 cells
were counted in each HPF to calculate the percentage
of positive cells. The staining intensity was graded as
follows: 0, no staining; 1, yellow; 2, brownish yellow;
and 3, brown. The percentage of positive cells was
scored as follows: 0, < 25%; 1, 25% to 50%; 2, 51%
to 75%; and 3, > 75%. The overall score was the
product of the staining intensity and the percentage
of positive cells and graded as negative (0-2), mildly
positive (+, 3), moderately positive (++, 4-6), or
strongly positive (+++, 9). RKIP expression was judged
to be either negative (0-2) or positive (3-9).

RESULTS
Relationship between RKIP expression and
clinicopathological characteristics of GISTs

In GIST tissue, RKIP positive signals, manifesting as
brownish yellow or brown granules, were located in
the cytoplasm or on the membrane (Figure 1). Of 63
tissue samples included in this study, 14 were strongly
positive (+++), 16 moderately positive (++), four
mildly positive (+), and 29 negative for RKIP expression
(Figure 1A-D, respectively). In total, 34 (54%) cases
were positive and 29 (46%) were negative for RKIP
expression. Statistical analysis showed that RKIP
expression in GISTs was significantly associated with

Follow-up

The patients were followed by telephone, outpatient
visits, or letters. Survival time was defined as the period
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Table 2 Relationship between raf kinase inhibitory protein expression and clinical and pathological characteristics of gastrointestinal
stromal tumors
Characteristic

Number

Gender
Male
Female
Age (yr)
≥ 56
< 56
Tumor location
Stomach
Duodenum
Jejunoileum
Colon
Tumor size (cm)
<2
2-5
6-10
> 10
NIH risk grade
Very low
Low
Moderate
High
Mitotic figures per 50 HPFs
0
1-4
5-9
> 10
Mucosal invasion
Yes
No

P value

RKIP expression
Positive (≥ 3)

Negative (< 3)

33
30

19
15

14
15

0.547

32
31

20
14

12
17

0.167

35
12
14
2

16
8
9
1

19
4
5
1

0.503

11
20
18
14

10
15
5
4

1
5
13
10

< 0.011

10
19
10
24

8
16
3
7

2
3
7
17

< 0.011

11
35
6
11

8
20
2
4

3
15
4
7

0.218

33
30

13
21

20
9

0.0151

1

RKIP positive percentage were compared using the χ test, P < 0.05 were considered statistically significant. RKIP: Raf kinase inhibitory protein; HPFs:
High-power fields.

0.01); 90.9%, 75.0%, 27.8%, and 28.6% in tumors of
< 2 cm, 2-5.9 cm, 6-10 cm, and > 10 cm, respectively
(P < 0.01); and 39.4% and 70.0% in tumors with and
without mucosal invasion, respectively (P = 0.015).
However, RKIP expression had no significant association
with age, gender, tumor location, or the number of
mitotic figures (Table 2, Figures 2-4).

RKIP and NIH classification

RKIP expression percent (%)

150

Positive
Negtive

100

50

Follow-up data

Of 60 patients who were followed, two were lost
to follow-up, and the rate of follow-up was 92.1%.
Fourteen patients died of GISTs. The median survival
time was 54.96 mo. The 1-, 3-, and 5-year survival
rates for all patients were 91.7%, 83.3%, and 71.7%,
respectively, and the mean survival time was 47.66 ±
16.61 mo (Figure 5).

0
Very low risk

Low risk

Moderate risk

High risk

NIH risk classification of GISTs

Figure 2 Relationship between Raf kinase inhibitory protein expression
and National Institutes of Health risk grade in gastrointestinal stromal
tumors. The figure shows RKIP positive rate is different between each NIH
risk grade group: The higher risk grade group with the lower RKIP positive rate.
RKIP: Raf kinase inhibitory protein; NIH: National Institutes of Health; GISTs:
Gastrointestinal stromal tumors.

Relationship between RKIP expression and prognosis of
GISTs

Univariate Kaplan-Meier analysis revealed that the
survival rates differed significantly between patients
with positive and negative RKIP expression (Log-rank
test, P = 0.0015) (Figure 6). The 1-, 3-, and 5-year
survival rates were 94.4%, 89.2%, and 80.5% for
patients with positive RKIP expression, and 88.6%,

tumor size, NIH risk grade, and mucosal invasion. The
positive rates of RKIP expression were 80.0%, 84.2%,
30.0%, and 29.2% in the very low risk, low risk,
moderate risk, and high risk groups, respectively (P <

WJG|www.wjgnet.com
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Table 3 Multivariate analysis of factors affecting prognosis of gastrointestinal stromal tumors (n = 63)

NIH risk grade
Age
Sex
RKIP expression
Mitotic figures
Tumor size
Tumor location

B

SE

Wald

df

significance

Exp (B)

1.299
-0.008
-0.500
1.049
0.087
-0.121
0.269

0.624
0.019
0.561
0.678
0.283
0.435
0.351

4.337
0.186
0.795
2.395
0.095
0.078
0.589

1
1
1
1
1
1
1

0.037
0.667
0.373
0.122
0.758
0.781
0.443

3.664
0.992
0.606
2.855
1.091
0.886
1.309

NIH: National Institutes of Health; RKIP: Raf kinase inhibitory protein.

Multivariate analysis of factors affecting prognosis of
GISTs

RKIP and mucosa invasion

RKIP expression percent (%)

150

Positive
Negtive

Cox regression analysis demonstrated that NIH risk
grade was significantly associated with the survival
of GISTs (P = 0.037) (Table 3), suggesting that NIH
risk grade is a significant predictor of the prognosis
of GISTs. Of note, RKIP expression had a tendency to
predict the survival of GISTs (P = 0.122), suggesting
that RKIP expression may have appreciated value
to predict the prognosis of GISTs. In contrast, other
factors, including age, gender, number of mitotic
figures, and tumor size, did not significantly predict the
prognosis of GISTs (Table 3).

100

50

0
Been invaded

NOT been invaded

Mucosal invasion by GISTs

DISCUSSION

Figure 3 Relationship between Raf kinase inhibitory protein expression
and mucosal invasion in gastrointestinal stromal tumors. RKIP expression
is related with mucosal invasion status in GISTs: the RKIP positive rate of
the mucosal invaded group is lower than the control group whose mucosa
has not been invaded (P < 0.05). RKIP: Raf kinase inhibitory protein; GISTs:
Gastrointestinal stromal tumors.

GISTs are the most common gastrointestinal mesenchy
mal neoplasms. In the past 30 years, the pathogenesis
of GISTs has gradually been elucidated, and their
[15-19]
diagnosis and treatment has become standardized
.
However, there is still a significant number of recurrent or
metastatic GISTs. Because of their resistance to radiation
and chemotherapy, recurrent or metastatic GISTs were
once considered an incurable disease. GIST patients with
metastasis have a median survival period as low as 20
mo, and for patients with locally recurrent GISTs, the
[20,21]
median survival period is only 9-12 mo
. Imatinib,
which is a drug that targets c-kit and PDGFRα gene
mutations, is the first choice of molecular therapy for
GISTs. However, there are currently no other targets for
therapy and prognosis monitoring in GISTs.
RKIP is a structurally complex protein that can act as
a “multidirectional switch” to regulate multiple signaling
transduction pathways, including the Raf/MAPK pathway,
[12,13]
the β-AR pathway, and the NF-kappa B pathway
.
RKIP protein is not only a kinase inhibitor but also a
target of phosphorylation. For example, in the MAPK
pathway, RKIP binds and inhibits Raf protein, and in the
G protein-coupled pathway, RKIP binds to GRK2. This
functional shift is achieved through the phosphorylation of
[22]
the S153 residue by protein kinase C (PKC) . Recently,
the regulatory function of RKIP protein in tumors has
gradually become a hot research topic, but the data on
its expression in GISTs are limited.
In this study, we found in GIST tissue that RKIP

RKIP and tumor size

RKIP expression percent (%)

150

Positive
Negtive

100

50

0
< 2.0

2.0-5.9

6.0-10.0

> 10.0

Tumor size of GISTs (cm)

Figure 4 Relationship between Raf kinase inhibitory protein expression
and tumor size in gastrointestinal stromal tumors. RKIP positive rate
declined as the tumor size increased. RKIP: Raf kinase inhibitory protein;
GISTs: Gastrointestinal stromal tumors.

68.2%, and 48.2% for patients with negative RKIP
expression, suggesting that patients with high RKIP
expression had higher survival rates than those with low
expression.
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Percent survival

[25]

proliferation instability . As far as the mechanism is
concerned, RKIP protein is an important regulatory factor
in the MAPK signaling transduction pathway, and its
[26]
ligand Raf-1 can regulate the cell cycle of mitotic cells .
In addition, the activation of downstream protein ERK1/2
in the MAPK pathway can control important structures
that are related to cell division, such as centromeres,
[27,28]
spindles, and intermediates
. Collectively, RKIP
can regulate tumor cell cycle and mitosis by regulating
the phosphorylation and activation of Raf-1 and the
activation of downstream MEK/ERK. In GIST cells, the
low or no expression of RKIP protein can reduce its
inhibitory effect on the MAPK pathway, thus resulting in
[29]
the proliferation of tumor cells . Therefore, there is a
negative correlation between tumor volume and RKIP
expression.
When analyzing the relationship between RKIP
protein expression and tumor invasion, we found that
there was a significant difference in the positive rate of
RKIP between GISTs with and without mucosal invasion
(P = 0.015). Previously, many reports on RKIP in other
tumor types have found that RKIP protein was related to
invasion or metastasis suppression, suggesting a general
role of RKIP protein in tumor metastasis and invasion. In
[30]
the earliest research on RKIP in prostate cancer, Fu et al
performed a gene chip analysis of mRNA expression in a
prostate cancer cell line with a low metastatic potential
(LNCaP cells) and a prostate cancer cell line with a high
metastatic potential (C42B cells) and found that the
expression level of RKIP was lower in C42B cells than
in LNCaP cells. The study of specimens from patients
with prostate cancer also showed that the expression
of RKIP was lower in metastatic prostate cancer. These
results suggest that there is a correlation between RKIP
expression and tumor metastasis. Furthermore, an in
vitro tumor invasion assay demonstrated that downregulation of RKIP expression in LNCaP cells can enhance
their invasion ability, while restoring RKIP expression
[31]
in C42B cells can weaken their ability of invasion . In
both in vivo and in vitro studies of prostate cancer and
melanoma, high expression of RKIP can reduce vessel
[32]
invasion and reduce metastasis risk . Similar results have
also been reported in studies on breast cancer with lymph
[33]
[34]
[35,36]
node metastasis , insulinoma , colon cancer
, liver
[25]
[37]
[38]
cancer , ovarian cancer , and thyroid cancer .
In the present study, the positive rate of RKIP
expression differed significantly among different NIH
risk grades (very low risk: 80.0%; low risk: 84.2%;
moderate risk: 30.0%; high risk: 29.2%; P < 0.01).
Fletcher discovered that tumor size and the number of
mitotic figures are the main prognostic factors to evalu
ate the malignant potential of GISTs; and, therefore,
proposed a risk grading system (NIH grading), which is
of great importance in clinical and pathological diagnosis.
In this study, the expression of RKIP was correlated with
the size of GISTs: the larger the tumor and the higher
the malignancy, the higher the possibility of negative
expression of RKIP. However, our results indicated that

Survival of GIST p.t.

100

90

80

70
0

20
40
Survival time (mo)

60

Figure 5 Survival rate of 60 gastrointestinal stromal tumors patients at
follow-up. GIST: Gastrointestinal stromal tumors.
RKIP expression
100

RKIP (+)
RKIP (-)

Percent survival

90

80

70

60

0

20
40
Survival time (mo)

60

Figure 6 Relationship between raf kinase inhibitory protein expression
and prognosis in gastrointestinal stromal tumors. Compared with the RKIP
negative Group, the high RKIP expression group is correlated with a better
survival rate, the difference was significant. (Log-Rank analysis, P = 0.0015).
RKIP: Raf kinase inhibitory protein.

was mainly expressed in the cytoplasm and on the
membrane, presenting as brownish yellow or brown
granules. Such an expression pattern is consistent
with many previous reports. RKIP is mainly expressed
in the human cytoplasm or on the membrane. The
RKIP gene is located on chromosome 12q24.23 and
contains four exons, spanning a length of 1435 bp and
encoding a 21 KDa protein containing 187 amino acid
[23]
residues . Immunohistochemical results showed that
the expression of RKIP in GISTs tissue was correlated
with tumor size; in tumors of < 2 cm, 3-5.9 cm, 6-10
cm, or > 10 cm, the positive expression rates of RKIP
were 90.9%, 75%, 27.8%, and 28.6%, respectively
(P < 0.01). As the tumor size increased, the degree of
malignancy increased, and the expression of RKIP was
gradually reduced or absent. This result suggests that the
expression of RKIP may be associated with the growth of
[24]
GISTs. Consistent with this finding, Eves et al reported
the lack of RKIP protein expression in hepatoma cells,
which can lead to rapid cell division and increased cell
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the expression of RKIP did not significantly correlate with
the number of mitotic figures. This result is similar to
the study of Miettinen, who found that small intestinal
stromal tumors had higher malignant potential than
gastric stromal tumors. Gastric stromal tumors had good
biological behavior as long as the number of mitotic
figures was no more than 5/50 HPFs, and duodenal
stromal tumors had good prognosis only when the
[39]
number of mitotic figures was less than 2/50 HPFs .
These findings suggest that other factors (such as tumor
location) may also affect the weight of the number of
mitotic figures as one of the only two indicators of the
NIH risk grading system. To overcome this problem,
Miettinen further proposed a new risk assessment
system to use anatomical site as an independent
[40]
assessment factor. In 2013, Sebatian et al performed
an immunohistochemical analysis of 161 surgical
specimens and a survival analysis based on the clinical
and pathological data of these surgical patients and
found that the low expression of RKIP was significantly
correlated with both high NIH risk grade (P = 0.033,
moderate vs low risk group) and high Miettnen grade (P
= 0.044, moderate vs low risk group).
In order to have a more direct understanding of the
impact of RKIP expression on the prognosis of patients
with GISTs, we followed 60 GISTs patients (median
follow-up period, 54.96 mo) and plotted the survival
curve of these patients according to RKIP expression
using univariate Kaplan-Meier method. The results
showed that the survival rate differed significantly
between patients with positive and negative expression
of RKIP (Log-rank test, P = 0.0015). The 1-, 3-, and
5-year survival rates were 94.4%, 89.2%, and 80.5%
for patients with positive RKIP expression, and 88.6%,
68.2%, and 48.2% for patients with negative RKIP
expression, suggesting that patients with high RKIP
expression had higher survival rates than those with low
expression. Thus, RKIP expression has appreciated value
for evaluating the prognosis of patients with GISTs.
Further, Cox regression analysis showed that the
prognosis of GISTs patients was related to NIH risk
grade (P = 0.037), indicating that NIH risk grade is
an important parameter to evaluate the prognosis of
patients. RKIP expression had a tendency to predict
the prognosis of GISTs (P = 0.122), suggesting that
RKIP expression may have appreciated value to predict
the survival of GISTs. RKIP as a prognostic factor has
been reported in many other tumors. For example,
[41]
Fu et al
used prostate cancer tissue chip to detect
RKIP expression in non-tumor tissues, primary tumor
tissues, and metastasis tumor tissues and found that
RKIP was strongly expressed in the majority of nontumor tissues. Although RKIP was weakly expressed in
advanced prostate cancer (Gleason score, 6-7), it was
strongly expressed in the rest prostate cancer tissues.
RKIP expression, however, almost disappeared in
metastasis tumor tissues. These results are consistent
with the above-mentioned observation that RKIP may
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act as a metastasis suppressor gene, and also indicate
that RKIP can be used as a prognostic factor for prostate
cancer. In gliomas, the absence of RKIP correlated with
a higher malignancy and a shorter survival period. Yu
[42]
et al
performed a meta-analysis of RKIP expression
in gastrointestinal tumors, in which they systematically
summarized and analyzed 28 articles that met the
criteria, and found that low expression of RKIP is
associated with a poor prognosis and short survival time.
Although both univariate and multivariate analyses
indicated that RKIP expression had appreciated
significance in prognosis evaluation in patients with
GISTs in this study, multivariate analysis demonstrated
that RKIP expression cannot be an independent
prognostic factor in GISTs (P = 0.122). Similarly, Marcus
Valadao concluded that RKIP expression does not affect
the overall survival (P = 0.73), progression free survival
[43]
(P = 0.22), or objective response rate (P = 0.30) .
[40]
Sebatian et al
performed a multiple regression
analysis of factors affecting overall survival (age,
gender, imatinib chemotherapy, Flecher grade, etc.) in
patients with GISTs and suggested that low expression
of RKIP does not have prognostic significance. This
may be because current studies are all limited to
detection of RKIP expression at the protein level
using immunohistochemical method. Because of the
qualitative nature and limited number of experimental
samples, there is a lack of quantitative research and
detection of RKIP expression at the genetic level.
In conclusion, this study demonstrated that: (1)
RKIP expression in GISTs is associated with tumor
size, NIH risk grade, and mucosal invasion, and low
or no expression of RKIP predicts a high malignancy
potential; (2) high RKIP correlates positively with the
survival of patients with GISTs; and (3) RKIP expression
has appreciated value for predicting survival of patients
with GISTs, although it is not an independent prognostic
factor in GISTs. These findings suggest that RKIP
expression in GISTs is closely related to the diagnosis
and treatment of this disease and RKIP may be used as
a novel target for therapy and prognostic evaluation in
GISTs. Future studies should further investigate the role
and underlying mechanism of RKIP in GISTs.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Gastrointestinal stromal tumors (GISTs) are the most common gastrointestinal
mesenchymal tumor. Raf kinase inhibitory protein (RKIP) protein is both a
kinase inhibitor and a phosphorylation target. It has important and complex
functions in regulating tumor growth, metastasis, cell cycle, and apoptosis.
Many recent articles on RKIP proteins have reported a link to various cancers,
including gastric cancer, bowel cancer, esophageal cancer, and gynecologic
oncology. However, there are only a few references on the expression of RKIP
protein in gastrointestinal stromal tumors.

Research motivation

The following problems, which we need to solve urgently, are also the research
motivation of this article: (1) The function of the RKIP in the GISTs neoplastic
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generation and metastasis; (2) the relationship between the RKIP expression
and GIST clinical data; and (3) the relationship between the prognosis of GIST
and RKIP.

2

Research objectives

3

In this study, we examined the expression of RKIP in GISTs by
immunohistochemistry to explore the clinical significance of GIST expression
and its prognosis. This research will provide evidence and support for the
diagnosis of GIST, prognostic evaluation, and new tumor treatment targets

Research methods

4

The study included 63 cases of paraffin-embedded specimens of surgically
resected and pathologically confirmed clinical specimens from Shengjing
Hospital Affiliated to China Medical University. All the cases are clinically
and pathologically complete, dated from January 2011 to January 2015. The
expression of RKIP protein was analyzed by immunohistochemistry. The
Kaplan-Meier method was used to calculate the overall survival of 60 patients
followed up for survival analysis. The prognostic significance of each index was
analyzed by COX multiple regression to clarify further the value of RKIP protein
level in the diagnosis and prognosis of GISTs.

5

6

7

Research results

In GIST tissues, RKIP protein was positively expressed in the cytoplasm and
cell membrane with brownish-yellow or brown granules. RKIP protein positive
expression was found in 34 (54%) of the 63 specimens in this experiment, and
the total negative expression was 29 (46%). The RKIP positive expression was
related with GIST tumor size, NIH grade, and mucosal invasion. RKIP and age,
gender, tumor location, and how many mitotic figures were not related. KaplanMeier method was used to draw the survival curves related to RKIP differential
expression. The results showed that the 1, 3, and 5-year survival rates of RKIP
positive group were 94.4%, 89.2% and 80.5%, respectively. The survival rates
of RKIP negative group at 1, 3, and 5 years were only 88.6%, 68.2%, and
48.2%, respectively. Comparing with the RKIP negative Group, the RKIP high
expression group was correlated with a better survival rate (Log-Rank analysis,
P = 0.0015). The results of the COX multivariate analysis showed that the
prognosis of patients with GISTs was related to NIH grade (P = 0.037) and Exp
(B) was 3.664, indicating that NIH risk grade was an important factor to evaluate
the prognosis of patients. However, the expression of RKIP correlated with the
prognosis of patients (P = 0.122). The Exp (B) value was 2.855, suggesting that
RKIP expression may have some reference value for the survival of GIST.

8

9

10
11
12

Research conclusions

The expression of RKIP protein in GISTs correlated with tumor size, NIH stage,
and invasiveness of the mucosa (invasion degree), and each index suggested
that the higher the degree of malignancy was associated with lower or more
loss of RKIP expression. When compared with other factors (age, sex, tumor
location, etc.), there was no relationship with RKIP level. RKIP overexpression
was positively correlated with the survival of patients with GISTs, which
has some implications for the prognosis of patients. RKIP expression has
certain reference value for the survival of GIST, but it cannot be used as an
independent factor to evaluate the prognosis of GISTs.

13
14

Research perspectives

15

As a complex protein, RKIP has a “multi-directional switch” function on many
cell conduction pathways. RKIP remains a hot topic in recent cancer research.
However, data on the relationship between RKIP and the pathogenesis and
treatment of GIST still remains unclear. Additional studies on the mechanisms
underlying RKIP expression disorder will possibly find that RKIP protein
is marker protein for prognostication of GIST. In addition to its potential
as a monitoring indicator, regulation and target treatment of RKIP could
be a treatment option for GIST. Thus, RKIP may have practical value in
understanding the biological characteristics and expression of GIST.

16
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Abstract
AIM
To compare endoscopic submucosal dissection (ESD)
outcomes between Eastern and Western countries.
METHODS
A systematic review and meta-analysis was performed
using PubMed, MEDLINE, Web of Science, CINAHL
and EBM reviews to identify studies published between
1990 and February 2016. The primary outcome was
the efficacy of ESD based on information about either
curative resection, en bloc or R0 resection rates.
Secondary outcomes were complication rates, local
recurrence rates and procedure times.
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RESULTS
Overall, 238 publications including 84318 patients and
89512 gastrointestinal lesions resected using ESD were
identified. 90% of the identified studies reporting ESD
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on 87296 lesions were conducted in Eastern countries
and 10% of the identified studies reporting ESD
outcomes in 2216 lesions were from Western countries.
Meta-analyses showed higher pooled percentage of
curative, en bloc , and R0 resection in the Eastern
studies; 82% (CI: 81%-84%), 95% (CI: 94%-96%)
and 89% (CI: 88%-91%) compared to Western
studies; 71% (CI: 61%-81%), 85% (CI: 81%-89%)
and 74% (CI: 67%-81%) respectively. The percentage
of perforation requiring surgery was significantly
greater in the Western countries (0.53%; CI: 0.10-1.16)
compared to Eastern countries (0.01%; CI: 0%-0.05%).
ESD procedure times were longer in Western countries
(110 min vs 77 min).

most prevalent gastrointestinal cancer in Asian countries.
Esophageal squamous cell cancer is predominant in
Eastern countries, but the incidence of esophageal
adenocarcinoma has been increasing significantly
[1]
in several Western countries . Curative endoscopic
therapy is possible for such gastrointestinal cancers or
precancerous lesions if they are detected at a stage
[2]
where the risk of lymph node metastasis is low .
Endoscopic submucosal dissection (ESD) has been
developed in Japan to allow for endoscopic en bloc and
curative removal of larger superficial gastrointestinal
lesions and early gastrointestinal cancers according to
[3,4]
oncologic standards (R0 and en bloc resection) . It
is assumed that en bloc resection translates into lower
recurrence rates compared to other endoscopic treatment
options such as endoscopic mucosal resection (EMR).
EMR requires the removal of gastrointestinal lesions >
20 mm, usually in several pieces, thus making it imposs
ible to confirm a complete resection in histopathology
[5,6]
with margins free of dysplastic or cancer tissue .
Consequently, ESD has become the preferred approach
to remove larger or advanced gastrointestinal lesions in
many Asian countries. Furthermore, previous systematic
reviews comparing ESD to EMR have come up with the
conclusion that ESD yields better results for complete and
[7-11]
en bloc removal compared to EMR
.
Despite these results, widespread adoption of ESD
has remained limited in Western countries and EMR
continues to be the mainstay of endoscopic therapy.
ESD is known to have high complication rates, demands
long procedure times and requires substantial training
[7-11]
and expertise development
. Differences in incidence
(e.g., for gastric cancer) provide different local exposure
to develop adequate ESD skills. Furthermore, differences
in remuneration systems (e.g., fee per service systems
without specific procedure codes) are other factors that
might influence regional uptake of ESD. Such regional
differences of case load and/or lesions suitable to
develop ESD skills might translate into different regional
outcomes for ESD. Consequently, Western centers
might have different results and such differences are
important to consider for clinical decision-making.
Previous studies have focused on comparing ESD
to EMR and without considering that there might be
[7-11]
differences for regional ESD outcomes
. To provide
such information we conducted a systematic review
comparing ESD outcomes for different regions of the
world.

CONCLUSION
Eastern countries show better ESD outcomes compared
to Western countries. Availability of local ESD expertise
and regional outcomes should be considered for
decision making to treat gastrointestinal lesions with
ESD.
Key words: curative resection; en bloc resection; R0
resection; perforation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: endoscopic submucosal dissection (ESD) has
become the preferred approach to remove larger or
advanced gastrointestinal lesions in Asian countries.
However, there might be regional differences in
outcomes since the majority of ESD publications come
from the Eastern world. To provide such information
we conducted a systematic review and meta-analysis
comparing ESD outcomes for different regions of the
world. This study found that there are indeed regional
differences for ESD outcomes. Eastern countries had
better curative, en bloc and R0 resection rate than
Western countries as well as less perforation requiring
surgery.
Daoud DC, Suter N, Durand M, Bouin M, Faulques B, von
Renteln D. Comparing outcomes for endoscopic submucosal
dissection between Eastern and Western countries: A systematic
review and meta-analysis. World J Gastroenterol 2018;
24(23): 2518-2536 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i23/2518.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i23.2518

MATERIALS AND METHODS

INTRODUCTION

We conducted a systematic review of the literature and
meta-analysis, and reported our results in accordance
to PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) recommendations.

Digestive cancers account for 20% of cancers diagnosed
worldwide. The global age-standardized incidence rate
(ASR) of esophageal, stomach and colorectal cancer
are 5.9, 12.1 and 17.2 per 100000 respectively. Some
geographic differences in the incidence of gastrointestinal
cancers exist. Colorectal cancer rates are considerably
higher in Western countries, while gastric cancer is the

WJG|www.wjgnet.com

Search strategy

A computerized, systematic bibliographic search was
performed on PubMed, MEDLINE (OVID), EMBASE
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(OVID), Web of Science (Clarivate Analytics), CINAHL
(EBSCO) and EBM reviews (OVID) databases to identify
relevant publications. The search keywords were
“endoscopic submucosal dissection” and “ESD.” The
search was limited by the non-restrictive filters “Human”,
“Clinical Trial” and publication language “English”. For
each database, terms and expressions from controlled
vocabulary (MeSH, EMTREE, etc.) were used. Free-text
searching was also used for each database. Full paper
publications and abstracts from January 1990 through
February 2016 were considered for review.

complications. In cases where data for number of
males, lesion location, en bloc, R0, curative resection,
or complications were expressed as a percentage,
they were mathematically converted and rounded to
the closest whole number. Eastern countries included
studies reported from China, Japan, Korea and Taiwan.
Western countries included studies reported from
Europe, North and South America, as well as Australia.
Each study’s region was identified in the article or
through the affiliation of the corresponding author.

Quality assessment and publication bias

Trial selection and patient population

Quality assessment of the included studies was done by
identifying study designs as well as stratifying by study
design according to their retrospective or prospective
characteristic. We did not rely on GRADE or other
tools because the data extracted for this review did
not represent the primary outcome of all the included
[12]
studies . For the same reason we did not formally
assess publication bias by means of funnel plots.

Selection criteria included randomized controlled trials
(RCT), prospective and retrospective studies. Nonhuman trials, case-control studies and publications in a
language other than English were excluded. To reduce
bias from learning curves of ESD and from possible
patient selection, case series and studies with less than
50 patients were excluded. Studies reporting on ESD
for non-gastrointestinal lesion (e.g. pharyngeal lesions),
studies using hybrid ESD technique or studies targeting
subepithelial lesions were excluded. We excluded
studies with missing or unclear information on success
rates of either en bloc, R0 or curative resections.
Full-text articles of potentially relevant studies were
obtained. Abstract publications containing our primary
endpoint were included in the quantitative analysis.

Statistical analysis

For each outcome of interest the number of outcomes
over the number of lesions with available results for
that outcome was expressed as a proportion. Those
percentages were amalgamated and analyzed using
the metaprop command of Stata 11 (StataCorp.2009.
Stat Statistical Software: Release 11. College Station,
TX: StatCorp LP). Meta-analyses were stratified by
Eastern and Western study regions. Random effects
meta-analysis was conducted for all outcomes, as
heterogeneity was suspected a priori between Eastern
and Western studies. Heterogeneity was assessed using
the I-square statistic, with small P-values for I-square
values indicating high chances of heterogeneity. To
compare procedure time among Eastern and Western
studies, a weighted average of these, as reported in
minutes in the different studies, was computed.

Data extraction

Data were extracted by two authors independently
(DCD, NS) and were then compared for accuracy. When
data did not match, both reviewers reviewed the study a
third time and divergences were resolved by consensus.
In case of disagreement, a third reviewer (DvR) was
available to arbitrate. The following information was
collected: first author, journal, year of publication,
number of patients, age and sex of patients, number of
lesions, location and mean size of lesions, achievement
of en bloc, R0 and curative resection, procedure time,
type of knives used, procedure related bleeding and
perforation as well as local recurrence.

Secondary analysis

We repeated analysis stratifying by organ (oesophagus,
stomach, colo-rectum), by study design (retrospective,
prospective) and by country.

Technical and oncologic outcomes of ESD

The primary outcome was efficacy of ESD based on
information on either en bloc, R0 and curative resection
rates. En bloc resection refers to a one-piece resection
without fragmentation, R0 corresponds to a complete
resection, which means no residual tumor. A resection
was defined as curative when the histological findings
showed no neoplasia in both lateral and vertical
margins, as well as no lymphatic or venous invasion.
The secondary outcomes included perforation, bleeding
during or after the procedure, operation time and
local recurrence rates. Perforation was either identified
endoscopically post resection or by the presence of
free air on imaging studies. We planned using the
Clavien-Dindo scale for the analysis of procedural

WJG|www.wjgnet.com

RESULTS
The literature search identified 2532 studies (after
duplicates were removed) (Figure 1). Based on title
and abstract screening, 2159 studies were excluded.
135 further articles were excluded after full-text review
of the publications. Thus, 238 studies were eligible
for analysis, including 140 full-text and 98 abstract
[6,13-249]
publications
. One study included ESD data from
both a Japanese center and a center from the United
[18]
States . It was therefore divided into Western and
Eastern part for our quantitative analysis, thus counting
as two distinct studies. However, it was only considered
as a single study when assessed for eligibility. The
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Records identified through
database searching
PubMed, MEDLINE, EMBASE, Web
of Science, COCHRANE search
n = 4210

Records after duplicates
removed
n = 2532

Records screened
n = 2532

Studies assessed for eligibility
n = 3731

Studies included in quantitative
analysis
n = 2391

Records excluded on basis of
title and abstract
n = 2159
Records excluded (n = 135)
Exclusion criteria:
2
Incomplete data n = 69
3
Non-ESD technique n = 27
n < 50, n = 21
4
Lesion characteristic n = 8
Article not in english n = 4
Animal studies n = 3
5
Study design n = 3

Figure 1 Flow diagram. The flow diagram shows the study selection process. 1One study was divided into Western and Eastern parts for our quantitative analysis (thus
counting as two studies). It was however only counted as a single study when assessed for eligibility; 2Missing/incomplete data regarding our primary outcome (curative,
en bloc, R0 resection); 3Non-ESD study, hybrid ESD technique, ESD with snare; 4Submucosal lesions, pharyngeal lesions; 5Case-control, case report, questionnaire.
ESD: Endoscopic submucosal dissection.

Curative resection rate

majority of the studies were retrospective cohort studies
(168/239 trials). Only 7 studies were randomized con
trolled trials (although the randomized intervention was
not ESD but some other aspect of endoscopy, such as,
for example, analgesia type); others were prospective
cohort studies. Overall, 90% of the included studies
were from Eastern countries (216/239 trials) while only
10% (23 trials) were from Western countries (Belgium,
Brazil, Colombia, France, Germany, Italy, Poland, Portugal,
Turkey, and the United States).
A total of 84318 patients were enrolled in this
analysis, including 82183 patients in the Eastern group
and 2135 patients treated in Western countries. ESD
was performed on 89512 lesions, comprising 87296
lesions in the Eastern group and 2216 in the Western
group. Patient age and size of lesions were occasionally
missing and the included studies were heterogeneous in
terms of number of patients and lesions. The weighted
average of subjects age was 66.4 and 66 years in the
Eastern and Western group respectively. The weighted
average for lesion size was 25.7 mm and 34.1 mm
respectively. Table 1 and supplementary Table 1 show
characteristics of the included studies stratified into
Eastern versus Western. Data regarding different knives
used were not analyzed because most studies used
multiple different knifes, and no standardization was
available.

WJG|www.wjgnet.com

90 studies (81 Eastern, 9 Western) provided the
curative resection rate involving 43854 lesions in the
Eastern group and 922 lesions in the Western group.
The overall curative resection percentage was 81.4%
(95%CI: 79.6%-83.1%). This analysis showed a
significant difference between the two groups in favor of
the Eastern countries, where curative resection reached
82.3% (95%CI: 80.6%-84.1 %) compared to 71.3%
(95%CI: 61.1%-80.5%) in Western countries. The
results are shown as a forest plot in Figure 2A.

En bloc resection rate

215 studies (192 Eastern, 23 Western) collected the en
bloc resection rate including 74883 lesions in the Eastern
group and 2216 lesions in the Western group. The
overall en bloc resection percentage was 94.4% (95%CI:
93.7%-95.0%). As for the curative resection, the pooled
proportion of en bloc resection in the Eastern countries,
95.1% (95%CI: 94.4%-95.7%), was significantly
higher than in the Western countries, 85.3% (95%CI:
81.3%-89.0%) (Figure 2B).

R0 resection rate

Overall, 154 studies (135 Eastern, 19 Western)
reported the R0 resection rate totaling 50540 lesions
in the Eastern group and 1948 lesions in the Western
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Table 1 Characteristics of the included studies and patients

Age (yr)1
Total number of patients (n)
Total number of lesions (n)
Esophagus
Stomach
Duodenum
Colorectum
Lesion diameter (mm)1
Procedure time (min)1
Total number of studies
Randomized controlled trial
Prospective studies
Retrospective studies
Full-text
Abstract

Total

Eastern countries

Western countries

66.4
84318
89512
5597
59966
15
23934
26
78
239
7
61
168
140
99

66.4
82183
87296
5276
59173
8
22839
25.7
77
216
7
53
156
130
86

66
2135
2216
321
793
7
1095
34.1
110
23
0
11
12
10
13

1

Weighted average, with number of patients in study used as weights.

The Western group weighted average of procedure
time (110 minutes) was longer than the Eastern countries
(77 min) (Table 1).

group. The overall R0 resection percentage was 88.0%
(95%CI: 86.7%-89.3%). The R0 resection rate of the
Eastern countries was statistically superior. The pooled
proportion of the Eastern group was 89.5% (95%CI:
88.3%-90.6%) while that of the Western group is
74.4% (95%CI: 67.3%-80.9%) (Figure 2C).

Stratification by organ

Because ESD outcomes may vary according to the organ,
studies were stratified by lesion location (oesophagus,
stomach, colo-rectum). For the oesophagus only
the pooled proportion of en bloc resection showed a
significant difference in favor of the Eastern countries. As
for gastric lesions, all outcomes were similar except for
local recurrence which was superior in Western countries.
Finally, for colorectal lesions, Eastern countries had better
curative, en bloc and R0 resection rate (Supplementary
Figures 1-9).

Complications

two hundred and nine studies reported complications
related to the procedure involving 65956 patients in the
Eastern group and 1893 in the Western group. There
was no statistical difference for the overall bleeding
and perforation rate between the Eastern and Western
world. The proportions of bleeding (early and late) were
2.85% (95%CI: 2.44%-3.28%) and 4.03% (95%CI:
2.61%-5.70%) in the Eastern and Western groups,
respectively (Figure 3A). Similarly, the perforation rates
were 3.11% (95%CI: 2.79%-3.46%) and 3.38%
(95%CI: 1.83%-5.29%) respectively (Figure 3B). As for
the perforations requiring surgery, the Eastern countries
percentage was significantly lower than the Western
countries; 0.01% (95%CI: 0%-0.05%) and 0.53%
(95%CI: 0.10%-1.16%) respectively (Figure 3C). With
regards to complication rates, we initially planned using
the Clavien-Dindo scale for the analysis of procedural
complications, but because reporting of complication
consequences was lacking in many studies we could not
analyze this outcome.

Stratification by country

Meta-analyses for primary outcomes were stratified
by countries. Secondary outcomes were not stratified
because of the limited data available. Pooled proportions
for curative, en bloc and R0 resections were similar
among all Eastern countries and Western countries
(Supplementary Figures 10-15).

Quality assessment

Stratification by study design was not different from
the pooled proportion. The same trend was seen when
stratifying by retrospective vs prospective results
(Supplementary Figures 16-22).

Local recurrence and procedure time

Local recurrence was reported in 149 studies (12
Eastern, 137 Western), including 40936 patients in the
Eastern group and 1188 patients in the Western group.
The overall local recurrence percentage was 0.74%
(95%CI: 0.48%-1.05%). There was no statistical
difference between both groups and the proportion of
local recurrence was 0.69% (95%CI: 0.42%-1.00%)
and 1.82% (95%CI: 0.84%-3.07%) in the Eastern and
Western group respectively (Figure 4).
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Heterogeneity assessment

There was evidence of statistical heterogeneity for
curative, en bloc and R0 resection as well as for
bleeding, perforation, perforation requiring surgery and
local recurrences (Figures 2-4).

DISCUSSION
To the best of our knowledge, this meta-analysis is the
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A

Curative resection
Percent in Eastern vs Western studies
ES (95%CI)

Study

Eastern studies
2

Subtotal (I = 95.13%, P = 0.00)

82.31 (80.55, 84.01)

Western studies
2

Subtotal (I = 90.12%, P = 0.00)

71.30 (61.13, 80.53)

Heterogeneity between groups: P = 0.017
2

Overall (I = 95.16%, P = 0.00)

0

B

81.38 (79.60, 83.11)

50

100

En bloc resection
Percent in Eastern vs Western studies
ES (95%CI)

Study

Eastern studies
2

Subtotal (I = 92.67%, P = 0.00)

95.08 (94.44, 95.69)

Western studies
2

Subtotal (I = 84.12%, P = 0.00)

85.29 (81.25, 88.94)

Heterogeneity between groups: P = 0.000
2

Overall (I = 92.84%, P = 0.00)

0

C

94.36 (93.68, 95.01)

50

100

R0 resection
Percent in Eastern vs Western studies
ES (95%CI)

Study

Eastern studies
2

Subtotal (I = 94.28%, P = 0.00)

89.48 (88.27, 90.64)

Western studies
2

Subtotal (I = 91.55%, P = 0.00)

74.37 (67.27, 80.89)

Heterogeneity between groups: P = 0.000
2

Overall (I = 94.78%, P = 0.00)

0

88.01 (86.69, 89.26)

50

100

Figure 2 Efficacy of endoscopic submucosal dissection. Forest plot for curative resection (A), en bloc resection (B) and R0 resection (C).
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A

Bleeding
Percent in Eastern vs Western studies

Study

ES (95%CI)

Eastern studies
2

Subtotal (I = 87.96%, P = 0.00)

2.85 (2.44, 3.28)

Western studies
2

Subtotal (I = 58.01%, P = 0.00)

4.03 (2.61, 5.70)

Heterogeneity between groups: P = 0.057
2

Overall (I = 87.15%, P = 0.00)

2.93 (2.53, 3.35)

0

B

5

10

Perforation
Percent in Eastern vs Western studies

Study

ES (95%CI)

Eastern studies
2

Subtotal (I = 79.97%, P = 0.00)

3.11 (2.79, 3.46)

Western studies
2

Subtotal (I = 74.14%, P = 0.00)

3.38 (1.83, 5.29)

Heterogeneity between groups: P = 0.551
2

Overall (I = 79.53%, P = 0.00)

3.13 (2.80, 3.46)

0

C

5

10

Perforation requiring surgery
Percent in Eastern vs Western studies

Study

ES (95%CI)

Eastern studies
2

Subtotal (I = 12.72%, P = 0.12)

0.01 (0.00, 0.05)

Western studies
2

Subtotal (I = 32.95%, P = 0.09)

0.53 (0.10, 1.16)

Heterogeneity between groups: P = 0.001
2

Overall (I = 22.98%, P = 0.01)

0.03 (0.01, 0.08)

0

2.5

5

Figure 3 Complications of endoscopic submucosal dissection. Forest plot for bleeding (A), perforation (B) and perforation requiring surgery (C).
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Local recurrence
Percent in Eastern vs Western studies

Study

ES (95%CI)

Eastern studies
2

Subtotal (I = 89.04%, P = 0.00)

0.69 (0.42, 1.00)

Western studies
2

Subtotal (I = 42.62%, P = 0.06)

1.82 (0.84, 3.07)

Heterogeneity between groups: P = 0.010
2

Overall (I = 88.48%, P = 0.00)

0.74 (0.48, 1.05)

0

2.5

5

Figure 4 Forest plot for local recurrence.

first to compare ESD results between different regions
of the world. Our results showed that Eastern countries
have better rates of curative, en bloc and R0 resection
compared to ESD results reported in North and South
America, Europe and Australia. Moreover, ESD performed
in Western countries was associated with a higher
proportion of perforations requiring surgery. There was
no significant difference found between regions with
regards to other minor complications (e.g. bleeding) or
local recurrence rates. Our meta-analysis also supports
the fact that ESD efficacy varies according to the location
of the lesion. Indeed, both Eastern and Western countries
have similar outcomes for gastric lesions. As for colorectal
ESD, which is a more difficult technique, the Eastern
world shows better results. This difference could be due
to the fact that Western countries still favor EMR for colic
lesions and are less experienced. Furthermore, procedure
times for ESD were longer in Western countries but the
lesions removed by ESD in Western countries also tended
to be larger.
The superiority of ESD compared to EMR with
regard to curative, en bloc and R0 resection has been
[7-11]
demonstrated in several meta-analysis
. However,
these previous meta-analyses included studies only
from the Eastern world thereby they do not provide
an accurate representation for ESD outcomes in other
regions of the world. The results from our meta-analysis
showed that ESD outcomes differ globally and ESD
results achieved for critical outcomes were different in
the Western hemisphere. This might explain why the
Western world is more reluctant to adopt widespread ESD
use. However, there remains some level of uncertainty to
which extent this is influenced by procedural expertise,
case volumes and/or patient or lesion selection. With
regards to regional complication rates, our analysis did
not show any statistical differences in terms of overall
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perforation and bleeding rates, but we also found that
ESD perforations requiring surgery occurred more
often in Western countries. These results point out that
the East has been doing these procedures longer than
the West and therefore has more expertise with it.
Furthermore, the overall numbers of lesions resected
using ESD reflects well the steep difference in utilization
(and thus likely expertise) with ESD in Eastern versus
Western countries. Out of a total of 91582 ESD resection
only 2289 ESDs were reported from the Western
countries. It might therefore be important to consider
available local expertise for clinical decision making and
not assume that local outcomes will necessarily resemble
outcomes from high volume Asian ESD centers. However,
such expertise can be learned. A recent prospective
multicenter French study reported outcomes for 314
patients undergoing ESD between 2010 and 2013
and 188 patients undergoing ESD between 2008 and
2010. An improvement in the rates of en bloc resection
from 77.1% to 91.7% as well as a decrease in the com
plication rates (from 29.2% to 14.1% p < 0.0001) was
[250]
demonstrated . These rates are similar to outcomes
reported from Japan, suggesting that adequate training,
caseload and practice are mandatory to achieve optimal
outcomes. However, at present few endoscopists in
Western countries are adequately trained for ESD.
Consequently, lesion size, lesion location and available
expertise for ESD versus EMR need to be considered
when choosing the appropriate approach for an individual
patient. A recent literature review of the colorectal ESD
series showed a low rate of superficially invasive cancer
(8%) with a number needed to treat (NNT) for curative
resection of 16. The majority of resected lesions were
benign adenomas (82.2%) of which 26.8% were low
[251]
grade dysplasia . This study shows that histological
description is a key element in evaluating ESD outcomes.
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Data regarding the histology of the resected lesions was
not analyzed in our meta-analysis because information
was often incomplete or unavailable. We suggest that in
future studies the histological features be described and
analyzed.
Our meta-analysis has several limitations. First,
there is an unequal distribution of studies between both
groups. All the included RCTs are from the Eastern world,
which also carries far more prospective studies than the
Western world. Secondly, there is a lack of high quality
studies, given that more than half of the included studies
in this meta-analysis are retrospective. But in order to
ensure the best snapshot of global ESD outcomes and
include Western ESD outcomes, retrospective trial data
needed to be included in our review. The large amount of
retrospective studies and the differences of methodology
in the prospective trials included are a limitation inherent
to the current literature available. In order to avoid
disadvantaging the Western group the inclusion of these
publications was necessary. We propose that further
studies be done in a more rigorous and standardized
way. Because few studies reported systematic outcomes
for trainee level, we decided to exclude studies with less
than 50 patients to reduce bias from learning curves
and patient selection. Future studies should report
systematic outcomes for trainee level. Thirdly, there
was evidence of statistical heterogeneity for most of
our endpoints because of differences between study
participants and differences of lesion size between the
included studies. To reduce this heterogeneity, exclusion
of studies contributing to the high heterogeneity could
have been made. However, this was not done because
it would have implied the exclusion of several Western
studies that are already scarce. Fourthly, analyses were
limited by missing data. Data regarding bleeding and
use of anti-thrombotics were not analyzed because they
were incomplete or unavailable in most studies. Such
limitations seem to be an inherent weakness in the
currently published ESD literature and a standardized
and detailed reporting of ESD outcomes and use of
anti-thrombotics seems warranted for future studies.
However, our meta-analysis included 238 studies with
84318 patients (89512 ESD procedures) which reduces
the above-mentioned risk for bias, thus optimizing
generalizability.
In conclusion, this meta-analysis shows that ESD
performed in Eastern countries is associated with better
outcomes than studies reported from Western countries
with regard to R0, en bloc and curative resection rates.
Moreover, perforations requiring surgery are more com
mon in Western studies. The clinical decision-making
for or against ESD versus EMR should consider regional
outcomes and locally available expertise as well as the
necessity for resection according to oncologic standard
based on the risk for cancer versus pre-cancerous
lesions. Furthermore, standardized reporting of outcomes

should be used for future ESD studies.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

endoscopic submucosal dissection (ESD) has become the preferred
approach to remove advanced gastrointestinal lesions in Asian countries while
widespread adoption in the Western world remains limited.

Research motivation

Many previous meta-analyses suggest that ESD is a superior technique for
treatment of precancerous gastrointestinal lesions or early cancers. However,
there might be regional differences in outcomes since the majority of ESD
publications come from the Eastern world. Studies evaluating differences for
ESD outcomes between Eastern and Western countries are lacking.

Research objectives

To provide a global comparison of ESD outcomes between Eastern and
Western countries.

Research methods

A systematic review and meta-analysis were conducted on studies reporting
ESD outcomes. Were excluded studies with less than 50 patients, using hybrid
ESD technique or targeting subepithelial lesions. Primary and secondary
outcomes were efficacy of ESD (curative, en bloc and R0 resection),
complications (bleeding, perforation) and other related factors as local
recurrence and procedural time.

