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Abstract
Hepatocellular carcinoma (HCC) is the most common
primary liver malignant neoplasia. HCC is characterized
by a poor prognosis. The need to find new molecular
markers for its diagnosis and prognosis has led to a
progressive increase in the number of scientific studies
on this topic. MicroRNAs (miRNAs) are small noncoding RNA that play a role in almost all main cellular
pathways. miRNAs are involved in the regulation
of expression of the major tumor-related genes
in carcinogenesis, acting as oncogenes or tumor
suppressor genes. The aim of this review was to identify
papers published in 2017 investigating the role of
miRNAs in HCC tumorigenesis. miRNAs were classified
according to their role in the main molecular pathways
involved in HCC tumorigenesis: (1) mTOR; (2) Wnt;
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(3) JAK/STAT; (4) apoptosis; and (5) MAPK. The role
of miRNAs in prognosis/response prediction was taken
into consideration. Bearing in mind that the analysis
of miRNAs in serum and other body fluids would be
crucial for clinical management, the role of circulating
miRNAs in HCC patients was also investigated. The most
represented miRNA-regulated pathway in HCC is mTOR,
but apoptosis, Wnt, JAK/STAT or MAPK pathways are
also influenced by miRNA expression levels. These
miRNAs could thus be used in clinical practice as
diagnostic, prognostic or therapeutic targets for HCC
treatment.

and alpha-fetoprotein . For liver transplantation, the
inclusion within the Milan criteria remains a cornerstone
[6]
for the good outcome of the recipients .
As for the systemic therapy for HCC, no serious
options have been available until 2007, when the
neoangiogenesis agent Sorafenib was introduced.
Sorafenib gave one more chance to those patients
with high-stage and MVI-positive HCC, not suitable for
[7,8]
surgery . Again, no predictive tests are available to
assess which patients will benefit most from Sorafenib
therapy.
The need to find new tissue and/or serum markers
for HCC diagnosis and prognosis progressively increased
the number of studies on the molecular mechanism
behind liver carcinogenesis. The issue, however, still
remains tangled, due to the high heterogeneity of HCC
(not only in phenotype), and to the complex multistep
carcinogenesis occurring differently in cirrhotic and non[2]
cirrhotic livers .
MicroRNAs (miRNAs) are small non-coding RNA
(20-25 nucleotides) that play a role in almost all main
[9]
cellular pathways . miRNAs contribute to a variety of
physiological and pathological events, including several
[10-15]
types of tumors
. Thus, miRNAs are involved in the
regulation of expression of the major tumor-related
genes in carcinogenesis, acting as oncogenes or tumor
[16]
suppressor genes .
The aim of this review was to identify papers
published in the last 12 mo (from January 2017 to
December 2017), investigating the possible role of
miRNAs in HCC tumorigenesis. miRNAs were classified
according to their role in the main molecular pathways
involved in HCC: (1) mTOR; (2) Wnt; (3) JAK/STAT; (4)
apoptosis; and (5) MAPK. Moreover, the possible role
of miRNAs in prognosis/response prediction and the
level of circulating miRNAs in HCC patients were also
investigated.

Key words: MicroRNA; Molecular pathway; mTOR;
Prognosis; Hepatocellular carcinoma; Review
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is the most
common primary liver neoplasia and is characterized by
a poor prognosis. MicroRNAs (miRNAs) are involved in
the regulation of expression of the major tumor-related
pathways in carcinogenesis and may act as oncogenes
or tumor suppressor genes. mTOR is the most
represented miRNA-regulated pathway in HCC. miRNAs
found to be deregulated in HCC could be used in
clinical practice as diagnostic, prognostic or therapeutic
targets.
Vasuri F, Visani M, Acquaviva G, Brand T, Fiorentino M, Pession
A, Tallini G, D’Errico A, de Biase D. role of microRNAs in the
main molecular pathways of hepatocellular carcinoma. World J
Gastroenterol 2018; 24(25): 2647-2660 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i25/2647.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i25.2647

miRNAs IN HCC MOLECULAR
PATHWAYS

INTRODUCTION
Hepatocellular carcinoma (HCC), the most common
primary liver malignant neoplasia, is a very diffuse mali
gnancy, with variable incidence according to geography,
and represents the fifth cause of cancer-related death
[1,2]
worldwide . Generally, HCC is characterized by a
poor prognosis, mainly due to the limited treatment
[3]
choices : prognosis after surgery - including liver
transplantation - depends on the tumor stage, the asso
[4]
ciation with cirrhosis and on liver function . Histology
can be of little help in predicting the response to
surgery, since the classic well-established histological
features of HCC are seldom evaluable on liver needle
biopsy: microvascular invasion (MVI) is rarely seen
on biopsy, and tumor grade and architecture are too
heterogeneous in HCC to be assessed on the basis of
small sampling. Up to now, the most reliable prognostic
markers after surgery are clinical and surgical, e.g., the
complete resection of the lesion, liver function tests,

WJG|www.wjgnet.com

mTOR pathway

mTOR (mammalian target of rapamycin) is a well con
served serine-threonine kinase that plays a fundamental
role in the signaling network that controls growth and cell
metabolism. mTOR is the physical target of rapamycin.
mTOR exists in two different multi-protein complexes:
mTOR complex 1 (mTORC1) and mTOR complex 2
(mTORC2). mTORC1 is composed of five components:
[17]
mTOR, Raptor, PRAS40, GβL, and DEPTOR . mTORC1
is directly inhibited by rapamycin but, at the same time,
it is modulated by genotoxic stress, growth factors,
oxygen and energy status, resulting in modulation of
[18]
cell growth and proliferation . These inputs indirectly
regulate mTORC1 by controlling the activation status of
TSC1-TSC2. For example, growth factors block TSC1TSC2 and mTORC1 is consequently activated. On the
contrary, energy deficit, genotoxic stress or oxygen
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to poor clinical outcome. N-cadherin was the demon
strated target of miR-199b-5p and it promoted EMT in
HCC cells. The restoration of miR-199b-5p suppressed
cell migration, invasion and metastasis in xenograft
tumors. It was demonstrated that the miR-199b-5p
overexpression lead to suppression of TGF-β1-induced
Akt phosphorylation. Moreover, inhibition of the PI3K/Akt
signaling pathway blocked TGF-β1-induced N-cadherin
overexpression in HCC cells. The inhibitory effects on
EMT and on the TGF-β1 signaling pathway support the
potential use of miR-199b-5p as a promising strategy to
[26]
treat HCC .

deprivation are positive signals on TSC1-TSC2, which
inhibit mTORC1. Activated mTORC1 promotes protein
synthesis and lipid biogenesis, it controls mitochondrial
metabolism and biogenesis; it also inhibits catabolism by
blocking autophagy and it inhibits growth factor signaling
by activating negative feedback loops that block the PI3K
[18-20]
pathway
.
The second complex, mTORC2, is composed of six
components: mTOR, Rictor, GβL, Sin1, PRR5/Protor-1, and
DEPTOR. mTORC2 regulates cellular survival, cytoskeletal
organization and metabolism. Compared to mTORC1,
the mechanisms of mTORC2 are less understood: It is
insensitive to acute treatment with rapamycin, but it was
reported that a long-term treatment with rapamycin
reduces mTORC2 signaling, suppressing the assembly
[19,21]
of the complex
. This complex is activated by growth
factors with a PI3K-dependent mechanism and the work
[22]
of Zinzalla et al suggested a possible role of ribosomes
[20,22]
for mTORC2 complex activation
.
Due to its key role in regulating cell growth, survival
and metabolism, the mTOR pathway is aberrantly
activated in many diseases, including cancer, cardio
[20]
vascular disease and diabetes . In up to 50% of HCC
cases, an aberrant activation of mTOR was reported,
mainly downstream of the insulin growth factor (IGF) or
[23]
epidermal growth factor (EGF) signaling cascades .
Many studies showed tumor suppressor miRNAs, the
down-regulation of which lead to the mTOR pathway
activation in HCC cells.

miR-187, miR-497, miR-99a, miR-592: IGF1R activation, through the PI3K/Akt/mTOR axis, is
responsible for cell proliferation, migration and invasion in
[27]
HCC . IGF-1R is a target of miR-187, miR-497, miR-99a
[28-30]
and miR-592
. miR-187 was found downregulated in
[29]
HCC tissues and cell lines: as reported by Han et al ,
the restoration of miR-187 leads to a significant arrest
of HCC growth. miR-497 and miR-99a target the 3′-UTR
of both IGF-1R and mTOR and were shown to be downregulated in HCC human tissues and cell lines: the cotransfection with both miRNAs slowed cell proliferation
and the tumor growth in HCC cell lines and in xenograft
[28]
models . Wang and colleagues demonstrated that
miR-592 was significantly downregulated in HCC tissues
and cell lines and that its low expression was associated
[30]
with lymph node metastases . These results indicated
that miR-187, miR-497, miR-99a, miR-592 could be
investigated as potential therapeutic targets for HCC in
the future.

[24]

miR-758-3p: Jiang et al showed that the restoration
of miR-758-3p in HCC cell line could suppress cell
proliferation, migration, and invasion. miR-758-3p
markedly down-regulates the expression of MDM2 and
mTOR and, at the same time, the expression of p53,
AKT and PRAS40 resulted up-regulated. mTOR can
be regulated by its upstream effector AKT, which can
suppress PRAS40 so as to eliminate the inhibition it
[24]
exerts on mTORC1 .

miR-296-5p: The low expression of miR-296-5p is
directly linked to the activation of the mTOR pathway in
HCC growth. Gain‑of‑function experiments demonstrated
that miR‑296‑5p inhibited HCC cell proliferation,
migration and invasion in vitro, by targeting AKT2. These
findings indicated that the miR‑296‑5p/AKT2 axis plays
important roles in HCC carcinogenesis and progression,
and that miR‑296‑5p/AKT2 could be considered a
[31]
potential target for HCC therapy .

[25]

miR-142: Yu et al
demonstrated that miR-142
expression was reduced in 50 tumor tissues in
comparison to correspondent normal tissues and in
two HCC cell lines compared to human normal liver cell
line. This lower expression was linked to poor clinical
parameters like high TNM stage and distant metastasis.
miR-142 was identified to directly target the transforming
growth factor β (TGF-β), which controls cell vitality,
proliferation, epithelial-mesenchymal transition (EMT)
and neo-angiogenesis. mTOR is one of the effector
pathways of TGF-β signaling. These findings imply
that miR-142 is a tumour suppressor gene in HCC and
that it increases the TGF-β-induced development of
[25]
hepatocellular carcinoma .

miR-139-5p: PDK1/AKT/mTOR axis activation could
lead to hepatocellular carcinoma cell proliferation. PDK1
is a known target of miR-139-5p, found down-regulated
[32]
in HCC tissues and cell lines. Mo et al
also observed
that miR139-5p/PDK1 expression was regulated by
long-coding RNA XIST, which was found over-expressed
in HCC.
miR-15b-5p: Opa interacting protein 5 (OIP5) was
found up-regulated in HCC, inducing tumor growth and
metastasis in vitro and in vivo. OIP5 induces mTORC1
and GSK-3β/β-catenin signaling activation, through AKT.
miR-15b-5p was found down-regulated in HCC cells and
OIP5 was found to be its direct target. These findings
suggest that the restoration of miR-15b-5p could inhibit

miR-199b-5p: In 100 pairs of HCC patients’ tumor
tissues and adjacent liver tissues a significant downregulation of miR-199b-5p was observed and associated

WJG|www.wjgnet.com
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[33]

OIP5-mediated oncogenic signaling in HCC

.

invasion of HCC cells by targeting PTEN, the reduction
[39]
of which activates the PI3K/Akt pathway . Another
miRNA was found to be over-expressed in HCC and
plays an oncogenic role in HCC by targeting PTEN: miR155-5p promotes cell growth, migration and invasion,
but inhibits apoptosis in vitro and promoted HCC
[40]
progression in vivo . PTEN is a known target also of
miR-25, which is over-expressed in HCC cell lines and in
[41]
liver cancer stem cells (LCSCs) .

miR-345: Yu and colleagues found that the expression
of miR-345 was significantly down-regulated in 65 HCC
cases, and matching tumor-adjacent tissues, and in HCC
cell lines. They also reported a clinical correlation between
the low expression of miR-345 and venous infiltration,
multiple lymph node metastases, and advanced TNM
stage. The restoration of miR-345 inhibited migration and
invasion ability of HCC cells. It was demonstrated that
interferon regulatory factor 1 (IRF1) was a direct target
of miR-345 and that IRF-1 mediated the oncogenic
[34]
effects triggering mTOR/STAT3/AKT signaling .

Wnt signaling pathway

β-catenin phosphorylation and degradation and its
regulation by Wnt are the essence of the Wnt pathway.
Signaling by the Wnt family proteins is one of the
fundamental mechanisms that induce cell proliferation,
cell polarity and cell fate during development and tissue
homeostasis (Logan and Nusse, 2004). Canonical
Wnt signaling functions by regulating the amount of
β-catenin. In the absence of Wnt, cytoplasmic β-catenin
protein is degraded by the Axin complex. This nonstop degradation prevents β-catenin from reaching
the nucleus, and Wnt target genes are thereby
[42-44]
repressed
. Inhibitors of Wnt signaling might be
effective in HCC, where mutations in the Wnt pathway
components are quite common. In the HepG2 cell line,
knockdown of β-catenin, mediated by RNA interference,
[45,46]
decreased proliferation and growth in vitro
(Figure 1).

miR-223: Dong and colleagues showed that miR-223
was able to suppress cell growth and to promote
apoptosis in HCC cell lines (HepG2 and Bel-7402). Rasrelated protein Rab-1(Rab1) is specifically regulated
by miR-223. These data suggested that, in HCC cells,
the anti-tumor effects due to miR-223 restoration
may be due to the inactivation of the mTOR pathway,
caused by the suppression of Rab1 when miR-223 is
over-expressed. According to these results, miR-223
may be a potential therapeutic target for treating HCC,
[35]
mediating mTOR signaling silencing .
Other studies showed oncogenic miRNAs, the
upregulation of which leads to the mTOR pathway
activation in HCC cells.
miR-33a: The levels of miR-33a were observed as
significantly higher in HCC tissues than in adjacent
non-tumor tissues. This elevated expression of miR33a correlated with adverse clinical features and poor
prognosis. It was demonstrated that miR-33a could
promote cell growth by modulating the proliferation and
apoptosis of HCC cells. Its direct target is PPARα, one of
[36]
the targets of mTORC1 .

miRNA-10a, miR-30e, miR-215, miR-125b and
miR-148a: Ashmawy and colleagues observed that
11 miRNAs (miR-10a, miR-106b, miR-99a, miR-148a,
miR-125b, miR-30e, miR-199a, miR-199a3p, miR-24,
miR-122 and miR-215) were down-regulated in HCC
patients. Five of these miRNAs (miRNA-10a, miR30e, miR-215, miR-125b and miR-148a) were also
associated with the expression of genes involved in the
Wnt/β-catenin pathway, such as β-catenin, APC and
[47]
c-myc .

miR-302d: Chen and colleagues demonstrated that
the overexpression of miR-302d promoted cell growth
and migration and suppressed apoptosis in HCC cell
lines and that it promotes xenograft tumor growth in
vivo. These mechanisms were found to be mediated by
[37]
TGFbR2-signaling, a target of miR-302d .

miR-155 and miR-183: In the same study, the
authors detected that miR-155 and miR-183 were upregulated in HCC patients if compared to controls and
[47]
that miR-155 was correlated with liver cirrhosis .
miR-18a: Other than miR-155 and miR-183, other
miRNAs involved in the Wnt/b-catenin pathway were
[48]
observed up-regulated in HCC. Liu et al
identified
that miR-18a expression was upregulated in human
HCC if compared to the adjacent non-tumoral liver
tissue. This up-regulation promotes the proliferation and
migration of HCC cell lines by inhibiting KLF4, a factor
that negatively regulates β-catenin expression. This
data led the authors to hypothesize that miR-18 could
[48]
be a therapeutic target for HCC treatment .

miR-23b: miR-23b was found to be significantly upregulated in tumor tissues of HCC patients. It was
demonstrated that this miRNA regulated ST7L, a
suppressor of the AKT/GSK3β/β-catenin pathway in
HCC cells. MiR-23b thus acts as an oncomir in HCC,
stimulating proliferation and metastasis through the
[38]
mTOR and β-catenin signaling cascades .
miR-181a, miR-155-5p, miR-25: miR-181a was
found to be up-regulated in HCC tissues compared to
adjacent tissues; moreover, its levels were dramatically
higher in metastatic HCC tissues than in non-metastatic
HCC tissues. miR-181a regulates the proliferation and

WJG|www.wjgnet.com

miR-195: Yan and colleagues showed a potential
application of miR-195 in the cancer therapy of HCC.
They observed that miR-195 was markedly down-
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Figure 1 Wnt signaling. MicroRNAs deregulated in hepatocellular carcinoma and involved in Wnt signaling pathway.

regulated both in HCC cell lines and in 36 HCCs
compared to adjacent non-tumoral liver tissues. The
expression of miR-195 was inversely correlated with
AEG-1 expression, which was demonstrated to be a
target of miR-195. Overexpression of AEG-1 activates
the PI3K/Akt, nuclear factor-κB, and Wnt/β-catenin
signaling pathways stimulating proliferation, metastasis,
[49]
angiogenesis and chemoresistance . An analysis
performed using miR-195 mimics showed how miR‑195
inhibited liver cancer cell growth and induced apoptosis
in HCC cell lines. The overexpression of miR-195 also
decreased tumor growth of hepatoma xenografts in
[50]
nude mice .

320a in HCC leads to inhibition of HCC cell proliferation
and invasion capability through c-Myc silencing.
These data support the role of miR320a as a tumorsuppressive microRNA in HCC and provide evidence
that miR-320a may be used as a potential target for
[52]
HCC treatment .
miR-98-5p: Another miRNA observed to be downregulated in HCC tissues is miR-98-5p. Down-regulation
of miR-98-5p correlates with tumor size, lymph node
metastasis, and clinical stage. In addition, HCC patients
with low expression of miR-98-5p had a shorter survival
time compared to those with high miR-98-5p levels.
miR-98-5p down-regulation in HCC has been associated
with up-regulation of Insulin-like growth factor 2 mRNAbinding protein 1 (IGF2BP1) in HCC, which induces cell
[53]
proliferation while inhibiting cell apoptosis .

miR-320a: miR-320a was observed to be downregulated in HCC tissues if compared to paired adjacent
non-tumoral liver tissues. In samples with miR-320a
inhibition, an up-regulation of the expression levels of
β-catenin, c-myc, cyclin D1 and DKK-1 was observed.
According to this data miR-320a may be considered as
a tumor-suppressive microRNA in human HCC, through
[51]
the down-regulation of the β-catenin pathway .
miR320a was observed to be down-regulated also in
a cohort of 50 HCC tissues by Xie and colleagues. The
authors also identified c-Myc as a direct target of miR320a and observed that inducing upregulation of miR-
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miR-15b-5p: As reported above (see mTOR pathway
paragraph), miR-15b-5p is involved in AKT/mTOR
pathway. However, its expression also inhibits GSK-3β/
[33]
β-catenin signaling in HCC .
miR-1247-5p: miR-1247-5p levels are down-regulated
in patients with HCC and in HCC cell lines. This
downregulation is probably due to hypermethylation
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tissues. Low expression of miR-638 was linked to
venous infiltration and TNM stage. Moreover, low levels
of miR-638 are associated with a lower E-cadherin and
vimentin expression if compared to cells showing high
miR-638 levels. miR-638 down-regulation increases
SOX2 expression, a gene overexpressed in HCC and
involved in oncogenesis and in the progression of
[65,66]
various cancers
. Moreover, SOX2 expression is
associated with overall poor survival in HCC patients
[67]
and it promotes cancer cell invasion . These data lead
to considering miR-638-SOX2 as a putative target for
[68]
repressing the development and metastasis of HCC .

of miR-1247-5p gene. Also, the overexpression of
miR‑1247-5p inhibits the invasion and proliferation
of HepG2 cells, induces cell apoptosis in vitro, and
suppresses the growth of transplanted tumors in vivo.
Wnt3 is a target of miR-1247-5p and overexpression
of miR-1247-5p significantly down-regulated its
expression. The evidence that the expression of miR1247-5p can be regulated by methylation indicates that
miR-1247-5p may be a potential therapeutic target for
[54]
HCC .

JAK-STAT pathway

The JAK/STAT pathway regulates development and it is
involved in stem cell maintenance, hematopoiesis and
inflammatory response. Active JAKs recruit STAT (signal
transducers and activators of transcription) proteins
that form dimers that translocate to the nucleus when
phosphorylated. These dimers modulate transcription
of genes involved in differentiation, proliferation and
apoptosis. The JAK/STAT pathway is regulated at
multiple levels. Many cancers and neoplastic cells
employ several strategies to activate the JAK/STAT
pathway (e.g., activating mutations in STATs or reduced
[55-57]
expression of negative regulators
) (Figure 2).

Apoptosis

Apoptosis occurs normally during development to
maintain cell populations in tissues and as a defense
mechanism in immune reactions or when cells are
[69,70]
damaged
. TP53 was the first tumor suppressor gene
to be linked to apoptosis and it is well established that
TP53 mutations occur in the vast majority of human
[71]
cancers . In fact, if on one hand wild type p53 promotes
apoptosis, cell-cycle arrest and senescence, the loss of
p53 function increases viability, chromosomal instability
and cellular lifespan. Disruption of the apoptotic pathway
[72]
correlates with the progression of several tumors .

miR-214-3p: miR-214-3p is expressed at low levels
[58]
in HCC . PIM-1 is an oncogene encoding for a serine/
threonine kinase protein involved in several human
cancers. PIM-1 transcription is initiated by STAT proteins
and plays a key role in signal transduction, contributing
to both cell proliferation and survival, and thus providing
[59]
an advantage in tumorigenesis . PIM-1 is a miR-214[58]
3p target and PIM-1 expression is enhanced in HCC .

miR-30a: Anoikis is a form of cell death due to loss
of contact of the cells with the extracellular matrix.
Low levels of miR-30a were observed in several HCC
cell lines (Hep3B, HepG2, SMMC-7721, MHCC97-L,
MHCC97-H and HCCLM3) and in HCC tumor tissue
compared to adjacent non-neoplastic tissue. miR30a silencing is accompanied by an increase in the
expression of Beclin 1 and Atg5 proteins and by a
[73]
decreased number of cells undergoing anoikis .

miR-30e: miR-30e is down-regulated in the majority
of HCC tissues. Restoration of its expression downregulates JAK1 expression levels. Silencing JAK1 inhibits
migration, proliferation and invasion of HCC cells. For
this reason, miR-30e might be a prognostic marker of
[60]
HCC and a putative therapeutic target .

miR-365: miR-365 expression was significantly lower
in HCC cells (SMC7721, HepG2, Bel7404 and Bel7402)
compared to a normal hepatocellular cell line (LO2).
Inducing up-regulation of miR-365 leads to a significant
decrease in cellular activity and to the inhibition of tumor
growth. It has also been observed that in cells with an
up-regulation of miR-365, the expression of Bax, cyto C
and cleaved caspase 3, which is downstream of Bcl-2,
[74]
were also markedly up-regulated .

miR-340: JAK-1 was also identified as a direct target of
miR-340. miR-340 was found to be significantly downregulated in HCC tissues and cell lines and, in vitro, its
overexpression inhibited migration, cell proliferation and
[61]
invasion .

miR‑526a: miR‑526a is down-regulated in HCC tissues.
In vitro, the introduction of miR‑526a into HCC cell lines
significantly decreased HCC proliferation, migration and
[75]
invasion, via p21 inactivation .

miR-140-5p and miR-200: miR-140-5p and miR-200
were down-regulated in HCC and predicted to target
[62]
Pin1 . Pin-1 is an independent factor for poor prognosis
[63]
in HCC, it is overexpressed in ~70% of human HCCs ,
and it is correlated with larger tumor size, higher
[64]
incidence of MVI and poor prognosis in HCC . The
over-expression of miR-140-5p inhibits human HCC cell
[62]
growth, colony formation and migration .

miR-377: miR-377 was down-regulated in HCC tumors
if compared to the adjacent non-neoplastic tissue. In
vitro experiments with HCC cell lines demonstrated that
a gain of miR-377 function inhibited colony formation,
suggesting that miR-377 plays a key role as a tumor
suppressor in HCC. In cells with high levels of miR-377
the apoptotic rate was significantly higher than in the

miR-638: miR-638 expression in HCC tissues is downregulated if compared to the paired non-tumoral
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Figure 2 JAK/STAT pathway. MicroRNAs deregulated in hepatocellular carcinoma and involved in JSK/STAT pathway.

controls. Bcl-xL is an anti-apoptotic protein and it is
[76]
overexpressed in about 33% of HCC , conferring
resistance to apoptosis. The higher level of apoptotic
rate observed in cell lines with miR-377 over-expression
was associated with a concomitant down-regulation of
Bcl-xL mRNA levels, suggesting that Bcl-xL is a target of
[77]
miR-377 .

and DNA repair. ING4 plays important roles in many
cancer-related processes, such as apoptosis, cell
proliferation and growth, angiogenesis and migration.
[81]
ING4 expression is decreased in several cancers .
Overexpression of miR-330 reduced the expression of
ING4 in HCC cells promoting HCC cell proliferation and
[82]
invasion .

miR-199a-5p: miR-199a-5p was down-regulated in
HCC tissues compared to pair-matched non-neoplastic
[78]
hepatic tissues , and the same was the case for let[79]
7c expression . miR-199a-5p down-regulation was
correlated with tumor size and invasion. Moreover,
the low expression of miR-199a-5p and let-7c was
associated with higher metastatic capability in HCC cell
lines. MAP4K3 is a pro-apoptotic kinase that activates
[80]
the Intrinsic Apoptosis Pathway . MAP4K3 gene was
predicted as a possible target of miR-199a-5p and let7c and the up-regulation of both miRNAs leads to a
significant decrease in MAP4K3 protein level, resulting
[78]
also in a decrease in HCC cell migration and invasion .

MAPK cascade

The mitogen-activated protein kinase (MAPK) pathway
is characterized by different kinase proteins that link
extracellular signals to the machinery that controls
physiological cellular processes such as growth,
differentiation, proliferation, migration and apoptosis.
Alterations in the MAPK cascade impinge on almost
all previously listed physiological processes and play
a critical role in the development and progression of
[83]
cancer (Figure 3).
miR-346: miR-346 was down-regulated in HCC tissues
and its expression levels are associated with tumor size
and TNM stage. An in vitro study revealed that the loss
of miR-346 leads to the up-regulation of S phase in
HCC cell lines. One of the putative targets of miR-346 is
SMYD3. SMYD3 is an oncogene up-regulated in several
[84]
tumors, including HCC . SMYD3 expression leads
to methylation of MAP3K2 by increasing MAP kinase

miR-330: miR-330 level was higher in HCC tissues if
compared to adjacent non-neoplastic specimens. The
up-regulation of miR-330 was associated with shorter
survival in HCC patients. ING genes have been reported
to be implicated in apoptosis, cell cycle regulation,
WJG|www.wjgnet.com
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Figure 3 MAPK cascade. MicroRNAs deregulated in hepatocellular carcinoma and involved in MAPK cascade.

signaling and promoting the formation of Ras-driven
[85]
carcinomas . Restoring miR-346 levels in HCC cell
lines prevented proliferation through the suppression of
[86]
SMYD3 expression .

miR-125a targets. In support of this, MMP11, SIRT7 and
c-Raf were up-regulated in about 80% patients with miR125a down-regulation, hinting at an oncosuppressor
effect of the microRNA through the regulation of MMP11,
[89]
c-Raf and SIRT7 expression .

miR-143: miR-143 expression was reduced in
HCC tumor tissues and human liver cancer cell
lines (SMMC-7721, Hep3B, HepG2, Huh7, Bel7402,
MHCC97-H and SK-Hep1) compared to non-neoplastic
adjacent tissues and normal liver cell line (L02),
[87]
respectively . GATA-binding factor 6 (GATA6) is a
transcriptional factor with an oncogenic role in various
[88]
types of tumor, favoring cancer progression . GATA6
is a potential target for miR-143 and its expression is
downregulated by miR-143 overexpression in HepG2 and
[87]
Bel7402 cells .

miR-217: miR-217 expression levels in HCC tissues
were significantly decreased, while MTDH levels were
significantly upregulated. miR-217 up-regulation in HCC
cell lines lead to a remarkable downregulation of MTDH
mRNA expression, demonstrating that MTDH is a target
of miR-217. Metadherin (MTDH) is a transmembrane
[90]
protein overexpressed in several cancers
and it is
associated with tumor development and with aggressive
[49]
course . In cell lines with miR-217 up-regulation
and MTDH down-regulation, cell apoptosis notably
increased, indicating that miRNA expression promotes
[91]
apoptosis of HCC cells .

miR-125a: miR-125a was detected as down-regulated
in 80% of HCC biopsies if compared with the adjacent
non-tumor liver tissue. When grouping patients according
to HCC etiology, miR-125a was downregulated in 80% of
HBV patients, 78% of HCV patients, and in all 4 patients
with non-alcoholic steatohepatitis. In vitro analysis
revealed that MMP11, SIRT7 and c-Raf were the main
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miR-200a: miR-200a was down-regulated in HCC
cell lines and tissues and it was correlated with the
[92]
metastatic ability of HCC . GAB1 is one of the
molecules targeted by miR-200a. The overexpression
of miR-200a suppressed the levels of GAB1 in HCC cell
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Table 1 List of the microRNAs involved in at least one of the main molecular pathways, and with a clinical significance, according
to the present review
miRNAs (regulation)
99a
497
195
140-5p
23b
223
199a-5p
181a-5p
33a-5p
125b
195
18 (up)
140-5p
365
125a

Pathway

Clinical

mTOR

Recurrence after resection
Recurrence after resection, recurrence after transplantation
Recurrence after resection
Recurrence after resection
Recurrence after resection
Recurrence after resection
Recurrence after transplantation
Resistance to Sorafenib/CHT
Resistance to Sorafenib/CHT
Recurrence after resection, recurrence after transplantation
Recurrence after resection
Recurrence after transplantation
Recurrence after resection
Recurrence after resection
Recurrence after resection, resistance to Sorafenib/CHT

Wnt

JAK-STAT
Apoptosis
MAPK

Liver transplantation

[92]

lines, inhibiting cell migration and invasion

.

The search for molecular predictors for HCC recurrence
after orthotopic liver transplantation (OLT) is even
more tangled than after resection, due to the particular
immune status of the recipients and the intrinsic
capability of HCC tumor cells not only to give metastases
to distant organs, but also to implant in the graft. A wide
[104]
microarray profiling by Barry et al
found more than
60 miRNAs to be deregulated in recurrent HCC after
OLT. Interestingly, miR-125b and miR-497 - already
mentioned above in post-resection recurrence - are
[93,104]
among the most significant
. Common mechanisms
beyond HCC recurrence after both resection and
liver transplantation are likely to indicate that a more
aggressive tumor biology leads to a higher risk of
recurrence or dissemination.
[105]
Morita et al
demonstrated that the concomitant
upregulation of miR-18a and down-regulation of miR199a-5p correlated with the worst disease-free survival
in a population of 70 transplanted patients. The most
represented sites of recurrence were lymph nodes, lung
and bone. The mechanisms proposed by the authors
included the link between miR-18a and TNFα, as well as
the regulation of the HIF1α, the VEGF-A, and the IGF
[105]
(Table 1).
pathways by miR-199a-5p

TISSUE miRNA AND POST-SURGICAL
OUTCOME
Liver resection

In a wide-array miRNA analysis on resected patients
with low-stage HCC (within the Milan criteria), Sato
[93]
et al
found that the deregulation of 13 intratumoral
miRNAs (miR-100, miR-99a, miR-99b, miR-125b,
miR-378, miR-129-5p, , miR-125a-5p, miR-497,
miR-22, miR-140-3p, miR-145, miR-221, miR-195)
significantly correlated with post-surgical (Table 1). The
same is applies to the deregulation of more than 50
miRNAs in the non-tumoral tissue, among which the
most significant was miR-96. miR-125b downregulation,
in combination with more typical prognostic factors,
was also correlated with low disease-free survival (DFS)
[94]
after resection in later works (Table 1).
[3]
In a more recent study on resected HCC, Lin et al
identified 16 miRNAs related to MVI, the hierarchical
clustering of which was able to predict survival after
resection: miR-452-5p, miR-378, miR-9-5p, miR-550a5p, miR-15a-5p, miR-140-5p, let7g, miR-152-3p, miR122-5p, miR-212-3p, miR-23b, miR-365a, miR-629-5p,
miR-1270, miR-659-3p and miR-3941 (Table 1).
Other miRNAs whose down-regulation was correlated
with poor prognosis after resection were miR342-3p[95],
[96]
[97]
miR-655-3p , miR-105-1 via NCOA1 deregulation ,
miR-223 associated with an increased Stathmin-1
[98]
expression , and miR-483-3p in “histologically
[99]
advanced” HCC (high-grade and/or MVI) . Upregulation
of miR-19b was correlated with good prognosis after
[100]
resection in resected patients with advanced HCC .
Albeit miRNA down-regulation is often associated to
worse prognosis, up-regulation is not always a good
prognostic sign: for example, the up-regulation of
miR-135a, miR-29a5p and miR-221 was significantly
[101-103]
associated with early HCC recurrence
(Table 1).
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Response to chemotherapy

The role of miRNAs in the response to chemotherapy is
still largely unresolved, especially for HCCs, which are
malignancies with an extreme molecular heterogeneity.
Due to this heterogeneity, no target therapies specific
for HCC have been available since the introduction
of Sorafenib in 2005. Sorafenib changed the natural
history of patients with advanced HCC not suitable for
[7]
surgery , but no molecular markers for the prediction
of the response to this therapy are available yet. Only
few in vitro studies focusing on the role of miRNAs
[106]
in the response to Sorafenib exist, e.g., miR-137
[107]
and miR-125a-5p
. A very interesting recent study
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found that the deregulation of miR-181a-5p in patients’
serum was correlated with a worst disease control after
[108]
Sorafenib therapy
(Table 1).
As for the resistance to classic chemotherapic
drugs, other in vitro studies showed that miR-2055p and miR-503 were involved in the resistance to
[109,110]
5-Fuorouracil
, miR-33a-5p was involved in the
[111]
resistance to Cisplatin
, and miR-31 was involved
[112]
in the resistance to Adriamycin
. An exhaustive in
[113]
vitro and in vivo study by Jin et al
showed that the
tissue levels of miR-26a/b regulated the mechanism of
autophagy, thus influencing the cell’s resistance to drugs.
So, in spite of the many contributions in the literature
about miRNAs and HCC, there is a lack of in vivo studies
on the issue of the response to systemic therapy.

present review, the most represented miRNA-regulated
pathway in HCC is mTOR, but other pathways, such
as as apoptosis, Wnt or MAPK, are also influenced by
miRNA expression levels. Moreover, as shown in Table
1, some miRNAs involved in at least one of the main
molecular pathways of hepatocarcinogenesis are likely
to have a clinical significance (recurrence after surgery,
response to systemic therapy).
The identification of specific tissue and serum
miRNAs, able to predict the arising of HCC in cirrhosis,
to predict HCC recurrence after surgery, or to predict the
response to systemic therapy, might lead to a drastic
improvement in the management of these patients.
Anyhow, the clinical application of miRNAs has always
been complicated, especially because of inter-laboratory
variability, due to the choice of control to be used for
normalization. A recent study of our group showed
how the miRNA profile of HCCs changed using a pool of
cirrhotic tissues or a pool of healthy livers as non-tumor
[121]
controls . Other authors suggested to employ stable
miRNAs as controls for the study of the expression of
[122]
other miRNAs
. In the light of the available data,
it would be useful to elaborate, based on the most
representative miRNA in in vivo model (e.g., rat,
mouse), to better understand the possible role of these
molecules as theragnostic markers in HCC. The issue
is still open, and the standardization of miRNA analysis
among laboratories is crucial for the development of a
miRNA-based diagnosis of liver nodules, as well as of a
miRNA-regulatory therapy.

SERUM miRNAs
The analysis of miRNAs in serum and other body fluids
(i.e., urines) would be crucial for clinical management,
since it would allow diagnosis and/or prognosis of HCC
patients before surgery. However, the study of serum
miRNAs is still a complicated issue, due to the high
tumor/patient variability and the lack of a standard
control among laboratories. miR-122 - the miRNA most
represented quantitatively in the human liver - is the
most promising in early HCC diagnosis, albeit all authors
generally agree that miR-122 serum levels also increase
[114]
in non-neoplastic liver diseases . The first proposed
serum panel for HCC detection was miR-122 associated
[115]
with miR-21 and miR-223 . A recent meta-analysis
[116]
by Ding et al
showed that difficulties exist also in
the comparison of scientific results among centers:
the “high-frequency expression miRNAs” best suited
for HCC diagnosis from serum were miR-122, miR-21,
and miR-199, and generally a panel of multiple serum
miRNAs is advisable. For example, a panel composed
by three serum miRNAs (miR-92-3p, miR-3126-5p and
miR-107) together with serum alpha-fetoprotein (AFP)
showed higher sensitivity and specificity in the early
[117]
diagnosis of HCC compared to AFP alone . Another
study found that serum miR-939, miR-595, miR-519d,
and miR-494 were able to differentiate cirrhotic patients
[118]
with and without HCC better than AFP . Other serum
miRNAs are likely to be useful in the diagnosis of local
or distant HCC recurrence after surgery, like miR-486[119]
[120]
5p
and miR-34a .
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Abstract
The number of patients with nonalcoholic fatty liver
diseases (NAFLD) including nonalcoholic steatohepatitis
(NASH), has been increasing. NASH causes cirrhosis
and hepatocellular carcinoma (HCC) and is one
of the most serious health problems in the world.
The mechanism through which NASH progresses is
still largely unknown. Activation of caspases, Bcl-2
family proteins, and c-Jun N-terminal kinase-induced
hepatocyte apoptosis plays a role in the activation of
NAFLD/NASH. Apoptotic hepatocytes stimulate immune
cells and hepatic stellate cells toward the progression
of fibrosis in the liver through the production of
inflammasomes and cytokines. Abnormalities in
glucose and lipid metabolism as well as microbiota
accelerate these processes. The production of reactive
oxygen species, oxidative stress, and endoplasmic
reticulum stress is also involved. Cell death, including
apoptosis, seems very important in the progression
of NAFLD and NASH. Recently, inhibitors of apoptosis
have been developed as drugs for the treatment of
NASH and may prevent cirrhosis and HCC. Increased
hepatocyte apoptosis may distinguish NASH from
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NAFLD, and the improvement of apoptosis could play
a role in controlling the development of NASH. In this
review, the association between apoptosis and NAFLD/
NASH are discussed. This review could provide their
knowledge, which plays a role in seeing the patients
with NAFLD/NASH in daily clinical practice.

development of NASH.

Key words: Apoptosis; Autophagy; c-Jun N-terminal
kinase; Nonalcoholic fatty liver diseases; Nonalcoholic
steatohepatitis

Feldstein et al observed that terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL)-positive
hepatocytes were significantly increased in the livers of
NASH patients, compared to those from patients with
alcoholic hepatitis or simple steatosis. Caspases have
apoptotic functions as well as non-apoptotic functions.
During apoptosis, the caspase cascade shapes the im
[6]
[5]
munogenic properties of apoptosis . Feldstein et al
found that active caspases 3 and 7 as well as the strong
expression of Fas receptors in NASH specimens were
strongly correlated with hepatocyte apoptosis and
the progression of NASH. Caspase 3 activation and
hepatocyte apoptosis are prominent features of different
experimental models of NAFLD as well as human NAFLD
and have been shown to be correlated with disease
[5]
severity .
Caspase 3 is known to cleave several cellular
substrates including cytokeratin-18 (CK-18), which
is the major intermediate fragment protein in the
[7]
liver . Caspase 3 generated CK-18 fragments are
an independent predictor of NASH in patients with
[7,8]
suspected NAFLD . Traffic-related air pollution has
been shown to be associated with CK-18, a marker of
hepatocellular apoptosis, in an overweight and obese
[9]
pediatric population . Mallory-Denk bodies (MDBs)
are characteristic of both alcoholic and NASH and
discriminate between the relatively benign simple
steatosis and the more aggressive NASH. It has been
shown that in genetically susceptible mice overexpressing
CK-8, consumption of a high-fat diet (HFD) triggered
hepatocellular injury, ballooning, apoptosis, inflammation,
[10]
and MDB development .
Inhibition of hepatic apoptosis by pharmacological
pan-caspase inhibitor VX-166 may reduce the deve
[11,12]
lopment of fibrosis in mice with NASH
. Increases in
active caspase 2, active caspase 3, and apoptosis were
[13]
observed in the livers of patients with NASH . Ballooned
hepatocytes in NASH downregulate caspase 9, a pivotal
caspase that executes the mitochondrial apoptosis
[14]
pathway . In rodents, a lack of caspase 8 expression
in hepatocytes was shown to reduce the methioninecholine-deficient (MCD)-dependent increases in
apoptosis, decreased the expression of pro-inflammatory
[15]
cytokines, and reduced hepatic infiltration . Caspase 8
may thus be critical for the pathogenesis of NASH.
Caspase 2 is an initiator caspase in lipid-induced
cytotoxicity (lipoapoptosis), which plays a role in the
[16]
pathogenesis of NASH . Caspase 2 plays a role in
lipid-induced hepatocyte apoptosis and is related to the
[17]
production of apoptosis-associated fibrogenic factors .
Additionally, liver free coenzyme A content was shown
to be reduced in mice with NASH. Decreased hepatic
free coenzyme A content was associated with increased

APOPTOSIS AND THE ACTIVATION OF
CASPASES IN THE PROGRESSION OF
NASH
[5]

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

Core tip: Nonalcoholic fatty liver diseases (NAFLD),
including nonalcoholic steatohepatitis (NASH), are
one of the most serious health issues. We searched
articles written in English and listed on PubMed for the
role of apoptosis in NASH. There are close association
between apoptosis and NAFLD/NASH. Several inhibitors
of apoptosis have been suggested as potential
treatments for NASH, and some are now being tested
in clinical trials. Therefore, we should focus on the role
of apoptosis in the progression of NAFLD/NASH.
Kanda T, Matsuoka S, Yamazaki M, Shibata T, Nirei K,
Takahashi H, Kaneko T, Fujisawa M, Higuchi T, Nakamura H,
Matsumoto N, Yamagami H, Ogawa M, Imazu H, Kuroda K,
Moriyama M. Apoptosis and non-alcoholic fatty liver diseases.
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INTRODUCTION
The term nonalcoholic fatty liver disease (NAFLD)
includes nonalcoholic fatty liver (NAFL) and nonalcoholic
steatohepatitis (NASH). The mechanism by which NASH
progresses is still largely unknown. Liver biopsy is an
important procedure for the diagnosis of NASH, with
a typical case of NASH having hepatocellular steatosis
and ballooning, mixed acute and chronic lobular
inflammation, and zone 3 perisinusoidal and pericellular
[1]
fibrosis . These findings have also been observed
in the liver of patients with alcoholic steatohepatitis.
NAFLD cirrhosis and NAFLD-hepatocellular carcinoma
(HCC) are the second leading cause of liver transplants
[2]
in the USA . Accordingly, there is increasing evidence
[2]
that HCC can develop in the NASH .
In the liver of patients with alcoholic hepatitis,
infiltrating polymorphonuclear leukocytes and apoptotic
[3]
bodies derived from hepatocytes are observed . A
combination of environmental factors, host genetics,
and gut microbiota can lead to an excess accumulation
of fat in the hepatocytes, which can result in lipotoxicity
and trigger hepatocyte cell death, liver inflammation,
fibrosis, and pathological angiogenesis, resulting in
[4]
NASH, cirrhosis, and HCC . In this topical review,
we will discuss apoptosis, which is involved in the
WJG|www.wjgnet.com
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caspase 2 activity and correlated with more severe liver
[18]
cell apoptosis, inflammation, and fibrosis .
It has been reported that Fas, Fas ligand (FasL), and
caspase 8 mRNA activation are important contributing
[19]
factors to NAFLD . Another study showed that children
with NASH had significantly higher levels of soluble Fas
[20]
and soluble FasL than those in the “not NASH” group .
Fas apoptosis inhibitory molecule (FAIM), a ubiquitously
expressed antiapoptotic protein, functions as a mediator
[21]
of Akt signaling . Loss of FAIM leads to spontaneous
[21]
obesity and hepatic steatosis .
Hepatic cell apoptosis is associated with miR-34a/
[22]
Sirtuin 1 (SIRT1)/p53 signaling in NASH . p53 and
its transcriptional target, miR34a, have been shown to
be involved in the pathogenesis of fatty liver. The p53
inhibitor, pifithrin-α-p-nitro, was shown to attenuate
steatosis, associated oxidative stress, and apoptosis
[23]
in murine models of NAFLD . The DNA damage
checkpoint protein Ataxia telangiectasia mutated
pathway plays a role in the response to hepatic fat
accumulation and promotes hepatocellular apoptosis
[24]
and fibrosis in mice models of NAFLD . Massive
hepatic progenitor cell expansion, especially in children
with NASH, is associated with the degree of liver injury,
[25]
hepatocyte apoptosis, and cell-cycle arrest .
Increased vimentin fragment levels are known to
indicate the existence of substantial hepatocellular
[26]
apoptosis in the progression of NASH . Levels of the
augmenter of liver regeneration (ALR) protein were
lower in liver tissues from patients with advanced
alcoholic liver disease and nonalcoholic steatohepatitis
[27]
than in liver tissues from controls . Levels of steatosis
and apoptosis were reduced in mice with a liver-specific
[27]
deletion of ALR . Impairment of the formation of a
newly discovered ubiquitin ligase complex called linear
ubiquitin chain assembly complex, has been shown
to result in insufficient NF-κB activation and may thus
be one of the molecular mechanisms underlying the
enhanced apoptotic response of hepatocytes in NASH
[28]
mouse models .
IgM-free apoptosis inhibitor of macrophage serum
levels appear to be a sensitive diagnostic marker
[29]
for NASH-HCC . Activation of apoptosis signalregulating kinase 1 (ASK1) in hepatocytes is a key step
[30]
in the progression of nonalcoholic steatohepatitis .
Additionally, tumor necrosis factor alpha-induced protein
3 directly interacts with and deubiquitinates ASK1 in
[30]
hepatocytes .
Thus, the activation of caspases and other molecules
that are involved in apoptosis are frequently observed
in the livers of NASH patients and may be related to the
progression of NAFLD and NASH.

and NF-κB activation even though anti-apoptotic
[31,32]
B-cell lymphoma 2 (Bcl-2) is strongly expressed
.
These changes are caspase-dependent. They are also
associated with mitochondrial membrane depolarization
and the release of cytochrome c, which activate the
mitochondrial apoptosis pathways including activation
of the proteins Bcl-2-associated X (Bax) and Bcl[33]
2-interacting mediator of cell death (Bim) . The
upregulation of Bax and Bcl-2 expression may also be
[19]
play an important role in apoptosis in NAFLD , although
it has been reported that NASH patients had significantly
[34]
lower levels of anti-apoptotic protein Bcl-2 . The degree
of apoptosis was inversely correlated with the level of
[34]
Bcl-2 .
Activation of endoplasmic reticulum (ER) stressassociated c-Jun N-terminal kinase (JNK) promotes
apoptosis by modifying the expression and function of
pro-apoptotic members of the Bcl-2 family such as Bcl-2
homology 3 (BH3) only protein Bim and p53-upregulated
[35]
modulator of apoptosis (PUMA) . PUMA promotes the
activation of Bax and thus mitochondrial outer membrane
permeabilization, which leads to the relocation of these
[35]
[36]
pro-apoptotic mediators into cytosol . Cazanave et al
reported that miR-296-5p levels were inversely related
to the BH3-only protein PUMA mRNA levels in human
liver specimens, and that miR-296-5p regulates PUMA
expression during hepatic lipoapoptosis.
Transglutaminase 2 (TG2), which is induced in the
nuclei of ethanol-treated hepatocytes, crosslinks and
inactivates the transcription factor, SpI, which results
[37]
in hepatic apoptosis . In NASH patients, nuclear
TG2 and crosslinked SpI formation were elevated.
Additionally, activation of apoptosis inducing factor
[37]
and a release of cytochrome c were observed .
Hypoxia, oxidative stress, and lipoapoptosis could all
influence the expression of mitochondrial-encoded
NADH dehydrogenase (MT-ND3) in hepatocytes and
MT-ND3 may play a role in the progression of hepatic
[38]
steatosis . Hepatocyte-specific c-Met deletion in
hepatocytes was shown to trigger NASH progression.
Increased apoptosis was a prominent feature in
[39]
c-MetΔ(hepa) livers . Intermittent high glucose levels
under lipotoxicity could contribute to the development
of NAFLD by increasing oxidative stress and hepatocyte
apoptosis via changes in mitochondrial permeability and
[40]
subsequent mitochondrial dysfunction .
Bid promotes liver fibrosis coupled with a reduction
of inflammation in experimental NASH models. In these
models, hepatocyte apoptosis triggered hepatic stellate
[41]
cell activation as well as liver fibrosis . Increased
expression of hepatocellular carcinoma down-regulated
mitochondrial carrier protein (HDMCP) was identified in
NASH animal models and HFFA-72h cultured L02 cells.
The miR-146-HDMCP-downstream effector pathway
[42]
is involved in NASH . Collectively, previous studies
have demonstrated that apoptosis resulting from
mitochondrial injury is associated with the progression
of NAFLD and NASH.

BCL-2 FAMILY MEMBERS AND
MITOCHONDRIA IN THE PROGRESSION
OF NASH
Liver injury in NASH patients is associated with apoptosis
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[52]

killer T (NKT)-cell-mediated responses . Macrophage
scavenger receptors), which play a role in the
activation of signal transduction pathways that regulate
inflammation, apoptotic cell clearance, chemoattraction
and angiogenesis, are involved in both the early and
[53]
advanced stages of NASH .
[54]
Wobser et al has demonstrated that human hepatic
stellate cells (HSCs) that were incubated with conditioned
medium (CM) from steatotic hepatocytes and had
fibrogenic activation and were resistant to apoptosis,
which is important in the progression of fibrosis in chronic
[54]
liver diseases . Myeloperoxidase (MPO), a highly
oxidative enzyme secreted by leukocytes, contributes to
the activation of HSCs and is a part of a proapoptotic and
[55]
profibrotic pathway of progression in NASH . Thus, in
patients with NAFLD and NASH, apoptotic hepatocytes
stimulate immune cells and HSCs, which contributes to
the progression of fibrosis in the liver.

ACTIVATION OF JNK AND APOPTOSIS
IN NASH
Monounsaturated and saturated fatty acids have been
shown to induce cellular steatosis, apoptosis, and JNK
[33]
activation in hepatocytes . Steatotic hepatocytes from
a murine NAFLD model were sensitive to TNF-α-induced
[43]
apoptosis via the ASK1–JNK signaling pathway . Free
fatty acids (FFA)-induced ER stress is associated with
JNK activation, which has been well documented in
[35]
human steatosis . Mixed lineage kinase 3 (MLK) 3 is
one of the mitogen-activated protein kinases (MAP3K)
that mediate JNK activation in the liver. MLK3 is involved
[44]
in human NASH through JNK activation .
The interplay of p-JNK with mitochondrial Sab
(Sh3bp5) leads to impaired respiration, production
of reactive oxygen species (ROS), sustained JNK
activation, apoptosis in condition of lipotoxicity, and
[45]
ultimately contributes to the pathogenesis of NASH .
Dramatically reduced expression of cellular repressor
of E1A-stimulated genes (CREG) and hyperactivated
JNK1 signaling has been observed in the livers of NAFLD
[46]
patients . CREG is a robust suppressor of hepatic
steatosis and metabolic disorders through its direct
interaction with ASK1 and the subsequent inactivation of
[46]
ASK1-JNK1 signaling . Thus, JNK signaling pathways
play an important role in the apoptosis of NAFLD and
NASH.

PRO-INFLAMMATORY CYTOKINES AND
CHEMOKINES
Feeding tumor necrosis factor (TNF) receptors 1 and 2
double-knock out mice (TNFRDKO mice) with an MCDdiet for 8 weeks attenuated liver steatosis and fibrosis
and also suppressed hepatic induction of TNF-α, vascular
cell adhesion molecule 1, and intracellular adhesion
[6]
molecule 1, compared to wild-type control mice .
These results suggest that blocking the signaling of TNF
receptors 1 and 2 is a promising therapeutic target for
[56]
patients with NASH . The TNF receptor 1-signaling
pathway plays a role in aggravating a state of “simple
[57]
steatosis” towards a phenotype with “NASH” .
Cyclooxygenase (COX)-2 may promote hepatocellular
apoptosis by interacting with TNF-α and IL6 in rats with
[58]
NASH . COX-2 is highly expressed in NASH.
Lipoapoptotic supernatants stimulated monocyte
migration to a similar magnitude as monocyte che
[59]
moattractant protein, CCL2 (MCP-1) . The release
of pannexin1-dependent pathophysiological eATP in
lipoapoptosis can stimulate the migration of human
[59]
monocytes in NASH . In cultured Kupffer cells,
cholesterol induced the expression of chemotactic and
inflammatory cytokines (CCL2 and CXCL2, and IL1β,
TNF and oncostatin M, respectively) and rendered
[60]
hepatocytes more susceptible to apoptosis . Lipids,
which stimulate DR5, have been shown to induce the
release of hepatocyte extracellular vesicles, which
contain TRAILs. Lipids also induced the expression of
IL1β and IL6 messenger RNAs in bone marrow-derived
[61]
macrophages in mice . The C-X-C motif chemokine
10 (CXCL10), which is known to be a pro-inflammation
chemokine, was recently shown to play a pivotal role
in the pathogenesis of NASH. By binding to its specific
receptor CXCR3, CXCL10 recruits activated CXCR3+ T
lymphocytes and macrophages to the parenchyma and
[62]
promotes inflammation, apoptosis, and fibrosis .
The dsRNA receptor Nod-like receptor X1 and NLRP3

APOPTOSIS, AND IMMUNE CELLS AND
HEPATIC STELLATE CELLS
The complement cascade to clear apoptotic cells and
promote liver regeneration is also involved in the
[47]
progression of NAFLD and NASH . Distant major
histocompatibility complex class I-related chains A and
B (MIC A/B) have been identiﬁed as ligands for the
NK cell receptor G2D (NKG2D) in humans. Compared
to controls, patients with NASH dysplayed increases
in NKG2D and MIC A/B mRNA, tumor necrosis factorrelated apoptosis-inducing ligand (TRAIL)-death receptor
[48]
5 (DR5), CD95/Fas mRNA, and hepatocyte apoptosis .
These increases suggest that MIC A/B levels also affect
the progression of NASH. TRAIL-producing natural
killer (NK) cells actively promote a pro-inflammatory
environment in the early stages of fatty liver disease,
which suggests that this cell compartment may
[49]
contribute to the progression of NASH .
Proliferation of hepatic macrophages, and the
subsequent production of pro-inflammatory cytokines,
initiate inflammatory cascades, orchestrate the activities
of transcription factors involved in lipid metabolism/
[50]
translocation, and modulate programmed cell death .
The macrophage activation marker-soluble CD163 was
independently associated with the apoptosis marker
[51]
CK-18 in Australian and Italian NAFLD patients .
Furthermore, down-modulation of NF-κB1 stimulates
the progression of NASH in mice by promoting natural

WJG|www.wjgnet.com

2664

July 7, 2018|Volume 24|Issue 25|

Kanda T et al . Cell death and NASH
inflammasomes may be important in the development
[63]
of NASH . The function of receptor interacting protein
kinase-3 (RIP3)-dependent “necroptosis” in NASH and
[64]
NASH-induced fibrosis is currently unknown . RIP3dependent necroptosis controls NASH-induced liver
[64]
fibrosis . The absence of RIP3, a key mediator of
necroptosis, exacerbates HFD-induced liver injury. This
exacerbation is associated with increased inflammation
and hepatocyte apoptosis as well as early fibrotic
responses. These findings indicate that shifts in the
mode of hepatocellular death can influence disease
progression. Therefore, they may have therapeutic
implications because manipulation of hepatocyte cell
death pathways is currently considered to be a target
[65]
for treatment of nonalcoholic fatty liver disease . Thus,
inflammasomes and cytokines induce apoptosis and
respond to hepatocyte apoptosis in NAFLD and NASH.

ER STRESS
FFAs can increase ER stress, leading to nuclear NF-κB
activation and TG2 induction through the pancreatic
[37,73]
ER kinase (PERK)-dependent pathways
. CCAAT/
enhancer-binding protein homologous protein (CHOP)
deficiency has been found to attenuate apoptosis,
inflammation, fibrosis, and tumorigenesis in mice who
are exposed to fat-loading conditions. This finding
indicates CHOP promotes hepatocarcinogenesis in
[74]
NASH . The overexpression of hypoxia-inducible factor
1α (HIF-1α) has also been shown to blunt upregulation
of the ER stress markers, CHOP and chaperone
immunoglobulin heavy chain binding protein (GRP78/
Bip), while knocking down HIF-1α increases the level of
CHOP. These finding indicate that hepatocyte lipotoxicity
[75]
is associated with decreased HIF-1α expression .
MiR-615-3p regulates lipoapoptosis by inhibiting
CHOP and may be associated with the pathogenesis of
[76]
NASH . After exposure to saturated FFA, CHOP has
been shown to induce hepatocyte cell apoptosis and
inflammatory responses by activating NF-κB through
a pathway involving the expression of IL1 receptor
associated kinase 2. This activation results in the
direct secretion of the cytokines IL8 and TNFα from
[77]
hepatocytes . Glucagon-like peptide-1 was found to
protect against NAFLD by inactivating the ER stress[78]
associated apoptosis pathway .
Loss of the unfolded protein response of regulator
X-box binding protein 1 enhances injury in both in vivo
[79]
and in vitro models of fatty liver injury . Hepatocytes
in a lipotoxic state ultimately undergo apoptosis
through the upregulation of proteins involved in various
pathways including PERK, CHOP, JNK, BIM, PUMA, and
[80]
eventually, caspases .

OXIDATIVE STRESS
It has also been reported that oxidized phosphati
dylcholine is localized in apoptotic hepatocytes in the
livers of patients with the steatotic disorders, which
indicates that oxidized phosphatidylcholine is formed
[66]
in oxidatively damaged hepatocytes . Transforming
growth factor β (TGFβ) may regulate p53/p66Shc
signaling in both the progression of human NASH
[67]
and ROS levels and apoptosis . NAFLD patients with
reticuloendothelial system (RES) iron have increased
[68]
TUNEL staining and cellular oxidative stress . RES iron
has been shown to be associated with NASH as well as
[68]
more-severe histologic features .
TGFβ signaling activates Smad- and TGFβactivated kinase 1-dependent signaling and plays a
role in regulating cell survival, proliferation, fibrosis,
and tumorigenesis. In hepatocytes, TGFβ signaling
contributes to hepatocyte death and lipid accumulation
through Smad signaling and ROS production, leading to
[69]
the development of NASH . NOX isoforms, including
NOX1, NOX2 and NOX4, and NOX-derived ROS
have all been implicated in regulating HSC activation
and hepatocyte apoptosis. Both HSC activation
and hepatocyte apoptosis are essential steps for
[70]
the initiation of liver fibrosis and its progression .
Mainstream cigarette smoke has been shown to be
associated with the degree of oxidative stress and
[71]
hepatocellular apoptosis in NASH mice .
Oxidative stress is central to the pathogenesis of
NASH. ROS are characterized by oxidative stress.
ROS are generated in several cellular sites and their
production is influenced by multi-organ interactions.
For fatty liver diseases, mitochondrial dysfunction
is the main source of ROS and is closely related to
endoplasmic reticulum stress. Both are caused by
lipotoxicity and together these three factors form a cycle
of progressive organelle damage that results in sterile
[72]
inflammation and apoptosis .
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AUTOPHAGY
Expression of microtubule associated protein 1 light chain
3α (LC3)-II, a hallmark of autophagic flux, was founded
to be markedly increased in liver specimens from
patients with NASH. JNK1 promotes palmitic acid-induced
lipoapoptosis, whereas JNK2 activates pro-survival
[81]
autophagy and inhibits palmitic acid lipotoxicity .
Palmitate may induce autophagy by activating the PKCα
pathway in hepatocytes. Autophagy plays a protective
[82]
role in palmitate-induced apoptosis in hepatocytes .
Tumor protein p53 binding protein 2 (ASPP2) is a proapoptotic member of the p53 binding protein family that
[83]
[83]
inhibits autophagy . Xie et al
reported that ASPP2
may participate in the lipid metabolism of non-alcoholic
steatohepatitis. Mitochondrial uncoupling protein 2
[84]
(UCP2) also plays a role in the development of NASH .
Increasing UCP2 expression in hepatoma cells may
contribute to cell autophagy and may inhibit apoptosis
[84]
as result of fatty acid injury . Cellular degradation of
Kelch-like ECH-associated protein 1 through the progress
of sequestrosome (SQSTM)1/p62-dependent autophagy
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activates JNK, upregulates expression of Bim and PUMA,
and contributes to hepatocyte apoptosis induced by
[85]
saturated FFAs . Parkin-mediated mitophagy may
mitigate hepatocyte apoptosis, improve mitochondrial
quality, and suppress steatosis (lipid accumulation) in
[86]
animal models of alcoholic fatty liver disease . In rats
treated with ethanol-enhanced hepatic mitophagy was
associated with Parkin mitochondrial translocation, which
[86]
was triggered by oxidative mitochondrial DNA damage .
Rubicon is overexpressed and plays a pathogenic role
in NAFLD by accelerating hepatocellular lipoapoptosis
[87]
and lipid accumulation and inhibiting autophagy .
Sirtuin 3 (SIRT3) is a nicotinamide adenine dinucleotidedependent deacetylase that is primarily located inside the
[88]
mitochondria . SIRT3 negatively regulates autophagy,
thereby enhancing the susceptibility of hepatocytes to
[88]
SFA-induced cytotoxicity .
Thus, ROS production, oxidative stress, and ER
stress are all known to induce apoptosis. Autophagy
modifies the progression of NAFLD and NASH and may
have a protective role in hepatocyte apoptosis.

of diabetes as well as liver and vascular injuries, which
[96]
are commonly observed in individuals with NAFLD .

LIPID METABOLISM AND APOPTOSIS
The serine/threonine kinases, glycogen synthase
kinase GSK-3α and GSK-3β, can participate in pro[35]
apoptotic signaling during FFA-induced lipoapoptosis .
More specifically, saturated fatty acids strongly induce
[97]
hepatocyte apoptosis . Saturated fatty acids upregulate the inflammasome in hepatocytes and lead to
sensitization to LPS-induced inflammasome activation
[98,99]
and inflammatory injury
. Saturated fatty acids
also induce hepatocyte apoptosis and the activation
of caspase 8, which triggers the release of dangerous
[98]
molecules .
Resistance to lipoapoptosis is, in part, due to an
[14]
autocrine hedgehog signaling pathway . Farnesoid X
receptor is a member of the nuclear receptor superfamily
that plays a crucial role in bile acid, cholesterol, lipid,
[100]
and glucose metabolism as well as apoptosis . It is
also involved in the pathogenesis of NASH. The cellular
inhibitor of apoptosis proteins 1 and 2 (cIAP-1 and
cIAP-2) are potent inhibitors of death receptor-mediated
apoptosis. Proteasomal degradation of cIAPs by FFA
[101]
contributes to hepatocyte lipoapoptosis . Palmitateinduced lipoapoptosis is dependent on calcium-stimulated
mitochondrial activation, which induces oxidative stress
[102]
and hepatic cell lipotoxicity .
Free cholesterol accumulates in NASH patients but
not in simple steatosis. Mitochondrial free cholesterol
deposition causes hepatocyte apoptosis and necrosis
[103]
by activating JNK1 . High-mobility-group-box 1 and
toll-like receptor 4 are both involved in this activation
[103]
mechanism
. Cholesterol markedly promoted the
apoptosis of steatosis HepG2 cells in vitro, likely through
the up-regulation of expression of Bax and caspase
[104]
3
. Palmitate activation by fatty acid transport
protein 4 triggers hepatocellular apoptosis via altered
phospholipid composition and steatosis by acylation into
[105]
complex lipids . These complex lipids are involved in
[105]
the development of NAFLD . E2F transcription factors
are known regulators of the cell cycle, proliferation,
apoptosis, and differentiation. E2F1 regulates lipid
synthesis and glycolysis and thus contributes to the
[106]
development of NAFLD .
Androgen-dependent proapoptotic polycystic ovarian
syndrome (PCOS) may directly contribute to NAFLD
[107]
progression in PCOS patients . A recent study gave a
complementary fast food (FF) diet to a NASH mouse model,
thus mimicking features of the metabolic syndrome.
The study found that miR-21 levels increased in both
the liver and muscle and expression of peroxisome
proliferator-activated receptor α, a key miR-21 target,
[108]
was decreased . In a typical model of NASH-associated
liver damage, miR-21 ablation results in a progressive
decrease in steatosis, inflammation and lipoapoptosis,
[108]
with a subsequent impairment of fibrosis .

GLUCOSE METABOLISM AND
APOPTOSIS
Hepatic insulin signaling is impaired in NASH patients,
where downregulation of insulin-sensitive targets is
[89]
associated with increased apoptosis and fibrogenesis .
Hyperinsulinemia has been shown to alter nuclear
transcriptional regulators of cholesterol homeostasis.
This leads hepatic accumulation of free cholesterol,
[90]
hepatic injury, and apoptosis in NASH patients .
Fibroblast growth factor (FGF)-21 is highly expressed
in the liver and regulates glucose and lipid metabolism
in rodents. Concentration of FGF-21 were found to be
significantly and independently correlated with hepatic
fat content and markers of hepatic apoptosis in obese
[91]
youth . Another study found that FGF-21 mRNA
expression in the human liver increased with steatosis
grade and that its serum level is significantly elevated in
[92]
adult NAFLD patients .
Intrahepatic expression of dipeptidyl peptidase-4
(DPP4) and circulating DPP4 (cDPP4) levels and its
[93]
enzymatic activity are all increased in NAFLD .
Circulating DPP4 activity correlates with measures of
hepatocyte apoptosis and fibrosis in NAFLD in patients
[93]
with type 2 diabetes mellitus and/or obesity .
Senescence marker protein-30 is involved in both
[94]
glucose metabolism disorder and NAFLD .
TRAIL receptor signaling was also found to be
involved in the pathogenesis of NASH in mice with a
[95]
genetic deletion of the TRAIL receptor . Furthermore,
patients with NASH had significantly reduced plasma
TRAIL concentrations compared to controls, patients
[96]
with simple steatosis, or obese individuals . TRAIL
protects against insulin resistance, NAFLD, and vascular
inflammation. Increasing TRAIL levels may be an
attractive therapeutic strategy for reducing symptoms
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Table 1 Inhibitors of apoptosis for nonalcoholic steatohepatitis
Drug and reagents

Targets

Mechanism of action

Ref.

Intracellular long-chain acyl-CoA
synthetases (ACSL)
AMPK phosphorylation

[112]

Inhibition of NF-κB
PI3K/Akt

Triacylglycerol (TAG) accumulation into
lipid droplets
TFEB-mediated activation of autophagy and
NLRP3 inflammasome inhibition
NF-κB anti-inflammation signaling pathways
Activation of PI3K and Akt pathway

PPARα/δ
Dipeptidyl peptidase-IV(DPP-IV)
Telomerase

Agonist of PPARα/δ receptors
Activation of glucagonlike peptide-1 (GLP-1)
Improved telomerase activity

[116]
[117]
[118]

Glucose transporter type 2 (GLUT-2), lowAMPK-related pathways
density lipoprotein receptor (LDLR)
NF-κB
NF-κB anti-inflammation signaling pathways
Proliferator-activated receptor- delta
Selective PPAR-δ agonist
(PPAR-δ)
Sirt1
Antioxidant
NF-E2 p45-related factor 2 (Nrf2)
Regulation of intracellular redox homeostasis

[119]

Triacsin C
Ezetimibe
Baicalin
Granulocyte colony stimulating factor
(G-CSF)
Elafibranor (GFT505)
Isoquercitrin
Activated carbon N-acetylcysteine (ACNAC)
microcapsules
3-Acetyl-oleanolic acid (3Ac-OA)
Meretrix oligopeptides (MMO)
Seladelpar (MBX-8025)
Resveratrol
TBE-31

Lipid metabolism

Glucose metabolism

[113]
[114]
[115]

[120]
[121]
[122]
[124]

Microbiota
Lipopolysaccharide

Oxidative stress

Endoplasmic reticulum stress
Autophagy
?

Hepatocytes apoptosis

Hepatic stellate cells activation/progression of fibrosis
Cytokines/chemokines
Macrophage activation/hepatic inflammation
Progression of NAFLD/NASH

Figure 1 Disease progression of nonalcoholic fatty liver diseases and nonalcoholic steatohepatitis. The exact role of autophagy in nonalcoholic fatty liver
diseases/nonalcoholic steatohepatitis remains unclear. NAFLD: Nonalcoholic fatty liver diseases; NASH: Nonalcoholic steatohepatitis.

progression of NAFLD and NASH (Figure 1). Recently,
several inhibitors of apoptosis have been suggested as
[112-124]
potential treatments for NASH (Table 1)
. Clinical
trials for the treatment of NASH are currently being
[125]
conducted
and some are targeting apoptosis in
NASH patients. Increased hepatocyte apoptosis may
[126]
distinguish NASH from NAFLD
. Repair responses
may play an important role in controlling the disease
[126]
severities of NASH . We reviewed published articles
related to this topic and discussed the importance of
apoptosis in NAFLD and NASH.

MICROBIOTA AND APOPTOSIS
Intestinal endotoxin [lipopolysaccharide (LPS)] augments
[109]
liver injury in MCD mice . In a recent study, a group
of male C57BL/6 mice were fed with a MCD diet for 17
days, injected with LPS intraperitoneally, and sacrificed
6 h after LPS injection. The study found that LPS
upregulated TNF-α production, which induce hepatocyte
[110]
apoptosis
. Palmitate and lysophosphatidylcholine
(LPC) induced upregulation of the p53-upregulated
modulator of apoptosis and cell-surface expression of
the death receptor TNF-related apoptosis-inducing ligand
[111]
receptor 2 . In part, microbiota may be involved in
the progression of NAFLD and NASH through hepatocyte
apoptosis.
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Diets, functional foods, and nutraceuticals as alternative
therapies for inflammatory bowel disease: Present status
and future trends
Mohammad Al Mijan, Beong Ou Lim

Abstract

Mohammad Al Mijan, Beong Ou Lim, Department of
Integrated Biosciences, College of Biomedical & Health Science,
Konkuk University, Chungju 380-701, South Korea

Inflammatory bowel disease (IBD) is a serious health
concern among western societies. The disease is
also on the rise in some East Asian countries and in
Australia. Health professionals and dietitians around
the world are facing an unprecedented challenge to
prevent and control the increasing prevalence of IBD.
The current therapeutic strategy that includes drugs and
biological treatments is inefficient and are associated
with adverse health consequences. In this context, the
use of natural products is gaining worldwide attention.
In vivo studies and clinical evidence suggest that wellplanned dietary regimens with specific nutrients can
alleviate gastrointestinal inflammation by modulating
inflammatory cytokines, such as tumor necrosis factor
α (TNF-α), interleukin 1 (IL-1), IL-6, IL-1β, and IL-10.
Alternatively, the avoidance of high-fat and highcarbohydrate diets is regarded as an effective tool to
eliminate the causes of IBD. Many functional foods
and bioactive components have received attention
for showing strong therapeutic effects against IBD.
Both animal and human studies suggest that bioactive
functional foods can ameliorate IBD by downregulating
the pro-inflammatory signaling pathways, such as
nuclear factor κB, STAT1, STAT6, and pro-inflammatory
cytokines, including IL-1β, IL-4, IL-6, COX-2, TNF-α,
and interferon γ. Therefore, functional foods and diets
have the potential to alleviate IBD by modulating
the underlying pathogenic mechanisms. Future
comprehensive studies are needed to corroborate
the potential roles of functional foods and diets in the
prevention and control of IBD.
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hence dietary therapy has a great implication on the
[7]
treatment of IBD . Recent research evidence suggests
that the supplementation of fruits and vegetables, probiotic
bacteria, dietary fibers, and fat-soluble vitamins can
substantially reduce the symptoms of IBD through their
[7-11]
anti-inflammatory functions
. In contrast, as the highfat and high-carbohydrate foods are supposedly involved
in the etiology of IBD, eliminating these foods from the diet
[12]
could be an essential tool in the management of IBD .
Bioactive natural compounds and functional foods have
been a major focus of research throughout the last decade
as potential therapies for IBD, and many research groups
have demonstrated positive and outstanding results.
Plant-derived extracts, antioxidants, phytochemicals,
polyunsaturated fatty acids, and dietary peptides have
demonstrated strong anti-inflammatory effects against
IBD due to their modulatory actions on pro- and anti[13-18]
inflammatory cytokines and signaling pathways
.
Ongoing and future research is expected to provide more
evidence and explanations regarding the use of diets
and functional foods to control IBD. It appears that the
alternative therapies based on diets and functional foods
will be the future of IBD management. The present study
therefore provides an overview on the current status and
the future direction of the use of diets, functional foods,
and bioactive compounds against IBD.

Core tip: Diets and functional foods are two of the most
potential alternative therapies for inflammatory bowel
disease (IBD). Dietary supplementation of probiotics
and non-starch polysaccharides demonstrated strong
therapeutic actions on IBD. Likewise, functional foods have
received more attention than ever as alternative therapies
for IBD. Plant-derived extracts and bioactive compounds
exhibited anti-inflammatory actions against IBD. Both diets
and functional foods have a very important role to play in
the near future. We have discussed the roles of both diets
and functional foods in IBD management.
Mijan MA, Lim BO. Diets, functional foods, and nutraceuticals
as alternative therapies for inflammatory bowel disease:
Present status and future trends. World J Gastroenterol 2018;
24(25): 2673-2685 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i25/2673.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i25.2673

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic gastroin
testinal disorder characterized by relapsing inflammation
and severe mucosal damage in the intestine. There are
two common forms of IBD, namely, ulcerative colitis (UC)
and Crohn’s disease (CD), which are generally associated
with diarrhea, nausea, abdominal pain, fatigue, rectal
[1]
bleeding, weight loss, anxiety, etc . Currently, IBD is one
of the most prevalent gastrointestinal diseases among
the developed nations in the West, affecting nearly 1.6
million people in the United States and 2.5-3.0 million
[2,3]
people in northern Europe . Although IBD is mostly
prevalent in North America and Europe, the adoption of
western dietary habits and lifestyle has led to, countries
like- China, South Korea, and Australia witnessing a
[4]
significant rise in the incidence of IBD .
The exact etiology of IBD has yet to be defined, but
it is believed that genetic susceptibility, environment,
immunoregulatory dysfunction, intestinal microbiota,
nutrition, and lifestyle are the key players in the path
[5]
ogenesis of IBD . Activation of macrophages and an
uncontrolled production of pro- and anti-inflammatory
cytokines, including tumor necrosis factor α (TNF-α),
interleukins, and interferon γ (IFN-γ) in the intestinal
mucosa, mediate the inflammation by inducing inflam
[6]
matory pathways . Conventional therapies based on
steroidal and non-steroidal drugs and biological agents
are inefficient in treating IBD and are often associated
with adverse side effects. As a consequence, tremendous
research attention is now being focused on finding
alternative therapies based on plants and other natural
products.
There is a growing consensus that diet and nutrition
play a critical role in the etiopathogenesis of IBD, and
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CURRENT STATUS AND TREATMENTS
OF IBD
The chronic and recurrent inflammation of the gastroin
testinal tract associated with IBD, represented by UC and
CD accompanies several gastrointestinal and systemic
[19]
disorders and mental illnesses . Although the two
forms of IBD share some common features, they are
regarded as separate entities, as they possess distinct
histopathological and symptomatic characteristics.
UC is generally defined as a mucosal or submucosal
inflammation of mainly the rectum and occasionally of
the colonic area. The common symptoms of UC include
abdominal pain, diarrhea, malnutrition, rectal pain and
bleeding. CD is regarded as a transmural inflammation
of the ileum and colon, though it can affect any part of
the gastrointestinal tract and form granulomas, fistulas,
and strictures in the intestine. Patients diagnosed with
CD often have abdominal pain, diarrhea, fever, loss
of appetite and weight, anemia, and intermittent anal
fissures.
Although the exact etiology of IBD has yet to be
specified, a number of factors including- diet, immunity,
environment, heredity, and microbiota, contribute to
[20]
the development of IBD . A complex interaction of
environmental, genetic, microbial, and immunological
factors might cause the activation of the mucosal immune
[21]
response and the release of numerous cytokines .
Cytokines are cell signaling molecules generated
predominantly by immune cells that have specific roles
in the communication and interaction between cells and
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Table 1 Overview of the conventional therapies for inflammatory bowel disease
Therapeutic agent
Aminosalicylates (ASA)

Corticosteroids
Immunosuppressants

Antibiotics
Biological therapy

Active compound

Mode of action

Ref.

5-ASA

Decreases MPO activity, inhibits β-catenin
activation
Inhibits the generation and activity of IL1β, IL-4, IL-5, IL-8, granulocyte-macrophage
colony stimulating factor, and TNF-α

[23]

Corticosteroids
Azathioprine
6-mercaptopurine
Cyclosporine A
Tacrolimus
Methotrexaten
Metronidazole
Ciprofloxacin
Infliximab
Adalimumab
Certolizumab

Clinical remission
Mucosal healing

Decrease disease activity index
Maintain remission
Neutralizes TNF-α
Reduces inflammation

[24]
[25]

[26]
[27]

TNF-α: Tumor necrosis factor α; IL: Interleukin.

the onset of local and systemic inflammation. Under
normal conditions, the intestinal mucosa can maintain
the balance between pro-inflammatory cytokines, such
as TNF-α, IFN-γ, interleukin (IL)-1, IL-6, and IL-12 and
anti-inflammatory cytokines, which includes IL-4, IL-10,
and IL-11. In IBD patients, the intestinal homeostasis
and the fine balance between pro- and anti-inflammatory
cytokines is disrupted, causing an increased number and
activities of pro-inflammatory cytokines in the mucosa,
leading to tissue damage and inflammation. Furthermore,
the weakened epithelial barrier function and the increased
intestinal permeability in IBD subjects facilitate mucosal
[22]
inflammation .
Currently, there is no effective therapy available that
can completely cure IBD. Current therapeutic options
are incapable of targeting the underlying pathogenic
mechanisms of IBD; instead, they are specifically
designed to instigate and maintain the remission of the
[1]
disease and help mitigate complications in patients .
Aminosalicylates and corticosteroids are considered
first-line therapy for IBD (Table 1). Both of these drugs
have shown efficacies in ameliorating the severity and
the symptoms of IBD through their abilities to down
regulate the pro-inflammatory cytokines and signaling
[23,24]
pathways
. Immunosuppressive agents, including
azathioprine, 6-mercaptopurine, cyclosporine A, and
antibiotics, which are mostly used as adjunct therapies,
can decrease intestinal inflammation by suppressing the
[25,26]
mucosal immune response
(Table 1). A more recent
and innovative approach is called “biological therapy,”
where monoclonal antibodies, such as infliximab and
adalimumap, are applied to downregulate the immune
[27]
response pathways .
Despite providing some symptomatic and temporary
relief, current drug therapies are described as inadequate
[28]
with serious side effects . Biological therapies, which are
currently a mainstay for of IBD treatment, are expensive
and associated with adverse health effects.
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Therefore, the development of alternative IBD the
rapies using natural products that are highly effective,
safe, and inexpensive is in great demand.

DIETS AND DIETARY INTERVENTIONS
FOR IBD
Diets comprise the usual food and drink that a person
regularly consume. Diets, among other factors, play a
crucial role in the etiology of IBD. Dietary interventions
in the form of either providing specific nutrients or
dietary restrictions are regarded as effective tools in
treating IBD. Currently, due to the lack of adequate
data and research evidence, health professionals and
dieticians often find it difficult to recommend dietary
strategies for IBD patients. However, recent research
outcomes are providing evidence that many nutrients
and food elements can cure IBD symptoms; hence
a dietary plan based on proper nutrients could be an
effective therapeutic strategy against IBD.

Probiotics

Probiotics are described as live microorganisms that
benefit humans by promoting gut health and the im
mune system upon ingestion in an acceptable amount.
Numerous possible mechanisms through which probiotic
bacteria exert their beneficial effects have been
proposed. Probiotics can reduce harmful microorganisms
and maintain the microbial balance inside the gut by
blocking the site of adhesion, competing for nutrients,
[29]
and killing pathogenic microorganisms . Production
of short-chain fatty acids (SCFA) and butyrate by
probiotic bacteria lowers the pH level in the colon and
[30]
limits the growth of pathogens . In addition, probiotic
bacteria can function as anti-inflammatory agents by
modulating the NF-κB signaling pathway, inflammatory
[31]
cytokines, and the regulatory T cell response . Two of
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the most widely studied genera that have been proven
effective in alleviating gastrointestinal inflammation are
[32]
Lactobacillus and Bifidobacteria. Lee et al
reported
that Lactobacillus suntoryeus suppressed toll-like
receptor (TLR)-4 linked NF-κB and IL-6 expression in
TNBS-induced colitis (Table 2). In a mouse model of
IBD induced by E. coli 0111 LPS, soy milk fermented
with Lactococcus lactis subsp. lactis S-SU2 prevented
colonic shortening and spleen enlargement, and repaired
[33]
epithelial damage . Lactobacillus paracasei LS2 isolated
from kimchi decreased the number of neutrophils
+
+
+
+
(CD11b Gr-1 ) and, macrophages (CD11b F4/80 ),
and decreased TNF-α and IFN-γ expression in DSS[34]
induced UC . An oral administration of Lactococcus
lactis NZ9000 (NZ-HO) secreting an anti-inflammatory
substance called recombinant mouse heme oxygenase
(mHO-1) to mice decreased the disease activity index
(DAI), increased the production of IL-10, and suppressed
[35]
[36]
IL-1α and IL-6 expression . A study by Yokota et al
revealed that supplying drinking water containing
Lactobacillus plantarum AN1 isolated from fermented
fish to an IBD mouse model increased the indigenous
population of lactic acid bacteria in the colon, and their
synergistic effects reversed colonic shortening, spleen
enlargement, and colonic tissue damage significantly.
Several other strains of Lactobacillus plantarum exhibited
therapeutic effects on gastrointestinal inflammation
through their modulatory functions against inflammatory
[37]
cytokines . A recent study indicated that Lactobacillus
sakei attenuated the clinical symptoms and histological
damage by suppressing inflammatory mediators, such
[38]
as NF-κB, STAT1, and TL4 . A combined therapy
consisting of Lactobacillus casei, butyrate, and Pistacia
atlantica significantly improved histological scores and
[39]
reduced MPO activity in a rat model of IBD .
The antimicrobial and anti-inflammatory effects of
Bifidobacteria are also well-known, and this probiotic
genus has a wide application against gastrointestinal
inflammation. Reportedly, Bifidobacterium adolescentis
IM38 alleviated inflammation by downregulating NF-κB
expression and lipopolysaccharide production in high-fat
[40]
diet-induced ulcerative colitis in mice . An in vitro and
in vivo study suggested that Bifidobacteria bifidum 231
enhanced the IL-10 production in IEC-6 cell lines and
improved the macroscopic and histological conditions
[41]
in TNBS-induced colitis . Bifidobacterium longum
CCM7952 strengthened the epithelial barrier function
[31]
and reduced clinical symptoms in experimental colitis .

suggested that most of the NPS components reach
the large intestine intact, where they are fermented
by probiotic and useful bacteria to exert their anti[43]
inflammatory functions .
Konjac glucomannan is a plant-derived polysaccharide
that has been used to treat gastrointestinal inflammatory
disorders. For example, supplementation with konjac
glucomannan hydrolysate for fourteen days to IBD
patients resulted in improved bowel movement, fecal
consistence, reduced abdominal pain, and a better
[44]
lifestyle (Table 2). β-Glucan was orally administered to
an animal model of IBD, which resulted in improved fecal
[45]
output and reduced colorectal distension . In another
study, oat β-glucan reduced the levels of MPO, NO, and
MDA, and suppressed the expression of IL-1β, IL-6, and
[46]
iNOS in a DSS-induced colitis model in mice . Bacterial
β-(1,3)-glucan prevented IBD in mice by recovering
regulatory T cells (Tregs) and the defects of natural killer
(NK) cells and by suppressing the excessive production
[47,48]
[49,50]
of IgA
. Azuma et al
reported that cellulose
nanofibers obtained from seaweed and pear reversed
colonic shortening, reduced colonic damage and,
suppressed NF-κB expression and MPO activity in colitic
mice.
Prebiotics are non-digestible polysaccharides, which
generally includes oligosaccharides and inulin that act as
nutrients for the native gut microbiota that offer health
[30]
benefits to the host . Providing fructooligosaccharides
to colitic mice resulted in increased lactic acid bacteria
in the gut and decreased pro-inflammatory cytokines
[51]
such as, IFN-γ, IL-17, and TNF-α . In a DSS-induced
colitis mouse model, goat milk oligosaccharides reduced
the colonic tissue damage and increased the favo
[52]
rable microbial population in the intestine . Štofilová
[53]
et al demonstrated that prebiotic inulin together with
Lactobacillus plantarum LS/07 CCM7766 symbiotically
improved colonic and jejunal tissue damage by down
regulating IL-2, IL-6, IL-17, TNF-α, COX-2, and NF-κB
expression in an N, N-dimethylhydrazin-induced colitis
model in rats.

Vitamins

Fat soluble vitamins such as Vitamin A and D have protec
tive roles against the pathogenesis of IBD. Accumulating
evidence suggests that patients with IBD are frequently
diagnosed with low levels of fat soluble vitamins, and
therefore specific supplementations of those vitamins are
[5]
[54]
often recommended . Gubatan et al recently reported
that a low level of vitamin D in the patients with UC at the
time of remission increased the risk of clinical relapse of
IBD. Vitamin D deficiency in UC patients has been found
to be associated with mucosal inflammation and disease
[55]
activity . Therefore, vitamin D supplementation can
result in positive outcomes in IBD patients. It has been
demonstrated that vitamin D, by downregulating proinflammatory cytokines, IL-6, IL-21, TNF-α, and IFN-γ
and by stabilizing the intestinal barrier, can contribute to
[56]
the amelioration of IBD symptoms . According to Zhu

Non-starch polysaccharides

Non-starch polysaccharides (NPS), classified as
dietary fiber and prebiotics, are obtained from various
natural sources that have been studied extensively as
therapeutics against inflammation and other immunerelated problems. All of the major components of NPS,
including cellulose, glucomannan, glucan, pectin, inulin,
and oligosaccharides have exhibited anti-inflammatory
[42]
and immunomodulatory functions . It has been
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Table 2 Role of nutrients and diets against inflammatory bowel disease
Base material
Probiotics
Lactic acid bacteria

Main compounds/agents

Mode of action

Ref.

Lactobacillus suntoryeus

Inhibited the activation of TLR-4-linked
NF-κB activation
Prevented the colonic shortening, lowering
of liver and thymus weights, and spleen
enlargement
Increased IL-10
Reduced TNF-α, IFN-γ, IL-1β and MPO
activity
Reduced CD11b+ F4/80+ and CD11b+
Gr-1+
Increased IL-10; reduced IL-1α and IL-6
Ameliorated the atrophy of colon length,
mucosal damage, and spleen enlargement
Reduced the expression of iNOS, TNF-α,
IL-1β, and IL-6
Suppressed NF-κB, STAT3, and TLR4
expression
Increased IL-10; Decreased IL-1β
Engaged TLR2; Contained NOD2
Improved epithelial barrier

[32]

Reduced bowel movement, diarrhea, blood
in feces, abdominal pain, and flatulence
Improved fecal output
Reduced visceral pain
Lowered MPO, NO, and MDA
Inhibited the expressions of TNF-α, IL-1β,
IL-6 and iNOS
Reduced histological damage

[44]

Reduced the expression of IL-1β
Reversed Treg reduction
Decreased NK cell defects and IgA
production
Improved intestinal tissue injury
Suppressed the activation of NF-κB
Suppressed colon atrophy
Suppressed the activation of NF-κB
Decreased IFN-γ, IL-17, and TNF-α levels
Increased LAB population
Decreased inflammation
Improved mucosal damage
Decreased TNFα, COX-2, IL-2, and IL-6
Suppressed TNF-α
Enhanced IL-10 production
Reduced IFN-γ
Increased CD+ T cells and IL-6
Protected mitochondria
Inhibited nuclear respiratory factor (NFR)-1
and mitochondrial transcription factor A
(TFAM)

[48]

Lactococcus lactis subsp. lactis S-SU2

Lactobacillus paracasei LS2 (from kimchi)

Lactococcus lactis NZ9000 (NZ-HO)
Lactobacillus plantarum AN1
Lactobacillus sakei K040706
Bifidobacteria

Bifidobacterium bifidum 231
Bifidobacterium longum CCM7952

Dietary fibers and prebiotics
Konjac glucomannan
Glucan

Konjac glucomannan hydrolysate
β-(1,3–1,6)-d-glucan
Oat β-glucan

Glucan from mushroom (Pleurotus
pulmonarius)
Bacterial β-(1,3)-glucan
Nanofiber

Cellulose nanofiber from seaweed

Prebiotics

Cellulose nanofiber from pear
Fructooligosaccharides
Goat milk oligosaccharide
Inulin

Vitamins

1alpha,25-dihydroxyvitamin D3
1,25-dihydroxyvitamin D3
Vitamin D3
Vitamin A

[33]

[34]

[35]
[36]
[38]
[41]
[31]

[45]
[46]

[47]

[49]
[50]
[51]
[52]
[53]

[57]
[58]
[59]
[60]

TLR: Toll-like receptor; TNF-α: Tumor necrosis factor α; IFN-γ: Interferon γ; IL: Interleukin; NF-κB: Nuclear factor κB.
[57]

et al
(2005), 1α,25-dihydroxyvitamin D3 together
with calcium substantially reduced TNF-α expression
and relieved the symptoms of IBD in IL-10 knockout
mice. In human CD4+ cells, 1,25-dihydroxyvitamin D3
increased the level of IL-10 and inhibited the proliferation
[58]
of T cells . Patients suffering from Crohn’s disease
have shown an increased level of IL-6 after vitamin D3
[59]
treatment . The protective effects of vitamin A have
been investigated in a TNBS-induced colitis mouse
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model, and after 21 days of treatment, vitamin A
substantially increased the proliferation of mitochondrial
transcription factors NFR-1 and TFAM and prevented
[60]
intestinal tissue damage .

Specific carbohydrate diets and FODMAP

The specific carbohydrate diet (SCD) was first designed
and mentioned by Sydney Haas in 1914 to cure celiac
[20]
disease . The term became popularized when Elaine
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Gottschall published his book entitled “Breaking the
Vicious Cycle: intestinal health through diet” in 2012
about how he and his daughter were cured from IBD by
[61]
strictly following this diet plan . The SCD plan allows
the intake of only monosaccharides and the complete
avoidance of disaccharides and polysaccharides, because
they remain undigested and unabsorbed in the digestive
tract and lead to the overproduction of yeast and
bacteria, which eventually causes intestinal injury. In a
clinical study, children with Crohn’s disease under this
dietary plan for 12 and 52 wk had remarkably reduced
[62]
mucosal damage and improved clinical symptoms .
FODMAPs are specific carbohydrate foods that contain
[63]
mono-, di-, and oligosaccharides and polyols . These
carbohydrates are poorly digested, but easily fermented
by the colonic bacteria, leading to bloating, abdominal
cramping and discomfort, and diarrhea, which are also
[64]
associated with IBD . As a consequence, scientists
developed the idea of eliminating FODMAPs from the
diet for IBD patients as a cure. The efficacies of FODMAP
diets have been demonstrated through human studies,
and patients who adhered to FODMAP elimination have
experienced fewer abdominal disorders and better quality
[65,66]
of life
.

including krestin, lignin, and glucan. Our investigation on
the effect of Coriolus versicolor extract (CVE) on UC in
mice demonstrated that CVE could relieve the symptoms
of colitis by decreasing the level of IgE in the serum and
lymph nodes and, by suppressing the expression of
[68]
TNF-α, IFN-γ, IL-4, IL-1β and IL-6 . Cordyceps militaris,
a folk medicinal mushroom found in East Asia, also
has proven health benefits against inflammation, most
[69]
likely due to its polysaccharide contents . A study by
[70]
Han et al reported that Cordyceps militaris prevented
epithelial damage, inflammatory cell migration, and
colonic shortening by decreasing TNF-α and iNOS
levels. Interestingly, recent studies claim that the
mushrooms grown on germinated cereal grains are rich
in antioxidants and other bioactives and possess potent
[71,72]
antioxidative and anti-inflammatory functions
.
The chaga mushroom grown on germinated brown
rice suppressed the expression of COX-2, TNF-α, IL-4,
STAT1 and STAT6, and reduced the levels of IgE and
[73]
IgA . Additionally, Ganoderma lucidum grown on
germinated rice reduced the inflammation in colitic mice
[74]
by downregulating NF-κB and MAPK pathways .
Fruit extracts, due to their potential nutraceutical
properties, have been investigated as therapeutic
agents to treat IBD. A Prunus mume mixture in a DSSinduced colitis mouse model ameliorated inflammation
by decreasing inflammatory cytokines and the immune
[75]
response . Pomegranate (Punica granatum), a tropical
fruit rich in polyphenols especially ellagitannins and
ellagic acid, has antioxidant and anti-inflammatory
[76]
properties . Pomegranate extracts, in TNBS-induced
colitis rats, decreased TNF-α, MAPK phosphorylation,
[77]
and NF-κB translocation . Berry fruits are known for
being rich in bioactive compounds and their therapeutic
[78]
actions against numerous health problems . The
oral administration of blueberry extracts to colitic mice
alleviated inflammation by a three-fold mechanism:
antioxidation, inhibition of NF-κB translocation, and
[79]
suppression of inflammatory cytokines . The application
of Aronia melanocarpa Elliot, also known as black
chokeberry, relieved colitis symptoms in mice through
[80,81]
its antioxidative and anti-inflammatory activities
.
Ginger, which has been traditionally used as a spice and a
natural remedy, has shown anti-inflammatory properties.
Ginger extract, when administered to colitic mice,
ameliorated colonic inflammation by downregulating NF[82]
κB and IL-1β expression .
Marine foods and extracts have lately received
attention as bioactive substances for IBD. The ethanol
extract from Haliotis discus hannai Ino remarkably
decreased mucosal tissue damage and lowered the
expressions of IL-4, IFN-γ, STAT1, and STAT6 in a mouse
[83]
model of colitis . Green algae extract also exhibits
[84]
strong remedial effects against DSS-induced colitis .

FUNCTIONAL FOODS AND
NUTRACEUTICALS FOR IBD
Functional foods are any fresh or processed foods that
provide health benefits and have disease prevention
activities beyond their basic nutritional value. Nutra
ceuticals are foods or food supplements that deliver
concentrated form of bioactive substances with medicinal
properties. Although functional foods have been used as
traditional medicines to treat chronic diseases for several
centuries, it is modern scientific discoveries that are
establishing the health benefits of functional foods and
natural bioactive compounds providing the underlying
mechanisms of their actions. Potential roles of functional
foods against IBD have been broadly studied over the
last decade, and overwhelming research evidence
suggests that plant extracts, polyphenols, fatty acids, and
amino acids can attenuate IBD symptoms by interfering
[6,67]
with inflammatory pathways
(Table 3).

Plant and fruit extracts

The history of using plant extracts as alternative therapies
for boosting the immune system and treating chronic
inflammatory disorders dates back to ancient times. The
anti-inflammatory activities of the plant extracts derive
mainly from their abilities to modulate inflammatory
cytokines. Several plant-derived extracts have strong
therapeutic effects against IBD, and there is a growing
interest in developing an effective IBD therapy based on
plant extracts. Coriolus versicolor, mostly grown in China
is a medicinal mushroom that has well-known health
benefits. This mushroom contains polysaccharides,
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Phytochemicals

Phytochemicals perform important bioactive functions
against oxidative and inflammatory disorders. Plant-
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Table 3 Role of natural extracts and phytochemicals against inflammatory bowel disease
Base material
Extracts
Mushroom

Main compound/agent

Mode of action

Ref.

Coriolus versicolor extract

Reduced TNF-α, IL-1β and IL-6
Reduced STAT1 and STAT6
Decreased epithelial damage
Suppressed iNOS and TNF-α mRNA
expression
Suppressed TNF-α, COX-2, and IFN-γ
Inhibited MAPK phosphorylation and NFκB activation
Decreased histological score

[68]

Suppressed mucosal damage, TNF-α, and
iNOS expressions
Decreased the expression of TNF-α, COX-2,
IL-4, and STAT6
Prevented the translocation of NF-κB
Modulated NF-κB and IL-1β signaling
Attenuated colon shortening
Suppressed pro-inflammatory cytokines
Prevented oxidation
Inhibited pro-inflammatory mediators
Reduced NF-κB translocation
Decreased mucosal injury
Decrease the level of pro-inflammatory
cytokines
Improved colonic damage
Decreased TBARS concentration
Suppressed NF-κB and IL-1β
Suppressed colonic tissue damage
Downregulated IFN-γ and IL-4
Ameliorated colonic tissue damage
Decreased pro-inflammatory cytokines
Reduced COX-2 and TNF-α
Recovered transglutaminase protein
Suppressed NF-κB and TNF-α
Reduced clinical score
Reduced histopathological damage
Reduced iNOS, NF-kB, TNF-α, COX-2, and
caspase-3
Suppressed IL-1β and TNF-α
Reduced colonic damage and DAI
Improved colon shortening and DAI
Suppressed STAT3 expression
Reduced TNF-α, IL-1β, and MPO
Attenuated morphological damage

[75]

Cordiceps militaris extract

Inonotus obliquus extract
Ganoderma lucidum extract

Fruit extracts
Prunus mume
Pomegranate

Cranberry

Prunus mume extract
Pomegranate extract (ellagitannins and
ellagic acid)
Cranberry fruit/extract
Blueberry extract

Averrhoa bilimbi

Averrhoa bilimbi L. extract

Aronia melanocarpa
Ginger
Marine food

Arronia melanocarpa juice
Ginger extract (zingerone)

Haliotis discus hannai Ino extract

Green algae extract

Phytochemicals

Apple polyphenols
Resveratrol
Cardamonin

Ginsenoside Rg1
Sulforaphane
Curcumin

[70]

[73]
[74]

[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]

[85]
[86]
[18]

[90]
[91]
[92]

TLR: Toll-like receptor; TNF-α: Tumor necrosis factor α; IFN-γ: Interferon γ; IL: Interleukin; NF-κB: Nuclear factor κB.

derived bioactive compounds can repress inflammation
by inhibiting oxidative damage and interacting with the
immune system. In a previous study, apple polyphenol
extract reduced mucosal inflammation by reversing
transglutaminase depletion in a TNBS-induced colitis rat
[85]
model . Resveratrol is an important polyphenol found
abundantly in peanut, berries, and red grapes. This
polyphenol exhibits versatile biological functions that are
generally attributed to its modulating actions against
[86]
oxidative processes and inflammatory pathways . A
randomized controlled trial conducted by Samsami-Kor
[87]
et al
revealed that patients with UC supplemented
with resveratrol had lower inflammation and decreased
levels of TNF-α and NF-κB compared with the placebo
group. A component from Chinese traditional medicine
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called cardamonin was administered to rats with acetic
acid-induced colitis, and at the end of the trial, the rats
had a reduced DAI score and improved histopathological
[18]
conditions . Cardamonin supplementation also reduced
MDA and MPO activities, and NF-κB, TNF-α, and COX-2
expression. Previous reports suggest that NLRP12, a
NOD-like receptor, can attenuate colonic inflammation by
downregulating inflammatory cytokines and promoting
[88,89]
[90]
the growth of useful bacteria in the gut
. Zhu et al
reported that Ginsenoside Rg1, a red ginseng compound,
inhibited the inflammatory response and colonic damage
by upregulating NLRP12 in mice with UC. A broccoliderived isothiocyanate compound sulforaphane, exhibited
anti-colitic activities by preventing colonic atrophy and
increasing the expression of the Nrf2-dependent gene in
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[91]

mice . Curcumin, which is isolated from turmeric, has
medicinal application in some Eastern Asian countries,
and it is one of the most studied phytochemicals against
ulcerative colitis. A study conducted on colitic mice
found that curcumin supplementation could improve
the histopathological score in the colon by suppressing
the activity and the DNA-binding ability of STAT3, and
[92]
by reducing TNF-α and IL-1β expression . A combined
therapy with curcumin, green tea polyphenol, and
selenium exhibited outstanding results with decreased
inflammatory symptoms and DAI both in human
subjects with colitis and in DSS- and TNBS-induced colitic
[93]
mice .

immune-related genes and inflammatory mediators,
[104]
such as NF-κB and IL-6 .

Bioactive peptides

Dietary peptides have displayed bioactive functions
against several illnesses, including chronic inflammation,
[105]
diabetes, hypertension, and oxidation
. Therefore
bioactive peptides have the potential to be used as
an alternative therapy for IBD and other chronic
[106]
inflammatory disorders. According to Hou et al
,
treatment with alanyl-glutamine in a mouse model of
colitis suppressed Th-17 cytokines and macrophage
migration to the peritoneal cavity, indicating a reduction
in the inflammatory response. Propionyl-L-carnitine,
an essential factor of transporting fatty acids in
mitochondria reduced mucosal inflammation through
[107]
antioxidative effects in TNBS-induced colitis . Bovine
glycomacropeptide resulted in decreased mucosal
damage in the colon, decreased MPO activity, and
[108]
increased IL-10 in lymphocyte-driven colitis
. In a
[109]
study by Azuma et al
, fish scale gelatin peptide
demonstrated anti-inflammatory functions in ulcerative
colitis through its inhibitory actions against the activation
of NF-κB and the accumulation of monocyte chemotactic
protein-1 (MCP-1) in serum. Bioactive peptides isolated
from salmon also showed anti-inflammatory functions
[110]
in experimental colitis in mice .

Fatty acids

Polyunsaturated fatty acids (PUFAs) are important
pharmaconutrients that can exert therapeutic functions
to control inflammatory disorders by modulating the
immune response. Therapeutic effects of PUFAs against
IBD have been demonstrated over the years, and
growing evidence suggests that supplementing with
PUFAs through the diet could be an interesting strategy
[94]
for managing IBD . The role of omega-3 fatty acids,
including EPA and DHA, has been investigated in rats.
The results indicate that EPA and DHA combined with
olive oil and quercitrin reduced the levels of iNOS,
[95]
COX-2, TNF-α, LTB4, and IL-1β in colitic rats . It is
assumed that EPA and DHA-derived metabolites,
namely, protectin, resolvin, and maresin are the factors
[96]
responsible for the anti-inflammatory functions .
An adjunct therapy of omega-3 PUFAs with to 5-ASA
showed that the dual therapy was more effective in
downregulating NF-κB and inducing PPARγ in a rat
model of colitis than a higher concentration of 5-ASA
[97]
alone . Administering EPA together with arachidonic
acid (AA) to colitic mice resulted in decreased TNF-α
[98]
and IL-6 and increased PPARγ . The protective role of
conjugated linoleic acid (CLA) on IBD was investigated
by Bassaganya-Riera and Hontecillas (2006), and they
concluded that CLA could efficiently delay the onset of
colitis and decrease the severity of inflammation by
[99]
influencing PPARγ expression . Alpha linoleic acid from
sage oil significantly lowered the inflammatory damage
in experimental colitis by decreasing the levels of IL-6,
[100]
COX-2, and TNF-α .
Short chain fatty acids (SCFAs) including acetate,
propionate, and butyrate have exhibited therapeutic
benefits for colitis. Butyrate limits the immune response
and modulates the inflammatory mediators to alleviate
[101]
mucosal inflammation . In a previous study, butyrate
supplementation to colitic rats maintained the integrity
of the colonic mucosa by enhancing the production of
regulatory T cells (Tregs) in blood and the plasma levels
[102]
[103]
of IL-10 and IL-12
. Segain et al
reported that
butyrate inhibited the NF-κB activation and degraded
IκBα level in a rat model of colitis. Other SCFAs, including
acetate and propionate also showed preventive activity
against IBD in mice by inhibiting the expression of
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FUTURE TRENDs
The inefficiency of current drug therapies along with the
increasing prevalence of IBD from the West towards East
Asian and other westernized countries and its recent
globalization have triggered a significant amount of
research aiming to develop alternative therapies based
on natural substances that are highly effective and safe.
A coordinated effort based on identifying and solving
the environmental and dietary risk factors for IBD will
[111]
be a priority in the future . As diet is one of the key
etiological factors of the disease, a multifaceted dietary
intervention involving the elimination of certain foods
and the inclusion of food components that can target
the underlying causes of IBD is immensely needed.
Manipulation of the gut ecosystem with probiotic bacteria
is an interesting topic of research in the management
of IBD. However, current data for the recommendation
of probiotics for chronic metabolic illnesses are still
insufficient. Recently, “designer probiotics” has drawn
attention as an innovative approach, where genetically
engineered bacteria with specific functionalities are
[112]
administered to patients
. Promising results were
found when recombinant Bifidobacteria were used
as carriers for alpha-melanocyte and manganese
[113,114]
superoxide dismutase in experimental colitis
. In
recent years, “specific targeting” which allows nutrients
or bioactive compounds to reach and target the specific
site of inflammation to exert their effects, has become
a trending topic of research for IBD control and will
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[115]

be of tremendous importance in future research
.
Development of novel cell models that can simulate
the GI tract is considered to be a futuristic model of
research in the quest for natural alternative therapies
[116]
for IBD . More importantly, the complete and precise
understanding of the pathogenic mechanisms of IBD
is necessary, as it will help researchers find suitable
and efficacious treatments for IBD using available and
prospective natural therapeutic agents. Therefore, future
research studies will be centered upon the development
of more effective therapeutic strategies for IBD based
on health functional materials that will be capable of
reaching the target site and exerting their functions to
control the underlying pathogenic mechanisms of IBD.

4
5

6

7

8

CONCLUSION
Diets and functional foods have emerged as promising
alternatives for the prevention and treatment of IBD
during the past decade. While diets and dietary habits
are key modulating factors involved in the pathogenesis
of IBD, several food components such as dietary
fibers, probiotics, non-starch polysaccharides, and fat
soluble vitamins, have been effective in ameliorating
gastrointestinal inflammation. Functional foods and
bioactive compounds, including plant-derived extracts,
phytochemicals, antioxidants, omega-3 fatty acids,
and dietary peptides, have exhibited strong antiinflammatory effects against IBD both in animal models
and human subjects. Functional foods can modulate
inflammatory cytokines and can interact with the
immune system to produce anti-inflammatory functions
against IBD. Therefore, diets and functional foods will
play a significant role to control IBD in near future.
At the same time, regular food intake, well-managed
lifestyle, rest, and medication would require enough
attention for the efficient management of IBD.
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Blockade of the programmed death ligand 1 (PD-L1)
and programmed cell death 1 (PD-1) receptor axis
represents an effective form of cancer immunotherapy.
Preclinical evidence initially suggested that gastric and
gastroesophageal junction (GEJ) cancers are potentially
immunotherapy-sensitive tumors. Early phase clinical
trials have demonstrated promising antitumor activity
with PD-1/PD-L1 blockade in advanced or metastatic
gastric/GEJ cancer. Microsatellite instability (MSI)
and PD-L1 expression have been shown to predict
higher response to PD-1 inhibitors as highlighted by
the recent approvals of pembrolizumab in treatmentrefractory solid tumors with MSI status and the thirdline or greater treatment of PD-L1 positive advanced
gastric/GEJ cancers. However, predictive and prognostic
biomarkers remain an ongoing need. In this review,
we detail the preclinical evidence and early tissue
biomarker analyses illustrating potential predictive
biomarkers to PD-1/PD-L1 blockade in gastric/GEJ
cancer. We also review the clinical development of
PD-1/PD-L1 inhibitors in gastric/GEJ cancer and
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highlight several areas in need of future investigation in
order to optimize the efficacy of PD-1/PD-L1 blockade
in gastric/GEJ cancer.

humanized monoclonal IgG4 antibodies against PD-1
and PD-L1 in patients with advanced solid tumors were
soon conducted, demonstrating both tumor shrinkage
[7]
and extended disease stabilization . This paved
the way for the development of the first Food and
Drug Administration (FDA)-approved PD-1 inhibitors,
pembrolizumab and nivolumab, which achieved durable
[7-9]
objective responses in early trials .
Cancers of the stomach and esophagus are among
the 8 major global cancers that account for > 60%
[10]
of total cases and deaths worldwide . In 2012, an
estimated 1.4 million cases of gastroesophageal cancer
were reported, resulting in 1.1 million deaths globally.
Approximately 2/3 of patients with gastroesophageal
cancer develop metastatic disease during the course
of their disease and despite sequencing of available
active systemic agents, prognosis remains poor in
advanced disease with a median overall survival
[11]
(OS) of 8-10 mo . Despite the rapidly growing
number of FDA approvals for PD-1/PD-L1 inhibitors in
cancer therapy, the first approval of a PD-1 inhibitor
specifically for advanced gastroesophageal cancer
occurred on September 22, 2017 with the approval
[12]
of pembrolizumab . Likewise, the PD-1 inhibitor
nivolumab received concurrent regulatory approval in
Japan for unresectable advanced or recurrent gastric
[13]
cancer . Although clinical activity is established,
biomarkers to optimize patient selection remain an area
of significant need in gastroesophageal cancers.
In this review, we highlight the clinical development
of PD-1 inhibitors leading up to the recent approvals
of pembrolizumab and nivolumab in advanced
gastroesophageal cancer. In particular, we discuss
preclinical rationale, early biomarker studies, and
results currently available from major phase I-III trials
investigating PD-1/PD-L1 inhibitors in advanced or
metastatic gastroesophageal cancer.

Key words: Immunotherapy; programmed cell death 1;
programmed death ligand 1; microsatellite instablility;
Gastric cancer
© The Author(s) 2018. Published by Baishideng Publishing
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Core tip: programmed death ligand 1 (PD-L1) and
microsatellite instability have recently entered into
clinical practice as recommended biomarker testing
for the use of immune checkpoint inhibitors in
gastroesophageal cancer. However, PD-L1 still does
not carry the highest sensitivity and specificity with
variability in testing reported. Incorporation of PD-L1
expression from the tumor microenvironment with
counting of immune cells appears to be the most
effective strategy to date. Future efforts focusing
on composite biomarkers in ongoing research from
combinatorial immuno-oncology strategies are necessary
to drive the field forward.
Lin EM, Gong J, Klempner SJ, Chao J. Advances in immunooncology biomarkers for gastroesophageal cancer: Programmed
death ligand 1, microsatellite instability, and beyond. World J
Gastroenterol 2018; 24(25): 2686-2697 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i25/2686.htm DOI:
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Introduction
T-cell activation and tolerance are partly regulated by
[1]
the B7 family of proteins . B7-H1, a transmembrane
protein in the B7 family also known as programmed
death ligand 1 (PD-L1), has been shown to negatively
regulate T-cell-mediated immune responses when
bound by the programmed cell death 1 (PD-1)
[1-3]
receptor
. Deficiency of PD-1 leads to impaired
tolerance, as demonstrated by the development
of pathologies resembling lupus and graft-versushost disease in mice with PD-1 gene disruption,
and in transgenic mice with the PD-1 null mutation,
[4]
respectively .
Many tumors upregulate PD-L1 expression, which
[3,5]
can be enhanced by interferon-gamma signaling .
PD-L1 expression leads to apoptosis of tumor-reactive
[5]
T cells and tumor growth . Tumorigenesis and tumor
dissemination are also increased, but these effects were
[6]
reversed when anti-PD-L1 antibody was administered .
Therefore, activation of the PD-1/PD-L1 axis was
a putative mechanism for tumors to evade host
tumor antigen-specific T-cell immunity, leading to the
concept of PD-1/PD-L1 blockade as a potential form of
[3,5,6]
cancer immunotherapy
. Initial phase I studies of
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Initial Studies into
the Immunogenicity of
Gastroesophageal Cancer
Landmark analyses by The Cancer Genome Atlas (TCGA)
proposed classifications based on comprehensive
genomic profiling for 4 subtypes of gastric cancer:
Epstein-Barr virus (EBV)-infection, microsatellite
instability (MSI), genomic stability, and chromosomal
[14]
instability . Similarly, classifications were proposed
for 3 molecular subtypes of esophageal squamous
[15]
cell carcinoma (SCC) . Of particular interest were
findings suggestive that a relevant proportion of gastric
cancer cases may be inherently receptive to immune
checkpoint blockade, given that EBV-positive subtypes
representing 9% of cases were characterized by
genomic amplification of chromosomal region 9p24.1,
the locus of genes encoding PD-L1 and PD-L2, and
[14]
21.7% of cases demonstrated MSI . In-silico analyses
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[29]

from RNA-sequencing data also identified gastric
cancers as one of the tumor types associated with
[16]
immune cytolytic activity .
A meta-analysis recently demonstrated that tumor
and tumor-infiltrating immune cell PD-L1 expression by
immunohistochemistry (IHC) is predictive of response
to PD-1/PD-L1 inhibitors [odds ratio (OR) 2.26, 95%
confidence interval (CI): 1.85-2.75, p < 0.001] among
[17]
advanced solid tumors studied across 41 trials .
However, growing evidence suggests that PD-L1
expression alone as the sole predictor of response
to PD-1/PD-L1 blockade may not be sufficient, given
the lack of response still observed in some PD-L1expressing tumors, and response in PD-L1 negative
[18]
patients . Furthermore, there is increasing focus on
immune properties of the tumor microenvironment
(TME) including density of CD8+ tumor-infiltrating
lymphocytes (TILs), expression of various immune
checkpoints, and other immune cell phenotypes that
may serve as predictive biomarkers for PD-1/PD-L1
[18-21]
blockade
. Analyses of PD-L1 expression and the
TME in gastroesophageal cancers, however, have been
limited and only recently have investigations begun to
report findings on these topics.
Many studies have focused on quantifying
PD-L1 expression and its clinical significance among
gastroesophageal cancers. Among histological types
of esophageal cancers, SCCs were observed to have
[22]
higher PD-L1 expression . In another study, presence
of TILs and PD-L2 in esophageal cancers were inversely
correlated, in contrast to PD-L1 expression, which had
[23]
no significant correlation with TILs . PD-L1 positivity,
however, was associated with significantly poorer
prognosis - especially in more advanced stages - and
found to be an independent prognostic factor upon
[23]
multivariate analysis .
[24]
PD-L1 is not expressed by normal gastric tissue ,
and either not expressed or weakly expressed by
[24,25]
gastric adenomas
. However, 30%-65% of invasive
[25-30]
gastric cancers express PD-L1
, and expression
was found to correlate to depth of invasion, lymph
node metastasis, distant metastasis, and tumor
[24,26,27,31,32]
size
. EBV-positive gastric cancers had higher
rates of PD-L1 expression in tumor and immune cells
[29,33-36]
more often than EBV-negative gastric cancers
. In
[29]
particular, Derks et al found that among EBV-positive
gastric cancers from the TCGA dataset, PD-L1 was
expressed in immune cells in 94% of the cases, whereas
only 50% of the cases had tumor cell expression of
PD-L1. Among EBV-negative gastric cancers, only those
with MSI were found to express PD-L1 within tumor
cells. However, EBV-negative cancers without MSI had
inflammatory cell expression of PD-L1 in 35% of the
cases, and these inflammatory cells were present only
at the invasive margin as opposed to deeply infiltrating
the tumor. Interestingly, findings of tumor-infiltrating
PD-L1+ inflammatory cells occurred only in cancers with
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EBV positivity or MSI , and among gastric cancers in
another study, these were noted to have upregulated
[34]
immune escape pathway genes . Mismatch repair
(MMR) deficiency has also been associated with PD-L1
[30,37]
expression in other series
.
The relationship between other immune checkpoint
molecules and PD-1/PD-L1 among gastric cancers has
also been an increasing focus of interest. Expression of
FOXP3, a transcription factor involved in regulatory T
cell (Treg) function and development, correlated to PD-1
expression among patients with stages II and III gastric
[38]
cancers . Another study found significant correlation
between FOXP3+ Tregs and PD-L1 expression, and
significantly higher expression of both was found in
patients with more advanced clinicopathological stage
and lymph node metastasis; patients with higher levels
of FOXP3+ Tregs and PD-L1 expression had poorer
[39]
prognosis . Blood levels of both PD-1 and the molecule
T-cell immunoglobulin-3 (Tim-3), which downregulates
T helper 1 and cytotoxic cells, were elevated in gastric
[40]
cancer patients . In addition, PD-1+ and Tim-3+
CD8 T cells produced less IFN-gamma compared to
PD-1 negative- and Tim-3-negative cells, suggestive
[40-42]
of T-cell dysfunction
. In a gastric cancer surgical
series, post-operative circulating CD4+ and CD8+
T-cells were found to upregulate PD-1 and lymphocyte
activation gene 3 (LAG-3), another co-inhibitor of T-cell
[43]
activation . Gastric cancer tumor cells have also
been reported to more commonly express cytotoxic
T-lymphocyte antigen 4 (CTLA-4), a major immune
checkpoint molecule with known therapeutic strategies,
[44]
than PD-L1 (86.7% vs 44.9%, respectively) .
However, gastric cancer TILs expressed more PD-L1
[44]
and PD-1 than CTLA-4 .
Investigation of PD-1/PD-L1 expression among TILs
and the TME has also grown. Gastric cancer expression
of PD-L1 was associated with TILs that were positive
[45]
for CD3, CD8, or FOXP3 . PD-L1+ gastric cancers
tended to have stromal immune cells expressing PD-1
and PD-L1, and those with PD-L1+ immune cells had
increased depth of invasion, although PD-L1+ tumor
cells had greater prognostic impact than did PD-L1+
[36]
immune cells . Although both PD-L1 expression
and increased CD3+ TIL density in the TME of gastric
cancers were significantly associated with improved
5-year disease-free survival (DFS) and OS, there was
no significant correlation between PD-L1 expression and
CD3+ TIL density, leading to the hypothesis that tumor
production of immunosuppressive proteins may be a
[46]
mechanism intrinsic to the tumor . Among gastric and
GEJ adenocarcinomas, the majority (44%) expressed
PD-L1 in the immune stroma, whereas a minority
[47]
(12%) expressed PD-L1 on tumor cell membranes .
Increased density of CD8+ T cells was associated with
PD-L1 expression, as well as with worse progressionfree and overall survival, suggestive of adaptive
[47]
immune resistance . In a study of gastric signet-
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Table 1 Phase I clinical trials of programmed cell death 1 inhibitors involving advanced gastroesophageal cancer
n
2771

Primary tumor

Doses

Primary endpoint

NSCLC, melanoma,
Atezolizumab at escalating Safety, tolerability, DLT, and
cutaneous, mucosal, ocular, doses up to 20 mg/kg every 3
RP2D
RCC, clear cell, non-clear
wk
cell, other (CRC, gastric,
esophageal, HNSCC, sarcoma,
ovarian, breast, pancreatic,
uterine, pancreaticoduodenal)

151

Gastric or GEJ

Avelumab (MSB0010718C)
10 mg/kg every 2 wk until
progression, toxicity, or
withdrawal

Safety, efficacy

39

PD-L1+ Gastric (previously
treated)

Pembrolizumab 10 mg/kg
every 2 wk for 2 yr or PD

Safety, tolerability, ORR

23

PD-L1+ SCC or
Pembrolizumab 10 mg/kg
adenocarcinoma of esophagus every 2 wk up to 2 yr or until
or GEJ
PD, intolerable toxicity, or
investigator decision

Safety, ORR

Results

Ref.

13% grade 3-4 TRAEs:
[49]
5 fatigue; 3 each of
increased ALT, increased
AST, hypoxia; 2 each of
asthenia, dyspnea, myalgia,
anemia, hyperglycemia,
hyponatremia,
cardiac tamponade,
hypophosphatemia, tumor
lysis syndrome; 1 each of
nausea, headache, influenzalike illness, pain, vomiting
ORR 18% overall; 21% of
NSCLC, 26% of melanoma,
13% of RCC, and 13% of other
malignancies (CRC, gastric,
HNSCC)
9.9% TRAEs grade ≥ 3: fatigue,
JAVELIN [50]
asthenia, increased GGT,
thrombocytopenia, anemia; 1
treat-ment-related death
14 patients with unconfirmed
response: 9.7% patients on
2nd line therapy (all PRs),
9.0% patients on 1st-line
maintenance (2 CRs, 6 PRs);
disease control rate 29% for
2nd line, 57.3% for 1st line
maintenance
13% grade 3-4 TRAEs: 2 grade KEYNOTE 012 [51]
3 fatigue, 1 each of grade 3
pemphigoid, hypothyroidism,
neuropathy, and 1 grade 4
pneumonitis
ORR 22% (95%CI: 10-39)
17.4% grade 3-4 TRAEs: 2
KEYNOTE 028 [53]
with decreased lymphocytes,
other 2 patients AE was not
specified
ORR 30.4% (95%CI:
13.2%-52.9%)

1

Note that 175 patients were “efficacy-evaluable”. PD: Progressive disease; SD: Stable disease; ORR: Overall response rate; TRAE: Treatment-related adverse
effects; DCR: Disease control rate; DLT: Dose limiting toxicities; RP2D: Recommended phase 2 dose.

ring cell carcinoma, a histologic subtype historically
associated with poor prognosis, the presence of CD3+
TILs was associated with increased expression of PD-1
[48]
and PD-L1, presence of MSI, and an improved OS .

expression by IHC was determined using an antihuman PD-L1 rabbit monoclonal antibody (clone
SP142; Ventana, Tucson, AZ, United States), with the
authors scoring both tumor cells and immune cells.
Response was significantly associated with the presence
of PD-L1 positivity in tumor-infiltrating immune cells (P
= 0.007), but not tumor cells (P = 0.079), with better
response among patients with greater IHC scores.
Among 141 gastric cancer cases included in the trial,
18% demonstrated PD-L1 expression in immune cells,
compared with 5% demonstrating PD-L1 expression
in tumor cells. Likewise, the JAVELIN phase Ib trial
examined the anti-PD-L1 inhibitor avelumab as firstline maintenance or second-line therapy in a gastric
[50]
and GEJ cancer cohort . The study demonstrated a
disease control rate (DCR) of 57.3% and 29.0% in firstand second-line therapy, respectively. Patients receiving

PD-L1 BIOMARKER ANALYSES FROM
PHASE I TRIALS
Multiple early phase clinical trials of immune checkpoint
inhibitors incorporated cohorts of gastroesophageal
cancers to establish early signals of anti-tumor activity
and exploratory biomarker analyses (Table 1). The antiPD-L1 antibody atezolizumab was studied in multiple
malignancies including gastroesophageal cancer and
found to have grade 3-4 TRAEs in 13% of patients as
[10]
[49]
well as an overall response rate
of 18% . PD-L1
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avelumab exhibited increased ORR if harboring PD-L1
positivity of at least 1% tumor cell staining by an IHC
assay (Dako, clone 73-10). However, responses were
also observed even in cases with PD-L1 expression < 1%
albeit at a lower proportion. TRAEs of grade 3 or higher
occurred in 9.9%, with one treatment-related death due
to hepatic failure.
KEYNOTE 012 was an open-label trial across 13
centers that investigated pembrolizumab for previously
[51]
treated gastric cancer . Presence of tumor PD-L1
expression was a requirement for enrollment, with 40%
of the patients screened demonstrating PD-L1-positive
tumors. PD-L1 expression was detected using the
22C3 antibody with a prototype assay using QualTek
or Dako platforms. Tumor positivity was based on a
cutoff of at least 1% of scorable tumor cells or immune
cells exhibiting membrane staining, or the presence
of PD-L1-positive mononuclear inflammatory cells
existing in the interface between tumor and stromal
cells. ORR was 22% (95%CI: 10-39) comprised
[52]
exclusively of partial responses
as no complete
responses (CRs) were observed. Median progressionfree survival (PFS) was 1.9 mo (95%CI: 1.8-3.5) and
median OS was 11.4 mo (95%CI: 5.7-not reached).
44% of patients with a mononuclear inflammatory
cell density of 3 had PR, whereas a 0-2 density score
corresponded to a PR rate of 15%. Focusing on tumor
cell staining, 24% of patients with a tumor score of
0 had a response, compared to 17% of those with a
score of at least 1 (Table 1). As such, there did not
appear to be an absolute lower cutoff that could reliably
exclude the possibility of response. KEYNOTE 028
investigated pembrolizumab in patients with advanced
solid malignancy also requiring tumor expression of
PD-L1 as detected by IHC in tumor or stroma, including
those with SCC or adenocarcinoma of the esophagus
[53]
or GEJ . Among esophageal cancers screened, 45%
met the criteria for PD-L1 expression. For the patients
[31]
treated, 13.0% attained stable disease , and ORR was
reported at 30.4%, with a PFS of 30.4% and 21.7% at
6 and 12 mo, respectively (Table 1). Median duration of
response (DOR) was 40.0 wk.

determined by examining solely tumor cell expression
with staining by the 28-8 antibody. 39 of 127 assessable
cases (31%) exhibited PD-L1 expression ≥ 1%. While
ORRs were greater in PD-L1 ≥ 1% tumors (19%
nivolumab alone, 40% N1+I3, 23% N3+I1), responses
were still demonstrable in PD-L1 < 1% tumors (12%
nivolumab alone, 22% N1+I3, 0% N3+I1). Survival
outcomes reported to date have not demonstrated
clear differences in median OS between the 3 arms,
but as a phase II trial the study was not powered to
address this difference. PD-L1 ≥ 1% tumors appeared
to demonstrate more favorable rates of 12-month OS
in the N1+I3 (50%) vs nivolumab alone (34%) and
N3+I1 (23%) groups. However, with the small numbers
of PD-L1 ≥ 1% tumors in each arm (16 nivolumab
alone, 10 N1+I3, 13 N3+I1), it remains difficult to
conclude if PD-L1 IHC assessment of tumor cells alone
is robust enough to enrich for gastroesophageal cancer
patients who will benefit from immune checkpoint
inhibitors.
KEYNOTE 059 investigated pembrolizumab among
3 cohorts of patients with gastric and GEJ cancer:
(Cohort 1) pembrolizumab after at least 2 prior
regimens, (Cohort 2) pembrolizumab with cisplatin and
5-fluorouracil or capecitabine as first-line therapy, and
(Cohort 3) pembrolizumab as first-line therapy among
patients with at least 1% PD-L1 expression as scored by
[55]
the 22C3 IHC pharmDx assay . PD-L1 positivity was
defined in this study as a combined positive score (CPS)
≥ 1 where the number of PD-L1 positive tumor and
immune cells (lymphocytes and macrophages) were
divided by the total number of tumor cells evaluated
and multiplied by 100. Cohort 1 comprised the largest
cohort of 259 patients, and found that those with a CPS
≥ 1 (n = 148, 57%) had an ORR 15.5%, comprised
of a CR rate of 2.0% and PR rate of 13.5%. Those
considered to be PD-L1 negative, i.e. a CPS < 1 (n =
109), had an ORR of 6.4%, and still exhibited CRs at a
[56]
rate of 2.8% and PR rate of 3.7% . As such, lack of
detectable PD-L1 tumor and/or immune cell expression
did not completely exclude the possibility of deriving
a response, including CR in 2.8%, though likelihood
of response appeared higher if PD-L1 expression was
detected. PD-L1 CPS-positive patients had a median
DOR of 16.3 mo, compared to 6.9 mo in PD-L1 CPSnegative patients. 51.7% had 2 prior therapies, 29.0%
had 3 prior therapies, and 19.3% had 4 or more prior
therapies. Patients receiving pembrolizumab as thirdline therapy had greater response, with a 16.4% ORR
and 3.0% CR rate, compared to those receiving fourth[56]
line therapy . PD-L1-negative patients had an ORR of
5.5%, 1.8% CRs, and 3.7% PRs. Overall 16.6% had
grade 3-5 TRAEs, leading to therapy discontinuation
and death in 2 patients each.
Cohort 2, which received combined frontline
chemotherapy with pembrolizumab, demonstrated
a median PFS of 6.6 mo and median OS of 13.8 mo

PD-L1 Biomarker Analyses from
Phase II Trials
Combination immunotherapy with nivolumab, an
anti-PD-1 antibody, and ipilimumab, an anti-CTLA-4
antibody, was tested for advanced gastric, esophageal,
and GEJ adenocarcinoma in the phase I/II CheckMate
032 trial (Table 2). Patients received nivolumab alone,
nivolumab 1 mg/kg with ipilimumab 3 mg/kg (N1+I3),
or nivolumab 3mg/kg with ipilimumab 1mg/kg
[54]
(N3+I1) . Grade 3-4 TRAEs including diarrhea and
elevated transaminases were reported more often in
the N1+I3 group, which also achieved greater ORR
regardless of PD-L1 status. PD-L1 IHC expression was
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Table 2 Phase II and III clinical trials of programmed cell death 1 inhibitors in advanced gastroesophageal cancer
n (phase)

Experimental arm

160 (I/II) N1 + I3: Nivolumab 1 mg/kg
every 2 wk and ipilimumab
3 mg/kg every 3 wk
N3 + I1: Nivolumab 3 mg/kg
and ipilimumab 1 mg/kg
every 3 wk
Gastric, esophageal, or GEJ
cancer

Control or reference arm

Primary endpoint

N3: Nivolumab 3 mg/kg
every 2 wk

ORR

259 (II)

Cohort 1 (after ≥ 2 lines of
therapy): Pembrolizumab
200 mg every 3 wk up to 2
yr, PD, decision to withdraw,
or unacceptable toxicity in
gastric cancer

N/A

ORR, safety, tolerability

25 (II)

Cohort 2 (1st line):
pembrolizumab 200 mg
every 3 wk for up to 2 yr,
cisplatin (80 mg/m2 day 1),
and 5-FU (800 mg/m2 D1-5
Q3W) or capecitabine (1000
mg/ m2 bid)
Cohort 3 (PD-L1+, 1st line):
pembrolizumab 200 mg
every 3 wk for up to 2 yr
Gastric or GEJ cancer
Pembrolizumab 10 mg/kg
every 2 wk

N/A

Safety, ORR

N/A

Safety, ORR

Cohort B: MMR-proficient
CRC

ORR, PFS

N/A

ORR, PFS

Placebo

OS

31 (II)

41 (II)

86 (II)

493 (III)

Cohort A: Mismatch repair
(MMR)-deficient colorectal
cancers (CRC)
Cohort C: MMR-deficient
non-CRC
Pembrolizumab 10 mg/kg
every 2 wk for MMR-deficient
cancers (12 tumor types)
Nivolumab 3 mg/kg every
2 wk until unacceptable
toxicity or PD in gastric/GEJ
cancers

Results

Ref.

N3: ORR 12%, PD-L1 ≥ 1% CheckMate 032 [54]
ORR 19%, PD-L1< 1% ORR
12%
N1+I3: ORR 24%, PD-L1≥ 1%
ORR 40%, PD-L1< 1% ORR
22%
N3+I1: ORR 8%, PD-L1 ≥ 1%
ORR 23%, PD-L1 < 1% ORR
0%
Overall ORR 11.2% (95%CI: KEYNOTE 059 [56]
7.6-15.7), CR 1.9% (95%CI:
0.6-4.4), PR 9.3% (95%CI:
6.0-13.5), SD 17% (95%CI:
12.6-22.1), PD 55.6% (95% CI
49.3-61.7)
PD-L1+ ORR 15.5% (95% CI
10.1-22.4), PD-L1- ORR 5.5%
(95% CI 2.0-11.6)
Cohort 2: ORR 60% (39-79) KEYNOTE 059 [55]
overall, 73% (45-92) PD-L1+,
38% (9-76) PD-L1-. Median
PFS 7 mo

Cohort 3: ORR 26% (12-45).
Median PFS 3 mo

KEYNOTE 059 [55]

MMR-deficient CRC: ORR
Keynote-016 [58]
40%, PFS 78%; median PFS
and OS not reached
MMR-proficient CRC: ORR
0%, PFS 11%; median PFS 2.2
mo, OS 5.0 mo
MMR-deficient non-CRC:
ORR 71%, PFS 67%
Objective radiographic
[59]
response 53%, CR 21%;
median PFS and OS not
reached
Nivolumab: median OS
ATTRACTION-02
5.32 mo, 6-mo OS 46.4%,
[57]
12-mo OS 26.6%, ORR 11.2%,
median PFS 1.61 mo
Placebo: median OS 4.14 mo,
6-mo OS 34.7%, 12-mo OS
10.9%, ORR 0%, median PFS
1.45 mo

PD: Progressive disease; ORR: Overall response rate; CI: Confidence interval; OS: Overall survival.

among this smaller cohort of 25 patients. PD-L1 CPSpositive patients had an ORR of 69%, compared to
38% for PD-L1 CPS-negative patients. Thus, the latter
appeared in line with historical trials of doublet platinum
and fluoropyrimidine chemotherapy in advanced gastric
cancer. The presence of PD-L1 CPS positivity would
suggest that the addition of pembrolizumab can help
achieve deeper responses with chemotherapy. However,
this should be cautiously interpreted with the limited
number of patients analyzed. Cohort 3, which was
single-agent pembrolizumab in first-line therapy but
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selecting for tumors that had PD-L1 CPS ≥ 1, led to a
promising ORR of 26%, median PFS of 3.3 mo, and a
median OS of 20.7 mo. Grade 3-5 TRAEs occurred in
18% (cohort 1), 76% (cohort 2), and 23% (cohort 3),
with cohort 2 not unexpectedly demonstrating more
toxicities associated with use of cytotoxic chemotherapy.
Findings from cohort 1 of KEYNOTE 059 ultimately led
to the accelerated FDA approval of pembrolizumab in
third-line and beyond treatment of PD-L1 positive by
the CPS criteria advanced or metastatic gastric or GEJ
[12]
adenocarcinoma in September of 2017 .
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gastroesophageal cancers from the KEYNOTE-012
and KEYNOTE-028 trials. Pooling of these datasets
[60]
with the study by Le et al
in addition to the MSI-H
cohort of the ongoing KEYNOTE-158 umbrella trial
(NCT02628067), subsequently led to the identifica
tion of 9 gastric/GEJ adenocarcinoma patients with
[61]
reportable responses . Among the 9 cases, 5 (56%)
demonstrated an objective response, with median
DOR ranging from 5.8 mo to 22.1 mo and ongoing at
last analysis. These studies eventually culminated in
the unprecedented FDA approval of pembrolizumab in
treatment-refractory MSI-H solid tumors, regardless of
[62]
tissue histology .
Cohort 1 of the KEYNOTE-059 trial also conducted
an analysis for microsatellite instability, and among
174 assessable cases, 7 were MSI-H (4%). Of these 7
MSI-H gastric/GEJ cancers, the ORR was 57.1% (14.3%
CR, 42.9% PR), and a disease control rate (DCR) of
[56]
71.4% was also achieved . In contrast, the non-MSI-H
subset had an ORR of 9.0% (2.4% CRs, 6.6% PRs)
and DCR of 22.2%. Given that MSI-H status and PD-L1
positivity tend to occur together, it is likely that all MSI-H
patients in this cohort were PD-L1 positive. In assuming
that 4/7 of these MSI-H patients would have responded
to pembrolizumab (ORR of 57.1%), subtracting these
cases from the PD-L1+ cohort only marginally affects
the ORR to pembrolizumab in this cohort (13.5% from
the original 15.5%). MSI biomarker analysis was also
conducted retrospectively in the gastroesophageal
[63]
cohorts of the Checkmate 032 trial . Among 72
assessable cases, 11 (15%) were considered MSI-H
tumors. Seven of the cases belonged in the nivolumab
alone cohort, and 2 each in the N1+I3 and N3+I1
cohorts, thus no definitive comparison could be made of
responses in MSI-H cases among the 3 treatment arms.
Regardless, ORR was 2/7 (29%) with nivolumab alone,
1/2 (50%) with N1+I3, and 1/2 (50%) with N3+I1.
Similar to the data from KEYNOTE-059, the DCR with
nivolumab alone among MSI-H gastroesophageal
tumors was 71%. Among non-MSI-H tumors, the ORR
was 11% with nivolumab alone, 19% with N1+I3, and
5% with N3+I1.
In conclusion, MSI is present in a small, but clinically
relevant proportion of gastroesophageal cancers.
Responses to PD-1 inhibitors appear to be more
favorable in this subset from the small numbers of
patients reported in the literature to date. However, lack
of MSI does not exclude the potential for response, and
it is apparent that primary resistance in MSI-H tumors
still exists by the reported cases with no evidence of
response to immune checkpoint inhibitors.

PD-L1 Biomarker Analysis from
Phase III Trials
Nivolumab was investigated in a phase III trial of
493 patients with gastric and GEJ cancer who had
advanced or recurrent disease after 2 or more lines
[57]
of chemotherapy . Patients receiving nivolumab had
significantly improved median OS of 5.2 mo, PFS 1.61
mo, and ORR 11.2%, compared to 4.14 mo, 1.45 mo,
and 0%, respectively in patients receiving placebo
(all P < 0.0001). 11.5% of the nivolumab group and
5.5% of the placebo group suffered TRAEs of grade
3 or higher. An exploratory analysis was conducted of
PD-L1 biomarker expression using the 28-8 antibody
for IHC and defining PD-L1 positivity as staining in ≥
1% of tumor cells only. Tumor testing was able to be
retrospectively conducted on 192 patient samples,
with 26 patients (14%) harboring tumors with PD-L1
positivity in ≥ 1% of tumor cells. Median OS appeared
improved with nivolumab vs. placebo regardless of
PD-L1 positive (5.22 mo vs 3.83 mo) or PD-L1 negative
(6.05 mo vs 4.19 mo) tumor status. As such, definitive
conclusions on tumor PD-L1 status influencing the
likelihood of benefit from nivolumab therapy could not
be drawn with the limited numbers of PD-L1 positive
tumors observed. Subsequently, nivolumab garnered
regulatory approval in Japan for third-line and beyond
therapy for advanced gastric cancer irrespective of
PD-L1 biomarker testing.

MSI as a Biomarker in Gastric
Cancer
[58]

The seminal phase II trial by Le et al
demonstrated
metastatic colorectal cancers (CRCs) which demon
strated deficient DNA mismatch repair (dMMR) and
harbored MSI had a higher propensity to respond to
pembrolizumab in comparison to CRCs with proficient
MMR and were microsatellite stable (MSS). It is now
well recognized that dMMR tumors harbor a high
mutational burden translating into the production of
tumor neoantigens which evade immune response
[59]
through the upregulation of immune checkpoints .
In addition to dMMR and pMMR CRCs, they included a
third cohort of dMMR tumors regardless of histology.
Both dMMR CRC and non-CRC cohorts demonstrated
encouraging ORRs of 40% and 67%, respectively. Le
[60]
et al subsequently expanded the study further to 86
patients inclusive of 12 tumor types with dMMR, which
continued to demonstrate a high ORR of 53% and CR
rate of 21%, with median PFS and OS not reached
at the time of reporting. Gastroesophageal cancers
among 5 patients were included as one of the 12 tumor
histologies. Three of the 5 patients exhibited CRs, while
2 of 5 had progressive disease to comprise an ORR of
60%. The high and durable ORRs of pembrolizumab
in MSI-high (MSI-H) non-CRC tumors also led to
efforts to retrospectively identify patients with MSI-H
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MOVING BEYOND PD-L1 AND MSI
BIOMARKERS
Other potential predictive biomarkers are gaining
interest, and advances in determining prognosis with the
[64]
assistance of immune markers are ongoing. Dai et al
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studied the prognostic value of multiple methods of
immune marker detection in stage I-IV gastric cancers.
PD-L1 expression and TIL infiltration were evaluated
by IHC; PD-L1 expression was associated with higher
TIL density, and TIL density correlated to lower rates of
disease progression and improved survival. Increased
mRNA levels of multiple immune markers including
PD-L1, CTLA-4, FOXP3, and LAG-3, as detected by
real-time quantitative polymerase chain reaction were
found in patients with better OS. In-situ hybridization
demonstrated a correlation between EBV positivity and
PD-L1 expression as well as higher TIL infiltration.
Tumor mutational burden (TMB) has also been of
interest as a predictive biomarker for immunotherapy
[49,65,66]
strategies in multiple other tumors
. MSI-H tumors
with defective dMMR certainly exemplify high TMB with
[59]
analyses by Llosa et al
reporting on average 1782
mutations per tumor by whole-exome sequencing in
cases of MMR deficiency, compared to 73 in cases with
MMR proficiency (P = 0.007). Such findings translated
into clinical benefit with an association between greater
mutation rates and prolonged PFS with pembrolizumab
(P = 0.02). Clinically available targeted next-generation
sequencing panels have also reliably captured TMB
[67]
[67]
in gastrointestinal malignancies . Klempner et al
reported from a large case series of tumors sequenced
using the FoundationOne platform (Cambridge, MA, United
Kingdom) that high TMB, defined as > 20 mutations/Mb,
existed in 3% of 2065 esophageal cases and 5% of 1485
stomach cancers. Ongoing investigation is required to
determine whether there is an ideal TMB cutoff that
predicts high likelihood of response to immune checkpoint
inhibition in gastroesophageal cancer. An early report
[68]
from Ku et al
utilizing the Memorial Sloan Kettering
IMPACT panel suggested that having ≥ 14 mutations/Mb
corresponded to greater benefit from immune checkpoint
inhibition (2-year OS rate 15% vs 60%, p = 0.094).
However, the proportion of patients comprising this high
TMB subset was small (6/55 patients), with 4 of the 6
[68]
being comprised of dMMR tumors . The frequency of
other genomic alterations which lead to hypermutated
phenotypes such as POLE mutations have also been
characterized in gastroesophageal cancers, but appear
to comprise an even lower proportion (< 1%) than
[67]
dMMR . A follow-up report of gastroesophageal cancers
sequenced by the IMPACT panel appeared to suggest
that a cutoff of > 9.7 mutations/Mb, representing the top
quartile of 40 patients treated with immune checkpoint
inhibitors, correlated to greater benefit (median OS
[69]
16.8 mo vs 6.62 mo, p = 0.058) . Interestingly, 2
patients with durable responses lasting > 12 mo had
low TMB (1.9 and 3.3 mutations/Mb), with one of
the cases being EBV+. As such, the detection of low
TMB does not appear to entirely exclude response to
immune checkpoint inhibitors. A recent phase I trial in
on the anti-PD-1 antibody SHR-1210 in ESCC supported
somatic nonsynonymous mutational load (by WES)
as a biomarker of predictive benefit with higher TMB
[70]
associated with benefit (p = 0.048) .
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With greater understanding of the dynamics of
immune signaling necessary for antitumor responses,
immune gene expression profiling has also entered into
the forefront of biomarker analyses. High throughput
assays such as the NanoString platform (Seattle, WA,
United States) were applied to the early KEYNOTE-012
gastric dataset in attempts to enrich for tumor bio
markers beyond PD-L1 expression to be predictive of
[51]
[71]
pembrolizumab response . Muro et al reported that
high scores from a 6-gene interferon γ signature (STAT1,
HLA-DRA, IFNG, IDO1, CXCL9, CXCL10) correlated to
response, but conclusive results were limited by small
patient numbers. Likewise, the same 6-gene signature
was examined in the KEYNOTE-028 esophageal dataset,
and a correlation to pembrolizumab response was also
[56]
observed with higher scores. Lastly, Fuchs et al reported
from the larger dataset of cohort 1 from KEYNOTE-059
that a higher score from an 18-gene T-cell inflamed
signature (CCL5, CD27, CD274 (PD-L1), CD276
(B7-H3), CD8A, CMKLR1, CXCL9, CXCR6, HLA-DQA1,
HLA-DRB1, HLA-E, IDO1, LAG3, NKG7, PDCD1LG2
(PD-L2), PSMB10, STAT1, TIGIT) was significantly
associated with improved response to pembrolizumab
(p = 0.014). Thus, immune gene expression profiling in
conjunction with PD-L1 IHC scoring may provide greater
specificity to predicting response to anti-PD-1 therapy.
Characterization of gastric cancers has become more
complex, with the availability of a variety of techniques
such as multiplex IHC, in-situ hybridization, and gene
expression profiling. These have expanded the field of
immune therapy and facilitated the study of relationships
between PD-1/PD-L1 and other factors including EBV
positivity, MSI, TIL density, and the presence of other
immune markers. The rapidly growing recognition of the
stool microbiome influencing immunotherapy responses
adds additional complexity from environmental factors
[52,72,73]
influencing biomarker analyses
. Further investi
gation into these variables in advanced gastric/GEJ
cancer is duly warranted to assist further development
of immunotherapeutic efforts. With currently available
therapies in gastric/GEJ cancer, as in other cancers, a
composite score incorporating other immune checkpoints,
TILs, MSI status, tumor mutational burden, and the
immune profile of the TME may represent a more robust
predictive biomarker for checkpoint inhibitors rather than
PD-L1 expression alone. Furthermore, to optimize the
antitumor efficacy of PD-1/PD-L1 inhibitors in gastric
cancer, trials have been conducted and are ongoing
to examine the potential of PD-1/PD-L1 inhibitors in
combination with other therapies. While combination
strategies are likely necessary, it may come at a cost of
additive toxicity, and as such robust predictive biomarkers
will truly allow for personalization of immunotherapeutic
approaches.
As observed in all of the trials discussed, the
majority of patients do not derive significant benefit and
demonstrate primary resistance to currently studied
immune checkpoint inhibitors. Identification of patients
least likely to respond is equally important to optimal
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response biomarker studies. Whether or not high disease
burden, low mutational burden, or the IPRES (innate
anti-PD-1 resistance) transcriptional signature seen
in melanoma can serve as surrogates for resistance
(or have a mechanistic role) in gastric and esophageal
[74-76]
cancers remains unknown
. Studies in the nonmetastatic setting, many of which are ongoing, may
aid in identifying some resistance markers and changes
[77]
between locoregional and advanced disease .

4

5

6

Conclusion
Cancer immunotherapeutic approaches with PD-1/
PD-L1 inhibitors continue to gain considerable mom
entum as more disease indications are added. Preclinical
and early biomarker studies provided ample evidence
that gastric/GEJ cancer is an immune-sensitive tumor.
Immune parameters including MSI status, TILs, PD-L1
expression, and the immune profile of the TME are
among some, but not all, of the potential predictive
biomarkers for checkpoint inhibitors in advanced
gastric/GEJ cancer. Early phase clinical trials provided
promising signals of antitumor activity of PD-1/PD-L1
blockade to advance into larger studies. Recently,
pembrolizumab received FDA approval for the third-line
treatment of PD-L1 CPS expressing advanced gastric/
GEJ adenocarcinoma. With the CPS criterion, this
represents the first biomarker testing incorporating both
assaying of tumor cells and the associated immune cells
within the TME. Pembrolizumab has also been approved
in a tissue-agnostic indication for treatment-refractory
solid tumors that are MSI-H. In the small proportion
of gastroesophageal cancers harboring this biomarker,
encouraging and clinically relevant responses have been
reported in the few cases reported to date. Nivolumab
likewise has received Japanese approval for third-line
treatment in advanced gastric/GEJ adenocarcinoma,
though a predictive biomarker has not been linked to
this indication. We anticipate composite biomarkers will
improve patient selection and potentially individualize
treatment, though broader clinical implementation may
be slow. The identification of more robust predictive
biomarkers and development of combination therapies
incorporating immune checkpoint inhibitors represent
necessary and ongoing areas of investigation to
optimize this class of agents in gastric/GEJ cancer.
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Minimally invasive donor hepatectomy, are we ready for
prime time?
Kin Pan Au, Kenneth Siu Ho Chok

Abstract

Kin Pan Au, Department of Surgery, Queen Mary Hospital, Hong
Kong, China

Minimally invasive surgery potentially reduces operative
morbidities. However, pure laparoscopic approaches
to donor hepatectomy have been limited by technical
complexity and concerns over donor safety. Reducedwound donor hepatectomy, either in the form of a
laparoscopic-assisted technique or by utilizing a minilaparotomy wound, i.e. , hybrid approach, has been
developed to bridge the transition to pure laparoscopic
donor hepatectomy, offering some advantages of
minimally invasive surgery. To date, pure laparoscopic
donor left lateral sectionectomy has been validated
for its safety and advantages and has become the
standard in experienced centres. Pure laparoscopic
approaches to major left and right liver donation have
been reported for their technical feasibility in expert
hands. Robotic-assisted donor hepatectomy also appears
to be a valuable alternative to pure laparoscopic donor
hepatectomy, providing additional ergonomic advantages
to the surgeon. Existing reports derive from centres with
tremendous experience in both laparoscopic hepatectomy
and donor hepatectomy. The complexity of these
procedures means an arduous transition from technical
feasibility to reproducibility. Donor safety is paramount in
living donor liver transplantation. Careful donor selection
and adopting standardized techniques allow experienced
transplant surgeons to safely accumulate experience and
acquire proficiency. An international prospective registry
will advance the understanding for the role and safety of
pure laparoscopic donor hepatectomy.
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Core tip: Reduced-wound donor hepatectomy has been
developed to bridge the transition to pure laparoscopic

2698

July 7, 2018|Volume 24|Issue 25|

Au KP et al . Minimally invasive donor hepatectomy

donor hepatectomy, offering some advantages of
minimally invasive surgery. To date, pure laparoscopic
donor left lateral sectionectomy has been validated
for its safety and advantages, while pure laparoscopic
approaches to major left and right liver donation have
been reported for their feasibility in expert hands.
Careful donor selection and adopting standardized
techniques allow experienced transplant surgeons to
accumulate experience in this complex procedure.
An international prospective registry will advance
the understanding for the role and safety of pure
laparoscopic donor hepatectomy.

combination of keywords: “LDLT” with “laparoscopy” and/
or “laparoscopic assisted” and/or “hand assisted” and/or
“subcostal incision” and/or “upper midline incision” and/or
“robotic assisted”. The references of the selected papers
were reviewed for additional relevant articles.

Definitions
The minimally invasive approaches include reducedwound (RW), pure laparoscopic (PL) and robotic-assisted
(RA) procedures. In RW donor hepatectomy, resection is
facilitated by a mini-laparotomy incision. RW approaches
[3]
comprise hand-assisted laparoscopy , where resection
is effected through laparoscopy but expedited by a hand
[3]
port; the laparoscopic-assisted or hybrid approach ,
where laparoscopic mobilization (with or without
hand assistance) is followed by open parenchymal
transection; and mini-laparotomy, where resection is
performed with an open technique via a reduced-length
upper midline wound. In PL donor hepatectomy, liver
resection is completed through laparoscopic ports. An
auxiliary incision, usually suprapubic, is used only for
graft retrieval. When a robotic system is involved, the
procedure is considered an RA donor hepatectomy.

Au KP, Chok KS. Minimally invasive donor hepatectomy,
are we ready for prime time? World J Gastroenterol 2018;
24(25): 2698-2709 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i25/2698.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i25.2698

Introduction
Liver transplantation is the most effective treatment
for end-stage liver disease. Shortage of cadaveric
grafts has encouraged the rapid development of
living donor liver transplantation (LDLT). However,
donor morbidity remains the primary concern and the
major bottleneck for LDLT. Donor operation poses a
[1,2]
25%-35% morbidity
to a healthy individual. and half
of morbidities are related to abdominal wall trauma,
including hernia, intestinal obstruction and chronic
[2]
wound pain . Permanent large incision brings physical
and mental stress to young women.
On the other hand, the minimally invasive approach
to liver resection has gained wide acceptance for
[3]
oncological indications . Laparoscopic hepatectomy has
been carried out for liver tumours with minimal mortality
[4]
and morbidity . Various reviews and meta-analyses
have validated the benefits of this technique, which
include reduced blood loss, less postoperative pain and
[5-11]
hastened recovery
. Considering the advantages
of laparoscopic hepatectomy, it appears legitimate to
transfer these benefits to liver donors. To such an end,
minimally invasive donor hepatectomy was introduced
[12]
to reduce the morbidity of open hepatectomy .
However, the development of minimally invasive donor
hepatectomy has advanced at a slow and arduous
[13]
pace. The first pure laparoscopic right liver donation
was reported only 15 years after the first laparoscopic
[14]
right hepatectomy . Concerns still exist regarding
the safety and outcomes for minimally invasive donor
hepatectomy. To provide insights into wider application
this technique, we performed a comprehensive literature
review to appreciate the existing challenges and current
status of minimally invasive donor hepatectomy.
A literature search was performed on PubMed (US
National Library of Medicine, National Institutes of
Health, United States) for relevant English articles with a

WJG|www.wjgnet.com

Challenges
Limited role of LDLT in the West

LDLT expanded the donor pool and has become the
predominant form of liver transplantation in the East
due to the critical shortage of cadaveric donors. In
the West, where deceased grafts are more widely
available, LDLT is less desirable considering additional
risks on the healthy live donor. In the United States,
[15]
LDLT constitutes less than 5% of liver transplants .
None of the centres performed more than 30 live donor
[15]
operations last year . Limited volumes and experience
have restricted the possibility of technical innovation.
[12]
Although pioneered in Europe , minimally invasive
donor hepatectomy has only been readily reproduced in
Asia, where LDLT continued to flourish.
Albeit unpopular, LDLT continues to play a unique
role in the West. When waitlist mortality is considered,
recipients with access to a living donor have survival
[16]
benefits . In a cohort of patients listed for a liver
graft in the United States, the risk of death of LDLT
recipients was 50% less than those waiting for a
[17]
cadaveric liver graft . LDLT is most beneficial for
transplant candidates with low priority to a cadaveric
[18]
graft but at high risk of death while waiting for one .
These patients include those with low Model for Endstage Liver Disease scores but significant complications
from portal hypertension, as well as patients with more
advanced hepatocellular carcinoma, i.e., at high risk to
progress beyond criteria. In fact, with continuing efforts
to foster live donation, the numbers of LDLTs have
[19]
been growing in Canada . Toronto has established the
largest LDLT centre in the West, with LDLT accounting
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[20]

for 30% of total liver transplants . Their enthusiasm
for promoting LDLT will promote ongoing technical
advancements for the procedure.

laparoscopic hepatectomy was unfounded after a metaanalysis revealed a lower leak rate of less than 2% in
[4]
minimally invasive hepatectomy . It is believed that
laparoscopic magnification provides superior visibility for
identifying tributary branches and minor leakages.
Meanwhile, laparoscopic management of bile duct
division remains a topic of debate. Determining the
site of bile duct transection is a unique and critical
step in donor hepatectomy. Dividing too close to graft
produces multiple bile duct openings, while keeping too
flush to donor poses risk of biliary stricture. Presence
of anatomical variations imposes additional technical
challenges. An aberrant right hepatic duct occurs in
15% of the population, and 6% of the right posterior
[31]
duct drains into left hepatic duct . In the setting of
donor hepatectomy, laparoscopy has to prove at least
equivalent performance in managing bile duct transection
before its application can be expanded.

Technical complexity

Laparoscopy revolutionized abdominal surgery, promoting
the advantages of reduced morbidity and hastened
recovery, and offering long-term outcomes comparable
[21-23]
to those of open surgery
. While laparoscopy has
[22,23]
become standard in gastric and colorectal surgery
,
its application in liver surgery has developed at a much
slower pace. Complex vascular and biliary variations and
potential major bleeding during parenchymal transection
have made laparoscopic liver resection technically
challenging. Reports indicate an average learning curve
of 30-60 laparoscopic hepatectomies is required before
[24,25]
operating time and blood loss can be optimized
.
Donor hepatectomy entails additional technical
demands. Precise transection of the bile duct is crucial to
reduce biliary complications in both donor and recipient.
Maintaining the correct parenchymal transection
plane minimizes liver congestion and preserves graft
function. Presence of vascular and biliary variations
poses extra challenges. With respect to laparoscopic
donor hepatectomy, parallel expertise in laparoscopic
[26]
liver surgery and donor hepatectomy are required .
Laparoscopic left lateral sectionectomy, when performed
for liver donation, requires approximately 20 procedures
for an experienced transplant surgeon to achieve
[27,28]
optimized blood loss and warm ischaemic time
.A
precipitous learning curve is encountered before one
can perpetuate proficiency in this complex procedure.

Recipient outcomes

In PL and RA donor hepatectomy, the liver graft is
retrieved through a small wound after enveloping in a
plastic bag. The initial fear of a longer warm ischaemic
time and its undesirable consequences has deprived
acceptance for more innovative approaches. From the
reported series, the donor warm ischaemic time varied
[13,32-37]
from 3-12 min for PL approaches
to 8-15 min for
[38,39]
RA approaches
, which were not prolonged when
compared with open procurement. More importantly,
initial experiences in from left lateral sectionectomy
showed that graft survivals were not different from the
[40]
open approach .

Donor safety

Present Status

Donor safety is paramount in LDLT. Donor hepatec
[29]
tomy imposes 0.1%-0.2% mortality
and 25%-35%
[1,2]
morbidity
to an healthy individual. As such, safety
has been the primary obstacle to a wider application of
minimally invasive approaches in the donor arena. During
the early development of laparoscopic hepatectomy,
management of venous haemorrhage during hepatic
transection has been particularly problematic. Highflow venous tributaries within the liver parenchyma
make laparoscopic transection technically challenging.
However, through accumulation of experience, technical
refinements have paved the way for safer approaches
to liver resection. Surprisingly, lower blood loss has been
[5-11]
achieved with laparoscopic hepatectomy
, thanks to
improved visualization and positive pressure from the
pneumoperitoneum.
Biliary complications occur after 10% of donor hepa
[1]
tectomies , the majority of which require intervention.
The most common site of a bile leak is the transection
[30]
surface, from caudate branches or from the hilar plate .
Parenchymal transection in laparoscopic hepatectomy
is expedited with energy devices, while small bile duct
tributaries are usually controlled with clips instead of
ligatures. The initial concern for more bile leaks after
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Reduced wound donor hepatectomy

In the first decade of this century, application of PL
donor hepatectomy was greatly limited by technical
difficulties. Transplant surgeons refrained from PL
donor hepatectomy in fear of damaging vital vascular
pedicles and potential catastrophic bleeding. Alternative
strategies were developed to reduce wound length while
retaining the reliability of conventional hepatectomy.
In the hand-assisted technique, a hand port allowed
for versatile liver traction to facilitate exposure and
[41]
haemostasis during transection . Two hand-assisted
right lobe donor hepatectomies were reported in a small
[42]
series . Reduced wound was more often utilized, as in
[43]
the hybrid technique , where parenchymal transection
was performed as an open procedure, after the liver
was laparoscopically mobilized then retracted into the
upper midline wound. The need for subcostal incision
was avoided, while the safety of open transection was
preserved. The hybrid technique gained popularity with
[42-52]
multiple series reported for both right
and left lobe
[44,47,49,52]
donation
. Over 200 hybrid donor hepatectomies
have been performed worldwide with zero mortality and
morbidities at least comparable to those of conventional
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open surgery.
Transplant surgeons’ passion for minimally invasive
donor hepatectomy has not been limited by laparoscopy.
Experienced centres advocated open right lobe donation
through a 10-14 cm upper midline wound without
[46,53-56]
laparoscopic assistance
. This mini-laparotomy
approach represents a philosophy distinct from that
of minimally invasive surgery. Laparoscopy provides
improved visualization and laparoscopic instruments
minimize tissue manipulation, both of which contribute to
the potential benefits of minimally invasive surgery. Minilaparotomy is the pure pursuit of wound reduction while
preserving the essence of open surgery. The technique
became the standard practice in high-volume LDLT
[54]
centres in South Korea .
Donor and recipient outcomes of hybrid and minilaparotomy approaches are summarized in Tables 1 and
2, respectively. Although inconsistently reported in case
series, the benefits of reduced blood loss, wound pain
and overall morbidity have been concluded in a metaanalysis comparing RW donor hepatectomy and open
[57]
donor hepatectomy . Types of complications were not
specified. Neither was there a clarification of different
types of RW donor hepatectomy. As hybrid and minilaparotomy represented distinct approaches towards
minimally invasive surgery, it is appealing to investigate
whether the benefit of RW donor hepatectomy is a
result of improved visualization or reduced abdominal
wall trauma or a combination of the two.
[58]
Another meta-analysis by Berardi et al
might
provide information regarding the performance of hybrid
donor hepatectomy. The minimally invasive donor
hepatectomy group in the study comprised mostly hybrid
left or right donor hepatectomy (n = 227, 89%) and a
few pure laparoscopic left lateral sectionectomies (n = 27,
11%). No mini-laparotomy patients were included. Based
on the pooled data, hybrid hepatectomy and PL donor
hepatectomy were associated with fewer wound-related
(OR = 0.41, p = 0.04) but similar biliary complications
when compared with open donor hepatectomy.
Reduction in analgesia requirement (MD = -0.54, p =
0.04) and hospital stay (MD = -1.6, p = 0.004) was
observed. Hybrid donor hepatectomies have validated its
safety and potential benefits to the donor. This technique
allows transplant surgeons to accumulate experience
before converting to pure laparoscopic approaches. The
only question that remains is likely that of long-term
graft outcomes. Nevertheless, the contributions of hybrid
donor hepatectomy to the evolution of minimally invasive
donor hepatectomy cannot be overemphasized.

transection plane along its right side exposes the hilar
plate for left portal vein and bile duct transection. The
constant anatomy and a small parenchymal transection
surface offer technical advantages. Indeed, left lateral
section was the first living donor liver graft harvested
[60]
[12]
conventionally and laparoscopically .
[12]
Since its feasibility was reported in 2002 , PL
donor left lateral sectionectomy has been validated
[28,40,61-64]
subsequently in several centres
. The results
of these studies are summarized in Table 3. According
to case-control studies, the PL approach is associated
with reduced blood loss, shortened length of stay and
[28,40,61]
comparable donor morbidity over open surgery
.
To date, over 120 PL donor left lateral sectionectomies
[63]
have been performed throughout the world , and
the approach is regarded as the standard procedure in
specialized centres. PL donor left lateral sectionectomy
appears to be a safe and reproducible approach to LDLT.
Right hepatectomy: The right liver graft is the main
form of LDLT providing adequate functional liver to
[65]
the recipient . The first PL donor right hepatectomy
represented another quantum leap for minimally
invasive donor hepatectomy. The procedure was first
[13]
reported by Soubrane et al
in 2013, followed by
[32-37,66,67]
several small-volume case series
(Table 4). The
pioneering surgeons’ achievement had not been readily
reproduced until a larger series became available earlier
[37]
this year .
Suh et al’s series of 45 PL donor right hepatectomies
derived from the work of a single surgeon, who had
tremendous experience encompassing over 1000
open donor hepatectomies as well as 200 laparoscopic
hepatectomies. In the early phase, donors with single
right portal vein and right hepatic ducts were selected.
After sufficient experience, additional selection criteria
were no longer applied, and the PL approach was
performed in 90% of right lobe donors in the later
phase. Biliary imaging was a combination of preoperative
magnetic resonance cholangiopancreatography and
intraoperative indocyanine green (ICG) cholangiography,
abbreviating the need for conventional operative
cholangiogram. Compared with historical controls who
had undergone open right lobe donation by the same
surgeon, PL donor right hepatectomy took longer (331
± 50 min vs 280 ± 40 min, p < 0.001), had more blood
loss (436 ± 170 ml vs 338 ± 188 ml, p = 0.013) and
longer warm ischaemic time (12.6 ± 4.4 ml vs 5.4 ± 3.6
ml, p < 0.001). Incidences of donor (8.9% vs 11.9%, p
= 0.73) and recipient complications (24.4% vs 26.2%, p
= 0.85) were similar.
Notably, the PL approach produced more liver grafts
with multiple bile duct openings (53% vs 26%, p <
0.001). The surgeon might err on the safe side to divide
the bile duct close to the graft side. However, more bile
duct openings made recipient biliary anastomosis more
challenging, potentially compromising this outcome. In
this series, donor bile duct was initially closed with intra-

Pure laparoscopic donor Hepatectomy

Left lateral sectionectomy: Laparoscopic approaches
to donor hepatectomy become least controversial
with respect to left lateral section donation. The
Falciform ligament, where the vertical portion of the
left portal vein is situated, provides a well-defined
[59]
surface landmark for left lateral sectionectomy . A
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Table 1 Outcomes of hand-assisted and laparoscopic-assisted donor hepatectomy
LLS

Left

Hand-assisted
Suh et al[42], 2009
Hybrid
Comparative study
Kurosaki et al[44], 2006c

10/12

Baker et al , 2009

OT (min)

Blood loss (mL)

WIT (min)

HS (d)

Donor Cx

Recipient Cx

2

765-898

-

-

10-14

2 (100%)a

2 (100%)b

3/1
33/33

Thenappan et al , 2011

f

8/7

Choi et al[48], 2012i
Marubashi et al[49], 2013l 17/32

363 ± 33/320 ± 68 302 ± 191/283 ± 371
1

265 ± 58 /316 ± 61 417 ± 217/550 ± 305
1033 ± 1096/733 ±
312 ± 68/324 ± 106
457
279 ± 72/384 ±
450 ± 316/870 ±
40/20/90
421/303 ± 61
6531/532 ± 323

[45]

[46]

Right

14/47

Nagai et al[55], 2012n

435 ± 1031/383 ± 73 353 ± 396/456 ± 347
19/30

[50]

371 ± 52/363 ± 53 212 ± 1141/316 ± 121

Makki et al , 2014

26/24

703 ± 124/675 ± 118 337 ± 89/396 ± 126

Shen et al[51], 2016s

28/20

386 ± 49/366 ± 45 384 ± 180/416 ± 164
1

35/38
Kitajima et al[52], 2017
41/39
Case series
Koffron et al[43], 2006
Suh et al[42], 2009
Soyama et al[47], 2012

9

1
7
6

459 (310-633) /403 245 (22-1840)/400
(256-597)
(20-1638)
431 (310-651)/402 201 (10-1559)1/313
(315-588)
(55-2165)
235
310-575
456 (328-581)

150
520 (230-1000)

11.0 ± 2.7/12.8
± 4.9
4.3/3.9
7 (21.2%)e
6.0 ± 2.0/6.4 ±
2 (13.3%)g
3.7
11.8 ± 4.5/12.1 5 (12.5%)j/6
± 2.8/12.0 ± 3.6
(30.0%)k
10.3 ± 3.31/18.3
3 (9.7%)m
± 16.7
1
5.9 ± 1.2 /7.8 ±
7 (25.0%)o
2.3
4 (15.4%)q
3.0 ± 1.6/2.9 ± 7.4 ± 2.5/7.3 ±
5 (17.9%)t
1.5
1.6
12 (7-50)/12
8 (22.9%)u
(8-31)
12 (8-27)/ 12
9 (22.0%)w
(7-40)
3

-

3
8-17
-

0
4 (57.1%)x
1 (6.7%)z

d

7 (46.7%)h
10 (35.7%)p
2 (7.8%)r
13 (17.1%)v

0
5 (71.4%)y
-

1

Statistically significant; aIntra-abdominal collection and pleural effusion in both patients; bBiliary stricture and stroke in one patient and bile leak and
biliary stricture in the other patient; cCombined results of left and right hepatectomy; dThree (23%) early graft loss within 2 mo; eSmall bowel injury (n =
1), biloma (n = 1) and other complications (n = 3); fCombined results of 15 hybrid and mini-laparotomy compared with 15 open operations, types of graft
other than left lateral section not specified; gBile leak (n = 1) and incisional hernia (n = 1); hBile leak (n = 2), vascular complications (n = 3), intra-abdominal
collection (n = 1) and chylous ascites (n = 1); iSingle-port laparoscopic-assisted (n = 40) vs laparoscopic-assisted (n = 20) vs open (n = 90); jIntra-abdominal
bleeding (n = 2), bile leak (n = 3) and pleural effusion (n = 1); kWound complication (n = 2), diaphragmatic hernia (n = 1), pleural effusion (n = 2) and biliary
stricture (n = 1); lCombined results of donor left lateral sectionectomy and left hepatectomy; mDelayed gastric emptying requiring endoscopy (n = 2) and
grade I complication (n = 1); nCombined results of 19 hybrid and 9 mini-laparotomies compared with 30 open operations; oIntra-abdominal bleeding (n =
1), bile leak (n = 1), intra-abdominal collection (n = 1), ileus (n = 2), deep vein thrombosis (n = 1) and phlebitis (n = 1); pBile leak (n = 2), biliary stricture (n =
2), hepatic artery stricture (n = 2), hepatic vein stricture (n = 2) and intra-abdominal collection (n = 2); qPleural effusion requiring tapping (n = 1) and grade
I complications (n = 3); rBile leak (n = 1) and biliary stricture (n = 1); sLaparoscopic-assisted (n = 28) compared against mini-laparotomy (n = 20); tIntraabdominal bleeding (n = 1), ileus (n = 1), pneumonia (n = 1) and pleural effusion (n = 2); uBile leak (n = 3), intra-abdominal collection (n = 1), pneumonia (n
= 1) and grade I complications (n = 3); vCombined results of left and right hepatectomy; bile leak (n = 5), biliary stricture (n = 5), portal vein thrombosis (n
= 2), arterial complication (n = 1); wFever of unknown origin (n = 2), renal failure (n = 1), small bowel obstruction (n = 1) and grade I complications (n = 5);
x
Bile leak (n = 1), intra-abdominal collection (n = 1) and pleural effusion (n = 3); yBile leak (n = 1), portal vein thrombosis (n = 1) and biliary stricture (n = 3);
z
Portal vein thrombosis. Cx: complications; HS: hospital stay; LLS: left lateral section; OT: operating time; WIT: warm ischaemic time.

corporeal suturing. After a bile leak was encountered,
suturing was replaced by applying two metal clips on the
donor side, which might have shifted the division point to
the graft side. Nevertheless, recipient biliary complications
were kept minimal (n = 1, 2.2%), reflecting the technical
excellence of the implant surgeon. The occurrence of
one hepatic artery thrombosis and two intra-operatively
detected intimal dissections prompted the surgeon of
a potential problem for PL donor hepatectomy. The
author attributed the issue to intimal damage during
intra-corporeal ligation (reduced tactile feedback) and
retraction during caudate transection. From this series,
it was concluded that PL donor right hepatectomy was a
feasible procedure for experienced transplant surgeons.
However, further evaluation is needed to standardize the
techniques for better operative outcomes.

WJG|www.wjgnet.com

Left hepatectomy: Although a right liver graft is
usually preferred for higher graft volume, donor right
hepatectomy is associated with more morbidity than
[68-70]
is left hepatectomy
. Considering that donor risk is
essentially related to the proportion of the liver resected,
the left liver graft is selected when graft volumes are
deemed adequate. The first PL donor left hepatectomy
[71]
was performed in 2012 , followed by a small series
[37,40,71-73]
followed
; currently, approximately 20 cases
have been reported in the literature (Table 5). There
was no donor death or major complications. However,
with limited experience, no conclusions can be arrived
at, apart from the technical feasibility of this procedure
in selected donors in expert hands.
Recipient safety remained the primary concern of
[74]
using a left lobe graft . Smaller grafts put the recipient
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Table 2 Outcomes of donor hepatectomy with mini-laparotomy
LLS

Left

Comparative study
Kim et al[53],
2009
Thenappan
8/7
et al[46], 2011c
[55]
Nagai et al ,
2012f
Shen et al[51],
2016i
Case series
Lee et al[54],
2011

Right

OT (min)

Blood loss (mL)

WIT (min)

HS (d)

23/23

232 ± 291/269 ± 37

186 ± 59/218 ± 67

-

10 ± 3/12 ± 4

-

-

312 ± 68/324 ± 106 1033 ± 1096/733 ± 457

9/30

371 ± 52/363 ± 53

212 ± 1141/316 ± 121

20/28

366 ± 45/386 ± 50

416 ± 164/383 ± 180

141

254 ± 47

352 ± 144

Donor Cx Recipient Cx
3 (13.0%)a

1 (4.3%)b

-

6.0 ± 2.0/6.4 ± 3.7 2 (13.3%)d

7 (46.7%)e

-

5.9 ± 1.21/7.8 ± 2.3 7 (25.0%)g

10 (35.7%)h

1 (5.0%)j

2.9 ± 1.5/3.0 ± 1.6 7.3 ± 1.6/7.4 ± 2.5

-

25 (17.7%)k

10 ± 3

51 (36.2%)l

1

Statistically significant; aIntra-abdominal bleeding (n = 2) and pleural effusion (n = 1); bBile leak requiring laparotomy (n = 1); cCombined results of 15
hybrid and mini-laparotomy compared with 15 open operations, types of graft other than left lateral section not specified; dBile leak (n=1) and incisional
hernia (n = 1); eBile leak (n = 2), vascular complications (n = 3), intra-abdominal collection (n = 1) and chylous ascites (n = 1); fCombined results of 19 hybrid
and 9 mini-laparotomies compared with 30 open operations; gIntra-abdominal bleeding (n = 1), bile leak (n = 1), intra-abdominal collection (n = 1), ileus (n = 2),
deep vein thrombosis (n = 1) and phlebitis (n = 1); hBile leak (n = 2), biliary stricture (n = 2), hepatic artery stricture (n = 2), hepatic vein stricture (n = 2) and
intra-abdominal collection (n = 2); iMini-laparotomy (n = 20) compared against laparoscopic-assisted (n = 28); jPneumonia; kRhabdomyolysis (n = 1), intraabdominal bleeding (n = 4), bile leak (n = 4), ileus (n = 2) and grade I complications (n = 14); lBiliary complications (n = 36), intra-abdominal bleeding (n = 5)
and vascular complications (n = 6). Cx: complications; HS: hospital stay; LLS: left lateral section; OT: operating time; WIT: warm ischaemic time.

Table 3 Outcomes of pure laparoscopic donor left lateral sectionectomy
No.

OT (min)

Comparative study
Soubrane et al[28],
16/14 320 ± 671/224 ± 15
2006
Kim et al[61], 2011
[40]

Samstein et al ,
2015d
Case series
Cherqui et al[12],
2012
Yu et al[92], 2012
Scatton et al[62],
2015h
Soubrane et al[63],
2015j
Troisi et al[64],
2017

11/11 330 ± 68/306 ± 29

Blood loss (mL)

WIT (min)

Conversion

HS (d)

Donor Cx

Recipient Cx

19 ± 441/99 ± 185

10 (6-12)/5(2-7)

1 (6.3%)

7.5 ± 2.3/8.1 ± 3.0

3 (18.7%)a/5
(35.7%)

396 ± 72/464 ± 78

6 ± 2/5 ± 1

0

6.9 ± 0.31/9.8 ± 0.9

0/1 (9.1%)

6 (37.5%)b/6
(42.8%)
2 (18.1%)c/2
(18.1%)

-

0

4.3 ± 1.51/6.0 ± 1.5 2 (9.1%)e/5 (25%) 1 (4.5%)f/1 (4.5%)

17/20 478 ± 681/398 ± 42 177 ± 1011/375 ± 191

2

360-420

150-450

4-10

0

5-7

0

15

331 ± 63

410 ± 71

6±2

0

7.1 ± 0.8

0

1 (50.0%)g
i

67

275 (175-520)

82 ± 79

9±4

4 (5.7%)

6 (3-18)

17 (25.3%)

124

308 (180-555)

50 (10-500)

8

5 (4.0%)

6.3 (2-18)

21 (16.9%)k

-

11

237 ± 99

70 ± 41

4

0%

4

2 (18.1%)l

5 (45.4%)m

1

Statistically significant; aBile leak requiring laparoscopy (n = 1) and wound haematoma (n = 2); bPortal vein thrombosis requiring re-transplant (n = 1),
hepatic artery thrombosis (n = 2) and biliary stricture (n = 3); cPortal vein stenosis requiring stenting (n = 1) and biliary stricture (n = 1); dResults included
5 left hepatectomy and compared with mixed open and hybrid controls; eHernia (n = 1) and bile leak (n = 1); fPortal vein thrombosis requiring exploration
(n = 1); gHepatic artery thrombosis (n = 1); hResults included 3 left hepatectomy; iBile leak (n = 2), biliary stricture (n = 1), pulmonary complications (n = 2),
bladder injury (n = 1), and complications (n = 5); jCombined results of 5 centres; kBile leak (n = 3), wound haematoma requiring drainage (n = 1), bladder
injury requiring cystoscopy (n = 1), fluid collection requiring drainage (n = 1), others: grade I-II complications; lHepatic necrosis (n = 1) and collection (n =
1) mFungemia leading to death (n = 1) and biliary stricture (n = 4). Cx: complications; HS: hospital stay; LLS: left lateral section; OT: operating time; WIT:
warm ischaemic time.

at risk of small-for-size syndrome. Even when implanted
with similarly sized grafts, left lobe recipients experienced
[75]
more arduous recovery . In a sense, the current status
of PL donor left hepatectomy is primarily limited by the
inherent disadvantage of the graft type. However, with
time and experience, the undesirable consequences
of small-for-size liver grafts have been minimized with
[76-78]
refined surgical techniques
. A Japanese series of
200 left lobe recipients revealed long-term survivals
[79]
comparable to those of right lobe recipients . This re-
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emphasizes left lobe LDLT as a valuable option for LDLT,
especially when donor remnant volume is marginal for
right lobe donation.

Robotic-assisted donor hepatectomy

Interestingly, robotic surgery has taken the lead over
laparoscopy regarding donor right hepatectomy. The first
[38]
RA donor right hepatectomy was reported in 2012 ,
[13]
one year before the first PL approach to this surgery .
Robotic systems offer a stable magnified field and
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Table 4 Outcomes of pure laparoscopic donor right hepatectomy
No.
Comparative study
Takahara et al[67],
5/25
2015
[37]
Suh et al , 2018
45/42
Case series
Soubrane et al[13],
1
2013
[32]
Rotellar et al ,
1
2013
[33]
e
Han et al , 2015
2
Chen et al[39], 2015
1
Kim et al[36], 2017
3

OT (min)

Blood loss (mL)

WIT (min)

Conversion

HS (d)

Donor Cx

Recipient Cx

480 ± 541/380 ± 45

91 ± 691/268 ± 194

9

0

9.4 ± 1.8/9.0 ± 2.2

1 (20%)a

-

1

1

1

0

8.2 ± 1.3/8.4 ± 1.0

5 (11.9%)

11 (26.2%)c

331 ± 50 /280 ± 40 436 ± 170 /338 ± 188 12.6 ± 4.4 /5.4 ± 3.6

b

480

100

12

0

7

0

0

480

100

3

0

4

0

1 (100%)d

415
427-502

150
200-270

6
4.5-5.0

9
0
0

9 (8-10)
6
7-8

1 (100%)f
0

1 (100%)g
0

1

Statistically significant; aBiliary complication; bLiver abscess (n = 1), Pneumonia (n = 1), upper respiratory tract infection (n = 1) and grade I complications
(n = 2); cIntra-abdominal bleeding (n = 4), vascular complication (n = 4), biliary complication (n = 2) and others; dPneumonia; eVideo presentation; fWound
haematoma; gPneumonia. Cx: complications; HS: hospital stay; OT: operating time; WIT: warm ischaemic time.

Table 5 Outcomes of pure laparoscopic donor left hepatectomy
No.
Comparative study
Samstein et al[40],
2015a
Case series
Samstein et al[71], 2013
Troisi et al[72], 2013
Almodhaiberi et al[73],
2018

5/20

OT (min)

Blood loss (mL)

WIT (min) Conversion

478 ± 681/398 ± 42 177 ± 1011/375 ± 191

-

0

HS (d)

Donor Cx

Recipient Cx

4.3 ± 1.51/6.0 ± 1.5 2 (9.1%)b/5 (25%) 1 (4.5%)c/1 (4.5%)

2
4

358-379
370-560

125
50-80

4-7

0
0

4±1
4-6

0
0

1 (50%)d
1 (25%)e

1

300

125

-

0

8

0

-

1

Statistically significant; aResults included 17 left lateral sectionectomies and compared with mixed open and hybrid controls; bHernia (n = 1) and bile leak
(n = 1); cPortal vein thrombosis requiring exploration (n = 1); dBile leak (n = 1); eRecipient common hepatic artery dissection (n = 1). Cx: complications; HS:
hospital stay; OT: operating time; WIT: warm ischaemic time.

provide ergonomic advantages beyond conventional
laparoscopy, namely, improved range of motion and
[80]
enhanced precision . Articulated instruments allow for
proper plications of venous bleeding. In the setting of
donor hepatectomy, robotic system facilitates closure
[81]
of the hepatic duct stump with a running suture .
Compared with clipping, suture closure requires a shorter
bile duct length and potentially reduces the probability
of multiple graft bile duct openings or donor biliary
strictures.
RA donor right hepatectomy was reproduced in a
[39]
series reported by Chen et al comparing 13 RA against
54 open procedures. The operating time in the RA
group (596 min) was prolonged even when relative to
[13,32-37]
that of PL approaches reported in the literature
.
Nevertheless, warm ischaemic time (10 min) did
not appear to be an issue for graft retrieval with a
robotic system. Compared with open hepatectomy,
RA procedures had similar blood loss (169 ml vs 146
ml, p = 0.47) and overall morbidities (7.7% vs 9.3%,
p = 0.68). With respect to donor benefits, reduction in
analgesia (PCA/BW on D1 0.58 ng/kg vs 0.84 ng/kg, p
= 0.03) and shorter returns to work (52.9 d vs 100 d,
p = 0.02) and sex (100 d vs 156 d, p = 0.047) were
reported. In the recipients, incidences of vascular and
biliary complications were similar and liver functions
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were comparable upon 1-year follow-up. With promising
early results, the remaining issue is likely an exceedingly
protracted learning curve. Expertise in robotic procedures
is desired in addition to proficiency in laparoscopic
hepatobiliary surgery and donor hepatectomy.

Are we ready for prime time?
Upon reviewing the literature, the benefits of PL app
roaches have been validated for more simple procedures
in the case of left lateral sectionectomy. For lobar liver
donation, technical feasibility has been demonstrated
by experienced surgeons, yet reproducibility is likely
limited by the precipitous learning curve as well as
safety concerns. Limited evidence supports the potential
advantages of adopting a PL approach. The subsequent
section discusses strategies for overcoming these
obstacles and ensuring a safe transition to minimally
invasive donor hepatectomy.

Donor selection

The importance of cautious donor selection was de
[36]
monstrated in Kim et al ’s report on PL donor right
hepatectomy. In the authors’ series, 3 donors were
selected among 92 candidates (4%), from a centre with
tremendous experience encompassing over 3500 LDLT
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operations. Strict selection criteria were applied, with
emphasis on vascular and biliary anatomy. Donors with
single and longer right hepatic artery, right portal vein
and right hepatic duct were selected. The authors also
excluded donors with larger estimated grafts, i.e., more
than 650 g. Similar criteria were applied in the early
[37]
phase of Suh et al ’s series. Favourable anatomy allows
for the acquisition of experience and standardization of
techniques before more challenging anatomy can be
safely handled. However, biliary variation per se should
not be considered a contraindication to PL approaches,
given the availability of surgical expertise. In fact,
successful laparoscopic management of complicated
biliary anatomy has been reported with no donor or
[34,66]
recipient morbidity
.

aminotransferase (peak 477 U/ml vs 345 U/ml, p =
0.32) or international normalized ratio (peak 2.6 vs 2.5,
p = 0.44), while the donor blood loss was reduced (324
[88]
ml vs 486 ml, p = 0.02) . With evidence validating its
safety, inflow occlusion remains an optional manoeuvre
in LDLT without compromising graft function.
In donor hepatectomy, operative cholangiogram is
essential to determining the site of bile duct division.
Operative cholangiogram is usually performed after
surgeons leave the surgical field. In the PL or RA
approach, surgeons can remain the operative position
[32]
during fluoroscopy . Real-time fluoroscopic guidance
enhances precision and safety of bile duct division.
Fluorescence imaging with ICG is a novel technique for
[89]
intraoperative cholangiogram . ICG can be injected
intravenously or directly into the biliary tree via the
[90]
cystic duct stump . Intravenous ICG injection is the
preferred technique given its simplicity. Instead of
producing a separate plain image, the fluorescence of
ICG is completely incorporated into the laparoscopic
view. This approach provides real-time navigation
with greatly enhanced accuracy. The largest series
of RA donor right hepatectomy was performed with
[39]
intravenous ICG cholangiography . One inherent
limitation of ICG cholangiography is that the biliary
tree can only be imaged when adequately exposed. An
aberrant duct situated deeply in hepatic parenchyma
may not be readily imaged. Perhaps a more effective
approach is a combination of the two techniques.
While a conventional cholangiogram remains essential
to imaging any anatomical variation, fluorescence
cholangiography might add precision in fine tuning the
division point. In addition, ICG injection after temporary
control of portal pedicles enhances visualization of
ischaemic demarcation. Precise dissection along Cantle’
s line minimizes blood loss and avoids leaving ischaemic
parenchyma to graft and donor.

Technical standardization

Technical standardization may be the key to impro
ving the safety and reproducibility of complex and
sophisticated procedures. Based on experience in
oncological liver resections, several basic skills are
[82]
essential to laparoscopic liver resection . Liver resection
is preceded by complete mobilization so that transection
plane can be manipulated. After hilar dissection, the
Glissonian pedicle is encircled. Surface parenchyma up
to a depth of 2 cm is transected with energy devices,
as there are no vital hepatic pedicles within superficial
parenchyma. Deep parenchymal transection is effected
TM
through a Cavitron Ultrasonic Surgical Aspirator (CUSA ,
Tyco Healthcare, Mansfield, MA, United States) because
it is important not to damage intra-parenchymal hepatic
structures. Small tributaries at the transection surface are
controlled with a combination of clips and bipolar forceps.
The hanging manoeuvre has been demonstrated to
[83]
be highly effective in open liver resections . Passage
of a cotton tape along the avascular plane between
the liver and the inferior vena cava allows for the liver
to be suspended posteriorly. This manoeuvre reduces
venous bleeding and guides transection along Cantlie’
s line. The lateral approach is a modification of this
[84]
technique for laparoscopy . Instead of developing the
avascular plane, the hanging tape is placed lateral to
the inferior vena cava for right hepatectomy or between
the inferior vena cava and ligamentum venosum for left
hepatectomy. The need for dissection of the avascular
plane, and hence the problematic bleeding from
caudate branches, was abbreviated. This technique is
simple, effective and applicable to different approaches
of minimally invasive donor hepatectomy.
[85]
Intermittent inflow control with Pringle’s manoeuvre
also reduces blood loss during hepatic transection, but
its use in the setting of LDLT is controversial. While
detractors have raised the concern of potential ischaemic
graft injury, routine intermittent inflow control has been
[86-88]
adopted in several transplant units
. In a randomized
controlled trial. inflow control was performed with
intermittent 15 min clamping and 5 min release cycles.
The results confirmed no increase in recipient alanine
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Prospective registry

Current studies on minimally invasive donor hepa
tectomies are primarily retrospective case control studies
or case series, which can be limited by selection bias.
With regard to donor safety, a prospective study with
preoperative enrolment may be a better option. In
donor operations, severe complications are the major
concern. Due to limited sampling, uncommon but
sinister complications may not be readily detected by a
randomized controlled trial. In this setting, a prospective
registry is an effective alternative. When laparoscopic
cholecystectomy was introduced, bile duct injuries were
more readily detected by a prospective registry than by
[91]
randomized controlled trials . The Louisville statement
emphasized the importance of a prospective registry
[3]
to evaluate the safety of laparoscopic hepatectomy .
As PL donor hepatectomy has not been evaluated in a
randomized control trial. which can be logistically difficult,
an international prospective registry can be initiated.
Broad participation from transplant centres with available
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expertise is encouraged so that the safety of donor
procedures can be effectively evaluated.
6

Conclusion
Despite critics and challenges, minimally invasive donor
hepatectomy has been performed with increasing
frequency. Donor left lateral sectionectomy has provided
most anatomical advantages for pure laparoscopic
surgery. The technique has been well validated for its
safety and advantages and has become the standard
[63]
in experienced centres . RW donor hepatectomy,
either in the form of a laparoscopic-assisted technique
or utilizing a mini-laparotomy wound, has guided
surgeons’ transition from open donor hepatectomy to PL
approaches. With accumulation of experience, PL donor
right hepatectomy has been shown to be technically
feasible. RA donor hepatectomy also appears to be a
valuable alternative to PL donor hepatectomy.
Existing reports were derived from centres with
tremendous experience in both laparoscopic hepatectomy
and donor hepatectomy. The technical complexity
associated with these procedures indicates an arduous
transition from technical feasibility to reproducibility and
disseminated application. Creation of an international
prospective registry is awaited to centralize expert input
for assessing the relevance of this approach. Moreover,
careful donor selection and adopting standardized
techniques should allow transplant surgeons to acquire
technical proficiency in this procedure. A cautious
approach is crucial. as one untoward event in donor
surgery may significantly set back progress. After all, the
ongoing successful evolution of PL donor hepatectomy
will ultimately depend on donor safety.
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AIM
To compare therapeutic responses of a vascular-
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disrupting-agent, combretastatin-A4-phosphate (CA4P),
among hepatocellular carcinomas (HCCs) and implanted
rhabdomyosarcoma (R1) in the same rats by magneticresonance-imaging (MRI), microangiography and
histopathology.

superior with secondary liver tumors over that with
primary hepatocellular carcinomas, which are of
translational significance for planning future clinical
trials of CA4P in cancer patients.

METHODS
Thirty-six HCCs were created by diethylnitrosamine
gavage in 14 rats that were also intrahepatically
implanted with one R1 per rat as monitored by T2-/T1weighted images (T2WI/T1WI) on a 3.0T clinical MRIscanner. Vascular response and tumoral necrosis were
detected by dynamic contrast-enhanced (DCE-) and
CE-MRI before, 1 h after and 12 h after CA4P iv at 10
mg/kg (treatment group n = 7) or phosphate-buffered
saline at 1.0 mL/kg (control group n = 7). Tumor
blood supply was calculated by a semiquantitative
DCE parameter of area under the time signal intensity
curve (AUC30). In vivo MRI findings were verified by
postmortem techniques.

Liu YW, De Keyper F, Feng YB, Chen F, Song SL, Swinnen
J, Bormans G, Oyen R, Huang G, Ni YC. Intra-individual
comparison of therapeutic responses to vascular disrupting agent
CA4P between rodent primary and secondary liver cancers.
World J Gastroenterol 2018; 24(25): 2710-2721 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i25/2710.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i25.2710

INTRODUCTION
As a first vascular disrupting agent (VDA), combretastatinA4-phosphate (CA4P) targets the cytoskeletal tubulin
of abnormal tumor endothelial cells, leading to a rapid
[1-3]
but often reversible vascular occlusion . Theoretically,
this may cause ischemic tumor necrosis by depriving
[1-3]
malignant cells from the blood supply . Clinically, CA4P
has been undergoing phase II/III trials in the setting of
ovarian, thyroid and lung cancers alone or in combination
[4-6]
with other chemotherapeutic agents , and a good
safety profile has also been shown in the first phase I
[7]
clinical trial among a Chinese patient population . In the
majority of transplanted tumor models, CA4P consistently
induced massive central tumor necrosis, leaving only a
few layers of peripheral viable tumor cells culpable for
[8,9]
the incomplete treatment and cancer relapse , which is
[3]
also attributed to the unsatisfactory clinical outcomes .
To tackle this bottleneck problem with all VDAs, a
[10]
plausible solution has been proposed .
On the other hand, diverse and paradoxical tumor
responses to CA4P have been recently noticed in a few
preclinical studies based on a carcinogen-induced primary
[11,12]
liver cancer model
. By gavage administration
of diethylnitrosamine (DENA) in rodents, multifocal
hepatomas of a full spectrum of tumor vascularity and
cellular differentiation superimposed on various degrees
[11-14]
of liver cirrhosis could be generated
. Compared with
the ectopically and orthotopically transplanted tumors,
this primary HCC model is considered to be more clinically
relevant for evaluating therapeutic drugs because of
the heterogeneity in tumoral microenvironment similar
[13,14]
to that of humans
, if an imaging platform can be
[14,15]
available to accurately trace individual tumors
. In
this model, CA4P simultaneously caused not only tumor
necrosis but also reginal parenchymal necrosis in the
[11,12]
cirrhotic liver
.
Tumor susceptibility to VDA therapy could be largely
influenced by vascular features such as vessel density,
diameter, reginal instabilities in blood flow, vascular
[16,17]
permeability and interstitial fluid pressure
. Lines
of evidence have shown that, rather than larger tumor
vessels, smaller or thinner ones are more susceptible

RESULTS
On CE-T1WIs, unlike the negative response in all tumors
of control animals, in treatment group CA4P caused
rapid extensive vascular shutdown in all R1-tumors,
but mildly or spottily in HCCs at 1 h. Consequently,
tumor necrosis occurred massively in R1-tumors but
patchily in HCCs at 12 h. AUC30 revealed vascular
closure (66%) in R1-tumors at 1 h (P < 0.05), followed
by further perfusion decrease at 12 h (P < 0.01), while
less significant vascular clogging occurred in HCCs.
Histomorphologically, CA4P induced more extensive
necrosis in R1-tumors (92.6%) than in HCCs (50.2%)
(P < 0.01); tumor vascularity heterogeneously scored
+~+++ in HCCs but homogeneously scored ++ in R1tumors.
CONCLUSION
This study suggests superior performance of CA4P
in metastatic over primary liver cancers, which could
guide future clinical applications of vascular-disruptingagents.
Key words: hepatocellular carcinoma; combretastatin
A4 phosphate; rhabdomyosarcoma; vascular-disrupting
agent; magnetic resonance imaging; rats
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Complex animal models combining primary
and secondary liver malignancies proved feasible in
rats. The therapeutic efficacy of the leading vascular
disrupting agent combretastatin-A4-phosphate (CA4P)
could be intra-individually compared between primary
and secondary liver malignancies in the same cirrhotic
rats. Clinical 3.0T magnetic resonance imaging
allowed real-time monitoring of in vivo therapeutic
responses within 12 h, and ex vivo microangiography
and histopathology could validate the CA4P-induced
tumoricidal effects. The therapeutic responses appeared
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[11,12,17]

to completely shut down in response to VDAs
.
Apart from the intrinsic properties of tumor vasculature,
different tumor implantation sites and their dissimilar
host-organ blood supplies may attribute to such
[18,19]
variable efficacies of CA4P therapy as well
. Take the
ectopically implanted rhabdomyosarcoma (R1) as an
example; intra-individual comparisons demonstrated
that hepatic R1-tumors in the intact liver responded
to CA4P much better than their subcutaneous and
[18,19]
pancreatic counterparts did
. However, issues still
remain unknown as to whether R1-tumors would grow
in the cirrhotic liver and whether R1-tumors growing in
the cirrhotic liver are also good responders to CA4P, as
[9,10,18-21]
they presented in the normal liver
.
So far, experimental analyses of CA4P have yielded all
superior results in implanted liver tumors from animals
[9,10,18-21]
with healthy liver
and all inferior results on
[11]
primary HCCs from rats with liver cirrhosis . Therefore,
in order to assess this potential micro-environmental
impact, it would be interesting to experimentally compare
the therapeutic outcomes of CA4P between primary
HCCs and secondary liver tumors in the same subjects
with cirrhotic livers, though such a scenario is rarely seen
[22]
in clinic . Accordingly, in this study we employed a
DENA-induced HCC model in Wistar albino Glaxo/Rijswijk
(WAG/Rij) rats that received intrahepatic transplan
tation of a R1-tumor to intra-individually compare the
responses of different tumors to CA4P administration
under the same micro-environment of liver cirrhosis.
Clinical 3.0T magnetic resonance imaging (MRI) was
applied for in vivo real-time therapeutic monitoring within
12 h, while ex vivo microangiography and histopathology
were performed to validate the CA4P-induced outcomes.

implantation was carried out under general anesthesia
with intraperitoneal injection of pentobarbital (Nembutal;
Sanofi Sante Animale, Brussels, Belgium) at 50 mg/kg.
As illustrated in Figure 1, multifocal primary hepa
tomas superimposed on liver cirrhosis were induced
in rats by 14-wk oral gavage of DENA at 5 mg/kg/d
using a 16 cm-long flexible plastic esophageal gastric
[13]
tube (Fuchigami Kikai, Kyoto, Japan) . Tumor growth
was monitored weekly by T2WI and T1WI from the
th
9 week until the largest liver tumor diameter reached
3
more than 5 mm. A R1-tumor tissue block of 1 mm
was implanted into the lower part of median liver lobe
by laparotomy. Tumor growth was monitored weekly by
MRI until R1 reached more than 5 mm in diameter. Next,
all recruited tumor-carrying rats were randomly divided
into sham group and CA4P-treated group. Seven rats in
the CA4P group were intravenously injected with CA4P
at 10 mg/kg, while the other 7 rats in the sham group
intravenously received phosphate buffered saline (PBS)
at 1 mL/kg. Multiparametric MRI was performed 4 h
before and 1 h and 12 h after the CA4P/PBS treatment.
Rats were sacrificed immediately after the last time point
of MRI scanning for postmortem microangiography and
histopathology.

In vivo MRI

A clinical 3.0T scanner (MAGNETOM Prisma; Siemens,
Erlangen, Germany) and a human wrist coil (Hand/Wrist
16, A 3T Tim coil; Siemens) were used for imaging
acquisition. To monitor tumor growth, T2-weighted
(repetition time, 4000 ms; echo time, 70 ms; flip angle,
2
150°; field of view, 75 × 56 mm ; matrix, 256 × 192;
acquisition time, 3.4 min) and T1-weighted (repetition
time, 626 ms; echo time, 15 ms; flip angle, 160°; field
2
of view, 75 × 56 mm ; matrix, 256 × 192; acquisition
time, 3.8 min) turbo spin echo images (T2WI, T1WI)
were performed weekly. Sixteen axial images with a
slice thickness of 2.2 mm and a gap of 0.4 mm were
acquired.
To evaluate tumor responses to CA4P treatment,
T2WI, T1WI, dynamic contrast-enhanced (DCE) and
consecutive CE-T1WIs were performed. DCE was
conducted by a T1-weighted gradient echo (GE)
sequence (repetition time, 7 ms; echo time, 2.45 ms;
2
flip angle, 15°; field of view, 61 × 89 mm ; and matrix,
132 × 192) with 60 measurements in total acquisition
time of 7.3 min. During DCE, an intravenous bolus of
0.02 mmol/kg Gd-DOTA was injected after the first
17 precontrast baseline measurements that were
continued with 43 postcontrast measurements. Then, an
intravenous bolus of 0.2 mmol/kg Gd-DOTA was injected,
followed by consecutive CE-T1WI measurements.

MATERIALS AND METHODS
Animals and reagents

Male WAG/Rij rats, which are syngeneic for the cell-line
of rhabdomyosarcoma (R1), weighing 300-350 g were
purchased from Charles River Breeding Laboratories,
Inc. (St. Aubain les Elbeuf, France). DENA (N0258) was
purchased from Sigma-Aldrich (St. Louis, MO, United
States). CA4P (C643025) was procured from Toronto
Research Chemical Inc. (Toronto, Canada). MRI contrast
agent Dotarem® (Gd-DOTA, Gadoterate meglumine;
Guerbet, Villepinte, France), barium sulfate suspension
(Micropaque®; Guerbet) and gas anesthetic isoflurane
(Forane®; Baxter Healthcare, Deerfield, IL, United
States) were also commercially obtained.

Experimental design

All animal experiments were approved by the ethics
committee of KU Leuven University and performed in
compliance with European and national regulations. In
vivo procedures including gavage feeding, drug injection
and MRI were carried out under gas anesthesia with 2%
isoflurane (Harvard Apparatus, Holliston, MA, United
States), while the laparotomy of intrahepatic R1-tumor

WJG|www.wjgnet.com

MRI analyses

Images were analyzed with an off-line Siemens
workstation and MeVisLab (version 2.6.2; MeVis Medical
Solutions AG, Bremen, Germany). All the following
measurements were conducted by three authors with
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Noninvasive tumor growth monitoring by
weekly MRI (T2WI, T1WI) over 24 wk

Daily DENA gavage
in WAG/Rij rats

Max

HCC

φ>

Multifocal primary HCCs
superimposed on liver cirrhosis
(Rat = 7, HCC = 19)

m

5m

Noninvasive tumor growth monitoring
by weekly MRI (T2WI, T1WI)

Intrahepatic implantation
of R1 rhabdomyosarcoma
(Rat = 7, R1 = 7)
R1

φ>

m

5m

HCC
In vivo imaging of tumor response
at baseline, 1 h and 12 h post
(T2WI, T1WI, DCE, CE-T1WI)

R1

Sham group (PBS, 1 mL/kg iv)
(Rat = 7, HCC = 17, R1 = 7)

Liver
cirrhosis

CA4P group (CA4P, 10 mg/kg iv)
(Rat = 7, HCC = 19, R1 = 7)

Micro-angiography and histopathology

Figure 1 Flow chart of experimental protocol. φ: Diameter; CA4P: Combretastatin-A4-phosphate; CE: Contrast-enhanced; DCE: Dynamic contrast-enhanced;
DENA: Diethylnitrosamine; HCC: Hepatocellular carcinoma; iv: Intravenous(ly); MRI: Magnetic resonance imaging; PBS: Phosphate-buffered saline; R1: R1
rhabdomyosarcoma; T1WI: T1-weighted imaging; T2WI: T2-weighted imaging; WAG/Rij rat: Wistar Albino Glaxo/Rijswijk rat.
[24]

consensus.

(AUC30) was calculated to reflect tumor blood flow

Tumor diameter: On T2WI, the tumor was manually
contoured on the lesion-containing slices and tumor
volume was automatically generated by the software,
on which the tumor diameter was obtained.

Digital microangiography

After the last MRI scan, rats were anesthetized by
an intraperitoneal injection of pentobarbital at 50
mg/kg. A laparotomy was performed with abdominal
aorta cannulated, through which barium suspension
was injected before the entire tumor-bearing liver
was excised. Postmortem hepatic arteriography was
conducted by a digital mammography unit (Em-brace;
Agfa-Gevaert, Mortsel, Belgium) at 26 kV and 32
mAs. Then, the livers were fixed and sliced into 3-mm
sections in the axial plane corresponding to the MR
images, before being radiographed at 26 kV and 18
mAs for qualitative validation of tumor vascularity.

Semiquantitative analysis of T1-weighted DCE: For
DCE analysis, namely AUC30 calculation, the operatordefined region of interest (ROI) of tumor was freehand
delineated on all tumor-containing slices. ROI of
abdominal aorta was delineated from four consecutive
slices for defining arterial input function. ROI of the liver
was delineated on four representative slices each from
median, left, right and caudate lobes. All ROIs were
automatically copied to all measurements. Because of
a low gadolinium dose, a linear relation between the
amount of contrast agent in the tissue and the resultant
[23]
difference in relaxation time could been assumed .
As a robust semiquantitative DCE parameter against
movements, area under the time signal intensity curve

WJG|www.wjgnet.com
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Histopathology

After microangiography, the tissue sections were paraffinimbedded, sliced and stained with hematoxylin and eosin
(HE) for microscopic analyses using an Axiovert 200M
microscope equipped with an AxioCam MR monochrome
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digital camera (Carl Zeiss Inc, Gottingen, Germany) and
AxioVision 4.8 software.

RESULTS

Calculation of CA4P-induced intratumoral
necrosis: Microscopic images of H&E-stained tumor
slices at a magnification of 12.5 were used to estimate
the percentage of intratumoral necrosis by using ImageJ
[25]
software . To obtain the ‘necrotic ratio on each section’,
ROIs around the entire tumor and the necrotic tumor
were manually delineated, respectively. The sectional
tumor area of each 3-mm tumor section was measured
and represented as the axial side of this tumor block
with the largest diameter. Tumor necrosis was estimated
independently by two pathologists, and calculated
with the equation: Intratumoral necrosis ratio (%) = ∑
2
[Necrotic ratio on each section (%) × section area (mm )]
3
3
× section thickness (mm) / [4/3π r ] (mm ).

In general, all rats tolerated the experimental procedures
well, including gas anesthesia, DENA gavage, MRI
scanning, laparotomy of intrahepatic tumor implantation,
contrast administration and intravenous CA4P/PBS
treatment. In total, 19 primary HCCs and 7 hepatic R1
allografts were successfully established in the 7 rats of
the CA4P group (Table 1), while 17 primary HCCs and
7 R1-tumors were generated in the 7 rats of the sham
group. The rats were sacrificed 12 h after CA4P/PBS
treatment when CA4P-induced tumor necrosis was most
evident.

General aspects

Uniform versus variable vascularity between hepatic R1
allografts and primary HCCs

Similar to the previous findings in Sprague Dawley
[27]
rats , various tumoral vascularity and cellular differen
tiation of primary HCCs were discovered in the WAG/Rij
rats (Table 1). Yet, vascularity of HCCs mainly appeared
as grade +~++, probably due to a lower-dosed DENA
gavage (5 mg/kg/d vs 10 mg/kg/d) but a prolonged
administration period (150 d vs 90 d) in addition to the
different species. In contrast, vascularity of intrahepatic
R1 allografts was uniformly identified as grade ++ (Table
1), similar to that of other tumor studies on different
[9,10,18-21]
animal strains
.

Grading of HCC differentiation: In view of the
high analogy to histopathological features in human
liver cancer, rat HCCs were diagnosed according to
the classical histomorphologic features of malignant
hepatocytic tumors, often well vascularized, with wide
trabeculae (> 3 cell layers), noticeable acinar pattern,
small cell changes, cytologic atypia, prominent nucleoli,
mitotic activity, vascular invasion, absence of Kupffer
cells, lack of portal triad, and loss of the reticulin
[26]
network . The differentiation of rat HCCs was further
graded using a modified 4-scale Edmondson and
[26]
Steiner system
as the standard criteria, as follows:
grade I, highly differentiated, consisting of tumor cells
of moderate size arranged in thin trabeculae; grade
II, larger cells with active nuclear mitosis and possible
pseudoglandular structures often with steatosis; grade
III, larger nuclei and more hyperchromatic or increased
mitotic figures, granular and acidophilic cytoplasm,
often with giant tumor cells; and grade IV, much less
differentiated tumor cells with hyperchromatic nuclei and
[26]
loss of trabecular pattern often with angioinvasion .

Tumoricidal effects in metastatic R1-tumors versus
heterogeneous responses in primary HCCs

In vivo real-time responses of primary HCCs and R1
allographs were visualized by multiparametric MRI prior
to, and 1 and 12 h posttreatment. At baseline for the
CA4P group and all time points for the sham group,
hepatic R1 nodules appeared highly hyperintense
on T2WIs (Figures 2A1, 3A1, 2D1), iso- to slightly
hyperintense on precontrast T1WIs (Figures 2A2, 3A2,
2D2) and homogeneously hyper-enhanced on CET1WIs (Figures 2A3, 3A3, 2D3) compared with the
liver parenchyma. Additionally, spontaneous necrosis
existing in hepatic R1 of Rat 3 was indicated by the
unenhanced area on CE-T1WI at baseline (Figure 3A3).
Intra-individually, their paired primary HCCs on the
same imaging slice appeared moderately hyperintense
on T2WIs (Figures 2A1, 3A1, 2D1’) as well as on
precontrast T1WIs (Figures 2A2, 3A2, 2D2’), and hyperenhanced on CE-T1WIs (Figures 2A3, 3A3, 2D3’).
At 1 h after CA4P treatment, despite nearly unchanged
intensities of hepatic R1 allographs on T2WIs (Figures
2A1’, 3A1’) and T1WIs (Figures 2A2’, 3A2’), signals on CET1WIs were distinctly altered by an unenhanced central
region surrounded by a positively enhanced periphery
(Figures 2A3’, 3A3’), indicative of ongoing extensive
vascular shutdown. Nevertheless, the contrast of the
primary HCC counterparts was slightly enhanced in a
heterogeneous pattern (Figures 2A3’, 3A3’).
At 12 h, massive central necrosis occurred in

Grading of tumor vascularity: To characterize variable
degrees of tumoral vascularity, a semiquantitative
vascular scoring system was adopted to classify HCCs
as follows: +, similar vascular density to the liver
parenchyma; ++, dense vasculature without vascular
lakes; +++, denser vasculature with variously sized
vascular lakes; and ++++, full of enlarged vascular
[11,12]
lakes
.

Statistical analysis

Numerical data were expressed as the mean ± standard
error of the mean (SEM) and a significant difference
was concluded for P < 0.05. In vivo imaging biomarker
AUC30 at different time points and postmortem tumoral
necrosis were compared between HCC and liver R1 by
unpaired two-tailed t-test using GraphPad Prism (version
7.02; GraphPad Software Inc., La Jolla, CA, United
States).
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Table 1 Intra-individual comparison of induced tumor necrosis (%) between primary hepatocellular carcinomas and intrahepatically
implanted R1 rhabdomyosarcomas in combretastatin-A4-phosphate-treated group
Rat

Primary HCC
Tumor code CA4P-induced Tumor diameter
necrosis, %
in mm

1

2
3

4
5

6
7

Mean ± SD

HCC_1
HCC_2
HCC_3
HCC_4
HCC_5
HCC_6
HCC_7
HCC_8
HCC_9
HCC_10
HCC_11
HCC_12
HCC_13
HCC_14
HCC_15
HCC_16
HCC_17
HCC_18
HCC_19

21.8
16.4
0
43.1
23.3
92.3
96.5
19.8
98.9
99.2
27.6
4.9
62.7
47.6
46.4
76.1
552.6
33.4
91.2
50.2 ± 1.8

9.7
6.5
10.9
6.4
8.5
8.1
6.2
10
10
14.3
18.3
7.8
13
14.2
14.2
12.5
11.9
10.4
9
10.6 ± 0.2

Implanted hepatic R1
Tumor
1
vascularity

Tumor
Tumor code CA4P-induced Tumor diameter
2
differentiation
necrosis, %
in mm

++
++
++
+
++
+
+
+
+
+
+
++
+
+, +++3
+, +++3
+
+
+
+
/

II
III-IV
III
III
III
I-II
II
I
II
I-II
III
II-III
I-II
I, III4
I, III4
II-III
III
III
I-II
/

Tumor
1
vascularity

R1_1

72.3

12.1

++

R1_2

84.5

12.6

++

R1_3

99.2

10

++

R1_4
R1_5

96.8
99.4

9.8
8.3

++
++

R1_6

97.7

9

++

R1_7

98.3

6.2

++

92.6 ± 1.5

9.7 ± 0.3

/

1

A vascular scoring system for rat liver tumor: vascular density similar to that of liver parenchyma (+), denser vasculature without vascular lakes (++),
denser vasculature with small-sized vascular lakes (+++), and full of large vascular lakes (++++); 2A 4-scale grading system for HCC differentiation in rats:
Well (I), moderately (II), poorly (III) and un-(IV) differentiated HCC lesions; 3Tumor vascularity was graded as + in the necrotic tumor, and +++ in the
residual viable part; 4HCC differentiation was scored by I in the necrotic tumor, and III in the residual viable part. HCC: Hepatocellular carcinoma; SD:
Standard deviation.

all the hepatic R1 tumors, as reflected by extreme
hyperintensity on T2WIs (Figure 2A1’’), isointensity on
T1WIs (Figures 2A2’’, 3A2’’) and an unenhanced core
surrounded by a hyperenhanced rim on CE-T1WIs
(Figures 2A3’’, 3A3’’). Meanwhile, by comparison, patchy
necrosis was heterogeneously induced in primary HCCs,
shown as generally increased hyperintensity on T2WIs
(Figures 2A1’’, 3A1’’), mingled hyper- and isointensities
on T1WIs (Figures 2A2’’, 3A2’’) and regional
unenhancement scattering in extremely hyperenhanced
lesions on CE-T1WIs (Figures 2A3’’, 3A3’’).
These in vivo imaging findings were eventually
confirmed by postmortem microangiography and histo
pathology. At 12 h, complete absence of tumor vessels
was particularly identified in the center of hepatic
R1 (Figures 2B and 3B), whereas in primary HCCs,
generally denser vasculature was mixed with patchy
avascular areas (Figures 2B and 3B). From HE-stained
slices, massive hemorrhagic necrosis and focal necrosis
were indicated in hepatic R1 and in primary HCCs,
respectively (Figures 2C and 3C).
Meanwhile, in the sham group (Figure 2D), in vivo
MRI did not show any obvious difference 4 h before, and
1 and 12 h after PBS injection. From postmortems, no
vascular changes were microangiographically identified,
and no acute tumoral necrosis was histopathologically
discovered.

administration were monitored in vivo.
DCE-MRI: As reflected by AUC30 (Figure 4A), blood
flow in hepatic R1-tumors dropped by 66% at 1 h due
to vascular shut-down, followed by a further reduction
of 7.3% at 12 h as a result of massive tumoral necrosis
(Figure 4B). Nevertheless, in primary HCCs, only
11% tumor blood flow was reduced at 1 h because
of vascular clogging, followed by a slight resumption
of tumor perfusion at 12 h (Figure 4B), which was a
heterogeneous combination of partial tumoral necrosis
and reopening of large intra-tumoral vessels in residual
tumor. As validated by histopathological analysis,
tumoral necrosis in liver R1 allographs (92.6%) was
more extensive than that in primary HCCs (50.2%) at
12 h after CA4P treatment (Figure 4C, Table 1).
Taken together, these intra-individual comparisons
demonstrated that in general CA4P caused more
extensive tumor vascular destruction and consequent
tumoral necrosis in intrahepatically implanted R1tumors than in the primary HCC lesions, both under the
same cirrhotic liver background.

DISCUSSION
To the best of our knowledge, this is the first study
where (1) a rat tumor model combining primary HCCs
and an implanted R1-tumor in the same cirrhotic liver
has thus been established and (2) the therapeutic
efficacies of a VDA CA4P on distinct tumor types have
been intra-individually compared. This, together with

Quantitative changes of tumor blood supply in
correlation to CA4P-induced necrosis

Real-time changes of tumor blood supply after CA4P
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Figure 2 Intra-individual comparison of therapeutic responses to combretastatin-A4-phosphate between a primary hepatocellular carcinoma and a hepatic
R1 allograft located in different liver lobes. A: T2WIs (1-1’’), T1WIs (2-2’) and CE-T1WIs (3-3’’) of an implanted R1-tumor (green arrows) and a primary HCC (orange
arrows) located in the median and left liver lobes, respectively, at baseline and 1 h and 12 h after CA4P therapy; B: Corresponding photomacrographs of median and
left liver lobes (top panels), photomacrograph of liver blocks (middle panel) in 2-mm thickness corresponding to the transversal MRI, and microangiogram (bottom
panel) of tumor-bearing liver blocks, revealing one R1-tumor (green circle) and one primary HCC (orange circle); C: Corresponding photomicrographs of R1-tumor
(left column) and primary HCC (right column) in the median and left lobes, respectively. (HE staining; upper panels, × 12.5 original magnification, scale bar = 800 μm;
lower panels, × 100 original magnification, scale bar = 100 μm, × 400 original magnification, scale bar = 25 μm); D: Sham control: T2WIs (1, 1’), T1WIs (2, 2’) and
CE-T1WIs (3, 3’) of R1-tumor (green arrows) and primary HCC (orange arrows) located in the median and left liver lobes, respectively, at 12 h post PBS treatment,
and corresponding photomicrographs (4, 4’; HE staining × 100 original magnification, scale bar = 100 μm, × 400 original magnification, scale bar = 25 μm). HCC:
Hepatocellular carcinoma; L: Liver; N: Tumoral necrosis; PBS: Phosphate-buffered saline; T: Viable tumor.

the applied MRI-microangiography-histology platform,
could be regarded as methodological advances for
conducting more efficient theragnostic investigations on
spontaneous vs metastatic liver malignancies.
This unique rat model of primary and secondary
liver tumors induced by a carcinogen and surgery was
employed not only to closely mimic the synchronous
primary and metastatic liver malignancies seen in
[22]
clinical patients, though of rarity , but also to better
compare such complex liver cancers, especially in terms
of different tumor differentiation, angiogenesis and
vasculature, towards the same therapeutics of CA4P.
Based on the fact that the target of CA4P is tumoral
vasculature rather than cancer cells, transplanted

WJG|www.wjgnet.com

R1 rhabdomyosarcoma is a suitable model of
secondary hepatic tumor because of the similar tumor
neovascularization process and the existing vasculature
[15]
pattern to those intrahepatic metastases . Transplanted
R1-tumor is a type of homogeneous, hypervascularized,
[14]
solid tumor, with abundant microvessels . Although
in patients intrahepatic metastases occurring via the
hematogenous route, they always end up with the same
consequence of tumor neovascularization. Therefore,
the derived results are representative of that in other
metastatic liver tumors from different original sites.
Unlike ectopically and orthotopically transplanted
tumor models that yield reproducible outcomes,
experimental models of primary liver malignancies tend
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Figure 3 Intra-individual comparison of therapeutic responses to combretastatin-A4-phosphate between a primary hepatocellular carcinoma and a hepatic
R1 allograft distributed in the same liver lobe. A: T2WIs (1-1’’), T1WIs (2-2’’) and CE-T1WIs (3-3’’) of an implanted R1-tumor (green arrows) and a primary HCC
(orange arrows) both located in the same left liver lobe at baseline and 1 h and 12 h after CA4P therapy; B: Corresponding macroscopic photographs of the left liver
lobe (top panel) and liver blocks (middle panels) in 2-mm thickness corresponding to the transversal MRI, and microangiograms (bottom panels) of tumor-bearing liver
block, revealing a R1-tumor (green circle) and a primary HCC (orange circle); C: Corresponding photomicrographs of R1-tumor (left column) and primary HCC (right
column). (HE staining; upper panels, × 12.5 original magnification, scale bar = 800 μm; lower panels, × 100 original magnification, scale bar = 100 μm, × 400 original
magnification, scale bar = 25 μm). HCC: Hepatocellular carcinoma; L: Liver; N: Tumoral necrosis; T: Viable tumor.
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Figure 4 Changes of semiquantitative dynamic contrast-enhanced parameter of primary hepatocellular carcinomas and implanted liver R1-tumors and
quantification of combretastatin-A4-phosphate-induced tumoral necrosis. A: Representative contrast enhancement-time curves of a primary HCC and a
secondary liver R1-tumor before, and 1 h and 12 h after CA4P treatment, for calculating tumor AUC30 at different time points; B: Quantitative changes of tumor blood
supply between HCCs and R1-tumors at baseline and 1 h and 12 h after CA4P treatment indicated by AUC30; C: Bar chart comparing the percentile tumoral necrosis
between primary HCCs and implanted liver R1 at 12 h after CA4P therapy, which was estimated by postmortem HE staining. aP < 0.05, bP < 0.01. AUC30: Area under
the time signal intensity curve; HCC: Hepatocellular carcinoma.

to be more therapeutically and histologically unpredictable
[11,12]
owing to intra- and inter-tumoral heterogeneity
.
Particularly, despite undergoing similar carcinogenesis,
DENA-induced primary HCCs exhibit huge diversities in
carcinoma development, neovascularization or tumor
vascularity, microenvironment and cellular differentiation
[11,12,14]
in addition to varied degrees of liver cirrhosis
.
Therefore, while constructing both primary and implanted
tumors could be more time-consuming and technically
[13]
challenging , this complex liver tumor model appears
more clinically relevant for mimicking miscellaneous
[14,22]
human cancers
.
In this study, distinct responses to CA4P, namely
more complete tumoricidal effect on implanted R1tumors versus variable outcomes in primary HCCs,
simultaneously occurred in the same rats with cirrhotic
livers. These findings are in alignment with the previous
studies conducted in either DENA-induced primary HCC
[11,12]
model on cirrhotic liver
or implanted R1-tumor
[9,10,20,21]
model in normal liver
. Thus, the role of cirrhotic
or normal liver background in the therapeutic impact
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of CA4P could be basically excluded. It was more likely
that the intrinsic vasculature of the individual tumors
eventually determined various outcomes of CA4P
therapy. Indeed, as a widely accepted notion, implanted
liver tumors resemble more closely the secondary or
[15]
metastatic liver cancer . Therefore, our results strongly
indicate that, in general, CA4P exerts more potent
therapeutic effects on the metastatic liver tumors, rather
than the primary liver tumors.
In principle, tumor angiogenesis switches on when a
3
tumor reaches 1 mm in volume, since this is the limited
[28]
size of diffusion within which solid tumor cells can grow .
Apart from the basic type of angiogenesis, namely
endothelial sprouting, there are several nonangiogenic
tumor vascularization mechanisms, including vasculogenic
[29,30]
mimicry, intussusception and vascular co-option
.
Vasculogenic mimicry refers to tumor cells mimicking
endothelial cells and directly participating in blood vessel
formation, while intussusception and vascular co-option
are both vascularization modes that essentially take
advantage of the existing vasculature in the surrounding
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[29,30]

benign tissue
. For instance, in experimental liver
metastatic model produced by splenic injection of CD38
colon carcinoma cells in mice, enlarged sinusoidal
lakes were discovered to be developed by fusion of the
[31]
normal structure of sinusoids . Since primary HCCs are
[32]
generally hypervascularized tumors , vascularization
based on remodeling of the existing blood vessels is more
complicated, especially in terms of enlarged vascular lakes.
These lines of evidence may explain to some extent the
heterogeneous vasculature observed in our primary HCC
model that developed gradually in the context of cirrhotic
[11]
liver . In support of this, by treating rats with DENA in
a lower dose and a longer exposure period, less severe
liver cirrhosis along with lower grades of tumor vascularity
and HCC differentiation were identified in this study, as
[11]
compared to a previous study .
Liver cirrhosis is considered as a precancerous
condition since over 80% HCCs arise on a background
[26,33]
of cirrhosis
. In fact, the progression of cirrhosis
is accompanied by a deformation of the hepatic
[34]
vasculature in regenerated lobules . Consequent
hepatic vascular alterations include shunting of the
portal and arterial blood directly into the central vein,
compromising exchange between hepatic sinusoids and
the adjacent liver parenchyma, and disturbed hepato
[32,34]
biliary excretion
. In the context of cirrhosis, distorted
neovasculature not only functioned as a unique mode of
blood supply but also appeared to be responsive to CA4P
treatment, leading to patchy necrosis in cirrhotic liver
[12]
paranchyma . Hence, vigilance should be exercised
when using VDAs in patients with extensive liver
cirrhosis, since acute necrosis in liver parenchyma could
further impair hepatic function.
Currently, although a series of phase II/III clinical
trials have aimed at evaluating the treatment of CA4P
[4]
in combination with chemotherapy in ovarian cancer ,
[5]
anaplastic thyroid cancer and nonsquamous non-small
[6]
cell lung cancer patients , CA4P still literally remains an
investigational medicine. The fetter that prevents CA4P
from being ultimately adopted as a clinical anticancer
[35]
therapy lies in tumor regrowth after monotherapy ,
despite its prompt, effective and generic responses in
almost all solid tumors. Hence, combining CA4P with
sequential treatments like chemotherapy, conventional
radiotherapy, internal targeted radiotherapy and
antiangiogenic therapy could reinvigorate these VDAs
and provide better long-term outcomes. In fact, a dualtargeting pan-anticancer theragnostic approach called
OncoCiDia using CA4P sequentially with a radioiodinated
131
necrosis avid compound,
I-hypericin, has been
proposed to achieve CA4P-induced necrosis-oriented
[10,36]
internal targeted radiotherapy
. In this context,
prior to setting serial VDA-centric anticancer protocols,
the present synchronous multiple liver cancer model
in rodents could be a stepping-stone to help predict
the diverse responses that may occur in patients, and
to further address more complicated clinically relevant
[22]
questions . For instance, to those patients with the
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HCCs less responsive to CA4P, alternatives such as
radiofrequency ablation, microwave ablation and high
intensity focused ultrasound can be applied to massively
necrotize the tumor before systemic administration of
a necrosis-avid radiopharmaceutical in the OncoCiDia
[10,36]
strategy
.
In conclusion, this study suggests distinct responses
to CA4P, namely more complete tumoricidal effect on
implanted R1-tumors vs variable outcomes in primary
HCCs, simultaneously occurring in the same rats with
cirrhotic livers, which could help to guide future clinical
applications of VDAs.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Previously, all favorable responses to the vascular disrupting agent (VDA)
combretastatin-A4-phosphate (CA4P) on implanted liver tumors were derived
from animals with healthy liver. Yet, the diverse and paradoxical responses to
CA4P on primary hepatomas have been from rats with cirrhotic liver.

Research motivation

Therapeutic responses of CA4P between primary and secondary hepatic
tumors had never been compared intra-individually in the same rats with
underlying liver cirrhosis. And, the potential microenvironmental impact from the
surrounding liver parenchyma needed to be assessed further.

Research objectives

We aimed to compare therapeutic responses of CA4P among carcinogeninduced primary hepatocellular carcinomas (HCCs) and surgically implanted
rhabdomyosarcoma (R1) in the same rats by magnetic resonance imaging
(MRI), microangiography and histopathology.

Research methods

We performed diethylnitrosamine gavage to induce primary HCCs and
simultaneous intrahepatic implantation of R1 to create secondary liver tumor in
the same rats. Tumor growth was monitored by T2-/T1-weighted images on a
3.0T MRI scanner. Rats were then intravenously treated with CA4P. Vascular
response and tumoral necrosis before and after treatment were compared by
dynamic contrast-enhanced (DCE-) and CE-MRI. Tumor blood supply was
further calculated by a semiquantitative DCE parameter of area under the time
signal intensity curve (AUC30). Eventually, in vivo MRI findings were validated
by postmortem techniques.

Research results

In total, 19 primary HCCs and 7 hepatic R1 allografts were successfully
established in the 7 rats of the CA4P group, while 17 primary HCCs and
7 R1-tumors were generated in the 7 rats of the sham group. Uniform and
variable vascularity were identified, respectively, in hepatic R1 allografts and
primary HCCs. As documented by in vivo MRI and postmortem histopathology,
vascular shutdown generally occurred at 1 h after CA4P treatment; at 12 h after
treatment, tumoricidal effects were observed in secondary R1 tumors, while
heterogeneous responses were seen in the primary HCCs. Quantitatively, tumor
blood supply reflected by AUC30 showed vascular closure (66%) in R1-tumors
at 1 h (P < 0.05), followed by further perfusion decrease at 12 h (P < 0.01); less
significant vascular clogging occurred in HCCs. Histomorphologically, CA4P
induced more extensive necrosis in R1-tumors (92.6%) than in HCCs (50.2%)
(P < 0.01); tumor vascularity heterogeneously scored +~+++ in HCCs but
homogeneously scored ++ in R1-tumors.

Research conclusions

To verify our original hypothesis that primary and secondary liver cancers may
respond differently to VDA therapy due to the dissimilar tumor vascularity,
a complex rat tumor model combining carcinogen-induced primary HCCs
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and a surgically implanted R1-tumor in the same cirrhotic rats has thus been
established to compare CA4P therapeutic responses intra-individually under the
same microenvironment. Indeed, our hypothesis was verified by the superior
performance of CA4P in metastatic over primary liver cancers. This could help
to design future clinical trials and guide applications of VDAs.

11

Research perspectives

The merit of this study is that the present synchronous multiple liver cancer
model in rodents could be a stepping-stone to help predict the diverse
responses that may occur in patients, and to further address more complicated
clinically relevant questions. The lesson that could be learnt from this study
lies in the fact that although HCCs are generally hypervascularized, we should
not take it for granted that the rich abnormal blood vessels naturally serve as
plentiful drug targets for the VDA to inevitably induce massive tumor necrosis.
This preclinical study’s findings help in preparing a novel dual targeting pananticancer theragnostic strategy OncoCiDia in human liver cancers where
CA4P could be applied as the first step.
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Abstract
AIM
to evaluate recent trends in gastric cancer incidence,
response to treatment, and overall survival among
Alaska Native (AN) people.

Informed consent statement: Patients were not required to
give informed consent to this study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
A retrospective analysis of the Alaska Native Medical
Center patient database was performed. Patient history,
clinical, pathological, response to treatment and patient
outcomes were collected from one-hundred and thirty-

Conflict-of-interest statement: The authors have no conflicting
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two AN gastric cancer patients. The Surveillance,
Epidemiology and End Result database 18 was used to
collect comparison United States non-Hispanic White
(NHW) and AN gastric cancer patient data between
2006-2014.

populations, whereas North America and Africa
[1,2]
populations have the lowest incidence . In recent
years, gastric cancer incidence has declined in Eastern
Asia and Asian patients have been shown to have
better outcomes compared to other ethnic groups
such as in South American, United States Hispanic,
[2,3]
and African American patients . In the United States
(US), gastric cancer incidence rates are also declining
[4]
in the general population and recently in racial ethnic
subgroups such as Asian Americans who have had
[5]
a historically high prevalence of gastric cancer . In
contrast, gastric cancer incidence and mortality rates
have remained the same among the Alaska Native (AN)
population, becoming one of the leading cancer health
[6-8]
disparities .
The AN population has a 3-fold higher incidence
and mortality rate of gastric cancer when compared
[6,7,9]
to the US non-Hispanic White (NHW) population
.
AN patients are often diagnosed with advanced stage
disease, and have a poor overall 5-year survival rate
[10,11]
of less than 20%
. Gastric cancer etiology differs
between the NHW and AN populations. NHW patients
are most often diagnosed with gastric cancers in the
cardia, gastroesophageal junction or distal esophagus,
while gastric cancers in AN patients are localized to
[9,12]
the central and distal stomach
. Further, differences
in tumor subtype have been observed between the
two populations, with the diffuse subtype being most
[7]
common among AN patients . The high incidence
and prevalence of non-cardia gastric cancers among
AN patients has been associated with the high
seropositivity rates of Helicobacter pylori (H. pylori)
[13-15]
among the general AN population
. In addition to
H. pylori, multiple risk factors could contribute to this
cancer health disparity among the AN people, including
socioeconomic factors and biological differences, such
as access to treatment, genetic influences, lifestyle
differences, and environmental exposures.
A greater understanding of gastric cancer incidence
and response to treatment among the AN people may
allow for the design of screening programs or the
identification of early detection measures to potentially
reduce incidence and improve patient outcomes. In
order to further investigate how to reduce gastric cancer
incidence and mortality rates among the AN population,
we sought to evaluate recent trends in gastric cancer
incidence, as well as to report on clinical response to
treatment and overall survival outcomes in this high
incidence population.

RESULTS
AN gastric cancer patients have a higher incidence
rate, a poorer overall survival, and are diagnosed at a
significantly younger age compared to NHW patients.
AN patients differ from NHW patients in greater
prevalence of non-cardia, diffuse subtype, and signet
ring cell carcinomas. AN females were more likely to be
diagnosed with later stage cancer, stage IV, compared
to AN males. Diminished overall survival was observed
among AN patients with increasing stage, O+ blood
type, < 15 lymph nodes examined at resection, and no
treatment. This study is the first report detailing the
clinicopathologic features of gastric cancer in AN people
with outcome data.
CONCLUSION
Our findings confirm the importance of early detection,
treatment, and surgical resection for optimizing AN
patient outcomes. Further research on early detection
markers are warranted.
Key words: Alaska Native; gastric cancer; Helicobacter

pylori ; gender; health disparities

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

Core tip: Gastric cancer (GC) is a leading cancer health
disparity among the Alaska Native (AN) people. The
aim of this study was to evaluate recent trends in AN
gastric cancer incidence and survival. AN patients differ
from non-Hispanic White patients in increased incidence,
younger age at diagnosis, a higher presence of non-cardia,
diffuse subtype, signet ring cell carcinomas, Helicobacter
pylori , and greater proportion of GC among women. AN
patients diagnosed at an early stage and whom receive
surgical treatment have better overall survival compared
to later stage patients. Therefore, additional screening
programs and early detection measures for AN people,
may improve patient outcomes.
Martinson HA, Shelby NJ, Alberts SR, Olnes MJ. Gastric cancer
in Alaska Native people: A cancer health disparity. World J
Gastroenterol 2018; 24(25): 2722-2732 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i25/2722.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i25.2722

MATERIALS AND METHODS
Alaska Native gastric cancer patients

The University of Alaska Anchorage Institutional
Review Board (IRB), Alaska Area IRB, Southcentral
Foundation Review Board, and the Alaska Native Tribal
Health Consortium Health Research Review Committee
approved this study. The medical records were
reviewed from one-hundred and thirty-two AN patients

INTRODUCTION
Worldwide, there are significant racial disparities in
incidence and mortality of gastric cancer. The highest
incidence and mortality rates occur in Eastern Asia,
Eastern Europe, Central America, and South America
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with histologically confirmed gastric adenocarcinoma
presenting at the Alaska Native Medical Center (ANMC),
a referral hospital for the Alaska Tribal Health System,
from January 2006 to December 2014. Demographic
and clinicopathologic variables obtained from medical
records included: sex, age at diagnosis, region of Alaska
where patient resides, tumor grade, stage, primary
location, metastatic site, histologic type according to
[16]
Lauren classification , histological appearance, stage,
type of therapy, order of treatment, surgical resection,
lymph nodes examined, recurrence site, overall survival,
presence of H. pylori at time of biopsy/resection, chronic
gastritis, gastroesophageal reflux disease (GERD),
gastric ulcer, blood type, self-reported family history of
gastrointestinal cancers and tobacco use. Patients were
classified into five regions: far north, interior, southwest,
southcentral, and southeast designated by the Alaska
Department of Labor and Workforce Development
2010 census. Vital status was obtained through Social
Security Disability Insurance program or through the
Alaska Department of Health and Social Services.

gastric antrum, C16.4 pylorus, C16.5 lesser curvature of
stomach NOS, C16.6 greater curvature of stomach NOS;
Overlapping, C16.8 overlapping lesion of stomach; and
Unspecified. C16.9 stomach NOS. Pathological stage was
classified according to the American Joint Committee on
th
[17]
Cancer (AJCC) 7 edition manual for stomach cancer .
The number of lymph nodes examined following
resection were dichotomized into < 15 or ≥ 15 based
on recommendation from the National Comprehensive
[18]
Cancer Network .

Statistical analysis

Raw frequencies and percentages of cases for available
data from the US SEER database and the ANMC hospital
are reported. Data were analyzed using software SPSS
23.0 (SPSS Inc, Chicago, IL, United States). Patient
demographics and clinicopathological characteristics
between NHW versus AN and AN male versus AN female
were compared using chi-square tests for categorical
variables and Student t tests for continuous variables.
Wilcoxon rank-sum (Mann-Whitney) test was used for
variables that were not normally distributed. Association
between various clinicopathological characteristics and
overall survival were examined with Cox proportional
hazard models. The Kaplan-Meier method was used for
survival analysis, and differences in survival between
groups were evaluated using the log-rank test. Variables
with a p value < 0.1 on univariate analysis were included
in the multivariate Cox proportional hazards regression
model analysis. A two-sided P value of < 0.05 was
considered significant.

SEER database

Data collected on US NHW and AN gastric adenocar
cinoma patients were obtained from the US National
Institute’s SEER Program of the National Cancer Institute
18 dataset for the period 2006-2014. The SEER program
collects information on incidence, prevalence, survival,
and cancer mortality from cancer registries representing
approximately 28% of the US population. The SEER
database captures all cancer cases among the AN
population, approximately 150000 people, through the
Alaska Native Tumor Registry. SEER*Stat software (www.
seer.cancer.gov/seerstat) Version 8.2.1 was used for
analysis of data.

RESULTS
Gastric cancer in AN people is distinct from nonHispanic white people

Data classification and coding

Between 2006-2014, a total of 132 AN patients with
adenocarcinoma of the gastroesophageal junction
or stomach were identified from the ANMC hospital
database. In the same period of time using the US SEER
database, we identified 40717 NHW patients and 164 AN
patients with adenocarcinoma of the gastroesophageal
junction or stomach. Similar trends were observed
between the AN Hospital and AN SEER data. As shown
in Table 1, there were significant differences in the
clinicopathological characteristics between the NHW
and AN patients. Compared to the US NHW population,
AN patients (AN SEER and AN Hospital) have a higher
incidence rate and were significantly younger at time of
diagnosis (59.9 years vs 69.2 years; p < 0.0001) (Figure
1). Also, the AN patients had significant differences in
tumor location and appearance, with a higher prevalence
of non-cardia tumors (60.6% vs 21.3%; p < 0.0001,
Table 1) and signet ring cell carcinomas (39.4% vs
12.7%; p < 0.0001). AN patients were significantly more
likely to be diagnosed with stage IV disease (50.0% vs
37.6%; p = 0.03, Table 1). We also observed among
the AN patients a larger proportion of females (37.8%

Overall survival was calculated from the date of gastric
cancer diagnosis until death from any cause or date of
last follow-up. Patient vital status was confirmed through
the ANMC tumor registry. Survival times of patients
with stable disease were censored at the last followup date. Anatomical subsite and histological conditions
were grouped using the International Classification of
Disease for Oncology 3 (ICD-O-3) codes. ICD-O-3 codes
used in the study were: 8140 Adenocarcinoma, not
otherwise specified (NOS); 8142, Linitis plastica; 8144/3,
adenocarcinoma, intestinal type; 8145/3, adenocarcinoma,
diffuse type; 8211/3, tubular adenocarcinoma; 8255/3,
adenocarcinoma with mixed subtypes; 8260/3,
papillary adenocarcinoma, NOS; 8480/3, mucinous
adenocarcinoma; and 8490/3, signet ring carcinoma.
For anatomic subsite analysis the four-digit topography
site codes (C15, esophageal cancer and C16, stomach
cancer) were used to extract and analyze the incident
cases of gastric cancer. Four anatomic subsites were
formed: Cardia, C15.5 lower third esophagus and C16.0
cardia; Non-Cardia, C16.1 fundus, C16.2 body, C16.3
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Table 1 Comparative epidemiology of gastric cancer in United States Non-Hispanic White and Alaska Native populations n (%)
P 1 value

United States
Population (in millions)2,3
Cancer registry summary
Registry type (number)
Years included
Incident cases
Calculated incidence rate4
Male
Female
Gender
Male
Female
Age
Median (yr)
< 20-34
35-44
45-54
55-64
65-74
75-84
> 84
Anatomic site
Cardia
GE JX
Non-cardia
Fundus
Body6
Antrum
Pylorus
Overlap (multifocal)
Unspecified
Histological appearance
Adenocarcinoma, NOS
Linitis Plastica, AC
Mucinous, AC
Tubular, AC
Papillary, AC
Mixed Cell, AC
Signet Ring
Stage
I
II
III
IV
Unspecified

Non-Hispanic White

Alaska Native-SEER

Alaska Native Hospital

274.6

0.14

0.14

Population based (SEER 18) Population based (SEER 18)
2006-2014
2006-2014
40717
164

Hospital based (1)
2006-2014
132

12.1
3.4

26.7
18.7

22.8
13.6

30141 (74.0)
10576 (26.0)

95 (57.9)
69 (42.1)

82 (62.1)
50 (37.8)

0.01

< 0.00015
69.2 ± 0.07
258 (0.6)
926 (2.3)
4150 (10.2)
9224 (22.7)
11089 (27.2)
10144 (24.9)
4927 (12.1)

60.4 ± 1.3
4 (2.4)
9 (5.5)
44 (26.8)
41 (25.0)
38 (23.2)
23 (14.0)
5 (3.0)

59.9 ± 1.2
3 (2.3)
9 (6.8)
39 (29.5)
28 (21.2)
30 (22.7)
19 (14.4)
4 (3.0)
< 0.00017

26387 (64.8)
14502 (35.6)
8659 (21.3)
970 (2.4)
3726 (9.2)
3483 (8.6)
480 (1.2)
1523 (3.7)
4148 (10.2)

38 (23.2)
14 (8.5)
86 (52.4)
4 (2.4)
52 (30.0)
22 (13.4)
11 (6.7)
9 (5.5)
31 (18.9)

22 (16.7)
12 (9.1)
80 (60.6)
12 (9.1)
33 (25.0)
18 (13.6)
17 (12.9)
27 (20.5)
3 (2.3)

33,921 (83.3)
172 (0.4)
626 (1.5)
168 (0.5)
91 (0.2)
560 (1.4)
5179 (12.7)

126 (76.8)
1 (0.6)
3 (1.8)
1 (0.6)
1 (0.6)
1 (0.6)
31 (18.9)

80 (60.6)
2 (1.5)
5 (3.8)
1 (0.8)
1 (0.8)
0 (0)
52 (39.4)

8901 (21.9)
5662 (13.9)
5327 (13.1)
15323 (37.6)
5504 (13.5)

35 (21.3)
24 (14.6)
14 (8.5)
75 (45.7)
16 (9.8)

28 (21.1)
24 (18.0)
14 (11.4)
66 (50.0)
0 (0)

< 0.00018

0.002

1

Bold type indicates statistical significance (P < 0.05), statistics were performed on SEER Non-Hispanic White and Hospital based Alaska Native
populations; 2Population for US White 2010, US Census; 3Population for AK Native 2010, Alaska Department of Labor and workforce development;
4
Incidence rates, per 100000 person years and are age-adjusted using the 2000 US standard population; 5Wilcoxon rank sum test; 6Body includes body, lesser
curvature, and greater curvature; 7Chi-square test between Cardia, Non-Cardia, Overlapping, and Unspecified; 8Chi-square test between adenocarcinoma
and Signet Ring. NOS: Not otherwise specified; AC: Adenocarcinoma; GE JX: Gastroesophageal junction; SEER: Surveillance and Epidemiology End Results
Program (SEER) 18 dataset; AC: Adenocarcinoma; JX: Junction.

vs 26.0%; p = 0.01, Table 1). AN females had a higher
prevalence of signet ring cell carcinoma compared to
NHW females (46% vs 35.4%).

cancer in AN males were more likely to metastasize to
multiple sites compared to females (29.4% vs 18.8%).
AN female and male patients did not differ in their
geographical location, of which the majority of patients
resided in three regions of Alaska: North (28.8%),
Southwest (30.3%), and Southcentral (30.3%) (Table
2). AN females were more likely to be diagnosed with
stage IV gastric cancer (64% vs 41.5%) and choose
not to seek treatment (36% vs 24.4% respectively)
compared to AN males. AN male and female gastric
patients had similar distribution for blood type, grade,

Epidemiology and clinical features of gastric cancer in
AN people

The median age of AN cancer patients was 58.3 years
for men and 62.4 years for women (Table 2). AN males
diagnosed with gastric cancer had significantly higher
rates of tobacco use compared to females (87.8% vs
72.0% p = 0.04). In addition, we observed gastric
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Gastric cancer cases by age group, 2006-2014

NHW
AN

35

Percentage of GC cases

30
25
20
15
10
5
0

< 20-34

35-44

45-54

55-64

65-74

75-84

> 84

Age (yr)

Figure 1 Age group distribution for non-Hispanic White and Alaska Native patients diagnosed with gastric cancer 2006-2014. AN: Alaska Native; NHW: NonHispanic White.

primary tumor location, treatment, H. pylori positive
tumor, chronic gastritis, GERD, gastric ulcers, and family
history of gastric and/or colorectal cancer.

or gastric ulcers at the time of diagnosis. The results of
the multivariable analysis for association with overall
survival are shown in Table 4. This analysis revealed
that the variables independently associated with overall
survival included AJCC stage and treatment modality,
with neoadjuvant chemotherapy or chemoradiation
followed by surgery and adjuvant therapy having the
greatest association with overall survival.

Clinical response to treatment and overall survival in AN
gastric cancer patients

Results of univariate Cox proportional regression
analysis for factors associated with overall survival are
shown in Table 3. In this study, 109 deaths (82.6%)
were observed among the AN patients (n = 132) within
a five-year study period with greater than 90% of
patients dying from gastric cancer. Anatomic site, AJCC
stage, treatment, the number of lymph nodes examined
during resection, and blood type were associated
with diminished overall survival. Patients with tumors
diagnosed at stage IV, and poorly/undifferentiated
histology had a higher risk of death. Patients whose
tumors involved multiple regions of the stomach
(overlap), upper third, and GE junction had decreased
survival times when compared to patients with distal
tumors. Patients with O+ blood type had significantly
poorer survival compared to A+ and AB+ patients (Table
3). Patients were treated with chemotherapy, surgery,
[18]
and radiation according to standard NCCN guidelines .
Those who received a gastric resection with or without
additional therapy had significantly better survival
compared to patients that received only chemotherapy.
Patients who received neoadjuvant chemotherapy with
or without radiation, followed by surgery, and adjuvant
chemotherapy had the best survival.
In univariate analysis, patients who were diagnosed
with chronic gastritis at the time of gastric cancer
diagnosis had better survival than people without
gastritis (Table 3). Upon further investigation, patients
were more likely to be diagnosed with stage IV cancer
without gastritis (75%) compared to patients with
chronic gastritis (43%). We did not observe differences
in survival in patients who had H. pylori positive tumors,
the presence of signet ring cells, diffuse type tumors,

WJG|www.wjgnet.com

DISCUSSION
Evaluating the clinicopathological features of gastric
adenocarcinoma in AN patients, we found significant
diverse outcomes in epidemiological factors and survival
outcomes compared to NHW patients. Our study showed
that age-adjusted incidence rates were higher among
AN patients compared to US NHW patients. Further,
AN patients were more likely to be younger at time of
diagnosis, develop non-cardia gastric cancer, and have
gastric cancers with signet ring cell histological features.
These findings correlate to what has been observed in
gastric cancer patients in developing countries and in
[3,5]
Asian American populations . However, gastric cancer
patients in developing countries and in the US tend to
be more often male (3:1 male to female), which was
not seen represented in our patient population (1.6:1
male to female). A male to female sex ratio of 1:1 has
been reported amongst young NHW gastric cancer
[19,20]
patients
and more recent data indicates non-cardia
cancers are on the rise in patients younger than 50,
[21]
particularly among females . A unique observation
from our study was that AN females had a higher
rate of signet ring cell carcinoma, compared to NHW
patients and AN males. High incidence of signet ring
cell carcinoma has been reported in other ethnic groups
(African American, Asian, AI/AN, and Hispanic) as well
[22,23]
as in female patients
, however, the details of these
associations have not been well investigated.
The younger age at diagnosis among AN patients
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Table 2 Descriptive epidemiology of Alaska Native gastric cancer patients n (%)

Patients
Mean age (yr)
Histological type
Diffuse
Intestinal
NOS
Blood type
A+
AB+
B+
O+
Unknown
Histological appearance
Signet Ring
Adenocarcinoma
Linitis Plastica, AC
Mucinous, AC
Tubular, AC
Papillary
NOS, AC
Stage
I
II
III
IV
Grade
Well/moderately differentiated
Poorly differentiated
Unknown
Anatomic site
GE JX
Cardia
Fundus
Body
Antrum
Pylorus
Overlap (multifocal)
Unspecified
Regions of Alaska
North
Interior
Southwest
Southcentral
Southeast
Treatment2
Chemotherapy only
Neoadjuvant
Adjuvant
Resection only
Neoadjuvant, resection, adjuvant
None
Metastasis site1
Omentum/peritoneium/diaphram
Liver
Lung
Bone
Ovary
Multiple Sites
Additional clinical and pathological variables
H. pylori
Chronic gastritis
GERD
Gastric ulcer
Tobacco
Family history GI cancer

Overall

Female

Male

132
59.8 ± 1.2

50 (37.9)
62.4 ± 2.0

82 (62.1)
58.2 ± 1.4

75 (56.8)
51 (38.6)
6 (4.5)

29 (58.0)
16 (32.0)
5 (10.0)

46 (56.1)
35 (42.7)
1 (1.2)

55 (41.7)
8 (6.1)
9 (6.8)
30 (22.7)
30 (22.7)

23 (46.0)
3 (6.0)
5 (10.0)
10 (20.0)
9 (18.0)

32 (39.0)
5 (6.1)
4 (4.9)
20 (24.4)
21 (25.6)

52 (39.4)
80 (59.8)
2 (2.5)
2 (2.5)
1 (1.3)
1 (1.3)
75 (93.8)

23 (46.0)
27 (54.0)
0 (0)
0 (0)
0 (0)
0 (0)
27 (100)

29 (35.4)
53 (64.6)
2 (3.8)
2 (3.8)
1 (1.9)
1 (1.9)
46 (86.8)

28 (21.2)
24 (18.2)
14 (11.4)
66 (50.0)

8 (16.0)
6 (12.0)
4 (8.0)
32 (64.0)

20 (24.4)
18 (22.0)
10 (12.2)
34 (41.5)

35 (26.5)
88 (66.7)
9 (6.8)

9 (18.0)
36 (72.0)
5 (10.0)

26 (31.7)
52 (63.4)
4 (4.9)

12 (9.1)
10 (7.6)
12 (9.1)
33 (25.0)
18(13.6)
17 (12.9)
27 (20.5)
3 (2.3)

5 (10.0)
5 (10.0)
6 (12.0)
10 (20.0)
8 (16.0)
7 (14.0)
9 (18.0)
0 (0)

7 (8.5)
5 (6.1)
6 (7.3)
23 (28.0)
10 (12.2)
10 (12.2)
18 (22.0)
3 (3.7)

38 (28.8)
11 (8.3)
40 (30.3)
40 (30.3)
3 (2.3)

17 (34.0)
1 (2.0)
15 (30.0)
17 (34.0)
0 (0)

21 (25.6)
10 (12.2)
25 (30.5)
23 (28.0)
3 (3.7)

40 (30.3)
21 (15.9)
12 (9.1)
12 (9.1)
9 (6.8)
38 (28.8)

12 (24.0)
8 (16.0)
4 (8.0)
5 (10.0)
3 (6.0)
18 (36.0)

28 (34.1)
13 (15.9)
8 (9.8)
7 (8.5)
6 (7.3)
20 (24.4)

27 (41.5)
14 (21.5)
1 (1.5)
2 (3.1)
6 (9.2)
15 (23.1)

14 (43.8)
6 (18.8)
0 (0)
0 (0)
6 (18.8)
6 (18.8)

13 (38.2)
8 (23.5)
1 (2.9)
2 (5.9)
0 (0)
10 (29.4)

52 (41.3)
101 (76.5)
51 (39.5)
91 (68.9)
108 (81.8)
38 (28.8)

20 (41.7)
38 (76.0)
18 (36.0)
35 (70.0)
36 (72.0)
16 (32.0)

32 (41.0)
63 (76.8)
33 (41.3)
56 (68.3)
72 (87.8)
21 (25.6)

1

Patients with stage 4 gastric cancer were used for analysis; 2Neoadjuvant and adjuvant treatments include chemotherapy and chemoradiation regimens
based on NCCN guidelines. NOS: Not otherwise specified; AC: Adenocarcinoma; GE JX: Gastroesophageal junction; H. pylori: Helicobacter pylori; GERD:
Gastroesophageal reflux disease; GC: Gastric cancer.
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[24]

4, 70% by age 10, and 78% by age 14 . This study
and our results suggest the likelihood of long term
exposure to systemic inflammation due to the early age
of acquisition of H. pylori may play an important role in
the high incidence of non-cardia cancer, younger age at
diagnosis, and the overall gastric cancer health disparity
among the AN people. Further, the high prevalence of
tobacco use among the AN people may also contribute
to the younger age of diagnosis of gastric cancer
patients. Another variable associated with gastric cancer
in younger individuals is genetic predisposition such
as CDH1 germline mutations that result in hereditary
diffuse gastric cancers. Approximately 30% of AN
patients had a family history of gastrointestinal cancers
and there was no difference in age of diagnosis. Further,
other types of cancer among the AN people such as
lung, kidney, and colorectal cancer are also associated
with younger age of diagnosis suggesting earlier
age of diagnosis of cancer is a general characteristic
in AN cancer patients compared to NHW patients.
Often cancers diagnosed at a younger age are more
aggressive and are found at a later stage, which may
also contribute to cancer health disparities among the
AN people.
AN patients were more likely to be diagnosed
with non-cardia gastric adenocarcinoma compared to
NHW patients. Multiple epidemiological studies have
shown non-cardia to be associated with other ethnic
populations, such as Hispanics in Central America, US
[4,25,26]
Hispanics, and Eastern Asians
. A commonality
between these ethnic groups is the presence of H.
[27]
pylori in non-cardia gastric cancer . Of the AN
patients, approximately half of them had active H.
pylori infections at time of diagnosis, of which 65% of
the positive cases were in patients diagnosed with noncardia gastric cancer. However, it is unknown as to how
many of the patients have been previously infected or
[26]
treated for H. pylori during their lifetime. Fock et al
reported that the incidence of gastric adenocarcinoma in
Asia tends to mirror the seroprevalence rate of H. pylori
infection. The CDC has reported H. pylori seroprevalence
[28]
rate of 75% among AN people , rates which are
similar to or higher than the rates reported in Eastern
[26]
Asia . Further, the majority of H. pylori strains in the
[29]
AN people are CagA and VacA positive , both of which
are associated with an increased risk of developing
severe gastritis, atrophic gastritis, peptic ulcer disease
[27,30-32]
and distal gastric cancers
. Along with the high
prevalence of H. pylori, both AN and Eastern Asians
share a similar diet and lifestyle: High intake of salty
and smoked foods, low vegetable intake and high rates
of tobacco use, all of which may contribute to increased
[33]
risk of gastric cancer . Chronic inflammation and
infection are of particular interest in the AN population
due to the high levels of chronic gastritis, endemic rates
of H. pylori infection, and an increased incidence of EBVdriven cancers in AN people, such as nasopharyngeal
carcinoma and lymphoepithelial tumors of the parotid

Table 3 Univariate analysis of Alaska Native gastric cancer
patients to identify variables associated with overall survival
95%CI

P 2 value

0.73
0.86

0.49-1.07
0.59-1.27

0.11
0.45
0.53

1.00
0.99
0.68
1.00
0.65
0.78
1.01

0.50-1.96
0.42-1.11
0.61-1.62
0.15-2.69
0.52-1.17
0.68-1.49

1.00
1.10
1.74

0.66-1.84
1.08-2.81

HR
Age, ≥ 55 yr vs < 55 yr
Sex, male vs female
Geographical Region
North
Interior
Southwest
Southcentral
Southeast
Signet ring, present or absent
Diffuse vs intestinal
Anatomic site
Noncardia Cardia
Cardia3
Overlap/NOS
Grade
Poorly differentiated
Well/moderately
Unknown
AJCC Stage
I
II
III
IV
Treatment4
Chemo
None
Neoadjuvant, surgery
Surgery only
Surgery, adjuvant
Neoadjuvant, surgery, adjuvant
No. of nodes examined, ≥ 15 vs < 155
nodes3
Blood Type
A+
AB+
B+
O+
Unknown
Multiple primaries, yes vs no
Tobacco
Yes
None
Chew/Iqmik
Former user6
Gastric ulcer, yes vs no
Chronic Gastritis, yes vs no
H. pylori, tumor positive vs negative
GERD, yes vs no

1

0.22
0.97
0.07

0.22
1.00
0.70
0.82

0.66-1.84
0.37-1.84
< 0.0001

1.00
1.42
1.67
4.91

0.74-2.75
0.79-3.54
2.80-8.61
< 0.0001

1.00
2.07
0.23
0.29
0.27
0.15
0.37

1.29-3.32
0.12-0.45
0.14-0.61
0.13-0.59
0.06-0.39
0.19-0.75

< 0.0001
0.04

1.00
0.88
1.72
1.78
2.35
0.73

0.42-1.82
0.76-3.96
1.05-3.01
1.24-4.45
0.45-1.17

1.00
0.83
0.78
1.26
1.02
0.62
0.90
0.75

0.49-1.42
0.31-1.95
0.80-1.97
0.67-1.54
0.39-0.98
0.61-1.34
0.51-1.13

0.22
0.51

0.93
0.04
0.62
0.17

1

Univariate analysis was performed using Kaplan-Meier analysis model
and log-rank test; 2Bold type indicates statistical significance (P < 0.05);
3
Cardia includes gastroesophageal junction and cardia gastric cancers;
4
Neoadjuvant and adjuvant treatments include chemotherapy and
chemoradiation regimens based on NCCN guidelines; 5Patients that had
a resection were included in analysis; 6Patients discontinued smoking
before time of diagnosis. HR: Hazard ratio; CI: Confidence interval; AJCC:
American Joint Committee on Cancer; Chemo: Chemotherapy; H. pylori:
Helicobacter pylori; GERD: Gastroesophageal reflux disease.

with gastric cancer could be driven by multiple
etiologies. One factor is earlier exposure to particular
gastric cancer risk factors such as H. pylori infection
and tobacco use. Previous research revealed 40% of
AN children have been infected with H. pylori by age
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stage and treatment have been previously reported
in the literature as significant prognostic factors of
[4,37,39]
survival
, blood type and chronic gastritis have
never been associated with overall survival. AN patients
with the blood group O had lower overall survival
compared to the A/AB groups. Previous studies have
reported that patients with blood type A are at a higher
[40-42]
risk for developing gastric cancer
. AN patients
with the presence of chronic gastritis were shown
to have a more favorable prognosis, which was also
associated with an earlier stage at diagnosis. This result
suggests that AN patients presenting with symptoms of
chronic gastritis may be at high risk for gastric cancer
and may benefit from an endoscopy at time of initial
presentation. There are currently no standard guidelines
[18]
on screening for gastric cancer in the US , whereas
Asian countries with a high incidence of gastric cancer
have implemented screening programs using a variety
of modalities. However, the most effective gastric cancer
screening modality and the screening interval remains
controversial. Furthermore, an improved understanding
of the composition of immune cells present within the
tumor and surrounding microenvironment as well as
their function may further elucidate this observation.
AN patients are more likely to present with later
stage disease resulting in worse outcomes and the
inability of patients to obtain surgical resection, the only
curative therapy for gastric cancer. The Alaska Tribal
Health System is a unique health system with 58 tribal
health centers, 160 tribal community health aide clinics,
and 6 regional hospitals dispersed throughout a vast
land mass that covers more than 25% of the contiguous
US. Patients with cancer are referred to the Alaska
Native Medical Center (ANMC), a tertiary hospital in
Anchorage, Alaska where they receive cancer therapies
[18]
according to standard international guidelines .
Many of the AN patients included in this study must
travel to ANMC to receive their care and medical
treatments. The average patient distance from ANMC
and its effect on patient care and outcomes has not
been studied but is worthy of further investigation. Our
study revealed AN patients who received surgery with
or without chemotherapy had a better overall survival
compared to patients who received chemotherapy
alone. Further, patients who received neoadjuvant,
surgery, and adjuvant treatment had the best overall
survival. Our data supports recent studies that have
shown perioperative chemotherapy and/or adjuvant
treatment significantly improves overall survival in
[39,43,44]
patients with resectable gastric cancer
. Because
no clinical trials addressing the benefits of perioperative
and adjuvant treatment included AN patients, our
study suggest AN patients also benefit from having
perioperative and/or adjuvant treatment with surgery.
However, a randomized clinical trial that included AN
patients would be necessary to confirm this finding.
In addition to surgery, patients who had more than 15
regional lymph nodes examined at the time of resection

Table 4 Multivariable Cox regression analysis for variables
associated with overall survival
HR
AJCC stage
I
II
III
IV
Treatment
Chemotherapy
None
Neoadjuvant, surgery
Surgery only
Surgery, adjuvant
Neoadjuvant, surgery, adjuvant
Blood type
A+
AB+
B+
O+
Unknown
Chronic gastritis, yes vs no

95%CI

P 1 value
0.004

1.00
1.59
3.09
3.08

0.74-3.32
1.32-7.27
1.53-6.19
0.007

1.00
2.80
0.28
0.48
0.19
0.18

1.57-5.00
0.10-5.31
0.15-12.61
0.06-5.17
0.5-5.31
0.160

1.00
0.81
1.01
1.40
0.63
1.01

0.34-2.23
0.45-2.24
0.84-2.54
0.31-1.17
0.59-1.69

0.970

1

Bold type indicates statistical significance (P < 0.05). HR: Hazard ratio; CI:
Confidence interval; AJCC: American Joint Committee on Cancer.
[34,35]

gland
. Understanding how environmental and
dietary factors play a role in increased risk of gastric
cancer among AN people requires further investigation.
This study also revealed differences between AN
male and female gastric cancer patients. AN males
were diagnosed at an earlier age, while AN females
were more likely to be diagnosed at a later stage.
Many of AN female patients also elected not to receive
treatment 36%, compared to 24% of males, regardless
of stage of diagnosis. In our study, AN males were
more likely to use tobacco compared to the AN females,
which has been reported by Alaska’s Behavioral Risk
Factor Surveillance System (BRFSS) in the general
[36]
AN population . Further, 82% of AN patients were
current or former smokers, which is higher than
[36]
the reported 42% of the total AN population . We
also observed similar trends between AN males and
females with regards to concurrent H. pylori infection,
gastritis, GERD, and gastric ulcer. The diagnosis of
gastritis, GERD, and gastric ulcers are all known risk
factors for developing gastric cancer. Approximately a
third of AN patients reported a family history of a firstdegree relative with gastric or colorectal cancer, which
[19,33,37]
is higher than reported in other studies
. Previous
studies reported that gastric cancers within a population
share similar pathological characteristics, suggesting
the association of genetic, environmental and lifestyle
[7,38]
factors with gastric carcinogenesis
. However, further
research is needed in order to evaluate how genetic,
environmental, and lifestyle factors play a role in AN
gastric cancer.
Our study is the first study to evaluate clinical
outcomes in AN gastric cancer patients. We observed
that overall survival was influenced by AJCC stage,
blood type, chronic gastritis and treatment. While
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had a better overall survival when compared to patients
who had less than 15 lymph nodes examined. Previous
studies have shown lower recurrence and increased
survival in patients who received extended lymph node
dissection with a D2 lymphadenectomy of 15 or more
[45,46]
lymph nodes
. However, these results have not been
[47,48]
consistent across all studies
, and this issue remains
controversial.
There are limitations to our study. First, the small
number of AN gastric cancer cases diagnosed at ANMC
from 2006-2014 limited our power to detect modest
associations. The AN population is relatively smallconsisting of 150000 people. In order to conduct this
study, we reviewed all AN gastric cancer cases diagnosed
at the ANMC between 2006-2014, approximately
132 cases. Records from this timespan had the
epidemiological information needed to conduct this
study, which is why we focused on these individuals.
Even with the small number of cases, we were able to
detect significant differences in the results. Although
the AN population is small, we feel this population is
worthy of study because of the poor clinical outcomes
and gastric cancer mortality rates that are unique to this
population within Alaska. Second, as a retrospectively
assembled surveillance study, some relevant confounders
were not documented and could not be assessed; for
example, blood type has been shown to correlate with
gastric cancer prognosis, but was not assessed in 20%
of our patients. Future studies need to include relevant
confounders, particularly blood type. In addition, family
history and tobacco use are captured in AN medical
records as patient-reported, which may result in
[49,50]
artificially lower percentages due to under reporting
.
Finally, our retrospective surveillance study of AN
gastric patients was selected from the ANMC hospitalbased registry, which represents approximately 80% of
AN gastric cancer cases reported to the SEER-funded
AN Tumor Registry. The 20% of patients not in the
hospital registry are most likely living outside of Alaska,
receiving care at private hospitals, or traveling to other
regions of the US for treatment. For accuracy, it would
be beneficial to have data on all AN patients, but due to
our limitations, the current study uses only patients who
were cared for in Alaska at ANMC. It is possible that by
not including all AN people we are introducing an element
of selection bias into our results, however similar trends
in clinical or pathological characteristics were observed
between the AN SEER and AN ANMC Hospital-based
registries. By utilizing the ANMC hospital-based registry
we were able to further evaluate clinicopathological and
treatment outcomes that were not collected by the SEER
registry.
In summary, gastric cancer in AN people is distinct
from the NHW population. AN patients were observed to
have increased incidence, poorer prognosis, earlier age of
diagnosis, and variation in location, and subtype of gastric
cancer. These clinicopathological characteristics could
be driven by multiple variables including, socioeconomic
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factors and biological differences, such as lifestyle
differences, genetic alterations, and environmental
exposures. Our findings confirm the importance of
early detection, treatment, and surgical resection for AN
patients with resectable gastric adenocarcinoma in order
to optimize patient outcomes. This study highlights the
need for further investigation into understanding the
basis for the increased incidence and poorer prognosis of
this devastating cancer in AN people.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Gastric cancer is a leading cancer health disparity among the Alaska Native (AN)
people, with a 3-fold higher incidence and mortality rate compared to United
States non-Hispanic White (NHW) people. There are currently a paucity of
studies investigating the clinicopathologic features of this disease in AN people,
and their relationship to clinical outcomes.

Research motivation

This study was conducted to gain a deeper understanding of AN gastric cancer
patient characteristics, pathologic variables, clinical patterns of care, and patient
outcomes to gain insights into to this cancer health disparity.

Research objectives

In order to further investigate how to reduce gastric cancer incidence and
mortality rates among the AN population, we sought to evaluate recent trends in
gastric cancer incidence, response to treatment, and overall survival outcomes
in this high incidence population. A greater understanding of gastric cancer
incidence and response to treatment among the AN people may facilitate the
design of screening programs or the identification of early detection measures,
and elucidate new areas for future investigation to potentially reduce incidence
and improve patient outcomes.

Research methods

We performed a retrospective analysis of 132 AN gastric cancer patients
treated at the Alaska Native Medical Center (ANMC) from 2006-2014, utilizing
the ANMC Tumor Registry and manual patient chart reviews. We compared our
findings to data on United States (US) NHW and AN gastric adenocarcinoma
patients obtained from the US National Institute’s SEER Program of the
National Cancer Institute 18 dataset for the period 2006-2014. Data were
analyzed using software SPSS 23.0.

Research results

AN patients differ from NHW patients in that they have a higher prevalence
of non-cardia tumors, unique histological features with a higher incidence of
the diffuse subtype, and a higher incidence of signet ring cell carcinomas. AN
females were more likely to be diagnosed with stage IV cancers compared
to AN males. We observed a decreased overall survival among AN patients
with advanced stage disease, O+ blood type, < 15 lymph nodes examined at
resection, and no treatment. AN gastric cancer patients have a higher incidence
rate, a poorer overall survival, and are diagnosed at a significantly younger
age compared to NHW patients. This study is the first report detailing the
clinicopathologic features of gastric cancer in AN people, as well as information
on patterns of care, and clinical outcome data.

Research conclusions

Gastric cancer in AN people is distinct from the NHW population. AN patients
were observed to have increased incidence, poorer prognosis, earlier age of
diagnosis, and variation in location, and histological subtype of gastric cancer.
These clinicopathological characteristics could be driven by multiple variables
including, socioeconomic factors and biological differences, such as lifestyle
differences, genetic alterations, and environmental exposures. Our findings
confirm the importance of early detection, treatment, and surgical resection
for AN patients with resectable gastric adenocarcinoma in order to optimize
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patient outcomes. This study highlights the need for further investigation into
understanding the basis for the increased incidence and poorer prognosis of
this devastating cancer in AN people.

12

Research perspectives

13

Our work highlights the unique clinical and pathologic features of gastric cancer
in the AN population. The high incidence of this cancer warrants prompt referral
for endoscopic evaluation of AN patients presenting with gastrointestinal
symptoms. Of particular concern is the finding that younger women present
more frequently with stage IV disease, emphasizing the need to consider a
diagnosis of gastric cancer earlier in this population. Clinical outcomes are
poor in this population, despite the fact that patients are treated according to
standard guidelines. An important area for future study will be investigations
into the molecular features of gastric cancer in AN people, with the goal of
identifying new prognostic and predictive markers that may improve treatment
regimens, and possibly identify new targets for precision medicine.

14
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AIM
To understand the cellular and molecular changes in
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peripheral blood that can lead to the development
of hepatocellular carcinoma (HCC) and provide new
methods for its diagnosis and treatment.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the second leading
[1]
cause of cancer deaths in the word . According to
the World Health Organization (WHO), approximately
788000 people die from primary liver cancer each year.
It has been reported that the morbidity and mortality
[2,3]
of HCC in China are very high
. Improvements
have been made in HCC treatment, including surgery,
chemotherapy, radiation therapy, and ablation; however,
HCC still has a poor prognosis because of recurrence
[4]
and tumor metastasis .
Studies have shown that tumors can establish the
tumor microenvironment by regulating lymphocytes,
which play an important role in tumor development
[5,6]
through inflammatory immunity . Tumor cells can
inhibit the function of tumor infiltrating lymphocytes
(TILs) in the tumor microenvironment through inhibitory
signaling pathways in the immune system; this process
[7,8]
results in the immunosuppression of tumors . Tumors
can also accumulate infiltrated immune cells to inhibit
anti-tumor effects by secreting immunosuppressive
factors, such as interleukin-2 (IL-2), transforming
growth factor-β (TGF-β), matrix metalloproteinase
(MMP), vascular endothelial growth factor (VEGF), and
[9]
interleukin-10 (IL-10), into the microenvironment .
It has also been reported that tumors can affect the
proliferation, migration, and survival of cancer cells
[10,11]
through the inflammatory effects of immune cells
. It
is well known that regulatory cells (Tregs) can promote
the development of tumors by inhibiting immune
[12]
surveillance . The knockdown of forkhead box P3
(Foxp3), which is specifically expressed in Tregs, can
reduce the immunosuppression of Tregs, which can
[13]
suppress tumor growth in mice with HCC . Therefore,
understanding the immune status, especially the
inflammatory state of cancer, may provide a new method
of immunomodulation for the treatment of cancer.
Studies have shown that TGF-β is one of the key
[14]
products of Tregs , and it maintains the internal
stability of stem cells and promotes fibrosis, embryonic
development, tissue repair, cell proliferation and diffe
[15]
rentiation, and immune regulation . Tumor-associated
TGF-β negatively regulates the host immune response
[16,17]
through the following mechanisms
. First, tumorassociated TGF-β mediates the differentiation of Th1
cells to Th2 cells via IL-10. Second, tumor-associated
TGF-β directly inhibits M1 giant macrophages and the
antitumor immune responses mediated by Th1. Third,
tumor-associated TGF-β inhibits the functions of CD8+ T
lymphocytes, natural killer (NK) cells, and dendritic cells,
which have cytotoxic effects. Fourth, tumor-associated
TGF-β produces CD4+ CD25+ Tregs to inhibit the
[18]
function of other lymphocyte groups . Finally, tumorassociated TGF-β promotes M2 macrophages, which
can produce reactive oxygen species to promote tumor
development through secreting immunosuppressive
cytokines (TGF-β and IL-10), angiogenic factors (CXC
chemokines, MMP-9, and VEGF), proinflammatory

METHODS
Peripheral blood mononuclear cells were isolated from
the peripheral blood of HCC patients and normal controls
and then analyzed by flow cytometry. The percentage
of transforming growth factor-β (TGF-β)+ regulatory
cells (Tregs) in the peripheral blood was measured,
and the expression of TGF-β was also determined.
Then, the relationship between the changes and the
5-year survival of patients was analyzed. In addition,
recombinant human TGF-β (rhTGF-β) and recombinant
human interleukin-6 were added to stimulate the
cultured cells, and their effects on HCC were evaluated.
RESULTS
The expression of TGF-β and the percentage of
TGF-β+ Tregs in the peripheral blood of HCC patients
increased significantly compared with normal controls.
Compared with the low TGF-β expression group, the
high TGF-β expression group had a significantly lower
5-year survival rate, and the same result was found in
the two TGF-β+ Treg groups, suggesting that TGF-β
and TGF-β+ Tregs were negatively correlated with the
overall survival of the patients. In addition, rhTGF-β
promoted the growth of tumor cells and induced high
expression levels of IL-6, which further promoted tumor
proliferation.
CONCLUSION
The results showed that TGF-β may promote tumor
growth and proliferation by inducing the production of
IL-6, and TGF-β and TGF-β+ Tregs may serve as new
markers for predicting a poor prognosis in HCC.
Key words: Hepatocellular carcinoma; Transforming
growth factor-β; Regulatory cells; Peripheral blood
mononuclear cells; Interleukin-6
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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molecular changes in peripheral blood of hepatocellular
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diagnosis and treatment. The results showed that
transforming growth factor-β (TGF-β) may promote tumor
growth and proliferation by inducing the production of
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Table 1 Clinicopathological characteristics of 100 patients with hepatocellular carcinoma n (%)
Variables

HCC (n = 100)

Normal controls (n = 36)

P value

53.33

50.36

0.16
0.61

45 (45.0)
55 (55.0)

18 (50.0)
18 (50.0)

65 (65.0)
35 (35.0)

22 (61.1)
14 (38.9)

Average age (yr)
Age (yr)
≤ 50
> 50
Sex
Male
Female
T classification
T1
T2
T3
T4

0.68

12 (12.0)
36 (36.0)
42 (42.0)
10 (10.0)

HCC: Hepatocellular carcinoma.

cytokines (IL-1, TNF-α, and IL-6) and tumor growth
factors. TGF-β has a dual role in the development of
tumors, and it can promote the invasion and metastasis
of tumor cells mainly by regulating the immune system
[16]
and tumor microenvironment .

The cells were counted using a microscope, and the
6
cell concentration was adjusted to 2 × 10 /mL. A total
of 200 μL of each cell suspension was pipetted into a
96-well flat bottom cell culture plate, and 1 μL of 10
μg/mL PMA, 2 μL of 100 μg/mL IO, and 2 μL of 300
μg/mL BFA were added. The cells were incubated at
37 ℃ with 5% CO2 for 4-5 h and then subjected to
flow cytometry and analysis.

MATERIALS AND METHODS
Patients and blood sample collection

Flow cytometry analysis

We included 100 patients with HCC who were diagnosed
at Beijing Cancer Hospital between 2010 and 2014,
and we included 36 healthy subjects without any
signs of disease. Blood samples were collected before
any treatment. According to the 2002 American Joint
Committee on Cancer (AJCC) staging criteria, the
samples were divided into two groups: Early stage
(stages I and II) and late stage (stages III and IV).
All patient information is shown in Table 1. Of the HCC
patients, 63 were followed up until death or until July
31, 2017. The median follow-up time was 40.3 mo
(mean ± SD: 40.3 ± 11.6 mo). All participants provided
informed consent, and the study was approved by the
Ethics Committee of Beijing Cancer Hospital.

CD4 and CD3 antibodies were added to label the cells.
A Foxp3 antibody was also added to detect the Tregs. A
constant volume of 100 μL of phosphate buffered saline
(PBS) was used for the flow cytometry analyses, which
were performed on a BD FACSCalibur system.

Cell culture

HepG2, PLHC-1, and LMH cell lines were selected for
cell culture, and all three cell lines were cultured in
an incubator at 37 ℃ and 5% CO2. rhTGF-β or rhIL-6
(PeproTech, Rocky Hill, NJ, United States) was added
to three 6-well plates containing the three HCC cell
lines to stimulate the tumor cells for 24-48 h according
to the manufacturer’s instructions. To analyze the
proliferation rates, 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assays and cell
counting were performed.

Measurement of cytokines

Whole blood samples from all patients and normal
controls were centrifuged at 3000 g for 10 min to collect
the serum; then, the concentrations of TGF-β and IL-6
were measured by enzyme-linked immunosorbent
assay (ELISA) kits (eBioscience, Waltham, MA, United
States) and human inflammation CBA kits (BD
Biosciences, San Jose, CA, United States), respectively.

Statistical analysis

Statistical analyses were performed using GraphPad
Prism 5.0 (San Diego, CA, United States). The data
are expressed as the mean ± SD. T-tests were used
to assess the differences between groups. The overall
survival rates of HCC were analyzed with Kaplan-Meier
curves. All tests were two-tailed, and P < 0.05 was
considered to be statistically significant.

Collection and culture of peripheral blood mononuclear
cells ( PBMCs)

Density centrifugation of 5 mL of heparinized peripheral
blood from patients with HCC and normal controls was
performed to obtain PBMCs. There were two steps of
the horizontal centrifugation: 2000 r/min for 20 min
[19]
and 15000 r/min for 10 min . The final cell pellet was
resuspended and cultured in the appropriate amount
of 1640 medium containing 10% fetal bovine serum.

WJG|www.wjgnet.com

RESULTS
Increased expression of TGF-β in the serum of liver
cancer patients

We measured the levels of TGF-β in the serum of 100
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levels of TGF and Tregs.

Serum
400

c

TGF-β activates IL-6 production in HCC to promote
tumor growth

TGF-b (ng/mL)

300

Three human HCC cell lines, namely, HepG2, PLHC-1,
and LMH, were selected for this study. We added rhTGF-β
to stimulate the three HCC cell lines and then detected
changes in their biological function. Compared with the
untreated group, all three HCC cell lines treated with
100 ng/mL rhTGF-β for 48 h showed significant cell
proliferation afterwards (Figure 4A). We also examined
IL-6 levels in the cell supernatants and found that IL-6
levels were significantly higher in the rhTGF-β-treated
cell supernatants than in the untreated cell supernatants
(Figure 4B). Furthermore, the three HCC cell lines
were treated with rhIL-6, and significantly higher cell
proliferation rates were found in all three HCC cell lines
treated with rhIL-6 than in the untreated cells (Figure
4C). These results indicate that TGF-β has the potential
to promote HCC cell proliferation, and it can also
mediate IL-6 production to promote further tumor cell
proliferation.

200

100

0

HCC

NC

Figure 1 Levels of transforming growth factor-β in the serum of
hepatocellular carcinoma patients and normal controls. cP < 0.001. TGF-β:
Transforming growth factor-β; HCC: Hepatocellular carcinoma.

patients with HCC and 36 normal controls using ELISAs.
The results showed that the serum levels of TGF-β were
significantly higher in HCC patients (225.82 ± 48.93
ng/mL) than in normal controls (57.29 ± 11.70 ng/mL,
P < 0.0001, Figure 1).

DISCUSSION

Tregs are associated with the progression of HCC

This study demonstrated that the levels of TGF-β and
TGF-β+ Tregs in the peripheral blood were significantly
higher in HCC patients than in normal controls, and
these levels were negatively associated with the 5-year
survival of HCC patients. At the same time, TGF may
promote the development of tumors by inducing IL-16
expression, suggesting that peripheral TGF-β and
TGF-β+ Tregs can be used as potential markers to
predict a poor prognosis in HCC patients.
Understanding the immune status, especially the
inflammatory state of cancer, may provide a new
method of immunomodulation for the treatment of
cancer. In the early stages of cancer, or the stages of
hepatocellular degeneration and injury, abnormally
high expression levels of IGF-II have been observed,
which can be an indicator for the early diagnosis of liver
cancer. Liver injury may be caused by the abnormal
activation of the IGF-II gene by the cancer-causing
[20,21]
factor diethylnitrosamine
. It was also reported that
high expression levels of IGF-II in the serum and livers
of rats are events in the early and advanced stages
[21]
of the occurrence and development of liver cancer .
Some studies have shown that VEGF is more sensitive
for the prediction of liver cancer in patients with
cirrhosis related to hepatitis C virus (HCV), and VEGF
[22]
expression is related to tumor vascular invasion .
VEGF expression has been associated with tumor
diameter and lymph node metastasis, and its positive
rate is 72.0% in HCC. Therefore, VEGF may be applied
for evaluating hematopoietic liver cancer metastasis
and predicting HCC with HCV. It has been reported
that the expression levels of Golgi protein 73 (GP73)
are significantly higher in HCC serum samples than

Studies have shown that TGF-β is one of the key
[14]
products of Tregs . We performed flow cytometry
analyses of 100 HCC samples and 36 normal controls,
and the results clearly indicated TGF-β-expressing cell
populations in the PBMCs and Tregs. The population of
TGF-β-expressing cells in the Tregs was analyzed by
flow cytometry, and Figure 2A is representative of all
the data figures. A statistical analysis showed that the
proportion of TGF-β+ Tregs was significantly higher in
HCC patients (14.14 ± 6.02%) than in normal controls
(3.00 ± 1.43%, P <0.001, Figure 2B). In fact, the
percentage of TGF-β+ Tregs was significantly higher
in HCC patients in advanced stages (15.47 ± 6.95%)
than in HCC patients in early stages (12.70 ± 4.37%)
and normal controls (Figure 2C), suggesting a possible
positive correlation between the presence of TGF-β+
Tregs and tumor progression.