Research results

Our meta-analysis showed that Eastern countries have better ESD outcomes
compared to Western countries for curative, en bloc and R0 resection. ESD
performed in Western countries were associated with a higher proportion of
perforation requiring surgery. Subgroups analysis by organ showed similar
outcomes for gastric lesions while Eastern countries had better curative, en
bloc and R0 resection rates for colorectal lesions.

Research conclusions

This meta-analysis provided evidence that there are regional differences for
ESD outcomes. Eastern countries show better ESD outcomes compared to
Western countries.

Research perpective

Clinical decision-making for or against ESD should consider such outcomes
and locally available expertise. Standardized reporting of outcomes should be
used for future ESD studies.
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Abstract
Pancreatic cancer (PaC) shows a clear tendency to
increase in the next years and therefore represents an
important health and social challenge. Currently, there
is an important need to find biomarkers for PaC early
detection because the existing ones are not useful for
that purpose. Recent studies have indicated that there
is a large window of time for PaC early detection, which
opens the possibility to find early biomarkers that could
greatly improve the dismal prognosis of this tumor. The
present manuscript reviews the state of the art of the
existing PaC biomarkers. It focuses on the anomalous
glycosylation process and its role in PaC. Glycan struc
tures of glycoconjugates such as glycoproteins are
modified in tumors and these modifications can be de
tected in biological fluids of the cancer patients. Several
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[6]

studies have found serum glycoproteins with altered
glycan chains in PaC patients, but they have not shown
enough specificity for PaC. To find more specific cancer
glycoproteins we propose to analyze the glycan moieties
of a battery of glycoproteins that have been reported
to increase in PaC tissues and that can also be found in
serum. The combination of these new candidate glyco
proteins with their aberrant glycosylation together with
the existing biomarkers could result in a panel, which
would expect to give better results as a new tool for early
diagnosis of PaC and to monitor the disease.

dice . New-onset diabetes mellitus (DM) and acute
exacerbation of DM can also be signs of PaC. Thus, in all
[7]
these cases a detailed examination is needed .
It is particularly disturbing that there are no effective
detection assay systems and treatment protocols for
PaC, advances that have improved the management of
other important carcinomas. It is therefore necessary
an outstanding effort to study this tumor, to analyze its
complexity, and to stablish efficient diagnostic systems
and treatment options. Today there is a big improvement
in the knowledge of the biology of PaC, but the disease
[2]
still remains difficult to analyze, to detect and to treat .
PaC is a very aggressive tumor presenting a great des
moplastic area that creates a very dense stroma that
prevents the arrival of therapeutic drugs. Genetically, PaC
is a very complicated disease with at least 63 genetic
[2,8,9]
alterations that promote resistance to the therapies
.
Fortunately, a long period of time before the estab
lishment of metastatic PaC has been indicated by Yachida
[10]
[11]
et al . Further, Poruk et al
have indicated that “a
reasonable amount of time exits that allow for an early
diagnosis of PaC” which indicates that it is possible to
early detect the tumor. It is also worthy to mention that
an incidental diagnosis of PaC is synonymous with an
[12]
improved prognosis .

Key words: Pancreatic cancer; Aberrant glycosylation;
Glycoproteins; Biomarkers; Diagnosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is an urgent need to find new biomarkers
for pancreatic cancer (PaC) diagnosis. The review focuses
on the field of glycoproteomics and describes serum
glycoproteins that have been identified up to date as po
tential biomarkers and their limitations basically due to the
fact that they are neither pancreatic specific nor cancer
specific. The review proposes new glycoprotein candidates
that have been described to be overexpressed in PaC
tissues and that are secreted into serum. The combination
of the candidate protein levels and their glycan moieties,
which could be altered in cancer, could improve their
potential as PaC biomarkers.

ON THE ROAD TO THE DISCOVERY OF
NEW, MORE EFFECTIVE AND USEFUL
BIOMARKERS

Llop E, Guerrero PE, Duran A, Barrabés S, Massaguer A, Ferri
MJ, Albiol-Quer M, de Llorens R, Peracaula R. Glycoprotein
biomarkers for the detection of pancreatic ductal adenocarcinoma.
World J Gastroenterol 2018; 24(24): 2537-2554 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i24/2537.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i24.2537

Early detection remains one of the most promising ap
proaches to improve the long-term survival of cancer
patients, and this may be achieved by efficient screening
of biomarkers in biological fluids. The objective of a
screening program is to detect cancer at a curable stage,
[13,14]
before symptoms develop
.
For many malignancies, biomarkers have become
an established part of patient management, and are
included in many clinical guidelines. As a consequence,
the search for new and better biomarkers has become
an integral component of contemporary cancer research.
Biomarkers serve multiple purposes, as early detection,
therapeutic monitoring, predicting responses, sideeffects, surrogate endpoints, and they guide critical
treatment decisions.
The term tumor marker (TM), or biomarker, tradi
tionally has referred to molecules, mainly proteins, which
are either directly produced by malignant cells, or are
produced by other cells in response to certain malignant
or other non-malignant conditions. Most clinically relevant
biomarkers have been discovered serendipitously, or by
trial and error.
Current tumor markers may be grouped into a variety
of categories, including proteins, glycoproteins, oncofetal antigens, hormones, receptors, genetic markers,
RNA molecules and metabolites. Despite advances in
laboratory technology and an enormous expansion in
relevant literature (768000 papers indexed in PubMed in

INTRODUCTION
Pancreatic cancer

Cancer still represents both a tremendous social and
healthcare problem and its incidence is increasing in
developed and developing countries. In pancreatic ductal
adenocarcinoma (PaC), total cancer deaths are projected
to increase dramatically to become the second leading
[1-4]
cause of cancer-related deaths before 2030 .
Nowadays, PaC presents the lowest five-year survival
rate, being surgery the only possible curative option,
but this is only possible for 20% of patients. The current
therapeutic treatments for PaC are not very effective,
[2]
extending the overall survival by only 8.5 mo as much .
PaC has a poor prognosis due to delayed diagnosis.
In most cases, more than 90% of patients with PaC
[5]
are diagnosed at stages Ⅲ and Ⅳ . Symptoms of PaC
are often unnoticed as they are not very specific for the
disease. The most common symptoms are abdominal
unspecific pain, back pain, nausea, diarrhea and jaun
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Table 1 Commonly used serum tumor markers in clinical practice
Biomarker
Alpha-feto protein (AFP)
Human chorionic gonadotropin
CA 15-3
CA 19-9
CA 27-29
CA 125
Carcinoembryonic antigen
Human epidermal growth factor receptor 2 (HER-2)
Prostate specific antigen (PSA)
Thyroglobulin

Tumor class

Glycosylated protein

Testicular, hepatocellular
Testicular
Breast
Pancreatic
Breast
Ovarian
Colon
Breast
Prostate
Thyroid

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Extracted from references 13, 14, 16, 17, 18, 20.
[24]

2016 related to biomarkers), we are far from widespread
clinical use of biomarkers. In fact, only a few dozen
clinical relevant biomarkers useful for cancer exist
nowadays (Table 1). The number of biomarkers receiving
FDA approval has declined substantially over the last ten
years to less than one protein biomarker per year. After
almost two decades of intensive research using advanced
genomics and proteomics technologies, only a handful of
tumor markers have been translated into patient care.
Of the proteins that could be differentially expressed in
human cancers, only nine have been approved as tumor
[15]
associated antigens . All of these cancer biomarkers
[16-20]
are glycosylated proteins
. Despite their clinical
usefulness, they present limitations in terms of sensitivity
and specificity as the case of carbohydrate antigen 19-9
(CA 19-9) for the diagnosis of PaC, as discussed later.
TMs are minimally invasive and convenient, and their
associated costs are low. Single TMs were traditionally
used but these have come under scrutiny due to their
low sensitivity and specificity. Recent research has shown
superior performance using a combination of multiple
TMs as a panel that also incorporates other clinical factors
[21,22]
as imaging systems
. In the past few years it has
become increasingly clear that no single biomarker can
be reliably used for cancer diagnosis.

diagnosis , and it seems to be a good companion with
other markers improving the diagnostic accuracy of PaC,
as for instance, when used together with albumin and
IGF, it allows the distinction between PaC and chronic
[25]
pancreatitis (ChrP) with high sensitivity and specificity .

Imaging techniques

Detection of asymptomatic PaC has only been achieved
[11,26]
incidentally by imaging techniques
. Significant
progress has been made over the past two decades in
imaging technology and at present, available techniques
for pancreas imaging have a key role in PaC diagnosis as
well as in cancer staging, assessment of the treatment
response and detection of metastatic lesions. Pancreatic
imaging tests include several modalities: Ultrasonography
(US), computed tomography (CT), magnetic resonance
imaging (MRI), positron emission tomography (PET), and
[27-31]
endoscopic ultrasonography (EUS)
.
Ultrasonography: Ultrasonography (US) may have
some limitations in the early diagnosis of PaC. The entire
pancreas is difficult to visualize clearly on ultrasonography
[32]
especially for small tumors located in the head or tail .
Multidetector computed tomography: After the
direct suspicion of PaC, the initial diagnosis and staging of
[22]
PaC mainly relies on a multi-detector row CT . Overall,
CT is reported to have a sensitivity of 89%-97% for PaC
diagnosis, although it is less effective in diagnosing small
[33,34]
(< 2 cm) tumors with a sensitivity of 65%-75%
.
Since CT has a wide anatomic coverage, it also
shows a high performance for the evaluation of vas
cular structures invasion (100% sensitivity and 72%
specificity), which is a key factor for predicting the tumor
[35,36]
resectability
. CT is also a primary imaging modality
[34]
for monitoring the response to treatment .

BIOMARKERS IN PAC
Serum CA 19-9 was described after obtaining monoclonal
antibodies against human colorectal cancer cells. It is a
a
carbohydrate antigen called sialyl-Lewis a (SLe ), which is
embedded on cell surface molecules, as gangliosides and
[23]
mucins . CA 19-9 is routinely used as a biomarker of
PaC, with an 82% of sensitivity and a 90% of specificity.
But CA 19-9 is also elevated in other situations as
pancreatitis, jaundice, hepatic and pancreatic cysts, and
other cancers as colorectal and breast. CA 19-9 is not
expressed in the 10%-20% of the Caucasian population
due to a genetic deficiency of a fucosyltransferase. The
marker was ineffective for general population screening
and diagnosis, but CA 19-9 has been extensively studied
in PaC, and it is continuously requested by clinicians,
especially for monitoring. Recently, it has been shown
that CA 19-9 is upregulated up to 2 years before PaC
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Magnetic resonance imaging: MRI can be useful in
imaging for PaC in patients when EUS or CT findings are
[37]
not diagnostic .
Diffusion-weighted MRI (DWI) helps to detect
solid pancreatic neoplasms with extremely dense cel
[38,39]
lularity
. However, DWI may not be capable of
definitively distinguishing between inflammatory/neo
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[12, 51-54]

plastic lesions.
Endoscopic ultrasonography: CT of the pancreas
can be complemented by Endoscopic ultrasonography
(EUS), which is the most sensitive imaging method
for the detection of malignant pancreatic lesions. EUS
[40,41]
sensitivity has been reported to be higher than 95%
.
EUS is particularly useful for identification of small
tumors (< 3 cm diameter) that are not visualized by
[42]
other imaging modalities (93% sensitivity) . Besides
providing important information for tumor detection
and staging, EUS allows to obtain tissue samples for
histological diagnosis using fine-needle aspiration (FNA)
during the same examination. EUS-guided FNA has been
shown to have a sensitivity and specificity for PaC of 85%
[43,44]
and 98%, respectively
. In addition, EUS is equivalent
[45]
to CT at determining the surgical resectability of PaC .
Positron emission tomography: PaC assessment
can be improved using PET techniques. PET relies on the
enhanced metabolism of glucose in cancer cells, which
overexpress glucose transporter 1, leading to glucose
accumulation in tumors. Fluorine 18-fluorodeoxyglucose
(FDG), a glucose analogue, is normally used as
radiotracer. The reported sensitivity and specificity of
[46]
FDG-PET for the identification of PaC are low . The
main limitations of PET for PaC diagnosis are low-false
negative results in hyperglycemia and false-positive
results caused by a physiologic FDG uptake by normal
[47]
tissues or inflammatory masses (pancreatitis) .
However, FDG-PET has been described to be
more sensitive than CT for monitoring the response
to treatment and for detecting tumor recurrence after
[48,49]
resection
. One of the main advantages of PET is its
wide anatomic coverage, which allows the detection of
[35,50]
possible metastases in the entire body
.
Although imaging techniques have provided signi
ficant advances in the diagnosis and follow up of PaC
patients, they still have limitations in the early diagnose
of small primary pancreatic tumors and metastases,
which is crucial for the effectiveness of therapeutic inter
ventions. Further improvement could be made with a
combination of imaging techniques and biomarkers, since
the presence of biomarkers in serum could be a very
early finding that would increase the ability of imaging
techniques to diagnose pancreatic carcinoma.

Blood-based biomarkers

Currently, the only FDA-approved blood-based biomarker
for PaC is CA 19-9 which is recommended for monitoring
the disease or following up. Therefore, discovering new
biomarkers to diagnose PaC, especially in early stages, is
mandatory to improve PaC patients live expectancy.
In this context, apart from glycoproteomic strate
gies to identify novel PaC biomarkers based on altered
glycosylation of particular proteins, which will be di
scussed in depth later on, real efforts have been made to
identify new specific biomarkers for the early detection of

WJG|www.wjgnet.com

[55]

PaC
. Harsha et al
have collected an extensive
list of potential new protein PaC biomarkers (207
proteins over-expressed), but many candidates have not
worked differentiating between benign and malignant
situations. Proteomic analysis of exosomes and tissues
[56-58]
of PaC patients have also been investigated
.
Other approaches including molecules different
than proteins are also under investigation. Detection
of specific PaC mutations on cell-free circulating tumor
DNA (ctDNA) or circulating tumor cells (CTC) has been
[59-63]
explored
. Some commonly mutated genes in PaC
[64-66]
are KRAS, TP53, SMAD4 and CDKN2A
; which
allow classifying PaC into four different genetic sub
[65]
types that might have potential clinical relevance .
These mutations have also been detected in ctDNA or
[62-63]
[59]
CTCs
. The study of Bettegowda et al has shown
that about 40% of patients with stagesⅠ to Ⅲ of PaC
have detectable ctDNA, a value that increases up to
90% for patients with stage Ⅳ tumor. On the other
[60]
hand, Kinugasa et al
have reported the detection
of mutated KRAS in ctDNA of 63% PaC patients
(all stages), 20% of patients with ChrP and 5% of
healthy controls (HC). Thus, these approaches could
be interesting for developing an early detection PaC
biomarker, although nowadays liquid biopsies still have
some drawbacks, such as low diagnostic sensitivity or
limitations on the detection techniques, and are not
[61,67-68]
yet suitable to substitute tissue biopsies
. Other
[62,69-70]
genetic changes such as epigenetic alterations
[71-75]
or non-coding RNAs expression
have also been
detected in circulating free nucleic acids. Several
miRNAs present better performance for PaC diagnosis
[76]
than CA 19-9 . A recent study analyzing the blood
levels of a panel of microRNAs previously associated
with PaC did not show differential miRNA expression
levels among patients with localized PaC and metastatic
PaC; however, some miRNAs (miR-10b, miR-21-5p
and miR-30c) present a consistent association between
over-expression in plasma collected years before PaC
[74]
diagnosis and risk, interesting for follow-up purposes .
The detection of miRNAs in circulating exosomes has
also been explored and showed diagnostic potential for
PaC, since the level of miR-10b, miR-20a, miR-21, miR30c, miR-106b and miR-let7a (significantly different in
PaC patients plasma compared to HC and ChrP patients)
[77]
normalized after tumor resection . Also, another
especially interesting mRNA is miR-107, which might be
useful not only as a diagnostic biomarker (AUC = 0.851,
PaC patients compared with HC) but also as a target for
[75]
PaC treatment .
Marker combinations: The combination of these
novel biomarkers among them or with those already
in use (mainly CA 19-9) might achieve the sensitivity
and specificity required for early PaC diagnosis for high[25,78-81]
risk population screening
. The recent study of
[80]
Sefrioui et al
compares the diagnostic performance
of CA 19-9, CTCs and KRAS mutational status detected
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on ctDNA in patients who also underwent endoscopic
ultrasound-guided fine needle aspiration (EUS-FNA).
The detection of CA 19-9 in combination with ctDNA
and CTC analysis improved the sensitivity and specificity
(78% and 91% respectively) in comparison with EUSFNA alone (73% and 88% respectively). Moreover,
unlike CA 19-9, the combined markers improved the
diagnosis accuracy compared with CA 19-9 alone in
cholestasis cases. Another study performed with plasma
from PaC patients, ChrP patients and HC showed that
the combination of relative abundances of miR-16, miR196a and CA 19-9 levels (AUC = 0.979) improved in
comparison with the analysis of CA 19-9 alone (AUC
= 0.903) and the miRNA panel alone (AUC = 0.895).
Similar results were obtained when comparing PaC
patients against ChrP patients, and PaC patients against
ChrP patients plus HC. The same study shows that
the miR panel is more effective than CA 19-9 for early
[78]
diagnosis of PaC . Some combinatory analyses have
[82]
been patented . For example, the combination of
plasma tissue factor pathway inhibitor (TFPI), tenascin
C (TNC-FN Ⅲ-C) and CA 19-9 levels, which presented a
strong capacity in distinguishing all early-stage cancer
[81]
from both HC and ChrP .
The value of all these findings is still uncertain since
they lack proper robust clinical trials and the subsequent
multicenter trials with larger cohorts to validate the
data obtained. Moreover, it has to be taken into account
that the methodologies used to discover novel PaC bio
markers would need to be simplified to apply them into
[82]
clinic laboratories .

Glycans expressed in several types of glycocon
jugates are known to change during cancer genesis
[84,86]
and progression
. Glycosylation changes that are
commonly associated with cancer transformation include
sialylation, fucosylation, increased GlcNAc-branching
of N-glycans and over-expression of truncated mucin[87]
type O-glycans . These changes increase the structural
glycan heterogeneity and alter the function of cells.
These alterations become more marked as the tumor
acquires a more aggressive phenotype. In a malignant
cell, almost every glycoprotein will be affected by aber
rant glycosylation, and cells usually synthesize an array
of glycoforms of every protein.
Changes in glycosylation tend to be more pro
nounced than alterations in protein expression. Glycan
modifications change rapidly and dramatically in
response to a disease. This makes glycan alterations
more reliable qualitative biomarkers in terms of the
[88]
predictive value . Some of the glycoproteins with
altered glycosylation in cancer cells can be shed into the
bloodstream so that their tumor associated glycoforms
[89,90]
can potentially be specific cancer biomarkers
.
Therefore, new tumor markers based on the detection
of altered glycoforms of a particular glycoprotein, re
gardless of their levels, may have a much higher spe
cificity for the detection of cancer than variable levels
of the proteins themselves, which up to date have
shown limited clinical utility. That is why glycoproteomics
technologies are of particular interest to identify glyco
proteins with altered glycoforms, caused by tumor
transformation, as potential tumor markers.
The feasibility of this approach has been demon
strated for α-fetoprotein (AFP), which is a glycoprotein
used as a marker for the diagnosis of hepatocellular
carcinoma (HCC). AFP serum levels are increased
in hepatocellular carcinoma, but also in other nonmalignant chronic hepatic diseases such as chronic
hepatitis or liver cirrhosis, which limits AFP specificity
for HCC detection. The detection of an AFP fucosylated
glycoform produced by HCC cells, which corresponded
to an N-glycan with a disialylated biantennary structure
with internal fucose (core-fucose), called AFP-L3, has
been shown to improve the specificity of AFP as a
marker of HCC. Thus, the ratio of fucosylated AFP to
total AFP (AFP-L3%) has been approved by the FDA
as a biomarker for the risk assessment of patients with
[91,92]
chronic liver disease for the development of HCC
.
In the same context, we have described changes in
glycosylation at the level of core fucose and the type of
sialic acid linkage of the prostate-specific antigen (PSA)
[93,94]
in prostate cancer
. The increase of α2,3-sialylated
PSA glycoforms and the decrease of core fucosylated
PSA glycoforms have been reported in cohorts of patient
sera, and have proven useful in differentiating high-risk
or aggressive prostate cancer from indolent prostate
[95,96]
cancer and benign prostatic hyperplasia
, which
is not possible to achieve with the current PSA tests.
The fact that PSA is a specific protein of the prostate
facilitates that these glycosylation changes on PSA are

THE WORLD OF GLYCOBIOLOGY
Anomalous glycosylation associated to cancer devel
opment was already described 50 years ago. During
the last decades the field of glycobiology and our
understanding of the central importance of glycans in
biology have grown dramatically. Glycans are directly
involved in virtually every disease affecting humankind,
including inflammation, infectious diseases, cancer,
[20,83-85]
diabetes and neurodegeneration
.
Protein glycosylation is one of the most common
protein post translational modifications. Approximately
50% of cell proteins are glycosylated. A number of
N-linked glycoprotein changes have been identified in
association with different diseases using glycoproteomic
approaches. These glycoproteins have been shown to
have aberrant glycosylation patterns in malignancy, but
only their total protein levels are clinically monitored
(Table 1).
Changes in glycosylation are believed to be a
main feature in oncogenic transformation as glycans
are known to be continuously involved in several pro
cesses, such as protein folding and clearance rates, cell
signaling, angiogenesis, differentiation, cell growth, cellmatrix interactions, immune modulation, tumor cell
dissociation, invasion, epithelial-mesenchymal transition
(EMT), and metastasis.
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Blood-based biomarkers
PaC diagnosis

CTCs/ctDNA/miRNAs
Glycomics
Changes in glycosylation patterns
CA19-9, useful for PaC monitoring

Imaging
techniques

Glycoproteomics
Analysis of glycan moieties on PaC
associated glycoproteins

EUS
MDCT
MRI
PET

Proteomics
Overexpressed proteins in PaC
patients tissue/sera

Combinatorial analysis

Figure 1 Overview of pancreatic cancer diagnosis methods: imaging techiques and the exisiting and new potential blood-based biomarkers.
[105]

specific to the prostate tumor, and their detection can
be transferred into the clinic, in a similar way to that
described for AFP.

increasing the protein potential for cancer diagnosing .
Although it is well-known that glycosylation plays an
important role in epithelial cancers, the glycoproteome
of the human pancreas and the aberrant glycosylation
associated to PaC has not been deeply addressed. It
should be noted that analysis of the glycoproteome
is much more complex than the proteome because
contrary to proteins, in which the amino acid sequences
are unique and coded in the genome, no template exists
for glycans. Glycosylation comprises a big heterogeneity
of oligosaccharide residues in different sequences
and linkages giving rise to a high amount of existing
structures. In the present review, we focus on the
strategies that have been proposed for the detection
and/or quantification of glycobiomarkers in biological
fluids and tissues from PaC patients. The summary of
the approaches and/or glycoproteins proposed in this
article intended to provide glycoproteins candidates with
tumor associated glycans that should be explored for the
development of a highly PaC sensitive and specific test
(Figure 1).

ANOMALOUS GLYCOSYLATION
PATTERNS IN PAC
Identification and detection of abnormal glycosylated
proteins in bodily fluids of PaC patients may allow the
discovery of new markers for early diagnosis. A large
number of proteomic studies in PaC have been reported.
Also, many glycomic studies have revealed an aberrant
N-glycosylation profile on human pancreatic carcinomas,
and human PaC cells show large variation in their
[53,97-100]
N-glycosylation status
.
[101]
Zhao et al
observed increased branching of
N-linked oligosaccharides, as well as an increasing in
protein fucosylation and sialylation in the sera of PaC
patients. The increase in Lewis and blood group glycans
[102,103]
is a near universal feature of PaC
. Truncated
O-linked glycosylation resulting in the Tn and sialyl-Tn
antigens occurs in almost all epithelial cancers, and in
[104]
PaC in particular .

Reported serum glycoproteins with altered glycosylation
in PaC patients

The gold standard biomarker for diagnosing cancer
should be ideally identified in easily accessible biological
fluids, being for this reason, plasma and sera the
samples most analyzed. Several plasma glycoproteins
display altered N-glycan patterns in tumors. This was
shown by N-glycan analysis of whole serum proteins
[106]
(total serum N-glycome) from several cancer types
and of individual proteins shed or secreted from can
[89]
cer tissues into the blood . Some of these serum
glycoproteins may also present glycan alterations in
chronic inflammatory diseases. For this reason, finding
a cancer specific glycoform in a serum glycoprotein,
which was not present in benign diseases or in healthy
individuals, would improve pancreatic cancer diagnosis.
In the last decade, several studies have identified

Objectives

In this review we will describe the scientific advances
and the forthcoming challenges to identify glycoproteins
with altered glycosylation in PaC that could be useful as
biomarkers, either alone or in combination with other
biomarkers.

Results

Proteomic studies have led to identification of panels of
proteins with potential as PaC biomarkers. However, in
recent years, glycoproteomic strategies in biomarker
discovery have become more important than just proteo
mics because they combine both the protein expression
levels and glycan changes associated with PaC, thus
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serum glycoproteins with altered glycosylation in PaC
patients using different glycoproteomic approaches.
Most authors have usually taken the serum as a starting
point and have used either lectins or antibodies against
specific glycan structures, or mass-spectrometry (MS)
techniques to identify the differential glycosylation of
serum glycoproteins in PaC patients (summarized in
Table 2). However, candidate biomarkers are expected
to exist in a very low concentration and serum sam
ples are very abundant in others glycoproteins like
immunoglobulins and other high-abundance proteins
(acute-phase proteins) that can be removed before the
analysis with multiple available commercial options (Table
2).
Although the molecular mechanisms underlying PaCassociated glycosylation events have not been perfectly
understood, the most common glycan methodologies
developed are focused on the analysis of alterations
[107,108]
[97]
in branching, fucosylation
and sialylation . It
has also been reported that specific N-glycosylation
occupancy in certain glycoproteins can be significantly
[109]
altered .
Using glycoprotein microarrays with multi-lectin
detection techniques, an increase in both fucosylation
and sialylation of some serum glycoproteins was de
scribed for PaC patients compared to HC and pancrea
[110,111]
titis patients
. Serum depletion to remove the
most abundant proteins (albumin, IgGs and acutephase proteins) to identify specific PaC glycoproteins
with changes in glycosylation in PaC patients did not
proportionate any pancreatic specific glycoprotein.
However, several acute-phase proteins liver-derived,
such as α1-β-glycoprotein, showed an increase in the
affinity to Sambucus nigra agglutinin (SNA) lectin, which
binds α2,6-sialic acid, in most of the PaC serum samples,
which were stage Ⅲ/Ⅳ, and allowed to discriminate
[111,112]
them from ChrP patients
.
[97]
More recently, Kontro et al
analyzed N-glyco
peptides from albumin-depleted serum of PaC, ChrP,
and HC. They showed significant changes in the con
centration of the α2,6 sialylated N-glycopeptides in both
PaC and ChrP. The glycopeptides corresponded to acutephase proteins [haptoglobin (HPT), α-1-antitrypsin
(A1AT), transferrin, ceruloplasmin, α-1-acid-glycoprotein
(AGP), fetuin A] and immunoglobulins.
Using electrophoresis and western blotting of
albumin and IgG-depleted serum samples, we identified
serum glycoproteins with an increased sialyl-Lewis ×
x
(SLe ) level in advanced PaC. However, the glycoproteins
identified: AGP, HPT and transferrin, which are acutex
phase proteins, also showed a SLe increase in ChrP
x
patients, suggesting that the increase in SLe was
[113]
related to inflammation rather than cancer itself
.
In the search for more specific PaC glycoproteins with
x
an increased SLe level, further serum depletion that
included the twelve most abundant serum proteins was
performed in order to remove the previously described
x
acute-phase proteins. Other glycoproteins with SLe
increase were identified, but turned out to be acute-
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phase proteins. Among them, ceruloplasmin was further
analyzed in a bigger cohort of PaC serum samples. The
x
ratio of SLe on ceruloplasmin related to ceruloplasmin
levels showed an increased tendency in the sera from
[114]
PaC compared to HC and ChrP patients .
Looking for other potential cancer associated glyco
forms, our group performed the N-glycan sequencing of
some major serum acute-phase proteins. An increase
in core fucosylation was found in HPT and AGP in PaC
[113]
patients compared to the ChrP and HC groups . Other
authors also analyzed HPT fucosylation in a larger cohort
of patients. Although the increase of fucosylated HPT did
not show significant differences in PaC vs pancreatitis
patients, its combination with CA 19-9 gave higher
[115]
diagnostic potential compared to CA 19-9 alone .
Recently, we have addressed the analysis of AGP
fucosylation using several complementary analytical
methodologies, including lectin and MS analyses, and
have shown an increase in AGP α1,3-fucose glyco
forms in advanced PaC compared to ChrP and HC
[116-118]
patients
.
The expression of fucosylated glycoproteins in PaC
depleted serum samples was analyzed using Aleuria
[119]
aurantia lectin (AAL)
. α1-Antichymotrypsin (ACT),
trombospondin-1 and HPT were proposed as the best
fucosylated candidates and were further validated with
ELISAs or lectin ELISAs. Their combination with CA 19-9
resulted to be very promising for distinguishing PaC from
other conditions with or without obstructive jaundice,
[119]
indicating a high diagnostic potential .
The study of N-linked core fucosylated glycopeptides
with potential use in PaC diagnosis has also been
addressed performing nanoLC-MS/MS analysis of iTRAQ
labelled glycopeptides. One core fucosylated peptide,
belonging again to an acute phase glycoprotein, ACT,
presented significant differences between healthy, ChrP
[108]
and PaC groups .
In a previous study, our group addressed the ana
lysis of serum ribonuclease 1 (RNase 1), which is an
acinar pancreatic protein found in serum. However, this
protein is also secreted by endothelial cells into serum.
Serum pancreatic RNase 1 was found to be much more
[120]
core fucosylated in PaC than in HC , which suggests
that the quantification of core fucosylation in some
PaC serum glycoproteins might be useful as a PaC
[121]
biomarker. Nakata et al
showed that N-glycosylation
at Asn-88 in serum RNase 1 was significantly increased
in patients with PaC and proposed the serum RNase
1 N-glycosylation occupancy at Asn-88 site as a novel
diagnostic marker for PaC.
Besides fucosylation, other authors focused on
N-glycan branching of serum glycoproteins, which is one
of the most common altered glycosylation features found
in most types of cancers. After albumin/IgG depletion,
[122]
Drabik et al
performed a glycoprotein enrichment
using Phaseolus vulgaris leucoagglutinin (PHA-L). Then,
using two-dimensional capillary chromatography com
bined with tandem mass spectrometry, they found four
glycoproteins (LIFR, CE350, VP13A and HPT) that carried
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Table 2 Serum glycoproteins with altered glycosylation identified in pancreatic cancer patients
Techniques
ConA chromatography. Tryptic
digestion. N-glycan MS analysis of the
N-glycopeptides
ConA and WGA chromatography.
Glycoprotein separation and array with
lectins (SNA, PNA, MAL, AAL).

Antibody microarray to α1-βglycoprotein, amyloid P and
antithrombin followed by lectin
detection (SNA). MS glycoprotein
identification.
Bead-based antibody-lectin (SNA, Con
A) multiplex assay-for determining
SNA and Con A reactivity of α1-βglycoprotein, and amyloid P component.
SNA affinity chromatography to enrich
sialylated glycopeptides
and compared their relative abundance
by ultra performance LC-MS

2DE followed by N-glycan sequencing

Serum cohort
(n )

Serum depletion
(Yes/No)

Glycosylation change

2 PaC

No

Increased branching,
fucosylation and sialylation

6 PaC
8 ChrP
10 HC

Yes (IgY 12)
Increased fucosylation and
(albumin, IgG and
sialylation
major acute-phase
proteins)

PHA-L lectin to enrich complex
N-glycoproteins
2D nanoLC-MS/MS analyses
Western Blot with biotinylated PHA-L
nanoLC-MS/MS of tryptic digested
gel bands that corresponded to specific
lectin interactions on Western blot
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[101]

Hemopexin
Serum amyloid P component
Antithrombin-Ⅲ
Haptoglobin (HPT)-related
protein
β-2-glycoprotein 1
α1-β-glycoprotein.
ROC curve (cancer vs non cancer
samples), 100% sensitivity 98%
specificity. AUC = 0.998

[110]

Increase affinity to SNA
(α2,6-sialic acid) by 69% in
PaC patients

20 PaC (Ⅲ/Ⅳ)
20 ChrP 20 HC

SNA affinity (α2,6-sialic
acid)

α2,6-sialic glycoforms of α1-βglycoprotein Differentiation of
ChrP vs PaC (P = 0.035)

[112]

SNA (α2,6-sialic acid)

Sialylated glycopeptides of
HPT, α-1-antitrypsin (A1AT),
transferrin, ceruloplasmin, α1acid-glycoprotein (AGP), fetuin A
and Igs.
Change in acute pancreatitis and
PaC
Increase in SLex on AGP, HPT
and transferrin in advanced PaC
and ChrP
Increase in core fucosylation of
HPT and AGP in PaC vs ChrP
and HC
Ceruloplasmin
Tendency to an increase of SLex
on ceruloplasmin in PaC vs HC
and ChrP
Increase of fucosylated HPT
in advanced PaC

[97]

10 PaC (Ⅱ-Ⅲ)
5 Acute
Pancreatitis
16 HC

Yes (albumin
depleted)

SLex
Fucosylation

9 PaC (Ⅰ-Ⅳ)
3 ChrP
5HC

20 PaC (Ⅱa-Ⅳ)
Yes (IgY 12)
14 ChrP
(albumin, IgG and
13 HC
major acute-phase
proteins
72 PaC
22 HC
63 pancreatitis
AGP purification
19 PaC (Ⅰ-Ⅳ)
MS analysis of AGP N-glycans and AAL
6 ChrP
ELISA
6 HC
N-glycan sequencing of human serum
2 PaC
ribonuclease (RNase 1).
2 HC
ELISA to measure N-glycosylation
91 PaC
Asn-88 site occupancy of serum RNase 1
60 HC

nanoLC-MS/MS analysis of iTRAQ
labelled glycopeptides.

Ref.

22 PaC (Ⅲ/Ⅳ)
35 ChrP 89 HC
37 diabetic

Electrophoresis (1DE) followed by WB
with anti SLex.
Immunoprecipitation of ceruloplasmin
and SLex detection
Lectin (AAL)-antibody ELISA

AAL to enrich fucosylated glycoproteins
LC-MS/MS analyses
ELISA/lectin ELISAs

Main glycoproteins identified

20 IPMN
10 MCN
37 PaC (Ⅰ-Ⅳ)
30 HC
30 ChrP
22 OJ
30 Type Ⅱ DM
13 HC
13 ChrP
13 PaC
1 Std
26 HC (include
ChrP + pseudo
cysts)
76 PaC

SLex

AAL (fucosylation).

[114]

[115]

Increase of fucosylated AGP in
advanced PaC

[116-118]

Core fucosylation

Increase of core fucosylation in
RNase 1 in PaC
Increase in N-glycosylated Asn-88
of RNase 1 (normalized to RNase
1) in PaC.
ACT
trombospondin-1 HPT
High diagnostic potential
combined with CA 19-9

[120]

One core fucosylated peptide
from ACT different between
groups

[108]

Asn-88 N-glycosylation

Fucosylation (AAL)

IgY-14 LC10
column

Core-fucosylation
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[113]

α1,3 fucosylation

IgY-14 LC10
columns

Albumin/IgG
depletion

[111]

Increased fucosylation N211
HPT
Novel glycosylation site
Leukemia inhibitory factor
N64
receptor LIFR
New N-glycosylated side at Centrosome-associate protein 350
N2336 in PaC
CE350
N-glycosylation N877
Vacuolar protein sortingassociated protein 13A VP13A

[121]

[119]

[122]
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2D-LC-MS/MS

Lectin (CCL2)-antibody ELISA

Antibody lectin sandwitch array

Antibody microarray capture of
proteins.
Glycan analysis with lectins (AAL,
WGA) and CA 19-9
Antibody lectin sandwich array
Antibody array

231 serum
women samples
pooled in
groups:
time-todiagnosis
109 PaC
91 control
(plasma)
156 PaC (Ⅰ-Ⅳ)
160 control
(plasma)
23 PaC (Ⅰ-Ⅳ)
23 HC

Yes

N-glycosylation occupancy

A1AT
HPT
AGP

[123]

No

CCL2 (3’ fucosylation)

MUC5AC

[99]

No

SLea related

MUC5AC
MUC16

[127]

No

CA 19-9

MUC1
CEA

[128]

23 PaC (Ⅰ-Ⅳ)
23 HC
285 PaC (Ⅰ-Ⅳ)
102 ChrP
144 HC
(serum &
plasma)

No

SLea(CA 19-9)

[129]

No

CA 19-9

MUC1
MUC5AC
MUC1
MUC5AC
MUC16

[130]

MS: Mass-spectrometry; PaC: Pancreatic cancer; WGA: Wheat germ agglutinin; SNA: Sambucus nigra agglutinin; AAL: Aleuria aurantia lectin; ChrP:
Chronic pancreatitis; HC: Healthy controls.

[125]

an altered N-glycan structure in PaC compared to HC.
[123]
Recently, Krishnan et al
carried out a pilot proteomic
study to evaluate changes in serum N-glycoproteins
that could be potential biomarkers prior to clinical presen
tation of PaC being inflammatory response, coagulation
and immune-related proteins the most promising ones.
One of the top-scoring glycoproteins identified, A1AT,
was quantified by ELISA. After analyzing 120 control
and 92 PaC cases they concluded that whilst A1AT levels
performed reasonably well for discriminating prediagnosis
cancer cases, it is unlikely to be specific for detecting
PaC.
Another group of highly glycosylated proteins with
high potential as novel clinical PaC biomarkers are
mucins. In this regard, altered glycosylation pattern of
glycoproteins belonging to members of mucin (MUC)
families have also been associated with PaC in several
studies using PaC tissues as well as serum samples
(Table 2). MUC4 altered glycosylation was identified in
PaC by immunohistochemistry, as only one out of two
antibodies directed towards different MUC4-Tn glyco
[104]
forms showed staining in PaC tissues . These authors
also identified changes in MUC1 glycosylation, as the
glycoform MUC1-T observed in normal pancreas became
MUC1-STn in neoplastic stages. Recently, the study
of immunoprecipitated MUC1 glycoforms using lectins
has exposed its potential to discriminate between PaC
[124]
and cholangiocarcinoma patients
. As mucins can
be cleaved from cells and released to the bloodstream,
all the specific glycoforms detected in tissues could
be potentially detected in serum to be exploited as
biomarkers. In addition, in cyst fluid samples, MUC5AC
specific glycosylation detected with the Wheat germ
agglutinin (WGA) lectin was reported to discriminate
malignant from benign cases in pre-cancerous lesions
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as pancreatic cysts . We also reported recently the
x
x
increased expression of MUC1-SLe and MUC5AC-SLe in
[126]
PaC tissues compared to benign controls .
Some of these mucin glycoforms described as PaC
specific in tissues were also analyzed in sera (see Table
2). Although most of the well-established serological
biomarkers are based on immunological methods
to detect mucin glycoproteins such as CA125 assay
detecting MUC16 in ovarian cancer or CA15-3 assay
detecting MUC1 in breast cancer, the exact structural
epitope recognized is unknown. Moreover, the structural
characterization of O-glycans in mucins have been over
looked due to the analytical limitations (high molecular
weight (MW) proteins with high number of glycosylation
sites, high glycan heterogeneity in each individual site
and lack of enzymes able to release O-glycans).
Regarding MUC5AC, increased levels of specific
x
y
glycoforms carrying 3’ fucose (for instance SLe or Le )
were observed in serum from PaC patients compared to
[99]
benign controls . Further, a panel of serum glycans and
a
x
different MUC5AC glycoforms (including SLe and SLe )
showed improved accuracy over the standard CA 19-9
[127]
assay for detecting PaC .
[128]
Chen et al , using antibody microarrays to capture
multiple serum glycoproteins followed by detection with
lectins or glycan-binding antibodies, described cancerassociated glycan alterations on MUC1 and CEA in
serum of PaC patients. Using antibody-lectin sandwich
arrays, MUC1 and MUC5AC were shown to carry distinct
glycan alterations in PaC patients, in particular MUC1
a
carried the CA 19-9 antigen (SLe ) in a majority of PaC
[129]
[130]
patients compared to HC . Using antibody arrays ,
they noticed that the detection of CA 19-9 on individual
carriers, like MUC5AC or MUC16, did not exceed the
performance of the CA 19-9 assay. Notwithstanding,
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Table 3 List of proposed glycoproteins as possible biomarkers for pancreatic cancer
Glycoprotein
Mesothelin
(cleaved form)
IGFBP-3

IGFBP-2
REG 1A
REG 1B
REG 3A
REG 4
TIMP-1

HER-2

Glycosylation sites

Reported glycosylation

Serum auto-antibodies

Ref.

3 N-glycosylation sites

Reduction of MW after PNGase F digestion of A431 cancer cells

Yes

[133-144]

3 N-glycosylation sites
O-glycosylation

Increase of N-glycosylation levels in tumor tissues
Increase of biantennary complex type N-glycans having more
mannose, fucose, bisecting GlcNAc and terminal sialic acid in
breast cancer serum
Not described
Increase protein glycoform diversity in pancreatic ductal fluid
of PaC by western blot

Not described

[109,145]

Not described
Not described

[141,146]
[147-151]

Core fucosylated, biantennary N-glycans with Gal or GalNAc
in HEK293. Some of the glycans are sialylated, and many have
outer arm fucosylation.
Aberrant N-glycosylation in colon cancer
Altered N-glycosylation in breast cancer cells.
Altered O-glycans (Tn and T) in PaC cells

Not described

[152-156]

Yes

[157-162]

O-glycosylation
O-glycosylation
O-glycosylation
1 potential N-glycosylation site
1 N-glycosylation site
2 N-glycosylation sites

7 N-glycosylation sites
O-glycosylation

IGFBP: Insulin-like growth factor binding protein; REG: Regenerating protein; PaC: Pancreatic cancer.

these analyses could discriminate between PaC and ChrP
patients in low CA 19-9 individuals, so the combined
analysis of CA 19-9 plus its detection on specific mucins
could yield improved sensitivity for PaC detection.
The studies above reported (summarized in Table 2)
consisted on preclinical exploratory works to compare
tumor and non-tumor serum samples, to generate
potential biomarker candidates for PaC detection. Using
serum or depleted serum as starting material to find
glycoproteins with altered glycosylation in PaC patients
has resulted mainly in the identification of acute-phase
glycoproteins mostly liver derived, as well as mucins
such as MUC1 and MUC5AC. The glycosylation analysis
of some of these reported individual glycoproteins,
x/a
mainly focused on changes in sialic acid, fucose, or SLe ,
in PaC patients, showed usually significant changes in
advanced PaC, but not in low PaC stages, and in many
cases in inflammatory conditions, which limits their use
as biomarkers of PaC. The high levels in serum of these
acute-phase proteins, which are not tumor specific,
have hindered the identification of minor proteins with
altered glycosylation from a pancreatic tumor origin that
could be more PaC specific, which should be one of the
challenges of next investigations.
Some of the best and most widely recognized cancer
bio-markers are highly tissue-specific, such as PSA, hCG
and AFP. Although proteins with such characteristics are
quite rare, we consider that pancreatic tissues are the
ideal biological sample for studying the tumor-specific
glycoproteins. Once the pancreatic tissue-specific glyco
proteins or glycoforms can be found, their presence in
serum could be explored.

overexpressed or neo expressed specifically in PaC
tissues, could improve the biomarker performance of the
glycoprotein.
Although the search of potential biomarkers in PaC
cultured cells is a good starting sample, PaC stromal
components represent up to 90% of the pancreatic
tumor volume, which implies that cell line models are not
completely representative of the physiological environ
ment. For that, proteomic analysis of tumor tissues
is proposed as starting point to provide glycoprotein
candidates that could be secreted or shed into blood for
further biomarker analysis in serum or plasma. In this
review we have focused on those glycoproteins that
have been described in the literature to be differentially
expressed and/or oversecreted in PaC cells, tissues, or
pancreatic juice and that can also be found in plasma or
serum.
The main protein carriers of CA 19-9 described are
MUC1, MUC5AC and MUC16 and as we have mentioned
previously, the study of their altered glycosylation is
of interest for improving the performance of the CA
19-9 test. However, the analysis of these high MW
glycoproteins (MW over 200 KDa with a glycan com
ponent that contributes to more than 50% of the MW)
in serum presents a big challenge. Despite being one
of the main families of proteins with potential as cancer
biomarkers, in this study we will concentrate on other
non-mucin glycoproteins that may be analyzed easily.
Among the large number of proteins described
in different proteomic approaches, we have focused
on glycoproteins different from acute-phase proteins
because these last ones are usually increased in in
flammation conditions as discussed previously. In our
selection, the proteins associated to inflammatory proces
ses have also been discarded because their abnormal
expression may be associated with more than one
type of cancer (lack of specificity). The most promising
glycoprotein candidates are listed in Table 3 and may
be analyzed in detail to determine whether a specific

Proteomics information to identify new potential PaC
glycobiomarkers

Although the high number of biomarker studies reported
in the last years, no valuable marker for this lethal
cancer has been translated into clinics. The detection of
the tumor associated glycans on selected glycoproteins,
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glycoform could be PaC associated and be used alone or
together with CA 19-9 for the detection of early-stage
PaC.
It has been described that the immune system
reacts to developing tumors and generates autoantibodies against tumor-associated antigens. These
serum auto-antibodies can be detected in early stages
and have recently emerged as early stage bio-markers
for different types of cancer, including PaC. Possibly
auto-antibodies signatures might therefore be best used
as a screening tool to detect the presence of cancer
in general, to be followed by more specific diagnostic
[131]
measures in case of positive results .
Cancer patients produce auto-antibodies to proteins
that are either mutated, misfolded, over-expressed, or
to proteins that show altered post-translational modi
fications like glycosylation. The mechanisms of autoantibody production are not fully clear. Secretion of
abnormal glycoforms into blood induces the immune
system to produce antibodies which results in the amplifi
cation of an early malignant alteration. Therefore, the
detection of these antibodies indicates that the affected
tissue shed these glycoproteins in the blood and may
allow the diagnosis in an early stage of the disease,
when there are no clinical signs yet, and the amount
of anomalous glycan antigens is still very low. Some
studies have evaluated serological auto-antibodies in PaC
and the combination of four auto-antibodies including
anti-mesothelin showed a reasonable diagnostic per
[132]
formance
. The finding of serum auto-antibodies
recognizing some of the proposed glycoprotein candi
dates reinforce them as potential PaC biomarkers (Table
3).
Mesothelin, one of the potential candidates, is highly
expressed in some common epithelial cancers. Its
expression by immunohistochemistry has been reported
[133]
in approximately 100% of malignant mesotheliomas ,
[134]
and in other cancers such as ovarian
and lung ade
[135]
[136]
nocarcinomas
. Regarding PaC, Zheng et al
,
reported mesothelin expression by western blot and RT[137]
PCR assay in human PaC cell lines, and Argani et al ,
reported its expression in the majority of the PaC tissues
analyzed by immunohistochemistry. Interestingly,
mesothelin is present on normal mesothelial cells, peri
toneum and pericardium, but it is not expressed either
[138]
in normal pancreatic tissues or in ChrP
. Bournet
[139]
et al
also demonstrated the overexpression of the
mesothelin gene in biopsies of PaC samples when
compared to ChrP. Although mesothelin is attached to
the cell membrane, it can be shed like many other cell
membrane proteins. Some authors have identified an
increase in mesothelin serum levels when compared
[140,141]
with ChrP and HC samples
. However, this protein
has been also detected in sera from patients with
[142]
[143]
ovarian carcinoma
and malignant mesothelioma .
Mature mesothelin presents three potential glycosylation
sites and although mesothelin glycosylation has not
[144]
been analyzed yet, Onda et al
observed a change in
the SDS-PAGE mobility of mesothelin from cell extracts
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after being treated with PNGase F.
Some members of the insulin-like growth factor
binding protein (IGFBP) family have also been proposed
as potential candidates. It is known that six IGF-binding
proteins interact with IGFs and modulate their tissue
distribution and access to cell receptors. Serum levels
of IGFBP-3 are associated with several carcinomas.
IGFBP-3 incorporates altered glycan chains in breast
cancer (containing increased amounts of bi-antennary
[145]
chains, fucose and sialic acid residues) , as well as
in hepatocellular carcinoma and in PaC. In this regard,
[109]
Pan et al
, using a quantitative glycoproteomics
approach with tissue proteins labelled with stable isotope
and N-glycopeptide enrichment with hydrazide beads,
observed that IGFBP-3, among other proteins, had
elevated N-glycosylation level in PaC compared with
healthy pancreas.
[52]
Chen et al
performed a quantitative proteomic
approach in pancreatic juice and identifyed IGFBP-2 as
a novel PaC target. The IGFBP-2 overexpression was
further validated by western blotting in pancreatic juice
and pancreatic tissues compared to normal and ChrP
samples. IGFBP-2 has also been studied as a serum PaC
[141]
biomarker in combination to mesothelin . In particular,
this secreted glycoprotein does not contain any
N-glycosylation site but the presence of O-glycosylation
[146]
has been reported .
Searching for a more organ-specific glycoprotein
we included lithostathine, also known as regenerating
protein (REG) in the biomarkers’ list. It is a glycosylated
protein which is normally found in the exocrine pan
creas and its glycan chains have already been charac
[147,148]
terized
. It is the major non-enzymatic component
of pancreatic juice, and its presumed role is to prevent
stone formation in pancreatic ducts. It is expressed in
pancreatic ductal carcinoma, as well as in colon can
[149]
cer . REG1 is only present in acinar pancreatic cells
and malignant ductal cells and is not expressed in
normal ducts or islets cells. REG1 is upregulated in PaC
working as a growth factor, and is increased in serum
[150,151]
and urine levels in PaC patients
. REG1 presents an
altered glycosylation pattern in PaC ductal fluid, so its
potential as a glycobiomarker should be considered in
[148]
future investigations .
Mammalian tissue inhibitors of metalloproteinases
(MMPs) are also considered biomarker candidates.
They are endogenous secreted proteins that inhibit all
[152]
metalloproteinases and are crucial cancer regulators .
TIMP-1 is a MMP inhibitor and it is expressed in many
organs. TIMP-1 levels are altered in many cancers, as
lung, prostate, breast, colon and pancreas, and its se
rum and urine levels are increased in more advanced
[21,153,154]
tumors
. TIMP-1 contains two N-glycosylation
sites that present an altered pattern in colon, lung and
prostate cancer and some of these aberrant glycan
[155,156]
chains have already been sequenced
.
Another proposed candidate is HER-2, a transmem
brane protein belonging to the EGFR family that
possesses intrinsic tyrosine kinase activity. Its expression
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has been described in normal and cancerous human
pancreas. However, its overexpression has been as
sociated with PaC malignant phenotype and bad
[157,158]
prognosis
. In regard to glycosylation, some
authors analyzed HER-2 N-glycans from human breast
cancer cell lines using a mass spectrometry based
[159-161]
approach
. Although several reports have described
N-glycosylation structures of HER-2 from breast cell
lines, the N-glycans attached to this protein in PaC
cells or tissues remain to be elucidated. In regards to
[162]
O-glycosylation, Chugh et al
described that the loss
of GALNT3 in poorly differentiated PaC cells produced
altered O-glycans (Tn and T) on EGFR and HER-2,
resulting in an increase in phosphorylation and tumor ag
gressiveness. The glycosylation of HER-2 could influence
in the signalling pathway of PaC cells. The search of
aberrant HER-2 glycoforms in PaC sera may be used as
a biomarker and also as a target for PaC treatment.
Although there is no single ideal method for the
detection of new cancer biomarkers in complex bodily
fluids and tissues, we propose the combination of a
large variety of analytical methods to develop new ap
proaches based on the glycan analysis of the candidate
glycoproteins in a similar way that the ones that have
been stablished for the detection of AFP and PSA in HCC
and prostate cancer respectively. The most promising
approaches include lectin based methods and mass
spectrometry technology. The lectin-based methods
commonly adopted in cancer biomarker discovery re
search are lectin affinity chromatography, enzyme-linked
lectin assays, lectin histochemistry, lectin blotting and
[163]
new lectin arrays . Some efforts have also been made
to achieve glycan-specific antibodies and/or to produce
antibodies that can recognize a specific glycoform
in a glycopeptide or glycoprotein. However, glycanspecific antibodies are rare, compared with antibodies
recognizing peptide epitopes, because carbohydrates
have been shown to be poor immunogens.