Increased levels of TGF-β and TGF-β+ Tregs may predict
a poor prognosis for HCC

In this study, we analyzed the effects of high and low
levels of peripheral blood TGF-β and TGF-β+ Tregs
on the five-year survival rate of 63 patients with
HCC who were followed up. The results showed that
compared to the low TGF production group, the high
TGF-β production group had a significantly lower
overall survival rate (Figure 3A, 31.0% vs 53.0%, P =
0.010). Compared with the low TGF-β+ Tregs group,
the high TGF-β+ Tregs group had a significantly higher
death hazard rate (Figure 3B, 38.0% vs 53.5%, P =
0.047). The results suggest that the overall survival of
the patients with HCC is negatively correlated with the
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in control serum samples. GP73 has high specificity
and sensitivity for diagnosing HCC and is expected to
[23]
be validated as another liver cancer marker . The
expression levels of des-gamma-carboxy prothrombin

WJG|www.wjgnet.com

(DCP) are affected by the pathological type and stage of
tumors and the type of hepatic lesions in HCC. Its ability
to diagnose HCC is better than that of alpha fetoprotein
(AFP) and AFP-L3, which are first-line clinical tumor
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markers, and it can be used as an early indicator for
[24,25]
diagnosing liver cancer
.
Tregs are a subpopulation of T lymphocytes that
have unique in vivo functions; Tregs can secrete IL-4,
IL-10, and TGF-β and inhibit effector T cells, and they
are involved in autoimmune diseases, transplantation
[26]
immunity, and tumor immunity . According to the
biological function of Th cells and Tregs, there is a
dynamic balance between the two types of immune cells.
The disruption of the balance between proinflammatory
Th17 cells and suppressor Tregs is a key factor in the
development of inflammation, autoimmune diseases,
and tumors, and their expression levels in different
immune response types are not the same. Recent studies
have shown that tumor cells secrete multiple factors that
[27,28]
can induce the production of Tregs
. Thl7 cells are
negatively correlated with tumor progression because of
the reduction in their number and proportion, whereas
Tregs are positively correlated since their quantity and
[29]
proportion are increased ; these data are consistent
with the findings of our study. Tregs can suppress
immune surveillance during tumor development in a
[30]
mouse model of carcinogen-induced sarcoma . Tregs
can also be considered as the main component of tumor
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evasion of the host immune system and, thus, can serve
as an indicator of poor prognosis and even as a target for
[31-33]
immunotherapy
.
In summary, our study demonstrated that the
levels of expression of TGF-β and TGF-β+ Tregs in the
peripheral blood of HCC patients were significantly
increased and were related to the progression of HCC
and the 5-year survival of patients. This suggests that
peripheral blood TGF-β levels can serve as a potential
indicator of poor prognosis for HCC and provide a more
effective method for the diagnosis and treatment of
HCC.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Although the treatment of hepatocellular carcinoma (HCC) has been improved,
including surgery, chemotherapy, radiation therapy, and ablation, prognosis
remains poor because of the recurrence and tumor metastasis.

Research motivation

Understanding the immune status, especially the inflammatory state, of cancer
may provide insight into the development of new immunomodulation methods
for the treatment of cancer and may potentially provide novel prognostic
predictors of HCC.
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Research objectives

10

To understand the cellular and molecular changes in peripheral blood that can
lead to the development of HCC and provide new methods for its diagnosis and
treatment.

11

Research methods

Peripheral blood mononuclear cells were isolated from peripheral blood of HCC
patients and normal controls and then analyzed by flow cytometry. The percentage
of transforming growth factor-β (TGF-β)+ Treg cells in peripheral blood was
measured, and the expression of TGF-β was also detected. The relationship
between the changes and the 5-year survival of patients was analyzed. In addition,
recombinant human TGR-β and recombinant human IL-6 were added respectively
to stimulate the cultured cells to evaluate its effect on HCC.

12
13

Research results

14

The expression of TGF-β and the percentage of TGF-β+ Treg cells in peripheral
blood in HCC patients increased significantly compared with normal controls.
Compared with the low TGF-β expression group, the 5-year survival rate was
significantly lower in the high TGF-β expression group, and the same result
was found in the two TGF-β+ Treg groups, suggesting that TGF-β and TGF-β+
Treg cells were negatively correlated with the overall survival of the patients. In
addition, recombinant human TGF-β promoted the growth of tumor cells and
induced high expression of IL-6 which can further promote tumor proliferation.

15
16

Research conclusions

The results showed that TGF-β may promote tumor growth and proliferation by
inducing the production of IL-6, and TGF-β and TGF-β+ Treg cells may serve
as new markers for predicting poor prognosis of HCC.

17
18

Research perspectives

Our study provided a novel insight to understand the cellular and molecular
changes in peripheral blood of HCC and provide new methods for its diagnosis
and treatment.

19
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Abstract
AIM
To perform a comprehensive review and provide an
up-to-date synopsis of the incidence and trends of
inflammatory bowel disease (IBD).
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METHODS
We systematically searched the MEDLINE (source
PubMed), EMBASE and Cochrane Library databases
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines
(period: 1985-2018) to identify studies reporting
population-based data on the incidence of pediatriconset (< 19 years at diagnosis) IBD in full manuscripts.
Two authors carried out screening and data extraction.
Choropleth interactive maps and temporal trends were
used to illustrate the international differences and
incidences of and changes in IBD and subtypes.
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RESULTS
In total, one hundred forty studies reporting data
from 38 countries were considered in this review.
The highest annual pediatric incidences of IBD were
23/100000 person-years in Europe, 15.2/100000 in
North America, and 11.4/100000 in Asia/the Middle East
and Oceania. The highest annual incidences of Crohn’s
disease (CD) were 13.9/100000 in North America and
12.3/100000 in Europe. The highest annual incidences
of ulcerative colitis (UC) were 15.0/100000 in Europe
and 10.6/100000 in North America. The highest annual
incidences of IBD-unclassified (IBD-U) were 3.6/100000
in Europe and 2.1/100000 in North America. In the
time-trend analyses, 67% of CD, 46% of UC and 11%
of IBD-U studies reported an increasing incidence (P
< 0.05). The risk of IBD is increasing among firstgeneration of migrant populations.

following three forms of idiopathic inflammation of the
gut: ulcerative colitis (UC), Crohn’s disease (CD) and
IBD-unclassified (IBD-U). The differentiation of IBD-U
from CD and UC remains difficult; thus, the incidence
of IBD-U must be explored. Approximately 25% of
patients first present symptoms before the age of
[1]
18 years , and the incidence in children over 10 years
[2]
of age is clearly increasing . The incidence of IBD in
industrialized countries is higher than that in developing
countries; however, overwhelming data suggest that
[3]
its prevalence is increasing worldwide in both adult
[4]
and pediatric populations and that its distribution
[5]
is uneven among regions . Many explanations have
been proposed, but the hypothesis that exposure to
environmental and genetic factors is a fundamental
contributor to the development of IBD has been
[6-10]
challenged by several new observations
. Whether
the etiology of pediatric-onset IBD differs from that of
[11]
adult-onset IBD remains unknown . Thus, there is a
great need to summarize global information regarding
the pediatric IBD incidence and disease burden in
different settings and perform subsequent analyses of
the underlying factors.
The aim of this review is to delineate the incidence
of pediatric IBD (defined as onset at an age < 19 years)
and summarize the latest incidence trends based on a
comprehensive review of credible studies.

CONCLUSION
Globally, the incidence of IBD varies greatly by
geographical areas. The steadily increasing incidence
of pediatric IBD over time indicates its emergence
as a global disease, suggesting that studies should
investigate the environmental risk factors among
pediatric cohorts.
Key words: Children; Incidence; Inflammatory bowel
disease; Crohn’s disease; Ulcerative colitis; Inflammatory
bowel disease-unclassified

MATERIALS AND METHODS

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

Search and study selection

We conducted a systematic literature search according
to the Preferred Reporting Items for Systematic
[12]
Reviews and Meta-Analyses (PRISMA) . Articles were
identified using computer-stored databases and manual
search. A search of English and non-English language
journals in the MEDLINE (source PubMed), EMBASE via
OvidSP, and Cochrane Library databases was conducted
to identify original studies investigating IBD incidence
published between January 1, 1985 and March 2018.
Suitable papers were subsequently catalogued. The
Cochrane library was reviewed. We searched for the
following strings according to the MeSH headings:
“pediatric”[MeSH Terms] and “inflammatory bowel
disease”[All Fields] or “Crohn´s disease”[All Fields] or
“ulcerative colitis”[All Fields] or “inflammatory bowel
disease unclassified”[All Fields] or “indeterminate colitis”
[All Fields] and “incidence”[All Fields] or “children”[MeSH
terms] or “adolescents”[MeSH terms] and “populationbased studies”[All Fields] or “national registries”[All
Fields] or “health administrative database”[All Fields]
and “individual country names”[MeSH terms]. The
detailed search strategy is shown in Figure 1.

Core tip: The incidence of inflammatory bowel
disease (IBD) is unclear in the pediatric literature. We
comprehensively reviewed and critically evaluated
population-based and national cohort studies inves
tigating the incidence of IBD and its global trends.
One hundred forty studies met the inclusion criteria.
The incidence of pediatric-onset IBD has been steadily
increasing over time in different geographical areas
in both developed and developing regions worldwide,
whereas those in the West may have reached a plateau.
This indicates the emergence of an IBD epidemic;
however, incidence data from developing regions are
limited. Exploring the changes and increasing incidence
of pediatric IBD may provide new insights into the
potential etiology of IBD.
Sýkora J, Pomahačová R, Kreslová M, Cvalínová D, Štych P,
Schwarz J. Current global trends in the incidence of pediatriconset inflammatory bowel disease. World J Gastroenterol 2018;
24(25): 2741-2763 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i25/2741.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i25.2741

Data extraction

The data extraction was performed independently by
two researchers (Schwarz J and Sýkora J) using set
criteria to analyze the title and abstract and extract all
relevant study-specific data required for the analysis.

INTRODUCTION
Inflammatory bowel disease (IBD) encompasses the
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Identification

2921 unique citations identified
through databases search (Medline,
Embase, Cochrane, Library)
2677 records excluded by title
and abstract iterative review with
general criteria

Screening

Eligibility

Included

244 records eligible for full-text
assessment

104 full-text articles excluded due to:
Not meeting selecting criteria
No incidence rate
Hospital-surveys
Non representative population
Only reported number of paediatric cases or prevalence
Not original study
Duplicates

140 studies included in systematic review:
99 paediatric studies
41 adult/paediatric studies

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart diagram for study selection.

This strategy was performed iteratively until no more
relevant publications were found. During the full-text
screening stage, we analyzed papers for inclusion
suitability and adequate information regarding the
incidence of IBD or calculation of incidence, and a
final decision was made about inclusion/exclusion.
In addition, the references in the relevant articles
were checked by the first author. From each study,
the data were extracted and sorted by the following
variables: name of the study, leading author, journal,
publication year, study period, type of study, age, study
location, crude incidence rate and time trends. Doubleextracted data were verified, when a disagreement
occurred related to data extraction, this was resolved
by consensus. Attempts were made to clarify missing
data and any uncertainties or errors found in the studies
by consulting with the corresponding authors. The
rates were extrapolated from the figures if the articles
reported data without specifying the numeric rates.
The average incidence was calculated if the incidence
rates were reported separately for females and males
or by race/ethnicity. Reports focusing on immigrant/
indigenous populations were analyzed separately
based on the respective general population of the area.
After the selection of appropriate articles extrapolating
the incidence of IBD, a comprehensive review was
performed. We only included original studies with a
clear case ascertainment. A meta-analysis was not
undertaken due to the variability in the included records;
thus, a narrative review was conducted. The incidence
was measured as the number of cases/100000 personyears, and the temporal evolution was examined
to measure the effect of the calendar year on the
incidence. All studies were organized by world and

WJG|www.wjgnet.com

regional distribution and subsequently analyzed based
on the United Nations (UN) geoscheme devised by
[13]
the UN Statistics Division
regarding the assignment
of countries or areas to specific groupings as follows:
North America, Europe, Oceania, Asia, South America
and Africa. We created interactive (choropleth) maps to
visualize the resulting data worldwide and extrapolate
the incidence at the country level. Choropleth maps
depicting differences in the incidence rates by changes
in color were employed. If data were reported for only
a region within a country, the entire country was shown
on the map.

Quality assessment of selected papers

The quality of the incidence studies was assessed by
whether the diagnostic criteria were clearly defined
or recognized criteria (Lennard-Jones, Copenhagen
[14]
criteria) were implemented . The Critical Appraisal
Skills Programme was used to appraise the principles
of the studies based on the specific methodological
[15]
designs of the included studies . We extrapolated
the incidence at the country level and summarized the
incidence rates by jurisdiction in each study. The quality
characteristics of each paper are summarized in Table
1. The assessment of the studies yielded either an A
or B quality ranking based on the representativeness
of the cases. A representative study population was a
prerequisite for a study to be included in this systematic
review (A). Studies that included populations that
were not sampled across the entire country or had a
smaller population size were given a B quality ranking.
Because all papers were considered to contribute to
the determination of the incidence and differences in
incidence estimates, we included all studies without a
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Table 1 Summary of included pediatric-onset inflammatory bowel disease incidence studies stratified by continent and geographical areas
Study period

UC
CD
IBD
incidence incidence incidence

Year of
IBDU
Setting
publication
incidence

First author
/reference

Representativeness
of the case

< 18

1997-2007

6.7 a

4.8a

R

2013

Petritsch W et al[122]

B

< 15

1998-2000

2.3.

1.8.

R

2002

Country/Region/
Age (yr)
Province
Western and
North Europe
Austria/Styria
Denmark/
Eastern
Denmark

< 17

4.3.

1995-2013
2013

Denmark/
Eastern
Denmark
Denmark/
Eastern

< 15

Denmark
Denmark/
Copenhagen
County
Denmark/
Copenhagen
County
Denmark/
Copenhagen
County
Denmark/
Copenhagen
County
Denmark
Denmark/
Northern
Denmark/
Copenhagen
County
Finland
Finland

0.2

1998-2009

6.4a

< 15

1995-2012

< 15

1998-2000

4.3a

2002-2004

6.1

9.7a

6.7a

3.2a,b

3.1a,b

0.2a

Urne et al

B

[108]
[109]

Larsen et al

P

2016

A

R

2011

Jakobsen et al[110]

B

P

2014

[111]

Norgard et al

A

P

2008

Jakobsen et al[33]

B

3.1a

2.7a

2.3a

1.8a

0.2a

3.1

2.7

0.3

2.4a

3.3a

P

2017

Lophaven et al[103]

A

8.6-13.3a

P

1991

Langholz et al[106]

B

2.0a

P

1997

Langholz et al[105]

B

0.2

R

1992

Munkholm et al[62]

B

< 15

1980-2013

< 19

1962-1987

< 14

1962-1987

< 14

1962-1987

< 15

1962-1987

0.2-3.1a

2 - 1.6a

P

2009

Jakobsen et al[34]

B

< 15

1981-1992

0.8a

2.5a

P

1997

Fonager et al[107]

A

< 14

1978-2002

1.5

2.7

P

2006

Jacobsen et al[104]

B

< 17

2003-2005

4.4

5.5

P

2006

Vind et al[102]

B

< 18

1987-2003

5a

2a

4a

P

2011

Lehtinen et al[65]

A

2003

15

5

9.1
P

2006

Turunen et al[64]

A

< 17

2.2a

0.2a

1987-2003
1987

3.9a

2003

7

1.7a

2.2a

3.6

4.8

1

Finland

< 17

1986-1992

R

1998

Pebody et al[88]

A

Finland

< 18

1987-2003

6.5

2.1

4.1

P

2016

Lehtinen et al[89]

A

Finland

< 19

1987-2014

7-23a

6-8a

10-15a

R

2017

Virta et al[66]

A

< 16

2011-2014

13

France

< 17

1988-2011

3.1-6.3a

P

2016

Bequet et al[126]

A

France/Northern

< 17

1998-1999

3.1a

2.3a

0.8a

0.12a

P

2005

Auvin et al[43]

B

France/Northern

< 17

1988-2011

4.4a

3.2a

1.1a

0.1a

P

2017

Ghione et al[131]

B

France/Brittany

< 17

1994-1997

2.5

1.6

0.57

P

2000

Tourtelier et al[131]

B

France/Northern

< 19

1988-2007

3.4-5.9a

P

2011

B

France/Northern

< 17

1988-2002

2.6

P

2008

France/Northern

< 19

1988-2008

6.5-12.9a

P

2013

France/Corsica

< 19

2002-2003

12.3

6.2

P

2007

Chouraki et al[32]
Vernier-Massouille
et al[127]
Gower-Rousseau
et al[125]
Abakar-Mahamat
et al[128]

< 17

1988-1989

3.1

2.1

0.5

P

1991

Gottrand et al[130]

B

< 19

1960-2014

9.02a

2.52a

52a

P,R

2016

Hammer et al[19]

A

France/NordPas-de-Calais
The Farose
Islands
Iceland

Iceland

< 16

< 19

1.0a

8

1.52a

1950-2010
1951-1960

1.2

0.2

1.1

1961-1970

0.9

0.1

0.7

1971-1980

0.9

0.1

0.7

1981-1990

2.5a

1.2a

1.2a

0.1a

1991-2000/2001-2010

5.6/5.0

2.5/2.3

2.5/2.3

0.3/0.3

4.5

5

1990-1994
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[29]

B
B
B

P,R

2013

Agnarsson et al

A

P

2000

Bjornsson et al[112]

A
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R

2012

Hope et al[120]

A

P,R

2017

A

P

2004

Coughlan et al[121]
van der ZaagLoonen et al[124]

1.1a

P

2008

Ott et al[123]

B

2.1

P

2002

Bentsen et al[85]

B

1.3

P

1996

Moum et al[95]

B

2.7

2

P

2004

Stordal et al[93]

B

10.9b

6.8b

3.6b

P

2009

Perminow et al[92]

B

1993-2004

5.6-5.7a

2.0-3.6a

3.7-2.1a

P,R

2006

Perminow et al[60]

B

< 16

1984-1985

6.8

2.5

4.3

P

1989

Olafsdottir et al[97]

B

< 14

1984-1985

P

1988

Haug et al[163]

B

< 14

1990

P

1995

Moum et al[94]

B

< 14

1990-1993

P

1996

Moum et al[96]

B

< 17

1990-1998

6.9a

3.8a

2.1a

1.1a

R

1999

Askling et al[99]

B

< 15

1990-2001

7.4a

4.9a

2.2a

0.2a

P

2003

Hildebrand et al[59]

B

< 16

1983-1987

5.3

2.7

2.6

0.7

P

1994

Hildebrand et al[164]

B

< 15

2002-2007

12.8a,b

9.2a,b

2.8a,b

P

2013

Malmborg et al[38]

B

< 15

1984-1995

4.6-7.0a

1.2-1.3a

1.4-3.2a

< 14

1963-1967

1.4 - 0.7a

1983-1987

0.7

Ireland

< 16

2000-2010

2.5-5.6a

Ireland

< 10

2000-2014

0.8-3.3a

The Netherlands

< 18

1999-2001

5.2

2.1

1.6

< 15

2004-2006

4.0a

2.4a

< 16

1990-1994

4.2

2

< 14

1990-1993

< 16

1990-1993

4.7

< 18

2005-2007

< 16

Germany/
Southern
Norway/
Southeastern
Norway/
Southeastern
Norway/
Southeastern
Norway/
Southeastern
Norway/
Southeastern
Norway/
Western
Norway/
Western
Norway/
Souteastern
Norway/
Southeastern
Sweden/
Northern
Stockholm
Sweden/
Northern
Stockholm
Sweden/
Soutwestern
Sweden/
Stockholm
Sweden
Sweden
Sweden/the
Uppsala region
Sweden/the
Uppsala region
Sweden/the
Uppsala region

< 17

2005-2009

< 17

2005-2009

< 19

1965-1983

2.3a

1.1a

3

1.2

0

0.6

0.94

18.9

1.1a

8.9
10

1965-1970

5.9-5.0a

5.2-4.8a

1975-1983

4.8-3.2

3.9-2.7

< 19

1963-1987

< 14

1955-1983

< 15

1984-1985

4.8

1.7

1.7

UK/ Scotland

< 16

2003-2008

7.8a

4.8a

2.1a

1990-1995

4.5

2.9

1.6

< 16

0.6

2.5

Sweden/Orebro
Sweden/
Stockholm
County
Sweden

UK/Wesex
Southern
England

3.6

6
4.1

1.0a

P

2000

Lindberg et al[68]

A

R

1991

Lindberg et al[98]

A

P

2013

Sjoberg et al[100]

B

P

2014

Sjoberg et al[101]

B

R

1991

Ekbom et al[56]

B

R

1992

Tysk et al[165]

B

R

1997

Lapidus et al[35]

B

P

1991

Hildebrand et al[166]

A

P,R

2012

Henderson et al[2]

A

2014, 2018

Ashton et al Ashton
et al[116,117]

B

2002-2012/2013-2017
2002-2006

6.4a,b

3.8a,b

2.0a,b

2008-2012

9.4

5.9

2.6

A

P

UK/Scotland

< 16

1981-1995

3.4

2.3a

1.2a

R

2004

Armitage et al[114]

A

UK/Wales

< 16

1996-2003

5.4

3.6

1.5

P

2006

Ahmed et al[30]

B

UK/Wales

< 16

1995-1997

2.6

1.4

0.8

P

2000

Hassan et al[118]

B

UK/Wales
UK/
Northeastern
Scotland

< 16

1981-1995

2.5a

1.3a

R

2001

Armitage et al[53]

B

< 16

1980-1999
1980-1989

2.2

0.7

R

2002

Watson et al[115]

B

1990-1999

4.4

1.5
1.9-1.6a

R

1989

Barton et al[61]

A

R

2007

Gunesh et al[119]

B

UK/Scotland

< 16

1968-1983

0.7-2.3a

UK/Cardiff

< 16

1996-2005

2.7
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UK/
Leicestershire
UK/Wales South
Glamorgan

UK/British Isles
and Ireland
UK/Scotland
UK/East London
Northern
America
Canada/
Manitoba
Canada/
Metropolitan
Toronto
Canada/ 5
Provinces
Alberta

0.3a,d

R

1992

Probert et al[27]

B

2.2a

0.7a

R

1996

Cosgrove et al[57]

B

1983-1988

1.3

0.7

1989-1993

3.1

0.7

3.1a,d

1.4a,d

P

2001

Sawczenko et al[16]

A

< 10

1972-1989

< 16

1983-1993

< 16

1998-1999

< 19

1990-1992

< 20

1997-2001

< 17

1978-2007

< 17

1991-1996

< 16

1999-2010

5.3a,d

0.6d

2.9a
2.3-7.3a,d 2.4-8.1a,d

6.9a

B

3.7

2.7

R

2004

Griffiths[82]

B

9.7a

6.5a

2.4a

R

2017

Benchimol et al[31]

A

R

2009

Grieci et al[81]

B

P

2009

Benchimol et al[54]

B

P

2014

Benchimol et al[84]

B

R

2007

Pinsk et al[18]

B

R

2014

Benchimol et al[84]

B

P

2014

Leddin et al[83]

B

R

2014

Bitton et al[78]

B

P

2006

Bernstein et al[39]

A

P

2009

Lowe et al[80]

B

R

2010

Abramson et al[20]

2.7
2.8

Nova Scotia

15.2

9.3

4.2

Ontario

9.3

5.5

3.2

Quebec
Canada/
Suothwestern
Ontario

10.3

8.8

1

1997-2006

13.3a

4.9a

8.1a

0.3a

1997-2001

14.3

3.5

10.6

0.2

2002-2006

12.4

6

6

0.4

1994

9.5a

6.2a

4.4a

2005

11.4

7

4.8

0-9

2.9a

1.3a

1.3a

0.3

10-19

21.5

12.8

7.6

1.1

3.7d

1.0d

0.5d
2.1

1994-2005

1999-2008

Canada/British
Columbia

< 16

1985-2005

5.2d
15.2

6.4

6.7

Canada/Ontario

< 18

1994-2009

9.4-13.2a

5.2-7.9a

3.9-4.1a

Canada/Eastern

< 20

1996-2009

14-11a2c

4-6a2c

Canada/Quebec

< 19

2001-2008

Canada/ 5
Provinces
Alberta

0-9

2.0a

1.0a

10-19

20

4

< 19

4.1a

British Columbia

5.4

3.2

Manitoba

6.9

4.5

Nova Scotia

12

5.7

Saskatchewan

7.9

4.2

Canada/Qubec
U.S.A./Northern
Carolina
U.S.A/Wisconsin

< 19

1993-2002

< 17

1996-2006

< 18

2000-2001

7.05d

4.6d

2.1d

U.S.A/Wisconsin

< 18

2000-2007

9.5a,d

6.6a,d

2.4a,d

U.S.A/Georgia

< 19

1986-1995

8.8a,d

5.3a,d

U.S.A/Texas

< 17

1991-2002

U.S.A/Olmstedt
Minesota
U.S.A/Olmstedt
Minesota

< 19

0-1.5a2c

1998-2000
9.4a

U.S.A/Olmstedt
Minesota

13.9
2.2-4.3a,d 1.8-4.9a,d

0.5d
0.5a,d

1991-1996

1.1a

0.7a

0.3a

0.1a

1997-2002

2.4

1.3

0.5

0.7

3.4a

2.4a
3.2

1940-2000

A

El-Matary et[79]

4.2

< 19

Tsironi et al[17]

2014

5.9

Canada/Ontario

2004

P

7.2

< 18

1999

R

0.5-1.6a

9.7

Canada/Ontario

Armitage et al

R

1.2-4.7a

Manitoba

< 17

[113]

Kugathasan et al

B

P

2003

P,R

2013

Adamiak et al[22]

B

R

1998

Ogunbi et al[23]

B

R

2010

Malaty et al[52]

B

R

2007

Loftus et al[58]

B

[21]

B

1990-2000

4.8

< 14

1943-1982

0.75a

R

1988

Gollop et al[167]

B

< 19

1940-1993

2.5a

R

1998

Loftus et al[36]

B
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U.S.A/Northern
California
U.S.A/Olmstedt
Minesota
U.S.A/Rhode
Island

Latin America
Argentina/
Provinces
Argentina

< 18

1996-2002

< 19

1940-1993

< 19

2008-2010

3

2.9

R

2008

Herrinton et al[76]

B

1.8

R

2000

Loftus et al[168]

B

P

2016

Shapiro et al[77]

B

P

2017

Vincentin et al[87]

A

R

2009

Ahmaida et al[146]

B

R

2014

El Mouzan et al[149]

A

R

2006

El Mouzan et al

B

R

2011

Al-Quabandi

A

P

1989

Grossman et al[148]

B

0-9

4.5a

1.1a

0.0a

10-19

20.6

8.6

0.7

< 18

2012-2013
0.4

Buenos Aires

0.3

CABA

2.4

Chaco

0.3

Cordoba

0.3

Corrientes

0.6

Entre Rios

0.8

Mendoza

0.2

Misiones

0.9

San Juan

1

Tucana

0.2

Africa
Libya/Eastern/
Benghazi

Asia /Middle
East
Saudi Arabia
Saudi Arabia/
Riyadh
Kuwait
Israel/Tel Aviv
Israel/
Southeastern
the Kingdom of
Bahrain

Taiwan

< 15

1997

0.0a

2000

0.2

2006

0.9

< 14

2003-2012

0.5

< 18

1993-2002

0.5

< 15

1998-2008

2.2

< 19

1970-1980

< 19

1968-1992

3.6

R

1994

Odes et al[147]

B

< 19

1990-2015

3.7a

P,R

2017

Zayyani et al[152]

A

1990-1995

1.8

2010-2015

7.6
R

2004

Tsai et al[154]

A

R

2013

Chu et al[155]

A

R

2015

Chia Jung Kuo
et al[169]

A

2017

Jung et al[157]

B

R

2013

Wang et al[153]

B

R

2000

Yang et al[156]

B

R

2014

Naidoo et al[24]

B

< 18

Singapore

< 18

Taiwan

< 19

Korea/South

1997-2006

0.3

1.5

0.2

0.6
1

1979-2000
1979-1995

0.9a

0.9a

1996-2000

2.6

1

1996-2009
2000

2.2a

2008

11.4

2000-2010

0-9

0.1a

0.1a

10-19

0.2

0.2

1.62

2.02

< 19

0.03

2011-2014

10-14
15-19

8.22

4.82

2.9a

2.5a

[151]

P

China/Shangahai

< 18

2000-2010

Korea/Seoul

< 19

1986-1997

0-9

1986-1995/1995-1997

0-0.2

10-19

1986 -1995/1995-1997

0.2-0.9

< 16

1987-2011

< 16

1971-2001

0.1-2.0a

R

2003

Phavichitr et al[158]

B

< 16

1983-1998

2.0a

R

2009

Ponsonby et al[37]

B

< 16

1950-2009

R

2013

Schildkraut et al[159]

B

Australasia
Australia/
Randwick
Australia/
Victoria
Australia/
Victoria
Australia/
Victoria
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5.5a

[150]

33.1-4.3d

0.4-1.6a
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New Zealand
New Zealand/
Canterburry
New Zealand
Sousthern
Europe
Italy/Florence

< 16

Italy/Lazio

< 16

2015
1996-2015

< 15

2002-2003

< 15

1978-1992

< 19

2008-2009

5.2

3.5

1

7.2a
2.9d

0-9
10-19

2018

B

2008

1.9-3.4a

3.8-9.6a

R

1996

R

2014

2.5

2

8.72

7.52
P

< 14

1990-1993

1.2

Spain

< 18

1996-2009

1.0-2.8a,b 0.5-1.7a,b 0.4-0.9a,b

< 15

2010

18.3

10.3

8.7

< 14

2001-2003

2.6

1.7

0.9

Spain

< 18

1985-1995

0.2a1

Spain/Asturias

< 14

1993-2000

0.3

Spain/Northern

< 14

Spain/Aragon
Malta
Central and
Eastern Europe
Croatia/
PrimorskoGoranska
Czech Republic/
Moravia
Czech Republic
Czech Republic/
West Bohemia

0.9-1.4a
1.2

Lopez et al

[26]

Yap et al

A

Trallori et al[136]
Domenicantonio
et al[135]

B

2008

Castro et al[63]

A

1996

Ranzi et al[134]
Martin de Carpi
et al[42]

B

B

R

2013

A

1.2

P

2015

Fernandéz et al[50]

B

0.6

P

2008

Letamendia et al[137]

B

R

2014

0.2

0.1

P,R

2004

2000-2002

5.8

1.6

P

2004

< 14

1992-1995

0.4a

0.3a

P

1999

< 15

1993-2005

1.3a

7.9a

R

2008

Martin de Carpi
et al[51]
Fernandez
Gonzalez[170]
Rodrigo et al[44]
Lopez Miguel
et al[171]
Cachia et al[138]

< 18

2000-2004

8.7

0.9

P

2006

Sincic et al[47]

B

< 16

1998-2001

2.7a

1.8a

R

2004

Kolek et al[140]

B

P,R

2006

[139]

Pozler et al

A

2017

Schwarz et al

B

2013

Muller et al[141]

A

[46]

B

< 15

1990-2001

< 19

2000-2015

< 15
< 16

2007-2009

< 19

1977-2011

< 18

2002-2010

< 18

< 17

Yugoslavia/
Zagreb Croatia
Yugoslavia/
Zagreb Croatia

A

[161]

P

Italy/Lombardia

Slovenia/
Western

Lopez et al[160]

0.5d

1996-2003

Slovenia

2017

1.9d

< 18

Hungary
Hungary/
Veszprem
Slovenia/
Northestern

P
P

Italy

Spain/the Vigo
area
Spain/Navarra

0.7

2.2a

0.3a

0.3-.1.3a
10.0a

6.2a

2.8a

1.0a

P

7.3

4.6

2

0.7

P

7.5

4.7

2.3

0.5

P

[45]

Lovasz et al

A
B
B
B
A

0.0-7.2a

0.7-5.2a

P,R

2014

7.6

4.6

2.8

R

2014

Urlep et al[49]

B

2002-2004

5.7

3.9

1.8

2008-2010

8.9

5

3.4

2002-2010

7.6a,b

4.5a,b

2.9a,b

0.2a,b

R

2015

Urlep et al[48]

A

2002-2004

5.8

3.6

2.2

2005-2007

8.6

5.1

3.2

2008-2010

8.4

4.9

3.2

1994-2005

4.0a

2.4a

1.1a

0.5a

R

2009

Orel et al[143]

B

1994-1999

3

2

0.8

0.3

2000-2005

5.1

2.9

1.6

0.69
P,R

1991

Vucelic et al[145]

B

P,R

1991

Vucelic et al[144]

B

P

2009

KarolewskaBochenek et al[67]

A

P

2011

Lakatos et al[142]

B

< 14

1980-1989

< 14

1980-1989

Poland

< 18

2002-2004

Hungary/
Western

< 18

1977-2008

1.76
3.1
2.7

0.6

1.3

7.5a

5.5a

0.8

1

An approximate incidence rate at the beginning of the 25-year period based on the estimative population between the demographic census of 1981 and
1991; 2The incidence rates were extrapolated from Figures. Incidence: Incidence rates per 100000 person-years; P: Prospective; R: Retrospective; P,R:
Prospective/retrospective; a: Statistical significant for time trend analysis (P < 0.05); b: Study incorporated previously published cohort for comparison
from the same geographical area the rest of pediatric population; c: The only one study under the age of 20 years d: Studies on race, ethnicity and migration
compared to the rest of pediatric population. IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; IBD-U: Inflammatory bowel
disease-unclassified.
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Table 2 Summary of range in pediatric-onset inflammatory bowel disease incidence stratified by continent and geographical regions
Regions

IBD incidence

UC incidence

CD incidence

IBD-U incidence

Time period

Europe
North/West

0.5-23

0.3-15

0.2-12.3

0.2-3.6

1951-2017

East

2.7-10.0

0.9-5.2

0.25-8.6

0.3-1

1997-2015

South

0.1-18.3

0.1-9.6

0.5-10.3

0.6-1.2

1978-2005

North America

1.1-15.2

0.5-10.6

0.7-13.9

0.2-2.1

1940-2010

Latin America

0.2-2.4

NR

NR

NR

2012-2013

Africa

0.0-0.9

NR

NR

NR

1997-2006

Asia/Middle East

0.5-11.4

0.2-3.9

0.3-3.7

0.1

1968-2012

Australasia

2.9-7.3

0.4-1

0.1-3.5

0.7

1971-2015

NR: Not reported; Incidence: Incidence rates per 100000 person-years; IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; IBD-U:
Inflammatory bowel disease-unclassified.

quality assessment of each manuscript.

in study design was observed. The upper age limit
defining the pediatric population differed across the
studies and ranged mostly between 15 and 19 years.
The characteristics, distribution and detailed results of
the 140 incidence studies, including references, are
summarized in Table 1. As shown in Table 1, the ratio
of CD to UC and IBD-U varied geographically. Of the
included papers, 99 (71%) reported the IBD incidence
in children, while the remaining 41 (29%) reported the
rates of IBD in non-pediatric studies, but distinctions
were made between adults and children in reporting
the data. Of the 140 studies, the sample frame was
prospective in 72 (51%) studies and retrospective in 57
(41%) studies. The data of the 11 (8%) studies were
combined for this analysis.

Summarization of data

Population-based or national/subnational cohort studies
reporting incidence were included in the analysis of the
temporal evolution of IBD. The inclusion criteria were
as follows: (1) Population-based or national cohort/
health care administrative database studies (a study
was considered population-based if all residents within
specific areas were included, and the study population
was representative of the catchment area; studies were
considered at the national level as stated in the report
or if the study was multicenter involving multiple regions
in a country, sub-national level if only a particular region
was evaluated, or city level); (2) published full-text
manuscripts; (3) studies defining pediatric patients
as patients younger than 19 years of age; (4) studies
describing patients in the entire age range; and (5)
studies performed within the geographical regions
outlined by the UN. The exclusion criteria were as
follows: (1) Studies with a sample size < 5 patients; (2)
studies that did not report original data (e.g., review
articles, meta-analyses, conference presentations, and
guidelines); (3) studies that only demonstrated the
incidence of adult-onset IBD (IBD onset after the age
of 19 years); (4) studies reporting hospital surveys; (5)
studies reporting only the number of pediatric cases
(no incidence per population) and prevalence studies
because our interest was disease incidence; (6) studies
without defined study periods; and (7) duplicate studies
reporting the same outcome in an identical cohort. To
avoid selection bias due to cohort overlap, only the
most recent study was included.

Incidence of IBD

Broad variation was observed in the incidence rates,
which ranged from 0.5 to 23/100000 for IBD, 0.1
to 13.9/100000 for CD, 0.3 to 15.0/100000 for UC,
and 0.0 to 3.6/100000 for IBD-U. As shown in Table
2, the incidence of IBD greatly varied based on the
geographical region. The regions with the highest
IBD burden were Europe (0.2-23/100000) and North
America (1.1-15.2/100000). The regions with the lowest
reported IBD incidence were Oceania (2.9-7.2/100000),
Asia (0.5-11.4/100000), Latin America (0.2-2.4/100000)
and Africa (0.0-0.9/100000). The regions with the
highest reported incidence of CD were North America
(13.9/100000) and Europe (12.9/100000), while the
highest rates of UC were 15.0/100000 in Europe and
10.6/100000 in North America. The highest incidence
of IBD-U was 3.6/100000 in Europe and 2.1/100000
in North America. The current global status of the IBD
incidence is shown in Figures 2-5.

RESULTS
Study characteristics

Time trends in pediatric IBD

In total, 140 papers were retrieved, and a significant
proportion of the studies was conducted in European
countries (96 in Europe, 23 in North America, and the
remaining 21 in Latin America, Africa, Asia/Middle East
and Oceania); overall, the studies reported the IBD
incidence in 38 countries. Moreover, wide variability
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The incidence of IBD has been increasing worldwide.
The time-trend analysis illustrated an increasing or
stable incidence in North America, Europe and Oceania
and an increasing incidence in newly industrialized
countries in Asia, the Middle East and Africa. Of the 41
articles reporting the statistical significance (P < 0.05)
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Figure 2 Worldwide pediatric inflammatory bowel disease incidence rates. Inflammatory bowel disease (IBD) choropleth map of global incidence of pediatric IBD
divided into four colors representing unknown, low, indeterminate and high occurrence of disease. Grey reflects absence of data.
[24]

of a time-trend analysis of the overall IBD incidence,
30 (73%) studies reported an increasing incidence, 11
(27 %) studies reported no significant changes, and
no studies reported a decreasing incidence. Of the 71
studies that calculated the CD incidence, 48 (67%)
studies reported a significant increase, 2 (3%) studies
reported a significant decrease, and 21 (30%) studies
observed no significant changes. Of the 63 UC studies,
29 (46%) studies reported a significant increase, 29
(46 %) studies reported no significant changes, and 5
(8%) studies reported a significant decreasing trend. Of
the 19 studies calculating the IBD-U incidence, 2 (11%)
studies reported a significant increase, and 17 (89%)
studies reported no significant change.

Eastern ethnicities , one study described the Faroese
[19]
Islands , and the same authors described the risk of
IBD in first-generation Faroese immigrants.

DISCUSSION
This rigorous and timely review has several important
contributions. First, wide geographical and temporal
variations were observed globally. Second, North
America, Northern Europe and the UK have the highest
incidence worldwide. The incidences of IBD in Southern
and Eastern Europe and the Southern Hemisphere
also appeared to be high, whereas the incidence was
lower, but climbing, in Africa, South America, and Asia.
Third, the incidence of IBD is substantially increasing
in worldwide regions; however, data published during
the previous two decades demonstrate the plateauing
incidence of IBD in the Western world after a previously
[22,29-38]
documented increase
, but incidence remains high.
Currently, the incidence might be sharply increasing
in Southern and Eastern Europe and in Oceania. IBD
is emerging in other parts of the world (i.e., certain
parts of Asia/the Middle East, Africa) approaching the
rates reported in westernized nations, but given the
accelerating incidence found in many of these areas,
the incidence is expected to increase. These trends
clearly parallel those of the West that occurred along
with the increasing development more than four
decades ago indicating an emerging epidemic of IBD

Description of incidence studies involving migrant and
racial groups

Ten studies stratified according to migrant and race/
ethnicity in South Asian (SA), Asian, African-American,
[16-26]
Hispanic, Caucasian and Polynesian populations
.
The two studies performed in Canada described the
SA pediatric population, and one study compared
[18,25]
non-immigrants to SA immigrants
. The three UK
studies described the incidence in children with an Asian
[16,17,27]
background
. The four studies performed in the
US investigated Hispanic, Asian, African-American and
[20-22,28]
Caucasian populations
. One study performed in
[26]
New Zealand (NZ) described Polynesian children ,
one study performed in Australia compared Middle
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Figure 3 Worldwide pediatric Crohn’s disease incidence rate. Crohn’s disease choropleth map of global incidence of pediatric inflammatory bowel disease divided
into four colors representing unknown, low, indeterminate and high occurrence of disease. Grey reflects absence of data.

worldwide. This gap is considerably less pronounced
in 2018, and the narrowing differential gap may have
important implications for the worldwide IBD sequelae.
The incidence has increased in recent decades up to 23
for IBD in Finland, 13.9 for CD in Canada, 15 for UC in
Finland, and 3.6/100000 for IBD-U in the Netherlands.
Few studies using north-south/west-east gradients have
[39-42]
demonstrated particularly high rates in the north
,
[43]
[44]
except for northern France
and Spain . Although
our review did not specifically investigate disease
incidence gradients, this phenomenon has been less
[45-51]
prominent over the last three decades
.
The global incidence rates of IBD have risen
th
during the 20 century but data obtained during the
previous two decades are conflicting. The incidence of
[42,51,52]
IBD has increased mainly due to pediatric CD
,
whereas the incidence of UC has remained stable,
although an inverse distribution of CD and UC has
[2,4,20,31,32,38,53-57]
been reported
. Since 1950, 60% of
CD and 20% of UC pediatric studies have shown a
[4]
significant increase in incidence . 75% of CD and 60%
[55]
of UC studies show increasing incidence in adults .
In our systematic review, since 1985, 67% of studies
investigating CD, 46% of studies investigating UC, and
11 % of studies investigating IBD-U have reported
significant increasing in incidence worldwide. Thus,
the incidence rates might be increasing in virtually all
regions worldwide. However, the increase in UC was
more modest. We intriguingly suggest that the rising
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incidence of UC may be attributable to the fact that in
the emerging areas with a low incidence of IBD, UC has
[58]
emerged first, followed by CD after a variable period ,
[4,56,59-63]
similar to trends in earlier studies from the West
.
CD predominates over UC and IBD-U in areas with
a high IBD incidence. Recent data indicate higher rates
of pediatric CD than UC in Europe and North America,
[64-66]
[20]
except in Scandinavia
, Northern California ,
[63]
[67]
Southern and Eastern Europe , where the incidence
of UC exceeds that of CD. The reasons for these striking
differences in the rates among the three subtypes of
[28,68,69]
IBD remain uncertain
. IBD-U is more frequently
found in children than adults (children 12.7% vs adults
[70]
6.0%, P < 0.0001) .
Considerable geographical diversity in IBD is
observed. Moreover, several studies have reported
[31,65]
different incidence rates within a country
, high
[25]
lighting the role of the environment . Global data
exploring the similarities and differences might call for
future studies to extensively study genetic-environment
[71]
interactions
providing an opportunity to further
identify the contributing factors in locations where IBD
[72]
is emerging rapidly . Rates among ethnical/racial
[7]
groups raise further questions regarding why the
children of immigrants from the developing world have
increased rates of IBD. For example, the incidences of
[18,25]
IBD among immigrants of SA origin in Canada
, the
[16,27]
UK
, and in immigrants of Middle-Eastern descent
[24]
in Australia have been reported . In the state of
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Figure 4 Worldwide pediatric ulcerative colitis incidence rate. Ulcerative colitis choropleth map of global incidence of pediatric inflammatory bowel disease
divided into four colors representing unknown, low, indeterminate and high occurrence of disease. Grey reflects absence of data.

Georgia, the highest incidence of CD in African American
[23]
children was reported . The key factor of migration
influencing disease onset is likely exposure to a different
[7,73]
environment than that in the country of origin
.
Additionally, indigenous populations in developed
[74]
countries have a much lower IBD incidence .

of African-American origin in Georgia was much higher
[23]
(7.1/100000) . In a Texas cohort, an increasing
incidence of IBD among children with evidence of
more CD than UC and IBD-U from 1991 to 2002 has
been reported. Caucasians had a higher IBD incidence
rate than African-Americans or Hispanics, and African
[52]
Americans had predominantly CD . Comparable values
have been reported in Wisconsin. The mean incidence of
CD was double that of UC. An equal IBD incidence was
[21]
observed among all ethnic groups . In the Olmsted
County population, the incidence was 4.8 for CD and
3.2/100000 for UC, and remained stable between 1990
[36,58]
and 2000
. Data from Texas, Georgia, Wisconsin and
from comparable studies in KPNC found rates similar
[20,76]
to those in Olmsted County
. However, the ratio of
CD/UC cases was greater in Olmsted County, Atlanta
and Wisconsin, compared to the greater incidence of
UC in KPNC. These results may be attributable to the
ethnic demographics of the respective populations. In
contrast, a much higher rat was found in the state of
[77]
Rhode Island compared with older cohorts from other
[21,23,36,52]
parts of the U.S.
.
The incidence of IBD in Canada is among the
highest reported to date as documented in previous
[18,78-82]
single-province studies
and large multi-province
[31,39,83]
trials
. The incidence in Ontario has steadily
increased from 9.5 (in 1994) to 11.4/100000 (in 2005).
[54]
However, the incidence of UC was stable , and the
incidence significantly increased from 9.4 to 13.2/100000

North America

The incidence of IBD in North America is among the
[4,20,22]
highest in the world and is increasing
. There are
no national cohorts of pediatric IBD in the USA because
the health system is not ideal for conducting population
[75]
studies . In general, data have been obtained from
single regions and must be extrapolated to other
geographical regions of the United States. The incidence
of IBD in the entire state of Wisconsin (2000-2007) was
[22]
9.5/100000 , which is similar to the incidence reported
[54]
in Ontario, Canada , but the incidence of both CD
and UC has remained stable. Regarding the members
of the Kaiser Permanente Northern California health
plan (KPNC) (1996-2006), the data somewhat differed
likely due to the different mix of races/ethnicities than
that observed in other parts of the United States. The
incidence of UC demonstrated a significant 2.7-fold
[20]
increase, and CD remained stable . Hispanic and
SA children had predominantly UC, suggesting the
presence of possible etiological differences among
ethnicities. Another study conducted in KPNC reported
[76]
similar levels of IBD , while the incidence in children
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Figure 5 Worldwide pediatric inflammatory bowel disease-unclassified incidence rate. Inflammatory bowel disease-unclassified choropleth map of global
incidence of pediatric inflammatory bowel disease divided into four colors representing unknown, low, indeterminate and high occurrence of disease. Grey reflects
absence of data.

Northern and Western Europe

[84]

(1994-2009) . Although the incidence of IBD in Ontario
decreased from 14.3 to 12.4/100000 in 1997-2006, the
[81]
incidence of CD nearly doubled , which is similar to
[39]
another Canadian study . Among the best studies in
the region, 3 studies determined the incidence of IBD in
[31,83,84]
five provinces of Canada
. The overall incidence was
9.7/100000, and CD was the predominant form of IBD
[85]
similar to data from Nordic countries . The incidence
of IBD was the lowest in Manitoba and the highest in
Nova Scotia. The incidence of IBD remained stable after
stratifying into CD and UC during the first decade of the
twenty-first century, except for an increase in incidence
among the youngest group. By extrapolating the results
to the entire country, approximately 650 children are
diagnosed with IBD yearly, affecting up to 2695 children
[31]
(< 16 years) in 2008 . Similarly, a study from Ontario
observed the most rapid increase in children (< 10
[86]
years) between 1994 and 2008 . Recent data from
Canada suggest that the rate of incidence of pediatric
IBD is plateauing, indicating a reversal after a long period
[18,31,78,83]
of ongoing increase
.

The incidence rates reported in Scandinavia are among
the highest rates published to date indicating higher
rates of CD than UC and IBD-U but Finland is among
the few countries that reportedly show a predominance
of UC, whereas the incidence of CD has become
relatively greater than that of UC in North America and
[20,64,66]
the UK
. The incidence of IBD has almost doubled
[64]
between 1987 and 2003
and tripled between 1987
and 2014, with a steeper increase in the incidence of
[66]
UC compared to that of CD . The incidence of UC
increased from 4 to 9/100000 and that of CD increased
[65,88-90]
from 2 to 5/100000
confirming a strongly
increasing trend in Finland since the late 1980s. A
[60]
Norwegian study covered the period of 1993-2004 .
The incidence of IBD did not change and a trend
towards an increase in CD and reduction in UC was
recorded, which is similar to the finding of the IBSEN
[91]
study of 1990-1994 . A subsequent study (2005-2007)
[92]
performed in the same catchment area
showed
that the incidence of IBD was 10.6/100000 indicating
a marked increase in the incidence of CD although
incidence of UC has been stabilized in Southeastern
Norway compared with the rates over the previous 15
[60,93-96]
years
. Similarly, Canada had high a incidence of
[31]
9.7/100000 . The incidence of CD between 1984 and
1985 was 2.5/100000, whereas the incidence of UC was
4.3/100000 with a lower incidence of UC in Western

Latin America

In Argentina, IBD remains uncommon according to a
[87]
study conducted from 2012 to 2013 . The total incidence
was 0.4/100000 ranging from 0.2 to 2.4/100000. We
could not find other data related to Argentinian children or
children in other countries in Latin America for comparison.
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[97]

[22,34]

Norway compared to that in Southeastern Norway ,
which is similar to the results reported in a subsequent
[85]
study in Southeastern Norway (1990-1994) . An
increase in the incidence of CD was observed in
Northern Stockholm (1990-2001), while the incidence of
UC was stable, and a significant increase was observed
[59]
in the overall incidence of IBD . In a follow-up paper
(2002-2007), the incidence of IBD had plateaued.
The incidence rate was 9.2 for CD and 2.8/100000 for
[38]
UC
and the incidence of UC significantly increased
but not of CD. The incidence of IBD significantly
increased between 2000 and 2007 compared to that
reported in an earlier study conducted in the same
[38]
region (1990-2001) . These rates are relatively
higher than those reported in other studies on pediatric
IBD, although the rates are similar to those reported
[54,81]
[92]
in studies conducted in Canada
, Norway , and
[65]
[68]
Finland . Lindberg et al suggested that the incidence
of UC increased (from 1.4 to 3.2/100000), whereas
that of CD and IBD-U remained stable (1984-1995),
which is similar to the results of a study conducted
[98]
from 1963-1987 . The incidence of IBD, CD, UC and
IBD-U was 6.9, 3.8, 2.1, and 1.1/100000, respectively,
in Northern Stockholm (1990-1998). After more than
[35]
a decade of a stable incidence of IBD in Scandinavia ,
the incidence of CD significantly increased from 1990
to 1998, while the corresponding incidence of UC and
[99]
IBD-U remained unchanged . As a part of the Swedish
ICURE study (2005-2009), the incidence of pediatric
IBD in Uppsala County, just north of Stockholm,
[100,101]
was among the highest reported in Europe
. In
Denmark, the incidence of IBD has steadily increased
[102-104]
from the 1960s until 2013
, except for in one
[105]
study . An increase in IBD from the 1980s to 2013
was observed, but the incidence rates increased the
[103]
most in patients (< 15 years) with CD . The incidence
rate of UC increased from 1962 to 1987 in the county
[106]
[107]
of Copenhagen , and Fonager et al
discovered an
increasing incidence of CD but a rather stable incidence
of UC with a tendency towards decreasing from 1987
to 1992. Compared to earlier Danish investigations,
the incidence of CD had increased nearly 15-fold,
whereas the incidence of UC remained stable between
[34,102,108]
1962 and 2006
. Another study observed an
insignificant increase in the incidence of IBD between
[33]
1998 and 2004 , indicating that the previously
observed increasing incidence might be levelling. A
significant increase in the incidence of IBD was also
reported in recent Danish nationwide comparisons
[109-111]
from 1995 to 2013
. The IBD incidence (< 19
years) has increased in isolated regions as the Faroe
[19]
Islands (part of the Danish realm) (1960-2014
with the predominance of UC comparable to findings
[64,66,105]
obtained in the Nordic countries
. The incidence
among Icelandic children is closest to that observed
[34]
[59]
in Denmark
and Sweden
but lower than that
[54,92]
observed in Norway
. Between 1980 and 2010, a
sharp increase in IBD incidence was observed, however,
[29,112]
the incidence levelled from 2000 to 2010
similar to
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the findings in Denmark and Wisconsin
but lower
compared to other Northern countries.
[16]
Sawczenko et al
discovered an incidence of
5.3/100000 in the British Isles; CD was twice as
common as UC, accounting for approximately 700
new cases/year in the UK and the Republic of Ireland.
A greater proportion of SA children had UC than non[16]
immigrants . In Scotland, incidence data spanning
over 40 years showed a dramatic increase in IBD
with a marginal decrease in the incidence of UC but
an increasing incidence of CD from 1968 to 1983. In
follow-up studies, the increase in CD continued between
[61,113]
1990 and 1992
. In contrast, the incidence of CD
continues to increase, and the incidence of UC is also
[53]
apparently increasing from 1981 to 1995 . Other
Scottish studies showed an increase in the incidence of
CD from 1981 to 1995 but no difference was observed
[16,114,115]
in the incidence of UC
. By comparing the
periods 1990-1995 to 2003-2008, significant increases
[2]
were observed in the incidence of IBD, CD and UC .
Data obtained in Wessex, England reported an incidence
of 9.37/100000 which significantly increased from 2002
[116]
to 2012 . The most recent figures (2013-2017) were
reported and compared to previously published Wessex
data, demonstrating the most contemporary incidence
[117]
and trend over 16 years . Similar findings have been
[57]
observed among Welsh children and appears to have
[118]
plateaued between 1995 and 1997 . In 1995-2003,
the overall incidence of IBD was 5.4/100000 and had
[30,118]
reached a plateau
, but data obtained during
1996-2005 show that the incidence of CD is continuing
[119]
to slowly increase in Cardiff . An increasing incidence
of IBD in Irish children was observed between 1998
[16,120,121]
and 2014
, which is consistent with the global
[2,4]
trends . Another study also confirms the continuous
[121]
increase in the incidence of IBD, particularly UC .
In Austria, the overall incidence of CD and UC have
[122]
increased from 1997 to 2007
. This finding is in
[123]
[124]
contrast to Germany
and the Netherlands
. For
example, a German study did not show any significant
[123]
change in the IBD incidence . Worldwide, strikingly,
the high proportion of IBD-U was observed in the
[124]
Netherlands
and the incidence of IBD cases is
comparable with that reported in other European
countries. In France, the incidence of CD significantly
increased, while the incidence of UC remains unchanged
[32,43,125-128]
from 1988 to 2011
. The most remarkable
observation (the EPIMAD Registry) has been a striking
increase from 1988 to 2008 in the incidence of CD (<
[125]
19 years) , and the rates also significantly rose from
[32,126,127]
1988 to 2011
Surprisingly, in Corsica, using
the same registry (EPIMAD), the incidence of CD was
close to that observed in other metropolitan French
regions; however, the incidence of IBD for UC in Corsica
is two-fold higher than that reported in other French
[128]
regions . In Brittany, the incidence of IBD in childhood
was similar to data obtained in Northern France and
[129,130]
Nord-Pas-de-Calais
. Between 1988 and 2011, a
dramatic increase was observed in the incidence of both

2754

July 7, 2018|Volume 24|Issue 25|

Sýkora J et al . Pediatric IBD incidence around the world
[131]

UC and CD in French adolescents
. Other than the
[132]
Swiss IBD Cohort Study (SIBDCS)
and the Belgian
[133]
registry for pediatric CD (BELCRO) , up-to-date data
regarding the incidence and trends are lacking.

in the entire African pediatric population is limited, but
the incidence of IBD increased from 0.0/100000 in
1997 to 0.2/100000 in 2002 and 0.9/100000 in 2006 in
[146]
Libya .

Southern Europe

Asia/the Middle East

A registry in Italy (1996-2003) showed a significant
increase in the incidence of IBD from 0.89 to
[63]
1.39/100000 in all 3 pathologies , which is comparable
[134]
to the incidence in Lombardia (1990-1993) . Of note,
Italy had a low incidence of IBD earlier, with an initial
increase in UC exceeding CD and IBD-U, followed by an
increase in the CD incidence, while the UC incidence was
[63]
stable from 1998-2003 . In contrast, the incidence
of IBD in central Italy (1978-1992) was comparable to
[135,136]
that in the Nordic countries
. The incidence of IBD
[44,137]
was shown to have significantly increased in Spain
.
The SPIRIT (1996-2009) and EXPERIENCE registries
(1985-1995) contribute to the complete description
of the changes in pediatric IBD in Spain. A three-fold
collective increase in IBD (1996-2009) was observed,
with another three-fold increase in CD and a twofold increase in UC, while a lower proportion of IBD-U
[42]
was described . According to the two latter studies
extending the trends to a full 25-year period, these
[42,51]
registries showed a sixteen-fold increase in Spain
.
Notably, the incidence of IBD (mainly CD) (18.3/100000)
in the Vigo area was the highest compared to that
[50]
in former Spanish pediatric cohorts . In Malta, UC
showed an almost significant increasing trend, but no
[138]
significant trend in CD was observed .

In Israel, the estimated incidence of CD and UC
[147,148]
was 3.7 and 0.9/100000, respectively
, which
are comparable, but at the lower end, with those
[16,21]
in the West
. 2 studies reported that the IBD
incidence (0.5/100000) is lower than that in Western
countries among children in Saudi Arabia from 1993
[149,150]
to 2012
. A higher incidence was reported in
Kuwait and Bahrain (states neighboring Saudi Arabia).
In Kuwait, the incidence was more than triple that
[151]
reported in neighboring Saudi Arabia
. This finding
provides an annual incidence of 2.16/100000 for IBD,
whereas the incidence of CD is 1.53, UC is 0.6 and
IBD-U is 0.03/100000. A remarkable finding reported
in the Arabian Gulf region is the high incidence of CD
[152]
in Bahrain , which is comparable to Western areas.
The lower incidence of IBD in Asia compared with that
in Western countries is not universal, and the incidence
in China is higher than that in other regions in Asia.
This incidence is considered low compared to that in
North America and the Nordic countries but not that
[53,113,114]
low compared to the incidence in Scotland
and
[43]
[63]
France and is higher than that in Italy . In China, a
multicenter audit of over a decade of experience with
childhood IBD between 2000 and 2010 in Shanghai
has shown a steadily increasing trend (< 14 years).
The incidence of IBD in 2010 was 6.1/100000, which
[153]
is 12-fold higher than the incidence in 2001 . Recent
data on Taiwan also demonstrated a substantial
increase in the incidence of IBD, which is mainly
attributable to CD, while the incidence of UC did not
[154]
change significantly
. Singapore also witnessed a
remarkable increase from 2000-2008; the incidence
rates were 5.2-fold greater than those assessed 9 years
[155]
earlier (from 2.2 to 11.4/100000) , which is similar to
[66]
a report from Scandinavia . The incidence of IBD has
[156,157]
been increasing in Korea recently
.

Central and Eastern Europe

A sharp increase in the incidence of IBD is particularly
noticeable in the Czech Republic, Hungary, Slovenia and
Croatia, but not in Poland. The results of the 3 studies
conducted in the Czech Republic are comparable to the
[139]
West. Pozler et al
showed a five-fold increase in the
[140]
incidence of CD. Kolek et al
published results from
Moravia (the eastern part of the Czech Republic) showing
increasing incidence of CD and UC between 1999 and
2001. The Czech Republic has among the highest rates
of IBD worldwide as recently observed by our group
[45]
(2000-2015) (10.0, 6.2, 2.8 and 1.0/100000 for IBD,
CD, UC and IBD-U, respectively) and have been shown
[45]
to be increasing in future projections . In neighboring
Poland, UC incidence was higher than that of CD with
significant regional differences, but the incidence was
markedly lower than that observed in the West. Of
[67]
note the incidence of IBD-U was surprisingly high .
An increasing incidence of IBD has been reported in
[46,141,142]
Hungary
comparable to the rate of Slovenia from
[48,49,143]
[47]
1994 to 2010
. One other publication
reported
much higher rates in Croatia (2000-2004) compared to
[144,145]
previous reports
.

Australasia

Early studies conducted in Australia and NZ (collectively
termed Australasia) mirror the incidence observed in
[54,65]
the Northern Hemisphere
. Two Victorian studies
from the same area of Australia clearly show increasing
rates of both CD and UC. The incidence of CD increased
[158]
10-fold over 30 years until 2001
. Additionally, an
eleven-fold increase was seen in UC with particular
increases in the early 1990s, and the incidence has
[159]
yet to plateau
. Using the 1983-1998 population
data, the incidence was estimated to be 2.01/100000
for CD among Victorian children with a documented
[37]
increase . A study conducted in the Sydney area
showed much higher rates of IBD in children of Middle[24]
Eastern descent . In contrast, low rates of IBD were

Africa

Expectedly, knowledge regarding the incidence of IBD
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observed in the following indigenous populations:
[74]
[26]
Aborigines and Maori . Yap et al
calculated the
incidence of IBD, CD and UC to be 2.9, 1.9 and
0.5/100000, respectively in NZ, which is at the lower
end compared with the incidence in Europe. Recently,
[160]
Lopez et al
provided important data pertaining to
the incidence of pediatric IBD in NZ. The incidence of
IBD, CD, UC and IBD-U in NZ in 2015 were 5.2, 3.5,
1.0 and 0.7/100000, respectively. A 4-fold increase
was observed in the incidence of childhood IBD in the
Canterbury Province of NZ between 1996 and 2015.
The annual incidence rate was 7.18/100000 with the
[160,161]
preponderance of CD over UC (8.4:1)
.

new clues, but the complex interplay of genetic and
environmental factors remains unclear. Investigations of
IBD performed where it is rapidly emerging provide an
opportunity to identify the contributing factors. Efforts
at global co-ordination for more prospective, populationbased studies in children should be encouraged.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The incidence of inflammatory bowel disease (IBD) is increasing globally.
Multiple studies have reported the pediatric IBD incidence in individuals
over the past few years. However, the global and regional IBD incidences in
childhood and their trends over time are not well reported. The highest pediatric
incidence is traditionally observed in industrialized countries in North America
and Western Europe. The incidence of IBD is increasing in both developed
and developing countries. The variations in the disease incidence may reflect
differences in the distribution of various environmental triggers for the disease
within specific areas. The changing incidence of pediatric IBD worldwide
provides an opportunity to study disease etiology.

Limitations of the study

Limitations include heterogeneity in population
characteristics among the different studies which
were also conducted at different times. Most countries
lack accurate estimates of the incidence of pediatric
IBD. A direct inter-region comparison may be limited
due to the use of different diagnostic criteria and
[25]
geographic distribution . Also, study quality, case
ascertainment, different database capture systems, and
methodological problems demonstrated heterogeneity,
emphasizing the importance of nationwide registries
[62]
for retrieval of specific health data
including a well[40]
established referral system with uniform criteria .
This recommendation underlines the need for uniform
diagnostic guidelines for the accuracy of comparison
[38,162]
among populations
. Some studies observed crude
incidence rates, while other studies reported age- and/
or sex-adjusted rates. Some studies did not reflect the
countries’ true incidence, because selected areas of the
country were sampled instead of the entire country.
We should target large databases at the national/
international levels providing a more comprehensive
[41]
analysis . The other limitation rests with the
retrospective design of a number of studies and a better
categorisation of migrants. The differences in the various
age brackets with great impact on incidence rate should
be considered as studies involving a higher defined
[92]
age limit had higher incidence figures . Despite these
limitations, these considerations are unlikely to have
had major effects on the reporting the changes in the
incidence of IBD across time and geography.

Research motivation

The incidence of IBD is increasing worldwide in both adults and children. Thus,
epidemiological knowledge is essential for defining new etiological hypotheses
and predictors of the development of IBD to better define how environmental
factors might influence disease onset and to guide future studies. Furthermore,
additional evidence has recently become available due to the publication of
previous reviews, but many incidence rates have since changed. Consequently,
currently, a window of opportunity exists for the completion of a new, rigorous
pediatric systematic review.

Research objectives

The authors aimed to summarize up-to-date studies investigating the
incidence of pediatric-onset IBD and track the changes over time based on
a comprehensive search of credible published pediatric studies and current
knowledge regarding pediatric IBD incidence.

Research methods

A systematic review was performed using Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines. We searched electronic
databases (MEDLINE, EMBASE, and Cochrane Library). Studies investigating
the incidence and trends of pediatric IBD over time were eligible for inclusion.
Interactive maps and temporal trends were used to illustrate the incidences of
and changes in IBD.

Research results

One hundred forty studies met the inclusion criteria, demonstrating a substantial
increase in the incidence of pediatric IBD and great geographic variations. The
incidence of IBD remains the highest in the northern populations of Europe
and America and has remained stable or even decreased. Rising rates of
pediatric IBD were observed in previously low-incidence areas and much of
the developing world, and among children of immigrants. The incidence rates
of Crohn’s disease (CD) and ulcerative colitis (UC) vary worldwide between
0.2/100000 and 13.9/100000 and between 0.1/100000 and 15/100000,
respectively. In the time-trend analyses, 67% of CD and 46% of UC studies
reported a significant increase.

Conclusion

The incidence of pediatric IBD (mainly CD) has recently
dramatically increased emerging as a globally important
changing pediatric disease. In a rapidly changing world,
the dramatically increasing incidence of IBD has been
observed in the Western world, Oceania and Eastern
and Southern Europe, despite a stabilization of incidence
rates in the West. The incidence appears to be rising
both in newly industrialized and developing countries,
and among first-generation of immigrants. Regarding
IBD, knowledge of its etiology is limited, and awareness
of the patterns of its global incidence could offer
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Research conclusions

This study is among the most comprehensive studies to summarize the
global IBD incidence. The IBD incidence is increasing or stable over time in
both developed and developing regions of the world, indicating an emerging
epidemic of the disease outside the Western world, whereas those in Northern
Europe may have reached a plateau. The reasons contributing to these
continued increases remain unclear. Whether genetic or environmental factors
are the cause of these differences remains to be determined. Investigations of
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IBD performed in locations where it is emerging rapidly provide an opportunity
to further identify the causative factors within specific populations. Whether the
incidence of IBD in children will continue to increase or remain static is unclear.
13

Research perspectives

Our data may serve as an essential resource for future studies and can be
used to prioritize public health efforts in areas with the highest incidence.
Knowing the increasing incidence of IBD and different geographic distribution
may provide new insight into the etiology of pediatric IBD and direct future
investigative studies. We must find ways to match genetic and environmental
factors to pediatric IBD. An understanding of the early evolution of IBD
is important and must be further investigated to unravel its etiology. This
understanding is particularly important for preventing or curing the disease
during the early stages. Attempts to perform studies with global coordination
and additional prospective, population-based studies should be encouraged.
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Abstract
AIM
To perform a meta-analysis on the risk of developing
Mycobacterium tuberculosis (TB) infection in Crohn’s
disease (CD) patients treated with tumor necrosis factoralpha (TNFα) inhibitors.
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METHODS
A meta-analysis of randomized, double-blind, placebocontrolled trials of TNFα inhibitors for treatment of CD
in adults was conducted. Arcsine transformation of TB
incidence was performed to estimate risk difference. A
novel epidemiologically-based correction (EBC) enabling
inclusions of studies reporting no TB infection cases
in placebo and treatment groups was developed to
estimate relative odds.
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RESULTS
Twenty-three clinical trial studies were identified,
including 5669 patients. Six TB infection cases were
reported across 5 studies, all from patients receiving
TNFα inhibitors. Eighteen studies reported no TB infection
cases in placebo and TNFα inhibitor treatment arms. TB
infection risk was significantly increased among patients
receiving TNFα inhibitors, with a risk difference of 0.028
(95%CI: 0.0011-0.055). The odds ratio was 4.85 (95%CI:
1.02-22.99) with EBC and 5.85 (95%CI: 1.13-30.38)
without EBC.

Manuscript source: Unsolicited manuscript
Correspondence to: Saleh A Naser, PhD, Professor, Associate
Director, Burnett School of Biomedical Sciences, Division of
Molecular Microbiology, College of Medicine, University of Central
Florida, 4110 Libra Drive, Orlando, FL 32816,
United States. saleh.naser@ucf.edu
Telephone: +1-407-8230955

WJG|www.wjgnet.com

2764

July 7, 2018|Volume 24|Issue 25|

Cao BL et al . TB risk in Crohn’s patients with TNFα inhibitors

CONCLUSION
The risk of TB infection is higher among CD patients
receiving TNFα inhibitors. Understanding the immu
nopathogenesis of CD is crucial, since using TNFα
inhibitors in these patients could favor mycobacterial
infections, particularly Mycobacterium avium subspecies
paratuberculosis , which ultimately could worsen their
clinical condition.

Adalimumab, certolizumab pegol, and infliximab.
Although these medications have shown efficacy in
alleviating CD symptoms in some patients, 10%-30%
of CD patients had no initial response to TNFα inhibitors,
and about 50% of the initial responders have lost
[5]
their response over time . TNFα inhibitor treatment
for other inflammatory autoimmune disorders, such
as rheumatoid arthritis (RA), show similar effects,
where roughly 30%-40% of RA patients have a poor
[6,7]
response to the medications . Moreover, about 40%
of CD patients are at high risk of disease relapse after
[8]
discontinuing TNFα inhibitor treatment .
Additionally, inhibiting TNFα increased risk of
infections as an adverse effect, especially opportunistic
[9]
infections . However, it is uncertain whether there
is sufficient evidence indicating an increase in risk of
developing Mycobacterium tuberculosis (TB) infection
from using TNFα inhibitors among CD patients. A
2016 meta-analysis reported a significant increase in
opportunistic infections overall and a moderate increase
in other types of infections; however, that study did
not find a significant increase in the risk of TB infection
development among CD patients who received TNFα
[10]
inhibitors .
Our primary focus on TB infection is pertinent, since
there is an irrefutable growing evidence relating CD
to Mycobacterium avium subspecies paratuberculosis
[11]
(MAP), an intracellular TB-like bacterium . More
importantly, TNFα is necessary for formation and
maintenance of granuloma in order to limit mycobacterial
[12]
infections like MAP . Thus, targeting TNFα can not
only disrupt the body’s ability to contain and respond
to TB but also to MAP, which could further increase the
patient’s susceptibility to MAP or worsen their disease
[2]
condition . Therefore, the effect of TNFα inhibitors
on CD patients-associated with MAP infection requires
further investigation.
Other meta-analyses of TB infection risk potentially
associated with anti-TNFα therapy excluded trials
reporting zero-event data from both anti-TNFα treatment
[13,14]
and placebo groups (“double-zero studies”)
. The
number of such “double-zero studies” was high as the
incidence of TB infection was very low. Additionally, data
from trials reporting zero-event data from one group
(“single-zero studies”) were subject to modification
(“continuity correction”) that lacks biological basis. These
analytical approaches cast uncertainty about whether
there is sufficient evidence indicating an increase in risk
of developing TB infection from using TNFα inhibitors.
Numerous double-blind, randomized, placebo-controlled
trials (RCTs) of TNFα inhibitor use in CD patients provide
data to estimate the risk of TB development in CD
patients receiving those medications. This will open
more insights into selecting the most appropriate treat
[15]
ment plan and antibiotics for CD patients . Thus, we
conducted a meta-analysis of randomized controlled trials
to quantitatively analyze the altered risk for developing
TB in CD patients treated with TNFα inhibitors.

Key words: Tuberculosis; Tumor necrosis factor-alpha
inhibitors; Crohn’s Disease; Meta-analysis; Systematic
review
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The increased risk of Mycobacterium tuberculosis
(TB) and other Mycobacterium species when on tumor
necrosis factor-alpha (TNFα) inhibitor treatments has been
a problem in patients with autoimmune disorders, such
as Crohn’s disease (CD). This meta-analysis examines
in detail the clinical trials that involve CD patients on
TNFα inhibitors and their risk of developing TB infections.
Our data concludes that, out of twenty-three studies
examined, TNFα inhibitors are indeed associated with an
increased risk of TB infection in CD patients. Knowledge
of this data could help re-analyze what medications auto
immune patients should be prescribed to and evaluate
possible linkages to Mycobacterium avium subspecies
paratuberculosis infection. Thus, this information should be
used to further inform clinical decision making and research.
Cao BL, Qasem A, Sharp RC, Abdelli LS, Naser SA. Systematic
review and meta-analysis on the association of tuberculosis
in Crohn’s disease patients treated with tumor necrosis
factor-α inhibitors (Anti-TNFα). World J Gastroenterol 2018;
24(25): 2764-2775 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i25/2764.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i25.2764

INTRODUCTION
The prevalence of Crohn’s disease (CD) is growing
globally, especially in places adapting western
[1]
lifestyles . The most accepted hypothesis for CD
pathogenesis is that a dysregulated immune response
to opportunistic intestinal pathogens leads to persistent
[2]
inflammation . Studies have shown that the levels
of circulating pro-inflammatory cytokines are highly
elevated in CD patients, including tumor necrosis factor[3]
alpha (TNFα) . Therefore, there is an increase in the
development and use of TNFα inhibitors, which are
monoclonal antibodies designed to antagonize this
specific cytokine in order to reduce the symptoms of
[4]
CD . Currently, there are three European Medicines
Agency and United States Food and Drug Association
approved TNFα inhibitors indicated for CD treatment:
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MATERIALS AND METHODS
This systematic review and meta-analysis was registered
in the prospective register of systematic reviews
th
(PROSPERO) international database on February 8 ,
[16]
2018 (ID: CRD42018087548) . The work followed the
preferred reporting items for the systematic reviews and
[17]
meta-analyses (PRISMA) checklist .

The use of arcsine transformation can be dated back
[18,19]
to the 1940s
. The main advantages of using ASD
are that the variance of the point estimate (i.e., ASD) is
determined solely by the sample size and that it handles
occurrences of 0 counts, allowing for incorporation
of trials with 0 events in both control and treatment
[20]
groups into meta-analyses .

Data source and search strategy

A search in the PubMed database up to January 21, 2018
was conducted. The following search terms were used:
Tuberculosis, biologic(s), adalimumab, certolizumab,
infliximab, anti-TNFα, TNFα inhibitors, or TNFα in
conjunction with Crohn’s disease. The search results
were further restricted to double-masked, randomized,
placebo-controlled trials. ClinicalTrials.gov supplemented
the searches, in the event of clinical trials that did not yet
have published data in PubMed. Irrelevant studies were
screened out after title and abstract review. Full text and
abstracts of studies that made it past the initial screening
were evaluated more closely.

Relative odds

Odds ratio (ORs) were calculated using the Yusuf-Peto
[21]
method . Although widely used, the Mantel-Haenszel
method cannot include trials with zero events from
either one or both groups without substituting zero with
a non-zero number. The Yusuf-Peto method can include
single-zero studies; thus, the Yusuf-Peto odds ratio
(ORpeto) has been recognized as a relatively efficient
estimator, especially when treatment effects from trials
are not large or the sample size is similar between two
[22]
groups . The ORpeto can be calculated with Equation 2:

Selection

Only studies and sources in English were considered.
Studies were included if they were randomized, placebocontrolled, double-masked trials with appropriate
exposure in adult populations. Exposure was defined
as the patient receiving treatment of TNFα inhibitors
(adalimumab, certolizumab pegol, and infliximab),
which were approved for the treatment of CD in adult
patients (18 years or older) by the EMA and the FDA.
Non-approved drugs and biosimilars of TNFα inhibitors
were excluded from the study. All doses of drugs were
included. Observational studies and duplicates were
screened out. Single studies that had both an induction
and maintenance phase but reported distinct patient
groups were analyzed as two separate trials.

Where nT, nC, a and b denote the same as in Equation 1.
However, the Yusuf-Peto method cannot include
double-zero studies. Existing approaches that have
been used for meta-analysis on TNFα inhibitors are to
exclude double-zero studies and, for single-zero studies,
to change zero counts by adding either 0.5 or a similar
number that is inversely proportional to the relative
[9,10,23]
size of the opposite group
. These analytical
treatments are not biologically supported. In the case
of excluding double-zero studies, the results will bias
away from the null hypothesis. Thus, we proposed an
epidemiologically-based background correction (EBC).
Our approach was to estimate the expected number of
incidence cases (e.g., if 0.01 TB cases were expected
from an experimental arm, such TB cases could not be
“observed” but using 0.01 to replace 0 would reflect
the underlying epidemiology). Our correction assumed
that the incidence of TB infection was 20 cases/100000
person-years as reported for patients with inflammatory
[24]
bowel disease (IBD) in the United Kingdom . EBC was
then calculated according to Equation 3 below.

Data extraction

Data was extracted onto a Microsoft Excel spreadsheet.
First author, year of publication, study duration, number
of participants in treatment and control groups, patient
characteristics, treatment parameters (i.e., TNFα inhibitor
and placebo), events in treatment and control groups,
and screening method were obtained from each study.
Studies found from ClinicalTrials.gov were also analyzed
for the aforementioned criteria. Cases of TB infection
were the primary outcome assessed in this analysis. TB
infection was defined as diagnosis of active TB by the
clinician or other medical professional.

Where n is the number of subjects in either the
treatment or the placebo group. The EBC was added into
counts for both TB and non-TB for any trials reporting
zero occurrences.

Risk difference

Arcsine differences (ASD) were used as the measure of
risk differences. For a trial with NT subjects in the antiTNFα treatment group, NC subjects in the control group,
and a and b being the number of reported TB cases,
respectively, the ASD can be calculated with Equation 1
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Statistical analysis

Statistical analysis followed the intent-to-treat principle.
[25]
R version 3.4.3 with the “meta” package was used to
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make plots and calculate the Yusuf-Peto odds ratio and
ASD along with the corresponding confidence intervals
(calculation accuracy was verified through manual
calculation on a Microsoft Excel spreadsheet). Weight
of contribution from individual studies to the pooled
estimate was based on the inverse variance of the point
estimate for individual studies. Inter-study variance
[26]
was estimated using the DerSimonian-Laird method .
Two-sided P values of less than 0.05 and the 95%
confidence interval (95%CI) excluding the null indicated
statistical significance.

The funnel plot of the ASDs (Figure 3) indicates that
trials showing no difference were apparently more likely
published. This did not suggest publication bias, since
risk of TB infection was neither the reason for publishing
those trials nor the primary objective of those studies.
In fact, the funnel plot reflects the fact that larger
studies provided better chance to detect rare risks than
smaller ones.

Relative odds

The sizes of the treatment arms were mostly similar to
the sizes of the control arms, with the median ratio being
1.03. However, particular studies had very unbalanced
arm sizes (maximum ratio = 3.32:1, average ratio =
1.64:1). The odds ratio was 4.85 (95%CI: 1.02-22.99;
P < 0.05) with EBC and 5.85 (95%CI: 1.13-30.38;
P < 0.05) without EBC (Table 2). The random effects
model was not used because the Yusuf-Peto odds
ratio was calculated under the assumption of a fixed
[21]
effects model . Weights for adalimumab, certolizumab
pegol, and infliximab were 31.1%, 18.2%, and 50.7%,
respectively, in the analysis with EBC (Figure 4). Without
EBC, only 5 studies could be included (with the weight of
31.5% for adalimumab, 17.7% for certolizumab pegol,
and 50.8% for infliximab).

RESULTS
Search results

The selection process was summarized in Figure 1. A
total of 748 articles were located from PubMed. Based
on the review of titles and abstracts, 706 studies
were not relevant or were duplicates, and they were
subsequently excluded. The remaining 42 articles were
more closely examined to determine inclusion in the
analysis. Six studies were excluded because they were
head-to-head, 3 were not placebo-controlled, 5 did
not study EMA and FDA approved drugs, and 3 studies
were duplicates (measured the same sample). Two
trials were located through clinicaltrials.gov; of which,
one (NCT00291668) did not post the results and was
excluded. Thus, a total of 23 studies were included in
[27-48]
the meta-analysis
.
The 23 studies (Table 1) has evaluated adalimumab
(7 studies; 1726 patients), certolizumab pegol (6
studies; 2,008 patients), and infliximab (10 studies;
1935 patients). Both induction and maintenance studies
were included (5 induction; 18 maintenance). A total of
5669 patients underwent the clinical trials, with 3275
patients in the treatment group and 2394 patients in the
control group. Follow-up duration ranged from 4 to 104
wk (mean follow-up duration = 32 wk). A total of about
3558 person-years were exposed to TNFα inhibitors or
placebo (2033 person-years in the treatment, 1525 in
person-years in the control). Publication dates ranged
from 1997 to 2016. A total of 6 cases of TB were
reported; all were from the anti-TNFα treatment groups.
Two cases of TB were reported with adalimumab (one
study), 1 with certolizumab pegol, and 3 with infliximab
(three studies).

Expected number of anti-TNFα treated cases to observe
a tuberculosis case

If the background TB infection incidence in patients
was 20 cases/100000 person-years, one TB case
might be expected from a community of 5000 CD
patients within a year. An ASD of 0.028 would be
translated into a TB incidence of 177 cases/100000
person-years; thus, 1 TB case may be expected when
treating 565 patients with TNFα inhibitors for one year
(Table 3). If the harm effect of TNFα inhibitors can be
described on a multiplicative scale as shown from the
pooled Yusuf-Peto odds ratio, the numbers of patients
to be treated to expect 1 TB case might be around 855
to 1031 (Table 3).

DISCUSSION
One of the most common complications following the use
of TNFα inhibitors is increasing frequency of opportunistic
[49]
infections . Particularly, there is strong evidence
linking mycobacterial infection to TNFα inhibitors, and
TB infection risk is higher among patients receiving
[50]
infliximab in comparison to controls . Interestingly,
TNFα-deficient animal models were more susceptible
to mycobacterial infections compared to wild-type
controls, although there was no survival rate difference
[51]
in a healthy environment . This indicates that TNFα
plays a critical role in the immune response against
mycobacterial infections.
Several studies have shown that there is a microbial
factor affecting CD patients, and MAP was isolated
from intestinal tissues, blood, and milk samples of not

Risk difference

The risk difference between TNFα inhibitors and placebo
was 0.028 (95%CI: 0.0011-0.055; P < 0.05) (Table
2). Random model results are presented, although
the inter-study variance did not additionally contribute
to the total variance of the pooled ASD (i.e., the
DerSimonian-Laird estimate of inter-study variance
was zero). The weights for each drug - adalimumab,
certolizumab pegol, and infliximab - were 28.9%,
36.9%, and 34.2% respectively. The respective risk
differences were 0.028, 0.015, and 0.042 (Figure 2).
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Table 1 Summary of randomized, placebo-controlled, double-masked trials included
Study

Follow-up duration
(wk)

Anti-TNFα treatment
1

Placebo
2

1

2

N

N

N

N

Adalimumab
Hanauer et al[44], 2006
Colombel et al[47], 2007
Sandborn et al[35], 2007a
Sandborn et al[34], 2007b
Rutgeerts et al[37], 2012
Watanabe et al[28], 2012
Watanabe et al[28], 2012

4
52
52
4
48
52
4

0
2
0
0
0
0
0
Total

225
517
37
159
64
25
67
1094

0
0
0
0
0
0
0

74
261
18
166
65
25
23
632

Certolizumab pegol
Winter et al[27], 2004
Schreiber et al[30], 2005
Sandborn et al[36], 2007c
Schreiber et al[31], 2007
Sandborn et al[33], 2011
UCB Pharma[42], 2014

12
20
26
20
6
36

0
0
0
1
0
0
Total

66
145
331
216
223
87
1068

0
0
0
0
0
0

24
73
329
212
215
87
940

Infliximab
Targan et al[29], 1997
D’Haens et al[46], 1999
Present et al[41], 1999
Rutgeerts et al[38], 1999
Hanauer et al[45], 2002
Sands et al[32], 2004
Lémann et al[43], 2006
Colombel et al[48], 2010
Regueiro et al[40], 2011
Regueiro et al[39], 2016

12
4
18
36
44
40
52
30
52
104

0
0
0
0
1
0
0
1
0
1
Total

83
22
63
37
385
139
57
169
11
147
1113

0
0
0
0
0
0
0
0
0
0

25
8
31
36
188
143
58
170
13
150
822

1

Number of TB cases; 2Number of total subjects.

Table 2 Risk of Mycobacterium tuberculosis infection associated with the use of tumor necrosis factor-alpha inhibitors in patients
with Crohn’s disease

Risk difference odds ratio
Including Double-Zero Studies
Excluding Double-Zero Studies

n

Risk estimate

95%CI

P value

23
23
5

0.028
4.85
5.85

(0.0011, 0.055)
(1.02, 22.99)
(1.13, 30.38)

0.042
0.047
0.036

n: Number of individual clinical studies pooled together.

significant increase of TB infection risk associated with
using TNFα inhibitors to treat CD was shown from
existing evidence, challenging findings of previous
studies.
In our study, all 23 qualified trials were included.
Among these 23 studies, 18 (78%) did not report TB
cases from either the anti-TNFα treatment or the control
group; these double-zero studies would have been
excluded if we had followed the methods that previous
meta-analyses in this area took. The double-zero
observation was not a surprise. TB infection was rare in
the Americas, Europe, Japan, Austria, and South Africa,
where these RCTs were conducted. The median sample
size of the control group across these 23 studies was
73 people; the median follow-up duration was 30 wk.
Mathematically, only about 0.0084 TB cases would be
expected in these control patients if the background TB

only CD patients but also patients with RA and type 1
[52-58]
diabetes
. Since MAP shares molecular homology and
activity similar to TB, inducing TB infection susceptibility
is an alarming sign for the immune response against
[58-60]
MAP infection
.
This study advances knowledge and awareness of the
association between TNFα inhibitors and TB among CD
patients. First, a non-biased estimation of TB infection
risk associated with TNFα inhibitors for CD treatment
was performed through arcsine transformation of TB
incidence, which enabled the inclusion of all qualified
studies including double-zero studies in the analysis.
Second, a novel, epidemiologically-based background
correction to adjust for zero counts was developed to
enable the inclusion of double-zero studies into the
estimation of the relative effect (odds ratio in this study).
Lastly, with the use of these analytical approaches, a
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Table 3 Estimated absolute incidence of Mycobacterium tuberculosis infection in patients with Crohn’s disease treated with
tumor necrosis factor-alpha inhibitors and the number of patients with Crohn’s disease who need to be treated with tumor
necrosis factor-alpha inhibitors to expect one Mycobacterium tuberculosis case
Incidence of TB with TNFα treatment (cases/
1
person-years)

Number of patients treated to see one TB Case in
one year

177/100000
97/100000

565
1031

117/100000

855

Based on risk difference
Based on relative odds estimated with background
correction
Based on relative odds estimated without
background correction

The background incidence was assumed to be 20 cases/100000 person-years as reported by Aberra et al[24]. TB: Mycobacterium tuberculosis.

1

Studies found through
PUBMED database search
n = 748

Studies excluded after
duplicates removed and
title and abstract review
n = 706
Studies evaluated
n = 42

Studies excluded (n = 20)
Head-to-head: 6
Not placebo-controlled: 3
Not FDA approved: 5
Systematic review: 3
Duplicates: 3

Randomized controlled trials
located via clinicaltrials.gov
(with results posted)
n =1

Studies included in meta-analysis
n = 23

Figure 1 Evidence collection and selection.

infection incidence was 20 cases/100000 person-years
[24]
as reported by Aberra et al . If TNFα inhibitors had
increased the TB infection risk by 5 times, there might
have been about a 4% chance to observe 1 TB case in
the anti-TNFα treatment arm. Meta-analysis provides
excellent opportunities to pool multiple studies together
to improve the estimation of the chance of observing a
TB case. Discarding these double-zero studies (78% of
the studies in our analysis) might decrease the value of
meta-analysis.
We regarded the risk difference calculated after
arcsine transformation of incidence as the primary
results. The ASD method does not call for any correction
for zero counts. Additionally, the robustness of an ASD
estimate is not contingent on the effect size and the
treatment-to-control balance of sample size. These
analytical features provided a distinct advantage over
either the Yusuf-Peto method or the Mantel-Haenszel
method. However, from a biological perspective, it is
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possible that the TB infection risk from the use of TNFα
inhibitors in patients with CD may be better described
on a multiplicative scale (relative scale). Thus, a risk
difference of 0.028 could be translated into increasing
the risk of TB by a factor of 8, as the number needed
to harm was calculated at 565 patients compared
to the background number needed to harm of 5000
patients (Table 3). However, the 8 times increased risk
of TB (based off ASD) only applies if the incidence of
TB remains constant (20 cases/100000 person-years).
We thus performed further analysis to better describe
this multiplicative scale, for which we chose the YusufPeto method because, as compared to the Mantel[61]
Haenszel method, it can handle single-zero studies .
Unfortunately, the Yusuf-Peto method cannot handle
double-zero studies.
We proposed an epidemiologically-based background
correction (i.e., EBC) to mathematically replace zeros. If
metrics other than ASD (e.g., odds ratio, hazard ratio or
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Study
Adalimumab
Hanauer et al , 2006
Colombel et al , 2007
Sandborn et al , 2007a
Sandborn et al , 2007b
Rutgeerts et al , 2012
Watanabe et al , 2012
Watanabe et al , 2012
Random effects model

Arcus sinus difference

ASD

95%CI

Weight

0.0000
0.0622
0.0000
0.0000
0.0000
0.0000
0.0000
0.0281

[-0.1313;
[-0.0122;
[-0.2816;
[-0.1087;
[-0.1726;
[-0.2772;
[-0.2368;
[-0.0219;

0.1313]
0.1366]
0.2816]
0.1087]
0.1726]
0.2772]
0.2368]
0.0781]

4.2%
13.0%
0.9%
6.1%
2.4%
0.9%
1.3%
28.9%

Certolizumab pegol
Winter et al , 2004
Schreiber et al , 2005
Sandborn et al , 2007c
Schreiber et al , 2007
Sandborn et al , 2011
NCT00349752, 2014
Random effects model

0.0000
0.0000
0.0000
0.0681
0.0000
0.0000
0.0148

[-0.2336;
[-0.1406;
[-0.0763;
[-0.0266;
[-0.0937;
[-0.1486;
[-0.0294;

0.2336]
0.1406]
0.0763]
0.1628]
0.0937]
0.1486]
0.0591]

1.3%
3.7%
12.4%
8.0%
8.2%
3.3%
36.9%

Infliximab
Targan et al , 1997
D’Haens et al , 1999
Present et al , 1999
Rutgeerts et al , 1999
Hanauer et al , 2002
Sands et al , 2004
Lémann et al , 2006
Colombel et al , 2010
Regueiro et al , 2011
Regueiro et al , 2016
Random effects model

0.0000
0.0000
0.0000
0.0000
0.0510
0.0000
0.0000
0.0770
0.0000
0.0826
0.0420

[-0.2236;
[-0.4046;
[-0.2150;
[-0.2294;
[-0.0362;
[-0.1167;
[-0.1828;
[-0.0295;
[-0.4015;
[-0.0312;
[-0.0040;

0.2236]
0.4046]
0.2150]
0.2294]
0.1382]
0.1167]
0.1828]
0.1835]
0.4015]
0.1963]
0.0880]

1.4%
0.4%
1.6%
1.4%
9.5%
5.3%
2.2%
6.4%
0.4%
5.6%
34.2%

Random effects model

0.0280

[0.0011; 0.0548]

100.0%

-0.4

-0.2

0.0

0.2

0.4

Figure 2 Difference of the risk of Mycobacterium tuberculosis infection between patients with Crohn’s disease treated with tumor necrosis factor-alpha
inhibitors and those treated with placebo. Risk difference was calculated after arcsine transformation of Mycobacterium tuberculosis incidence (Arcus sinus
difference, ASD) and indicated by the numbers on x-axis. Weight: the percentage contribution of an individual study to the overall estimation. The x-axis indicates the
risk difference. The vertical dashed line indicates the overall point estimate. The solid horizontal lines show the confidence interval (CI). The size of the black box and
diamond is proportional to the corresponding weight.

rate ratio) have to be estimated and the risk of interest
is so rare that even one occurrence is not expected, we
recommend that EBC be used for continuity correction
instead of adding 0.5 (or a similar number depending on
the ratio of sample size between treatment and control
[62,63]
groups) or statistical-model based estimates
. The
latter approaches lack biological considerations, and
in the case of adding a number around 0.5, artificially
make a much larger background incidence than there
actually is (it would have boosted the background
incidence by ~60 times in this meta-analysis).
There are major limitations with the use of EBC.
The EBC was based off TB incidence rate in the UK
IBD populations. Although the RCTs in this study were
largely conducted in Western countries, the TB incidence
of Crohn’s patients in the UK may not represent the
TB incidence of the countries in which the clinical trials
were conducted, let alone the patients who participated
in the clinical trial. Furthermore, the TB incidence rate
was found in populations with IBD, which may not be

0.00

Standard error

0.05

0.10

0.15

0.20
-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

Arcus sinus difference

Figure 3 Relationship between the estimated Mycobacterium tuberculosis
infection risk difference and the corresponding standard error of the
estimate. Risk difference was calculated after arcsine transformation of
Mycobacterium tuberculosis incidence (Arcus sinus difference, ASD). The
dashed vertical line indicates the overall arcsine difference found, and the
diagonal lines indicate the expected 95% confidence intervals associated
with the expected mean ASD for clinical trials with various numbers of study
subjects.
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Study

Anti-TNF
TB cases
Total

Control
TB cases
Total

Odds ratio

OR

Weight

Adalimumab
Hanauer et al , 2006
Colombel et al , 2007
Sandborn et al , 2007a
Sandborn et al , 2007b
Rutgeerts et al , 2012
Watanabe et al , 2012
Watanabe et al , 2012
Fixed effects model

0.0035
2.1031
0.0074
0.0024
0.0118
0.0050
0.0010

225
517
37
159
64
25
67
1094

0.0011
0.0521
0.0036
0.0025
0.0120
0.0050
0.0004

74
261
18
166
65
25
23
632

1.05
4.05
1.00
1.00
1.00
1.00
0.85
3.90

0.054%
30.276%
0.156%
0.078%
0.378%
0.161%
0.017%
31.119%

Certolizumab pegol
Winter et al , 2004
Schreiber et al , 2005
Sandborn et al , 2007c
Schreiber et al , 2007
Sandborn et al , 2011
NCT00349752, 2014
Fixed effects model

0.0030
0.0111
0.0330
1.0166
0.0051
0.0120

66
145
331
216
223
87
1068

0.0011
0.0056
0.0328
0.0163
0.0049
0.0120

24
73
329
212
215
87
940

0.99
1.00
1.00
6.81
1.00
1.00
5.59

0.051%
0.236%
1.040%
16.293%
0.158%
0.381%
18.159%

Infliximab
Targan et al , 1997
D’Haens et al , 1999
Present et al , 1999
Rutgeerts et al , 1999
Hanauer et al , 2002
Sands et al , 2004
Lémann et al , 2006
Colombel et al , 2010
Regueiro et al , 2011
Regueiro et al , 2016
Fixed effects model

0.0038
0.0003
0.0043
0.0051
1.0650
0.0213
0.0114
1.0194
0.0022
1.0586

83
22
63
37
385
139
57
169
11
147
1113

0.0012
0.0001
0.0021
0.0050
0.0317
0.0219
0.0116
0.0196
0.0026
0.0598

25
8
31
36
188
143
58
170
13
150
822

0.95
1.09
1.01
0.99
3.89
1.00
1.00
6.89
1.00
6.09
5.26

0.057%
0.005%
0.090%
0.162%
15.255%
0.684%
0.366%
16.390%
0.078%
17.636%
50.722%

4.85

100.000%

Fixed effects model

3275

2394
0.01

0.1

0.5

2

10

400

Figure 4 Odds of patients developing active Mycobacterium tuberculosis when treated with tumor necrosis factor-alpha inhibitors for Crohn’s disease
relative to those treated with placebo. Odds ratio (OR) was calculated using the Yusuf-Peto method and indicated by the numbers on the x-axis. Number of
Mycobacterium tuberculosis cases was modified using the background Mycobacterium tuberculosis incidence, i.e., adding to the reported number of Mycobacterium
tuberculosis cases with a number (less than 1) that might be expected from a given number of patients (listed under “Total”). Weight: the percentage contribution of an
individual study to the pooled estimate. The vertical dashed line indicates the pooled odds ratio. The solid horizontal lines show the confidence interval (CI). The size
of the black box and diamond is proportional to the corresponding weight. Mycobacterium tuberculosis here denotes tuberculosis.
[64]

representative of TB incidence in the population with
CD.
Aside from the analytical approach to avoid Simpson’
s paradox, the validity to pool results from individual
studies in this meta-analysis largely resides in the fact
that each study had a placebo-treatment arm. The
impact from the difference of study populations was
therefore minimized, as the end point (risk difference or
odds ratio) mainly reflected the effect of TNFα inhibitors
[the effect of confounders was either subtracted out
(for ASD) or normalized (for ORs)]. Thus, common
factors restricting the use of meta-analysis, such as
geographic location, population characteristics, exposure,
maintenance vs induction trials, status (e.g., phase 3
vs phase 4) of the clinical trials, secular trend, and TB
screening methods could be assumed to be not of major
concern.
Perhaps the fact that only studies in English were
included in the analysis may limit the generalizability
of the results, considering that the demographics and
trends of CD and TB infection differ among different
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regions or different populations . The included studies
were mainly EMA- and FDA-regulated clinical trials
conducted in western countries. In fact, only one study
that contained strictly Asian populations was included in
[28]
this meta-analysis . EBC may also be compromised,
as the prevalence and incidence of TB infection was
[65]
higher in Asian countries . Thus, caution should be
taken when extrapolating the results from this analysis
to predict TB infection risk of TNFα inhibitors treating CD
in non-western countries.
Additional attention should be paid to TB screening.
Patients could have had either latent TB infection
that was reactivated or acquired TB infection through
exposure. The screening methods of trials varied and
often went unreported. Furthermore, screening out
patients based on a positive tuberculin skin test may
have different impacts on the TB infection occurrence
due to the different practices of Bacillus Calmette[66]
Guérin vaccinations . Lastly, two studies did not report
[39,45]
screening methods
. Close examination of the
additional details of TB screening may provide further
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between TNFα inhibitors and TB in CD patients. We seek to include all qualified
studies - including studies with zero events in the treatment and control groups
- without using corrections, which previous meta-analyses have failed to do.
Finally, we seek to introduce a novel, epidemiologically-based background
correction (EBC) that can adjust for zero counts.

insight on the nature of TB infection - whether it was
acquired or reactivated.
We conclude that there is sufficient evidence to
assert that using TNFα inhibitors increases the risk of
developing TB infection in patients with CD. Twenty-three
studies were analyzed, and multiple statistical methods
repeatedly gave significant risk. To our knowledge, these
23 studies represented all appropriate literature available
for the topic at hand, with an extensive and careful
review conducted. No studies were excluded, provided
that they used a placebo control and were randomized
and masked. The randomization minimized potential
confounding such as age, duration of IBD, and disease
activity. These results challenge findings of previous
studies, which reported no significantly increased risk of
TB infection when TNFα inhibitors were used to manage
[10,14]
patients with CD
. Based on the risk difference found
in this study, on average 565 patients treated with TNFα
inhibitors may result in 1 patient getting infected with
TB, vs 5000 patients not treated with TNFα inhibitors
producing 1 case of TB, if the background incidence of TB
infection in moderately severe CD is similar to the rates
found in the UK IBD population.
The etiology of CD remains uncertain. Evidence
suggests that CD may be caused by an immune response
[67]
to commensal enteric bacteria . Recent research also
suggests that CD is intimately linked to MAP, which is a TB[11,55,57]
like bacterium
. The use of TNFα inhibitors in these
patients could favor MAP infection and worsen the patient
condition. It is currently difficult to come to conclusions
considering that the RCTs did not test for MAP infection
- much less reported it. Further research could be done
on looking at patient outcomes and determining which
patients had MAP infection and what their susceptibility to
infection was.

Research methods

The Preferred Reporting Items for the Systematic reviews and Meta-Analyses
(PRISMA) protocol was followed. Only randomized, placebo-controlled trials
(RCTs) were considered. Arcsine differences were used to calculate risk
differences in a non-biased way. Odds ratios were calculated using the YusufPeto method both with and without corrections (EBC).

Research results

Twenty-three RCTs were analyzed, and all the statistical methods repeatedly
provided significantly increased risk of TB infection. A risk difference (RD) of
0.028 (95%CI: 0.0011-0.055) was calculated. The odds ratio (OR) was 4.85
(95%CI: 1.02-22.99) when all studies were included using EBCs and 5.85
(95%CI: 1.13-30.38) when studies reporting zero tuberculosis cases were
excluded.

Research conclusions

There is an increased risk of TB infection in patients with Crohn’s disease
who use TNFα inhibitors. This risk could range from 5 times (OR) to as high
as 8 times (RD). Alternative therapy such as using more antibiotics and less
immunosuppressive agents may be evaluated.

Research perspectives

This study provided us with additional approaches that can be considered when
conducting future meta-analyses. ASD is a particularly useful method that can
contribute to future meta-analyses. The relationship between MAP and TB is
still unclear. Further research on the validity of the EBC should be pursued.
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etiology of Crohn’s disease (CD).
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Due to the suspected role of MAP in the etiology of CD and previous literature
on the topic, TNFα inhibitors likely increase the risk of TB infection, which
would guide future clinical decisions. However, such an association has not
been adequately quantified. Additionally, current statistical models commonly
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5

6

Research objectives

In this study, we seek to advance the awareness of and quantify the association

WJG|www.wjgnet.com

2772

Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff
G, Benchimol EI, Panaccione R, Ghosh S, Barkema HW, Kaplan
GG. Increasing incidence and prevalence of the inflammatory bowel
diseases with time, based on systematic review. Gastroenterology
2012; 142: 46-54.e42; quiz e30 [PMID: 22001864 DOI: 10.1053/
j.gastro.2011.10.001]
Qasem A, Naser AE, Naser SA. The alternate effects of anti-TNFα
therapeutics and their role in mycobacterial granulomatous infection
in Crohn’s disease. Expert Rev Anti Infect Ther 2017; 15: 637-643
[PMID: 28481651 DOI: 10.1080/14787210.2017.1328276]
Braegger CP, Nicholls S, Murch SH, Stephens S, MacDonald
TT. Tumour necrosis factor alpha in stool as a marker of intestinal
inflammation. Lancet 1992; 339: 89-91 [PMID: 1345871]
Swaminath A, Lebwohl B, Capiak KM, Present DH. Practice
patterns in the use of anti-tumor necrosis factor alpha agents
in the management of Crohn’s disease: a US national practice
survey comparing experts and non-experts. Dig Dis Sci 2011; 56:
1160-1164 [PMID: 21181440 DOI: 10.1007/s10620-010-1530-9]
Roda G, Jharap B, Neeraj N, Colombel JF. Loss of Response to
Anti-TNFs: Definition, Epidemiology, and Management. Clin
Transl Gastroenterol 2016; 7: e135 [PMID: 26741065 DOI:
10.1038/ctg.2015.63]
Kalden JR, Schulze-Koops H. Immunogenicity and loss of
response to TNF inhibitors: implications for rheumatoid arthritis
treatment. Nat Rev Rheumatol 2017; 13: 707-718 [PMID: 29158574
DOI: 10.1038/nrrheum.2017.187]

July 7, 2018|Volume 24|Issue 25|

Cao BL et al . TB risk in Crohn’s patients with TNFα inhibitors
7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

Hyrich KL, Watson KD, Silman AJ, Symmons DP; British Society
for Rheumatology Biologics Register. Predictors of response to antiTNF-alpha therapy among patients with rheumatoid arthritis: results
from the British Society for Rheumatology Biologics Register.
Rheumatology (Oxford) 2006; 45: 1558-1565 [PMID: 16705046
DOI: 10.1093/rheumatology/kel149]
Gisbert JP, Marín AC, Chaparro M. The Risk of Relapse after
Anti-TNF Discontinuation in Inflammatory Bowel Disease:
Systematic Review and Meta-Analysis. Am J Gastroenterol 2016;
111: 632-647 [PMID: 27002797 DOI: 10.1038/ajg.2016.54]
Minozzi S, Bonovas S, Lytras T, Pecoraro V, González-Lorenzo M,
Bastiampillai AJ, Gabrielli EM, Lonati AC, Moja L, Cinquini M,
Marino V, Matucci A, Milano GM, Tocci G, Scarpa R, Goletti D,
Cantini F. Risk of infections using anti-TNF agents in rheumatoid
arthritis, psoriatic arthritis, and ankylosing spondylitis: a systematic
review and meta-analysis. Expert Opin Drug Saf 2016; 15: 11-34
[PMID: 27924643 DOI: 10.1080/14740338.2016.1240783]
Bonovas S, Fiorino G, Allocca M, Lytras T, Nikolopoulos GK,
Peyrin-Biroulet L, Danese S. Biologic Therapies and Risk of
Infection and Malignancy in Patients With Inflammatory Bowel
Disease: A Systematic Review and Network Meta-analysis. Clin
Gastroenterol Hepatol 2016; 14: 1385-1397.e10 [PMID: 27189910
DOI: 10.1016/j.cgh.2016.04.039]
Naser SA, Sagramsingh SR, Naser AS, Thanigachalam S.
Mycobacterium avium subspecies paratuberculosis causes Crohn’
s disease in some inflammatory bowel disease patients. World
J Gastroenterol 2014; 20: 7403-7415 [PMID: 24966610 DOI:
10.3748/wjg.v20.i23.7403]
Roach DR, Bean AG, Demangel C, France MP, Briscoe H,
Britton WJ. TNF regulates chemokine induction essential for cell
recruitment, granuloma formation, and clearance of mycobacterial
infection. J Immunol 2002; 168: 4620-4627 [PMID: 11971010]
Williams CJ, Peyrin-Biroulet L, Ford AC. Systematic review with
meta-analysis: malignancies with anti-tumour necrosis factor-α
therapy in inflammatory bowel disease. Aliment Pharmacol Ther
2014; 39: 447-458 [PMID: 24444171 DOI: 10.1111/apt.12624]
Ford AC, Peyrin-Biroulet L. Opportunistic infections with antitumor necrosis factor-α therapy in inflammatory bowel disease:
meta-analysis of randomized controlled trials. Am J Gastroenterol
2013; 108: 1268-1276 [PMID: 23649185 DOI: 10.1038/
ajg.2013.138]
Qasem A, Safavikhasraghi M, Naser SA. A single capsule
formulation of RHB-104 demonstrates higher anti-microbial growth
potency for effective treatment of Crohn’s disease associated with
Mycobacterium avium subspecies paratuberculosis. Gut Pathog
2016; 8: 45 [PMID: 27708718 DOI: 10.1186/s13099-016-0127-z]
Cao B, Naser SA. Systematic review and meta-analysis on the
risk of tuberculosis in patients with Crohn’s disease who take
TNFα inhibitors. PROSPERO: International prospective register of
systematic reviews, 2018
Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. BMJ 2009; 339: b2535 [PMID: 19622551
DOI: 10.1136/bmj.b2535]
Freeman M, Tukey J. Transformations related to the angular
and the square root. Annals of Mathematical Statistics 1950; 21:
607-611
Anscombe FJ. The transformation of Poisson, binomial and
negative-binomial data. Biometrika 1948; 35: 246-254 [DOI:
10.2307/2332343]
Rücker G, Schwarzer G, Carpenter J, Olkin I. Why add anything to
nothing? The arcsine difference as a measure of treatment effect in
meta-analysis with zero cells. Stat Med 2009; 28: 721-738 [PMID:
19072749 DOI: 10.1002/sim.3511]
Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta blockade during
and after myocardial infarction: an overview of the randomized
trials. Prog Cardiovasc Dis 1985; 27: 335-371 [PMID: 2858114]
Brockhaus AC, Bender R, Skipka G. The Peto odds ratio viewed
as a new effect measure. Stat Med 2014; 33: 4861-4874 [PMID:

WJG|www.wjgnet.com

23

24

25

26
27

28

29

30

31

32

33

34

35

36

2773

25244540 DOI: 10.1002/sim.6301]
Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson EL,
Montori V. Anti-TNF antibody therapy in rheumatoid arthritis and
the risk of serious infections and malignancies: systematic review
and meta-analysis of rare harmful effects in randomized controlled
trials. JAMA 2006; 295: 2275-2285 [PMID: 16705109 DOI:
10.1001/jama.295.19.2275]
Aberra FN, Stettler N, Brensinger C, Lichtenstein GR, Lewis JD.
Risk for active tuberculosis in inflammatory bowel disease patients.
Clin Gastroenterol Hepatol 2007; 5: 1070-1075 [PMID: 17627901
DOI: 10.1016/j.cgh.2007.04.007]
R Core Team. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. Available from: URL: http://www.r-project.org/
DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986; 7: 177-188 [PMID: 3802833]
Winter TA, Wright J, Ghosh S, Jahnsen J, Innes A, Round P.
Intravenous CDP870, a PEGylated Fab’ fragment of a humanized
antitumour necrosis factor antibody, in patients with moderate-tosevere Crohn’s disease: an exploratory study. Aliment Pharmacol
Ther 2004; 20: 1337-1346 [PMID: 15606396 DOI: 10.1111/
j.1365-2036.2004.02285.x]
Watanabe M, Hibi T, Lomax KG, Paulson SK, Chao J, Alam MS,
Camez A; Study Investigators. Adalimumab for the induction and
maintenance of clinical remission in Japanese patients with Crohn’s
disease. J Crohns Colitis 2012; 6: 160-173 [PMID: 22325170 DOI:
10.1016/j.crohns.2011.07.013]
Targan SR, Hanauer SB, van Deventer SJ, Mayer L, Present DH,
Braakman T, DeWoody KL, Schaible TF, Rutgeerts PJ. A shortterm study of chimeric monoclonal antibody cA2 to tumor necrosis
factor alpha for Crohn’s disease. Crohn’s Disease cA2 Study
Group. N Engl J Med 1997; 337: 1029-1035 [PMID: 9321530 DOI:
10.1056/nejm199710093371502]
Schreiber S, Rutgeerts P, Fedorak RN, Khaliq-Kareemi M, Kamm
MA, Boivin M, Bernstein CN, Staun M, Thomsen OØ, Innes A;
CDP870 Crohn’s Disease Study Group. A randomized, placebocontrolled trial of certolizumab pegol (CDP870) for treatment of
Crohn’s disease. Gastroenterology 2005; 129: 807-818 [PMID:
16143120 DOI: 10.1053/j.gastro.2005.06.064]
Schreiber S, Khaliq-Kareemi M, Lawrance IC, Thomsen OØ,
Hanauer SB, McColm J, Bloomfield R, Sandborn WJ; PRECISE 2
Study Investigators. Maintenance therapy with certolizumab pegol
for Crohn’s disease. N Engl J Med 2007; 357: 239-250 [PMID:
17634459 DOI: 10.1056/NEJMoa062897]
Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG,
Fedorak RN, Kamm MA, Korzenik JR, Lashner BA, Onken JE,
Rachmilewitz D, Rutgeerts P, Wild G, Wolf DC, Marsters PA,
Travers SB, Blank MA, van Deventer SJ. Infliximab maintenance
therapy for fistulizing Crohn’s disease. N Engl J Med 2004; 350:
876-885 [PMID: 14985485 DOI: 10.1056/NEJMoa030815]
Sandborn WJ, Schreiber S, Feagan BG, Rutgeerts P, Younes ZH,
Bloomfield R, Coteur G, Guzman JP, D’Haens GR. Certolizumab
pegol for active Crohn’s disease: a placebo-controlled, randomized
trial. Clin Gastroenterol Hepatol 2011; 9: 670-678.e3 [PMID:
21642014 DOI: 10.1016/j.cgh.2011.04.031]
Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Colombel JF,
Panaccione R, D’Haens G, Li J, Rosenfeld MR, Kent JD, Pollack
PF. Adalimumab induction therapy for Crohn disease previously
treated with infliximab: a randomized trial. Ann Intern Med 2007;
146: 829-838 [PMID: 17470824]
Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas M,
MacIntosh DG, Panaccione R, Wolf D, Kent JD, Bittle B, Li J,
Pollack PF. Adalimumab for maintenance treatment of Crohn’s
disease: results of the CLASSIC II trial. Gut 2007; 56: 1232-1239
[PMID: 17299059 DOI: 10.1136/gut.2006.106781]
Sandborn WJ, Feagan BG, Stoinov S, Honiball PJ, Rutgeerts
P, Mason D, Bloomfield R, Schreiber S; PRECISE 1 Study
Investigators. Certolizumab pegol for the treatment of Crohn’s
disease. N Engl J Med 2007; 357: 228-238 [PMID: 17634458 DOI:

July 7, 2018|Volume 24|Issue 25|

Cao BL et al . TB risk in Crohn’s patients with TNFα inhibitors

37

38

39

40

41

42

43

44

45

46

47

48

10.1056/NEJMoa067594]
Rutgeerts P, Van Assche G, Sandborn WJ, Wolf DC, Geboes K,
Colombel JF, Reinisch W; EXTEND Investigators, Kumar A, Lazar A,
Camez A, Lomax KG, Pollack PF, D’Haens G. Adalimumab induces
and maintains mucosal healing in patients with Crohn’s disease: data
from the EXTEND trial. Gastroenterology 2012; 142: 1102-1111.e2
[PMID: 22326435 DOI: 10.1053/j.gastro.2012.01.035]
Rutgeerts P, D’Haens G, Targan S, Vasiliauskas E, Hanauer
SB, Present DH, Mayer L, Van Hogezand RA, Braakman T,
DeWoody KL, Schaible TF, Van Deventer SJ. Efficacy and safety of
retreatment with anti-tumor necrosis factor antibody (infliximab) to
maintain remission in Crohn’s disease. Gastroenterology 1999; 117:
761-769 [PMID: 10500056]
Regueiro M, Feagan BG, Zou B, Johanns J, Blank MA, Chevrier
M, Plevy S, Popp J, Cornillie FJ, Lukas M, Danese S, Gionchetti
P, Hanauer SB, Reinisch W, Sandborn WJ, Sorrentino D, Rutgeerts
P; PREVENT Study Group. Infliximab Reduces Endoscopic, but
Not Clinical, Recurrence of Crohn’s Disease After Ileocolonic
Resection. Gastroenterology 2016; 150: 1568-1578 [PMID:
26946343 DOI: 10.1053/j.gastro.2016.02.072]
Regueiro M, El-Hachem S, Kip KE, Schraut W, Baidoo L,
Watson A, Swoger J, Schwartz M, Barrie A, Pesci M, Binion D.
Postoperative infliximab is not associated with an increase in
adverse events in Crohn’s disease. Dig Dis Sci 2011; 56: 3610-3615
[PMID: 21681507 DOI: 10.1007/s10620-011-1785-9]
Present DH, Rutgeerts P, Targan S, Hanauer SB, Mayer L,
van Hogezand RA, Podolsky DK, Sands BE, Braakman T,
DeWoody KL, Schaible TF, van Deventer SJ. Infliximab for the
treatment of fistulas in patients with Crohn’s disease. N Engl J
Med 1999; 340: 1398-1405 [PMID: 10228190 DOI: 10.1056/
nejm199905063401804]
UCB Pharma. Corticosteroid Sparing Effect of Certolizumab in
Crohn’s Disease (COSPAR1) (NCT00349752; Last Update Posted
on September 5, 2014). Available at ClinicalTrials.gov. Accessed on
March 27, 2018.
Lémann M, Mary JY, Duclos B, Veyrac M, Dupas JL, Delchier
JC, Laharie D, Moreau J, Cadiot G, Picon L, Bourreille A, Sobahni
I, Colombel JF; Groupe d’Etude Therapeutique des Affections
Inflammatoires du Tube Digestif (GETAID). Infliximab plus
azathioprine for steroid-dependent Crohn’s disease patients: a
randomized placebo-controlled trial. Gastroenterology 2006; 130:
1054-1061 [PMID: 16618399 DOI: 10.1053/j.gastro.2006.02.014]
Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas M,
MacIntosh D, Panaccione R, Wolf D, Pollack P. Human anti-tumor
necrosis factor monoclonal antibody (adalimumab) in Crohn’s
disease: the CLASSIC-I trial. Gastroenterology 2006; 130: 323-333;
quiz 591 [PMID: 16472588 DOI: 10.1053/j.gastro.2005.11.030]
Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber
S, Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W,
Rutgeerts P; ACCENT I Study Group. Maintenance infliximab
for Crohn’s disease: the ACCENT I randomised trial. Lancet
2002; 359: 1541-1549 [PMID: 12047962 DOI: 10.1016/
s0140-6736(02)08512-4]
D’haens G, Van Deventer S, Van Hogezand R, Chalmers D,
Kothe C, Baert F, Braakman T, Schaible T, Geboes K, Rutgeerts
P. Endoscopic and histological healing with infliximab antitumor necrosis factor antibodies in Crohn’s disease: A European
multicenter trial. Gastroenterology 1999; 116: 1029-1034 [PMID:
10220494]
Colombel JF, Sandborn WJ, Rutgeerts P, Enns R, Hanauer
SB, Panaccione R, Schreiber S, Byczkowski D, Li J, Kent JD,
Pollack PF. Adalimumab for maintenance of clinical response
and remission in patients with Crohn’s disease: the CHARM
trial. Gastroenterology 2007; 132: 52-65 [PMID: 17241859 DOI:
10.1053/j.gastro.2006.11.041]
Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth
A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond RH,
Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P; SONIC

WJG|www.wjgnet.com

49

50

51
52

53

54

55

56

57

58

59

60

61

62

63

64
65

2774

Study Group. Infliximab, azathioprine, or combination therapy
for Crohn’s disease. N Engl J Med 2010; 362: 1383-1395 [PMID:
20393175 DOI: 10.1056/NEJMoa0904492]
Antoni C, Braun J. Side effects of anti-TNF therapy: current
knowledge. Clin Exp Rheumatol 2002; 20: S152-S157 [PMID:
12463468]
Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica J,
Schwieterman WD, Siegel JN, Braun MM. Tuberculosis associated
with infliximab, a tumor necrosis factor alpha-neutralizing agent.
N Engl J Med 2001; 345: 1098-1104 [PMID: 11596589 DOI:
10.1056/NEJMoa011110]
Keane J, Gershon SK, Braun MM. Tuberculosis and treatment with
infliximab. The New England journal of medicine 2002; 346: 2
Schwartz D, Shafran I, Romero C, Piromalli C, Biggerstaff J,
Naser N, Chamberlin W, Naser SA. Use of short-term culture for
identification of Mycobacterium avium subsp. paratuberculosis in
tissue from Crohn’s disease patients. Clin Microbiol Infect 2000; 6:
303-307 [PMID: 11168138]
Qasem A, Abdel-Aty A, Abu-Suwa H, Naser SA. Oxidative stress
due to Mycobacterium avium subspecies paratuberculosis (MAP)
infection upregulates selenium-dependent GPx activity. Gut Pathog
2016; 8: 12 [PMID: 26997979 DOI: 10.1186/s13099-016-0090-8]
Naser SA, Schwartz D, Shafran I. Isolation of Mycobacterium
avium subsp paratuberculosis from breast milk of Crohn’s disease
patients. Am J Gastroenterol 2000; 95: 1094-1095 [PMID:
10763975 DOI: 10.1111/j.1572-0241.2000.01954.x]
Sharp RC, Beg SA, Naser SA. Role of PTPN2/22 polymorphisms
in pathophysiology of Crohn's disease. World J Gastroenterol 2018;
24: 657-670 [PMID: 29456405 DOI: 10.3748/wjg.v24.i6.657]
Sharp RC, Beg SA, Naser SA. Polymorphisms in Protein Tyrosine
Phosphatase Non-receptor Type 2 and 22 (PTPN2/22) Are Linked
to Hyper-Proliferative T-Cells and Susceptibility to Mycobacteria
in Rheumatoid Arthritis. Front Cell Infect Microbiol 2018; 8: 11
[PMID: 29423382 DOI: 10.3389/fcimb.2018.00011]
Sharp RC, Abdulrahim M, Naser ES, Naser SA. Genetic Variations
of PTPN2 and PTPN22: Role in the Pathogenesis of Type 1
Diabetes and Crohn’s Disease. Front Cell Infect Microbiol 2015; 5:
95 [PMID: 26734582 DOI: 10.3389/fcimb.2015.00095]
Naser SA, Thanigachalam S, Dow CT, Collins MT. Exploring the
role of Mycobacterium avium subspecies paratuberculosis in the
pathogenesis of type 1 diabetes mellitus: a pilot study. Gut Pathog
2013; 5: 14 [PMID: 23759115 DOI: 10.1186/1757-4749-5-14]
Bach H, Papavinasasundaram KG, Wong D, Hmama Z, Av-Gay
Y. Mycobacterium tuberculosis virulence is mediated by PtpA
dephosphorylation of human vacuolar protein sorting 33B. Cell
Host Microbe 2008; 3: 316-322 [PMID: 18474358 DOI: 10.1016/
j.chom.2008.03.008]
Bach H, Ko HH, Raizman EA, Attarian R, Cho B, Biet F, Enns
R, Bressler B. Immunogenicity of Mycobacterium avium subsp.
paratuberculosis proteins in Crohn’s disease patients. Scand J
Gastroenterol 2011; 46: 30-39 [PMID: 20735153 DOI: 10.3109/00
365521.2010.513061]
Bradburn MJ, Deeks JJ, Berlin JA, Russell Localio A. Much ado
about nothing: a comparison of the performance of meta-analytical
methods with rare events. Stat Med 2007; 26: 53-77 [PMID:
16596572 DOI: 10.1002/sim.2528]
Bhaumik DK, Amatya A, Normand SL, Greenhouse J, Kaizar E,
Neelon B, Gibbons RD. Meta-Analysis of Rare Binary Adverse
Event Data. J Am Stat Assoc 2012; 107: 555-567 [PMID: 23734068
DOI: 10.1080/01621459.2012.664484]
Bai O, Chen M, Wang X. Bayesian Estimation and Testing in
Random Effects Meta-analysis of Rare Binary Adverse Events. Stat
Biopharm Res 2016; 8: 49-59 [PMID: 27127551 DOI: 10.1080/194
66315.2015.1096823]
Ng SC. Emerging Trends of Inflammatory Bowel Disease in Asia.
Gastroenterol Hepatol (NY) 2016; 12: 193-196 [PMID: 27231449]
WHO. Global tuberculosis report 2017. Accessed on March 27,
2018. Available from: URL: http://www.who.int/tb/publications/

July 7, 2018|Volume 24|Issue 25|

Cao BL et al . TB risk in Crohn’s patients with TNFα inhibitors

66

global_report/en/
Zwerling A, Behr MA, Verma A, Brewer TF, Menzies D, Pai M.
The BCG World Atlas: a database of global BCG vaccination
policies and practices. PLoS Med 2011; 8: e1001012 [PMID:

67

21445325 DOI: 10.1371/journal.pmed.1001012]
Sartor RB. Mechanisms of disease: pathogenesis of Crohn’s
disease and ulcerative colitis. Nat Clin Pract Gastroenterol Hepatol
2006; 3: 390-407 [PMID: 16819502 DOI: 10.1038/ncpgasthep0528]
P- Reviewer: Ogata H S- Editor: Wang XJ L- Editor: A
E- Editor: Huang Y

WJG|www.wjgnet.com

2775

July 7, 2018|Volume 24|Issue 25|

World J Gastroenterol 2018 July 7; 24(25): 2776-2784

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i25.2776

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

CASE REPORT

Liposarcoma of the stomach: Report of two cases and
review of the literature
Wen-Zhe Kang, Li-Yan Xue, Gui-Qi Wang, Fu-Hai Ma, Xiao-Long Feng, Lei Guo, Yang Li, Wei-Kun Li, Yan-Tao Tian
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/

Wen-Zhe Kang, Fu-Hai Ma, Yang Li, Wei-Kun Li, Yan-Tao
Tian, Department of Pancreatic and Gastric Surgery, National
Cancer Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100021, China
Li-Yan Xue, Xiao-Long Feng, Lei Guo, Department of Pathology,
National Cancer Center/ National Clinical Research Center for
Cancer/Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing 100021, China

Manuscript source: Unsolicited manuscript
Correspondence to: Yan-Tao Tian, MD, Professor, Department
of Pancreatic and Gastric Surgery, National Cancer Center/
National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union
Medical College, No. 17, Panjiayuan Nanli, Beijing 100021,
China. tyt67@163.com
Telephone: +86-10-87787120
Fax: +86-10-87787120

Gui-Qi Wang, Department of Endoscope, National Cancer
Center/ National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing 100021, China
ORCID number: Wen-Zhe Kang (0000-0001-9965-8109); LiYan Xue (0000-0001-5185-0126); Gui-Qi Wang (0000-0001-7767
-1564); Fu-Hai Ma (0000-0003-2437-6881); Xiao-Long Feng
(0000-0003-4475-9513); Lei Guo (0000-0002-3110-8167); Yang
Li (0000-0002-4549-7087); Wei-Kun Li (0000-0002-3883-1497);
Yan-Tao Tian (0000-0001-6479-7547).

Received: April 27, 2018
Peer-review started: April 28, 2018
First decision: May 24, 2018
Revised: May 26, 2018
Accepted: June 9, 2018
Article in press: June 9, 2018
Published online: July 7, 2018

Author contributions: Tian YT, Xue LY, and Wang GQ designed
the report; Ma FH, Guo L, Li Y, and Li WK collected the patient’s
clinical data; and Kang WZ and Feng XL analyzed the data and
wrote the paper.
Supported by Beijing Municipal Science and Technology
Commission, No.Z161100000116045; and National Natural
Science Foundation of China, No. 81772642.

Abstract
Liposarcoma of the stomach is extremely rare, and only
37 cases have been reported worldwide. We herein
report two cases of liposarcoma of the stomach. The first
patient was referred to our hospital with upper abdominal
discomfort. The endoscopic examination revealed a tumor
mass about 3 cm in diameter. The patient underwent
a partial gastrectomy and had an uneventful recovery.
The histopathological examination revealed a welldifferentiated liposarcoma. The second patient had
symptoms of upper abdominal discomfort combined with
nausea and anorexia. Several palpable masses were
found with endoscopy. Endoscopic submucosal dissection
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was the treatment used, and the postoperative course
was uneventful. The histopathological diagnosis was a
well-differentiated liposarcoma. The two patients did not
undergo any adjuvant therapy. They are both currently
in good condition without recurrence. Therefore, we
believe that the outcome of liposarcoma of the stomach is
positive, and surgical resection may be the first choice for
treatment at present.

with the symptom of upper abdominal discomfort,
which she had experienced for 6 mo. She complained
of abdominal pain without any fever or gastrointestinal
bleeding. During the physical examination, no special
physical signs were found.
The gastroscopy revealed a large tumor mass about
5 cm in diameter located in the junction of the body and
fundus of the stomach; it had been considered a benign
tumor. Computed tomography confirmed a spherical
tumor in the stomach, which was approximately 5.6
cm × 4.2 cm × 3.5 cm in size. The border of the tumor
was clear and presented a significantly strengthened
edge, and the center of the tumor was inhomogeneous.
There were no visible signs of metastatic disease. Upper
gastrointestinal imaging also found a circular tumor
with smooth edges. The patient had no distinctive past
medical history and denied any relevant family history.
On March 30, 2009, the patient underwent a resection
of the stomach tumor, and surgeons resected part of
the omentum. An intraoperative pathology freezing
study revealed mesenchymal neoplasms.
She had an uneventful recovery and was discharged
after 9 d. The patient did not undergo any adjuvant
treatment. She has remained under close follow-up
supervision and is currently disease free.
The histopathological examination revealed a welldifferentiated liposarcoma measuring 6 cm × 5 cm × 4
cm, which had infiltrated the muscle and serosal layers
of the gastric wall (Figure 1). The immunohistochemistry
finds were S-100+, CD34++, SMA+, Desmin++,
CD117-, HMB45-, and Ki-67 < 1%. Fluorescent in situ
hybridization (FISH) detection showed amplification of
the MDM2 gene (Figure 2).

Key words: Pathology; Signs and symptoms; Diagnosis;
Liposarcoma; Therapeutics
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liposarcoma of the stomach is extremely rare,
and only 37 cases have been reported in the literature. We
herein report two cases and review the literature. These
cases might contribute to improving our understanding of
the etiology, diagnosis, treatment strategies, and outcome
of liposarcoma of the stomach. This report can also serve
as a reminder to gastroenterologists, surgeons, and
pathologists who encounter liposarcoma of the stomach in
their clinical practice.
Kang WZ, Xue LY, Wang GQ, Ma FH, Feng XL, Guo L, Li Y,
Li WK, Tian YT. Liposarcoma of the stomach: Report of two
cases and review of the literature. World J Gastroenterol 2018;
24(25): 2776-2784 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i25/2776.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i25.2776

INTRODUCTION

Case 2

A 69-year-old man was admitted to our department
because of upper abdominal discomfort combined with
nausea and anorexia that he had been experiencing
for about 6 mo. During this period he lost 10 kg in
weight. At first he pursued treatment with traditional
Chinese medicine, and his symptoms were relieved.
He underwent pituitary surgery in 2014 because of a
pituitary tumor, and he had suffered from hypertension
for 30 years. As a result of regular medication, his blood
pressure was well controlled. His family history was
unremarkable.
Our hospital’s endoscopic examination showed
that a limited knurl was distributed from the lower
part of the gastric body to the corner of the stomach
(Figure 3A), and a knurl was also found in the gastric
fundus (figure 3B). Multiple biopsies were obtained, but
they were all superficial and showed only unspecific
inflammation of the gastric mucosa. Gastric endoscopic
ultrasound (EUS) examination revealed that the tumor
was mainly located in the submucosa of the gastric wall
and was potentially a liposarcoma (Figure 4). Computed
tomography confirmed a fat density tumor about 5.1
cm × 2.8 cm in size. No hepatic metastasis or nodal
involvements were detected.

Liposarcoma is one of the most common mesenchymal
[1]
neoplasms , and liposarcomas are classified
[2]
histologically into five subtypes . However liposarcoma
of the stomach is rare, and only 37 cases have been
reported in the literature. Liposarcoma of the stomach
is mainly located in the antrum, and it is usually of
submucosal origin. Definitive diagnosis is reached only
by histopathological examination. Because of the low
incidence of this tumor, treatment of gastric liposarcoma
is still not well-standardized. However, the prognosis
may remain satisfactory if the condition is diagnosed
early and treated appropriately. Herein, two cases of
liposarcoma of the stomach are described, and we also
discuss the histopathological types, etiology, diagnosis,
and treatment strategies in this report.

CASE REPORT
In the Chinese Academy of Medical Sciences Cancer
Hospital we encountered two cases, one in 2009 and
one in 2016.

Case 1

The first patient was a 45-year-old woman who presented
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A

B

C

D

Figure 1 Histological finding. Low magnification shows that the immature fat cells are interspersed among smooth muscle tissues (A: HE, × 40 and B: HE; ×
100). The large nuclear dark-stained lipoblast, which appears as a mononuclear or multinucleated cell with one or more cytoplasmic vacuoles, are seen under high
magnification (C; HE; × 200 and D: HE; × 400).

A

B

Figure 2 Fluorescence in situ hybridization detection shows amplification of MDM2 gene (A and B), case 1.
[1]

On August 1, 2016, an endoscopic submucosal
dissection (ESD) was performed (Figure 5). During the
operation, we found that the surface of the tumor was
complete and smooth, and the substrate was sturdy.
The operation was successful without any complications.
The postoperative course was uneventful, and the
patient was discharged on postoperative day 7. He did
not undergo any adjuvant treatment and remained free
of metastasis 20 mo after surgery.
The histopathological diagnosis was a well-diffe
rentiated liposarcoma (Figures 6 and 7). FISH testing
demonstrated amplification of the MDM2 gene (Figure 8).

origin, is one of the most common soft tissue sarcomas .
However, liposarcoma of the stomach is extremely rare.
The first case was reported by Abrama and Tuberville in
1941, and until now only 37 cases (with a mean age of
57.0 years) have been reported worldwide (Table 1).
According to the 2013 WHO classification of soft
tissue tumors, liposarcoma is a malignant fat cell
tumor that can be histologically subdivided into the
following five types: atypical lipomatous tumor/well
differentiated liposarcoma, dedifferentiated liposarcoma,
myxoid liposarcoma, pleomorphic liposarcoma, and
[2]
liposarcoma, not otherwise specified .
Both of our cases had well-differentiated liposarcomas.
Well-differentiated liposarcoma (including atypical
lipomas) is the most common subtype, accounting
[3]
for about 40%-45% of all liposarcomas . Under the

DISCUSSION
Liposarcoma, a kind of malignant tumor of mesenchymal
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A

B

Figure 3 A limited knurl was distributed from lower part of the gastric body to the corner of the stomach (A), and a knurl was also found in the gastric
fundus (B).

Figure 4 Endoscopic ultrasound examination located the tumor mainly in the submucosa of the gastric wall.

1

2

3

4

5

6

7

8

Figure 5 Process of the endoscopic submucosal dissection.

microscope, the tumor cells look like normal fat cells.
This kind of liposarcoma is usually a low-grade tumor
[4]
in the early stages and grows slowly . There is a risk
[5]
of local recurrence but a low potential for metastasis .
Dedifferentiated liposarcomas and well-differentiated
[1]
liposarcomas are related . Approximately 10% of
dedifferentiated liposarcomas are recurrences of
[3]
well-differentiated liposarcomas . The second most

WJG|www.wjgnet.com

common subtype is myxoid liposarcoma, which
[3]
represents about a third of all liposarcomas . Myxoid
[6]
liposarcoma is characterized by a myxoid matrix .
Under the microscope, its cells look less normal and
may have a high grade component. Tumor cells infiltrate
blood vessels in the fibromyxoid stroma that form
characteristic clusters or branches. Therefore, we usually
categorize myxoid liposarcomas as intermediate to high
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Table 1 Review of literature
Year
1

1941

2
3
4
5
6
7

1955
1965
1968
1969
1983
1984

8

1986

9
10
11
12
13

1986
1986
1988
1990
1992

14

1993

15

1993

16

1993

17

1995

18
19

1995
1996

20

1997

21

1997

22

1997

Author

Age
[23]

Abrams et al

Sex

Histologic subtype

Outcome

Unknown

DOD in 4 mo

Unknown
MY
Unknown
Mixed
MY
MY

WR in 8 mo
WR in 24 mo
WR 60 mo
WR
DOD in 18 mo
WR

M

Exploratory laparotomy

Hohf et al
Hawkins et al[21]
Orita et al[22]
Souhei Suzuki et al[23]
Hiroaki et al[24]
Lopez et al[28]
Kiyoshi Kagawa
et al[23]
Shokouh-Amiri et al[29]
Laky et al[9]
Toshiki Hirose et al[23]
Sacchiko Matsusaki[23]
Costa et al[30]
Ryou Mochituki
et al[23]
Yoshiaki Suzuki
et al[23]
Ferrozzi et al[25]
Shigeharu Suziki
et al[23]
Yamamoto et al[26]
Mitsuyoshi Sakayani[23]
Tsutomu Andou
et al[23]
Masahiro
Matsuzawa[23]

77
86
42
42
41
24

M
M
M
F
M
M

S + radiation
S
S
S
S
S

64

F

Tumor resection

About hen-egg

WD

WR

15
67
66
42
70

M
F
M
F
F

S
P
T
S
S

30 × 20 Greater curvature
5 × 2 × 1.5 antrum
10 × 8 × 3
about 600 g
9 in diameter

MY
Mixed
My
MY
WD

WR 8 mo
WR 12 mo
Dissemination
WR
WR

56

F

P

Child's head 1300 g

WD

Unknown

59

M

T

/

Dedifferentiated

Unknown

58

M

Tumor resection

25 × 20 × 8 antrum

Pleomorphic

Unknown

57

M

S + chemotherapy

4.8 in diameter

WD

WR

58
72

M
F

P + endoscopic resection
T

1.3 × 0.5 Greater curvature
17.5 × 7.5 × 1.3; 1700 g

Mixed
Pleomorphic

WR 12 mo
Unknown

68

F

T

10.6 × 4

WD

Unknown

34

F

Distal gastrectomy

3.5 × 3 × 3

MY

Unknown

Lopez-Negrete[15]

74

F

T

Mixed

Sudden death

68
74

F
F

T
S

15 in diameter minor
curvature
10.5 × 5.5 × 4 body
3.4 × 1.3 × 0.5 antrum

WD
MY

WR 13 mo
WR 15 d

34

F

S

4 × 2.8 minor curvature

WD

WR in 36 mo

62
68

M
M

[11]

1998
2000

25

2002

26
27

2005
2007

Seki et al
Philipps et al[27]
Hisanobu Saegusa
et al[23]
Noushin et al[15]
Konstantinos et al[6]

28

2007

Michiels et al[7]

27

F

29
30

2012
2013

Mohamed et al[11]
Akin et al[1]

51
59

M
F

31

2014

Kim et al[18]

46

F

32

2015

Abderrahman et al[3]

70

M

76

M

55

F

2016

Size (cm)
Entire length of the stomach
minor curvature
15 × 8 × 6 antrum
10 × 10 fundus
1.2 × 1.0 × 1.0 body
13 × 11 × 9.5
4.0 × 3.5 × 1.5
10 in diameter

52

[20]

23
24

33

Treatment

[4]

Matone et al

[14]

Jiang et al

S
7 × 6 minor curvature
WD
T
9 × 4 fundus
WD
Subtotal gastrectomy, liver,
diaphragm, pancreas, spleen,
30 × 20 (5 kg) minor curvature
Pleomorphic
pericardium; adjuvant
chemotherapy
T
9 × 7.5 × 5 antrum
WD
Distal gastrectomy
4 × 3 × 2.5 antrum
WD
Laparoscopic, distal
gastrectomy; adjuvant
7 in diameter body
WD
treatment
Antrectomy + adjuvant
36 in diameter antrum
MY
therapy
Laparoscopic +P
7.5-7.0 in diameter antrum
WD
P + tail of pancreas and
1.5 in diameter fundus
WD
spleen was resected
0.5-1.0 in diameter greater
Surgery for the cardiac tumor
Dedifferentiated
curvature
Laparoscopic total
5 in diameter fundus
WD
gastrectomy

Unknown
WR in 24 mo
DOD in 16 mo
WR in 12 mo
WR in 12 mo
Unknown
DOD in 11 mo
WR in 6 mo

34

2017

35

2017

Hisata et al[13]

79

F

36

2017

Tomofuji et al[31]

61

F

/

/

/

Gastro-esophageal junction

Unknown

Unknown

70
45

M
F

Endoscopic resection
Tumor resection

6 × 3.5 × 2 minor curvature
6 × 5 × 4 body

WD
WD

WR in 20 mo
WR in 9 yr

37

2018

38
39

2016
2009

Girardot-Miglierina
et al[32]
Our case
Our case

WR in 48 mo
DOD in 55 d
WR in 14 mo

DOD: Death of disease; WR: Without recurrence; MY: Myxoid liposarcoma; Mixed: Mixed type liposarcoma; WD: Well-differentiated liposarcoma; S:
Subtotal gastrectomy; P: Partial gastrectomy; T: Total gastrectomy.