2

3

4

5
6

7

8
9

10

11
12

CONCLUSION
Early detection of PaC using glyco-biomarkers could
provide a solution and future directions for PaC man
agement. Simultaneous measurement of specific glyco
forms combined with protein levels might increase the
diagnostic potential of the candidate glycoproteins.
However, we have to consider that the aberrant glyco
sylation is disease specific but not tissue specific, which
means that some alterations such as core fucosylation
levels or sialylation degree of the candidate glycoprotein
could be a common epithelial cancer feature. Further
more, the use of a multimarker panel composed of the
candidate glycoproteins combined with CA 19-9, as
well as other medical approaches (as imaging), could
enhance the lack of discriminatory power of a single
marker.
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Abstract
Hepatitis C virus (HCV) infection remains an important
global health problem with chronic infection affecting
approximately 11 million children worldwide. The
emergence of direct-acting antiviral (DAA) therapies
and the development of non-invasive methods for the
determination of liver fibrosis will significantly improve
the management of paediatric patients with chronic
HCV infection in subsequent years. For paediatric pa
tients, a new era of highly effective DAA agents is
beginning, and the first results of available clinical trials
are very promising. In this era, the identification and
monitoring of patients continues to be an important
issue. The availability of non-invasive serological and
imaging methods to measure hepatic fibrosis enables the
identification of patients with significant or advanced liver
fibrosis stages. This article summarizes the current data
on the epidemiology and progress of research aimed to
evaluate the new therapies and non-invasive methods for
liver injury in paediatric patients with chronic hepatitis C.
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Core tip: There are more than 11 million hepatitis C
virus (HCV)-infected children worldwide. Most new
HCV-infected cases have occurred through vertical trans
mission. Currently, a new era of highly effective directacting antiviral agents for the treatment of HCV infection
has begun for paediatric patients. The first results of
clinical trials with interferon-free therapy are very pro
mising. ESPGHAN developed a position paper for the
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management of chronic HCV infection in children. Noninvasive methods to measure hepatic fibrosis enable the
identification of patients with significant liver fibrosis. This
article summarizes the current data on epidemiology, new
therapies and non-invasive methods in paediatric patients
with HCV infection.

and patients with diseases other than viral hepatitis .
In 2014, the world’s highest incidence of anti-HCV
[15]
antibodies was recorded in Egypt at 14.7% .
Geographic diversity of HCV genotypes has been
observed. Genotype 1 (46.2% of HCV infections) is the
most widespread worldwide and is responsible for most
infections in developed countries. The second most fre
quent is genotype 3 (30.1% of HCV infections), which
is often found in South Asia and in Europe and the US
among drug users infected with HCV. Genotype 2 (9.1%
of HCV infections) and genotype 6 (5.4%) are the most
common genotypes found in East Asia. Genotype 4 is
prevalent in North Africa and the Middle East (8.3% of
HCV infections). Genotype 5 accounts for less than 1%
of HCV infections and mainly appears in Africa, whereas
genotype 7 infection was confirmed in Canada in 1
[16-18]
patient of central African origin
.
The prevalence of anti-HCV antibodies in children
varies geographically, as in the adult population. Before
1992, children treated with blood or blood products were
amongst the high-risk groups for HCV infection. Before
1992, HCV-infected children acquired the virus through
the transfusion of blood and blood-related products.
Since 1992, transfused blood units have mostly been free
of HCV, which is estimated to be present at a frequency
[19]
of 0.001% to 0.01% per transfusion . Therefore, most
new HCV-infected cases have occurred through vertical
[8]
transmission . It is estimated that maternal-foetal
transmission is responsible for more than 60% of children
with HCV, and approximately 5% of infants are born to
[20]
HCV-RNA-positive mothers . The risk is higher in HCVpositive women with a high viremia in their pregnancy
[21,22]
and HIV co-infection
.
In the USA, an estimated 23000 to 46000 children
live with chronic HCV. The positive presence of anti-HCV
antibodies has been confirmed in 0.17% of children
aged 6 to 11 and in 0.39% of those aged 12 to 19,
with the most common being genotype 1, followed
by genotypes 2 and 3, and more rarely genotypes 4
[1,8,10]
and 6
. In Japan, the prevalence of HCV infection
in children is estimated at 0.012% in those aged 5-9
years, 0.010% at 10-14 years, and 0.022% at 15-19
years, with genotype 2 being the most prevalent in
[23]
these children. Research by Mizuochi et al confirmed
that vertical transmission has increased and accounts
for over 99% of all new HCV cases in the last decade.
No transfusion-related cases have been observed since
[23,24]
1994
. In Turkey, the prevalence of HCV infection
in children and adults is estimated to be 0-1%, and in
[25,26]
Syria, 1%-2%
. In India, the prevalence of HCV
infection in children is estimated at 3.6% in those aged
1-9 years, and in Egypt, the prevalence is estimated
[27,28]
at 2.02% in ages 1-9 years
. According to Lagging
[29]
et al , the prevalence of chronic HCV infection is less
than 0.5% among European children. During the past
decade, approximately 100 such cases have been
reported annually to the Swedish Public Health Agency,
with half occurring in those younger than 16 years
[30]
of age . In light of the expected annual number of
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INTRODUCTION
Hepatitis C virus (HCV) infection is an important public
health problem recognized by the WHO. The natural
history of HCV infections in children is characterized by
a long asymptomatic course, with low biochemical and
[1,2]
histopathological activity . The clinical symptoms of
chronic HCV infection in children are not very character
istic (hepatomegaly, abdominal pain, nausea, vomiting,
loss of appetite, joint pain); consequently, most HCV
infections are diagnosed by chance. The inability to
prevent infection by vaccination, together with the serious
clinical consequences of liver cirrhosis, hepatocellular
carcinoma and end-stage liver disease, are serious public
health problems.
It is estimated that worldwide, 115-185 million people
[3-6]
(2.8%) have a chronic HCV infection . In the paediatric
population alone, there are more than 11 million HCVinfected patients under 15 years of age, and more
[7,8]
than 6 million of these children are viremic . Higher
frequencies of HCV infections are recorded in countries
with low and medium incomes (1.8%-5%), and lower
incidences are reported in countries with high incomes
[9]
(0.05%-0.36%) .
The prevalence of hepatitis C antibodies in adults in
[10]
North America is estimated at 1% to 1.5% , whereas
[11]
it is estimated at 0.8% to 1.2% in Japan , 1.1% in
[12]
Ghana , 1.0% in Malawi, 1.1% in Mozambique and
[13]
2.1% in Tanzania .
In a multi-centre study, the presence of anti-HCV
antibodies in the central and eastern European population
was reported as 0.27%-3.5%. The lowest values were
recorded in Kosovo, Germany, the Czech Republic and
Hungary (0.3%-0.6%), and the highest incidence of
anti-HCV antibodies was found in Lithuania, Latvia and
Romania (2.4%-3.5%). A study in Germany estimated
the prevalence of anti-HCV antibodies to be 0.3%, and
[14]
positive HCV viremia was estimated at 0.2% .
A study in Poland estimated the prevalence of antiHCV antibodies at 0.91%, and positive HCV viremia
was estimated at 0.6%, out of 278998 and 191405
patients from randomly chosen orthopaedic and trauma
wards, respectively, together with health care workers
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Table 1 Ongoing clinical trials to evaluate the safety and efficacy of direct-acting antivirals in children with chronic hepatitis C
Trial identifier

Drug tested

HCV genotype

NCT 3067129
NCT 2486406
NCT 3080415
NCT 2868242
NCT 2249182
NCT 3022981
NCT 2985281

Glecaprevir/pibrentasvir
Ombitasvir/paritaprevir/ritonavir ± dasabuvir ± ribavirin
Sofosbuvir + daclatasvir
Ledipasvir/sofosbuvir
Ledipasvir/sofosbuvir ± ribavirin
Sofosbuvir/velpatasvir
Gratisovir + ribavirin

1-6
1,4
4
1,4
1,4,5,6
1-6
1-6

HCV: Hepatitis C virus.

[31]

[34,40]

infections secondary to mother-child transmission and
the number of children immigrating to Sweden from
countries with a higher HCV prevalence, this number
[29]
may be an underestimation of the true incidence .
In Poland, the prevalence of HCV infection in children
in the study by Gołębiowska and colleagues was
[32]
estimated at 2.8% .
The largest group of HCV-infected children is com
prised of children infected via maternal-foetal trans
mission. Other groups include children with HIV infection,
children with a history of multiple sexual partners, adoles
cents with a history of intravenous drug use and children
who are victims of sexual assault. The prevalence of
substance use amongst children with HCV increased
[33]
from 25% in 2006 to 41% in 2012 . Screening for
hepatitis C should be considered for those children with
risk factors for HCV and for pregnant women.

NCT 3022981, NCT 2985281
) (Table 1).
The first study assessing the IFN-free treatment of
HCV-infected adolescents was a phase 2, multicentre,
open-label study that included 100 patients aged
12-17 years who were infected with genotype 1 HCV
who received a combination tablet of 90 mg ledipasvir
[41]
and 400 mg sofosbuvir once daily for 12 wk . Serial
pharmacokinetic (PK) blood samples were assessed
on day 10 of the study in the first 10 patients. These
patients participated in a PK lead-in cohort to determine
the pharmacokinetics of sofosbuvir, ledipasvir and the
sofosbuvir metabolite GS-331007 to confirm the ap
propriateness of the adult dose of ledipasvir/sofosbuvir in
adolescents before additional patients were enrolled. To
be eligible for the PK lead-in cohort, the adolescents had
to weigh > 45 kg, be naïve to HCV treatment and not
have liver cirrhosis. They were administered ledipasvir/
sofosbuvir with a standardized meal with more than 400
kcal and 13 g of fat.
In the entire analysed group of adolescents, 80%
were HCV treatment-naive, 81% were infected with
genotype 1a HCV, and 84% were infected through
perinatal transmission. One patient had cirrhosis, and
42 did not; the degree of fibrosis was unknown in 57
patients. Of the 99 patients who completed treatment,
2 patients did not attend the follow-up visits at weeks
4 and 12. One of those patients completed the followup visit at 24 wk after the end of treatment. A sustained
virologic response at 12 wk (SVR 12), defined as an
HCV RNA level less than the lower limit of quantification
(15 IU/mL), was achieved in 98% of patients. No
patient had virologic failure. The presence of resistanceassociated substitutions (RASs) at baseline did not affect
the treatment response. All patients with a baseline
presence of NS5A or NS5B RAS achieved SVR12. The
most commonly reported adverse events were headache
(27% of patients), diarrhoea (14%) and fatigue (13%).
No serious adverse events or significant abnormalities
in laboratory results were reported. Most laboratory
abnormalities were mild; 1 patient had a grade 4 aspar
tate aminotransferase (AST) elevation up to 573 U/L at
the week 4 follow-up visit. This event was associated
with the initiation of isotretinoin treatment for acne, and
the patient’s AST levels decreased and normalized. The
administration of ledipasvir/sofosbuvir did not affect
development as assessed by Tanner pubertal staging.

DIRECT-ACTING ANTIVIRAL THERAPY
The development of oral interferon-free (IFN-free) antiHCV treatment with direct-acting antivirals (DAAs) has
revolutionized the therapy of HCV infection. Currently,
highly effective, safe and well-tolerated antiviral regimens
[34]
are available to treat adults with hepatitis C infection .
In 2017, the European Medicines Agency (EMA) and
the Food and Drug Administration (FDA) approved the
use of the fixed-dose combination of ledipasvir/sofosbuvir
and of the combination of sofosbuvir and ribavirin for
the treatment of adolescents with chronic hepatitis C
virus (HCV) genotypes 1, 4, 5 and 6 and genotype 2
and 3 infections, respectively. Trials with direct acting
antivirals (DAAs) are ongoing for younger children. The
drugs currently licensed in Europe and the US for the
treatment of chronic HCV infection in children include
IFN, PEG IFN, ribavirin and, recently, the fixed-dose
combination of ledipasvir/sofosbuvir and sofosbuvir for
the treatment of adolescents aged 12-17 years weighing
more than 35 kg. The only drugs currently approved for
children younger than 12 are PEG IFN α-2a or -2b and
ribavirin. Children with HCV genotypes 1 or 4 infection
should be treated for 48 wk whereas those infected with
[20,35-39]
genotypes 2 or 3 should be treated for 24 wk
. Few
data are available on the paediatric use of DAAs, and 7
clinical trials are currently ongoing (NCT 3067129, NCT
2486406, NCT 3080415, NCT 2868242, NCT 2249182,
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safety profile of LDV/SOF but also an improvement of
HRQL scores after achieving SVR, which was sustained
[46]
for months after treatment cessation .
The preliminary results of the fixed-dose combination
of ledipasvir/sofosbuvir in children aged 6 to 11 years
old was presented at the International Liver Congress
[47]
in 2017 . This prospective, open-label, uncontrolled
trial enrolled 90 patients, all of whom received ledipasvir
(45 mg) and sofosbuvir (200 mg) once daily for 12 wk.
Eighty-six (96%) of the patients were infected by HCV
genotype 1, 18 (20%) were treatment-experienced and
2 had cirrhosis. In total, 99% (89/90) of the treated
children achieved SVR12. One genotype 1a patient with
cirrhosis relapsed at the fourth follow-up visit. The most
commonly reported adverse events were headache
(19%), fever (17%) and abdominal pain (15%).
In a recently published prospective, open-label,
uncontrolled registration trial, 52 patients were treated
with sofosbuvir (400 mg) once daily and weight-based
ribavirin (15 mg/kg) twice daily for 12 (genotype 2)
[48]
or 24 (genotype 3) wk . The pharmacokinetics of
sofosbuvir and its metabolite GS-331007 were evalu
ated by intensive plasma sampling on day 7 in the
first 10 patients. Forty-three (83%) of the patients
were treatment-naïve, 73% were infected by vertical
transmission and 75% had genotype 3 HCV. None of
the patients who underwent liver biopsy had cirrhosis.
SVR12 was achieved in 98% (51/52) of cases. The
SVR12 rates were 100% (13/13) for patients with
genotype 2 and 97% (38/39) for genotype 3. The single
patient who did not achieve SVR12 was lost to followup after achieving SVR4. The most commonly reported
adverse events were nausea (27%) and headache
(23%). Sofosbuvir and ribavirin were safe and highly
effective in adolescents with chronic HCV genotype 2 or
[48]
3 infections . To assess the HRQL of 50 HCV-positive
adolescents treated with SOF + RBV, the patients and
their parents completed the PedsQL-4.0-SF-15 question
naire at baseline, at the end of treatment and during
[49]
post-treatment follow-up . During treatment with
SOF + RBV, there were no significant decrements in
any of the patients’ self-reported or parent-reported
scores, regardless of treatment duration. After treatment
cessation, a statistically significant improvement in the
patients’ self-reported social functioning scores by posttreatment week 12 was recorded. A multivariate analysis
showed that a history of abdominal pain and psychiatric
disorders affected impaired HRQL in adolescents with
HCV (p < 0.05). Adolescents with HCV did not appear
to experience any reductions in HRQL during treatment
with SOF + RBV and experienced some improvements in
their HRQL scores after achieving SVR.
[50]
Hashmi et al assessed the effectiveness and safety
of the combined administration of sofosbuvir (400 mg)
once daily and ribavirin (10-15 mg/kg/d) in treatmentnaïve children with HCV infection aged 5 to 18 years. The
total therapy duration was 24 wk. Thirty-five patients
with a mean age of 10.24 ± 2.80 years, including 22
boys and 13 girls, were included. The most common

Ledipasvir-sofosbuvir was highly effective at treating
adolescents with chronic HCV genotype 1 infection. The
dose of ledipasvir-sofosbuvir currently used in adults
was well tolerated in adolescents and had an appropriate
[41]
pharmacokinetic profile . No data are currently avai
lable on possible shortening of the treatment to 8 wk as
suggested in adults if their baseline HCV RNA level is less
[42]
than 6 million (6.8 log) IU/ml .
Previous studies have demonstrated that both the
physical and psychosocial health and cognitive func
tioning of asymptomatic children with chronic HCV
infection are significantly reduced compared to children
[43,44]
without HCV
. Chronic HCV infection has been as
sociated with the impairment of health-related quality
of life (HRQL) in both adult and paediatric patients.
[43]
Nyddeger et al assessed the HRQL of 19 HCV-infected
Australian children using self-reports from the children
and reports from their parents. The study revealed
that physical and psychosocial summary scores were
significantly lower than in children not infected with HCV.
This impairment was particularly notable in the General
Health and Parent impact-emotional scales; children with
[43]
HCV also reported reduced physical functioning . In a
PEDS-C study that included 114 HCV-infected children,
caregivers assessed their children as being in poor health
pre-treatment, whereas the children and adolescents
themselves reported scores equal to the normative
[45]
population .
[46]
Younossi et al
were the first to assess HRQL in
adolescents infected with genotype 1 HCV who were
treated with ledipasvir/sofosbuvir. HRQL was assessed
using the PedsQLv4.0-SF15 completed by the children
and their caregivers before, during and after treatment.
The PedsQLv4.0-SF15 includes 15 items that represent
4 domains of adolescent daily functioning (physical,
emotional, social and school functioning). At baseline, the
caregivers’ and self-reported school functioning scores
were significantly lower in adolescents with HCV infection
(p < 0.05). All but 1 HRQL score was substantially
lower when reported by caregivers compared to the
adolescents’ self-reports. A potential reason for the
consistently lower perception of HRQL by caregivers
than that reported by the adolescents themselves is
that parents’ perceptions may be biased by their own
experience with HCV infection (84% of subjects acquired
their infection prenatally). This notion is supported by the
observations in the PEDS-C study showing that infected
mothers who had transmitted HCV to their offspring had
worse HRQL compared to uninfected caregivers. At the
end of treatment, no treatment-related impairments
in HRQL scores were reported by the subjects or their
caregivers. Significant improvement in the adolescents’
self-reported emotional function domain was noted in the
post- treatment period. At the end of 24 wk of follow-up,
all HRQL scores except for the school functioning scores
[46]
became similar to the population norms without HCV .
This was the first clinical trial of an interferon- and
ribavirin-free regimen in children with HCV infection that
showed not only a very high efficacy and a favourable
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Table 2 Efficacy of direct-acting antivirals treatment of hepatitis C virus infected children and adolescents
Study

Patient population

HCV genotype

Drug

Hashmi et al [50]
Leung et al [52]

100 adolescents aged 12-17 yr
90 children aged 6-11 yr
13 adolescents aged 12-17 yr
39 adolescents aged 12-17 yr
35 children aged 5-18 yr
38 adolescents

1
1
2
3
3,1
1,4

ledipasvir 90 mg + sofosbuvir 400 mg
ledipasvir 45 mg + sofosbuvir 200 mg
sofosbuvir 400 mg + ribavirin 15 mg/kg
sofosbuvir 400 mg + ribavirin 15 mg/kg
sofosbuvir 400 mg + ribavirin 10-15 mg/kg
ombitasvir 150 mg + paritaprevir 100 mg
+ ritonavir 25 mg ± dasabuvir 250 mg ±

El-Sayed et al [53]

13/18 adolescents

4

[41]

Balistreri et al
Murray et al[47]
Wirth et al[48]

Duration of therapy (wk) SVR 12 (%)

ribavirin
sofosbuvir 400 mg + daclatasvir 60 mg ±

12
12
12
24
24
12-24

98
98
100
97
97
100

8-12

100

ribavirin 15 mg/kg
HCV: Hepatitis C virus; SVR: Sustained virologic response.

HCV genotype was genotype 3, which was encountered
in 27 (77.15%) children, followed by genotype 1 in
6 children (17.14%). Most of the patients had preexisting haematological disorders including thalassemia
major, acute lymphoblastic leukaemia, non-Hodgkin’
s lymphoma, von Vilebrand disease and Hodgkin’s
disease. The most frequent mode of HCV transmission
was via blood products transfusion (42.86%), followed
by perinatal transmission. Thirty (85.71%) patients
achieved a rapid virological response with undetectable
HCV RNA by 4 wk of treatment, whereas the remaining 5
(14.28%) children were HCV RNA negative by 12 wk of
treatment. An end-of-treatment response was achieved
for all patients, and SVR12 was achieved by 34 (97.14%)
[50]
patients. The treatment was well tolerated .
Clinical trials of interferon-free DAA regimens have
been initiated for children ages 3-17 years. There is hope
that increased DAA uptake may prevent paediatric HCV
infections by shrinking the pool of infectious persons.
DAA therapies may also help reduce new vertically and
[51]
horizontally acquired paediatric infections .
In the recently presented prospective, open-label,
uncontrolled ZIRCON trial, 38 adolescents with HCV
genotype 1 or 4 infections were enrolled and treated
with ombitasvir/paritaprevir/ritonavir (150/100/25 mg
once daily) with dasabuvir (only for those with genotype
1 infection; 250 mg twice daily) and/or ribavirin (for
all patients with genotype 1a or 4 infection; 15 mg/kg
[52]
divided twice daily) . All patients received 12 wk of
treatment, except for one patient with an HCV genotype
1a infection with cirrhosis who was treated for 24 wk.
Twenty-five (66%) of the patients were treatmentnaïve, and 37 (97%) were non-cirrhotic. All 38 patients
achieved SVR12 (100%). The most commonly reported
adverse events were headache (21%) and asthenia
[52]
(18%) . The preliminary data from a prospective,
open-label, uncontrolled trial on combined therapy with
sofosbuvir, daclatasvir with or without ribavirin (400
mg + 60 mg + 15 mg/kg) of 13 adolescents with HCV
genotype 4 infection were presented. The SVR was
[53]
100% .
The results of the first clinical and observational trials
with IFN-free therapy are very promising. The efficacy of
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DAAs treatment in HCV infected children was presented
in Table 2.

RECOMMENDATIONS FOR THE
TREATMENT OF CHRONIC HCV
INFECTION IN CHILDREN
Although new treatments are expected to be approved
for paediatric use for all age groups in the near future,
there is uncertainty on the current optimal approach to
[34,54]
treat children with chronic HCV infection
. The Hepa
tology Committee of the European Society of Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
developed an evidence-based position paper for the
management of chronic HCV infection in children. This
position paper addresses therapeutic management
issues including goals, endpoints, indications, contraindications and the optimal treatment regimen in children
with chronic HCV infection. The present position paper
advocates the treatment of adolescents with chronic HCV
infection and is directed to health authorities to recognize
the importance of treating this special group of patients
[40]
affording the cost of treatment .
The goal of therapy in children is to cure HCV infection
to prevent the possible progression of HCV-related liver
disease and its complications (A1).
The endpoint of therapy in children is undetectable
HCV RNA in the blood by a sensitive assay (lower limit of
detection ≤ 15 IU/ml) 12 wk (SVR12) after the end of
DAA treatment or 24 wk (SVR24) after the end of PEG
IFN and ribavirin (A1).
The rationale underlying the indications for treatment
of adults with chronic infection is also valid for children
(B1).
All treatment-naïve and treatment-experienced chil
dren with chronic HCV infection are considered for ther
apy (A1).
Liver biopsy for obtaining liver tissue for histopath
ologic examination is not routinely indicated in children
with chronic HCV infection but should be evaluated caseby-case (A1).
Treatment is considered without delay in the pres
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Children: Age > 12 yr, weight > 35 Kg

HCV genotype 1 or 4

HCV genotype 2 or 3

Ledipasvir 90 mg + sofosbuvir 400 mg
single tablet, once daily

Sofosbuvir 400 mg once daily + ribavirin 15 mg/Kg
divided into two doses

12 wk (C1)
naives

24 wk (C2) treatment experienced
G1 HCV with compensated cirrosis

12 wk (C1)
G2 HCV

24 wk (C1)
G3 HCV

Figure 1 Recommended treatment of hepatitis C virus infected children. HCV: Hepatitis C virus.

ence of significant fibrosis and cirrhosis, extrahepatic
manifestations and co-morbidities that increase the
risk of rapid evolution of liver disease (solid organ or
haematopoietic stem cell transplant recipients, other
patients undergoing immunosuppressive treatments)
(A1).
Treatment can generally be deferred in age-cohorts
where combined PEG IFN and ribavirin is the only
treatment option (C1).
IFN-free regimens are the best options in HCVinfected adolescents (> 12 years of age, weight > 35
kg), independent of the stage of liver disease and of comorbidities (C1).
PEG IFN and ribavirin have not been recommended
for the treatment of HCV-infected adolescents since 2017
(C1).
Treatment of HCV genotype 1 or 4 infection: Chil
dren older than 12 years who weigh > 35 kg and are
chronically infected with HCV genotype 1 or 4 should
be treated with the combination of ledipasvir (90 mg)/
sofosbuvir (400 mg) with a single tablet administered
once daily for 12 wk (C1). The recommended duration
of therapy for treatment-experienced children with HCV
genotype 1 infection and with compensated cirrhosis is
24 wk (C2).
Treatment of HCV genotype 2 or 3 infection: (1)
Children older than 12 years who weigh > 35 kg and
are chronically infected with HCV genotype 2 should be
treated with sofosbuvir (400 mg) once daily and weightbased ribavirin (15 mg/kg divided into 2 doses) for 12
wk (C1). And (2) Children older than 12 years who weigh
> 35 kg and are chronically infected with HCV genotype
3 should be treated with sofosbuvir (400 mg) once daily
and weight-based ribavirin (15 mg/kg divided into 2
doses) for 24 wk (C1) (Figure 1).

(as assessed by liver biopsy), potential for side effects,
likelihood of response and presence of co-morbidities.
These cases should be referred to a centre with experi
ence in the treatment of children with chronic HCV
infection, and the possible off-label use of DAAs could be
[40]
considered (C1) .
The goal of therapy in children with chronic HCV in
fection is to cure the infection. The risk of HCV-related
hepatic and extra-hepatic complications in children is
significantly lower than that for adults. Long-term followup paediatric studies, with combined therapy with IFN or
PEGIFN + ribavirin, have shown that SVR24 corresponds
to a definitive cure of HCV infection in 98% to 100% of
[55,56]
cases
. The availability of safe IFN-free regimens for
adolescents older than 12 years and weighing > 35 kg
makes these the best options in treatment-naïve and
treatment-experienced patients, independent of the
stage of liver disease and of the presence or absence of
co-morbidities. Consequently, the combination of PEG
IFN and ribavirin is no longer recommended.

NON-INVASIVE EVALUATION OF LIVER
DISEASE SEVERITY
The clinical management of children with chronic hepa
titis C (CHC) remains under discussion. Prognosis, risk
stratification and treatment decision depend on histo
logical severity determined by liver biopsy. CHC children
belong to a low-risk group for progressive liver disease,
which allows for the postponement of treatment in most
[57,58]
children
. Notably, at the present time, more effective
and better tolerated interferon-free therapies are not yet
available for children in clinical practice in the wide range
they are available for adult patients. Although the degree
of liver damage generally depends on age and the
duration of infection, the results of available paediatric
studies suggest that treatment can be postponed until
adolescence or adulthood, unless patients show rarely
[35]
observed progression of liver disease . With the de
velopment of interferon-free treatment regimens, it
is reasonable to wait until adolescence or until DAAs
are approved to routine clinical use for all age groups
of children. Therefore, children require close follow-

Treatment of chronic HCV infection in children younger
than 12 years

PEG IFN and ribavirin are no longer recommended as
a general treatment for children younger than 12 years
who are infected with HCV (C1).
In children younger than 12 years, the decision to
initiate therapy should be individualized to isolated cases
based on the HCV genotype, severity of liver disease
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up of their liver disease stage and grade to detect the
appropriate time to begin antiviral treatment.
Currently, liver biopsy remains important for the
evaluation of the fibrosis grade and necro-inflammatory
activity in patients with CHC, particularly in patients
with concomitant HBV and HIV infection, liver steatosis
or autoimmune hepatitis. However, this method has
its limitations, including very small needle biopsy speci
mens, which may be unrepresentative of the rest
of the liver (sampling error) and difficult to omit dif
ferent interpretations of the same sample by different
[59]
pathologists (observer variability) . In addition, liver
biopsy is an invasive examination associated with possible
severe complications; it is unpleasant for the patient
and not suitable as a screening test or to monitor the
effects of liver disease treatment. Potential complications,
although rare, make the liver biopsy less accepted in
[60]
paediatric patients than in adults . Given these limi
tations, liver biopsy among CHC children is performed
much less frequently than among adults and most often
applies to cases with persistent liver dysfunction or with
co-morbidities. Thus, almost two decades of research
aimed at investigating and implementing non-invasive
methods for the accurate evaluation of liver fibrosis has
been important for the CHC paediatric population.

aetiologies showed that FibroTest scores and the APRI
(aspartate aminotransferase-to-platelet ratio index) can
differentiate between non-fibrosis and significant fibrosis
and thus can be recommended only to detect patients
[66,67]
with cirrhosis or significant fibrosis (METAVIR F3-F4)
.
Another study, including 50 Egyptian children with
CHC, revealed the utility of the FibroTest to discriminate
between patients with mild (F1) and advanced fibrosis
scores at F2-F4, and between patients with no fibrosis
[68]
(F0) and with fibrosis (F1-F4) . Compared to biopsy,
the overall accuracy of the FibroTest for detecting fibrosis
(F1-F4) and advanced fibrosis (F2-4) was 94% and 88%,
respectively. Researchers have shown the discrimination
ability of the ActiTest between patients with mild and
moderate activity with an overall accuracy of 90%. Addi
tionally, studies demonstrated a highly significant linear
correlation between the FibroTest-ActiTest results and
the fibrosis stages and inflammation activity grades.
[69]
Conversely, the Pokorska-Śpiewak et al study revealed
that the FibroTest-ActiTest was poorly correlated with
the histopathological evaluation in paediatric patients
with chronic viral hepatitis. We are constantly searching
for new, more specific markers of liver fibrosis. A single
study conducted in CHC children tested the significance
[70]
of markers such as the C4a Complement and inter[71]
alpha-trypsin inhibitor heavy chain 4 (ITIH4) , which
was not associated with liver fibrosis scores but could
predict significant fibrosis. The results of a recent study
indicated that the non-invasive biomarkers APRI, FIB-4
and AST modified by the body mass index z-score have
a good to excellent performance for detecting significant
[72]
liver fibrosis . In addition, the authors found that these
biomarkers, adjusted by the BMI z-score, perform excel
lently for diagnosing significant steatosis in children with
CHC.
According to these data, although serological markers
do not correlate adequately with the histopathological
evaluation in children, they can still be useful for select
ing patients with advanced-stage liver injury who
should undergo liver biopsy. In fact, the assessment
of the usefulness of these tests in adults indicates
that they are reliable in distinguishing extreme stages
of histopathological fibrosis; however, they are less
effective in determining intermediate degrees of fi
[63]
brosis . Therefore, in children with the most prevalent
intermediate stages of hepatic fibrosis progression, these
tests will have limited clinical utility. Conversely, even if
these tests are not as accurate as a liver biopsy, their
ability to exclude liver cirrhosis becomes more important
as a screening tool in all paediatric patients with chronic
hepatitis C, which would allow many patients to avoid
biopsy.

SERUM BIOMARKER TESTS
There is great interest connected to the possibility of
identifying stages of liver fibrosis by using non-invasive
[61]
markers based on blood tests . The most extensively
studied test was the FibroTest, a serological test that
indirectly assesses the processes of fibrogenesis by
measuring the serum levels of fibrosis biomarkers. The
FibroTest consists of an algorithm that detects levels of
the following 5 serum fibrosis markers: alpha-2-macro
globulin, haptoglobin, apolipoprotein-A1, bilirubin and
gamma-glutamyl-transpeptidase, resulting in scores
adjusted according to age and gender, which should
correspond to the histopathological fibrosis scales.
ActiTest, another non-invasive test that identifies necro
inflammatory activity, results in scores that should
correspond to the histopathological activity scales.
ActiTest uses an algorithm based on the FibroTest results
[62,63]
and serum alanine aminotransferase (ALT) activity
.
The FibroTest-ActiTest has been tested and validated
[64]
in adults chronically infected with HCV . FibroTestActiTest scores adjusted according to age suggest that
results from adult studies should correspond to predicting
advanced fibrosis in children. Currently, there are limited
data on the usefulness of biomarkers in cohorts of CHC
paediatric patients. The results of the few available
studies that have compared serological markers with
histopathological evaluations revealed that serological
markers have limited clinical potential in children with
[65]
CHC. In the Hermeziu et al
study, test results from
the FibroTest-ActiTest were in line with histopathological
METAVIR scores in 48% (10/21) of paediatric cases.
Studies on children with chronic liver disease of different
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PHYSICAL TECHNIQUES
The rise in popularity of minimally invasive diagnoses has
led to advances in radiographic techniques of imaging
modalities for diagnosing hepatic fibrosis. During the
past decade, new imaging techniques have become
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increasingly accepted for diagnosing the severity of
liver disease. New radiologic imaging methods estimate
liver fibrosis by assessing the tissue elasticity, which
increases along with the increasing stages of fibrosis.
These techniques include several types of an ultrasoundbased elastography such as transient elastography (TE),
shear wave elastography (SWE), acoustic radiation
force impulse imaging (ARFI), supersonic shear-wave
elastography (SSWE) and magnetic resonance elasto
graphy (MRE), which is based on magnetic resonance
[62,73,74]
imaging (MRI)
. All these techniques estimate
tissue stiffness by measuring the velocity of the sound
waves passing through the liver (shear wave velocity).
The value of the shear wave (in m/s) is then converted
into kilopascals to indicate liver stiffness. A higher kPa
reflects a stiffer liver and more severe liver fibrosis.
Among these new techniques, TE is the most com
[75,76]
monly used
. The main technical limitation of Fibro
scan is the inability to preview the precise location of the
measurements; furthermore, there is no possibility to
measure patients who have ascites or individuals who
[77]
are morbidly obese . The accuracy of TE has been
shown to be excellent in several studies of adults with
[74,78-81]
chronic hepatitis C
. Overall, the published studies
on children and adolescents that have compared different
non-invasive tools for liver stiffness measurement (LSM)
with liver biopsies are limited. Well-designed relatively
large paediatric studies using LSM to predict fibrosis
stages are scarce. The only paediatric study evaluating
the utility of TE (FibroScan) in liver fibrosis using the
METAVIER score in a cohort of 30 chronic hepatitis C
[82]
patients is from Egypt by Awad et al . They found that
the highest predictive performance of TE was detected
for liver cirrhosis, followed by advanced fibrosis (F3).
The accuracy for the discrimination of liver cirrhosis
and advanced fibrosis was 96.7% and 85.3% at cut-off
values of 9.5 and 12.5 kPa, respectively.
Because of the lack of available studies on children
with CHC, our knowledge of the usefulness of these
techniques is currently primarily based on the results of
research conducted on children with chronic liver disease
(CLD), including nonalcoholic fatty liver disease (NAFLD),
nonalcoholic steatohepatitis (NASH), Wilson disease,
autoimmune hepatitis or liver transplantation recipients,
[66,83-93]
and finally patients with chronic viral hepatitis
. In
2 available studies amongst children with miscellaneous
paediatric CLD including subgroups of patients with CHC,
the TE (FibroScan) results were compared to liver biopsy.
They provided evidence that FibroScan results were
correlated with the fibrosis stages and can be reliable
[66,88]
for distinguishing severe stages of liver fibrosis
.
Other studies in paediatric CLD patients demonstrate
that ultrasound-based elastography is a reproducible
and accurate tool for identifying patients without any
degree of fibrosis or significant fibrosis (F ≥ 2), with
advanced fibrosis (F ≥ 3) and with cirrhosis (F4), with a
detection rate > 90%. This method was less accurate in
discriminating between early stages of fibrosis (F0-F2).
The authors observed that the stiffness values overlap
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considerably between early degrees of liver fibrosis.
Although paediatric study results suggest that the fibrosis
cut-off values are similar to those in adults, a small
heterogeneous population does not allow for setting
[94-96]
specific cut-off values for children
. Moreover, the
diagnostic high accuracy demonstrated by the authors
may be overestimated because of the heterogeneity of
the studies, the small sample size, the small number of
children with significant or severe fibrosis and problems
with interpretations of liver biopsies in children caused by
the diversity of the disease. As in adults, the increased
necroinflammatory grade can increase liver stiffness
values and therefore can confound the prediction of
[82,84,97]
liver fibrosis using ultrasound elastography
. The
results of a prospective cross-sectional study including
a total of 90 children with 3 different aetiologies of
chronic liver disease (CHC, AIH and Wilson disease) were
[88]
recently shown . In this study, higher elastography
values for different stages in AIH patients compared
to the other studied groups were observed, which according to the authors - was connected to higher
grades of inflammatory activity in AIH. However, AIH is
a particularly prominent disease in this respect. Another
study amongst CLD children showed that the presence
[85]
of steatosis significantly increased the SWE values .
Therefore, this technique should still undergo evaluation
for specific liver conditions.
MR elastography is an alternative method for deter
mining liver fibrosis. The main advantage of EMR is its
very high accuracy of measuring liver stiffness, due to
the opportunity to investigate a larger volume of liver
tissue. MRE can discriminate patients with moderate
and severe fibrosis from those with mild fibrosis with
[98]
a high sensitivity and specificity . High research
costs indicate that it has limited applications in clinical
practice. Currently, there are no test results using MRE
to analyse liver fibrosis in a cohort of patients with CHC.
Two available studies on children and adolescents with
CLD who are undergoing MRE and liver biopsy showed
excellent accuracy of MRE for detecting significant
[99,100]
fibrosis
. Moreover, by using MR elastography, Trout
[99]
et al confirmed the importance of a confounding effect
of steatosis or inflammation of liver stiffness values on
the example of a subgroup of patients with NFLD.
Paediatric studies have revealed that the improved
diagnostic accuracy of liver fibrosis can be reached using
[83,97]
a combination of non-invasive methods
. Therefore,
more and more studies in children concern the clinical
utility of combining 2 or more non-invasive fibrosis tests
in children, and the first studies aimed at comparing
the diagnostic performance of 2 imaging methods in a
group of children to evaluate its correlation and utility in
[101]
assessing liver fibrosis have been conducted .

CONCLUSION
The largest group of children infected with HCV consists
of children born with maternal-foetal HCV transmission.
Other groups include children with HIV infection, ado
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lescents with a history of multiple sexual partners,
adolescents with a history of intravenous drug use and
child victims of sexual assault. Screening for hepatitis
C should be considered for children with risk factors for
HCV and for pregnant women. The availability of safe
regimens without IFN for adolescents older than 12 years
and weighing > 35 kg makes them the best option in
previously untreated and experienced patients, regardless
of the severity of liver disease and the presence or
absence of co-morbidities. Therefore, the combination
of PEG IFN and ribavirin is no longer recommended.
Chronic HCV infection is generally mild in children, but
treatment should be an integral part of the public health
approach necessary to succeed in the elimination of
hepatitis C. The early identification of fibrosis in children
may play a significant role in preventing the development
of advanced liver disease. The non-invasive detection
of paediatric cases with significant fibrosis progression
can be very useful in treatment decisions. The results of
available studies suggest that liver stiffness measurement
methods and serum biomarker tests will help clinicians
select paediatric patients with CHC who should undergo
liver biopsy and can be used as a monitoring tool during
follow-up.
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Gastric cancer (GC) remains one of the most common and
malignant types of cancer due to its rapid progression,
distant metastasis, and resistance to conventional chemo
therapy, although efforts have been made to understand
the underlying mechanism of this resistance and to
improve clinical outcome. It is well recognized that tumor
heterogeneity, a fundamental feature of malignancy,
plays an essential role in the cancer development and
chemoresistance. The model of tumor-initiating cell (TIC)
has been proposed to explain the genetic, histological,
and phenotypical heterogeneity of GC. TIC accounts for
a minor subpopulation of tumor cells with key charac
teristics including high tumorigenicity, maintenance of
self-renewal potential, giving rise to both tumorigenic and
non-tumorigenic cancer cells, and resistance to chemo
therapy. Regarding tumor-initiating cell of GC (GATIC),
substantial studies have been performed to (1) identify
the putative specific cell markers for purification and
functional validation of GATICs; (2) trace the origin of
GATICs; and (3) decode the regulatory mechanism of
GATICs. Furthermore, recent studies demonstrate the
plasticity of GATIC and the interaction between GATIC
and its surrounding factors (TIC niche or tumor micro
environment). All these investigations pave the way for
the development of GATIC-targeted therapy, which is in
the phase of preclinical studies and clinical trials. Here, we
interpret the heterogeneity of GC from the perspectives of
TIC by reviewing the above-mentioned fundamental and
clinical studies of GATICs. Problems encountered during
the GATIC investigations and the potential solutions are
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also discussed.

It is noteworthy that the inherent variations exist not
only between patients with same type of malignancies
(intertumor heterogeneity) but also within any individual
[7]
tumor (intratumor heterogeneity) . Intratumor hetero
geneity implies the inherent temporal-spatial differences
between distinctive subpopulations of tumor cells within
[8]
the same tumor at both genetic and epigenetic levels .
In-depth sequencing technology enables the identi
fication of different regions of a single tumor entity that
harbor subclones with distinct genetic and epigenetic
[9]
features . Moreover, non-cancerous cells (for instance,
stromal cells, infiltrating immune cells, extracellular
matrix, vascular endothelia cells, etc.) interact with the
surrounding cancerous subpopulations and form the
[10]
regional microenvironments . Consequently, tumoral
and microenvironmental factors confer distinctive sub
populations of cancer cells with distinctive biological
features and differential responses to chemotherapeutics.
This adds to the complexity of cancer treatment and
leads to lethal consequences, including tumor relapse
and chemoresistance. Regarding gastric cancer, multiple
studies have demonstrated its intratumor heterogeneity
[7]
at molecular, histological, and phenotypic levels . For
instance, novel molecular-based classification launched
by the Cancer Genome Atlas in 2014 and other genomic
studies not only highlight the heterogeneity of GC but
also imply its negative influence on tumor response to
therapeutics agents targeting human epidermal growth
factor receptor 2 (HER2), epidermal growth factor
[11-13]
receptor (EGFR), c-MYC, etc
.
Two major models have been proposed to interpret
intratumor heterogeneity. The clonal evolution (CE)
model posits that somatic mutations stochastically
occur on various clones within the tumor, leading to
their differential growth patterns. Mutated clones with
growth advantages will expand, whereas others with
disadvantageous mutations will be outcompeted. As
this scenario might be presented at different sites
and different stages during cancer progression, the
spatial-temporal tumor heterogeneity is consequently
[14]
installed . Alternatively, the cancer stem cell (CSC)/
tumor-initiating cell (TIC) model was introduced based
on the discovery that only a minor subpopulation of can
cer cells generates tumor in vivo and maintains its self[15]
renewal potential . Both CSCs and TICs are widely used
in the literature. However, the term of TIC highlights the
capacity of these cells to (re)generate tumors during in
vivo serial xenotransplantation, which is currently the
gold standard for functionally validating and evaluating
[16]
their tumorigenic capacity and self-renewal potential .
Indeed, key features of these distinctive subsets of
cancer cells include: (1) Initiating and maintaining tumor
growth; (2) preserving self-renewal potential; (3) giving
rise to both tumorigenic and non-tumorigenic cancer
[17]
cells; and (4) being highly resistant to chemotherapy .
Consequently, TICs establish intratumor heterogeneity by
generating a cellular hierarchy, with very primitive TICs
at the apex generating both daughter TICs and more

Key words: Gastric cancer; Tumor heterogeneity;
Tumor-initiating cell
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric cancer (GC) remains a severe malig
nancy with high incidence and mortality rates. One
major underlying mechanism of GC rapid progression,
extensive spreading, and chemoresistance is tumor
heterogeneity could be explained by the gastric tumorinitiating cell (GATIC). Since the initial identification of
putative GATICs in 2007, substantial studies have been
performed to investigate various aspects of GATICs.
Here, we systemically discuss the tumor heterogeneity
of GC from the view of GATICs by reviewing studies on
the identification and validation of GATICs, origination
of GATICs, plasticity of GATICs and its underlying
mechanism, and current status of chemotherapeutic
agents targeting GATICs.
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INTRODUCTION
Gastric cancer (GC), with gastric adenocarcinoma as the
most common histological type, is the fifth most common
malignancy and the third leading cause of cancer-related
[1]
death worldwide . Despite its declining incidence and
mortality rate in several developed countries, GC remains
a common and deadly disease with a poor prognosis
globally, especially in northeastern Asia and South
[2]
America . Although significant progress has been made
regarding the development of anti-cancer therapeutic
agents, chemoresistance and recurrence of GC are ma
jor obstacles for improving the overall survival rate of
[3]
advanced GC patients . Combined chemotherapy, such
as fluoropyrimidine plus platinum derivatives, serves as
the first-line treatment for patients with locally advanced
or metastatic GC. Unfortunately, response rate of these
patients to these major regimens is only approximately
50%, with overall survival ranging from 7 to 11 mo. For
patients with relapsed GC, second-line treatment confers
[4,5]
limited benefits of less than 6 mo . With the advance of
new techniques, especially high-throughput sequencing
of GC patients’ primary tumor materials, even at the
single cell level, investigators have revealed the essential
roles of tumor heterogeneity underlying the mechanism
[6]
of tumor recurrence and drug resistance .
Tumor heterogeneity is universally recognized as
one of most fundamental features of malignancies.