[7]

grade tumors. Pleomorphic liposarcoma is considered
the least common subtype and has been properly
characterized only recently. It accounts for approximately
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5% of liposarcomas and is a highly malignant lesion .
Pleomorphic liposarcoma is characterized by increased
[8]
mitotic activity and hemorrhage as well as necrosis .
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abdominal cavity contribute to the appearance of clinical
[1]
symptoms . When the submucosal mass extrudes
into the lumen, it can cause traumatic and inflamma
tory changes and result in necrosis, ulceration, and
[11]
hemorrhage . For patients with giant tumors, the main
clinical sign may be the presence of a large abdominal
[3]
mass of unknown origin . In our cases, the main clinical
sign in both patients was epigastric abdominal pain
that continued for longer than 6 mo. In both cases, the
typical exophytic growth explains the lack of specific
[12]
gastrointestinal symptoms and the delayed diagnosis .
Some cases of gastric liposarcoma can involve other
organs synchronously, and unique symptoms may be
[13,14]
present
.
Unfortunately, because of the lack of specific sym
[7]
ptoms, it is difficult to achieve an early diagnosis .
The diagnosis of gastric liposarcoma mainly relies on
pathological examination. Cytogenetics and molecular
biology provide effective tools for differentiating
[11]
among types of lipomatous tumors . Macroscopically,
liposarcoma present intricate myxomatous zones, which
include round cells, pleomorphous clearly differentiated
[15]
lipoblastic aspects, and hemorrhagic areas . Because
endoscopic biopsies do not penetrate the submucosa,
the diagnostic value of the endoscopy is unclear, and
it is difficult to make a precise judgment on the basis
of biopsy findings. Endoscopic biopsies may be useful
when the tumor presents endoluminal development.
With the guidance of EUS or abdominal ultrasound,
biopsy may be possible, and a histological examination,
immunohistochemistry, and a cytogenetic study can be
[3]
performed . Detection of MDM2 is probably important
in diagnosis. In terms of imaging, computed tomography
is considered the most informative examination. The
presence of fat density areas is pathognomonic for fatty
tumors, and an association with enhanced areas is highly
[16]
suggestive of the diagnosis . CT scans can also show
secondary lesions in the liver, lung, peritoneum, or other
places.
Currently, the main therapy for gastric liposarcoma
is surgical removal. The type of gastrectomy chosen
depends on the location of the tumor. According to the
rules of sarcoma resection, surgeons should resect the
tumor with a wide margin of healthy tissue around it
[3]
and make sure there is no remaining tumor tissue .
[17]
Lymph node dissection may be unnecessary . One
of our patients underwent a ESD. Due to the lack of
sufficient data, the advantages and disadvantages of this
method are unknown. In consideration of the successful
application of ESD in early gastric cancer, we believe
this method is available for a low-grade tumor in the
early stages. Chemotherapy and radiotherapy combined
with surgery have been successful in most malignant
tumors; however, we still cannot develop a guideline
for chemotherapy and radiotherapy in patients with
gastric liposarcoma. There is very little information in
the literature about the use of chemotherapy for gastric
liposarcoma. Because of a high local recurrence rate

Figure 6 Gross specimen of the tumor.

Microscopically, the tumor cells consist of varying
amounts of pleomorphic lipoblasts. Pleomorphic sarcoma
consists of highly shaped spindle cells, round cells,
polygonal cells, or giant tumor cells. Several grading
systems have been developed to classify the tumors
and to differentiate between low-grade and high-grade
tumors.
These tumors can appear anywhere in the body
but often occur in the limbs and retroperitoneal space,
and the rest occur in the head and neck, abdominal
wall, chest wall, and other areas. Liposarcomas hardly
[6]
ever occurs in organs and are mainly found in adults,
with a peak incidence between the age of 50 and 65
[4]
years . The origin of gastric liposarcomas is likely the
proliferation of undifferentiated mesenchymal cells
within the submucosa and the tunica muscularis layer of
[9]
the stomach . Gastric liposarcomas are characterized
by an exophytic growth that adheres to the gastric
wall, and the typical location of gastric liposarcomas
is the antrum. According our statistics, approximately
30.8% (8/26) of gastric liposarcomas are located in
the antrum, and they are usually of submucosal origin.
In addition, 23.1% (6/26) of gastric liposarcomas are
located in the minor curvature, 15.4% (4/26) in the
fundus, 15.4% (4/26) in the body, 11.5% (3/26) in
the greater curvature, and 3.8% (1/26) in the gastroesophageal junction. The diameter of the tumors
described in the literature varies from 0.5 to 36 cm.
The etiology of liposarcoma is not yet clear;
environmental factors, radiation, genetic variation, and
[10]
immune defects are potential risk factors . Some
[4]
patients have a familial history of soft tissue tumors ,
which suggests genetic factors may play an important
role in the occurrence of gastric liposarcoma.
Because the tumor develops within the gastric wall,
it presents an extra-luminal growth, and the patient can
remain asymptomatic for a long time. The symptoms
of gastric liposarcoma range from dyspepsia, nausea,
vomiting, anorexia, abnormal bowel movements, asthenia,
and epigastric abdominal pain to upper gastrointestinal
tract bleeding. The type of symptom that appears depends
on the location and size of the tumor and the presence of
[3]
ulcerations . Space-occupying lesions of the stomach or
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A

B

C

D

E

F

Figure 7 Histological findings. Under low magnification, irregular cell cluster nests were seen around the mature adipocytes (A: HE; × 20 and B: HE; × 40);
intermediate magnification and high magnification showed that the heteromorphic cell nests consisted of large nuclear dark-stained tumor cells, with distinct cell
shapes, irregular cell morphologies, and visible Mitosis icon (C: HE; × 100, D: HE; × 100, E: HE; × 200, and F: HE; × 400).

The main prognostic factor for the primary tumor is
histological type, and other factors include the scope and
[7]
[19]
location of the tumor . Kim et al
believe the main
prognostic factor for the primary tumor is anatomical
location. According to our statistics, mortality associated
with gastric liposarcoma is usually found in cases of
dedifferentiated liposarcoma, myxoid liposarcoma,
pleomorphic liposarcoma, and mixed type liposarcoma.
Of the 37 cases described, six patients died of the
disease, while the outcome for nine patients is not
known. Their survival time ranged from sudden death to
18 mo (specifically, the times were immediate, 55 d, 4
mo, 11 mo, 16 mo, and 18 mo). Some studies reported
that 30% of well-differentiated liposarcomas present
with local recurrence; however, metastasis is hardly ever
[1,4]
seen . Pleiomorphic liposarcoma is considered a highly
[7]
malignant lesion and may indicate a poor outcome .
Due to the lack of sufficient data, we still cannot clearly
determine the relationship between histological type and
disease prognosis. The outcome of gastric liposarcoma is
still unclear, and further study is needed.
[20-32]
From the reported cases and literature review
,
we conclude that liposarcoma is rarely seen in the
viscera, especially the stomach. Diagnosis of this tumor
mainly depends on histopathological examination. Gastric
liposarcomas are extremely rare tumors for which there
is no therapeutic consensus. Although medications and
devices have improved in recent years, surgery may be
the most reasonable treatment, and the role of adjuvant
treatment is not clearly defined. The prognosis is still
unclear, and more research is needed. However, we

Figure 8 Fluorescence in situ hybridization detection shows MDM2 gene
amplification, case 2.
[18]

of 70%-90% for high-grade soft-tissue sarcomas ,
adjuvant therapy may be necessary. On the contrary,
[4]
Matone et al hold the opinion that there is currently no
evidence that chemotherapy or radiotherapy improves
survival rates. Three drugs, ifosfamide, doxo/epirubicin,
and dacarbazine are active in the therapy of adult soft
[7]
tissue sarcoma ; they provide a potential therapeutic
pathway for gastric liposarcoma. Radiation therapy may
be beneficial by killing tumor cells and reducing the
[3]
chance of the tumor returning in the same location and
may be widely used in the treatment of sarcoma. Only
six cases reported in the literature received adjuvant
treatment. In our cases, patients did not undergo any
adjuvant or neoadjuvant therapy. Both patients are free
from recurrence after sarcoma resection.

WJG|www.wjgnet.com

2782

July 7, 2018|Volume 24|Issue 25|

Kang WZ et al . Liposarcoma of the stomach
believe that if the tumor is diagnosed early and treated
effectively, the postoperative outcome may be positive.

8

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

9

Epigastric abdominal pain that continued for longer than 6 mo.
10

Clinical diagnosis

Gastrointestinal stromal tumor (GIST) and gastric lipoma.
11

Differential diagnosis

Differential diagnosis: GIST and gastric lipoma. Definitive diagnosis is reached
only by histopathological examination.

12

Laboratory diagnosis
Gastric liposarcoma.

13

Imaging diagnosis

Computed tomography: Gastric lipoma.

14

Pathological diagnosis

15

Treatment

16

Related reports

17

Gastric liposarcoma.

Partial gastrectomy and endoscopic submucosal dissection.

The first case was reported by Abrama and Tuberville in 1941, and until now
only 37 cases have been reported worldwide (Table 1).

18

Term explanation

Two cases of gastric liposarcoma are reported and a review of the literature.

19

Experiences and lessons

Diagnosis of gastric liposarcoma mainly depends on histopathological
examination, and surgery may be the most reasonable treatment.

20
21
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Abstract
Alcohol consumption accounts for 3.8% of annual global
mortality worldwide, and the majority of these deaths
are due to alcoholic liver disease (ALD), mainly alcoholic
cirrhosis. ALD is one of the most common indications
for liver transplantation (LT). However, it remains a
complicated topic on both medical and ethical grounds,
as it is seen by many as a “self-inflicted disease”. One of
the strongest ethical arguments against LT for ALD is the
probability of relapse. However, ALD remains a common
indication for LT worldwide. For a patient to be placed on
an LT waiting list, 6 mo of abstinence must have been
achieved for most LT centers. However, this “6-mo rule”
is an arbitrary threshold and has never been shown to
affect survival, sobriety, or other outcomes. Recent studies
have shown similar survival rates among individuals who
undergo LT for ALD and those who undergo LT for other
chronic causes of end-stage liver disease. There are
specific factors that should be addressed when evaluating
LT patients with ALD because these patients commonly
have a high prevalence of multisystem alcohol-related
changes. Risk factors for relapse include the presence of
anxiety or depressive disorders, short pre-LT duration of
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sobriety, and lack of social support. Identification of risk
factors and strengthening of the social support system
may decrease relapse among these patients. Family
counseling for LT candidates is highly encouraged to
prevent alcohol consumption relapse. Relapse has been
associated with unique histopathological changes, graft
damage, graft loss, and even decreased survival in some
studies. Research has demonstrated the importance of
a multidisciplinary evaluation of LT candidates. Complete
abstinence should be attempted to overcome addiction
issues and to allow spontaneous liver recovery. Abstinence
is the cornerstone of ALD therapy. Psychotherapies,
including 12-step facilitation therapy, cognitive-behavioral
therapy, and motivational enhancement therapy, help
support abstinence. Nutritional therapy helps to reverse
muscle wasting, weight loss, vitamin deficiencies, and
trace element deficiencies associated with ALD. For
muscular recovery, supervised physical activity has been
shown to lead to a gain in muscle mass and improvement
of functional activity. Early LT for acute alcoholic hepatitis
has been the subject of recent clinical studies, with
encouraging results in highly selected patients. The
survival rates after LT for ALD are comparable to those of
patients who underwent LT for other indications. Patients
that undergo LT for ALD and survive over 5 years have a
higher risk of cardiorespiratory disease, cerebrovascular
events, and de novo malignancy.

patients with liver failure in end-stage liver disease, and it
is their only chance of survival. As patients on LT waiting
lists outnumber the number of LTs performed, and
due to the high waiting list mortality rate, prioritization
of individuals who are most likely to die without LT is
needed. Access based on who is most likely to benefit
from organ donation requires a legal, fair and ethical
[1-3]
basis for the allocation .
Alcohol consumption accounts for 3.8% of global
mortality and 4.6% of disability-adjusted life-years
[4]
(DALYs) lost due to premature death . Among the
various harmful effects of alcohol, alcoholic liver disease
(ALD) induces a wide spectrum of liver abnormalities,
including simple steatosis, alcoholic hepatitis (AH) or
steatohepatitis, progressive fibrosis, and ultimately
alcoholic cirrhosis (AC) and/or hepatocellular carcinoma
[5]
(HCC) .
One of the common causes of chronic liver disease,
for which LT is potentially lifesaving, is ALD. This has
been highly controversial from the beginning. The everincreasing shortage of organs has accentuated the low
priority given to patients with ALD, which is considered
a “self-inflicted” condition. However, by improving the
long-term survival rates (thereby making them similar
to those for LT patients with other indications) and
recognizing that alcoholism is a primary disease, ALD
has become one of the most common indications for
LT in Europe and North America, a situation thought
unfathomable 30 years ago. Unfortunately, there are still
many issues with the use of LT for ALD.
LT for ALD used to be associated with many ethical
dilemmas, but this has recently changed as alcoholism is
now understood to be a chronic, recurrent neurological
disease process with a clear biological basis. Alcoholism
is no longer primarily viewed to be a result of moral
weakness and self-destructive behavior, but an addiction
and dependence that should be considered from other
[5]
perspectives .
ALD progression is dependent on patient charac
teristics, as well as drinking patterns. Abstinence is
fundamental to the treatment of all forms of ALD, and
the alcohol consumption relapse rate is lower than that
expected in alcoholics. The consequences of excessive
drinking after LT range from asymptomatic biochemical
and histological abnormalities to graft failure and death.

Key words: Alcoholic liver disease; Alcoholic hepatitis;
Alcoholic cirrhosis; Alcoholism; Liver transplantation;
Alcoholic recurrence; Controversies; Alcoholic abstinence;
Relapse; Selection criteria
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alcohol consumption accounts for 3.8% of
annual global mortality worldwide. Cirrhosis is a common
complication of alcoholic liver disease (ALD) and when
end-stage liver disease is reached, the only chance of
survival is liver transplantation (LT). There are contro
versies and ethical dilemmas associated with LT for
ALD. This study reviews the history and controversies
and considers the development of, indications for, and
outcomes of LT in ALD, including severe acute alcoholic
hepatitis. Relapse, therapeutic options, and outcomes are
emphasized.

HISTORICAL PERSPECTIVE,
CONTROVERSIES, AND CONSIDERATIONS

Marroni CA, Fleck Jr AM, Fernandes SA, Galant LH, Mucenic
M, de Mattos Meine MH, Mariante-Neto G, Brandão ABM.
Liver transplantation and alcoholic liver disease: history,
controversies and considerations. World J Gastroenterol 2018;
24(26): 2785-2805 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2785.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2785

History

LT for ALD has been a controversial situation from the
beginning because of the ever-increasing demand for
donor organs and the inadequate rate of organ donation,
combined with the concern that patients with alcoholism
might relapse, thereby damaging the transplanted liver.
There was an apprehension that the outcome of LT in
these patients may not be the same as for LT patients
with other indications.
Of the first ten patients who underwent LT, performed

INTRODUCTION
Liver transplantation (LT) is the treatment of choice for
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by Starzl (before the advent of cyclosporine), nine did
not survive the first 4 mo. This poor initial outcome
was attributed to excessive alcohol consumption caus
ing significant extrahepatic organ damage (such as
pancreatitis, cardiomyopathy, cerebral dysfunction, and
poor nutritional status). This was probably due to the
selection of critically ill patients who were too sick to
improve even with LT, and ALD was then considered
a predictor of poor LT outcomes compared to other
[6,7]
indications . In 1984, Scharschmidt reported on the
experience of four transplant centers that had performed
540 LTs in the United States and Western Europe. The
3-year survival rate for the 20 patients who underwent
LT after 1980 was 20%; non-AC cirrhosis was associated
[8]
with an impressive 42% survival rate .
In the United Kingdom, the University of Cambridge
Department of Surgery at Addenbrooke’s Hospital and
the Liver Unit at King’s College Hospital, London, started
the Liver Transplant program in a joint collaborative
[9]
endeavor in 1968 , involving Roy Calne and Roger
Williams. They have stated that patients with AC are
seldom suitable for transplantation since they are often
malnourished and particularly prone to precipitous clinical
deterioration often provoked by infections, and there are
often doubts as to their ability to control their drinking
[9]
again after the transplant .
Between 1968 and 1987, 325 LTs were carried out,
eight of which were for AC. Active alcoholism was a
specific contraindication. All of them died before 25 wk,
except for the last two, who died at 48 wk (around the
time of publication of the report on the 325 patients);
[10]
only one returned to drinking alcohol .
The United States National Institutes of Health (NIH)
Consensus Conference on Liver Transplantation in 1983
concluded that ALD is an appropriate indication for LT,
provided that the patient is judged likely to abstain from
[6]
alcohol after LT . Following this, there was an increase
in the number of LTs being performed for ALD. However,
the conference attendees still considered and predicted
that ALD would be a marginal indication for LT.
The first positive data published on the survival rate of
ALD patients after LT, in comparison to patients with other
[11]
indications, were reported in 1988 . Starzl reported
a 73% 1-year survival rate among 41 patients when
cyclosporine was used as the main immunosuppressive
[12]
drug , and only 3% of these patients had relapsed to
alcoholism. This was a convincing argument in favor of LT
for ALD.
In 1991, the US Health Care Financing Administration
identified ALD as one of the seven conditions for which
it approved payment for LT, but it recommended a
“significant” period of abstinence before patients with
alcoholism underwent the procedure, as well as the availa
bility of a reasonable social support system. Beresford et
[12]
al proposed a selection method for identifying alcoholic
patients who were suitable for LT. Furthermore, Lucey
[13]
et al
reported on a multidisciplinary collaboration of
transplant hepatologists, surgeons, and psychiatrists that
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identified psychosocial predictors of long-term sobriety
and compliance after LT among patients with alcoholism.
The appropriateness of LT for ALD was confirmed
in European and American centers in the early 90s,
with 1-year survival rates being 66%-96%. There was
increasing evidence that most ALD patients selected for
LT have similar, if not better, survival rates compared
to those who undergo LT for other indications (1-year
[14-18]
survival rate of 86%)
.The NIH workshop in 1996
on LT for ALD patients concluded that LT provides good
outcomes for alcoholic patients and that relapse rates
after LT were lower if the patients had successfully com
pleted a conventional alcohol rehabilitation program prior
[7]
to LT .
[19]
The European Liver Transplant Registry (ELTR) accu
mulated information on LTs from 1968-2015 based on
a progressive increase of cases. Among all the LT cases,
the ELTR reported a rate of cases involving cirrhosis of
46%-55%, a rate of cases involving AC of 9%-44%,
and a rate of cases involving AC + hepatitis C virus
(HCV) infection of 2%-3%. In this period, viral cases
increased from 8% to 27%, primary biliary cirrhosis
cases decreased from 29% to 7%, and autoimmune
[19]
hepatitis cases decreased from 10% to 5% . There was
a progressive increase in the number of indications for LT
in the US after 2002, and the number of donors is much
smaller than the number of patients who require LT.

Controversies

Patient selection for LT has always been a demanding
responsibility for transplantation professionals. Less
than 4% of AC patients were placed on an LT waiting
list in the United States in 2007. In the United States,
the majority of candidates with end-stage ALD who are
eligible for referral for LT are not being referred. Kotlyar
[20]
et al analyzed data on alcohol abuse and dependence
in the United States and found that the potential number
of patients with ALD and decompensated AC who could
be candidates for LT was 100000 patients/year. However,
of these, only 10% (10000) were referred, and of these,
3673 were on the LT waiting list and 1200 underwent
LT in 2018. Thus, every year, 4% of patients with
decompensated AC were on the waiting list and 1.2%
underwent LT. This pattern of referral may lead to as
many as 12,000 deaths/year. There are multiple reasons
for poor referral of these patients and these reasons
[20]
occur at all levels .
LT for ALD still generates controversy because of
both the perception that the patient’s liver disease was
self-inflicted and concerns related to relapse after LT.
The general public, and even some practicing physi
cians outside the transplant community, view indivi
duals with alcoholism as lower priorities for LT. Many
specialists considered it unacceptable to “waste” grafts
on individuals with alcoholism who were responsible
for the harm caused to their liver, as they still consider
alcoholism to be a bad habit, and there is a general
reluctance to provide LT for these patients. Particularly in
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[38]

the past, the naysayers believed that excessive alcohol
consumption had multisystem organ consequences that
precluded good surgery outcomes, that relapse-induced
redevelopment of liver disease would occur, and that
patients were unlikely to withstand the psychological
issues caused by such a serious operation, resulting in
poor compliance. However, neuroscience has shown
that alcoholism is a chronic relapsing medical disease
of the brain, and not a bad behavior. Ethical principles
recommend active treatment of these patients, without
[21-25]
discrimination
.
LT provides the patients with a physiologically func
tioning liver and reverses the complications of end-stage
liver disease, improving survival and quality of life, but
it does not treat the underlying alcoholism and alcohol
dependence, leading to the potential for relapse. The
probability of long-term sobriety becomes robust only
[26-28]
after 5 years of sustained abstinence
.
Pre-LT alcohol abstinence represents one of the hot
test and most controversial open questions on this topic.
Many transplant centers use the criterion of 6 mo of
abstinence to determine whether ALD patients should
receive livers, known as the ‘‘6-mo rule’’. This rule has
two purposes: to allow the patient’s liver a chance to
recover and to reduce the risk of alcohol consumption
relapse. Six months is an arbitrary threshold and this
period has never been shown to affect survival after LT,
although there is a weak association between sobriety
[29-32]
and LT outcome
.
The rule was established in 1997, when the United
Network for Organ Sharing (UNOS) had a meeting to
discuss the criteria for placing adult ALD patients in need
of a new liver on LT waiting lists. The recent guidelines of
the American Association for the Study of Liver Diseases,
European Association for the Study of the Liver, UNOS,
and French Consensus Conference state that 6 mo of
zero alcohol consumption before LT should no longer
be an absolute rule or a defining factor to determine
[29,33-36]
whether a patient is accepted as an LT candidate
.
There is no firm consensus on the appropriate mini
mum duration of alcohol abstinence or on what cons
titutes good psychosocial criteria for placing patients on
LT waiting lists. Physicians in the transplant community
perceive selected patients with end-stage ALD as good
candidates. An interval of sobriety prior to LT is very
desirable from a medical point of view. Abstinence may
[37]
markedly improve liver function .
ALD was the underlying etiology in the majority
of patients who were removed from an LT waiting list
following recompensation. There were only two indepen
dent predictors among ALD patients of recompensation/
removal from the LT waiting list: A model for end-stage
liver disease (MELD) score < 20 and serum albumin
≥ 32 g/l. The probability of recompensation was 70%
when both factors were present when the patient was
placed on the LT waiting list. Thus, it seems advisable
for ALD patients to undergo a period of observation to
check whether they have both favorable factors before
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embarking on living donor LT .
Patients with ALD were placed on an LT waiting
list based on the Ohio Solid Organ Transplantation
Consortium (OSOTC) exception criteria. These criteria
allow patients with low to medium risk of relapse to
undergo LT after only 1-3 mo of abstinence. The results
showed that the LT rate and short- and long-term postLT survival are comparable between these patients and
the general population of United States patients with AC
[39]
who underwent LT .

Considerations

Compared to the traditional criteria for assessing risk of
relapse, a careful selection process with more flexibility
to evaluate eligibility on a case-by-case basis can lead to
similar survival rates after LT. With regard to alcoholism,
a mandatory period of abstinence is a poor predictor of
relapse. Pre-LT abstinence does not reliably predict post[37]
LT abstinence or compliance .
When considering whether to add patients to an LT
waiting list, 3 mo of alcohol abstinence may be better
than 6 mo. Patients with a lack of social support, active
smoking, psychotic or personality disorders, or a pattern
of nonadherence should be added to the waiting list
only with reservation. Those who have a diagnosis of
alcohol abuse, as opposed to alcohol dependence, may
make better LT candidates. Patients who have regular
addiction treatment appointments with a psychiatrist or
[20]
psychologist also seem to do more favorably .
Alcohol addiction is considered a big problem after LT,
while moderate alcohol consumption is underestimated
by both patients and their healthcare providers. Some
times there is even a recommendation to carefully assess
the alcohol consumption of patients on LT waiting lists
[40,41]
who have non-AC cirrhosis
.
Alcohol consumption can complicate a patient’s health
after LT, and moderate consumption is important because
it can aggravate metabolic syndrome and non-alcoholic
fatty liver disease, which often develop, irrespective
of alcohol consumption, as the side effect of post-LT
immunosuppressive agents. This immunosuppressive
treatment can lead to a risk of de novo malignancy that
is 2-7-fold higher than usual after adjusting for age and
gender, and 5- and 10-year incidence rates are estimated
[42,43]
to be 10%-14.6% and 20%-32%, respectively
.
Moderate alcohol consumption can have a negative effect
on LT as it increases the risk of liver fibrosis, mainly in
[40-43]
women, even if alcohol consumption is < 12 g/d
.
Medical law experts are repeatedly reminded, albeit
from a different point of view than those associated with
medical practice, that US constitutional law prohibits
discrimination against subgroups and differentiating
individuals as being either worthy or unworthy of life.
The exclusion of non-sober ALD patients from LT waiting
lists discriminates against them and violates this United
[44]
States constitutional law .
The fact that patients with acute liver failure after
ecstasy consumption and patients with acute hepatitis
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B virus (HBV) infections due to careless sexual practices
have full access to LT waiting lists raises the question
as to why patients with severe acute AH or acute-on[44]
chronic liver failure should be treated any differently .
The lack of pre-LT abstinence should not be considered
as a justification for denying the legal right of patients
[45]
with advanced ALD to have access to LT waiting lists .
The sidelining of patients with severe AC who, after
complete evaluation, are otherwise considered to be
[46]
candidates for LT must be avoided . There are no moral
or ethical arguments that could justify the exclusion of
very ill patients with ALD from potentially lifesaving LT, as
exclusion could be considered a death sentence for these
[20,47]
patients
.
ALD diagnoses are often made in the later stages of
the disease because patients often remain in primary
care for a long time, managing their alcoholism, and
ALD diagnosis only occurs when hepatic manifestations
belatedly raise clinical suspicion. Poor patient awareness,
misinformation among the referring clinicians, delayed
alcohol cessation intervention and counseling, premature
and overconfident attribution of liver disease to another
etiology (e.g., HBV or HCV) are just some of the factors
[48,49]
that limit effective management of AC
.
In the end, alcoholism has to be accepted as a dis
[50]
ease that, in some cases, has a genetic background .
As alcoholism is a life-long disease, it is to be expected
[51]
that it should persist after LT .

patients for LT, given that they have a high prevalence
of multisystemic alcohol-related changes. These comor
bidities can be neurological (dementia, peripheral neuro
pathy, and vertigo), cardiological (cardiomyopathy,
hypertension, and chronic renal disease), hematological
(chronic anemia), gastrointestinal (chronic pancreatitis,
diarrhea, and malnutrition), musculoskeletal (sarcopenia
and osteoporosis), or psychiatric (including tobacco and
[57-61]
illicit substance use)
. For example, malnutrition is
present in about two-thirds of patients with cirrhosis
on the LT waiting lists and negatively impacts survival,
quality of life, and the patient’s ability to cope with
surgery or infections. When alcohol is an etiologic factor
underlying cirrhosis, the prevalence of malnutrition is
[62,63]
higher
. The incidence of comorbidities in AC has
recently been reviewed, and a high comorbidity rate
was found [hazard ratio (HR) for any comorbidity: 3.74;
95%CI: 3.56-3.94], including for non-cancer comor
bidities (HR for any non-cancer comorbidity: 4.33;
95%CI: 4.06-4.62), but with the exception of acute
myocardial infarction. The presence of these comor
bidities must be carefully evaluated before LT, as they
[57,64]
may negatively impact LT outcomes
.
Alcohol consumption progresses over the years, and
alcohol and its metabolites are toxic per se. However,
there are other mechanisms of action regarding the
negative health effects of alcohol consumption. By in
creasing gut permeability and exposing Kupffer cells
to Gram-negative intestinal bacteria, alcohol induces
cytokine production and a systemic inflammatory re
[65]
sponse .
An additional challenge of LT for AC is the need for
lifelong post-LT follow-up, taking into consideration the
comorbidities that may not be fully resolved or may
return (along with alcohol consumption relapse) in the
post-LT period. It is not surprising that cardiovascular
illnesses and de novo malignancies are significantly over
[53]
represented in AC patients who underwent LT . With
the recent advances in hepatitis C treatment and lack
of HCV-related LTs, long-term follow-up of LT recipients
will often entail more challenging circumstances
involving patients who underwent LT for non-alcoholic
steatohepatitis or ALD.

LT FOR ALD
ALD is a worldwide health problem, resulting in high
morbidity and mortality, not only due to the effects of
alcohol on the liver, but because of the risk it poses to the
health of other organs and the increased risk of accidents
[52]
and violence-related deaths . One type of ALD is AC,
which is a leading indication for LT in the Unites States
and Europe, accounting for approximately 15% and
[53-55]
. A recent analysis of
20% of LT cases, respectively
three US databases (the National Health and Nutrition
Examination Survey, HealthCore, and UNOS) showed
that the proportion of patients on the LT waiting list or
the proportion who have undergone LT due to cirrhosis
secondary to HCV infection is declining, while the
proportion on the list or who have undergone LT due to
[56,57]
non-alcoholic fatty liver disease or ALD is increasing
.
These findings are probably due to the advent of highly
effective and well-tolerated treatments for HCV infection,
[52]
which, up until now, was the main indication for LT .

Neurological comorbidities

Chronic heavy intake of alcohol is a well-established
[54]
cause of brain atrophy and dementia . Patients may
present with mild-to-moderate short- or long-term
memory issues or more severe manifestations. There
may be deficits in attention, concentration, learning,
abstract reasoning, and motor skills. Hepatic ence
phalopathy can prevent a proper neurological evaluation
of alcohol-induced brain damage prior to LT. These clinical
manifestations may or may not be fully reversible after
alcohol cessation. After LT, neurological improvement in
AC patients with encephalopathy is not as good as for
[37]
patients with cirrhosis of a different etiology .
Wernicke’s encephalopathy is an alcohol-related
syndrome characterized by ataxia, ophthalmoplegia, and

PRE-LT EVALUATION OF PATIENTS
WITH ALD
Comorbidities

In general, the indications and contraindications for LT in
patients with AC are the same as those for patients with
[52]
cirrhosis of any etiology . There are, however, specific
factors that should be addressed when evaluating AC
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confusion, often with associated nystagmus, peripheral
neuropathy, cerebellar signs, and hypotension. There
is impaired short-term memory loss and emotional labi
lity. Wernicke-Korsakoff’s syndrome can develop after
Wernicke’s encephalopathy, characterized by anterograde
and retrograde amnesia and confabulation. WernickeKorsakoff’s syndrome is caused by a chronic thiamine
deficiency, resulting in damage to the thalamic nuclei,
mammillary bodies, brainstem, and cerebellar structures.
Alcohol can cause a polyneuropathy that can in
volve paresthesia, numbness, weakness, and chronic
pain. Other neurologic conditions associated with
chronic alcohol consumption are headache (cluster and
migraine), neurocardiogenic (vasovagal and vasode
pressor) syncope, compromised olfactory function, sleep
disturbances, and peripheral vertigo. A small proportion
of patients (< 1%) may develop midline cerebellar
degeneration with ataxia. Seizures occur frequently upon
[66]
alcohol withdrawal .

and a history of alcohol use can be found in > 40% of
[68]
cases . Diffuse esophageal spasm is also more frequent
in individuals with alcoholism.
Alcoholic gastropathy (submucosal hemorrhages)
typically involves abdominal pain, nausea, and vomiting.
Alcoholism accounts for about one-third of all cases
of pancreatitis. The risk of pancreatitis in patients with
alcohol dependence is approximately 4-fold higher than
that in the general population, and it increases according
to dose. Chronic pancreatitis develops in 10% of alcohol
[69]
addicts after 6-12 years of 80 g daily alcohol intake .
Individuals with recurrent acute episodes of pancreatitis
may develop chronic pancreatitis that can aggravate
malnutrition.

Hematopoietic system comorbidities

The anemia that is commonly seen in patients with chro
nic alcohol problems can be multifactorial. Blood loss can
cause anemia due to iron deficiency, which can occur due
to the gastrointestinal diseases mentioned above. Dietary
folate deficiency can cause megaloblastic anemia.
Alcohol also has a direct toxic effect on the bone marrow,
which can lead to sideroblastic anemia that resolves
after abstinence. Alcohol also suppresses megakaryocyte
production causing thrombocytopenia, which rapidly
resolves about a week after cessation of alcohol intake.
Lastly, alcohol interferes with platelet and white blood cell
function, increasing the risks of bleeding and particular
[66]
infections .

Cardiovascular comorbidities

The most common complications of ALD are cardio
myopathy, hypertension, and supraventricular arrhy
thmias. Alcoholic cardiomyopathy is the most common
type of non-ischemic cardiomyopathy in Western
countries (approximately 45% of cases). When being
evaluated for surgery, many patients with ALD are
found to have asymptomatic cardiac involvement, and
are at risk of adverse short- and long-term outcomes.
These findings may be confused with the findings as
[53]
sociated with cirrhotic cardiomyopathy . The clinical
manifestations of ALD are similar to other causes of
cardiac failure.
Abstinence can result in improvement in some cases.
There are findings of beneficial cardiovascular effects
with moderate alcohol consumption, but, when alcohol
consumption is excessive, it results in hypertension. It
has been shown that reducing alcohol dose-dependently
decreases blood pressure, especially in heavy drinkers,
[37]
and hypertension disappears with ≤ 2 doses/d .
Chronic alcoholism is associated with a higher risk of
cardiovascular mortality due to its epidemiological as
sociations with known risk factors (smoking, age > 50
years, dyslipidemia, obesity, and hypertension).
The most common arrhythmias related to alcohol
consumption are atrial fibrillation and supraventricular
tachycardia, which commonly occur during acute intoxi
cation and withdrawal. Cardiomyopathy can also induce
ventricular arrhythmias.

Malignancies

Previous alcohol abuse was shown to be associated with
a 3-fold increased risk of post-LT de novo tumors. The
mean duration until diagnosis has been reported to range
[37]
between 3 and 5 years after LT . Chronic alcohol use
increases the risk of head and neck cancer, squamous
cell carcinoma of the esophagus, and breast, prostate,
pancreas, cervix, lung, and colon cancer. The risk is
further potentiated by concomitant smoking and remains
elevated despite alcohol abstinence, so screening should
[66]
be considered after LT .

Infectious diseases

It has been demonstrated that both chronic alcohol
consumption and moderate acute drinking can modulate
the function of cells of the innate immune system, such
as monocytes, macrophages, and dendritic cells. Alcohol
is associated with increased intestinal permeability to
endotoxins, altered proportions of monocyte population
subsets, and altered cytokine profiles. These changes
[70]
subside after 14 d of abstinence . Alcoholism is
associated with increased frequency and severity of
infections, such as epidural abscesses, tuberculosis,
meningitis, pneumonia, tick-borne fever, and others.

Gastrointestinal comorbidities

Acute and chronic alcohol consumption cause mucosal
inflammation, impairment of gut motility, sphincteric
dysfunction, increased acid output, and damage to
the small intestinal mucosa; these issues can occur
directly due to a toxic effect or indirectly due to bacterial
[67]
overgrowth and an impaired immune response .
Disregarding cirrhosis-related varices, Mallory-Weiss
tears are a major cause of gastrointestinal bleeding,
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Psychiatric comorbidities

Psychiatric illnesses are commonly associated with alco
holism. The psychiatric and social issues associated
with alcoholism can be more severe than the direct
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medical effects. Anxiety and other mood disorders are
found in at least a third of patients with alcoholism and
multiple drug use is also prevalent. This is considered to
be a bidirectional relationship. Alcohol may be used as
a “medication” to relieve symptoms and, on the other
hand, chronic use may lead to the development and/or
worsening of these symptoms, either by compromising
social skills or through the direct effect of alcohol on the
[71]
brain . Alcohol-related behavioral issues can cause
other health issues, including domestic abuse injuries,
other violence-related trauma, motor vehicle accidents,
and burns.

deficiencies of macronutrients and micronutrients,
which can adversely affect the body composition of AC
[84,85]
patients
.
High daily alcohol intake can end up ensuring caloric
maintenance, despite the fact that excessive alcohol
consumption can inhibit hunger and compromise the
palate, stimulating the search for ultra-processed foods,
which also compromise the body composition of this
[86]
population .
The change in muscle mass in quantity and/or func
tion characterizes a clinical condition called sarcopenia.
In some cases, no weight loss is observed. However, a
discrepancy between the percentages of lean and fat
mass may occur, which determines the diagnosis of
[86]
sarcopenic obesity . In sarcopenic obesity, there are
mitochondrial and bioenergetic dysfunctions. The neuro
logical consequences of alcohol that generate fatigue and
asthenia make it difficult to determine whether changes
in the skeletal muscles are the direct effects of ethanol
and/or ALD.
After LT, some of the complications of cirrhosis dis
appear, but this does not occur easily with sarcopenia;
on the contrary, the complications may be aggravated
[87,88]
by the use of post-LT immunosuppressants
. Clinical
improvement is not directly proportional to muscle
function and muscle turnover but, in ALD, sarcopenia wor
sens the prognosis. The mechanisms involved are still
[89]
unclear .
Nutritional assessment in patients with liver diseases
has limitations due to difficulties with reproducibility
and the lack of a gold standard. The current most ac
curate assessment involves the use of several methods
[90]
that may be complementary . The classic anthro
pometric assessment involving the assessment of body
mass index (BMI), arm circumference, arm muscle
circumference (BMC), and tricipital skinfold is a low-cost,
universally used nutritional assessment. However, it has
poor reproducibility (regarding inter- and intra-observer
assessment) and it does not accurately measure muscle
and fat mass in cases of cirrhosis involving ascites and
[91]
edema .
The Subjective Global Assessment (SGA) is a lowcost, easy to apply method. However, it has flaws in
implementation. It is based on body weight and sub
jective assessment and involves data that are selfreported by the participant (or guardian), with no accu
[92-96]
rate quantification of muscle mass
. The PatientGenerated Subjective Global Assessment (PG-SGA) is
being used routinely, with early nutritional risk being
identified more accurately, taking into account the
disease staging and the patient’s drug regimen; how
ever, this method has only been validated for cancer
[97]
patients .
The determination of the function of cirrhotic muscle
mass using dynamometry is low cost and reproducible.
However, it may not reflect the patient’s actual nutritional
status, especially in ALD patients, as it is based on the
principle of muscular contractility and the use of alcohol

Other diseases

There are many other conditions associated with alcohol
consumption, including rhabdomyolysis, osteonecrosis
(avascular necrosis), IgA nephropathy, and porphyria
cutanea tarda.

ALD, HCC, AND SURVEILLANCE
In AC patients, mainly in those who were drinking >
80 g of alcohol daily, there was a positive association
between the amount of alcohol intake and the risk of
HCC (HR: 4.5), and this increased by 22% for those who
drank 6 alcoholic units/day. In countries where there is
heavy alcohol consumption, the cumulative risk of HCC
[72-74]
is increased by 5-7-fold
. Several recent studies have
established that the underlying etiology of liver disease
determines the cumulative risk of HCC, and patients with
viral, fatty liver, or autoimmune cirrhosis have a higher
[75-77]
risk than those with AC
.
The HCC surveillance recommendations for AC pa
tients are similar to those for other cirrhotic patients (i.e.,
periodic 6-mo ultrasound screening), with no specific
recommendations. In alcoholic patients, the risk factors
are age, metabolic syndrome, and the severity of the
[78]
underlying liver disease . In a surveillance study of 450
AC patients [Child-Turcotte-Pugh (CTP) classes A and
[79]
B], Mancebo et al
found that 62 patients developed
HCC, with an annual incidence of 2.6%. The risk was
independently associated with age (> 55 years) and
platelet count (< 125000/mm³). The annual incidence
was 0.3% in patients without risk factors, 2.6% in
patients with one risk factor, and 4.8% in patients with
two risk factors (p < 0.0001). Genomic analysis of
alcohol-related HCC has demonstrated the presence of
mutations in genes that modulate the HCC pathway,
which helps to better define the risk classes and to adapt
strategies for HCC surveillance.

NUTRITIONAL EVALUATION IN ALD
Poor nutritional status in patients with liver diseases is
common, occurring in 20%-90% of cases. The main
outcome is loss of muscle mass and fat, which is asso
[80-83]
ciated with the etiology of liver disease
. In ALD,
there is marked loss of weight and muscle mass, with
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[113]

(depending on the amount of alcohol and duration
of abstinence) may compromise these results. In AC
patients with encephalopathy, it is not possible to apply
this method because it is based on the principle of hand[90,97-99]
grip strength
.
Methods for quantifying lean mass, such as bio
electrical impedance analysis (BIA), dual energy X-ray
absorptiometry (DEXA), and impedance plethysmo
graphy, are reproducible and objective. However, BIA
and plethysmography may be inaccurate in cases of “body
asymmetry” (e.g., involving ascites and edema) and
DEXA is a potential radiation-related risk factor (especially
if it is routinely used) and is expensive, making it difficult
[100-102]
to use in clinical practice
.
Imaging methods, such as computed tomography
(CT) and magnetic resonance imaging (MRI), can be
used to quantify skeletal muscle mass, but they are
[103,104]
high-cost methods
. The skeletal muscle area deter
mined from a single CT or MRI section involving the third
or fourth lumbar vertebra has been shown to reflect
[103]
the muscle mass of the entire body . Using these me
thods, patients with cirrhosis have lower muscle and fat
[87,105]
mass compared to controls
. AC patients have been
included in several studies but etiology-specific data have
not yet been reported. Ultrasound assessments of lean
muscle mass exhibit variability across observers, and
analyzing body portions only provides an estimate of
whole-body measurements and does not allow assess
[87,104,105]
ment of muscle functionality
.
The above-mentioned methods all have limitations
because they are based on the body composition model,
valuing only lean muscle and fat mass. In 2000, Ellis
proposed the use of a cellular composite multicom
[106]
partment model of body composition . This evaluates
cellular functionality and can aid in an objective, repro
ducible, and serial way in the determination of cellular
composition and functionality based on the use of the
BIA phase angle (PA). PA is based on measurement of
electrical resistance (R) and reactance (Xc) and it reflects
[107]
the structure and functionality of the cell membrane .
Studies involving different populations have identified
PA cutoff points that differentiate the pathophysiology in
question from a lack of the pathophysiological condition.
ALD patients have different cellular characteristics than
patients with other conditions. This is because ethanol
induces autophagic mechanisms (adaptive cellular
responses to eliminate damaged organelles) and the
production of cytotoxic cellular proteins (due to changes
in homeostasis, protein synthesis, and autophagic
[108]
proteolysis) that result in the loss of skeletal muscle .
Factors that contribute to cellular damage in ALD patients
include hyperammonemia (due to cirrhosis), endocrine
abnormalities (such as hypogonadism), and intestinal
dysbiosis.
PA assessment of cirrhosis prognosis has a sensitivity
of 68.9% and a specificity of 70.0%, indicating that it is
a good prognostic marker. Assessing PA to investigate
different cirrhosis stages is useful, as a lower PA indicates
[90,109-112]
a worse disease stage
. In the follow-up of pre-
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and post-LT patients, Deutrich et al
observed that
changes in PA were the only measurable changes that
correlated with the improvement in the clinical condition.
Two studies evaluating cirrhotic patients identified the
same cutoff point for PA (5.4°), where those who were
[90,114]
below this value had a poor prognosis
. Recently,
a pilot study of cirrhotic patients identified a cutoff of
[115]
4.9° , which is different from the previous study find
ings. This demonstrates the need for cohort studies
with greater robustness in order to determine a reliable
cutoff point that can indicate the prognosis/clinical con
dition of cirrhotic patients.
[116]
For Baumgartner et al , the PA is an indicator for
the diagnosis of metabolic, physiological, nutritional,
and hydration disorders that could be applied to any
living creature. In an experimental study of rats with
carbon tetrachloride (CCI4)-induced cirrhosis, PA was
determined before and after induction of cirrhosis, being
reduced in cirrhotic animals. It was also observed that a
decrease in fatty acids (FA) accompanied the worsening
of the cirrhosis, measured by cellular damage using the
thiobarbituric acid reactive substances (TBARS) tech
[117]
nique, compared to controls .
In different liver diseases, PA can provide different
relevant information. For example, in chronically infected
HCV patients, PA is a good predictor of advanced fibrosis;
each degree of decrease in FA increases the risk of
advanced fibrosis 4-fold. In HCV patients undergoing
antiviral treatment, the reduction in PA is associated with
[118,119]
an increase in the adverse effects of the therapy
.
PA also serves as a basis for bioelectrical impedance
vector analysis (BIVA), a slightly more complex evalua
tion, which provides information on the body composition
(cellularity) and cell hydration state, independently of
the alteration in body composition. BIVA is of great im
portance in cases of edema and ascites that make identi
[120,121]
fying nutritional compromise difficult
.
There have been no studies of PA and/or BIVA in
patients with ALD alone. There is a need to develop this
research area further to understand cellular functioning in
ALD patients in order to develop preventive and curative
strategies regarding nutritional and other clinical issues,
improving quality of life and post-LT outcomes.

FUNCTIONAL LIMITATIONS IN CIRRHOTIC
PATIENTS
Cirrhosis leads to systemic and metabolic alterations
that compromise pulmonary, renal, encephalic, cardiac,
and metabolic functions, and complications such as
ascites, encephalopathy, jaundice, and sarcopenia, which
increase morbidity and mortality and compromise quality
[122,123]
of life
.
Metabolic changes associated with cirrhotic malnu
trition are frequent, negatively affect the musculoskeletal
[124,125]
system, and directly interfere with physical fitness
.
The deficiency in protein synthesis leads to persistent
cachexia, which limits the physiological integrity of the
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as isokinetic dynamometry, palmar grip dynamometry,
and manovacuometry (which measures respiratory
[131]
muscle strength) .
[130]
Montano-Loza et al , using measurements based
on abdominal L3-L4 CT images, evaluated the impact of
sarcopenia on cirrhosis in patients on a waiting list for LT.
They found a 6-mo survival rate of 71% in sarcopenic
patients and 90% in non-sarcopenic patients. The fre
quency of sepsis and death was significantly higher in the
[130]
sarcopenic patients .
Regarding functional evaluation, the 6-min walk test
(6MWT) is an accessible, easy, cheap, and reproducible
assessment. In cirrhotic patients, 6MWT performance <
400 m is an independent predictor of mortality. Based
on a receiver operating characteristic (ROC) curve
analysis, 6MWT had a greater sensitivity and specificity
for mortality compared to maximal oxygen consumption
[132]
and respiratory muscle strength .
The muscular dysfunctions in patients with cirrhosis
may be influenced by the etiology of the disease. Patients
with AC may present with alcoholic myopathy. Galant et
[133]
al
showed that AC patients had lower muscle strength
and poorer 6MWT performance and quality of life
compared to cirrhosis patients with HBV or HCV. Physical
fitness is a marker of mortality due to cirrhosis in AC
patients, with patients with a peak oxygen uptake (VO2)
< 14 mL/kg having a lower survival rate over 3 years
compared to those with superior results.
A multidisciplinary intervention for muscular recovery
in patients with cirrhosis, involving nutritional supplemen
tation and supervised physical activity, led to a gain in
muscular mass and improvement in functional activity,
directly impacting quality of life and preparation for LT
[134]
(Figure 1) .

Table 1 Liver transplantation survival rates reported by the
European Liver Transplant Registry
n

Etiology

1 yr

5 yr

10 yr

%
15019
1790
6507
10753
4187
9122
9114
1892
468

AC
AC + HCV
Acute liver failure
HCV
HBV
Cirrhosis + HCC
Cholestasis
AIH
Hemochromatosis

86
85
70
80
83
83
87
85
76

73
69
64
65
74
62
78
76
66

59
54
58
53
68
49
70
67
53

AC: Alcoholic cirrhosis; HCV: Hepatitis C virus; HBV: Hepatitis B virus;
HCC: Hepatocellular carcinoma; AIH: Autoimmune hepatitis.

muscular system and impairs its functioning, with loss
of muscle strength and worsening of quality of life.
Protein filaments of actin and myosin undergo adaptive
processes and lose their contractile components, with
muscular hypotrophy. Concomitantly, there is a change
in lipid metabolism that influences the biochemical
composition of lipoproteins. In cirrhotic patients, there
is insufficient glycogen due to limitations in hepatic
synthesis, which increases the use of amino acids as an
energy source and causes an acceleration in the decom
position of skeletal muscle to release amino acids, which
results in a loss of muscle mass. These changes limit
muscle functioning and negatively affect the performance
[126]
of daily activities .
A possible explanation for the reduction in function
may be related to the loss of muscle mass in this pop
ulation, but it may also be due to a decrease in the
mitochondrial oxidative capacity and/or number of mito
chondria in the muscle tissue. The adenosine triphosphate
2+
(ATP), phosphocreatine, and total magnesium (Mg )
levels are decreased in cirrhotic skeletal muscle. This
[127]
concept was demonstrated by Jacobsen et al , who
found higher rates of mRNA and mitochondrial ATP in
patients with CTP cirrhosis compared to those with CTP-B
and CTP-C scores (Table 1).
Sarcopenia is associated with age, but it is also
present in chronic neoplastic diseases and leads to a
decrease in functional capacity and an increased risk of
[128]
mortality . Severe muscle depletion or sarcopenia is
defined as a decrease in muscle mass, strength, and
function. Sarcopenic dysfunctions are predictors of mor
[129]
bidity and mortality in cirrhotic patients .
Abdominal cross-sectional studies [involving lumbar
segments 3 and 4 (L3-L4)], including those that involve
CT or MRI, represent the gold standard for quantifying
skeletal muscle mass. They involve detailed objective
assessment for the identification of sarcopenia and
assist in improving the nutritional/metabolic outcomes of
[130]
patients with cirrhosis . Muscle tissue loss may be an
important factor for muscle dysfunction and worsening
of quality of life. However, it is necessary to specifically
measure muscle dysfunction with precise methods, such
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MANAGEMENT OF ALCOHOL ADDICTION
BEFORE LT
The patient’s history of alcohol and other substance use,
such as tobacco, opioids and illicit/recreational drugs must
[52]
be thoroughly evaluated . Psychiatrists, psychologists,
social workers and dependency specialists are essential in
the evaluation of these patients. The information collected
will help the multidisciplinary team to determine whether
a transplant should be performed in these patients, as
well as to establish a therapeutic plan before and after
[52,135,136]
the procedure
. There is evidence that the work
of such teams in transplant centers reduces the rates of
recurring alcoholism and mortality after LT compared to
[55,60]
patients referred for outpatient treatment
. Simple
standardized questionnaires, such as CAGE and Alcohol
Use Disorders Identification Test (AUDIT), can be used
in clinical practice to track the chronic and excessive use
of alcohol in transplant patients, including those with
[52,137,138]
cirrhosis of other etiologies
. An additional tool for
the psychosocial assessment of transplant candidates
is the Stanford Integrated Psychosocial Assessment for
Transplantation. Its strengths include standardization
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a predictor of post-transplant recurrence. As a result,
[55,135]
major guidelines recommend this rule
. The logic
is that the longer the period of sobriety, the lower the
risk of returning to alcohol use. However, rules based
on specific sobriety times, particularly those of short
duration, are not consistent with what is known about
the evolution of alcohol use disorder or predictions of
[142,143]
future abstinence
. Although each month of sobriety
increases the likelihood that the patient will not resume
drinking, patients abstinent for 6 mo have only a slightly
better risk reduction than those with 4 or 5 mo of
[60]
sobriety . Therefore, rigid adherence to the “6-mo rule”
could result in unnecessary delays in listing patients who
would otherwise be good candidates for transplantation,
especially if we consider that this abstinence period is a
[52]
weak predictor of post-transplant alcohol consumption .
For this reason, other predictors of recurrence after LT
should be identified besides a specific period of sobriety.
[21]
A 2015 review
highlighted an association between
the following factors and recurrence: psychiatric co-mor
bidity, poor social support, multiple treatment failures,
illicit drug use, a family history of alcoholism, medical
non-compliance and the continued use of alcohol despite
its consequences. It is up to the multidisciplinary team
to investigate the presence of these factors and, if ap
propriate, adopt the best strategies for circumventing
them. However, other factors suggest a lower risk
of recurrence, such as: the patient’s recognition that
alcoholism is a disease, family support, employment,
having a permanent residence, the ability to perform
activities that replace daily drinking, and participation in
[21,52]
rehabilitation programs
.

Cirrhosis

Decreased muscle
contractility

Inactivation of
oxidative enzymes

Adaptations of
muscle fibers

Lactate
accumulation

Muscle inactivity

Decrease in functional
status and quality of life

Figure 1 Flow chart demonstrating the consequences of cirrhosis
regarding muscular adaptation and functional repercussions[134].

of the evaluation process and the ability to identify indi
viduals at risk of negative psychosocial events after
transplantation in order to develop interventions aimed at
improving the patient’s pre-LT conditions. This instrument
also allows evaluation of the psychosocial factors that
best predict patient compliance and graft survival.
Eighteen risk factors are divided into four domains,
including patient readiness, social support, psychological
stability and substance use. Based on an index composed
of all the domains, patients are classified as excellent,
good, minimally acceptable, high risk or poor transplant
[52,139]
candidates
.
A constant concern of health professionals is the
patient’s possible return to alcohol use after LT or the
[40]
relapse of an ALD patient before transplantation . To
date, however, no standardized definition of recurrence
has been formulated. Consequently, the rates found
in the literature vary widely, due both to the different
definitions of the term and different follow-up times.
[17]
A 2015 review
indicated rates from 3% (ingestion
> 60 g/d) to 43.70% (any consumption). It seems
important, then, to distinguish between patients who
occasionally drink small amounts of alcohol from those
who regularly drink moderate amounts from those who
continuously drink large amounts. Thus, recurrence can
[136]
be distinguished from alcoholism
. Nevertheless, it
requires emphasis that patients who underwent LT for
ALD are obligated to stay abstinent. Unfortunately, this is
an extremely difficult goal to achieve consistently.

LT SURGICAL ISSUES IN ALD
At present, there is no evidence for the association
between ALD and increased incidence of portal vein
or arterial thrombosis pre- or post-LT. The type of
LT technique used is based on the experience of the
transplant center, and there are no recommendations
based on cirrhosis etiology. The techniques include the
piggyback technique (preservation of the vena cava with
lateral-lateral cava-cava anastomosis or suprahepatic
cava-hepatic veins terminal-terminal anastomosis) and
conventional vena cava-cava terminal-terminal ana
stomosis (without preservation of the recipient’s vena
cava).

NEED FOR SURGERY AFTER LT
Causal associations have been established between
alcohol consumption and cancers of the oral cavity,
pharynx, larynx, esophagus, liver, colon, rectum, and,
in women, breast; associations are also suspected for
[26,37,136,144,145]
cancers of the pancreas and lung
. Evidence
suggests that the effect of alcohol is modulated by
polymorphisms in genes encoding enzymes for ethanol
metabolism, folate metabolism, and DNA repair. The
mechanisms by which alcohol consumption exerts a

Predictive factors of recurrence

In 1997, an American consensus suggested that patients
with AC should have a minimum abstinence period
of 6 mo before being included on the LT waiting list,
the so-called “6-mo rule.” The rationale of this recom
mendation was to evaluate the improvement of liver
function, commonly observed after three to 6 mo of
[140,141]
sobriety
. This abstinence period also serves as
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[145]

carcinogenic effect have not been completely defined .
The higher risk of malignancies for patients with AC
should be considered in the routine assessment of these
[37]
patients . Surveillance protocols for earlier detection of
de novo malignancy are needed to improve long-term
[144]
post-LT outcomes
. Appropriate surgical treatment
is the best option for curing solid organ malignant
neoplasms, such as skin, esophageal, lung, digestive, or
head and neck cancer. Proper resection of these lesions
can contribute to increased survival when the disease
is diagnosed in the early stages. Radiotherapy, chemo
therapy, or immunotherapy are indicated for palliative
care in the advanced stages of each specific neoplastic
disease.

Patients with severe AH and/or underlying AC may
exhibit signs of hepatic encephalopathy, may develop
hepatorenal syndrome, and are prone to developing
[147]
bacterial infections
. Serum aminotransferases are
moderately elevated (typically < 300 IU/L and rarely
> 500 IU/L), with aspartate transaminase (AST) >
alanine transaminase (ALT) and often > 2:1, which
[152-154]
is rarely seen in other forms of liver disease
.
Patients with AH typically have elevated serum bilirubin
and γ-glutamyltransferase (GGT) and leukocytosis with
a predominance of neutrophils. Depending upon the
severity, serum albumin may be decreased, and the
[35]
international normalized ratio (INR) may be elevated .

Imaging tests and liver biopsy

Abdominal imaging (ultrasound, CT, and MRI scans)
in patients with AH may suggest fatty changes in the
liver, evidence of underlying AC, or ascites. Transjugular
liver biopsy is recommended, as about 30% of patients
diagnosed with AH can be misdiagnosed when the diag
[155]
nosis is based only on clinical parameters . Histologic
findings in liver biopsies from patients with AH include
steatosis (typically micro- or macrovesicular steatosis,
but in some cases alcoholic foamy degeneration is seen);
hepatocellular ballooning with cytoplasmic rarefaction,
Mallory-Denk bodies; neutrophil or lymphocyte infil
tration; cholestasis and bile duct proliferation; and fibrosis
with a perivenular, perisinusoidal, and/or pericellular
[156,157]
distribution
.

ACUTE AH
Background

AH is a distinct severe form of steatohepatitis that occurs
in patients with alcoholism. It can present as acute or
chronic liver failure associated with a rapid decline in liver
synthetic function, and a consequent increase in mor
[146,147]
tality
. The mortality rate in patients with severe AH
is 30%-50% at 3 mo, often despite supportive medical
care. The amount of alcohol intake that puts an individual
at risk of AH is not known, but generally, most AH
patients have a history of heavy alcohol use (> 100 g/d)
[35,146-149]
for decades
.
The pathogenic pathways that lead to the develop
ment of AH are complex and involve oxidative stress, gut
dysbiosis, and dysregulation of the innate and adaptive
immune system, with injury to parenchymal cells and
[146]
activation of hepatic stellate cells .

Determining disease severity

Several models have been proposed to determine the
severity of AH and predict early death 1-2 mo after
[35]
hospitalization . The Maddrey discriminant function (DF)
and the MELD score are the most commonly used scores
to help identify patients who are more likely to benefit
from pharmacotherapy. Other validated scores include
the Glasgow Alcoholic Hepatitis score, ABIC score (which
includes Age, serum Bilirubin, International Normalized
Ratio, and serum Creatinine), and Lille score (which is
used to determine whether a patient is responding to
[35,158,159]
treatment)
.

Incidence

The annual incidence of AH remains largely unknown.
Concerning its prevalence, a large study of systematic
biopsies in 1604 alcoholic patients, symptomatic or not,
[149]
showed the prevalence of AH to be 20% . In symp
tomatic patients, including those with decompensated
liver disease, the prevalence of AH is not well known,
partly because most centers rely on clinical criteria and
do not consider transjugular liver biopsy as a routine
practice in the management of patients with decom
[35]
pensated ALD .

Maddrey DF: The Maddrey DF (also known as the
Maddrey score) was the first score to be developed
and remains the most widely used. It is calculated as
[160,161]
follows
:
DF = {4.6 × [prothrombin time (s) - control pro
thrombin time (s)]} + [serum bilirubin (mg/dL)]
In the absence of treatment, the 1-mo spontaneous
survival of patients with a DF ≥ 32 has fluctuated
[162,163]
between 50% and 65%
. Those with lower scores
have low short-term mortality rates and do not appear to
[164]
benefit from glucocorticoids .

History

Patients with AH are often aged 40-50 years, with most
patients presenting before the age of 60 years. Patients
with AH typically have a history of daily heavy alcohol
[150]
use (> 100 g/d) for > 20 years .

Clinical features and diagnosis

The characteristic clinical features of AH are malaise,
anorexia, fever, jaundice, tender hepatomegaly, signs
of malnutrition, and complications such as ascites
[146,151]
or variceal bleeding
. Progressive jaundice is
the main presenting feature of symptomatic cases.
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MELD score: The MELD score is a statistical model
developed to predict survival in patients with cirrhosis
that has also been used to predict mortality in patients
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[165,166]

hospitalized for AH
. The score ranges from 6 to 40
and is based on serum bilirubin, creatinine, and INR.
In one report, a MELD score > 11 performed as well
[165]
as the DF in predicting 30-d mortality . The sensitivity
and specificity of MELD for predicting 30-d mortality
was 86% and 81%, respectively, and 86% and 48%,
respectively, for the DF. In a second study, a MELD
score ≥ 21 had a sensitivity of 75% and a specificity of
[167]
75% for predicting 90-day mortality . In addition, an
increase in the MELD score ≥ 2 points in the first week
of hospitalization may independently predict in-hospital
[166]
mortality .

care (e.g., nutritional support and hydration) should
be provided, but pharmacological treatment with gluco
corticoids is not recommended as it does not appear to
be beneficial in patients with mild to moderate AH. Pento
xifylline has only been studied in patients with severe AH
[164]
and not in patients with mild to moderate AH .

Severe AH

In addition to general supportive care, pharmacological
treatment is indicated for patients with severe HA
(Maddrey DF ≥ 32). Most guidelines recommend
treating patients with severe AH with prednisolone at
40 mg/d for 4 wk (then tapering the dose over 2-4 wk,
or stopping prednisolone treatment, depending on the
clinical situation), provided there are no contraindications
for its use (e.g., active bacterial or fungal infection or
[35,172]
chronic hepatitis C or B)
. Steroids have a potent
immunosuppressant effect, suppressing two pro-inflam
matory transcription factors: nuclear factor kappa-lightchain-enhancer of activated B cells (NF-κB) and activator
protein 1 (AP-1). This results in lower levels of tumor
necrosis factor (TNF)-α and interleukin (IL)-8. In a
randomized trial [STeroids Or Pentoxifylline for Alcoholic
Hepatitis (STOPAH)] involving 1103 patients with severe
AH, prednisolone showed a trend toward improving
[173]
survival (odds ratio: 0.72; 95%CI: 0.52-1.01) .
Pentoxifylline is an oral phosphodiesterase inhibitor
that also inhibits the production of TNFα, which is
increased in patients with AH, among other cyto
kines. The role of pentoxifylline in the treatment of AH
remains uncertain because questions remain regarding
[173-175]
its efficacy
. Pentoxifylline may be an alterna
tive in patients who are at risk of sepsis or failing to
follow up after discharge (thereby making tapering
off prednisolone unlikely, which could result in serious
adverse effects). Pentoxifylline is given as a 400 mg dose
three times/day (or 400 mg once/day in patients with a
[164]
creatinine clearance < 30 mL/min) . The largest metaanalysis published on this topic supports the observation
that pentoxifylline decreases the risk of acute kidney
injury and suggests that pentoxifylline improves the
mortality rate compared with placebo but not compared
[174]
to glucocorticoids . The American Association for the
Study of Liver Diseases and the European Association
for the Study of the Liver recommend pentoxifylline for
[35,172]
patients who cannot receive glucocorticoids
.
A multicenter randomized placebo-controlled trial of
prednisolone, pentoxifylline, and combination therapy
has been completed. It showed that 4-week treatment
with combination therapy compared with prednisolone
[176]
alone did not improve the 6-mo survival rate .

Lille score: The Lille score is a method to determine
whether patients with AH are responding to glucocor
ticoid therapy. It combines six variables: age, renal insuf
ficiency (creatinine > 1.3 mg/dL or creatinine clearance
< 40 mL/min), albumin, prothrombin time, bilirubin,
and change in bilirubin at day 7 (bilirubin at day 7 [165]
bilirubin at day 0) . The Lille model guides treatment
decisions, with a score > 0.45 suggesting that a patient
is not responding to glucocorticoids and predicting a
[158]
mortality rate of 75% at 6 mo . Based on the Lille
score, corticosteroid treatment can be stopped in those
[168]
with no improvement after a week of therapy .

General management

Patients with AH require general supportive care,
including support for alcohol abstinence, prevention
and treatment of alcohol withdrawal symptoms, fluid
management, nutritional support (enteral feeding is
preferred over intravenous nutrition), correction of nutri
tional deficiencies, infection surveillance, prophylaxis
against gastric mucosal bleeding, and discontinuation
of nonselective beta blockers in patients with severe
AH (in addition, beta blockers, if indicated, should not
be started in patients with AH until after they have
[164,168,169]
recovered)
.
Infections are frequent and difficult to diagnose in
AH patients as they often fulfil the criteria for systemic
inflammatory response syndrome (SIRS) at admission,
which reflects either the inflammatory state associated
with the AH episode or an ongoing bacterial infection.
Systematic body fluid sampling and close clinical moni
toring are advised for early detection of infection. In
the absence of scientific evidence, criteria for initiating
empirical antibiotic administration, although widely used,
remain debated. In patients with severe AH, infection
screening at admission is particularly warranted because
[170]
a quarter of them have infections at admission .

Mild to moderate AH

Prognosis

Patients with mild to moderate AH (Maddrey DF <
32) and without corticosteroid treatment have only a
10% mortality rate at 28 d. Supportive management is
[171]
therefore adequate for such patients . The mainstay
of treatment for patients with mild to moderate AH is
abstinence from alcohol. In addition, general supportive
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Mortality rates among patients who do not receive
pharmacological therapy (e.g., prednisolone) for AH
are variable. In patients with severe AH, short-term
mortality rates are high (approximately 25%-45% at 1
[160,177-179]
mo)
, whereas patients with mild to moderate
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AH have lower short-term mortality rates (< 10% at 1-3
[180,181]
mo)
. Multiple risk factors for increased mortality
in patients with AH have been identified and some have
been incorporated into prognostic models. These include
older age, acute kidney injury, elevated bilirubin levels,
elevated INR, leukocytosis, alcohol consumption > 120
g/d, infection (sepsis, spontaneous bacterial peritonitis,
pneumonia, and other infections), hepatic encepha
lopathy, upper gastrointestinal bleeding, bilirubin to GGT
[164]
ratio of > 1, and meeting the criteria for SIRS .

medical therapy were evaluated for early LT. Overall, nine
(9.6%) candidates with favorable psychosocial profiles
underwent early LT, comprising 3% of all adult LT during
the study period. The 6-mo survival rate was higher
among those receiving early LT than matched controls
(89% vs 11%, p < 0.001). Eight recipients were still alive
[186]
at a median of 735 d, with one alcohol relapse . Most
recently, the John Hopkins Hospital group published their
[187]
trial of early LT in severe AH . Seventeen patients with
severe AH who were transplanted early were compared
with 26 AC patients with ≥ 6 mo of abstinence who were
transplanted during the same period. The 6-mo survival
was 100% and 89% for AH and alcoholic liver cirrhosis
patients, respectively (p = 0.27). Alcohol relapse was
similar in both groups: 23.5% and 29.2%, respectively
(p > 0.99). Harmful drinking was higher among AH than
cirrhotic patients, despite a lack of statistical significance
(23.5% vs 11.5%, respectively; p = 0.42). A systematic
[188]
review of 11 studies
concluded that survival and
recurrence rates are similar in early-transplanted severe
AH patients and AC transplant patients. Thus, despite the
evidence that transplantation in patients with severe AH
is feasible and presents good results in a well selected
subgroup of patients, there is still a long way to go before
considering this type of treatment as standard for this
[189,190]
population
.

Long-term outcomes after initial hospitalization for AH

An important determinant of the outcome among pa
tients with AH is whether they continue to drink alcohol.
In a case series involving 87 patients with AH who
survived their index hospitalization, the overall estimated
5-year survival rate was 32%. However, among those
who abstained from alcohol, the estimated survival
rate was 75%, whereas for those who relapsed and
continued to consume alcohol it was 27% and 21%, re
[182]
spectively .

LT IN AH
AH is a clinical syndrome associated with hepatic im
pairment and systemic inflammatory response that is
observed in alcoholic patients (most of them cirrhotic).
It is characterized by progressive jaundice, mild to mode
rate elevation of liver enzymes, coagulopathy and hepatic
[52,155]
encephalopathy
. In its severe form, mortality is
30% to 50% at 3 mo and up to 70% at 6 mo, especially
[147,176]
when associated with renal impairment
. Most
transplant centers adopt the “6-mo rule” before listing
patients with ALD. However, patients with AH that do not
respond to clinical treatments cannot wait 6 mo to be
placed on an LT waiting list, considering the short-term
[183]
mortality rate, which can be as high as 50% . Thus,
the lack of salvage treatment for these patients is the
basis for considering immediate LT.
[184]
In a case-control study, Mathurin et al
selected
26 severe AH patients who had a favorable psychosocial
profile and did not respond to standard treatment
for early transplantation. This group of patients was
compared to a matched group of 26 patients with severe
AH who received standard treatment. The cumulative
6-mo survival rate of early transplant recipients was
dramatically higher than controls (77% vs 23%, p <
0.001). The greatest benefits were observed within the
first month after transplantation and were maintained
during two years of follow-up (HR: 6.08; p = 0.004).
Recurrence was reported in 12% of the cases. Singal
[185]
et al
analyzed the UNOS database and identified 59
patients between 2004-2010 who underwent LT due to
an AH diagnosis. The survival of grafts and AH transplant
patients was compared with matched AC LT patients.
Five-year graft and patient survival of AH and AC patients
were 75% and 73% (p = 0.97) and 80% and 78% (p =
0.90), respectively. At New York’s Mount Sinai Hospital,
94 patients with severe AH who did not respond to
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POST-LT OUTCOMES IN ALD PATIENTS
Relapse

LT can cure liver disease, but not the underlying alcohol
[135]
use disorder
. Therefore, the transplantation team
should be alert to possible alcohol consumption relapse
after LT. Although self-reported alcohol use is commonly
of little value, biomarkers can be a helpful replacement.
For instance, metabolites of alcohol, such as ethyl glucuro
nide, can reveal alcohol use up to 3-4 d after the last
[191]
drink . However, due to its high sensitivity, it can yield
false-positive results when medications that contain
alcohol or hand sanitizers that contain small amounts of
[192]
ethanol are used . Measuring ethyl glucuronide in hair
[193]
samples can detect longer-term alcohol use .
[146]
A prospective study
following 208 ALD LT patients
for up to 9 years found that 113 (54%) did not relapse.
Among those who did (n = 95), four alcohol consumption
patterns were identified: 1) the majority (n = 55;
28.6%) consumed small amounts infrequently; 2) others
(n = 13; 6.4%) began by drinking moderate amounts
early on, but reduced consumption over time; 3) some
(n = 15; 7.9%) began drinking later and in increasing
amounts; and 4) a minority (n = 12; 5.8%) resumed
drinking shortly after LT and in increasing amounts.
Patients in groups 2 and 4 (who started drinking early)
were more likely to present with steatohepatitis (according
to hepatic biopsy) and LT rejection, and all of those who
died from ALD recurrence were in these groups. The
researchers identified several pre-LT factors associated
with relapse: An established diagnosis of alcohol depen
dence, a short sobriety period, a family history of alco
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similar to those observed for patients with AC plus HCV
or HBV (85%, 69%, and 54%); and a little lower than
those observed for patients with cholestasis (87%, 78%,
and 70%), autoimmune hepatitis (85%, 76%, and
[197,198]
67%), and HBV (83%, 74%, and 68%) (Figure 2)
.
However, this somewhat equivalent survival among
AC LT patients compared to other LT patient did not
persist beyond 5 years due to the increased risk among
AC LT patients of cardiorespiratory disease, cerebro
vascular events, and de novo malignancy. Although all
LT recipients are at greater risk of de novo malignancy,
the incidence rate is significantly higher in patients with
ALD, particularly regarding oropharyngeal and lung
cancers, which may be related to substance abuse and
[197]
smoking history
. Nearly 40% of ALD LT recipients
[26]
resume smoking soon after LT . Therefore, pre- and
post-LT follow-up efforts regarding ALD patients should
be focused not only on alcohol consumption relapse,
but also on treating and avoiding other modifiable risk
factors such as tobacco smoking. Pre-LT psychiatric
and psychosocial evaluation and post-LT follow-up with
physicians, psychiatrists, and addiction specialists are
[26]
important for dealing with these problems .
Recent studies have indicated that resumption of
alcohol abuse following LT leads to significantly reduced
survival rates. Patients who resumed heavy drinking
have been reported to have 5- and 10-year survival rates
of 69.5% and 20.1%, respectively, compared to 90.3%
[7,190,199]
and 81.5%, respectively, in abstinent patients
.
In Australia, 16% of patients who underwent LT
for ALD fulfilled criteria for harmful relapse and 21%
experienced any form of alcohol consumption relapse.
Harmful relapse was associated with increased mortality.
Based on a multivariate analysis, only two factors were
independently associated with harmful relapse: Lack of
prior participation in an alcohol rehabilitation program
[196]
and single versus married status . Younger women
dependent on alcohol shortly before LT are at greatest
[199]
risk of relapse .
Among patients who underwent LT for AC, there is
improvement in the quality of life, mood, and cognitive
functioning, with no difference compared to patients who
underwent LT for non-AC etiologies. LT patients were
able to return to society and lead active and prolific lives,
[190]
irrespective of the indication for LT .
The key factor determining the outcome of LT for AC
is intensive lifelong medical and psychological care. PostLT surveillance might be much more important than pre[37]
LT selection .
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Figure 2 Survival of liver transplantation patients in Europe: 1, 5, and 10
years after liver transplantation. ELTR: European Liver Transplant Registry;
HBV: Hepatitis B virus; AIH: Autoimmune hepatitis; ALF: Acute liver failure;
HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.
[194]

holism, and the use of other substances .
[147]
A French multicenter retrospective study
analyzed
the outcomes of 712 AC LT patients over approximately 9
years of follow up. At the end of the study, 128 patients
(18%) had severe relapse (defined as a mean daily
alcohol consumption > 20 g in women and > 30 g in
men) for at least 6 mo. Of these, 41 (32%) developed
AC on average 5 years after LT and 4 years after drinking
again. A higher risk of relapse was observed in younger
patients and those with a shorter sobriety period. Lastly,
survival was lower in each time period in patients who
developed recurrent AC compared to those who did
[195]
not .
The results of these studies emphasize the importance
of assessing alcohol use after LT and, if identified, taking
measures to avoid the negative consequences.

Survival

Patient survival rates after LT for AC based on data from
different parts of the world have been reported to be
81%-92%, 78%-86%, and 73%-86% at 1, 3, and 5
[144]
years, respectively .There are slight differences with
the survival rates of ALD LT patients: 93.1%, 87.4%,
and 82% at 1, 3, and 5 years, respectively; these results
were mostly obtained from small case series in localized
geographic regions and regions with particular ethnic
[196]
characteristics, such as Australia .
Survival rates after LT for ALD are comparable to
[190]
those for patients who underwent LT for other causes .
The ELTR evaluated 121,546 patients who underwent LT
in 1968-2015 in Europe, and the study found that the
survival rates for AC patients (n = 22648) at 1, 5 and 10
years after LT were 86%, 73%, and 59%, respectively.
These rates were greater than those observed for
patients with HCV (80%, 65%, and 53%), HCC (83%,
62%, and 49%), acute liver failure (70%, 64%, and
58%), and hemochromatosis (76%, 66%, and 53%);
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CONCLUSION
Alcohol is largely consumed worldwide, causing many
diseases in several organs and systems. For patients
with ALD, when end-stage liver disease is reached, the
only chance of survival is LT. There are controversies and
ethical dilemmas associated with the indication of LT for
ALD. Accurate stratification of potential LT candidates
should be performed to identify those most likely to
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remain abstinent after LT. The survival of patients who
underwent LT for AC is comparable to that of patients
who underwent LT for other non-AC etiologies. Psy
chiatrists, psychologists, social workers and dependency
specialists, along with the transplantation team, are
essential in the post-LT follow-up of these patients. AC
patients who underwent LT are most likely to develop
cardiovascular illnesses and malignancies 5 years after
LT; it is also imperative that these patients stop smoking.
The two most important words related to ALD are
addiction and abstinence. The first represents hell in
the life of the alcoholic and refers to the most difficult
pathways of degradation and death. It can be circum
vented in a complex and time-consuming process,
often with relatively little success that, when obtained,
should be preserved with the greatest possible effort
of the patient and the surrounding supporters, in a
constant struggle. The second represents redemption,
achieved with much effort and persistence, and it must
be preserved at all costs, constantly and permanently,
always glimpsing the future of physical and emotional
recovery. The sequelae may disappear and recovery,
when possible, may be complete. Abstinence is the solid
foundation on which recovery is based. However, it is
fragile as well, and requires constant vigilance from the
patient and the supporters, not to return to hell.
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tumor
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Abstract

Kazuya Akahoshi, Yuki Shiratsuchi, Department of
Gastroenterology, Aso Iizuka Hospital, Iizuka 820-8505, Japan

Gastrointestinal stromal tumors (GISTs) are the most com
mon malignant subepithelial lesions (SELs) of the gastro
intestinal tract. They originate from the interstitial cells of
Cajal located within the muscle layer and are characterized
by over-expression of the tyrosine kinase receptor KIT.
Pathologically, diagnosis of a GIST relies on morphology
and immunohistochemistry [KIT and/or discovered on
gastrointestinal stromal tumor 1 (DOG1) is generally posi
tive]. The prognosis of this disease is associated with the
tumor size and mitotic index. The standard treatment of
a GIST without metastasis is surgical resection. A GIST
with metastasis is usually only treated by tyrosine kinase
inhibitors without radical cure; thus, early diagnosis is the
only way to improve its prognosis. However, a GIST is
usually detected as a SEL during endoscopy, and many be
nign and malignant conditions may manifest as SELs. Con
ventional endoscopic biopsy is difficult for tumors without
ulceration. Most SELs have therefore been managed
without a histological diagnosis. However, a favorable
prognosis of a GIST is associated with early histological
diagnosis and R0 resection. Endoscopic ultrasonography
(EUS) and EUS-guided fine needle aspiration (EUSFNA) are critical for an accurate diagnosis of SELs. EUSFNA is safe and effective in enabling an early histological
diagnosis and adequate treatment. This review outlines
the current evidence for the diagnosis and management
of GISTs, with an emphasis on early management of small
SELs.
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Core tip: Potentially malignant gastrointestinal stromal
tumors are the most common subepithelial lesions (SELs)
of the gastrointestinal tract. SELs include a broader range
of differential diagnoses from benign to malignant lesions.
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The possibility of having a malignant lesion may cause
anxiety and discomfort in patients and gastroenterologists.
Early and accurate diagnosis of SELs using endoscopic
ultrasonography (EUS) and/or EUS-guided fine needle
aspiration is vital to guide selection of early appropriate
management.

ultrasonography (EUS) and computed tomography (CT)
are useful for narrowing down the differential diagnoses
of SELs, these techniques are unable to provide a con
clusive diagnosis. At present, EUS-guided fine needle
aspiration (EUS-FNA) is the most accurate, safe, and
reliable preoperative immunohistological test to secure
[8,18,19,23]
a definitive diagnosis of SELs
. Aggressive use of
EUS and EUS-FNA for SELs is the key to facilitating early
[21,23]
intervention of GISTs
.
This paper provides an overview of the diagnosis and
treatment of GISTs, with an emphasis on early diagnosis
and management of GISTs using EUS-FNA.

Akahoshi K, Oya M, Koga T, Shiratsuchi Y. Current clinical
management of gastrointestinal stromal tumor. World J
Gastroenterol 2018; 24(26): 2806-2817 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i26/2806.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i26.2806

EPIDEMIOLOGY
In epidemiological surveys of GISTs, the estimated mean
age at diagnosis is in the sixth decade of life, and the
frequency of occurrence is 6.8 to 14.5 cases per million
[24-26]
individuals per year
. GISTs most commonly occur
in the stomach (51%), followed by the small intestine
(36%), colon (7%), rectum (5%), and esophagus
[24]
(1%) .

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common malignant subepithelial lesions (SELs) of the
[1,2]
gastrointestinal tract in the daily clinical setting . GISTs
are thought to originate from the interstitial cells of
Cajal, which are the pacemaker cells of gastrointestinal
[3]
movement . GISTs are largely caused by oncogenic
[4]
mutations in the tyrosine kinase receptor KIT and/or
[5]
platelet-derived growth factor receptor-α (PDGFR-α) .
Approximately 10% to 30% of GISTs have a malignant
[1,6,7]
clinical course
. Additionally, it has been reported
that not only large GISTs with a high mitotic index fre
quently exhibit a malignant clinical course, but also
small GISTs with a low mitotic index rarely show a
malignant course with metastasis. Thus, a GIST is con
sidered to be a potentially malignant tumor. GISTs are
not classified as either benign or malignant but are ra
ther stratified by their clinical risk of malignancy: Very
[7]
low, low, intermediate, or high . Mietinenn reported
that the metastatic risk of GISTs increases according
[6]
to the tumor size irrespective of the mitotic count
(Figure 1). Surgical resection is the primary approach
[8]
to management of localized GISTs . Despite complete
resection, postoperative recurrence occurs in at least half
[2,9]
of all patients with GISTs . Although tyrosine kinase
inhibitors have been shown to provide sustained disease
[10-16]
management in patients with metastasis
, surgical R0
resection of small GISTs without metastasis is the only
[8,17]
promising treatment for a permanent cure
. The best
treatment strategy for GISTs is early diagnosis and early
resection. However, GISTs are frequently detected as
[8,18-20]
SELs during endoscopy
. The differential diagnoses
of SELs are quite broad and can include extra-gastro
intestinal tract compression, varices, an ectopic pancreas,
and various tumors including GIST, SEL-like cancer, leio
[8,20,21]
myoma, schwannoma, and lipoma
. GISTs should
be diagnosed by immunohistochemical analysis including
assessment of KIT, CD34, and/or discovered on gastro
[8,22,23]
intestinal stromal tumor 1 (DOG1)
. However, it is
more difficult to obtain a conclusive histologic diagnosis
of a GIST than gastrointestinal cancer by standard endo
scopic forceps biopsy because a GIST is covered by nor
mal mucosa. Although imaging tests including endoscopic

WJG|www.wjgnet.com

HISTOLOGICAL FINDINGS
The main morphologic types of GISTs are the spindleshaped cell type (70%), epithelial cell type (20%),
[27]
and mixed type (10%) . It is difficult to differentiate
between leiomyomas and neurinomas, two other me
senchymal tumors, using only hematoxylin and eosin
staining; differentiation using immunostaining is indispen
[8,22,23]
sable
. A GIST is diagnosed in the presence of KIT
or CD34 positivity. If the tumor is negative for KIT, CD34,
desmin, and S-100, additional tests including DOG1
staining or a mutation search of the KIT or PDGFRA gene
[28]
are useful for diagnosis of GISTs (Figure 2).

CLINICAL PRESENTATION AND
INCIDENTAL GIST
The most common symptoms of GISTs are gastroin
testinal bleeding, including acute melena and hemateme
sis with subsequent anemia; weakness; and abdominal
pain, distension, and discomfort due to a tumor-induced
[29]
mass effect . Previous studies have shown that 15%
to 30% of patients with GISTs are asymptomatic, and
their GISTs are found incidentally during postmortem
[6,25,30]
autopsy or surgery for treatment of other diseases
.
Many pathological studies have highlighted the existence
of subclinical microscopic or so-called mini (< 1 cm)
[31-36]
[31]
GISTs
. Kawanowa et al reported that microscopic
GISTs were present in 35% of patients who underwent
gastrectomy for treatment of gastric adenocarcinoma.
[32]
Agaimy et al reported that microscopic gastric GISTs
were found in 22.5% of consecutive autopsies of pa
tients aged ≥ 50 years. The reported incidence of miniGISTs according to the affected organ is 3% to 10%
in the stomach, 0.2% in the colon, and 0.01% in the
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When GISTs increase in size, ulceration may be seen on
[19]
the top of the tumor .

100
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Mitosis HPF < 5/50
Mitosis HPF > 5/50

70

EUS

60

EUS is a key test for differential diagnosis of SELs
because it provides high-resolution tomographic imaging
using high-frequency ultrasound. EUS provides the fol
[39]
lowing information regarding SELs
(Figure 4): The
gastrointestinal wall layer from which it originates (within
the submucosal layer, in continuity with the muscularis
propria, or outside the wall), the nature of the lesion
(liquid, fat, solid tumor, or blood vessel), and the true
[39]
size of the SEL from a cross-sectional image . Thus,
EUS is the safest and most useful modality for differential
[21,40,41]
diagnosis and follow-up of SELs
. EUS allows for
the conclusive diagnosis of many lesions using echo
findings only, such as lipomas (highly echoic masses)
(Figure 3A and B), cysts (anechoic masses) (Figure 3C
and D), extraluminal compression by surrounding normal
[42]
organs or lesions
(Figure 3E and F), and varices
[21,38,43]
(Figure 3G and H)
. The typical EUS imaging
feature of a GIST is a hypoechoic solid mass. EUS can
accurately discriminate a SEL suspected to be a GIST
(hypoechoic solid mass) from other SELs, including
lipomas, cysts, varices, and extra-gastrointestinal
compression. According to previous reports, possible
high-risk EUS features for GISTs are a size of > 2 cm, ir
regular borders, heterogeneous echo patterns, anechoic
[44,45]
spaces, echogenic foci, and growth during follow-up
.
[46]
However, Kim et al reported that tumor size and EUS
features cannot be used to preoperatively predict the risk
of malignancy of medium-sized (2-5 cm) gastric GISTs.
At present, estimation of the risk of malignancy of GISTs
of < 5 cm by EUS imaging alone seems to be difficult.
The finding of a hypoechoic solid mass by EUS is also
seen in malignant tumors such as malignant lymphoma,
metastatic cancer, neuroendocrine tumor, and SEL-like
cancer and in benign conditions such as leiomyoma,
[21]
neurinoma, and an aberrant pancreas . It is difficult to
distinguish among these lesions using EUS findings only.
The accuracy of differential diagnosis of SELs by EUS is
[47,48]
extremely poor and ranges from 45.5% to 48.0%
.
Because current EUS imaging characteristics alone
provide insufficient accuracy in the diagnosis of GISTs,
tissue sampling for immunohistochemical analysis using
EUS-FNA or biopsy is required for a definite diagnosis
[18-21]
before surgery or chemotherapy
.

50
40
30
20
10
0

0-2

2-5

5-10

> 10

Tumor diameter (cm)

Figure 1 Rate of metastasis or tumor-related death according to tumor
diameter and mitotic index. Created using reference[6].

KIT (+)
1

CD34 (+)
KIT (-)

GIST

DOG1 (+)
Gene mutation of
KIT or PDGFRA

Desmin (+)
S-100 (-)

Leiomyoma

S-100 (+)
Desmin (-)

Schwannoma

Desmin (-)
S-100 (-)

Other tumor

CD34 (-)
DOG1 (-)
Gene mutation (-)

Figure 2 Flow chart of diagnosis of gastrointestinal mesenchymal
tumors using immunohistochemical or genetic analysis. 1Solitary fibrous
tumors should be ruled out. Quoted and modified from reference [8]. GIST:
Gastrointestinal stromal tumor.
[31-36]

rectum
. The detection of incidental SELs during
gastrointestinal endoscopy has recently increased with
the more widespread performance of endoscopic exami
nations. Gastric SELs are found in 0.36% of middleaged adults during health examinations, and half of
[37]
these tumors are considered to be neoplastic . Most
gastric SELs found during physical check-ups are small
and asymptomatic. GISTs are considered to account for
[31,34]
half of these incidentally found SELs in the stomach
.
Based on these studies, GISTs are presumed to be much
[18]
more common than previously recognized .

ENDOSCOPY
SELs are frequently found during ordinary optical endo
scopy. The main endoscopic finding of GISTs is common
to all SELs: A nonspecific smooth bulge covered with
[11,21,38]
normal mucosa
(Figure 3). Therefore, endoscopic
examination provides insufficient information for dif
ferential diagnosis of SELs. Irregular borders, ulceration,
and/or growth during endoscopic follow-up are consi
[36]
dered clinically malignant features on endoscopy .
GISTs are usually hard and the cushion sign is negative.

WJG|www.wjgnet.com

TUMOR TISSUE SAMPLING METHODS
Endoscopic forceps biopsy

Conventional endoscopic forceps biopsy is limited be
cause these forceps usually cannot reach the tumor
[49]
beyond the overlying normal mucosa and submucosa .
When ulceration is present, a biopsy within the ulcer
[18,49,50]
is effective for a conclusive diagnosis
. Although
special methods such as “jumbo” or “bite-on-bite” biopsy
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A

B
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D

H

V

SAA

SA

Figure 3 Endoscopic images of subepithelial lesions that can be diagnosed only with endoscopic ultrasound findings and their specific endoscopic
ultrasonography images. A: Endoscopic image of a gastric lipoma (arrow); B: Endoscopic ultrasound (EUS) image of A (high-echo mass); C: Endoscopic image of
a gastric cyst; D: EUS image of C (anechoic mass); E: Endoscopic image of extra-gastric compression due to splenic artery aneurysm; F: EUS image of E [normal
gastric wall is compressed by a splenic artery aneurysm(SAA) (arrow). SA: splenic artery]; G: Endoscopic image of gastric varices (arrow); H: EUS image of G [varices
are present in the submucosa from the outside of the wall (V) (arrow)]. Quoted and modified from reference[38] with permission.
st

1 layer
nd

2 layer
(mucosa)
Varices
rd

3 layer
(submucosa)

Cyst
Lymphangioma

NET
Malignant lymphoma
SMT-like cancer
(Deeper than submucosa
according to depth of infiltration)

Lipoma

Ectopic pancreas
Glomus tumor

th

4 layer
(musculalis propria)

GIST
Leiomyoma
Schwannoma

th

5 layer (subserosa, serosa, adventitia)
Outside
Echo level

Anechoic

Extra-GI tract compression
(Normal organ, aneurysm, tumor, etc )
Hypoechoic
(Strong)

Hypoechoic
(Mild)

Hyperechoic

Figure 4 Differential diagnosis of subepithelial lesions by endoscopic ultrasound. Quoted and modified from reference[39] with permission. GIST: Gastrointestinal
stromal tumor.

86% for 2-cm to 4-cm tumors, and 100% for > 4-cm
[23]
tumors . The diagnostic rate tends to be higher as
the tumor diameter increases. Unfortunately, EUS-FNA
for a subepithelial hypoechoic solid mass of < 1 cm is
technically difficult using a standard EUS-FNA scope;
thus, EUS-FNA is recommended for masses of > 1
[56,57]
cm
. However, forward-viewing and curved linear[58]
[59]
array echoendoscopes
and drill needles
have
recently been developed and are expected to improve
the diagnostic rate of small SELs. The rate of adverse
events associated with EUS-FNA using a 22-gauge
[54-56]
needle is reportedly close to 0
.
Evaluation of mitosis is important to determine the
metastatic risk of GISTs. Unfortunately, the tissue sample
volume obtained by EUS-FNA is usually small. Therefore,

are available, the diagnostic yield of these approaches is
[51-53]
poor, ranging from 17% to 59%
. Additionally, one
study showed that significant bleeding occurred in 35.7%
of patients after jumbo biopsy, and 34.9% of patients
[53]
needed subsequent endoscopic hemostasis .

EUS-FNA

EUS-FNA is the most established tissue sampling me
thod for SELs and can provide a conclusive immuno
histochemical diagnosis safely and accurately (Figure 5)
(Video 1). Typical EUS-FNA findings of GISTs are KITor CD34-positive spindle-shaped cells or epithelial cells.
The diagnostic rate of SELs using EUS-FNA ranges from
[23,54-56]
62.0% to 93.4%
. The diagnostic rate according
to tumor diameter is 71% for 1-cm to 2-cm tumors,

WJG|www.wjgnet.com
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A
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D
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G

H

Figure 5 Endoscopic ultrasound images and corresponding endoscopic ultrasonography-guided fine needle aspiration specimens of hypoechoic solid
tumors. A: Endoscopic ultrasound (EUS) image of a gastric gastrointestinal stromal tumor; B: EUS-guided fine needle aspiration (EUS-FNA) specimen tissue image
of A (KIT-positive spindle-shaped tumor cells are observed); C: EUS image of gastric leiomyoma; D: EUS-FNA specimen tissue image of C [α-SMA-positive spindleshaped tumor cells are observed; diagnosis of leiomyoma was made by immunohistochemical analysis, which revealed α-SMA (+), KIT (-), CD34 (-), and S-100 (-)];
E: EUS image of gastric malignant lymphoma; F: EUS-FNA specimen image of E (diagnosis of diffuse large B-cell lymphoma was made by CD20-positive lymphoid
tumor cells); G: EUS image of rectal neuroendocrine tumor (NET); H: EUS-FNA specimen image of G (diagnosis of NET was made by typical findings of irregular nest
of synaptophysin-positive epithelial-like cells). Quoted and modified from reference[38] with permission.

Endoscopic biopsy using endoscopic submucosal
dissection or endoscopic snare resection techniques

assessment of mitosis by EUS-FNA is difficult. Ando et
[60]
al
reported that the MIB-1 labeling index is accurate
(100%) for diagnosis of malignant GISTs because Ki67-positive cells can be easily recognized in the small
specimens obtained by EUS-FNA.

WJG|www.wjgnet.com

Invasive endoscopic tissue acquisition to obtain a higher
tissue volume was recently developed and clinically
[56-59]
applied
. Various endoscopic tissue-obtaining me
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Endoscopy, GI barium test: Detection of the SEL
EUS: Further primary examination (imaging)

Lipoma, cyst, extraluminal compression by
surrounding normal organs or benign lesions

Hypoechoic solid mass
< 1 cm

Follow-up or
no intervention

> 1 cm
EUS-FNA: further secondary examination (immuno-histochemical)

GIST

Leiomyoma, neurinomma

Surgical resection
Tyrosine kinase inhibitor

Follow-up (< 5 cm)

Other lesions

Appropriate treatment (follow-up,
surgery, chemotherapy, etc )

Figure 6 Proposed algorithm for management of subepithelial lesions. Quoted and modified from reference[21]. GIST: Gastrointestinal stromal tumor; GI:
Gastrointestinal; SEL: Subepithelial lesion; EUS: Endoscopic ultrasound; EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration.
[21]

thods using endoscopic submucosal dissection (ESD)
techniques or endoscopic snare resection techniques
significantly increase the diagnostic yield when compared
with standard forceps biopsy; the reported diagnostic
[61-64]
rates range from 85% to 94%
. An additional ad
vantage of these methods is the ability to evaluate
the risk classification of GISTs using the mitotic count
[65,66]
per 50 high-power fields
. However, ESD and endo
scopic snare resection are invasive procedures; there
fore, endoscopists should pay special attention to intra
operative bleeding and perforation while performing these
techniques because such complications may cause severe
[63]
hypotension or tumor cell seeding. Lee et al reported
that minor hemorrhage occurred in 56% of patients who
underwent endoscopic partial removal with the unroofing
technique, but hemostasis was successfully achieved
in all patients with argon plasma coagulation, and no
perforations occurred. Furthermore, tissue sampling of
[64]
SELs with an extraluminal growth pattern is difficult .
A potential disadvantage of these aggressive endoscopic
tissue acquisition techniques using ESD or endoscopic
snare resection is the development of perilesional fibro
sis, which may render subsequent attempts at sub
[67,68]
mucosal tunneling endoscopic resection
difficult or
[69]
even impossible .

herein . First, all SELs are examined by EUS, and
the SELs mentioned in the EUS section (Figure 3) that
are conclusively diagnosed by EUS findings only are
excluded. Second, EUS-FNA using immunohistochemical
analysis is performed for the remaining hypoechoic
solid masses to differentiate GISTs from other tumors.
Narrowing down of SELs by EUS is important for efficient
performance of EUS-FNA in the diagnosis of GISTs. In
the Japanese clinical practice guidelines for GISTs, biopsy
is recommended for exclusion of SEL-like cancer when
[70]
an SEL is endoscopically diagnosed . However, because
SELs also include vascular diseases for which biopsy is
contraindicated, such as varices (Figure 3G and H), it is
desirable to perform EUS before biopsy.

TREATMENT
The principle treatment strategy for immunohistologically
confirmed GISTs is as follows: (1) Surgical resection is
the first choice for resectable GISTs without metastasis;
and (2) Administration of tyrosine kinase inhibitors such
as imatinib is the primary approach for unresectable,
[70-73]
metastatic, or recurrent GISTs
. The objective of sur
gery is to achieve R0 resection to the greatest extent
possible. Lymph node dissection is not recommended
except when lymph node metastasis is clinically sus
pected; most metastasis of GIST is liver metastasis
or peritoneal seeding, and lymph node metastasis is
[74,75]
extremely rare
. Therefore, wedge or segmental re
section with preservation of organs and organ functions
and maintenance of a good quality of life after surgery
[76]
is recommended . Previous studies have shown that
laparoscopic resection is feasible and safe for gastric
GISTs and is less invasive than traditional open surgery,
[77-79]
with similar oncological outcomes (Figure 7)
. Other
minimally invasive techniques such as submucosal tun
[67,68]
neling endoscopic resection
, endoscopic fullthickness
[80]
resection , and laparoscopic endoscopic cooperative
[81]
surgery have recently shown good clinical outcomes;

DIAGNOSTIC PROCESS
GISTs have no specific endoscopic or EUS findings,
and diagnosis is difficult to achieve by histopathological
examination using hematoxylin and eosin staining
alone. Immunohistochemical analysis such as that in
volving KIT, CD34, or DOG1 measurement is essential
[8,21]
for a definitive diagnosis
. However, because not
all SELs are GISTs, it is necessary to identify those
SELs that are suspicious for GISTs and perform immu
nohistochemical analysis of these SELs in clinical prac
tice. Figure 6 shows our institutional algorithm for
the detection and management of SELs as discussed

WJG|www.wjgnet.com
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A

B

Figure 7 Laparoscopic resection of a small gastric gastrointestinal stromal tumor. A: Laparoscopic view of a small gastric gastrointestinal stromal tumor (arrow)
during resection; B: Postoperative endoscopy shows mild postoperative deformity (arrow). Quoted and modified from reference[77] with permission.

and/or the mitotic rate is low, postoperative metastasis
is possible. GISTs are currently regarded as potentially
malignant tumors. Discrimination of a benign GIST from
a malignant GIST by postoperative histological analysis
(tumor diameter, mitotic index, and Ki67 expression
level) is difficult; therefore, risk classifications to predict
[7,85,86]
postoperative metastasis have been introduced
.
Currently, the modified Fletcher classification (Joensuu
[7]
classification) is widely used (Table 1) . In addition,
contour maps (Figure 8) can be created based on investi
gation of the prognosis of many cases worldwide. In
th
these maps, the risk of recurrence at the 10 year after
surgical treatment of a GIST is calculated using the
maximum diameter of the tumor, the number of mitoses,
the tumor site, and the presence or absence of tumor
capsule rupture; continuous risk assessment is also
[87]
possible . Using such maps, physicians and patients
th
can predict the probability of recurrence in the 10
postoperative year. This is useful for individual decisionmaking with respect to adjuvant therapy.

Table 1 Modified Fletcher’s risk classification
Risk category
Very low risk
Low risk
Intermediate risk

High risk

Tumor size (cm)

Mitotic index
(per 50 HPFs)

Primary tumor
site

< 2.0
2.1-5.0
2.1-5.0
<5
5.1-10.0
Any
> 10 cm
Any
> 5.0
2.1-5.0
5.1-10

≤5

Any
Any
Gastric
Any
Gastric
Tumor rupture
Any
Any
Any
Non-gastric
Non-gastric

≤5

>5
6-10
≤5
Any
Any
> 10
>5
>5
≤5

Quoted and modified from reference[7] with permission. HPF: High-power
fields.

however, there are still insufficient studies concerning
their long-term safety, and they are still at clinical re
search levels.
In contrast, the introduction of imatinib (first-line
tyrosine kinase inhibitor) has dramatically improved
the management of GISTs, prolonging recurrence-free
[82]
survival after surgery
and extending overall survival
[14]
in metastatic or unresectable cases . Three years of
adjuvant therapy with imatinib for patients with highrisk GISTs who have undergone macroscopic complete
tumor resection (R0 and R1) is recommended because it
[82]
improves overall survival and recurrence-free survival .
[83]
Sunitinib (second-line tyrosine kinase inhibitor)
and
[84]
regorafenib (third-line multikinase inhibitor)
can be
used in advanced GISTs after treatment failure with ima
tinib. However, it is difficult to obtain a permanent cure
by tyrosine kinase inhibitors. Therefore, early diagnosis
(early GISTs without metastasis) with early surgical
resection is the only promising way to obtain complete
[20,21,56]
cure of this disease
.

POSTOPERATIVE FOLLOW-UP BY CT
The goal of postoperative follow-up is early detection
and management of recurrence. Because the targets of
postoperative follow-up observation are local recurrence,
liver metastasis, and peritoneal dissemination, abdominal
contrast CT, which can be sufficiently evaluated from
the diaphragm to the inguinal region, is recommended
as a follow-up examination method according to the
[70]
Japanese clinical practice guideline for GISTs . Based
on the above-mentioned risk classification, the following
[70]
observation intervals are recommended : GISTs with
very low, low, and moderate risks are followed up by
CT every 6 mo to 1 year, and high-risk and clinically
malignant GISTs (those with metastasis, injury to the
pseudocapsule, peritoneal dissemination, or infiltration
of other organs) are followed up by CT every 4 to 6 mo.
The natural history of GISTs is unknown. Previous studies
have shown that the estimated 5-year recurrence-free
survival rate after surgery is 59.9%; few recurrences
[7,88]
occurred after the first 10 years of follow-up
. Followup observation after surgery is considered necessary for

PROGNOSIS AND RISK CLASSIFICATION
Differentiation between a benign and malignant GIST
is difficult even using postoperative histopathological
findings. Thus, even if the tumor diameter is small
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Figure 8 Contour maps for estimating the risk of gastrointestinal stromal tumor recurrence after surgery. Areas of colors according to the recurrence rate at
the 10th year after surgical treatment of GIST: Blue-black: 0%-10%, Blue: 10%-20%, Light blue: 20%-40%, Gray: 40%-60%, Pink: 60%-80%, Red: 80%-90%, Dark red:
90%-100%. Reprinted from reference[87] with permission. E-GIST: Extra-gastrointestinal stromal tumor (arising outside the gastrointestinal tract).

more than 10 years.

lines recommend that small GISTs of < 2 cm may be
periodically followed up by EUS when they lack highrisk features including an irregular border, cystic spaces,
ulceration, echogenic foci, and heterogeneity. However,
in the examination of 378 histologically diagnosed GISTs
of < 2 cm registered in the National Cancer Institute’
s Surveillance Epidemiology and End Results database,
which is a cancer database in the United States, 11.4%
of the patients had regional/distant metastatic disease and
[93]
the 5-year GIST-specific mortality rate was 12.9% .
In a study of 43 surgically resected small GISTs of < 2
cm with immunohistochemical analysis, 23% of lesions
were classified as having intermediate risk according to
[56]
the Joensuu risk stratification . Although GISTs of ≤
2 cm are reportedly metastatic at a low frequency (but
[89,90,93]
not 0%)
, early tissue diagnosis and early resection
with postoperative follow-up are desired. Importantly,
therefore, gastroenterologists should consider early
interventions such as EUS for incidentally detected
small SELs. Active performance of EUS is effective even

MANAGEMENT OF SMALL SELS
SUSPECTED TO BE GISTS
The detection rate of small GISTs has continuously
[89,90]
increased with advancements in endoscopy
.
However, the surveillance and management of GISTs
smaller than 2 cm is controversial or lacks evidence[41,56,89-92]
based approaches
. Most small GISTs are
discovered incidentally and usually show a benign or
indolent clinical course. Conversely, strict discrimination
between benign and malignant GISTs is considered
to be very difficult using both clinical and pathological
examinations. Thus, the European Society for Medical
[72]
[70]
Oncology , Japanese , and Chinese Society of Clin
[73]
ical Oncology
GIST guidelines recommend surgical
resection when an SEL is immunohistologically diagnosed
as a GIST, even when smaller than 2 cm. In contrast,
[71]
the National Comprehensive Cancer Network
guide
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for small SELs of ≤ 2 cm to ensure early detection of
[56]
hypoechoic solid masses suspected to be GISTs . If
EUS imaging of a SEL with an endoscopically negative
biopsy shows a hypoechoic solid mass of > 1 cm, sub
sequent EUS-FNA is needed to obtain a conclusive
[21,56]
tissue diagnosis of a GIST
. Small SELs of < 1 cm
are currently recommended to undergo periodic EUS
[56,91]
follow-up (every 6 mo or 1 year)
because EUSFNA for small SELs of < 1 cm is technically difficult.
These aggressive approaches for early diagnosis and
early treatment of small SELs, similar to the approaches
for gastrointestinal tract cancer, seem to be the only
promising way to improve patients’ quality of life and
prognosis.

10

11

CONCLUSION

12

GISTs are the most common malignant SELs of the
digestive tract. According to previous studies, early
histologic diagnosis and early surgical resection of small
localized disease is currently the most reliable and
curative treatment technique for GISTs. However, suf
ficient prospective studies including small GISTs have
not been performed to improve the current clinical GIST
management. Further studies are needed to focus on
early tissue diagnosis and therapeutic approaches, es
pecially for small SELs.

13

14
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Abstract
Gastric cancer (GC) is one of the most prevalent malignant
types in the world and an aggressive disease with a poor
5-year survival. This cancer is biologically and genetically
heterogeneous with a poorly understood carcinogenesis
at the molecular level. Although the incidence is declining,
the outcome of patients with GC remains dismal. Thus,
the detection at an early stage utilizing useful screening
approaches, selection of an appropriate treatment
plan, and effective monitoring is pivotal to reduce GC
mortalities. Identification of biomarkers in a basis of clinical
information and comprehensive genome analysis could
improve diagnosis, prognosis, prediction of recurrence
and treatment response. This review summarized the
current status and approaches in GC biomarker, which
could be potentially used for early diagnosis, accurate
prediction of therapeutic approaches and discussed the
future perspective based on the molecular classification
and profiling.
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Core tip: Gastric cancer (GC) is one of the most common
leading causes of cancer death in the world. Hence, any
effort in early diagnosis, choice of appropriate therapeutic
strategies and efficient monitoring can have a pivotal role
in reducing the disease related mortalities. Our review
purpose the current trends in GC biomarker which are
classified as pathologic signaling, genetic or epigenetic
changes within the tumor tissue as well as non-invasive
biomarkers such as blood or gastric juice based markers.
These biomarkers could facilitate more individualized
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treatment approaches.

experimental studies since 1989 were included as well as
background articles relevant to the disease processes of
interest. Articles which did not include biomarker analysis
of GC were excluded from this review.

Matsuoka T, Yashiro M. Biomarkers of gastric cancer: current
topics and future perspective. World J Gastroenterol 2018;
24(26): 2818-2832 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2818.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2818

BIOMARKERS OF GC APLLIED IN
CLINICAL PRACTICE
Gastric tumor markers have been used for the diagnosis,
the determination of the clinical stage, the evaluation of
treatment responses, and the screening for recurrence
[3]
after successful therapy . Although many biomarkers
for GC including carbohydrate antigen (CA) 72-4, alphafetoprotein, carbohydrate antigen (CA)12-5, SLE,
BCA-225, hCG and pepsinogenⅠ/Ⅱ have been reported,
carcinoembryonic antigen (CEA) and CA19-9 are still the
most frequently used biomarkers in clinical practice for
GC.

INTRODUCTION
Gastric cancer (GC) is the fourth most common malig
nant disease and the second leading cause of cancer[1]
related death worldwide . Despite significant improve
ments in the survival of patients with GC over the past
several decades, GC is often diagnosed at an advanced
stage and prognoses is still unsatisfactory due to the
[2]
high incidence of recurrence . Since GC is mostly asym
ptomatic until it progresses to advanced stages, the
early detection using effective screening approaches
[2]
is important to impair GC mortalities . Biomarkers
are characteristics that are objectively measured and
evaluated as an indicator of normal biologic process,
pathogenic processes, or pharmacological response to
a therapeutic intervention. Various biomarkers related
to DNA, RNA, exosome, etc. have been found by recent
advances in genome analysis. Development of these
biomarkers in the field of cancer treatment is expected to
greatly contribute to the progress of cancer, selection of
appropriate therapeutic strategies and efficient follow-up
programs.
GC is a heterogeneous disease in which each cancer
patient exhibits a distinct genetic and molecular profile.
Unfortunately, although a numerous studies has been
conducted on molecular biomarkers, most of the identi
fied biomarkers failed in the validation studies. Almost
patients with advanced GC still cannot be treated with
a targeted therapy and currently no diagnostic markers
can be seen for secondary prevention. For being able to
use GC associated biomarkers in clinical care of patients,
comprehensive review to determine the direction for
identifying the precise biomarker pinpoint that can be
explored for the personalized therapy.
This review aims to classify developing topics for
biomarkers in GC, while providing insights on potent
candidates based on novel molecular classification that
ultimately highlight molecular studies and clinical imple
mentation. These findings should be useful for translating
molecular classification and profiling of tumors into
therapeutic targets and predictive biomarkers to achieve
personalized treatment in the future.

CEA

CEA is the most widely and frequently used markers
in clinical practice in the digestive tract cancer. CEA is
known as an independent risk factor for predictive liver
[3]
metastasis relapse . Increased CEA levels are found in
advanced stages of GC in a proportion of all GC patients;
therefore, CEA levels are not an effective method of
screening. CEA levels in peritoneal lavage fluid are said to
accurately predict peritoneal recurrence after a curative
[4]
resection of GC . The addition of immunohistochemical
CEA measurement to conventional cytology resulted in
increased sensitivity. Measurement of CEA mRNA using
RT-PCR is useful for detecting micrometastasis in the
[5]
peritoneal cavity .

CA19-9

CA19-9 is a glycolipid antigen that has been identified
in colorectal cancer, and it is a ligand for E-selectin,
[3]
which is expressed on the surface of endothelial cells .
CA19-9 has previously been a commonly used marker
in gastrointestinal cancer; however, it is present in a
number of types of cancer, in particular pancreatic and
GC. CA19-9-positive GCs demonstrated distinct clinico
pathological characteristics such as antral location, diffe
rentiated histology, prominent lymphatic and venous
invasion, higher proportion of lymph node metastasis,
[6]
and advanced stage . Previous studies reported that
the sensitivity for recurrence of CA19-9 was 56%, with
[7]
a specificity of 74% . Moreover, the combination of
CA19-9 and other tumor markers provided more useful
[8]
information for prediction of recurrence . The sensitivity
was reported to increase to 87% when CA19-9 was
combined with CEA.

Other conventional biomarkers

LITERATURE SEARCH

Tumor markers, such as CA72-4, alpha-fetoprotein and
CA125 have been widely used for the diagnosis of GC.
Although CA72-4 often represents the superior sensi
tivity and accuracy compared with CEA, there are few

PubMed was searched for English articles using the
medical subject heading terms ‘gastric cancer’, and
‘biomarker’. Relevant articles from clinical trials and
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[25]

studies on predictive screening or early detection for
CA72-4 under the circumstances. AFP positive GC has
the characteristics of high stage and easy occurrence
[9]
to liver metastasis . AFP producing GC in AFP-positive
group also shows the aggressive proliferation and
enhanced neovascularization compared with in AFP[10]
negative group . CA12-5 level has been said to be
significantly associated with the occurrence of peritoneal
[3]
dissemination in GC . In patients who have carried out
curative surgery, CA125 positivity may serve as the pre
[11]
dictor of peritoneal dissemination .

targeted therapy . Thus, combination therapy of trastu
zumab with PI3K inhibitors may provide substantial
benefit in patients with HER2-positive GC. CCNE1 ampli
fication, one of the most popular co-occurring copy
number alteration, are negatively related with the re
sponse to HER2-directed therapy, suggesting its potential
role as a biomarker of resistance in patients with ERBB2
[26]
amplified GC .

CURRENT TOPICS OF BIOMARKERS IN
GC

HER2

The measurement of conventional serum tumor bio
markers has been widely accepted in the diagnosis and
prediction of recurrence in GC. However, due to their
insufficient specificity and sensitivity, these molecular
markers cannot be applicated for early GC detection.
Therefore, novel and dependable tumor biomarkers are
urgently needed.

HER2 is the first molecular biomarker available for GC
patients in clinical practice. HER2, (a proto-oncogene
encoded by ERBB2 on chromosome 17) is a cell mem
brane surface-bound receptor tyrosine kinase and is
one of the four members of the human EGFR family,
[12]
including EGFR/HER1, HER2/neu, HER3, and HER4 .
Although the significance of prognostic and predictive
value of HER2 is not established in GC, the importance of
HER2 as biomarker is known to be emerged. The studied
HER2 amplification in patients with GC ranges from 6%
[13-15]
to 23%
. Histological evaluation revealed the HER2
overexpression/amplification rate was predominantly
seen in the intestinal-type than in diffuse-type cancers
[15-18]
(32% vs 6%)
.
Trastuzumab, a HER2-targeted agent, inhibits
HER2-mediated signaling and prevents cleavage of the
[13]
extracellular domain of HER2 . Trastuzumab is the
first molecular targeted agent approved as standard
treatment in GC. Trastuzumab for Gastric Cancer (ToGA)
study, an open-label phase Ⅲ, randomized controlled
trial, showed that an addition of trastuzumab to capeci
tabine or 5-FU and cisplatin demonstrated a clinical
benefit compared to chemotherapy alone in terms of
tumor response and is now considered to be the standard
[13]
of care for HER2-positive GC . Moreover, assessment of
HER2 expression in the primary gastric tumor is a reliable
foundation for examining treatment with anti-HER2
[17,18]
agents in patients with secondary foci
. There are
several other HER2-targeted agents such as pertuzumab,
lapatinib and trastuzumab emtansine being investigated
in randomized clinical trials in patients with HER2-positive
[19-21]
GC
. However, no significant evidence was found
yet. Several obstacles, such as determining the suitable
dose of trastuzumab, identifying a predictive biomarker,
exist for the advancement of HER2-targeted therapy in
[22]
GC . Some researches proved the usefulness of several
factors for monitoring the efficacy of trastuzumab alone
Kip1
or combined chemotherapy, such as p27
and HER2[23,24]
extracellular domain
. Resistance to trastuzumab is
also nowadays topic in HER2 positive GCs. One of the
most important mechanisms underlying trastuzumab
resistance is dysregulation of phosphatidylinositol-3kinase (PI3K)/Akt/mTOR pathway. It is well known that
PIK3CA mutations and phosphate and tensin homolog
(PTEN) inactivation may affect the effectiveness of HER2-
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Metastasis related genes

FGFR2: With the progression of molecular biological
techniques over the last several years, investigators
have increased pivotal insights into the oncogenesis
mechanisms. Besides the well-known pathogenic factor,
a variety of experimental procedures have ascertained
numerous oncogenes and tumor suppressor genes,
including cell cycle genes in the cell growth and signaling
[27-29]
pathways
. A well-organized clarification of these
complexity of molecular and genetic profiles will lead to
the precise strategies of personalized treatment. The
fibroblast growth factor receptors (FGFR) family consists
of four members, FGFR1, FGFR2, FGFR3 and FGFR4.
These receptors bind to their high-affinity ligands, the
[30]
fibroblast growth factors (FGFs) . Gene amplification
of FGFR induces receptor overexpression, chromosomal
translocation, and point mutation or enhanced kinase
[31]
activity . Various basic diverse cellular behaviors and
cellular processes, such as mitogenesis, differentiation,
cell proliferation, angiogenesis and invasion are inter
[30]
mediated though FGFRs signaling pathway . The
frequency of overexpression of FGFR2 was 31.1%
and was more common than EGFR (23.5%), HER2
[32]
(11.8%), MET (24.9%) . Thus, FGFRs should attract
substantial attention as a useful therapeutic candidate
for targeted anticancer agents. FGFR2 amplification was
found to be associated with a higher pT stage, higher
pN stage, lymph node metastasis and related to poor
[33]
overall survival . A recent study described that FGFR
expression was positively associated with the recurrent
rate more than 5 years in patients with stage Ⅱ/Ⅲ GC
who undergo curative surgery and adjuvant chemo
[34]
therapy with S-1 . This result indicates that FGFR2
could be the biomarker for predicting long-term failure
of adjuvant treatment of S-1 in patients with curative
resection for advanced GC.
E-cadherin: E-cadherin is a transmembrane molecule
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PIK3CA mutations have a critical role in resistance to
antitumor drugs and acquisition of metastatic potential,
its mutations did not likely to have an established
efficient on prognosis. It has been reported that no
ethnic differences in PIK3CA mutation frequencies exist,
whereas the PIK3CA mutations are predominantly found
[45]
in 80% of Epstein Barr virus (EBV) positive subgroups .
A recent study pointed that p-AKT negative tumors are
more malignant than p-AKT positive but are rescued by
the adjuvant chemotherapy for GC patients undergoing
[46]
gastrectomy regardless of the PIK3CA mutation status .

that is involved in the cellular calcium-mediated adhesion.
It is encoded by CDH1 located on the chromosome 16
(q22.1). E-cadherin closely associates to epithelial gastric
cells adhesion and differentiation, which is an important
[35]
prevention against the malignant formation . CDH1
is one of the most pivotal tumor suppressor genes in
GC, and its disruption of activity has been proven to
be closely related with the invasive and metastatic
[36]
capacity . The E-cadherin gene can be inactivated by
several mechanisms, including CDH1 mutations, hyper
methylation, loss of heterozygosity (LOH), H pylori infec
tion, transcriptional repression binding to the CDH1-E
box element, and tyrosine phospholyration (e.g., EGFR,
[36]
MET and FGFR) . Hereditary diffuse GC (HDGC) is an
autosomal dominate cancer syndrome representing
[37]
approximately 2% of all GCs . Germline mutations in
the CDH1 gene are identified in HGDC, leading to the
histological characteristics similar to diffuse-type GC.
The cumulative risk of GC by 80 years of age in male
[38]
CDH1 mutation carriers is 83% for advanced GC .
Unfortunately, metastatic HGDC patients show lower
survival compared with other sporadic GC. A recent
study described that E-cadherin/catenin-EGFR crosstalk
is closely associated with HDGC. Enhanced sensitivity to
EGFR and PI3K kinase inhibition was induced by loss of
E-cadherin/catenin-EGFR interaction in HDGC families
with CDH1 germline mutations, suggesting that these
inhibitors would be an attractive tool for the targeted
therapy in HGC patients in the near future.
Patients with GC showing somatic CDH1 epigenetic
and structural alterations have a worse overall survival
than patients with tumors negative for CDHI alterations.
This finding indicates that the presence of CDH1
epigenetic and structural alterations in a diagnostic/
preoperative biopsy may serve as clinically useful bio
[39]
marker . A recent study examined the diagnostic role
of promoter methylation status of CDH1 in blood samples
[40]
of patients with GC . Interestingly, the significant facili
tation of promoter methylation of CDH1 was shown in
blood samples, suggesting that promoter methylation of
CDH1 may be a good candidate of biomarkers in patients
with GC.

MET: MET is a transmembrane tyrosine kinase receptor
identified as the receptor for hepatocyte growth
factor/scatter factor (HGF/SF). Activation of MET phos
phorylates several signal transduction cascades, leading
to cancer cell growth, angiogenesis, migration, and
[47]
metastases . MET amplification and/or overexpression
of its secreted protein has been reported to be involved
in the carcinogenesis, therapy efficacy, and outcome
[48,49]
of GC
. The measurement and assessment of HGF
activity have been crucial role in understanding the
tumor microenvironment that prompt tumor metastasis
[47]
and drug resistance . The recent immunostaining ex
periment has presented that MET expression was signi
ficantly associated with lymphatic vessel invasion and
poor overall survival (OS), implying that the expression
of HGF/c-Met pathway might serve as a prospective
[50,51]
predictive factor in patients with GC
. Interestingly,
patients with a lower pretreatment HGF level showed
a positive response to the treatment of trastuzumab.
Serum level of HGF was increased in the patients who
had no effect on tastuzumab compared with the pre
[52]
treated level . In the meanwhile, MET may be a useful
predictive marker for chemotherapy, because MET
signaling positively related with chemoresistance of GC
[53]
therapy via increasing UGT1A1 level .
vascular endothelial growth factor: Several signal
transduction pathways are proved to be associated
with tumor-associated angiogenesis, including vascular
[54]
endothelial growth factor (VEGF) . VEGF is a pivotal
growth factor and signaling molecule to promote for
mation of new blood vessels. Binding to its receptor,
VEGFR, activates a complex cascade of downstream
signaling pathways, which leads to neovascularization,
[54]
vasodilation . Inhibition of VEGF and/or VEGFR activity
impaired these pathways, which results in reduction of
tumor proliferation, survival, and invasion. VEGF and
its receptors are upregulated in 40% to 36% of cases,
[55]
respectively in GC .
Antibodies against VEGF and VEGFR have been
shown to yield anti-tumor effect, and to date, combined
therapy with cytotoxic chemotherapy are adapted as
standard first- or second-line treatment of GC. Ramu
cirumab is a recombinant humanized monoclonal anti
body (mAb) specific for VEGF-R2 and impairs its activity
by VEGF. Ramucirumab has provided anti-tumor effect
in clinical practice as a single agent (REGARD trial) and

PI3K/Akt/mTOR: PI3K/Akt/mechanistic target of
rapamycin (mTOR) signaling is a crucial mediator of
many essential cellular processes; genomic instability,
cell cycle, growth, metabolism, survival, metastasis
[41]
and resistance to chemotherapy . The PIK3CA gene
encoding the PI3K catalytic isoform p110α is the second
most frequently mutated oncogene, and PTEN encoding
the major phosphatidylisositol phosphatase is one of the
most mutated tumor suppressor genes Deregulation
of the PI3K/Akt/mTOR pathway can occur secondary
[42,43]
to oncogenic mutations of PIK3CA
. Genetic deregu
lations in the PI3K/Akt/mTOR pathway have been
identified frequently in GC. PI3K/Akt/mTOR expression
has been associated with the lymph node status and
[44]
poor survival . The PI3KCA has been reported to be
[25]
identified in 4%-25% of patients with GC . Although
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[56,57]

in combination with paclitaxel (RAINBOW trial)
. In
a recent, VEGFR-2 as predictive/prognostic biomarkers
has been shown in two independent phase-Ⅲ studies
evaluating the role of ramucirumab in GC. In the RAISE
study, second-line treatment with remucirumab com
bined with FOLFORI presented that the group of high
expression of VEGF-D had a longer survival compared
with that of low expression of VEGF-D in colorectal
[58]
cancer . Therefore, it could be plausible that VEGF-D
would be a promising predictive biomarker for ramu
cirumab efficacy in GC.

GC.

Comprehensive gene analysis

Whole genome sequencing to targeted sequencing
has played a crucial role in the identification of the
genetic variations and anomalies, which leads to the
development of GC. Initiation of GC is closely associated
with epigenetic modifications and genome alterations.
Recently, human genome project was completed and
examination of gene expression profiling has been deve
loped. Several critical genes as biomarker have been
identified through genome-wide expression profile for
[68-70]
GC
. For genome analysis, cDNA microarrays and
serial analysis of gene expression (SAGE) have been
[71]
mainly utilized . Similar the microarray technique,
SAGE is a powerful technique for worldwide analysis
of gene expression in a quantitative manner without
[72]
previous understanding of the gene sequences . A
recent cDNA microarray analysis assumed that seven
genes exclusively expressed in patients with positive
lymph node metastasis and five genes entirely expressed
in lymph node negative patients. Genes (including
Egr-1) which involved in cell growth, transcription and
vascularization were up-regulated, whereas those in
[73]
apoptosis and cell differentiation was downregulated .
Up-regulation of CEACEM6, APOC1, and YF13H12 have
[74]
been shown to be frequently up-regulated in GC . In
the meanwhile, significant correlation of FUS, CDH17,
COLIA1, COLIA2, and APOE with invasion and meta
stasis was proved. A recent comprehensive analysis
using SAGE and Escherichia coli ampicillin secretion trap
(CAST) detected several gene alterations in GC. Among
them, CDH17, REG4, OLFM4, HOXA10, DSC2, TSPAN8
and TM9SF3 were upregulated and CLDN18 was down
[75]
regulated in GC . These molecules may not serve as
just biomarkers but therapeutic target.

TP53: TP53 gene is an extremely crucial tumor sup
pressor which plays a role as an important regulator
of different cellular processes including growth arrest
and apoptosis, DNA damage, and aberrant proliferative
[59]
signals . The mutational site of p53 in GC is wide and
the reported incidence of p53 mutations ranges from
[60]
3.2% to 65% . The incidence of p53 mutation was
significantly lower in EBV-GC (n = 1) when compared
[61]
with non-EBV-GCs (n = 10) . TP53 mutation is
[62]
identified most often in the intestinal type of GC .
TP53 codon 72 single nucleotide polymorphism (SNP)
Arg72Pro was correlated with a shorter outcome in
patients with GC. TP53 codon 72 SNP was shown to
predict the response to chemotherapy, and related with
the time to progression in advanced GC patients treated
[63]
with paclitaxel and cisplatin chemotherapy .

Immune checkpoint

The programmed cell death 1 (PD-1) and 2 (PD-2) are
key immune checkpoint receptors expressed on activ
ated T and B lymphocytes, natural killer T cells, and
[64]
monocytes . Binding of its two ligand, programmed
death-1 ligands (PD-Ls) 1 and 2 to PD-1 on activated
T cells leads to downregulation of cytotoxic T-cell ac
tivity and also induce immune tolerance to tumor. The
expression of PD-L1 in patients with GC is ranged in
15% to 70% of cases, and they are correlated with
[65]
poor outcome . Targeting the PD-1 pathway and
immune checkpoint blockade has proved to be a
novel tool for GC treatment. Pembrolizumab and nivo
lumab are an anti-PD1 monoclonal antibody, and they
facilitated the capacity of the immune system. A phase
Ⅱ study (KEYNOTE-059) demonstrated that application
of pembrolizumab alone showed clinical efficacy in
[66]
previously treated advanced GC . Treatment of pem
brolizumab showed a higher overall response rate (ORR)
for patients with PD-L1 positive tumors, than in patients
with PD-L1 negative tumors. Interestingly, patients with
microsatellite-high (MSI-High) revealed higher response
compared with in those with non-MSI-High tumors,
suggesting the level of PD-L1 and MSI-High may serve
as predictive biomarkers for efficacy of pembrolizumab.
Besides, up-regulated expression of PD-L1/2 has been
[67]
shown in the EBV-positive sub-type of tumors . The
results of these studies have facilitated the adaptation of
immune checkpoint inhibitors generally in patients with
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MSI

Microsatellites are repeating 1-6 nucleotide long units of
DNA sequences that can be detected in both non-coding
[76]
and protein coding sequences of DNA . MSI is stated
as somatic alterations in microsatellite sequences due to
the insertion or deletion of those repeat units, which lead
to genomic instability and increasing the susceptibility
for the tumor development. Tumors showing 10%-29%
of unstable microsatellite are considered MSI-low while
tumors with ≥ 30% of unstable microsatellite are clas
sified as MSI-high. In GC, 15%-30% of tumor display
MSI, mainly due to epigenetic silencing thorough pro
[77]
moter hypermethylation of the MLH1 . A recent compre
hensive analysis from Korea have found that more than
63% of the MSI-high GC identified the mutations within
mononucleotide tracts in TGFBR2, CEP164, MIS18BP1,
[78]
RNPC3, KIAA2018, CNOT1 and CCDC150 genes .
The high status of PIK3CA mutations in MSI positive
GCs has shown the efficiency of PIK3CA inhibitors in
[79]
the personalized treatment of MSI positive patients .
Studies have shown a strong association of MSI loci
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in GC with intestinal type, which undergoes more
[80]
genomic instability in comparison to the diffuse type .
Interestingly, MSI-high tumors had a better prognosis
than MSI-low tumors because MSI-high tumors showed
an inferior capacity of invasion and lymph node meta
[81]
stases . A recent randomized clinical trial (MAGIC trial)
reported that the prognosis of patients with MSI-high
gastroesophageal cancer showed significantly longer
compared with those with MSS/MSI-low when treated
with surgery alone. In contrast, when patients had a
treatment with surgery and perioperative chemotherapy,
the prognosis was shorter in patients with MSI-high,
suggesting that perioperative chemotherapy may not
[82]
provide a benefit in patients with MSI-high . These
showing results suggest that MSI frequency may be a
beneficial predictive and prognostic biomarker in patients
with GC.

malignancies, and the close association between cancer
and genetic polymorphism for tumor initiation has been
[88]
demonstrated in a variety of experimental studies .
One of the important genetic polymorphisms in GC is
Interleukin-1β (IL1-β). IL1-β and IL-1RN have a lot of
functionally related polymorphism which is associated
with the secretion of IL1-β. Existence of IL-1β and IL1RN polymorphisms with H. pylori infection has been
shown to provide the progression of chronic atrophic
[89]
gastritis and GC in an Algerian population . To date,
advancements of research have proved the importance
of SNP in showing individual specific variations of gene
aberrations. A recent study presented that the CD44 SNP
genotype, rs187116 was a meaningful prognostic factor
for early recurrent GC and CD44 isoform switching from
CD44v to CD44s was closely related with this effect of
[90]
CD44 rs187116 on tumor recurrence . Furthermore,
this CD44 SNP was an independent risk factor for disease
free survival, suggesting that CD44 rs187116 may
serve as a useful biomarker in GC patient in a Japanese
population. A study to detect copy number variations and
mutations found that the top mutated genes revealing
high frequency were TP53, SYNE1, CSMD3, LRP1B,
[91]
CDH1, PIK3CA, ARID1A and PKHD . Copy number
variation has been identified for KRAS, JAK2, CD274 and
PDCD1LG2 genes using single cell resequencing amplified
[92]
by different three whole genome amplification .

Epigenetic alterations

Abnormality in the epigenetic system has been caused to
pathogenic mechanism, which lead to the carcinogenesis
of several cancers. Numerous of research has been
performed linking aberrant DNA methylation profiles and
histone modifications to progressive diseases, including
cancers. The most widely studied epigenetic alteration in
[83]
cancer is aberrant DNA methylation . In humans, DNA
methylation occurs at cytosine residues that precede
guanines, called CpG dinucleotides (C-phosphodiester-G).
Abnormal DNA methylation in the promoter region of
genes, resulted in the inactivation of tumor suppressor
and other cancer-relevant genes is the most welldefined epigenetic band in GC. Various risk factors such
age, chronic inflammation, and infection with H. Pylori
and EBV can cause the aberrant gene methylation in
[84]
GC . Defective DNA methylation in CDH1, CHFR,
DAPK, GSTP1, p15, p16, RARβ, RASSF1A, RUNX3
and TFPI2 has been considered as a serum biomarker
[84,85]
for the diagnosis of GC
. Among them, the mitotic
checkpoint gene, CHFR methylation has been found
significantly elevated in mucosa from patients with GC in
comparison to mucosa from normal gastric tissue. CHFR
promoter methylation is related with tumor differentiation
[86]
and lymph node involving . Aberrant DNA methylation
in noncancerous gastric mucosa has been implicated in
gastric carcinogenesis and could be a useful biomarker
for the assessing risk of GC. A recent study revealed that
defect of expression of FAT4 gene was found in highly
methylated GC cell lines and impairment of methylation
reduced its expression. H. Pylori infection has also related
[87]
to methylation frequency of FAT4 gene . The under
standings gained from genetic studies on molecular
pathogenesis of GC may serve as the inciting cause
of various experiments to identify different genetic
biomarkers for early diagnosis and prognosis of this type
of malignancy.

NON-INVASIVE BIOMARKERS; LIQUID
BIOPSIES
The main problem to the diagnosis, treatment and sur
veillance of solid cancers is the necessity for getting
appropriate tumor volume frequently and derived tumors
does not fully represent the character of total tumor. A
‘liquid biopsy’ is in principle a sample of any body fluid
that may contain genetic material from a tumor, for
[93]
instance blood, urine, saliva or cerebrospinal fluid .
Progress in the field of liquid biopsies may solve the
challenges with tissue biopsies by using body fluids to
investigate disease biomarkers. Among the liquid biopsy
[93]
options, blood samples are the most widely studied .
Peripheral blood samples from patients with cancer
contain circulating tumor cells (CTCs), cell-free DNA,
micro RNA, cell‐free RNA and cell‐derived vesicles,
such as exosomes.

CTCs

CTCs are disseminated tumor cells as single cells or,
less commonly, as cell clusters, derived from either pri
mary tumors or metastases which are circulating in the
[94]
bloodstream . The existence of CTCs has been said
to be clinically related with progressive or metastatic
disease. Hence, CTCs can be used to monitor advanced
stage disease without other surveillance markers. In
particular, CTCs can be detected at an early stage before
[94,95]
the metastasis occurs
. CTCs can thus identify pa
tients who would have more advantage from adjuvant

Genetic polymorphism

Genetic polymorphisms have a pivotal role in human
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[94]

useful for identifying the EBV-associated GC subtype,
monitoring tumor development, and managing response
[103]
in patients with this subtype
. Tumor responses to
lapatinib plus Capecitabine were closely related with
changes in plasma-detected ERBB2 copy number th
[26]
rough serial cfDNA sequencing .

treatment after surgery of primary cancer .
In GC, a recent meta-analysis of CTCs in patients
with GC suggested associations of CTCs with prognosis,
tumor staging, histologic type, and lymphovascular
[96]
invasion . A subset of detected CTCs with stem cell-like
characteristics or epithelial-mesenchymal transition (EMT)
properties, which should have the capacity for surviving
and migrating to secondary foci, may play a pivotal role
in tumor stage evaluation and prediction of recurrence.
CD44 has been identified as a marker of GC stem cells
and increased resistance for chemotherapy- or radiationinduced cell death was found in the CD44-positive GC
[97]
cells . The expression of epithelial markers pan-CK,
E-cadherin were decreased, and mesenchymal markers
N-cadherin, vimentin were overexpressed in gastric CTCs,
which may provide more useful information for prediction
[98]
of recurrence . To date, unfortunately, utilizing CTCs
in GC is not still established in clinical practice. The
novel innovative approaches for detecting EMT CTCs or
circulating stem cells are needed to be developed and
evaluation in clinical trials should be necessary. Interes
tingly, a recent phase Ⅱ study presented that preselected
patients whose primary tumors were HER2- but who
had HER2+ CTCs had response rates equivalent to those
reported in the trastuzumab-plus-chemotherapy arm of
[99]
the ToGA study .

MicroRNA

Dysregulations in non-coding regulatory RNAs can con
[104]
tribute to cancer initiation and development . A class
of small cellular RNAs, termed microRNAs (miRNAs)
are 18 to 24 nucleotides noncoding RNA fragments
whose function is to bind the 3′UTR region of their target
gene and regulate its expression by impairing the trans
[105-107]
lation
. MicroRNAs are key players in regulating
several biological processes of the cell proliferation, dif
[105]
ferentiation, migration, and invasion .
Expression profiling of microRNAs have shown the
distinctive signatures of these small regulatory RNAs in
[108]
different cancers including GC . Numerous microRNAs
have been identified and recognized to be implicated in
[108,109]
GC
. MiRNAs can have a critical role in cancer cell
progression through EMT into metastases. The miR-200
family promotes EMT, resulting in cancer cell migration
[110]
by suppressing E-cadherin and ZEB2 expressions
.
It is known that miRNAs can increase the expression of
oncogenes or reduce the expression of tumor suppressor
[111]
genes
Abundant differentially expressed miRNAs have
been associated with different stages of GC. miRNAs
such as miR-21, miR-23a, miR-27a, miR-106b-25, miR130b, miR-199a, miR-215, miR-222-221 and miR-370
were associated with oncogenic activity of GC. Whereas,
miR-29a, miR-101, miR-125a, miR-129, miR-148b, miR181c, miR-212, miR-218, miR-335, miR-375, miR-449,
miR-486 and miR-512 reveal tumor suppressive
[108]
activity .
Recently, the research for miRNA as biomarker in
human malignancies has facilitated because of the unique
feature of miRNAs. Cell-free miRNAs (cfmiRNAs) can
be derived from cancer cells to body fluids via secreting
exosomes particles, which lead to protected from RNasemediated degradation in circulation, and thus are easily
extractable from a variety of body fluids including blood,
saliva, urine, feces etc. Thus, cf-miRNA could be a useful
noninvasive biomarker for diagnosis and relapse of GC.
Recent experimental analyses have validated expression
levels of cfmiRNAs in serum are consistent with gastric
[112]
tumor tissue . A study based on analysis of compre
hensive expression profiling of miRNAs presented that
high expression of two potential biomarkers (miR-331
and miR-21) was observed in peripheral blood than
in the vein draining the primary tumor and suggested
[113]
as a potential diagnostic biomarker . A significantly
poorer OS was shown in highly miR-21 expressed group
compared with low miR-21 expressed group in metaanalysis study. Several other miRNAs showed significant
prognostic value in this study. Among them, miR-20b,
125a, 137, 141, 146a, 196a, 206, 218, 486-5p and 506

Circulating cell-free DNA

Circulating cell-free DNA (cfDNA) is cell-free extracellular
DNA originating from normal and cancerous cells identi
[100]
calable in the blood (the plasma or the serum) . The
fraction of cell‐free DNA that derived from primary
tumors, metastases or from CTCs is called ctDNA. Cur
rently, the utility of ctDNA in cancer treatment is the
most extensively studied issue in cfDNA research. Com
pared to the restrictions of conventional biopsy which
leads to significant trauma and produces small sample
size, ctDNA detection displays several benefits including
convenient sampling, minimal invasiveness and high
repeatability. Moreover, ctDNA has been shown to be
[100]
more sensitive than CTC . The potential diagnostic and
/or prognostic values of quantifying cf-DNA in GC patients
compared to the healthy controls, have been evaluates in
a variety of researches.
In GC, methylated promoter regions have been
used extensively to identify ctDNA in both serum and
plasma by methylation‐specific PCR. A recent metaanalysis study showed that detection of ctDNA had
an obvious advantage in GC diagnosis specificity,
although no superiority of ctDNA over conventional
protein biomarkers was detected in sensitivity, such as
[101].
CEA, CA125 and CA72-4
With regard to prognostic
value, significantly poorer DFS and OS in patients were
identified. A recent study described that serum APC
promotor 1A and RASSF1A promoter hypermethylation
in cfDNA was a frequent epigenetic event in patients
[102]
with early operable GC . Interestingly, cfDNA showing
Epstein-Barr virus (EBV) DNA has been proved to be

WJG|www.wjgnet.com

2824

July 14, 2018|Volume 24|Issue 26|

Matsuoka T et al . Biomarker of gastric cancer
showed convincing as prognostic biomarkers in patients
[114]
with GC . Overexpression of six serum-based miRNAs
(miR10b-5p, miR132-3p, miR185-5p, miR195-5p, miR20a3p, and miR296-5p) was shown in GC compared
with normal controls by using qRT-PCR-based Exiqon
[115]
panel . In the arm not receiving chemotherapy, high
expression of miR10b-5p or miR296-5p in tissues cor
related with shorter OS. Consequently, cfmiRNAs would
play an increasingly important role in the diagnosis,
prognosis and/or prediction of recurrence of GC. In
contrast, it has been said to be difficult to utilize a miRNA
[116]
as a cancer biomarker in clinical practice . However, to
date, clinical study are ongoing to analyze the expression
level of miRNA using next generation sequencing (NGS)
in GC tissue and blood by chemotherapy response
(NCT03253107). Similarly, a phase Ⅱ study to elucidate
whether response to pralatrexate can be predicted by
miR-215-5p is currently underway (NCT02050178).
When these trials will complete with convincing evidence,
miRNAs would be promising markers or new therapeutic
targets for drug response prediction and control as well
as modification of conventional adjuvant therapy.

with GC compared to healthy controls. Furthermore,
the validated miRNAs were correlated to lymphatic
metastasis and expressed at higher levels in stages Ⅲ
[129]
and Ⅳ compared toⅠ and Ⅱ stages in GC . Similarly,
Increased expressions of exosomal miR-21 and miR1225-5p, isolated peritoneal lavage fluid, were exhibited
in patients with T4-stage cancer compared with that in
[130]
T1- to T3-stage patients . These findings suggest that
exosomes may serve as novel diagnostic and therapeutic
biomarkers for GC.

STOMACH SPECIFIC BIOMARKER
Gastric washes/gastric juice

Because many mucosal cells can be found in stomach
juice, the detection of molecular markers in stomach
juice is a possible noninvasive approach to screening
for GC. Gastric juice could serve as an excellent source
of GC biomarkers, because these are directly released
by the tumor without being excluded by the liver. Thus,
gastric washes represent an alternative source for
detecting aberrant DNA methylation. The analysis for the
methylation levels of six genes (ADAM23, GDNF, MINT25,
MLF1, PRDM5, RORA) demonstrated that a combination
of the markers MINT25, PRDM5 and GDNF achieved a
[131]
high sensitivity (95%) and speciﬁcity (92%) . As well,
BARHL2 methylation in gastric wash DNA or gastric juice
exosomal DNA signiﬁcantly attenuated after endoscopic
resection, suggesting that BARHL2 methylation could be
[132]
useful for predicting tumor relapse . The levels of PVT1
in gastric juice from gastric patients were signiﬁcantly
higher than those from normal subjects. PVT1 might
serve as a promising biomarker for early detection and
[121]
prognosis prediction of GC . Gastric juice miR-421,
miR-21, miR-106a and miR-129 represent a potential
[133]
biomarker for screening GC .

Long noncoding RNAs

Long noncoding RNAs (lncRNAs) are sequences of
nucleotides longer than 200, that can function as on
[117]
cogenic or tumor-suppressor . The lncRNAs act as trans
criptional mediator, splicing regulator, posttranscriptional
processor, enhancer, molecular sponge for miRNAs,
chromatin remodeler. The lncRNAs are frequently ex
pressed in a disease‐ or developmental‐specific
[111]
manner and thus submit potential as a biomarker .
Nowadays over 56000 human lncRNAs populating the
human genome have been identified and about 135
lncRNAs have been recognized as dysregulated in GC, so
they are closely related to tumorigenesis, metastases,
[117,118]
and prognosis
. Impaired expression of ncRuPAR
significantly associated with lymph node metastasis,
distant metastasis, tumor size and TNM stage in patients
[119]
with GC
. A downregulation in the expression of
AI364715, GACAT1, and GACAT2 in GC tissues could
[120]
also serve as a prognostic marker . LncRNA PVT1 was
markedly overexpressed in GC tissues compared with
that in the normal control and could be an independent
[121,122]
prognostic marker
. However, further studies about
lncRNAs are needed in order to identify their possible
clinical utilization.

Other specific biomarker

Micro-aerophilic, spiral-shaped Gram-negative bacterium
Helicobacter pylori (H.pylori) infection has been said
to be associated with the initiation of GC in clinico[134]
epidemiological studies . H. pylori Cytotoxin-associated
gene A (CagA) is the first identified bacterial protein
[135]
playing a positive role in the progression of GC . The
molecular mechanism underlying CagA-positive H. pyloriinduced GC has been widely studied. CagA induces
dysregulation of a variety of signaling pathways, including
Wnt/β-catenin, PI3K/Akt, JNK, NF-κB, Hedgehog,
JAK/ATAT has been identified, which results in the
[136]
carcinogenesis of GC . Interestingly, the development
of EBV-positive GC has been shown to be prompted
by H. pylori CagA activity, via SHP1 inhibition through
[137]
exhibition of PTPN6 hypermethylation . In similar, H.
pylori producing another bacterial toxin vacuolating toxin
A (vacA) infection were meaningfully associated with
[138]
increased risk of GC .
Gastrokine 1 (GKN1) is a tissue-specific 18 kDa pro
tein that significantly expressed in gastric tissue and

Exosomes

Exosomes, small cell-derived vesicles, can protect
[123-127]
RNAs and miRNAs, from being degraded
. When
exosomes were exposed to RNase the contained RNAs
were protected from degradation while cellular RNA was
[126]
degraded by the same RNase . Exosomes hold great
potential for both diagnosis and prognosis of diseases
[128]
and are exceptionally useful as cancer biomarkers .
miR-19b and miR-106a, identified in serum-circulating
exosomes, remarkably overexpressed in individuals
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Table 1 Current topics of molecular markers associated with diagnosis, prognosis, prediction of therapeutic response of gastric
cancer
Marker
Metastasis related genes
Growth factors
HER2, FGFR, PI3K/Akt/mTOR (PIK3CA), MET, VEGF
(VEGFR-2, VEGF-D)
Cell cycle regulation
TP53
Adhesion molecule
E-cadherin (CDH1)
Immune checkpoint
PD-L1
Comprehensive gene analysis
CEACEM6, APOC1, YF13H12, CDH17, REG4, OLFM4,
HOXA10, DSC2, TSPAN8, TM9SF3, FUS, COLIA1, COLIA2,
APOE
ATP4B, S100A9, CYP20A1, ARPC3, DDX5 CLDN18
Microsatellite instability
Epigenetic alterations
CDH1, CHFR, DAPK, GSTP1, p15, p16, RARβ, RASSF1A,
RUNX3, TFPI2
Genetic polymorphism
IL1-β, IL-1RN, CD44
TP53, SYNE1, CSMD3, LRP1B, CDH1, PIK3CA, ARID1A,
PKHD, KRAS, JAK2, CD274, PDCD1LG2
Circulating tumor cells
CD44, N-cadherin, vimentin
pan-CK, E-cadherin
HER2
Circulating cell-free DNA
APC promotor 1, RASSF1A
ERBB2
MicroRNA
miR-21, miR-23a, miR-27a, miR-106b-25, miR-130b, miR-199a,
miR-215, miR-222-221, miR-370
miR-29a, miR-101, miR-125a, miR-129, miR-148b, miR181c, miR-212, miR-218, miR-335, miR-375, miR-449, miR-486,
miR-512
Cell-free miRNAs
miR-331 and miR-21
miR-20b, 125a, 137, 141, 146a, 196a, 206, 218, 486-5p
miR10b-5p, miR132-3p, miR185-5p, miR195-5p, miR-20a3p,
miR296-5p
Long noncoding RNAs
ncRuPAR
AI364715, GACAT1, GACAT2
PVT1
Exosomes
MiR-19b, miR-106a
miR-21, miR-1225-5p
Stomach specific biomarker
ADAM23, GDNF, MINT25, MLF1, PRDM5, RORA
BARHL2
PVT1
miR-421, miR-21, miR-106a, miR-129
CagA
VacA
Gastrokine 1

Alteration

Clinical purpose

Detection method

Ref.

Overexpression

Diagnostic/prognostic/
therapeutic

Tissue

[16-18,25,32,33,
44-46,55,58]

Mutation

Diagnostic

Tissue

[60,61,63]

Mutation/epigenetic
alteration

Diagnostic/prognostic

Tissue/blood

[39,40]

Mutation

Prognostic/therapeutic

Tissue

[66,67]

Up-regulated

Diagnostic/prognostic/
therapeutic

Tissue

[74,75]

Down-regulated

Tissue

[74,75]

High level

Diagnostic/prognostic/
therapeutic
Prognostic/therapeutic

Tissue

[79,81,82]

Hypermethylation

Diagnostic

Tissue

[84-86]

SNP
Copy number
variations/
mutations

Prognostic
Diagnostic/prognostic/
therapeutic

Tissue
Tissue

[89,90]
[91,92]

Overexpression
Decreased
expression
Overexpression

Diagnostic/therapeutic
EMT process

Blood
Blood

[96]
[97]

Therapeutic

Blood

[99]

Hypermethylation
Copy number
variations

Diagnostic
Therapeutic

Blood/plasma
Plasma

[102]
[26]

Up-regulated

Diagnostic/prognostic/
therapeutic
Diagnostic/prognostic/
therapeutic

Blood/plasma

[108,111]

Blood/plasma

[108,111]

Up-regulated
Up-regulated
Up-regulated

Diagnostic/Prognostic
Prognostic
Prognostic

Blood
Blood/plasma
Plasma

[113]
[114]
[115]

Down-regulated
Down-regulated
Up-regulated

Diagnostic/prognostic
Prognostic
Prognostic

Tissue
Tissue
Tissue

[119]
[120]
[121]

Up-regulated
Up-regulated

Diagnostic/prognostic
Diagnostic/therapeutic

Plasma
PLF

[129]
[130]

Hypermethylation
Hypermethylation
Up-regulated
Up-regulated
Up-regulated
Up-regulated
Inactivation

Diagnostic
Diagnostic/therapeutic
Diagnostic/prognostic
Diagnostic
Diagnostic
Diagnostic
Prognostic

Gastric wash
Gastric wash/juice
Gastric juice
Gastric juice
Tissue
Tissue
Tissue

[131]
[132]
[121]
[133]
[137]
[138]
[139]

Up-regulated

HER2: Human epidermal growth factor receptor 2; PLF: Peritoneal lavage fluid; FGFR: Fibroblast growth hormone receptor; PI3K: Phosphatidylinositol3-kinase; mTOR: Mechanistic target of rapamycin; VEGF: Vascular endothelial growth factor; PD-1L: Programmed death-1 ligands; MSI: Microsatellite
instability; CagA: Cytotoxin-associated gene A; VacA: Vacuolating toxin A.
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is secreted into the stomach but is absent in GC. Its
biological function is still unclear, but it is considered
to serve as the replenishment of the surface lumen
[139]
epithelial cell layer, in maintaining mucosal integrity .
GKN1 acts as a tumor suppressor and a modulator of
apoptotic signals in GC. Due to a facilitated risk of gastric
carcinogenesis in patients who have a lower expression of
the protein, GKN1 could also be considered a biomarker
for cancer specific to stomach. Epigenetic mechanisms
leading to the inactivation of GKN1 play a key role in the
multi-step process of gastric carcinogenesis.

four molecular types: (1) Tumors positive for EBV, (2)
MSI-high tumors, (3) genomically stable tumors, and (4)
tumors with chromosomal instability, allows identifying
[67]
patients on the basis of the molecular features . Future
strategies aiming to translate molecular classification and
profiling of tumors into therapeutic targets and predictive
biomarkers in GC will be useful. The subtype of EBVpositive cancer is characterized by recurrent PIK3CA and
ARID1A mutations, and high expression of PD-L1 and
PD-L2, extreme DNA hypermethylation, which should
be the good candidate as the diagnostic and therapeutic
biomarkers. Inhibition of DNA methylation, and the
suppression of immune checkpoints are promising target
of this subtype. The MSI-high subtype reveals often
mutation of multiple genes such as HER2 and HER3.
Thus, besides the MSI, ErB family may be considerable
as biomarker of this subtype. As mentioned previously,
gastric MSI-high tumors represent a high frequency of
PD-L1 expression. Hence, this subtype may be a pivotal
candidate to anti-PD-1 therapy. The genomically stable
subtype has a few somatic copy-number alterations
but involves ARID1A and RHOA mutations or CLDN18ARHGAP gene fusions. RhoA and its related genes could
acts as the therapeutic biomarker of this subtype. The
subtype with chromosomal instability is rich in TP53 muta
tions, and has relatively abundant amplifications of RTK
genes. Therefore, this subtype can be the target therapy
for RTKs, including EGFR and VEGF. The molecular
classification of GC will further highlight the need for the
identification and use of molecular biomarkers.
Genome wide investigation of cancer transcriptomes
identified many new candidate genes. On the contrast,
the candidate gene lists generated from comprehensive
gene analysis vary considerably among individual studies.
Therefore, it is essential to pinpoint the key players that
can be explored for the development of biomarkers
and leads for better cancer management. On the other
hand, with regard to molecular targeting agents, their
target molecules and related genes would be suitable for
predicting treatment response more accurately.
The discovery of precise biomarker closely related
with GC development can also be applied to treatment.
We hope that this article will help design to identify the
robust biomarkers in clinical care of patients and they can
be relevant for the ultimate prevention and treatment of
GC.

CONCLUSION
Through recent rapid advanced understanding of cancer
biology, particularly in the field of molecular cell signaling
and genetic and/or epigenetic dysregulation, the pattern
of gastric carcinogenesis, and the pathways involved
have become clearer. These findings may provide
precious objectives for the early diagnosis of GC. Reliable
prognostic and predictive markers as mentioned above
may contribute to improved outcome of advanced GC.
Current topics of GC biomarker based on a variety of
molecular and genetic feature in this review article
were summarized in Table 1. We also classified these
biomarkers for early diagnosis, recurrence forecast and
chemotherapy benefits assessment (supplementary
table 1). The use of these new biomarkers such as
evaluation of expression levels of various proteins and
genes (i.e., FGFR, CDH1, PI3K, MET, VEGFR, TP53, and
PD-1) and various body fluid samples (CTC, cfDNA,
miRNAs and exosomes) have opened new opportunity
for diagnosis and monitoring patients with GC. And these
markers will continue to be tested, developed from know
[140]
ledge of novel approach, such as NGS . This would
facilitate more individualized treatment approaches.

FUTURE PERSPECTIVES
Although biological researchers have shown a lot of new
findings in regard to biomarkers of GC to numerous
publications, only conventional biomarkers (CEA, CA19-9,
etc.) and HER2 are still in clinical use. It is urgently
expected to develop biomarkers that are conventional,
noninvasive, highly specific, capable of early detection
and leading to treatment choice. Ideal biomarkers for
early detection of cancer should be up-regulated in
majority of patients with high level in cancerous tissues.
GC is a highly heterogeneous disease where
even similar clinical and pathologic features lead to
different outcomes, suggesting that previous staging
systems may have extended to their limit of benefit
for predicting patients’ outcome and therapy. Thus,
the novel classification of patients with GC to provide
preventive and therapeutic approaches based on the
genome analysis and clinical evidences are needed. In a
recent, the genomic characterization of GC has led to the
development of new classification by The Cancer Genome
Atlas (TCGA) Research Network. The division of GC into

WJG|www.wjgnet.com

REFERENCES
1
2

3

2827

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A,
Haerting J, Fleig WE. Chemotherapy for advanced gastric cancer.
Cochrane Database Syst Rev 2010; 3: CD004064 [PMID: 20238327
DOI: 10.1002/14651858.CD004064.pub3]
Shimada H, Noie T, Ohashi M, Oba K, Takahashi Y. Clinical
significance of serum tumor markers for gastric cancer: a systematic
review of literature by the Task Force of the Japanese Gastric Cancer
Association. Gastric Cancer 2014; 17: 26-33 [PMID: 23572188
DOI: 10.1007/s10120-013-0259-5]

July 14, 2018|Volume 24|Issue 26|

Matsuoka T et al . Biomarker of gastric cancer
4

5

6

7

8

9

10

11

12

13

14

15
16

17

18

Asao T, Fukuda T, Yazawa S, Nagamachi Y. Carcinoembryonic
antigen levels in peritoneal washings can predict peritoneal
recurrence after curative resection of gastric cancer. Cancer 1991;
68: 44-47 [PMID: 2049751 DOI: 10.1002/1097-0142(19910701)68:
1<44::AID-CNCR2820680109>3.0.CO;2-J]
Zhang YS, Xu J, Luo GH, Wang RC, Zhu J, Zhang XY, NilssonEhle P, Xu N. Detection of carcinoembryonic antigen mRNA in
peritoneal washes from gastric cancer patients and its clinical
significance. World J Gastroenterol 2006; 12: 1408-1411 [PMID:
16552810 DOI: 10.3748/wjg.v12.i9.1408]
Kannagi R, Yin J, Miyazaki K, Izawa M. Current relevance of
incomplete synthesis and neo-synthesis for cancer-associated
alteration of carbohydrate determinants--Hakomori’s concepts
revisited. Biochim Biophys Acta 2008; 1780: 525-531 [PMID:
17980710 DOI: 10.1016/j.bbagen.2007.10.007]
Marrelli D, Pinto E, De Stefano A, Farnetani M, Garosi L, Roviello
F. Clinical utility of CEA, CA 19-9, and CA 72-4 in the follow-up of
patients with resectable gastric cancer. Am J Surg 2001; 181: 16-19
[PMID: 11248169 DOI: 10.1016/S0002-9610(00)00549-3]
Song YX, Huang XZ, Gao P, Sun JX, Chen XW, Yang YC, Zhang
C, Liu HP, Wang HC, Wang ZN. Clinicopathologic and Prognostic
Value of Serum Carbohydrate Antigen 19-9 in Gastric Cancer: A
Meta-Analysis. Dis Markers 2015; 2015: 549843 [PMID: 26576068
DOI: 10.1155/2015/549843]
Kono K, Amemiya H, Sekikawa T, Iizuka H, Takahashi A, Fujii
H, Matsumoto Y. Clinicopathologic features of gastric cancers
producing alpha-fetoprotein. Dig Surg 2002; 19: 359-365; discussion
365 [PMID: 12435906 DOI: 10.1159/000065838]
Koide N, Nishio A, Igarashi J, Kajikawa S, Adachi W, Amano
J. Alpha-fetoprotein-producing gastric cancer: histochemical
analysis of cell proliferation, apoptosis, and angiogenesis. Am
J Gastroenterol 1999; 94: 1658-1663 [PMID: 10364040 DOI:
10.1111/j.1572-0241.1999.01158.x]
Namikawa T, Kawanishi Y, Fujisawa K, Munekage E, Iwabu J,
Munekage M, Maeda H, Kitagawa H, Kobayashi M, Hanazaki K.
Serum carbohydrate antigen 125 is a significant prognostic marker
in patients with unresectable advanced or recurrent gastric cancer.
Surg Today 2018; 48: 388-394 [PMID: 29043453 DOI: 10.1007/
s00595-017-1598-3]
Akiyama T, Sudo C, Ogawara H, Toyoshima K, Yamamoto T. The
product of the human c-erbB-2 gene: a 185-kilodalton glycoprotein
with tyrosine kinase activity. Science 1986; 232: 1644-1646 [PMID:
3012781 DOI: 10.1126/science.3012781]
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK; ToGA Trial
Investigators. Trastuzumab in combination with chemotherapy
versus chemotherapy alone for treatment of HER2-positive advanced
gastric or gastro-oesophageal junction cancer (ToGA): a phase 3,
open-label, randomised controlled trial. Lancet 2010; 376: 687-697
[PMID: 20728210 DOI: 10.1016/S0140-6736(10)61121-X]
Sheng WQ, Huang D, Ying JM, Lu N, Wu HM, Liu YH, Liu JP, Bu
H, Zhou XY, Du X. HER2 status in gastric cancers: a retrospective
analysis from four Chinese representative clinical centers and
assessment of its prognostic significance. Ann Oncol 2013; 24:
2360-2364 [PMID: 23788757 DOI: 10.1093/annonc/mdt232]
Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol 2008; 19: 1523-1529
[PMID: 18441328 DOI: 10.1093/annonc/mdn169]
Moelans CB, van Diest PJ, Milne AN, Offerhaus GJ. Her-2/
neu testing and therapy in gastroesophageal adenocarcinoma.
Patholog Res Int 2010; 2011: 674182 [PMID: 21188213 DOI:
10.4061/2011/674182]
Janjigian YY, Werner D, Pauligk C, Steinmetz K, Kelsen DP, Jäger
E, Altmannsberger HM, Robinson E, Tafe LJ, Tang LH, Shah MA,
Al-Batran SE. Prognosis of metastatic gastric and gastroesophageal
junction cancer by HER2 status: a European and USA International
collaborative analysis. Ann Oncol 2012; 23: 2656-2662 [PMID:
22689179 DOI: 10.1093/annonc/mds104]
Bozzetti C, Negri FV, Lagrasta CA, Crafa P, Bassano C, Tamagnini I,

WJG|www.wjgnet.com

19

20
21

22
23

24

25
26

27

28

29

30
31
32

33

2828

Gardini G, Nizzoli R, Leonardi F, Gasparro D, Camisa R, Cavalli S,
Silini EM, Ardizzoni A. Comparison of HER2 status in primary and
paired metastatic sites of gastric carcinoma. Br J Cancer 2011; 104:
1372-1376 [PMID: 21487407 DOI: 10.1038/bjc.2011.121]
Kang YK, Rha SY, Tassone P, Barriuso J, Yu R, Szado T, Garg
A, Bang YJ. A phase IIa dose-finding and safety study of first-line
pertuzumab in combination with trastuzumab, capecitabine and
cisplatin in patients with HER2-positive advanced gastric cancer.
Br J Cancer 2014; 111: 660-666 [PMID: 24960402 DOI: 10.1038/
bjc.2014.356]
Shimoyama S. Unraveling trastuzumab and lapatinib inefficiency
in gastric cancer: Future steps (Review). Mol Clin Oncol 2014; 2:
175-181 [PMID: 24649329 DOI: 10.3892/mco.2013.218]
Yamashita-Kashima Y, Shu S, Harada N, Fujimoto-Ouchi K.
Enhanced antitumor activity of trastuzumab emtansine (T-DM1)
in combination with pertuzumab in a HER2-positive gastric cancer
model. Oncol Rep 2013; 30: 1087-1093 [PMID: 23783223 DOI:
10.3892/or.2013.2547]
Matsuoka T, Yashiro M. Recent advances in the HER2 targeted
therapy of gastric cancer. World J Clin Cases 2015; 3: 42-51 [PMID:
25610849 DOI: 10.12998/wjcc.v3.i1.42]
Nahta R, Takahashi T, Ueno NT, Hung MC, Esteva FJ. P27(kip1)
down-regulation is associated with trastuzumab resistance in breast
cancer cells. Cancer Res 2004; 64: 3981-3986 [PMID: 15173011
DOI: 10.1158/0008-5472.CAN-03-3900]
Oyama K, Fushida S, Tsukada T, Kinoshita J, Watanabe T, Shoji M,
Nakanuma S, Okamoto K, Sakai S, Makino I, Nakamura K, Hayashi
H, Inokuchi M, Nakagawara H, Miyashita T, Tajima H, Takamura
H, Ninomiya I, Kitagawa H, Fujimura T, Tajiri R, Ooi A, Ohta T.
Evaluation of serum HER2-ECD levels in patients with gastric
cancer. J Gastroenterol 2015; 50: 41-45 [PMID: 24557054 DOI:
10.1007/s00535-014-0941-3]
Matsuoka T, Yashiro M. The Role of PI3K/Akt/mTOR Signaling
in Gastric Carcinoma. Cancers (Basel) 2014; 6: 1441-1463 [PMID:
25003395 DOI: 10.3390/cancers6031441]
Kim ST, Banks KC, Pectasides E, Kim SY, Kim K, Lanman RB,
Talasaz A, An J, Choi MG, Lee JH, Sohn TS, Bae JM, Kim S, Park
SH, Park JO, Park YS, Lim HY, Kim NKD, Park W, Lee H, Bass AJ,
Kim K, Kang WK, Lee J. Impact of genomic alterations on lapatinib
treatment outcome and cell-free genomic landscape during HER2
therapy in HER2+ gastric cancer patients. Ann Oncol 2018; 29:
1037-1048 [PMID: 29409051 DOI: 10.1093/annonc/mdy034]
Hamashima C, Shibuya D, Yamazaki H, Inoue K, Fukao A, Saito H,
Sobue T. The Japanese guidelines for gastric cancer screening. Jpn J
Clin Oncol 2008; 38: 259-267 [PMID: 18344316 DOI: 10.1093/jjco/
hyn017]
Nobili S, Bruno L, Landini I, Napoli C, Bechi P, Tonelli F, Rubio
CA, Mini E, Nesi G. Genomic and genetic alterations influence
the progression of gastric cancer. World J Gastroenterol 2011; 17:
290-299 [PMID: 21253387 DOI: 10.3748/wjg.v17.i3.290]
Leung WK, Wu MS, Kakugawa Y, Kim JJ, Yeoh KG, Goh KL, Wu
KC, Wu DC, Sollano J, Kachintorn U, Gotoda T, Lin JT, You WC,
Ng EK, Sung JJ; Asia Pacific Working Group on Gastric Cancer.
Screening for gastric cancer in Asia: current evidence and practice.
Lancet Oncol 2008; 9: 279-287 [PMID: 18308253 DOI: 10.1016/
S1470-2045(08)70072-X]
Yashiro M, Matsuoka T. Fibroblast growth factor receptor signaling
as therapeutic targets in gastric cancer. World J Gastroenterol 2016;
22: 2415-2423 [PMID: 26937130 DOI: 10.3748/wjg.v22.i8.2415]
Greulich H, Pollock PM. Targeting mutant fibroblast growth factor
receptors in cancer. Trends Mol Med 2011; 17: 283-292 [PMID:
21367659 DOI: 10.1016/j.molmed.2011.01.012]
Nagatsuma AK, Aizawa M, Kuwata T, Doi T, Ohtsu A, Fujii H,
Ochiai A. Expression profiles of HER2, EGFR, MET and FGFR2
in a large cohort of patients with gastric adenocarcinoma. Gastric
Cancer 2015; 18: 227-238 [PMID: 24626858 DOI: 10.1007/
s10120-014-0360-4]
Betts G, Valentine H, Pritchard S, Swindell R, Williams V, Morgan S,
Griffiths EA, Welch I, West C, Womack C. FGFR2, HER2 and cMet
in gastric adenocarcinoma: detection, prognostic significance and

July 14, 2018|Volume 24|Issue 26|

Matsuoka T et al . Biomarker of gastric cancer

34

35

36
37

38

39

40

41
42
43
44

45
46

47

48

49

assessment of downstream pathway activation. Virchows Arch 2014;
464: 145-156 [PMID: 24306956 DOI: 10.1007/s00428-013-1517-y]
Hosoda K, Yamashita K, Ushiku H, Ema A, Moriya H, Mieno H,
Washio M, Watanabe M. Prognostic relevance of FGFR2 expression
in stage Ⅱ / Ⅲ gastric cancer with curative resection and S-1
chemotherapy. Oncol Lett 2018; 15: 1853-1860 [PMID: 29434882
DOI: 10.3892/ol.2017.7515]
Carneiro P, Fernandes MS, Figueiredo J, Caldeira J, Carvalho J,
Pinheiro H, Leite M, Melo S, Oliveira P, Simões-Correia J, Oliveira
MJ, Carneiro F, Figueiredo C, Paredes J, Oliveira C, Seruca R.
E-cadherin dysfunction in gastric cancer--cellular consequences,
clinical applications and open questions. FEBS Lett 2012; 586:
2981-2989 [PMID: 22841718 DOI: 10.1016/j.febslet.2012.07.045]
Chan AO. E-cadherin in gastric cancer. World J Gastroenterol 2006;
12: 199-203 [PMID: 16482618 DOI: 10.3748/wjg.v12.i2.199]
Lynch HT, Kaurah P, Wirtzfeld D, Rubinstein WS, Weissman S,
Lynch JF, Grady W, Wiyrick S, Senz J, Huntsman DG. Hereditary
diffuse gastric cancer: diagnosis, genetic counseling, and
prophylactic total gastrectomy. Cancer 2008; 112: 2655-2663 [PMID:
18442100 DOI: 10.1002/cncr.23501]
Pharoah PD, Guilford P, Caldas C; International Gastric Cancer
Linkage Consortium. Incidence of gastric cancer and breast cancer in
CDH1 (E-cadherin) mutation carriers from hereditary diffuse gastric
cancer families. Gastroenterology 2001; 121: 1348-1353 [PMID:
11729114 DOI: 10.1053/gast.2001.29611]
Corso G, Carvalho J, Marrelli D, Vindigni C, Carvalho B, Seruca
R, Roviello F, Oliveira C. Somatic mutations and deletions of the
E-cadherin gene predict poor survival of patients with gastric cancer.
J Clin Oncol 2013; 31: 868-875 [PMID: 23341533 DOI: 10.1200/
JCO.2012.44.4612]
Wen J, Zheng T, Hu K, Zhu C, Guo L, Ye G. Promoter methylation
of tumor-related genes as a potential biomarker using blood samples
for gastric cancer detection. Oncotarget 2017; 8: 77783-77793
[PMID: 29100425 DOI: 10.18632/oncotarget.20782]
Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation.
Cell 2011; 144: 646-674 [PMID: 21376230 DOI: 10.1016/
j.cell.2011.02.013]
Samuels Y, Ericson K. Oncogenic PI3K and its role in cancer. Curr
Opin Oncol 2006; 18: 77-82 [PMID: 16357568 DOI: 10.1097/01.
cco.0000198021.99347.b9]
Song MS, Salmena L, Pandolfi PP. The functions and regulation
of the PTEN tumour suppressor. Nat Rev Mol Cell Biol 2012; 13:
283-296 [PMID: 22473468 DOI: 10.1038/nrm3330]
Xu DZ, Geng QR, Tian Y, Cai MY, Fang XJ, Zhan YQ, Zhou ZW,
Li W, Chen YB, Sun XW, Guan YX, Li YF, Lin TY. Activated
mammalian target of rapamycin is a potential therapeutic target in
gastric cancer. BMC Cancer 2010; 10: 536 [PMID: 20929525 DOI:
10.1186/1471-2407-10-536]
Iizasa H, Nanbo A, Nishikawa J, Jinushi M, Yoshiyama H. EpsteinBarr Virus (EBV)-associated gastric carcinoma. Viruses 2012; 4:
3420-3439 [PMID: 23342366 DOI: 10.3390/v4123420]
Ito C, Nishizuka SS, Ishida K, Uesugi N, Sugai T, Tamura G, Koeda
K, Sasaki A. Analysis of PIK3CA mutations and PI3K pathway
proteins in advanced gastric cancer. J Surg Res 2017; 212: 195-204
[PMID: 28550907 DOI: 10.1016/j.jss.2017.01.018]
Matsumoto K, Umitsu M, De Silva DM, Roy A, Bottaro DP.
Hepatocyte growth factor/MET in cancer progression and biomarker
discovery. Cancer Sci 2017; 108: 296-307 [PMID: 28064454 DOI:
10.1111/cas.13156]
Graziano F, Arduini F, Ruzzo A, Bearzi I, Humar B, More H, Silva
R, Muretto P, Guilford P, Testa E, Mari D, Magnani M, Cascinu S.
Prognostic analysis of E-cadherin gene promoter hypermethylation
in patients with surgically resected, node-positive, diffuse gastric
cancer. Clin Cancer Res 2004; 10: 2784-2789 [PMID: 15102685
DOI: 10.1158/1078-0432.CCR-03-0320]
Lee HE, Kim MA, Lee HS, Jung EJ, Yang HK, Lee BL, Bang YJ,
Kim WH. MET in gastric carcinomas: comparison between protein
expression and gene copy number and impact on clinical outcome.
Br J Cancer 2012; 107: 325-333 [PMID: 22644302 DOI: 10.1038/
bjc.2012.237]

WJG|www.wjgnet.com

50

51

52

53

54

55

56

57

58

59
60

61

62

2829

Noguchi E, Saito N, Kobayashi M, Kameoka S. Clinical significance
of hepatocyte growth factor/c-Met expression in the assessment
of gastric cancer progression. Mol Med Rep 2015; 11: 3423-3431
[PMID: 25592281 DOI: 10.3892/mmr.2015.3205]
Huang X, Wang C, Sun J, Luo J, You J, Liao L, Li M. Clinical value
of CagA, c-Met, PI3K and Beclin-1 expressed in gastric cancer
and their association with prognosis. Oncol Lett 2018; 15: 947-955
[PMID: 29422968 DOI: 10.3892/ol.2017.7394]
Takahashi N, Furuta K, Taniguchi H, Sasaki Y, Shoji H, Honma
Y, Iwasa S, Okita N, Takashima A, Kato K, Hamaguchi T, Shimada
Y, Yamada Y. Serum level of hepatocyte growth factor is a novel
marker of predicting the outcome and resistance to the treatment
with trastuzumab in HER2-positive patients with metastatic gastric
cancer. Oncotarget 2016; 7: 4925-4938 [PMID: 26716644 DOI:
10.18632/oncotarget.6753]
Yashiro M, Nishii T, Hasegawa T, Matsuzaki T, Morisaki T, Fukuoka
T, Hirakawa K. A c-Met inhibitor increases the chemosensitivity of
cancer stem cells to the irinotecan in gastric carcinoma. Br J Cancer
2013; 109: 2619-2628 [PMID: 24129235 DOI: 10.1038/bjc.2013.638]
Ylä-Herttuala S, Rissanen TT, Vajanto I, Hartikainen J. Vascular
endothelial growth factors: biology and current status of clinical
applications in cardiovascular medicine. J Am Coll Cardiol 2007;
49: 1015-1026 [PMID: 17349880 DOI: 10.1016/j.jacc.2006.09.053]
Lieto E, Ferraraccio F, Orditura M, Castellano P, Mura AL, Pinto M,
Zamboli A, De Vita F, Galizia G. Expression of vascular endothelial
growth factor (VEGF) and epidermal growth factor receptor (EGFR)
is an independent prognostic indicator of worse outcome in gastric
cancer patients. Ann Surg Oncol 2008; 15: 69-79 [PMID: 17896140
DOI: 10.1245/s10434-007-9596-0]
Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R, Goswami
C, Safran H, Dos Santos LV, Aprile G, Ferry DR, Melichar B, Tehfe
M, Topuzov E, Zalcberg JR, Chau I, Campbell W, Sivanandan C,
Pikiel J, Koshiji M, Hsu Y, Liepa AM, Gao L, Schwartz JD, Tabernero
J; REGARD Trial Investigators. Ramucirumab monotherapy for
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (REGARD): an international, randomised,
multicentre, placebo-controlled, phase 3 trial. Lancet 2014; 383: 31-39
[PMID: 24094768 DOI: 10.1016/S0140-6736(13)61719-5]
Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada
Y, Hironaka S, Sugimoto N, Lipatov O, Kim TY, Cunningham
D, Rougier P, Komatsu Y, Ajani J, Emig M, Carlesi R, Ferry D,
Chandrawansa K, Schwartz JD, Ohtsu A; RAINBOW Study
Group. Ramucirumab plus paclitaxel versus placebo plus paclitaxel
in patients with previously treated advanced gastric or gastrooesophageal junction adenocarcinoma (RAINBOW): a double-blind,
randomised phase 3 trial. Lancet Oncol 2014; 15: 1224-1235 [PMID:
25240821 DOI: 10.1016/S1470-2045(14)70420-6]
Tabernero J, Hozak RR, Yoshino T, Cohn AL, Obermannova
R, Bodoky G, Garcia-Carbonero R, Ciuleanu TE, Portnoy DC,
Prausová J, Muro K, Siegel RW, Konrad RJ, Ouyang H, Melemed
SA, Ferry D, Nasroulah F, Van Cutsem E. Analysis of angiogenesis
biomarkers for ramucirumab efficacy in patients with metastatic
colorectal cancer from RAISE, a global, randomized, double-blind,
phase Ⅲ study. Ann Oncol 2018; 29: 602-609 [PMID: 29228087
DOI: 10.1093/annonc/mdx767]
Levine AJ. p53, the cellular gatekeeper for growth and division.
Cell 1997; 88: 323-331 [PMID: 9039259 DOI: 10.1016/
S0092-8674(00)81871-1]
Oki E, Zhao Y, Yoshida R, Egashira A, Ohgaki K, Morita M, Kakeji
Y, Maehara Y. The difference in p53 mutations between cancers of
the upper and lower gastrointestinal tract. Digestion 2009; 79 Suppl 1:
33-39 [PMID: 19153488 DOI: 10.1159/000167864]
Lee J, van Hummelen P, Go C, Palescandolo E, Jang J, Park HY,
Kang SY, Park JO, Kang WK, MacConaill L, Kim KM. Highthroughput mutation profiling identifies frequent somatic mutations
in advanced gastric adenocarcinoma. PLoS One 2012; 7: e38892
[PMID: 22723903 DOI: 10.1371/journal.pone.0038892]
Endoh Y, Sakata K, Tamura G, Ohmura K, Ajioka Y, Watanabe
H, Motoyama T. Cellular phenotypes of differentiated-type
adenocarcinomas and precancerous lesions of the stomach are

July 14, 2018|Volume 24|Issue 26|

Matsuoka T et al . Biomarker of gastric cancer

63

64

65

66

67
68

69

70

71

72
73

74

75

76

77

78

dependent on the genetic pathways. J Pathol 2000; 191: 257-263
[PMID: 10878546 DOI: 10.1002/1096-9896(2000)9999:9999<::
AID-PATH631>3.0.CO;2-2]
Li QF, Yao RY, Liu KW, Lv HY, Jiang T, Liang J. Genetic
polymorphism of GSTP1: prediction of clinical outcome to
oxaliplatin/5-FU-based chemotherapy in advanced gastric cancer. J
Korean Med Sci 2010; 25: 846-852 [PMID: 20514304 DOI: 10.3346/
jkms.2010.25.6.846]
Sharpe AH, Wherry EJ, Ahmed R, Freeman GJ. The function of
programmed cell death 1 and its ligands in regulating autoimmunity
and infection. Nat Immunol 2007; 8: 239-245 [PMID: 17304234
DOI: 10.1038/ni1443]
Gu L, Chen M, Guo D, Zhu H, Zhang W, Pan J, Zhong X, Li X,
Qian H, Wang X. PD-L1 and gastric cancer prognosis: A systematic
review and meta-analysis. PLoS One 2017; 12: e0182692 [PMID:
28796808 DOI: 10.1371/journal.pone.0182692]
Curea FG, Hebbar M, Ilie SM, Bacinschi XE, Trifanescu OG,
Botnariuc I, Anghel RM. Current Targeted Therapies in HER2Positive Gastric Adenocarcinoma. Cancer Biother Radiopharm
2017; 32: 351-363 [PMID: 29265917 DOI: 10.1089/cbr.2017.2249]
Cancer Genome Atlas Research Network. Comprehensive
molecular characterization of gastric adenocarcinoma. Nature 2014;
513: 202-209 [PMID: 25079317 DOI: 10.1038/nature13480]
Cho JY, Lim JY, Cheong JH, Park YY, Yoon SL, Kim SM, Kim SB,
Kim H, Hong SW, Park YN, Noh SH, Park ES, Chu IS, Hong WK,
Ajani JA, Lee JS. Gene expression signature-based prognostic risk
score in gastric cancer. Clin Cancer Res 2011; 17: 1850-1857 [PMID:
21447720 DOI: 10.1158/1078-0432.CCR-10-2180]
Cui J, Chen Y, Chou WC, Sun L, Chen L, Suo J, Ni Z, Zhang
M, Kong X, Hoffman LL, Kang J, Su Y, Olman V, Johnson
D, Tench DW, Amster IJ, Orlando R, Puett D, Li F, Xu Y. An
integrated transcriptomic and computational analysis for biomarker
identification in gastric cancer. Nucleic Acids Res 2011; 39:
1197-1207 [PMID: 20965966 DOI: 10.1093/nar/gkq960]
Hippo Y, Taniguchi H, Tsutsumi S, Machida N, Chong JM,
Fukayama M, Kodama T, Aburatani H. Global gene expression
analysis of gastric cancer by oligonucleotide microarrays. Cancer
Res 2002; 62: 233-240 [PMID: 11782383]
DeRisi J, Penland L, Brown PO, Bittner ML, Meltzer PS, Ray M,
Chen Y, Su YA, Trent JM. Use of a cDNA microarray to analyse
gene expression patterns in human cancer. Nat Genet 1996; 14:
457-460 [PMID: 8944026 DOI: 10.1038/ng1296-457]
Velculescu VE, Zhang L, Vogelstein B, Kinzler KW. Serial analysis
of gene expression. Science 1995; 270: 484-487 [PMID: 7570003
DOI: 10.1126/science.270.5235.484]
Ojetti V, Persiani R, Cananzi FC, Sensi C, Piscaglia AC, Saulnier
N, Biondi A, Gasbarrini A, D’Ugo D. cDNA-microarray analysis
as a new tool to predict lymph node metastasis in gastric cancer.
World J Surg 2014; 38: 2058-2064 [PMID: 24696059 DOI: 10.1007/
s00268-014-2529-8]
Yasui W, Oue N, Ito R, Kuraoka K, Nakayama H. Search for
new biomarkers of gastric cancer through serial analysis of gene
expression and its clinical implications. Cancer Sci 2004; 95:
385-392 [PMID: 15132764 DOI: 10.1111/j.1349-7006.2004.
tb03220.x]
Oue N, Sentani K, Sakamoto N, Yasui W. Clinicopathologic and
molecular characteristics of gastric cancer showing gastric and
intestinal mucin phenotype. Cancer Sci 2015; 106: 951-958 [PMID:
26033320 DOI: 10.1111/cas.12706]
Aaltonen LA, Peltomäki P, Leach FS, Sistonen P, Pylkkänen L,
Mecklin JP, Järvinen H, Powell SM, Jen J, Hamilton SR. Clues to
the pathogenesis of familial colorectal cancer. Science 1993; 260:
812-816 [PMID: 8484121 DOI: 10.1126/science.8484121]
Pinto M, Oliveira C, Machado JC, Cirnes L, Tavares J, Carneiro
F, Hamelin R, Hofstra R, Seruca R, Sobrinho-Simões M. MSI-L
gastric carcinomas share the hMLH1 methylation status of MSI-H
carcinomas but not their clinicopathological profile. Lab Invest 2000;
80: 1915-1923 [PMID: 11140703 DOI: 10.1038/labinvest.3780201]
Yoon K, Lee S, Han TS, Moon SY, Yun SM, Kong SH, Jho S, Choe
J, Yu J, Lee HJ, Park JH, Kim HM, Lee SY, Park J, Kim WH, Bhak

WJG|www.wjgnet.com

79

80
81

82

83
84
85
86

87

88
89

90

91

92

2830

J, Yang HK, Kim SJ. Comprehensive genome- and transcriptomewide analyses of mutations associated with microsatellite instability
in Korean gastric cancers. Genome Res 2013; 23: 1109-1117 [PMID:
23737375 DOI: 10.1101/gr.145706.112]
Zang ZJ, Cutcutache I, Poon SL, Zhang SL, McPherson JR, Tao
J, Rajasegaran V, Heng HL, Deng N, Gan A, Lim KH, Ong CK,
Huang D, Chin SY, Tan IB, Ng CC, Yu W, Wu Y, Lee M, Wu J,
Poh D, Wan WK, Rha SY, So J, Salto-Tellez M, Yeoh KG, Wong
WK, Zhu YJ, Futreal PA, Pang B, Ruan Y, Hillmer AM, Bertrand
D, Nagarajan N, Rozen S, Teh BT, Tan P. Exome sequencing of
gastric adenocarcinoma identifies recurrent somatic mutations in
cell adhesion and chromatin remodeling genes. Nat Genet 2012; 44:
570-574 [PMID: 22484628 DOI: 10.1038/ng.2246]
Shokal U, Sharma PC. Implication of microsatellite instability in
human gastric cancers. Indian J Med Res 2012; 135: 599-613 [PMID:
22771588]
dos Santos NR, Seruca R, Constância M, Seixas M, SobrinhoSimões M. Microsatellite instability at multiple loci in gastric
carcinoma: clinicopathologic implications and prognosis.
Gastroenterology 1996; 110: 38-44 [PMID: 8536886 DOI: 10.1053/
gast.1996.v110.pm8536886]
Smyth EC, Wotherspoon A, Peckitt C, Gonzalez D, Hulkki-Wilson
S, Eltahir Z, Fassan M, Rugge M, Valeri N, Okines A, Hewish
M, Allum W, Stenning S, Nankivell M, Langley R, Cunningham
D. Mismatch Repair Deficiency, Microsatellite Instability, and
Survival: An Exploratory Analysis of the Medical Research Council
Adjuvant Gastric Infusional Chemotherapy (MAGIC) Trial. JAMA
Oncol 2017; 3: 1197-1203 [PMID: 28241187 DOI: 10.1001/
jamaoncol.2016.6762]
Kim H, Wang X, Jin P. Developing DNA methylation-based
diagnostic biomarkers. J Genet Genomics 2018; 45: 87-97 [PMID:
29496486 DOI: 10.1016/j.jgg.2018.02.003]
Qu Y, Dang S, Hou P. Gene methylation in gastric cancer. Clin
Chim Acta 2013; 424: 53-65 [PMID: 23669186 DOI: 10.1016/
j.cca.2013.05.002]
Sapari NS, Loh M, Vaithilingam A, Soong R. Clinical potential of
DNA methylation in gastric cancer: a meta-analysis. PLoS One 2012;
7: e36275 [PMID: 22558417 DOI: 10.1371/journal.pone.0036275]
Ding Y, Lian HF, Du Y. Clinicopathological significance of CHFR
promoter methylation in gastric cancer: a meta-analysis. Oncotarget
2017; 9: 10083-10090 [PMID: 29515792 DOI: 10.18632/
oncotarget.23394]
Yoshida S, Yamashita S, Niwa T, Mori A, Ito S, Ichinose M,
Ushijima T. Epigenetic inactivation of FAT4 contributes to gastric
field cancerization. Gastric Cancer 2017; 20: 136-145 [PMID:
26792292 DOI: 10.1007/s10120-016-0593-5]
Dixon K, Kopras E. Genetic alterations and DNA repair in human
carcinogenesis. Semin Cancer Biol 2004; 14: 441-448 [PMID:
15489137 DOI: 10.1016/j.semcancer.2004.06.007]
Drici Ael-M, Moulessehoul S, Tifrit A, Diaf M, Turki DK, Bachir M,
Tou A. Effect of IL-1β and IL-1RN polymorphisms in carcinogenesis
of the gastric mucosa in patients infected with Helicobacter pylori
in Algeria. Libyan J Med 2016; 11: 31576 [PMID: 27340011 DOI:
10.3402/ljm.v11.31576]
Suenaga M, Yamada S, Fuchs BC, Fujii T, Kanda M, Tanaka C,
Kobayashi D, Fujiwara M, Tanabe KK, Kodera Y. CD44 single
nucleotide polymorphism and isoform switching may predict
gastric cancer recurrence. J Surg Oncol 2015; 112: 622-628 [PMID:
26416034 DOI: 10.1002/jso.24056]
Kuboki Y, Yamashita S, Niwa T, Ushijima T, Nagatsuma A, Kuwata
T, Yoshino T, Doi T, Ochiai A, Ohtsu A. Comprehensive analyses
using next-generation sequencing and immunohistochemistry enable
precise treatment in advanced gastric cancer. Ann Oncol 2016; 27:
127-133 [PMID: 26489445 DOI: 10.1093/annonc/mdv508]
Hou Y, Wu K, Shi X, Li F, Song L, Wu H, Dean M, Li G, Tsang S,
Jiang R, Zhang X, Li B, Liu G, Bedekar N, Lu N, Xie G, Liang H,
Chang L, Wang T, Chen J, Li Y, Zhang X, Yang H, Xu X, Wang L,
Wang J. Comparison of variations detection between whole-genome
amplification methods used in single-cell resequencing. Gigascience
2015; 4: 37 [PMID: 26251698 DOI: 10.1186/s13742-015-0068-3]

July 14, 2018|Volume 24|Issue 26|

Matsuoka T et al . Biomarker of gastric cancer
93
94

95
96

97

98

99

100
101

102

103

104
105

106

107

108

Siravegna G, Marsoni S, Siena S, Bardelli A. Integrating liquid
biopsies into the management of cancer. Nat Rev Clin Oncol 2017;
14: 531-548 [PMID: 28252003 DOI: 10.1038/nrclinonc.2017.14]
Allard WJ, Matera J, Miller MC, Repollet M, Connelly MC, Rao
C, Tibbe AG, Uhr JW, Terstappen LW. Tumor cells circulate in
the peripheral blood of all major carcinomas but not in healthy
subjects or patients with nonmalignant diseases. Clin Cancer Res
2004; 10: 6897-6904 [PMID: 15501967 DOI: 10.1158/1078-0432.
CCR-04-0378]
Glaves D. Correlation between circulating cancer cells and incidence
of metastases. Br J Cancer 1983; 48: 665-673 [PMID: 6639858
DOI: 10.1038/bjc.1983.248]
Huang X, Gao P, Sun J, Chen X, Song Y, Zhao J, Xu H, Wang Z.
Clinicopathological and prognostic significance of circulating tumor
cells in patients with gastric cancer: a meta-analysis. Int J Cancer
2015; 136: 21-33 [PMID: 24803400 DOI: 10.1002/ijc.28954]
Takaishi S, Okumura T, Tu S, Wang SS, Shibata W, Vigneshwaran
R, Gordon SA, Shimada Y, Wang TC. Identification of gastric cancer
stem cells using the cell surface marker CD44. Stem Cells 2009; 27:
1006-1020 [PMID: 19415765 DOI: 10.1002/stem.30]
Yuan D, Xia H, Zhang Y, Chen L, Leng W, Chen T, Chen Q, Tang
Q, Mo X, Liu M, Bi F. P-Akt/miR‑200 signaling regulates epithelialmesenchymal transition, migration and invasion in circulating gastric
tumor cells. Int J Oncol 2014; 45: 2430-2438 [PMID: 25200917
DOI: 10.3892/ijo.2014.2644]
Mishima Y, Matsusaka S, Chin K, Mikuniya M, Minowa S,
Takayama T, Shibata H, Kuniyoshi R, Ogura M, Terui Y, Mizunuma
N, Hatake K. Detection of HER2 Amplification in Circulating Tumor
Cells of HER2-Negative Gastric Cancer Patients. Target Oncol 2017;
12: 341-351 [PMID: 28508152 DOI: 10.1007/s11523-017-0493-6]
Qi Q, Pan YF, Shen JJ, Gu XQ, Han SW, Liao HH, Jiang YZ, Zhong
LP. Circulating DNA for detection of gastric cancer. Eur Rev Med
Pharmacol Sci 2016; 20: 2558-2564 [PMID: 27383305]
Gao Y, Zhang K, Xi H, Cai A, Wu X, Cui J, Li J, Qiao Z, Wei B,
Chen L. Diagnostic and prognostic value of circulating tumor DNA
in gastric cancer: a meta-analysis. Oncotarget 2017; 8: 6330-6340
[PMID: 28009985 DOI: 10.18632/oncotarget.14064]
Balgkouranidou I, Matthaios D, Karayiannakis A, Bolanaki H,
Michailidis P, Xenidis N, Amarantidis K, Chelis L, Trypsianis G,
Chatzaki E, Lianidou ES, Kakolyris S. Prognostic role of APC and
RASSF1A promoter methylation status in cell free circulating DNA
of operable gastric cancer patients. Mutat Res 2015; 778: 46-51
[PMID: 26073472 DOI: 10.1016/j.mrfmmm.2015.05.002]
Shoda K, Ichikawa D, Fujita Y, Masuda K, Hiramoto H, Hamada
J, Arita T, Konishi H, Kosuga T, Komatsu S, Shiozaki A, Okamoto
K, Imoto I, Otsuji E. Clinical utility of circulating cell-free EpsteinBarr virus DNA in patients with gastric cancer. Oncotarget 2017; 8:
28796-28804 [PMID: 28430637 DOI: 10.18632/oncotarget.15675]
Calin GA, Croce CM. MicroRNA signatures in human cancers.
Nat Rev Cancer 2006; 6: 857-866 [PMID: 17060945 DOI: 10.1038/
nrc1997]
Han TS, Hur K, Xu G, Choi B, Okugawa Y, Toiyama Y, Oshima
H, Oshima M, Lee HJ, Kim VN, Chang AN, Goel A, Yang HK.
MicroRNA-29c mediates initiation of gastric carcinogenesis by
directly targeting ITGB1. Gut 2015; 64: 203-214 [PMID: 24870620
DOI: 10.1136/gutjnl-2013-306640]
Su ZX, Zhao J, Rong ZH, Wu YG, Geng WM, Qin CK. Diagnostic
and prognostic value of circulating miR-18a in the plasma of patients
with gastric cancer. Tumour Biol 2014; 35: 12119-12125 [PMID:
25416437 DOI: 10.1007/s13277-014-2516-6]
Xu L, Hou Y, Tu G, Chen Y, Du YE, Zhang H, Wen S, Tang X, Yin
J, Lang L, Sun K, Yang G, Tang X, Liu M. Nuclear Drosha enhances
cell invasion via an EGFR-ERK1/2-MMP7 signaling pathway
induced by dysregulated miRNA-622/197 and their targets LAMC2
and CD82 in gastric cancer. Cell Death Dis 2017; 8: e2642 [PMID:
28252644 DOI: 10.1038/cddis.2017.5]
Wu HH, Lin WC, Tsai KW. Advances in molecular biomarkers
for gastric cancer: miRNAs as emerging novel cancer markers.
Expert Rev Mol Med 2014; 16: e1 [PMID: 24456939 DOI: 10.1017/
erm.2013.16]

WJG|www.wjgnet.com

109 Liu HS, Xiao HS. MicroRNAs as potential biomarkers for gastric
cancer. World J Gastroenterol 2014; 20: 12007-12017 [PMID:
25232237 DOI: 10.3748/wjg.v20.i34.12007]
110 Korpal M, Lee ES, Hu G, Kang Y. The miR-200 family inhibits
epithelial-mesenchymal transition and cancer cell migration by direct
targeting of E-cadherin transcriptional repressors ZEB1 and ZEB2.
J Biol Chem 2008; 283: 14910-14914 [PMID: 18411277 DOI:
10.1074/jbc.C800074200]
111 Zhu X, Lv M, Wang H, Guan W. Identification of circulating
microRNAs as novel potential biomarkers for gastric cancer detection:
a systematic review and meta-analysis. Dig Dis Sci 2014; 59: 911-919
[PMID: 24337687 DOI: 10.1007/s10620-013-2970-9]
112 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK,
Pogosova-Agadjanyan EL, Peterson A, Noteboom J, O’Briant KC,
Allen A, Lin DW, Urban N, Drescher CW, Knudsen BS, Stirewalt
DL, Gentleman R, Vessella RL, Nelson PS, Martin DB, Tewari M.
Circulating microRNAs as stable blood-based markers for cancer
detection. Proc Natl Acad Sci U S A 2008; 105: 10513-10518 [PMID:
18663219 DOI: 10.1073/pnas.0804549105]
113 Sierzega M, Kaczor M, Kolodziejczyk P, Kulig J, Sanak M, Richter
P. Evaluation of serum microRNA biomarkers for gastric cancer
based on blood and tissue pools profiling: the importance of miR-21
and miR-331. Br J Cancer 2017; 117: 266-273 [PMID: 28641313
DOI: 10.1038/bjc.2017.190]
114 Zhang Y, Guan DH, Bi RX, Xie J, Yang CH, Jiang YH. Prognostic
value of microRNAs in gastric cancer: a meta-analysis. Oncotarget
2017; 8: 55489-55510 [PMID: 28903436 DOI: 10.18632/
oncotarget.18590]
115 Huang Z, Zhu D, Wu L, He M, Zhou X, Zhang L, Zhang H, Wang
W, Zhu J, Cheng W, Chen Y, Fan Y, Qi L, Yin Y, Zhu W, Shu Y, Liu
P. Six Serum-Based miRNAs as Potential Diagnostic Biomarkers
for Gastric Cancer. Cancer Epidemiol Biomarkers Prev 2017; 26:
188-196 [PMID: 27756776 DOI: 10.1158/1055-9965.EPI-16-0607]
116 Baniak N, Senger JL, Ahmed S, Kanthan SC, Kanthan R. Gastric
biomarkers: a global review. World J Surg Oncol 2016; 14: 212
[PMID: 27514667 DOI: 10.1186/s12957-016-0969-3]
117 Fang XY, Pan HF, Leng RX, Ye DQ. Long noncoding RNAs: novel
insights into gastric cancer. Cancer Lett 2015; 356: 357-366 [PMID:
25444905 DOI: 10.1016/j.canlet.2014.11.005]
118 Song H, Sun W, Ye G, Ding X, Liu Z, Zhang S, Xia T, Xiao B, Xi
Y, Guo J. Long non-coding RNA expression profile in human gastric
cancer and its clinical significances. J Transl Med 2013; 11: 225
[PMID: 24063685 DOI: 10.1186/1479-5876-11-225]
119 Liu L, Yan B, Yang Z, Zhang X, Gu Q, Yue X. ncRuPAR inhibits
gastric cancer progression by down-regulating protease-activated
receptor-1. Tumour Biol 2014; 35: 7821-7829 [PMID: 24817013
DOI: 10.1007/s13277-014-2042-6]
120 Chandra Gupta S, Nandan Tripathi Y. Potential of long non-coding
RNAs in cancer patients: From biomarkers to therapeutic targets. Int
J Cancer 2017; 140: 1955-1967 [PMID: 27925173 DOI: 10.1002/
ijc.30546]
121 Yuan CL, Li H, Zhu L, Liu Z, Zhou J, Shu Y. Aberrant expression
of long noncoding RNA PVT1 and its diagnostic and prognostic
significance in patients with gastric cancer. Neoplasma 2016; 63:
442-449 [PMID: 26925791 DOI: 10.4149/314_150825N45]
122 Fan QH, Yu R, Huang WX, Cui XX, Luo BH, Zhang LY. The
has-miR-526b binding-site rs8506G&gt;a polymorphism in the
lincRNA-NR_024015 exon identified by GWASs predispose to
non-cardia gastric cancer risk. PLoS One 2014; 9: e90008 [PMID:
24595048 DOI: 10.1371/journal.pone.0090008]
123 Koga A, Aoyagi K, Imaizumi T, Miyagi M, Shirouzu K. Comparison
between the gastric cancer cell line MKN-45 and the high-potential
peritoneal dissemination gastric cancer cell line MKN-45P.
Kurume Med J 2011; 58: 73-79 [PMID: 22531121 DOI: 10.2739/
kurumemedj.58.73]
124 Pegtel DM, Cosmopoulos K, Thorley-Lawson DA, van Eijndhoven
MA, Hopmans ES, Lindenberg JL, de Gruijl TD, Würdinger T,
Middeldorp JM. Functional delivery of viral miRNAs via exosomes.
Proc Natl Acad Sci USA 2010; 107: 6328-6333 [PMID: 20304794
DOI: 10.1073/pnas.0914843107]

2831

July 14, 2018|Volume 24|Issue 26|

Matsuoka T et al . Biomarker of gastric cancer
125 Skog J, Würdinger T, van Rijn S, Meijer DH, Gainche L, SenaEsteves M, Curry WT Jr, Carter BS, Krichevsky AM, Breakefield XO.
Glioblastoma microvesicles transport RNA and proteins that promote
tumour growth and provide diagnostic biomarkers. Nat Cell Biol 2008;
10: 1470-1476 [PMID: 19011622 DOI: 10.1038/ncb1800]
126 Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, Lötvall JO.
Exosome-mediated transfer of mRNAs and microRNAs is a novel
mechanism of genetic exchange between cells. Nat Cell Biol 2007; 9:
654-659 [PMID: 17486113 DOI: 10.1038/ncb1596]
127 Cheng L, Sharples RA, Scicluna BJ, Hill AF. Exosomes provide a
protective and enriched source of miRNA for biomarker profiling
compared to intracellular and cell-free blood. J Extracell Vesicles
2014; 3: [PMID: 24683445 DOI: 10.3402/jev.v3.23743]
128 Khan S, Bennit HF, Wall NR. The emerging role of exosomes in
survivin secretion. Histol Histopathol 2015; 30: 43-50 [PMID:
25020159 DOI: 10.14670/HH-30.43]
129 Wang N, Wang L, Yang Y, Gong L, Xiao B, Liu X. A serum
exosomal microRNA panel as a potential biomarker test for gastric
cancer. Biochem Biophys Res Commun 2017; 493: 1322-1328
[PMID: 28986250 DOI: 10.1016/j.bbrc.2017.10.003]
130 Tokuhisa M, Ichikawa Y, Kosaka N, Ochiya T, Yashiro M, Hirakawa
K, Kosaka T, Makino H, Akiyama H, Kunisaki C, Endo I. Exosomal
miRNAs from Peritoneum Lavage Fluid as Potential Prognostic
Biomarkers of Peritoneal Metastasis in Gastric Cancer. PLoS One
2015; 10: e0130472 [PMID: 26208314 DOI: 10.1371/journal.
pone.0130472]
131 Watanabe Y, Kim HS, Castoro RJ, Chung W, Estecio MR, Kondo
K, Guo Y, Ahmed SS, Toyota M, Itoh F, Suk KT, Cho MY, Shen
L, Jelinek J, Issa JP. Sensitive and specific detection of early
gastric cancer with DNA methylation analysis of gastric washes.
Gastroenterology 2009; 136: 2149-2158 [PMID: 19375421 DOI:
10.1053/j.gastro.2009.02.085]
132 Yamamoto H, Watanabe Y, Oikawa R, Morita R, Yoshida Y,
Maehata T, Yasuda H, Itoh F. BARHL2 Methylation Using Gastric
Wash DNA or Gastric Juice Exosomal DNA is a Useful Marker
For Early Detection of Gastric Cancer in an H. pylori-Independent
Manner. Clin Transl Gastroenterol 2016; 7: e184 [PMID: 27441821

DOI: 10.1038/ctg.2016.40]
133 Virgilio E, Giarnieri E, Giovagnoli MR, Montagnini M, Proietti
A, D’Urso R, Mercantini P, Balducci G, Cavallini M. Gastric Juice
MicroRNAs as Potential Biomarkers for Screening Gastric Cancer:
A Systematic Review. Anticancer Res 2018; 38: 613-616 [PMID:
29374683 DOI: 10.21873/anticanres.12265]
134 Parsonnet J, Friedman GD, Vandersteen DP, Chang Y, Vogelman
JH, Orentreich N, Sibley RK. Helicobacter pylori infection and
the risk of gastric carcinoma. N Engl J Med 1991; 325: 1127-1131
[PMID: 1891020 DOI: 10.1056/NEJM199110173251603]
135 Hatakeyama M. Structure and function of Helicobacter pylori
CagA, the first-identified bacterial protein involved in human cancer.
Proc Jpn Acad Ser B Phys Biol Sci 2017; 93: 196-219 [PMID:
28413197 DOI: 10.2183/pjab.93.013]
136 Yong X, Tang B, Li BS, Xie R, Hu CJ, Luo G, Qin Y, Dong H,
Yang SM. Helicobacter pylori virulence factor CagA promotes
tumorigenesis of gastric cancer via multiple signaling pathways.
Cell Commun Signal 2015; 13: 30 [PMID: 26160167 DOI: 10.1186/
s12964-015-0111-0]
137 Saju P, Murata-Kamiya N, Hayashi T, Senda Y, Nagase L, Noda
S, Matsusaka K, Funata S, Kunita A, Urabe M, Seto Y, Fukayama
M, Kaneda A, Hatakeyama M. Host SHP1 phosphatase antagonizes
Helicobacter pylori CagA and can be downregulated by EpsteinBarr virus. Nat Microbiol 2016; 1: 16026 [PMID: 27572445 DOI:
10.1038/nmicrobiol.2016.26]
138 Pormohammad A, Ghotaslou R, Leylabadlo HE, Nasiri MJ,
Dabiri H, Hashemi A. Risk of gastric cancer in association with
Helicobacter pylori different virulence factors: A systematic review
and meta-analysis. Microb Pathog 2018; 118: 214-219 [PMID:
29510208 DOI: 10.1016/j.micpath.2018.03.004]
139 Altieri F, Di Stadio CS, Federico A, Miselli G, De Palma M, Rippa
E, Arcari P. Epigenetic alterations of gastrokine 1 gene expression in
gastric cancer. Oncotarget 2017; 8: 16899-16911 [PMID: 28129645
DOI: 10.18632/oncotarget.14817]
140 Verma R, Sharma PC. Next generation sequencing-based emerging
trends in molecular biology of gastric cancer. Am J Cancer Res
2018; 8: 207-225 [PMID: 29511593]
P- Reviewer: Chen JQ, Huang CM, Lin JY, Luyer MD
S- Editor: Gong ZM L- Editor: Filipodia E- Editor: Yin SY

WJG|www.wjgnet.com

2832

July 14, 2018|Volume 24|Issue 26|

World J Gastroenterol 2018 July 14; 24(26): 2833-2843

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i26.2833

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Bowel preparation quality scales for colonoscopy
David Kastenberg, Gerald Bertiger, Stuart Brogadir
David Kastenberg, Division of Gastroenterology and Hepatology,
Department of Medicine, Thomas Jefferson University,
Philadelphia, PA 19107, United States

Received: March 13, 2018
Peer-review started: March 14, 2018
First decision: April 18, 2018
Revised: May 16, 2018
Accepted: May 26, 2018
Article in press: May 26, 2018
Published online: July 14, 2018

Gerald Bertiger, Hillmont GI, Flourtown, PA 19031, United
States
Stuart Brogadir, Medical Affairs, Ferring Pharmaceuticals, Inc,
Parsippany, NJ 07054, United States
ORCID number: David Kastenberg (0000-0002-3995-2282);
Gerald Bertiger (0000-0003-4731-2362); Stuart Brogadir
(0000-0002-3608-7211).

Abstract
Colorectal cancer (CRC) is the third most common cancer
and second leading cause of cancer-related death in the
United States. Colonoscopy is widely preferred for CRC
screening and is the most commonly used method in the
United States. Adequate bowel preparation is essential
for successful colonoscopy CRC screening. However,
up to one-quarter of colonoscopies are associated with
inadequate bowel preparation, which may result in re
duced polyp and adenoma detection rates, unsuccessful
screens, and an increased likelihood of repeat procedure.
In addition, standardized criteria and assessment scales
for bowel preparation quality are lacking. While several
bowel preparation quality scales are referred to in the
literature, these differ greatly in grading methodology and
categorization criteria. Published reliability and validity
data are available for five bowel preparation quality
assessment scales, which vary in several key attributes.
However, clinicians and researchers continue to use a
variety of bowel preparation quality measures, including
nonvalidated scales, leading to potential confusion and
difficulty when comparing quality results among clinicians
and across clinical trials. Optimal clinical criteria for bowel
preparation quality remain controversial. The use of
validated bowel preparation quality scales with stringent
but simple scoring criteria would help clarify clinical trial
data as well as the performance of colonoscopy in clinical
practice related to quality measurements.
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preparation (excellent/good/fair); this relationship was
weaker but still significant for advanced adenomas
[17]
(OR = 0.74, CI: 0.62-0.87; P < 0.001) . Other
studies have reported overall adenoma miss rates
of 42%-48% for initial colonoscopies with inadequate
or low-quality bowel preparation, based on findings at
[13,18]
repeat colonoscopies
. Inadequate bowel preparation
for colonoscopy may also result in prolonged procedures,
more frequent repeat colonoscopies (at shorter
than recommended intervals) and related increased
costs, lower cecal intubation rates, and higher risk of
[6,11,19-21]
electrocautery
. Studies in various international
populations have found that inadequate cleansing is
a factor in approximately 20%-70% of incomplete
[22-25]
colonoscopies
. Professional gastroenterology
societies recommend that clinical practices aim for mini
mum adequate bowel preparation rates of 85%-90%,
and that bowel preparation quality be documented at the
[6,26]
time of the screening
.
Currently, no standard criteria or definition exists
for qualitative terms such as “adequate”, “inadequate”,
“excellent”, “good”, “fair”, or “poor”; in some scales,
adequate cleansing is defined as a composite of “good”
[11,26]
and “excellent”
. Physician reporting on quality of
bowel preparation, as well as overall colonoscopy quality,
is highly inconsistent and often missing important ele
ments, which may be attributable to lack of clear and
[27]
consistent quality assessment standards . Therefore,
this review was conducted to summarize and discuss
currently available bowel preparation quality scales and
highlight the benefits of using a reliable and validated
scale in both clinical practice and clinical trials of bowel
preparation agents.

Core tip: Adequate bowel preparation is essential for
proper visualization of the colonic mucosa to optimize
lesion detection for a successful colonoscopy. Clinicians
and researchers continue to use a variety of bowel prep
aration quality measures, including de novo , nonvalidated
scales in clinical studies, leading to potential confusion,
and creating difficulty when comparing bowel preparation
quality results across clinical trials. Based on data eval
uating different bowel preparation quality scales in the
literature, and published criteria that define the most
desirable measures to be used in such grading scales, the
Boston Bowel Preparation Scale is currently recommended
as standard.
Kastenberg D, Bertiger G, Brogadir S. Bowel preparation
quality scales for colonoscopy. World J Gastroenterol 2018;
24(26): 2833-2843 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2833.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2833

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer, with an estimated risk of occurring in 1 of 18
persons during their lifetime, and is the second most
common cause of cancer-related adult deaths in the
[1,2]
United States . Approximately 135000 new CRC cases
and 50000 CRC deaths were projected to occur in 2017
[1]
in the United States . For average risk individuals,
the United States Preventive Services Task Force and
other public health and professional medical bodies
recommend CRC screening using colonoscopy, com
puterized tomography colonography, sigmoidoscopy,
double-contrast barium enema, high-sensitivity guaiac or
immunochemical fecal occult blood testing, or stool DNA
testing (which is combined with immunochemical blood
[2-4]
testing) beginning at the age of 50 years . Colono
scopy is a preferred and the most widely used method
[4-6]
for CRC screening in the United States , based on data
showing this procedure is correlated with decreased CRC
incidence and deaths, most likely through the detection
[7-10]
and removal of premalignant polyps
.
Adequate bowel preparation is essential to ensure
sufficient visualization of the colonic mucosa and to
optimize lesion detection for successful colonoscopy
[4,11]
utilized for CRC screening
. However, study data
indicate that up to one-quarter of colonoscopies may
[12,13]
be conducted with inadequate bowel preparation
,
which is correlated with lower detection of polyps and
adenomas vs adequate preparation (typically good/
[12,14-16]
excellent quality)
. A meta-analysis of 27 studies
found that inadequate bowel preparation for colonoscopy
CRC screening reduced detection of small adenomas by
47% (OR = 0.53, CI: 0.46-0.62; P < 0.001) vs adequate

WJG|www.wjgnet.com

COMPONENTS OF A BOWEL
PREPARATION QUALITY SCALE
Essential attributes of a dependable bowel preparation
[11]
quality scale include reliability and validity . Scale
reliability involves the degree to which an instrument
yields reproducible, or consistent, results for the same
investigator (intrarater reliability) or among different
investigators (interrater reliability), upon repeated
[11,28]
testing
. Validity indicates how well the scale mea
sures what it is designed to assess, which can be
[29]
determined via several methods . Validity may be as
sessed by comparison with results of other established
and accepted scales used for the same purpose (i.e.,
bowel preparation quality) in the same test population,
referred to as construct validity. Scale validity may also
be assessed by correlation with other specific criteria
measuring relevant clinical outcomes, in this case, overall
colonoscopy quality; this is referred to as criterion-related
[29,30]
validity or predictive validity
.
A commonly used criterion for overall quality of CRC
screening colonoscopy is the adenoma detection rate
(ADR), defined as the proportion of all CRC screening
colonoscopies performed by a physician that reveal
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[6,31]

at least one adenoma
. Studies have shown that
colonoscopy ADR is strongly, inversely associated with
reduced interval CRC rates (CRC diagnosed between
the time of screening colonoscopy and the scheduled
time of surveillance colonoscopy, which was up to 10
[32,33]
years)
, and that increasing ADRs are correlated
[34]
with reduced CRC incidence and mortality . Some
data also indicate that the polyp detection rate (PDR),
the number of patients with at least one polyp removed
during screening CRC, may also be a useful parameter
of colonoscopy quality, particularly since it appears to
[6]
correlate well with ADR . However, use of the PDR raises
additional questions related to the precise definition of
“polyp”. Other questions include whether the detection
rates of sessile serrated polyps (SSPs), advanced
adenomas, and multiple adenomas (as opposed to a “one
and done” approach) should be used as key indicators
[6]
of colonoscopy quality in addition to the ADR and PDR .
However, clinical data are insufficient for resolution
of these issues, and no guidelines for correlation of
bowel preparation quality with detection rates for SSPs,
advanced adenomas, and multiple adenomas have yet
[6]
been established . Thus, ADR appears to be the best
criterion currently available, as it is relatively easy to
measure and has been shown to correlate with interval
cancer rate.
The cecal intubation rate, an indicator of colonoscopy
completion (reaching the cecum or anastomosis, if
[6,21,26]
present), is another acknowledged quality measure
.
Cecal intubation is essential for visualization of the proxi
mal colon, including the caecum, where many colorectal
[6]
neoplasms are located, in particular SSPs . However,
data on the independent association of cecal intubation
[32,35]
rate with CRC risk have been mixed
. Longer with
drawal time is associated with higher ADR and higher
SSP detection and is also considered a key criterion of
[6,36-38]
colonoscopy quality secondary to ADR
.
Another recommended criterion of colonoscopy
quality is the level of adherence to recommended postpolypectomy and post-cancer surveillance intervals, which
[2,6,39,40]
are based on study data
. The United States MultiSociety Task Force on Colorectal Cancer (USMSTFCC) has
recommended that this criterion may serve as the overall
[11]
indication of clinical adequacy of a bowel preparation .
Intra-procedure flushing and suctioning to remove
fluid and semisolid debris is often performed during
[11]
colonoscopy . Therefore, the USMSTFCC recommends
that bowel preparation quality should be assessed on
[11]
withdrawal after washing and suctioning . This criterion
relates primarily to clinical adequacy, where washing and
suctioning is taken into account, and is less relevant for
the comparison of different bowel preparation agents,
where pre-wash grading of bowel cleanse quality may
better reflect preparation agent efficacy.

bowel preparation quality scales in clinical trials include
[41,42]
the Aronchick Scale
, the Boston Bowel Preparation
[43-49]
Scale (BBPS)
, and the Ottawa Bowel Preparation
[50]
Scale (OBPS) (Table 1). Other instruments that have
been validated, but are less commonly used, include
[51]
the Harefield Cleansing Scale (HCS) and the Chicago
[52]
Bowel Preparation Scale (CBPS) (Table 1). A summary
of validation studies is found in Table 2.

Aronchick scale

The Aronchick Scale was the first bowel preparation
[41,42]
quality scale to be evaluated for reliability
. This
scale characterizes the percentage of the total colonic
mucosal surface covered by fluid or stool, without scoring
for separate colon segments, and is performed before
washing or suctioning (Table 1). A validity study found
that interobserver reliability kappa intraclass correlation
coefficients (ICCs) were high for the cecum (0.76) and
the total colon (0.77), but were reduced for the distal
[42]
colon (0.31) and ascending colon segments . The Aron
chick Scale is one of the most commonly used validated
bowel preparation quality scales in clinical trials and
clinical practice.

Ottawa Bowel Preparation Scale

The OBPS measures mucosal cleanliness by colon seg
ment, including the right colon, mid-colon, and recto
sigmoid colon, on a scale of 0 (excellent) to 4 (inadequate)
for each (Table 1 and Figure 1), and is also scored
[50]
before washing or suctioning . However, in contrast to
the Aronchick scale, the OBPS measures fluid quantity
separately, with scores ranging from 0 (small volume)
to 2 (large volume) for the total colon. Additionally, the
OBPS does not tie scoring to subjective estimates of
the percentage of the mucosa that is visible, which the
investigators suggested might improve interobserver
[50]
reliability (Table 1) . In a study of reliability and
validity compared with the Aronchick scale, the Pearson
correlation coefficients for interobserver ratings were
superior for the OBPS vs the Aronchick (0.89 vs 0.62,
[50]
respectively; P < 0.001) . Similarly, the kappa ICCs
also significantly favored the OBPS vs the Aronchick scale
[0.94 (95%CI: 0.91-0.96) vs 0.77 (95%CI: 0.65-0.84),
respectively; P < 0.001]. Interrater consistency was
found to be stronger with the OBPS vs the Aronchick
scale, and reliability and agreement of the OBPS for the
three different colon segments measured were very high,
and not significantly different between segments (0.92
kappa, right colon; 0.88 kappa, mid-colon; 0.89 kappa,
rectosigmoid; 0.94 kappa, total colon).
A prospective study of the OBPS aimed to identify an
optimal cut-off score for bowel preparation adequacy/
inadequacy in 211 patients undergoing colonoscopy at
[53]
a single center . The receiver operating characteristic
(ROC) analysis used in this study found that an OBPS
score cutoff of ≥ 8 identified inadequate bowel prep
aration with a sensitivity of 100% and a specificity
of 91%. Another study in 150 consecutive patients
undergoing colonoscopy reported strong concordance

VALIDATED BOWEL PREPARATION
SCALES
The most well established and commonly used validated
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Table 1 Validated bowel preparation scales
Scale name

Score

Aronchick Scale

1
2
3
4

Ottawa Bowel
Preparation Scale
(by colon segment)

5
0

1

2

3

4
Ottawa Bowel
Preparation Scale
(total colon fluid)

0
1
2

Boston Bowel
Preparation Scale
(by colon segment)

0
1

2

3

Harefield Cleansing
Scale (by colon
segment)

0
1
2
3
4

Rating/description

Other scale properties/characteristics

Excellent: Small volume of liquid; > 95% of mucosa
Total score range: Minimum 1 (excellent) to maximum 5
seen
(inadequate)
Good: Clear liquid covering 5%-25% of mucosa, but
Scoring performed before washing or suctioning
> 90% of mucosa seen
No separate ratings for segments; global colon rating only
Fair: Semisolid stool could not be suctioned or
No threshold for adequate/inadequate provided
washed away, but > 90% of mucosa seen
Poor: Semisolid stool could not be suctioned or
washed away and < 90% of mucosa seen
Inadequate: Repeat preparation/screening needed
Excellent: Mucosal detail clearly visible, almost no
Total score (obtained by adding scores for each segment + total
stool residue; if fluid present, it is clear, almost no
colon fluid score) range: Minimum 0 (excellent) to maximum 14
stool residue
(inadequate)
Good: Some turbid fluid or stool residue, but
Scoring performed before washing or suctioning
mucosal detail still visible without need for
Rates cleansing by colon segment: Right colon, mid-colon, and
washing/suctioning
rectosigmoid colon (Figure 1)
Fair: Some turbid fluid of stool residue obscuring
No threshold for adequate/inadequate provided
mucosal detail; however, mucosal detail becomes
visible with suctioning, washing not needed
Poor: Stool present obscuring mucosal detail
and contour; a reasonable view is obtained with
suctioning and washing
Inadequate: Solid stool obscuring mucosal detail
and not cleared with washing and suctioning
Small amount of fluid
Total colon fluid score range: Minimum 0 (small amount of fluid)
Moderate amount of fluid
to maximum 2 (large amount of fluid)
Large amount of fluid
Scoring performed before washing or suctioning
Single score for the total colon
No threshold for adequate/inadequate provided
Unprepared colon segment with mucosa not seen
Total score (obtained by adding scores for each segment) range:
because of solid stool that cannot be cleared
Minimum 0 (very poor) to maximum 9 (excellent)
Portion of mucosa of the colon segment seen, but
Scoring performed after washing or suctioning
other areas of segment not well seen because of
Segments separately rated: Right colon (including cecum and
staining, residual stool, and/or opaque liquid
ascending colon); transverse (includes hepatic and splenic
Minor amount of residual staining, small fragments
flexures); and left colon (descending and sigmoid colon, and
of stool, and/or opaque liquid, but mucosa of colon
rectum)
segment is well seen
Threshold optimally is total score of ≥ 6 AND ≥ 2 per segment
Entire mucosa of colon segment well seen, with
no residual staining, small fragments of stool, or
opaque liquid
Irremovable, heavy, hard stools
Total score (obtained by adding scores for each segment) range:
Semisolid, only partially removable stools
Minimum 0 (very bad) to maximum 20 (very good)
Brown liquid/fully removable semi-solid stools
Scoring performed after washing or suctioning
Clear liquid
Segments separately rated: Rectum, sigmoid, left, transverse,
Empty and clean
right colon
Threshold for successful cleansing = Grade A: no segment scored
< 3 or 4, or Grade B: ≥ 1 segment scored 2 but no segment < 2;
Unsuccessful cleansing = Grade C: ≥ 1 segment scored 1 but no

Chicago Bowel
Preparation Scale
(by colon segment)

0
5

10
11
12
Chicago Bowel
Preparation Scale
(total colon)

0
1
2
3

Unprepared colon segment with stool that cannot be
cleared (> 15% of mucosa not seen)
Portion of mucosa in segment seen after cleaning,
but up to 15% of the mucosa not seen because of
retained material
Minor residual material after cleaning, but mucosa
of segment generally well seen
Entire mucosa of segment well seen after washing
Entire mucosa of segment well seen before washing
or suctioning
Little fluid (≤ 50 cc)
Minimal amount of fluid (51-150 cc)
Moderate amount of fluid (151-300 cc)
Large amount of fluid (> 300 cc)

WJG|www.wjgnet.com
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segment < 1, or Grade D: ≥ 1 segment scored 0
Total score (obtained by adding scores for each segment) range:
Minimum 0 (unprepared) to maximum 36 (excellent)
Scoring performed before (fluid) and after (mucosal cleaning)
washing or suctioning
Segments separately rated: Right (cecum to mid-hepatic flexure),
transverse (mid-hepatic flexure to mid-splenic flexure), and left
colon (mid-splenic flexure to distal rectum)
No threshold for adequate/inadequate provided

Total score range: Minimum 0 (little fluid) to maximum 3 (large
amount of fluid)
Scoring performed before washing or suctioning
No threshold for adequate/inadequate provided
Not incorporated into total score for segments
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Table 2 Reliability and validation data for bowel preparation scales
Scale
Aronchick

OBPS

BBPS

Study

Colons
(n )

Raters
(n )

Aronchick[41],
2004

80

5

Rostom
et al[50], 2004

97

2

Chan
et al[53], 2011

211

NR

Martinato
et al[54], 2013
Lee
et al[58], 2016

150

NR

655

NA

Lai
et al[47], 2009

633

22

Reliability

Validity

ICC values for:
Total colon: 0.77
Cecum: 0.76
Distal colon: 0.31
ICC values for:
Right colon: 0.92
Mid colon: 0.88
Rectosigmoid colon: 0.89
NR

Ratings of physicians vs nurses:
PCC: r = 0.60
NR

ICC values:
0.74/0.77 wtd κ

NR

Comparisons with Aronchick scale
PCC: 0.89 OBPS vs 0.62 Aronchick
ICC: 0.94 OBPS vs 0.77 Aronchick
Cutoff scores for adequacy/inadequacy
Optimal cutoff for inadequate ≥ 8: Sensitivity, 100%, specificity,
91%
Correlations with VAS
PCC (physicians vs nurses): r = 0.60
Comparison with BBPS for PDR and ADR
PCC: r = -0.62 (P < 0.001); AUC of ROC analysis similar for PDR,
ADR, right-sided adenomas, and SSAs
PDR by score
40% for scores ≥ 5 vs 24% for scores < 5 (P < 0.02)
Need for repeat CSP due to inadequate bowel prep
2% for scores ≥ 5 vs 73% for scores < 5 (P < 0.001)

Calderwood
et al[43], 2010

119

12

ICC values for:
Total colon: 0.91
Right colon: 0.88
Transverse colon: 0.83
Left colon: 0.79

Correlation with colonoscope insertion time
PCC: r = -0.16 (P < 0.003)
Correlation with colonoscope withdrawal time
PCC: r = -0.23 (P < 0.001)
Correlations with ability to exclude polyps > 5 mm
100%, 88%, 82%, 33%, and 0% of physicians deemed bowel
preparation adequate to exclude polyps > 5 mm at scores of ≥ 8, 7, 6,
5, and ≤ 4 respectively
Correlations with surveillance recommendations after normal CSP
Score < 5: 100% recommended ≤ 1 yr
Scores 5-6: mean recommended interval 4.3 (± 3.9) yr
Scores ≥ 7: 100% recommended 10 yr
Physician-recommended CSP interval after negative CSP
Scores ≥ 6 (≥ 2 each segment): 90% recommended 10 yr

Calderwood
et al[44], 2014

2516

74

NR

Schindler
et al[49], 2016
Gao
et al[45], 2013
Kim
et al[46], 2014

3

401

1012

13

482

6

ICC values, all raters (all segment
and total scores): 0.93
ICC values:
0.987/0.671 wtd κ
ICC values:
Total colon: 0.90/0.63 wtd κ
Right colon: 0.93/0.91 wtd κ
Transverse colon: 0.88/0.86 wtd κ
Left colon: 0.50/0.38 wtd κ

HCS

CBPS

Clark
et al[57], 2016

438

4

ICC values by BBPS scores:
0 and 3: 1.0
2: 0.81
1: 0.80

Halphen
et al[51], 2013

337

4

ICC value:
0.457
Test-retest κ values:

Gerard
et al[52], 2013

150

44

Range, 0.33 to 0.85
Intrarater2:
0.28 to 0.64
Internal consistency3:
0.81, 0.86
ICC values for:
Range, 0.624 to 0.702 for all
segments

Scores 0-2: 96% recommended ≤ 1 yr
NR
PDR
Scores ≥ 5 superior vs < 5 (35% vs 18%; P < 0.05)
PDR
Scores ≥ 8 superior vs scores < 8 (44.9% vs 33.0%; P = 0.04)
Colonoscope withdrawal time
PCC: r = -0.167 (P < 0.001)
Colonoscope insertion time
PCC: r = 0.018 (P = 0.695)
ADR (> 5 mm) miss rates by BBPS score:
3: 5.6%
2: 5.2%
1: 15.9%
Score of 2 noninferior to 3 for missed adenoma > 5 mm
Best score cutoff for satisfactory bowel preparation
≥ 2 for each segment: Sensitivity, 99% and specificity, 83%
Correlation with Aronchick scale
PCC: r = 0.833
AUC of ROC analysis (vs Aronchick scale scores)
0.945 for total colon

Correlations of scores with adequate cleansing
Adequate: Scores of 25-36 (≥ 95% of mucosa visualized)
Inadequate: Scores of 0-24 (< 95% of mucosa visualized)

1

Raters included endoscopy nurses (n = 17), gastroenterology faculty (n = 14), and gastroenterology fellows (n = 9); 2Generalized κ for global agreement;
Cronbach’s alpha; 4Raters included three gastroenterologists and one physician’s assistant. ADR: Adenoma detection rate; AUC: Area under the curve;
BBPS: Boston Bowel Preparation Scale; CBPS: Chicago Bowel Preparation Scale; CSP: Colonoscopy; HCS: Harefield Cleansing Scale; ICC: Interobserver
reliability kappa intraclass correlation coefficient; NA: Not applicable; NR: Not reported; OBPS: Ottawa Bowel Preparation Scale; PCC: Pearson correlation
coefficient; PDR: Polyp detection rate; ROC: Receiver operating characteristic; SSA: Sessile serrated adenoma; VAS: Visual analogue scale; wtd: Weighted.
3
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to inadequate bowel preparation was significantly higher
in patients with scores < 5 vs those with scores ≥ 5
(73% vs 2% of cases, respectively; P < 0.001). Total
BBPS scores were inversely associated with colonoscopic
insertion (r = -0.16; P < 0.003) and withdrawal times
(r = -0.23; P < 0.001). In addition, a significant trend
in mean BBPS score correlating with excellent, good,
fair, poor, or unsatisfactory, as separately scored by the
raters, was observed (P < 0.001 for trend).
A follow-up study investigated interobserver reliability
and clinical outcome correlations of BBPS scores for
individual segments, and relationship of scores to polyp
detection in 119 screening colonoscopies rated by nine
[43]
full-time faculty and three fellows at a single center . All
(100%) raters judged the bowel preparation adequate to
exclude polyps > 5 mm with a ≥ 8 BBPS score, vs 88%
of physicians when the score was 7, 82% when the score
was 6, 33% when the score was 5, and 0% with a score
of ≤ 4. Thus, a score of ≥ 6 was a particularly important
threshold, since approximately 80% of physicians found
the bowel preparation adequate at that score vs only
one-third or less at BBPS scores of ≤ 5. In patients who
had undergone a normal screening colonoscopy, a score
of < 5 prompted all physicians to recommend repeat
colonoscopy within one year, while a score of ≥ 7 was
correlated with a recommendation for the next colonoscopy
to occur in 10 years (among all physicians). BBPS segment
scores were positively correlated with improved PDRs for
the left and right colon, but no association was found for the
transverse colon.
A further validation study was aimed at identifying
a cut-off score for adequacy/inadequacy of bowel prep
[44]
aration . This retrospective study of 2516 normal CRC
screening colonoscopies performed by 74 endoscopists
found that follow-up was recommended in 10 years
for 90% of cases with a total BBPS score ≥ 6 in which
all three segments had scores ≥ 2 (n = 2295), while
96% of examinations with total BBPS scores of 0-2 (n
= 26) recommended follow-up within one year (Figure
2). Screenings with total scores of 3-5 (n = 167) had
variable recommendations. Based on these findings,
the investigators suggested that a total BBPS score
of ≥ 6 and/or all segment scores ≥ 2 may serve as a
[44]
standard definition of “adequate for 10-year follow-up” .
However, a prospective, observational study in a large,
national endoscopic consortium found that inadequate
single BBPS segment scores at the initial, average-risk
screening colonoscopy were correlated with significantly
greater risk of polyps at a second colonoscopy, sug
gesting that both a total score of ≥ 6 and all segment
scores ≥ 2 should be required as an adequacy standard
[56]
for 10-year follow-up . This assessment was affirmed
by a study in 438 colonoscopies in men, which found that
BBPS segment scores of 2 or 3 (with 2 being noninferior
to 3) was indicative of adequate bowel preparation for
detection of adenomas > 5 mm, and for repeat colo
noscopy at standard, guideline-recommended intervals
(both parameters are USMSTFCC-recommended criteria
[11,57]
for bowel preparation adequacy)
.

Mid

Right

Rectosigmoid

Figure 1 Bowel preparation quality scale segments. Depiction of bowel
segments from validation study of Ottawa Bowel Preparation Scale[50]. Before
washing or suctioning, each segment is scored on a scale of 0-4 for cleansing,
and the total colon is scored for fluid quantity on a scale of 0-2. The total score
ranges from 0 (excellent) to 14 (inadequate).

between the OBPS and a visual analogue scale mea
suring bowel cleansing among both nurses (r = 0.8268)
[54]
and physicians (r = 0.8095), P < 0.0001 for both . The
concordance in scoring between nurses and physicians
was r = 0.6010; P < 0.0001.

Boston Bowel Preparation Scale

The BBPS has been validated in multiple clinical stud
[11,47,55]
ies
. Developed in 2009, this scale was designed
to address specific issues affecting bowel preparation
quality and scoring: (1) The scale stipulates that scoring
is to be conducted upon withdrawal and after all flushing
and suctioning of fluid have been completed; (2) scoring
is applied by colon segments, as in the OBPS, based
on potential for variance in bowel preparation between
segments; and (3) subjective, qualitative terms, such as
excellent, good, fair, or poor, are replaced by numbered
scores that are correlated to more clearly described colo
nic conditions, including features such as staining, liquid,
[47]
and stool fragments (Table 1) . Each segment of the
colon is scored from 0 to 3, with higher scores indicating
superior cleansing, and summed for a total score that
can range from 0 to 9 (Table 1).
The initial validation study for the BBPS involved
633 CRC screening colonoscopies in a single center,
and was applied by endoscopists who had undergone
training on how to use the scale before participating in
[47]
the study . The median BBPS total score was 6. The
ICC for interobserver agreement of total BBPS scores
was 0.74 (95% predictive interval: 0.67-0.80), and
the weighted kappa value for intraobserver agreement
[47]
was 0.77 (95%CI: 0.66-0.87) . Validity assessment
was based on the correlations of BBPS scores with
relevant clinical outcomes and more traditional scale
categories, including “excellent”, “good”, “fair”, “poor”,
or “unsatisfactory”. Of the 633 patients who received a
CRC screening colonoscopy, 243 (38%) had at least one
polyp detected, and the PDR was significantly higher
for patients with BBPS scores ≥ 5 vs those for patients
with BBPS score < 5 (40% vs 24%, respectively; P <
0.02). The frequency of repeat colonoscopy attributable
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Exams given 10-yr follow-up interval (%)
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Figure 2 Percentage of screening colonoscopy examinations in which 10-year follow-up was recommended after a negative colonoscopy, stratified by
total Boston Bowel Preparation Scale Score[44].

Harefield Cleansing Scale

after washing or suctioning, and a separate fluid score
is included as a secondary measure (not incorporated
into the total score as in the OBPS). The total and fluid
scoring categories were designed to measure both
the quality of visualization and the intraprocedural ef
fort required to clean the mucosa to attain adequate
visualization. These parameters were intended to help
clinicians assess the cleansing efficacy of different bowel
[52]
preparations . A CBPS validation study prospectively
compared the results of the CBPS with the OBPS,
the BBPS, and a theoretical, dichotomous scale that
simply defined “adequate cleansing” as ability to see
≥ 95% of the mucosa (after it was cleansed), with
“inadequacy” being defined as visibility in < 95% in 150
[52]
colonoscopies at a single center . In this study, kappa
coefficients for interrater agreement were higher for
the CBPS (0.624-0.702) than the OBPS (0.493-0.655)
and the BBPS (0.545-0.661), but these differences
were not significant. Kappa coefficients for the total
colon fluid scores for the CBPS and OBPS, and Pearson
correlations coefficients for interrater agreement, were
also similar. For the OBPS, scores from 8-10 were graded
inadequate; for the BBPS, a score of ≤ 4 was graded
inadequate; and for the CBPS, total scores ≤ 24 were
graded inadequate. No clinically relevant parameters
were assessed for validation in this study.

The HCS, developed in the 1990s, is scored by colon
[51]
segment, as are the OBPS and BBPS . Like the BBPS,
the HCS is also scored after washing and suctioning
are completed, and replaces qualitative terms (e.g.,
“excellent” or “good”) with direct descriptions of clean
[51]
sing quality correlated with score numbers (Table 1) .
Grading is performed in five colon segments and ranges
from 0-4 (higher numbers indicating better quality of
cleanse) for each. Although total scores are derived by
adding the separate segment scores, an “acceptable”
score is possible only when the mucosa is 100% visible
in all five colon segments. A validation study of the HCS
compared with the Aronchick scale in 337 colonoscopies
reviewed by four gastroenterologists found that there
was a high degree of Pearson correlation between the
two scales (r = 0.833), and the Spearman correlation
coefficient was -0.778 (correlation is negative because
improved cleanse quality is represented by different
[51]
directions in the HCS and Aronchick scale) . The ROC
curve analysis vs the Aronchick scale showed an area
under the curve of 0.945, and a sensitivity of 99% and
specificity of 83% at the optimum score cut-off point.
Interrater reliability analysis yielded an ICC of 0.457
(95%CI: 0.366-0.539). Cohen kappa scores for individual
segments between investigators showed slight-to-fair
agreement ranging from 0.15-0.27. Internal consistency
was acceptable, based on a Cronbach alpha coefficient of
0.81, and the test-retest reliability assessment showed
an overall kappa of 0.639. No analyses of correlations
with relevant clinical outcomes such as the ADR or
adherence to recall guidelines were performed, due to
insufficient patient population.

ADDITIONAL VALIDATED SCALE
COMPARISON DATA
The OBPS and the BBPS were compared in a study that
reviewed prospectively collected data from patients who
underwent CRC screening or surveillance colonoscopies
over a two-year period between August 2013 and July
[58]
2015 . Of the 655 colonoscopies, overall detection rates
for polyp, adenoma, right-side adenoma, and sessile
serrated adenoma (SSA) were 42.8%, 32.8%, 20.8%,
and 1.2%, respectively. A significant Pearson correlation
was observed between the two scales (P < 0.001).

Chicago Bowel Preparation Scale

Like the HCS, the CBPS was developed to address
perceived limitations in other commonly used bowel
[52]
preparation scales . The main features of the scale are
shown in Table 1. Scoring is performed both before and
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However, the ROC curves for the OBPS vs the BBPS
were not significantly different for the detection rates,
respectively, for polyps (0.550 vs 0.513), adenoma (0.544
vs 0.519), right-side adenoma (0.469 vs 0.516), and SSA
(0.712 vs 0.790). The investigators concluded that the
choice of either the OBPS or the BBPS may not strongly
affect the measurement of bowel preparation quality.

aration quality/visibility; however, it also incorporates the
[11,50]
presence of luminal fluid before suctioning
. The OBPS
validation data are largely dependent on correlations with
the Aronchick scale, which itself has limited validation
[50]
and may not correlate with ADR . The BBPS differs
in several key aspects from the Aronchick and OBPS
[47]
scales . To begin, it requires washing and suctioning to
[47]
be completed before the bowel preparation is graded .
The HCS requires rating only after completion of flushing
and suctioning, providing a score for the entire colon as
[51,52]
well as for individual segments
.

DISCUSSION
Quality scales

All currently available bowel preparation quality scales
are imperfect, have limitations, and are dependent upon
subjective descriptions of luminal contents expressed
as categories (“excellent”, “good”, etc.) or numbers,
depending on the scale utilized. A standard, fully vali
dated, and universally accepted scale for use in clinical
practice and trials has not yet been established. Among
the scales, the Aronchick scale is the most well-known
and widely used clinically and in clinical trials to date;
however, this scale rates cleanse quality of the colon as
a whole and provides no details regarding differences
between individual segments.

Grading scales validity and reliability

The reliability and validation data for BBPS is more ex
tensive compared with the Aronchick and OBPS scales
and include good supporting data correlating scores
with key clinical outcomes. These validation studies
have provided information to create a threshold for
adequate cleansing of a score of at least 2 in each of
[44,57]
three colon segments
. It should also be noted,
however, that one study found no significant difference
between the BBPS and OBPS regarding key indicators
of colonoscopy quality, such as the PDR and ADR, in
[58]
screening or surveillance colonoscopy . Concerning the
HCS and CBPS, each has reported acceptable reliability
data, although the CBPS validation study was based
[51,52]
on findings from only two raters
. While the HCS
validation assessment was the only one to provide testretest and internal consistency data for reliability, its
validity evaluation was based only on correlations with
[51]
the Aronchick scale . Although the CBPS was compared
with the OBPS and BBPS, no correlations of this scale
with key clinical outcomes, such as ADR and adherence
to screening and surveillance colonoscopy intervals, have
[52]
been reported . The CBPS has more specific definitions
and requires measurement of fluid suctioned (Table 1),
but the complexity may be challenging for the clinician
to assess correctly; thus, it may not easily translate to
clinical practice. Hence, the usefulness of these scales for
clinical practice or trials remains unclear.
Several unique, nonvalidated bowel preparation
scales have been developed for use in trials of agents
including oral sulfate solution (OSS) (Suprep®, Braintree
[59]
Laboratories, Braintree, MA, United States) , OSS
plus sulfate-free electrolyte lavage solution (Suclear®,
[60]
Braintree Laboratories, Braintree, MA, United States) ,
and polyethylene glycol electrolyte solution plus ascorbic
acid (MoviPrep®, Salix Pharmaceuticals, Bridgewater, NJ,
[59,61,62]
United States)
. The grading criteria used in these
study- and product-specific scales often differ greatly
from validated scales.
The substantial ramification of using nonvalidated
scales is illustrated by a post hoc analysis of data from
two sodium picosulfate and magnesium citrate (P/MC)
clinical trials. Investigators analyzed the data from the
studies after altering the definition of “adequate” in the
Aronchick scale, which had been used in the original
trials, to more closely resemble what has been used

Colon segments cleansing

Guidance is somewhat vague for clinicians regarding
grading of the entire colon when individual segments
are suboptimally cleansed. This issue may arise more
often in the proximal colon, which is harder to clean
than other segments and more likely to contain flat
[50,51]
lesions such as sessile serrated polyps/adenomas
.
Segment-specific bowel preparation quality scales, such
as the OBPS or BBPS, may provide a clearer distinction
between cleanse quality of the proximal colon compared
with other segments. Furthermore, establishing a mini
mum acceptable score for adequacy within each colon
segment, as has been done for the BBPS, is helpful in
determining overall colon cleansing adequacy. A BBPS
validation study provided information used to create an
“adequate cleansing” threshold score of at least 2 in each
of three colon segments.

Need for washing and suctioning

Grading before or after washing and suctioning is another
important factor which differs between scales. Many
clinicians are using the Aronchick scale incorrectly, as
they grade the bowel preparation as good or fair after
washing and suctioning. While scales that grade cleanse
quality after washing may correlate better with quality
measures such as ADR, or the likelihood of an alteration
in CRC screening follow-up recommendations, scales
that grade before washing can provide a better reflection
of a bowel preparation product’s efficacy independent of
the endoscopist. Similarly, the OBPS gives points based
on the total fluid in the colon, which leads to inaccurate
grading if using water immersion/exchange.
The OBPS entails scoring by colon segments, thus
accounting for variation by segment in bowel prep
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[55]

4

in some studies utilizing nonvalidated scales . With
this revised definition, > 98% of all P/MC patients were
considered responders, compared with 79%-87% using
the original OBPS and Aronchick scale categorization cri
teria. Multiple studies have used more than one validated
scale from among the Aronchick, OBPS, and BBPS scales
for assessment of bowel preparation quality, providing
[63-70]
additional comparative data
. Generally, the results
of these trials have been concordant in assessment of
bowel preparation quality, with similar mean total scores
being reported for overall quality, and similar comparative
assessments of different bowel preparations.
While scales for assessment of bowel preparation
quality for CRC screening colonoscopy have improved,
establishing a standard, validated scale is essential to
optimize CRC colonoscopy screening. The Boston bowel
preparation scale has several limitations, but appears
nonetheless to be the best available option, and is there
fore recommended as the current standard for use in
clinical practice. Given the importance preparation plays
in multiple colonoscopy quality measures, including
the need to repeat the procedure when cleansing is
inadequate, it may be advantageous for clinicians to
adopt one language to describe cleansing quality. The
continued use of multiple scales with varying criteria may
undermine the validity of study findings and the accuracy
of colonoscopy for CRC screening and surveillance.
For colonoscopy clinical trials, the use of different,
and sometimes nonvalidated, scales across studies is
one of many reasons comparisons between studies is
fraught with difficulties. By incorporating a standard,
validated grading scale, we may ensure that the findings
are generalizable and comparable with other studies and
facilitate progress in the development of future bowel
preparations. Future developments in bowel preparation
quality assessment are likely to involve establishment
of an improved “gold standard” and further refinement
of the accuracy of quality assessment. Continued im
provement of quality standards for CRC prevention,
further studies of ADR and withdrawal time, and recom
mended years of follow-up are also warranted.
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Abstract
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A gallbladder polyp is an elevation of the gallbladder
mucosa that protrudes into the gallbladder lumen.
Gallbladder polyps have an estimated prevalence in adults
of between 0.3%-12.3%. However, only 5% of polyps are
considered to be “true” gallbladder polyps, meaning that
they are malignant or have malignant potential. The main
radiological modality used for diagnosing and surveilling
gallbladder polyps is transabdominal ultrasonography.
However, evidence shows that other modalities such as
endoscopic ultrasound may improve diagnostic accuracy.
These are discussed in turn during the course of this
review. Current guidelines recommend cholecystectomy
for gallbladder polyps sized 10 mm and greater, although
this threshold is lowered when other risk factors are
identified. The evidence behind this practice is relatively
low quality. This review identifies current gaps in the
available evidence and highlights the necessity for further
research to enable better decision making regarding
which patients should undergo cholecystectomy, and/or
radiological follow-up.
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Core tip: Evidence for the optimum management of
gallbladder polyps is lacking. The main imaging modality
used for diagnosis and follow-up is transabdominal ultra
sound, but some studies suggest improved accuracy with
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endoscopic ultrasound. Other imaging modalities lack
evidence. Surgical management involves cholecystectomy
and the general consensus is that polyps 10 mm and
greater should undergo surgery. However, this is an arbi
trary cut-off and high-quality evidence to support this
is lacking. Lowering the threshold for cholecystectomy
when patients have additional risk factors for gallbladder
malignancy may improve the cancer detection rate in
polyps smaller than 10 mm, but again, the evidence
behind this is lacking.

lymph node involvement of 4 or more lymph nodes
[11]
(N2 disease) or the presence of metastatic disease .
Survival in gallbladder cancer patients varies significantly
from an 80% 5-year survival in those with in-situ
disease, declining to only 8% when lymph nodes are
[11]
involved, and 2% for patients with stage 4b disease .
These figures demonstrate the importance of identifying
malignant and pre-malignant polyps to enable early
treatment to prevent cancer spread or development of
malignancy.
It should be noted that once detected, surgical
removal of all gallbladder polyps is not appropriate,
given that the majority of polyps are “pseudo”-polyps
with no malignant potential and there is a significant
risk associated with surgery. In patients with “true”
gallbladder polyps, laparoscopic cholecystectomy is the
surgical option preferred, although in patients with larger
[12,13]
polyps, open cholecystectomy is recommended
.
The risks associated with surgery include damage to
intra-abdominal structures during port insertion, bile
[14,15]
duct injury (between 0.3% and 1%) and bile leak
.
Furthermore, surgical intervention to repair a bile duct
injury and endoscopic retrograde cholangio-pancrea
tography (ERCP) to manage a bile leak are associated
with significant mortality, cholangitis, biliary cirrhosis,
[16,17]
pancreatitis, perforation and haemorrhage
.
This review discusses the current evidence that
exists regarding the management of gallbladder polyps.
Given the low incidence of true polyps within all gall
bladder polyps identified, coupled with the high morta
lity associated with gallbladder cancer and the risk of
complications associated with cholecystectomy, it is
essential to differentiate between “pseudo”- polyps and
true polyps to enable appropriate management. The use
of imaging modalities assists with the decision-making
process and this review discusses the benefits and short
comings of the imaging modalities used for identifying
and following up gallbladder polyps.

McCain RS, Diamond A, Jones C, Coleman HG. Current
practices and future prospects for the management of gallbladder
polyps: A topical review. World J Gastroenterol 2018;
24(26): 2844-2852 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2844.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2844

INTRODUCTION
A gallbladder polyp is an elevation of the gallbladder
[1,2]
mucosa that protrudes into the gallbladder lumen .
Gallbladder polyps have an estimated prevalence of
approximately 5% in the global population, but only
5% of these are considered to be “true” gallbladder
[3,4]
polyps . The majority of gallbladder polyps are de
tected incidentally on radiological imaging or histological
examination after cholecystectomy. However, a small
number of patients with gallbladder polyps may be
symptomatic and present with acute cholecystitis due
to the polyp obstructing the cystic duct, or cholangitis
due to fragments of the polyp breaking off and travelling
[2,5]
down into in the bile duct . The majority of gallbladder
polyps are classified as “pseudo”-polyps, as displayed in
Figure 1. “Pseudo”-polyps have no malignant potential
and do not require any follow-up or intervention, whereas
“true” gallbladder polyps, which include adenocarcinomas
[2]
or adenomas require surgical removal . Although ade
nomas are benign, they have malignant potential and
there is some evidence to suggest they may follow the
adenoma-carcinoma sequence as seen in colorectal
[6,7]
cancer .
th
Gallbladder cancer is the 20 most common cancer
in the world and there are an estimated 178100 new
[8]
cases diagnosed each year . The highest incidences of
gallbladder cancer are seen in South America and Asia,
whilst lower incidences are seen in developed regions
[9]
such as North America and the United Kingdom . For
example, the incidence of gallbladder cancer in Chile
and Bolivia is 12.8 and 10.9 per 100000 population
respectively, whereas in the United Kingdom and
North America the incidence is 1.6 and 1.5 per 100000
[9,10]
people
. The staging of gallbladder cancer as per the
th
American Joint Committee on Cancer 8 edition, ranges
from stage 0 to stage 4b. Stage 0 describes carcinoma
in-situ when the cancer involves the mucosa only as
seen in early polyp cancers, while stage 4b indicates

WJG|www.wjgnet.com

THE ROLE OF DIFFERENT IMAGING
MODALITIES IN GALLBLADDER POLYP
DIAGNOSIS
Radiological imaging plays the main role in the diagnosis
and decision making for the management of gallbladder
polyps. The ideal imaging modalities should have three
key features. Firstly, they should be able to accurately
diagnose polyps and differentiate them from gallstones,
sludge, or folds of the gallbladder mucosa. Secondly,
“true” polyps need to be differentiated from “pseudo”polyps, as the latter are benign with no malignant po
tential and therefore do not require any intervention or
follow-up. Thirdly, the size of polyps need to be measured
accurately as this is currently the most important factor
which determines if patients should undergo chole
cystectomy, radiological follow up or cease to be followed
up. Given that some patients with gallbladder polyps will
require follow-up for many years, it is also important that
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Gallbladder polyps

Pseudo polyps

True polyps

Adenoma

Adenocarcinoma

Cholesterol polyp

Focal adenomyosis

Hyperplastic polyp

Inflammatory polyp

Figure 1 Spider diagram showing the classification of gallbladder polyps.

the imaging modality is acceptable to patients and incurs
minimal radiation exposure.
Accurate imaging will prevent unnecessary surgery
and ensure true polyps which do not fall into the size
criteria for surgical removal category are identified during
follow-up. The benefits and shortcomings of different
imaging modalities are discussed below. The main mo
dalities discussed include ultrasonography, computed
tomography and magnetic resonance imaging.

MHz) but a lower frequency than endoscopic ultrasound
(EUS) (5-12 MHz) and therefore theoretically has a
better diagnostic accuracy than CUS but is less accurate
[24]
than EUS . It does however have the benefit over EUS,
[24]
in that it is a non-invasive procedure. Kim et al demon
strated that HRUS is more accurate than CUS at staging
the T-stage of gallbladder cancer and was more accurate
for identifying hypoechoic foci in neoplastic polyps which
has previously been shown to be a strong predictive
[24,25]
factor for neoplastic gallbladder polyps
. More studies
however are required which compare the sensitivity and
specificity of CUS and HRUS.
One study has compared HRUS, endoscopic ultra
sound (EUS), and computed tomography (CT) in diag
nosing and staging gallbladder polyps in 144 patients
[26]
who all had a polyp greater than 10 mm in size .
Diagnostic sensitivities for malignancy were highest in
HRUS, compared to the other two modalities and spe
[26]
cificity was the same when using EUS and HRUS . The
drawback from this study however is that the applicability
of this technique to smaller gallbladder polyps remains
unknown and polyps of less than 10 mm are diagnos
tically most difficult group to assess. Furthermore, HRUS
was not compared to CUS, which is currently the most
commonly used imaging modality.
3D-US is an emerging modality which eliminates the
operator dependency seen in 2-dimensional CUS. Re
search for this imaging modality is minimal but a study of
80 patients with gallbladder polyps found that there was
agreement in the diagnosis in 89% of cases when both
[27]
techniques were applied . This study however found
that 3D-US did have difficulty detecting polyps less than
4mm, but it is predicted that as technology continues to
[27]
evolve this issue will decline in future . Current research
therefore does not support the routine use of 3D-US for
evaluating gallbladder polyps.
Several small studies have looked at the use of con
trast media to improve the diagnostic accuracy of CUS.
Contrast aids radiologists to differentiate normal from
[28]
abnormal conditions. Numata et al
used galactose
palmitic acid contrast injection to assess 35 polyps which
were larger than 10 mm in size. Using the criteria of
tumour enhancement and tortuous type tumour vessels,
this technique had 91% accuracy at identifying mali
gnancy. The downside to this study however, is that it did
not compare contrast-enhanced ultrasonography with
[28]
[29]
CUS . Zheng et al
did compare the two modalities
in a study of 116 patients with gallbladder polyps, and

Transabdominal ultrasonography

Trans abdominal ultrasound (TAUS), encompasses con
ventional ultrasound (CUS), high-resolution ultrasound
(HRUS), three-dimensional ultrasound and contrast
enhanced ultrasound (CEUS). CUS and HRUS are easily
[18]
accessible, cheap, non-invasive tests and are the most
widely used modalities for diagnosing and following up
gallbladder polyps. However, other studies have been
performed to assess the effectiveness of the other forms
[18,19]
of ultrasonography mentioned above
.
Ultrasonography is operator dependent and re
sults can be limited by increased body mass index,
[20]
in particular truncal obesity . Polyp echogenicity is
examined to distinguish between “true” polyps and
“pseudo”- polyps and the presence of a fixed lesion helps
to distinguish between polyps and gallstones. However,
in some cases gallstones may be impacted in the gall
[2]
bladder wall and be incorrectly labelled as a polyp .
Features that suggest the presence of a “pseudo”- polyp
include a “comet tail” which arises posterior to the lesion
[21]
but this is not identifiable in all “pseudo”- polyps .
CUS uses a low-frequency transducer between 2 and
5MHz but despite this has demonstrated good specificity
(71%-98%) and sensitivity (50%-90%) for diagnosing
[22]
all types of gallbladder polyps . In the same systematic
review, CUS had a sensitivity of 47%-67% and specificity
[22]
of 36-100% for diagnosing malignancy and in polyps
10mm or greater in size, the sensitivity and specificity for
identifying malignancy was 78%-100% and 52%-87%,
[22]
respectively .
However, shortcomings in CUS have been reported,
[23]
for example in a single study by French et al
which
compared histopathology reports from cholecystectomy
specimens with findings from the CUS report found
that imaging only identified 50% of polyps. This group
concluded that CUS should not be used for following up
[23]
gallbladder polyps .
HRUS operates at a higher frequency than CUS (5-7
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[35]

found that CEUS was useful for improving diagnostic
accuracy in polyps greater than 10 mm, but not less than
10 mm in size.

Endoscopic ultrasound

EUS works at a higher frequency as described above
and enables the transducer to be in closer proximity
to the target tissue therefore, hypothetically improving
[24]
diagnostic accuracy . It is however, an invasive exam
ination associated with a small risk of bleeding and upper
gastrointestinal perforation and presents a higher risk of
[30]
complications than all forms of TAUS .
A systematic review has found EUS to have a greater
sensitivity (67%-86%) and specificity (84%-91%) for
[22]
diagnosing malignancy in polyps than CUS . A single
[31]
study by Sugiyama et al compared EUS and CUS in 58
patients who had undergone cholecystectomy. All polyps
were 20 mm or less in size, and EUS was more accurate
at differentiating between true and “pseudo”- polyps
[32]
than CUS (97% vs 76%). Cheon et al however, found
that although EUS was more successful at identifying
true polyps in those with diameters of 11 mm and
greater (83% vs 64%), there was not the same success
in polyps of diameter 10 mm and less (80% vs 72%).
Therefore, this imaging technique may play a role in
decreasing the number of unnecessary cholecystectomies
in larger gallbladder polyps, but more research needs to
be done investigating its role in smaller polyps, for which
the management is most controversial.
Two studies have been performed looking at the
role of contrast- enhanced EUS (CE-EUS) in diagnosing
gallbladder polyps. Park studied 34 patients who had a
cholecystectomy for gallbladder polyps and found that
CE-EUS when attempting to distinguish adenomatous
polyps from cholesterol polyps had a sensitivity of 75%
and specificity of 66.6%. Unfortunately, in this study CEEUS was not compared to any other imaging modality.
[33]
Choi et al
however compared EUS with CE-EUS and
found that diagnostic accuracy was slightly improved
with the latter.
Other methods including the use of real time colour
Doppler flow EUS has been used to try and improve the
[34]
diagnostic accuracy of EUS. Kim et al found that the
presence of a strong colour Doppler flow in a study 115
patients who underwent cholecystectomy for gallbladder
polyps may help predict the presence of neoplastic polyps
and therefore further research is warranted.

Magnetic resonance imaging

Minimal research has been performed looking at the
role of MRI in differentiating between benign and malig
[37]
nant gallbladder polyps. In a small study, Irie at al
demonstrated in 10 benign polyps and 13 malignant
polyps that the ADC values of the malignant lesions were
significantly lower than that seen in the benign lesions.
They concluded that diffusion-weighted MR imaging may
[37]
play a role in diagnosing benign and malignant polyps .
However, further research is warranted to establish if
MRI can improve the accuracy of diagnosing gallbladder
polyps.

Other imaging modalities

Other imaging modalities have been considered in
small single studies. One study has shown that positive
emission tomography can differentiate between benign
[2]
and malignant disease but more research is needed .
Results from a study examining the role of percutaneous
transhepatic cholecystoscopy were promising but this
is an invasive procedure with significant risk and is
[2]
difficult for patients to tolerate . Finally, intravenous
cholecystography has shown to be of no benefit to date,
[18]
compared with current imaging modalities .
After studying the evidence, TAUS and in particular
CUS and HRUS would appear to be the most appropriate
imaging modality for detecting gallbladder polyps. Al
though some studies looking at the role of other forms
of ultrasonography in managing gallbladder polyps
appear promising, there is still not enough evidence
to introduce these modalities into routine practice for
the management of gallbladder polyps. Evidence for
smaller gallbladder polyps is of particularly low quality.
In cases of clear uncertainty however, additional imaging
modalities may be deployed to help the clinician in their
decision-making process. The role of CT is evident in
staging gallbladder cancer but due to a lack of highquality studies examining a role in gallbladder polyps and
the high radiation exposure associated with this imaging,
it is not appropriate for either the diagnosis or follow-up
of gallbladder polyps.

Computed tomography

CT imaging is widely used in the staging of gallbladder
[2]
adenocarcinoma . However, some research has been
performed to assess if it may also play a role in diffe
rentiating between true and “pseudo”- polyps and for
[35]
long-term surveillance . The accuracy of CT imaging
was assessed in 31 patients with polypoid lesions of
the gallbladder of 3cm or less. The CT diagnosis was
accurate in 87% of cases however, only 5 polyps were
less than 11 mm and therefore this study provides us
with limited evidence regarding the role of CT in this

WJG|www.wjgnet.com

[36]

group of patients . Lou et al assessed the accuracy of
CT biliary cystoscopy in 32 patients and found that CUS
accurately detected polyps in 96.9% of cases compared
to 93.8% for CT.
This evidence would suggest that CT imaging is best
used in staging larger, suspicious malignant polyps,
rather than for diagnostic purposes and follow-up, due
to lack of superiority to CUS demonstrated in studies to
date.

FACTORS INFLUENCING THE
MANAGEMENT OF GALLBLADDER
POLYPS
Polyp size

Studies have shown that malignant polyps in general
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[5,22]

[5]

tend to be larger than benign polyps
. Kwon et al
reported in their study of 291 patients that malignant
polyps had a mean size of 27.97+/-2.46 mm compared
to 8.56+/-0.36 mm in the benign group. Currently, the
polyp size on radiological imaging is the biggest contri
buting factor to the management plan for gallbladder
polyps. Multiple retrospective studies have found the risk
of malignancy rises sharply from 10 mm and upwards,
and the general consensus is that patients with polyps
of 10 mm or greater should be treated with chole
[19,22,38]
cystectomy
. Although this is the accepted practice,
evidence for this recommendation lacks quality. The most
up-to-date guidelines published by the European Society
of Gastrointestinal and Abdominal Radiology (ESGAR)
support this approach but two recent systematic re
views demonstrate that although the majority of
malignant polyps are over 10 mm in diameter, there
are a significant number of both malignant polyps or
polyps with malignant potential under this sizing thresh
[19,22,38]
old
.
[22]
Babu et al
performed a systematic review which
included 43 studies, of which 20 provided information
on the size and histology of 2347 polyps. Of these,
356 were classified as true polyps, of which 228 were
malignant - and 29 of these were between 5-10 mm
[38]
but none below the 5 mm size. Bhatt et al
in their
systematic review also demonstrated that there were a
significant number of malignant polyps under 10 mm in
size but the probability of malignancy when a polyp was
4.15 mm or smaller was approximately zero. These two
large studies demonstrate that although the majority
of true polyps are over 10 mm there are a significant
number of true polyps under this cut off which will be
missed if cholecystectomy is only performed for polyps
greater than 10 mm.
Several authors have suggested a change in this cut
off with some suggesting polyps of 6 mm and larger
should undergo cholecystectomy whilst others have felt
[39,40]
that the cut off should be increased to 12mm
. The
argument for lowering the threshold carries more weight,
as demonstrated by the findings in the systematic reviews
discussed above. The counter-argument of lowering the
threshold is that by offering cholecystectomy to those
patients with polyps below 10 mm, a greater number of
patients may be put through an unnecessary operation
associated with significant risk of complications. It
has therefore been proposed that polyps under 10
mm should undergo surveillance, based on their size
unless significant risk factors are present in which case
[19]
cholecystectomy should be offered .

or increase in size by 2 mm at follow up transabdominal
ultrasonography are recommended to be removed
[19]
surgically . However, evidence to support this practice
is lacking.
There is no consensus on the size of polyps that
require follow up, or the frequency or duration of follow
up. The most recent set of guidelines published by
ESGAR states that patients with polyps of 6-9 mm
should be followed up more extensively than patients
[19]
with polyps of less than 6 mm . Several studies support
6 mm as a lower limit cut-off for less extensive follow
up, but go a step further by suggesting the cessation of
[41,42]
follow up in polyps less than 6 mm
. However, this
has been contradicted by multiple studies which have
found true polyps to be less than 6 mm in size and a
single case report that has shown that a 5 mm polyp
transformed into a 20 mm carcinoma over a period of
[22,38,43]
two years
. The evidence would suggest that all
polyps between 4-10 mm should be followed up equally
as although the risk reduces with size, there is still a
significant number of true polyps between 4 mm and
6mm. Although no malignant polyps have been shown
to be below 4 mm there is still a risk of adenomas and
these polyps therefore would still require follow up but on
[22]
a less frequent basis .
The recommended follow up for patients with
gallbladder polyps depends on the size of the polyps
and the presence of risk factors for malignancy, but
opinions differ and the evidence base informing these
guidelines is relatively limited. For example, Babu et
[22]
al recommend that the follow up of polyps 5-10 mm
should be two scans at six month intervals and following
this the surveillance plan should be tailored for individual
patients. The ESGAR group recommend that in polyps of
6-9 mm, after two initial six monthly scans there should
be yearly scans up to 5 years. However, in polyps under
6 mm there should be imaging at 1, 3 and 5 years but
if he patient has risk factors for malignancy there should
be more extensive follow-up as those seen for polyps of
[22]
6-9 mm with no risk factors .
Follow up imaging may have a limited benefit as
only a small number of polyps actually change in size
[22]
during follow up. Babu et al identified 10 studies which
looked at the follow up of gallbladder polyps between six
months and seven years. They found that only 7.6% of
[38]
polyps increased in size and Bhatt et al also found that
that 93% of polyps did not change in size during follow
up. Neither study stated if growth was more likely to be
seen in in pseudo or true polyps and this was supported
[44]
in a third systematic review . Although there is a lack
of evidence comparing growth patterns between pseudopolyps and true polyps, small individual studies have
[2]
shown that both can undergo sudden growth .

Surveillance

Polyp surveillance aims to provide a safety net for those
patients with true polyps that cannot be differentiated
from “pseudo”- polyps on radiological investigations and
are under 10 mm in diameter. It is hypothesised that
“true” polyps will undergo faster growth, and by careful
[22]
follow-up these can be identified early and removed .
Guidelines state that polyps which reach 10 mm in size
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RISK FACTORS FOR GALLBLADDER
POLYP MALIGNANCY
As discussed above the main determining factor for
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Table 1 Summary of evidence for association between potential risk factors and malignant gallbladder polyps
Risk factor

Direction of association

Strength of association

Related notable findings

Key references

Age

Positive
Positive

This systematic review studied polyps less
than 10 mm only
This systematic review studied polyps less
than 10 mm only
There is no strong evidence to suggest there
is a definite association

[38]

Sessile
morphology
Presence of
gallstones

Probability of malignancy was 20.7% in those
patients older than 50
Probability of malignancy was 13.9% in
sessile compared to pedunculated polyps
Aldouri et al[47] found increased risk of
malignancy with gallstones (HR = 3.2,
95%CI: 1.42-7.22) but Park et al[39] found no
difference (P = 0.27)
HR = 12.92 (95%CI: 3.77-44.29)
This shows a significant HR but the width of
the CI’s are noted.
40%-60% of polyps in patients with PSC
were malignant

Inconclusive

Indian Ethnicity

Positive

Primary sclerosing
cholangitis

Positive

This is the only study to compare risk
between Indian ethnicity and Caucasian race

[47]

33% of those with benign polyps had
associated dysplasia

[56]

et al , malignant polyps under 10 mm were also
more likely to be sessile in nature and the probability
of malignancy was 13.9% in these patients but chole
cystectomy was not recommended. However, if there
was a solitary sessile polyp, the probability of malignancy
[38]
was 24.8% and cholecystectomy was recommended .
[38]
Although Bhatt et al
do not recommend cholecys
tectomy based on sessile morphology alone, the most
recent guidelines by the ESGAR group use the strength
of this evidence to recommend cholecystectomy for all
sessile polyps under between 6 mm and 9 mm.

Number of polyps

Evidence is mixed on whether solitary polyps are more
likely to be malignant compared to the presence of
[38]
multiple polyps. In a systematic review by Bhatt et al ,
the probability of malignancy in a polyp under 10 mm if it
was solitary was 4.3% higher compared to when multiple
polyps were present. The authors did not deem this to
incur a high enough risk to suggest cholecystectomy in
all patients with a solitary polyp under 10mm. Perhaps
this is the most useful study as the authors look at the
risk exclusively in the 5-9 mm group and it is this cohort
[38]
in which the evidence is weakest . A study by Kwon et
[5]
al also found that malignant polyps were more likely to
be solitary (P = 0.02), but this study only patients who
had gallbladder polyps greater than 10 mm. Several
other studies however have demonstrated no association
between a solitary polyp and malignancy. For example,
[39]
Park et al in a study of 689 patients found that 60% of
benign polyps were solitary and 76% of malignant polyps
were benign and this was not significantly different (P =
0.11).
Although the probability of malignancy is not high
enough to recommend cholecystectomy in all solitary
polyps, the presence of a solitary polyp should be
considered in combination with other risk factors for
malignancy as discussed below.

Age

The risk of most cancers increases with age and a similar
pattern is seen for gallbladder cancer. Multiple case
series support this but the cut off for an increased risk of
malignancy varies significantly between 50 and 65 years
[13,38,39,45]
[39]
old
. For example, Park et al identified age 57
years and older as a risk factor for malignancy, but in
this study one patient who was only 37 years old had
a malignant polyp of 10 mm and the one patient who
had a malignant polyp under 10 mm in size was only 50
[46]
years old. Furthermore, Sarkut et al found that there
was an increased likelihood of malignancy in patients
aged 50 and over, but again this was not exclusive as one
patient under 50 had a malignant polyp. The only study
to date that looks at the contribution of age to risk of
malignancy in polyps solely under 10 mm was performed
[38]
by Bhatt et al . They found that when the polyp was
less than 10 mm and the patient was over 50 that the
probability of malignancy was 20.7%, and therefore
[38]
cholecystectomy was recommended . The ESGE group
used this evidence to conclude that if patients are aged
50 and have polyps of 6-9 mm they should undergo
[19]
cholecystectomy .

Presence of gallstones

[5]

Single studies such as that performed by Kwon et al
have demonstrated that patients with gallbladder polyps
of sessile morphology have a higher risk of malignancy
compared to those with pedunculated polyps (OR: 7.70;
95%CI: 2.48-23.95). In the systematic review by Bhatt
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[39,47]

[38]

gallbladder malignancy is the presence of a polyp
greater than 10 mm in size. However, not all polyps
under 10 mm are benign and therefore it is important
to identify risk factors to enable the clinician to have a
higher suspicion for malignancy and therefore perform
cholecystectomy below the 10 mm threshold. These
potential risk factors are discussed below and sum
marised in Table 1.

Sessile morphology

[38]

The evidence considering the impact of concurrent
gallstones and the risk of malignancy in gallbladder
polyps varies significantly and is of relatively low quality.
[47]
Aldouri et al
found that if gallstones were present
there was an increased risk of malignancy (HR: 3.2;
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[39]

95%CI: 1.42-7.22) but Park et al
found that there
was no association between the presence of gallstones
and malignancy (P = 0.27). In those patients with
symptoms due to gallstones, cholecystectomy is already
recommended and therefore the decision-making
process is simple. However, the evidence is not strong
enough to suggest cholecystectomy should be performed
in all cases with dual pathology.

than malignant cases (2.9%). When comparing the
CA19-9 levels, there were 4.9% of benign group who
had a raised level and 8.6% of malignant group had a
[5]
raised level . There is no sufficient evidence to show
that tumour markers will assist in the decision-making
process for gallbladder polyps.

Genetic risk factors

To our knowledge, no research has studied genetic risk
factors for gallbladder polyps, despite multiple studies
having investigated genetic contributions to gallbladder
cancer. For example, studies from Shanghai and Sweden
have noted significantly increased risks of gallbladder
cancer in patients with a family history of gallbladder
[52,53]
cancer
. It has also been shown in a recent review
that approximately one quarter of cases diagnosed
[54]
in a Utah cohort study were familial . However, the
difficulty with evaluating family history as a proxy for
genetic factors is that it may also reflect exposure to
similar environmental exposures. A recent review has
highlighted the paucity of research on specific genetic
polymorphisms with respect to gallbladder cancer risk,
and extrapolated some biologically plausible hypotheses
[54-56]
from gallstone aetiology
. Overall, there is only low
quality evidence for genetic predisposition to gallbladder
cancer, and no studies have been conducted for gall
bladder polyps. Robust, genome-wide association studies
are required to confirm or deny any potential asso
ciations.

Ethnicity

As discussed earlier, gallbladder cancer incidence varies
significantly between countries. A study by Aldouri et
[47]
al
carried out in the United Kingdom demonstrated
that in 5391 patients who underwent cholecystectomy,
the risk of malignancy was almost 13 times higher in the
Indian population compared to the Caucasian population
(HR: 12.92; 95%CI: 3.77-44.29). This is the only study
to date which compares risk between different ethnic
groups, however the ESGAR felt the evidence was so
compelling that their guidelines state that in patients
of Indian ethnicity and a polyp between 6-9 mm they
[19]
should undergo cholecystectomy . Further research
needs to be performed comparing other ethnic groups
to determine if there should be a lower threshold for
cholecystectomy in different ethnicities.

Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a recognised
risk factor for a gallbladder polyp malignancy, and chole
cystectomy is currently recommended in these patients
who have a gallbladder polyp irrespective of the polyp
[48]
size . The largest study to date including 286 PSC
patients, found that in 18 patients with a gallbladder
polyp, 10 had a malignancy in polyps as small as 5 mm
whilst in 9 patients who had no mass lesion they still had
[49]
dysplasia of the gallbladder . Furthermore, in a case
series of 4 patients with PSC and gallbladder polyps,
all were shown to have malignant disease including in
[50]
two polyps under 10 mm in size . Other evidence is
[51]
less compelling, including a study by Eaton et al who
found that in 14 patients with PSC and polyps only two
were malignant. This group concluded that polyps under
8 mm were less likely to be malignant and in this group
and follow up should be applied. Given the presence of
research such as this further research would be justified.
The difficulty will be recruiting enough patients with both
pathologies.

CONCLUSION
The gaps in the available evidence to support the current
guidelines on the management of gallbladder polyps
are outlined above. TAUS is the current mainstay for
radiological investigation of gallbladder polyps. EUS
and HRUS have shown some promise as an adjunct
to TAUS but more work is required to assess the exact
role and the category of polyps that they may provide
diagnostic accuracy. Although polyps of 10 mm and
greater are more likely to be true polyps, this cut-off
will miss a significant number of true polyps below this
threshold and cholecystectomy will also be performed
unnecessarily for pseudopolyps when they are greater
than 10 mm. The factoring in of the risk factors discussed
above to lower the threshold for cholecystectomy will
no doubt decrease the number of missed true polyps
in the under 10 mm category but cholecystectomy will
also be performed when it is not required. No research
has been performed to assess the impact of following
these guidelines and therefore larger retrospective and
prospective case series need to be performed to assess
the success of managing gallbladder polyps as per the
current guidelines.

Tumour markers

Limited research has been performed to assess if there is
a role for tumour markers in the pre-operative evaluation
of gallbladder polyps. The two markers focused on
to date has been CEA and CA19-9 but no correlation
between malignancy and elevated markers has been
[5]
found. In a case series of 291 patients, Kwon et al
found no difference in pre-operative CEA or CA19-9
levels in the benign or malignant groups. Indeed, the
CEA level was elevated in more benign cases (5.7%)
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Abstract
Pancreatic cystic lesions (PCLs) are increasingly being
identified because of the widespread use of highresolution abdominal imaging. These cysts encompass a
spectrum from malignant disease to benign lesions, and
therefore, accurate diagnosis is crucial to determine the
best management strategy, either surgical resection or
surveillance. However, the current standard of diagnosis
is not accurate enough due to limitations of imaging
and tissue sampling techniques, which entail the risk of
unnecessary burdensome surgery for benign lesions or
missed opportunities of prophylactic surgery for poten
tially malignant PCLs. In the last decade, endoscopic
innovations based on endoscopic ultrasonography (EUS)
imaging have emerged, aiming to overcome the pre
sent limitations. These new EUS-based technologies
are contrast harmonic EUS, needle-based confocal
endomicroscopy, through-the-needle cystoscopy and
through-the needle intracystic biopsy. Here, we present
a comprehensive and critical review of these emerging
endoscopic tools for the diagnosis of PCLs, with a special
emphasis on feasibility, safety and diagnostic performance.
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Core tip: This paper provides a focused update on
emerging endoscopic technologies for improving the
diagnosis and prediction of the malignant potential of
pancreatic cystic lesions. Basic principles, diagnostic
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performance, safety and limitations are critically reviewed.

do not exceed 63% and 54%, respectively .
All the above limitations have led to the recent
updated International, AGA and European guidelines
based on predictors of malignancy, which have been
shown to be far from providing reliable differentiation
between the various PCLs, and recommendations
provided in these guidelines are based on low-grade
[25-27]
evidence
. Moreover, the Fukuoka International
Consensus Guideline, restricted their recommendations
to branch-duct IPMNs that are diagnosed easily in a vast
majority of cases (multiple cysts, communication with the
[28]
main pancreatic duct) . The Fukuoka guidelines were
evaluated in a prospective study yielding a high negative
predictive value (NPV) of 94% for malignancy but a low
positive predictive value (PPV) of approximately 38%,
[29]
frequently prompting unnecessary surgery . Efforts to
overcome current limitations have boosted the research
in this area. Molecular analysis of DNA-based biomarkers
[30]
in cyst fluid has been described with promising results .
Genomics, miRNA, proteomics and metabolomics in cyst
fluid seem to be promising, but validation studies are
pending. In addition to molecular testing, endoscopic
innovations based on EUS imaging have emerged in
the last decade and they are more easily available than
the omics technologies though with a longer learning
curve. Although not all of these EUS-based innovations
have been validated, they warrant a thorough analysis
to evaluate their diagnostic performance and potential
impact as a part of the diagnostic workflow of PCLs.
In this article, we aim to review the evolving role of
emergent EUS-based technologies-contrast harmonic
enhanced imaging, needle-based confocal endomicro
scopy, through-the-needle cystoscopy, and through-theneedle intracystic biopsy-in the clinical diagnosis of PCLs,
with a critical focus on feasibility, safety and diagnostic
performance. Novel approaches to cystic fluid analysis,
such as omics technologies and other biomarkers, are
beyond of the scope of this review.
A literature search was performed for all available
studies concerning the EUS diagnosis of PCLs in
PubMed and Embase databases. The following search
domains (including closely related words) were used:
“pancreatic cysts” in combination with “contrast har
monic EUS” or “contrast enhanced EUS” or “needle
confocal endomicroscopy” or “cystoscopy” or “intracystic
biopsy”. The search was limited to papers published
in English until December 2017. Titles were then
screened for suitability, and the full-text papers were
retrieved. A hand-search of the references listed in
the articles accessed was also performed to identify
other relevant original studies. Both retrospective and
prospective studies reporting data on the feasibility, diag
nostic performance and safety of the above referred
procedures in patients with PCLs were considered for
inclusion. Indications, technical details, performance
outcomes, impact on final diagnosis and management,
complications and mortality were extracted and further
discussed.