WJG|www.wjgnet.com

2568

June 28, 2018|Volume 24|Issue 24|

Gao JP et al . Interpreting tumor heterogeneity of GC from the perspective of TIC
differentiated non-TICs downwards. Recent genetic and
functional studies not only identify somatic mutations
within certain TIC clones but also demonstrate that
these mutations influence their phenotypic features,
[18]
generating distinctive TIC subclones . As CE and TIC
models are not mutually exclusive, these two models
could be integrated. Remarkably, well-differentiated cells
are shown to regain TIC properties through the process
[19]
of dedifferentiation . Collectively, these studies indicate
that TICs are in dynamic status with substantial plasticity
that is subjected to the regulation of multiple intrinsic
[20,21]
and extrinsic factors
. These findings contribute to a
comprehensive interpretation of intratumor heterogeneity
through evolving characterization of TICs.
GC is both genetically and phenotypically hetero
geneous, which could be explained by gastric tumorinitiating cells (GATICs) that interact with genetic/
[22,23]
epigenetic and microenvironmental factors
. Here
we systemically review the GATICs from multiple per
spectives including: (1) Identification and origination
of GATICs; (2) plasticity of GATICs and their regulatory
mechanisms; and (3) clinical implications of GATICtargeted therapy.

as a specific GATIC marker, as exogenous overexpression
of CD44v8-10, rather than standard CD44, improved the
[30]
tumorigenicity in vivo . Since combination of multiple
cell surface markers improved the specificity of TIC
identification, several studies have further demonstrated
other putative GATIC subpopulations expressing both
CD44 and other cell surface markers, including EpCam,
[31,32]
CD24, etc
. Notably, CD44(+)CD54(+) circulating
tumor cells captured from GC patients’ peripheral blood
enabled sphere formation even at the single cell level.
Moreover, the rapidly developed CD44(+)CD54(+) cellderived tumors histologically resembled the matching
primary tumor, indicating the improved specificity of
GATIC population co-expressing multiple putative cell
[33]
surface markers .
CD90 was recently identified as a GATIC specific cell
surface marker. Indeed, it is recognized as a marker
[34]
for a variety of normal and cancer stem cells . Jiang
[35]
et al identified a GATIC population in primary gastric
tumors characterized by its CD90 phenotypic features.
CD90(+) cells were enriched in TIC-enriched cell culture
condition, and these cells enabled tumor initiation
3
with the minimum of 1 × 10 cells. Remarkably, the
cellular hierarchy of GC could be restored by CD90(+)
cells at a single cell level, strongly indicating their selfrenewal capacity in GC. It was further shown that
both tumorigenicity and tumor progression could be
compromised by anti-ERBB2 therapeutic monoclonal
antibody through inhibiting CD90(+) cell population in
[36]
GC tumor mass .
Leucine rich repeat containing G-protein coupled re
ceptor 5 (Lgr5) is a well-investigated stem cell marker
across the gastrointestinal tract. Lgr5(+) stem cells were
shown to drive self-renewal in the stomach and establish
[37]
long-lived gastric units . Thus, the role of Lgr5(+) cells
during the initiation and progression of gastric malig
[38]
nancies has also been studied. Simon et al
reported
that an elevated number of Lgr5(+) stem cells might be
[39]
involved in gastric tumorigenesis. Moreover, Gong et al
showed that therapeutic antibodies targeting Lgr5(+)
cells significantly inhibited tumor growth and prevented
[40]
tumor recurrence, and Wang et al
demonstrated
that GATIC-enriched tumor spheres highly expressed
Lgr5(+).
Aldehyde dehydrogenase (ALDH) is another univer
[41]
sal marker for multiple cancers, including GC . It
is a family of enzymes that catalyze the oxidation of
aromatic aldehydes to carboxyl acids. Multiple studies
have shown that ALDH(+) GC cells not only contribute
to the generation of heterogeneous tumor entity and
the maintenance of GATIC features but also facilitate
[42,43]
chemoresistance and tumor relapse
. An extensive
study that profiled the expression of putative GATIC
cell markers even claims that ALDH is one of the most
specific biomarkers for GATICs in highly tumorigenic and
chemoresistant non-cardia GC, regardless of histological
[44]
type .
Furthermore, it has been accepted that combination

Identification and validation of GATICs

Identification of GATICs is executed from three major
aspects: Putative cell surface markers, efflux potential,
[24]
and chemotherapeutics of GATICs . Further functional
validation of GATICs can be achieved with serial xeno
transplantation of purified TIC subpopulation, which aims
to evaluate its tumorigenicity and self-renewal capacity in
[25]
vivo .

Identification of GATICs by cell surface markers

GATICs account for a minor subpopulation of GC cells
that are endowed with significantly enhanced tumori
genic and self-renewal capacities. Key features of GATICs
are partially similar with the characteristics of normal
gastric stem cells (GSCs). Therefore, one major strategy
of GATIC identification is through the detection of specific
[26]
cell surface markers expressed on GSCs .
CD44 was the first putative cell surface marker
identified for GATICs. As a universally recognized stem
cell marker, this transmembrane glycoprotein mainly
mediates cell-cell interaction, cell adhesion, and migration
[27]
in healthy tissues . Studies have shown that CD44(+)
tumor cells regenerate heterogeneous tumors, demon
strate self-renewal capacity in vivo, and promote tumor
progression, especially metastasis through oncogenic
[28]
and stemness-related signaling pathways . In 2009,
[29]
Takaishi et al demonstrated that fluorescence activated
cell sorting (FACS)-sorted CD44(+) cells from three
common GC cell lines exhibited enhanced TIC properties,
including sphere formation in vitro and tumorigenicity
in immune-deficient mice during serial transplantation,
whereas CD44 knockdown induced compromised TIC
properties both in vitro and in vivo. More specifically,
CD44v8-10, a predominant CD44 variant, was identified
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Table 1 Putative cell surface markers of gastric tumor-initiating cell
Putative marker

Tumor sphere
Tumor formation during
formation (in vitro ) serial engraftment (in vivo )

Limiting
dilution assay

Chemo-resistance

CD44

+

+

Not conducted

+

CD44/CD24

+

+

+

Not conducted

CD44/CD54

+

+

+

Not conducted

CD44/CD26
CD44/EpCam

+
+

+
+

Not conducted
+

+
+

CD44v810/
EpCAM

+

+

+

+

CD90

+

+

+

+

CD133

+

+

Not conducted

+

Lgr5
ALDH
ALDH1/REG4
Oct4/Sox2/Nanog

+
+

+
+

Not conducted
+

Not conducted
+

+

+

Not conducted

+

Others

Ref.

(1) Capacity of cell
Takaishi et al[29]
differentiation
Yoon et al[119]
(2) Giving rise to both
CD44+ and CD44- GC cells
(3) Independent prognostic
factor of GC patients
Capacity of cell
Zhang et al[32]
differentiation
(1) Capacity of cell
Chen et al[33]
differentiation
(2) Detectable from
peripheral blood
/
Nishikawa et al[127]
(1) Capacity of cell
Han et al[31]
differentiation
(2) Restoration of
histological heterogeneity
from single CD44/EpCam+
cell
CD44v8-10 but not
Lau et al[30]
CD44 standard increase
the frequency of tumor
initiation
Restoration of cellular
Jiang et al[35]
hierarchy from single
CD90+ cell
Independent prognostic
Zhang et al[128]
factor of GC patients
/
Wang et al[40]
/
Nishikawa et al[42]
Katsuno et al[45]
Independent prognostic
Liu et al[129]
factor of GC patients

ALDH: Aldehyde dehydrogenase; GC: Gastric cancer.

Identification of GATICs by differential efflux potential

of multiple TIC markers could potentially/possibly in
crease the specificity of identified TIC subpopulations.
In GC, the most common pattern of combined GATIC
marker expression is CD44 plus another identified mar
ker. All the putative GATIC markers, including GATICs
expressing single and multiple cell surface markers, are
summarized in Table 1.
Notably, several studies have demonstrated a signifi
cant correlation between reported GATIC markers
and histological subtypes of GC. For instance, CD44 is
more frequently and highly expressed in the intestinal
subtype GC cells with moderate differentiation, whereas
ALDH correlated with the diffuse subtype and epithelial[45,46]
mesenchymal transition (EMT) phenotype
. Moreover,
[47]
Lei et al
recently conducted novel classification of
GC based on the analysis of gene expression patterns
and claimed that the mesenchymal subtype had TIC
properties such as high expression of putative GATIC
markers, maintenance of an undifferentiated state,
and enhanced activity of TIC-associated signaling
[48]
pathways . These studies further highlight tumor
heterogeneity in terms of GATICs with specific markers
differentially expressed by gastric malignancies.

WJG|www.wjgnet.com

Although identification of TICs through putative cell
surface markers has been extensively established, the
specificity and accuracy of these markers are still under
debate as the inconsistency of studies investigating the
[49]
same markers has been observed . An alternative to
identify TICs is the differential efflux potential-based
strategy. In principle, TICs highly express ATP-binding
cassette (ABC) transporters, which facilitate the cells’
ability to export foreign bodies, such as therapeutic
compounds, and thereby endow TICs with key features
of reduced chemosensitivity and enhanced multidrug
resistance. Consequently, after exposing a whole cancer
cell population to Hoechst 33342, a classic cell dye, a
differential amount of residual Hoechst 33342 within
non-TICs and TICs could be observed. Most cancer cells
with much retained Hoechst 33342 were from the main
population (MP), whereas the minor subpopulation of
TICs with significantly eliminated Hoechst 33342 were
defined as the side population (SP). As FACS enables
the discrimination between MP and SP, this strategy has
[50]
been widely applied to identify the TIC population .
[51]
[52]
In GC, Fukuda et al
and She et al
respectively
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A

B

Surface
Bone marrow

Mist (+)
Aberrant mutational
activation of Notch
Migration

Disruption of Klf4

Isthmus

BMDC
(in stomach)

Villin (+)

BMDC
(in bone marrow)

Neck
Mutational loss of
adenomatous
polyposis coli gene

Base

Gastric
stem cell
(GSC)

Lgt5 (+)
Normal gastric pit

Gastric tumorinitiating cell
(GATIC)

Bone marrow
-derived cell
(BMDC)

Malignant gastric pit

Figure 1 Origination of gastric tumor-initiating cells. A: Evidence suggests that the gastric stem cell (GSC) is one major origin of the gastric tumor-initiating
cell (GATIC). GSCs exist in the isthmus and bottom of the gastric pit. Certain genetic, epigenetic, and/or environmental factors potentially transform these GSCs
into malignant GATICs. For instance, Mist(+) and Villin(+) GSCs in the isthmus and Lgr5(+) GSCs in the bottom could act as the origins of GATICs through multiple
signaling pathways; B: GATICs are also presumed to originate partially from bone marrow-derived cells (BMDCs). The recruitment of BMDCs to stomach by
chemokines and other factors is in parallel with the multi-step progression of gastric cancer (GC), which lays the basis for the presumption that BMDCs undergo the
malignant transformation into GATICs and promote GC development, the underlying mechanism of which requires further investigation.

demonstrated that SP cells isolated from either GC cell
lines or tumor samples exhibited improved sphere for
mation in vitro and tumorigenicity in vivo. Moreover, Tian
[53]
et al isolated SP cells from multiple GC cells lines and
showed that SP cells not only conferred an asymmetric
cell division pattern but also exhibited elevated resistance
to cisplatin and adriamycin, both of which are key
characteristics of GATICs. Although these studies imply
that SP cells possibly possess an enriched population of
GATICs, a recent study suggested that not all SP cells
contain GATICs. In this study, SP cells from BCG823 cell
line showed equal tumorigenicity as MP cells, indicating
that SP alone may not be potent enough to distinguish
[54]
GATICs from normal GC cells .

multi-stepwise process critically involving multiple factors.
Genetic factors, infection of H. pylori, environmental
elements, etc. contribute to the abnormal alteration
of the gastric epithelium, especially metaplasia and
dysplasia, which pave the basis for final development of
[57,58]
gastric malignancies
. During this process, certain
types of cells are abnormally transformed into GATICs,
which install the cellular hierarchy with itself at the apex,
giving rise to both self-renewal, tumorigenic GATICs and
differentiated non-TICs. The major potential origins of
GATICs are normal gastric stem cells and bone marrowderived cells (Figure 1). Recent studies also preliminarily
suggest that dedifferentiated gastric epithelial cells
(GECs) could regain stemness features under certain
circumstances, indicating its potential role as an origin of
[59,60]
GATICs
. However, more rigorous and sufficient data
are needed to support this proposal.

Purification of GATICs through chemotherapeutic
reagents

Apart from the above-mentioned strategies, chemo
therapeutics screening can also be applied to obtain TIC
populations that are inherently resistant to drugs. In
[55]
fact, Xue et al
reported a vincristine-preconditioning
approach for GC cell line SGC7901 to obtain cells with
increased GATIC markers, not only forming 3D structures
resembling the differentiated gastric crypts but also
displaying mesenchymal characteristics. A similar study
[56]
conducted by Xu et al
showed that preconditioning
treatment of 5-fluorouracil to SCG7901 and AGS cell
lines enriched the population with up-regulated GATIC
markers, enhanced tumorigenicity and self-renewal
in vivo, and enhanced toleration to the insults from
chemotherapy.

GATICs derived from normal gastric stem cells

Gastric epithelial mucosa consists of four types of cells:
chief cells, parietal cells, mucous cells, and entero
endocrine cells, all of which are derived from epithelial
stem cells. These stem cells generate a cellular hierarchy
of differentiation and proliferation and maintain the integ
[61]
rity of gastric mucosa . Extensive studies of stem cells
in the gastric epithelium identified a variety of GSCs with
specific markers and restricted locations. For instance,
[37]
Lgr5(+) cells at the bottom of adult pyloric glands ,
Sox2(+) cells located slightly above the bottom of pyloric
and fundic glands, Villinβ-gal/(+) and Mist1(+) cells in
the isthmus etc. are all GSCs with distinctive functions
[62,63]
during normal development of the gastric mucosa
.
It has long been postulated that resident tissue stem
cells are the major resource of TICs, as malignancies
[26]
could arise from the stem or progenitor cells in situ .

ORIGIN OF GATICS
As GC itself is highly heterogeneous, its initiation is also a
WJG|www.wjgnet.com
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[64]

In 2008, McDonald et al
firstly proposed that the
expansion and spread of mutated GSCs underlie the
local progression of GC. Since then, multiple oncogenic
mutations in GSCs have been identified. Adenoma is
initiated when mutational loss of adenomatous polyposis
coli gene induced by tamoxifen occurred in Lgr5(+) stem
[37]
cells . Under circumstance of chronic inflammation,
aberrant activation of Notch and mutational alteration of
E-cadherin in Mist(+) stem cells in the isthmus induced
the development of intestinal and diffuse type of GC,
[63]
respectively . Moreover, mice with disrupted Krüppellike factor 4 (Klf4) in Villin(+) antral mucosa cells develop
GC more frequently than mice with normal Klf4 function,
indicating dysfunctional mutation of a tumor suppressor
[65]
gene in GSCs can also induce gastric carcinogenesis .
Taken together, it is speculated that genetic alterations
and mutations transform normal GSCs into oncogenic
GATICs, which then initiate and promote tumor devel
opment. In other words, normal GSCs are a major puta
tive origin of GATICs (Figure 1A).

TIC model are major proposals for the interpretation of
intratumor heterogeneity. The CE model highlights the
stochastic genetic/epigenetic alterations that occur in
cancer cells at various sites and phases during cancer
progression, resulting in the formation and expansion/
extinction of different subpopulations of cancer cells with
[71]
their own phenotypes . In contrast, the TIC model
stresses the essential role of highly tumorigenic and selfrenewal TICs to generate daughter TICs with similar
characteristics (symmetric division) and non-TICs with
limited potential of self-renewal, tumorigenicity, and
[72]
metastasis (asymmetric division) . The co-existence of
TICs and non-TICs with distinctive biological properties
reflects the intratumor heterogeneity. Furthermore, it
was repeatedly discovered that differentiated cancer cells
could regain “stemness” under the regulation of multiple
factors, demonstrating the existence of bidirectional
[73]
conversion between TICs and non-TICs . In light of
this dynamic transition, TICs are more recognized as a
phenotypic status or mode rather than a fixed subset of
cancer cells, indicating that the plasticity of TICs plays
[74]
an essential role in the intratumor heterogeneity .
Therefore, a unified model of CE and TICs was recently
proposed to stress the plasticity of TICs: Primitive TICs
with substantial capacity of tumorigenicity and selfrenewal develop the cellular hierarchy. Meanwhile,
they generate multiple subclones that subsequently ac
quire distinctive genetic mutations and/or epigenetics.
Some subclones retain TIC features and continue to
expand, whereas other subclones are in the non-TIC
status. Nevertheless, a proportion of non-TIC sub
clones could reversely acquire TIC features under the
regulation of genetic/epigenetic factors and/or tumor
[18]
microenvironment (TME) .
In GC, GATIC plasticity could also be identified.
[75]
Bessède et al demonstrated that deletion of IQGAP1,
a scaffold protein modulating cell plasticity and actin
cytoskeleton, in the MKN74 GC cell line induced enhanced
tumor sphere formation and increased expression of
GATIC markers, both of which are major GATIC features
in vitro. In vivo experiments further showed that H.
pylori-induced gastric dysplasia was further enhanced
[76]
by IQGAP1 deletion. Similarly, Yong et al
reported
that CagA-positive H. pylori induced the transformation
of MKN45 and AGS GC cell lines into TIC-like cells as
they manifested corresponding properties in vitro. A
mechanism investigation showed that CagA upregulated
Nanog and Oct4 via the Wnt/β-catenin pathway, which
underlies the process of TIC status transition. Moreover,
multiple studies have shown that the dedifferentiation
of mature gastric epithelial cells can reacquire stemness
features, including tumor-initiation, expression of TIC
[60,77,78]
markers, etc
. All these studies highlight TIC
plasticity and demonstrate a dynamic conversion of cells
with and without TIC properties when a variety of factors
are involved in the process of regulation (Figure 2A).

GATICs derived from bone marrow-derived cells

Bone marrow-derived cells (BMDCs) are recognized
as the most primitive uncommitted stem cells in adult
since they potentially possess substantial plasticity as
well as exhibit motility, migrating towards the sites of
[66]
inflammation or injury . The potential role of BMDCs
as a source of malignant cells was not been identified
[67]
until 2004 when Houghton et al
discovered that GC
could originate from bone marrow-derived sources. In
that study, Helicobacter C57BL/6 mouse model showed
that H felis-caused chronic inflammation and induced
initiation and development of GC. This process was
strikingly paralleled with the recruitment of BMDCs
followed by dramatic population of bone marrow-derived
[67]
glands in the abnormal gastric epithelial . Varon et
[68]
al further confirmed that the multi-step abnormal de
velopment of gastric epithelial induced by H. pylori was
accompanied by significant accumulation of BMDCs.
Notably, approximately 25% of the dysplasia lesions
were bone-marrow derived. These discoveries strongly
indicated that BMDCs, as a potential source of GATICs,
could undergo abnormal transformation and contribute
to GC progression, especially by migrating into the
stem cell microenvironment of inflammatory tissues
[69]
(Figure 1B) . However, a recent study contradicted the
claim and reported that BMDCs were only sporadically
found in stroma and not the epithelium or glands of GC
induced by carcinogens, including N-nitroso-N-methylurea
[70]
and H. felis . Therefore, more investigations are
required to characterize further the process of aberrant
transformation of BMDCs and to confirm them as a poten
tial source of GATICs.

PLASTICITY OF GATICS AND ITS
REGULATORY MECHANISMS
Plasticity of GATICs

Regulatory mechanisms of GATICs and their plasticity

As briefly mentioned above, both the CE model and
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A

Self-renewal

B

Bi-directional
Asymmetric Maintained
"stemness"
division
GATIC
NON-TIC GC cell
CAF
ECM
Blood vessel
Hypoxia-inducing factor
Other factors
(Cytokines, growth factor, etc .)

Figure 2 Plasticity of gastric tumor-initiating cells. A: Gastric tumor-initiating cells (GATICs) give rise to both daughter GATICs and non-TIC gastric cancer (GC)
cells (asymmetric division) while maintain their self-renewal capacity and “stemness”. Notably, recent studies demonstrate that differentiated non-TIC GC cells could
undergo dedifferentiation and re-acquire the properties (or status) of GATICs. Thus, the bi-directional transition between TIC and non-TIC indicates the plasticity of
GATICs, which is regulated by both genetic/epigenetic alterations and tumor microenvironmental factors; B: GATICs reside in the tumor-microenvironment, which
consists of cancer cells (GATICs and non-TIC GC cells) as well as non-cancerous cells, such as cancer-associated fibroblast, extracellular matrix, blood supply,
hypoxia (hypoxia-inducing factor), and other secreted factors, such as cytokines, growth factors. GATICs interact with these factors within the TIC niche, which exerts
regulatory influence on the plasticity of GATICs through various signaling pathways.

and extrinsic factors (mainly tumor microenvironment)
have been implicated in the regulation of GATICs and
their plasticity (Figure 2).

Notably, epithelial cells that undergo the process of
EMT acquire TIC phenotypes. Another EMT-contributing
signaling pathway is the Wnt/β-catenin pathway, which
reportedly maintains the self-renewal, tumorigenesis,
[85]
[86]
and chemoresistance of TICs . Oshima et al
re
ported that the Wnt/β-catenin pathway maintained
the undifferentiated status of gastric progenitor cells,
and co-activation of both Wnt and prostaglandin E2
induced sequential metaplasia, dysplasia, and malignant
transformation of the gastric epithelium. Other studies
have shown that the Wnt/β-catenin pathway induced
the acquirement and maintenance of TIC features in
[87]
GC . Investigations of other major stemness-associated
factors, including TGFβ, Notch1 etc., and their related
signaling pathways hint their potential involvement in the
maintenance of defined characteristics of TICs in certain
types of cancers. However, more studies are required to
[88-90]
validate their relationships with GATICs
.
Similarly, epigenetic alterations also critically regulate
TICs and their plasticity. The malignant transformation
of somatic cells, maintenance of TIC self-renewal capac
ity, and bidirectional transition between TICs and nonTICs are all under the regulatory influence of epigenetic
[91]
factors . Major epigenetic variations, including DNA
hypermethylation, histone modification, and silencing
of both microRNAs (miRNAs) and long non-coding
RNAs (lncRNAs), have been shown to regulate GATICs.
Activated oncogene ERas not only drives the tumorigenic
growth but is also involved in maintaining the TIC pro
[92,93]
[93]
perties in GC
. Yashiro et al discovered that ERas
promoter methylation was found in six of seven GC cell
lines without ERas expression, which could be reversed
by DNA methyltransferase inhibitor. Loss of methylation
in the promoter of ERas induced ERas activation and
further increased SP cells in which GATICs were enriched.
[94]
Tomita et al reported that methylation and histone
modification at the Tff1 promoter led to the extensive
inactivation of the tumor suppressor gene Tff1 and fur

Genetic and epigenetic alterations: Aberrantly
dysregulated key effectors in several signaling pathways
modulate gastric tumorigenesis and essential GATIC
properties. Studies have shown that the activated hedge
hog (HH) pathway significantly contributed to GC cell
[79]
proliferation . It was further demonstrated that sonic
hedgehog (SHH) pathways are essential for maintaining
the status of GATICs: Ptch and Gli1. Two SHH pathway
key effectors were significantly overexpressed in GATICenriched sphere cultures. Significantly blocking this
pathway not only decreased the expression of putative
GATIC markers, including CD44 and CD24, but also
reduced the self-renewal and tumorigenic capacity
[80]
of GATICs, which are enriched in sphere cultures .
Nanog, a key transcription factor, not only maintained
the self-renewal and pluripotency in embryonic stem
cells but also contributed to the progression of multiple
[81]
malignancies . In GC, Nanog is aberrantly over
expressed in cancerous tissues. More importantly, it
maintains the TIC features primarily through its interaction
with multiple factors, especially the HH pathway and
signal transducer and activator of transcription 3
(STAT3), which is another well-investigated regulating
[82]
factor of GATICs . Activated STAT3 has been observed
in many types of cancers and is critically involved in
[83]
[84]
cancer progression . Jiang et al
recently reported
that interleukin (IL)-17 promoted the invasive
transformation of quiescent GATICs through facilitating
phosphorylation and subsequent activation of STAT3.
Exposure of quiescent GATICs to an optimal duration and
concentration of IL-17 led to an increase in N-cadherin
and vimentin, which are epithelial-to-mesenchymal
transition (EMT)-related makers, as well as in the
[84]
invasive and clonal proliferative abilities of GATICs .
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ther facilitated the initiation of GC in MNU-treated wildtype mice. The epigenetic silencing in the TFF1 promoter
could be partially reversed by gastrin, indicating the role
of epigenetic silencing in the plasticity of GC development.
Moreover, epigenetic alterations could indirectly regulate
the status of GATICs through influencing key regulators
[95]
in TIC-related signaling pathways. Yoda et al reported
that aberrant methylation of DKK3, NKD1, and SFRP1,
negative regulators of the WNT pathway, induced the
activation of the Wnt/β-catenin pathway and further
contributed to regulation of multiple aspects of GATIC
[96]
functional activities. Wang et al
reported that hypo
methylation of the SHH promoter increased the aberrant
expression of SHH ligands in GC cells, leading to further
enhanced SHH pathway activity and dysregulated
GATIC properties. Non-coding RNA can also exert re
gulatory effects on GATICs in a similar manner. For
instance, microRNA-106b down-regulated Smad7 and
subsequently activated the TGF-β/Smad pathway, which
in turn promoted the self-renewal and EMT characteristics
[97]
of CD44(+) GC cells . MicroRNA‑483‑5p was found to
be overexpressed in GC spheroid cultures. Furthermore,
this microRNA increased the expression of β‑catenin and
its downstream molecules, including cyclin D1, Bcl-2,
and MMP2, which enhanced both invasiveness and self[98]
renewal capacity of GC cells .

expression of CD133, a putative GATIC marker, in GC
cell lines, suggesting that mTOR signaling is involved in
[105]
the process . Other major components in TIC niches,
including tumor-associated macrophages, blood vessels,
and soluble cytokines and growth factors, have been
proven to regulate TIC activities and plasticity in multiples
types of cancers. Therefore, it is reasonable to speculate
that GITC niche components exert extensive regulatory
influences on GATICs and its plasticity.

Tumor microenvironments (TIC niches): Apart
from intrinsic regulation of GATICs and their plasticity by
genetic and epigenetic alterations, TIC niches are also
key GATIC regulators within the tumor microenvironment
[99]
(TME) (Figure 2B) . In principal, TME is composed of
fibroblastic stromal cells, endothelial and perivascular
cells, immune cells, extracellular matrix (ECM), and
networks of cytokines and growth factors, all of which
[100]
play extensive roles in regulating GATICs
. It was
reported that cancer-associated fibroblasts (CAFs) sig
nificantly increased the proportion of a side population
(SP) of GC cells, with characteristics of cell stemness and
the expression levels of GATICs markers in scirrhous
gastric cancer cell lines. Mechanism investigation showed
that this process was significantly influenced by the acti
[88]
vity of TGF-β . Bone marrow-derived myofibroblasts
(BMFs) are also major components of GATIC niches. The
expansion and relocation of BMFs create a mesenchymal
[101]
stem cell niche to facilitate tumor progression . BMFconditioned medium induced the formation of GC
spheres expressing stem cell signatures and exhibiting
features of self-renewal, and EMT transition through
[102]
TGF-β and Cxcr4/Cxcl12-dependent pathways
.
Another fundamental characteristic of TIC niches is
hypoxia. As tumor microenvironment is usually hypoxic,
TICs are constantly under the pressure from hypoxia
through the mediation of hypoxia-induced transcription
[103]
factor 1α and 2α (HIF-1/2α) . In GC, it was shown
that HIF-1α induced EMT in GATIC-enriched spheroid
[104]
cultures through the Snail signaling pathway . Another
study demonstrated that HIF-1α down-regulated the

Mechanisms of GATIC chemoresistance
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CLINICAL IMPLICATIONS OF TARGETING
GATICS
Chemotherapy plays an essential role in the compre
hensive treatment of GC. Unfortunately, development
of tumor resistance to conventional chemotherapeutic
agents poses a major obstacle in the eradication of GC.
Intratumor heterogeneity of GC essentially underlies the
chemoresistance. The bulk of proliferating progenitor
cells or differentiated tumor cells could be effectively
targeted by anti-cancer drugs, whereas a minor proportion
[106]
of GATICs remain unaffected by cytotoxic agents
.
GATICs survive from chemotherapy and re-generate
heterogeneous subpopulations of GC cells, giving rise to
tumor recurrence and leading to poor prognosis of GC
patients.

GATICs evade and/or tolerate the insults from chemo
therapy through multiple routes. Firstly, GATICs highly
express ABC transporters that function as efflux
[107]
pumps of incoming reagents . Consequently, GATICs
constantly pump out anticancer drugs and avoid their
[108]
cytotoxic effects
. Secondly, ALDH(+) GC cells are
recognized as GATICs due to their substantially en
[109]
hanced tumorigenicity and self-renewal capacity . It
was found that the expression of Notch1 and Shh was
increased in this highly chemoresistant subpopulation,
indicating that Notch1 and Shh signaling underlies the
[110]
chemoresistance of GATICs . Another well-recognized
GATIC cell marker is CD44, which also confers GATICs
[111]
with the capacity of drug resistance . Chemoresistant
GATICs are marked by increased glycolytic flux with
[112]
activated pentose phosphate pathway (PPP) . Tamada
[111]
et al
demonstrated that CD44 enhanced the glycolytic
phenotype of GATICs by interacting with the pyruvate
kinase M2, whereas CD44 ablation inhibited both gly
colytic flux and PPP but increased intracellular level of
reactive oxygen species, which are harmful to cancer
cells, leading to enhanced effects of chemotherapy in
hypoxia GC cells. All these mechanisms suggest that
CD44 contributes to chemoresistance of GC cells through
metabolic modulation. Other studies claim that stemnessrelated signaling pathways, including the PI3K/AKT
signaling pathway and the WNT/β-catenin signaling
pathway, also contribute to chemoresistance through
[110]
their interaction with CD133 and ABCG2, respectively .
Moreover, the cancer cell-stroma interface of the TIC
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[122]

niches within tumor microenvironment hinders the drug
entrance, and thereby reduces the efficiency of che
[113]
motherapy
. These findings facilitate the design of
therapeutic agents that specifically target GATICs and
thereby improve the drug efficiency.

fraction. Similarly, Liu et al
reported that ICG-001,
a small molecule disrupting the co-activator of Wnt/
β-catenin-mediated transcription, significantly suppressed
GC cell growth, reduced their stemness properties, and
enhanced their chemosensitivity to 5-Fu and cisplatin.
Napabucasin is an orally administered small molecule
that inhibits STAT3, β-catenin, and NANOG. Several
studies have demonstrated its potent anti-stemness
[121]
effect in various types of cancers
. A phase Ib/Ⅱ
clinical trial of Napabucasin combined with paclitaxel in
advanced gastric and gastroesophageal junction (GEJ)
adenocarcinoma not only demonstrated its safety but
also observed its anti-cancer activity, leading to an ongoing phase Ⅲ study of Napabucasin in combination
with weekly paclitaxel as the second-line treatment for
[123]
gastric/GEJ cancer . Moreover, since overexpression of
ABC transporters in GATICs leads to substantial efflux of
therapeutic agents and chemoresistance, it is postulated
that selectively inhibiting ABC transporters may be an
alternative strategy to tackle chemoresistance. Indeed,
multiple ABC transporter inhibitors (especially targeting
ABCG2) have been recently developed to sensitize
[124,125]
multidrug resistant (MDR) cancer cells
. Although
some promising effects of improving chemosensitivity
have been observed, significant side effects, such as
cytotoxic effects on normal stem cells and blood-brain
barrier, imply that substantial caution should be applied
[126]
to obtain optimal outcomes . So far, there are multiple
developed therapeutic strategies targeting GATICs, either
in the preclinical phase of experimental investigation or
being tested in the clinical trials as developed chemo
therapeutic agents. The most representative examples
[127-137]
are shown in Table 2
.

GATIC-Targeted therapies

Based on the uncovered mechanisms of chemoresist
ance, two major strategies for elimination of the
GATIC population have been developed: differentiation
[114]
therapy and elimination therapy
. The former one
implies treatment that induces GATIC differentiation
to suppress their self-renewal capacity, and thereby
making GC progression unsustainable in the long
[115]
run. Han et al
reported that ATOH1, a helix-loophelix transcription factor, was induced during GATIC
differentiation. They demonstrated that overexpression
of ATOH1 in GATICs induced their differentiation and
reduced their tumorigenicity both in vitro and in vivo,
suggesting ATOH1 as a potential target for differentiation
[115]
therapy targeting GATICs . Similarly, lentiviral vectorbased knockdown of PGK1, a metabolic enzyme that is
involved in the dissemination of GC cells, induced the
differentiation of the CD44(+) GATIC population and
significantly inhibited both tumor growth and metastasis
[116]
in immunodeficient mice
. These studies imply the
feasibility of differentiation therapy to overcome chemo
resistance of GC, although no therapeutic agent has yet
been developed or entered clinical trials.
The other strategy to eliminate directly GATICs mainly
focuses on self-renewal signaling pathways that are
aberrantly overexpressed in GATICs. For instance, the
SHH signaling pathway is abnormally dysregulated in
GATICs. Ptch and Gli1 are two key SHH pathway genes
[117]
[80]
targeted by cyclopamine
. Song et al
reported
that treatment of cyclopamine not only caused an
enhanced reduction in self-renewal capacity but also
improved the efficacy of oxaliplatin on GATIC-enriched
tumor sphere cells. Vismodegib is another SHH pathway
inhibitor that directly binds to SMO and subsequently
inhibits the activation of downstream GLI family of tran
[118]
scription factors and their regulation on target genes .
A biomarker-based analysis of a phase 2 clinical trial
of Vismodegib combined with FOLFOX vs FOLFOX
demonstrated that Vismodegib could potentially reverse
chemotherapy resistance in the population of patients
[119]
with high CD44-expressing GC tumors
. Another
featured pathway in GATICs is the Wnt/β-catenin
signaling pathway, which is essentially involved in
maintenance of TIC properties and induction of EMT.
[120]
Gupta et al
conducted a high-throughput screening
to identify selective TIC inhibitors and discovered that
salinomycin, a specific suppressor of Wnt/β-catenin path
way, potently inhibited TICs in multiple cancer types.
[121]
Zhi et al
subsequently observed that chemoresistant
GATICs highly expressing ALDH were relatively sensitive
to salinomycin when compared to ALDH-low GC cells,
indicating salinomycin as a selective therapy for GATIC
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CONCLUSION
The complexity of GC remains largely unsolved due to
its heterogeneity, especially intratumor heterogeneity.
TIC model is proposed to interpret the heterogeneity of
GC. Accumulating TIC investigations demonstrate that
GATICs contribute to intratumor heterogeneity under the
influence of genetic/epigenetic and microenvironmental
factors. Recent studies show the bidirectional conversion
between TIC and non-TIC status, indicating the plasticity
of GATICs. Although the underlying mechanisms of this
scenario have been studied to some extent, it remains
unclear how GATICs are regulated and influenced by
intrinsic and extrinsic factors. Technological advances
in genomic, especially sequencing technique at the
single cell level, could trace the developing route of
individual GC cells and potentially better model the
intertwined relationships between GATICs and their
regulatory factors. With respect to the GATIC-target
therapy, several in vitro and/or in vivo functional ex
periments have demonstrated that targeting GATICs
reduced chemoresistance and thereby improved the
outcomes of drug treatment. However, the disparity
of drug effects between preclinical studies and clinical
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Table 2 Gastric tumor-initiating cell-targeted therapeutic strategies/agents
Therapeutic
target

Therapeutic
agent

Investigation status

Underlying mechanism

Treatment

Result of treatment

Ref.

ATOH1

Lentiviral
vector-based

Preclinical investigation

Overexpression of ATOH1
mediates its transcriptional
activity to downstream
genes and induces the
differentiation of GATICs

Lentiviral
vector-based
overexpression of
ATOH1

Han et al[115]

PGK1

Lentiviral
vector-based

Preclinical investigation

(1) Induction of
CD44+/Lgr5+ GATICs
differentiation
(2) Reduced tumorigenicity
of GATICs both in vitro and
in vivo
(1) Induction of CD44+
GATICs differentiation
(2) Inhibited tumor growth
and metastasis in vivo

CD44v

EpCam

EpCam

c-MET

c-MET

c-MET

SHH
signaling
pathway

SHH
signaling
pathway

Wnt/
β-catenin
signaling
pathway
Wnt/
β-catenin
signaling
pathway

Knockdown of PGK1 alters
Lentiviral vectorthe glycolytic metabolism
based knockdown
of GATICs not only induces
of PGK1
GATIC differentiation
but also improve their
chemosensitivity
Sulfasalazine Phase Ⅰ dose-escalation
Targeting CD44v by
12 g/d, 4x/d with
Reduced level of CD44v
clinical study in
inhibiting xCT which mainly 2 wk as one cycle,
positive GATICs in some
EPOC1205
interacts with CD44v and
oral administration
patients
maintains high level of GSH
Catumaxomab
Phase Ⅱ/Ⅲ clinical
Direct targeting CD3 and
Paracentesis +/Clinical benefit (prolonged
trial of advanced gastric
EpCam
Catumaxomab
PFS and less symptoms of
carcinoma_NCT00836654
ascites) in GC patients with
secondary malignant ascites
Catumaxomab
Phase Ⅱ clinical trial
Direct targeting CD3 and
Surgical resection
Intra-/postoperative
of advanced gastric
EpCam
followed by
administration of
carcinoma_NCT01784900
Catumaxomab
catumaxomab within
multimodal treatment is
feasible and tolerable
Rilotumumab
Phase Ⅲ clinical trial
Competitively targeting
ECX +/Stopped early due to
of locally advanced or
hepatocyte growth factor
Rilotumumab
increased death risk
metastatic gastric and GEJ
(HGF), ligand of c-MET
carcinoma_NCT01697072
receptor
Onartuzumab
Phase Ⅲ clinical
Direct targeting c-MET as a
FOLFOX6 +/Insignificant prolong of PFS
trial of metastatic
MET antagonist
Rilotumumab
(6.9 mo vs 5.7 mo) and OS
HER2(-) and c-MET(+)
(11.0 mo vs 9.7 mo)
Gastroesophageal
Cancer_NCT01662869
Tivantinib
Phase Ⅰ/Ⅱ clinical
Inhibition of c-Met receptor
FOLFOX6
PFS: 6.1 mo and OS: 9.6 mo
trial of advanced
tyrosine kinase
combined with
and metastatic
Tivantinib
adenocarcinoma of distal
esophagus, GEJ and
stomach_NCT01611857
Cyclopamine Preclinical investigation
Targeting overexpressed
Direct addition
(1) Reduced self-renewing
Ptch/Gli1 (key effectors in
of cyclopamine (5 capacity of GATIC-enriched
SHH pathway)
tumor sphere
μmol/L in vitro and
10 μmol/L in vivo)
(2) Enhanced efficacy of
Oxaliplatin/Mitomycin
inhibiting proliferation of
tumor sphere
Vismodegib
Phase Ⅱ clinical trial of Targeting Smoothened (SMO)
FOLFOX +/(1) No significant
advanced gastric and GEJ
and its downstream GLI
Vismodegib
improvement of anti-tumor
carcinoma_NCT00982592
family members
activity
(2) Potentially reverse the
chemotherapy resistance of
patients with high CD44expressing tumor cells
Salinomycin
Preclinical investigation
Blocking and degrading
Direct addition
Effectively kill ALDH-high
LRP6 (Wnt co-receptor)
of Salinomycin
GATICs which are resistant
(ranging from 1
to 5-FU and CDDP
μmol/L to 100
μmol/L in vitro)
ICG-001
Preclinical investigation Inhibiting CBP (co-activator Direct addition of
(1) Suppressed GC cell
of Wnt/β-catenin pathway)
ICG-001 (50 mg/ growth and metastasis both
kg/d, in vivo)
in vitro and in vivo
(2) Reduced self-renewal
capacity and enhanced
efficacy of 5-Fu/cisplatin
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Zieker et al[116]

Shitara et al[130]

Heiss et al[131]

Goéré et al[132]

Doshi et al[133]

Shah et al[134]

Pant et al[135]

Song et al[80]

Cohen et al[136]

Mao et al[87]

Liu et al[122]
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STAT3
signaling
pathway

Napabucasin

Phase Ⅰb/Ⅱ doseescalation and extension
study of advanced
gastric and GEJ
carcinoma_NCT01325441

Direct targeting Stat3,
β-catenin and NANOG

Paclitaxel +/Napabucasin

(1) Well-tolerated by GC
patients even receiving high
doses of chemotherapy
(2) Observed anti-tumor
activity but still needs to be
further confirmed in the ongoing BRIGHTER phase Ⅲ
clinical trial

Shah et al[137]

GATIC: Gastric tumor-initiating cell; SHH: Sonic hedgehog; GEJ: Gastroesophageal junction; GC: Gastric cancer; ALDH: Aldehyde dehydrogenase.

trials has also been repeatedly observed. One major
explanation is that current in vitro and in vivo models
failed to recapitulate the real TME that plays crucial roles
in regulating GATIC phenotypes and plasticity. With the
application of Matrigel® and other specific cell culture
materials, three-dimensional spheroid and even organoid
cultures of GC have been recently generated to enrich
TIC subpopulation and mimic the real status of GC cells
within the microenvironment. As stroma and ECM, key
aspects of TME, are still missing in current cultivation
system, new methods, such as co-culture of patientderived cancer cells and stromal cells within the ECMlike “scaffolds”, will be developed in the near future to
represent better the tumor heterogeneity.
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Abstract
With the introduction of direct-acting antiviral agents
(DAA), the rate of sustained virological response (SVR)
in the treatment of hepatitis C virus (HCV) has radically
improved to over 95%. Robust scientific evidence sup
ports a beneficial role of SVR after interferon therapy
in the progression of cirrhosis, resulting in a decreased
incidence of hepatocellular carcinoma (HCC). However,
a debate on the impact of DAAs on the development
of HCC is ongoing. This review aimed to analyse the
scientific literature regarding the risk of HCC in terms of
its recurrence and occurrence after the use of DAAs to
eradicate HCV infection. Among 11 studies examining
HCC occurrence, the de novo incidence rate ranged
from 0 to 7.4% (maximum follow-up: 18 mo). Among
18 studies regarding HCC recurrence, the rate ranged
from 0 to 54.4% (maximum “not well-defined” followup: 32 mo). This review highlights the major difficulties
in interpreting data and reconciling the results of the
included studies. These difficulties include heterogeneous
cohorts, potential misclassifications of HCC prior to DAA
therapy, the absence of an adequate control group, short
follow-up times and different kinds of follow-up. Moreover,
no clinical feature-based scoring system accounts for the
molecular characteristics and pathobiology of the tumours.
Nonetheless, this review does not suggest that there is a
higher rate of de novo HCC occurrence or recurrence after
DAA therapy in patients with previous HCV infection.
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patients by improving liver function and by delaying the
development or growth of hepatocellular carcinoma.
However, the impact that an SVR from a DAA regi
men has on liver cancer occurrence and recurrence
seems to be controversial. Due to the possibility of
treating patients with more advanced liver disease, it is
not surprising to observe the development of HCC after
providing HCV therapy. In the spring of 2016, this topic
became of particular interest because of the publication
[7]
[8]
of two papers from Spain and Italy that suggested a
potential increase in the occurrence and recurrence rates
of HCC in patients who were treated with DAAs. Since
these two original publications, more than 100 papers,
letters and communications have also been published
on this topic. Most of the controversies arise from the
heterogeneity of populations, variations in the inclusion
and exclusion criteria for each study, the follow-up time,
the time points used to analyse the occurrence and
recurrence rates, and so on.
The debate in the scientific community is still ongoing.
Thus, the aim of this review was to analyse the published
data concerning the occurrence and recurrence of HCC
after DAA treatment to reconcile the conflicting results
between studies.

Core tip: A significant debate about the impact of directacting antiviral agents (DAAs) on the development of
hepatocellular carcinoma (HCC) is currently ongoing.
After a full review of the published literature, the evi
dence does not suggest that there is a higher rate of de
novo HCC occurrence or recurrence after DAA therapy in
patients with previous hepatitis C virus infection.
Guarino M, Sessa A, Cossiga V, Morando F, Caporaso N, Morisco
F; on behalf of the Special Interest Group on “Hepatocellular
carcinoma and new anti-HCV therapies” of the Italian
Association for the Study of the Liver. Direct-acting antivirals and
hepatocellular carcinoma in chronic hepatitis C: a few lights and
many shadows. World J Gastroenterol 2018; 24(24): 2582-2595
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i24/2582.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i24.2582

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related death worldwide. Cirrhosis is
the strongest risk factor for HCC, and chronic hepatitis C
(HCV) is the most common underlying aetiology in both
[1]
the United States and Europe .
The annual risk of developing HCC in HCV-related cir
[2]
rhotic patients is approximately 2%-8% .
Though curative treatments, such as liver resection
(LR) and radiofrequency ablation (RFA), exist, once HCC
develops, the rate of cumulative recurrence is known to
[3]
be approximately 70% over 5 years .
Since 2013, the treatment of hepatitis C has dra
matically changed. The generation of new directacting antiviral agents (DAAs) has been extraordinarily
effective, safe and well-tolerated. These DAAs have
spurred a revolution in the treatment of HCV patients,
showing sustained virological response (SVR) rates
[4]
exceeding 95% in real-life settings . This tremendous
advancement has provided therapeutic options for a
larger number of patients, many of which have advanced
liver disease and a higher risk of liver decompensation
and HCC.
Over the past two decades, several meta-analyses
have evaluated the role of SVR in preventing hepatic
decompensation, reducing the necessity for liver trans
plantation, increasing both liver-related and overall
survival, and reducing the risk of occurrence and recur
rence of HCC in HCV cirrhotic patients. Studies from
the interferon (IFN)-era taught us that HCV eradication
reduces but does not eliminate the risk of HCC once
[5]
cirrhosis has been established . Accordingly, Nishiguchi
[6]
et al demonstrated that IFN reduced the incidence of
HCC in patients with HCV infection and cirrhosis and
showed that IFN might improve the prognosis of cirrhotic

WJG|www.wjgnet.com

LITERATURE SEARCH
Original published studies were identified by searching
PubMed, Embase, and the Cochrane Library database
(through April 2018). English language articles were
selected using the following keywords: ‘hepatocellular
carcinoma’, ‘HCC’, ‘chronic hepatitis C’, ‘HCV’, ‘DAA’,
‘direct-acting antivirals’, ‘occurrence’ and ‘recurrence.’
Two independent evaluators (MG and AS) identified all
reports that may have pertained to the review issue.
Case reports were excluded. A full-text evaluation was
performed, and the references from relevant articles
were reviewed to identify additional studies. Manual
cross-referencing was performed, and relevant abstracts
from the 2017 International Congress abstract books
(AASLD and EASL) were included.