Alvarez-Sánchez MV, Napoléon B. New horizons in the
endoscopic ultrasonography-based diagnosis of pancreatic
cystic lesions. World J Gastroenterol 2018; 24(26): 2853-2866
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i26/2853.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i26.2853

INTRODUCTION
Pancreatic cystic lesions (PCLs), initially thought to be
rare, have become an incidental finding increasingly
identified because of technological advances and the
widespread use of high-resolution abdominal imaging. It
is estimated that approximately 3% and 20% of patients
undergoing abdominal computed tomography (CT) and
magnetic resonance imaging (MRI), respectively, present
[1-2]
a PCL . Among neoplastic cysts, certain subtypes,
basically mucinous cysts, entail a risk of present or
future malignancy. Other neoplastic cysts, such as
serous cystadenomas (SCAs), are considered benign
cysts without potential of malignancy. These two types
of neoplastic cysts are sometimes indistinguishable,
and therefore, the awareness of possible malignant
potential may lead physicians to refer these patients to
surgical resection. Despite improvements in pancreatic
surgery, considerable morbidity and mortality still occur
in 18%-38% and 0.2%-2% of patients who undergo
[3-6]
surgery because of PCLs . Accurate assessment of
malignant potential is therefore of the utmost importance
to avoid unnecessary surgery for benign cysts while
considering appropriate surveillance for low-risk lesions
and surgical treatment for malignant and high-risk cysts.
The initial step of the diagnostic approach to PCLs
usually relies on radiological imaging focusing on size and
morphological features. Once a PCL has been identified,
most commonly by CT, an MRI is recommended due
to its higher ability to evaluate nodules and to depict
a communication between the cyst and the main pan
creatic duct. Owing to the frequent lack of specific
radiological features of many PCLs, the overall accuracy
of CT and MRI remains low, ranging from 23% to
[7-16]
93%
. Endoscopic ultrasonography (EUS) further
characterizes PCLs and performs better than CT or
MRI in assessing the morphology of small cysts and in
depicting nodules in mucinous cysts, but EUS imaging
alone also shows inadequate accuracy in the range of
[17-23]
40%-94%
. A major advantage of EUS is the ability
to safely obtain cyst fluid for biochemical and cytological
analysis. However, the scant cellularity of the cyst fluid
accounts for the low diagnostic yield of cytology. Although
the cyst fluid carcinoembryonic antigen (CEA) level has
been proven to be more accurate than cytology or EUS
morphology alone, the reported sensitivity of CEA and
cytology for mucinous lesions in a recent meta-analysis
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and nodules was observed in all PCNs, including muci
nous cysts, cystic adenocarcinomas, SCAs and cystic
neuroendocrine neoplasms (NENs), but in only 6%
of nonneoplastic cystic lesions (PCs and dysontogenic
cysts). Further supporting these results, in another
[37]
study by Fusaroli et al , of 76 patients with PCLs, most
SCAs were hyper-enhanced during CH-EUS, without a
significant difference (86% vs 89%, P = NS), when in
fact, 90% of pseudocysts showed hypoenhancement
(P = 0.000004 vs serous cysts and P = 0.000005 vs
[38]
mucinous cysts). In addition, Kamata et al
reported
that CH-EUS did not add any advantage to EUS for
differentiating mucinous and nonmucinous cysts when
the presence of mural nodules was considered a sign
of mucinous cysts (sensitivity, 79% vs 85%; specificity,
96% vs 46%; accuracy, 73% vs 84%, respectively, P =
0.057).
[39]
Yamashita et al
used CT, color Doppler EUS and
CH-EUS to prospectively study 17 patients with mural
nodules in branch duct type IPMN (BD-IPMN) detected by
EUS before being referred for surgery. After pathological
analysis, 75% of mural nodules corresponded to adeno
carcinomas, and 25% corresponded to adenomas.
Compared with surgical specimens, CH-EUS depicted
vascularity in all pathologically confirmed nodules and
in one case with mucous clots (sensitivity, 100%; speci
ficity, 80%; PPV, 92%; NPV, 100%; and accuracy, 94%).
Moreover, the sensitivity of CT and color Doppler-EUS
was only 41% and 0%, respectively. Comparable results
[40]
were found in later studies. Fujita et al observed that
CT, MRI, and EUS detected mural nodules histologically
confirmed in 86%, 71% and 100% of cases. Although
EUS was highly sensitive, it was not able to distinguish
mucous clots from mural nodules that were correctly
classified in all cases after assessing the vascular pattern
by CH-EUS (Figure 1). CH-EUS was also shown to be
more accurate than CT or EUS in diagnosing mural
[41]
nodules in the study by Harima et al
(accuracy of
98%, 72% and 92%, respectively).
[37]
Fusaroli et al
observed that all hyper-enhanced
solid components during CH-EUS turned out to be mali
gnant, whereas nonenhanced ones were either mucous
clots or internal debris. Nevertheless, other authors
found it difficult to discriminate between adenomas or
adenocarcinomas in BD-IPMN based on the vascular
pattern. Only one study evaluated the accuracy of
quantitative CH-EUS for differentiating between lowgrade dysplasia (LGD) or intermediate-grade dysplasia
and high-grade dysplasia (HGD) or invasive carcinoma.
[42]
In this study, Yamamoto et al
retrospectively ana
lyzed the time-intensity curve in 30 patients with
resected IPMNs who underwent CH-EUS. The analyzed
parameters were the echo intensity change and the
echo intensity reduction rate of the mural nodule and the
nodule/parenchyma contrast ratio. All of the parameters
were significantly higher in the HGD/invasive group (P <
0.05), with the nodule/parenchyma contrast ratio being
the most accurate parameter (accuracy, 93%). Moreover,
a positive linear correlation was observed between the
echo intensity change in the mural nodule and the micro

CONTRAST-HARMONIC ENHANCED
ENDOSCOPIC ULTRASOUND
Because perfusion patterns on CT or MRI explorations
allow the characterization of focal lesions, EUS has
recently incorporated the use of ultrasound contrast
agents (UCAs) to depict blood flow in small vessels.
Available UCAs consist of microbubbles composed
[31]
of an inert gas encapsulated by a shell . Gases are
compressible, and when exposed to an ultrasound
wave, microbubbles alternatively compress under posi
tive pressure and expand under negative pressure,
producing a backscattered acoustic signal with harmonic
[31-32]
components
. These harmonic components are
higher than those obtained from tissue and may be
selectively detected and reproduced on the ultrasound
[31]
image for displaying the microvascularity pattern . Not
until recently, when new UCAs, broadband EUS trans
ducers and contrast-specific software programs became
available, was contrast harmonic EUS (CH-EUS) feasible
for the first time, allowing the discrimination between
tissue and contrast signals. Second-generation UCAs,
which contain a soluble gas, unlike air-filled first-gene
ration agents, are commonly used for CH-EUS. They
have a resistant but more flexible and longer lasting
shell, making possible the use of low acoustic power (a
low mechanical index) and continuous real-time assess
[31-35]
ment
.
Several steps must be followed to perform CH[31]
EUS . After fundamental B-mode exploration of the
target area, a dual screen is displayed, simultaneously
showing the CH-EUS image and the conventional B-mode
image. Next, optimal parameters, notably, a low MI,
should be selected on the ultrasound platform. The UCA
is then injected intravenously slowly through a largegauge intravenous catheter of 16G-18G in order to avoid
breaking microbubbles. Finally, the venous catheter
must be flushed with saline to clear out persistent
microbubbles in the vein. After intravenous injection of
microbubbles, it takes 10-20 s to observe the arrival
of the contrast agent. The arterial phase lasts 30-45 s,
during which the enhancement increases progressively.
After the arterial phase, there is a progressive washout of
the contrast, and the venous phase persists from 30 s to
120 s.

Clinical outcomes: Review of the literature

Among the 71 articles retrieved from PubMed and
Embase databases using the terms “pancreatic cysts”
and “contrast harmonic EUS”, only seven were suitable
[36-42]
for further review
. All of the studies but one
were retrospective, and the majority was devoted to
the diagnosis of mural nodules and/or malignancy in
intraductal pancreatic mucinous neoplasms (IPMNs).
Only three articles addressed the issue of the differential
diagnosis of PCLs. Selected articles are summarized in
Table 1.
[36]
Hocke et al
performed CH-EUS in 125 patients
with PCLs. Contrast enhancement of cyst walls, septa
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Table 1 Contrast harmonic enhanced endoscopic ultrasound in pancreatic cystic lesions
Study

n

Main outcomes

Complications

Yamashita
et al[39], 2013

P

17

0

Hocke
et al[36], 2014

R

125

Harima
et al[41], 2015

R

30

Fujita
et al[40], 2016

R

50

Fusaroli
et al[37], 2016

R

76

Kamata
et al[38], 2016

R

70

Yamamoto
et al[42], 2016

R

30

Differential diagnosis between mural nodules and mucus clots:
CH-EUS: Sen 100%, Spe 80%, PPV 92%, NPV 100%, A 94%
CT and Doppler-EUS: Sen 41% and 0% respectively
Differential diagnosis between non-neoplastic cysts and PCNs.
Hyperenhancement: 100% PCNs
Hypoenhancement: 94% non-neoplastic cysts (PCs and dysontogenic cysts)
CH-EUS superior to EUS in differential diagnosis between PCNs and non-neoplastic cysts (aP < 0.001)
Performance for diagnosing mural nodules
CT: Sen 71%, Spe 100%, PPV 100%, NPV 90%, A 92%
EUS: Sen 72%, Spe 61%, PPV 50%, NPV 100%, A 72%
CH-EUS: Sen 100%, Spe 97%, PPV 93%, NPV 100%, A 98%
Sensitivity for diagnosing mural nodules:
CT: 86% vs MRI 71% vs EUS 100%
EUS was not able to distinguish mural nodules from mucus clots
CH-EUS correctly differentiated mural nodules from mucus clots in all cases
Differential diagnosis between non-neoplastic cysts and PCNs and between benign and malignant cysts.
Hyperenhancement: 86% SCAs and 89% mucinous cysts (P = ns)
Hypoenhancement: 90% PCs (bP < 0.000004 vs SCAs and cP < 0.000005 vs mucinous cysts)
Hyperenhanced solid components : 100% malignant cysts
Non- hype-enhanced solid components: 100% benign cysts
Mural nodule as a sign of mucinous cyst
EUS vs CH-EUS: Sen 85% vs 79%, Spe 46% vs 96%, A 73% vs 84% (P = 0.057)
Mural nodule as a sign of malignancy
EUS vs CH-EUS: Sen 97% vs 97%, Spe 40% vs 75%, A 64% vs 84% (dP = 0.0001)
Quantitative CH-EUS in IPMNs
Echo intensity change and echo intensity reduction rate, and nodule/parenchyma contrast ratio
significantly higher in HGD/invasive carcinoma (eP < 0.05)
Microvessel density in mural nodule
Significantly higher in HGD/invasive carcinoma (fP < 0.002)
Significant correlation between echo intensity change and microvessel density (gP < 0.001)

Authors

0

0

0

0

0

0

P: Prospective; R: Retrospective; CT: Computed tomography; MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasonography; CH-EUS: Contrast
harmonic endoscopic ultrasonography; Sen: Sensitivity; Spe: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; A: Accuracy;
PCNs: Pancreatic cystic neoplasms; IPMN: Intraductal papillary mucinous neoplasm; HGD: High grade dysplasia.

A

of a target tissue at a subcellular level of resolution,
providing real-time in vivo optical biopsy. For CLE im
aging, a low-power laser is used to illuminate the tissue.
The laser beam is focused on a plane of interest, and the
reflected light from the tissue is filtered and transformed
into an electrical signal by a detection system and finally
translated into grayscale images by a computer sys
[43,44]
tem
. The final result consists of images with very
high spatial resolution and magnification of the focal
plane examined within the tissue. Because confocal
imaging relies on reflected fluorescent light, intravenous
injection of a fluorescent dye, most commonly sodium
fluorescein, is required. Fluorescein acts as a contrast
agent highlighting blood vessels and tissue architec
[43-46]
ture
.
Recent advances have allowed the incorporation of
CLE technology into a miniprobe of 0.85 mm (AQ-Flex)
that can be passed through a 19-gauge (19G) EUS
needle. This probe is provided with 10.000 optical fibers
and has a field of view of 325 μm, 3.5 μm of lateral
[46]
resolution and 40-70 μm of confocal depth .
Before starting the procedure, a 19G EUS needle is
preloaded with the AQ-Flex probe that should be inserted
until 2 mm of the probe is positioned beyond the needle
tip (Figure 2). At this moment, the probe is fixed to the
inlet of the needle channel by a locking system. After
identifying the cyst, a single pass with the preloaded 19G

B

Figure 1 Mural nodule and mucus in branch duct type intraductal
pancreatic mucinous neoplasms. A: EUS B mode image. B: Contrast
harmonic EUS image. Microbubbles in a mural nodule (green arrow). No
bubbles in a mucus clot (orange arrow). EUS: Endoscopic ultrasonography.

vessel density in pathologic specimens (r = 0.803, P <
0.001).
No mortality or CH-EUS-related adverse events were
reported in any study.

NEEDLE-BASED CONFOCAL LASER
ENDOMICROSCOPY
Needle-based confocal laser endomicroscopy (nCLE) is
an emergent endoscopic modality that enables imaging
WJG|www.wjgnet.com
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Table 2 Needle-based confocal laser endomicroscopy in pancreatic cystic lesions
Study

n

Main outcomes

Complications

Konda
et al[48], 2011
Konda
et al[49], 2013

P

16

94% Technical success (feasibility study)

12% post-procedure pancreatitis

P

66

Nakai
et al[50], 2015

P

30

Napoléon
et al[51], 2015
Napoléon
et al[52], 2016

P

31

R

31

Kadayifci
et al[53], 2017
Krishna
et al[54], 2017
Napoléon
et al[55], in press

P

20

P

10

Reproducibility of the in vivo nCLE criteria in ex vivo specimens

P

209

1.3% post-procedure pancreatitis

Karia
et al[56], 2016
Krishna
et al[57], 2016

R

15

Diagnostic yield 91% in 78 patients with non-communicating cysts and pathological
diagnosis:
Sen 95%, Spe 100% - PPV 100% - NPV 98% - A 99% for SCAs
Sen 95%, Spe 100% - PPV 100% - NPV 94% - A 97% for mucinous cysts
Sen 100%, Spe 95% - PPV 70% - NPV 100% - A 96% for NENs
Sen 96%, Spe 95% - PPV 98% - NPV 91% - A R96% for premalignant cysts
IOA poor to fair for all nCLE variables

R

49

6.1% post-procedure pancreatitis

Krishna
et al[58], 2017

R

29

nCLE performance on 26 patients with definitive diagnosis (23 with pathological
diagnosis):
Sen 94%, Spe 82% - PPV 88% - NPV 92% - A 89% for mucinous cysts
IOA and IOR: Substantial for all nCLE criteria
nCLE performance on 29 patients with definitive diagnosis (23 with pathological
diagnosis):
Sen 95%, Spe 94% - A 95% for mucinous cysts
Sen 99%, Spe 98% - A 98% for SCAs
Sen 99%, Spe 98% - A 98% for NENs
IOA and IOR: Almost perfect for mucinous cysts and SCAs

Authors

Stage 1: Description of visualized structures (n = 26) with histological correlation
3% post-procedure pancreatitis
Stage 2: Performance assessment of defined criteria (n = 31):
4.5% intracystic self-limited bleeding
Villous pattern: Sen 59%, Spe 100%, PPV 100%, NPV 50%, A 71% for PCNs
Significant association with PCNs (aP = 0.004)
Villous pattern in 18 patients with highly certain diagnosis:
7% post-procedure (cystoscopy
Sen 80%, Spe 100%, PPV 100%, NPV 80%, A 89% for mucinous cysts
followed by nCLE) pancreatitis
Significant association with mucinous cysts (bP = 0.001)
Superficial vascular network:
3% post-procedure pancreatitis
Sen 69%, Spe 100%, PPV 100%, NPV 82%, A 87% for SCAs
Step 1: Description of nCLE patterns for mucinous cysts, PCs and cystic NENs with
histological correlation
Step 2: Retrospective external validation of nCLE criteria
Accuracy 94% for mucinous cysts (90% IPMN - 90% MCA) - 87% SCA - 87% PCs
Substantial global IOA: Perfect PC, almost perfect SCA, moderate IPMN, fair MCA
nCLE performance for mucinous cysts: Sen 66% -Spe 100% -A 80%
0 complications

P: Prospective; R: Retrospective; Sen: Sensitivity; Spe: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; A: Accuracy; PCNs:
Pancreatic cystic neoplasms; PC: Pseudocyst; MCA: Mucinous cystadenoma; SCA: Serous cystadenoma; IPMN: Intraductal papillary mucinous neoplasm;
NENs: Neuroendocrine neoplasm; IOA: Interobserver agreement; IOR: Intraobserver reliability.

is injected; nCLE imaging begins, during which gentle
apposition of the probe to the cyst wall is pursued. The
elevator, endoscope dials and torquing are useful for
[43]
imaging in a fanning technique . Because images
are obtained at a rate of 12 frames/s, video-recording
is always performed for 2-5 min and further reviewed
with a dedicated software program. At the end of the
procedure, the probe is withdrawn, and the cyst fluid is
aspirated as per standard practice. Antibiotic prophylaxis
[47]
is systematically administered .

Clinical outcomes: Review of the literature

A literature search in PubMed and Embase databases
identified 24 articles reporting on nCLE in PCLs. Only 11
of these articles were deemed eligible and consisted of
[48-58]
7 prospective and 4 retrospective studies (Table 2)
.
Most of them were focused on feasibility, safety and
performance in differentiating mucinous from nonmu
cinous cysts or in the differential diagnosis among the

Figure 2 Needle-based confocal laser endomicroscopy probe in a 19G
needle.

EUS needle is performed, and the needle is advanced
under EUS guidance until the needle tip contacts the cyst
wall. Immediately after, 2.5-5 mL of 10% fluorescein
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in 6 of them were related to the transduodenal approach,
the post loading technique (the insertion of the CLE probe
after positioning the EUS needle inside the lesion) and
the longer length of the metallic tip at the distal end of
the probe. Complications occurred in two patients, both
of whom developed pancreatitis requiring hospitalization.
This study was followed by a larger multicenter study (in
vivo nCLE Study in the Pancreas with Endosonography of
Cystic Tumors, INSPECT) that was reported by the same
group and that aimed to evaluate the diagnostic potential
and safety of nCLE in the differential diagnosis of PCLs
[49]
in 66 patients . A consensus description of visualized
structures on 26 patients was achieved, and the cor
relation between histology and nCLE was investigated
during the first stage of the study. Then, the performance
of nCLE criteria to identify PCNs, including mucinous
cystadenoma (MCA), IPMN or adenocarcinoma, was as
sessed in 31 additional patients. The presence of villous
structures was highly specific (100%) but provided low
sensitivity, at 59%, and it was the only specific finding
having a significant association with PCNs (P = 0.004).
Post procedure pancreatitis occurred in 3% of cases:
one patient experienced transient abdominal pain, and
three cases of intracystic bleeding were observed and
spontaneously solved.
The DETECT trial (Diagnosis of Pancreatic Cysts:
Endoscopic Ultrasound, Through-the-Needle Confocal
Laser Endomicroscopy and Cystoscopy Trial) was de
signed to evaluate the diagnostic yield of cystoscopy
[50]
followed by nCLE in 30 patients . A highly certain diag
nosis was possible in 18 of these patients based on the
clinical presentation, other image findings, fluid analysis
and cytology. In these patients, a papillary projection
(Figure 3) and/or a dark ring on nCLE, corresponding to
the villous pattern previously reported by Konda, was
associated with mucinous cysts (P = 0.001) with 80%
sensitivity, 100% specificity, 100% PPV, 80% NPV and
89% accuracy. Two patients (7%) developed post proce
dure pancreatitis.
After the above initial experiences, Napoléon and
colleagues described new nCLE criteria based on histo
[51-52]
logical correlation in two consecutive studies
. In
the first one, a criterion for in vivo diagnosis of SCA
was defined and consensually identified as a superficial
vascular network (Figure 4). The presence of small
and regular structures circulating inside the opacified
channels during nCLE suggested the vascular nature
of these channels, which was confirmed by histological
assessment of surgical specimens (Figure 5). This
vascular network was demonstrated to be at a superficial
depth of 50-70 μm and, therefore, at the reach of the
nCLE probe. Moreover, SCA was the only PCL that
featured this pattern among 31 patients with PCLs of
unknown diagnosis. The sensitivity, specificity, PPV, NPV
and accuracy of this criterion for diagnosing SCA were
69%, 100%, 100%, 82% and 87%, respectively. Only
one patient suffered mild acute pancreatitis (3%). In a
second study (CONTACT 1), the same authors identified
three other nCLE criteria that included a thick gray line

20 μm

Figure 3 Needle-based confocal laser endomicroscopy image of an
intraductal pancreatic mucinous neoplasms displaying multiple papillary
projections.

20 μm

Figure 4 Needle-based confocal laser endomicroscopy image of the
superficial vascular network pattern of a serous cystadenoma. Multiple
interconnected vessels (green arrows). Red cells inside displayed as black
structures (orange arrow).

Figure 5 Staining with a vascular marker of serous cystadenomas
histological specimen. Capillary necklace with subepithelial vessels showed
in brown.

several types of PCLs. Three studies aimed to externally
validate the nCLE criteria, and one study performed an
ex vivo validation of the in vivo nCLE criteria.
[48]
The first series was reported in 2011 by Konda et al
and was a feasibility study of 16 cysts and 2 solid masses
of the pancreas. The nCLE procedure was feasible in 15
of 16 cysts, although the technical challenges described
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in the final results. The overall diagnostic yield of nCLE
was 91%, and the sensitivity and specificity for the
main types of PCLs were higher than 95%. Perfect
specificity (100%) was observed for diagnosing SCA
and premalignant mucinous cysts. Furthermore, the
nCLE area under the curve was significantly higher than
that of CEA dosage for differentiating mucinous from
nonmucinous cysts (P < 0.01) and higher than that of
EUS morphology in differentiating between premalignant
and benign PCLs (P < 0.05). However, nCLE criteria
were not highly specific for NENs and PCs. NEN criteria
were also observed in one cystic solid pseudopapillary
neoplasia (CSPPN), one cystic lymphoma and 1 PC.
Additionally, one mucinous lesion and one SCA exhibited
PC criteria. Acute pancreatitis occurred only in 1.3%
of patients. Although the impact of nCLE on patient
management was not evaluated, it is noteworthy that
in 29% of patients with a previous inconclusive EUSFNA, nCLE was conclusive in 91% of cases and 100%
accurate.
The first reports on interobserver agreement (IOA)
[51,56]
yielded diverging results
. In the first one (CONTACT
1), four external reviewers assessed the IOA of the
[51]
nCLE criteria in 31 cases . The diagnostic accuracy
for mucinous cysts was 94%, and the global IOA was
rated as substantial (k = 0.72, 95%CI: 0.52-0.87). A
later validation study reported low diagnostic accuracy
for the type of PCL (46%), with an IOA ranging from
[56]
poor to fair for all nCLE variables . However, careful
interpretation of these results is advised due to limi
tations such as poor image quality and short duration
of video capture, which may have accounted for the
poor results, and other methodological issues such as
the lack of intraobserver reliability and few patients with
a histological gold-standard diagnosis. More recently,
two other studies aimed to validate nCLE criteria. One
investigation consisted of a retrospective analysis at a
[57,58]
single center
. nCLE videos from 26 patients (23
with pathological diagnosis) were reviewed by 6 blinded
[57]
nCLE-naïve observers . Substantial IOA and IOR were
achieved for differentiating mucinous from nonmucinous
cysts (k = 0.67, 95%CI: 0.57-0.77 and k = 0.78 ± 0.13,
respectively) and for detecting all nCLE criteria. These
results were further corroborated by an international
[58]
external interobserver and intraobserver study . In 29
patients, the overall accuracy of nCLE for the diagnosis
of mucinous cysts was 95%, with an almost perfect
IOA and IOR among six expert endosonographers with
nCLE experience (k = 0.81, 95%CI: 0.71-0.90 and k
= 0.86 ± 0.11, respectively). Furthermore, nCLE was
98% accurate in diagnosing SCA and the IOA and IOR
for recognizing the fern pattern (previously defined as
superficial vascular network) were also almost perfect
(k = 0.83, 95%CI: 0.73-0.92 and k = 0.85 ± 0.11,
respectively).

20 μm

Figure 6 Epithelial border image in a mucinous cystadenoma at needlebased confocal laser endomicroscopy.

20 μm

Figure 7 Heterogeneous sized grey and white particles in a pseudocyst at
needle-based confocal laser endomicroscopy.

for mucinous neoplasms (Figure 6), a field of bright
particles for PCs (Figure 7) and black neoplastic clusters
with white fibrous areas for NENs. In this case, the
histological correlation was the epithelial border, a mix of
inflammatory cells and neoplastic cell proliferation with
several forms of architectural organization respectively.
In the retrospective validation, four external and blinded
reviewers evaluated the diagnostic performance of these
criteria. A conclusive diagnosis was achieved in 23 of 31
patients (74%). Overall, the accuracy of nCLE criteria was
94% for mucinous cysts, 87% for SCA and 87% for PC.
Trends toward high specificity were also shown (> 90%
for mucinous cysts and 100% for nonmucinous cysts).
NENs were excluded from the external validation due to
the small number in this series (n = 2). More recently,
[54]
Krishna et al have further confirmed the reproducibility
of the in vivo nCLE criteria in ex vivo specimens of 10
patients with surgically resected PCLs.
To overcome the limitations of the reduced number
of patients and the lack of pathological confirmation
[55]
in previous series, Napoléon et al
designed a larger
multicenter and prospective study (CONTACT 2) whose
results are now available (submitted). Among 209
enrolled patients with a noncommunicating solitary cyst,
78 patients with a final diagnosis proven by surgical
histopathology or cytopathological analysis of cyst fluid
by EUS fine needle aspiration (EUS-FNA) were included
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THROUGH-THE-NEEDLE CYSTOSCOPY
Through-the-needle cystoscopy is a procedure that allows
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In a retrospective study published last year, Chai et
[60]
al
performed through-the-needle cystoscopy in 43
patients. Based on the blood vessel distribution, the
presence of partitions or ridge-like structures and the
presence of papilla-like structures, the characteristic
findings of different PCLs were defined and then vali
dated by surgical pathology, FNA or fluid cytology. The
authors concluded that a tree-like branching pattern
of blood vessels may suggest the diagnosis of SCA
(specificity, 91%; sensitivity, 69%) and that intracystic
papilla-like structures may be characteristic of mucinous
cysts (specificity, 92%; sensitivity, 22%). No pancreatitis
was observed, and only two patients presented mild
abdominal post procedure pain.

Figure 8 Moray forceps.

direct assessment of the cyst content as well as the inner
cyst wall by means of single-operator cholangioscopy
fiberoptic probe (Spyglass®, Boston Scientific, Natick,
Mass, United States). The probe has 6000-pixel optic
bundles, a 300 cm working length and a diameter of 0.77
mm. It provides a 70-degree field of view and has a 2-7
[43,50]
mm focal length
. The cystic cavity is accessed under
EUS guidance with a 19G EUS needle. Before starting
the procedure, the needle stylet is removed, and the
fiberoptic probe is preloaded through the 19G needle
and prefitted with the advancement of the probe 2 mm
beyond the needle tip. Then, the probe is withdrawn
2-3 mm inside the needle, and once inside the cyst,
the probe is advanced again to the prefitted position.
Prophylactic antibiotics are always given, and cystoscopy
[50]
images may be recorded for further review .

THROUGH-THE-NEEDLE FORCEPS
BIOPSY
The low sensitivity of EUS-FNA cytology because of
relatively acellular samples makes appealing the pos
sibility to obtain biopsies. The design of minibiopsy
forceps has led to the development of a new EUS-FNA
tissue acquisition technique. Moray® micro forceps (US
Endoscopy, Ohio, United States) were designed for use
in EUS procedures to enhance sampling from lesions that
can occur within and outside the gastrointestinal tract,
leading to a more definitive diagnosis (Figure 8). These
forceps are 230 cm in length and have serrated jaws
(jaw opening of 4.3 mm) and a spring sheath 0.8 mm in
[43,61]
diameter, allowing use through a 19G EUS needle
.

Clinical outcomes: Review of the literature

Of the 8 references retrieved, only 3 suitable articles were
[50,59-60]
identified
. The first one reported on two patients
who underwent through-the-needle cystoscopy followed
[59]
by biliary forceps biopsy . In both cases, it was possible
to rule out a pseudocyst because a flat normal mucosa
was visualized lining the inner cyst wall. In addition, cys
toscopy enabled a better delineation of mural nodules
and targeted biopsies of the selected suspicious areas.
Severe acute pancreatitis occurred in one patient one
month after the procedure. It is not possible to rule out
a delayed procedure-related complication, although very
unlikely.
[50]
In the prospective DETECT study, Nakai et al per
formed through-the needle-cystoscopy followed by nCLE
in 30 patients. The cyst content was evaluated for clarity,
the presence of mucin or debris, and the smoothness,
nodularity and vascularity of the cyst walls were as
sessed. The median image time of cystoscopy was 4
min, and 33% of the images were rated as fair or poor.
The mucinous content was described as viscous and
cloudy fluid. Typical findings and their clinical correlations
were finger-like projections and a mucin cloud in IPMNs,
smooth cyst walls with cloudy fluid in MCNs, and smooth
cyst walls with prominent regular vessels in SCAs.
However, the only significant association in 18 highcertainty diagnoses was observed between mucin on
cystoscopy and mucinous cysts (P = 0.0004), with 90%
sensitivity, 100% specificity, 100% PPV, 100% NPV and
94% accuracy. However, finger-like projections were
identified in only two of the ten high-certainty mucinous
lesions. When cystoscopy and nCLE were combined, the
sensitivity increased from 90% to 100%. Post procedure
pancreatitis was reported twice.
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Clinical outcomes: Review of the literature

No formal study was retrieved after searching PubMed
and Embase for “pancreatic cyst” and “intracystic biopsy”.
Only two pilot studies reporting on 2 cases each and four
[59,61-65]
additional case reports were identified
.
Through-the-needle intracystic biopsy was first
[59]
described by Aparicio et al in two patients. They used
0.8 mm endoscopic retrograde cholangiopancreatography
biopsy forces followed by a 3-4 min observation with
a fiberoptic probe to rule out immediate bleeding. In
both cases, a mucinous-like cylindric epithelium without
cellular atypia was observed. As stated above, one
patient presented severe acute pancreatitis one month
later. After this preliminary experience, six more cases
were reported to undergo intracystic biopsy, enabling the
correct diagnosis of 5 mucinous cysts (one of them with
mild dysplasia) and one benign lymphoepithelial cyst
[61-65]
without any complication
.

DISCUSSION
PCLs remain a diagnostic and therapeutic challenge to
clinicians. Several issues remain to be solved, notably,
how to improve diagnosis and better predict malignant
behavior. It has been reported that 36% of SCAs
are treated with unnecessary surgery because of an
[66]
uncertain diagnosis . In the attempt to cover this need,
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fact, neovascularization was reported to be crucial in
the tumorigenesis of invasive IPMNs with a progressive
increase in microvessel density from benign to malignant
[71]
tissue . According to this observation, preliminary
experience with quantitative CH-EUS suggests that the
analysis of echo intensity changes during CH-EUS may
be an accurate method to discriminate between low/
intermediate-grade dysplasia and high-grade dysplasia/
invasive carcinoma. Further trials are necessary to con
firm this interest.
When it comes to safety, CH-EUS exhibits an excel
lent safety profile with no adverse events in series
reporting on PCLs. UCAs are the sole factor adding risk
to conventional EUS. Concerns were raised after a study
reporting on UCAs used for stress echocardiography,
where 4 deaths and 190 serious adverse events were
[72]
observed and associated with the use of UCAs . Conse
quently, the Food and Drug Administration issued a
black box warning regarding the use of UCAs in several
pathologic cardiorespiratory states. Later experience in
large cohorts of patients has shown that the rate of UCArelated serious adverse events is lower than 0.01%, with
[73-74]
anaphylactoid reactions occurring in 1/10.000 cases
.
More recent evidence confirms that nCLE is feasible
during EUS-FNA and allows in vivo diagnosis of PCLs
with high accuracy; nCLE criteria have been defined
for IPMN, MCA, SCA, PC and cystic NEN with a proven
histopathological correlation. Unlike CH-EUS, a perfect
specificity of 100% has been confirmed with nCLE for
benign SCA and for mucinous lesions. The superficial
vascular network is exclusive to SCAs, allowing SCA
diagnosis with high confidence, therefore preventing
unnecessary surgical resection. Sensitivity of this pattern,
although high, is not perfect, and epithelium denudation
may account for the lack of a vascular pattern in
oligocystic SCA. Specificity is also perfect for the overall
group of mucinous lesions, but when they are further
classified as either IPMN or MCA, the specific findings of
papillae or epithelial borders, respectively, may both be
present. Other times, papillae or epithelial borders cannot
be visualized, and the explanation is the nonuniform
distribution of papillae throughout the epithelium of
IPMNs or modifications induced by inflammation in some
MCAs. These inflammatory changes are also the reason
why a field of bright, gray and black particles is not
specific for PCs and may be found in other cystic tumors
following infection or bleeding. Finally, the presence of
dark spots of cell aggregates surrounded by gray areas
of fibrosis and vessels, initially attributed to NENs, is
not specific and may be present in other premalignant
lesions, such as CSPPNs. However, due to the similar
premalignant nature, the impact on clinical management
of misdiagnosis between NENs and CSPPNs or between
IPMNs and MCAs is of little importance.
The major concern related to nCLE is the risk of acute
pancreatitis, which has ranged from 1.3% in the largest
and most recent study to 12% in the first feasibility
study. The use of Spyglass® (Boston Scientific, Natick,
Mass, United States) for cystoscopy may also explain

Figure 9 Moray forceps inside a cyst. Green arrow: The tip of the 19G
needle. Orange arrow: The tip of the Moray forceps grasping the cyst wall.

several EUS-based tools have emerged recently and
some experience is now available using these techno
logies in the diagnosis of PCLs.
On the grounds that CH-EUS has been proved to
be accurate for the differential diagnosis of solid pan
creatic masses, it was hypothesized that CH-EUS might
also be helpful in PCLs, and some experience has been
[67-70]
reported in the last five years
. Due to its high spatial
resolution, CH-EUS may define the inner structure of
cysts by depicting small septa or mural nodules that
become echogenic during CH-EUS, whereas the intra
cystic content remains invisible (Figure 9). This modality
may assist not only in the differential diagnosis but also
in identifying malignancy risk features.
Current evidence suggests that CH-EUS is highly ac
curate for distinguishing nonneoplastic cysts (PCs and
dysontogenic cysts) from neoplastic cysts because the
former do not exhibit cystic wall vascularization. This
feature prevents pointless and onerous surgery in this
benign setting. However, a different scenario is observed
among different neoplastic cysts whose biological be
havior may be significantly different and where mis
interpretations are common in CH-EUS. Benign SCAs,
the most common nonmucinous cystic neoplasms, and
potentially malignant mucinous cysts show undistinctive
features on CH-EUS. Consequently CH-EUS cannot be
used for the differential diagnosis of neoplastic cysts.
The presence of mural nodules is considered in the
international consensus guidelines on IPMN management
as a high-risk stigma and strongly supports surgical
resection. Mural nodules may sometimes be too small
for detection by CT or MRI. The high spatial resolution of
EUS enables better identification in these cases. However,
the performance of EUS is not enough to discriminate
between mural nodules or mucous clots. Hyperen
hancement of solid components during CH-EUS may
differentiate mural nodules from mucous clots or debris.
This step is essential to avoid unnecessary surgery and
[25]
is included in the last guidelines . Nodules in BD-IPMNs
include not only malignant nodules but also benign ade
nomas that might be followed without surgery, but the
preoperative differentiation between them does not
seem possible with qualitative CH-EUS. Angiogenesis
plays a key role in tumor growth and progression; in
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the second highest rate of pancreatitis in the DETECT
[50]
study . The average rate from the rest of the studies is
2.7%, which is comparable with that of the conventional
[75]
EUS-FNA procedure . Only one series reported
intracystic bleeding in 3 patients (4.5%); however,
no intervention was required, and they were solved
spontaneously. Several factors that add to the risk of
complications have been suggested, such as needle size,
duration of the procedure and abrasion of the cyst lining
with the needle tip. Some tips have been suggested
during nCLE to maximize the procedure safety. The
interposition of the main pancreatic duct should be
avoided when selecting the puncture site to lower the
risk of acute pancreatitis. Once inside the cyst, limited
brushing of the cyst wall is recommended to avoid cystic
bleeding and pancreatitis; instead, it is preferred to
perform consecutive apposition between the probe and
the cyst wall. Finally, the exploration should be stopped
as soon as nCLE criteria are met, or after 6 min if no
specific criteria are found, to minimize the risk of adverse
[43]
events . No study reported adverse events related to
the injection of fluorescein, but severe allergic reactions
[76]
are possible, although very uncommon (1/222000) .
Minor side effects, such as nausea, vomiting, mild
epigastric pain, transient hypotension, injection site
erythema or diffuse rash, have been reported in 1.4% of
[77]
cases . The learning curve for nCLE seems to have an
important effect on the pancreatitis rate since one study
reported three acute-pancreatitis cases among the first
[58]
25 patients and none in the successive 34 patients .
Technical challenges reported in initial feasibility studies
are now overcome, and several tips have been suggested
to avoid them (preloading of the nCLE probe, use of the
most flexible needle). However, other limitations remain
to be solved. The most important one is the limited
surface of the cystic wall that is accessible to be scanned.
Exploration is feasible over the area in front of the needle
tip but less than 50% of the cystic surface is likely to
be visualized. The second argued limitation is the high
cost of the probe, which is considered a limiting step
to implementing nCLE technology in routine practice.
Nevertheless, a health economic evaluation carried out in
France demonstrated that nCLE resulted in a reduction of
[78]
23% of surgical interventions . This finding translated
into a reduction in clinical costs of 13% in the public
sector and 14% in the private sector. The improved
diagnostic accuracy of nCLE reduces the number of false
positives and false negatives, avoiding unnecessary
surgical interventions and lifelong surveillance for benign
cysts.
The heterogeneous distribution of neoplastic tissue
in PCLs makes it reasonable to attempt to directly
explore the inner cyst walls. Limited experience with
through-the-needle cystoscopy has demonstrated
the feasibility for direct visualization of cyst walls and
has suggested that it may help to target biopsies to
suspicious areas. Patterns at cystoscopy have been
proposed for SCAs, MCNs and IPMNs but have not been
validated yet. Like for nCLE, the main complication is
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acute pancreatitis, and therefore, limiting the time inside
the cyst is strongly recommended. The greatest interest
seems to be the ability to detect mucin clots that have
a typical appearance on cystoscopy. Nevertheless, the
performance of cystoscopy was not higher than the
[50]
string test that is more simple and free of cost . Beside
the cost of the fiberoptic system, other limitations of
cystoscopy in reported studies are mainly related to the
suboptimal quality of images. Therefore, the real place of
cystoscopy need to be established.
Through-the-needle intracystic biopsy has been
suggested to be a feasible technique for tissue acquisition
in one series and several case reports. It allows histolo
gical diagnosis including the grade of dysplasia, although
the retrieved samples are small. However, the processing
of the samples is not always easy. Because of the smallsized specimens, they sometimes disintegrate during
fixation in formalin. In addition, lesions such as mural
nodules may not be targetable by the stiff 19G EUSFNA, especially those located in the uncinate process.
Finally, concerns remain about the risk of bleeding
following through-the-needle forceps biopsy, similarly to
brush cytology, even if no cases of bleeding have been
reported. Formal studies in larger series are required to
validate the results of this new technique and to confirm
its safety.
In summary, CH-EUS seems to be a safe and com
plementary tool to EUS-FNA for the assessment of
PCLs. CH-EUS is especially accurate in differentiating
nonneoplastic cysts from PCNs and mural nodules from
mucus clots. Moreover, the recent International Asso
ciation of Pancreatology and the European guidelines
have recommended CH-EUS for further evaluation of
mural nodules in IPMN and PCN respectively. Larger and
prospective studies are required to confirm the role of
quantitative CH-EUS in the differential diagnosis between
malignant and benign mucinous neoplasms. EUS nCLE
is a minimally invasive tool with remarkable potential for
diagnosing PCLS. Future research should also address
new nCLE criteria associated with the grade of dysplasia
or cancer, the additional clinical value of combining nCLE
with the current standard of PCLs diagnosis and the
cost-effectiveness of nCLE during the initial EUS-FNA or
after inconclusive results of EUS-FNA. Meanwhile, and
based on available evidence at present, excluding costeffectiveness, we propose an algorithm of diagnosis for
PCLs (Figure 10). Through-the-needle cystoscopy and
biopsy must be evaluated in formal studies in larger
series to validate their results and to confirm their safety
before integrating them in the diagnostic flowchart of
PCLs.

CONCLUSION
PCLs are increasingly identified on imaging, but their
characterization remains challenging due to limitations
of the current endoscopic and imaging techniques. In
this article, we presented a comprehensive review about
emerging endoscopic tools for the diagnosis of PCLs.
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PCL
Imaging (CT/MRI/EUS)

Yes

Communicating cyst with MPD

Intracystic content
(mucus clot vs mural nodule)

BD-IPMN

No
Non neoplastic cyst
(no cystic wall)
PC
Dysontogenic cyst

Positive
cytology

EUS-FNA + nCLE

Negative cytology and non specific nCLE pattern
CEA, amylase

CH-EUS ± FNA

Neoplastic cyst
(cystic wall)

CH-EUS

MCN, SCA,
IPMN, NEN

Positive nCLE
Superficial vascular network

MCN, SCA, IPMN, NEN, PC, rare PCL?

Epithelial pattern
Trabecular
pattern

Papillae or
epithelial bands

Cystic NEN

Mucinous cyst

SCA

Figure 10 Diagnostic algorithm integrating new endoscopic ultrasonography-based technologies. PCL: Pancreatic cystic lesión; PC: Pseudocyst; MPD:
Main pancreatic cyst; BD-IPMN: Branch duct intraductal pancreatic mucinous neoplasm; MCN: Mucinous cystic neoplasm; SCA: Serous cystadenoma; NEN:
Neuroendocrine tumour; CT: Computed tomography, MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasonography; CH-EUS: Contrast harmonic enhanced
EUS; EUS-FNA: EUS guided fine needle aspiration; nCLE: Needle-based confocal endomicroscopy.
4

Among them, through-the-needle cystoscopy and biopsy
still have the lowest amounts of available evidence, with
the most extensive experience reported for CH-EUS
and nCLE. Both modalities have been demonstrated to
provide valuable information for the decision-making
process and to be supplementary techniques to EUS-FNA.
Limitations for their widespread implementation are their
elevated cost and learning curve. Future studies should
address their clinical impact on patient management,
the optimal timing for their application in the diagnostic
work flow of PCLs and their cost-effectiveness. Throughthe-needle cystoscopy and intracystic biopsy must be
further evaluated in formal and larger trials. Moreover,
because a combination of these new techniques may
further improve our ability to diagnose PCLs, multi-arm
trials incorporating these new technologies and emergent
molecular markers would be of most value to determine
the best diagnostic approach.
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AIM
To explore the protective effects and underlying mecha
nisms of total polysaccharides of the Sijunzi decoction
(TPSJ) on the epithelial barriers in vitro .

Institutional review board statement: This study was reviewed
and approved by the review board of the Second Clinical College
affiliated with Guangzhou University of Chinese Medicine.

METHODS
Caco-2 cell monolayers were treated with or without TPSJ
in the presence or absence of TNF-α, and paracellular
permeability and transepithelial electrical resistance (TEER)
were measured to evaluate the epithelial barrier function.
Immunofluorescence and western blotting were respecti
vely used to evaluate the distribution and expression of
the tight junction proteins claudin 1, claudin 2, zo3, and
occludin in Caco-2 cells. Western blotting was also used
to evaluate the cellular expression of myosin light chain
(MLC), phosphorylated MLC (pMLC), MLC kinase (MLCK),
and nuclear factor (NF)-κB p65.
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RESULTS
TPSJ promoted the proliferation of Caco-2 cells and inhi
bited TNF-α-induced secretion of pro-inflammatory cyto
kines. Furthermore, TPSJ significantly ameliorated both
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the reduction of TEER and the increased paracellular
permeability observed in tumor necrosis factor (TNF)-αdamaged Caco-2 monolayers. Furthermore, TPSJ remar
kably attenuated TNF-α-induced morphological changes,
downregulated the expression of claudin 1, claudin 2, zo3,
and occludin, and markedly suppressed TNF-α-mediated
upregulation of p-MLC and MLCK expression. Finally, TPSJ
inhibited the activation and expression of NF-κB p65.

Intestinal epithelial barrier disruption is common to many
inflammatory enteropathies, including Crohn’s disease
[8-11]
(CD), ulcerative colitis (UC), and infectious diarrhea
.
Many locally released pro-inflammatory cytokines
and mediators, including tumor necrosis factor (TNF)-α,
interferon (IFN)-γ, interleukin (IL)-1β, Th17 type cyto
kines (IL-17, IL-23, IL-22, and IL-6), and nitric oxide (NO)
have been recognized to contribute to intestinal barrier
dysfunction during the course of inflammatory bowel
[12-17]
disease in vitro and in vivo
. Additionally, myosin
light chain kinase (MLCK), which mediates the phospho
rylation of myosin light chain (MLC), is thought to play
a critical role in proinflammatory cytokine-induced intes
[18,19]
tinal barrier disruption
.
Sijunzi decoction (SJZD) is a traditional medicinal
formula comprising four Chinese herbs: Ginseng Radix
et Rhizoma or Codonopsispilosula, Atractylodes Macro
cephalae Rhizoma, Poria, and Glycyrrhizae Radix et
Rhizoma Praeparatecum Melle. This decoction, which
is used to strengthen the spleen and tonify the qi, has
been used to treat gastrointestinal tract diseases since
[20-22]
ancient times
. In a previous study, SJZD was
shown to regulate both digestive system and immune
[23]
system function . In mice, total polysaccharides of the
Sijunzi decoction (TPSJ) were shown to antagonize cyclo
phosphamide-induced injury to the intestinal mucosal
[24]
associated lymphoid tissues , suggesting that these
polysaccharides could improve intestinal mucosal immune
function. Another study found that polysaccharides of the
SJZD can restore intestinal function and protect against
indomethacin-induced damage to IEC-6 rat intestinal
[25]
epithelial cells .
Our previous studies suggested that TPSJ could inhi
bit the proliferation of IEC-6 cells in vitro. However, no
reports have discussed the ability of TPSJ to regulate
the intestinal epithelial barrier. In the present study, we
explored the effects of TPSJ on the intestinal barrier
formed by Caco-2 human colon adenocarcinoma cells
damaged by the proinflammatory cytokine TNF-α, as
well as the underlying mechanism. Our results indicate
that TPSJ could relieve the intestinal epithelial barrier
dysfunction induced by TNF-α, and that this function was
mediated by the downregulation of MLCK-dependent
MLC phosphorylation in a manner dependent on nuclear
factor (NF)-κB p65.

CONCLUSION
Our results demonstrate that TPSJ alleviates the TNFα-induced impairment of the intestinal epithelial cell
barrier function by suppressing NF-κB p65-mediated
phosphorylation of MLCK and MLC.
Key words: Inflammatory bowel disease; tight junction;
total polysaccharides of the Sijunzi decoction; Nuclear
factor-κB pathway
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Total polysaccharides of the Sijunzi decoction
(TPSJ) comprise the active ingredient of Sijunzi decoction,
which has long been used to treat gastrointestinal tract
disorders. However, the mechanisms by which TPSJ af
fects the intestinal epithelial barrier remain unclear. Our
study results demonstrated that TPSJ attenuated tumor
necrosis factor (TNF)-α-induced intestinal barrier dys
function in a Caco-2 cell monolayer. Furthermore, TPSJ
inhibited TNF-α-induced upregulation of myosin light
chain (MLC) phosphorylation, which is mediated by MLC
kinase and NF-κB, suggesting that this mechanism might
underlie the protective effects of TPSJ against intestinal
epithelial barrier dysfunction triggered by proinflammatory
cytokines.
Lu Y, Li L, Zhang JW, Zhong XQ, Wei JA, Han L. Total
polysaccharides of the Sijunzi decoction attenuate tumor necrosis
factor-α-induced damage to the barrier function of a Caco-2
cell monolayer via the nuclear factor-κB-myosin light chain
kinase-myosin light chain pathway. World J Gastroenterol 2018;
24(26): 2867-2877 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2867.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2867

MATERIALS AND METHODS

INTRODUCTION

Plant materials

The Sijunzi Decoction (SJZD) used in this research
comprised Ginseng Radix et Rhizoma or Codonop
sispilosula, Atractylodes Macrocephalae Rhizoma, Poria
and Glycyrrhizae Radix et Rhizoma Praeparatecum Melle.
These four drugs were pharmacopoeia-grade. All herbs
were obtained from Kangmei Pharmaceutical Company
Ltd. (Guangzhou, Guangdong, China).

The intestinal epithelial barrier plays a crucial role in
separating luminal microbes and antigenic molecules
from the internal milieu. Accordingly, intestinal barrier
dysfunction can destroy immune homeostasis and induce
[1,2]
an inflammatory response . Tight junctions (TJs), which
are mediated by proteins such as claudins, occludin, and
zonula occludens, are necessary for epithelial barrier
[3-5]
maintenance . Disruption of the intestinal epithelial
barrier can increase intestinal permeability, a crucial
[6,7]
pathogenic contributor to intestinal inflammation .

WJG|www.wjgnet.com
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Dulbecco’s modified Eagle’s medium (DMEM), non-
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tained from the Cell Culture Unit of Shanghai Science
Academy (Shanghai, China). The cells were grown in
DMEM supplemented with 10% FBS and 1% NEAA and
incubated in a humidified atmosphere with 5% CO2
atmosphere at 37 ℃.

9.00

6.00
MV

18.28 min (86.43%)

3.00

MTT assay

Cell viability was determined using a MTT reduction
assay. Cells were seeded into 96-well plates in DMEM +
10% FBS + 1% NEAA at a density of 5000 per well and
treated with 100 ng/ml TNF-α. After a 24-h incubation,
TPSJ or DMEM (control) was added to the wells, followed
by another 24-h incubation. Subsequently, 10 μl of MTT
solution was added to each well, and the plates were
incubated for 4 h. Finally, we lysed the cells with 0.04 N
HCl in isopropyl alcohol and read the absorbance of each
well at 570 nm.

11.28 min
0.00
0.00

9.00

18.00

27.00

36.00

45.00

t /min

Figure 1 Gel permeation chromatography of total polysaccharides of the
Sijunzi decoction.

essential amino acids (NEAA), and fetal bovine serum
(FBS) were obtained from GIBCO Laboratories (Grand
Island, NY, United States). 3-(4,5-Dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) and phenol
sulfonphthalein were obtained from Sigma-Aldrich (St.
Louis, MO, United States). Fluoroisothiocyanate (FITC)conjugated Annexin V and propidium iodide (PI) were
purchased from Lianke Biotechnology Co (Hangzhou,
China). Antibodies specific for claudin 1, claudin 2, zo3,
occludin, MLC (phospho S20), MLC (pan), and MLCK and
the NF-κB p50/p65 transcription factor assay kit were all
purchased from Abcam (Cambridge, MA, United States).
Enzyme-linked immunosorbent (ELISA) kits for TNF-α,
IL-6 and IL-8 were obtained from eBioscience (San
Diego, CA, United States).

Flow cytometric quantification of apoptosis

To assess apoptosis, we harvested Caco-2 cells. After
two washes with phosphate-buffered saline (PBS), we
resuspended the cells in 200 μl of Annexin-V binding
buffer (10 mmol/L HEPES, 140 mmol/L NaCl, 2 mmol/L
MgCl2, 5 mmol/L KCl, 2.5 mmol/L CaCl2, pH 7.4) and
added 10 μl of FITC-conjugated Annexin V to each tube
according to the manufacturer’s protocol. Following a
15 min incubation in the dark at room temperature, we
added 10 μl of PI and 200 μl binding buffer to each
tube. Finally, we analyzed the samples on a FACSCalibur
flow cytometer (BD Biosciences, San Jose, CA, United
States).

Preparation of TPSJ

SJZD comprised Ginseng Radix et Rhizoma or
Codonopsispilosula, Atractylodes Macrocephalae
Rhizoma, Poria, and Glycyrrhizae Radix et Rhizoma
Praeparatecum Melle at a ratio of 3:3:3:2 to yield a
total weight of 1100 g. All of the herbs were placed in a
container to which a volume of cold water approximately
12 times (7.2 L) the solid volume was added. After
soaking the herbs for 2 h, we boiled the mixture for
30 min and filtered the herbs, reserving the filtrate.
Subsequently, we added another volume of water approxi
mately 5 times the volume of herbs to the container and
boiled the mixture for 30 min, followed by filtration. We
then mixed the two filtrates and concentrated the liquid
to 1.4 L. Subsequently, we added ethanol to the filtrates
to yield an alcohol concentration of 75% and stored them
at 4 ℃ overnight. The next day, we filtered, precipitated,
and dissolved the ethanol mixture in approximately 1.6
L of ultrapure water, followed by centrifugation at 8400
rpm for 15 min. The resulting supernatant was frozen
and dried to yield the total polysaccharide. A phenolsulfuric acid spectrophotometry method was used
to measure the polysaccharide content (as glucose),
which was 70.61% ± 1.70%, according to at least three
independent experiments. Figure 1 depicts the gel
[26]
permeation chromatography (GPC) analysis of TPSJ .

Measurements of electrical resistance

We used an EVOM TEER meter (Millipore, Bedford, MA,
United States) to monitor the transepithelial electrical
resistance (TEER) of Caco-2 cells. Specifically, an increase
2
in TEER to a steady state exceeding 200 Ω cm at day 7
indicated the complete formation of tight junctions and
full epithelial barrier integrity. In our experiments, we
treated cell monolayers with recombinant human TNF-α
(100 ng/ml) for 24 h and subsequently added 150
μg/ml TPSJ or not to the wells. Monolayers treated with
cytokine alone or DMEM alone were used as controls.

Permeability study by colorimetric assay

Caco-2 cells were grown on inserts. Firstly, we washed
the cell monolayers with PBS. Next, we added phenol
sulfonphthalein to the apical compartment to a final
concentration of 20 mg/L in ultrapure water. We added
only water to the basolateral compartment. After a
4-h incubation, we removed 150 μl aliquots from the
basolateral compartment into tubes containing 1.5 ml
NaOH (20 μmol/ml). We then analyzed the absorbance
of each tube at 570 nm using a spectrophotometer.

ELISA

We collected culture medium of from Caco-2 cells and
used ELISA kits (eBioscience) to measure the amounts
of TNF-α, IL-6, and IL-8 according to the manufacturer’s
instruction.

Cell culture

Caco-2 human colon adenocarcinoma cells were ob
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Immunoﬂuorescence

intestinal barrier function by decreasing the TEER and
[19,27]
increasing paracellular permeability
. Therefore,
to investigate the effects of TPSJ on intestinal barrier
function, we treated a Caco-2 cell monolayer with TNF-α
for 24 h and subsequently analyzed the TEER and per
meability of the cells after TPSJ treatment.
As shown in Figure 3A, the TEER of the TNF-α-dam
aged Caco-2 cell monolayer decreased significantly
compared with the control group, indicating that TNF-α
upregulated the paracellular permeability of ionic solutes.
By contrast, TPSJ treatment significantly increased the
TEER.
As shown in Figure 3B, the phenolsulfonphthalein flux
was significantly higher in the TNF-α-damaged Caco-2
cell monolayer than in the control monolayer, indicating
this inflammatory cytokine increased the paracellular
permeability of nonionic macromolecules. However, TPSJ
markedly decreased the increased phenolsulfonphthalein
flux induced by TNF-α. These results suggest that TPSJ
can attenuate the intestinal epithelial barrier dysfunction
induced by TNF-α.

We seeded Caco-2 cells on glass cover slips placed in the
wells of a 6-well plate and treated the cells with TNF-α
(100 ng/ml) for 24 h without or with 150 μg/ml TPSJ.
The immunoﬂuorescence assay was performed according
to the protocol with antibodies specific for claudin 1,
claudin 2, zo3, and occludin, followed by incubation
with a FITC-conjugated anti-rabbit IgG (1:200 dilution).
Images were captured using a fluorescence microscope
(Olympus, BX51, Tokyo, Japan).

Measurement of NF-κB p65 activity

We used a NF-κB p50/p65 transcription factor assay kit
to measure the NF-κB p65 activity in prepared cellular
extracts according to the manufacturer’s instructions.

Western blot

We plated Caco-2 cells in 6-well plates at a density of 1
6
× 10 per well. The cells were treated with recombinant
human TNF-α (100 ng/ml) for 24 h without or with 150
μg/mL TPSJ for different time intervals.
At different time points, we lysed the cells in lysis
buffer [50 mmol/L Tris (pH 7.4), 150 mmol/L NaCl, 0.1%
sodium dodecylsulfate (SDS), 1% sodium deoxycholate,
1 mmol/L phenylmethylsulphonyl fluoride, 1% Triton
X-100 and protease inhibitors] and subsequently re
moved cell debris by centrifugation (15000 rpm, 15 min,
4 ℃). After determining the protein concentrations of
the samples, we separated equal amounts of protein by
12.5% SDS-PAGE and transferred the proteins to nitro
cellulose membranes. After blocking the membranes, we
incubated them overnight at 4 ℃ with different primary
antibodies, followed by a 1 h incubation with secondary
antibodies. Finally, protein expression was evaluated
using a Bio-Rad Imaging System (Bio-Rad Biosciences,
Hercules, CA, United States).

TPSJ decreased the secretion of pro-inflammatory
cytokines by TNF-α-induced Caco-2 cells

The ELISA results shown in Figure 4 demonstrate
significant increases in the levels of TNF-α, IL-6, and IL-8
secreted by Caco-2 cells into the culture medium after
TNF-α treatment. However, TPSJ markedly decreased the
secretion of these cytokines in response to TNF-α. These
results indicate that TPSJ can regulate TNF-α-induced pro
duction of pro-inflammatory factors.

TPSJ protected a Caco-2 cell monolayer from TNF-αinduced barrier dysfunction by regulating tight junctions

Increasing evidence suggests that altered tight junction
protein expression contributes to the proinflammatory
[15,28]
cytokine-induced disruption of barrier function
. There
fore, we examined the effects of TPSJ on the expression
of the tight junction proteins claudin 1, claudin 2, zo3,
and occludin in Caco-2 cell monolayers treated with or
without TNF-α. As shown in Figure 5, the expression of
claudin 1, claudin 2, and zo3 proteins were significantly
downregulated by TNF-α. After TPSJ treatment, however,
the expressions of all three proteins were upregulated
markedly at different time points. By contrast, the ex
pression of occludin was not significantly affected by
treatment with or without TNF-α or in the absence or
presence of TPSJ.
Reports have demonstrated an association of proinflam
matory cytokine-induced intestinal barrier dysfunction
with the morphological alterations and relocalization
[29-31]
of the tight junction
. Thus, we next determined
whether TPSJ affected the morphological localization of
tight junctions in Caco-2 cell monolayers treated with or
without TNF-α. As shown in Figure 6, claudin 1, claudin 2,
zo3, and occludin were localized along the edges of cells
in the control group. However, a 24-h treatment with
TNF-α rendered the tight junction distribution irregular
and discontinuous, and led to the partial internalization of
occludin into cytoplasmic vesicles. After TPSJ treatment,

Statistical analysis

The results are expressed as means ± standard errors
of the means (SEM). Student’s t-test was used for the
statistical analysis, and a P value < 0.05 was considered
significant. At least three independent experiments were
performed.

RESULTS
TPSJ boosts the proliferation of TNF-a-damaged Caco-2
cells

We first used a MTT assay to assess the effect of TPSJ
on TNF-α-damaged Caco-2 cells. As shown in Figure 2A,
TPSJ dramatically induced the growth of TNF-α-treated
Caco-2 cells in a dose-dependent manner, particularly
at a concentration of 150 μg/ml. However, TPSJ treat
ment had no significant effect on the frequency of cell
apoptosis in comparison to the TNF-α control group
(Figure 2B and C).

TPSJ ameliorates the intestinal epithelial barrier
dysfunction induced by TNF-α

Many investigators have shown that TNF-α disrupts
WJG|www.wjgnet.com
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Figure 2 Total polysaccharides of the Sijunzi decoction promoted the proliferation of tumor necrosis factor-α-damaged Caco-2 cells. A: Caco-2 cells were
treated with various concentrations of TPSJ (25-500 μg/mL) or control DMEM for 24 h. The effect of TPSJ on cell viability was measured using the MTT assay; B:
TNF-α-damaged Caco-2 cells were incubated with 150 μg/mL TPSJ or control DMEM for 24 h. The induction of apoptosis was determined using an Annexin V-FITC/
propidium iodide staining assay; C: Quantification of the numbers of apoptotic and necrotic cells. Data are shown as the means ± standard errors of the means of at
least three independent experiments (eP < 0.001 vs control Caco-2 cells; cP < 0.05, fP < 0.001 vs TNF-α-damaged Caco-2 cells). TPSJ: Total polysaccharides of the
Sijunzi decoction; TNF: Tumor necrosis factor; DMEM: Dulbecco’s modified Eagle’s medium; MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

tinal epithelial tight junctions and paracellular leakage
[3,4]
pathways . Given the protective effect of TPSJ on
intestinal barrier function, we wished to explore whether
TPSJ could alleviate TNF-α-induced barrier dysfunction
and tight junction disruption by inhibiting MLC phospho
rylation. As shown in Figure 7A and B, treatment of
a Caco-2 monolayer with TNF-α induced a significant
increase in the ratio of phosphorylated to total MLC.
However, TPSJ treatment markedly downregulated this
ratio at 6 h and 9 h (compared with the TNF-α control

however, the reorganization of claudin 1, claudin 2, zo3,
and occludin was significantly attenuated. These results
indicate that TPSJ can prevent the proinflammatory
cytokine-induced reorganization of tight junctions in a
Caco-2 cell monolayer.

TPSJ suppresses TNF-α-induced upregulation of MLC
phosphorylation and MLCK expression
The MLCK-mediated phosphorylation of MLC has been
reported to play a crucial role in the regulation of intes

WJG|www.wjgnet.com

2871

July 14, 2018|Volume 24|Issue 26|

Lu Y et al . TPSJ attenuates TNF-α-induced damage to the barrier function

B

1500
c
b
TEER

1000

500

TPSJ (150 μg/mL)

0

TNF-α (100 ng/mL)

0
-

       0
+

24 h
+

15
The ration of permeability (%)

A

b
10

c

5

TPSJ (150 μg/mL)

0

TNF-α (100 ng/mL)

0
-

       0
+

24 h
+

Figure 3 Total polysaccharides of the Sijunzi decoction attenuated intestinal epithelial barrier dysfunction induced by tumor necrosis factor-α. A: Caco-2
monolayers were incubated with or without 100 ng/mL TNF-α in the absence or presence of TPSJ for 24 h. TPSJ significantly increased the transepithelial electrical
resistance of Caco-2 cell monolayers damaged by TNF-α; B: TPSJ markedly attenuated phenolsulfonphthalein flux across the epithelial monolayers. Data are shown
as the means ± standard errors of the means of at least three independent experiments (bP < 0.01 vs control Caco-2 cells; cP < 0.05 vs TNF-α-damaged Caco-2
cells). TPSJ: Total polysaccharides of the Sijunzi decoction; TNF: Tumor necrosis factor.

A

B

50

0

b

60

100

TNF-α (100 ng/mL)

C

c

150

TPSJ (150μg/mL)

80

e

IL-6 (pg/mL)

TNF-α (pg/mL)

200

c

40

20

0
-

       0
+

24 h
+

TPSJ (150 μg/mL)

0

TNF-α (100 ng/mL)

0
-

       0
+

24 h
+

e

250

IL-8 (pg/mL)

200
150
f

100
50

TPSJ (150 μg/mL)

0

TNF-α (100 ng/mL)

0
-

       0
+

24 h
+

Figure 4 Total polysaccharides of the Sijunzi decoction regulated the secretion of inflammatory cytokines by Caco-2 cells. Caco-2 cells were incubated with
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group).
MLCK is a well-known and predominant regulator of
MLC phosphorylation, and many studies have indicated
an association of MLCK upregulation with tight junction
[30,31]
dysfunction and paracellular hyperpermeability
.
Therefore, we next investigated the effect of TPSJ on
MLCK expression in Caco-2 cell monolayers treated
with or without TNF-α. As shown in Figure 7C and D,
MLCK expression increased significantly in the TNF-αtreated monolayer. However, TPSJ treatment significantly
reduced MLCK expression at 9 h, compared with the

WJG|www.wjgnet.com

TNF-α control group. These results suggest that TPSJ
attenuates TNF-α-induced intestinal barrier disruption by
suppressing the MLCK-mediated phosphorylation of MLC.

TPSJ attenuated TNF-α-induced intestinal epithelial
barrier dysfunction by inhibiting NF-κB p65

Studies have shown that NF-κB activation plays a role
in intestinal barrier dysfunction as well as in the upregu
lation of MLCK in TNF-α treated intestinal epithelial
[32,33]
cells
. Based on the above results, we aimed to investi
gate further the potential involvement of the NF-κB signa
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of claudin 1 expression in TNF-α-damaged Caco2 cells treated with TPSJ for 12 h, 24 h, and 48 h; B: Quantification of the amounts of claudin 2 relative to GAPDH at
different time points; C: A representative western blot of claudin 2 in TNF-α-damaged Caco-2 cells treated with TPSJ for 12 h, 24 h, and 48 h; D: Quantification of the
amounts of claudin 2 relative to GAPDH at different time points; E: A representative western blot of zo3 in TNF-α-damaged Caco-2 cells treated with TPSJ for 12 h, 24 h,
and 48 h; F: Quantification of the amounts of zo3 relative to GAPDH at different time points; G: A representative western blot of occludin in TNF-α-damaged Caco-2
cells treated with TPSJ for 12 h, 24 h, and 48 h. H: Quantification of the amounts of occludin relative to GAPDH at different time points. Data are shown as the means
± standard errors of the means of at least three independent experiments (aP < 0.05, bP < 0.01 vs control Caco-2 cells; cP <0.05, dP < 0.01 vs TNF-α-damaged
Caco-2 cells). TPSJ: Total polysaccharides of the Sijunzi decoction; TNF: Tumor necrosis factor.
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Control

TNF-α 100 ng/mL

TNF-α 100 ng/mL + TPSJ 100 μg/mL

Claudin 1

Claudin 2

ZO3

Occludin

Figure 6 Immunofluorescence analysis of the effects of total polysaccharides of the Sijunzi decoction on the tight junction proteins claudin 1, claudin 2,
zo3, and occludin in tumor necrosis factor-α-damaged Caco-2 cells. Results are representative of three independent experiments. Original magnification = 400 ×.

may disrupt intestinal barrier function both in vivo and in
[28,29,34]
vitro
. Therefore, restoration of the intestinal barrier
function is a worthwhile strategy for the treatment of
inflammatory bowel diseases.
As noted above, TPSJ was previously reported to
antagonize cyclophosphamide-induced mucosal-asso
ciated lymphoid tissue injury in an animal model, sug
gesting a potential beneficial role in intestinal mucosal
[24]
immune function . In this study, we showed that TPSJ
could attenuate intestinal epithelial barrier dysfunction
caused by proinflammatory cytokines in a Caco-2 cell
monolayer. Specifically, TPSJ alleviated the TNF-αinduced decrease in TEER and increase in paracellular per
meability, enhanced the expression of claudin 1, claudin 2,
and zo3, and preserved the morphological distributions
of these three tight junction proteins and occludin.
The molecular mechanism by which TPSJ ameliorates
the proinflammatory cytokine-induced intestinal barrier
dysfunction is currently unknown. Many research groups
have demonstrated that the upregulation of MLCK and
subsequent increase in MLC phosphorylation are es

ling pathway in the protective effect of TPSJ against TNFα-induced epithelial barrier dysfunction. As demonstrated
in Figure 8A, NF-κB p65 activity was upregu‑lated in the
TNF-α-treated Caco-2 cell monolayer. TPSJ treatment,
however, significantly inhibited NF-κB p65 activity at 6 h
and 9 h compared with the TNF-α-treated Caco-2 mono
layer. Similarly, as shown in Figure 8B and C, the nuclear
expression of NF-κB p65 increased following TNF-α
treatment, whereas TPSJ markedly downregulated the
nuclear expression at 6 h and 9 h.

DISCUSSION
Inflammatory bowel diseases, including UC and CD, are
well-known chronic and recurring inflammatory diseases
of the intestinal tract. Although the pathogenesis of
inflammatory bowel diseases is not fully elucidated, all are
characterized by the overproduction of proinflammatory
cytokines within the mucosa and the disruption of epi
thelial barrier function. However, many research groups
have demonstrated that proinflammatory cytokines
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Figure 7 Total polysaccharides of the Sijunzi decoction inhibited tumor necrosis factor-α-induced increases in myosin light chain phosphorylation
and myosin light chain kinase protein expression. A: A representative western blot of pMLC and MLC in TNF-α-damaged Caco-2 cells treated with TPSJ; B:
Quantification of the amounts of pMLC relative to MLC; C: A representative western blot of MLCK in TNF-α-damaged Caco-2 cells treated with TPSJ; D: Quantification
of the amounts of MLCK relative to GAPDH. Data are shown as the means ± standard errors of the means of at least three independent experiments (aP < 0.05 vs
control Caco-2 cells; cP < 0.05, dP < 0.01 vs TNF-α-damaged Caco-2 cells). TPSJ: Total polysaccharides of the Sijunzi decoction; MLC: Myosin light chain; MLCK:
MLC kinase; TNF: Tumor necrosis factor.
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Figure 8 Effects of total polysaccharides of the Sijunzi decoction on the nuclear factor-κB signaling pathway. A: TPSJ upregulated the activity of the NF-κB
transcription factor p65; B: A representative western blot of NF-κB p65 in TNF-α-damaged Caco-2 cells treated with TPSJ; C: Quantification of the amounts of p65
relative to PCNA. Data are shown as the means ± standard errors of at least three independent experiments bP < 0.01 vs control Caco-2 cells; cP < 0.05, dP < 0.01 vs
TNF-α-damaged Caco-2 cells). TPSJ: Total polysaccharides of the Sijunzi decoction; NF: Nuclear factor; TNF: Tumor necrosis factor.
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decreased the increased phenolsulfonphthalein flux induced by TNF-α. Third,
TPSJ markedly upregulated the expression of claudin 1, claudin 2, and zo3
proteins and attenuated the reorganization of claudin 1, claudin 2, zo3, and
occludin. Finally, TPSJ suppressed the TNF-a-induced upregulation of myosin
light chain (MLC) phosphorylation, MLC kinase (MLCK), and NF-κB p65.

sential to the induction of intestinal barrier defects by
[9,12]
proinflammatory cytokines
. In our study, we found
that TPSJ inhibited increases in MLC phosphorylation
and MLCK expression in Caco-2 cell monolayers ex
posed to TNF-α, suggesting that TPSJ may attenuate
proinflammatory cytokine-induced intestinal barrier dys
function by inhibiting MLCK activation and subsequent
MLC phosphorylation. However, other potential molecular
mechanisms remain to be investigated further.
According to previously published reports, activated
NF-κB mediates the increased intestinal epithelial
[27]
tight junction permeability induced by TNF-α
and
contributes to MLCK upregulation in a Caco-2 cell mono
[12,32]
layer exposed to proinflammatory cytokines
. In
this study, we showed that TPSJ could suppress the
activation and expression of NF-κB p65 in a Caco-2 cell
monolayer treated with TNF-α. Our results suggest that
the mechanism by which TPSJ attenuates TNF-α-induced
barrier dysfunction in the Caco-2 cell monolayer is medi
ated by the NF-κB signaling pathway.
In conclusion, our results demonstrate that TPSJ
attenuates the intestinal barrier dysfunction elicited by
TNF-α treatment in a Caco-2 cell monolayer. We further
demonstrate that TPSJ inhibits the TNF-α-induced
upregulation of MLC phosphorylation, which is medi
ated by MLCK and NF-κB. These factors may comprise
the mechanism by which TPSJ protects the intestinal
epithelial barrier from destruction triggered by proin
flammatory cytokines.

Research conclusions

TPSJ promoted proliferation of TNF-α-treated Caco2 cells. In Caco2 cell
monolayers, TPSJ alleviated the TNF-α-induced decrease in TEER and increase
in paracellular permeability, enhanced the expression of claudin 1, claudin 2, and
zo3, and preserved the morphological distributions of these three tight junction
proteins and occludin. Further, we found that the barrier protective effect of TPSJ
was mediated through suppressing the NF-κB p65-mediated phosphorylation of
MLCK and MLC.

Research perspectives

Our findings provide evidence that TPSJ is a potential protective agent of
intestinal barrier function. Further investigation into the mechanism of TPSJ on
intestinal barrier as well as in vivo research is required.
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Abstract
AIM
To evaluate the clinical outcomes of patients who under
went endoscopic submucosal tunnel dissection (ESTD)
for esophageal squamous cell carcinoma (ESCC) and
precancerous lesions.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: We have no financial
relationships to disclose.

METHODS
ESTD was performed in 289 patients. The clinical out
comes of the patients and pathological features of the
lesions were retrospectively reviewed.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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RESULTS
A total of 311 lesions were included in the analysis.
The en bloc rate, complete resection rate, and curative
resection rate were 99.04%, 81.28%, and 78.46%,
respectively. The ESTD procedure time was 102.4 ± 35.1
min, the mean hospitalization time was 10.3 ± 2.8 d, and
the average expenditure was 3766.5 ± 846.5 dollars. The
intraoperative bleeding rate was 6.43%, the postoperative
bleeding rate was 1.61%, the perforation rate was
1.93%, and the postoperative infection rate was 9.65%.
Esophageal stricture and positive margin were severe
adverse events, with an incidence rate of 14.79% and
15.76%, respectively. No tumor recurrence occurred
during the follow-up period.

treatment for large mucosal lesions, and especially for
lesions with a circumference that exceeds three fourths
of the esophageal lumen, multiple submucosal injections
are required, which could prolong the procedure time
[5]
and thereby increase the risk of complications . Even
worse, with the resected mucosa blocked in the lumen,
the endoscopic view becomes unclear and may increase
[6]
the difficulty of complete resection . To overcome these
difficulties, some modified ESD techniques have been
[6]
introduced, such as the line traction method , the clip
[7]
[8]
traction method , and the thread-traction method ;
however, none of these methods was suitable for exten
sive application.
[9]
In 2009, Linghu et al used a “submucosal tunnel”
to resect successfully a circumferential esophageal
mucosal lesion, which was subsequently termed an en
[5]
doscopic submucosal tunnel dissection (ESTD) . Com
pared with conventional ESD, ESTD has many technical
advantages, as it resects the mucosal lesions by creating
a submucosal tunnel between the mucosal layer and
muscular layer, after which therapeutic endoscopy can
enter the tunnel and acquire a clear operative view.
Moreover, the CO2 injected in the operation can help the
blunt dissection of the mucosal layer, thereby reducing
the number of submucosal injections, shortening the
procedure time, increasing the resection speed, and
[10-12]
reducing the injury of the muscular layer
. This ap
proach can also incise the submucosa more completely,
thereby reducing the risk of tumor metastasis and
[13]
recurrence, as shown in our previous study . However,
there are no studies that have verified the feasibility of
ESTD in superficial esophageal squamous cell carcinoma
(ESCC) and precancerous lesions in a large sample. The
aim of this study was to assess the efficacy and safety
of ESTD in treating superficial ESCC and precancerous
lesions in a relatively large sample.

CONCLUSION
ESTD for ESCC and precancerous lesions is feasible and
relatively safe, but for large mucosal lesions, the rate of
esophageal stricture and positive margin is high.
Key words: Superficial esophageal squamous cell
carcinoma; Endoscopic submucosal tunnel dissection;
Efficiency; Safety; Esophageal stricture
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic submucosal tunnel dissection (ESTD)
is a modified technique based on endoscopic submucosal
dissection. In this paper, we found ESTD is feasible and
relatively safe for treating esophageal squamous cell
carcinoma (ESCC) and precancerous lesions. The en bloc
rate was high, while the adverse event rate was relatively
low. When treating large mucosal lesions, ESTD has a
high rate of esophageal stricture and positive margin,
which requires further treatment. Furthermore, we found
that the pathology of preoperative biopsies had to be
upgraded after ESTD, which suggests that the accuracy of
biopsy to diagnose ESCC should be reconsidered.

MATERIALS AND METHODS
Patients and endoscopic characteristics

Wang J, Zhu XN, Zhu LL, Chen W, Ma YH, Gan T, Yang
JL. Efficacy and safety of endoscopic submucosal tunnel
dissection for superficial esophageal squamous cell carcinoma
and precancerous lesions. World J Gastroenterol 2018;
24(26): 2878-2885 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i26/2878.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2878

A prospectively collected endoscopic therapy database
was analyzed retrospectively. All of the patients
with superficial ESCC and precancerous lesions who
underwent ESTD in the Digestive Endoscopy Center
of West China Hospital from March 1, 2013 to May
1, 2017 were enrolled. A total of 355 patients with
superficial esophageal cancer underwent endoscopic
treatment. We excluded patients with esophageal
adenocarcinoma, EMR/ESD procedure, and incomplete
clinical data. Finally, 289 patients with 311 lesions were
analyzed (Figure 1). All of the lesions were confirmed
by pathological evaluation from biopsy specimens ac
[14]
cording to the Japanese classification of ESCC before
ESTD procedure. The clinical records and ESTD records
were collected, and demographic and endoscopic charac
teristics were retrospectively reviewed. The endoscopic
type of lesion was assessed according to the Paris
[15]
endoscopic classification . This study was approved

INTRODUCTION
Endoscopic submucosal dissection (ESD) is becoming
the standard treatment for early gastrointestinal cancers,
as it has a higher en bloc resection rate and a lower
recurrence rate than endoscopic mucosal resection
[1,2]
(EMR)
and it can be used to resect lesions with a
[3]
diameter greater than 2 cm . However, esophageal ESD
faces many difficulties because of the narrow esophageal
[4-6]
lumen and thin walls . When using conventional ESD
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iodine staining was performed at 1, 3, 6, 12, 24, and
36 mo after ESTD. Biopsies for suspicious lesions were
also recommended. The patients with non-curative
resection underwent either additional treatment (re-ESD,
radiotherapy, surgery) or close surveillance.

Patients of superficial esophageal cancer
and precancerous lesions (n = 355)
Exluded (n = 15)
Esophageal adenocarcinoma
340 superficial ESCC and
precancerous lesions

Outcome measures

The primary outcomes included en bloc resection rate,
complete resection rate, and curative resection rate as
well as the data acquired from ESTD procedure, such
as procedure time, dissection speed, and the specimen
area. The secondary outcomes were the rates of adverse
events, including intraoperative and postoperative bleed
ing, perforation, muscular injury, postoperative infection,
esophageal stricture, positive margin, and local tumor
reoccurrence. The symptom score of esophageal stricture
[16]
was assessed according to Stooler’s dysphagia score .

EMR group (n = 10)
ESD group (n = 27)
303 patients underwent ESTD
Incomplete lesion's data (n = 6)
Lost to follow-up (n = 8)
Patients of ESTD group (n = 289)
Included 311 mucosal lesions

Figure 1 Flowchart of the enrollment process. ESCC: Esophageal
squamous cell carcinoma; ESTD: Endoscopic submucosal tunnel dissection;
EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection

Definitions

Procedure time was defined as the time from lesion
marking to the termination of therapeutic endoscopy.
Specimen area was calculated by the formula: S = (a +
b)/2 × (c + d)/2, (a and b represent the maximum and
minimum values of the length diameter, respectively,
while c and d represent the maximum and minimum
values of the width diameter, respectively). En bloc
resection was defined as resection of the lesion by an
entire specimen, while complete resection/R0 resection
was defined as an en bloc resection with neoplasia-free
margins (both horizontal and vertical margins). Curative
resection was pathologically defined as a complete
resection with a differentiated carcinoma with < 200 μm
submucosal invasion and no lympho-vascular invasion.
Intraoperative bleeding was defined as blood volume
> 50 mL and bleeding that could be effectively stopped
in ESTD procedure. Postoperative bleeding was defined
as the symptoms of hematemesis or/and melena, with
hemoglobin levels being decreased by more than 20 g/L
[17]
within 30 d after ESTD procedure . Perforation was
defined as a visible hole in the esophageal wall or the
presence of subcutaneous emphysema, pneumothorax,
mediastinal emphysema, or pneumoperitoneum.
Esophageal stricture was defined when the standard
GIF-Q260J (Olympus) gastroscopy could not pass
through the esophageal lumen and if the patient had
[18]
dysphagia . A positive margin was defined as the
presence of a neoplastic cell in the horizontal or vertical
margins. Residual tumor was defined as the presence of
new tumor lesions in the primary resection site and its
surrounding 1 cm area within 6 mo after ESTD. Tumor
reoccurrence was defined as the presence of new tumor
lesions in the primary resection site and its surrounding 1
cm area over 6 mo after ESTD.

by the Ethics Committee of the West China Hospital of
Sichuan University.

ESTD procedure

Before ESTD, all of the lesions were evaluated by endo
scopy, enhanced ultrasound (EUS), and computed
tomography (CT) of chest and abdomen. Prophylactic
antibiotics were used in patients with large mucosal
lesions (circumference ≥ 3/4) at half an hour before
ESTD. ESTDs were performed by one endoscopist with
an experience of more than 200 cases of ESD procedure.
ESTD procedure included six steps, as shown in Figure 2.
When the lesion was detected by white light endoscopy, it
was carefully observed under narrow band imaging (NBI)
and iodine staining. Next, the margins were marked
by a dual knife (KD-650Q, Olympus, Tokyo, Japan).
A liquid mixture of 1:10000 adrenaline saline, sodium
hyaluronate, glycerin fructose, and indigo carmine was
used in submucosal injection. Both anal-side and oralside incisions were made after submucosal injection,
after which the submucosal tunnel was established from
the oral side to the anal side and stopped at the anal-side
incision. Thereafter, the remaining lateral margin incisions
were made; thus, the lesion was completely resected.
Finally, wound hemostasis was carefully performed
by hemostatic forceps (FD-410LR, Olympus) or argon
plasma coagulator (ERBE Corporation).

Postoperative strategies and follow-up

Patients were allowed to feed orally from the third
day after ESTD, while treatment with proton pump
inhibitors, hemostatics, and nutritional supports was
initiated. The vital signs were monitored, and gasrelated complications were closely detected, including
subcutaneous emphysema, mediastinal emphysema,
and pneumoperitoneum. All patients were asked to join
in the follow-up plan, and surveillance endoscopy with
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Statistical analysis

Continuous variables are represented by average ± SD
and were compared by Student’s t-test. Categorical
variables are represented by the rate and evaluated
by Pearson Chi square test or Fisher exact test (SPSS
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A

B

C

D

E

F

G

H

Figure 2 Endoscopic submucosal tunnel dissection procedures. A: Lesion was detected under white light endoscopy; B: Lesion was observed under narrow
band imaging (NBI); C: Lesion was observed under iodine staining; D: The margin of the lesion was marked; E: Anal-side and oral-side incisions after submucosal
injection; F: Creating the submucosal tunnel and resecting the lesion; G: The artificial wound after endoscopic submucosal tunnel dissection; H: The in vitro specimen
encircled in the body of a syringe after iodine staining.

Table 1 Baseline characteristics of 311 lesions treated with
endoscopic submucosal tunnel dissection n (%)
Category

ESTD (n = 311)

Sex, male/female
Age, yr, mean (range)
Tumor location
Upper third
Middle third
Lower third
Paris classification
0-Ⅰ
0-Ⅱa
0-Ⅱb
0-Ⅱc
0-Ⅱa-Ⅱc
0-Ⅲ
Circumferential level
≤ 1/4
≤ 1/2
≤ 3/4
≤ 7/8
≤1

213/98
61.4 ± 8.1 (40-83)

Table 2 Pre-endoscopic submucosal tunnel dissection and
post-endoscopic submucosal tunnel dissection pathology n (%)

24 (7.72)
200 (64.31)
87 (27.97)
18 (5.79)
111 (35.69)
94 (30.23)
35 (11.25)
50 (16.08)
3 (0.96)

Pre-ESTD

Post-ESTD

Pre-ESTD and
Post-ESTD
coincidence

Inflammation
LGIN
HGIN
M1
M2
M3
SM1
> SM1

0
67 (21.54)
159 (51.13)
74 (23.79)
11 (3.54)
0
0
0

3 (0.96)
43 (13.83)
52 (16.72)
74 (23.79)
47 (15.11)
51 (16.40)
23 (7.40)
18 (5.79)

0
36 (11.57)
37 (11.90)
18 (5.79)
3 (0.96)
0
0
0

ESTD: Endoscopic submucosal tunnel dissection; LGIN: Low-grade
intraepithelial neoplasia; HGIN: High-grade intraepithelial neoplasia;
M1: Carcinoma in situ; M2: Carcinoma infiltrated to laminae propria; M3:
Carcinoma infiltrated to muscularis mucosae; SM1: Submucosal invasion
< 200 μm; SM2: Submucosal invasion > 200 μm.

11 (3.54)
163 (52.41)
65 (20.90)
41 (13.18)
31 (9.97)

are shown in Table 1. The average age of the patients
was 61.39 ± 8.07 years with a male/female ratio of
2.17 (213/98). The lesions were mainly located in the
middle third of the esophagus (64.31%). Thirty-one
circumferential lesions were included in the final analysis
(Table 1). The most common preoperative histological
type was HGIN, as shown in Table 2.

ESTD: Endoscopic submucosal tunnel dissection.

version 24.0, SPSS Inc, Armonk, NY, United States).
P-value < 0.05 indicated statistical significance.

RESULTS

Treatment outcomes and complications

Baseline characteristics of patients

Three hundred eleven lesions were successfully resected
from 289 patients. The average specimen area was 14.1
± 3.6 cm2, the mean procedure time was 102.4 ± 35.3
min, and the mean dissection speed was 18.6 ± 2.1
2
mm /min. A total of 308 (308/311) lesions were resected
by en bloc (99.04%), of which 49 were diagnosed with
horizontal or vertical margin involvement by pathological
evaluation; thus, the R0 resection rate was 81.28%

A total of 355 superficial esophageal patients underwent
endoscopic treatments from March 1, 2013 to May
1, 2017, of which 66 patients were excluded for the
following reasons: (1) Adenocarcinoma (n = 15); (2)
EMR procedure (n = 10) or ESD procedure (n = 27); (3)
incomplete lesion data (n = 6); and (4) lost to followup (n = 8), as shown in Figure 1. The demographic data
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cured by conservative treatment. Forty-six patients had
postoperative esophageal stricture, of which 36 (78.26%)
underwent an average of 4.1 (2-19 times) endoscopic
balloon dilations in a mean follow-up time of 20.2 mo.
In addition, the dysphagia was almost relieved (Table
4), while the other 10 patients with obstinate stenosis
were further managed by receiving endoscopic balloon
dilatation every 2 wk till dysphagia was relieved.

Table 3 Endoscopic submucosal tunnel dissection procedure
characteristics n (%)
ESTD (n = 311)

Category
2

Specimen area, cm , mean ± SD
Tumor width diameter, cm, mean ± SD
Tumor length diameter, cm, mean ± SD
Procedure time, min, mean ± SD
Dissection speed, mm2/ min, mean ± SD
En bloc resection
R0 resection
Curative resection
Hospitalization day, d, mean ± SD
Hospitalization expense, dollars, mean ± SD

14.1 ± 3.6
3.1 ± 0.6
4.2 ± 0.9
102.4 ± 35.3
18.6 ± 2.1
308 (99.04)
259 (81.28)
244 (78.46)
10.3 ± 2.8
3766.5 ± 846.5

Pathology analysis

We analyzed the pathological change between preESTD biopsies and post-ESTD specimens and observed
that HGIN accounted for 51.13% (159/311) of preESTD biopsies, while in post-ESTD pathology, superficial
invasive carcinoma accounted for 44.70% (139/311).
The pre-ESTD and post-ESTD coincidence rate was
30.23% (94/311). Also, 50.21% (117/233) of HGIN
and M1 lesions had a pathological upgrade after ESTD to
superficial invasive carcinoma.

ESTD: Endoscopic submucosal tunnel dissection.

Table 4 Endoscopic submucosal tunnel dissection-related
complications n (%)
ESTD (n = 311)

Category
Post-operative infection
Bleeding
Intraoperative bleeding
Postoperative bleeding
Muscular injury
Perforation
Esophageal stricture
Positive margin
Horizontal margin
Vertical margin
Horizontal and vertical margin
Lymphovascular invasion

30 (9.65)

DISCUSSION

20 (6.43)
5 (1.61)
98 (31.51)
6 (1.93)
46 (14.79)

This study evaluated the efficacy and complications of
ESTD in 289 patients with 311 esophageal mucosal
lesions. ESTD is a new technique developed from ESD
and tunnel endoscopy. There are currently few studies
that have reported the efficacy and complications of
[13]
ESTD in large samples. Gan et al reported endoscopic
submucosal multi-tunnel dissection (ESMTD) for seven
circumferential lesions, in which all patients achieved
R0 resection but suffered from esophageal stricture.
[10]
Huang et al
compared the efficacy and complication
rate between ESD and ESTD using a propensity score
matching analysis and observed that ESTD can improve
procedure efficacy and reduce injury to muscular layer
due to a better view, more efficient vessel coagulation,
and longer lasting submucosal liquid cushion. In our
previous ESD procedure, we observed that the dissected
mucosa shrank and blocked the lumen, making it difficult
to obtain a clear view. While ESTD can avoid this obstacle
by creating a submucosal tunnel, when therapeutic
endoscopy enters the submucosal tunnel, it will acquire
a clear operative view to facilitate observation of the
submucosal vessels and muscular layer, thereby reducing
the bleeding and perforation rate. For this reason, it is
[11]
especially appropriate for large mucosal lesions . Zhai
[19]
et al
obtained similar findings and noted that ESTD
is indicated when (1) lesions do not invade deeper than
sm1 and have no evidence of lymph node metastasis
and (2) the lesion’s circumference level ≥ 1/3 or the
diameter ≥ 2 cm.
The reported en bloc and R0 resection rates of ESTD
were 97.8% (92%-100%) and 85.6%（81.8%-100%）,
which are similar to our study outcomes. However, our
curative resection rate was 78.46% (244/311), mainly
because we included large mucosal lesions. Also, 44.05%
(137/311) of our lesions had a circumference level >
1/2, which may increase the risk of incomplete resection.

35 (11.25)
10 (3.22)
4 (1.29)
12 (3.86)

ESTD: Endoscopic submucosal tunnel dissection.

(259/311). Twelve patients were diagnosed with lymphovascular invasion (3.86%), of which five were combined
with positive margin. We evaluated the invasion depth
under microscopy and observed that seven lesions had
a submucosal invasion deeper than 200 μm. As a result,
the curative resection rate was 78.46% (244/311). After
post-ESTD pathological evaluation, three patients were
diagnosed with residual cancer in horizontal margin and
12 in vertical margin, of which five patients had vascular
invasion. Another seven patients simply showed vascular
invasion. All of the 22 patients were recommended
an additional surgery. Finally, 17 patients underwent
surgery, while the other five refused and were closely
observed. The mean hospitalization stay was 10.3 ± 2.8 d,
while the average hospitalization expense was 3766.5 ±
846.5 dollars (Table 3).
After ESTD procedure, 30 patients had postoperative
infection, of which 29 were pulmonary infection, and
one was urinary-tract infection. All of the infections were
cured by intravenous infusion of antibiotics. Moreover, 20
(6.43%) patients had intra-operative bleeding, and five
patients had postoperative bleeding. All of these patients
underwent endoscopic hemostasis, and no severe
complications with regard to bleeding were observed.
Six patients had esophageal perforation and were
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Patients’ mean hospitalization stay was 10.3 ± 2.8 d,
which is closely related to less hospitalization expenses
(3766.5 ± 846.5 dollars) compared with surgical treat
ment.
We evaluated the post-ESTD specimens’ pathological
features and observed that 50.21% (117/233) of HGIN
and M1 lesions upgraded to superficial invasive carci
noma after ESTD. Several reasons might contribute to
this: First, the heavier the lesion and the wider its range,
the poorer the representativeness of the pre-ESTD
biopsy. In large or multifocal lesions, even if multiple
biopsies are taken, it is difficult to represent the whole
picture of the lesion. Moreover, the esophagus wall is
thin; thus, too deeply drawn or frequent biopsies will
lead to bleeding, perforation, and other biopsy-related
complications. Therefore, we think that the reference
significance of preoperative biopsy requires further
evaluation and should be combined with iodine staining,
narrow band imaging with magnifying endoscopy (MENBI), and radiological examination.
Postoperative infection, bleeding, and perforation are
common in ESD procedure. Previous studies reported
the bleeding and perforation rates of ESD to be 0-6%
[20-22]
and 1.7%-4.0%
, respectively. In our study, the total
bleeding rate and perforation rate associated with ESTD
were 8.04% and 1.93%, respectively. The significant
bleeding that needs postoperative hemostatic treatment
is relatively low (1.61%), indicating that ESTD is a safe
treatment method for superficial esophageal squamous
cell carcinoma and precancerous lesions. Thirty (9.65%)
patients had postoperative infection. There are no
available studies that have reported on post-ESD infec
tion, although it is relatively common especially for the
elderly. We speculate that the infection is caused by
the patient hypoimmunity and the history of previous
pulmonary disease or inhalation pneumonia related
to anesthesia; however, further studies are needed to
confirm this etiology.
Esophageal stricture and positive margin are serious
complications of ESTD procedure, and the incidence
rates found in our study were 14.79% (46/311) and
15.76% (49/311), respectively. It was reported that the
circumference level and the area of the lesion are risk
[23,24]
factors for esophageal stricture
. The incidence rate of
esophageal stricture in patients with circumference level
[25,26]
> 3/4 is above 70%-90%
. When the lesion area
is large enough, the artificial esophageal ulcer causes
excess absence of epithelial cells and results in fibrous
[27]
repair in the submucosa , which is the primary cause
of esophageal stricture. To prevent esophageal stricture,
the administration of steroids is useful, as previously
[28,29]
reported
, while endoscopic balloon dilation and
[30,31]
esophageal stent implantation can also be options
.
For positive margin, previous studies reported its
[18,32,33]
incidence after ESD to be 3%-17%
. Wen reported
that the lesion area and invasion depth are risk factors
[33]
of positive margin , and hypothesized that a greater
lesion area and deeper invasion level corresponded
to higher positive rates of the incisal margin. When
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treating large and multiple lesions, the risk of positive
margin is relatively high, and thus accurate preoperative
labeling and intraoperative complete resection are
important. There are no standard guidelines to address
positive margin after endoscopic resection; therefore,
we recommended additional surgery for all patients in
our study with positive basal margin, horizontal margin
carcinoma involvement, and vascular invasion; however,
several patients refused and entered the follow-up
cohort. No residual or recurrent tumor was observed
during the follow-up period.
The present study is the largest sample research of
ESTD technique to date, and our observation indicators
are complete, the follow-up period is long, the results
are credible, and there is strong reference significance
in clinical work. Moreover, our study also performed
a detailed evaluation of postoperative pathology and
emphasized its guiding role in the postoperative mana
gement of the patients. However, this study has several
limitations. Firstly, this was a retrospective study and
thus has inherent case selection bias. Secondly, this was
a single center study; therefore, the operation level of
ESTD in this study cannot be fully represented in whole.
In conclusion, ESTD for superficial esophageal squa
mous cell carcinoma and precancerous lesions is ef
fective and safe, exhibiting high en bloc resection rate as
well as low bleeding and perforation rates. When using
ESTD to resect large mucosal lesions, the incidence of
postoperative esophageal stricture and positive margin
is high, and thus other effective preventative measures
should be considered. We also observed that pre
operative biopsies cannot represent the whole specimen,
while half of the biopsies’ pathology upgraded after ESTD
procedure; therefore, the choice of therapy cases should
be made cautiously before ESTD.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Endoscopic submucosal dissection (ESD) is becoming the standard treatment
for early gastrointestinal cancers, as it has a higher en bloc resection rate and
a lower recurrence rate than endoscopic mucosal resection (EMR). However,
when treating large mucosal lesions, ESD always faces many difficulties,
such as multiple submucosal injections times, long procedure time, and low
complete resection rate. To overcome these difficulties, a modified technique
named endoscopic submucosal tunnel dissection (ESTD) has been proposed.
Compared with ESD, ESTD could reduce the number of submucosal injections,
shorten the procedure time, increase the resection speed, and reduce the injury
of the muscular layer. However, there are no studies that verify the feasibility
of ESTD in superficial esophageal squamous cell carcinoma (ESCC) and
precancerous lesions in a large sample.

Research motivation

To our knowledge, the present study is the largest sample research of ESTD
technique to date, and our observation indicators are complete, the followup period is long, the results are credible, and there is strong reference
significance in clinical work.

Research objectives

This study aims to evaluate the clinical outcomes of patients who underwent
ESTD for ESCC and precancerous lesions.
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Research methods

ESTD was performed in 289 patients with 311 lesions. The clinical outcomes
of the patients and pathological features of the lesions were retrospectively
reviewed.

9

Research results

10

A total of 311 lesions were included. The en bloc rate, complete resection rate,
and curative resection rate were 99.04%, 81.28%, and 78.46%, respectively.
The ESTD procedure time was 102.4 ± 35.1 min, the mean hospitalization time
was 10.3 ± 2.8 d, and the average expenditure was 3766.5 ± 846.5 dollars.
The intraoperative bleeding rate, postoperative bleeding rate, the perforation
rate, and the postoperative infection rate were 6.43%, 1.61%, 1.93%, and 9.65%,
respectively. Esophageal stricture and positive margin were severe adverse
events, with an incidence rate of 14.79% and 15.76%, respectively. No tumor
recurrence occurred during the follow-up period.

11

12

Research conclusions

ESTD for ESCC and precancerous lesions is feasible and relatively safe, but
the rates of esophageal stricture and positive margin are high for large mucosal
lesions.

13

Research perspectives

The present study is a retrospective study to describe the general characteristics
of ESTD. In the future, case control studies and prospective studies are
considered necessary to evaluate further the feasibility and safety of ESTD for
treating ESCC and precancerous lesions.

14
15
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nodes (LNs) is correlated with the overall survival of
gallbladder carcinoma (GBC) patients.
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METHODS
Patients were collected from the Surveillance Epide
miology and End Results database (2004-2013) and
categorized by the number of LNs into six groups: 1
LN, 2 LNs, 3 LNs, 4 LNs, 5 LNs, and ≥ 6 LNs. Survival
curves for overall survival were plotted with a KaplanMeier analysis. The log-rank test was used for univariate
comparisons.
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RESULTS
In a cohort of 893 patients, the median number of ex
amined LNs was two for the entire cohort. The survival
for the 1 LN group was significantly poorer than those
of the stageⅠ and Ⅱ disease groups and for the entire
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[13]

cohort. By dichotomizing the number of LNs from 1 to 6,
we found that the minimum number of LNs that should
be examined was four for stageⅠ, four or five for stage
Ⅱ, and six for stage ⅢA disease. Therefore, for the
entire cohort, the number of examined LNs should be at
least six, which is exactly consistent with the American
Joint Committee on Cancer criteria.

six LNs to accurately classify patients with GBC . Thus,
this study aimed to assess patients with LN-negative (N0)
GBC to determine whether the number of examined
LNs was correlated with overall survival of GBC patients.
We used the Surveillance, Epidemiology, and End Result
(SEER) database to determine the influence of the
number of examined LNs on prognosis in patients with
N0 GBC.

CONCLUSION
The examination of higher numbers of LNs is associated
with improved survival after resection surgery for N0
GBC. The guidelines for GBC surgery, which recommend
that six LNs be examined at least, are statistically valid
and should be applied in clinical practice widely.

MATERIALS AND METHODS
Patients

The SEER database (2004-2013) was used to identify
patients with GBC. Patients who met the following criteria
were included: (1) Pathologically confirmed diagnosis;
(2) radical surgical treatment; (3) definite cancer stage
th
according to the 8 edition of the AJCC criteria; (4) first
primary tumor; (5) number of positive LNs equal to
zero; (6) no distant metastases; (7) one or more LNs
examined; and (8) active follow-up. The exclusion criteria
were as follows: (1) Age < 18 years; (2) unavailable
follow-up data or 0 d of follow-up; (3) unknown cause
of death; (4) number of LNs examined coded with SEER
codes 95 to 99 (the information about the number of LN
is not available); and (5) T4 disease.

Key words: Gallbladder carcinoma; Lymph node; N0
stage; Prognostic factor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Six lymph nodes were recommended as the mini
th
mum number of examination in the 8 edition American
Joint Committee on Cancer tumor-node-metastasis criteria
for gallbladder carcinoma, but the rationality has not been
evaluated yet. Thus, we aimed to explore the optimal
lymph node number using the Surveillance Epidemiology
and End Results database.

Statistical analysis

The clinicopathological characteristics were compared
among the stageⅠ, Ⅱ, and ⅢA disease subgroups by
the independent t test for continuous variables and the
chi-square test for categorical variables. Overall survival
(OS) was determined from the SEER record of survival
time (total number of months) and vital status. The
relationship between the number of examined LNs and
OS was assessed separately for the entire cohort and for
stageⅠ, Ⅱ, and ⅢA patients. Patients were categorized
by the number of examined LNs into the following six
groups: 1 LN, 2 LNs, 3 LNs, 4 LNs, 5 LNs, and ≥ 6 LNs.
The optimal number of examined LNs was determined
with X-tile software (Yale University, Version 3.6.1).
Survival curves for OS were plotted with a KaplanMeier analysis. The log-rank test was used for univariate
comparison. A Cox proportional hazard method was
used to identify factors associated with mortality and
to calculate hazard ratios (HRs) and 95% confidence
intervals (CIs). The variables, including age, sex, race,
radiation therapy, number of examined LNs, grade, and
stage, that were significant in univariate analysis, were
included in the Cox model. All the statistical analyses
were performed using SPSS, version 20 (Armonk, NY,
United States). A two-tailed P-value of < 0.05 was
considered statistically significant.

Fan DX, Xu RW, Li YC, Zhao BQ, Sun MY. impact of the
number of examined lymph nodes on outcomes in patients
with lymph node-negative gallbladder carcinoma. World J
Gastroenterol 2018; 24(26): 2886-2892 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i26/2886.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i26.2886

INTRODUCTION
Gallbladder carcinoma (GBC) is one of the most lethal
[1-3]
carcinomas and has a poor prognosis
. To date,
surgery remains the only radical treatment strategy
for patients, translating into 5-year survival rates of
[4-7]
approximately 5% . Lymph node (LN) status is an
[8]
important prognostic factor for GBC patients . Unfor
tunately, LN metastases occur in more than 50% of
patients, and LN-positive patients are widely known to
[4]
have very poor survival .
The role of regional and extended lymphadenectomy
[9-12]
for GBC has been previously investigated
, but there
is not a general consensus about the number of LNs
th
that should be examined. In the 8 edition of the tumornode-metastasis (TNM) staging system for GBC from
the American Joint Committee on Cancer (AJCC), the N
category was defined by the number of metastatic LNs
instead of the location of the metastatic LNs, as used in
the previous edition, and was correlated with prognosis.
These guidelines recommend examining a minimum of
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RESULTS
Among the 893 patients who were finally eligible for this
analysis, 228 patients (25.5%) had stageⅠ disease,
444 patients (49.7%) had stage Ⅱ disease, and 221
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Table 1 Demographic and tumor characteristics for patients with lymph node-negative gallbladder carcinoma n (%)
Characteristics

1

Age, yr
Median (range)
Sex
Male
Female
Race
White
Black
Others
Grade1
Well
Moderate
Poor
Undifferentiated
Unknown
Radiation
Yes
No
Vital status
Alive
Dead
Number of LN
Median (range)

1
Stage Ⅱ

Stage Ⅰ

Entire cohort

n = 893 (100%)

n = 228 (25.5%)

67 (21-96)

n = 444 (49.7%)

67 (21-92)

67 (25-96)

1
Stage ⅢA

n = 221 (24.7%)
67 (35-93)

P2

Value
0.575

272 (30.5)
621 (69.5)

63 (27.6)
165 (72.4)

139 (31.3)
305 (68.7)

70 (31.7)
151 (68.3)

0.559

675 (75.6)
106 (11.9)
112 (12.5)

162 (71.1)
33 (14.5)
33 (14.5)

34.1 (76.8)
50 (11.3)
53 (11.9)

172 (77.8)
23 (10.4)
26 (11.8)

0.261

187 (20.9)
414 (46.4)
210 (23.5)
11 (1.2)
71 (8.0)

67 (29.4)
101 (44.3)
26 (11.4)
1 (0.4)
33 (14.5)

102 (23.0)
215 (48.4)
96 (21.6)
5 (1.1)
26 (5.9)

18 (8.1)
98 (44.3)
88 (39.8)
5 (2.3)
12 (5.4)

< 0.001

151 (16.9)
742 (83.1)

8 (3.5)
220 (96.5)

75 (16.9)
369 (83.1)

68 (30.8)
153 (69.2)

< 0.001

547 (61.3)
346 (38.7)

151 (66.2)
77 (33.8)

308 (69.4)
136 (30.6)

88 (39.8)
133 (60.2)

< 0.001

1 (1-80)

2 (1-40)

2 (1-24)

0.590

2 (1-80)

1

AJCC/TNM 8th edition. 2Factors were compared by the independent t test and the χ test for continuous and categorical variables, respectively. LN: Lymph
2

node.

The median number of examined LNs was 2 for the
entire cohort, 1 LN for the stageⅠ group, 2 LNs for the
stage Ⅱ group, and 2 LNs for the stage ⅢA group. More
than 40% of the patients had only 1 LN examined, and
a lower proportion of patients had more LNs examined
(Figure 1). The number of examined LNs did not differ by
stage (P = 0.59).
Patients were categorized by the number of exam
ined LNs into the following 6 groups: 1 LN, 2 LNs, 3 LNs,
4 LNs, 5 LNs and ≥ 6 LNs. Survival in relation to the
number of examined LNs was assessed separately for
the entire cohort and patients with stageⅠ, Ⅱ and ⅢA
disease (Table 2). For the entire cohort, a median survival
of 18 mo and a 5-year survival rate of 0.393 were noted
for patients with one LN examined (n = 398). The
survival for the 1 LN group was significantly poorer than
that of the other groups (P < 0.001, Figure 2). However,
there was no difference in survival among the other five
groups (P > 0.05). For patients with stageⅠ disease,
the median survival for the 1 LN, 2 LNs, 3 LNs, 4 LNs, 5
LNs, and ≥ 6 LNs groups was 24, 43, 30, 22, 38, and 26
mo, respectively. Similar survival results according to the
LN groups were demonstrated for patients with stageⅠ
and Ⅱ disease but not for patients with stage Ⅲ A
disease (Table 2). However, compared with patients with
stageⅠ and Ⅱ disease, the median survival and 5-year
survival rate of patients with stage Ⅲ A disease was
obviously decreased in all the LN groups. For example,
the 5-year survival rate in the 1 LN group was 0.473
for stageⅠ, 0.445 for stage Ⅱ, and 0.177 for stage ⅢA
disease. As shown in Table 3, there was no difference in

60
Stage Ⅰ

50

Stage Ⅱ
Stage ⅢA

% Patient

40

Entire cohort

30
20
10
0

1

2

3

4

5

≥ 6

NO. of examined LNs

Figure 1 Number of examined lymph nodes was categorized into
subgroups. The bars in the graph reflect the percentage of patients who fell
into each subgroup. Entire cohort, n = 893; stage Ⅰ, n = 228; stage Ⅱ, n =
444; stage ⅢA, n = 221.

patients (24.7%) had stage ⅢA disease. The median
age at diagnosis for the entire cohort was 67 years (range
21-96 years), and 272 patients (30.5%) were male.
The clinical characteristics of the entire cohort and
patients with stageⅠ, Ⅱ, and ⅢA disease are listed in
Table 1. There was no difference among patients with
stageⅠ, Ⅱ, or ⅢA disease in terms of age, sex, race,
and number of LNs examined. In addition, compared
with patients with stageⅠ and Ⅱ disease, a larger
proportion of patients with stage ⅢA disease had poor/
undifferentiated tumors and received radiation therapy.
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Table 2 Survival by lymph node group and stage
Number of LN

Entire cohort n = 893 (100%)

Stage Ⅰ n = 228 (25.5%)

1
Stage Ⅱ n = 444 (49.7%)

1
Stage ⅢA n = 221 (24.7%)

398
18
0.503 (0.474-0.532)
0.393 (0.361-0.425)

121
24
0.603 (0.553-0.653)
0.473 (0.418-0.528)

189
20
0.608 (0.566-0.650)
0.445 (0.394-0.496)

88
10
0.271 (0.217-0.325)
0.177 (0.128-0.226)

129
28
0.711 (0.665-0.757)
0.579 (0.524-0.634)

35
43
0.808 (0.737-0.879)
0.725 (0.640-0.810)

68
27
0.775 (0.713-0.837)
0.586 (0.504-0.668)

26
15
0.425 (0.317-0.533)
0.340 (0.225-0.455)

85
21
0.587 (0.525-0.649)
0.466 (0.396-0.536)

20
30
0.722 (0.603-0.841)
0.602 (0.454-0.750)

33
27
0.697 (0.606-0.788)
0.639 (0.539-0.739)

32
11
0.379 (0.277-0.481)
0.203 (0.109-0.297)

55
22
0.638 (0.560-0.716)
0.533 (0.438-0.628)

8
22
0.833 (0.681-0.985)
0.833 (0.681-0.985)

31
27
0.760 (0.671-0.849)
0.652 (0.526-0.778)

16
10
0.295 (0.154-0.446)
0.148 (0.022-0.274)

43
24
0.750 (0.671-0.829)
0.652 (0.557-0.747)

10
38
0.857 (0.725-0.989)
0.714 (0.543-0.885)

21
24
NA
0.857 (0.725-0.989)

12
18
0.292 (0.133-0.451)
0.146 (0.016-0.276)

183
26
0.696 (0.655-0.737)
0.594 (0.547-0.641)

34
26
0.817 (0.731-0.903)
0.817 (0.731-0.903)

102
26
0.753 (0.701-0.805)
0.671 (0.610-0.732)

47
21
0.498 (0.412-0.584)
0.306 (0.221-0.391)

1 LN
Patients (n)
Median OS, mo
3-yr SR (95%CI)
5-yr SR (95%CI)
2 LNs
Patients (n)
Median OS, mo
3-yr SR (95%CI)
5-yr SR (95%CI)
3 LNs
Patients (n)
Median OS, mo
3-yr SR (95%CI)
5-yr SR (95%CI)
4 LNs
Patients (n)
Median OS, mo
3-yr SR (95%CI)
5-yr SR (95%CI)
5 LNs
Patients (n)
Median OS, mo
3-yr SR (95%CI)
5-yr SR (95%CI)
≥ 6 LNs
Patients (n)
Median OS, mo
3-yr SR (95%CI)
5-yr SR (95%CI)

1

1

AJCC/TNM 8th edition. LN: Lymph node; OS: Overall survival; SR: Survival rate; NA: Not available.

1
2
3
4
5

LN
}
LN
}
LN
}
LN
}
LN
}
≥ 6 LN

Overall survival (percentage)

1.0

0.8

a

P
P
c
P
d
P
e
p
b

< 0.001
= 0.174
= 0.874
= 0.174
= 0.748

LN numbers varied among the three stages. The largest
survival difference was observed at 4 LNs for stageⅠ
disease (P = 0.004; Figure 3A), at 4 or 5 LNs for stage Ⅱ
disease (P < 0.001 for both; Figure 3B and C), and at 6
LNs for stage ⅢA disease (P = 0.019; Figure 3D). For the
entire cohort, the optimal number of examined LNs was 4,
5, or 6 (P < 0.001 for all; Figure 3E-G).
A stepwise Cox regression identified race and sex as
significant prognostic factors for the entire cohort (Table
3); however, race was not a significant factor for patients
with stage Ⅱ and ⅢA disease. Grade was a significant
prognostic factor for patients with stageⅠ, Ⅱ, and ⅢA
disease but not for the entire cohort; and radiation ther
apy was a significant prognostic factor only for patients
with stage ⅢA disease.

f

P < 0.001

0.6

0.4

0.2
0

20

40

60

80

100

120

Survival time (mo)

Figure 2 Overall survival curves for the entire cohort comparing patients
with 1, 2, 3, 4, 5, and ≥ 6 examined lymph nodes.

DISCUSSION

survival between the stageⅠ and Ⅱ groups (HR: 1.089,
95%CI: 0.793-1.497, P = 0.598 for stage Ⅱ, referred
to stageⅠ), but the survival of patients with stage ⅢA
disease was significantly lower than that of patients with
stageⅠ disease (HR: 3.730, 95%CI: 2.635-5.280, P <
0.0001).
To identify the cutoff point for the optimal number
of examined LNs, we compared the survival of the
entire cohort with stageⅠ, Ⅱ and ⅢA groups with X-tile
software. The ranges for the significant dichotomization

WJG|www.wjgnet.com

GBC is associated with a high incidence of invasion
through the layers of the gallbladder wall into adjacent
structures and LNs. The influence of LN metastases
on primary GBC is supported by one series of reports,
which showed that the 5-year survival rate of T1N0
patients was 33% compared with a 3% survival rate in
[14]
T1N1 patients . As a consequence, several large-scale
studies were conducted to examine the role of extended
LN dissection to determine whether the removal of
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Table 3 Multivariate analyses for overall survival in patients with lymph node-negative gallbladder carcinoma
Variable

Age, yr
Sex
Male
Female
Race
White
Black
Others
Grade1
Well
Moderate
Poor
Undifferentiated
Unknown
Radiation
No
Yes
No. of LNs examined
Stage1
Ⅰ
Ⅱ
ⅢA

1

1
Stage Ⅱ

Stage Ⅰ

Entire cohort

n = 893 (100%)

n = 228 (25.5%)
a

P

1
Stage ⅢA

n = 444 (49.7%)
b

P

n = 221 (24.7%)
c

P

d

P

HR (95%CI)
1.001 (1.000-1.002)

0.504

HR (95%CI)
1.001 (1.000-1.002)

0.934

HR (95%CI)
1.001 (1.000-1.002)

0.449

HR (95%CI)
1.001 (1.000-1.002)

0.057

1
0.684 (0.532-0.879)

0.003

1
0.317 (0.156-0.645)

0.002

1
0.553 (0.346-0.881)

0.013

1
0.494 (0.299-0.818)

0.006

1
1.475 (1.008-2.160)
0.821 (0.551-1.224)

0.046
0.334

1
4.593 (1.625-12.981)
0.262 (1.975)

0.004
0.719

1
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1

AJCC/TNM 8th edition. OS: Overall survival.

additional LN basins would influence the survival of GBC
[9,15]
patients
.
Early retrospective reports suggested improved sur
vival for late-stage GBC patients treated with extended
regional lymphadenectomy compared with standard
[9]
regional lymphadenectomy . However, the minimum
clearance and/or number of LNs that should be examined
have yet to be established. In the study, we evaluated
the impact of the number of examined LNs on survival
in N0 GBC. Using the SEER database, we discovered
that the median number of examined LNs was two for
the entire cohort, one for stageⅠ, two for stage Ⅱ, and
two for stage ⅢA disease. We used the smallest median
value, 1 LN, as the basis for our categorization of the
SEER patient cohort into six groups that reflected the
extent of lymphadenectomy: 1 LN, 2 LNs, 3 LNs, 4 LNs,
5 LNs, and ≥ 6 LNs. There was a significant difference in
survival among the six groups for the entire cohort and
for the stageⅠ and Ⅱ groups but not for the stage ⅢA
group. With X-tile software, we found that the minimum
number of LNs that should be examined was four for
stageⅠ, four or five for stage Ⅱ, and six for stage Ⅲ
A disease. Therefore, for the entire cohort, the number
of examined LNs should be at least six, which is exactly
consistent with the AJCC guidelines.
The general phenomenon that the more LNs are
examined, the better the survival for N0 disease, has
some potential explanations. For example, the final
LN count may be a proxy for surgeon experience and
surgical technique and may be reflective of more tho
rough pathological assessment and identification of nodes
[16]
from the surgical specimen . It is also related to the
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concept of stage migration, where inadequate removal
of LNs may result in the misclassification of LN-positive
[17]
patients as N0
. However, the removal of too many
LNs may result in side effects such as lymphatic leakage.
Our results were consistent with those of previous studies
that investigated the relationship between LN count and
survival in GBC patients and demonstrated that at least
six LNs should be examined to improve survival after
[18]
resection surgery . Notably, except for LN dissection,
nerve dissection may be required, especially for T3 or T4
[19]
disease .
In conclusion, the analysis suggests that examining
higher numbers of LNs is associated with improved
survival after resection surgery in N0 GBC. As recom
mended in the AJCC guidelines, at least six LNs should
be examined for patients with N0 GBC.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The American Joint Committee on Cancer (AJCC) tumor-node-metastasis
staging system for gallbladder carcinoma (GBC) has been updated recently to
the 8th edition. The N category is re-defined by the number of metastatic lymph
nodes (LNs) instead of the location of the metastatic LNs, as defined in the 7th
edition.

Research motivation

The new staging system for GBC has not been validated yet. Thus, we used
Surveillance, Epidemiology, and End Result (SEER) database to evaluate its
impact on clinical practice.

Research objectives

The primary purpose of this study was to evaluate the impact of the number
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Figure 3 Overall survival curves for the entire cohort and the stage Ⅰ, Ⅱ, and ⅢA groups and optimal dichotomization by the number of examined lymph
nodes. A: Stage Ⅰ, LN = 4, P = 0.004; B: Stage Ⅱ, LN = 4, P ≤ 0.001; C: Stage Ⅱ, LN = 5, P ≤ 0.001; D: Stage ⅢA, LN = 6, P = 0.019; E: Entire cohort, LN = 4,
P ≤ 0.001; F: Entire cohort, LN = 5, P ≤ 0.001; G: Entire cohort, LN = 6, P < 0.001. LN: Lymph node.
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of examined LNs on the prognosis of N0 GBC. The secondary purpose was
to verify the rationality of the guideline recommendation that at least six LNs
should be harvested and evaluated.

8

Research methods

Patients were collected from the SEER database (2004-2013) and categorized
by the number of LNs into six groups: 1 LN, 2 LNs, 3 LNs, 4 LNs, 5 LNs, and
≥ 6 LNs. Survival curves for overall survival were plotted with a Kaplan-Meier
analysis. The log-rank test was used for univariate comparisons.

9

Research results

10

The survival for the 1 LN group was significantly lower than that of the stageⅠ
and Ⅱ disease groups and for the entire cohort. By dichotomizing the number
of LNs from one to six, we found that the minimum number of LNs that should
be examined was four for stage Ⅰ, four or five for stage Ⅱ, and six for stage
ⅢA disease. Thus, at least six LNs should be examined for the entire cohort,
which was exactly consistent with the AJCC criteria.

11

Research conclusions

12

The examination of higher numbers of LNs is associated with improved survival
after resection surgery for N0 GBC. As recommended in the guidelines, at least
six LNs should be examined for patients with N0 GBC.

13

Research perspectives

The results validated the new recommendation in the AJCC guidelines, which
can be applied widely in clinical practice.

14
15
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Informed consent statement: Capsule endoscopy was
performed on patients who declined to undergo gastroscopy and
all provided written informed consent for the capsule examination
which was performed in all cases as part of routine clinical
practice. The capsule examinations were not performed as part
of a clinical research trial. In these patients who refused to have
gastroscopy, the capsule endoscopy protocol was registered as a
service evaluation with the department of clinical effectiveness
unit (CEU number 7073, Sheffield Teaching Hospitals NHS
Foundation Trust) and the evaluation is presented in this paper.

Abstract
AIM
to test the feasibility and performance of a novel upper
gastrointestinal (GI) capsule endoscope using a nurse-led
protocol.

Conflict-of-interest statement: Professor McAlindon ME has
acted as a consultant for Medtronic Ltd. All remaining authors
have no conflict of interest to report.

METHODS
We conducted a prospective cohort analysis of pa
tients who declined gastroscopy (oesophagogastro
duodenoscopy, OGD) but who consented to upper GI
capsule endoscopy. Patients swallowed the upper GI

Data sharing statement: No additional data are available.
STROBE statement: The authors have read and prepared the
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capsule following ingestion of 1 liter of water (containing
simethicone). A series of positional changes were used to
exploit the effects of water flow and move the upper GI
capsule from one gravity-dependent area to another using
a nurse-led protocol. Capsule transit time, video reading
time, mucosal visualisation, pathology detection and pa
tient tolerance was evaluated.

the small bowel mucosa and is an accepted alternative
[1,2]
to colonoscopy . However, the short length of the
oesophagus, the volume of the stomach and the con
voluted shape of the gastroduodenum present challenges
to its role as a non-invasive upper gastrointestinal ex
amination technique: Transit can be rapid through a
[3]
straight lumen and visualisation may be limited to the
dependent part of the stomach.
The PillCam® ESO2 capsule (Given Imaging Ltd.,
Yoqneam, Israel) has cameras at both ends and is cap
able of high image acquisition rates (18 frames per sec
ond) to maximise oesophageal imaging and a 30-min bat
tery life. Meta-analyses have shown that it is an effective
tool to detect Barrett’s oesophagus, oesophageal varices
[4-6]
and oesophagitis . Three studies have also shown that
it can be used to identify patients with suspected upper
[7-9]
gastrointestinal bleeding who need gastroscopy . In a
[10]
comparative study in dyspeptic patients, Marelli et al
identified all major pathology detected by gastroscopy
using an ESO2. These examinations were performed
following a fast alone: better visualisation may be achi
eved after ingestion of simethicone and water to distend
[11-13]
the stomach
.
The upper gastrointestinal (UGI) capsule (Medtronic
Ltd, Dublin, Ireland) represents the most recent techno
logical advance in this field. Preserving dual-camera
image capture, each with a 174° field of view, the UGI
capsule captures as many as 35 frames per second for
10 min followed by 18 frames per second for a further 80
min. This study describes the first reported experience of
UGI capsule endoscopy using a simple, nurse-led protocol
comprising a sequence of patient positional changes
following the ingestion of water and simethicone.

RESULTS
Fifty patients were included in the study. The mean
capsule transit times in the oesophagus and stomach
were 28 s and 68 min respectively. Visualisation of the
following major anatomical landmarks was achieved
(graded 1-5: Poor to excellent): Oesophagus, 4.8 (±
0.5); gastro-oesophageal junction (GOJ), 4.8 (± 0.8);
cardia, 4.8 (± 0.8); fundus, 3.8 (± 1.2); body, 4.5 (± 1);
antrum, 4.5 (± 1); pylorus, 4.7 (± 0.8); duodenal bulb,
4.7 (± 0.7); second part of the duodenum (D2), 4.7 (± 1).
The upper GI capsule reached D2 in 64% of patients.
The mean video reading time was 48 min with standard
playback mode and 20 min using Quickview (p = 0.0001).
No pathology was missed using Quickview. Procedural
tolerance was excellent. No complications were seen with
the upper GI capsule.
CONCLUSION
The upper GI capsule achieved excellent views of the
upper GI tract. Future studies should compare the diag
nostic accuracy between upper GI capsule and OGD.
Key words: Capsule endoscopy; Upper gastrointestinal;
Gastroscopy; Oesophagus; Stomach
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The demand for diagnostic upper gastrointestinal
(GI) endoscopy is high. Capsule endoscopy is well tole
rated and is a first line small bowel investigative modality.
Capsule endoscopy of the upper GI tract has previously
been limited by technology and complexity of use. We
demonstrate the feasibility of a nurse-led protocol using
simple patient positional changes to move the novel upper
GI capsule around a water-filled stomach. This technique
provides excellent mucosal views in the oesophagus, sto
mach and (battery life allowing) duodenum and is well
tolerated. The upper GI capsule might be a potential noninvasive, patient-friendly, alternative for diagnostic upper
GI endoscopy.

MATERIALS AND METHODS
Study population

We performed a prospective observational study at
our tertiary hospital. Patients were offered UGI capsule
endoscopy if they refused gastroscopy. All indications
were considered. Those who had Crohn’s disease were
required to undergo a PillCam Patency capsule (Medtronic
Ltd.) examination first.

Simple positional interchange technique

The UGI capsule endoscopy system includes an external
portable data recorder. The recorder is connected to the
patient by an array of leads on the chest and abdominal
skin during the examination. This interface supports
data export from the capsule to the memory drive of
the data recorder. A small monitor in the recorder allows
real-time viewing. When the procedure is complete, the
data recorder is docked onto a workstation installed with
Rapid 9® software (Medtronic Ltd.) and video images are
exported for further analysis by the physician.
The simple positional interchange technique (SPIT)
was performed by nursing staff on the Clinical Investi
gation Unit, Royal Hallamshire Hospital. Patients first
drank one litre of water containing 80 mg simethicone.
Immediately before swallowing the UGI capsule, 20 mg

Ching HL, Healy A, Thurston V, Hale MF, Sidhu R, McAlindon
ME. Upper gastrointestinal tract capsule endoscopy using a nurseled protocol: first reported experience. World J Gastroenterol
2018; 24(26): 2893-2901 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i26/2893.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i26.2893
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Capsule endoscopy is the method of choice to image
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Table 1 Upper gastrointestinal mucosal visualisation grading
Grade

Description

1
2
3
4
5

Poor view. More than 75% obscured by debris/bubbles/poor image clarity/illumination
Sub-optimal view. More than or equal to 50% obscured by debris/bubbles/poor image clarity/illumination
Reasonable view. Less than 50% obscured by debris/bubbles/poor image clarity/illumination
Good view. Less than 25% obscured by debris/bubbles/poor image clarity/illumination
Excellent. 100% complete view of the landmark

Views of each major landmark were graded; oesophagus, gastro-oesophageal junction; gastric cardia, fundus, body (anterior, posterior wall, greater and
lesser curve), antrum, pylorus, and the first (D1) and second part of the duodenum (D2).

upright to assist passive capsule movement towards
the pylorus. If the capsule had not reached the first
part of the duodenum 60 min after ingestion then 10
mg of intramuscular metoclopramide was administered
[11]
as per our standard protocol . Patient tolerance in
the form of procedural pain, discomfort and distress
scores were recorded using previously validated visual
analogue scales (VAS. 0: No symptom; 10: Intolerable
[16,17]
symptom)
.

4
5
6 7

3
2

1

9

9

1

2

3
5

6

8

4

30°
head down

Video interpretation and analysis

Horizontal

7

8

UGI capsule videos were reported by one of two coauthors (Sidhu R and McAlindon ME), each with ex
perience of reading over 1000 small bowel capsule
endoscopy videos. Rapid 9® software (Medtronic Ltd.)
was used to review videos and has the capacity to
playback recordings up to 100 frames per second in an
accelerated reading mode. Analysis of videos included
grading of mucosal visualisation (table 1) using an
[18]
adapted protocol . Capsule transit time, video reading
time, completion of examination to the second part of
the duodenum (D2), pathology detection and procedural
complications were recorded. The service evaluation was
registered with the Clinical Effectiveness Unit (registration
number 7073), Sheffield Teaching Hospitals NHS
Foundation Trust (STH), United Kingdom.
SPSS V.22.0 (IBM) was used for statistical analysis.
Continuous data was represented as mean ± SD: The
student’s t-test or one-way analysis of variance (ANOVA)
was used for comparisons. Categorical data was repre
sented as an absolute number and/or percentage:
2
The χ test or Fisher’s exact probability test was used
for comparisons. p < 0.05 (two-sided) was considered
statistically significant.

30°
head up

Figure 1 Schematic of the simple positional interchange technique.
Coronal views are illustrated on the left and transverse views (with the cranial
end closest to the reader) on the right. Capsule movement is achieved by
exploiting the effects of water flow from one gravity dependent area to another
with patient positional change. Once the UGI capsule enters the stomach, the
examination bed is tilted 30° head down (depicted in blue) and patients lie
supine (position 1), on their left lateral (position 2) and then prone (position 3).
The bed is returned to the horizontal plane (depicted in green) and patients lie
on their left lateral (position 4), supine (position 5) and then right lateral (position
6). The bed is finally adjusted to 30° head up (depicted in grey) and patients lie
supine (position 7), on their left lateral (position 8) and then prone (position 9).
UGI: Upper gastrointestinal.

of hyoscine butylbromide was given intramuscularly to
[14]
reduce gastric peristalsis
and optimise gastric views.
Patients were asked to swallow the UGI capsule in the
right lateral position using an adaptation of the previously
[15]
described simplified ingestion procedure (SIP) . In
brief, this entailed swallowing small sips of water (appro
ximately 15mL) every 30 s until the UGI capsule entered
the stomach. If patients were unable to swallow the
capsule while lying in the horizontal plane, the head of
the bed was incrementally elevated until swallowing
was successful. If this failed, then patients swallowed
the capsule sitting upright. The real-time views detected
when the UGI capsule entered the stomach. Once the
capsule entered the stomach, patients were asked
to position themselves to face three planes (left/right
lateral decubitus and supine/prone) at three angles (30°
head down/up and horizontal) for 2 min per position
(figure 1). Additional positional changes and sips
of water were used to improve views of the gastric
mucosa as necessary. When complete gastric mucosal
assessment was achieved patients were asked to sit

WJG|www.wjgnet.com

RESULTS
Patient demographics

Fifty patients (40% male) with a mean age of 57 (± 15.7)
years were included in the study protocol. Indications for
investigation included dyspepsia (32%), iron deficiency
anemia (14%), variceal screening (42%), suspected
upper GI Crohn’s disease (4%) and assessment of oe
sophageal ulcer healing (8%).

Performance characteristics

SPIT was achieved in 90% of patients: Five had difficulty
lying prone. Complete examination to D2 was achieved
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Figure 2 Normal views of the upper gastrointestinal tract seen with the upper gastrointestinal capsule. A: Gastroesophageal junction; B: Cardia; C: Fundus; D:
Greater curvature; E: Lesser curvature; F: Incisura angularis; G: Antrum; H: Pylorus; I: First part of duodenum (retrograde view); J: Second part of duodenum (ampulla
also seen).

follows: Oesophagus, 4.8 (± 0.5); gastro-oesophageal
junction (GOJ), 4.8 (± 0.8); cardia, 4.8 (± 0.8); fundus,
3.8 (± 1.2); body, 4.5 (± 1); antrum, 4.5 (± 1); pylorus,
4.7 (± 0.8); duodenal bulb (D1), 4.7 (± 0.7); D2, 4.7
(± 1) (figure 2). Withdrawal of hyoscine administration
did not affect any visualisation scores. The visualisation
grade at the fundus was significantly lower when com
pared to all other areas of the upper GI tract (p < 0.05
for comparisons to the oesophagus, GOJ, cardia, body,
D1 and D2) (figure 3). The whole circumference of the
Z-line was seen in 92.5% of cases. Inability to achieve
prone positions during SPIT did not render lower overall
gastric visualisation compared to complete SPIT; com
bined mean scores of cardia, fundus, body, antrum
and pylorus visualisation were 4 (± 1) vs 4.2 (± 1.4),
respectively (p = 0.38). Detected pathology included:
oesophagitis (n = 12), Barrett’s oesophagus (n = 1),
hiatus hernias (n = 7), Cameron’s ulcer (n = 1), gastric
inlet patch (n = 1), oesophageal varices (n = 8), gastric
varices (n = 2), portal hypertensive gastropathy (n =
5), gastritis (n = 20), benign gastric polyps (n = 10),
gastric ulcers (n = 2), duodenitis (n = 4), duodenal
polyp (n = 1), villous atrophy (n = 1) and angioectasia
(n = 7) (figure 4). No pathology was missed using

in 64%. The mean (± SD) time of capsule transit in the
oesophagus, stomach and duodenum was 28 (± 95) s,
68 (± 25) min and 11 (± 15) min respectively. Routine
administration of hyoscine was abandoned after the first
33 patients because of concern that it might be delaying
capsule entry into the duodenum. Analysis, however,
failed to demonstrate any delaying effect of the drug
on gastric transit: The mean gastric transit time with
hyoscine butylbromide was 69 (± 25) min and 66 (± 26)
min without (p = 0.67).

Mucosal visualisation and pathology detection

The mean reading time for capsule videos was 48
(± 18) min with standard mode. All 50 studies were
subsequently de-identified and re-read by one reader
(MEM) in a randomised, blinded fashion using the Quick
view (Medtronic Ltd.) option in the pre-set mode (the
software selecting 10% of the most relevant lesions
for viewing by the reader) to examine the stomach
(oesophagus and duodenum being read in standard
mode with frame rate selected by the reader according
to his usual practice): Reading time was significantly
reduced to 20 (± 5) min (p = 0.0001).
Visualisation of the upper GI tract was graded as
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Figure 3 Suboptimal views in the fundus. A: Mucus; B: Bubbles; C: Insufficient distension.
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Figure 4 Pathology detected by upper gastrointestinal capsule. A: Erosive esophagitis; B: Oesophageal varices; C: Barrett’s oesophagus; D: Gastric ulcer; E:
Gastric angioectasia; F: Portal hypertensive gastropathy; G: Benign cystic fundic gland polyps; H: Coeliac disease.

time frame and pathology was identified throughout.
The procedure was extremely well tolerated and no
complications occurred.
Gastroscopy is performed in 1% of the United
[19]
Kingdom population per annum . In the United States,
an increase in 50% of gastroscopy utilisation was esti
mated within the space of a decade between 2000 and
[20]
2010 . However, gastroscopy is an uncomfortable
[16,21,22]
procedure
and the majority of findings do not
[23]
significantly affect management . This would suggest
a role for a well-tolerated, non-invasive alternative that
could select the minority of patients who need upper
gastrointestinal biopsies or endoscopic therapy. Unlike
the small and large bowel, which are long, relatively
straight with constant lumina, the upper gastrointestinal
tract comprises three quite different structures: the short,
tubular, small diameter oesophagus and duodenum and
the voluminous stomach, the gastroduodenum being
convoluted in shape. Technologies to date have tried to
address these challenges by developing capsules with
cameras at both ends, maximising image capture rate
and battery life and controlling capsule movement.

the Quickview reading software in the stomach when
compared to standard mode.

Patient tolerance and safety

Mean procedural pain, discomfort and distress scores
were: 0.4 (± 1), 0.4 (± 1) and 0.3 (± 0.9) respectively.
No complications were seen. All patients were willing to
undergo a repeat procedure if it was necessary.

DISCUSSION
UGI capsule endoscopy achieved oesophagogastric
examination in all patients, although limited battery life
precluded duodenal examination in a third. All studies
using swallowed water for gastric distension, simethicone
and the SPIT were performed by nursing staff according
to protocol. Patients were able to comply with the SPIT
in 90% of cases although difficulties with lying prone in
the remainder did not affect outcome. SPIT provided
excellent views of all areas of the oesophagus and
stomach, both D1 and D2 were visualised clearly when
the capsule traversed the pylorus within the 90-minute
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and antrum in the supine patient. We have used the
prone position to achieve the same capsule position and
viewpoints. The combination of patient positional changes
in Rahman’s study achieved good to excellent views
of all areas of the upper gastrointestinal tract. These
previous studies were performed using single ended
camera capsules: it is likely that greater coverage is
obtained using a double-ended capsule providing a view
of almost 360°. Studies comparing diagnostic yield of the
two modalities are warranted. Five patients were unable
to achieve the prone position but otherwise completed
SPIT without obvious impact on landmark visualisation.
Nonetheless, SPIT may not be feasible for all those with
mobility restrictions.
Capsule reading was time consuming at 48 min and
most of the viewing is repetitive gastric imaging making
reading a tedious task. However, image recognition
software continues to be developed which can exclude
sequentially identical images, or select images which are
different or identified as pathological, thereby reducing
the size of the video to be viewed. The Quickview sys
tem is such a software and in its previous iteration in
the Pillcam® SB2 (Given Imaging Ltd.) was shown to
have a sensitivity of 92.3% in detecting small bowel
[36]
pathology . Perhaps such software may prove more
useful in the large volume stomach in which the capsule
images the same areas repeatedly, compared to the
small bowel in which transit distally is more constant and
subject to less repetitive imaging of the same region. No
pathology was missed when Quickview was used to view
the stomach. In this study, videos were re-read with
Quickview in a randomised order and anonymised. Even
so, they were re-read by MEM, one of the co-authors
involved in the initial video interpretation using standard
mode. Unbiased Quickview video interpretation by an
independent reader, blinded to the findings at standard
reading would provide more reliable comparison. Future
larger comparative studies are needed to confirm the
value Quickview in UGI capsule endoscopy.
The UGI capsule visualised the fundus less well. This
is consistent with other studies using capsule endoscopy,
even with external actuation techniques such as magnetic
[18,30]
steering
. During gastroscopy, gas insufflation is used
to inspect the proximal stomach, which is collapsed in the
fasted state. While varying amounts of water have been
used to distend the stomach during upper GI capsule
[10,11]
endoscopy
, we have previously shown that 1000
ml improves mucosal clarity and distension compared to
[11]
200 ml . Some UGI videos were obscured by adherent
mucus in the proximal stomach. The use of mucolytics
such as N-acetylcysteine or pronase has been shown
to be of benefit in improving mucosal visibility during
[37-39]
gastroscopy
, although this did not translate to the
[40]
only capsule endoscopy study to date . Routine use of
hyoscine has been advocated to improve visualisation in
[14]
OGD . This did not appear to make a difference in our
experience, although as with water- and gas- distension
techniques and mucolytics, the potential benefits of these

Although there is no equivalent data for the oesophagus,
there is evidence that a double-ended pill camera is
better than a single-ended one in terms of diagnostic
[24,25]
yield in the small bowel
. Intuitively it seems likely
that a single-ended capsule leading with the blind end
is less likely to get complete views of the GOJ than one
with cameras at both ends. Similarly, our experience is
that a single ended device may miss proximal lesions in
[26]
the duodenal bulb if transit through the bulb is rapid .
The Pillcam® ESO, capturing a total of fourteen frames
[27]
(seven from each end) per second was superseded by
[28]
the ESO2 , capturing a total of 18 frames per second.
The 35 frames per second delivered by the UGI capsule
would deliver almost 1000 oesophageal images in the
average transit time of 28 s shown in our evaluation.
This improvement is likely to have resulted in better
oesophageal views: The entire GOJ was seen in only
[3]
50% of ESO2 studies compared to 92.5% in this series.
Whether or not this translates to better diagnostic yield in
the oesophagus and the rest of the upper gastrointestinal
tract needs to be confirmed.
We, and others, have demonstrated some degree
[11,29,30]
of control with an external handheld magnet
,
which has shown promise in comparison with conven
[26,31]
[32]
tional gastroscopy
. Rey et al
visualised between
85%-93% of gastric landmarks in a controlled trial
comparing gastroscopy with capsule endoscopy con
trolled using a large fixed external magnet developed
by Olympus and Siemens. Both modalities identified
58% of pathologies and both missed lesions identified
by the other. A similar system was found to have a sensi
tivity of only 62% in comparison to gastroscopy but
[33]
only 21 of 189 patients recruited had focal pathology .
[12]
More recently, Liao et al
demonstrated that capsule
endoscopy controlled by a robot magnet achieved 90%
sensitivity (irrespective of size and location) in detecting
focal lesions compared to gastroscopy in a large 350
patient multicenter study in Chinese patients with dys
pepsia. Such techniques, however, require expertise
and cost-effectiveness studies are needed. Therefore,
the prospect of a simple, nurse-led, protocol driven UGI
examination is attractive: cost and expertise required is
mainly limited to the capsule and the interpretation of
the videos.
The SPIT protocol is easy to follow in clinical practice.
The patient is asked to rotate along their longitudinal
axis almost 360° from the right lateral to prone position,
a series of manoeuvres which are performed 30° head
down, horizontal and 30° head up. This aims to achieve
complete gastric imaging as was reported for capsule
[34]
endoscopy using handheld external
and static robot
[35]
[35]
magnets . Qian et al
demonstrated the benefits
of the left lateral, supine and right lateral positions for
imaging the fundus, cardia and antropyloric regions
[34]
respectively. Rahman et al found that visualising inci
sura, antrum and pylorus was best achieved by using
the handheld magnet to position the capsule opposite
the gravity-dependent positions on the greater curve
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agents should be investigated further.
A 64% complete examination to D2 was disap
[41]
pointing. Hyoscine may delay gastric emptying , but
although this was not a study powered to investigate
its effects, hyoscine did not appear to have an obvious
effect on gastric transit in this small cohort. Meltzer et
[42]
al
found that only one half of their ESO2 (30 min)
examinations reached the duodenum. Using a modified
version of the ESO2 (with a 90-min battery life) and
pre-procedural intravenous erythromycin, Gralnek et
[7]
al achieved duodenal entry of the capsule in 97.8%
of cases. Therefore the use of promotility agents might
be considered, unless rendered redundant by further
improvements in battery life.
The development of transnasal and single-fibre
endoscopy as well as Cytosponge acknowledges the
need for less-invasive technologies for upper gastro
[43]
intestinal screening and surveillance . In this feasibility
study, anxiety, discomfort and pain scores associated
with the UGI capsule and SPIT were excellent, consi
stent with previous studies of capsule endoscopy of the
[44,45]
[16]
[46]
oesophagus
, small bowel
and colon . Further
[47]
more, Gupta et al found that adult subjects expressed
a preference for capsule endoscopy compared to sedated
endoscopy for Barrett’s oesophagus screening, raising
the possibility that compliance with investigation might
be better if less-invasive techniques are offered.
There are limitations to this study and with the tech
nologies. This is an observational cohort study that sug
gests that UGI capsule endoscopy is feasible, and when
technological development allows more reliable duodenal
imaging, randomised controlled trials of diagnostic yield
compared to gastroscopy are needed. Cost effectiveness
studies should consider the costs of the supporting sys
tems and their maintenance (endoscopes, stack systems,
monitors, computer software), disinfection, accessories
and disposables (which includes the capsule), training
requirements and the time taken to perform procedures
(including interpreting images). Capsule endoscopy at
present remains only diagnostic. The technology to biop
sy lesions has been reported but remains in the exper
[48]
imental phase . However, whilst most endoscopists
have a low threshold for taking biopsies, the use of
non-invasive tests for Helicobacter pylori might reduce
this and our experience of investigating patients with
dyspepsia is that biopsies only increased diagnostic yield
[23]
by 2.4% .
Within the context of the limitations, this study shows
that upper GI capsule endoscopy can be performed by
nurses in a protocol-driven manner using the novel UGI
capsule (Medtronic Ltd.). The SPIT, combined with gastric
insufflation using water and simethicone appears to allow
excellent visualisation of the whole stomach, albeit with
slightly reduced visibility in the fundus. The oesophagus
and gastro-oesophageal junction are well seen although
further work is needed to allow more reliable visualisation
of the duodenum. The procedure is extremely well tole
rated by patients.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Upper gastrointestinal (UGI) endoscopy (gastroscopy) is the method of choice
to investigate dyspepsia, but is an uncomfortable test which carries the risk of
intubation and sedation. Dyspepsia is a common symptom of which potential
malignant lesions are an uncommon cause. Therefore a non-invasive alternative
which might appropriately select those patients who require gastroscopy in
order to obtain biopsy samples for histological analysis or for endotherapy is
desirable. Capsule endoscopy is well tolerated and is a first line small bowel
imaging tool, but lack of control of capsule movement limits visualisation to the
dependent parts of the stomach only. Control can be achieved using external
magnets, but this requires operator skill and magnetic devices which may be
expensive. A simpler method would be to use swallowed water as a medium in
which to move the capsule in the flow of water to different dependent parts of
the stomach using patient positional change.