HCV-DAA AND HCC OCCURRENCE
Definition of HCC occurrence

HCC occurrence was defined as the de novo appearance
of HCC in a subject (with or without an underlying liver
disease) with no history or previous evidence or suspicion
of a liver tumour.

The risk of HCC occurrence after DAA treatment

Recent studies have suggested that DAA may accelerate
the occurrence of HCC in patients with liver cirrhosis.
However, the annual risk of HCC in HCV-related cirrhotic
[2]
patients is approximately 2%-8% . Ultimately, the
results of these studies did not show an increased risk
of HCC in comparison to the expected annual risk for
patients treated with DAAs. Table 1 summarises the
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Table 1 Main characteristics of the studies on hepatocellular carcinoma occurrence
Ref.

Journal, year

Country

Study design

Sample
size

Conti et al[8]

J Hepatol, 2016

Italy

Retrospective

207

6

Cheung et al[15]

J Hepatol, 2016

United
Kindom

Prospective

406

18

Kozbial et al[12]
Cardoso et al[10]
Kanwal et al[13]

J Hepatol, 2016
J Hepatol, 2016
Gastroenterology,
2017

16
54
22500

NA
12
NA

6.6
7.4
1.2

Zeng et al[18]
Calleja et al[14]
Ioannou et al[31]

J Hepatol, 2016
J Hepatol, 2017
J Hepatol, 2017

21
3325
21948

15
18
18

0
0.93
2

158

15

3.7

242
2249

15
14

2.8
3.5

Mettke et al[17]
Nakao et al[9]
Calvaruso et al[19]

Austria Retrospective
Portugal Retrospective
United Retrospective
States
China
Spain
United
States

Retrospective
Retrospective
Retrospective

Aliment Pharmacol Germany Prospective
Ther, 2017
J Hepatol, 2017
Japan
Retrospective
Gastroenterology,
Italy
PWrospective
2018

Median follow- HCC cumulative
up (mo)
incidence (%)
3.1

Risk factors

cirrhosis, child class
B, low platelet count
5.4 in SVR group
NA

Notes
No control group

Control groups:
Non-SVR with HCC
incidence of 11.3%
NA
Letter to editor
NA
Letter to editor
cirrhosis, alcohol use HCC incidence: 0.9%
in SVR, 2.9% in nonSVR
NA
Letter to editor
NA
NA
HCC incidence: 1.4%
in SVR, 8.1% in nonSVR
MELD score, AFP
HCC incidence in
level
untreated: 7.6%
NA
Letter to editor
low albumin level, The rate of HCC at 1
absence of SVR, low
yr was 2.9%.
platelet count

AFP: Alpha-fetoprotein; DAAs: Direct-acting antiviral agents; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; LR: Liver resection; LRT:
Local-regional therapy; LT: Liver transplantation; SVR: Sustained virological response; RFA: Radiofrequency ablation; TACE: Trans-catheter arterial
chemoembolization; NA: Not available.
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Figure 1 Hepatocellular carcinoma cumulative occurrence rates reported by 11 studies considered in the present review. HCC: Hepatocellular carcinoma; f.u.:
Follow up; NA: Not available.

results of the principal studies addressing de novo HCC
occurrence after DAA treatment. Figure 1 shows the de
novo HCC cumulative incidence rates reported by 11
studies.
[8]
The first paper published was by Conti et al . The
authors reported an HCC occurrence rate of 3.2%
at 6 mo of follow-up after beginning DAA therapy.
[9]
Similarly, Nakao et al observed cumulative HCC
incidences after 1 year and 2 years of DAA therapy of
1.7% and 7%, respectively. Additionally, Cardoso et
[10]
al
reported an HCC incidence of 7.4% in the first
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year after SVR from DAA treatment. This rate was
higher than the previously reported incidence rate for
[10,11]
IFN regimens (1.2%-1.4%)
. Median time for HCC
development was 7.6 mo after HCV-RNA became non[10]
[12]
detectable . Accordingly, Kozbial et al
reported an
overall cumulative incidence of de novo HCC after DAA
treatment of 6.6%, while this rate was 5.2% in patients
achieving SVR, with a follow-up time of 48 wk.
In contrast to these initial observations, several lar
ger studies found different results (Table 1). Kanwal
[13]
et al
reported that cirrhotic patients with SVR had a
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significantly reduced risk of HCC compared to patients
without SVR (76% risk reduction). Moreover, they
highlighted that the HCV-treated population has changed
significantly in the DAA era and now includes many
patients with other HCC risk factors (alcohol abuse,
age older than 65 years and patients with advanced
cirrhosis), which were previously criteria for exclusion
[13]
from IFN therapy . Because the risk of HCC in patients
[2]
with HCV cirrhosis is 2%-8% per year a 76% reduction
represents a significant clinical advantage. In the largest
[14]
real-world study, Calleja et al
enrolled almost 4000
patients who were treated with DAAs. The study reported
an HCC incidence rate of 0.93% within 18 mo of starting
DAA treatment, though measuring the incidence of HCC
was not an objective of this study. They also observed
that HCC was more common in patients with cirrhosis,
[14]
but this was not related to the achievement of a SVR .
[15]
Similarly, a prospective study by Cheung et al
exa
mined 406 patients with decompensated cirrhosis
through the English Expanded Access Programme. The
study found no evidence of an increased risk for liver
cancer during DAA therapy or over the following 12 mo.
Moreover, for HCC developing within 3 mo of starting
DAA treatment, the authors suggested that there was a
possibility that the patients already had an undiagnosed
[15]
cancer before starting the treatment . Additionally,
[16]
Hasson et al
reported similar results showing that
DAA-based therapy in HIV/HCV co-infected patients did
not show an increasing cancer trend during 24 wk of
follow-up, though, as expected, a high rate of SVR was
confirmed (97%). During standard surveillance (liver
ultrasound and AFP every six months) for a median
follow-up of 87 wk after beginning DAA treatment, de
novo HCC was diagnosed in 3/118 (2.5%) patients with
advanced liver disease. The authors concluded that strict
surveillance is mandatory, especially in patients with
additional known risk factors for HCC (e.g., advanced
cirrhosis, genotype 3, diabetes, metabolic syndrome,
[16]
HIV co-infection) . Finally, in a large prospective study,
[17]
Mettke et al
showed that patients with liver cirrhosis
who received DAA therapy had a similar HCC incidence
over a short time compared to an untreated historical
control cohort that was recruited from the same centre
(158 DAA-treated and 184 control patients with HCV
liver cirrhosis). HCC developed in 6 DAA patients and 14
untreated patients, yielding HCC incidence rates of 2.90
and 4.48 per 100 person-years, respectively. Moreover,
they identified that higher MELD scores and AFP levels
[17]
are independent HCC risk factors . Similarly, Zeng et
[18]
al
reported no cases of HCC occurrence in their 21
cirrhotic patients treated with 12 weeks of DAAs after a
median follow-up time of 15 mo.
In the recent prospective observational study based
on RESIST-HCV (Rete Sicilia Selezione Terapia - HCV),
[19]
a web-based regional database, Calvaruso et al
confirmed the early benefit of viral eradication in HCV
cirrhosis throughout all stages of cirrhosis. The authors
analysed only patients with cirrhosis (2249 patients:
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90.5% Child-Pugh class A, 9.5% Child-Pugh class B)
treated with DAA from March 2015 until July 2016
in 22 academic and community liver centres in Sicily
Region, Italy. Only 78 patients (3.4%) developed HCC
during a mean observation of 14 mo from the start of
DAA treatment; the overall cumulative rate of HCC at
1 year was 2.9%. Of interest, the occurrence of HCC
is significantly reduced in patients with compensated
cirrhosis without signs of portal hypertension and normal
liver function. Moreover, the authors did not support the
hypothesis that HCC that develops during DAA or after
early follow-up is more aggressive and more difficult to
treat with available therapies. In fact, none of the 78
[19]
patients had a multinodular or aggressive HCC pattern .
Several risk factors have been identified for HCC
occurrence after DAA treatment (Table 1), such as
HCV treatment failure, alcohol use, aged older than 65
years, male gender, presence of cirrhosis, HCV genotype
3 infection, diabetes, metabolic syndrome, HIV coinfection, higher MELD scores, lower albumin level, lower
[13,16,17,19,20]
platelet count, and higher AFP levels
.
In trying to summarize these data, we can conclude
that de novo HCC occurrence risk does not appear to be
reduced in the time immediately following DAA treatment
compared to untreated patients. On the other hand, we
do not have evidence to suggest that the occurrence rate
increases either, as there was an absence of an adequate
control group in most studies. Unfortunately, the risk of
HCC does not vanish rapidly, and a longer observation
period is probably necessary to observe any beneficial
effects.

Comparing the risk of HCC occurrence after DAAs vs
after IFN-based treatments

IFN-based regimens were approved for treating chronic
hepatitis C more than 20 years ago. Many studies have
demonstrated the long-term effects of this therapy in
obtaining an SVR, which is considered a milestone in
reducing the risk of liver-related complications, such as
[5,21-25]
HCC
.
However, though the benefits of this treatment in
reducing HCC incidence are well documented, the risk is
not completely removed in patients with severe fibrosis or
cirrhosis. Such conditions occur with an annual incidence
[1]
of 0.3%-1% . These data were recently confirmed in an
[26]
elegant study by D’Ambrosio et al , who investigated
a cohort of 38 histological cirrhotic patients who had
been prospectively followed for 10 years after achieving
a SVR with IFN treatment. During a median follow-up of
86 mo after a liver biopsy, no patients developed clinical
decompensation, while 5 patients (13%) developed HCC.
The 8-year cumulative probability of HCC was thus 17%
regardless of the cirrhosis regression, while the 8-year
cumulative survival probability was 97% regardless of
the cirrhosis regression (96% vs 100%, p = 1.0) or HCC
[26]
development (100% vs 97%, p = 1.0) .
Compared to IFN regimens, less consistent data are
available concerning the impact of DAA therapy on HCC
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occurrence. Moreover, the HCC risk after DAA treatment
compared to IFN treatment faces recruitment bias since
two different types of patients are involved in these
treatments.
[27]
An interesting manuscript by Lu et al
showed
data from a long-term follow-up for HCC detection in
numerous HCV cohorts, including both patients who
were treated with antiviral therapy and those who
were not. The treated population was divided into pa
tients who achieved an SVR and those who did not.
The lack of SVR achievement emerged as a risk factor
for HCC development. They also showed that an SVR
reduced the risk of all-cause mortality in patients with
[27]
[28]
advanced fibrosis . Innes et al
showed similar
results, confirming that there is a higher risk of HCC
occurrence after DAA therapy compared to IFN therapy.
This result reflects a change in the types of patients
being treated (older with a higher Child-Pugh score, with
both thrombocytopenic and treatment experienced). A
major finding from this study was that upon adjusting
for these differences, the risk of HCC that was associated
with IFN-free regimens was similar to the risk related
[28]
[29]
to INF regimens . Furthermore, Bielen et al did not
find higher-than-expected early occurrence rates of HCC
in patients treated with DAA regimens (1.1%; 4/355)
compared to patients treated with IFN regimens (1.7%;
1/59). These rates were comparable to the estimated 1%
per year frequency of HCC that is observed in patients
with an SVR who were treated with IFN and ribavirin
dual therapy. Additionally, in a retrospective study by
[30]
Nagata et al , the risk rates of HCC occurrence after
viral eradication were similar between IFN-based and
IFN-free therapies. After viral eradication, 2.5% of
patients developed HCC after IFN-based therapy during
a median follow-up period of 6.8 years, while 1.1%
of patients developed HCC after DAA therapy during
a median follow-up period of 1.8 years (p-value: not
significant). The Nagata study also showed that Wisteria
floribunda agglutinin and Mac2-binding protein-positive
(WFA + M2BP) were independently associated with HCC
occurrence after viral eradication among patients without
[30]
[31]
severe fibrosis . Ioannou et al recently published a
study on 62,354 patients who received antiviral treatment
in the Veterans Affairs National Healthcare system
between 1/1/1999 and 12/31/2015. The study included
35871 (58%) IFN-based regimens, 4535 (7.2%) DAA+
IFN regimens and 21948 (35%) DAA-based regimens.
They identified 3271 incident cases of HCC diagnosed at
least 180 days after initiation of the antiviral treatment
over a mean follow-up of 6.1 years. The incidence of
HCC was highest in patients with cirrhosis and who were
experiencing treatment failure. SVR was associated
with a significantly decreased risk of HCC (a 71% risk
[31]
reduction) in the DAA-treated cohort . Kabayashi et
[32]
al demonstrated that the impact of DAA treatment was
similar to that of IFN treatment with regard to HCC risk
reduction in patients who achieved a SVR. The 3- and
5-year cumulative HCC development rates were 1.30%
and 3.03%, respectively, in the DAA group, and 1.02%
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and 2.19% in the IFN group, respectively. Similarly,
[33]
a study by Nagaoki et al
examined the cumulative
incidence of HCC development after HCV eradication by
IFN or DAA treatment and found that HCC development
risk after HCV eradication was similar in patients with
and without advanced liver fibrosis. A retrospective study
[34]
by Li et al used the Electronically Retrieved Cohort of
HCV Infected Veterans (ERCHIVES) database (17836
persons). The study found that DAA treatment was not
associated with a higher risk of HCC in cirrhotic patients,
although a significantly higher rate of known risk factors
for HCC (including cirrhosis, older age and higher base
line AFP levels) was found in DAA-treated patients
compared to that in patients treated with IFN. Among
people with cirrhosis who achieved an SVR, the HCC
incidence rate was not significantly different in the DAA
group compared to that in the IFN group. Furthermore,
both groups had a significantly lower probability of
HCC compared to patients who received no treatment.
These results support the concept that treating HCV and
achieving a SVR with any antiviral regimen is the most
[34]
important determinant for lowering HCC risk .
Finally, in a recent meta-analyses (19 prospective, 5
retrospective, and 2 retrospective-prospective cohorts),
[35]
Waziry et al confirmed that there is no evidence to
suggest that DAA therapy is associated with a higher
risk of HCC development after curing HCV with DAA
therapy in patients with cirrhosis. The treatments reduce
individual risk by 63%, which is similar to previous
results from IFN-based treatments. There is thus no
reason to defer or withhold DAA therapy considering the
[35]
advantages of this therapeutic strategy .
In conclusion, the studies comparing the HCC risk
after DAA to the risk after IFN treatment showed similar
results, with an SVR being a marker for obtaining a
clinical advantage. On the other hand, it is important to
be aware that the two populations are heterogeneous
and incomparable for age, the presence of comorbidities
and the stages of cirrhosis. Consequently, it is only
possible to overcome this bias by statistical adjustment,
which represents a good approach but is not a definitive
demonstration. Even in presence of an SVR, patients
with cirrhosis remain at risk for HCC and should continue
to undergo HCC surveillance.

HCV-DAA AND HCC RECURRENCE
Definition of HCC recurrence

HCC recurrence was defined as the reappearance of
HCC in a subject (with or without an underlying liver
disease) who previously had HCC that was judged to be
radically and successfully treated by one of the following
techniques: surgical resection, liver transplantation,
ablative techniques or TACE. The 6-mo recurrence rate of
HCC successfully treated with resection or local ablation
[36]
is estimated to be 20% .

Risk of HCC recurrence after treatment with DAAs

Several studies on the recurrence of HCC after DAA
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treatment produced intriguing data. Table 2 summarises
the results of the key studies addressing this topic. Figure
2 shows the HCC cumulative recurrence rates reported
by 18 studies.
There is ongoing uncertainty about the potential risks
and benefits of DAA therapy in patients with a history
of previous HCC. All published data should be analysed
according to their methodological limitations and should
consider the large differences between studies in terms
of follow-up duration, clinical heterogeneity and patient
selection. Analyses of the recurrence rates should also
account for the time since previous HCC treatments due
to the high HCC recurrence rate during the first 2 years
after HCC treatment.
The first paper published on this topic came from a
[7]
group in Barcelona . The paper suggested that there is
a potential increased risk of HCC recurrence after DAA
treatment. In this multicentre retrospective study, Reig
[7]
et al observed that 16 of 58 (27.6%) patients who
were treated with DAAs had HCC recurrence after a
median follow-up of 5.7 mo. They observed that patients
with a short amount of time between HCC treatment
and the start of DAA therapy (under 4 mo) seemed to
be at a greater risk, with a recurrence rate of 41.2%.
Additionally, 6 patients had HCC recurrence within 2
[7]
wk of initiating their DAA treatment . Moreover, after
updating their cohort (with more patients who were
followed for a longer time period), the updated results
not only confirmed their initial findings but also exposed
a more aggressive pattern of recurrence and a faster
[37,38]
tumour progression
.
[8]
At the same time, Conti et al found that 17 out of
59 patients (29%) had HCC recurrence during the first
24 wk of follow-up after completing their DAA treatment.
Recurrence was associated with being of a younger age
[8]
and having more severe liver fibrosis . Similarly, Calleja
[14]
et al reported an HCC recurrence rate of 30% within
12 mo of starting DAA treatment.
Three later retrospective studies reported a high
rate of HCC recurrence after treatment with DAAs in
[39,40]
cirrhotic patients
and in patients who underwent
[41]
liver transplants . The European multicentre study by
[39]
Kolly et al reported an HCC disease-free survival rate
of 77% at six months after HCV therapy. This finding
[7]
is in line with the findings reported by Reig et al and
[8]
Conti et al . In this study, the time between the HCC
treatment and the start of the DAA therapy was a
significant, time-dependent predictor of recurrence. An
[40]
Egyptian prospective study by El Kassas et al showed
that exposure to DAA treatment was associated with a
significantly increased risk of HCC recurrence of 3.82
over a median follow-up period of 16 mo, compared
[41]
to non-exposed patients. Yang et al
reported an
increased risk of recurrence of HCC in a small group of
transplant patients who received DAA therapy while they
were waiting for their liver transplant. HCC recurrence
was more frequently observed in DAA-treated recipients
than untreated patients (27.8% vs 9.5%). Moreover,
HCC recurrence occurred very early after the transplant
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(< 6 mo) in most recipients, with a higher frequency in
the DAA-treated group compared to the untreated group
(80% vs 33%). In most of cases, HCC recurred as an
[41]
extrahepatic disease .
Despite the lower rate of occurrence after DAA treat
[29]
ment found in a cohort examined by Bielen et al ,
there was a high early recurrence rate of HCC (15%)
within 6 mo after DAA treatment. In contrast, with a
[41]
report by Yang et al , patients with HCC recurrence
had a lower SVR rate. Interestingly, only patients
who were treated with LR or RFA for the primary HCC
experienced recurrences, whereas patients treated
with liver transplantation (LT) did not. However, very
[42]
recently Huang et al
performed a retrospective
cohort study of 149 LT candidates with HCV and HCC to
determine the impact of DAAs on HCC recurrence after
local-regional therapy (LRT) and waitlist dropout. They
showed advanced cirrhosis and lower rates of complete
radiologic tumour response after LRT in patients who
were not treated with DAAs (n = 87) compared to
patients treated with DAA (n = 62). The cumulative
incidence of HCC recurrence within 1-year of complete
response after LRT was 47.0% in the DAA group and
49.8% in the untreated group (p = 0.93). In an adjusted
competing risk analysis that used weighted propensity
score modelling, the risk of HCC recurrence was similar
between the DAA and the untreated groups (HR = 0.91,
95%CI: 0.58-1.42, p = 0.67). Patients treated with
DAA had a lower risk of waitlist dropout due to tumour
progression or death compared to the untreated group
in the adjusted, weighted analysis (HR = 0.30, 95%CI:
[42]
0.13-0.69, p = 0.005) .
In contrast, the large ANRS study from France used
three different prospective cohorts of HCC patients
previously treated with curative therapies (including LT).
The study reported no differences in the recurrence rates
of patients who were treated with DAAs and those who
[43]
[18]
[44]
were not . Similarly, Zeng et al
and Torres et al
published their own prospective studies with median
follow-up times of 12 and 15 mo, respectively. Both
studies reported that there were no HCC recurrences
among any of their patients.
[45]
Ikeda et al then showed that DAA therapy signi
ficantly decreased recurrence rate when it is performed
after an initial successfully HCC therapy, compared with
the recurrence rate in untreated patients. They analysed
a total of 270.81 patient-years, with 61 recurrence
events (median follow-up of 20.7 mo). The 1- and 2-year
cumulative recurrence rates in the DAA cohort were
30.1% and 38.9%, respectively. The HCC recurrence
rate was significantly higher in patients with a history of
[45]
previous recurrence or multiple treatments for HCC .
[46]
Additionally, Virlogeux et al
confirmed this trend by
showing that the HCC recurrence rate was significantly
lower among patients treated with DAAs compared with
untreated patients (1.7/100 person-months vs 4.2/100
[47]
person-months, respectively). Similarly, Zavaglia et al
reported a recurrence rate of 3.1% over a median followup of 8 mo. They suggested that the longer time interval
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Table 2 Main characteristics of the studies on hepatocellular carcinoma recurrence
Ref.

Journal, year

Country

Study design

Sample
size

Previous HCC
treatment

Median
follow-up
(mo)

HCC
recurrence
rate (%)

Risk factors

Notes

Reig
et al[7,37,38]

J Hepatol, 2016
and 2017 Semin Liv Dis,
2017

Spain

Retrospective

77

Ablation,
resection, TACE

11.2

27.3

NA

Conti
et al[8]
ANRS
- HEPATHER
et al[43]
ANRS
- CirVir
et al[43]
ANRS
- CUPILT
et al[43]

J Hepatol, 2016

Italy

Retrospective

59

12

28.8

age, liver stiffness

J Hepatol, 2016

France

Prospective

189

Ablation,
resection, TACE
NA

Updated
cohort of the
58 patients
reported in J
Hepatol 2016
-

20

12.7

NA

-

J Hepatol, 2016

France

Prospective

13

Ablation,
resection

16.5

7.7

NA

-

J Hepatol, 2016

France

Prospective

314

7

2.2

NA

-

Calleja
et al[14]
Cabibbo
et al[50]
Minami
et al[55,56]

J Hepatol, 2017

Spain

Retrospective

70

Bridge therapy
before LT
(Ablation,
resection, TACE,
chemotherapy)
NA

20

30

NA

-

APT, 2017

Italy

Prospective

143

9

21

-

J Hepatol 2016
- Abs AASLD
2017

Japan

Retrospective

163

14.5

54.4

Virlogeux
et al[46]
Zeng
et al[18]
Ogawa
et al[48]

Liver Int 2017

France

Retrospective

23

13

47.8

J Hepatol, 2016

China

Retrospective

10

Ablation,
resection, TACE
Ablation

previous recurrence,
tumour size
AFP-L3, DCP, number
of previous treatment
for HCC, interval
between last HCC
treatment and DAA
start
NA

15

0

NA

Letter to Editor

Aliment
Pharmacol Ther,
2017

Japan

Prospective

152

Ablation,
resection, TACE,
radiotherapy

17

16.5

-

Cheung
et al[15]
Torres
et al[44]

J Hepatol 2016

United
Kingdom
United
States

Prospective

29

NA

15

6.8

cirrhosis, time from
previous HCC
treatment < 1 yr,
non-curative HCC
treatment (TACE,
radiotherapy)
NA

Prospective

8

12

0

NA

Letter to Editor

Yang
et al[41]

J Hepatol 2016

United
States

Prospective

18

NA

27.8

NA

Bielen
et al[29]
Ikeda
et al[45]

J Viral Hepat
2017
Dig Dis Sci
2017

Belgium

Retrospective

41

32

14.6

SVR

Letter to Editor;
untreated
patients: 9.5%
-

Japan

Retrospective

177

20.7

34.5

Kolly
et al[39]

J Hepatol 2017

Germany, Prospective
Belgium,
Switzerland
J Hepatol 2017
Japan
Retrospective

56

Ablation,
resection, proton
therapy
Bridge therapy
before LT:
Ablation, TACE
LT, ablation,
resection, TACE
Ablation,
resection, TACE,
radiotherapy
Ablation,
resection, TACE

21

42.5

27.6

29

SVR, AFP, WFA-M2BP

Indian J
Gastroenterol
2017
Plos one 2018

Ablation,
resection
RFA, TACE,
radiation

NA

43

HBcAb positivity,
TACE

-

NA

24

NA

AFP level, SVR,
clinical stage of HCC

-

Nagata
et al[30]
Shimizu
et al[52]
Mashiba
et al[57]

J Hepatol 2016

83

Indian

Retrospective

23

Japan

Retrospective

368

Ablation,
resection, TACE
Ablation,
resection, TACE,
radiotherapy

Abstract of
AASLD 2017

-

-

multiple HCC
treatment, AFP level,
Prothrombin time
time from previous Letter to Editor
HCC treatment
-

AFP: Alpha-fetoprotein; DAAs: Direct-acting antiviral agents; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; LR: Liver resection; LRT:
Local-regional therapy; LT: Liver transplantation; SVR: Sustained virological response; RFA: Radiofrequency ablation; TACE: Trans-catheter arterial
chemoembolization; NA: Not available.
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Figure 2 Hepatocellular carcinoma cumulative recurrence rates reported by 17 studies considered in the present review. HCC: Hepatocellular carcinoma; f.u.:
Follow up; NA: Not available.

between complete eradication of the tumour and the start
of the antiviral therapy (median 19.3 mo in this study
and 11.2 mo in a study by Reig) may explain part of the
observed difference. In fact, the longer this interval, the
lower the risk that any residual tumour would be present
[47]
at the start of DAA therapy . A large multicentre cohort
[48]
study conducted by Ogawa et al showed no evidence
of an increased risk of HCC recurrence in patients treated
with DAA regimens. The study included 152 consecutive
patients with a history of previous HCC who achieved
an SVR after treatment with DAAs. During the follow-up
period (median: 17 mo), 16.5% of patients developed
HCC. The 1-year cumulative HCC recurrence rate was
[48]
23.1% when limited to cirrhotic patients . Mazzarelli
[49]
et al commented that the risk of HCC recurrence may
have been higher because there was a relatively short
amount of time between the successful completion of
the HCC treatment and the initiation of the DAAs. This
suggests that patients may not have sufficient time to be
deemed cancer-free.
Moreover, a large prospective study by Cabibbo
[50]
et al found that the 6-mo and 1-year probabilities
of HCC recurrence after DAA therapy were 12% and
26.6%, respectively. Previous history of HCC recurrence
and tumour size were the only two independent risk
factors for early HCC recurrence. They concluded that
the probability of early recurrence in patients who had
previously been cured of HCC remained high, despite
HCV eradication by DAA treatment. This risk was com
parable, but not higher than, the risk reported in the
literature concerning patients who did not receive DAA
[50]
treatment .
[51]
Beste et al reported that HCV can be cured in the
majority of patients with HCC, in virtually all patients
with a prior history of HCC and in patients who receive
subsequent LT. The study also reported that these
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patients do not have an increased risk of recurrence.
Compared to others, this study benefited from its use of
a large cohort of HCC patients (624 HCC patients from
17487 HCV treatment recipients). HCC patients were
divided into those who were treated with LT after HCC
diagnosis (‘‘HCC/LT” group) and those who were treated
with other modalities (‘‘HCC” group) prior to receiving
DAA therapy. Overall, the SVR was 91.1% in the nonHCC patients, 74.4% in the HCC patients and 94.0%
[51]
[52]
in the HCC/LT patients . In addition, Shimizu et al
identified the anti-HBc positivity as a strong contributing
factor for HCC recurrence after DAA therapy. In fact 8/10
patients with a positive value of anti-HBc developed HCC
recurrence (80%), in the context of an overall recurrence
rate of 43% in their 23 enrolled patients. So checking for
anti-HBc seems to be mandatory before starting DAA
[52]
therapy .
From a radiological point of view, a study of Renzulli
[53]
et al showed that in HCC, microvascular invasion
(MVI) is a predictor of early HCC recurrence. In fact, in
their retrospective study of patients who received DAA
therapy, HCC was diagnosed in 29 of the 344 cirrhotic
patients after DAA treatment (3.86% de novo HCC and
30.5% recurrent HCC). Both de novo and recurrent
neoplastic nodules showed a significantly higher pro
portion of MVI (70.7%) than nodules that occurred
before DAA therapy (33.3%). This finding supports the
hypothesis that there is a similar oncogenic process after
[53]
DAA therapy regardless of the patient’s history of HCC .
[54]
As a basis for comparison, recently Cabibbo et al
published a meta-analysis of 11 studies evaluating the
HCC recurrences in HCV untreated patients. Patients in
the studies included in the meta-analysis were charac
terized by an early HCC and a complete response after
surgical resection or ablation. The meta-analysis reported
that the actuarial probabilities of recurrence were 7.4%,
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20% and 47% at six months, one year and two years,
respectively. These data revealed a pooled 3-year survival
probability of 79.8%. The authors highlighted that there
was a high level of heterogeneity among studies on
the recurrence and survival rates. They also reported
that, currently, there is no clinical feature-based scoring
system that accounts for the molecular characteristics
and pathobiology of the tumours (invasiveness, doubling
time, angiogenesis and microvascular invasion). These
pooled, reported recurrence and survival probabilities
provide a useful benchmark for making indirect com
parisons of the benefits of HCV eradication using
[54]
DAAs .
Several risk factors have been identified that may
increase the risk of HCC recurrence after DAA treatment
(Table 2), such as high liver stiffness, antiviral treatment
failure, history of previous HCC recurrence, previous
HCC shape and stage, AFP level values, des-γ-carbossiprothrombin (DCP) > 40 mAU/mL, non-curative pro
cedures (such as TACE), anti-HBc positivity, the time
interval between HCC complete response and DAA
[8,30,48,50,52,55-57]
initiation and the levels of WFA + M2BP
.
In conclusion, DAA treatment does not reduce HCC
recurrence risk, though we do not have sufficient data to
assume that the recurrence rate is actually increased due
to the lack of adequate control groups in many studies.

to HCC recurrence measured from the start of the anti
viral therapy was lower in the group that was treated
with DAAs compared to the group treated with IFN,
confirming the beneficial role of a SVR. However, in such
retrospective comparisons, the majority of the DAAtreated cohorts had much shorter follow-up periods after
antiviral therapy than the historical IFN-based cohorts.
Interestingly, the median time to HCC recurrence since
the last HCC treatment was significantly higher in both of
[59]
the treated groups compared to the untreated cohort .
[60]
In a case-control study, Adhoute et al
suggested
that DAA treatment should be started after a longer
period of follow-up following the successful treatment
of HCC. They suggested that a follow-up duration of
least 12 mo be used to reduce the risk of early HCC
[60]
[30]
recurrence . Nagata et al showed that there were
no statistically significant differences between the DAAand IFN-based therapies in terms of HCC recurrence.
Specifically, 18 (53%) patients with a history of HCC had
a recurrence after receiving IFN-based therapy over a
median follow-up period of 6.2 years. For those treated
with DAAs, 22 patients (29%) had an HCC recurrence
[30]
over a median follow-up period of 2.3 years .
[57]
Finally Mashiba et al
analysed a Japanese cohort
(556 patients) with 148 patients underwent IFN and
achieving SVR in 52.7 % of cases, and 368 patients
treated with DAA treatment achieving SVR in the
94.5%. The mean follow-up period after antiviral ther
apy was 25.5 mo for the IFN group and 7.7 mo for
the DAA group. The DAA group was significantly older
and included more patients with advanced fibrosis, a
population at higher risk of HCC recurrence. Nonetheless,
there were no differences in the recurrence rate between
IFN and DAA therapy in SVR patients. Moreover, they
identified AFP at the end of antiviral therapy, clinical stage
of HCC, and antiviral treatment failure as independent
[57]
factors associated with early recurrence of HCC .
The scientific debate on this topic has been particu
larly intense, which is likely a consequence of the limited
number of studies and the high heterogeneity related to
the study design, inclusion criteria, baseline patient and
tumour characteristics, type of “curative” HCC treatment
and assessment of response, time frame between tu
mour treatment and DAAs therapy and between the last
assessment of tumour response and the DAA therapy
and follow-up after DAA therapy. Nonetheless, we can
conclude that the available evidence supports that DAAtreated patients have a similar risk for HCC recurrence as
IFN-treated patients.

Comparing the risk of HCC recurrence after DAAs vs
after IFN-based treatments

While there are few comparative studies examining
[28,33,54,55]
patients receiving IFN treatment
, the data
suggest that DAA-treated patients have a similar risk of
HCC recurrence as patients receiving IFN-treatments and
untreated patients. However, these analyses are limited
by several potential confounders such as the degree of
liver function or the age of the patients.
[35]
A recent meta-analysis published by Waziry et al
reported that there was no evidence for different HCC
recurrence risks following an SVR from DAA and IFNbased therapies. In this study, the baseline characteristics
of the IFN- and DAA-cured populations were similar,
including age and stage of cirrhosis, given that HCC is
more likely to develop in older cirrhotic patients and that
patients with advanced cirrhosis (Child- Pugh B/C) are
not eligible for potentially curative HCC treatments.
Similarly, comparing 57 patients who were treated
with IFN-based therapies to the 58 patients from the Reig
[7]
et al study whose HCC was successfully treated with
[58]
DAAs, Petta et al
found recurrence rates of 3.7% vs
5.2% at six months, and 15.2% vs 26.3% at two years,
respectively, with no statistically significant differences.
[59]
Vukotic el al
confirmed this trend and demon
strated the benefit of an SVR. In a retrospective study,
they sought to compare the HCC recurrence-free sur
vival of a historical cohort treated with IFN (SVR rate
of 31.6%), an untreated cohort and a cohort treated
with DAAs (SVR of 93.8%) with a median follow-up
duration of 42 mo. In the two treated groups, the time
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BIOMOLECULAR MECHANISMS OF HCC
OCCURRENCE AND RECURRENCE AFTER
DAA
Different pathogenetic hypotheses have been postulated
to support the development of HCC after DAA therapy.
These hypotheses are mainly based on the dysregulation
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of immune surveillance caused by the rapid decrease of
[7]
HCV viral load induced by the DAAs , as also recently
[61]
suggested by Kanda et al . The rapid disappearance
of HCV with DAA therapy leads to the reconstitution of
innate immunity and the downregulation of type Ⅱ and
Ⅲ IFNs, their receptors and IFN-stimulated genes. The
lack of IFN activation may allow the growth of malignant
cells. IFNs are known to exert anti-proliferative effects via
intrinsic effects on the tumour regulation of angiogenesis
and the activity of almost all immune cell types. This
induces a strong immune response against malignancy.
Although the exact mechanism behind the anti-tumour
properties of IFN has not been fully elucidated, IFN
has been widely used for the treatment of several
cancers, including haematological malignancies and
[62]
solid tumours . Unlike IFN, DAAs have neither antiangiogenic nor anti-proliferative properties and indeed
have no effect on oncogenic buds.
Another speculated mechanism is the altered im
munological balance that is secondary to a rapid de
crease in HCV viral load that contributes to tumour
[63]
development . A rapid decrease in cancer immunosurveillance due to an abrupt reduction of liver natural
killer (NK) cells and of their cytotoxic activity has been
suggested to be a possible factor enhancing a faster
[64]
[65]
progression of HCC foci . Debes et al
identified a
group of 12 immune mediators showing significantly
higher serum expression levels before DAA treatment in
patients who developed subsequent HCC. The authors
measured serum immune mediators in a cohort of 13
patients who developed HCC (10 occurrences and 3
recurrences) after DAA therapy and compared them to
10 matched controls who did not develop HCC during
the follow-up period. In this analysis, the level of TNF
α decreased 4 wk after DAA treatment in the controls,
while it remained stable in patients who developed HCC.
This observation suggests that the persistence of high
levels of TNF-α may be involved in the development of
[65]
HCC .
[66]
Ono et al
suggested that the persisting risk of
hepatocellular carcinoma after curing HCV could be moni
tored by a liver transcriptome signatures. They underlined
the necessity to identify a predictive molecular biomarker
to stratify the risk of HCC after surgical resection. Finally,
[67]
a recent study by Villani et al supported this idea by
demonstrating that during treatment with DAAs, an an
giogenesis inducer (vascular endothelial growth factor)
increased significantly and remained elevated for 3 mo
after DAA treatment. Most of these theories remain to
be confirmed and further studies are urgently needed to
better understand the biological mechanisms underlying
the hepatocarcinogenesis following viral eradication.
[68]
Faillaci et al analysed RNA extracted from hepatic
tissue of 242 patients (of whom 183 with cirrhosis)
treated with DAAs and showed that Angiopoietin-2 levels
were significantly higher in patients with recurrent (n
= 14) and de novo HCC (n = 21) in comparison with
those without HCC. Moreover, they demonstrated that
DAAs are not per se able to determine the occurrence or
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recurrence of HCC, but that the DAA-mediated increase
in VEGF acts as a trigger in predisposed patients, namely
those with severe fibrosis and splanchnic collateralization,
who already have abnormal activation in liver tissues
of neo-angiogenetic pathways, as shown by increased
Angiopoietin-2. Therefore, we can postulate that the
combination of the clinical and biologic risk factors could
give us the unique possibility of selecting the patients at
[68]
real risk of developing HCC after DAAs .
For all these reasons, the use of serum biomarkers for
HCC detection and follow-up, as currently recommended
only by Asiatic guidelines, is becoming a necessity.
Several microRNAs or others epigenetic molecules have
been proposed for HCC detection, but the absence of a
standardized method for their quantification is a major
technical concern regarding the use of microRNAs as
[69]
reliable markers .
In conclusion, patients with HCV cirrhosis who succes
sfully underwent resection or ablation for HCC must
undergo DAA therapy to prevent liver disease progres
sion and decompensation. No accurate scientific evidence
supports an increased risk of HCC recurrence.

CONCLUSION
In summary, in this review, we analysed the published
data on the risk of developing HCC after DAA therapy,
measured as the risks of occurrence and recurrence.
The available data are conflicting, and the studies show
different and relevant methodological limitations. There
fore, drawing definitive conclusions from these studies
is difficult. On the other hand, the use of DAAs does not
appear to increase the occurrence or recurrence of HCC.
Ongoing multicentre prospective studies should provide
some insight into this controversial issue. It has been
pointed out that there is not an adequate control group
for patients treated with DAAs because the population is
very different from the historical population of untreated
or IFN-treated patients. Therefore, a longer follow-up
period and the selection of patients for making a control
group is required to establish whether there is a real
risk of HCC with IFN-free therapy or, inversely, if there
is a real advantage of this new antiviral drug in terms of
HCC occurrence and recurrence. Therefore, it is prudent
to wait at least 12 mo after complete HCC response to
initiate DAA therapy.
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AIM
To determine a panel of serum microRNAs (miRNAs)
that could be used as novel biomarkers for diagnosis of
hepatocellular carcinoma (HCC).
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there is no professional or other personal interest of any nature
in any product, service and/or company that could be construed

METHODS
We initially screened 9 out of 754 serum miRNAs by
TaqMan Low Density Array in two pooled samples
respectively from 35 HCC and 35 normal controls, and
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then validated individually by RT-qPCR in another 114
patients and 114 controls arranged in two phases. The
changes of the selected miRNAs after operation and
their prognostic value were examined.

advancement of diagnosis and treatment techniques for
liver cancer, many patients have been diagnosed with
liver cancer at early stages, and the detected tumors
have been surgically removed, yielding a timely and
effective treatment. However, statistics indicate that
although the one-year survival rate of radical resection of
hepatocellular carcinoma has increased from 39.3% to
87.0%, the 5-year survival rate after surgery is still only
15%-40%, and 62%-82% of patients relapse within two
[5]
years .
MicroRNAs (miRNAs), are small, single-stranded
RNAs of approximately 19-23 nucleotides in length. They
are often located in noncoding regions of the genome
and are highly conserved across evolution, allowing the
regulation of gene expression at the post-transcriptional
level. MiRNAs are extensive and diverse in eukaryotes,
and they represent a group of noncoding RNAs. Several
studies have found that miRNAs can resist the effects of
RNase and are stably present in serum; additionally, the
expression profiles of miRNAs in the serum of normal
[6-10]
and cancer patients are significantly different
. MiRNAs
appear to be useful biomarkers for cancer. As the 5-year
survival rate of HCC patients is very poor, it is equally
important to evaluate the prognostic or therapeutic effi
cacy such biomarkers. However, few studies of HCC to
date analyze the dynamic changes of miRNA in patient
serum.
In this study, Illumina next-generation sequencing
(NGS) and reverse transcriptional quantitative PCR (RTqPCR) were used to characterize the genome-wide
miRNA expression profiles in sera from HCC patients and
control groups, identifying a panel of serum miRNAs that
could be used as novel biomarkers for diagnosis of HCC.

RESULTS
miR-375, miR-10a, miR-122 and miR-423 were found to
be significantly higher in HCC than in controls (P < 0.0001),
and the area under the receiver-operating-characteristic
curve for the 4-miRNA panel was 0.995 (95%CI: 0.985-1).
All the four miRNAs were significantly reduced after
surgical removal of the tumors (P < 0.0001), while still
higher than normal controls (at least P < 0.05)
CONCLUSION
The four serum miRNAs (miR-375, miR-10a, miR-122 and
miR-423) could potentially serve as novel biomarkers for
the diagnostic and prognostic of HCC.
Key words: hepatocellular carcinoma; microRNAs; serum;
biomarker; diagnosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aimed to determine a panel of serum micro
RNAs (miRNAs) that could be used as novel biomarkers
for diagnosis of hepatocellular carcinoma (HCC). After
TaqMan Low Density Array screening, and validation by
RT-qPCR in two phases, we demonstrated that the four
serum miRNAs (miR-375, miR-10a, miR-122 and miR-423)
could potentially serve as novel biomarkers for the
diagnostic and prognostic of HCC.
An Y, Gao S, Zhao WC, Qiu BA, Xia NX, Zhang PJ, Fan ZP.
novel serum microRNAs panel on the diagnostic and prognostic
implications of hepatocellular carcinoma. World J Gastroenterol
2018; 24(24): 2596-2604 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i24/2596.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i24.2596

MATERIALS AND METHODS
Samples

A total of 149 patients with HCC, 20 patients with liver
cirrhosis and 15 patients with chronic hepatitis were
treated from 2013 to 2016. All patients were newly
diagnosed. Eighty of these patients had tumor resection
before any adjuvant treatment. None of the patients in
this study had acute infections or other types of cancer.
In addition, 146 people who did not display any signs
of disease at the time of participation in the physical
examination were collected as noncancer controls. All
participants have signed informed consent documents,
and this study was approved by the ethics committee of
hospital.
The preoperative serum of HCC patients was collected
upon admission to the hospital, and the postoperative
serum was collected 7 days after operation. Each patient
had 5 mL of venous blood drawn, which was then cen
trifuged at 3000 × g for 5 min at 20 ℃. The samples
were then stored at -80 ℃ until analysis.

INTRODUCTION
[1,2]

According to the World Health Organization (WHO) ,
hepatocellular carcinoma (HCC) is the fifth most com
mon malignancy in the world and the second leading
cause of cancer-related deaths. HCC is one of the
most common malignancies in China. Because early
diagnosis is difficult, it often goes undetected, and once
diagnosed, more than half of patients find themselves
with HCC in the middle and late stages of the disease.
If patients with liver cancer are not treated, the average
survival time is approximately 3 mo. Thus, liver cancer
[3]
remains one of the worst malignant tumors . Despite
this, early detection, early diagnosis, and early surgical
treatment are still the keys to improved clinical outcomes
[4]
in liver cancer treatment . In recent years, with the
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instructions using the hydrolysis probe-based qRT-PCR using
7300 Sequence Detection System (Applied Biosystems).
Reverse transcription was carried as previously de
[8]
scribed . The reaction mixtures were incubated at 16 ℃
for 15 min, followed by 42 ℃ for 1 h and 85 ℃ for 5 min.
Samples were then held at 4 ℃ for cDNA synthesis. The
[8]
qRT-PCR was performed as previously described . All
experiments were carried out in triplicate. The qRT-PCR
data was normalized to a combination of let-7d, let-7g
and let-7i (let-7d/g/i) serving as an internal reference
[12,13]
-ΔΔCq
as previously described
. The 2
method was
[12,14]
performed to calculate the relative levels of miRNAs
.

of sera from 35 HCC patients and 35 controls (400 μL
each) with a similar age and sex distribution were pooled
separately to form the case and control sample pools
(each pool contained 14 mL total sera). Total RNA from
each serum sample pool was extracted using TRIzol
(Invitrogen, Carlsbad, CA, United States) according to
the manufacturer’s instructions. The aqueous phase was
extracted and then subjected to a 3-step acid phenol/
chloroform purification to remove proteins, followed by
isopropanol precipitation. The RNA pellet was solubilized
in 30 μL of ribonuclease-free (RNase-free) water. RNA
was then quantified using a NanoDrop 2000 UV-Vis
spectrophotometer (Thermo Fisher Scientific Inc). The
amounts of the two RNAs extracted were 8.5 mg and 7.8
mg, respectively.
For RT-qPCR analysis, total RNA was extracted from
100 μL of serum. Briefly, 300 μL of RNase-free water was
mixed into 100 μL of each serum and then mixed with
200 μL of acidic phenol and 200 μL of chloroform. The
mixture was vortex-mixed vigorously and then incubated
at room temperature for 15 min. After centrifugation at
12000 × g for 20 min at 4 ℃, the phases were separated,
and the aqueous layer was mixed with 2 volumes of
isopropanol and 1/10 volume of 3 mol/L sodium acetate
(pH 5.3) and then stored at 20 ℃ for 1 hour. After
precipitation, samples were centrifuged at 16000 × g
for 20 min at 4 ℃ to collect the RNA pellet, followed by
washing once with 75% (V/V) ethanol and drying at
room temperature for 10 min. Finally, 20 μL of RNasefree water was added to solubilize the RNA pellet, and
then, the samples were stored at -80 ℃ until further
analysis.

Statistical analysis

We performed statistical analyses using SPSS 16.0. The
data were expressed as the mean ± standard deviation
(SD). Differences in variables between two groups
2
were compared using a student’s t-test or two-sided χ
test, and P-value of < 0.05 was considered statistically
significant. To evaluate the selected miRNAs’ predictive
power, receiver-operating-characteristic (ROC) curves
were also constructed and the area under the ROC curves
(AUC) was calculated. Furthermore, to evaluate the
associations between miRNAs and HCC, we performed
[9]
a risk score analysis as previously described . The risk
[9]
score analysis was performed as previously described .
For each miRNA, according to a linear combination model
of the expression level, a risk score function (RSF) to
predict HCC was defined. There is an equation for the
7
RSF for sample i: rsfi=Σ j-1Wj.sij. In this equation, for a
miRNA j, the weight of its risk score is represented as
Wj, and its risk score in sample i is represented as sij.
To determine the Ws, four univariate logistic regression
models were fitted to each of the risk scores using the
[15,16]
disease status
. To indicate a miRNAs’ contribution
to the RSF, we used the regression coefficient of risk
score as the weight. Samples were ranked according
to their RSF and then divided into a high-risk group,
representing the predicted HCC cases, and a low-risk
group, representing the predicted control individuals.
To evaluate the diagnostic effects of the miRNA panel,
frequency tables and ROC curves were analyzed to find
an appropriate cutoff point.

TLDA

MicroRNA profiling was performed on 754 different
human microRNAs using the TLDA (TaqMan Array
Human MicroRNA A+B Cards Set v3.0) (Life Tech
nologies). First, reverse transcription was performed
using the TaqMan MicroRNA Reverse Transcription Kit
and Megaplex RT Primers. Briefly, 3 μL of total RNA
was added to 4.5 μL of the RT reaction mix (Megaplex
RT Primers 10 ×, RNase Inhibitor 20 U/μL, MultiScribe
Reverse Transcriptase 50 U/μL, 10 × RT Buffer, dNTPs
with dTTP 100 mmol/L, nuclease-free water and MgCl2
25 mmol/L). Reverse transcription was performed in a
thermal cycler (Applied Biosystems) after reactions were
incubated on ice for 5 min. After reverse transcription, we
performed a pre-amplification to increase the sensitivity
of TLDA, using the 7900 HT Fast Real-Time PCR System
[11]
(Applied Biosystems) . The concentrations of miRNAs
are presented as threshold cycle (Cq) values, and the
calculated ΔCq of each miRNA is normalized to an
internal reference suggested by the manufacturer. The
-ΔΔCq
equation 2
was used to calculate the fold changes in
miRNA expression.

RESULTS
Expression profile of serum miRNAs by TLDA

To determine the set of effective miRNAs that would be
useful as biomarkers for monitoring tumor dynamics
and diagnosing and forecasting the prognosis of HCC,
we designed a case control study (Figure 1, Table 1).
In total, 35 HCC and 35 normal control serum samples
were pooled to analyze the expression of miRNA using
TLDA. A miRNA was considered upregulated if its Cq
value was < 25 in HCC and its concentration showed >
2-fold (overexpressed in HCC compared to the control).
Comparative analysis of all 754 miRNAs revealed that
53 miRNAs (7.03%) were differentially expressed in the

Quantification of miRNAs by RT-qPCR analysis

qRT-PCR was performed according to the manufacturer’s
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Table 1 Demographic and clinical features of the hepatocellular carcinoma patients and normal controls n (%)
Variables
Average age (yr)
Age (yr)
≤ 59
> 59
Sex
Male
Female
Alcohol consumption
Ever or Current
Never
TNM Stage

Normal controls (n = 149)

P value

52.7 ± 10.84

51.5 ± 8.26

0.3101
0.1582

56 (37.6)
93 (62.4)

68 (45.6)
81 (54.4)

101 (67.8)
48 (32.2)

89 (59.7)
60 (40.3)

104 (69.8)
45 (30.2)

89 (59.7)
60 (40.3)

0.1482

0.0692

5 (3.4)
12 (8.0)
53 (35.6)
63 (42.3)
14 (9.4)
2 (1.3)

Ⅰ
Ⅱ
ⅢA
ⅢB
ⅣA
ⅣB
Differentiation grade
High
Middle
Low
1

HCC (n = 149)

25 (16.8)
81 (54.4)
43 (28.9)

Student-t test; 2 Two-sided χ test. HCC: Hepatocellular carcinoma.
2

Biomarker-screening phase: TaqMan Low Density Arrays on
two pooled samples respectively from 35 HCC and 35 controls
miRNAs have change 35-fold and Cq value < 25

Biomarker-validation phase: TaqMan probe-based RT-qPCR of
individual serum (84 HCC and 84 controls)
miRNAs with a P value < 0.0001, Cq value < 35, and detection rate > 75%

The profile of 4 serum miRNAs as novel potential biomarker
for HCC diagnosis
ROC curve analysis, Risk score analysis

Biomarker-testing phase:
To confirm the validation
phase (30 HCC and
30 controls)

Compare patients before
and after operation
(n = 80)

Biomarker-testing phase:
To test whether the
selected miRNAs are
HCC specific (20 liver
cirrhosis, 15 chronic
hepatitis and 20 controls)

Figure 1 A flow chart of the experimental design. HCC: Hepatocellular carcinoma; ROC: Receiver-operating-characteristic curve.

HCC set. The miRNAs that had Cq values that were < 25
and had expression levels in HCC more 35-fold higher
than those of the normal controls were selected for
additional RT-qPCR validation. Finally, 9 miRNAs including
miR-375, miR-10a, miR-23a, miR-125b, miR-122, miR320a, miR-320b, miR-99a and miR-423 were selected for
further analyses.

a single sample in the pooled sample of the two groups
measuring abnormally for a particular miRNA. Therefore,
the array results needed to be validated using RT-qPCR
analysis performed at the individual serum sample level.
The 9 most dramatically differentially expressed miRNAs
in TLDA were further examined in an independent cohort
of 84 HCC patients using an individual RT-qPCR assay. As
a result, 4 serum miRNAs (miR-375, miR-10a, miR-122
and miR-423) were found to be statistically significantly
over expressed in HCC patients compared with those of
the normal controls (at most P < 0.0001) (Figure 2A-D),

Confirmation of miRNA production by RT-qPCR analysis

Although the TLDA is a RT-PCR-based assay, some
inaccuracy in the measured Cq values is possible, due to
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Table 2 Risk score analysis of hepatocellular carcinoma patients and normal controls
Score
Normal subject (n = 84)
HCC (n = 84)
Total

0-2.258

> 2.258

PPV

76
11
87

8
73
81

0.90

NPV
0.87

HCC: Hepatocellular carcinoma; PPV: Positive predictive value; NPV: Negative predictive value.
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A

Figure 2 Relative contents of the selected four miRNAs in the sera from patient with hepatocellular carcinoma in the validation phase. The asterisks indicate
significant differences from normal controls (P < 0.05). eP < 0.001. NC: Normal controls; HCC: Hepatocellular carcinoma.

and 3 miRNAs (miR-23a, miR-125b and miR-99a) were
also increased in HCC patients but were not statistically
significant. While the other 2 serum miRNAs (miR-320a
and miR-320b) tended to be decreased in HCC patients,
none of them showed a statistically significantly decrease
in expression.
In another validation cohort including 30 HCC patients
and 30 matched controls, we examined the expression of
these 4 miRNAs by RT-qPCR. The results demonstrated
that the 4 serum miRNAs were significantly increased
in HCC cases over that seen in the controls (at least P <
0.05), similar to the former cohort.

individual five serum miRNAs to assess the diagnostic
value of each for discriminating between HCC and
normal subjects in a validation cohort. The AUCs for
these miRNAs were 0.918, 0.838, 0.898 and 0.871,
respectively (Figure 3A-D). The ROC curve for the panel
demonstrated a remarkable accuracy for the diagnosis
of HCC, demonstrated by an AUC of 0.995 (95%CI:
0.985-1), which was much larger than the AUC values
for each of the 4 individual miRNAs (Figure 3E). We
then performed a risk score analysis to further evaluate
the potential of these 4 miRNAs for distinguishing HCC
patients from normal controls. In the validation phase,
the cutoff value was 2.258, and 8 healthy controls had
a risk score < 2.258, while 73 of the 84 HCC patients
exhibited a risk score > 2.2584 (Table 2).

Diagnostic accuracy of the selected serum miRNAs

Next, we conducted ROC curve analyses on each of the
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Figure 3 Sensitivity and specificity of the four-miRNA and their panel in the validation phase set. HCC: Hepatocellular carcinoma; ROC: Receiver-operatingcharacteristic curve; AUC: Area under the ROC curve.

To identify the specificity of the miRNAs selected in
an additional validation cohort for HCC, we also tested
the expression of these miRNAs in the serum of patients
with liver cirrhosis and chronic hepatitis. We found that
miR-10a and miR-122 were significantly increased in the
serum of patients with chronic hepatitis compared with
those of the normal controls (P < 0.001), while there was
no significant difference between patients and normal
controls for the expression of the two other miRNAs.

tematically and found a new miRNA panel (miR-10a,
miR-122, miR-375 and miR-423) that can distinguish
HCC patients from normal controls effectively and that
is significantly downregulated after surgery. It has been
reported previously that miR-21, miR-122, mi-125a/b,
miR-199a/b, miR-221, miR-222, miR-223, miR-224,
miR-16-2-3p, miR-92a-3p, miR-107, and 3126-5p were
all significantly altered in HCC patients compared with
[17-20]
those of the controls
. In contrast, we found that
the 4-miRNA panel in our study had a high AUC of ROC
curves at 0.995. We also measured the expression of
these miRNAs in the serum of patients with liver cirrhosis
and chronic hepatitis and found that while miR-10a and
miR-122 were significantly increased in the serum of
patients with chronic hepatitis compared with those of
normal controls (P < 0.001), there was no significant
difference between the patients and normal controls in
the expression of the two other miRNAs. Therefore, for
diagnosis of HCC, the 4-miRNA panel discovered by our
work is more specific than any single miRNA.
To date, there have been few reports about the dif
ferential expression of miRNAs in paired postoperative
and preoperative plasma/serum samples from HCC
patients. We compared the level of expression of the
4 miRNAs in paired serum samples before and after
surgery in a large cohort (n = 80) of HCC patients and

Expression of the four HCC diagnostic miRNAs after
surgery

Next, we examined whether the four miRNAs could be
used to assess tumor dynamics in patients with HCC. The
expression of these miRNAs in serum samples that were
divided into two paired groups was compared before and
after surgery in 80 HCC patients. We found that the four
miRNAs were all reduced after operation significantly
(P < 0.0001) but still were higher than in the normal
controls (at least P < 0.05) (Figure 4A-D).

DISCUSSION
In this study, through the use of a TaqMan Low Density
Array (TLDA) and individual RT-qPCR validations, we
examined the expression of serum miRNA in HCC sys
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Figure 4 Relative contents of the four serum miRNAs in sera from hepatocellular carcinoma patients before and after surgery. A-D: The contents of four
miRNAs including miR-10a, miR-122, miR-375 and miR-423 in paired serum samples of 80 HCC patients before and 7-10 d after an operation were assayed by RTqPCR assay. The relative levels of miRNAs were normalized to let-7-d/g/i and calculated using the 2-ΔΔCq method.
[30]

found that expression of all 4 was reduced significantly
after surgery but was still higher than in the normal
controls. Therefore, the 4 miRNAs were considered
effective to monitor the tumor dynamics of HCC pa
tients. Studies show that there are some tumor-derived
[10,21-23]
miRNAs
, and serum miRNAs secreted by tissues
[3]
and circulating cells affected by this disease . In
cancer patients, the major reason for differential miRNA
expression profiles may be the passive or active release
of miRNAs by tumor cells. Although the levels of these 4
miRNAs in the serum after surgery did not return to basal
levels, their expression levels were significantly reduced
after surgery, demonstrating to some extent that tumors
can secrete or release some miRNAs. However, further
research is needed to confirm this.
In primary colorectal cancer (CRC), matrix metallo
proteinase 14 (MMP14) and actin gamma 1 (ACTG1)
were validated as target genes of miR-10a in CRC cells,
and miR-10a can promote migration and invasion in
vitro. miR-10a inhibited metastasis in vivo by regulating
[24]
the epithelial-to-mesenchymal transition and anoikis .
Anti-dsDNA IgG Ab downregulated miR-10a expression in
human mesangial cells (HMCs), resulting in the induction
of various target genes involved in HMC proliferation and
[25]
chemokine expression . MiR-10a contributes to NSCLC
[26]
by targeting PTEN . There are also many studies on
the role of miR-122 in hepatic diseases. A novel hepatitis
B virus (HBV) mRNA-miR-122-PBF regulatory pathway
that facilitates malignant hepatocyte growth and invasion
in chronic hepatitis B (CHB) that may contribute to CHBinduced HCC development and progression has been
[27]
reported recently . Inflammation-induced miR-122
downregulation in hepatitis contributes to carcinogenesis,
and it has been suggested that increasing miR-122 may
be an effective strategy for preventing HCC development
[28]
in CHB patients . MiR-375 was involved in the Hippo
pathway by targeting YAP1-TEAD4-CTGF axis to regulate
[29]
the progress of gastric tumorigenesis
and may be
negatively regulated by Snail and involved in gastric
cancer cell migration and invasion by potentially targeting
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JAK2 . MiR-423 functions as an oncogene in glioma
tissues by suppressing ING-4, and it has been implicated
that it has therapeutic potential for the treatment of
[31]
glioma . Mir423 can also induce endoplasmic reticulum
(ER) stress and oxidative stress by inhibiting GSTM1
[32]
and can suppresses repair after acute kidney injury .
Further investigation of these 4 miRNAs (miR-10a,
miR-122, miR-375 and miR-423), including identifying
the target genes and mechanisms involved in their
altered expression is necessary for understanding
the significance of their differential expression in HCC
patients. However, there are still some limitations in
our study. First, the specificity of AFP which were used
often to evaluate the diagnostic value of HCC, but our
diagnostic model were not compared with AFP. Second,
the sample size was relatively small in our study, more
samples are needed to evaluate the diagnostic value.
Third, the target gene of the selected miRNAs were not
detected.
When an RT-qPCR assay is performed, proper nor
malization by using a stably expressed internal reference
gene is critical for accurately quantifying RNA levels. To
date, no consensus on endogenous gene controls has
been established in the study of circulating miRNAs.
Different studies have used different genes as their endo
genous controls, such as RNU6B, RNU44, RNU48, and
[33,34]
miR-16
, with different results in each case. In this
study, to normalize serum miRNAs, we employed the
combination of let-7d, let-7g and let-7i as reference genes,
the approach of which is statistically superior to a single
reference gene and can better correct for experimental
[9]
changes . Results demonstrated that between the HCC
and control groups, let-7d/g/i remained relatively steady.
In summary, we found a novel serum miRNA panel
(miR-10a, miR-122, miR-375 and miR-423) diagnostic
for HCC, and all 4 of these serum miRNAs were increased
in HCC patients compared to the levels in normal con
trols. Specifically, we have also demonstrated that these
4 miRNAs may serve as biomarkers for predicting the
prognosis of HCC.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

8

Detection, diagnosis, and surgical treatment are the key to the improvement of
liver cancer treatment. However, there is little extensive analysis of the dynamic
changes and prognostic value of serum microRNAs (miRNAs) in hepatocellular
carcinoma (HCC) patients.

Research motivation

9

miRNAs can be used as useful biomarkers for cancer. With a very poor 5-year
survival rate in HCC, markers to assess prognosis or treatment effect are
equally important.

Research methods

10

TaqMan Low Density Array was used to screen in two pooled serum samples
respectively from 35 HCC and 35 normal controls, and then the screened
miRNAs were validated individually by RT-qPCR in two phases. The selected
miRNAs after operation and their prognostic value were also evaluated.

Research results

miR-375, miR-10a, miR-122 and miR-423 were found to be significantly higher
in HCC than in controls, and tAUC for the 4-miRNA joint diagnostic panel was
0.995 (95%CI: 0.778-0.934). The four miRNAs were significantly decreased
after surgical removal, but still was higher than normal controls.

11

Research conclusions

12

Research perspectives

13

The four serum miRNAs (miR-375, miR-10a, miR-122 and miR-423) could
potentially serve as novel biomarkers for the diagnostic and prognostic of HCC.

This study provides an effective and non-invasive detection method for the
detection of HCC, however, more samples and the early detection value should
be investigated in the future study.
14
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Abstract

Institutional review board statement: Our data are from
microarrays downloaded from Gene Expression Omnibus (GEO,
https://www.ncbi.nlm.nih.gov/geo/), which are not related to
human tissues or animals. Therefore, “Institutional review board
statement” is not needed.

AIM
To discover methylated-differentially expressed genes
(MDEGs) in hepatocellular carcinoma (HCC) and to ex
plore relevant hub genes and potential pathways.
METHODS
The data of expression profiling GSE25097 and methy
lation profiling GSE57956 were gained from GEO Data
sets. We analyzed the differentially methylated genes
and differentially expressed genes online using GEO2R.
Functional and enrichment analyses of MDEGs were
conducted using the DAVID database. A protein-protein
interaction (PPI) network was performed by STRING and
then visualized in Cytoscape. Hub genes were ranked by
cytoHubba, and a module analysis of the PPI network was
conducted by MCODE in Cytoscape software.
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RESULTS
In total, we categorized 266 genes as hypermethylated,
lowly expressed genes (Hyper-LGs) referring to endo
genous and hormone stimulus, cell surface receptor linked
signal transduction and behavior. In addition, 161 genes
were labelled as hypomethylated, highly expressed genes
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(Hypo-HGs) referring to DNA replication and metabolic
process, cell cycle and division. Pathway analysis illus
trated that Hyper-LGs were enriched in cancer, Wnt, and
chemokine signalling pathways, while Hypo-HGs were
related to cell cycle and steroid hormone biosynthesis
pathways. Based on PPI networks, PTGS2 , PIK3CD ,
CXCL1 , ESR1 , and MMP2 were identified as hub genes for
Hyper-LGs, and CDC45 , DTL , AURKB , CDKN3 , MCM2 , and
MCM10 were hub genes for Hypo-HGs by combining six
ranked methods of cytoHubba.

surgical and treatment approaches, most HCC patients
are usually diagnosed at an advanced stage of cancer
progression with a low 5-year survival rate and poor
[3,4]
prognosis . Therefore, a better understanding of the
molecular mechanisms and functional pathways of HCC
and the development of new critical gene targets for
early HCC detection are urgently needed.
Tumor epigenetics, acknowledged as inherited modi
fications in gene expression, encompasses DNA methy
[5]
lation, noncoding RNA, and histone acetylation . DNA
methylation is the main epigenetic modification, affecting
independent loci in gene transcriptional regulation and
preserving genome stability. A variety of tumors have
a special deregulation signature that is characterized
[6]
by aberrant DNA methylation . Altered methylation in
DNA sequences, including hypomethylation of oncogenes
and hypermethylation of tumor suppressor genes, are
regarded as a key event in carcinogenesis, including in
[7-9]
HCC . Thus, the detection of methylated-differentially
expressed genes (MDEGs) and a better understanding
of their characteristics may be useful for discovering the
molecular mechanism and pathogenesis of HCC.
Previous studies have shown by analyzing profiling
arrays that the pathogenesis of HCC is a complicated
biological process involving epigenetic and genetic
[10-12]
changes
. However, most of the above studies mainly
focused on either gene expression or methylation data
and did not perform a conjoint analysis. Methylated ex
pressed genes can be detected concurrently by joining
gene expression and methylation microarray data, thus
allowing us to identify more accurately biological char
[13,14]
acteristics of HCC
. In the present study, we explored
the interaction network of differentially expressed genes
(DEGs) and differentially methylated genes (DMGs) along
with interrelated signalling pathways in HCC by analyzing
the expression profile of gene expression microarray
data (GSE25097) and gene methylation microarray data
(GSE57956) using bioinformatics tools. We aimed to
identify novel insights into the biological characteristics
and pathways of MDEGs in HCC and make notional
viewpoints available for the development and progression
of HCC.

CONCLUSION
In the study, we disclose numerous novel genetic and
epigenetic regulations and offer a vital molecular ground
work to understand the pathogenesis of HCC. Hub genes,
including PTGS2 , PIK3CD , CXCL1 , ESR1 , MMP2 , CDC45 ,
DTL , AURKB , CDKN3 , MCM2 , and MCM10 , can be used
as biomarkers based on aberrant methylation for the
accurate diagnosis and treatment of HCC.
Key words: Hepatocellular carcinoma; Methylation; Gene
expression; Bioinformatics analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We explored methylated-differentially expressed
genes in hepatocellular carcinoma (HCC) using a series
of bioinformatics databases and tools. In total, we
categorized 266 genes as hypermethylated, lowly ex
pressed genes (Hyper-LGs) referring to endogenous and
hormone stimulus, as well as 161 hypomethylated, highly
expressed genes (Hypo-HGs) referring to DNA replication
and metabolic process. Pathway analysis showed HyperLGs were mainly enriched in cancer, while Hypo-HGs
were essentially related to cell cycle. Finally, we identified
hub genes that might be utilized as biomarkers based
on aberrant methylation, which might be useful for the
accurate diagnosis and treatment of HCC.
Sang L, Wang XM, Xu DY, Zhao WJ. Bioinformatics analysis
of aberrantly methylated-differentially expressed genes and
pathways in hepatocellular carcinoma. World J Gastroenterol
2018; 24(24): 2605-2616 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i24/2605.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i24.2605

MATERIALS AND METHODS
Microarray data

We identified MDEGs between adjacent non-tumor
samples and HCC samples by analyzing mRNA micro
array and methylation profiling datasets. One gene
expression profiling dataset, GSE25097, and another
gene methylation dataset, GSE57956, were downloaded
from Gene Expression Omnibus (GEO, https://www.ncbi.
nlm.nih.gov/geo/). In total, 243 adjacent non-tumor
samples and 268 HCC tumor samples were registered in
GSE25097 (platform: GPL10687 Rosetta/Merck Human
RSTA Affymetrix 1.0 microarray, Custom CDF). For
the gene methylation microarray data, GSE57956 was
comprised entirely of 59 adjacent non-tumor tissues
and 61 HCC tumor tissues [platform: GPL8490 Illumina

INTRODUCTION
Hepatocellular carcinoma (HCC), as the most frequent
type of liver cancer, is one of the main aggressive ma
lignant cancers worldwide and the third leading cause of
[1,2]
cancer-related deaths . HCC embodies a complicated,
multi-step disease, and the processes involved are
related to genomic amplifications, deletions, insertions,
or mutations to induce a series of epigenetic and genetic
alterations. Despite significant advances in early diagnosis
and interventional therapies with the development of
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Methylation database

Expression database

GSE51287

GSE26886
DEGs (1873)

DMGs (7242)

Hypermethylation (2652)

Hypomethylation (4590)

High-expression (676)

Low-expression (1197)

Hypo-HGs (161)
Hyper-LGs (266)

Gene ontology

KEGG pathway

Protein-protein ineraction

Figure 1 Flowchart of bioinformatics analysis. DMGs: Differentially methylated genes; DEGs: Differentially expressed genes; Hyper-LGs: Hypermethylated, lowly
expressed genes; Hypo-HGs: Hypomethylated, highly expressed genes.

HumanMethylation27 BeadChip (HumanMethylation27_2
70596_v.1.2)].

for the Retrieval of Interacting Genes/Proteins, http://
string-db.org/) database. STRING is an online database
[18]
used to predict PPI , which is essential for recognizing
the mechanisms of cell activities at the molecular
level in cancer progressions. The cut-off standard was
defined as an interaction score (median confidence) of
0.4. Consequently, the PPI network was visualized by
Cytoscape (http://www.cytoscape.org/), and hub genes
were ranked by cytoHubba. Molecular Complex Detection
(MCODE) analysis was performed to screen modules
within the PPI network in Cytoscape software. A MCODE
score > 4 and number of nodes > 5 were taken as the
criteria to define a module.

Data processing

We used an online tool, GEO2R (http://www.ncbi.
nlm.nih.gov/geo/geo2r/), to analyze the differential
expression by comparing two groups of samples across
setup conditions in a GEO series. In the study, we used
P < 0.05 and |fold change| > 2 as the cut-off standard
to define the DEGs and DMGs. “MATCH function” was
performed to categorize overlapping MDEGs between
the GSE25097 and GSE57956 data sets. Finally, over
lapping down-regulated and hypermethylation genes
were identified as hypermethylated, lowly expressed
genes (Hyper-LGs); similarly, overlapping upregulated and hypomethylation genes were considered
hypomethylated, highly expressed genes (Hypo-HGs).

RESULTS
Screening of MDEGs in HCC

Online analysis was performed by GEO2R software to
identify DEGs or DMGs. By comparing the 1873 DEGs
(676 up-regulated genes and 1197 down-regulated
genes) with the 7242 DMGs (2652 hypermethylated
genes and 4590 hypomethylated genes), we categorized
266 Hyper-LGs and 161 Hypo-HGs in GO, KEGG, and PPI
analyses. The flowchart is presented in Figure 1.

Functional and pathway enrichment analysis

DAVID (the database for annotation, visualization and
integrated discovery, https://david.ncifcrf.gov/) is an
online tool for functional annotation and enrichment
analysis to reveal biological features related to large gene
[15]
lists . Gene ontology (GO) analysis, including biological
process, cellular component, and molecular function, is
a main bioinformatics analysis method for annotating
[16]
genes . The Kyoto Encyclopedia of Genes and Genomes
(KEGG) is a database used to obtain high-level functions
and utilities of the biological system originated from
genome sequencing or high-throughput experimental
[17]
technologies . GO function and KEGG pathway enrich
ment analyses were performed for MDEGs using DAVID. A
P-value < 0.05 was considered as statistically significant.

GO functional enrichment analysis

GO enrichment analysis was performed by DAVID, and
the results are shown in Table 1. For Hyper-LGs, en
riched biological processes (BP) included response to
endogenous and hormone stimulus, cell surface receptor
linked signal transduction, and behavior. Cell component
(CC) mainly displayed extracellular region and plasma
membrane part, intrinsic to plasma membrane. Addition
ally, molecular function (MF) enrichment indicated glyco
saminoglycan, pattern and polysaccharide binding, and
protein tyrosine kinase activity as important related
processes. Hypo-HGs were enriched in BP of DNA repli
cation and metabolic process, cell division and cycle, and

Protein-protein interaction network generation and
module analysis

We built a protein-protein interaction (PPI) network of
Hyper-LGs and Hypo-HGs using the STRING (Search Tool
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Table 1 GO enrichment analysis of methylated-differentially expressed genes related with hepatocellular carcinoma
Term

Count

%

P value

Hyper-LGs

GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT

GO:0048545~response to steroid hormone stimulus
GO:0009725~response to hormone stimulus
GO:0007166~cell surface receptor linked signal transduction
GO:0009719~response to endogenous stimulus
GO:0007610~behavior
GO:0044421~extracellular region part
GO:0005886~plasma membrane
GO:0005576~extracellular region
GO:0044459~plasma membrane part
GO:0031226~intrinsic to plasma membrane
GO:0005539~glycosaminoglycan binding
GO:0004714~transmembrane receptor protein tyrosine kinase activity
GO:0001871~pattern binding
GO:0030247~polysaccharide binding
GO:0004713~protein tyrosine kinase activity

18
24
60
24
25
48
107
68
71
47
11
8
11
11
11

6.79
9.06
22.64
9.06
9.43
18.11
40.38
25.66
26.79
17.74
4.15
3.02
4.15
4.15
4.15

1.51E-08
3.15E-08
1.75E-07
1.89E-07
6.76E-07
1.97E-11
9.53E-10
1.10E-08
3.27E-08
1.22E-07
7.78E-05
8.88E-05
1.72E-04
1.72E-04
3.15E-04

Hypo-HGs

GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_BP_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_CC_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT
GOTERM_MF_FAT

GO:0006260~DNA replication
GO:0051301~cell division
GO:0051276~chromosome organization
GO:0006259~DNA metabolic process
GO:0007049~cell cycle
GO:0005694~chromosome
GO:0044427~chromosomal part
GO:0000793~condensed chromosome
GO:0000785~chromatin
GO:0044421~extracellular region part
GO:0030414~peptidase inhibitor activity
GO:0016849~phosphorus-oxygen lyase activity
GO:0009975~cyclase activity
GO:0004857~enzyme inhibitor activity
GO:0008092~cytoskeletal protein binding

10
12
15
15
19
14
12
7
8
19
6
3
3
7
10

6.25
7.50
9.38
9.38
11.88
8.75
7.50
4.38
5.00
11.88
3.75
1.88
1.88
4.38
6.25

6.22E-05
8.37E-05
1.41E-04
2.19E-04
2.44E-04
3.77E-04
1.01E-03
1.34E-03
2.77E-03
3.60E-03
1.24E-02
1.65E-02
1.80E-02
3.53E-02
3.83E-02

Category

Top five terms were listed on the basis of P value if over five terms in the category, Hyper-LGs (hypermethylated, lowly expressed genes), Hypo-HGs
(hypomethylated, highly expressed genes).

KEGG pathway analysis

The results of the KEGG pathway enrichment analysis
implied that Hyper-LGs demonstrated enrichment in path
ways of complement and coagulation cascades, dilated
cardiomyopathy, cancer, Wnt, and chemokine signalling
pathways. Hypo-HGs were significantly involved in cell
cycle and steroid hormone biosynthesis pathways (Table
2).

using cytoHubba. A total of five and six hub genes were
identified for Hyper-LGs and Hypo-HGs, respectively,
by overlap of the top 10 genes according to six ranked
methods in cytoHubba (Tables 3 and 4). Hyper-LGs were
annotated as prostaglandin-endoperoxide synthase 2
(PTGS2), phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit delta (PIK3CD), C-X-C motif chemokine
ligand 1 (CXCL1), estrogen receptor 1 (ESR1), and ma
trix metallopeptidase 2 (MMP2). Hypo-HGs were anno
tated as cell division cycle 45 (CDC45), denticleless E3
ubiquitin protein ligase homolog (DTL), Aurora kinase B
(AURKB), cyclin dependent kinase inhibitor 3 (CDKN3),
minichromosome maintenance complex component 2
(MCM2), and minichromosome maintenance 10 replication
initiation factor (MCM10).

PPI network construction and cytoHubba analysis

Module analysis

chromosome organization. CC was mainly involved in
chromosome, chromatin, and and extracellular region
part. With regards to MF, enrichments were focused on
peptidase and enzyme inhibitor activity, phosphorusoxygen lyase and cyclase activity, as well as cytoskeletal
protein binding.

In total, four modules in the Hyper-LGs network and
three modules in the Hypo-HGs network were established
as statistically significant. The following GO and KEGG
pathways were analyzed (Table 5). Enrichment analyses
for the Hyper-LGs modules demonstrated that the
pathways are mainly associated with neuroactive ligand
and ECM-receptor interaction, axon guidance, and che
mokine signalling pathway. For Hypo-HGs modules,

MDEGs were analyzed by STRING. Ultimately, 264 nodes
and 456 edges and 159 nodes and 290 edges were
established in the Hyper-LGs and Hypo-HGs networks,
respectively. The PPI networks for Hyper-LGs and HypoHGs, as shown in Figures 2 and 3, exhibited significantly
more interactions than expected with a PPI enrichment
P-value < 1.0e-16. We then visualized the Hyper-LGs and
Hypo-HGs network in Cytoscape and selected hub genes
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Table 2 KEGG pathway analysis of methylated-differentially expressed genes related with hepatocellular carcinoma
Term

Count

%

P value

Gene

7

2.64

6.62E-03

KEGG_PATHWAY

hsa04610:Complement and coagulation
cascades
hsa05414:Dilated cardiomyopathy

7

2.64

2.50E-02

KEGG_PATHWAY

hsa05200:Pathways in cancer

15

5.66

2.94E-02

KEGG_PATHWAY

hsa04310:Wnt signaling pathway

9

3.40

3.16E-02

10

3.77

3.97E-02

hsa04110:Cell cycle

7

4.38

2.32E-03

hsa00140:Steroid hormone biosynthesis

3

1.88

9.07E-02

C7, CR1, CD55, THBD, MASP1, SERPINE1,
PLAUR
LAMA2, ITGA9, ADCY1, ADRB1, ITGB8,
ADCY5, TGFB3
FGFR2, PTGS2, FLT3, PIK3CD, FZD1,
TGFB3, MMP2, WNT2, LAMA2, RAC2,
NKX3-1, LAMC2, WNT11, HHIP, GSTP1
WNT2, SFRP5, NKD2, RAC2, PRICKLE1,
SFRP1, FZD1, WNT11, FOSL1
CXCL1, ADCY1, DOCK2, CCL23, RAC2,
TIAM1, ADCY5, PIK3CD, CCL19, CXCL6
CCNE2, E2F2, PRKDC, CDC20, MCM2, SFN,
PTTG1
CYP17A1, CYP7A1, UGT2B11

Category
Hyper-LGs KEGG_PATHWAY

KEGG_PATHWAY hsa04062:Chemokine signaling pathway
Hypo-HGs KEGG_PATHWAY
KEGG_PATHWAY

Top five terms were listed on the basis of P value if over five terms in the category, Hyper-LGs (hypermethylated, lowly expressed genes), Hypo-HGs
(hypomethylated, highly expressed genes).

enrichment analysis showed associations with the cell
cycle and chemokine signalling pathway. The visualized
genes of modules in the Hyper-LGs and Hypo-HGs
network are shown in Figure 4A-D and Figure 5A-C.

myopathy, cancer, Wnt, and chemokine signalling.
These pathways can promote tumor cell proliferation
and metastasis and alter the microenvironment in the
[20,21]
pathogenesis of HCC
.
Hypo-HGs in HCC were enriched in the BP of DNA
replication, the metabolic process, cell division and
cycle, and chromosome organization. MF of GO analysis
largely showed enrichments in peptidase and enzyme
inhibitor activity, phosphorus-oxygen lyase and cyclase
activity, and cytoskeletal protein binding. Previous re
search showed that the cell cycle played a critical role in
cancer by controlling cell division, and there are signifi
cant associations among cell proliferation, cell cycle
deregulation, and cell cycle-related kinase with HCC
[22,23]
incidence and metastasis
. In addition, cell cycle and
steroid hormone biosynthesis pathways were disclosed by
KEGG enrichment analysis in present study. It is plausible
that metabolites involved in sterol and sphingolipid
biosynthesis and phosphoinositides are related to the
[24]
development of HCC . In summary, understanding bio
logical processes and the signalling pathways involved in
MDEGs can help elucidate the pathogenesis of HCC and
identify new therapeutic targets.
Based on the PPI network generated for MDEGs, sig
nificantly more interactions than expected were observed
for Hyper-LGs and Hypo-HGs, with a PPI enrichment
P-value < 1.0e-16, and a number of MDEGs appear to
be involved in the development and progression of HCC.
Finally, we visualized the networks in Cytoscape and
identified hub genes for Hyper-LGs using cytoHubba in
Cytoscape software: PTGS2, PIK3CD, CXCL1, ESR1, and
MMP2. PTGS2 is a proinflammatory enzyme induced
by prostaglandins involved in cell proliferation, tumori
[25]
genesis, progression, and metastasis
. The PTGS2
gene is commonly up-regulated and plays a role in
apoptosis and proliferation of cells in numerous types
[26,27]
of cancers
. It is noteworthy that one meta-analysis
showed that the HCC susceptibility is associated with
[28]
a PTGS2 variant . PIK3CD is a protein coding gene

DISCUSSION
The occurrence and development of HCC is a complex
and multistage process that involves multiple molecular
changes of cumulative genetic and epigenetic disorders.
As with many other tumors, epigenetic disturbances
contribute significantly to the etiology of HCC, especially
DNA methylation. Overall, identifying biomarkers in
complex diseases, such as HCC, contributes to our
understanding of the pathogenesis and diagnosis of dis
[12]
eases . In this study, we identified 266 Hyper-LGs and
161 Hypo-HGs by utilizing public datasets and online
bioinformatics tools to analyze microarray profiling data
of gene expression (GSE25907) and gene methylation
(GSE57956) in HCC. The findings of the interaction net
work disclosed that the related genes may be involved in
molecular regulation of important pathways associated
with the development and progression of HCC. Func
tional and enrichment analyses of the genes verified
definite pathways, as well as hub genes associated
with methylation, which may offer novel viewpoints for
revealing the pathogenesis of HCC.
In view of the analysis in DAVID, Hyper-LGs in HCC,
GO enrichment analysis demonstrated BP included
response to endogenous and hormone stimulus, cell
surface receptor linked signal transduction, and behavior.
One fundamental endogenous genotoxic stimulus could
[19]
cause DNA damage response in cancers . MF enrichment
indicated glycosaminoglycan, pattern and polysaccharide
binding, and protein tyrosine kinase activity. Previous
studies reported that receptor tyrosine kinases restrained
[20]
tumor angiogenesis and proliferation . In our study,
KEGG enrichment analysis revealed the involvement of
complement and coagulation cascades, dilated cardio
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LHX2

CAMK4

NME5

RGS1
GUCY1A3

PDLIM5

NPY5R

NPR3

TMEM125

SCTR
VIPR1
PTGDR

PDE7B

ADCY5
ADCY1

P2RY12

CH25H

PODN

PRKAR2B
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CCL19

ADRB1
RGS2

GPR83

TBXA2R
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CFTR

RIC3

CHRNA4

SYT9

ADAMTSL2
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Figure 2 Protein-protein interaction network of hypermethylated, lowly expressed genes. Disconnected nodes were hid in the network.

related to transferase activity, transferring phosphoruscontaining groups and kinase activity, and involves in
[29]
lymphocyte activation, proliferation and differentiation .
One study found that PIK3CD activating mutations can
cause immunodeficiency in patients with a complex
[30]
phenotype combining defective B and T cell responses .
Immunodeficiency plays a crucial role in the progression
of many cancers, and immunodeficient patients with
[31,32]
HCC exhibit higher morbidity and mortality
. With
receptor binding and chemokine activity, CXCL1 is a
member of the CXC subfamily of chemokines and plays
multifarious roles during HCC development, metastasis,
[33,34].
and prognosis
ESR1, as one of the potential tumor
suppressor genes, is a ligand-activated transcription
factor closely related with cancer progression. Promoter
hypermethylation is a possible mechanism by which
[35]
ESR1 is silenced in human HCC . MMP2 is among the
most well characterized MMPs, and this factor plays
essential roles in degrading ECM components. Depending
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on activation by the PI3K signalling pathway or the ERK
and JNK pathways, it has been shown to have critical
functions in the progression, invasion, and metastasis of
[36,37]
HCC
.
Regarding Hypo-HGs, we identified six hub genes:
CDC45, DTL, AURKB, CDKN3, MCM2, and MCM10.
CDC45 plays an essential role in the initiation of DNA
replication, which is consistent with the biological pro
gress of Hypo-HGs GO analysis. It may be related with
the progression of cancers due to induced DNA damage
mediating regulation of DNA replication. DTL, also named
CRL4 (CDT2), is a ubiquitin-protein ligase complex that
plays important roles in the cell cycle, DNA synthesis,
[38]
and DNA damage . Previous studies disclosed that
DTL had an oncogenic function in cancers, including
[39,40]
HCC
. AURKB is a member of the Aurora kinase
subfamily of conserved Serine/Threonine kinases with
higher expression in tumor cells than normal cells, and
its overexpression has been associated with biological
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Figure 3 Protein-protein interaction network of hypomethylated, highly expressed genes. Disconnected nodes were hid in the network.
[41-43]

characteristics of cancer as well as diagnosis
. A mem
ber of a protein phosphatase family with dual function in
cell cycling, aberrant expression of CDKN3 is associated
with carcinogenesis in many cancers, including
[44,45]
HCC
. MCM2 is a highly conserved and essential minichromosome maintenance protein involved in the initiation
of DNA and eukaryotic genome replication. The expression
level of MCM has been associated with outcomes in many
[46]
cancers and is closely related to HCC recurrence .
MCM10 plays a key role in cell cycle progression by
mediating DNA replication initiation and elongation as
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well as preventing DNA damage and protecting genome
[47]
integrity . Evidence suggests that MCM10 is associated
with inherited diseases resulting from genome instability
and abnormal proliferation, and the level of MCM10
expression has been correlated with cancer progression
[48]
and aggressiveness . These findings indicate that the
MDEGs in HCC may have a regulatory function in these
biological processes and molecular function, and they are
reliable with functional enrichment analysis. However, as
some genes and pathways identified in the present study
have not been formally investigated as targets in the
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Table 3 Hub genes for hypermethylated, lowly expressed genes ranked in cytoHubba
Catelogy

Rank methods in cytoHubba

Gene symbol top 10

MNC

Degree

EPC

Closeness

Radiality

Stress

PTGS2
PIK3CD
ADCY5
ADCY1
CXCL1
ESR1
MMP2
FYN
TLR2
SERPINE1

ADCY5
MMP2
PTGS2
PIK3CD
PRKG1
ADCY1
ESR1
FYN
CXCL1
TLR2

PTGS2
PIK3CD
MMP2
ADCY5
ADCY1
ESR1
CXCL1
TLR2
CALCA
PTGER2

PIK3CD
PTGS2
MMP2
ESR1
PRKG1
TLR2
FYN
CXCL1
SERPINE1
ADCY5

PIK3CD
PTGS2
MMP2
ESR1
TLR2
SERPINE1
PRKG1
SNAI1
CRP
CXCL1

PTGS2
PIK3CD
MMP2
PRKG1
ESR1
FYN
RAC2
SERPINE1
CXCL1
ADCY5

Bold gene symbols were the overlap hub genes in top 10 by six ranked methods respectively in cytoHubba. MNC: Maximum neighborhood component;
Degree: Node connect degree; EPC: Edge percolated component.

Table 4 Hub genes for hypomethylated, highly expressed genes ranked in cytoHubba
Catelogy

Rank methods in cytoHubba

Gene symbol top 10

MCC

MNC

Degree

EPC

Closeness

Radiality

CDC45
DTL
RACGAP1
AURKB
CDC20
CDKN3
RRM2
MCM2
MCM10
MKI67

CDC45
AURKB
DTL
RACGAP1
CDC20
CDKN3
MCM2
PTTG1
RRM2
MCM10

CDC45
AURKB
CDKN3
DTL
RACGAP1
CDC20
MCM2
PTTG1
RRM2
MCM10

CDC45
AURKB
CDKN3
DTL
RACGAP1
CDC20
MCM2
PTTG1
RRM2
MCM10

CDKN3
CDC45
AURKB
PTTG1
DTL
MCM2
MCM10
RACGAP1
CDC20
RRM2

CDKN3
PRKDC
CDC45
PTTG1
MCM10
BRCA1
PI3
AURKB
MCM2
DTL

Bold gene symbols were the overlap hub genes in top 10 by six ranked methods respectively in cytoHubba. MCC: Maximal cilque centrality; MNC:
Maximum neighborhood component; Degree: Node connect degree; EPC: Edge percolated component.

Table 5 Modules analysis of the protein–protein interaction network
Category
Hyper-LGs

Hypo-HGs

Module

Score

Nodes

1

10.00

10

2

6.00

6

3

5.68

20

4

4.50

5

1

17.56

19

2

5.00

5

3

4.50

5

Enrichment and pathway description

Genes

GO.0005886: plasma membrane
ADRB1, VIPR1, PTGDR, SCTR, CALCA, GPR83,
GO.0007187: G-protein coupled receptor signaling pathway
ADCY1, ADCY5, PTGER2, PTGER4
GO.0004016: adenylate cyclase activity
has04080: Neuroactive ligand-receptor interaction
GO.0051953: negative regulation of amine transport
CCL19, ADRA2B, P2RY12, CXCL6, NPY5R,
GO.0008009: chemokine activity
CXCL1
has04062: Chemokine signaling pathway
GO.0005886: plasma membrane
OXT, SERPINE1, EDNRB, PTGS2, ADRA1A,
GO.0005003: ephrin receptor activity
IL18, CRP, SOCS3, EFNB3, MMP2, EPHB1,
GO.0051240: positive regulation of multicellular organismal TIAM1, EFNA5, TBXA2R, EPHA2, TLR2, SNAI1,
process
FYN, GNA14, PROK2
hsa04360: Axon guidance
GO.0005605: basal lamina
ITGA9, ITGB8, COL6A2, LAMC2, LAMA2
GO.0030198: extracellular matrix organization
hsa04512: ECM-receptor interaction
GO.0022402: cell cycle process
CDCA5, KIF14, BRCA1, CENPF, RACGAP1,
GO.0015630: microtubule cytoskeleton
NEK2, CDKN3, DTL, MCM2, MCM10, CDC45,
GO.0003688: DNA replication origin binding
PTTG1, ANLN, CDC20, RRM2, AURKB, MKI67,
hsa04110: Cell cycle
STIL, CCNE2
GO.0007188: adenylate cyclase-modulating G-protein
CNR1, CCL20, ADCY6, HTR1D, CCL25
coupled receptor signaling pathway
hsa04062: Chemokine signaling pathway
GO.0005615: extracellular space
REN, PLA2G1B, TIMP1, MMP9, VWF

Hyper-LGs: Hypermethylated, lowly expressed genes; Hypo-HGs: Hypomethylated, highly expressed genes.
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Figure 4 Hypermethylated, lowly expressed genes modules.

progression of HCC, further research is needed.
Module analysis of the PPI network for Hyper-LGs
suggested that the neuroactive ligand and ECM-receptor
interaction, axon guidance, and chemokine signalling
pathway might be involved in HCC progression. ECMreceptor interaction and axon guidance are critical cellular
processes during the development of cancer. In addition,
we found the neuroactive ligand-receptor interaction
pathway to be related to hypermethylation, potentially
resulting in abnormal expression of genes in cancers;
more studies are necessary to validate these findings.
Module analysis of the PPI network for Hypo-HGs showed
complex roles for cell cycle and chemokine signalling
pathways during HCC development. The cell cycle is a
vital process involving DNA replication and translation,
[22]
with a tendency for dysregulation in cancer .
Interestingly, the chemokine signalling pathway, as an
essential process, was disclosed in both Hyper-LGs and
Hypo-HGs modules, and this pathway has been shown to

WJG|www.wjgnet.com

influence pathogenesis and metastasis of HCC by altering
[20]
the tumor microenvironment .
In the present study, several limitations should be
mentioned. First, the study lacked further experimental
verification of the effects of aberrant methylation on
gene expression and functions in HCC. Second, we did
not investigate clinical parameters and prognosis, owing
to the accessibility of data by bioinformatics arrays
and tools. Third, as only two microarray profiles were
analyzed, the sample size was not sufficiently large;
thus, large-sample studies are required to validate the
findings. In addition, HCC is closely related to hepatitis
B and C, chronic alcoholism, tobacco smoking, and afla
toxins, and etiological factors were not analyzed in our
study. Therefore, supplementary molecular experiments
should be encouraged to verify further the results of our
investigation.
In conclusion, using a series of bioinformatics data
bases and tools, we found that interactions among
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Figure 5 Hypomethylated, highly expressed genes modules.
genes and potential pathways to make notional viewpoints available for the
development and progression of HCC.

MDEGs of different functions and signalling pathways
are related to the pathogenesis of HCC. Hub genes for
Hyper-LGs of HCC included PTGS2, PIK3CD, CXCL1,
ESR1, and MMP2; such genes for Hypo-HGs included
CDC45, DTL, AURKB, CDKN3, MCM2, and MCM10. As
special biomarkers based on aberrant methylation, these
hub genes might be useful for accurate diagnosis and
treatment of HCC. This study provides hypothetical and
biological characteristic insight into the pathogenesis of
HCC. Additional molecular-level studies are needed to
confirm the identified genes and pathways in HCC and to
elucidate potential mechanisms.

Research methods

We analyzed differentially methylated genes and differentially expressed genes
using a series of bioinformatics databases and tools including GEO Datasets,
DAVID, STRING, and Cytoscape.

Research results

we categorized 266 hypermethylated, lowly expressed genes (Hyper-LGs) and
161 hypomethylated, highly expressed genes (Hypo-HGs) in GO, KEGG, and
PPI analyses. Hyper-LGs mainly refer to endogenous and hormone stimulus,
cell surface receptor linked signal transduction, and behavior, while HypoHGs refer to DNA replication, metabolic processes, cell cycle, and cell division.
Pathway analysis showed that Hyper-LGs were enriched in cancer, Wnt, and
chemokine signalling pathways, while Hypo-HGs were related to cell cycle
and steroid hormone biosynthesis pathways. Based on PPI networks, PTGS2,
PIK3CD, CXCL1, ESR1, and MMP2 were identified as hub genes for HyperLGs, and CDC45, DTL, AURKB, CDKN3, MCM2, and MCM10 were identified
for Hypo-HGs by combining six ranked methods of cytoHubba.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Pathogenesis of hepatocellular carcinoma (HCC) is a complicated biological
process involving epigenetic and genetic changes. Most prior studies,
however, mainly focused on either gene expression or methylation data but
not the association and did not perform a conjoint analysis. The detection of
methylated-differentially expressed genes (MDEGs) and a better understanding
of their characteristics may be useful for discovering the molecular mechanism
and pathogenesis of HCC.