Research motivation

Several techniques using magnets to control capsule movement have been
developed, but movement in water flow induced by patient positional change
might offer an effective, simpler and less expensive alternative which has not
been studied. An assessment of the areas of the upper gastrointestinal tract a
capsule endoscope is capable of visualising is necessary in order to determine
if such a technique might be feasible. Were this to be so, comparative trials with
gastroscopy in identifying pathology would be warranted.

Research objectives

Our aims were to determine the visualisation quality of different upper
gastrointestinal landmarks using a capsule endoscope moved around a waterfilled stomach using a novel patient positional change technique, to assess
procedural completion and patient tolerance of the procedure and time taken to
read and report the videos.

Research methods

This was an observational study of a cohort of patients undergoing capsule
endoscopy because they declined to undergo gastroscopy. Visualisation quality
of different landmarks (oesophagus, gastro-oesophageal junction, cardia,
fundus, body, antrum, pylorus, duodenal bulb and second part of duodenum)
was scored (1-5: Poor-excellent) as was patient tolerance in terms of pain,
discomfort and distress (0-10: No - intolerable). Video reading times in both
standard and Quickview mode were compared.

Research results

Complete oesophagogastric examination was achieved with excellent views
in all 50 patients. However, the battery-life for the UGI capsule expired before
reaching D2 in 36%. Future adaptations are necessary to either promote earlier
exiting of the capsule from the stomach into the duodenum (by positional
change or prokinetics) or extend battery life. Reading time was lengthy, at 48
min. Using Quickview reduced this to 20 min and no pathology was missed.
Further blinded comparative trials are needed to determine the reliability of
Quickview in this setting. For patients, the procedure was extremely well
tolerated and no complications were seen with the UGI capsule in this study.

Research conclusions

Our study demonstrates the feasibility of achieving excellent views of the
oesophagus, stomach and duodenum (when seen) using a novel nurseled protocol to move the upper gastrointestinal (GI) capsule through a series
of patient positional changes. Future randomised control trials assessing
diagnostic yield against gastroscopy will be needed to demonstrate reliability.
However, the results we report suggest that this protocol may be a welltolerated and less invasive alternative means to examining the upper GI tract
endoscopically.

Research perspectives

These findings suggest that UGI capsule endoscopy is feasible, allows
visualisation of all oesophagogastric landmarks and is extremely well
tolerated by patients. Technological improvement, for example in battery life,
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is likely to ensure more reliable imaging of the duodenum. If so, the simple
positional interchange technique using the UGI capsule should be compared
to gastroscopy in terms of diagnostic yield. Further studies to improve video
reading time are needed.
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Abstract
AIM
To summarize and critically examine the role of band
ligation in secondary prophylaxis of variceal bleeding in
patients with cirrhosis.
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METHODS
A literature review was performed using the MEDLINE
and PubMed databases. The search terms consisted of
the words “endoscopic band ligation” OR “variceal band
ligation” OR “ligation” AND “secondary prophylaxis” OR
“secondary prevention” AND “variceal bleeding” OR
“variceal hemorrhage” AND “liver cirrhosis”. The data col
lected from relevant meta-analyses and from the most
recent randomized studies that were not included in
these meta-analyses were used to evaluate the role of
endoscopic band ligation in an effort to demonstrate the
most recent advances in the treatment of esophageal
varices.
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RESULTS
This study included 11 meta-analyses published from
2002 to 2017 and 10 randomized trials published from
2010 to 2017 that evaluated the efficacy of band ligation
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in the secondary prophylaxis of variceal bleeding. Overall,
the results proved that band ligation was superior to
endoscopic sclerotherapy. Moreover, the use of β-blockers
in combination with band ligation increased the treatment
effectiveness, supporting the current recommendations
for secondary prophylaxis of variceal bleeding. The use of
transjugular intrahepatic portosystemic shunt was superior
to combination therapy regarding rebleeding prophylaxis,
with no difference in the survival rates; however, the
results concerning the hepatic encephalopathy incidence
were conflicting. Recent advances in the management
of secondary prophylaxis of variceal bleeding have tar
geted a decrease in portal pressure based on the patho
physiological mechanisms of portal hypertension.

Variceal bleeding is considered one of the most severe
complications of portal hypertension and constitutes a
life-threatening condition for the cirrhosis patient. Patients
surviving this first attack have an increased risk for
rebleeding, especially during the first 6 weeks following
the initial event. Overall, a second episode of variceal
bleeding occurs in approximately 60% of this group of
[3,4]
patients within 2 years . The most common risk factors
[2,5,6]
for variceal bleeding are the sizes of the varices
, the
[2]
severity of the liver disease and the presence of red
[2,7]
color signs on the variceal wall . Patients with small
varices have a low bleeding risk (approximately 5%
per year), whereas patients with large varices have a
[1,8,9]
higher bleeding rate of approximately 15% per year
.
The 1-year bleeding probability in Child-Pugh class A
cirrhosis patients with large varices and red signs is
24% compared with a 20% probability for Child-Pugh C
patients with small varices and no red signs, indicating
that variceal size constitutes the most useful predictor
[2,6]
for variceal bleeding . The aforementioned predictive
factors have been combined in the North Italian Endo
scopic Club index to classify patients according to the risk
[2]
of a first variceal bleeding episode . Variceal bleeding
is associated with an increased hepatic venous pressure
gradient (HVPG) (exceeding the threshold value of 12
mmHg). In contrast, a HVPG beneath 12 mmHg or a
decrease in the HVPG gradient of more than 20% from
the baseline level is related to a considerable reduction in
the risk of variceal hemorrhage.
Patients who survive a first bleeding episode have
[8]
a high risk of recurrence . Therefore, these patients
[10,11]
should receive appropriate treatment
. The primary
aim of secondary prophylaxis is the prevention of further
episodes of variceal hemorrhage and a reduction of
associated mortality in cirrhosis patients. Available man
agement options for secondary prophylaxis of variceal
bleeding include pharmacotherapy, endoscopic treat
ment, transjugular intrahepatic portosystemic shunt
[8,12]
(TIPS) and surgical shunting
. According to the Baveno
Ⅵ guidelines and the practice guidance of the American
Association for the Study of Liver Diseases (AASLD), the
combination of non-selective β-blockers (propranolol or
nadolol) and endoscopic band ligation constitutes the
preferred treatment option for secondary prophylaxis in
[10,11]
patients with liver cirrhosis
. Endoscopic band ligation
should not be used alone unless the patient cannot
tolerate β-blockers or there is a contraindication for non[10]
selective β-blocker administration . Patients who have
not responded to the combination therapy should under
[10]
go covered TIPS insertion .
Systematic reviews and meta-analyses comparing
these interventions have highlighted the differences in
efficacy between the different modalities. The primary
objective of this study is to summarize and critically re
view the existing data with a focus on the most updated
randomized trials of the role of endoscopic band ligation
in the secondary prophylaxis of variceal bleeding in liver
cirrhosis patients.

CONCLUSION
This review suggests that future research should be con
ducted to enhance current interventions and/or to devel
op innovative treatment options with improved clinical
endpoints.
Key words: Band ligation; Variceal bleeding; Rebleeding;
Liver cirrhosis; Endoscopic therapy; Variceal eradication;
Secondary prophylaxis; Esophageal varices
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Variceal bleeding is a life-threatening compli
cation of liver cirrhosis. The current guidelines recommend
the use of band ligation together with β-blockers in the
setting of secondary prophylaxis for variceal bleeding in
patients with cirrhosis. This review summarizes data from
meta-analyses and randomized trials to demonstrate
the most recent advances in the management of vari
ceal rebleeding. The current evidence suggests that
the efficacy of band ligation is increased by adding
β-blockers in accordance with the current guidelines. How
ever, combination therapy does not procure a survival
advantage. Innovative interventions and more effective
novel strategies aiming to improve clinical outcomes
should be developed.
Aggeletopoulou I, Konstantakis C, Manolakopoulos S, Triantos
C. Role of band ligation for secondary prophylaxis of variceal
bleeding. World J Gastroenterol 2018; 24(26): 2902-2914
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i26/2902.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i26.2902

INTRODUCTION
Approximately half of liver cirrhosis patients have
[1]
developed gastroesophageal varices at diagnosis . In
the absence of proper treatment, approximately 30%
of patients with varices will suffer a bleeding episode
[2]
within the first 2 years following the cirrhosis diagnosis .
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showed no significant difference between band ligation
and β-blockers with regard to all-cause mortality,
bleeding-related mortality and the occurrence of adverse
[18]
events . However, a significant decrease in variceal
bleeding was noted in patients who underwent band
ligation compared to patients administered β-blockers
that was attenuated when the analysis included only
studies with adequate randomization and allocation
[18]
[19]
concealment . Thiele et al assessed the effectiveness
of band ligation with medical therapy compared with
monotherapy (band ligation or medical therapy) and
suggested that the combination treatment decreased
the risk of rebleeding but did not influence the mortality
rate compared with monotherapy. However, patients
treated with combination therapy exhibited an increased
trend towards the development of serious adverse
[19]
events . A subgroup analysis was performed in 2
meta-analyses to examine the efficacy of band ligation
compared to band ligation plus pharmacotherapy; both
meta-analyses agreed that combination therapy de
[14,15]
creased the overall and variceal rebleeding rates
.
[21]
Similar results reported by Ko et al indicated that the
combination therapy (β-blockers plus band ligation)
was superior to pharmacotherapy alone for reduction
of variceal rebleeding but not for overall rebleeding and
mortality, which exhibited no differences between the
[21]
two groups . Lastly, another meta-analysis compared
band ligation plus β-blockers to monotherapy (band
ligation or β-blockers) after stratifying the patients ac
cording to their cirrhosis severity (Child-Pugh A vs B/C
[23]
classes) . The outcomes showed that the combination
therapy was more effective in preventing rebleeding in
the compensated patients but had no influence on the
[23]
mortality rates . In the decompensated patients, band
ligation alone demonstrated an increased risk of reble
[23]
eding and mortality compared to combination therapy .
Nonsurgical therapeutic endoscopic approaches (endo
scopic sclerotherapy and band ligation) for the control
and prevention of bleeding episodes were compared
[20]
[22]
[16]
by Dai et al , Karsan et al and Singh et al . Lower
rebleeding, adverse event and mortality rates and higher
[20]
variceal eradication were reported by Dai et al
in
patients treated with band ligation compared to sclero
therapy, suggesting that endoscopic ligation should be
the first-choice therapy. Furthermore, comparison of
the combination of band ligation plus sclerotherapy with
ligation alone failed to demonstrate significant differences
in rebleeding prevention and mortality, and the former
approach was associated with higher complication
[16,22]
rates
. In contrast, a meta-analysis that evaluated the
effectiveness of 12 prophylactic modalities for secondary
prevention of variceal bleeding using multiple treatments
indicated that band ligation combined with sclerotherapy
[24]
could be used as a first-choice therapy . Lastly, com
parison of the efficacy of endoscopic procedures to that
of pharmacotherapy showed that both methods were
equally effective in terms of rebleeding prevention and
[25]
all-cause mortality . However, the combination of these
methods was superior compared to endoscopic therapy

MATERIALS AND METHODS
Search strategy

We conducted a review of the literature using the
MEDLINE and PubMed databases. Data regarding the
role of band ligation in secondary prophylaxis of variceal
bleeding in liver cirrhosis patients were extracted from
the relevant full articles. The search terms consisted of
the words “endoscopic band ligation” OR “variceal band
ligation” OR “ligation” AND “secondary prophylaxis” OR
“secondary prevention” AND “variceal bleeding” OR
“variceal hemorrhage” AND “liver cirrhosis”.
Two reviewers (Aggeletopoulou I and Konstantakis
C) independently reviewed all the titles and abstracts
retrieved from the search after applying the inclusion
criteria. A third reviewer (Triantos C) made the final
decision in cases of disagreement. All manuscripts that
compared endoscopic band ligation intervention vs
other interventions were evaluated. Data collected from
relevant meta-analyses and the most recent randomized
studies not included in these meta-analyses were used
to evaluate the role of endoscopic band ligation in an
effort to demonstrate the most recent advances in the
treatment of esophageal varices. All disagreements were
resolved after full discussions within the research group.

Inclusion criteria

The inclusion criteria were as follows: (1) Full articles;
(2) meta-analyses or systematic reviews comparing
endoscopic band ligation vs other interventions (mono
therapy or combination); (3) most recent randomized
studies comparing endoscopic band ligation vs other
interventions (monotherapy or combination) that were
not included in the existing meta-analyses; (4) patients
with liver cirrhosis; (5) studies containing the information
of interest as subgroup analyses were included; and (6)
Criteria 1 and 2 were applied in the setting of secondary
prevention.

RESULTS
Meta-analyses

The meta-analyses that compared the effectiveness
of endoscopic band ligation to that of other treatment
options are presented in Table 1. Overall, 11 metaanalyses evaluated the efficacy of band ligation from
[13-23]
[17]
2002 to 2017
. Cheung et al
compared the effi
cacy of band ligation, pharmacotherapy [β-blockers
alone or with isosorbide mononitrate (ISMN)] and their
combination for the secondary prevention of variceal
bleeding. The authors found no difference in the mortality
and complication rates between the different treatment
options and concluded that all treatment modalities were
[17]
equally efficient for the prevention of rebleeding . Similar
[13]
results were found by Ding et al , who demonstrated no
difference in rebleeding, mortality and complication rates
between the band ligation and the β-blockers plus ISMN
groups. Band ligation was compared with β-blockers
plus ISMN in one additional meta-analysis; the results
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Table 1 Results from meta-analyses comparing band ligation with other interventions in terms of all-cause related rebleeding,
variceal rebleeding, all-cause related mortality, bleeding related mortality and complication rates
Study
Publication Country
(reference)
year

Method

All-cause
Number Number
related
of
of
studies patients rebleeding RR
2
or OR/CI/I

Singh
et al[16]

2002

United
States

EBL vs EST +
EBL

7

453

NR

Karsan
et al[22]

2005

United
States

EBL vs EST +
EBL

8

520

NR

1

Gonzalez
et al[15]

2008

Spain

2

4

404

Cheung
et al[17]

2009

Canada

Combination
therapy vs
EBL
EBL vs PT

6

698

EBL+PT vs
EBL

4

404

EBL+PT vs
PT

2

279

0.62/
0.44-0.87/
40%
0.96/
0.73-1.30/
62%
0.57/
0.31-1.08/
60%
0.76/
0.56-1.03/
0
0.94/
0.64-1.38
71.50%
3.16/
1.76-5.34/
0
0.95/
0.65-1.40/
NR
0.68/
0.54-0.85/
1%
0.78/
0.58-1.04/
NR
0.68/
0.57-0.81/
9.00%
0.36/
0.21-0.59/
NR
1.0/
0.68-1.47/
NR

Ding
et al[13]

2009

China

β-blockers +
ISMN vs EBL

4

476

1

Funakoshi
et al[14]

2010

France

EBL vs EBL +
β-blockers

3

252

Li
et al[18]

2011

6

687

Thiele
et al[19]

2012

EBL vs
β-blockers +
ISMN
Denmark 3EBL+PT vs
monotherapy

9

955

Ko
et al[21]

2012

South
Korea

4

409

Dai
et al[20]

2015

China

14

1236

Albillos
et al[23]

2017

Spain

4

416

3

389

China

EBL +
β-blockers vs
β-blockers
EBL vs EST

EBL +
β-blockers vs
EBL
EBL +
β-blockers vs
β-blockers

Variceal
rebleeding
RR or OR/CI
2
/I

All-cause
related
mortality
RR or OR/CI
2
/I

1.12/
0.69-1.81/
NR
1.05/
0.67-1.64/
NS
NR

NR

NR/
NR/
79%
0.38/
0.19-0.76/
0
0.58/
0.40-0.85/
0
NR

NR

0.89/
0.53-1.49/
NR
0.67/
0.54-0.84/0
0.60/
0.41-0.88/
NR
NR

0.52/
0.25-1.11/
NR
0.81/
0.53-1.23/
NR

0.99/
0.68-1.44/
NS
0.79/
0.44-1.43/
54%
1.20/
0.92-1.57/
0
0.90/
0.41-1.98/
45%
0.94/
0.54-1.63/
31%
0.81/
0.61-1.08/
0
1.78/
0.92-3.43/
0
1.25/
1.01-1.55/
NR
0.89/
0.65-1.21/
0
1.21/
0.88-1.65/
NR
0.95/
0.77-1.17/
32.80%
0.50/
0.28-0.89/
NR
1.19/
0.76-1.87/
NR

Complications
Bleeding
RR or OR/CI/
related
I2
mortality
RR or OR/CI/

I2

1.1/
0.70-1.74/
NR
NR

0.37/
0.21-0.62/
NR
NR

NR

NR

NR

0.90/
0.70-1.15/
0
3.4/
1.4-8.2/
74%
NR

0.76/
0.31-1.42/
38.90%
NR

1.26/
0.93-1.70/
42.70%
NR

1.16/
0.68-1.97/
NR
0.52/
0.27-0.99/
NR

NR

NR

NR

1.42/
0.94-2.13/
69%

0.28/
0.13-0.58/
86.50%
NR

1

These results represent a subgroup analysis of the examined meta-analysis; 2The term combination therapy includes endoscopic therapy combined with
injection sclerotherapy or band ligation combined with drug therapy (β-blockers); 3The term monotherapy includes endoscopic band ligation alone or
medical therapy alone (β-blockers alone or combined with ISMN). RR: Risk ratio; OR: Odds ratio; CI: Confidence interval; I2: Study heterogeneity; EBL:
Endoscopic band ligation; EST: Endoscopic sclerotherapy; NR: Not reported; NS: Nonsignificant; PT: Pharmacotherapy; ISMN: Isosorbide mononitrate.

[25]

alone

.

patients are summarized in Table 3.
Three trials compared the efficacy of band ligation vs
[26-28]
endoscopic sclerotherapy
, 3 trials compared band
[29-31]
ligation vs pharmacotherapy
, 2 trials compared band
[32,33]
ligation vs TIPS
, one trial compared band ligation vs
[34]
cyanoacrylate injection
and one trial compared band
ligation combined with sclerotherapy vs band ligation
[35]
combined with microwave coagulation . The results of
these studies in terms of variceal obliteration, rebleeding
and variceal recurrence are summarized in Table 4, and

Randomized trials

The most recent randomized studies evaluating the
role of band ligation in secondary prophylaxis (vs other
interventions) that were not included in the existing
meta-analyses were reviewed. Ten trials on secondary
variceal bleeding prophylaxis in 770 patients with liver
cirrhosis from 2010 to 2017 were included in this study
(Table 2). The characteristics and clinical profiles of the
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significant difference between the two methods in terms
of mortality, variceal obliteration and the adverse event
rates but reported that patients treated with cyanoa
crylate injection presented with more minor compli
cations, earlier variceal recurrence and more bleeding
[34]
episodes than the ligation group .

Table 2 Characteristics of the included randomized trials
Study (reference)
Monici et al[35]
Luz et al[26]
Santos et al[34]
Lo et al[31]
Stanley et al[30]
Chen et al[28]
Holster et al[32]
Mansour et al[27]
Lv et al[33]
Hanif et al[29]

Publication
year

Country

Number of
subjects

2010
2011
2011
2013
2014
2016
2016
2017
2017
2017

Brazil
Brazil
Brazil
Taiwan
United Kingdom
China
Netherlands
Egypt
China
Pakistan

70
83
38
118
64
96
72
120
49
60

Band ligation plus sclerotherapy vs band ligation
plus microwave coagulation: One study evaluated
the rate of variceal recurrence in patients who received
band ligation combined with either sequential microwave
coagulation or endoscopic sclerotherapy in a cohort of
[35]
Child-Pugh A and B patients . The results showed that
although the application of thermal therapy after ligation
was safe and effective, no difference was found between
the two methods in terms of variceal eradication, compli
[35]
cations and variceal recurrence .

the results regarding mortality are summarized in Table 5.
Band ligation vs endoscopic sclerotherapy: Three
studies evaluated the efficacy of band ligation vs endo
[26]
[27,28]
scopic sclerotherapy alone or in combination
. The
comparison of band ligation vs endoscopic sclerotherapy
showed no differences in bleeding control or in the
[26]
early re-bleeding, complication and mortality rates .
Conflicting results emerged when band ligation was com
[27,28]
pared to sclerotherapy and band ligation
. Mansour
[27]
et al
reported that sclerotherapy and band ligation
were superior to band ligation for variceal obliteration,
[28]
whereas Chen et al
showed that band ligation alone
was more effective than the combination of ligation and
sclerotherapy in terms of rebleeding. However, both
studies demonstrated no differences in the adverse event
[27,28]
rate and survival
.

DISCUSSION
The aim of this review was to evaluate the effectiveness
of endoscopic band ligation for secondary prophylaxis of
esophageal variceal bleeding in liver cirrhosis patients.
In this study, we incorporated data from meta-analyses
that evaluated the efficacy of band ligation in comparison
to (or in combination with) other interventions as well
as the most recent data from randomized clinical trials
that were not included in the aforementioned metaanalyses. We collected these data with the intention of
identifying conflicting results from previous studies and
obtaining precise estimates of treatment outcomes in
terms of secondary prevention of variceal hemorrhage.
Overall, current data favor the use of band ligation over
endoscopic sclerotherapy. In addition, use of β-blockers
combined with band ligation increases the treatment
efficacy due to the reduced risk of rebleeding from the
upper gastrointestinal system and esophageal varices.
These findings are in agreement with the current clinical
practice recommendations for secondary prophylaxis of
variceal bleeding. Despite its proven benefits, the effect
of combination therapy on survival remains uncertain.
Therefore, further high-quality (and volume) studies and
the development of novel treatment options are required.
Esophageal variceal bleeding constitutes a lifethreatening complication of portal hypertension with a
mortality rate of 12%-16% (depending on the analyzed
cohort) and a high incidence of early rebleeding within
[36]
the first 6 wk of the initial bleeding episode . Endo
scopic band ligation is a proven therapeutic option
for achieving both initial hemostasis and preventing
further bleeding episodes. The aim of band ligation is
to eradicate varices through their “constriction’’ with
rubber rings that are placed using a device attached to
[37]
the endoscope tip called a “multiband ligator” . The
varices are sucked into the cap of the multiband ligator
and then ligated through the release of a rubber band,
which is responsible for the interruption of blood flow into
[37]
the ligated varix . Application of the bands initiates at

[30]

Band ligation vs pharmacotherapy: Stanley et al
assessed the efficacy of band ligation vs carvedilol and
found no difference in the prevention of rebleeding.
However, a trend towards an improved survival rate
[30]
was observed in the patients who received carvedilol .
The effectiveness of band ligation plus propranolol vs
[29]
propranolol alone was evaluated by Hanif et al , who
suggested that the combination therapy was superior
for secondary prophylaxis compared to the use of propra
nolol alone. Band ligation combined with proton pump
inhibitors (PPIs) was compared to band ligation combined
with vasoconstrictors; the results showed that adjuvant
therapy with PPIs was similar to vasoconstrictors in
relation to initial hemostasis and the very early re
bleeding rate, but the combination treatment with PPIs
[31]
demonstrated a lower rate of adverse events .
Band ligation vs TIPS: Band ligation plus β-blocker
combination treatment was compared to TIPS in 2 trials.
Both trials agreed that TIPS was superior to combination
therapy for rebleeding prophylaxis; however, no
[32,33]
difference was found in the survival rates
.
Band ligation vs cyanoacrylate injection: One
study evaluated the efficacy of band ligation compared
[34]
to cyanoacrylate injection . The results showed no

WJG|www.wjgnet.com

2906

July 14, 2018|Volume 24|Issue 26|

Aggeletopoulou I et al . Band ligation in variceal rebleeding prophylaxis
Table 3 Baseline characteristics of the patients included in the review
Study
(reference)
Monici
et al[35]

Luz
et al[26]

Santos
et al[34]

Lo
et al[31]

Stanley
et al[30]
Chen
et al[28]

Holster
et al[32]

Mansour
et al[27]

Lv
et al[33]

Hanif
et al[29]

Patients

Gender Age (range or
± SD)
(M/F)

CP class
(A/B/C)

Cirrhosis etiology (agent %)
Alcohol/virus/alcohol+virus/cryptogenic/autoimmune/PSC/PBC
12/13/3/5/2/1
Alcohol/virus/alcohol+ virus/cryptogenic/autoimmune/PSC/PBC
8/11/3/9/1/2
Alcohol/virus/secondary biliary cirrhosis/cryptogenic/PBC
43.2/43.2/9.1/2.3/2.3
Alcohol/virus/secondary biliary cirrhosis/cryptogenic/PBC
43.6/38.5/7.7/5.1/5.1
Alcohol/HCV/alcohol+HCV/other
30/30/15/25
Alcohol/HCV/alcohol+HCV/other
39/33/6/22
Alcohol/HBV/HCV/HBV+HCV/cryptogenic
40/22/30/3/5
Alcohol/HBV/HCV/HBV+HCV/cryptogenic
38/29/26/3/2/2
Alcohol/NAFLD/PBC/DICLD
91/5/3/2
HBV/HCV/Alcohol/autoimmune/other
59/4/6/8/23
HBV/HCV/alcohol/autoimmune/other
75/0/2/10/13
Alcohol/HBV+HCV/alcohol + HBV+HCV/autoimmune liver+biliary
disease/other
51/3/8/26/11
Alcohol/HBV+HCV/alcohol + HBV+HCV/autoimmune liver+biliary
disease/other
35/19/8/24/14
HCV/HBV/HCV+HBV
86.67/6.66/6.66
HCV/HBV/HCV+HBV
86.67/6.66/6.66
HBV/HCV/alcohol/AH/HBV+AH/cryptogenic
86.67/13.3/0
HBV/HCV/alcohol/AH/HBV+AH/cryptogenic
83/4/4/4/0/4
NR
NR

EBL + EST: 36

25/11

47.8 (30-68)

28/8/0

EBL + MC: 34

26/8

48.5 (22-71)

29/5/0

EBL: 44

NR

NR

2/22/20

EST: 39

NR

NR

3/21/15

EBL: 20

13/7

52 ± 12.6

0/4/16

CI: 18

14/4

51 ± 8.2

0/3/15

EBL+ vasoconstrictors: 60

49/11

52.5 ± 14.4

18/32/10

EBL+PPIs: 58

49/9

54.2 ± 9.7

15/24/19

EBL: 31
Carvedilol: 33
EBL: 48

21/10
22/11
32/16

49.6 ± 12.87
51.4 ± 10.8
56 ± 10

11/28/25

EST: 48

31/17

54 ± 11

20/28/0

EBL+β-blockers: 35

23/12

54 (30-71)

13/18/4

TIPS: 37

18/19

56 (37-75)

13/19/5

EBL: 60

34/26

NR

8/20/32

EBL + EST: 60

44/16

NR

14/22/24

EBL+propranolol: 25

16/8

46 (38-56)

10/14/1

TIPS: 24

13/12

49 (46-62)

9/13/2

EBL+ propranolol: 30
Propranolol: 30

25/5
13/17

56.30 ± 5.80
57.63 ± 5.98

NR
NR

19/29/0

CP: Child Pugh; EBL: Endoscopic band ligation; EST: Endoscopic sclerotherapy; PSC: Primary sclerosing cholangitis; PBC: Primary biliary cirrhosis; MC:
Microwave coagulation; NR: Not reported; HCV: Hepatitis C virus; HBV: Hepatitis B virus; CI: Cyanoacrylate injection; AH: Autoimmune hepatitis;
NAFLD: Non-alcoholic fatty liver disease; PPIs: Proton pump inhibitors; DICLD: Drug-induced chronic liver disease; TIPS: Transjugular intrahepatic
portosystemic shunt; NSBBs: Non-selective β-blockers.

the gastroesophageal junction and moves upwards in a
helical manner for approximately 5-8 cm.
After initial control of bleeding, the band ligation
sessions should be repeated at 1-wk to 4-wk intervals
[11]
according to the practice guidelines of the AASLD and
at 1-wk to 8-wk intervals according to the American
[38]
Society for Gastrointestinal Endoscopy guidelines until
the varices are eradicated. The complete eradication
[39]
process typically requires 2 to 4 ligation sessions .
Variceal obliteration is achieved in approximately 90%
[40]
of patients who undergo band ligation . Once variceal
obliteration has been achieved, a surveillance endoscopy
is performed 3 mo to 6 mo after obliteration and every
[41]
6 to 12 mo thereafter to evaluate variceal recurrence .
Episodes of variceal recurrence after obliteration are
common, with an incidence range of 20%-75% (within 1
[37]
year of therapy) .
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The most recent consensus guidelines recommend
the use of a combination of β-blockers and band ligation
as the first-line therapy for the prevention of variceal
[10]
rebleeding . Non-selective adrenergic β-blockers,
such as propranolol or nadolol, are preferred. The ef
fect of non-selective adrenergic β-blockers relies on
the reduction of portal pressure by decreasing the
portal blood flow, because increased portal pressure
is the driving force that enhances variceal growth and
subsequent rupture, whereas band ligation only has
[42]
a local effect . The beneficial effect of combination
treatment on variceal rebleeding was confirmed in 5
meta-analyses that assessed the efficacy of combined
endoscopic and β-blocker therapy vs monotherapy
in the prevention of variceal hemorrhage in cirrhosis
[14,15,19,21,23]
patients
. However, the effect of combination
therapy on survival was uncertain, because no significant
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Table 4 Results of individual trials comparing band ligation with other interventions in terms of variceal obliteration, rebleeding and
variceal recurrence
Study (reference)

Luz et al[26]
Mansour et al[27]

Treatment

Mean sessions to
obliterate

EBL
EST
EBL
EBL + EST

Chen et al[28]

EBL
EBL + EST

Stanley et al[30]

Hanif et al[29]

Lo et al[31]

Holster et al[32]
Lv et al[33]

Santos et al[34]

Monici et al[35]

Rate of obliteration /time
to obliterate (%)

Rebleeding rate
(%)

Endoscopic band ligation vs endoscopic sclerotherapy
75 at 5 d
25 at 5 d
84.6 at 5 d
15.4 at 5 d
3.43 ± 0.67
100 at 15.6 wk
16.70

Variceal recurrence rate

NR

NR

2.22 ± 0.92

26.7 at 3 mo
10 at 6 mo
20 at 3 mo
10 at 6 mo
NR

100 at 8.64 wk

3 ± 0.5
3 ± 0.6

13.30

25
14.60
16.30
35.40
Endoscopic band ligation vs β-blockers
EBL
NR
65
35.50
NR
Carvedilol
68
36.40
Endoscopic band ligation + β-blockers vs β-blockers
EBL + propranolol
NR
NR
10
NR
Propranolol
40
Endoscopic band ligation + PPIs vs endoscopic band ligation + vasoconstrictors
EBL + vasoconstrictors
NR
NR
1.7 at 6 d
NR
8.3 at 6-42 d
EBL + PPIs
1.7 at 6 d
8.6 at 6-42 d
Endoscopic band ligation + β-blockers vs TIPS
EBL + β-blockers
NR
71 at 2 yr
26 at 2 yr
NR
TIPS
73 at 2 yr
0 at 2 yr
EBL + propranolol
NR
NR
37 at 6 mo
NR
45 at 12 mo
45 at 24 mo
52 at 30.4 mo
TIPS
5 at 6 mo
15 at 12 mo
20 at 24 mo
17 at 30.9 mo
EBL
3.17 ± 1.15
90 at 75.4 d
0
33 at 14.6 mo
CI
3 ± 1.36
78 at 55.4 d
10
57 at 7.9 mo
Endoscopic band ligation + endoscopic sclerotherapy vs endoscopic band ligation + microwave coagulation
EBL + EST
2.75 ± 1.92
97.30
8.30
27.7 at 9.5 mo
19.5 at 12 mo
EBL + MC
2.38 ± 1.63
97.10
0
17.6 at 9.16 mo
17.5 at 12 mo

EBL: Endoscopic band ligation; EST: Endoscopic sclerotherapy; NR: Not reported; PPIs: Proton pump inhibitors; TIPS: Transjugular intrahepatic
portosystemic shunt; CI: Cyanoacrylate injection; MC: Microwave coagulation.

[14,15,19,21,23]

difference was observed
. This result could
be explained by a possible link between band ligation
and the development of new or the exacerbation of
previous complications, such as a ligation-related ulcer,
portal hypertensive gastropathy, or the development
[43-45]
of fundal varices
. The meta-analysis by Albillos et
[23]
al
reported that the addition of band ligation with
β-blockers resulted in a higher but not significant
risk of mortality [incidence rate ratio (IRR) = 1.40;
95%CI: 0.87-2.27), all-source rebleeding (IRR = 1.36;
95%CI: 0.87-2.14) and variceal rebleeding (IRR = 1.24;
95%CI: 0.75-2.05) in patients with Child-Pugh class B/C,
suggesting a potential deleterious effect of band ligation
in this setting and highlighting the use of β-blockers
[23]
as a key element of combination therapy . The use
of β-blockers enhances nonhemodynamic effects, such
as a decrease in the drive of the sympathetic nervous
system, and hemodynamic effects, such as a reduction

WJG|www.wjgnet.com

in the splanchnic or gastroesophageal collateral blood
[46,47]
flow and portal pressure
. Moreover, β-blockers may
have a favorable effect on overall mortality, because
they reduce the frequency of complications of cirrhosis,
such as ascites, hepatorenal syndrome, portal hyper
[9,48]
tensive gastropathy
and spontaneous bacterial
[49-51]
peritonitis
. A recent study described the “window
hypothesis”, which proposed that β-blockers had a
beneficial impact on survival during the early phase of
[46]
decompensated liver cirrhosis . However, this benefit
seems to diminish/disappear in well-compensated
[46,52]
and end-stage cirrhosis patients
. Over the past
few decades, variceal bleeding-related mortality has
decreased. Conversely, deaths related other causes
that are not associated with endoscopic treatment or
pharmacotherapy, such as hepatocellular carcinoma,
have demonstrated an increasing trend. Other studies,
including a meta-analysis and four studies comparing
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Table 5 Results of individual trials comparing band ligation with other interventions in terms of mortality
Study
(reference)

Treatment

Luz et al[26]

EBL
EST
EBL
EBL + EST

Mansour et al[27]

Chen et al[28]

EBL
EBL + EST

Stanley et al[30]

EBL
Carvedilol

Hanif et al[29]

Lo et al[31]

EBL + propranolol
Propranolol

Mean hospitalization days
(range or ± SD)

Follow up (range or ± SD)

Mortality rate
(%)

Endoscopic band ligation vs endoscopic sclerotherapy
NR
13.60
7.70
NR
No difference
Endoscopic band ligation vs endoscopic band ligation + endoscopic sclerotherapy
NR
2.10
6.30
Endoscopic band ligation vs β-blockers
NR
51.60
27.30
Endoscopic band ligation + β-blockers vs β-blockers
NR
NR

5d
5d
6 mo

6 mo

26.3 mo

6 mo

Endoscopic band ligation + PPIs vs endoscopic band ligation + vasoconstrictors
9.4 ± 2.3
6.7 at 42 d
42 d
8.8 ± 3.8
5.2 at 42 d
Endoscopic band ligation + β-blockers vs TIPS
EBL + β-blockers
8.8 ± 5.4
20 at 2 yr
23.4 mo
TIPS
12.4 ± 11.2
22 at 2 yr
EBL + propranolol
NR
12 at 6 mo
30.4 mo
12 at 12 mo
16 at 24 mo
33 at 30.4 mo
TIPS
16 at 6 mo
30.9 mo
17 at 12 mo
27 at 24 mo
33 at 30.9 mo
Endoscopic band ligation vs cyanoacrylate injection
EBL
NR
55
338 ± 189 d
CI
56
Endoscopic band ligation + endoscopic sclerotherapy vs endoscopic band ligation + microwave coagulation
EBL + EST
NR
5.50
36.1 (15-53) mo
EBL + MC
5.88
33.6 (14-54) mo

EBL + vasoconstrictors
EBL + PPIs

Holster et al[32]
Lv et al[33]

Santos et al[34]

Monici et al[35]

EBL: Endoscopic band ligation; EST: Endoscopic sclerotherapy; NR: Not reported; PPIs: Proton pump inhibitors; TIPS: Transjugular intrahepatic
portosystemic shunt; CI: Cyanoacrylate injection; MC: Microwave coagulation.

band ligation vs combined ligation and β-blockers, found
no significant differences in the rebleeding and mortality
[17]
rates . Several studies have compared the effectiveness
of band ligation vs β-blockers with or without nitrates.
Their results are compiled in 3 meta-analyses, which
demonstrated comparable results for both the rebleeding
[13,17,18]
and mortality rates
.
Endoscopic sclerotherapy, which is another thera
peutic intervention for variceal obliteration, has proven to
be inferior to band ligation due to its higher complication
rates and the number of sessions required for variceal
[37,53]
obliteration
. However, endoscopic sclerotherapy ach
ieves better results in cases of deeper paraesophageal
varices, possibly because sclerotherapy induces fibrosis
and eradication of perforating veins in contrast to band
ligation, which does not affect collateral vessels in the
[54]
deeper layers . A randomized study that compared
the early effects of endoscopic sclerotherapy vs band
ligation on the HVPG values during acute bleeding epi
sodes showed a sustained increase in the portal pres
sure levels after sclerotherapy that was followed by a
higher rebleeding rate; in contrast, the HVPG values
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in the ligation group returned to the baseline levels
[55]
within 48 h . A recent meta-analysis evaluated these
two endoscopic approaches and concluded that band
ligation was superior in terms of the rebleeding and
[20]
mortality rates . The combination of band ligation plus
[16]
sclerotherapy was assessed by Singh et al and Karsan
[22]
et al , who found no advantage over ligation alone in
the prevention of rebleeding and reduction of mortality.
Endoscopic band ligation, endoscopic sclerotherapy,
drug therapy and TIPS constitute the nonsurgical
therapeutic options for control of variceal bleeding and
prevention of rebleeding episodes. Band ligation is
considered the preferred initial approach, whereas TIPS
is recommended in patients who fail endoscopic and phar
macological therapy or coagulation and those who are
[10,11,56]
at high risk of treatment failure
. Portal vein throm
bosis (PVT) is a frequent complication in patients with
liver cirrhosis, with a prevalence rate ranging from 10%
[57]
to 23% . Acute variceal bleeding occurs in patients
with PVT under certain circumstances. PVT is related to
an increased risk of variceal bleeding and higher failure
rates of primary and secondary prophylaxis of variceal
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bleeding, resulting in higher mortality rates compared
to those of cirrhosis patients without PVT. TIPS insertion
has been well established as a safe and effective method
for the secondary prophylaxis of variceal bleeding and
recanalization of the portomesenteric system in patients
[58-62]
with liver cirrhosis and PVT
.
Recent randomized studies assessed the efficacy
and safety of covered TIPS vs band ligation with
[32,33]
. Both
β-blockers in patients with and without PVT
studies suggested that TIPS implementation resulted
in decreased variceal rebleeding rates but similar surv
ival rates when compared to patients who received
[32,33]
combination treatment
. In patients with PVT, TIPS
insertion was also related to a higher rate of portal vein
[33]
patency . However, conflicting results were found regar
ding the incidence of hepatic encephalopathy. In patients
with PVT, both groups demonstrated similar risks of
[33]
hepatic encephalopathy . In contrast, TIPS was associ
ated with higher rates of early hepatic encephalopathy
[32]
development in patients without PVT . A metaanalysis showed a significant reduction in variceal re
bleeding episodes and rebleeding-related mortality in
patients undergoing TIPS vs endoscopic techniques;
although TIPS increased the rate of post-treatment
encephalopathy, the overall mortality rate remained the
[63]
same for both groups . Another meta-analysis that
evaluated various interventions for secondary prophylaxis
of variceal bleeding reported that TIPS, β-blockers com
bined with sclerotherapy and band ligation combined
with sclerotherapy were superior to β-blockers alone
[24]
in decreasing the rebleeding rates . Moreover, TIPS
was superior to β-blockers, band ligation, sclerotherapy,
β-blockers combined with ISMN and β-blockers com
bined with sclerotherapy in terms of bleeding-related
[24]
mortality . These results were confirmed by a recent
meta-analysis that evaluated the efficacy of TIPS
compared to endoscopic treatment (band ligation, endo
scopic sclerotherapy and cyanoacrylate injection) for the
secondary prevention of variceal bleeding, the incidence
of post-treatment hepatic encephalopathy and the surv
[64]
ival of cirrhosis patients . The results showed that the
incidence of bleeding following TIPS was significantly
lower than that in the endoscopic treatment group.
Moreover, TIPS had a survival benefit in patients with
Child-Pugh class C and those who underwent TIPS with
a covered stent and did not increase the risk of hepatic
encephalopathy. These results suggested that the use of
covered TIPS was the preferred choice in patients with
[64]
severe liver disease .
Other approaches that have been proposed to im
prove the outcome of band ligation, particularly variceal
recurrence and rebleeding, include the following. Harras
[65]
et al
proposed a combination of band ligation and
argon plasma coagulation as an effective method to
facilitate the rapid obliteration of varices accompanied
by a low recurrence rate without obvious adverse
[65]
events . Another approach involves the injection of a
monomeric liquid compound [cyanoacrylate (n-butyl2-cyanoacrylate)], which is quickly polymerized when it
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comes into contact with the tissue surface and results
[66]
in immediate eradication of the vessel . Several rando
mized controlled studies have evaluated the efficacy of
cyanoacrylate injection compared to other treatment
[34,67,68]
modalities for esophageal varices
. Band ligation
was compared with cyanoacrylate injection in two rando
mized studies, and the results showed no significant
differences between the two groups in terms of variceal
[34,67]
obliteration, mortality and major complications
.
[34]
However, Santos et al
reported significantly more
frequent minor complications, variceal recurrence and a
clear trend towards an increase in bleeding episodes in the
cyanoacrylate injection group than in the ligation group.
Lastly, microwave coagulation, which is another thermal
endoscopic treatment method, has been proposed
in conjunction with band ligation for the treatment of
[35]
[35]
esophageal varices . Monici et al
evaluated the
efficacy of band ligation plus microwave coagulation
compared to band ligation plus endoscopic sclerotherapy
and found that application of the microwave coagulation
method was safe and gave similar results to the
sclerotherapy group.
Recent advances in the management of secondary
prophylaxis of variceal bleeding have emerged by tar
geting a decrease in portal pressure through the patho
physiological mechanisms of portal hypertension. First,
the lipid-lowering agent simvastatin, which reduces the
portal pressure and improves hepatocellular function,
has been added to the standard treatment (β-blocker
and band ligation) for variceal bleeding in cirrhosis
patients. A recent placebo-controlled randomized trial
showed that simvastatin administration was related to a
significant amelioration of survival in Child-Pugh A and
[69]
B patients . However, no improvement was found in
the rebleeding rates compared to those of patients who
[69]
received the placebo . Second, the use of alternative
and more powerful β-blockers, which further reduce
the HVPG compared to the effects of those used at
present. The most recent guidelines recommend the use
of propranolol or nadolol with or without ISMN for the
prevention of variceal bleeding. However, reduction of
HVPG is achieved in approximately 40% of patients, and
the variceal bleeding risk is increased in hemodynamic
non-responders. Studies have suggested that the use of
carvedilol, which is a β-blocker with additional alpha-1
adrenoceptor inhibition properties, promotes a better
hemodynamic response than propranolol or nadolol,
prevents the progression of small esophageal varices
[70-73]
and is more potent in reducing HVPG
. Lastly, portal
pressure-guided therapy has been used to further
improve the prevention of variceal rebleeding episodes.
[74]
Villanueva et al showed that the use of HVPG-guided
therapy resulted in a significantly lower risk of rebleeding
[hazard ratio (HR) = 0.53; 95%CI: 0.29-0.98], a decr
eased decompensation (HR = 0.68; 95%CI: 0.46-0.99),
and mortality rate (HR = 0.59; 95%CI: 0.35-0.99)
compared to the control group (combination of nadolol,
nitrates and band ligation). Moreover, the hemodynamic
responders in the HVPG-guided therapy group received
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interventions were studied. Data from the relevant meta-analyses and the
most recent randomized studies t not included in these meta-analyses were
analyzed.

monotherapy with β-blockers, whereas the non-responders
received combination treatment with β-blockers and
band ligation. All patients in the control group received
[74]
the combination treatment . These results conclude
that the addition of band ligation will not be beneficial
for improving the outcomes if there is no hemodynamic
response to β-blockers and set the stage for reevaluation
[75]
of which patients should receive band ligation .
In conclusion, recently, management of variceal
bleeding has markedly improved. These gains stem
mainly from improvement of the overall strategy for
secondary variceal prophylaxis of the cirrhosis population
resulting from better understanding of the underlying
mechanisms of the pathogenesis of portal hypertension,
which guides the rationale behind each therapeutic inter
vention. In light of current evidence, endoscopic band
ligation constitutes an effective treatment option for the
prevention of recurrent variceal bleeding. However, the
efficacy of band ligation is clearly increased by adding
β-blocker therapy, and this combination is suggested as
the first-line treatment for the prevention of rebleeding.
Although the incidence of rebleeding is reduced by
combined therapy in most studies, this option does not
result in an overall survival advantage. However, other
treatment modalities could also be considered in selected
clinical scenarios. In the future, innovative endoscopic
techniques and more effective treatment strategies or
combinations of novel drugs should be developed with an
aim of better clinical management of these patients.

Research results

The results demonstrated that band ligation was more effective than endoscopic
sclerotherapy. The use of β-blockers in combination with band ligation
increased the treatment efficacy, supporting the current guidelines regarding
secondary prevention of variceal bleeding. TIPS placement was superior to
combination therapy in terms of rebleeding prophylaxis, with no difference
in the survival rates. However, the data concerning the incidence of hepatic
encephalopathy were conflicting.

Research conclusions

This review demonstrated the most recent advances in the role of endoscopic
band ligation for the treatment of esophageal variceal rebleeding. Endoscopic
band ligation constitutes an effective treatment option for the prevention of
recurrent variceal bleeding. However, the efficacy of band ligation is clearly
increased by the addition of β-blocker therapy. Other treatment modalities could
also be considered in selected clinical scenarios.

Research perspectives

Innovative endoscopic techniques and more effective treatment strategies or
combinations of novel drugs should be developed in the future, with an aim of
better clinical management of these patients.
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Abstract
A depressed lesion was found at a gastric angle of 76-yearold Japanese woman by esophagogastroduodenoscopy.
Four years prior, she was diagnosed with a Helicobacter
pylori infection but no eradication was performed. The
pathological diagnosis of biopsy specimens was signet-ring
cell carcinoma. Endoscopic submucosal dissection (ESD)
was performed. Histopathological examination of the
ESD specimen revealed proliferation of well-differentiated
tubular adenocarcinoma mimicking fundic gland cells at
the deep layer of the lamina propria mucosae. These
tumor cells expressed focally pepsinogen-I, diffusely
+
+
MUC6, and scattered H /K ATPase according to immuno
histochemistry. Therefore, we diagnosed this tumor as
gastric adenocarcinoma of fundic gland type (GA-FG).
Adjacent to the GA-FG, proliferation of signet-ring cell
carcinoma which diffusely expressed MUC 2 and MUC
5AC was observed. Intestinal metaplasia was focally
observed in the surrounding mucosa of the signet-ring
cell carcinoma. To the best of our knowledge, this is the
first case report of GA-FG with a signet-ring cell carcinoma
component. The origin of signet-ring cell carcinoma,
i .e ., whether it accidentally arose from a non-neoplastic
mucosa and coexisted with the GA-FG or dedifferentiated
from the GA-FG is unclear at present. We expect the
accumulation of similar cases and further analysis to
clarify this issue.
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EGD performed at Koga Hospital 21 (Figure 1A) and
narrow band imaging (Figure 1B) showed a relatively
demarcated lesion with an irregular microsurface pat
tern. A biopsy of the depressed lesion was performed.
Histologically, the biopsy specimens consisted of several
fragments of gastric mucosa with intestinal metaplasia.
Among the glands with intestinal metaplasia, a small
number of atypical cells showing a signet-ring-cell-like
appearance were found (Figure 1C). As these atypical
cells were positive for immunohistochemistry of pancytokeratin (AE1/AE3), a pathological diagnosis of signetring cell carcinoma was made (Figure 1D). Endoscopic
submucosal dissection (ESD) was performed.

Core tip: Gastric adenocarcinoma of fundic gland type
is a very rare variant of a well-differentiated gastric
adenocarcinoma. To the best of our knowledge, this is the
first case report of gastric adenocarcinoma of fundic gland
type with a signet-ring cell carcinoma component.
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Pathological findings

The ESD specimen showed a slightly depressed lesion
measuring 28 mm × 14 mm. In that lesion, a deeper
depressed lesion measuring 12 mm × 3 mm was
found. Histologically, a well-differentiated tubular adeno
carcinoma mimicking the fundic gland cells, mainly the
chief cells, proliferated at the deep layer of the lamina
propria mucosae (Figure 2A). The tumor cells had slightly
enlarged nuclei and showed mild nuclear atypia. The
structure and differentiation toward the surfaces of the
fundic gland were significantly disturbed compared to
normal fundic glands (Figure 2B). The tumor had invaded
into the submucosal layer, and the maximum depth of
invasion was 400 μm (Figure 2C). No lymphatic or ve
nous invasion was observed. The mucosal surface was
covered with non-neoplastic foveolar epithelium.
Adjacent to the well-differentiated tubular adeno
carcinoma mimicking fundic gland cells, proliferation of a
signet-ring cell carcinoma producing intra- and extracel
lular mucin was observed (Figure 2A). Proliferation of
the signet-ring cell carcinoma was restricted within the
lamina propria mucosae, and no lymphatic or venous
invasion was observed. Focally, intestinal metaplasia was
observed at the mucosa surrounding the signet-ring cell
carcinoma (Figure 2A).
In immunohistochemistry, the tumor cells of welldifferentiated tubular adenocarcinoma expressed focally
(30%) pepsinogen-Ⅰ (Figure 3A), diffusely MUC6
+
+
(Figure 3B) and scattered (5%) H /K ATPase (Figure
3C). Therefore, we diagnosed this tumor as GA-FG.
The tumor cells of GA-FG were negative for MUC 2 but
diffusely positive for MUC 5AC (Figure 3D). Meanwhile,
the tumor cells of the signet-ring cell carcinoma were
diffusely positive for MUC 2 (Figure 3E) and MUC 5AC
(Figure 3F) but negative for pepsinogen-Ⅰ, MUC6, and
+
+
H /K ATPase. The immunohistochemistry results are
summarized in Table 1.
Based on these HE and immunohistochemical find
ings, we made the final diagnosis of GA-FG with a signetring cell carcinoma component. The mapping based on
histology revealed that GA-FG was distributed at a slightly
depressed lesion (28 mm × 14 mm) and the signet-ring
cell carcinoma was distributed at a deeper depressed
lesion (12 mm × 3 mm) in the slightly depressed lesion

INTRODUCTION
Gastric adenocarcinoma showing chief cell differentiation
[1]
was initially reported by Tsukamoto et al in 2007.
[2]
In 2010, Ueyama et al reported 10 cases of gastric
adenocarcinoma showing chief cell differentiation which
expressed pepsinogen-Ⅰ (a marker for chief cells) and
proposed the concept of gastric adenocarcinoma of
fundic gland type (GA-FG). Since then, the concept of
GA-FG has been widely recognized, and reported cases
and studies have been gradually accumulated.
Because GA-FG is thought to originate from the gas
tric mucosa of the fundic gland region without chronic
gastritis or intestinal metaplasia, it has been generally
considered that GA-FG develops without Helicobacter
[3]
pylori (H. pylori) infection . However, cases of GA-FG
with current H. pylori infection or post-eradiation therapy
[4,5]
were recently reported . GA-FG generally presents as
a well-differentiated adenocarcinoma with mild nuclear
atypia and is generally considered to have a low potential
for malignancy, although an extremely rare case of
advanced GA-FG showing high-grade malignancy was
[6]
reported . To the best of our knowledge, no GA-FG case
with a poorly differentiated adenocarcinoma or signetring cell carcinoma component has been reported.
We recently encountered a case of GA-FG with a
signet-ring carcinoma component which developed in a
patient with current H. pylori infection, and we report the
case as follows.

CASE REPORT
A 76-year-old Japanese woman visited a nearby clinic
complaining of a dull feeling in the stomach. Esophago
gastroduodenoscopy (EGD) revealed a depressed lesion
at a gastric angle of the greater curvature side. She
was referred to our hospital for further examination.
She had been found to have an H. pylori infection by
a urease test four years ago, but no eradication was
performed. The depressed lesion was confirmed by an
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Figure 1 Image from esophagogastroduodenoscopy. A: Depressed lesion was found at gastric angle of the greater curvature side; B: The narrow band
imaging of the EGD showed a relatively demarcated lesion with an irregular microsurface pattern; C: The biopsy specimen from the depressed lesion. Among the
glands with intestinal metaplasia, a small number of signet-ring cell carcinoma cells were found (HE; × 200). D: Signet-ring cell carcinoma cells were positive for
immunohistochemistry of pan-cytokeratin (× 200). EGD: Esophagogastroduodenoscopy.
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Figure 2 Pathological findings. A: Representative histological photograph of the specimens of endoscopic submucosal dissection (HE; × 50). Proliferation of gastric
adenocarcinoma of the fundic gland type (GA-FG) are observed at the deep layer of the lamina propria mucosae in the left half of the photo (blue dot line: the border
of GA-FG). Adjacent to the GA-FG, proliferation of the signet-ring cell carcinoma producing intra- and extracellular mucin is observed in the right half of the photo
(yellow dotted line: border of the signet-ring cell carcinoma). Intestinal metaplasia was observed at the mucosa surrounding the signet-ring cell carcinoma (arrows); B:
Structure and differentiation toward the surfaces of the fundic gland were significantly disturbed at the GA-FG compared to the normal fundic glands (HE; × 50). The
blue line is the border of the GA-FG and the normal fundic glands. The mucosal surface was covered with non-neoplastic foveolar epithelium. Intestinal metaplasia
cannot be observed in this photo; C: GA-FG invaded into the submucosal layer (HE; × 100).
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Table 1 Results of Immunohistochemistry

Gastric adenocarcinoma of fundic gland type
Signet-ring cell carcinoma

A

MUC 6

H+/K+ ATPase

Pepsinogen-Ⅰ

MUC5AC

MUC2

+ (Diffuse)
-

+ (Scattered, 5%)
-

+ (Focal, 30%)
-

+ (Diffuse)
+ (Diffuse)

+ (Diffuse)

B

Pepsinogen-Ⅰ

D

C

H+/K+ ATPase

MUC 6

E

MUC5AC

F

MUC 2

MUC5AC

Figure 3 Photographs of immunohistochemistry. The magnifications of all photographs are × 200. The tumor cells of GA-FG expressed focally (30%) pepsinogenⅠ (A), diffusely MUC6 (B), scattered (5%) H+/K+ ATPase (C), and diffusely MUC5AC (D). The tumor cells of the signet-ring cell carcinoma diffusely expressed MUC
2 (E) and MUC 5AC (F). GA-FG: Gastric adenocarcinoma of fundic gland type.

gastric adenocarcinoma accounting for 1.6% of gastric
[7]
adenocarcinomas . GA-FGs are characterized by the
following: (1) They arise most commonly from the nor
mal gastric mucosa of the fundic gland region without
intestinal metaplasia; (2) they are recognized as smooth
elevated or depressed lesions; (3) they often invade the
submucosal layer, while lymphatic and venous invasion
are rare; and (4) the atypia of the tumor cell is usually
[8]
mild . The Wnt/β-catenin signal signaling pathway and
GNAS mutations are considered to contribute to the
[7,9,10]
development and progression of GA-FG
.
Immunohistochemically, GA-FG variably express
the following biomarkers of fundic gland cells: MUC6
+
+
for mucous neck cells; H /K ATPase for parietal cells;
and pepsinogen-Ⅰ for chief cells. Typical cases diffusely
express pepsinogen-Ⅰ and MUC6 and show scattered
+
+
positivity for H /K ATPase. These cases are referred to
[2]
as GA-FG of the chief cell predominant type . GA-FGs do
not express the intestinal-type mucin of MUC2.
The distinctive feature of present case was the co
existence of the signet-ring cell carcinoma and GA-FG. To
the best of our knowledge, no GA-FG case which contains
signet-ring cell carcinoma has been reported. The signetring cell carcinoma component in our case expressed the

GA-FG
Signet-ring cell carcinoma

Figure 4 Mapping of the endoscopic submucosal dissection specimen
based on histology. GA-FG distributed at a slightly depressed lesion measuring
28 mm × 14 mm (red line) and signet-ring cell carcinoma distributed at a deeper
depressed lesion measuring 12 mm × 3 mm in the slightly depressed lesion (yellow
line). GA-FG: Gastric adenocarcinoma of fundic gland type.

(Figure 4).

DISCUSSION
GA-FG is a very rare variant of a well-differentiated
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intestinal type of MUC2, and intestinal metaplasia was
focally observed in the background mucosa. In addition,
the present case had a current H. pylori infection. These
are unusual findings for GA-FG.
The origin of the signet-ring cell carcinoma is a
very interesting subject. We propose two hypotheses
regarding this issue. First, these two lesions (GA-FG and
the signet-ring cell carcinoma) may have accidentally
coexisted. Usually, GA-FGs develop at the fundic gland
in a deep layer of the gastric mucosa, and the normal
foveolar epithelium remains at the surface. In the present
case, intestinal metaplasia due to chronic inflammation
caused by the H. pylori infection was focally observed
at the surface of the mucosa. Therefore, it seems rea
sonable that the signet-ring cell carcinoma producing
intestinal-type mucin developed at the surface of the
mucosa from the intestinal metaplasia and that GA-FG
simultaneously developed from the fundic gland of the
deep layer of the mucosa. However, the probability for
this situation to occur is considered extremely low.
The second hypothesis is that a part of the GA-FG
dedifferentiated into signet-ring cell carcinoma. Although
dedifferentiation or transformation is often observed
in various types of malignant tumors, no GA-FG case
showing dedifferentiation or transformation has been
reported. Usually, GA-FGs do not express MUC5AC,
which is a marker of the foveolar epithelium; however,
[2,8,11]
it is known that GA-FGs rarely express MUC5AC
.
In the present case, both the GA-FG and signet-ring
[2]
cell carcinoma expressed MUC5AC. Ueyama et al
speculated that MUC5AC is only expressed in advanced
GA-FG lesions with a large diameter and massive sub
mucosal invasion, suggesting that cell differentiation
changes from the fundic gland type to the foveolar type
during disease progression. This speculation regarding
MUC5AC seems to support the potential for the trans
formation of GA-FG. However, we believe it is impossible
to conclusively determine the origin of the signet-ring
cell carcinoma in the present case because of a lack of
reliable evidence.
In conclusion, we have reported the first case of GAFG with a signet-ring cell carcinoma component which
expressed an intestinal type of mucin. Our case had a
current H. pylori infection and showed focal intestinal
metaplasia in the background mucosa. The origin of
the signet-ring cell carcinoma is unclear at present. We
expect the accumulation of the similar cases and further
analysis of whether dedifferentiation or transformation
can really occur in GA-FG.

enterology, Aso Iizuka Hospital), for their valuable
comments regarding the present case.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

A 76-year-old Japanese woman visited a nearby clinic complaining of a dull
feeling in the stomach.

Clinical diagnosis

Esophagogastroduodenoscopy (EGD) revealed a depressed lesion at a gastric
angle of the greater curvature side.

Differential diagnosis

The clinical diagnosis of early gastric cancer was considered by EGD findings.

Laboratory diagnosis

No specific finding was obtained by laboratory testing.

Imaging diagnosis

The narrow band imaging of EGD showed a relatively demarcated lesion with
an irregular microsurface pattern.

Pathological diagnosis

Pathological findings of endoscopic submucosal dissection (ESD) specimens
indicated the diagnosis of gastric adenocarcinoma of fundic gland type (GA-FG)
with a signet-ring cell carcinoma component.

Treatment

Only ESD was performed for treatment.

Related reports

To the best of our knowledge, no GA-FG case with a poorly differentiated
adenocarcinoma or signet-ring cell carcinoma component has been reported.

Term explanation

The term GA-FG describes gastric adenocarcinoma of fundic gland type.

Experiences and lessons

This is the first case report of GA-FG with a signet-ring cell carcinoma
component.
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Abstract
In recent years, the use of fluorescence-guided surgery
(FGS) to treat benign and malignant visceral, hepatobiliary
and pancreatic neoplasms has significantly increased.
FGS relies on the fluorescence signal emitted by injected
substances (fluorophores) after being illuminated by ad
hoc laser sources to help guide the surgical procedure
and provide the surgeon with real-time visualization of the
fluorescent structures of interest that would be otherwise
invisible. This review surveys and discusses the most
common and emerging clinical applications of indocyanine
green (ICG)-based fluorescence in visceral, hepatobiliary
and pancreatic surgery. The analysis, findings, and
discussion presented here rely on the authors’ signi
ficant experience with this technique in their medical
institutions, an up-to-date review of the most relevant
articles published on this topic between 2014 and 2018,
and lengthy discussions with key opinion leaders in the
field during recent conferences and congresses. For each
application, the benefits and limitations of this technique,
as well as applicable future directions, are described. The
imaging of fluorescence emitted by ICG is a simple, fast,
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relatively inexpensive, and harmless tool with numerous
different applications in surgery for both neoplasms and
benign pathologies of the visceral and hepatobiliary
systems. The ever-increasing availability of visual systems
that can utilize this tool will transform some of these
applications into the standard of care in the near future.
Further studies are needed to evaluate the strengths and
weaknesses of each application of ICG-based fluorescence
imaging in abdominal surgery.

is displayed in real time, without interfering with the
[3]
surgical workflow .
In the last few years, fluorescence imaging using
the fluorescent properties of indocyanine green (ICG)
has become widespread in several medical and surgical
[4]
specialties . Due to its relatively low cost and high
availability, ICG is the most employed fluorophore in the
clinical setting of general surgery.
The main goal of this overview is to survey and
discuss the most recent and ongoing clinical applications
of ICG-based fluorescence in visceral, hepatobiliary
and pancreatic (HBP) surgery. Up to date, vascular
assessment of anastomotic stump in visceral surgery
and extrahepatic biliary anatomy identification during
difficult cholecystectomies are the most well established
applications of ICG-based fluorescence surgery.
The in-depth analysis presented here relies on
three main sources of information. First, the analysis
draws on the authors’ significant experience with this
technology in their medical institutions. Second, an upto-date review of the most relevant articles published
on this topic between 2014 and 2018 presents the
latest developments in this rapidly developing field.
Lastly, lengthy discussions of the authors with key
opinion leaders in the field during recent conferences
and congresses add novel insights on the ongoing
applications that will appear in the literature in the
near future. In particular, the rationale of applying this
technique to visceral and HBP surgery, the relevant
physiopathological insights, the available data, and
the ongoing clinical trials are thoroughly surveyed
and discussed. For each application, the benefits
and limitations of this technique are identified, and
applicable future directions are described.

Key words: indocyanine green; fluorescence imaging;
gastrointestinal surgery; liver surgery; biliary surgery;
pancreatic surgery; visceral perfusion; biliary anatomy;
peritoneal carcinomatosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In recent years, the use of fluorescenceguided surgery to treat benign and malignant visceral,
hepatobiliary and pancreatic neoplasms has significantly
increased. It helps guide the surgical procedure and
provides the surgeon with real-time visualization of
the fluorescent structures of interest that would be
otherwise invisible. This review surveys and discusses
the most common and emerging clinical applications
of indocyanine green-based fluorescence in visceral,
hepatobiliary and pancreatic surgery. The everincreasing availability of visual systems that can utilize
this tool will transform some of these applications into
the standard of care in the near future.
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Real-Time Visceral Perfusion
The estimation of real-time visceral perfusion is a
promising intraoperative application of ICG-based
fluorescence surgery. ICG-based fluorescence angio
graphy might guide the identification of the optimal
resection site and help estimate the blood supply of
visceral anastomosis in both upper GI and colorectal
surgery. The rationale behind fluorescence angiography
is that the fluorescent dye, upon systemic injection,
should reach and highlight only vascularized areas.
Focusing on colorectal surgery, it is well known that
the rate of anastomotic leaks ranges between 5% and
[5]
7%, even in high-volume centers . The introduction
into daily clinical practice of a tool capable of delivering
optimal stump vascularization could reduce this rate. In
turn, this may eliminate dehiscence due to inadequate
vascularization despite a macroscopically satisfactory
[6-8]
appearance . Some phase II trials have confirmed
the feasibility, low cost, and high success rate of this
[9]
procedure , reporting a leakage rate (< 3%) lower
than the one expected on the basis of historical series
in rectal anastomoses. The rate of changes in the

INTRODUCTION
Fluorescence-guided surgery (FGS) is a modality of
intraoperative navigation that provides the surgeon
with enhanced visualization of anatomical structures
and/or an improved understanding of an organ’s
[1,2]
current perfusion in real time . To obtain a fluore
scence signal, the operative field is exposed to nearinfrared light sources, while the target is injected with
a fluorescent dye, which can emit a fluorescence
signal after being excited by ad hoc laser sources. The
fluorescence signal can be visualized either directly on
the operative field during open surgical procedures or
captured by specific cameras and displayed on a screen
in a minimally invasive setting. FGS is currently more
adapted to the needs of surgical navigation because it
does not require bulky equipment in the operating room
and the enhanced information provided to the surgeon
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transection line varies from 5% to 40% . However,
a few reports did not confirm these data; for instance,
in a series of 346 colorectal interventions, Kin and
colleagues reported a leakage rate of 7.5% and 6.4%
with and without ICG intraoperative assessment,
[11]
respectively . Some randomized prospective controlled
[12]
trials are currently ongoing .
Similar use of ICG for intraoperative assessments
has been investigated for esophagectomy and
gastrectomy. When making the gastric tube during
esophagectomy, the most cranial portion represents a
critical point because the gastroepiploic vascularization
reaches a macroscopically unclear cut-off at that
[13]
level . A few retrospective, case-control studies
have confirmed this hypothesis, showing a number of
changes in the site of anastomosis as high as 25% and
a reduction in the leakage rate from 18% to 3% and
from 15% to 6% in the series reported by Karampinis
[14,15]
and Kitagawa, respectively
. In a consecutive series
of 40 patients undergoing the Ivor-Lewis procedure,
[16]
Koyanagi et al
compared the blood flow using ICG
in the gastric conduit and in the greater curve; by
employing ROC analysis, they identified a speed of 1.76
cm/s as the cut-off value predicting leakage. However,
even in esophageal surgery, the lack of prospective
randomized trials hampers the possibility of reaching
a definitive conclusion supporting evaluation of the
perfusion of the gastric conduit using ICG-based
fluorescence.
The same principles for checking the perfusion of the
upper extremity of the stomach transection line apply to
sleeve gastrectomy in bariatric surgery. Identifying the
less vascularized proximal area would allow a targeted
resection and reduce the leakage rate along the suture
[17]
line .
In many other clinical settings, the estimation of
visceral perfusion may turn out to be a useful and
relatively inexpensive intraoperative tool, for example,
to assess the small bowel trophism during urgent
interventions for intestinal ischemia, after mistaken
mesocolon interruption, and/or small bowel mesenteric
[18]
division .
Identification of the major vascular structures in
the early phase of dissection from the surrounding
fat might be an additional and potentially very useful
development from a theoretical point of view. Small
intravenous boluses of ICG can facilitate navigation of
the vascular structure. However, the penetration depth
of the fluorescence is limited to 5-6 mm; furthermore,
after the injection, the tissues surrounding both the
large arteries and veins become fluorescent, causing a
background fluorescence field that reduces visualization.
Finally, from then on, the bowel exhibits background
staining, which could reduce the clarity of stump
perfusion as evaluated at the time of anastomosis. For
these reasons, repeated intraoperative angiographies
for visualizing the main vascular structure are not
possible with ICG.
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Biliary Anatomy
ICG-based fluorescence imaging to visualize and study
biliary anatomy represents one of the most established
applications of this technique in abdominal surgery. The
reason is simple: the exclusively hepatic metabolism
of ICG, which results in biliary excretion starting
approximately 30 min after i.v. injection, enables clear
visualization of the biliary anatomy, which is very
[19]
useful during difficult cholecystectomies
and from a
theoretical point of view during the resection of centrally
[20]
located liver tumors and hilar (Klatskin’s) tumors .
There is more than one comparative study that,
although always retrospective, enables us to conclude
that ICG-based fluorescence imaging is an extremely
useful tool when applied to visualize and study the
[21]
biliary anatomy . In a systematic review published in
2017, 19 studies were analyzed. There was moderatequality evidence that ICG-assisted visualization of
the extrahepatic bile duct is superior to intraoperative
[22]
cholangiogram (RR = 1.16; 95%CI: 1.00-1.35) .
While the difference was not significant in that study,
[23]
it was significant in some other single-center series .
Considering the relative ease and speed of the procedure,
in the future, ICG-based visualization of the biliary
anatomy might replace intraoperative cholangiography,
which requires a preliminary dissection of the confluence
between the cystic and bile ducts and cannulation of the
structures.
Recently, in an experimental study with a limited
number of cases (7 pigs), ICG injection directly into
the gallbladder enabled superior biliary anatomy
[24]
visualization compared to i.v. injection . The same
study group translated their analysis to patients in a
[25]
subsequent series of 46 cases .
With the aim of overcoming the limits of retro
spective data, a prospective randomized controlled trial
(FALCON) was set up in 2016 to compare near-infrared
fluorescence cholangiography-assisted laparoscopic
cholecystectomy versus conventional laparoscopic
[26]
cholecystectomy. The results are expected in 2 years .
The main point of debate remains the ideal
injection time. Although fluorescence of the bile duct
can be detected shortly after i.v. injection, the high
fluorescence of the liver parenchyma makes it less
evident in contrast. In our view, the ideal timing for this
injection is 3 to 5 h before surgery. However, a recent
series demonstrated that an injection 24 h before
[27]
surgery could still be possible .

Liver Surgery
In liver surgery, the state of the art still considers
ICG mainly as a simple reagent for the preoperative
evaluation of hepatic function. The comparatively
limited use of ICG-based fluorescence imaging in liver
surgery with respect to other surgical specialties is
slightly paradoxical, considering the pathophysiological
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assumption that ICG exhibits only hepatic metabolism
and only bile excretion. In addition, many centers
devoted to liver surgery use the ICG clearance rate as a
[28,29]
reliable liver function indicator
.
During the development of fluorescence cholan
giography, it was discovered that ICG accumulates
in the cancerous tissues of hepatocellular carcinoma
(HCC) and in the noncancerous hepatic parenchyma
around adenocarcinoma foci. The first application
of this imaging technique was reported in 2009 by
[30]
[31]
Ishizawa et al and Gotoh et al .
From a theoretical point of view, three remarks
should be taken into consideration. First, in HCC (which
obviously contains hepatocytes), ICG can be captured
and retained by malignant cells; moreover, the secretion
of ICG may be altered due to architectural disorders
[32]
reducing the possibility of excretion . Second, if the
tumor is formed by non-hepatocellular cells, as in the
case of metastases, ICG could be retained by a group
of hepatocytes surrounding the nodule and compressed
[33]
by the nodule itself . Third, if the nodule contains
predominantly epithelial cells that are normally part of
the biliary ducts (cholangiocarcinoma), they should not
absorb the dye and should behave in a manner similar
to metastases but with greater alterations in biliary
[34]
delivery processes .
In clinical practice, however, these theoretical
insights may not be taken into consideration because
there is currently no clearly defined timing for i.v.
injection. Indeed, especially at an early stage, increased
vascularization of the neoplasm could result in greater
exposure to the dye, regardless of the type of cells
contained therein. The nodule behavior in the portal
and tardive phases (with more or less washout) is
also relevant in determining the amount of retained
ICG. These factors translate into the absence of widely
accepted guidelines for the intraoperative use of
ICG-based fluorescence to differentiate benign from
malignant nodules and among the different types of
malignant tumors.
The key objective of ongoing studies (some of which
are being performed in our medical institutions) is to
enable differential diagnosis. ICG-based fluorescence
may then be extremely helpful, as follows: (1) in
the detection of small superficial malignant nodules
not detected in the preoperative study (especially
[35]
for managing metastases) ; and (2) in excluding
the malignant nature of small superficial nodules of
uncertain contrast medium behavior (especially useful
[36]
for HCC in cirrhotic liver tissue) .
To date, however, some consolidated uses in liver
surgery exist. First, it is common practice that me
tastases in healthy livers are well visualized by the
presence of an ICG capture ring due to the compression
of the surrounding cells. This can be an advantage
during laparoscopic surgery, where tactile sensation is
not available as a guide for resection, and continuous
monitoring with intraoperative ultrasound is both difficult
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and time consuming . The presence of the nontumor
tissue ring can also be a useful indicator of the extent of
[38]
resection required to obtain an adequate free margin .
Second, there is an increasing need to treat patients
with liver metastases after they have undergone
multiple chemotherapy cycles; in these cases, nontumor
parenchyma is hardened and metastases are largely
necrotic, and, hence, softer. For this reason, the normal,
easy tactile perception of metastasis is more difficult,
and finding a fluorescent area can be of great help.
The third application pertains to some primary liver
neoplasms without a capsule, for which it is difficult to
assess the optimum extent of the resection. In these
cases, a good rule should be to check the absence of
complete residual fluorescence at the end of the surgical
transection.
Fourth, there are neoplasms with peripheral biliary
infiltration and peribiliary spreading, which are not
clearly recognizable by preoperative study, except
for data indicating a dilatation of the upstream biliary
[39]
structures . In these cases, ICG retention affects the
whole area that drains the Glisson segment and not just
the nodule, suggesting the need for a wider resection.
Moreover, some authors have assessed the use of
ICG for detecting biliary leaks in the hepatic transection
[40]
surface after liver resection . Finally, experimental
studies involving intraportal and intrahepatic artery ICG
injection (by celiac trunk catheterization in experimental
models and by femoral puncture in hybrid operating
rooms) have been published with the aim of achieving
[41-43]
precise, real-time definitions of liver segmentation
.
The lesion depth represents the major limitation
in applying ICG-based fluorescence imaging to liver
surgery. Further technological improvements are
needed to deepen the fluorescence penetration more
[44,45]
than the current 5-6 millimeters
. In addition, few
data exist regarding extrahepatic HCC metastases, but
this may represent a promising clinical application for
[46]
FGS .

Oncological Surgery of the Upper
and Lower GI Tracts
The simplest use of ICG to surgically treat cancers
affecting the digestive tract consists of endoscopically
marking tumors to see the tumor site, which is
necessary for small and nonserous infiltrating cancers.
In this context, ICG is similar to other dyes used to date
[47,48]
(China, indigo carmine)
.
However, the most intriguing and potentially
powerful application of FGS is currently one involving
nodal navigation in esophageal, gastric, and colorectal
[49]
cancers . Injection of the dye into peritumoral tissues,
ideally performed endoscopically in the submucosa,
should allow for the intraoperative evaluation of
lymphatic diffusion in real time. Multicentric prospective
series are already available on the use of ICG to
identify the sentinel lymph node in gastric cancer.
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as staining rapidly spreads in lymphatic and adipose
tissues. If, during the injection, a few drops of dye come
out of the serosa on the peritoneum, they stain the
surrounding structures and the surgical instruments and
cannot be washed away.
Despite the above limitations, the possible appli
cations of this method for navigating lymph nodes
appear to be of great interest and have very important
clinical consequences. It is clearly emerging that the
ideal lymphadenectomy needs to be individualized
based on preoperative staging. However, in many cases,
imaging is not able to discern with high probability, for
example, between T1 and T2. On the one hand, limiting
lymphadenectomy to stations of real potential interest
could allow considerable time savings and reduce most
of the major postoperative complications, often related
to vascular lesions secondary to an excessive nodal
dissection. On the other hand, for example, in rectal
surgery, extending lymphadenectomy to stations,
such as obturatory and inguinal nodes, that are not
usually removed could reduce the rate of lymph node
[55]
recurrence .
The same applies to periaortic stations in cardia and
proximal stomach cancer, to the right colic artery basin
in cecum and ascending colon cancer, and to flexural
cancers. A small series of 10 hepatic and 10 splenic
flexure colon cancers reported a 25% rate of changes
to the mesocolon resection line due to ICG lymphatic
[56]
flow visualization . A subsequent series of 31 patients
with splenic flexure cancer from the same study group
confirmed that all metastatic nodes were included in
the area determined by ICG lymphatic flow visualization
and that interesting insights into the lymphatic spread
[57]
of those tumors can be derived .
In the near future, it is important to search for
a factor predicting the positivity of perigastric and
extraperigastric nodes based on their ICG load.
To date, a relationship between ICG quantities in
dissected nodes and the likelihood of the nodes bearing
metastases has not been demonstrated. Studies
focusing on the sentinel node strategy have shown
that the radioisotope count was a significant predictive
[58]
factor for metastasis . In contrast, some very limited
series recently described patients with unexpected
nodal metastases from colorectal cancer discovered by
fluorescence visualization after i.v. ICG injection while
[59]
searching for peritoneal carcinomatosis ; this report
suggests that a particular trophism of intravenously
injected ICG for cancer cells may be discovered.
Few studies have taken into account the same type
of lymph node navigation in pancreatic cancers, which
have extremely rich and complex lymph node spread
patterns. A recent series of 10 patients undergoing
laparoscopic pancreaticoduodenectomy for periampullary
cancers with i.v. ICG injection during retroportal fat tissue
dissection revealed a possible advantage in obtaining an
[60]
R0 margin at this level . However, at this stage, it is not
possible to hypothesize and assess the clinical usefulness

A

B

C

Figure 1 Colon perfusion before anastomosis during left colectomy. A few
seconds after the i.v. injection of 0.3 mg/kg indocyanine green, bowel arteries
clearly appear (A); thereafter, the bowel perfusion cut-off area becomes evident
(B and C).

These studies demonstrate that ICG is superior to both
[50,51]
radioactive tracers and dyestuffs used to date
. In
a recent multicentric Japanese series of 44 EGCs, the
identification of sentinel node basins and the accuracy
[52]
of metastatic node identification were both 100% .
The same strategy has been used for assessing
colorectal tumors, investigating both the sentinel node
basin and the enlarged mesocolic excision area draining
[53,54]
the tumor site
. This latter principle is indeed the
opposite of the sentinel node strategy: the goal would
be to remove all lymph nodes that have received
ICG as possible metastatic sites originating from the
specific tumor site. The method is primarily useful for
anatomical studies. Indeed, the ideal injection timing
for the visualization of lymph nodes is not yet clear.
Likely, after many hours, the dye may pass local lymph
node drainage stations and move up to the central
lymphatic pathways. The ideal study should therefore
include (1) a preoperative tumor injection at different
times before surgery up to an intraoperative injection;
(2) the subsequent removal of individual lymph nodes;
(3) a fluorescence evaluation for each node; and (4) a
comparison of the final histological data.
In clinical practice, the problems are mainly related
to the feasibility of the injection. For cancer of the
esophagus, stomach, and rectum, the injection can
be endoscopic and intraoperative (despite causing an
increase in time and costs), while in the proximal colon,
it is easier to proceed with a serous injection during
the initial stages of the intervention. Clinical experience
shows that the injection should be limited to a few cc,
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A

B

D

C

E

F
Figure 2 Indocyanine green-enhanced biliary anatomy. During a difficult cholecystectomy for acute cholecystitis (A), the confluence between the cystic duct (CyD)
and the common hepatic duct (CHD) is shown by fluorescence imaging (B); common hepatic duct (arrow) is further visualized before (C and D) and after (E and F)
cystic duct division. ICG: Indocyanine green.
[61]

of this strategy in pancreatic surgery . Interestingly,
a small series of pancreatic neuroendocrine tumors
(NETs) has demonstrated a clear affinity of ICG for NET
cells, which enables the removal of some residual tissue
at the end of the first resection in laparoscopic distal
[62]
pancreatectomy .

larger studies, may have very high clinical value as a
comprehensive modality for staging visceral cancers.

CONCLUSION AND PERSPECTIVE
The key take-home messages from this overview
are as follows. (1) The most well-established use of
fluorescence imaging is for checking anastomotic
stump perfusion in visceral surgery (Figure 1); Some
prospective uncontrolled series and retrospective
controlled studies, mainly dealing with colorectal and
esophageal surgery, have confirmed the usefulness
of this technique; (2) The second field of application
for which there is a unanimous consensus in the
literature pertains to visualization of the biliary anatomy
during cholecystectomy (Figure 2). A comparison with
intraoperative cholangiography demonstrated the
superiority of fluorescence in terms of simplicity, timing,
and efficacy; (3) In liver surgery, multiple possible
uses of fluorescence have been described (tumor
visualization, especially in laparoscopic surgery, vascular
segmentation, biliary leak identification) (Figure 3).
However, no comparative studies are available; (4) With
regard to lymph node navigation in gastrointestinal
tumors, most studies in the literature have focused
on the sentinel node technique, whereas the use of
fluorescence for complete lymphadenectomy has been
described only by a few very experienced centers
(Figure 4); and (5) Finally, there are some interesting

Peritoneal Carcinomatosis
This is an area where few studies have been
[63]
conducted . Peritoneal carcinomatosis remains a mode
of metastatic diffusion that is largely devoid of real
therapeutic strategies. Thus, finding it at an early stage
while it is too small to be visible to the human eye,
could represent a major clinical breakthrough. Some
current studies are trying to link ICG to epithelial cell
markers that should not be present on the peritoneum,
which contains only mesothelial cells. No clinical
outcomes of these studies are yet available, but some
experimental settings have been developed in animal
models. For instance, Cheng and colleagues have
shown that a surgical navigation system combining
optical molecular targets with an ICG-linked molecular
probe is able to identify a peritoneal carcinomatosis
[64]
site as small as 1.8 mm . On the other hand, reports
of some very limited series have shown that after
i.v. injection, ICG is retained by cancerous cells in
[65,66]
the peritoneum
. There is no clear explanation
for these clinical observations, which, if confirmed in
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A

B

C

D

Figure 3 Indocyanine green in liver surgery. Primary liver tumors show intense and complete staining because their hepatocytes take up ICG but do not secrete it
(A and B); liver metastases show a ring appearance because their cells do not take up ICG but hepatocytes surrounding the nodule are compressed (C and D). ICG:
Indocyanine green.

A

B

C

Figure 4 Indocyanine green fluorescence imaging in extended right hemicolectomy. The figure displays the right branches of middle colic vessel division during
extended right hemicolectomy for transverse colon cancer. ICG injected in the tumor site spreads in nodes at the very proximal root of the artery. ICG fluorescence
imaging allows a radical lymphadenectomy, including very small nodes (A and B). Only when all the stained nodes are removed may the nodal dissection be
considered radical (C). ICG: Indocyanine green.
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3

preliminary findings regarding the use of fluorescence
for the early detection of peritoneal carcinomatosis.
An important issue pertains to the complexity and
costs of this technology. The major positive feature is
that the required training is minimal and the learning
curve is extremely rapid, because the visualization is
activated by either clicking a button on the camera or
hitting a pedal. When considering the costs of ICGbased fluorescence imaging, the relevant distinction is
between the fixed costs of the equipment versus the
variable costs of the injections. The highest costs lie
in obtaining a NIR fluorescence camera system with
dedicated optical devices, cameras, and light cables.
Depending on the system chosen (goggles, handheld,
or stand alone), the cost of the system varies from
several thousands to hundreds of thousands of USD (and
similarly in other currencies). Nowadays, many major
companies sell these tools; therefore, at the fast pace
at which cost-saving technological change and updating
are occurring, it is very likely that in the next 5 to 10
years most operating theaters will be equipped with
the technology required to display the ICG-generated
fluorescence. Once the NIR fluorescence camera system
is available in a hospital, the additional cost of each
surgical procedure utilizing ICG-based fluorescence
imaging is relatively limited: as a matter of example, in
Italy, Japan, and the United States, a 25 mg vial of ICG
[41]
costs 80 euros, 588 yen, and 65 USD, respectively .
The imaging of fluorescence emitted by ICG is a
simple, fast, and relatively inexpensive tool without
side effects that has numerous different applications in
surgery not only for treating cancers affecting the visceral
and hepatobiliary systems but also for visualizing the
biliary tree during difficult cholecystectomies. The fast
pace at which technological development is occurring
in this area and the ever-increasing availability of more
powerful visual systems that can utilize this tool will
transform some of these applications into the standard of
care in the near future.
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Improvements in surgical and anesthetic procedures
have increased patient survival after liver transplantation
(LT). However, the perioperative period of LT can
still be affected by several complications. Among
these, thromboembolic complications (intracardiac
thrombosis, pulmonary embolism, hepatic artery and
portal vein thrombosis) are relatively common causes
of increased morbidity and mortality. The benefit of
thromboprophylaxis in general surgical patients has
already been established, but it is not the standard
of care in LT recipients. LT is associated with a high
bleeding risk, as it is performed in a setting of already
unstable hemostasis. For this reason, the role of routine
perioperative prophylactic anticoagulation is usually
restricted. However, recent data have shown that
the bleeding tendency of cirrhotic patients is not an
expression of an acquired bleeding disorder but rather
of coexisting factors (portal hypertension, hypervolemia
and infections). Furthermore, in cirrhotic patients, the
new paradigm of ‘‘rebalanced hemostasis’’ can easily
tip towards hypercoagulability because of the recently
described enhanced thrombin generation, procoagulant
changes in fibrin structure and platelet hyperreactivity.
This new coagulation balance, along with improvements
in surgical techniques and critical support, has led to a
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dramatic reduction in transfusion requirements, and the
intraoperative thromboembolic-favoring factors (venous
stasis, vessels clamping, surgical injury) have increased
the awareness of thrombotic complications and led
clinicians to reconsider the limited use of anticoagulants
or antiplatelets in the postoperative period of LT.

pro-thrombotic tendency of cirrhotic patients. The new
hemostatic balance, in fact, is thought to be much less
stable compared with that of healthy patients and can
easily tip it towards bleeding or thrombosis.
Prophylactic anticoagulation represents a routine
practice to prevent thromboembolic complications [deep
vein thrombosis (DVT) and pulmonary embolism (PE)]
that can be potentially life-threatening in the postoperative
course. Although the utility of thromboprophylaxis after
general surgery has been established beyond doubt, in
liver transplantation (LT), this opinion is not uniformly
shared and does not represent a routine practice. LT
is considered an operation with major bleeding risks.
Transplanted livers may have delayed primary function,
and coagulation does not improve immediately after
transplantation, making hemorrhagic complications and
[4,5]
transfusions not uncommon . In contrast, although
intraoperative thrombotic phenomena are uncommon,
they are associated with an elevated mortality (ranging
from 45% to 68% for PE and 50% for early hepatic artery
thrombosis (HAT) and from 32% to 60% for portal vein
[6-9]
thrombosis (PVT)) .
Here, we reviewed the literature assessing throm
botic risks in cirrhotic patients and in the post-transplant
period and evaluated whether empirical pharmacological
thromboprophylaxis strategies and the use of global
hemostasis assays may play a beneficial role in reducing
this procedure-related thrombotic complications. We
do not cover mechanical prophylaxis (intermittent
pneumatic compression) because it must be considered
and adopted in all abdominal surgery patients who are
at a moderate or high risk for venous thromboembolism
(VTE), who are, in turn, at a high risk for major bleeding
[10]
complications .
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Core tip: The improvements in surgical and anesthetic
techniques during liver transplantation (LT) have led
to such a reduction in transfusion requirements that
bleeding risk is no longer the major concern. The
increased knowledge of coagulation balance and
the reported incidence of thrombotic complications
(hepatic artery and portal vein thrombosis, intracardiac
thrombosis, pulmonary embolism) in the LT setting
have brought attention to perioperative thromboprophy
laxis in an attempt to decrease the morbidity and
mortality associated with these complications. The
major concern of thromboprophylaxis is the risk of
bleeding complications in a setting of already unstable
hemostasis. Hence, monitoring its administration and
the careful selection of the patients to be treated are of
great importance.
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NEW CONCEPT OF REBALANCED
HEMOSTASIS AND THE UTILITY OF
STANDARD LABORATORY TESTS
A marked reduction of both procoagulant factors (factors
II, V, VII, IX, X, XI, XII), anticoagulant factors (antithrombin III, protein C, and protein S), an increase
in von Willebrand factor (vWF) and a reduced level of
ADAMTS13, a vWF-cleaving protease, are the specific
features of cirrhosis and bring the patient to a new
[11]
hemostatic balance . vWF performs its hemostatic
functions by binding to factor VIII and to constituents of
connective tissue and by promoting platelet adhesion to
endothelial surfaces and platelet aggregation under high
[11]
shear stress .
Thrombocytopenia, as a consequence of hyper
splenism in patients with portal hypertension, ab
normal thrombopoietin metabolism, increased platelet
destruction mediated by antiplatelet antibodies, and
bone marrow suppression caused by alcohol, antiviral
and immunosuppressive therapies, is another clinical
[12]
feature of chronic liver disease . Unless the platelet

INTRODUCTION
Cirrhosis has been traditionally conceived as a
hypocoagulable condition, and bleeding is a feared
complication of any invasive procedure. In patients with
end-stage liver disease, significant coagulopathy (as
defined by routine coagulation tests) has historically
led clinicians to consider cirrhosis to be the prototype
of acquired bleeding disorders, thus supporting the
common practice of empirically transfusing patients
with blood products or prohemostatic agents to correct
standard laboratory test values to reduce the risk of
[1,2]
bleeding . In this review, we underline the concept
of rebalanced hemostasis typical of cirrhotic patients
(both in patients with cirrhosis and in patients with
acute liver failure), as obtained by the parallel declines
in pro- and antihemostatic drivers, resulting in a net
[3]
hemostatic balance . We also discuss the paradoxical
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Table 1 Balance of antihemostatic and prohemostatic drivers in the cirrhotic patient

Primary hemostasis

Coagulation

Fibrinolysis

Anti-hemostatic drivers

Pro-hemostatic drivers

Abnormal platelet function
Thrombocytopenia
Decreased production of thrombopoietin
Reduced synthesis of factors II, V, VII, IX, X, and XI
Vitamin K deficiency
Hypo-dysfibrinogenemia
Low α2-antiplasmin,
factor XIII, and TAFI
Elevated tPA

Elevated vWF
Reduced ADAMTS 13
Platelet hyperreactivity
Elevated factor VIII
Reduced anticoagulant protein C, protein S, antithrombin III
Procoagulant changes in fibrin structure
Low plasminogen
High PAI

vWF: Von Willebrand factor; TAFI: Thrombin-activatable fibrinolysis inhibitor; t-PA: Tissue plasminogen activator; PAI: Plasminogen activator inhibitor;
ADAMTS13: A disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13.

9

count is severely low (< 50 × 10 /L), thrombocytopenia
does not represent an increased bleeding risk. Such
a low platelet count is usually sufficient to guarantee
a normal thrombin generation, and the low number
of platelets is compensated by a higher level of vWF,
[13,14]
which is responsible for greater platelet adhesion
.
Hyperfibrinolysis is another described feature of endstage liver disease, but its role in the coagulopathy of
[15]
cirrhosis is still debated .
Elevated tissue plasminogen activator and a
deficiency of thrombin-activatable fibrinolysis inhibitor
have been associated with laboratory changes typical
[16]
of hyperfibrinolysis and an increased risk of bleeding .
However, cirrhosis has also been associated with
reduced fibrinolysis, as shown by the decreased
plasminogen and increased plasminogen activator
inhibitor. The contrasting results explain the ongoing
debate regarding the absence or presence of a
hyperfibrinolytic state in patients with liver disease,
even if the balance of fibrinolysis is probably restored
by the parallel changes in profibrinolytic and antifibri
[17]
nolytic drivers . The decreased synthesis of both
procoagulants and anticoagulants typical of cirrhosis
usually restores a normal hemostatic balance (Table 1),
which is so fragile that it can easily become unbalanced
in a hemorrhagic or prothrombotic sense, depending
on the presence of renal failure, infection, or upper
gastrointestinal bleeding. The complexity of hemostatic
balance in end-stage liver disease comes from the fact
that a patient with cirrhosis and sepsis can be equally at
[18]
risk for thrombosis, as a result of inflammation , and
for bleeding, as a result of the release of anticoagulant
[19]
endogenous heparinoids . The new equilibrium
described in stable patients with cirrhosis makes
bleeding episodes related more to portal hypertension
and hypervolemia than to defective hemostasis.
Despite this “balanced” hemostatic condition, cirrhosis
results in the prolongation of standard coagulation tests,
which usually do not analyze the complex interplay
between pro- and anticoagulants and thus do not
provide an accurate evaluation of the alteration in the
[11,20]
in vivo hemostatic balance
. Prothrombin time
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(PT), activated partial thromboplastin time (aPTT) and
International Normalized Ratio (INR) provide only a
measure of procoagulant factors and are insensitive to
the plasma levels of anticoagulant factors, so they are
unreliable to depict the hemostatic status of patients
with end-stage liver disease. The lack of reliability
of standard plasma coagulation tests, as underlined
[21]
in the Baveno VI guidelines , comes from the fact
they are performed without thrombomodulin addition,
which is the main protein C activator, and they only
detect the first 5% of whole thrombin formation. The
normal to increased thrombin generation shown by
thrombomodulin-modified thrombin generation tests has
further confirmed the unreliability of standard coagulation
tests. Therefore, PT, aPTT and INR are untrustworthy in
predicting bleeding risk or thrombotic risk and guiding
[22]
perioperative hemostatic therapy . Platelet number
also poorly represents hemostatic capacity in cirrhotic
patients, and thrombocytopenia is usually balanced by
a marked increase in the plasma level of von Willebrand
[13]
factor . The defects in antifibrinolytic proteins balanced
[23]
by decreased plasminogen , the decreased fibrinogen
partially balanced by prothrombotic changes in the
[24]
structure of the fibrin clot , and the increased factor
VIII and reduced antithrombin and protein C constitute
the basis for the recently recognized normo- or
hypercoagulable state of cirrhosis, with a consequent risk
of thromboembolic events.

THROMBOTIC COMPLICATIONS IN
MEDICAL CIRRHOTIC PATIENTS
AND POTENTIAL ROLE FOR
ANTICOAGULATION
Traditionally, the endogenous coagulopathy and throm
bocytopenia that characterize cirrhosis made bleeding
complications the major concern while managing these
patients. The increased knowledge of their coagulation
balance and the reported incidence of thrombotic
complications in end-stage liver disease patients have
recently made the thrombotic risk more feared than
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[25]

[21]

bleeding complications. In 2006, Northup et al found
that approximately 0.5% of all admissions involving
cirrhosis patients resulted in a new thromboembolic
event. Thus, despite the endogenous coagulopathy
of cirrhosis, some patients experience venous throm
boembolism, such as DVT or PE. Subsequent studies
noted that liver cirrhosis per se represents a risk factor
for VTE and that all the conditions that can favor any
thrombotic complication are frequent in patients with
end-stage liver disease. Platelet hyperreactivity, normal
or enhanced thrombin generation, as shown by the
thrombin generation test, endothelial dysfunction,
hyperdynamic circulation, which can bring to circulation
stasis, and the reduced mobility of the fragile cirrhotic
patient are recognized prothrombotic conditions. Other
authors have shown that this thrombophilia seems to
worsen as the liver disease progresses, exposing the
cirrhotic patients with more severe disease to a greater
[26]
risk for VTE . Hypoalbuminemia, as an expression of
the severity of liver disease and the degree of portal
hypertension, has been associated with an increased
[27]
rate of VTE .
[28]
Recently, Ambrosino et al conducted a systematic
review and meta-analysis to evaluate the risk of VTE
associated with cirrhosis, which was 3.7%. They
confirmed a significantly increased VTE risk in 695012
cirrhotic patients compared with 1494660 non-cirrhotic
controls (OR: 1.703; 95%CI: 1.333, 2.175; P < 0.0001).
In particular, patients with cirrhosis experienced an
increased prevalence of DVT compared to non-cirrhotic
subjects. In contrast, more heterogeneity among
studies has been found for PE risk, even if it has been
shown to be higher in the cirrhotic population.
PVT, which is rare in the general population but
relatively frequent in patients with cirrhosis, is another
typical feature of chronic liver disease. Its prevalence
increases with the severity of liver disease, ranging
[29]
from 0.6% to 26% . While patients with compensated
cirrhosis are rarely affected, PVT is frequently detected
in advanced stages, increasing to 25% in LT candidates
and to 35% in cirrhotic patients with hepatocellular
[30]
carcinoma (HCC) . The main risk factors for PVT are
the same as those described for thromboembolic disease
in general: hypercoagulability, endothelial lesions,
reduced portal blood flow and, when HCC is present,
the neoplastic invasion of the portal vein. Because of
the high prevalence of this thrombotic complication
[31]
and the possible repercussions on LT , the available
data suggest that prophylactic PVT treatment may
be indicated in cirrhotic patients awaiting LT or after
hepatic resection, even if this medical practice has not
yet been included in international guidelines due to a
[32,33]
lack of randomized controlled trials
. According to
the Baveno VI consensus, anticoagulation should be
considered in potential LT candidates with thrombosis of
the main portal trunk or progressive PVT, with the goal of
facilitating LT and reducing post-transplant morbidity and

WJG|www.wjgnet.com

mortality

.

THROMBOEMBOLIC EVENTS IN
SURGICAL LIVER TRANSPLANT
PATIENTS
Traditionally, perioperative bleeding complications,
attributed to the endogenous coagulopathy and
thrombocytopenia, represented the major concern
during LT. In recent years, thanks to improvements in
surgical techniques and anesthetic care, hemorrhagic
complications have become less frequent, making
transplants without intraoperative transfusion more
common. The awareness of the new hemostatic balance
that characterizes cirrhotic patients, together with the
reduced bleeding complications during surgery, has
redirected the attention to perioperative thrombotic
complications, making surgeons and anesthetists more
aware of the possibility of systemic venous or arterial
thrombotic events. Recently, the idea of the occur
rence of thrombotic complications associated with liver
transplant as a consequence of an uncontrolled activation
of coagulation rather than of surgical complications
has become more common. Usually, thrombotic
events associated with LT can be divided into systemic
thrombotic complications and regional vascular events
(i.e., hepatic artery, portal vein, hepatic vein thrombosis).
The incidence of early HAT, which may result in graft loss
if arterial flow is not restored in the first 24 h after its
occurrence, is approximately 3%-5% in adult patients,
and the PVT incidence is approximately 2% in LT, with a
[34,35]
very high mortality rate, ranging from 65% to 75%
.
Hepatic vein thrombosis is instead considered a technical
complication in case of a size mismatch of the grafts and
in twisting and split liver transplant (i.e., reconstruction
of the middle hepatic vein in extended right splits or
insufficient drainage of the anterolateral sector in fullright grafts). Such dangerous complications can have
surgical causes (for HAT: Difficult and prolonged arterial
reconstruction, kinking of the artery, prolonged surgical
time, prolonged cold or warmed ischemia times, the
[36]
use of an aortic jump graft ; for PVT: Prior PVT or
splenectomy, small portal vein size, use of venous
conduits, insufficient portal flow due to large collaterals or
[34]
systemic shunts ). Nevertheless, there are increasing
data suggesting that changes in the hemostatic system
(genetic factors, end-stage renal disease, diabetes,
and history of prior DVT/PE) as well as intra- and
postoperative blood products transfusion (increased
transfusions of cryoprecipitate or fresh-frozen plasma
and factor VII) may contribute to the development
[37,38]
[39]
of HAT
. Interestingly Stine et al
have recently
showed that pre-transplant PVT is associated with
increased risk of early graft loss from HAT suggesting
that hypercoagulability, besides surgical factors, could be
[39]
involved in the post-transplant HAT occurrence .
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DVT is a rare post-transplant complication that
has a reported incidence between 3.5% and 8.6% in
[40]
recent series . Intraoperative systemic thrombotic
complications, which mainly occur as acute PE or
intracardiac right atrial thrombosis, are other dangerous
events described in the perioperative period whose
incidence of approximately 1%-4% seems to be higher
[41,42]
than that reported in other surgical operations
.
VTE is a well-documented postoperative complication,
and PE is the most common cause of preventable
death in surgical patients. Several risk factors for the
development of PE during LT have been suggested,
including vascular clamping, veno-venous bypass,
central venous catheters, anti-fibrinolytic drugs, tissue
injury/ischemia, venous stasis and etiology of liver
disease.
In recent years, it has been shown that the
cirrhotic patients are in a new hemostatic balance that
undergoes new changes during liver transplant. During
[43]
this surgical procedure, vWF remains elevated ,
and its functional capacity increases during surgery,
probably due to an enhanced release of vWF from the
activated endothelial cells. In association with that
finding, the plasmatic concentration of ADMTS13cleaving protease decreases during transplant, leading
to an imbalance between vWF and ADMATS13, which is
possibly responsible for the thrombotic risk.
Thrombocytopenia, which is typical of end-stage liver
disease and potentially worsened by hemodilution and
consumption during liver transplant, is not associated
[44]
with a reduction in platelet function . The preserved
platelet adhesion, together with an imbalanced vWF/
ADAMTS13 ratio, could somehow explain the increased
incidence of thrombotic complications in the liver
[45]
transplant perioperative period .
For secondary hemostasis, in cirrhotic patients, the
parallel decline in pro- and anticoagulation proteins leads
to a new balance characterized by normal thrombin
generation. In the perioperative liver transplant period,
the reduction of protein C, protein S, antithrombin III,
and heparin cofactor II and the persistent increase
in factor VIII lead to increased thrombin generation
[45]
and to a hypercoagulable status . During surgical
procedures, the fibrinolytic system, which is normally in
equilibrium in cirrhotic patients, can move temporarily
towards hyperfibrinolysis in the anhepatic phase and
[46]
after reperfusion . However, at the end of surgery, a
hypofibrinolytic condition, related to a massive increase
in plasminogen activator inhibitor type 1 (PAI-1),
[47]
develops and usually lasts up to 5 d after surgery .
Even if the reduction in the fibrinolytic activity can
justify the occurrence of some thrombotic complication,
such a causal relation has not been demonstrated by
scientific works. The recent clinical literature seems to
underline the role of the perioperative hypercoagulable
status in the genesis of thrombotic complications such
as HAT, PVT and other systemic thrombotic events.
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Although perioperative bleeding complications
occur more often than thrombotic ones, postoperative
thromboses are associated with high morbidity and,
in some cases, with mortality. Independent of the
real origin of the prothrombotic status observed in
cirrhotic patients who undergo LT, more efforts on the
prevention of such complications by means of different
prophylactic antithrombotic therapies are necessary. A
prophylactic antithrombotic treatment to prevent these
complications may be clinically relevant, and because of
the fear of bleeding complications in the postoperative
period, it could be useful to have an instrument that can
reflect the coagulation status of the transplanted patient
better than the routine laboratory tests can, which have
been unreliable in reflecting the in vivo physiology.

HEMOSTATIC STATUS IN THE
TRANSPLANTED PATIENT AND
DIAGNOSTIC TOOLS
Standard coagulation tests

Standard coagulation tests have long been the standard
laboratory indicators of patients’ coagulation status.
According to the cell-based model of hemostasis, these
tests do not account for the important interactions
between platelets, clotting factors, and other cellular
components in the generation of thrombin or for
the balance between coagulation and fibrinolysis.
Furthermore, PT and PTT give only one piece of
information, i.e., whether the thrombin generation has
started, but they give no information of what occurs
afterwards.

Viscoelastic tests

Because of the limits of conventional coagulation tests
in recognizing significant coagulopathies or guiding
transfusion, in recent years the viscoelastic tests has
gained increasing importance. Viscoelastic tests give an
“in vitro” picture of the growth of the clot and a measure
of its stability until its physiological or pathological
lysis. These viscoelastic coagulation tests performed
®
®
bedside, including ROTEM and TEG , produce faster
and more reliable results than conventional tests do.
These two commercial devices function by slightly
different mechanisms. The thromboelastometer
(ROTEM-analyzer, TEM International, Munich, Germany)
uses a fixed cup with a pin that rotates, while the
thrombelastographer (TEG-analyzer, Haemonetics
Corp., Braintree, MA, United States) uses a fixed pin
[48,49]
and a rotating cup
.
TEG and rotational ROTEM are technologies that
were previously applied in different surgical fields and
are now applied to cirrhosis physiology. A more dynamic
and targeted approach to the overall hemostatic
process is at the basis of their success. They provide
visual information on the coagulation process in terms
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of maximal fibrin clot formation, fibrinolysis and
tendency to hypercoagulability. These characteristics
make these tests ideal for a rapid diagnosis of the
type of coagulopathy and for an appropriate (and
rational) choice of the therapeutic option in different
[50]
fields, such as trauma care, cardiac surgery and LT .
Several studies have evaluated the effect of using
TEG and ROTEM during LT on perioperative blood
product transfusions, suggesting that a transfusion
algorithm based on viscoelastic tests leads to reduced
transfusions, but no survival benefit has been observed
[51]
to date .
Actually, recent studies have noted that bleeding is
no more the unique feared risk in liver cirrhosis. In the
setting of liver surgery, several risk factors in addition
to those previously described (vascular clamping,
veno-venous bypass, central venous catheters, antifibrinolytic drugs, tissue injury/ischemia, venous stasis,
etiology of liver disease, endothelial damages, ischemia
time and vWF/ADAMT13 ratio imbalance) can increase
the probability of thrombotic complications.
End-stage liver disease per se is a risk factor for VTE,
and liver transplant surgery can improve the thrombotic
condition. When dealing with cirrhotic patients, a test
that could give information on hemorrhagic risk and the
presence of normal clot stability or on the tendency to
hypercoagulability would offer physicians an indication
for prophylactic treatment without creating too much
fear of the bleeding complications often associated
with liver transplant. In the setting of liver disease
and liver surgery, conventional coagulation tests give
no or wrong information about hemostatic conditions,
indicating hypocoagulability; in contrast, global viscoe
lastic tests show an enhanced hemostatic capacity or
hypercoagulability.
TEG and ROTEM are seemingly superior tests of
coagulation function in cirrhotic patients undergoing LT
compared with traditional measures, but their capacity
to recognize hypercoagulation status has yet to be
demonstrated beyond much doubt.
In surgical settings, the study by Hincker and
colleagues showed the encouraging results that ROTEM
can predict thrombotic complications after major non[52]
cardiac surgery . Similarly, Kashuk and colleagues
demonstrated that the presence of hypercoagulability
identified by r-TEG is predictive of thromboembolic
[53]
events in surgical patients . When comparing TEG
to INR in living-donor LT, TEG has been a useful tool
to monitor for hypercoagulability in the perioperative
period among liver donors, detecting a hypercoagulable
[54]
state in some patients in spite of an elevated PT-INR .
[55]
Mallet et al
reported that several of the 124 liver
recipients with end-stage liver disease presented with
or developed a hypercoagulable thromboelastogram
during liver transplant. Nevertheless, the 6 patients
who developed early HAT had some TEG signs of
hypercoagulability (increased cloth strength, high G,
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or shortened reaction time), though it was not clear
what kind of influence these alterations could have
on thrombotic complication. The authors also showed
that standard laboratory tests did not succeed in
diagnosing any signs of hypercoagulability. Although
hypercoagulability on a viscoelastic device can be
associated with an increased risk of thromboembolic
events in different surgical fields, trauma setting and
[53,56,57]
critical care
, the same association in cirrhotic
patients seems more difficult to demonstrate. In
these patients, the definition of hypercoagulability
based on viscoelastic parameters is not unique, and
it has included a shortening of reaction time (R time),
an increase in maximal amplitude (MA), an increase
in net clot strength (G), or a combination of these
parameters. However, emerging evidence suggests
that hypercoagulability detected by ROTEM or TEG can
increase the probability of venous or arterial thrombotic
complications in certain patients, such as those who
[58]
undergo liver transplant. Lerner et al , in a review
of 27 case reports of thromboembolic events during
LT, showed that TEG profiles were hypercoagulable
in more than 70% of cases. The study by Zanetto
and colleagues showed that in cirrhotic patients with
hepatocellular carcinoma, thromboelastometry could
detect hypercoagulability, as identified by the presence
of a shorter clotting time and higher maximum clot
firmness, which was associated with PVT presence.
In particular, an increased baseline MCF FIBTEM (>
25 mm) was associated with a 5-fold higher risk of
[59]
developing PVT in cirrhotic Child A patients . Recently,
Zahr and colleagues analyzed the native procoagulant
state of 828 LT recipients by using pre-transplant
thromboelastographic data to identify risk factors for
early HAT and found that the MA value was significantly
higher in patients diagnosed with early HAT compared
with those who were not. Specifically, an MA value on
preoperative TEG of 65 mm or greater was recorded
in a total of 7% of patients who went on to develop
early HAT (hazard ratio = 5.28; 95% CI: 2.10-12.29;
P < 0.001), whereas only 1.2% of patients with an MA
less than 65 mm experienced this complication. The
authors concluded that preoperative TEG may reliably
identify group of recipients at greater risk of developing
[60]
early HAT . The use of viscoelastic tests in detecting
any hypercoagulability condition during liver transplant
seems helpful in better managing blood product
transfusion or, hypothetically, prophylactic therapy, but it
remains unclear whether these tests during the course
of the surgery would be of additional outcome benefit,
and several doubts remain about the reliability of their
measures. Compared with the thrombin generation
test (TGT), ROTEM and TEG may not be appropriate for
hemostasis assessment in patients with liver cirrhosis,
and it could lead to the unnecessary transfusion of
fresh-frozen plasma or to the wrong administration of
[61]
a thromboprophylactic drug. Even though Blasi et al
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reported that “parameters from the first derivative
of the ROTEM are similar to the thrombin generation
assay, which is considered the gold standard marker
of hyper/hypocoagulability”, several papers underline
the lack of correlation between the ROTEM and TGT
results. Lentschener and colleagues showed that while
thromboelastometry detected a hypocoagulable profile
in decompensated cirrhotic patients, TGT showed a
normal to increased thrombin generation, suggesting a
[62]
preserved hemostasis and/or a procoagulant state .
In addition to the non-uniformity of results between
thromboelastography and TGT, non-uniformity has been
recorded within an individual test (ROTEM or TEG).
Some of the discrepancies can be partially explained
by the differences in test methods, the activators used
and the lack of viscoelastic test reference ranges for
cirrhotic patients. The current habit to define hypoor hypercoagulability by referring to reference ranges
obtained from healthy individuals may not provide
a reliable estimation of the coagulation status and
[63]
bleeding risks of cirrhotics . Other limitations of
the use of ROTEM and TEG need to be considered
when analyzing the information they give. Platelet
dysfunction, either drug-induced or inherited, is not
detected. These devices are insensitive to the effects of
[49,64,65]
vWF and factor XIII
, and they lack activation of
the anticoagulant protein C system. Other shortcomings
of TEG and ROTEM are the lack of adequate
standardization, low reproducibility of the results and
[66,67]
sensitivity to preanalytic variables
.

actions between pro- and anticoagulant factors in the
hemostatic process of patients with end-stage liver
disease, this test is performed in platelet-poor plasma
and/or platelet-rich plasma, which requires time to
prepare and makes this method unsuitable for quick
diagnosis and therefore impractical in a routine clinical
setting.
Similar to TEG and ROTEM, this assay is not suff
iciently standardized for broad clinical use, and the
large variance of the preanalytic variables and the lack
of standardized reference ranges prevent its routine
[68]
clinical use . Thrombin generation assays, although
they are not readily available today, could provide a
more effective tool for assessing the hemostatic system
in patients with cirrhosis, but until further studies are
performed, viscoelastic tests could be helpful for the
clinical conditions associated with increased thrombotic
risks by avoiding the overcorrection of the coagulation
defects detected.

ROLE OF THROMBOPROPHYLAXIS
Review methodology

A systematic literature search was performed
independently by two of the authors (LDP and RM)
using PubMed, and the Cochrane Library Central. The
search was limited to humans and articles reported in
the English language. No restriction was set regarding
the type of publication, date or publication status.
Participants of adult age and any sex who underwent
living transplantation or living donor liver transplantation
procedures were considered. The search strategy was
based on different combinations of words for each
database. For the PubMed database, the following
combination was used: (“liver transplantation” OR
“liver transplant” OR “hepatic transplantation” OR
“hepatic transplant”) AND (“thromboprophylaxis” or
“anticoagulation” or”antiplatelets” or “antithrombotic
therapy” or “antithrombotic prophylaxis” or “prophylactic
anticoagulation” or “anticoagulants” or “aspirin” or
“heparin”).
The same key words were inserted in the search
manager fields of the Cochrane Library Central. The
search was broadened by extensive cross-checking
of reference lists of all retrieved articles fulfilling
inclusion criteria. For all databases, the last search
was run on March 28, 2018. The same two authors
independently screened the title and abstract of the
primary studies that were identified in the electronic
search. The following inclusion criteria were set for
inclusion in this systematic review: (1) studies reporting
a thromboprophylactic therapy in liver transplant
procedures; (2) studies reporting a description of the
anticoagulation or antiplatelet therapy performed in
liver transplant recipients; and (3) if more than one
study was reported by the same institute, only the most
recent or the highest quality study was included.

Thrombin generation test

TGT is a promising laboratory tool for investigating
hemorrhagic coagulopathies, predicting the risk of
recurrent VTE after a first event, and monitoring
[68]
patients on parenteral or oral anticoagulants . In
contrast to TEG and ROTEM, TGT can be performed
with or without thrombomodulin, thus allowing us to
analyze the natural anticoagulant protein C pathway.
Furthermore, TGT offers more information on the
hemostatic capacity in total because in contrast to
viscoelastic tests, it assesses not only fibrin formation
but the generation of thrombin, which does not stop
[69]
when the fibrin clot has been generated . For this
reason, TGT best mimics the in vivo balance of pro- and
anticoagulant proteins in plasma and the dynamics of
[70]
thrombin generated in vivo .
TGT measures specific parameters such as the
lag-time (time to start), the time to peak, the peak
[69]
height, and the endogenous thrombin potential , so
when used to analyze cirrhotic patients, it has shown
a preserved or even increased thrombin generation,
indicating a normal or even increased coagulation
capacity, while ROTEM, performed in the absence
of thrombomodulin, has shown hypocoagulation in
[62]
proportion to the level of liver impairment .
Although TGT seems to better describe the inter
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The following exclusion criteria were set: (1) letters,
comments and case reports; and (2) studies where it
was impossible to retrieve or calculate data of interest.
The same two authors extracted the following main
data: (1) first author, year of publication and study
type; (2) number and characteristics of patients; (3)
effectiveness of the thromboprophylaxis performed in
term of portal vein thrombosis, hepatic artery throm
bosis, deep vein thrombosis and pulmonary embolism;
and (4) complications of thromboprophylaxis. Bias of
the individual studies was categorized based on study
design. All relevant texts, tables and figures were
reviewed for data extraction. Discrepancies between the
two reviewers were resolved by consensus discussion.
The literature search yielded 634 articles; after the
removal of all the articles that did not reflect the inclusion
[62,71-79]
and exclusion criteria, a total of 11 articles
published between 1997 and 2018 were included in this
[71,76,80]
systematic review. Three studies were prospective
,
[75]
only one was a prospective case control study
while
[61,72,74]
all the others were retrospective
and four of these
[73,77-79]
had control group
; No papers reported multicentric
data. All these studies included a total of 5192 patients
(adult and children).

several difficulties in administering thromboprophylaxis
because they do not know if, in the postoperative
period, the coagulopathy persists or the coagulation
balance reverts to normality. In the light of the above
mentioned observation thromboprophylaxis should
not be withheld on basis of post-operative prolonged
PT values, as in reality coagulation is hyperactive and
standard coagulation test are not truly representative
of the real coagulation status in these patients. Other
difficulties come from the lack of effective predictors of
VTE. INR, MELD score and platelet number have been
[25]
unreliable to predict thromboembolic complications .
Due to the risks of bleeding and coagulopathy in the
postoperative LT period, antithrombotic prophylaxis to
prevent VTE is not routinely used, and no consensus
exists.
Recently, Mukerji and colleagues advised delaying
anticoagulation until the post-transplant INR was above
[9]
1.5 to 2.0 and the platelet count was below 50000 .
Similarly, Blasi and colleagues suggested administering
thromboprophylaxis with low-molecular-weight heparin
to patients with Child A cirrhosis and in patients who
undergo intraoperative thrombectomy, avoiding its
9
administration if the platelet count is under 30 × 10 /L
[61]
or in cases of significant intraoperative blood loss .
Even if thromboprophylaxis in the early postoperative
period of cadaveric liver transplant recipients is not
routinely administered and the reports on the usage of
heparin are very limited, more surgeons have begun
to implement thromboprophylaxis therapy to reduce
the risk of vessel thrombosis (Table 2). Most liver
transplant centers have developed their own protocols for
heparin infusion and the monitoring of its activity, even
though bleeding remains the most feared complication
associated with anticoagulation therapy, especially in
cases of delayed graft function and marginal graft. For
[71]
instance, Kaneko et al reported a high incidence (9%)
of surgical revision for hemorrhagic complications in their
living related liver recipients who received unfractionated
heparin (UFH). They suggested that the dose of heparin
should be adjusted to maintain activated clotting time
(ACT) levels lower than the previously settled ones during
[80]
the early postoperative period. Mori et al declared that
their basic protocol after living donor LT for the patients
who underwent portal reconstruction for PVT did not
include anticoagulation therapy. Only patients with good
coagulation (PT-INR < 1.5) or slow portal flow were
administered intravenous heparin at the dose of 5 U/kg/h
during the first week after the LT and only then shifted to
[80]
warfarin . Similarly, Stange and colleagues suggested
to administer low-dose heparin as a continuous infusion
of 5.000 IE over 24 h, beginning 6 h postoperatively, for
14 d only in case of split-liver transplantation or complex
[72]
arterial reconstruction .
In contrast to Kaneko and Mori, Yip and colle
[73]
agues
implemented a standardized prophylactic
regimen in LT recipients with subcutaneous heparin

Description of the studies

Despite the altered coagulation tests and throm
bocytopenia, patients with end-stage liver disease are
[28]
at a risk for thrombosis . Several authors suggested
that routine thromboprophylaxis should therefore not be
[81]
withheld from hospitalized patients with liver disease
unless risk factors for bleeding are present. Recent
advances in the understanding of the coagulopathy
in chronic liver disease have provided strong support
for anticoagulation as a new therapeutic paradigm for
patients with cirrhosis, which would be able to decrease
[81]
the progression of the liver disease .
Although the incidence of venous thrombosis after
LT is similar to that reported in other types of major
surgery, the fact that these complications occur despite
hypocoagulable routine laboratory tests in the first
postoperative days indicates that these routine tests
probably do not reflect the in vivo physiology. The lack
of reliable laboratory tests and the contraindications to
thromboprophylaxis in cases of high hemorrhagic risk,
such as that recognized in LT, make the management
of anticoagulants complex in this surgical setting.
After LT, patients may be hypercoagulable because
of an imbalance between coagulation and fibrinolytic
mechanisms, tipping towards a prothrombotic state in
[82]
the early postoperative phase . It has been established
as well that after LT and partial hepatectomy, patients
are hypercoagulable because of enhanced thrombin
[83-85]
generating capacity, despite prolongations in the PT
.
Furthermore, postoperative immunosuppressive drugs
may play a role in increasing platelet aggregation and
[86]
thrombogenicity . However, usually physicians find
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Table 2 Different thromboprophylaxis protocols for postoperative arterial and venous thrombosis in liver transplant patients
Authors

Type of study

Blasi
2016[61]

Retrospective
study No
controls

Number Pts

PVT

HAT

Bleeding

Observations

Enoxaparin not
Adult LT
routinely, unless
intraoperative.
thrombectomy or
the patient was
under anticoagulant
treatment
before LT. No
thromboprophylaxis
if the platelets are
under 30 × 109/L.
Prospective
Dalteparin
Adult
study No
administration
Livingcontrols
adjusted with
donor LT
reference to the ACT
(130-160 s)

328

8 (2.4%)

NA

Not reported

5/8 patients with
PVT did not receive
prophylaxis, and the
other 3 received it
days after LT or in
only a few doses

128

1 PVT (0.78%)
and 1 (0.78%)
PVT + HAT

2 HAT (1.5%)
and 1 HAT +
PVT (0.78%)

Retrospective Heparin infusion up Adult and
study No
to 180-200 units/
pediatric
controls
kg/day adjusted
livingwith reference to the donor LT
ACT (target levels,
180-200 s) and/or
the aPTT (target
levels, 50-70 s).
Sugawara Prospective
LMWH, ATIII,
Adult
2002[76]
study No
prostaglandin E1
LivingControls
(0.01 g/kg/h) and a donor LT
protease inhibitor

186

5 (2.3%)

172

4 (2.3%) both
PVT + HAT

Kaneko
2005[71]

Drug used

Gad
2016[74]

Mori
2017[80]

Prospective
study No
controls

Heparin infusion
at the dose of 5
U/kg/h during the
first week after LT

Yip
2016[73]

Retrospective
case control
study

Subcutaneous
heparin (5000 U)
every 8 h

WJG|www.wjgnet.com

Target
population

11 (8.5%)
surgical
revisions and
8 (6.25%)
patients with
hemorrhages
complications
treated
conservatively
4 HAT (1.8%) 4
4 (1.8%)
HAT and PVT
(1.8%)

High hemorrhage
complication rate in
this series indicates
that a lower target
ACT range may
be preferable in
the second postoperative week.
Pre-LT PVT
may deserve
more intensive
anticoagulation
therapy

Not considered The authors’ strategy
against HAT is
aimed to correct the
imbalance between
the coagulation and
anticoagulation
systems
Adult
282 total patients;
8 (17%)
NA
Not considered The basic protocol
Living48 patients with
after LDLT does
donor LT
pre-existing
not provide
PVT; number
anticoagulant
of patient with
therapy. Only
thromboprophylaxis
patients with good
not cited
coagulation (INR)
< 1.5 or slow portal
flow (velocity
< 10 cm/s) and
intraoperative portal
reconstruction
for PVT were
administered
intravenous heparin.
The aim of this study
was to determine
the risk factors
that influence the
incidence of DVT/PE
and the effectiveness
of prophylaxis
Adult LT
999 total patients; Not considered Not considered
NA
The aim of this study
288 patients with
was to determine
thromboprophylaxis
the risk factors
from 2011
that influence the
incidence of DVT/PE
and the effectiveness
of prophylaxis
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Uchikawa Prospective
2009[75]
case control
study

Continuous i.v.
Dalteparin infusion
administered in the
anhepatic phase to
maintain the ACT
levels from 140 to
150 seconds (Gr.A)
vs continuous i.v
Dalteparin infusion
administered
immediately after
the operation and
adjusted depending
on clinical findings
(Gr.B)
Retrospective UFH 5000 IU over
study No
24 h beginning 6 h
controls
postoperatively, for
14 d

Adult
Livingdonor LT

42 total patients (10
vs 32)

0 % in Gr. B 5
(15.6%) in Gr.
A

0 % in Gr. B 5
(15.6%) in Gr.
A

Stange
2003[72]

Adult
Livingdonor LT

1192

Not evaluated

14 (1.17%)

Wolf DC, Retrospective 81 mg oral aspirin Adult and
1997[77]
case control in adult and 40 mg pediatric
study
in children from
LT
postoperative day 1

499 total patients
(354 vs 175)

Not evaluated

Vivarelli
2007[78]

Retrospective
case control
study

100 mg aspirin

Adult LT

838 total patients
(236 treated vs 592
not treated)

Not evaluated

Shay
2013[79]

Retrospective
case control
study

325 mg aspirin

Adult LT

469 total patients
(165 treated vs 304
not treated)

6/304 (2%)
not treated
patients vs
1/165 patients
treated (0.6%)

0% in Gr. B 1 The study evaluated
(3.1%) in Gr. A the advantage of ACT
as a reliable tool for
bedside monitoring
of LMWH
anticoagulant effects
during and following
LDLT

3 (0.2%)
The authors analyzed
bleeding
the incidence,
episodes not clinical presentation,
apparently
therapeutic options,
related to UFH
and outcome of
hepatic artery
thrombosis (HAT)
10 (2.9%) vs 6
89 (16.8%)
The spontaneous or
(3.6%) in the gastrointestinal invasive maneuvernot treated
bleeding 66
related bleeding
group
treated vs 23 not episodes were more
treated patients
frequent in the
treated group
1/236 (0.4%)
0%
The aim of this study
treated
was to determine the
patients vs
safety and efficacy
13/592 (2.2%)
of aspirin therapy on
not treated
late HAT
patients
15/304
Similar bleeding The aim of this study
patients (4.9%) rates between was to determine the
vs 5/165 (3%) the two groups safety and efficacy of
patients overall
early aspirin therapy
HAT (early
on clinical outcomes
and late) in the
control and
treated group

LT: Liver transplant; PVT: Portal vein thrombosis; HAT: Hepatic artery thrombosis; ACT: Activated clotting time; aPTT: Activated partial thromboplastin
time; DVT: Deep vein thrombosis; PE: Pulmonary embolism; LMWH: Low-molecular-weight heparin; UFH: Unfractionated heparin.

(5000 U) every 8 h, demonstrating that this
therapy significantly reduces VTE events without
increasing bleeding risks. In support of this kind of
thromboprophylaxis, other studies have found that
unfractionated heparin did not increase the risk of
[87,88]
bleeding in patients with cirrhosis
. Gad and
[74]
colleagues , in a retrospective work on 222 adult
and pediatric living-donor LTs, reported their standard
prophylactic therapy (heparin infusion up to 180-200
units/kg per day adjusted with reference to the ACT
and/or the aPTT) and concluded that a more intensive
anticoagulation therapy could be one option, especially
[75]
when dealing with preoperative PVT. Uchikawa et al ,
fearing bleeding complications associated with UFH
administration, proposed a thromboprophylactic
regimen with dalteparin, a relatively selective inhibitor
of factor Xa activity. In their prospective case-control
group, they showed that anticoagulation therapy, based
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on ACT, reduces thrombotic complications without
[75]
[76]
increasing bleeding . Similarly, Sugawara et al
demonstrated the efficacy of intensive anticoagulation
obtained with low-molecular-weight heparin (LMWH)
administration.
In addition to LMWH and UFH, antiplatelet drugs
have been proposed for prophylaxis after LT because
of the important role of platelets in thrombotic
complication. Wolf and colleagues in 1997 showed no
benefit of prophylactic low-dose aspirin therapy in the
[77]
prevention of early HAT after liver transplantation .
[78]
Differently, Vivarelli et al , in a single-center
retrospective study, examined the effect of long-term
aspirin administration (100 mg) on the incidence of
late HAT in a large number of patients. They found a
relative risk reduction of 82% without any recorded
bleeding episodes throughout the follow-up period.
Unfortunately, one of the major limitations of the
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weighed. Some of these warnings regard the chosen
drug. Unfractionated heparin and LMWH are the most
frequently used drugs, although there are several
concerns and a lack of consensus on the required doses,
the efficacy of treatment and the best way to monitor
the pharmacologic effects achieved.

Table 3 Possible conditions warranting thromboprophylaxis
in the postoperative period of liver transplant recipients
Living-donor liver transplant and split liver
Surgical difficulties and complex vessel reconstruction
Presurgical portal vein thrombosis
Intraoperative portal or hepatic artery thrombectomy
Hypoplastic portal vein
Jump graft artery reconstruction
Cholestatic recipient diseases and Budd-Chiari disease
Non-alcoholic fatty liver disease/non-alcoholic steatohepatitis
Small or multiple recipient arteries
Low portal or arterial blood flow intraoperatively

Unfractionated heparin

Heparin is used to reduce the incidence of HAT after
liver transplantation. The anti-coagulatory effect of
UFH comes mainly from its capacity to enhance the
endogenous anticoagulant antithrombin III activity, from
its effects on platelets, platelet factor 4, the fibrinolytic
[92,93]
system and thrombin
. In liver cirrhosis or liver
failure, the hepatic synthesis of coagulation factors,
including antithrombin, is impaired, affecting anti-Xa
testing and the predictability of UFH’s anticoagulation
[94]
effect . In cirrhotic patients, a discrepancy has been
reported between the anti-Xa level and the activated
partial thromboplastin time while monitoring UFH
[95]
therapy . The anti-Xa tests underestimate the UFH
[96]
levels, whereas the aPTT gives an overestimation .
Neither of these tests assesses drug levels directly;
rather, they estimate the drug levels starting from the
anticoagulant action of the drug.
When monitoring unfractionated heparin’s effects by
aPTT modifications, physicians must address an already
prolonged aPTT value in many patients with cirrhosis,
making the aPTT target ranges for these patients
unclear. The aPTT test has not been assessed in cirrhotic
patients, and its targeted range is unclear given that
aPTT is prolonged at baseline in patients with cirrhosis.
In this case, the level of ant-Xa is usually decreased,
and that of aPTT is increased. This condition brings
into question whether the augmentation of UFH doses
based on anti-Xa level could expose patients to a higher
risk of bleeding or if decreasing the UFH dose based on
aPTT values could predispose patients to subtherapeutic
therapy.
The fluctuating liver graft synthetic capacity and
the consequently variable antithrombin level in the
plasma of the transplanted patients make the heparin
anticoagulation activity extremely variable during the
postoperative period, requiring continuous monitoring
and dose adjustment. Thus, understandable fears
of bleeding are common in the post-liver transplant
period.
Hemorrhagic complication can occur with the poorly
[71]
monitored use of heparin. Kaneko et al reported that
9% of their living related liver recipients who used UFH
developed hemorrhagic complications that required
[74]
surgical treatment. Other authors
noted the safety
profile of heparin infusion in a liver transplant setting,
underlining the necessity to obtain several samples to
monitor its activity.
The ACT monitors the activity of the intrinsic
pathway in the coagulation system and has been used
after liver transplant to assess heparin anticoagulation.

study was the inability to verify the effect of aspirin on
early HAT because of authors’ inability to start aspirin
immediately after LT in all patients with known impaired
[78]
coagulative function or with a high risk of bleeding .
[79]
In contrast to Vivarelli, Shay et al showed that aspirin
prophylaxis is safe and effective in decreasing early HAT
in adult recipients, making the HAT incidence decrease
from 3.6% to 0% in the treated group. There was
no difference in bleeding complications between the
groups, regardless of the dosage of aspirin (325 mg)
used.
There are emerging data on the safety of anti
[81,89]
coagulants in patients with cirrhosis
. Several groups
recommend thromboprophylaxis in the absence of
clear contraindications in the clinical, but not surgical,
[87,90]
setting
. A different situation is represented by LT,
where guidelines for VTE prophylaxis are lacking from
both safety and efficacy standpoints. In this setting,
a careful risk stratification, a wise drug choice and
a reliable monitoring of drug effects may orient the
choice on whether cirrhotic patients could benefit from
prophylaxis (Table 3).

DRUG CHARACTERISTICS AND
MONITORING ASSAY
In general, liver transplant surgery guidelines regarding
VTE prophylaxis are lacking from both safety and
efficacy standpoints. However, consideration should be
given to using both mechanical and chemical prophylaxis
after LT. Some studies, in fact, have reported rates
as high as 79.6% of transplants being undertaken
[91]
without transfusion
and a risk of developing a DVT
[40]
after LT with mechanical prophylaxis alone ≥ 9% .
The growing evidence from clinical studies of the
normal or even increased coagulation status in patients
with cirrhosis, which has replaced the old dogma
of the “auto-anticoagulated patient”, has oriented
most physicians to a more frequent postoperative
thromboprophylaxis administration. Therefore, several
warnings must be considered before implementing a
more liberal use of anticoagulants in patients who have
undergone liver transplant, and the risks and benefits
of anticoagulation in these patients must be carefully
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Different target levels, depending on the clinical study,
[71]
have been described and range from 130-160 s
[74]
and 180-200 s . Most liver transplant centers have
developed their own protocols for heparin infusions
and heparin activity monitoring based on empirical
rules. Because of the lack of consensus on the target
ranges to be reached to obtain anticoagulation without
increasing the hemorrhagic risk too much, authors
have chosen the target limit arbitrarily, and surprisingly,
the same target range has been both associated and
not associated with bleeding complications in different
clinical papers.
Another limit of UFH administration is heparininduced thrombocytopenia (HIT), which is an adverse
immune-mediated reaction to heparin that results in
platelet count decreases of more than 50% within 5
to 10 d after heparin administration. The prevalence
of HIT or HIT antibody in the liver recipient population
[97]
seems to be very low , with the exception of BuddChiari syndrome patients, in whom the HIT prevalence
[98]
is significantly higher than the general population .
Nevertheless, the careful monitoring of platelet count
and possible thrombosis is necessary when heparin
therapy is prolonged or patients have a history of
heparin therapy.
Despite these limitations, UFH pharmacokinetics,
especially if administered at low doses, characterized by a
rapid short-term action, poor bioavailability, and a rapidly
reversible anticoagulant effect in case of hemorrhagic
complications, makes UFH a good anticoagulant in
liver transplant patients with concomitant renal failure.
Because of the limitations of both anti-Xa and aPTT
tests in estimating the drug levels in plasma, thrombin
generation testing could represent a valid alternative that
offers information about the true anticoagulant effect
of this drug; unfortunately, this test is not available for
[96]
routine clinical use .

to avoid peak plasma levels and to better manage the
continuous changes in the coagulation cascade related
[75]
to the graft functionality
While LMWH reduces ischemia-reperfusion-associated
liver damage, which may make it more advantageous
than UFH for intraoperative and postoperative antico
agulant therapy in LT, continuous monitoring and dose
adjustments according to the degree of renal function
are required. The most widely used test that correlates
with the administered LMWH dose is the anti-FXa
activity in plasma, which measures the inhibitory activity
of LMWH-antithrombin (AT) complexes towards FXa.
However, the assay is prone to several pitfalls that need
to be considered when it is used to monitor the cirrhotic
[101]
patient
. The low levels of antithrombin typical of
cirrhotic patients limit the formation of LMWH-AT-FXa
complexes and lower the ability of the anti-FXa activity
[96]
assay to guide LMWH dosage . Potze and colleagues
found that the anti-FXa assay underestimated the LMWH
dose administered in vitro to plasma of cirrhotic patients
[96]
and had dangerous clinical consequences . The low
reliability of the anti-FXA assay, which underlines a
persistently low anti-FXA activity, can lead to dangerous
LMWH dose escalation in the postoperative period
[102]
in liver transplant recipients
. To overcome this
limitation of the assay at low AT levels, some authors
propose the addition of AT before monitoring LMWH,
which is not the standard practice in most routine
[81]
diagnostic laboratories . Another alternative could be
represented by the ACT, which is the most commonly
used and sensitive monitoring method to verify UFH’
s effects. Some reports have documented that ACT is
[103,104]
not reliable in monitoring LMWH’s effect
, and the
ACT cannot usually monitor the activity of factor Xa.
However, in other clinical papers, ACT did monitor the
anticoagulatory effect of LMWH in coronary intervention
[105]
[75]
[75]
procedures
and in living-donor LT . Uchikawa et al
showed that ACT measurement is a simple, reliable
method for bedside monitoring of LMWH’s (dalteparin’s)
anticoagulant effects for living-donor LT.
The usefulness of the conventional ACT for LMWH
monitoring is still under debate. TGT could represent a
[106]
valid alternative . However, this test is still impractical
in a routine clinical setting, as it requires time to prepare
and is not suitable for quick diagnosis.

Low-molecular-weight heparin

LMWH selectively inhibits clotting factor X and,
[71]
augments antithrombin III activity . Despite being
[99]
considered a drug with less risk of bleeding
than
unfractionated heparin due to its selective inhibition
of coagulation factor X, and because of its reduced
ability to bind to platelet factor 4 and von Willebrand
factor, its anticoagulation activity may be difficult to
[99]
predict . The anticoagulation efficacy in the presence
of both graft and renal dysfunction may be extremely
variable, and a reduction in the dosage of LMWH is
recommended because it has increased anticoagulant
[100]
potency in patients with cirrhosis . Hence, in patients
with impaired renal function, which is commonly
seen following LT, monitoring and dose adjustments
according to the degree of renal injury are required. For
this reason, in patients with a high bleeding tendency,
such as liver transplant recipients, an adjustable
continuous infusion of LMWH may be recommended
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Antiplatelet

The constant activation of platelets in the perioperative
period of liver transplant, which can lead to platelet
consumption and sequestration in the liver following graft
reperfusion, has been associated with the occurrence
[44]
of arterial thrombosis and graft failure . Because of
the significant role of platelets in the development of
thrombosis, antiplatelet therapy has come to be seen
as an attractive preventive therapy. Aspirin’s ability
to suppress the production of prostaglandins and
thromboxanes is due to its irreversible inactivation of
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the cyclooxygenase (COX) enzyme, which leads to
an interference with platelet aggregation and to an
endothelial cell-mediated inhibition of the coagulation
[107]
cascade
. Although the widespread use of aspirin
seems attractive, the traditional fear of hemorrhagic
complication in the postoperative period of the liver
transplant patient is responsible for the general
avoidance of anticoagulant medication in these patients
and for the very few studies performed on the efficacy
and safety of antiplatelet drugs after liver transplantation.
The literature on antiplatelet administration in the posttransplant period is controversial. Wolf and colleagues
(1997) found no benefit of prophylactic low-dose
aspirin therapy in the prevention of early HAT after liver
transplantation, and even if aspirin administration did
not seem to be associated with postoperative bleeding
complications, a trend toward an increased incidence
[77]
of gastrointestinal bleeding was seen . In contrast,
[78]
Vivarelli et al . reported the efficacy and safety of
long-term aspirin administration for the occurrence of
late HAT, without hemorrhagic complications associated
[79]
with aspirin administration. Similarly, Shay et al ,
who used a higher dosage of aspirin immediately after
surgery, showed that aspirin prophylaxis was safe and
effective in decreasing early HAT in adult recipients,
with no evidence of significant bleeding. These recent
works seem to suggest that thromboprophylactic
anticoagulation with aspirin in selected high-risk LT
patients may be considered carefully.
Antiplatelet agents, in contrast to other anti
coagulants, could offer the advantage of not requiring
laboratory monitoring for dose adjustments. No tests
are usually performed to avoid excessive inhibition of
platelet function, and the issues regarding monitoring
in the use of other anticoagulants cannot be applied
to antiplatelet drugs. Unfortunately, laboratory tests of
platelet function are frequently abnormal in patients
with cirrhosis, and it may be challenging to detect
the efficacy of anti-platelet agents in a category of
patients with thrombocytopenia and platelet function
[108]
alterations
. Furthermore, despite the clinical
evidence for the efficacy of aspirin for early and late
HAT, the use of aspirin has been associated with an
increased risk of a first variceal bleeding in patients
[109]
with established varices
and with acute renal failure,
hyponatremia, and diuretic resistance in patients with
[110]
ascites
, occasionally making preventive aspirin
administration in liver recipients difficult.

risk is difficult and should be formulated by a team of
experts (surgeon, anesthesiologist), who should weigh
the relative risk of bleeding with that of thrombosis. The
risk of bleeding complications in the perioperative period
[111]
has been increased 1.5-fold under low-dose aspirin ,
and when clopidogrel is not discharged within 7 d
[112]
prior to the operation, this risk increases to 30%
.
Clopidogrel is correlated with increased bleeding and
is usually interrupted in the postoperative period until
the risk has been reduced. Clopidogrel’s hemorrhagic
risk, the lack of established reversal agents, the fact
that it is widely metabolized by the liver and excreted
in urine, and the risk of excessive anticoagulation in
the immediate postoperative period have made this
drug barely manageable and, thus, not indicated for
postoperative antithrombotic prophylaxis.