Research conclusions

we found that interactions among MDEGs of different functions and signalling
pathways are related to the pathogenesis of HCC by a series of bioinformatics
databases and tools. Hub genes for Hyper-LGs of HCC included PTGS2,
PIK3CD, CXCL1, ESR1, and MMP2; such genes for Hypo-HGs included
CDC45, DTL, AURKB, CDKN3, MCM2, and MCM10. As special biomarkers
based on aberrant methylation, these hub genes might be useful for accurate
diagnosis and treatment of HCC. This study provides hypothetical and biological
characteristic insight into the pathogenesis of HCC.

Research motivation

In view of the insights from previous studies that MDEGs can be detected
concurrently by joining gene expression and methylation microarray data,
we explored the interaction network of differentially expressed genes and
differentially methylated genes along with interrelated signalling pathways
to find novel insights into the biological characteristics and pathways of
methylated-differentially expressed genes in HCC.

Research perspectives

The present findings indicate that the MDEGs in HCC can have a regulatory
function in biological processes and molecular function and that they are
reliable with functional enrichment analysis. As some genes and pathways
identified in the present study have not been formally investigated as targets in

Research objectives

The objective was to discover MDEGs in HCC, and explore relevant hub
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the progression of HCC, further research is needed.
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AIM
To evaluate the association between the Mediterranean
diet (MD) pattern and its components, and advanced
colorectal polyps (adenoma and serrated adenoma).
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METHODS
A case-control study among patients undergoing
screening, diagnostic or surveillance colonoscopies
during 2010-2015 at the Tel-Aviv Medical Center, Gastro
enterology Department. Cases with advanced polyps were
defined as: Advanced adenoma [> 10 mm, with features
of high grade dysplasia (HGD) or villous histology],
advanced serrated adenoma (> 10 mm or with dysplasia)
or multiple (≥ 3) non-advanced adenomas or serrated
adenomas. Cases of non-advanced adenomas were
defined as adenomas < 10 mm, without features of
HGD or villous histology. Controls were defined as those
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without polyps at the current colonoscopy and without
a history of colorectal polyps. Data collection included:
anthropometrics measured according to a standardized
protocol, fasting blood tests performed at the same lab,
medical history recorded by a structured interview and
dietary intake evaluated by a 116-item food frequency
questionnaire. Adherence to the MD components was
evaluated according to intake above/below the sample
median, for potentially beneficial/detrimental components
respectively, as accepted.

INTRODUCTION
Colorectal cancer (CRC) is the third most common can
cer worldwide, and the fourth most common cause
[1]
of death from cancer, in both men and women . The
annual age-adjusted incidence rates for CRC in Israeli
Jews are 46.7 for males and 35.5 for females per
[2]
100000 people . The association between diet and CRC
[3,4]
and adenomas has been extensively investigated ,
[5]
indicating an association with CRC incidence and sur
[6]
vival . High intake of red or processed meat and alcohol,
and low intake of dietary fiber from fruit, vegetables,
whole grains and legumes have been identified as risk
[7]
factors for CRC . Recently, a negative association be
tween nut and fish intake and colorectal neoplasia was
[8,9]
suggested . Mechanisms include the protective anti[10]
inflammatory effects of omega-3 fatty acids , fiber,
[11,12]
antioxidants and other phytochemicals
. Plant[13]
based dietary patterns as pesco-vegetarian , anti[14]
[15,16]
inflammatory
and Mediterranean diet (MD)
,
were described to be inversely associated with CRC. The
MD is a dietary regimen based on plant foods, olive oil
as the principal source of fat, moderate consumption
of fish, poultry, dairy, and wine, and low amounts of
[17]
red meat . Epidemiological studies have shown that
the MD is associated with a lower incidence of cardio
vascular diseases, metabolic disorders, and several
[18-20]
types of cancer
. Specifically, an inverse association
between the MD and colorectal neoplasia has been
[21-24]
documented
. Therefore, the MD is considered
as one of the most evidence-based dietary pattern
[19,25]
related to the prevention of chronic diseases
,
[26]
increased life expectancy , and indeed has recently
become the standard recommendation for healthy
[27]
eating . It has been suggested that the MD exerts antineoplastic properties since it combines a plant-based
diet, low in calorie-dense foods and favors fish over red
[16,28]
meat
. Therefore, it is rich in dietary fiber, a variety
of antioxidants and polyphenols. These are proposed
to have strong anti-inflammatory and anti-carcinogenic
[29]
affects . On the other hand, the MD is low in sugar,
[30,31]
saturated fat cholesterol, and sodium
. Taken to
gether, these dietary characteristics are hypothesized to
exert their favorable effects through several mechanisms
which include: a lipid-lowering effect, protection against
oxidative stress and inflammation, maintenance of
normal weight, modification of growth factors involved in
the pathogenesis of cancer, and gut microbiota-mediated
production of metabolites influencing metabolic and
[32-34]
colonic health
.
Given the high prevalence of CRC in the western
[35]
[36]
world , and the preventive potential of lifestyle , the
aim of this study was to evaluate the association between
the MD pattern and its components, and advanced
colorectal polyps (adenoma and serrated adenoma).

RESULTS
We recruited 206 cases with advanced polyps, 192
cases with non-advanced adenoma and 385 controls.
The number of adhered MD components was inversely
associated with a diagnosis of advanced polyps in a
dose-response manner (OR = 0.34, 95%CI: 0.17-0.65;
OR = 0.22, 95%CI: 0.11-0.43; and OR = 0.18,
95%CI: 0.07-0.47 for 3-4, 5-7 and 8-10 components,
respectively), but not with non-advanced adenomas (OR
= 0.54, 95%CI: 0.25-1.13; OR = 0.48, 95%CI: 0.23-0.99;
and OR = 0.43, 95%CI: 0.16-1.12 for 3-4, 5-7 and 8-10
components, respectively). Low intake of sugar-sweetened
beverages and red meat, as well as high intake of fish,
were inversely associated with advanced polyps (OR =
0.56, 95%CI: 0.36-0.87; OR = 0.63, 95%CI: 0.42-0.95;
and OR = 0.66, 95%CI: 0.44-0.99, respectively), while
only low intake of red meat was inversely associated with
non-advanced adenomas (OR = 0.71, 95%CI: 0.49-0.97).
CONCLUSION
A better adherence to the MD, specifically low intake of
sugar-sweetened beverages and red meat as well as
high intake of fish, is related to lower odds for advanced
polyps.
Key words: Fish intake; Sugar-sweetened beverages;
Red meat intake; Dietary adherence; Cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Adherence to the Mediterranean diet is inversely
associated with advanced colorectal polyps in a doseresponse manner. Low intake of sugar-sweetened
beverages and red meat, as well as high intake of fish,
were associated with lower odds of advanced colorectal
polyps. Importantly, these protective associations were
independent of other important risk factors such as
medical background and other lifestyle parameters.
Therefore, a healthy diet may have a significant pre
ventive role in colorectal neoplasia.
Fliss-Isakov N, Kariv R, Webb M, Ivancovsky D, Margalit D,
Zelber-Sagi S. Mediterranean dietary components are inversely
associated with advanced colorectal polyps: a case-control study.
World J Gastroenterol 2018; 24(24): 2617-2627 Available from:
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40-70 years, undergoing colonoscopy at the Department
of Gastroenterology and Hepatology at the Tel-Aviv
Medical center (TLVMC) during 2010-2015. Participant
indications for colonoscopy were categorized as screen
ing, diagnostic (indicated by alarming symptoms such
as anemia, unexplained weight loss, rectal bleeding,
abdominal pain or change in bowel habits) or surveillance
(familial or personal history of colorectal polyps). We
aimed to look for an association between diet and
colorectal polyps, by gathering a study population with
minimal risk for genetic predisposition for colorectal
neoplasia. Exclusion criteria for both cases and controls
were: familial hereditary CRC syndromes (such as Lynch
and Familial Adenomatous Polyposis syndrome), personal
history of CRC, first degree family history of CRC, in
flammatory bowel disease (IBD), celiac disease, solid
malignancy, hyperthyroidism, past colectomy, recent
hospitalization or surgery (within one year), pregnancy,
chronic liver disease, or grade 4-5 chronic kidney dis
ease. Cases were further excluded for personal history
of colorectal polyps before the age of 40, or diagnosis of
> 5 colorectal polyps (ever). In addition, controls were
excluded for any past colonic polyps. Participants with
an incomplete food frequency questionnaire (FFQ) (total
calories did not reach 500 or 800 kcal, or exceeded
3500 or 4000 kcal for women/men, respectively) were
also excluded. The study protocol was approved by
the Institutional Review Board of the TLVMC, and all
participants provided informed consent prior to the study
enrollment.

cases of colorectal polyps and controls were invited
to participate in the study. Blood tests were obtained
following a 12-h fast, all analyzed at a single lab of the
TLVMC. Weight, height, hip and waist circumference
were measured using a uniform protocol. Participants
were face-to-face interviewed for their medical history,
current medications and indication for colonoscopy,
lifestyle, demographic characteristics and dietary intake
according to a structured questionnaire, which was
[39]
assembled by the Israeli Center for Disease Control .
This questionnnaire included a detailed semi-quantitative
FFQ, adapted to the Israeli population and to the needs
of this study, assembled by the Food and Nutrition
Administration of the Israeli Ministry of Health. The FFQ
was composed of 116 food items with specified serving
sizes. For each food item, participants indicated their
average frequency of consumption over the past year.
Mean daily and weekly intake was calculated for each
food and food group (whole and refined grains, legumes,
nuts and seeds, vegetables, fruit, cooking oils, fish, eggs,
dairy, poultry, red meat, desserts, sugar-sweetened
beverages, alcoholic beverages).

Definition of adherence to the MD

Adherence to the MD was evaluated based on a score
[16]
reported by Rosato et al , and adjusted to the Israeli
eating habits. In the Israeli population intake of red and
processed meat, high-fat dairy products and alcoholic
beverages is relatively low, as opposed to poultry and
sugared-drink intake, which is relatively high. There
fore, we adjusted the MD score by assessing the intake
of 10 MD components, with high relevance to the
common Israeli eating habits. For beneficial compo
nents, consumption at or above the group median
was considered as adherence, while for components
presumed to be detrimental, consumption below the
group median was considered as adherence.
The MD score was calculated by assessing the intake
of 10 components: (1) Vegetables and legumes (fresh/
cooked ≥ 2.60 servings/day), (2) Fruit (fresh whole
fruit ≥ 1.51 servings/day), (3) Nuts and seeds (natural
unsalted nuts and seeds or paste products ≥ 0.38
servings/day), (4) Whole grains (bread, cooked grains,
breakfast cereal ≥ 1.00 servings/day), (5) Fish (fresh,
canned and cooked ≥ 2.43 servings/week), (6) Ratio of
mono-unsaturated fatty-acids to saturated fatty-acids
(MUFA/SFA ≥ 0.97), (7) Poultry (chicken and turkey
products ≥ 5.00 servings/week), (8) Red meat (beef,
veal, pork products and internal organs < 1.17 servings/
week), (9) Alcohol (beer, wine, liquor < 0.75 servings/
week), and (10) Sugar-sweetened beverages (fruit juice,
iced tea, non-diet soft drinks < 0.21 servings/day). The
number of adhered MD components of 0 represents no
adherence, and 10 represents the highest adherence to
the MD.

Definition of cases and controls

For the definition of cases, polyps were reviewed by
a gastro-intestinal (GI) pathologist, and classified
as adenomatous polyps, hyperplastic polyps, sessile
serrated adenomas, traditional serrated adenomas, or
serrated adenomas with dysplasia). Furthermore, we
classified polyps as advanced polyps or non-advanced
adenomas according to the guidelines of the United
States Multi-Society Task Force on CRC, the American
Cancer Society CRC Advisory Group, United States MultiSociety Task Force and American College of Radiology
[37,38]
CRC Committee
. Cases with advanced polyps were
defined as: Advanced adenoma [> 10 mm, with features
of high grade dysplasia (HGD) or villous histology],
advanced serrated adenoma (> 10 mm or with
dysplasia) or multiple (≥ 3) non-advanced adenomas or
serrated adenomas. Cases of non-advanced adenomas
were defined as adenomas < 10 mm, without features
of high grade dysplasia (HGD) or villous histology. Cases
with more than one polyp were defined according to
the polyp of highest neoplastic potential. Controls were
defined as patients with no colorectal polyps detected in
their current or past colonoscopy examinations. Cases
with solitary serrated adenomas < 10 mm, serrated
adenomas without dysplasia, hyperplastic polyps < 10
mm or hyperplastic polyps in the left colon were not
included in this analysis.

Statistical analysis

All statistical analyses were performed using SPSS version
22.0 for Windows (SPSS Inc., Chicago, IL, United States)
during the years 2015-2017. Continuous variables were
presented as means ± SD and dichotomous variables as

Data collection

Within two months after their colonoscopy, eligible
WJG|www.wjgnet.com
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proportions. The normality of distribution of continuous
variables was tested by the Kolmogorov-Smirnov test.
Univariate analysis was used to compare variable’s
distribution between study groups. Pearson Chi-Square
test was used to test the association between categorical
variables. Since all continuous variables were distributed
normally, continuous variables were compared between
study groups using the independent samples t-test or
One-Way ANOVA test. The Fisher’s Least Significant
Difference (LSD) post-hoc analysis was used to address
multiple comparisons. A linear-trend was assessed
using the linear polynomial analysis in One-Way ANOVA
for continuous variables or the linear-by-linear Chisquare test for categorical variables. Multivariate logistic
regression analysis was used to test the association
between dietary components and advanced colorectal
polyps, controlling for potential confounders. Adjustments
were made for variables, which were distributed
differently between cases and controls and may be
related with nutritional habits. P < 0.05 was considered
statistically significant for all analyses. All statistical
methods of this study were reviewed by Professor Shira
Zelber-Sagi from the Department of Gastroenterology in
the TLVMC.

significantly lower among cases with advanced polyps as
compared to controls (Table 1).
In multivariate analysis, adjusting for age, gender,
2
smoking, BMI (kg/m ), use of aspirin, NSAIDs, statin
and antidiabetic medication, daily caloric intake (kcal)
and colonoscopy indication (screening, diagnostic or
surveillance), each additional component of the MD to
which participants adhered was inversely associated
with advanced polyps (OR = 0.80, 95%CI: 0.72-0.89,
P < 0.001), but not with non-advanced adenomas
(OR = 0.93, 95%CI: 0.83-1.05, P = 0.279) (Table 2).
Sensitivity analysis including only patients attending
screening/diagnostic colonoscopies (not surveillance
colonoscopies) showed similar results (OR = 0.82,
95%CI: 0.73-0.91, P = 0.001 and OR = 0.97, 95%CI:
0.85-1.11, P = 0.711 for advanced polyps and nonadvanced adenomas, respectively).
This association remained significant when catego
rizing the number of adhered MD components by the
median (≥ 5 components) for advanced polyps, and
remained non-significant for non-advanced adenomas
(Table 2).
Categories of adhered MD components were nega
tively associated with the proportion of cases with
advanced polyps and with odds of advanced polyps in
multivariate analysis in a dose-response manner (Figure
1A). The MD score categories were not significantly
associated with non-advanced adenomas (Figure 1B).
Sensitivity analysis including only patients attending
screening/diagnostic colonoscopies (not surveillance
colonoscopies) showed similar results (Supplementary
Figure 1).

RESULTS
Characteristics of the study population and comparison
between cases and controls

A total of 2628 out of 5774 potentially eligible patients
who underwent colonoscopy at the Tel-Aviv medical
center and were contacted agreed to participate in the
study, representing 45% response rate. Of those, we
excluded patients for multiple polyps or polyps at a
young age (n = 352), IBD (n = 326), chronic liver or
kidney disease (n = 202), family history of CRC < 70
years (n = 218), personal history of CRC (n = 124), past
colectomy (n = 83), incomplete colonoscopy (n = 67),
past colorectal polyps among controls (n = 343) and an
incomplete FFQ (n = 85).
A total of 783 subjects completed the study protocol
and were analyzed: 385 controls, 206 cases with
advanced polyps (advanced adenoma n = 165, advanced
serrated adenoma n = 11, multiple non-advanced
adenomatous or serrated adenomas n = 30), and 192
cases of non-advanced adenomas.
The demographic and clinical characteristics and
comparison between cases and controls is depicted in
Table 1. Cases (both with non-advanced adenomas
and advanced polyps) were older, had higher BMI and
a higher percent of men, smokers, and users of some
medications, compared to controls. As anticipated, only
cases underwent surveillance colonoscopies, whereas
controls showed significantly higher proportions of
screening colonoscopies.

The association between the individual components of
the MD and different types of polyps

In multivariate analysis, adjusting for age, gender and
BMI, low intake of red meat and sugar-sweetened
beverages, and high MUFA/SFA ratio, intake of fruit,
fish and whole grains were negatively associated with
advanced polyps. Low intake of red meat, and high in
take of nuts and seeds were negatively associated with
non-advanced adenomas. With additional adjustment for
smoking, use of aspirin, NSAIDs, statin and antidiabetic
medication, daily caloric intake (kcal) and colonoscopy
indication (screening, diagnostic or surveillance), high
consumption of whole grains, fruit and fish, and low
consumption of sugar-sweetened beverages and red
meat were inversely associated with advanced polyps,
whereas only low consumption of red meat was in
versely associated with non-advanced adenomas.
With further adjustment for one another, the dietary
components, which remained inversely associated with
advanced polyps, were high consumption of fish, and
low consumption of sugar-sweetened beverages and red
meat, whereas only low consumption of red meat was
inversely associated with non-advanced adenomas (Table
2).

The association between the MD score and different
types of polyps

DISCUSSION

The mean number of adhered MD components was
WJG|www.wjgnet.com

Diet is a complex exposure, which has been linked
2620

June 28, 2018|Volume 24|Issue 24|

Fliss-Isakov N et al . Mediterranean diet and colorectal polyp prevention
Table 1 Comparison between cases of advanced polyps and non-advanced adenomas versus controls in demographic, clinical and
dietary parameters

Age (yr)
Gender (% male)
Low socio-economic status1 (%)
1st degree Family history of CRC (%)
Physical inactivity2 (%)
Smoking (ever) (%)
BMI (kg/m2)
Total calories (Kcal)
Colonoscopy indication
Screening (%)
Diagnostic3 (%)
Surveillance4 (%)
Medication use
Statins (%)
Aspirin (%)
NSAIDs (%)
Antidiabetic medication (%)
Dietary intake
Number of MD components
Beneficial components
Whole grains (servings/d)
Vegetables and legumes (servings/d)
Fruit (servings/d)
Nuts and seeds (servings/d)
MUFA/SFA ratio (per day)
Fish (servings/wk)
Poultry (servings/wk)
Detrimental components
Alcoholic beverage (servings/d)
Sugar sweetened beverages (servings/d)
Red meat (servings/wk)

Controls (n = 385)

Cases with nonadvanced adenomas
(n = 192)

P value

Cases with advanced
polyps (n = 206)

P value

58.2 ± 6.6
47.9
7.2
7.6
44.3
48.4
27.0 ± 5.1
2013 ± 688

58.8 ± 6.6
56.2
8.6
12.0
45.2
62.5
29.1 ± 5.2
2063 ± 1045

0.069
0.061
0.410
0.097
0.988
0.017
0.009
0.652

59.7 ± 6.0
58.1
8.6
5.8
50.3
60.7
29.2 ± 6.1
2006 ± 724

0.022
0.010
0.846
0.451
0.171
0.002
0.004
0.804

59.5
35.6
0.0

34.4
33.3
32.3

< 0.001
0.491
< 0.001

37.9
37.9
24.3

< 0.001
0.583
< 0.001

41.1
28.2
1.0
10.8

47.4
37.0
0.5
9.9

0.046
0.006
0.112
0.923

49.7
38.2
0.5
13.1

0.091
0.019
0.923
0.654

5.1 ± 1.7

5.0 ± 1.9

0.620

4.5 ± 1.9

< 0.001

2.2 ± 2.2
3.3 ± 2.0
2.7 ± 2.3
1.5 ± 1.6
1.4 ± 0.5
3.9 ± 3.6
6.7 ± 5.1

2.1 ± 1.9
3.4 ± 2.4
2.2 ± 2.2
1.5 ± 1.5
1.3 ± 0.5
3.5 ± 3.8
6.8 ± 5.3

0.884
0.378
0.122
0.358
0.298
0.378
0.688

1.7 ± 2.0
3.1 ± 2.1
2.3 ± 2.4
1.5 ± 1.7
1.3 ± 0.4
3.4 ± 3.1
6.6 ± 4.5

0.027
0.185
0.227
0.355
0.098
0.177
0.462

1.1 ± 0.5
3.1 ± 3.2
2.6 ± 4.1

1.1 ± 0.7
3.0 ± 3.4
3.2 ± 4.1

0.925
0.827
0.039

1.1 ± 0.6
3.3 ± 3.6
3.4 ± 4.1

0.179
0.277
0.036

1

Low socio-economic status - categorized as the lowest quartiles of education or income; 2Physical inactivity - categorized as reported physical activity
of less than 20 min per week; 3Diagnostic colonoscopy - indicated by alarming symptoms such as anemia, unexplained weight loss, rectal bleeding,
abdominal pain or change in bowel habits; 4Surveillance colonoscopy - indicated by familial or personal history of colorectal polyps. Continuous variables
are presented as mean ± SD, and categorical variables as proportions. CRC: Colorectal cancer; BMI: Body mass index; NSAIDS: Non-steroidal antiinflammatory drugs; MD: Mediterranean diet.

[40]

to multiple chronic diseases, including cancer . The
current study suggested that adherence to the MD was
lower among cases with advanced colorectal polyps
compared to controls, and was inversely associated with
advanced colorectal polyps in a dose-response manner.
Interestingly, the associations were weaker or absent
with non-advanced adenomas, implying that the MD
may be more strongly linked to neoplastic progression.
These results are in agreement with previous studies
demonstrating an inverse association between the MD
[4,21]
and colorectal adenoma incidence and recurrence
,
[41-43]
and with CRC
. As in the present study, the MD score
was negatively associated with colorectal adenomas in a
dose response manner, in a large case-control study of
a hospital-based population. Strong negative association
with the MD score was observed for multiple adenomas
[22]
and for tubovillouse/villouse adenomas . In a cancer
screening trial, a negative dose-response association
between the number of adhered components of the MD
and colorectal adenomas was detected. In contrast to the
present study, similar associations were seen between

WJG|www.wjgnet.com

the MD score and both advanced and non-advanced
[23]
adenomas . A pooled analyses of primary prevention
cohort studies showed that high adherence to the MD
score was associated with a reduction in the incidence
[44]
of total cancer and CRC . Furthermore, a recent metaanalysis found an inverse association between adherence
[45]
to a MD and CRC mortality . Altogether, previous
studies, as well as the current study, support a negative
association between adherence to the MD and colorectal
adenomas, specifically advanced adenomas and CRC.
High consumption of fish, and low consumption of
sugar-sweetened beverages and red meat were inde
pendently inversely associated with advanced colorectal
polyps controlling for important potential confounders,
including BMI, caloric intake and medical history (cardio
vascular disease, diabetes, familial and personal history
of colorectal neoplasia).
Red meat is an established risk factor for CRC, shown
repeatedly to increase CRC incidence and associated
[46-48]
mortality rates
. In fact, the International Agency
for Research on Cancer (IARC) declared red meat as
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Table 2 Adjusted association between the Mediterranean dietary pattern score and its components and non-advanced or advanced
colorectal polyps
1

Non Advanced adenomas ( n = 192)
Model 3
Model 2
Model 1
OR (95%CI)
OR (95%CI)
OR (95%CI)
P value
P value
P value

Advanced colorectal polyps (n = 206)
Model 3
Model 2
Model 1
OR (95%CI)
OR (95%CI)
OR (95%CI)
P value
P value
P value

0.96 (0.87-1.07)
0.833

0.93 (0.83-1.05)
0.279

-

0.82 (0.75-0.91)
< 0.001

0.80 (0.72-0.89)
< 0.001

-

1 (ref)
1.14 (0.78-1.67)
0.492

1 (ref)
1.08 (0.70-1.64)
0.72

-

1 (ref)
0.62 (0.43-0.90)
0.012

1 (ref)
0.56 (0.39-0.87)
0.009

-

1 (ref)
1.08 (0.74-1.58)
0.656
Vegetables and legumes (servings/d)
≤ 2.60
1 (ref)
> 2.60
1.03 (0.71-1.50)
0.866
Fruit (servings/d)
≤ 1.50
1 (ref)
> 1.50
0.79 (0.54-1.15)
0.225
Nuts and seeds (servings/d)
≤ 0.37
1 (ref)
> 0.37
1.52 (1.04-2.24)
0.031
MUFA/SFA ratio (per day)
≤ 0.96
1 (ref)
> 0.97
NA

1 (ref)
1.10 (0.74-1.64)
0.628

1 (ref)
0.91 (0.58-1.40)
0.673

1 (ref)
0.64 (0.45-0.91)
0.014

1 (ref)
0.59 (0.40-0.85)
0.005

1 (ref)
0.72 (0.48-1.09)
0.122

1 (ref)
1.13 (0.73-1.73)
0.578

1 (ref)
1.12 (0.69-1.80)
0.64

1 (ref)
0.83 (0.58-1.17)
0.301

1 (ref)
0.88 (0.59-1.31)
0.544

1 (ref)
1.08 (0.69-1.69)
0.716

1 (ref)
0.77 (0.50-1.17)
0.229

1 (ref)
0.93 (0.59-1.46)
0.751

1 (ref)
0.61 (0.43-0.87)
0.007

1 (ref)
0.60 (0.40-0.90)
0.013

1 (ref)
0.70 (0.57-1.30)
0.107

1 (ref)
1.44 (0.96-2.18)
0.077

1 (ref)
1.53 (0.96-2.44)
0.068

1 (ref)
0.88 (0.62-1.25)
0.489

1 (ref)
0.86 (0.59-1.25)
0.445

1 (ref)
0.94 (0.62-1.43)
0.798

1 (ref)
0.82 (0.55-1.22)
0.337

1 (ref)
0.73 (0.47-1.14)
0.171

1 (ref)
1.04 (1.00-1.07)
0.017

1 (ref)
0.81 (0.56-1.17)
0.263

1 (ref)
0.86 (0.57-1.30)
0.478

1 (ref)
0.80 (0.53-1.17)
0.258

1 (ref)
0.80 (0.53-1.20)
0.294

1 (ref)
0.70 (0.45-1.09)
0.117

1 (ref)
0.69 (0.48-0.98)
0.039

1 (ref)
0.65 (0.44-0.94)
0.025

1 (ref)
0.66 (0.44-0.99)
0.047

1 (ref)
1.20 (0.82-1.76)
0.343

1 (ref)
1.06 (0.70-1.61)
0.767

1 (ref)
1.07 (0.69-1.65)
0.759

1 (ref)
0.90 (0.63-1.27)
0.559

1 (ref)
0.85 (0.59-1.25)
0.428

1 (ref)
0.75 (0.50-1.11)
0.157

1 (ref)
0.81 (0.55-1.20)
0.304
Sugar sweetened beverages (servings/d)
> 0.20
1 (ref)
≤ 0.20
1.14 (0.78-1.67)
0.474
Red meat (servings/wk)
> 1.17
1 (ref)
≤ 1.17
0.63 (0.42-0.93)
0.021

1 (ref)
0.78 (0.51-1.17)
0.235

1 (ref)
0.83 (0.53-1.29)
0.411

1 (ref)
1.18 (0.82-1.69)
0.357

1 (ref)
1.18 (0.81-1.74)
0.377

1 (ref)
1.17 (0.78-1.76)
0.438

1 (ref)
1.04 (0.68-1.58)
0.856

1 (ref)
1.12 (0.70-1.77)
0.622

1 (ref)
0.63 (0.44-0.90)
0.012

1 (ref)
0.56 (0.37-0.83)
0.005

1 (ref)
0.56 (0.36-0.87)
0.010

1 (ref)
0.60 (0.40-0.91)
0.017

1 (ref)
0.56 (0.35-0.88)
0.013

1 (ref)
0.71 (0.49-0.97)
0.039

1 (ref)
0.66 (0.45-0.96)
0.033

1 (ref)
0.63 (0.42-0.95)
0.031

Dietary parameter

MD score (per 1 point increase)
MD score
>5
≤5
Whole grains (servings/d)
≤ 1.00
> 1.00

Fish (servings/wk)
≤ 2.42
> 2.42
Poultry (servings/wk)
≤ 5.00
> 5.00
Alcoholic beverage (servings/d)
> 0.75
≤ 0.75

Model 1 - OR are adjusted for age (years), gender and BMI (kg/m2); Model 2 - OR are adjusted for: parameters of Model 1 and smoking (ever), use of
aspirin, NSAIDs, statin and antidiabetic medication, daily caloric intake (kcal) and colonoscopy indication (screening, diagnostic or surveillance); Model
3 - OR are adjusted for: parameters of Model 2 and for all other dietary components. 1The cutoffs for the MD and for each dietary factor was based on the
sample median, with the exception of the MD score (per 1 point increase) which ranged from zero to ten. Vegetables and legumes: Fresh/cooked; Fruit:
Fresh whole fruit; Nuts and seeds: Natural unsalted nuts and seeds or paste products; Whole grains: Bread, cooked grains, breakfast cereal; Fish: Fresh,
canned and cooked. Ratio of mono-unsaturated fatty-acids to saturated fatty-acids (MUFA/SFA); Poultry: Chicken and turkey products; Red meat: Beef,
veal, pork products and internal organs; Alcohol: Beer, wine, liquor; Sugar-sweetened beverages: Fruit juice, iced tea, non-diet soft drinks. BMI: Body mass
index; NSAIDS: Non-steroidal anti-inflammatory drugs; MD: Mediterranean diet.

a „probable carcinogen to humans”, owing to strong
mechanistic evidence linking red meat intake with CRC
including N-nitroso compounds (NOC) heterocyclic
aromatic amines, and the endogenous compound, heme
[49]
iron .
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Fish intake has been associated with CRC risk reduc
[50,51]
tion in other epidemiological studies
. In the Adventist
Health Study Ⅱ, the adjusted hazard ratio (HR) for CRC
in pesco-vegetarians was HR = 0.57 (95%CI: 0.40-0.82)
compared with non-vegetarians. Pesco-vegetarians
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Figure 1 Dose response univariate and multivariate association between the number of adhered Mediterranean dietary components and (A) advanced
colorectal polyps or (B) non-advanced adenomas. Association between the number of adhered Mediterranean dietary components and (A) advanced polyps,
univariate (left panel) and multivariate (right panel) or (B) non-advanced adenomas, univariate (left panel) and multivariate (right panel). Univariate P-values are
calculated by Chi-Square test. OR adjusted for: Age (years), gender, smoking (ever), BMI (kg/m2), use of aspirin, NSAIDs, statin and antidiabetic medication, daily
caloric intake (kcal) and colonoscopy indication (screening, diagnostic or surveillance), and 95%CI are calculated by logistic regression. BMI: Body mass index;
NSAIDS: Non-steroidal anti-inflammatory drugs.
[55]

were at the lowest risk compared to all other forms of
[52]
vegetarianism , perhaps due to fish consumption,
which best distinguishes pesco-vegetarians from other
vegetarian dietary patterns. Indeed, experimental
studies have shown that fish intake is associated with
[53]
increased apoptosis rates in the colonic mucosa , which
may be explained by immunomodulatory activities of
[10]
omega-3 PUFAs . It may be argued that the protective
association seen between increased fish intake and lower
odds of advanced polyps is confounded by the accom
panied lower red meat intake. However, in this study,
the significant association with high fish intake was
maintained with adjustment for low red meat and for
poultry intake.
It has been previously reported that sugar-sweetened
[54]
beverage consumption is associated with CRC . High
sugar consumption, is associated with abdominal obesity
and the activation of the insulin and insulin growth-factor
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(IGF) system , which have been shown to play a pivotal
role in the pathogenesis, progression, and prognosis of
[56]
CRC . In this study, the protective association between
low sugar-sweetened beverages intake and colorectal
advanced polyps remained significant after adjustment
for other dietary factors, total calories and BMI, and is
therefore assumed to be independent of these potentially
confounding or mediating factors.
Notably, we found that high intake of whole grains
and fruit, were significantly associated with lower odds
of advanced colorectal polyps with adjustment for
many potentially confounding factors. With additional
adjustment for the other components of the MD, these
associations were no longer significant. This may be
explained by multicollinearity between different food
groups of the MD. Both fruit and whole grains are major
factors of the MD plant-based compartment, contributing
[57]
dietary fiber and polyphenols , and both have been
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evidence-based means of prevention. Nowadays, the recommended strategies
for prevention of CRC include screening for early detection, and reduction of
CRC risk through lifestyle and certain dietary regimens, although a specific
dietary pattern has not been identified.

negatively associated with colorectal inflammation
[12,58,59]
and neoplasia
. Other MD factors, distributed
similarly between cases and controls, were vegetables
and legumes, nuts and seeds, poultry and alcoholic
beverages. These results contradict previous reports of
[60]
vegetables being negatively associated , and alcohol
[61]
being positively associated
with colorectal neoplasia.
This can be attributed to the low diversity in the intake of
these food groups in the Israeli population, characterized
by high intake of vegetables and poultry, and low intake
[62,63]
of alcohol
.
The limitations of this study include the lack of temp
oral sequence, which does not permit a causal inference.
In terms of external validity, this study population was
intentionally selected to represent low to medium risk
for colorectal polyps. Despite the reasonable response
rate, we had a low proportion of patients with a low
socio-economic status, thus we may not represent the
full spectrum of patients undergoing colonoscopy. The
prevalence of several variables potentially affecting the
risk of colorectal adenomas differed between cases and
controls. Specifically, there was a higher use of statins
and aspirin in the cases, which may stem from the
more altered metabolic state of these patients. Although
adjustments were made, residual confounding may
still exist. Information bias on dietary intake may exist,
specifically report and recall bias, leading to under[64,65]
reporting of certain foods
, and social desirability
[66]
bias . This bias was minimized by a standardized struc
tured dietary questionnaire, which was assessed in the
same manner, in consecutive cases and controls, and
blinding of study participants to the study hypothesis.
Thus, this potential report bias is most probably nondifferential, and may only weaken the strength of the
observed associations.
In conclusion, the MD is inversely associated with
advanced colorectal polyps in a dose-response manner.
MD components, which are independently associated
with advanced polyps, are low intake of sugar-sweetened
beverages, and high intake of fish. Therefore, these foods
should be in the focus of lifestyle interventions aimed for
primary prevention of CRC.

Research objectives

The aim of this study was to evaluate the association between the MD dietary
pattern, and advanced colorectal polyps (adenoma and serrated adenoma). As
these are the main precursor lesions of CRC, elucidating this association may
imply a dietary strategy in lowering colorectal neoplasia risk. If the hypothesis
of this study is confirmed, larger prospective studies will be able to further
elucidate the temporal association and strengthen a causal link between the
adherence to the MD diet and CRC prevention.

Research methods

We collected detailed information of 783 subjects who underwent colonoscopy
at the Tel Aviv medical center, including 385 controls, 192 cases on nonadvanced adenomas and 206 cases with advanced polyps (advanced
adenoma n = 165, advanced serrated adenoma n = 11, multiple non-advanced
adenomatous or serrated adenomas n = 30). Within two months after their
colonoscopy, patients underwent blood tests, anthropometric measurements,
demographic characteristics and medical history, current medications and
indication for colonoscopy were documented, lifestyle, and dietary intake
were assessed with a structured questionnaire. Mean daily and weekly intake
was calculated for each food group: whole grains, vegetables and legumes,
nuts and seeds, fruit, fish, poultry, red and processed meat, sugar-sweetened
beverages, alcoholic beverages, and the ratio of mono-unsaturated fatty-acids
to saturated fatty-acids (MUFA/SFA). For beneficial components (whole grains,
vegetables and legumes, nuts and seeds, fruit, fish, poultry, and MUFA/SFA),
consumption at or above the group median was considered as adherence,
while for components presumed to be detrimental (red and processed meat,
sugar-sweetened beverages, and alcoholic beverages), consumption below the
group median was considered as adherence. The MD score was calculated as
the sum of all adhered components.

Research results

Main findings include a significant negative association between the MD
score and advanced colorectal polyps, which demonstrated a dose response
relationship. Of all MD components, the ones most highly associated with lower
odds of advanced polyps were low intake of sugar-sweetened beverages and
red meat, as well as high intake of fish. We conclude that adherence to the MD
dietary pattern is associated with lower odds of advanced colorectal polyps.
As this is an observational case-control study, further prospective studies are
needed to confirm this association.

Research conclusions

In this study we show that the MD score is negatively associated with colorectal
polyps, and specifically advanced polyps. A significant dose response
association was detected with categories of the number of adhered MD
components. Also, from all the components of the MD, low intake of sugarsweetened beverages, red meat and high intake of fish were independently
associated with lower odds of advanced polyps. The findings of this study
imply that adherence to the MD diet may have a role in colorectal neoplasia
progression, and should further be studied as a means of colorectal polyp
prevention. This study confirms previous reports regarding the MD and
colorectal cancer and adenomas, and adds to the knowledge regarding the
specific components of the MD independently associated with lower odds of
advanced colorectal polyp. The strengths of this study include the large samplesize case control study design, which enabled testing the association between
diet and the rare finding of advanced polyps, in a population which is not at high
risk of CRC. Furthermore, we had a meticulous nutritional data collection as
well as data on important potential confounders, which we adjusted for.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Colorectal cancer (CRC) is a common disease with considerable mortality rates
in the western world. The association between diet and CRC and adenomas
has been investigated, and risk factors, which have been identified, include high
intake of red or processed meat and alcohol, and low intake of fruit, vegetables,
whole grains and legumes. The Mediterranean diet (MD) is a plant based
dietary pattern, previously associated with a lower incidence of several chronic
diseases, including several types of cancer, and specifically CRC and colonic
adenomas. It has been suggested that the anti-neoplastic properties of the MD
are due to a high fiber and phytochemical content, typically low amounts of
calorie-dense foods such as sweets, and red meat.

Research perspectives

Future prospective research in the field of dietary CRC prevention should focus
on elucidating the temporality and the strength of the association between
diet and colorectal polyps. Also, it is advised that future studies elucidate this

Research motivation

Given the high prevalence of CRC in the western world there is need for
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association within the context of serrated polyps, which our study sample was
unable to provide.
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AIM
To compare uncut Roux-en-Y (U-RY) gastrojejunostomy
with Roux-en-Y (RY) gastrojejunostomy after distal
gastrectomy (DG) for gastric cancer.
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METHODS
A literature search was conducted in Pubmed, Embase,
Web of Science, Cochrane Library, Science Direct, Chinese
National Knowledge Infrastructure, Wanfang, and China
Science and Technology Journal Database to identify
studies comparing U-RY with RY after DG for gastric can
cer until the end of December 2017. Pooled odds ratio or
weighted mean difference with 95% confidence interval
was calculated using either fixed- or random-effects
models. Perioperative outcomes such as operative time,
intraoperative blood loss, and hospital stay; postoperative
complications such as anastomotic bleeding, stricture
and ulcer, reflux gastritis/esophagitis, delayed gastric
emptying, and Roux stasis syndrome; and postoperative
nutritional status (serum hemoglobin, total protein, and
albumin levels) were the main outcomes assessed. Metaanalyses were performed using RevMan 5.3 software.
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RESULTS
Two randomized controlled trials and four nonrandomized
observational clinical studies involving 403 and 488
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patients, respectively, were included. The results of the
meta-analysis showed that operative time [weighted
mean difference (WMD): -12.95; 95%CI: -22.29 to -3.61;
P = 0.007] and incidence of reflux gastritis/esophagitis
(OR: 0.40; 95%CI: 0.20-0.80; P = 0.009), delayed gastric
emptying (OR: 0.29; 95%CI: 0.14-0.61; P = 0.001), and
Roux stasis syndrome (OR: 0.14; 95%CI: 0.04-0.50; P
= 0.002) were reduced; and the level of serum albumin
(WMD: 0.71; 95%CI: 0.24-1.19; P = 0.003) was increased
in patients undergoing U-RY reconstruction compared
with those undergoing RY reconstruction. No differences
were found with respect to intraoperative blood loss,
hospital stay, anastomotic bleeding, anastomotic stricture,
anastomotic ulcer, the levels of serum hemoglobin, and
serum total protein.

methods include adjuvant chemotherapy, radiotherapy,
[3]
and molecular targeted therapy . At present, the choice
of gastrointestinal reconstruction after distal gastrectomy
(DG) for distal gastric cancer remains controversial. Re
ducing the incidence of postoperative complications and
improving the quality of life are ideal ways of digestive
[4]
tract reconstruction . Three widely used reconstruction
methods after DG are BillrothⅠ, Billroth Ⅱ, and Roux[5]
en-Y (RY) anastomosis .
BillrothⅠ reconstruction is widely used because of its
physiological advantages, but it cannot be applied to all
patients due to greater anastomotic tension and greater
[6]
risk of anastomotic fistula . Billroth Ⅱ reconstruction
solves the problem of anastomotic tension, but it may
increase the incidence of postoperative alkaline reflux
gastritis, esophagitis, and anastomotic ulcers because
[7,8]
of the changes in normal physiological pathways .
RY reconstruction not only addresses the problem
of alkaline bile reflux but also solves the problem of
anastomosis; however, it leaves the patient prone to
[9,10]
Roux stasis syndrome
. A new method of digestive
tract reconstruction called the “uncut Roux-en-Y (U-RY)
anastomosis “was proposed in 1988, and it is an
[11]
improvement of RY anastomosis . According to the
reports of most surgeons, the technique of U-RY recon
struction was summarized in this study. After distal
gastrectomy (DG), an end-to-side gastrojejunostomy
was established between the remnant stomach and
the jejunum, about 25-35 cm distal to the ligament
of Treitz. Then, a side-to-side jejunojejunostomy was
established between the afferent and efferent jejunal
limbs, approximately 10-20 cm distal to the ligament
of Treitz and 20-30 cm distal to the gastrojejunostomy
site. Finally, the jejunal lumen was occluded using
different methods at a site 5 cm proximal to the gastro
[12]
jejunostomy. A subsequent study
showed that the
U-RY anastomosis was effective in preventing Roux
stasis syndrome, reflux gastritis, and reflux esophagitis.
Therefore, U-RY reconstruction is a promising method
that may replace the previous type of anastomosis. This
meta-analysis was performed to compare the U-RY with
RY reconstruction after DG for gastric cancer in terms
of perioperative outcomes, postoperative complications,
and postoperative nutritional status.

CONCLUSION
U-RY reconstruction has some clinical advantages over
RY reconstruction after DG.
Key words: Roux-en-Y; Gastric cancer; Meta-analysis;
Distal gastrectomy; Reconstruction; Uncut
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No consensus was available in the literature
about gastrointestinal reconstruction after distal gas
trectomy (DG) for distal gastric cancer. The present
study was a novel systematic review and meta-analysis
comparing uncut Roux-en-Y (U-RY) and Roux-en-Y (RY)
reconstruction after DG for gastric cancer. This study
investigated the relationship between the two in terms of
perioperative outcomes, postoperative complications, and
postoperative nutritional status. U-RY reconstruction was
found to have some advantages, such as less operative
time, less postoperative complications, and better
postoperative nutritional status, over the conventional RY.
Sun MM, Fan YY, Dang SC. Comparison between uncut Rouxen-Y and Roux-en-Y reconstruction after distal gastrectomy for
gastric cancer: A meta-analysis. World J Gastroenterol 2018;
24(24): 2628-2639 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i24/2628.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i24.2628

MATERIALS AND METHODS
Literature search

INTRODUCTION

Clinical studies that compared U-RY and RY recon
struction after DG for gastric cancer were collected
from PubMed, Embase, Web of Science, Cochrane
Library, Science Direct, Chinese National Knowledge
Infrastructure, Wanfang, and VIP databases until the end
of December 2017. “Uncut Roux-en-Y” was used as the
medical subject heading and the key word. A manual
screening of the reference lists of all included studies
was also performed for extra potentially eligible studies.
Randomized controlled trials (RCTs) and nonrandomized
observational clinical studies (OCS) with complete full text

Gastric cancer is one of the most common malignant
tumors of the gastrointestinal tract, and it poses a
[1]
serious threat to people’s survival . Epidemiological data
show that the number of worldwide new cases of gastric
cancer annually has increased to about 951600, ranking
fourth among all malignant tumors. Each year, about
723100 patients die of gastric cancer, ranking third in
[2]
cancer mortality .
The most effective method for treating gastric cancer
is still radical surgical resection, although alternative
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The initial retrieval obtained
382 articles
262 articles were excluded after reading the titles and abstracts
Not gastric cancer: n = 150
Not U-RY reconstruction: n = 83

The first screening included
120 articles
105 articles were excluded after reading the full text
Total gastrectomy: n = 18
Not included U-RY versus RY: n = 37
Non-comparative studies: n = 40
Reviews: n = 5
No interesting data: n = 3

The re-screening included
15 articles

9 repeated articles were excluded

Finally included 6 articles
(2 RCTs and 4 OCS)

Figure 1 Literature screening process. RCTs: Randomized controlled trials; OCS: Observational clinical studies.

one of the outcomes mentioned; (4) original reports with
≥ 10 patients; and (5) studies published in English or
Chinese.
The exclusion criteria were as follows: (1) Abstract,
case reports, literature review, expert opinions, basic
researches, and animal experiments; (2) studies without
available data or full text; (3) studies involving patients
with gastric cancer undergoing total gastrectomy; and (4)
studies including patients with benign disease.

Table 1 Jadad scoring system for randomized controlled
studies
Ref.

Randomization

Double
blinded

Withdrawals

Total
score

1
2

0
0

1
1

2
3

Noh[15]
Xu et al[16]

Table 2 Newcastle-Ottawa scoring system for nonrandomized
comparative studies
Ref.
He et al[17]
Li et al[18]
Park et al[19]
Huang et al[20]

Selection
star

Comparability
star

Outcome
star

Total
star

3
3
3
4

2
2
2
2

2
2
2
2

7
7
7
8

Outcomes of interest

Perioperative outcomes, postoperative complications,
and nutritional status were evaluated. Operative time,
digestive tract reconstruction time, intraoperative blood
loss, and hospital stay were the main perioperative
outcomes to be assessed. Postoperative complications
included anastomotic bleeding, stricture and ulcer, reflux
gastritis/esophagitis, dumping symptoms, delayed gastric
emptying, and Roux stasis syndrome. Postoperative nutri
tional status included serum hemoglobin, total protein,
albumin levels, cholesterol, triglyceride, and body weight.

were included. Two independent reviewers studied the
full text of the eligible studies and extracted the research
data. In the case of any disagreement, the consensus
was reached in consultation with a third researcher. The
results of the search strategy are shown in Figure 1.

Data extraction and quality assessment

The data were extracted independently by two authors.
The RCTs were assessed using the Jadad scoring
[13]
system . The Newcastle-Ottawa Quality Assessment
[14]
Scale was used to evaluate the nonrandomized OCS.
The quality of the studies was assessed by two reviewers
independently and is displayed in Tables 1 and 2.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Patients with
gastric cancer undergoing DG; (2) studies comparing
U-RY and RY reconstruction; (3) studies reporting at least
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Table 3 Characteristics of included studies in the meta-analysis (n )
Ref.

Country

Design

Group

Patients

Male/female

Mean age (yr)

South Korea

RCT

Xu et al[16] 2010

China

RCT

U-RY
RY
U-RY
RY

54
51
193
105

38/16
31/20
102/91
73/32

59
53
61.5 ± 7.5

He et al[17] 2017

China

Retro

U-RY
RY

80
51

50/30
24/27

Li et al[18] 2011

China

Retro

U-RY
RY

127
46

70/57
31/15

South Korea

Retro

China

Retro

U-RY
RY
U-RY
RY

41
55
34
54

N/A
N/A
28/6
38/16

Noh[15] 2000

Park et al[19] 2014
Huang et al[20] 2017

63.2 ± 6.3
58.9 ± 5.4
58.7 ± 6.3
58.1 ± 9.1
58.8 ± 11.3
N/A
N/A
58.7 ± 15.0
59.8 ± 10.3

N/A: Not available; RCT: Randomized controlled trials; RY: Roux-en-Y; U-RY: Uncut Roux-en-Y.

Table 4 Characteristics of included studies in the meta-analysis
Ref.

Country

Noh[15] 2000

Design

South Korea

RCT

Xu et al[16] 2010

China

RCT

He et al[17] 2017

China

Retro

Li et al[18] 2011

China

Retro

South Korea

Retro

China

Retro

Park et al[19] 2014
Huang et al[20] 2017

Group
U-RY
RY
U-RY
RY
U-RY
RY
U-RY
RY
U-RY
RY
U-RY
RY

Operation type
Open
Open
Open
Open
Laparoscopic/
Laparoscopy-assisted
Laparoscopic/
Open

Pathology stage
Ⅰ

Ⅱ

Ⅲ

19
32
23
12
10
4
13
5

22
8
63
34
31
21
37
13
N/A
N/A
10
21

13
11
107
59
39
26
77
28

22
28

2
5

N/A: Not available; RCT: Randomized controlled trial; Retro: Retrospective observational study; RY: Roux-en-Y; U-RY: Uncut Roux-en-Y.

The data extracted from the studies included popu
lation characteristics (study year, country, design, gender,
and mean age) and outcome indexes (perioperative out
comes, postoperative complications, and postoperative
nutritional status).

RESULTS
Study characteristics

A total of 382 studies relevant to the search terms were
included. Six studies met the inclusion criteria. Finally,
[15,16]
[17-20]
two RCTs
and four OCS
with 403 and 488
patients, respectively, were included. The characteristics
of studies included in the meta-analysis are shown in
Tables 3 and 4. The definition of postoperative compli
cations in the included studies is shown in Table 5.

Statistical analysis

Meta-analyses were performed using Review Manager
Version 5.3 software. Dichotomous variables were ana
lyzed by estimating the risk ratio with 95% confidence
interval (CI), and continuous variables were analyzed
using the weighted mean difference (WMD) with 95%CI.
A P-value < 0.05 was considered a statistically significant
difference.
A chi-square test was used to assess the homo
geneity of effect sizes to decide the I² value before
meta-analysis. A random-effects model was used when
significant heterogeneity existed (I² > 50%). If the
heterogeneity was not significant (I² < 50%), a fixedeffects statistical model was used.
Moreover, if the heterogeneity was high, subgroup
and sensitivity analyses were performed to find the
source of the heterogeneity. The funnel plot was con
structed to detect potential publication bias.
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Meta-analysis results

According to the Newcastle-Ottawa scoring system,
four OCS were found to be of high quality. One RCT was
found to be of high quality while another RCT was of low
quality according to the Jadad scoring system. All the
results are presented in Table 6.
Comparison of perioperative outcomes: The de
tailed results of meta-analysis are given in Figure 2. The
meta-analysis revealed that U-RY reconstruction was
associated with a significant shortening in the duration of
operative time (WMD: -12.95; 95%CI: -22.29 to -3.61;
P = 0.007) compared to RY reconstruction. No significant
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Table 5 Definition of postoperative complications in the included studies
Ref.

Anastomotic

Reflux gastritis/esophagitis

Delayed gastric emptying

Roux stasis syndrome

ND
ND
Definition A
Definition A
ND
ND

ND
Definition B
Definition C
ND
ND

Definition D
ND
Definition D
Definition D
ND
ND

bleeding/stricture/ulcer
Noh[15] 2000
Xu et al[16] 2010
He et al[17] 2017
Li et al[18] 2011
Park et al[19] 2014
Huang et al[20] 2017

-/ND/ND
ND/ND/-/ND/ND
ND/ND/-/-/-/-/-

Definition A: Gastritis/esophagitis mucosal inflammation, erosion and bleeding were confirmed by endoscopy; Definition B: Vomiting foods taken 4 to 6
h before, or gastric residue was still great than 200 mL after empty stomach more than 8 h; Definition C: Patients still need nasogastric tube for more than
10 d after surgery; Definition D: The criteria included one of the four following conditions: chronic upper abdominal pain, postprandial fullness, persistent
nausea, and intermittent vomiting worsened by eating. ND: No definition.

Table 6 Meta-analysis of outcomes of interest
Outcome of interest
Perioperative outcomes
Operative time
Intraoperative blood loss
Hospital stay
Postoperative complications
Anastomotic bleeding
Anastomotic stricture
Anastomotic ulcer
Reflux gastritis/esophagitis
Delayed gastric emptying
Roux stasis syndrome
Postoperative nutritional status
Serum hemoglobin
Serum total protein
Serum albumin

Studies

Patients (n )

OR/WMD

95%CI

P value

4
4
4

488
488
488

-12.95
-46.38
-0.71

-22.29, -3.61
-91.93, -0.83
-1.69, 0.27

0.007
0.05
0.16

2
4
2
6
5
6

471
707
236
891
593
891

0.41
0.41
0.25
0.40
0.29
0.14

0.07, 2.50
0.12, 1.42
0.03, 2.49
0.20, 0.80
0.14, 0.61
0.04, 0.50

0.33
0.16
0.24
0.009
0.001
0.002

2
2
2

227
227
227

0.51
0.55
0.71

-0.58, 1.60
-1.77, 2.86
0.24, 1.19

0.36
0.64
0.003

CI: Confidence interval; OR: Odds ratio; WMD: Weighted mean differences.

than RY reconstruction. No significant differences were
found between the two reconstructive methods in terms
of serum hemoglobin (WMD: 0.56; 95%CI: -0.66 to 1.79;
P = 0.37) and serum total protein (WMD: 0.55; 95%CI:
-1.77 to 2.86; P = 0.64).

difference was observed between the groups in terms of
intraoperative blood loss (WMD: -46.38; 95%CI: -91.93
to -0.83; P = 0.05) and hospital stay (WMD: -0.71;
95%CI: -1.69 to 0.27; P = 0.16).
Comparison of postoperative complications:
The detailed results of the meta-analysis are given
in Figures 3 and 4. The results suggested that U-RY
reconstruction had significantly lower incidence of reflux
gastritis/esophagitis (OR: 0.40; 95%CI: 0.20-0.80; P
= 0.009), delayed gastric emptying (OR: 0.29; 95%CI:
0.14-0.61; P = 0.001), and Roux stasis syndrome (OR:
0.14; 95%CI: 0.04-0.50; P = 0.002) compared to RY
reconstruction. No significant differences were found
between the two reconstructive methods in terms of
anastomotic bleeding (OR: 0.41; 95%CI: 0.07-2.50;
P = 0.33), anastomotic stricture (OR: 0.41; 95%CI:
0.12-1.42; P = 0.16), and anastomotic ulcer (OR: 0.25;
95%CI: 0.03-2.49; P = 0.24).

Subgroup and sensitivity analyses

The results of the meta-analysis revealed a significant
heterogeneity in some outcomes, such as operative
time (I² = 84%; P = 0.0004), intraoperative blood loss
(I² = 90%; P < 0.00001), hospital stay (I² = 69%; P
= 0.02), and incidence of Roux stasis syndrome (I² =
61%; P = 0.02). Sensitivity analysis of operative time
and intraoperative blood loss showed no heterogeneity
(Table 7). Sensitivity analysis of hospital stay indicated
no heterogeneity after excluding the study by Huang
[20]
et al
(Table 7). However, no reason for excluding
the aforementioned study was found after checking it
carefully. Considering that significant heterogeneity might
be derived from the different types of studies, a subgroup
analysis was performed according to the classification of
the study types. The subgroup analysis showed that both
OCS and RCT groups had significant heterogeneity (Figure
6), suggesting that heterogeneity was not derived from
the combination of different study types. Therefore, it

Comparison of postoperative nutritional status:
The detailed results of meta-analysis are given in Figure
5. The meta-analysis results suggested that U-RY re
construction had a significantly higher level of serum
albumin (WMD: 0.71; 95%CI: 0.24-1.19; P = 0.003)
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U-RY
Study or subgroup

Mean

He et al. 2017
Huang et al. 2017
Li et al. 2011
Park et al. 2014

152.5
145
132.6
187.3

SD
11.8
27
19.2
56.1

RY
Total
80
34
127
41

Mean
155.8
160
142.5
239.5

SD
11.6
27
11.7
72.2

Total
51
54
46
55

Mean difference

Mean difference

Weight

IV, Random, 95%CI

IV, Random, 95%CI

33.9%
23.3%
33.1%
9.7%

-3.30 [-7.40, 0.80]
-15.00 [-26.59, -3.41]
-9.90 [-14.65, -5.15]
-52.20 [-77.87, -26.53]

Total (95%CI)
282
206
100.0%
-12.95 [-22.29, -3.61]
Heterogeneity: Tau2 = 62.60; Chi2 = 18.25, df = 3 (P = 0.0004); I2 = 84%
-100
Test for overall effect: Z = 2.72 (P = 0.007)
Operative time
U-RY
Study or subgroup Mean
He et al. 2017
Huang et al. 2017
Li et al. 2011
Park et al. 2014

185.4
67.9
355.8
186.8

SD
64.1
23.5
72.5
119.1

RY
Total Mean
80
34
127
41

184.5
100.9
364.2
391.6

SD
69.8
57.9
97.2
237.3

Total Weight
51
54
46
55

27.8%
28.8%
26.4%
17.0%

-50

U-RY
SD

He et al. 2017
Huang et al. 2017
Li et al. 2011
Park et al. 2014

1.3
3.6
1.2
4.7

8.3
11.8
10.4
8.3

80
34
127
41

9.5
11
12.1
8.4

100

Mean difference

Mean difference
IV, Random, 95%CI

0.90 [-22.85, 24.65]
-33.00 [-50.35, -15.65]
-8.40 [-39.19, 22.39]
-204.80 [-277.34, -132.26]

RY
Total Mean

50

IV, Random, 95%CI

Total (95%CI)
282
206 100.0%
-46.38 [-91.93, -0.83]
Heterogeneity: Tau2 = 1798.47; Chi2 = 30.10, df = 3 (P < 0.00001); I2 = 90%
Test for overall effect: Z = 2.00 (P = 0.05)
Intraoperative blood loss

Study or subgroup Mean

0

Favours U-RY Favours RY

-200

-100

0

Mean difference

Mean difference

SD

Total

Weight

IV, Random, 95%CI

IV, Random, 95%CI

1.4
2.4
3.7
4.3

51
54
46
55

35.3%
22.1%
26.2%
16.5%

-1.20 [-1.68, -0.72]
0.80 [-0.57, 2.17]
-1.70 [-2.79, -0.61]
-0.10 [-1.93, 1.73]

Total (95%CI)
282
206
100.0%
-0.71 [-1.69, 0.27]
Heterogeneity: Tau2 = 0.65; Chi2 = 9.79, df = 3 (P = 0.02); I2 = 69%
Test for overall effect: Z = 1.41 (P = 0.16)
Hospital stay

100

200

Favours U-RY Favours RY

-10

-5

0

5

10

Favours U-RY Favours RY

Figure 2 Meta-analysis forest plots concerning operative time, intraoperative blood loss, and hospital stay.

was considered that the heterogeneity was caused by
differences in operative technique, experience of the
surgeons, postoperative management, and so on.
We noticed that laparoscopic technique was used in
two studies as well as the definitions of complications
were different in the included studies. Subgroup analyses
were undertaken for relevant outcome measures by
including studies with laparoscopic technique and dif
ferent definitions (Table 8). The results showed that there
were no statistically significant differences in outcomes
between patients undergoing U-RY reconstruction and
those receiving RY reconstruction using laparoscopic
surgery. When pooling studies using the definition D,
patients undergoing U-RY reconstruction had a lower
Roux stasis syndrome rate than those receiving RY
reconstruction (OR: 0.08; 95%CI: 0.01 to 0.85; P =
0.04). However, there were no statistically significant
differences in any other defined outcomes.

gastric cancer surgery. However, surgeons have not yet
reached a consensus on the choice of reconstruction
method after DG. They are seeking the best method
of reconstruction that can reduce complications and
[21]
improve postoperative quality of life . Recent studies
revealed that RY reconstruction after DG for gastric
cancer was advantageous in terms of postoperative longterm functional outcomes compared with the two Billroth
[21-23]
methods
. Moreover, a series of studies confirmed
the feasibility, practicability, and superiority of the U-RY
[24,25]
anastomosis after DG in clinical practice
. However,
the choice of U-RY or RY gastrojejunostomy is still
controversial. The related outcomes of both methods of
[26-28]
reconstruction after DG were analyzed in this study
.

Perioperative outcomes

Four studies reported operative time, intraoperative
blood loss, and hospital stay. The results of the metaanalysis showed that the operative time was reduced in
patients undergoing U-RY reconstruction compared to RY
[22,24]
reconstruction. Recent studies
reported that U-RY
significantly reduced operative time and intraoperative
blood loss compared with the traditional RY because
cutting off the mesentery and closing mesentery holes
were not required. These views supported the conclusion
of the present study. No significant difference was

Publication bias

Funnel plot analysis showed no obvious publication bias
for the incidence of reflux gastritis/esophagitis (Figure 7).

DISCUSSION
Digestive tract reconstruction is an important aspect of
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U-RY
Study or subgroup

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

0
2

193
127

1
1

105
46

57.2%
42.8%

0.18 [0.01, 4.46]
0.72 [0.06, 8.13]

151

100.0%

0.41 [0.07, 2.50]

Xu et al. 2010
Li et al. 2011

RY

Total (95%CI)
320
Total events
2
2
Heterogeneity: Chi2 = 0.46, df = 1 (P = 0.50); I2 = 0%
Test for overall effect: Z = 0.97 (P = 0.33)

U-RY
Study or subgroup

0.01
Anastomotic bleeding

RY

Events

Total

Events

Total

2
1
0
0

80
127
54
193

1
0
2
2

51
46
51
105

15.5%
9.4%
33.1%
42.0%

Total (95%CI)
454
253
Total events
3
5
Heterogeneity: Chi2 = 2.23, df = 3 (P = 0.53); I2 = 0%
Test for overall effect: Z = 1.41 (P = 0.16)

100.0%

He et al. 2017
Li et al. 2011
Noh. 2000
Xu et al. 2010

U-RY

Weight

0.1

1

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

0.41 [0.12, 1.42]
0.01
Anastomotic stricture

RY

0.1

1

Odds ratio

Odds ratio

Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

0
0

80
54

1
1

51
51

54.3%
45.7%

0.21 [0.01, 5.23]
0.31 [0.01, 7.76]

Total (95%CI)
134
102
Total events
0
2
Heterogeneity: Chi2 = 0.03, df = 1 (P = 0.87); I2 = 0%
Test for overall effect: Z = 1.18 (P = 0.24)

100.0%

0.25 [0.03, 2.49]
0.01

Anastomotic ucler

10

100

Favours U-RY Favours RY

Total

He et al. 2017
Noh. 2000

100

1.28 [0.11, 14.51]
1.10 [0.04, 27.55]
0.18 [0.01, 3.88]
0.11 [0.01, 2.25]

Events

Study or subgroup

10

Favours U-RY Favours RY

0.1

1

10

100

Favours U-RY Favours RY

Figure 3 Meta-analysis forest plots concerning anastomotic bleeding, anastomotic stricture, and anastomotic ulcer.

they claimed that U-RY was superior to conventional RY
gastrojejunostomy in keeping the function of the gastric
[29]
remnants. Ma
reported that the U-RY anastomosis
reduced the occurrences of stasis syndrome because
the jejunum was transversed while preserving the advan
tages of RY surgery. The aforementioned opinions were
consistent with the conclusion of the present study.
The present study suggested that the bile and pan
creatic juice were forced into the efferent jejunal limb
through the Braun anastomosis between the afferent
and efferent jejunal limbs because the afferent jejunal
limb near the gastrointestinal anastomosis was closed.
The smaller bile and pancreatic juice could be refluxed
to the residual stomach. Hence, U-RY reconstruction
could prevent reflux gastritis and esophagitis. The U-RY
reconstruction could effectively prevent delayed gastric
emptying and Roux stasis syndrome by preserving je
junum continuity, integrity of myoelectrical conduction,
direction of muscle contraction in the gastrointestinal
[30,31]
tract, and normal intestinal peristalsis
. No signifi
cant difference was found in anastomosis-related com
plications between the two groups. It might be due
mainly to the use of gastrointestinal stapling devices
and the refinement of technique. Theoretically, the
U-RY anastomosis maintained mesenteric continuity
and ensured good perfusion of the anastomotic site.
Therefore, it could reduce the formation of anastomotic

found in the intraoperative blood loss between the two
groups largely due to the smaller sample size of the
included studies. The traditional RY anastomosis required
cutting off the bowel, even separating off the part of the
mesentery and handling the mesenteric vessels, thereby
increasing the difficulty in the operation. Thus, U-RY had
an advantage in shortening the operative time.

Postoperative complications

The postoperative complication was an important out
come to assess the safety of the operation type. This
study found that U-RY reconstruction had an advantage
in reducing the incidence of reflux gastritis/esophagitis,
delayed gastric emptying, and Roux stasis syndrome,
whereas no significant advantage was found in pre
venting anastomotic bleeding, stricture, and ulcer.
[15]
Noh et al
reported that Roux stasis syndrome,
alkaline reflux gastritis, and esophagitis were significantly
reduced in the U-RY reconstruction compared with
the conventional RY reconstruction. In their study, the
incidence of Roux stasis syndrome was 18.5% in the
uncut RY group (10 out of 51 patients) and 37.3% in
the conventional RY group (19 out of 51 patients). A
[19]
recent clinical study by Park and Kim
indicated that,
according to postoperative endoscopic findings, U-RY
anastomosis had advantages in improving gastritis,
duodenal secretion reflux, and gastric residue. Thus,
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Odds ratio

Odds ratio

Events

U-RY
Total

Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

4
1
4
4
0
0

80
34
127
54
41
193

3
4
2
3
5
7

51
54
46
51
55
105

13.1%
11.3%
10.7%
10.8%
17.6%
36.5%

0.84 [0.18, 3.93]
0.38 [0.04, 3.54]
0.72 [0.13, 4.04]
1.28 [0.27, 6.02]
0.11 [0.01, 2.06]
0.03 [0.00, 0.60]

Total (95%CI)
529
362
Total events
13
24
Heterogeneity: Chi2 = 7.08, df = 5 (P = 0.22); I2 = 29%
Test for overall effect: Z = 2.61 (P = 0.009)

100.0%

0.40 [0.20, 0.80]

Study or subgroup
He et al. 2017
Huang et al. 2017
Li et al. 2011
Noh. 2000
Park et al. 2014
Xu et al. 2010

RY

U-RY
Study or subgroup
He et al. 2017
Huang et al. 2017
Li et al. 2011
Noh. 2000
Park et al. 2014

RY

1

10

Odds ratio

Odds ratio

Total

Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

3
3
1
1
2

80
34
127
54
41

3
7
2
3
18

51
54
46
51
55

12.2%
17.0%
10.0%
10.4%
50.4%

0.62 [0.12, 3.21]
0.65 [0.16, 2.71]
0.17 [0.02, 1.97]
0.30 [0.03, 3.00]
0.11 [0.02, 0.49]

257

100.0%

0.29 [0.14, 0.61]

U-RY
He et al. 2017
Huang et al. 2017
Li et al. 2011
Noh. 2000
Park et al. 2014
Xu et al. 2010

0.1

0.01
Delayed gastric emptying

RY

0.1

1

10

100

Favours U-RY Favours RY

Odds ratio

Odds ratio

Events

Total

Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

0
1
0
10
3
0

80
34
127
54
41
193

9
9
8
19
5
10

51
54
46
51
55
105

11.9%
16.5%
11.9%
26.4%
21.4%
12.0%

0.03 [0.00, 0.49]
0.15 [0.02, 1.26]
0.02 [0.00, 0.31]
0.38 [0.16, 0.93]
0.79 [0.18, 3.51]
0.02 [0.00, 0.41]

Total (95%CI)
529
362
100.0%
0.14 [0.04, 0.50]
Total events
14
60
Heterogeneity: Tau2 = 1.39; Chi2 = 12.89, df = 5 (P = 0.02); I2 = 61%
Test for overall effect: Z = 3.04 (P = 0.002)
Roux stasis syndrome

500

Favours U-RY Favours RY

Events

Total (95%CI)
336
Total events
10
33
Heterogeneity: Chi2 = 3.93, df = 4 (P = 0.42); I2 = 0%
Test for overall effect: Z = 3.28 (P = 0.001)

Study or subgroup

0.002
Reflux gastritis/esophagitis

0.001

0.1

1

10

1000

Favours U-RY Favours RY

Figure 4 Meta-analysis forest plots concerning reflux gastritis/esophagitis, delayed gastric emptying, and Roux stasis syndrome.

stenosis. However, further clinical studies are still needed
to verify the aforementioned conclusions.

nutritional status after the U-RY procedure are required
to validate the findings.

Postoperative nutritional status

Recanalization and its countermeasures
[25-28]

Only two studies evaluated the changes in the nutritional
status at 1 year of follow-up after surgery. The levels
of serum hemoglobin, serum total protein, and serum
albumin were calculated to assess the nutritional sta
tus. The present meta-analysis revealed that two
reconstructive procedures showed similar changes in
serum hemoglobin and total protein levels. However,
the level of serum albumin was higher in the U-RY
group than in the RY group. However, several important
outcomes, including cholesterol, triglyceride, and body
weight, were not reported adequately in the included
studies. Therefore, postoperative nutritional status
could not be fully assessed due to lack of sufficient data.
Consequently, further clinical studies, including various
nutritional indicators and long follow-up, to assess the

WJG|www.wjgnet.com

Related studies
reported the occurrence of recana
lization at the site of afferent closure after U-RY re
construction, which may increase the incidence of
alkaline reflux gastritis and esophagitis and decrease
[31]
quality of life. Yang et al
concluded in their study
that the incidence of partial recanalization after U-RY
reconstruction reached 13.0%. In the included literature,
three articles mentioned the problem of recanalization
of the obliterated afferent jejunal limb. No recanalization
[18,19]
was found in the two studies
after follow-up for 6
mo and 1 year, respectively. However, the incidence
of recanalization at 1 and 2 years after surgery in one
[20]
study
was 2.9% and 5.9%, respectively. Some
modified procedures were used that could reinforce
the occlusion and reduce the recanalization rate. These
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U-RY
Study or subgroup
He et al. 2017
Park et al. 2014

RY

Mean

SD

Total

Mean

SD

94.6
96.1

3.4
8.5

80
41

94.2
94.3

3.9
9.4

Total Weight

Total (95%CI)
121
Heterogeneity: Chi2 = 0.51, df = 1 (P = 0.47); I2 = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

Mean difference

Mean difference

IV, Fixed, 95%CI

IV, Fixed, 95%CI

51
55

88.4%
11.6%

0.40 [-0.90, 1.70]
1.80 [-1.80, 5.40]

106

100.0%

0.56 [-0.66, 1.79]
-10

-5

U-RY

RY

0

5

Mean difference

Mean difference

Study or subgroup

Mean

SD

Total

Mean

SD

Total

Weight

IV, Fixed, 95% CI

IV, Fixed, 95%CI

He et al. 2017
Park et al. 2014

98.2
100.7

2.3
7.2

80
41

98.5
98.5

2.2
7.1

51
55

66.2%
33.8%

-0.30 [-1.09, 0.49]
2.20 [-0.69, 5.09]

Total (95% CI)
121
106
Heterogeneity: Tau2 = 1.95; Chi2 = 2.67, df = 1 (P = 0.10); I2 = 63%
Test for overall effect: Z = 0.46 (P = 0.64)

100.0%

0.55 [-1.77, 2.86]
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Total

He et al. 2017
Park et al. 2014

1.6
9.2

80
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Heterogeneity: Chi2 = 0.21, df = 1 (P = 0.65); I2 = 0%
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Figure 5 Meta-analysis forest plots concerning serum hemoglobin, serum total protein, and serum albumin.

Table 7 Outcomes of sensitivity analysis
Sensitivity analysis
Operative time
Include all studies
Exclude "He et al 2017"
Exclude "Huang et al 2017"
Exclude "Park et al 2014"
Exclude "Li et al 2011"
Intraoperative blood loss
Include all studies
Exclude "He et al 2017"
Exclude "Huang et al 2017"
Exclude "Park et al 2014"
Exclude "Li et al 2011"
Hospital stay
Include all studies
Exclude "Huang et al 2017"

Heterogeneity test

Overall effect

I ² (%)

Tau²

OR/WMD and 95%CI

P value

84
81
88
69
88

62.60
142.92
70.94
18.50
235.46

-12.95 (-22.29 to -3.61)
-20.41 (-36.14 to -4.68)
-12.75 (-23.99 to -1.52)
-8.03 (-14.13 to -1.94)
-19.13 (-38.42 to 0.16)

0.007
0.01
0.03
0.01
0.05

90
92
93
65
93

1798.47
3010.33
4274.27
259.64
2690.80

-46.38 (-91.93 to -0.83)
-69.86 (-136.73 to -2.99)
-60.75 (-139.17 to 17.68)
-15.15 (-37.95 to 7.64)
-64.63 (-127.90 to -1.37)

0.05
0.04
0.13
0.19
0.05

69
9

0.65
0.03

-0.71 (-1.69 to 0.27)
-1.22 (-1.71 to -0.73)

0.16
< 0.00001

CI: Confidence interval; OR: Odds ratio; WMD: Weighted mean differences.

include using nonbladed six-row linear staplers to
[32]
staple , using four or five seromuscular stitches annu
larly around the jejunal wall with tightly tied 3-0 poly
[33]
propylene , and suturing the serosal layers of the upper
and lower jejunum at the occlusion site after the ligature
[34]
of the jejuna . This study recommended improving the
jejunal occlusion method to ensure that jejunal occlusion
was permanently closed but not transected.
In conclusion, the present meta-analysis indicated
that U-RY reconstruction after DG for gastric cancer was

WJG|www.wjgnet.com

secure and feasible. It has several advantages, such as
shorter operative time and reduced incidence of reflux
gastritis/esophagitis, delayed gastric emptying, and
Roux stasis syndrome. However, this study also had
several limitations. Only two RCTs were included, and the
relatively small sample size likely had a certain effect on
the results. Lastly, the studies included were only singlecenter studies conducted in China and Korea. Therefore,
high-quality RCTs in multiple centers are still needed for
further confirmation of our findings.
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Table 8 Subgroup analyses of studies with laparoscopic technique and different definitions
Outcome of interest
Laparoscopic/laparoscopy-assisted
Operative time
Intraoperative blood loss
Hospital stay
Reflux gastritis/esophagitis
Delayed gastric emptying
Roux stasis syndrome
Definition A
Reflux gastritis/esophagitis
Definition B
Delayed gastric emptying
Definition C
Delayed gastric emptying
Definition D
Roux stasis syndrome

Studies

Patients (n )

OR/WMD

95%CI

P value

2
2
2
2
2
2

184
184
184
184
184
184

-31.76
-115.14
0.48
0.22
0.27
0.39

-68.04, 4.51
-283.34, 53.06
-0.62, 1.57
0.04, 1.23
0.04, 1.62
0.12, 1.23

0.09
0.18
0.39
0.08
0.15
0.11

2

304

0.79

0.25, 2.49

0.68

1

131

0.62

0.12, 3.21

0.57

1

173

0.17

0.02, 1.97

0.16

3

409

0.08

0.01, 0.85

0.04

CI: Confidence interval; OR: Odds ratio; WMD: Weighted mean differences.

U-RY
Study or subgroup Events

RY

Total

Events

Total

Weight

Odds ratio

Odds ratio

M-H, Random, 95%CI

M-H, Random, 95%CI

OCS
He et al. 2017
0
80
9
51
20.8%
Huang et al. 2017
1
34
9
54
26.6%
Li et al. 2011
0
127
8
46
20.7%
Park et al. 2014
3
41
5
55
31.9%
Subtotal (95%CI)
282
206
100.0%
Total events
4
31
Heterogeneity: Tau2 = 2.34; Chi2 = 8.46, df = 3 (P = 0.04); I2 = 65%
Test for overall effect: Z = 2.24 (P = 0.03)
RCTs
Noh. 2000
10
54
19
51
60.6%
Xu et al. 2010
0
193
10
105
39.4%
Subtotal (95%CI)
247
156
100.0%
Total events
10
29
Heterogeneity: Tau2 = 3.35; Chi2 = 3.89, df = 1 (P = 0.05); I2 = 74%
Test for overall effect: Z = 1.40 (P = 0.16)

0.03 [0.00, 0.49]
0.15 [0.02, 1.26]
0.02 [0.00, 0.31]
0.79 [0.18, 3.51]
0.12 [0.02, 0.77]

0.38 [0.16, 0.93]
0.02 [0.00, 0.41]
0.13 [0.01, 2.26]

0.001

0.1

1

10

1000

Favours U-RY Favours RY
Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.96); I2 = 0%

Figure 6 Subgroup analyses of observational clinical studies and randomized controlled trials.
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Research background

SE (log[OR])

0.5

Gastric cancer is the fourth most common cancer worldwide and the third most
frequent cause of death from cancer. At present, the choice of gastrointestinal
reconstruction after distal gastrectomy (DG) for gastric cancer remains
controversial. Uncut Roux-en-Y (U-RY) reconstruction is an improvement of the
Roux-en-Y (RY) reconstruction, which is a promising method that may replace
the previous type of anastomosis. This systematic review and meta-analysis
aimed to compare the clinical efﬁcacy and safety of U-RY vs RY reconstruction
after DG for gastric cancer.

1

1.5

2

0.002

0.1

1

10

Research motivation

500

A method of digestive tract reconstruction called “U-RY anastomosis” was first
proposed in 1988. It has been a research hotspot for years since then. Some
surgeons consider U-RY reconstruction superior to RY reconstruction, while
others do not. Therefore, its use remains controversial.

OR

Figure 7 Funnel plot of reflux gastritis/esophagitis rate in all included
studies.
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Research objectives

This novel meta-analysis compared U-RY and RY reconstruction after DG
for gastric cancer. It compared U-RY and RY reconstruction in terms of
perioperative outcomes, postoperative complications, and postoperative
nutritional status.

10

11

Research methods

A literature search was conducted to identify studies comparing U-RY with
RY after DG for gastric cancer. Using either fixed- or random-effects models,
pooled odds ratios or weighted mean difference with 95% confidence interval
was calculated. Meta-analyses were performed using RevMan 5.3 software.

12

Research results

13

Research conclusions

14

Some clinical advantages were provided by U-RY reconstruction, such as
shorter operative time and lowered incidence of reflux gastritis/esophagitis,
delayed gastric emptying, and Roux stasis syndrome.

The present study showed that U-RY reconstruction after DG for gastric cancer
was secure and feasible, providing a guideline for clinical practice. However,
high-quality RCTs in multiple centers are still needed for further confirmation.

15

Research perspectives

16

U-RY anastomosis maintained mesenteric continuity and ensured good
perfusion of the anastomotic site. It could reduce the formation of anastomotic
stenosis.
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Abstract
Primary hepatic neuroendocrine tumor (PHNET) is an
extremely rare liver tumor. Patients often have no clin
ical symptoms or have only non-specific symptoms,
such as abdominal pain and abdominal mass. The clin
ical manifestations, disease development, treatment
methods, and treatment outcomes of PHNET vary
greatly among cases. Here we report a case of PHNET
with a confirmed 26-year survival before surgery. The
patient was a 56-year-old female. A large right hepatic
mass was detected when the patient was 30 years old.
The tumor could not be removed during exploratory
laparotomy, and constriction of the right hepatic artery
and biopsy were conducted. Pathological results indicated
a diagnosis of benign tumor, but a confirmed diagnosis
was not reached. Twenty-six years after the patient had
been living with the tumor, she sought treatment again
because of tumor progression. After systematic evaluation
of the resectability, the tumor was resected. Based on the
examination results of the gastrointestinal tract and lungs,
intraoperative examination results, pathological findings,
and long-term follow-up results, the diagnosis of PHNET
was confirmed. This case represents the longest reported
survival time for a PHNET patient before removal of the
tumor.
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biopsy were performed. Postoperative recovery was
uneventful. Postoperative pathology failed to determine
the diagnosis but suggested the following possibilities:
(1) Hepatocellular adenoma; (2) highly differentiated
hepatocellular carcinoma; or (3) sinusoidal dilatation
and hemorrhage. The long-diameter of the tumor was
reduced to 18 cm after surgery, and the patient was
followed up intermittently for 26 years (Figure 2). No
significant increase in liver mass was observed and no
significant discomfort was reported. But at the beginning
of 2010, the patient reported gradually aggravated
abdominal distention with occasional abdominal pain. An
examination revealed increased liver tumor size, and the
patient exhibited a weight loss of 10 kg in 6 mo.
Upon physical examination, a hard mass with an
uneven surface was identified in the right upper ab
domen; the boundary of the mass was not clear, there
was no significant tenderness, the mass could not be
moved easily, and there were no other positive findings
(Figure 3).
After admission, the patient underwent routine blood
tests, including examinations of complete blood count,
liver and renal function, electrolytes, coagulation func
tion, and tumor markers, along with gastrointestinal
endoscopy and pulmonary imaging. No abnormal find
ings were found.
Although the nature of the tumor was not clarified
following the examination conducted in 1984, the pre
vious pathological results indicated a benign liver tumor.
Therefore, surgery should have been the first choice
of treatment. Although the tumor was not successfully
resected in 1984, liver surgery has made tremendous
progress over the past 26 years owing to great advances
in radiology and liver transplantation. Therefore, the
resectability of the case was re-evaluated systematically.
In accordance with the preoperative assessment
strategy for a large-scale liver resection, the team of
doctors further evaluated the hepatic vascular anatomy,
liver volume, and hepatic reserve function of the pa
tient. The patient’s CT was used for three dimensional
(3D) visualization of the liver and the design of virtual
surgeries (Myrian, France) to derive liver volume infor
mation and to assist in surgical decisions. Liver reserve
function was evaluated by Indocyanine Green (ICG) test
99m
and
Tc-galactosyl human serum albumin scintigraphy
(GSA) test. Two clinicians with more than 10 years of
liver surgery experience independently reviewed tomo
graphic images and reconstructed 3D images to evaluate
the feasibility of lesion resectability and then discussed
for last decision.
Both surgeons unanimously confirmed that the ar
terial, portal, and hepatic veins in the left lateral lobe
of the liver could be fully displayed on the tomographic
images and that their distances to the tumor allowed
safe manipulation for the surgical procedures. Liver
volume calculations revealed Future Liver Remnant
(FLR) 1060 ml according to the design of right hepatic
trisegmentectomy. The ICG reserved in 15 min (R15)
99m
was 1.4%.
Tc-GSA showed a valid functional liver

Core tip: In this work, we reported a rare case of primary
hepatic neuroendocrine tumor. To our knowledge,
the total number of cases does not exceed 150. The
diagnosis, radiological features, treatment, and survival
conditions vary among cases. Our case has two features
that have not yet been reported in the literature: (1) The
patient had a confirmed preoperative disease course of 26
years-the longest preoperative course among the reported
cases; and (2) the lesion contained multiple calcifications,
which is not reported previously.
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INTRODUCTION
Primary hepatic neuroendocrine tumor (PHNET) is a rare
hepatic space-occupying lesion. Thus far, the English
literature mostly contains case reports, with the total
[1]
number of cases not exceeding 150 . In these case
reports, the lesion size, location, imaging manifestations,
treatment methods, and treatment effects present a rich
diversity. Here, we report a case with a huge PHNET with
a preoperative course of 26 years and present a brief
review of the literature. To the best of our knowledge,
this PHNET case has the longest preoperative course,
and it represents the only reported case with multiple
calcifications in the tumor.

CASE REPORT
A 56-year-old female patient sought treatment on her
own in our hospital due to “liver space-occupying lesion
for 26 years and bloating for six months” on June 2,
2010 and walked into the ward herself. In April 1984,
the patient self-reported the symptoms of abdominal
distension and intermittent abdominal pain but without
nausea, vomiting, fever, yellow skin, sclera, increased
heart rate, diarrhea, or flushing. B-mode ultrasound
and computed tomography (CT) examination (Figure 1)
found a liver mass, approximately 20 cm × 16 cm × 11
cm in size. The nature of the mass was uncertain, and
there were no abnormalities identified in the complete
blood test and in tests for liver function and alphafetoprotein. In July 1984, a famous surgeon in China
conducted an exploratory laparotomy on the patient.
During the surgery, it was found that the right hepatic
artery was surrounded by a tumor and the hepatic
vein was invaded. The tumor could not be removed,
and constriction of the right hepatic artery and liver
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Figure 1 May 1984 computed tomography scan revealed a giant, heterogeneous tumor in the right liver with internal calcifications, but the nature of the
tumor was not clarified. This may be an examination conducted by the first computed tomography scan machine in China.

Figure 2 Computed tomography images of the patient in 1985, 2004, and 2010, respectively.

A

B

C

Figure 3 Enhanced computed tomography scan after admission in 2010. A: Routine (noncontrast) scan: A huge space-occupying lesion of the right liver, with a
size 20 cm × 16 cm × 11 cm. The internal density was heterogeneous, and liquid density and multiple enveloped calcifications could be observed; B: Arterial phase:
the tumor parenchyma showed substantial and uniform enhancement; C: Portal vein phase: the tumor parenchyma did not show rapid subsidence and still showed
higher densities.

volume of 749 mL and a functional liver volume of 660
mL in the left lobe, accounting for 88.1% of the total
functional liver volume. Based on the above results, right
hepatic trisegmentectomy was determined to be safe
and feasible.
The surgery was conducted on June 30, 2010. After
careful exploration of the stomach, small intestine,
colon, and pancreas after laparotomy, no tumor lesions
were found. The surgery was conducted in accordance
with an anatomical right hepatic trisegmentectomy and
lasted for 8 h. The intraoperative bleeding was 1600 mL,
and the specimen weight was 3952 grams (Figure 4).
Postoperative recovery was successful; the patient was
discharged after 10 d without complications.

WJG|www.wjgnet.com

Postoperative pathology: acinar and daisy clumpy
structures could be seen under light microscope, and
some areas were beam-like and had rich sinusoids.
The tumor size was 26 cm × 23 cm × 8 cm, and
mitotic phases were rare (0-1/10 high power field).
Immunohistochemistry revealed cluster of differentiation
56 (+), synaptophysin (+), vimentin (-), P53 (-),
chromogranin A (-), Ki-67 index < 1%, and cytokeratin
(++) in the tumor. The final diagnosis was PHNET G1;
TNM stage: T1b.
The patient was followed up in our hospital 1, 3,
6, and 12 mo after surgery and was then followed
by telephone or in-hospital once each year. Followup included blood tests and radiological examinations.
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D

E

F

G

H

Figure 4 Surgical procedures. A: Separation of the hepatic artery, suspension of the left hepatic artery, and the right hepatic artery was ligated and transected; B:
Separation of the portal vein and bile duct. The right hepatic duct was transected and sutured; C: Separation of the right portal vein; D: Splitting the liver parenchyma
to the inferior vena cava; E: Severing of the right hepatic vein using the stapler; F: Condition after surgical resection, showing that the left hepatic artery, left portal
vein, and left hepatic duct were structurally intact; G: The remaining liver after resection was ruddy in color, with no ischemia or blood stasis; H: The specimen weight
was 3952 g.

mors, accounting for roughly 0.46% of the malignant
lesions of the gastrointestinal tract and bronchial lungs
[2]
and approximately 2% of gastrointestinal malignancies .
Data from SEER (Surveillance, Epidemiology and End
Results Program, United States) show that the incidence
[3]
of NET has been on the rise in the recent 30 years .
This increase may be related to the increasing awareness

The last follow-up was conducted on August 2016 in
our outpatient department. The patient had no signs of
tumor recurrence and had a good quality of life.

DISCUSSION
Neuroendocrine tumors (NETs) are relatively rare tu
WJG|www.wjgnet.com
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of NET among clinicians and the progress of diagnostic
experience/technology.
Approximately 67% of NETs come from the gastro
intestinal tract, and approximately 25% come from the
lungs; the rest come from other organs, such as thyroid,
pancreas, esophagus, and biliary tract. Among NETs
found in the liver, approximately 80% are metastatic,
while primary hepatic neuroendocrine tumor (PHNET)
is very rare, accounting for roughly 0.4% of all cases of
[3]
NET . In the current English literature, the number of all
reported PHNET is less than 150.
[4]
The majority of PHNET cases are found in Asians .
The tumor is often found in middle-aged patients, most
ly aged 40 and older, and it affects slightly more female
than male patients. Upper abdominal pain is the most
common symptom, and approximately 5% of patients
[5]
may have carcinoid syndrome . Some patients are
asymptomatic, and the tumors are accidentally found
in imaging. Preoperative blood laboratory tests are
generally normal, and CEA, AFP, and CA19-9 generally
have negative changes. Lesions can occur as single
lesions, but there can also be multiple lesions. Single
lesions in the liver occur with equal probabilities on the
right and left hepatic lobes.
Because of the limited number of cases, there are few
articles devoted to the characterization of the imaging
features of PHNET. Recently, two reports by Chinese
scholars described the ultrasonographic features of ten
[6,7]
and six PHNET cases, respectively . B-mode ultrasound
examination showed that the majority of tumors were
mixed hyperechoic, and a few were iso- or hypoechoic.
In CEUS, more than 80% of cases can be characterized
by an enhancement of the tumor parenchyma at the
arterial phase and expurgation at the portal vein/balance
[6,7]
phase . Enhanced tomographic examination (CT/MR)
findings include (1) tumor with heterogeneous mixed
signals; (2) slight or significant enhancement of the
parenchyma or peripheral enhancement during the
arterial phase, followed by subsidence or continuous
increase; and (3) huge lesions often presenting cystic
areas, which may be bleeding (MR T1 high signal, T2
[7-10]
low signal)
. On positron emission tomography (PET),
PHNET may show high uptake of F-18 deoxyglucose (F-18
[11]
FDG). PET may be helpful in diagnosis . However, these
features are similar to the features of HCC, lacking the
specificity of PHNET, and the imaging performance varies
from patient to patient. Therefore, it is difficult to confirm
the diagnosis of PHNET using preoperative imaging
alone. Currently, the established method to diagnose
NET is labeled octreotide radionuclide imaging, with a
reported sensitivity of up to 85%-90%. Another function
of this approach is to predict the sensitivity of NET to
[1,12,13]
somatostatin treatment
.
The confirmation of PHNET diagnosis requires
both preoperative and postoperative processes. After
considering PHNET diagnosis, we should first rule out
primary lesions in other organs. PET-CT, gastrointestinal
endoscopy, and a series of examinations are often con
ducted, focusing on the stomach, small intestine, colon,
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pancreas, and appendix. After excision of the liver lesion,
pathological and immunohistochemical examinations
are required to confirm the diagnosis of NET. Long-term
follow-up is required, and the absence of NET lesions in
any other organs is required to establish the diagnosis
of PHNET. This patient underwent gastrointestinal
endoscopy and lung CT examination, and no lesions were
found. After 26 years of preoperative course and 7 years
of postoperative follow-up, no other lesions were found
except in the liver. Finally, we confirmed the diagnosis of
PHNET.
There is no clear treatment recommendation for
PHNET. However, most authors in the literature conducted
[6,14-17]
hepatectomies for resectable lesions
. The 5-year
survival rate after hepatectomy ranges from 74%-78%,
[18]
and the recurrence rate is approximately 18% . Other
treatments include trans-arterial embolization, liver
transplantation, and radiofrequency ablation. However,
no survival data have yet been found because of the
limited number of cases. It is noteworthy that the
postoperative recurrence of PHNET may not be in the
immediate postoperative period, and there are reports
[19,20]
of lesion recurrence 10 to 13 years after surgery
.
Therefore, long-term follow-up after surgery is very im
portant.
To the best of our knowledge, our case has two fea
tures that have not yet been reported in the literature: (1)
The patient had a confirmed preoperative disease course
of 26 years-the longest preoperative course among
the reported cases; (2) the lesion contained multiple
calcifications, which is a previously unreported feature.
These findings once again show that G1 PHNETs may
be slow-growing tumors with heterogeneous internal
components, the characteristics of preoperative imaging
examination can vary, and patients can have a long-term
survival with the tumor.
Another interesting fact in the treatment of this case
is that this patient waited a long time and gained new
surgical opportunities after the previous surgery failed
to remove the tumor. The tumor progressed very slowly
during the waiting period, but improvements in liver
surgery occurred rapidly. Since 1984, great advances
have been made in radiology, liver transplantation, and
liver surgery, both globally and in China. Evaluation of
liver volume, evaluation of liver reserve function, isolation
and control of liver blood vessels, vascular reconstruction,
and other key surgical techniques of liver surgery
continue to be established and improved, and more and
more Chinese surgeons have mastered and used these
new techniques. In the 1980s, China’s top liver surgeons
could not surgically remove giant liver tumors, which now
[21-23]
can be cured
. The reported case is a good example
demonstrating the technical progress of liver surgery in
China.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

The female patient suffered a giant but slow-growing, mild symptom right
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hepatic tumor for 26 years before definitive surgery, and the diagnosis was
confirmed as primary hepatic neuroendocrine tumor (PHNET). Surgical removal
leads to a good long-term disease free survival.

5

Clinical diagnosis

The female patient had no obvious symptoms but abdominal distension and
intermittent abdominal pain.

6

Differential diagnosis

In the first surgery in 1984, tumor biopsy was performed and three differential
diagnoses were considered: (1) Hepatocellular adenoma; (2) highly differentiated
hepatocellular carcinoma; and (3) sinusoidal dilatation and hemorrhage.

7

Laboratory diagnosis

No abnormal findings were found in preoperative laboratory tests, including
blood regular test, liver and renal function, tumor markers, etc.

8

Imaging diagnosis

Computed tomography scan showed a huge space-occupying lesion of the
right liver, with the heterogeneous internal density and multiple enveloped
calcifications.

9

Pathological diagnosis

10

Histological and immunochemical exams confirmed acinar and daisy clumpy
structures under light microscope. Some areas were beam-like and had rich
sinusoids, and mitotic phases were rare (0-1/10 HPF). Cluster of differentiation
56 and synaptophysin were positive, and Ki-67 was < 1% in the tumor.

11

Treatment

Patient accepts definitive surgery, and the tumor was removed thoroughly.
12

Related reports

PHNET is a kind of very rare primary hepatic lesion. The symptoms, radiological
findings, clinical course, therapy methods, and patients’ survival conditions
are variable between different cases. Although PHNET should be a differential
diagnosis in liver tumors, it is very difficult to confirm this diagnosis before
pathological examination. Different therapy methods have been used to treat
PHNET. Surgery should be the first choice if possible.

13

14

Term explanation

Neuroendocrine Tumor (NET), previously named carcinoid tumor, is a kind
of rare tumor. NETs always originate from gastrointestinal tracts or bronchial
lungs. NETs in liver are rare, and about 80% of them are metastasis tumors.
PHNET is extremely rare, accounting for roughly 0.4% of all cases of NETs,
and it is difficult to differentiate from other liver tumors, such as hepatocellular
carcinoma and adenoma.

15

16

Experiences and lessons

In this rare, slow growing PHNET case, we find that methods and the possibility
of treatment may change along with technology progress, such that definitive
treatment may be achieved after long-time conservative treatment.

17
18
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