Direct oral anticoagulant agents

Direct oral anticoagulant agents (DOACs) have been
proposed as an attractive alternative to heparin and
LMWH for the prevention of post-transplant thrombotic
complications. Moreover, preliminary data show that
[113]
the use of DOAC is safe in cirrhotics . These drugs
have the advantages of oral administration, fixed dose
and no need for laboratory monitoring. Moreover, their
mechanism of action is independent of antithrombin,
which is necessary for LMWH be effective but may be
severely impaired in cirrhosis patients. However, we
know of no DOAC study in postoperative liver transplant
patients. The experience with DOACs is still limited,
their anticoagulation effect is not quickly reversible,
their elimination route is through the kidney and liver,
and excessive drug accumulation could be associated
with bleeding issues in the postoperative period. In
liver transplant recipients, renal and liver function are
often impaired, and excessive anticoagulation effects
could develop, making DOACs of scarce interest for
postoperative thromboprophylaxis.

CONCLUSION
The widespread fear of postoperative bleeding after
LT has been partly reduced by the awareness of the
real coagulation balance of cirrhotic patients and
by the increasing number of transplants performed
without the need for transfusion. The old concept of
the cirrhotic patient as an anticoagulated patient and
the idea that the normal coagulation tests are able to
represent the real coagulation balance of the patient
have now been replaced. With this new knowledge,
the attention towards thromboembolic complications
of the liver transplant patients has become increasingly
pressing. An unbalanced coagulation system toward
hypercoagulability may persist for a variable period of
time after the liver transplant. The delayed recovery of
the anticoagulant factors and the reaching of normal
activity among almost all of the procoagulant proteins
not before day 1 to 3 postoperatively have been

Clopidogrel

P2Y12 blockers such as clopidogrel, which has an active
metabolite that irreversibly inhibits the ADP P2Y12
receptor, have been proposed to prevent post-transplant
arterial thrombosis, but the risk of thrombosis vs
bleeding must be wisely considered when choosing this
[7]
drug in the postoperative period .
Perioperative management of antiplatelet therapy in
patients who undergo surgery with a high hemorrhagic
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[82]

widely described . The increasing awareness that
hypercoagulability can represent a serious risk in the
perioperative period of the liver recipient, together with
the lack of reliable tests to verify the presence of this
condition, should increase the awareness of physicians
of the need for adequate thromboprophylaxis therapy.
Literature on this matter is scarce, and the degree of
anticoagulation to be achieved or the tests to monitor
anti-coagulation are not the result of common consensus.
Thromboprophylaxis should be used more often. From
the literature available, we infer that the most commonly
used drugs for antithrombotic purposes in patients
undergoing LT are UFH, LMWH and cardioaspirin. The
use of DOAC and clopidogrel in this category of patients
is still limited, due in particular to their slowly reversible
effect and the excessive anticoagulation effect they can
cause because of their elimination route. Likewise, the
possibility of hemorrhagic complications in transplanted
patients remains a real fear. Pharmacological prophylaxis
is probably beneficial in reducing the incidence of
thromboembolic complications in the perioperative
period, but a careful patient selection and a reliable
coagulation test to monitor the pharmacological
prophylaxis are needed. Thrombin-generation assays
are the most reliable tests to represent the net amount
of thrombin that can be generated as a result of the proand anticoagulant drivers and is a promising laboratory
tool for investigating hemorrhagic and thrombotic
coagulopathies. However, this test is still impractical
in a routine clinical setting because it requires time to
prepare and is not suitable for quick diagnosis. While
waiting for this test to be readily available for bedside
testing, viscoelastic tests, with all their limitations, could
be helpful for the clinical conditions associated with
increased thrombotic risks by avoiding the overcorrection
of coagulation defects.
Unfortunately, because of the lack of a coagulation
test that reliably predicts the risk of bleeding or
thrombosis in the perioperative LT period, strong
recommendations on thromboprophylaxis in this setting
cannot be made, in particular in patients with delayed
graft function. More well-designed clinical studies on the
efficacy, safety, and tolerability of anticoagulant drugs
for the prevention of thrombotic events in transplanted
patients are needed.
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Abstract
MicroRNAs (miRNAs) are small, single-stranded,
noncoding RNAs that can post-transcriptionally regulate
the expression of various oncogenes and tumor
suppressor genes. Dysregulated expression of many
miRNAs have been shown to mediate the signaling
pathways critical in the multistep carcinogenesis of
colorectal cancer (CRC). MiRNAs are stable and protected
from RNase-mediated degradation, thereby enabling
its detection in biological fluids and archival tissues for
biomarker studies. This review focuses on the role and
application of miRNAs in the prognosis and therapy of
CRC. While stage II CRC is potentially curable by surgical
resection, a significant percentage of stage II CRC
patients do develop recurrence. MiRNA biomarkers may
be used to stratify such high-risk population for adjuvant
chemotherapy to provide better prognoses. Growing
evidence also suggests that miRNAs are involved in the
metastatic process of CRC. Certain of these miRNAs
may thus be used as prognostic biomarkers to identify
patients more likely to have micro-metastasis, who could
be monitored more closely after surgery and/or given
more aggressive adjuvant chemotherapy. Intrinsic and
acquired resistance to chemotherapy severely hinders
successful chemotherapy in CRC treatment. Predictive
miRNA biomarkers for response to chemotherapy
may identify patients who will benefit the most from
a particular regimen and also spare the patients from
unnecessary side effects. Selection of patients to receive
the new targeted therapy is becoming possible with
the use of predictive miRNA biomarkers. Lastly, forced
expression of tumor suppressor miRNA or silencing of
oncogenic miRNA in tumors by gene therapy can also be
adopted to treat CRC alone or in combination with other
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chemotherapeutic drugs.

(VEGFR) and epidermal growth factor receptor (EGFR)
[7]
inhibitors .
MicroRNAs (miRNAs) are short (~22 nucleotides
in length) endogenous non-coding RNAs that repress
gene expression in eukaryotic organisms. There are
numerous studies reporting the correlation between
dysregulated miRNAs and the aberrant regulation
of signaling pathways involved in CRC initiation and
[8]
progression. Michael et al was the first to report a
dramatic downregulation of miR-143 and miR-145 in
CRC relative to normal colon epithelial cells, thereby
suggesting a role of miRNAs in CRC pathogenesis. Other
studies have demonstrated the tumor suppressive
or oncogenic functions of miRNAs in CRC. Therefore,
miRNAs might have diagnostic and prognostic value
for CRC patients. MiRNAs may also represent novel
therapeutic targets for gene therapy in the treatment of
CRC.
In this review, the dysregulation of miRNAs leading
to the initiation, progression and metastasis of CRC
will be discussed. We also describe the translation of
miRNA research to potential prognostic and therapeutic
applications in the management of CRC in clinical
settings.

Key words: microRNA; colorectal cancer; multidrug
resistance; prognosis; therapeutic target; apoptosis;
metastasis; recurrence; risk stratification
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: MicroRNAs (miRNAs) are important mediators
regulating the initiation, progression, metastasis and
recurrence of colorectal cancer (CRC). Numerous
studies have reported dysregulation of miRNAs in tumor
specimens and body fluids, including serum, plasma and
feces. Furthermore, the miRNAs were more recently
found in circulating exosomes from CRC patients.
Fortunately, this finding suggests potential diagnostic,
prognostic and therapeutic applications of miRNAs at
different stages of CRC. In this review, we aim to outline
the current body of knowledge pertaining to the critical
roles played by miRNAs in the molecular pathogenesis
of CRC. Our focus is to delineate practical applications
of miRNAs as prognostic biomarkers and therapeutic
targets in the treatment of CRC.
To KK, Tong CW, Wu M, Cho WC. MicroRNAs in the prognosis
and therapy of colorectal cancer: From bench to bedside. World
J Gastroenterol 2018; 24(27): 2949-2973 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i27/2949.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i27.2949

MIRNAS AND DYSREGULATION OF
SIGNALING PATHWAYS IN CRC
Gene regulation by miRNAs is mediated by the formation
of hybrids with the 3-untranslated region (3’UTR)
sequences of the target mRNAs, leading to mRNA
[9]
degradation and/or translational inhibition . MiRNAs play
key roles in numerous cellular processes, including cell
proliferation, differentiation, apoptosis, and development.
These miRNAs are observed to regulate the expression
of approximately one-third of human protein-coding
[10]
genes .

INTRODUCTION
rd

Colorectal cancer (CRC) is the 3 most common cancer
rd
and the 3 leading cause of cancer-related deaths
[1]
worldwide . For 2018, there is an estimated incidence
of over 140000 new cases and mortality of over 50000
[2]
annually in the United States . It is widely believed
that CRC develops in multi-step process, from aberrant
crypt foci, through benign precancerous lesions
(adenomas), to malignant tumors (adenocarcinomas)
[3]
over an extended period of time . The majority of CRC
is sporadic, though approximately 20%-30% of CRC
[4,5]
patients carry inherited mutations . Accumulation of
numerous genetic mutations and/or epigenetic changes
is required to drive the carcinogenic progression
through progressive functional disruption of tumor
suppressor genes and oncogenes. While the prognosis
for advanced CRC remains dismal, the disease is curable
in its early stages, thereby highlighting the importance
of prevention and early detection.
Treatment of CRC usually involves surgical resection
of the primary tumor(s) followed by chemotherapy and/
or targeted therapy for the advanced (stage III and IV)
[6]
disease . New drugs approved for CRC in recent years
mainly fall into the class of molecular targeted drugs,
including the vascular endothelial growth factor receptor

WJG|www.wjgnet.com

miRNAs and WNT/β-catenin pathway

The dysregulation of the Wnt/β-catenin pathway is
one of the earliest events driving CRC carcinogenesis.
Constitutively active β-catenin upregulates the expression
of Wnt target genes transcriptionally to initiate CRC
[11]
formation . There is mounting evidence suggesting
there is crosstalk between miRNAs and the Wnt/β-catenin
pathway in CRC development. While miRNAs were
found to activate or inhibit the canonical Wnt pathway,
Wnt activation was also shown to increase expression of
miRNAs by directly binding to their gene promoters.
MiR-224 was recently shown to activate the Wnt/
β-catenin signaling and direct the nuclear translocation
of β-catenin in CRC by downregulating GSK3β and
[12]
SFRP2 . Knockdown of miR-224 was found to restore
the expression of GSK3β and SFRP2 and inhibit Wnt/
β-catenin-mediated cell metastasis and cell proliferation.
Cancer stem cells (CSCs) are widely believed to be
the key driving force for the initiation of cancer. CSC
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subpopulations, capable of self-renewal and having the
ability to initiate and sustain tumor growth, metastasis
and resistance to chemotherapy, have been identified
[13]
in CRC . The Wnt pathway plays a key role in the
induction of symmetrical cell division of CSCs, which
disrupts the homeostasis of normal stem cells and
[14,15]
leads to cancer formation
. To this end, miR-146a
was shown to activate the Wnt pathway in colorectal
cancer CSCs to stabilize β-catenin, thereby regulating
the symmetrical cell division to promote CRC initiation
[16]
and progression . Interestingly, miR-146a was itself
activated transcriptionally by Snail via a β-catenin[16]
TCF4 complex . Therefore, a feedback loop consisting
of Snail-miR-146a-β-catenin is operating in CSC of
colorectal cancer to maintain Wnt activity.

stemness or promote cancer migration and invasion in
CRC by targeting the TGF-β/Smad signaling pathway.
Conversely, decreased expression of miR-25 in CRC
cell lines was also found to activate SMAD7, which is a
negative regulator of TGF-β signaling pathway, to promote
[32]
cancer proliferation and metastasis . Interestingly,
miR-187, a validated downstream effector of the TGFβ
pathway, was shown to suppress Smad-mediated
[33]
epithelial-mesenchymal transition (EMT) in CRC cells .

miRNAs and epithelial-to-mesenchymal transition (EMT)

The activation of EMT, a cellular process of converting
polarized epithelial cells to mesenchymal cells, enables
cancer cells to migrate and invade into metastatic
[34]
sites . A number of miRNAs have been identified
[35]
as key regulators of this EMT process in CRC . MiR29c has been shown to be remarkably downregulated
in primary CRC with distant metastasis and it was
[36]
associated with significantly shorter patient survival .
Importantly, forced expression of miR-29c was
demonstrated to inhibit cell migration and invasion in
[36]
vitro and metastasis in vivo , which is related to its
inhibition of the ERK/GSK3β/β-catenin and AKT/GSK3β/
β-catenin pathways. Conversely, liver metastatic tissues
were found to express higher level of miR-200c than
[37]
the primary CRC tumor . This increased expression
has been specifically associated with hypomethylation
of the promoter of the miRNA gene. The Wnt/β-catenin
pathway was also shown to transactivate miR-150,
which subsequently promoted EMT of CRC cells by
[38]
suppressing CREB signaling .

miRNAs and EGFR pathways

In recent years, anti-EGFR targeted drugs have been
approved for treating metastatic CRC. However,
treatment response is hindered by dysregulation of the
PI3K/AKT and KRAS/RAF/ERK pathways downstream of
EGFR.
In the PI3K/AKT pathway, mutation of the PIK3CA
gene has been demonstrated in 15%-20% of CRC
[17]
cases . Interestingly, mutations in the miR-520a
and miR-525a binding sites at the 3’UTR of PIK3CA
were found to enhance the sensitivity of CRC cell lines
to saracatinib, which inhibits the activation of Akt[18]
dependent signaling . Conversely, reduced expression
of miR-126 has been shown to mediate amplification of
[19]
the PI3K/AKT signal in CRC .
Activating KRAS mutations constitutes up to
[20]
30%-60% of all CRC cases , which mediates primary
resistance to anti-EGFR targeted therapy. Moreover,
even in CRC bearing wild-type KRAS, the response
[21]
to anti-EGFR targeted therapy is less than 40% .
Additional molecular signature(s) are needed for the
selection of patients who respond well to anti-EGFR
[22]
targeted therapy. To this end, miRNAs such as let-7 ,
[23]
[24]
[25]
[26]
miR-18a* , miR-30b , miR-143 , and miR-145
have been identified as tumor suppressors that inhibit
KRAS expression. These miRNAs may be used as
biomarkers to predict favorable response in patients to
anti-EGFR therapy.

MIRNAS AS POTENTIAL CLINICAL
BIOMARKERS IN CRC
miRNAS as diagnostic biomarkers for CRC

It is widely believed that a series of sequential genetic
changes are needed to drive the conversion of
normal colonic epithelium to malignant CRC. If the
precancerous adenoma can be detected and treated
prior to the development of advanced carcinoma,
[39]
then patient mortality would be reduced . While
colonoscopy remains the gold standard screening test
[39,40]
for the diagnosis of CRC
, the application of miRNA
as diagnostic markers for CRC has attracted a lot of
attention in recent years. Two of the first few miRNAs
identified in CRC tumor specimens, miR-143 and
miR-145, were, relative to normal colonic mucosa, found
to be consistently downregulated in adenoma and other
[8,41]
stages of CRC
. More recently, several other miRNAs
(miR-21, miR-29a, miR-92a and miR-135b) have also
been shown to, when compared to normal tissues, be
[42]
upregulated in patients with high-risk adenomas . A
few excellent review articles about the development of
miRNA-based biomarkers for the diagnosis of CRC can
[43-47]
be found in recent literature
. Our review will focus
more on the prognostic application and prediction of

miRNAs and TGF-β signaling pathway

Transforming growth factor-beta (TGF-β) plays a key role
in inhibiting cell proliferation, and it also modulates tumor
invasion and tumor microenvironment modification.
It has been estimated that 30% of CRC cases are due
[27,28]
to mutations in TGF-β type II receptor (TGFβR2)
.
TGF-β binds to its receptors (TGF-βR) and mediates
the activation of its downstream pathway through
phosphorylation of Smad. The complex is subsequently
translocated to the nucleus, and it regulates the
expression of transcriptional factors, including Snail, ZEB
[29]
and Twist. Several miRNAs, including miR-21 , miR[30]
[31]
106a , and miR-301a , have been reported to induce
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therapeutic response by miRNAs in CRC.

In a bigger cohort of 156 CRC cases, elevated level of
miR-21 was also found to be correlated with venous
invasion, liver metastasis and advanced Dukes’
[59]
stage . A differentially expressed microRNA signature
was recently reported in American CRC patients with
[60]
liver metastasis . miR-21, together with miR-93 and
miR-103, were found to be increased in advanced CRC
with liver metastasis.
The risk of CRC recurrence was found to be
associated with high expression of miR-29a in tumor
[61]
tissues in patients with stage II CRC . miR-29a was
later identified as a novel metastasis-promoting factor
through upregulation of matrix metalloproteinase 2 and
downregulation of E-cadherin via targeting the tumor
[62]
suppressor gene KLF4 .

miRNA as prognostic biomarkers for CRC

Although tissue-specific signatures of miRNAs have
[48,49]
been reported
, more work is still needed to define
a set of differentially expressed miRNAs suitable for
screening CRC in the clinical setting. Besides using
miRNAs as a tool to screen for early adenomas and
CRC cases, it may be more useful to use miRNAs as a
prognostic tool to guide treatment for CRC patients.

miRNAs in tumor tissues

Since surgical resection of the primary tumor is the treat
ment of choice in early stages of CRC, tumor tissue can
be available as an important source for the identification
of CRC-related miRNAs. Numerous miRNAs have been
reported to be upregulated or downregulated in CRC
cell lines in tumor specimens from patients, suggesting
their association with patients’ prognosis and response
to anticancer drugs. Table 1 summarizes representative
miRNAs of prognostic value in CRC tissues.
It is known that oncogenic miRNAs (also known
as oncomiRs) and tumor suppressor miRNAs are
differentially expressed during the development and
progression of CRC. Moreover, miRNA expression in
CRC is regulated in stage-specific manner (Figure 1).
Therefore, tracing the order of miRNA regulation during
CRC progression may indicate disease prognosis and
predict treatment response. To this end, let-7, miR-21,
miR-29a and miR-17-92 cluster were of particular
importance.
Let-7 was known to regulate the expression of RAS
and MYC genes, both of which are key factors mediating
CRC progression and metastasis. Interestingly, the
let-7 miRNA single nucleotide polymorphism (SNP) in
the K-Ras 3’UTR has been reported to be prognostic
in early-stage CRC (see below for more discussion
[50]
about miRNA binding site SNP) . MiR-17-92 is a
highly conserved cluster that gives rise to six mature
miRNAs, including miR-17, miR-18a, miR-19a, miR19b, miR-20a, and miR-92-1. This cluster is frequently
amplified in CRC, suggesting an oncogenic role for
[51]
these miRNAs . Moreover, miR-17 and Tumor, Node,
and Metastasis (TNM) staging were shown to be
significant but independent prognostic biomarkers in
[51]
CRC patients . MiR-92a, targeting the anti-apoptotic
protein BIM, was found to be expressed at higher level
[52]
in both adenomas and carcinoma . The other miRNAs
within this cluster were shown to regulate multiple
targets to drive CRC progression (PTEN – miR-19a and
miR-19b-1; BCL2L11 – miR-19a, miR-19b-1, miR-20a,
miR-92; E2F1 – miR-17 and miR-20a; TGF-β receptor II
[53-56]
– miR-17 and miR-20a
).
The remarkable upregulation of miR-21 in CRC has
[57]
advocated its function as a prognostic marker . In a
small cohort of 29 CRC patients, high level of miR-21 in
the tumor specimens was found to be associated with
[58]
lymph node metastasis and also distal metastasis .
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LIMITATION WITH MEASURING MIRNAS
IN ARCHIVAL TUMOR TISSUES
The major limitation of detecting miRNAs in archival
tumor tissues is heterogeneity (from within the same
primary tumor and also between different metastatic
sites). Therefore, evaluating miRNA expression from
serum/plasma (i.e. circulating miRNAs) may be
potentially preferable for predicting prognosis in the
clinical setting.

Circulating miRNAs

For CRC, the traditionally used blood-based biomarkers,
including carcinoembryonic antigen (CEA) and carbohyd
rate antigen 19-9 (CA19-9), suffer from low sensitivity,
[63]
particularly for early stage CRC . In recent years,
miRNA-based biomarkers have shown promise as CRCspecific prognostic tests due to their high sensitivity
and specificity. MiRNAs are remarkably stable in blood
despite the high level of ribonuclease that rapidly
[64]
degrade RNA . MiRNAs are protected from enzyme
degradation because they are stored in exosomes or
[65,66]
vesicles, or bound to lipoproteins
.
Several miRNAs isolated from serum have been
evaluated for their use as prognostic markers in CRC
(Table 2). A recent report revealed a panel of miRNAs
(miR-21, let-7g, miR-31, miR-92a, miR-181b, and
miR-203) that can be reliably used as prognostic marker
for CRC, with 93% sensitivity and 91% specificity in
comparison with the traditional markers (CEA and
[67]
CA19-9) . Furthermore, miR-21 has also been shown
to be able to differentiate both adenoma and CRC
[68,69]
from healthy controls
. The detection of miR-141
in plasma samples has been used as a supplementary
prognostic marker besides CEA for the detection of
[70]
CRC patients with distant metastasis . Moreover, the
changes in plasma levels of miR-24, miR-320a and
miR423-5p can be evaluated to predict the risk of post[71]
surgery metastasis in CRC patients .

Fecal-based miRNAs

MiRNAs are known to be sufficiently stable for
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Table 1 A list of representative miRNAs identified in tumor tissues that are of prognostic value in colorectal cancer patients
miRNA

Method of detection

Patient number

Observations and correlation with clinical outcome

Ref.

miR-15a/miR-16

qRT-PCR

126

[183]

miR-17-5p

qRT-PCR

110

miR-21

In situ hybridization

84

miR-29a

miRNA microarray,
qRT-PCR
qRT-PCR

110

miR-106a

qRT-PCR

110

miR-132

miRNA microarray,
qRT-PCR
qRT-PCR, in situ
hybridization

28 (testing); 151
(validation)
239

miR-181a

qRT-PCR

162

miR-181b

qRT-PCR

345

Level 3 Illumina
miRNASeq data were
analyzed from TCGA
databasec
qRT-PCR

228

miR-15a/miR-16 downregulation were significantly
associated with advanced TNM staging, poorly
histological grade, positive lymph node metastasis. miR15a/miR-16 combination were identified as independent
predictors of unfavorable OS and DFS
High expressions were associated with pathological
tumor features of poor prognosis. miR-17-5p correlated
with DFS only at early stages
High miR-21 expressions were strongly associated with
poor survival, more advanced TNM staging and poor
therapeutic outcome
High expressions were associated with a longer DFS in
CRC patients with stage II but not in stage I tumor
The tissue expressions of miR-34a-5p was positively
correlated with DFS. Moreover, expression of miR-34a-5p
was an independent prognostic factor for CRC recurrence
Downregulation of miR-106a predicted shortened DFS
and OS, independent of tumor stage
Low expressions were associated with poor OS and
occurrence of liver metastasis
High expressions were associated with longer OS. Low
expressions were associated with poor therapeutic
outcome in patients treated with 5-FU-based
chemotherapy with or without leucovorin, levamisole or
cisplatin
High expressions were correlated with poor patient
prognosis. Overexpression of miR-181a repressed the
expression of the tumor suppressor (PTEN) at mRNA
level
High expressions were correlated with poor survival in
black patients with stage II CRC
High expressions were associated with lower OS, higher
tumor stage and indirectly with BRAF status

[189]

miR-199b

miRNA microarray and
qRT-PCR

60

miR-203

microRNA microarray,
qRT-PCR
qRT-PCR
qRT-PCR

197

100

miR-429

miRNA microarray and
qRT-PCR
qRT-PCR

miR-494

qRT-PCR

104

miR-625-3p

qRT-PCR

94

3-miRNA signature (let7i, miR-10b, miR-30b)

qRT-PCR

232

mRNA, miRNA and
lncRNA data were
retrieved from the
TCGA data portal

663

Reduced expressions of miR-195 were correlated with
occurrence of lymph node metastasis and advanced
tumor stage
Higher level in metastatic CRC tissue compared with
non-metastatic CRC tissue; low expressions were
associated with longer OS
High expressions were associated with more advanced
TNM staging and poor survival
High expressions were closely associated with poor OS
High expressions were significantly associated with
higher PFS, OS and response to 5-FU based chemotherapy
Elevated expressions were associated with poorer DFS
and OS in stage III CRC patients
High levels were correlated with OS; low levels were
associated with favorable response to 5-FU-based
chemotherapy
High expressions were significantly associated with
shorter DFS and OS. When used as a panel with 5 other
miRNAs, the signature can distinguish early relapsed
from non-early relapsed CRC.
High expressions were associated with higher OS, PFS
and better response to treatment
The addition of miR-30b to the 2-miRNA signature
allowed the prediction of both distant metastasis and
hepatic recurrence in patients with stage I-II CRC who
did not receive adjuvant chemotherapy
The classifier can divide patients into high and low risk
groups with significantly different OS. Moreover, the
classifier is not only independent of clinical features
but also with a similar prognostic ability to the wellestablished TNM stage

miR-34a-5p

miR-150

miR-188-3p

miR-195

miR-215
miR-218
miR-320e

A multi-RNA-based
classifier (consisting of
12 mRNAs, 1 miRNA
(miR-27a) and 1 lnc
RNA)

205

85

34
63

116

[184]

[90]

[61]
[185]

[184]
[186]
[91]

[187]

[188]
[99]

[190]

[90]
[191]
[192]
[93]
[193]

[194]

[94]
[195]

[196]

OS: Overall survival ; DFS: Disease free survival; lnc RNA: Long non-coding RNA; TCGA : The Cancer Genome Atlas Project (http://tcga-data.nci.nih.gov/).
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miR-135a/b

Normal
epithelium
b-catenin

miR-21

MMP3/9

mRNAs, miRNAs, and protein during tumorigenesis .
In a recent proteome profiling study of exosomes
derived from human primary and metastatic CRC
cells, a selective enrichment of metastatic factors and
[77]
signaling pathway components was observed . High
expression of exosomal miR-17-92a cluster was found
to be associated with recurrence in late stage CRC
[78]
patients . Moreover, an elevated exosomal level of miR19a was reported in the sera samples of CRC patients
[78]
with poor prognosis . Interestingly, a recent report
has demonstrated an enrichment of miR-328 from CRC
patients’ plasma samples collected from colonic veins (i.e.,
mesenteric veins) when compared to peripheral vein
plasma samples and that it was significantly correlated
[79]
with the development of liver metastasis . Table 4
summarizes a short list of miRNAs of prognostic value
identified in exosomes released from CRC cells.

Let-7
miR-18a*
miR-143

KRAS
BRAF

Early adenoma

miR-34a

miR-34a
miR-148a

[76]

APC

miR-34a
Late adenoma

SMAD4

TP53

miR-20a

MIRNAS FOR STRATIFING RISK
OF RECURRENCE IN STAGE II CRC

TGFb-RII

Tumor invasion
and metastasis

Carcinoma
(angiogenesis and
inhibition of apoptosis)

SMAD4

PATIENTS
Adjuvant chemotherapy following surgery is adopted
as the standard treatment to improve survival in
[80]
stage III CRC patients . Conversely, in stage II CRC
patients, surgical resection of the primary tumor is
highly effective without other concomitant treatment.
Therefore, the use of adjuvant chemotherapy in all
[81-83]
stage II CRC patients is debatable
. However, a
notable sub-group of stage II CRC patients (~30%)
develop tumor recurrence and have poor prognoses. At
present, there are a few clinical parameters, including
poorly differentiated histology, extramural venous
invasion, intestinal obstruction and perforation, that
are used as risk factors to identify high-risk patients for
adjuvant chemotherapy. Since these clinical parameters
are not specific, more reliable biomarkers are needed to
identify the high-risk stage II CRC patients and initiate
adjuvant chemotherapy to improve their survival.
Likewise, other Stage II CRC patients with lower risk
can be spared from the toxicity of conventional cytotoxic
chemotherapeutic drugs. To this end, clinical trials
have been initiated to investigate the use of miRNA to
identify stage II CRC patients who may benefit from
chemotherapy (including an on-going study being
conducted in China (NCT02635087).
[84]
Schetter et al
showed that the combination
of miR-21 expression in primary tumor tissues and
inflammatory risk score was a better predictor of
prognosis than either biomarker alone. Data from a
large population-based study conducted on 520 stage II
CRC patients showed that elevated miR-21 expression
in tumor specimens correlated significantly with poor
[85]
cancer-free survival . Another six-miRNAs based
classifiers (miR-20a-5p, miR-21-5p, miR-103a-3p, miR106a-5p, miR-143-5p, and miR-215) were reported to
be a promising predictive markers for tumor recurrence

Figure 1 MicroRNA dysregulation and colorectal cancer progression.
Altered expression of representative miRNAs are shown in different stages
of CRC (in bold: Normal epithelium → early adenoma → late adenoma
→ carcinoma → metastasis). Upregulation or downregulation of miRNAs
can affect signaling pathways and propel progression of CRC, leading to
angiogenesis, cell invasion, metastasis and inhibition of apoptosis. APC:
adenomatous polyposis coli; CRC: Colorectal cancer; KRAS: Kirsten rat
sarcoma viral oncogene homolog; TP53: tumor protein p53.

detection in stool samples because they are protected
[72]
in exosomes . Moreover, fecal matter comes into
direct contact with the lumen of colon and may include
cells exfoliated from cancerous colonocytes. Molecular
changes in CRC are more readily detected in the stool
[73]
rather than in the blood . Although fecal miRNAs
were less extensively studied than circulatory miRNAs,
the expression of numerous fecal miRNAs have been
reported to be dysregulated in patients with CRC or
advanced adenomas (Table 3). Recently, a panel of
miRNAs isolated from the stool of CRC patients were
found to differentiate not only CRC cases from healthy
subjects but also differentiate TNM stages with high
[74]
sensitivity and specificity . Additionally, miR-135b was
[75]
found to differentiate among different stages of CRC .

miRNAs in CRC-derived exosomes

Exosomes are a unique forms of extracellular vesicles,
ranging from 30 nm to 100 nm in diameter, which are
released into the extracellular space upon the fusion
of multivesicular bodies with plasma membranes
from diverse cell types. Tumor-derived exosomes are
emerging as local and systemic intercellular mediators of
oncogenic information through the horizontal transfer of
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Table 2 A list of representative circulating miRNAs of prognostic value in colorectal cancer patients
miRNA

Method of detection

Patient number

miR-21

qRT-PCR

102

miR-23b

qRT-PCR

miR-96

TaqMan miRNA
microarray
qRT-PCR
qRT-PCR

miR-124-5p
miR-141
miR-148a

qRT-PCR

miR-155
miR-183

qRT-PCR
qRT-PCR

miR-200b
miR-200c

TaqMan miRNA
microarray
qRT-PCR

miR-203

qRT-PCR

miR-218

qRT-PCR

miR-221

qRT-PCR

miR-345

TaqMan miRNA
microarray

miR-885-5p

miRNA microarray,
qRT-PCR

miR-1290

miRNA microarray,
qRT-PCR
miRNA microarray

2-miRNA prognostic
panel (miR-23a-3p &
miR-376c-3p)
miR-200 & miR-141

miR-122 & miR-200
family

Observations and correlation with clinical outcome

Lower serum expressions were associated with higher
local recurrence and mortality
96
CRC patients with low miR-23b expression in plasma
exhibited a shorter recurrence-free survival and poorer
overall survival rate
50 (screening); 234
Elevated plasma levels were strongly correlated with
(validation)
shorter OS, especially in stage II and III CRC patients
71
Higher plasma levels were correlated with longer OS
102
High plasma levels were significantly associated with
stage IV colon cancer and poor prognosis
55
Lower levels were associated significantly with shorter
DFS and poorer OS rates
146
High serum levels correlated with poor PFS and OS
118
High plasma levels were significantly associated with
lymph node metastasis, distant metastasis, higher
TNM staging, and tumor recurrence
50 (screening); 234
Elevated plasma levels were correlated with shorter
(validation)
OS, especially in stage II and III CRC patients
182 CRC patients and 24 High serum expressions were strongly correlated with
controls
lymph node, distant metastasis, tumor recurrence and
poor prognosis.
144 (validation)
High serum levels were associated with poor survival
and metastasis;
189
Serum levels were significantly associated with TNM
stage, lymph node metastasis and differentiation.
Patients with low miR-218 serum level had shorter
survival.
103
Elevated plasma level is a significant prognostic factor
for poor overall survival in CRC patients
138
High plasma levels were significantly associated with
shorter PFS and lack of response to treatment with
cetuximab and irinotecan
169
High serum expressions were highly correlated with
poor prognosis, lymph node metastasis and distant
metastasis
324
High serum levels were associated with lower OS,
lower DFS and more advanced tumor stage
427
A prognostic panel consisting of miR-23a-3p and miR376c-3p, independent of TNM stage, was established

qRT-PCR

380

miRNA microarray

543

High serum levels of miR-200 and miR-141 were
associated with higher propensity of CRC patients to
develop liver metastasis
Increased plasma miR-122 levels were associated with
a “bad” prognostic subtype in metastatic CRC and a
shorter relapse-free survival and overall survival for
non-metastatic and metastatic CRC patients. Several
members of the miR-200 family were associated
with patients’ prognosis and clinicopathological
characteristics

Ref.
[197]
[198]

[199]
[200]
[70]
[201]
[202]
[203]

[199]
[204]

[205]
[206]

[207]
[108]

[208]

[209]
[210]

[211]

[212]

OS : Overall survival; DFS: Disease free survival; PFS : Progression free survival; CRC: Colorectal cancer; TNM: Tumor, node, and metastasis.

[86]

[88]

in patients with stage II CRC . More recently, the upregulation of miR-181c in CRC specimens was also
[87]
found to be associated with higher recurrence .

to derive an in vitro signature of chemosensitivity .
Numerous studies have also reported the potential
use of miRNAs as biomarkers in tissues and blood to
predict response to the most common drug therapies
(5-fluorouracil (5-FU)/oxaliplatin cytotoxic chemotherapy
and EGFR targeted therapy) in CRC patients (Table 5).

miRNAs for predicting response to chemotherapy

There has been intense research interest in the
development of miRNA signature to predict response to
anticancer treatment, thus allowing a more personalized
approach for treating CRC with better efficacy and fewer
adverse effects. To this end, a genome-wide miRNA
profiling in twelve CRC cell lines has been performed
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Response to classical cytotoxic chemotherapy (5-FU/
oxaliplatin) overexpression or downregulation of single
mirna in crc tumor specimens

In 5-FU-based neoadjuvant chemotherapy setting
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Table 3 A list of representative miRNAs identified in fecal samples from colorectal cancer patients that are of prognostic value
miRNA

Method of detection

Patient number

Observations and correlation with clinical outcome

Ref.

miR-135b

qRT-PCR

424

[75]

miR-19-b-3p, miR-20a5p, miR-21-3p, miR-92a3p, miR-141

qRT-PCR

20

12 upregulated and 8
downregulated miRNA
panel

miRNA microarray,
qRT-PCR

60

miR-135b showed a significant increasing trend across
the adenoma to cancer sequence. miR-135b level
may be used to differentiate between different stages
of CRC. Stool miR-135b level dropped significantly
upon removal of CRC or advanced adenoma.
Expression levels of three out of the five
overexpressing miRNAs returned to values
comparable to normal controls after curative surgery;
this was correlated with the
A panel of 12 upregulated miRNAs (miR-7, miR-17,
miR-20a, miR-21, miR-92a, miR-96, miR-106a,
miR-134, miR-183, miR-196a, miR-199a-3p, miR-214)
and 8 downregulated miRNAs (miR-9, miR-29b,
miR-127-5p, miR-138, miR-143, miR-146a, miR-222,
miR-938) were found to differentiate not only CRC
cases from healthy subjects but also differentiate
TNM stages with high sensitivity and specificity.

[213]

[74]

Table 4 A list of representative miRNAs isolated from exosomes in biological samples from colorectal cancer patients or cell lines
that are of prognostic value
miRNA
miR-17-92a
miR-19a
let-7a
miR-21
miR-23a
miR-150
miR-203
miR-223
miR-1246
miR-1229
miR-548c-5p
miR-638
miR-5787
miR-8075
miR-6869-5p
miR-486-5p
miR-3180-5p
miR-96-5p and miR-149
miR-100
miR-192
miR-210
miR-221
miR-379

Method of detection

Type of samples

Tumor stage

Ref.

miRNA microarray
miRNA microarray
qRT-PCR
qRT-PCR and miRNA microarray
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
miRNA microarray and qRT-PCR
miRNA microarray and qRT-PCR
miRNA microarray and qRT-PCR
miRNA microarray and qRT-PCR
miRNA microarray and qRT-PCR
miRNA microarray and qRT-PCR
miRNA microarray and qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR

Tumor specimens
Tumor specimens
Serum
Serum; plasma
Serum
Serum
Serum
Serum
Serum
Serum
Serum (downregulated)
Serum (downregulated)
Serum (downregulated)
Serum (downregulated)
Serum (downregulated)
Serum (upregulated)
Serum (upregulated)
Plasma
Cell lines (DKO-1, Dks-8, DLD-1)
Cell lines (HCT-15, SW480, WiDr)
Cell line (HCT-8)
Cell lines (HCT-15, SW480, WiDr)
Cell lines (HCT-116, HT-29)

IV
IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, III, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
I, II, IIIa, IIIb, IV
III

[78]
[78]
[214]
[214]
[214]
[214]
[215]
[214]
[214]
[214]
[216]
[216]
[216]
[216]
[216]
[216]
[216]
[217]
[218]
[219]
[220]
[219]
[221]

to shrink the tumor size before surgery, low tumoral
expression of miR-21 was found to be predictive of
pathological response to the drug in locally advanced
[89]
CRC patients . In another study performing miRNA
expression profiling of CRC, along with their paired
non-cancerous tissues, high miR-21 expression in the
tumors were found to associate with poor therapeutic
response to 5-FU-based adjuvant chemotherapy as an
[90]
add-on treatment . Also predictively, low miR-148a,
low miR-150 or high miR-320e level in tumor specimens
were found to be associated with poor response to
adjuvant 5-FU/oxaliplatin (FOLFOX) regimen in several
[91-93]
other studies
. Interestingly, in a recent study on
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responsive and non-responsive metastatic CRC patients
receiving XELOX/FOLFOX regimen, high expression of
mR-625-3p in the tumor was found to be associated
with poor response to the drug but was not related to
[94]
disease recurrence .

Signature of mirnas panel in tumor specimens

While the increased/decreased expression of a single
miRNA may predict response to chemotherapy as
described above, the use of a panel of miRNAs demon
strating a signature may be more reliable and specific. In
a recent study on fluoropyrimidine-based chemotherapy,
the responders were found to exhibit high tumoral levels
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Table 5 MiRNAs in tumor specimens and plasma/serum samples reported to predict therapeutic response in colorectal cancer
patients
miRNA
Tumor specimens
Let-7
miR-7
miR-21
miR-21
miR-21-5p
miR-31-3p
miR-31-5p
miR-126
miR-143
miR-146b-3p
miR-148a
miR-150
miR-181a
miR-200 family
miR-200b
miR-320e
miR-455-5p
miR-486-5p
miR-519c
miR-592
miR-625-3p
miR-664-3p
Let-7c, miR-99a, miR-125b
miR-1274b, miR-720

Treatment regimen

Detection method

Expression that suggests
inadequate response

Patient
number

Ref.

Irinotecan, cetuximab
Cetuximab
5-FU
5-FU
5-FU + radiation
Anti-EGFR
Anti-EGFR
Capecitabine, oxaliplatin
Capecitabine, oxaliplatin,
anti-EGFR
Cetuximab
5-FU
5-FU
Anti-EGFR
Fluoropyrimidine
Capecitabine, oxaliplatin,
anti-EGFR
5-FU, oxaliplatin
Capecitabine, oxaliplatin,
bevacizumab
Cetuximab
5-FU, irinotecan
Anti-EGFR
Capecitabine, oxaliplatin
Capecitabine, oxaliplatin,
bevacizumab
Anti-EGFR
Capecitabine, oxaliplatin,
radiation
Fluoropyrimidine
5-FU, radiotherapy

qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
Microarray
Microarray, qRT-PCR
qRT-PCR
qRT-PCR, ISH
Microarray, qRT-PCR

Low
Low
High
High
Low
High
High
Low
High

59
105
84
67
27
33
102
89
34

[102]
[97]
[90]
[89]
[222]
[98]
[100]
[104]
[103]

qRT-PCR
qRT-PCR, ISH
qRT-PCR, ISH
qRT-PCR
qRT-PCR
Microarray, qRT-PCR

High
Low
Low
Low
Low
Low

25
273
239
80
127
34

[223]
[92]
[91]
[99]
[103]
[103]

Microarray, qRT-PCR
qRT-PCR, ISH

High
High

100
212

[93]
[224]

qRT-PCR
qRT-PCR
Microarray
Microarray, qRT-PCR
qRT-PCR, ISH

High
Low
Low
High
Low

25
26
33
94
212

[223]
[153]
[98]
[94]
[224]

Microarray, qRT-PCR
Microarray, qRT-PCR

Low
High

74
38

[101]
[96]

Microarray, qRT-PCR
Microarray, qRT-PCR

Low
High

39
20

[225]
[95]

Microarray, qRT-PCR

Low

20

[95]

qRT-PCR, ISH

Low

212
(screening);
121
(validation)

[224]

Microarray, qRT-PCR

Low

38

[96]

Microarray, qRT-PCR

High
High
Low
High
High
Low
High
High

72

[226]
[104]
[227]
[107]
[108]
[228]
[105]
[106]

miR-107, miR-99a-3p
miR-215, miR-190b, miR29b-2
Let-7e, miR-196, miR-450a,
5-FU, radiotherapy
miR-450b-5p, miR-99a
miR-17-3p, miR-193b-5p,
First-line capecitabine and
miR-204-5p, miR-501-5p,
oxaliplatin with or without
miR-545-3p, miR-592, miRbevacizumab
644-3p, miR-15a-5p, miR196b-5p, miR-552
miR-1183, miR-622. miR-765,
Capectabine, oxaliplatin,
miR-1471, miR-125a-3p, miRradiation
1224-5p, miR-188-5p, miR483-5p, miR-671-5p, miR-1909
Blood
miR-19a
FOLFOXa
miR-126
Bevacizumab
miR-143
Oxaliplatin
miR-155
Leucovorin, cetuximab, 5-FU
miR-345
Cetuximab, irinotecan
miR-1914*
Capecitabine + oxaliplatin
miR-106a, miR-130b, miR-484
5-FU, oxaliplatin
miR-20a, miR-130, miR-145,
FOLFOX
miR-216, miR-372

qRT-PCR
qRT-PCR
Microarray, qRT-PCR
qRT-PCR
qRT-PCR
Microarray, qRT-PCR

62
15
138
49
150
40

FOLFOX: 5-FU + oxaliplatin + leucovorin; 5-FU: 5-fluorouracil; ISH: In situ hybridization; Anti-EGFR: Anti-EGFR targeted monoclonal antibody therapy;
EGFR: Epidermal growth factor receptor.

of let-7e, miR-99a*, miR196b, miR450a and miR450b5p whereas the non-responders were found to have high
[95]
expression of miR-29b-2*, miR-196b and miR-215 .
Another set of thirteen miRNAs, exhibiting a unique
signature with 11 upregulated miRNAs (miR-125a-3p,
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miR-188-5p, miR-483-5p, miR-622, miR-630, miR-6715p, miR-765; miR-1183, miR-1224-5p, miR-1471, and
miR-1909*) and 2 downregulated miRNAs (miR-720
and miR-1274b) were shown to be strongly associated
with complete pathological response to neoadjuvant
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[104]

capecitabine and oxaliplatin (XELOX) regimen in CRC
[96]
patients .

been demonstrated in patients with metastatic CRC .
While non-responding patients had a remarkable
increase in circulating miR-126 level, responding patients
exhibited a mild decrease in circulating miR-126.

Response to anti-egfr/anti-vegf targeted therapy

There has been intense research effort to identify
miRNAs predictive of a favorable response to anti-EGFR
monoclonal antibody. Consistent with the fact that
miR-7 targets EGFR, reduced miR-7 expression was
[97]
linked to poor prognosis of anti-EGFR therapy . The
efficacy of anti-EGFR therapy is related to the mutation
status of KRAS/BRAF. Patients bearing wild-type KRAS/
BRAF are normally considered candidates for anti-EGFR
therapy. Therefore, numerous studies have been carried
out with an aim to identify miRNAs that predict success
with EGFR inhibition with wild-type KRAS. In metastatic
CRC patients bearing wild-type KRAS/BRAF, high
[98]
[98]
expression of miR-31 , low expression of miR-592 ,
[99]
or low expression of miR-181a
were found to be
strongly associated with disease progression and
short progression-free survival after treatment with
anti-EGFR therapy (cetuximab or panitumab). To this
end, miR-31-5p has been reported to regulate BRAF
activation and thus the downstream signaling pathway
[100]
of EGFR . Conversely, miR-181a has been reported to
[99]
regulate β-catenin expression . Apart from individual
miRNAs, the high-intensity signature of the cluster let7c/miR-99a/miR-125b was found to be associated with
favorable response (longer progression-free survival
and overall survival) to cetuximab or panitumumab in
[101]
metastatic CRC patients bearing wild-type KRAS .
Drug resistance mediated by KRAS mutations is
severely hindering the clinical efficacy of anti-EGFR
therapy in CRC because KRAS mutations drive the
downstream MAPK and Akt signaling independent of
EGFR. However, treatment with anti-EGFR therapy is
still feasible, and a few miRNAs have been reported
to predict favorable responses in metastatic CRC
patients bearing KRAS mutations. To this end, let-7
is the most extensively studied miRNA as predictive
biomarker for anti-EGFR therapy in patients with KRAS
[102]
mutations
. Let-7 downregulates KRAS by directly
binding to its mRNA 3’UTR. Interestingly, in patients
with KRAS mutations, high levels of let-7 were shown to
be significantly associated with better survival following
[102]
cetuximab treatment
. Thus, let-7 level may be
used to select subgroup of CRC patients with KRAS
mutations to benefit from anti-EGFR therapy. In another
study investigating KRAS-mutated metastatic CRC
tumors, low miR-143 and high miR-200b expression
in the tumor were found to be associated with
better progression-free survival after treatment with
[103]
combination of XELOX, cetuximab and bevacizumab .
The combination of anti-VEGF monoclonal antibody
(bevacizumab) and cytotoxic chemotherapy has been
approved for treating metastatic CRC. The predictive
value of circulating miR-126 in treatment response to
first-line chemotherapy combined with bevacizumab has
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CIRCULATING MIRNAS AS NONINVASIVE BIOMARKERS OF DRUG
RESPONSE IN CRC
Besides serving as prognostic markers, circulating
miRNAs can also be used as non-invasive and convenient
biomarkers of drug response to classical cytotoxic drugs
and EGFR-targeted therapy in CRC patients.
Pre-treatment level of plasma miRNAs have
been shown to predict treatment response to 5-FU/
[105]
oxaliplatin in metastatic colorectal cancer patients .
By measuring the expression profile of plasma miRNAs
in metastatic CRC patients before and after four cycles
of 5-FU/oxaliplatin chemotherapy, a set of three miRNAs
(miR-106a, miR-130b, and miR-484) were found to
[105]
be significantly upregulated in non-responders
.
In another study using Taqman low-density array to
evaluate the expression profile of serum miRNAs in
chemotherapy responsive versus resistant CRC patients
by unsupervised cluster analysis, a set of five serum
miRNAs (miR-20a, miR-130, miR-145, miR-216, and
miR-372) was found to predict response to classical
chemotherapy and it may guide the selection of the
[106]
chemotherapy regimen
. Recent studies have also
[107]
shown that elevated levels of serum miR-155
[108]
and miR-345
, respectively, were associated with
inadequate response to 5-FU/leucovorin/cetuximab
and irinotecan/cetuximab regimens in metastatic CRC
patients.

POLYMORPHISMS IN MIRNA BINDING
SITES PREDICT CRC PROGNOSIS AND
TREATMENT RESPONSE
Single nucleotide polymorphisms (SNPs) located in the 3’
UTR of miRNA target genes have been shown to affect
miRNA-mRNA interaction and thus expression of target
[109,110]
genes
. While several studies have reported the
correlation between miRNA SNPs and risk of developing
[110,111]
CRC
, only a few studies have been conducted to
investigate the use of miRNA SNPs to predict clinical
outcomes of cancer therapy.
Using genome-wide approach, two SNPs rs1051424
and rs11704 were identified in the putative miRNA
[112]
target sites of the 3’UTR of RPS6KB1 and ZNF839 .
Importantly, overall survival was found to be inversely
proportional to the occurrence of the two SNPs in CRC
[112]
patients . The SNPs resulted in the loss of the miRNA
binding sites on both RPS6KB1 and ZNF839, thereby
enabling the upregulation of the two genes. Activated
RPS6KB1 is known to phosphorylate ribosomal protein
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S6 to increase protein synthesis and to promote cancer
[113]
cell survival
. On the other hand, ZNF839 is not
well characterized but reportedly involved in humoral
[114]
immune response to cancer .
Similar miRNA SNP-mRNA interaction has also
been shown to predict therapeutic response to cancer
treatment in CRC. While it is well known that KRAS
mutations predict resistance to anti-EGFR monoclonal
antibodies treatment in CRC, the predictive marker for
therapeutic response in CRC patients bearing wild-type
KRAS is less studied. In a phase II study, the occurrence
of a SNP in the let-7 miRNA complementary site of
wild-type KRAS 3’UTR was found to correlate with the
objective response rate to cetuximab monotherapy in
[115]
metastatic CRC patients .

miR-34a blocks the IL-6R/STAT3/miR-34 feedback loop
[126]
and subsequently inhibit tumor progression in CRC .
Since activation of IL-6R and STAT3 promote cancer
proliferation, the overexpression/restoration of miR-34a
may develop into a new treatment strategy for CRC.

miR-101 and WNT/β-catenin pathway

More than 60% of CRC cases are known to carry
inactivating APC gene mutations, which lead to
stimulation of the Wnt/β-catenin pathway to drive tumor
[3]
initiation and recurrence . Besides this extensively
studied APC gene-mediated mechanism, miRNAs
have also been shown to regulate the Wnt pathway in
CRC. Downregulation of miR-101 was associated with
[127]
activation of Wnt/β-catenin pathway . Interestingly,
overexpression of miR-101 in CRC was found to impair
β-catenin nuclear localization and inhibit cancer stem
[127]
cells-related genes
. Therefore, pharmacological
restoration of miR-101 may represent a novel strategy
to prevent recurrence of CRC.

MIRNAS DEMONSTRATED TO BE
THERAPEUTIC TAGETS IN CRC
The development of miRNA-based therapy for cancer
treatment is based on the premise that aberrantly
expressed miRNAs play crucial role in the development
of cancer and therapeutic response to anticancer drugs.
Therefore, correcting the miRNA deficiency or restoring
the miRNA function could be used as novel strategy in
[116,117]
cancer treatment
. Key miRNAs that have been
studied are described below.

miR-135B and downregulation of APC in CRC

miR-135a/b has been shown to be upregulated in
colorectal adenomas and carcinomas, which correlates
[128]
well with low APC expression in the tumor
. MiR135a/b was found to target the 3’UTR of APC to
suppress the expression of APC gene, and thus
activating the downstream Wnt pathway to promote
[129]
tumor transformation and progression . To this end,
miR-135b up-regulation was also found to be common
in sporadic and inflammatory bowel disease-associated
human CRCs; similarly, increased miR-135b expression
was correlated with advanced tumor stages and poor
[129]
clinical prognosis
. Importantly, inhibition of miR135b, in CRC mouse xenograft models, was able to
inhibit tumor growth by regulating genes involved in
proliferation, invasion and apoptosis.

miR-21 and tumor invasion

Overexpression of miR-21 was associated with tumor
invasion of CRC by promoting nuclear translocation
[118]
of β-catenin
. Interestingly, CRC patients bearing
adenomatous polyposis coli (APC) mutated tumor
who have high levels of serum miR-21 were found
to have poor prognosis, but this correlation was not
observed in CRC patients bearing APC-wild type tumor.
Mechanistically, miR-21 targets PDCD4, which inhibits
[119]
cancer transformation and invasion .
Furthermore, miR-21 was also shown to confer
resistance to 5-FU chemotherapy by downregulation of
[120]
human MutS homolog 2 (MSH2)
. Overexpression
of miR-21 was found to suppress the G2/M arrest
and apoptosis induced by 5-FU. To this end, a miR-21
antisense inhibitor against hepatocellular carcinoma is
[121]
under development by Regulus Therapeutics .

miR-143/145 as tumor suppressors in CRC

miR-143 and miR-145 were first identified as potential
tumor suppressors in an analysis investigating the
alteration of microRNAs expression from adenomatous
[8]
to carcinoma stages in CRC . Consistent with this
finding, the upregulation of miR143/145 was observed
in tumor tissues from advanced rectal cancer patients
demonstrating favorable response to neoadjuvant
[130]
chemoradiotherapy
. Mechanistically, miR-143 was
found to bind directly to and suppress KRAS, DNMT3A
and ERK5 whereas miR-145 was shown to target IRS-1,
c-Myc, FLI1, IRS-1, STAT1 and YES1 to suppress tumor
[131]
growth . Forced expression of miR-143 and miR-145
have been shown to inhibit proliferation of CRC cell lines
[132]
in vitro and in vivo .

miR-34a and tumor suppressor p53

miR-34a is one of the most important downstream
molecules of p53 that is transcriptionally activated to
exert the tumor suppressive effect through cell cycle
[122,123]
arrest and induction of apoptosis
. However,
[3]
p53 mutation is observed in 50%-75% of CRC .
Downregulation of miR-34a is commonly observed in
CRC. It has been reported that miR-34a expression was
significantly decreased in CRC patients versus healthy
individuals, suggesting that miR-34a could be a useful
[124,125]
biomarker and therapeutic target in CRC
. Recently,
it has been shown that p53-dependent expression of
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MIRNAS REGULATING THE EGFR
SIGNALING PATHWAY
The crucial role played by EGFR signaling in the survival
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of numerous cancer types, including CRC, has led to
the approval of anti-EGFR targeted therapy, including
tyrosine kinase inhibitors and monoclonal antibodies
for treating CRC. However, drug resistance to these
targeted agents is severely hindering their clinical
efficacy. To this end, the activation of PI3K and mutation
of KRAS, two key signaling pathways downstream of
EGFR, have been extensively studied as mechanisms
[133]
leading to the drug resistance to anti-EGFR therapy .
In recent years, increasing evidence has suggested
that aberrant expression of miRNAs are affecting EGFR
signaling and are causing drug resistance to anti-EGFR
therapy.
Low expression of miR-30b was observed in CRC
tumor specimens, which was significantly associated
[24]
with advanced TNM staging and poor prognosis .
Forced expression of miR-30b was found to promote G1
arrest and induce apoptosis by targeting PIK3CD and
BCL2, thereby inhibiting CRC cell growth in vitro and in
vivo. On the other hand, miR-126 has been shown to
inhibit PI3K signaling by targeting the p85b regulatory
[19]
subunit responsible for PI3K stabilization .
Activating mutation of KRAS is known to drive
resistance to anti-EGFR therapy by bypassing the
inhibited EGFR. To this end, let-7 has been shown
to post-transcriptionally downregulate KRAS and
administration of let-7 to CRC animal models expressing
activating KRAS mutations was shown to inhibit
[134]
tumor growth
. More importantly, in CRC patients
bearing mutant KRAS tumor who received salvage
cetuximab plus irinotecan, higher let-7 level was found
to be significantly associated with better survival
[102]
outcomes
. miR-4689 was found to directly target
KRAS and AKT1, therefore activation of the KRAS
pathway may thus be mediated by downregulation of
miR-4689. Forced expression of miR-4689 has been
reported to inhibit CRC cancer growth and induce
[135]
apoptosis both in vitro and in vivo .
The tumor suppressor PTEN (phosphatase and
tensin homolog) plays an important role in regulating
the PI3K/Akt pathway. Overexpression of miR-175p has been shown to promote drug resistance and
[136]
tumor metastasis of CRC by downregulating PTEN .
Similarly, miR-32 was found to directly repress PTEN to
[137]
regulate tumorigenesis of CRC .

200c was found to be significantly upregulated in tumor
samples from patients with metastatic colon cancer and
[37]
also colon cancer cell lines , which has been correlated
with reduced expression of its direct target (ZEB1) to
[37,138,139]
inhibit EMT
.
miR-130a/301a/454 family of microRNAs have also
been shown to regulate TGF-β signaling by inhibiting
[140]
SMAD4
. Overexpression of these miRNAs was
reported to increase cell proliferation and migration
[140]
in colon cancer cell lines (HCT116 and SW480)
.
Similarly, miR-1269a was also found to promote EMT
[141]
and metastasis in CRC cells in vitro and in vivo
.
Importantly, the overexpression of miR-1269a in tumor
specimens from patients with late-stage CRC was
[141]
associated with relapse and metastasis .

MIRNAS AS REGULATORS OF DRUG
RESISTANCE IN CRC
While surgical resection of the primary tumor is the
treatment of choice for most CRC patients, chemo
therapy is commonly used as both neoadjuvant and
adjuvant therapy to reduce the tumor load and to
prevent recurrence and metastasis, respectively.
Commonly used chemotherapeutic agents include
5-FU, oxaliplatin, irinotecan, and the anti-EGFR/VEGF
[142]
monoclonal antibodies
. Drug resistance to these
anticancer drugs pose a major obstacle for effective
[143]
chemotherapy
. To this end, miRNAs have been
found to play an important role in the induction of
chemoresistance and they also represent emerging
[144-146]
prognostic markers to indicate treatment success
(Table 6).

miRNAs mediating resistance to 5-FU

5-FU is the most commonly used first-line
chemotherapeutic drug for CRC. Hypoxia inside CRC
tumors has been shown to reduce drug sensitivity to
5-FU by upregulating two hypoxia-responsive miR-21
and miR-30d, which altered amino acid metabolism.
Importantly, treatment with miR-21 and miR-30d
antagonists were able to sensitize hypoxic and resistant
[147]
CRC cells to 5-FU . Reduced miR-34a expression in
CRC cell line was also shown to mediate resistance to
5-FU. Ectopic expression of miR-34a was able to reverse
[148]
the resistance by downregulating Sirt1 and E2F3
.
It has been demonstrated that high expression of
miR-23a could trigger 5-FU resistance by inhibiting
the APAF-1/caspase-9 apoptotic pathways in CRC cell
[149]
lines
. While miR-494 expression was found to be
reduced in drug-resistant cell lines, forced expression
of miR-494 was shown to potentiate the anticancer
[150]
effect of 5-FU by targeting DPYD
. On the other
hand, overexpression of miR-587 has been observed
[151]
in CRC cells resistant to 5-FU in vitro and in vivo ,
which is mediated by downregulation of PPP2R1B and
thus increased Akt phosphorylation and elevated XIAP

MIRNAS REGULATING EMT
EMT is a complex process controlled by a number of
transcriptional regulators and signaling pathways.
In CRC, EMT is associated with a more malignant
phenotype and metastasis. Recently, miRNAs have
been suggested to be involved in the acquisition of
cancer stem cell-like properties by regulating EMT. To
this end, TGF-β is a major inducer of EMT by activating
Smad signaling pathway. The miR-200 family have
been reported to target TGF-β2. In particular, miR-
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Table 6 A list of representative miRNAs involved in drug resistance to colorectal cancer therapy
miRNA

Drug(s) affected

Overexpression of miRNA causing drug resistance to conventional chemotherapeutic drugs
Let-7g
S-1 (Tegafur/gimeracil/oteracil)
miR-10b
5-FU
miR-19b
5-FU
miR-20a
5-FU, oxaliplatin
miR-21
5-FU
miR-23a
5-FU
miR-31
5-FU
miR-140
5-FU
miR-148a
5-FU, oxaliplatin
miR-181b
S-1, 5-FU
miR-192/miR-215
5-FU
miR-195
5-FU
miR-203
Oxaliplatin
miR-224
5-FU
miR-520g
5-FU, oxaliplatin
miR-587
5-FU
miR-625-3p
Oxaliplatin

Known molecular target(s) in CRC

Ref.

Cyclin D, c-myc, E2F, RAS
BIM
MYBL2
BNIP2
hMSH2 and hMSH6
APAF-1
HDAC4
Cyclin D, c-myc, E2F, RAS
DHFR
WEE1
ATM
p21
PPP2R1B
-

[229]
[230]
[231]
[170]
[120]
[149]
[232]
[233]
[92]
[229]
[234,235]
[236]
[154]
[237]
[238]
[151]
[94]

Downregulation of miRNA causing drug resistance to conventional chemotherapeutic drugs
miR-34a
5-FU, oxaliplatin
SIRT1, KIT, LDHA, TGF-β, SMAD4
miR-139-5p
5-FU
NOTCH-1
miR-153
Oxaliplatin
FOXO3
miR-194
Oxaliplatin, irinotecan
HMGA2
miR-200 family
5-FU
EMT-related genes
miR-200b-3p
Oxaliplatin
PRDX2
miR-203
5-FU
TYMS
miR-218
FOLFOX
EZH2
miR-761
5-FU
FOXM1
miR-1915
Oxaliplatin
BCL2
miR-141/miR-200c
Oxaliplatin
ZEB1
miR-18a*/miR-4802
5-FU, capecitabine
ATG7, ULK1

[239-241]
[242]
[243]
[244]
[245]
[246]
[247]
[248]
[249]
[155]
[250]
[251]

Overexpression of miRNA causing drug resistance to molecular targeted drugs
miR-31
Cetuximab
miR-126
Bevacizumab
miR-100/miR-125b
Cetuximab

VEGF
Wnt/β-catenin negative regulators

[252]
[104]
[253]

Downregulation of miRNA causing drug resistance to molecular targeted drugs
Let-7 family
Cetuximab, panitumumab
miR-7
Cetuximab

KRAS
EGFR, ERK1/2, AKT

[115,223]
[97]

EGFR: Epidermal growth factor receptor; CRC: Colorectal cancer.

expression to inhibit apoptosis.
Overexpression of the multidrug resistance trans
porter ABCG2 has been shown to cause resistance to
5-FU. Our research team has previously demonstrated
[152]
the specific targeting of ABCG2 by miR-519c
.
Interestingly, we revealed the shortening of the ABCG2
3’UTR in several ABCG2-overexpressing resistant
cell lines, which removes the miR-519c binding site
and has a repressive effect on mRNA stability and
translocation blockadeallowing ABCG2 overexpression
without a change in miR-519c expression to mediate
[152]
drug resistance
. We further validated the effect
of ABCG2 dysregulation on CRC sensitivity to 5-FUbased chemotherapy using pairs of archival tissue
blocks of CRC tumors and their matched non-cancerous
[153]
colon epithelial cells from CRC patients
. In the
unresponsive tumor, high ABCG2 expression was found
to be associated with the concomitant overexpression
of a mRNA binding protein HuR but a low expression of
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miR-519c because miR-519c was known to target both
[153]
HuR and ABCG2 .

miRNAs mediating resistance to oxaliplatin

Oxaliplatin is a key platinum-based anticancer drug
in combination regimens for CRC treatment. High
expression of miR-203 has been shown to mediate
oxaliplatin resistance by suppressing the key DNA
[154]
double-strand break sensor ATM
. Likewise, high
expression of miR-625-3p was associated with poor
response to first-line treatment with oxaliplatin in
[94]
metastatic CRC . Moreover, forced expression of
miR-1915 in an oxaliplatin-selected multidrug resistant
cell line HCT116/L-OHP was found to induce apoptosis
[155]
by inhibiting Bcl-2 .

miRNAs mediating resistance to irinotecan

Irinotecan is another key cytotoxic chemotherapeutic
drug in the FOLFIRI regimen (5-FU + leucovorin +
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Table 7 miRNA therapeutics investigated in animal models of colorectal cancer
miRNA
miR-34a
miR-135b
miR-143
miR-145
miR-4689

Animal model

Restoring or suppressing
miRNA function

Therapeutic outcome

Ref.

Transgenic mice
Xenotranplantation of tumorderived organoids to mice
Mice xenograft
Mice xenograft
Mice xenograft

Restoring
Suppression (antisense)

Anti-tumor
Anti-tumor

[126]
[129]

Restoring
Restoring
Restoring (mimic)

Anti-tumor
Negative effect
Anti-tumor

[132]
[132]
[135]

irinotecan) for metastatic CRC. In colonospheres exhibi
ting cancer stem cell properties and chemoresistance
from CRC cell lines, miR-451 was found to be remarkably
[156]
downregulated
. Restoration of miR-451 in the
colonospheres was found to specifically reverse drug
resistance to irinotecan by decreasing the expression of
the drug efflux ATP-binding cassette drug transporter
[156]
ABCB1 .

vivo, which are summarized in Table 7.

RESTORING TUMOR SUPPRESSIVE
MIRNAS
Downregulation of tumor-suppressive miRNAs are known
to contribute to cancer development. Strategies have been
devised to effectively restore the function of these “lost”
miRNAs using synthetic miRNA-like molecules, including
miRNA mimics and miRNAs encoded in expression
vectors. MiRNA mimics are short and chemically modified
(2’-O-methoxy) RNA duplexes, which are processed
into single-strand form intracellularly and loaded into
RNA-induced silencing complex (RISC) to mediate the
target mRNA degradation and/or post-translational
[160,161]
blockade
. This approach has been investigated in
cell models and orthotopic mice models of colorectal and
hepatocellular carcinomas and hepatic metastasis from
primary CRC to restore the expression of downregulated
[159,162-164]
miR-26a, miR-33a, miR-34a and miR-145
. The
restoration of these tumor suppressor miRNAs was found
to inhibit cancer cell proliferation, induce apoptosis, shrink
tumor size and prolong animal survival.
miR-34 is remarkably downregulated in a number of
[165]
different cancer types including CRC . As discussed
above, miR-34 has been shown to regulate multiple
oncogenic pathways. Thus, the restoration of miR-34
may represent a novel therapeutic approach to treat
cancer. To this end, a first-in-human phase I clinical
trial (NCT01829971) has been conducted to investigate
the safety, pharmacokinetics and clinical activity of
a liposomal formulation of miR-34 mimic (known
as MRX34) in patients with advanced solid tumors
[166]
including CRC
. While MRX34 was tolerated and
displayed antitumor activity in a subset of patients with
[166]
refractory advanced solid tumors
, the sponsoring
company (Mirna Therapeutic, Inc.) has voluntarily
halted the enrollment and dosing of MRX34 in clinical
study in September 2016 following multiple immunerelated severe adverse events reported in patients
dosed with MRX34.

miRNAs mediating resistance to targeted drugs for CRC

Clinical efficacy with the anti-EGFR or anti-VEGF
monoclonal antibodies in CRC is known to be seve
rely hindered by drug resistance due to numerous
mechanisms. Downregulation of miR-216b has been
reported to mediate adapted autophagy (through
upregulation of Beclin-1) in CRC cell lines to mediate
[157]
resistance to anti-EGFR therapy
. Strategies to
restore miR-216b or inhibit autophagy are thus
proposed to improve the efficacy of anti-EGFR therapy
in CRC. Conversely, the reduced expression of a tumor
suppressor miR-7, which targets EGFR and RAF-1,
was observed in CRC tumor specimens from patients
[97]
unresponsive to cetuximab . Reduced expression of
miR-181a in tumor specimens from CRC patients was
also found to correlate with poor response to EGFR
[99]
antibodies .

MODULATING MIRNAS FOR TREATMENT
OF CRC
Modulation of miRNA expressions and/or miRNAsregulated pathways may be used as a therapeutic
strategy to potentiate the cytotoxic effect from other
[158]
anticancer drugs in CRC
. Guidelines have been
proposed for the investigation and evaluation of potential
[159]
microRNA-based therapeutics for cancer therapy
.
Briefly, the up- or downregulation of miRNAs have to
be established in appropriate cancer models. Gain/loss
of function studies are then performed in vitro and
in animal models. After the potential miRNA targets
have been identified, an efficient delivery system has
to be available to administer the miRNA modulating
modalities for pharmacological, pharmacokinetic and
pharmacodynamic studies. Finally, clinical trials will be
conducted to evaluate the efficacy and safety of the
potential miRNA therapeutics in patients. Only a few
miRNA modulating systems have been investigated in
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INHIBITING ONCOGENIC MIRNAS
Different approaches have been developed to inhibit
mature miRNAs, which include antisense oligonucleotides
(also known as ASOs, anti-miRs, or antagomirs), miRNA

2962

July 21, 2018|Volume 24|Issue 27|

To KK et al . miRNAs implicated in CRC
masking, miRNA sponges, and anti-miR peptides.
ASOs are single-stranded oligonucleotides that are
[167]
complementary to the target miRNA
. The miRNAs
bind to the RISC complexes, which subsequently block
the interaction of miRNAs with their endogenous mRNA
targets. This strategy has been evaluated in cell culture
and mice models of CRC by targeting overexpressed
oncogenic miRNAs. Specific inhibition of miR-135b has
been achieved in human colon cancer SW480 cells to
[129]
inhibit cell proliferation and to induce apoptosis
and
[168]
in HCT116 cells to suppress cell migration
. Other
oncogenic miRNAs, including miR-20a, miR-21, miR-95,
and miR-675, have also been inhibited by similar
[120,169-171]
approaches in human CRC cell lines
. ASOs are
often chemically modified by conjugation to cholesterol
to avoid cleavage by RISC nuclease and to increase
their stability. Locked nucleic acids (LNAs) are nucleic
acid analogs in which the ribose ring is “locked” with a
methylene bridge connecting the 2’-O atom with the 4’-C
[172]
atom . Modification by LNAs is another approach used
to enhance stability of ASOs, which also increases the
[173]
binding affinity to the target miRNA . LNA-containing
oligonucleotides also have excellent mismatch
[174]
discrimination capabilities
, thus avoiding potential
off-target secondary effects. LNA-anti-miR-21 was an
[175]
ASO developed by the LNA technology . It has been
shown to inhibit cancer growth and invasion in a colon
[175]
cancer cell line LS174T . On the other hand, miRNA
masking refers to the use of single-stranded 2’-O-methyl
modified oligonucleotides complementary to miRNA
binding sites in the 3’UTR of the target mRNAs to
[176]
interfere with specific miRNA-mRNA interaction
. A
miR-34a sponge construct, encoding a decoy mRNA
containing multiple tandem miR-34a binding sites, has
been shown to inhibit self-renewal of colon cancer stem
[177]
cells in vitro . Anti-miR peptides are peptide nucleic
acids (PNAs), modified from DNA or RNA, with the
sugar backbone replaced by a peptide-like backbone
consisting of N-(2-aminoethyl)glycine units. Aside
from being more stable and able to be administered
systematically with low toxicity, PNAs have been shown
to bind to target miRNA more tightly than equivalent
[178]
oligonucleotides .

Most recently, aberrant expression of the lipid
metabolic enzymes, acyl-CoA synthetase/stearoylCoA desaturase (ACSL/SCD) have been shown in CRC
[180]
patients to promote cancer migration and invasion .
miR-19b-1 was found to a major regulator of ACSL/SCD
expression. Importantly, lower miR-19b-1 expression
and higher ACSL/SCD levels in tumor specimens from
CRC patients were strongly associated with shorter
[180]
disease-free survival . Therefore, miRNA replacement
therapy was proposed to increase the expression
level of miR-19b-1 in colorectal tissue to improve the
prognosis. Interestingly, since induction of miR-19b-1
expression has been achieved by a low protein diet in
[181]
piglets , dietary modulation of this particular miRNA
may also be feasible. More in vivo investigation is
needed to test the efficacy and safety before we might
benefit from miR-19b-1 replacement therapy in the
management of CRC.

HURDLES IN MODULATING MIRNAS TO
TREAT CRC
Since miRNAs only require partial sequence comple
mentarity to target mRNA, non-specific targeting of
bystander mRNAs may lead to off-target effects, toxicity
and/or unfavorable immune response. Moreover, rapid
degradation of miRNAs or anti-miRNAs by cellular
nucleases and poor cellular uptake are also preventing
the development of successful miRNA-based gene
therapies. Furthermore, the administration of antimiRs in vivo with an aim to block oncogenic miRNAs
may adversely affect physiological functions normally
regulated by these miRNAs. Thus, specific site or cell
targeting will be needed to avoid the potential adverse
effects. The lowest optimum concentration of miRNAs
and appropriate delivery systems, such as viral and/or
non-viral vectors, are critical factors required to achieve
the desired therapeutic goal while minimizing adverse
effects.

CONCLUSION
Accumulating evidence suggests that miRNAs play
a crucial role in the regulation of genes driving CRC
initiation, progression and metastasis. Differential
expression of miRNAs in CRC has provided opportunities
for their applications in diagnosis, prognostic prediction
and stratification of risk groups. While numerous miRNA
biomarkers have been reported to predict prognosis and
drug response in CRC patients, it is interesting to note
that the miRNA signature identified in different studies
usually do not overlap and, in certain cases, they were
[182]
even found to be contradictory . The different selection
criteria for patients, collection method and processing
of biological samples, and detection methods may
contribute to the different miRNA signatures obtained.
To obtain reliable results, precaution should be taken
to prevent the degradation of miRNAs during sample

USE OF SMALL MOLECULE
MODULATORS OF MIRNA EXPRESSION
Besides making use of pharmaceutical carriers to
deliver the miRNA mimics/inhibitors to the tumor,
attempts have also been made in preclinical studies to
screen for small molecule drugs that modulate miRNA
expression and function by luciferase-based reporter
[179]
assay . These compounds do not inhibit target mRNA
recognition by the miRNAs, but they instead modulate
the expression of the targeted miRNAs. With potential
application in treating CRC, diazobenzene and its
derivatives were identified to specifically inhibit miR-21
[179]
expression .
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processing. It may be helpful to use these novel miRNA
signatures together with the conventional biomarkers,
such as CEA, to increase the sensitivity and specificity.
As novel therapeutic targets, underexpressed miRNAs
can be restored, whereas overexpressed miRNAs can
be inhibited. Different delivery systems of these miRNA
modulating moieties have been extensively studied in
cell culture and animal models. Despite adverse effects
having yielded a discouraging initial clinical experience
with miR-34 replacement therapy, the correction of
miRNA dysregulation is a promising therapeutic approach
for the treatment of CRC; still, it is necessary to resolve
the bystander effects and address toxicity concerns prior
to large-scale clinical use.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) has become
the dominant form of chronic liver disease in children
and adolescents with the increasing prevalence of
obesity worldwide. NAFLD represents a wide spectrum
of conditions, ranging from fatty liver - which generally
follows a benign, non-progressive clinical course - to
non-alcoholic steatohepatitis, a subset of NAFLD that
may progress to cirrhosis and end-stage liver disease
or liver carcinoma. The underlying pathophysiological
mechanism of “pediatric” NAFLD remains unclear,
although it is strongly associated with obesity and
insulin resistance. In this review we provide a general
overview on the current understanding of NAFLD in
children and adolescents, which underpins practice,
enabling early diagnosis and appropriate therapeutic
intervention for this life-threatening liver disease.
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Core tip: Much work on nonalcoholic fatty liver disease
(NAFLD) has been done, but an accurate understanding
of its mechanism remains unclear. Our objective was to
examine the current literature to better understand the
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pathogenesis of NAFLD, thus showing how it evolved
from the “two-hit theory” to a “multiple hit model”.

for example, the mechanism of the progression from
steatosis to steatohepatitis. It is also unknown why
NAFLD occurs only in a subgroup of obese subjects.
In the past decade, our team has researched
the causes, pathogenesis, clinical diagnosis, and
[10-14]
treatment of NAFLD
. In this review, we focus on
the pathogenesis of NAFLD and explore new ways for
improving both the diagnosis and treatment of NASH.
The articles cited were identified based on a search of
PubMed done in February 2018 using the criteria “NAFLD
and pathogenesis and children and adolescent” with
studies in humans and animals.

Fang YL, Chen H, Wang CL, Liang L. Pathogenesis of nonalcoholic fatty liver disease in children and adolescence: From
“two hit theory” to “multiple hit model”. World J Gastroenterol
2018; 24(27): 2974-2983 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i27/2974.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i27.2974

INTRODUCTION

PATHOGENESIS OF NAFLD

Non-alcoholic fatty liver disease (NAFLD), the hepatic
manifestation of the metabolic syndrome, is the most
frequent form of chronic liver disease worldwide.
Corresponding to abnormal fat accumulation in
hepatocytes, it encompasses a spectrum of chronic
liver diseases in the absence of excessive alcohol
consumption, which may occur with or without
[1]
hepatocyte inflammation or fibrosis . Isolated steatosis,
defined by abnormal accumulation of fat in more than
5% of hepatocytes, is a relatively benign condition.
In contrast, besides steatosis, non-alcoholic
steatohepatitis (NASH) coexists with inflammation,
[2]
hepatic cell injury, and deposition of collagen fibers .
NASH is a dynamic condition that can regress to
isolated steatosis or cause progressive fibrosis leading
to cirrhosis. The prevalence of NAFLD ranges from
10% to 30% depending on the study population
and diagnostic methods used and is thought to be
[3,4]
increasing worldwide . Recently, a meta-analysis
showed that the global prevalence of NAFLD is 25.24%
(95%CI: 22.10%-28.65%) with the highest prevalence
in the Middle East and South America and the lowest
[5]
in Africa for the year 2016 . The “gold standard” test
is liver biopsy, but this is neither feasible nor ethical for
epidemiological studies aiming to screen NAFLD in the
healthy population, and is also problematic in the clinical
diagnosis. As so far, there was only one pediatric study
which reported prevalence based on liver histology,
and it reported that the prevalence of NAFLD in obese
children (aged 2-19 years) was 38% and increased with
[6]
age .
Serum biomarkers such as alanine aminotransferase
(ALT) and aspartate aminotransferase, as well as liver
imaging (liver ultrasound and magnetic resonance
imaging), are currently the most widely used tools
for screening. Published guidelines vary about the
[7-9]
frequency of ALT screening and use of imaging .
Ongoing developments of new technologies are
improving the diagnosis; however, the specificity and
sensitivity for the diagnosis of NAFLD have not yet
reached an acceptable level.
As mentioned above, NASH is progressive, so early
diagnosis and treatments are critical. However, many
aspects of the pathogenesis of NAFLD remain unclear;
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Evolution from the “two hit theory” to the “multiple hit
model”

During recent decades, the worldwide prevalence
of obesity has increased in the pediatric population
and the prevalence of NAFLD has more than doubled
[14]
during the last 20 years in the United States . The
development of NAFLD is strongly influenced by age,
sex, and ethnicity, and appears twice as often in boys
[15-18]
than in girls
. NASH can progress to end-stage liver
diseases such as hepatic cirrhosis or hepatocellular
[19]
carcinoma. Conjeevaram PF et al
analyzed the
database and discovered that as the prevalence
of NAFLD increased, the prevalence of NASH also
increased, however, compared to adult the prevalence
of liver fibrosis in children remained low, which indicated
a possibly less aggressive NAFLD phenotype in children.
Although the prevalence of NAFLD is increasing, most
affected patients present with isolated steatosis with
only a minority of cases progressing to liver cirrhosis in
children, and it is not clear whether pediatric and adult
NAFLD are two different pathologic entities or just agedependent manifestations of the same disease, which
implies that the pathogenesis of NAFLD may be related
to the interplay among genetic, environmental, and
individual factors. Early theories of the pathogenesis
of NAFLD and NASH were described in terms of the
[20]
“two hit hypothesis” . At the onset of disease, the
“first hit” is represented by an increase in liver fat,
characterized by hepatic triglyceride accumulation
and insulin resistance, and corresponding to hepatic
steatosis once the accumulation of hepatic fat is more
than 5%. Children, especially pre-pubertal boys, have
a pattern of type 2 NAFLD characterized by a zone 1
[21]
distribution of steatosis, inflammation and fibrosis .
Liver fat accumulation is associated with a hypercaloric
diet, sedentary lifestyle, and is perhaps genetically
predisposed. Our team successfully established an in
vivo NAFLD animal model induced by a high-fat diet,
and reported that lifestyle interventions have an effect
[22,23]
on NAFLD in obese children
. Subsequently, the
“second hit” emerges, which includes inflammatory
cytokines, adipokines, mitochondrial dysfunction, and
oxidative stress. As the fatty liver is more susceptible
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to this “second hit”, necroinflammation and fibrosis
[24,25]
can develop and ultimately lead to cirrhosis
.
However, with the development of new technology and
further research, this view appears too simplistic for
recapitulating the complexity of human NAFLD.
Now, the widely accepted theory is the “multiplehit model”, involving more widespread metabolic
dysfunction because of the interaction of genetic and
environmental factors as well as changes in crosstalk
between different organs and tissues, including adipose
[24-27]
tissue, the pancreas, gut, and liver
. However,
liver fat accumulation, caused by obesity and insulin
resistance, still seem to represent the “first hits”.

involved in the process of NAFLD inflammation: JNK[35]
AP-1 and IKK-NF-κBD . JNK-AP-1 is a mitogenactivated protein kinase associated with apoptosis and
NASH; IKK-NF-κB is a transcription factor regulating
inflammatory activation. Previous studies have shown
that persistent activation of NF-κB was found in NAFLD
[36,37]
animal models as well as in humans with NASH
.
Animal models demonstrated that hepatic exposure to
high levels of proinflammatory cytokines could lead to
[38]
histological changes mimicking NASH .
The liver consists of parenchymal cells and
nonparenchymal cells (NPCs); NPCs include sinusoidal
endothelial cells. Kupffer cells (KCs) and hepatic stellate
cells are less numerous than hepatocytes, but play a
key role in the immune regulation of the liver, especially
through substances released from KCs, which act as
antigen presenting cells.
The hypothesis is that when the flow of FFAs or
other pathogenic factors (such as endotoxins) from
the gut into liver are excessive, KCs phagocytose the
factors and present them through pattern recognition
[39]
receptors (PRRs) . PRRs include toll-like receptors
(TLRS) such TLR4, TLR9, and nucleotide oligomerization
[40]
domain-like receptors (NLRs) . Inﬂammasomes,
through NLR, activate the cascade events which finally
[41]
generate mature IL-1, IL-8 , and IL-1, contributing to
regulate the activation of the transcription factor NF[42]
κB . KCs per se will differentiate into either the M1
or M2 phenotype, depending on the environmental
inducer; the former releasing cytokines like TNF-α, IL-1,
and IL-12 and the latter, more heterogeneous, being
able to stimulate the secretion of IL-4, IL-10, and TGF-β
[43]
according to different triggers . IL-6 and TNF-α are the
cytokines responsible for NASH progression. Patients
with NASH have higher serum TNF-α levels, which
play an important role in hepatic fibrosis through KC
[38]
activation .
Therefore, TLR suppression is thought to block the
immune response, thereby alleviating liver inflammation.
However, to date, despite some animal experiments
aiming to reveal the links between TLRs and NAFLD
pathogenesis, no investigations on TLR agonists have yet
[44,45]
been conducted in humans
.
In summary, hepatocyte damage is an indicator of
NASH progression. Different pathogens stimulate cell
receptors thus activating the signaling pathway which
contributes to cytokine production. Therefore, NASH
might be detected at an earlier stage in the future by
identifying an appropriate cytokine panel. Future studies
should also focus on TLR modulation, which may
provide a new target for NAFLD therapy.

MULTIPLE FACTORS
Fat accumulation and insulin resistance

Fat accumulates in the liver of patients with NAFLD
mainly in the form of triglycerides, which derive
from the esterification of glycerol and free fatty acids
[28]
(FFAs) . Triglyceride accumulation is not hepatotoxic,
in contrast with the excess of FFAs that undergo acetyl
coenzyme A (acyl-CoA) synthase activity and form fatty
acyl-CoAs which may trigger esterification or β-oxidation
[29]
pathways . Mitochondrial dysfunction, which consists
of oxidative stress and production of reactive oxygen
species and endoplasmic reticulum stress-associated
[30,31]
mechanisms, also results from NAFLD
.
Physiologically, insulin controls hepatic glucose
production by regulating lipolysis of adipocytes, leading
[32]
to decreased fatty acid flux in the liver . Consequently,
the availability of hepatic acetyl coenzyme A (acyl-CoA)
concentrations and the activity of pyruvate carboxylase
are reduced, resulting in the decreased conversion of
pyruvate to glucose (Figure 1).
Insulin resistance (IR) refers to a defective metabolic
response to the effect of the hormone in the target
cell (e.g., muscle cell, hepatocyte, and adipocyte)
or at the whole organism level. Systemic IR means
that the ability of insulin to lower the serum glucose
concentration to the appropriate level is hampered due
to disrupted translocation of the GLUT4 receptor at
the surface membrane of the muscle cell. As a result,
glucose uptake (which depends on insulin) decreases.
Hepatic IR consists of disturbed insulin mediated
suppression of hepatic glucose production, but in the
[33]
presence of preserved stimulation of lipogenesis .
In the adipose system, insulin resistance means that
insulin is unable to suppress lipolysis. In humans, when
the availability of lipids exceeds the lipid accumulation
capacity, systemic IR and hepatic IR are likely to
[34]
progress .

Gut-liver axis

Inflammatory pathways

In recent years, many studies have been carried out
on gut-liver axis (GLA) dysfunction (including intestinal
dysbiosis, bacterial overgrowth, and alteration of
mucosa permeability) intending to find the possible
[46,47]
therapeutic target of NAFLD
. GLA is characterized
by bidirectional traffic. Nutrients and factors derived

Increased FFA levels can cause lipotoxicity and insulin
resistance, and together with other factors (such
as gut-derived endotoxins), activate the release of
proinflammatory cytokines systemically and also locally
in the liver. There are two main classical pathways
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Figure 1 Schematic mechanistic diagram of the “multiple hit model”. NAFLD: Nonalcoholic fatty liver disease.

from the gut lumen reach the liver through the portal
circulation; bile acids, produced by hepatocytes, are
released in the small intestine through the biliary
[48]
tract . Two of these components (intestinal barrier
and gut microbiota) seem to play a key role in liver
[49]
damage and its progression . It is well known that
trillions of microbes make up the gut microbiota. In
normal conditions, only a small amount of bacteria
products enter the liver through the portal circulation.
However, bacteria dysbiosis or gut barrier alterations
will increase the bacteria flow into the liver, thus
stimulating inflammation via TLR and other pattern
[50]
recognition receptor activation in KCs . According
to the bidirectional traffic of GLA, bile acid also
impacts the gut environment, both directly by causing
membrane damage and indirectly via the activation by
bile acid metabolitas of special receptors such as the
farnesoid X receptor. Gut microbiota (GM) is specific
to each individual, but humans share a core functional
[51]
microbiome .
Altered GM associated with NAFLD may occur
through several mechanisms as follows: (1) GM digests
and ferments the excessive energy into short-chain
fatty acids (SCFAs); (2) GM bacteria can produce
ethanol that may affect the liver in a similar way to
chronic alcoholism; (3) bacteria/endotoxins translocate
into the portal circulation and damage the liver via
TLR signaling; and (4) disturbed lipid metabolism is
mediated by increased bile acid synthesis and decreased
[52]
choline metabolism .
In addition, GM also plays a vital role in maintaining
gut barrier integrity and intestinal permeability. GM
dysbiosis can damage the intestinal epithelium and
destroy tight junction proteins, which is important in
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preventing harmful substances from the gut such as
bacteria, ethanol, and endotoxins from entering portal
[46,53]
blood
. Experiments on mice and humans have
[54,55]
confirmed these data
. A recent study found that
E. coli emerges as the predominant bacteria involved
in small intestine bacterial overgrowth and that NAFLD
may be related to the efficient translocation abilities of
[56]
these patients .
Hepatocyte triacylglycerol (TG) deposition is mainly
due to three factors: lipolysis of adipose tissue, de novo
lipogenesis, and TG dietary input, with contributions of
59%, 26%, and 15%, respectively. The excessive load
of free fatty acid in the liver is the crucial cause of liver
[57]
steatosis .

Dietary factors: Fructose and sugar

Carbohydrates can be converted to TG, and fructose
is more closely associated with NAFLD compared to
glucose. Fructose consumption, largely in the form of
high fructose corn syrup (HFCS), a mixture of fructose
and glucose monosaccharides, has increased over
[58]
the past several decades . Recent data suggest that
diets high in sugar (sucrose and/or HFCS) not only
increase the risk of NAFLD, but also of NASH. Indeed,
fructose intake from added sugars in processed foods
correlates with the epidemic rise in obesity, metabolic
syndrome, and NAFLD. Fructose induced-hepatic fat
accumulation involves the stress pathway that results
in gluconeogenesis, an increase in fat synthesis, and a
[59-61]
decrease in fat oxidation
. Fructose may modulate
the lipogenic enzymes by increasing the expression of
sterol regulatory element binding protein-1c (SREBP1c) and carbohydrate-responsive element-binding
[62]
[63]
protein (ChREBP) . Animal experiments
showed
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that mice exposed to fructose with significant intestinal
bacteria growth and increased intestinal permeability,
as mentioned above, may trigger inflammation by
increasing serum TNF-α.
Chronic fructose consumption induces leptin resis
tance prior to body weight, which accelerates high-fat
induced obesity. Moreover, removal of fructose from this
diet reverses leptin resistance and leptin augmentation,
[64,65]
favoring a causal relationship
.
Therefore, GLA is involved in the pathogenesis of
NALFD, and GM dysbiosis promotes steatosis evolution
to NASH. Special bacterial strains translocate more
efficiently into the liver portal system. Further multicenter
studies are required to test the bacterial genes of the
normal population versus obese populations with IR (with
and without NAFLD) with the aim of screening high-risk
populations. In addition, improving intestinal dysbiosis
and determining whether this improvement reduces the
risk of NAFLD needs further investigation. These studies
may pave the way for improving NAFLD diagnosis and
treatment.

(GCK). GCK regulates glucose storage and disposal
in the liver where its activity is regulated by GCKR.
The GCKR genotype has been shown to modulate
[74]
lipogenesis and fibrosis progression in NAFLD . The
combined effects of PNPLA3 rs738409 and GCKR
rs1260326 polymorphisms account for up to one-third
[75,76]
of variability in liver fat content in obese children
.

Genetic factors

TM6SF2: Transmembrane 6 superfamily 2 (TM6SF2)
has been recognized to regulate plasma lipids. On
the basis of sequence similarity to Emopamil-binding
protein (an enzyme with sterol isomerase activity),
TM6SF2 has been hypothesized to play a role in
[80,81]
[82]
sterol biosynthesis
. Smagris et al
reported that
TM6SF2 is involved in the transfer of neutral lipids from
cytoplasmic to luminal lipid droplets or very low density
lipoprotein (VLDL) particles. Recently, variants of
TM6SF2 have been found to influence metabolic traits
[83-86]
through alteration of protein stability
.

Apolipoprotein C-III: Apolipoprotein C-III (APOC3)
can inhibit the lipoprotein lipase and reduce the
clearance of TG. In NAFLD, APOC3 variants may lead
to higher plasma concentrations of apolipoprotein C3
ending up in lower clearance. The consequence of the
reduced TG clearance is an increase in residual particles
of chylomicrons, that will lead to higher levels of
circulating chylomicron remnants, which are especially
cleared by the liver through a receptor-mediated
[77,78]
process
. However, a recent study of APOC3
transgenic mice suggested that APOC3 dysregulation
is not a predisposing factor for linking over-nutrition to
[79]
NAFLD in obesity .

Genetic factors are also important in the development of
NAFLD. A certain genetic background has been shown
[66,67]
to predispose an individual to fatty liver
. Those
genes are involved in inflammation, lipid metabolism,
and oxidation, and are associated with progressive liver
disease, IR, type 2 diabetes mellitus, and a higher risk
for hepatocellular carcinoma.
PNPLA3: PNPLA3 is the most documented NAFLDrelated gene. A genome-wide association study (GWAS)
showed that the hepatic fat content of PNPLA3 I148M
allele carriers was more than 2-fold higher than in noncarriers, and a new variant PNPLA3 S453I allele was
identified which was associated with a significantly lower
[68]
liver fat content particularly in African Americans .
Several studies have shown that PNPLA3 I148M
increases the risk of NAFLD without a strong effect on
metabolic syndrome (MS) components, but abdominal
fat (which is closely correlated to MS components)
can drive the effect of this polymorphism on liver
[69,70]
damage
. In obese children, weight loss can weaken
[71]
the effect of this polymorphism .
[72]
McGeoch et al
suggested that patients with
PNPLA3 p.I148M showed the greatest response to the
fructose-restricted diet, whereas those lacking this
variant exhibit minimal or no change from baseline.
[73]
Wang et al
revealed that physical activity and
sedentary behavior can modulate the effect of the
PNPLA3 variant on childhood NAFLD. These evidences
provide new clues to the function of the PNPLA3 gene
and are also useful for risk assessment and personalized
treatment of NAFLD in the future.

PPARGC1A: Peroxisome proliferator activated
receptor γ coactivator 1α (PGC-1α), expressing the
PPARGC1A gene, is involved in the key steps of NAFLD
development, such as insulin resistance, mitochondrial
[87,88]
biogenesis, and oxidative phosphorylation
. In
hepatocytes, PGC-1a orchestrates broad energy
programs, including gluconeogenesis and mitochondrial
[89]
fatty acid β-oxidation . Moreover, PPARGC1A has
been shown to regulate several key genes in hepatic
[90-93]
gluconeogenesis (CREB, PPARα, FOXO1, TRB-3)
.
PPARGC1A knockout mice reportedly developed hepatic
steatosis due to a combination of reduced mitochondrial
respiratory capacity and increased the expression of
[94]
lipogenic genes .
Human microsomal triglyceride transfer protein:
The human microsomal triglyceride transfer protein
(MTTP) is involved in lipid transfer function and is critical
for the assembly and secretion of VLDL to remove
lipids from the liver. Thus, genetic polymorphisms
in the MTTP gene may contribute to altered lipid
metabolism by disrupting the assembly and secretion
of lipoproteins, leading to reduced fat export from the
involved hepatocytes and to NAFLD. Several genetic

Glucokinase regulator protein: Glucokinase
regulator protein (GCKR) is an inhibitor of glucokinase
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polymorphisms in the MTTP gene have been identified;
some are related to the pathogenesis of NAFLD while
others interact with age, insulin resistance, and BMI and
[95-99]
increase the risk for NAFLD
.
[100]

4
5

[101]

Other genes: Recently, Buch et al
and Umano et al
identified the rs626283 variants in the MBOAT7 gene
as risk loci for alcohol-related cirrhosis in adults and
[100,101]
obese youth
. In the Japanese population, the
SAMM50 gene (rs738491, rs3761472, and rs2143571),
PARVB gene (rs6006473, rs5764455 and rs6006611),
and GATAD2A gene (rs4808199) were found to be
[102,103]
significantly associated with NAFLD
.
Meanwhile, Chinese children with NAFLD presented
[104]
a higher prevalence of UCP3 gene rs11235972 GG .
[105]
Adams et al
reported that SNPs in two hepatic
genes were associated with NAFLD in adolescents: The
group-specific component and the lymphocyte cytosolic
protein-1.

6

7

8

CONCLUSION

9

The pathogenesis of NAFLD and its progression is a
complex process, in which some questions remain
unanswered. The initial “two-hit” theory can no longer
completely explain the pathogenesis of NAFLD, which
involves multiple factors. In recent decades, many
experiments have suggested that the gut microbiome
plays a key role in NAFLD pathogenesis via the GLA.
More recently, with the development of technology
(especially GWAS), increasing studies have focused on
genetic predispositions and found various gene variants
that may alter lipid and sugar metabolism in the liver
as well as in other tissues such as adipose tissue. Given
the multifactorial nature of the related diseases, it may
not be possible to obtain a single indicator that could
precisely differentiate NAFLD and NASH. However,
data in the future could be more promising in terms
of population screening, with the goal to identify
individuals at risk for NAFLD.
Hopefully, the “multiple hit model” (once further
refined) will pave the way for tailoring therapeutics to
genetic predispositions to NAFLD and NASH.
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Abstract
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Aldehyde dehydrogenase 2 (ALDH2) is best known for
its critical detoxifying role in liver alcohol metabolism.
However, ALDH2 dysfunction is also involved in a wide
range of human pathophysiological situations and is
associated with complications such as cardiovascular
diseases, diabetes mellitus, neurodegenerative diseases
and aging. A growing body of research has shown that
ALDH2 provides important protection against oxidative
stress and the subsequent loading of toxic aldehydes
such as 4-hydroxy-2-nonenal and adducts that occur
in human diseases, including ischemia reperfusion
injury (IRI). There is increasing evidence of its role in
IRI pathophysiology in organs such as heart, brain,
small intestine and kidney; however, surprisingly few
studies have been carried out in the liver, where ALDH2
is found in abundance. This study reviews the role of
ALDH2 in modulating the pathways involved in the
pathophysiology of IRI associated with oxidative stress,
autophagy and apoptosis. Special emphasis is placed
on the role of ALDH2 in different organs, on therapeutic
“preconditioning” strategies, and on the use of ALDH2
agonists such as Alda-1, which may become a useful
therapeutic tool for preventing the deleterious effects
of IRI in organ transplantation.
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Core tip: Aldehyde dehydrogenase 2 (ALDH2) plays
a crucial role not only in liver ethanol metabolism
but also in diverse pathophysiological dysfunctions
including cardiovascular diseases, stroke, diabetes,
neuro-degenerative dysfunctions, and aging. Its
involvement has recently been identified in ischemia
reperfusion injury (IRI). The present study provides an
updated review of the literature on the role of ALDH2
in ischemia-reperfusion injury and its activation in
different organs (heart, brain, kidney, intestine, etc )
focusing especially on its possible use as a potential
therapeutic target for preventing IRI associated with
organ transplantation.
Panisello-Roselló A, Lopez A, Folch-Puy E, Carbonell T, Rolo A,
Palmeira C, Adam R, Net M, Roselló-Catafau J. Role of aldehyde
dehydrogenase 2 in ischemia reperfusion injury: An update. World
J Gastroenterol 2018; 24(27): 2984-2994 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i27/2984.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i27.2984

INTRODUCTION
Aldehyde dehydrogenase 2 (ALDH2), a tetrameric
allosteric mitochondrial enzyme, is one of the 19
different ALDH enzymes ubiquitously expressed in all
human tissues. It is most abundant in the liver, where
it plays an essential role in the ethanol detoxifying
[1]
pathway . This pathway comprises two enzymatic
steps. In the first, ethanol is metabolized by alcohol
dehydrogenase (ADH) to form acetaldehyde, which
is highly diffusible and crosses biological membranes,
then circulates in the blood and is metabolized by
[1,2]
ALDH2 to acetic acid . ALDH2 is also responsible for
the detoxification of other toxic short-term aldehydes,
[1,3]
including some aromatic and polycyclic types
.
In addition, ALDH2 oxidizes endogenous aldehydic
products from lipid peroxidation of mitochondrial and
plasma membranes under oxidative stress conditions,
such as 4-hydroxy-2-nonenal (4-HNE) and lipoperoxides
[4,5]
(malondialdehyde, MDA) . The clearance of these
harmful 4-HNE and aldehyde adducts, performed by
[1,4-6]
ALDH2, is crucial for cell survival
, since it is well
known that 4-HNE affects mitochondrial and membrane
[7,8]
integrity and other functions like apoptosis . Although
ALDH2 was initially known for its role in ethanol
[1]
metabolism in liver , it has also been implicated in
[1,9]
several pathologies, such as cardiovascular diseases ,
[1,10]
[1,11]
diabetes
, neurologic dysfunctions
and more
recently, in ischemia reperfusion injury (IRI) in organs
[11-14]
[15-19]
[20,21]
such as heart
, brain and eyes
, intestine
,
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[24]

kidney
and spinal cord .
IRI, a process inherent in organ tumor resection and
transplantation, affects organ quality and transplant
outcomes. During the process, the organ deteriorates
due to the lack of blood flow and oxygen deprivation
(ischemic injury) and subsequently after the restoration
of blood flow and oxygen supply (reperfusion injury).
While some damage occurs during the ischemia phase,
reperfusion by itself triggers a new set of detrimental
cellular processes that provoke the energy metabolism
breakdown exacerbating the injury and cell death.
With the entry of oxygen to the organ, reactive oxygen
species (ROS), lipoperoxides and toxic aldehydes are
generated, inflammatory mediators are released and
cell signaling pathways are activated, extending cell
[25,26]
damage
, exacerbating cell death processes, and
eventually leading to organ failure.
In this review, we first present some general
considerations on the role of ALDH2 in the complex
pathophysiology of IRI/oxidative mechanisms, focusing
on 4-HNE and its consequences for autophagy/apoptosis
processes. Then we discuss the use of therapeutic
strategies, such as “surgical preconditioning” (remote
ischemic preconditioning and post-conditioning) and
“pharmacological preconditioning” (isoflurane, ethanol;
nitrite/nitrate strategies and ALDH2 agonists) for the
prevention of IRI. In the final section, we offer an
update on specific ALDH2 investigations carried out in
different organs subjected to I/R such as heart, brain,
eyes, intestine and kidney, and assess the possibility of
using ALDH2 agonists to prevent cold IRI in the future,
with special emphasis on liver transplantation.

ALDH2 AND 4-HNE
The mitochondria are the main source of the ROS
generated during reperfusion. ROS interacts with
polyunsaturated fatty acids in biological membranes,
producing high toxic and reactive molecules such as
[4,5]
4-HNE , which can trigger the opening of mitochondrial
permeability transition pores and inhibit the electron
transport chain, thus contributing to the extension of the
damage.
The specific electrophilic features of 4-HNE confer on
this molecule a high reactivity and capacity to modify
enzymes like kinases, belonging to sensitive pathways
of cell homeostasis such as mitochondrial bioenergetics,
redox balance, ROS formation, autophagy, apoptosis,
and so on.
ALDH2 overexpression delays the formation
of 4-HNE and toxic aldehyde adducts, and thus
[27,28]
preserves the mitochondrial function during IRI
.
Nevertheless, despite the ability of ALDH2 to remove
these aldehyde adducts, when 4-HNE is accumulated at
high concentrations, it may act as an ALDH2 inhibitor in
vitro, countering its beneficial effects and worsening the
[12,29]
impact of I/R insult
. 4-HNE has been shown to inflict
organelle damage in a wide variety of cell components,
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exposing the cell to a high level of stress and finally
leading to its death. In this regard, it is clear that 4-HNE
may modify essential cell-signaling molecules of survival
mechanisms, as it does in autophagy (AMPK) and
[27,28,30]
apoptosis (Akt)
.
Ultimately, the clearance ratio of 4-HNE-adducts
by ALDH2 and the ALDH2-4-HNE balance is crucial in
order to prevent the modulation of survival mechanisms
by 4-HNE and thus minimize some of the deleterious
effects of IRI caused by the formation of these toxic
aldehydes (Figure 1).

phase, cytoprotective autophagy is no longer active.
Under reperfusion conditions, ALDH2 inhibits AMPK but
also activates Akt, whose phosphorylation is kicked on
to activate mTOR, thus resulting in a detrimental Akt[28]
dependent inhibition of autophagy . The ALDH2 dual
regulatory effect on autophagy mechanisms through
the Akt/AMPK/mTOR pathway could be a useful tool
for preventing IRI. Considering that both AMPK and
Akt are targets for 4-HNE, the beneficial effects that
ALDH2 exerts on autophagy may be due both to its
interaction with AMPK and to its capacity to remove
4-HNE (Figure 2).
We have seen that autophagy is a mechanism
which, during periods of scarce resources, enables
the cell to recycle its own products in order to survive.
Most of this survival potential is performed through the
preservation of the mitochondria, which are among
the organelles most in need of protection. Therefore,
mitophagy, the selective process to auto-phagocytize
[36]
mitochondria, should be carefully regulated . Some
IRI-related studies report that after ALDH2 activation,
the mitophagy regulators tensin homolog-induced
putative kinase 1 (PINK1)/Parkin expression is
suppressed, resulting in reduced injury. Even though
the specific mechanism of action remains unclear (either
via direct inhibition or via 4-HNE cleansing), ALDH2
[37]
clearly exerts a beneficial effect on mitophagy .
We can conclude that ALDH2 plays a positive role
in the modulation of cyto-protective autophagy. It is
an especially promising agent for the regulation of the
deleterious effects of autophagy in cold IRI processes
associated with organ transplantation.

ALDH2 AND AUTOPHAGY

ALDH2: NECROPTOSIS AND APOPTOSIS

PUFAs

Alda 1

4-HNE

ALDH2

ROS

Cell damage

Cell protection

Figure 1 Protective effects of aldehyde dehydrogenase 2 on 4-hydroxy-2nonenal accumulation in ischemia reperfusion injury. 4-hydroxy-2-nonenal
(4-HNE) is a pivotal marker for cell damage associated with oxidative stress; its
accumulation is prevented by aldehyde dehydrogenase 2 (ALDH2) activation
and the action of its agonists. An overwhelming 4-HNE accumulation may also
inhibit ALDH2 action. 4-HNE: 4-hydroxy-2-nonenal.

Programmed cell death results in either a lytic or a
non-lytic morphology, which includes different cell
signaling pathways. It can be caused by well-known
mechanisms such as autophagy, apoptosis, necrosis
[19,38,39]
and necroptosis
, which are determinant for organ
preservation/cell survival associated with ischemia
reperfusion injury.
Briefly, “necrosis” is one of the most frequent
consequences of metabolic injury due to the organ
oxygen deprivation during ischemia, leading to ATP
depletion. It is characterized by cell swelling, membrane
rupture and release of cell contents with the subsequent
[40]
inflammatory response . By contrast, “apoptosis”
is a non-lytic form of silent programmed cell death in
which the individual dying cells separate from their
[40]
neighbors and shrink rather than swell . Cell death by
necrosis may also be programmed, as also occurs in
apoptosis, and is then called “necroptosis”. In any case,
distinct signaling events drive the lytic cell and nonlytic cell death processes (necroptosis and apoptosis,
respectively). Thus, necroptosis is similar in nature to
necrosis but it is induced by the activation of RIPK1
(receptor-interacting protein kinase 1) and RIPK3

Autophagy is believed to play a key role in cell survival,
with distinct functions depending on the event the cell
is facing. In fact, autophagy is a cellular housekeeping
mechanism, which in physiological conditions removes
long-lived, aggregated and misfolded proteins, clears
damaged organelles and plays an important role in
the “survival and death” strategies of cellular stress
[31,32-34]
responses, as occurs in the I/R condition
.
Autophagy has two paradoxically opposite be
haviors, depending on the stage of the I/R condition:
during ischemia, certain levels of autophagy are cytopro
[35]
[32,33]
tective , but during reperfusion it is detrimental
.
One of the key elements that regulate autophagy is the
mammalian target of rapamycin (mTOR), an autophagy
inhibitor. The inhibitory effect of mTOR over autophagy
can be enhanced by Akt during reperfusion, or inhibited
[31]
by AMPK (in both ischemia and reperfusion) . Taking
into account the dual behavior of autophagy and seeing
some of its regulators, the role that ALDH2 plays in
I/R is also dual: During ischemia, ALDH2 benefits
AMPK activation, thus contributing to the inhibition
of mTOR and subsequently increasing cytoprotective
autophagy. On the other hand, during the reperfusion
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Reperfusion

Ischemia

Akt

Damage

Autophagy

mTOR

ALDH2

mTOR

AMPK

4-HNE

Autophagy

Damage

AMPK

Figure 2 Dual regulatory effect of aldehyde dehydrogenase 2 (ALDH2) on autophagy. During ischemia, AMPK is activated to promote “cytoprotective” autophagy
due to mTOR inhibition. On the other hand, the activation of Akt during the phase of reperfusion inhibits “deleterious” autophagy, which is associated with apoptosis,
thus reducing organ damage.
[24]

(receptor- interacting protein kinase 1), a caspaseindependent form of programmed cell death. Studies
[41]
by Cheng Shen et al
showed that ALDH2 deficiency
promotes necroptosis through the activation of the
RIPK1/RIPK3/MLKL pathway.
In contrast to necroptosis, there is no inflammation
during apoptosis; the process is dependent on caspases
3 and 9. Apoptosis is a process controlled at multiple
checkpoints by cell signaling expression, sometimes
with opposite actions; examples are Bax (pro-apoptotic)
and Bcl-2 (anti-apoptotic). The ratio between the two is
decisive for the apoptotic response, which is regulated
by an upstream mediator, Akt, which ultimately
[42,43]
determines the fate of the cell
.
Due to its cytotoxic characteristics, 4-HNE is
an important mediator of oxidative stress-induced
[42]
apoptosis . As previously mentioned, 4-HNE inhibits a
group of a several kinases, one of which is Akt. Under
high concentrations of 4-HNE, a dramatic apoptotic
response is induced. This effect has been suggested
to occur through the inhibition of Akt, which increases
the Bax/Bcl-2 ratio and activates a caspase-3 apoptotic
[43,44]
cascade
. This Akt inhibition in the presence of 4-HNE
can be totally reversed by using an ALDH2 agonist,
[45]
such as Alda-1 . Further investigations have evidenced
that increased ALDH2 expression through Alda-1
treatment protects I/R-induced brain cell necrosis
[16,24]
and apoptosis
. Besides these benefits of ALDH2
observed in the heart and brain, benefits have also been
shown for limiting neuronal apoptosis in spinal cord
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[45]

IRI . Recently, Zhong et al reported that low ALDH2
promotes liver apoptosis through the MAPK pathway
when ALDH2 agonists are used, in which ALDH2 action
is not only based on the 4-HNE clearance ratio, but
also on its subsidiary involvement in controlling indirect
4-HNE pathways.
Again, the ratio of 4-HNE formation and its cleansing
by ALDH2 is essential. High 4-HNE levels will limit
ALDH2 activity, avoiding subsequent 4-HNE clearance
and producing a positive 4-HNE feedback that ultimately
[1,42]
causes apoptosis and cell death
(Figure 3).

ALDH2 ACTIVATION AND IRI
PREVENTION IN DIFFERENT ORGANS:
SOME CONSIDERATIONS
In general, ALDH2 activation plays a protective role in
the complex physiopathology of IRI, whose beneficial
effects have mostly been studied in the heart, inducing
cardio-protection as well as a protective role against the
[12,46]
I/R insult
. This protection has been evidenced in
other organs such as brain, intestine, kidney and spinal
[16,20,22,24]
cord
. Surprisingly, the role of ALDH2 in hepatic
I/R has not been studied in depth, even though the liver
[1]
is one of the organs where ALDH2 is most abundant .
This is probably due to the fact that most studies of
ALDH2 in liver have focused on ethanol metabolism
disorders.
In the following lines, we describe the most
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ALDH2 in brain, intestine, kidney and eyes

ALDH2

The role of ALDH2 in other organs, such as brain, eyes,
intestine, and kidney, has been poorly investigated.
In brain and intestine, ALDH2 activation contributes
to the clearance of the 4-HNE accumulation and MDA
generation against IRI. Alda-1, an ALDH2 agonist,
increases the 4-HNE adduct clearance, subsequently
promoting protection against brain IRI and preventing
[15,16]
the deleterious effects of apoptosis
. In kidney, after
bilateral ischemia, ALDH2 activation is involved in the
[23]
protection induced by ethanol at physiological levels .
Interestingly, an increased ALDH2 expression also has
a protective effect, reducing renal cell apoptosis by
inhibiting the MAPK pathway, after using hypothermic
[22]
machine perfusion .
Recent investigations have shown the existence of
ALDH2 expression in adult rat retinal tissues, which
may be involved in the retina redox balance. However,
its role in the regulatory lipoperoxidation mechanisms
associated with retinal ischemia reperfusion injury
[52,53]
needs to be investigated in depth
.

4-HNE

Akt

Bax

Bcl-2

Caspase 3

Apoptosis

ALDH2 ACTIVATION: ISCHEMIC
PRECONDITIONING

Figure 3 Effects of aldehyde dehydrogenase 2 on apoptosis in ischemia
reperfusion injury. Protection induced by aldehyde dehydrogenase 2 (ALDH2)
on apoptosis. The balance between ALDH2/4-HNE is responsible for the
modulation of apoptosis through Akt and caspase 3 expression.

Several therapeutic surgical and pharmacological
strategies have been used to protect the organ against
I/R insult. As an example, “ischemic preconditioning”
(IPC) is based on the application of a previous transient
ischemia and/or reperfusion that will prepare the organ
prior to a sustained I/R. IPC was initially evidenced in
[54]
the heart by Murry et al
but has also been found to
be protective for other organs such as kidney, intestine
[55-57]
and liver
. Another surgical strategy is “remote
[58]
ischemic preconditioning” (RIPC) , which consists
in the application of brief ischemia in one organ to
[59]
confer protection on distant organs as well . The
involvement of ALDH2 as an important mediator in the
benefits conferred by RIPC has also been discussed by
[59]
Contractor et al .

important ongoing research into the role of ALDH2 in
IRI in heart, brain, eyes, intestine, and kidney.

ALDH2 and heart

The most important feature of ALDH2 myocardial cardioprotection is the clearance of toxic aldehydes (such as
[12,46]
4-HNE) and its adducts
; Alda-1, an activator of
ALDH2, raises this reactive aldehyde clearance even
further, increasing the protection against myocardial
[14,15]
IRI disorders
. Moreover, ALDH2 activation is
associated with an improved mitochondrial function
[47,48]
and a remodeling of the ventricular function
.
ALDH2-induced cardio-protection (with the subsequent
detoxification of toxic aldehydes) against IRI also
occurs through a differential regulation of autophagy,
involving both AMPK and Akt-mTOR signaling mech
anisms, produced during ischemia and reperfusion
[28,49]
[50]
respectively
. Guo et al recently described a novel
protective ALDH2 mechanism in type I diabetes, which
defends against the induced myocardial dysfunction
via an AMPK-dependent regulation of autophagy.
These benefits are confirmed by the fact that ALDH2
inhibition by O-linked-N-acetylglucosamine (O-GlcNAC)
acylation contributes to hyperglycemic exacerbation of
[51]
myocardial IRI, which is prevented by Alda-1 . Even
more recently, it has been reported that ALDH2 induces
cardio-protection through the regulation of mitophagy
by suppressing tensin homolog-induced putative kinase
1 (PINK1)/Parkin expression, thus preventing the
[37]
accumulation of 4-HNE and other toxic species .
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ALDH2 ACTIVATION:
PHARMACOLOGICAL PRECONDITIONING
The use of pharmacological agents to promote organ
protection (pharmacological preconditioning) is limited
when it is mandatory to avoid their potential undesirable
secondary effects. We have assessed the protective
role of ALDH2 when using different protective strategies
against IRI based on the administration of volatile
anesthetics (isoflurane), nitrites/nitrates and ALDH2
agonists (Alda-1).

ALDH2 and isoflurane preconditioning

Recent investigations in the heart and other organs
have demonstrated that the use of isoflurane, a volatile
anesthetic agent, is an effective preconditioning agent
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that mimics the protective effects of IPC but avoids
some of its disadvantages caused by the reduction of
the blood flow, and presents greater ethical acceptability
[60-62]
and clinical safety
. ALDH2 is involved in the cardioprotection induced by isoflurane preconditioning, and
this ALDH2/isoflurane-induced cardio-protection is
substantially blocked by a PKCε inhibitor, suggesting that
mitochondrial PKCε plays an important role in isofluraneinduced protection mechanisms. It has been discussed
whether the phosphorylation of ALDH2 increases
PKCε mitochondrial translocation, and the inhibition of
mitochondrial translocation by other protein kinases
such as PKC delta, contribute even more to isoflurane
[63]
protection against I/R insult .

bioconversion of nitroglycerin to 1, 2-glyceryl denigrates,
[1]
resulting in the release of NO . Further experiments
have shown that in vitro, ALDH2 is partially responsible
for nitrite bioactivation, promoting vasodilation during
[70]
hypoxic episodes (Figure 4). However, Oelze et al
showed that the peroxynitrite generated from NO
impairs the enzymatic activity of ALDH2, and therefore
the scavenging activity of NO may result in a suicide
inhibition of ALDH2 in later stages.
The role of ALDH2 cannot be conclusively confirmed,
due to the impossibility of ruling out other non- enzymatic
[71-73]
or nitrite reductase species (e.g., eNOS)
. However, it
can be concluded that ALDH2 is closely related to NO and
[72,73]
nitrogen metabolism and exerts positive effects
.

ALDH2 and ethanol preconditioning

ALDH2 agonist preconditioning: Alda-1

Ethanol, at low doses, also acts as a preconditioning
[51]
agent . Its acute cardio-protective effects are critically
modulated by the dose used and by whether it remains
present during the ischemic period. In these conditions
of ethanol preconditioning, ALDH2 is activated to
induce protection against IRI through the mitochondrial
translocation of PKCε, which is responsible for the
increased metabolism from HNE to HNA, thus limiting
the accumulation of HNE protein adducts and improving
[64,65]
cardiac function
.
In this context, it has been suggested that the use
of ALDH2 activators mimics ethanol cardio-protection.
In addition, ALDH2 protection against ethanol toxicity
is regulated by Akt and AMPK, and subsequently,
autophagy and apoptosis through their downstream
[28]
substrate mTOR .

With this in mind, it has been proposed that new
therapeutic ALDH2 approaches might be based on
promoting ALDH2 over-expression by using ALDH2
activators and determining the role of ALDH2 in a
variety of human pathologies such as IRI. Here we
focus specifically on the use of Alda-1, a selective
ALDH2 agonist, in IRI in different organs.
Small molecules called ALDAs have been used as
activators of ALDH2. One of the most frequently used is
Alda-1. Defined as N-(1,3-benzodioxol-5-ylmethyl)-2,6
di-chloro-benzamide, Alda-1 increases ALDH2 activity
in humans twofold with its wild-type and 11-fold with its
[1]
defective variant ALDH2*2 .
Experiments have shown that the administration of
Alda-1 just before the ischemic insult reduces infarct
[12]
size by 60%, most likely through ALDH2 activation .
Alda-1 also has beneficial effects on the heart and brain
[15]
by inhibiting 4-HNE and related adducts . A potential
therapeutic value of Alda-1 during the progression of
post-myocardial infarction cardiomyopathy has also
[29]
been suggested . Alda-1 may be useful for treating
heart failure patients, since ALDH2 activation in heart
failure restores mitochondrial function and improves
[48]
ventricular function and remodeling . It was recently
reported that ALDH2 activation regulates mitophagy
by preventing 4-HNE, ROS and superoxide dismutase
[37]
(SOD) accumulation . Along these lines, the recent
[20]
investigations by Zhu et al
have shown that Alda-1
pre-treatment reduces the intestinal injury induced by I/
R in mice. Benefits were associated with the prevention
of 4-HNE and MDA accumulation, suggesting a potential
[21]
clinical application in the near future .

ALDH2 and NO/nitrite preconditioning

Nitric oxide (NO) is a free-radical gas, considered as a
relevant therapeutic tar- get during IRI. Its effects on
I/R injury are probably related to the dose or to the
conditions during ischemia and reperfusion, usually at
[66]
nanomolar or low micromolar concentrations . Apart
from its role in tissue protection during ischemia, and
due to its volatile nature, NO is a fast-response cell
signaling molecule and a well-known vasodilator during
hypoxic events, also regulating mitochondrial oxygen
[66]
consumption . There is growing evidence that eNOSderived NO is a critical component in IPC and APC signal
[67,68]
transduction
. Last but not least, due to its reductive
capacity, NO is a potent ROS scavenger, and thus,
performs one of the most important functions during
[69]
reperfusion .
As a volatile molecule, the half-life of NO is not very
long; this is why there is a need for a pool of nitrogen
in a more stable form, i.e., nitrites (NO2-) and nitrates
(NO3-). Nitrites are the reduced form of nitrates, and
under physiological conditions they can be recycled in
blood and tissues, where NO generation from nitrites is
[66,69]
linearly dependent on oxygen and pH levels
.
It has been widely shown that ALDH2 has a
reductase-dependent activity that produces the
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FUTURE PERSPECTIVES OF ALDH2 IN
COLD ISCHEMIA REPERFUSION INJURY/
ORGAN TRANSPLANTATION
ROS play a major role in the progression of IRI, which is
inherent to organ transplantation. ROS are responsible for
the generation of MDA, as well as other toxic aldehydes

2989

July 21, 2018|Volume 24|Issue 27|

Panisello-Roselló A et al . ALDH2 and ischemia reperfusion injury

Cell protection (μm)
Oxidation

Reduction
Vasodilatation
-

NO2

NO
Energetics
mitochondrial
respiration

-

NO3

ALDH2
Hypoxia signalling
TNG
ROS

Figure 4 Aldehyde dehydrogenase 2 and vasodilation due to nitrates/nitrites/nitric oxide generation. The generation of nitric oxide from nitrates/nitrites and its
vasodilatory properties may contribute to prevent the deleterious effects of ischemia-reperfusion injury. ALDH2: Aldehyde dehydrogenase 2.
[22]

like 4-HNE and its adducts. During graft reperfusion,
ROS are mainly produced in the mitochondria, becoming
the main source of lipoperoxides and toxic aldehydes.
Therefore, the prevention and clearance of those toxic
elements generated during an episode of ischemiareperfusion is decisive in organ transplantation, and the
role of ALDH2 is crucial.
So far, the vast majority of investigations on the role
of ALDH2 activation in organ preservation are limited to
[22,74]
[74]
the heart and kidney
. Gong et al
demonstrated
that addition of Alda-1 (ALDH2 activator) to histidineketoglutarate-tryptophan (HTK; a solution regularly
used in heart surgery) improved cardio-protection
through the subsequent ALDH2 activation and toxic
aldehyde removal. The fact that Alda-1 ameliorates the
quality of cardioplegic solutions such as HTK suggests
that ALDH2 activators could be used to improve
preservation solutions meant for other organs besides
the heart, such as UW, HTK, Celsior and IGL-1, which
are used for clinical transplantation in liver, where
[75]
ALDH2 has an important presence .
These findings have a bearing on the consideration
of the potential use of ALDH2 activators as additives
in organ preservation solutions in order to improve
their protective quality. They are also relevant to the
assessment of the contribution of various commercial
solutions to the preservation of mitochondrial ALDH2
activity during graft cold storage, especially when
expanded criteria donors are used.
Recent studies have reported higher mitochondrial
ALDH2 activity in liver grafts preserved in IGL-1 (24 h at
[76]
4 ℃) than in livers preserved in UW or HTK solutions .
These results are consistent with the increases reported
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in renal ALDH2 activity by Zhong et al , who subjected
kidney grafts to machine perfusion preservation before
transplantation.
These results confirm that ALDH2 plays a role in
both static and dynamic graft preservation. It exerts a
protective effect, during the ischemic phase by tackling
ATP breakdown and during the reperfusion phase
by reducing oxidative damage, which are inherent
conditions of IRI. In this regard, further studies of ALDH2
using machine perfusion strategies in subnormothermic
conditions should be carried out in order to improve the
subsequent graft outcome.
Finally, although ALDH2 plays a role in distinct organs
with well-defined physiological functions (heart, brain,
eyes, liver, kidney and intestine), each organ contains
multiple different cell types which, in turn, may give
specific responses under ALDH2 activation/administration.
Few studies have sought to clarify the relationship
between ALDH2 and specific cell types or its influence on
the substantial cross-talk between the different cells in
[77]
each organ under ALDH2 administration . Therefore,
further investigation of this issue is now warranted.

CONCLUSION
In recent years, the ability of ALDH2 to modify the
activity of some key enzymes and essential survival
pathways of the cell has been demonstrated (autophagy,
apoptosis, necroptosis, etc). Some of its effects are
exerted directly through its catalytic center, in a one-toone interaction with those key enzymes that modifies the
whole metabolic pathway. However, it may also regulate
the metabolism indirectly, removing and cleansing toxic
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Abstract

Julia KH Leman, Sarah K Sandford, Janet L Rhodes, Roslyn
A Kemp, Department of Microbiology and Immunology,
University of Otago, Dunedin 9010, New Zealand

Colorectal cancer (CRC) is a heterogeneous disease,
with a diverse and plastic immune cell infiltrate. These
immune cells play an important role in regulating tumour
growth - progression or elimination. Some populations of
cells have a strong correlation with disease-free survival,
making them useful prognostic markers. In particular,
+
+
the infiltrate of CD3 and CD8 T cells into CRC tumours
has been validated worldwide as a valuable indicator of
patient prognosis. However, the heterogeneity of the
immune response, both between patients with tumours
of different molecular subtypes, and within the tumour
itself, necessitates the use of multiparametric analysis in
the investigation of tumour-specific immune responses.
This review will outline the multiparametric analysis
techniques that have been developed and applied to
studying the role of immune cells in the tumour, with a
focus on colorectal cancer. Because much of the data in
this disease relates to T cell subsets and heterogeneity,
we have used T cell populations as examples throughout.
Flow and mass cytometry give a detailed representation
of the cells within the tumour in a single-cell suspension
on a per-cell basis. Imaging technologies, such as imaging
mass cytometry, are used to investigate increasing
numbers of markers whilst retaining the spatial and
structural information of the tumour section and the
infiltrating immune cells. Together, the analyses of multiple
immune parameters can provide valuable information to
guide clinical decision-making in CRC.

ORCID number: Julia KH Leman (0000-0003-1966-0394);
Sarah K Sandford (0000-0002-2901-4516); Janet L Rhodes
(0000-0002-6407-2770); Roslyn A Kemp (0000-0001
-9092-1150).
Author contributions: All authors contributed to this paper with
conception and design of the study, literature review and analysis,
drafting and critical revision and editing, and final approval of the
final version.
Conflict-of-interest statement: The authors declare no conflicts
of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Roslyn A Kemp, PhD, Associate Professor,
Department of Microbiology and Immunology, University of
Otago, PO Box 56, 720 Cumberland St, Dunedin 9010, New
Zealand. roslyn.kemp@otago.ac.nz
Telephone: +64-3-4797708
Fax: +64-3-4798540

Key words: Colorectal cancer; Flow cytometry; Immune
cells; Multiparametric analysis; Immunohistochemistry;
Mass cytometry; Microscopy

Received: March 28, 2018
Peer-review started: March 29, 2018
First decision: May 16, 2018
Revised: May 23, 2018
Accepted: June 16, 2018
Article in press: June 16, 2018
Published online: July 21, 2018

WJG|www.wjgnet.com

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

Core tip: Colorectal cancer (CRC) is a heterogeneous
disease. The immune response to CRC is highly variable,
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clinically relevant, and as yet poorly characterised.
Clinical management of this disease is still relatively
uniform, and does not yet accommodate the influence of
immune response on patient outcomes. Multiparametric
analysis of CRC is the best approach to describe the
immune response. Improved understanding of immune
responses to CRC will guide patient management,
improved survival, and identify new potential therapeutic
biomarkers. This review summarises currently available
modes of multiparametric analysis, their advantages
and drawbacks, and their clinical relevance.

In this review, we describe the need for multi
parametric analysis to investigate the immune response
in CRC, with a focus on how this can improve clinical
outcomes. Multiparametric tools such as polychro
matic flow cytometry, mass cytometry and imaging
technologies, and their use in these studies, will be
reviewed. We will argue that use of these techniques
is essential to obtain meaningful immune data in the
context of fundamental CRC research and that they
can be included into ongoing and future clinical trials to
improve development of new therapies.

Leman JK, Sandford SK, Rhodes JL, Kemp RA. Multiparametric
analysis of colorectal cancer immune responses. World J
Gastroenterol 2018; 24(27): 2995-3005 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i27/2995.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i27.2995

HETEROGENEITY OF CRC AND THE
EFFECT ON THE LOCAL IMMUNE
RESPONSE
CRC is a heterogeneous disease with different molecular
[14-16]
subtypes
. Patients with microsatellite instability
high
(MSI)
tumours tend to respond better to targeted
immunotherapy and have improved disease-free
negative
[17]
survival than MSI
patients . A meta-analysis of 18
CRC datasets revealed that tumours could be subtyped
into four groups: MSI immune, canonical, metabolic
[18]
and mesenchymal . These subtypes group tumours
by mutational status and chromosomal instability,
somatic copy number variation, immune infiltration and
metabolic regulation, and could be correlated to staging
[18]
and survival outcomes .
The immune cells infiltrating the tumour in CRC
[19]
are heterogeneous . Macrophages, dendritic cells,
neutrophils and lymphocytes, such as T cells, have
all been studied in the context of colorectal tumours,
and different populations of these cells control tumour
progression or rejection, ultimately affecting overall
[20]
outcome for the patient . Table 1 summarises the
conflicting data between infiltrating immune cell
populations and the effect on CRC patient outcome.
However, heterogeneity exists within these subsets,
which can alter their effect in the tumour. For instance,
the study of different neutrophil populations has led
to conflicting evidence about their role in colorectal
[21-23]
tumours
. Two studies used immunohistochemistry
+
(IHC) to count myeloperoxidase (MPO) cells present in
[22]
+
the tumour. Roncucci et al showed that an MPO cell
infiltrate correlated with colonic inflammation, and that
[21]
these cells were a CRC risk indicator. Droeser et al later
+
showed that a high MPO cell infiltrate was associated
with better prognosis, and that MPO was mostly
+
expressed by CD15 cells. CD15 is a granulocyte marker,
[24]
which is also expressed at low levels on monocytes .
Many studies have highlighted the diversity of T cell
infiltrates in CRC, and have linked these subpopulations
[25-31]
with patient outcome
.
However, the immune response is not independent
of the tumour microenvironment. Tumour type and
associated molecular profile are associated with different
[18]
levels of immune infiltrate . The MSI status of a

INTRODUCTION
The immune response has long been established as an
important factor in determining the outcome of people
with cancer. Studies using immunodeficient animal
models of cancer demonstrated that tumour growth
[1,2]
was enhanced in the absence of an immune system .
This phenomenon was later observed in humans
[3]
undergoing immunosuppressive therapies . Immune
based therapies have been developed over the last 30
years, including immune cell transfer, immune priming
[4]
and inhibition of immune checkpoints (reviewed in ),
with much success in many types of cancer. These
immunotherapies primarily target the adaptive immune
system, which coordinates a tumour-specific response.
However, despite the fact that a high T cell infiltrate
is a better indicator of patient survival than traditional
[5]
histological based staging methods , the immune
response in colorectal cancer (CRC) has not yet been
reliably and effectively harnessed to treat patients of all
[6,7]
stages and types of disease .
[8]
CRC is a highly heterogeneous disease and the
immune response in cancer is equally complex. Both
factors complicate research into the development
of immune therapies for CRC, as well as improving
treatment decisions for clinicians. Analyses of tumourimmune cell interactions require the use of a range
of parameters to avoid oversimplification, and ensure
the disease is captured in its entirety. Technological
advances in cytometry and cytometric imaging have
exponentially broadened the scope of immunological
study. Use of the light and ionic mass spectrums have
enabled researchers to label up to 40 parameters, both
cell surface and intracellular, to interrogate the immune
[9-13]
system on a cell-by-cell basis
. Analysis of many
parameters on each cell is essential to understand
the functions of the many cell groups which exist in a
heterogeneous population.
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Table 1 Relationship between different immune cell subsets and colorectal cancer prognosis
Type of immune cell

Canonical function

Role in colorectal cancer

Production of cytokines (including IFN-γ) and cytotoxic High numbers of CD8+ T cells in the invasive margin
CD8 T cells
molecules
correlate with favourable prognosis.
Associated with poor prognosis, especially in
Production of IL-17, which recruits inflammatory cells
RORγT+IL-17+ T cells
combination with low levels of Th1 cells (Tbet+IRF1+
such as neutrophils
IL12Rb2+STAT4+)
Regulation and suppression of effector T cell responses, High density of CD3+FOXP3+ Tregs associated with
Regulatory T (Treg) cells
production of IL-10 and TGF-β.
improved disease-free survival.
CD3+FOXP3+Blimp-1+ associated with increased
Effector Treg cells
Regulation of T cell responses, production of cytokines
disease-free survival.
Phagocytic cells with pro- or anti-inflammatory
Associated with favourable prognosis at the invasive
Macrophages
properties, recruit T cells, neutrophils
margin.
Phagocytosis of infected, damaged or dying cells,
Conflicting results, but a high ratio of neutrophils:
Neutrophils
including tumours
CD8+T cells associated with poor prognosis.
Mature tumour-infiltrating (S100+CD83+) dendritic cells
Dendritic cells
Antigen presenting cells
associated with improved prognosis.
+

Ref.
[56]
[31]
[11]
[72]
[51]
[21-23,86]
[87]

Blimp-1: B lymphocyte-induced maturation protein 1; FOXP3: Forkhead box protein 3; IFN-γ: Interferon-gamma; TGF-β: Transforming growth factor-beta;
Treg: Regulatory T cell.

tumour has a strong effect on the number of infiltrating
+
high
CD3 lymphocytes: MSI tumours are associated with
+
higher levels of CD8 T cells within the tumour, and with
+
higher levels of infiltrating forkhead box protein (FOXP3)
[32,33]
regulatory T (Treg) cells
.
Soluble mediators produced by tumour cells can
have inflammatory or immunomodulatory effects,
which dictate the function of both tumour and immune
cells. Tumours produce angiogenic factors that promote
growth, but which can also inhibit activity of the immune
infiltrate. Vascular endothelial growth factor (VEGF) is a
[34]
proangiogenic factor produced by tumour cells , and
which has immunomodulatory effects on macrophages,
[35]
T cells and dendritic cells (reviewed in ). VEGF led
+
to the maturation of CD34 haematopoietic stem cells
[36]
into dendritic cells , and also induced conversion of
immature dendritic cells into endothelial-like cells, which
[37]
may contribute to neovascularisation .
The cytokine environment has a significant impact
-/on immune cell function and activity. In a Rag mouse
model of mucosal inflammatory hypoxia, Treg formation
was induced through induction of FoxP3 expression
in a transforming growth factor (TGF)-β dependent
[38]
manner . TGF-b also has a direct pro-oncogenic
function in cancer. As well as promoting invasion and
metastasis of tumour cells, TGF-β inhibits the antitumour immune response by modulating proliferation,
function and differentiation of both myeloid and
[39]
lymphocyte populations (reviewed in ). In colorectal
high
cancer patients with MSI
tumours, mutations in the
TGF-β receptor (TGF-β1 RII) were associated with a
higher rate of disease free survival and a lower risk of
high
recurrence than MSI
tumours without TGF-β1 RII
[40]
mutations .

or to other stimuli. T cells differentiate into different
subtypes when activated by different pathogens, and
plasticity between these subtypes has been shown in
[41]
many models (reviewed in ). In a study of T cells from
healthy human blood, a high degree of heterogeneity
[42]
was found within canonical T cell subsets . T cells with
an intermediate phenotype between different subsets
[42]
indicated plasticity even in healthy individuals .
The tumour microenvironment induces changes
in the phenotype of many types of immune cells. The
repolarisation of suppressive Treg cells within the tumour
+
was shown with the discovery of a FOXP3 population
expressing canonical inflammatory markers interleukin
[43]
(IL)-17 and RORγt, in patients with CRC . Expression
of IL-17 by tumour infiltrating lymphocytes was
[31]
associated with poor survival in CRC patients . These
data show that the tumour can manipulate T cells from
an immunoregulatory state to an inflammatory protumour state. Both macrophages and neutrophils have
been shown to change phenotype and function within
[44,45]
the CRC tumour microenvironment
. For example,
soluble factors in the tumour microenvironment,
such as TGF-β and IL-13, can drive macrophages into
a suppressive phenotype, which promotes tumour
[46]
progression . In patients with CRC, tumour-associated
macrophages (TAMs) had distinct phenotypes to those
found in adjacent non-tumour bowel. An increase in
populations resembling both pro- and anti-inflammatory
[19]
macrophages was found within the tumour .

TUMOUR-IMMUNE CELL INTERACTIONSSPATIAL HETEROGENEITY
Tumour-immune cell interactions are spatially heter
ogeneous, and different infiltrates in different parts of
the tumour are associated with different outcomes.
As early as 2009, it was shown that the infiltrate of T
cells in the invasive margin of CRC tumours was more

IMMUNE CELL PLASTICITY
Immune cells change phenotype and function in
response to changes in the cytokine environment
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[55]

predictive of patient outcome than T cells in the centre of
[47]
+
the tumour . Similarly, a high frequency of CD3 T cells
< 10 μm from metastatic liver CRC tumours correlated
[48]
with improved overall survival . A comprehensive
study of the infiltrating immune cells over the course of
tumour progression showed that T cell presence in the
tumour decreased over time, whereas the number of
B cells and innate immune cells such as macrophages
[49]
and neutrophils increased with tumour progression .
This study also showed that the immune cell populations
were distinct between the tumour core and the invasive
margin. For instance, in the tumour core, the B cells
were closely correlated with the T cell network, despite
[49]
being present in low numbers . In stage I-II CRC, a
low infiltration of neutrophils in the invasive margin was
[50]
associated with poor patient prognosis . The presence
of macrophages at the invasive margin of colorectal
tumours was correlated with improved prognosis, but
not their presence overall, highlighting the importance of
[51]
retaining spatial information where possible .
Interactions between immune cells also have
+
prognostic power. Co-localisation of CD8 T cells and
+
CD66b neutrophils predicted favourable prognosis in
[25]
CRC patients . Functional analyses of these cell groups
showed that neutrophils from the tumour activated T
cells to produce interferon-gamma (IFN-γ). The addition
of functional markers into imaging analysis would have
[52]
increased the power of this study .

for flow cytometry .
Flow cytometry has been an essential tool for cancer
research. Immunohistological staining showed that
more T cells in colorectal tumours correlated with better
prognosis, but a causal effect on survival was elucidated
[56,57]
using flow cytometry
. Flow cytometry has been
used successfully to identify multiple subsets of immune
[27,30]
cells in the context of colorectal cancer
.
Studies using flow cytometry to investigate the role
of Tregs in CRC have produced conflicting results. A high
infiltrate of Tregs has been associated with negative,
[58]
positive, or no effect on patient outcome (reviewed in ).
The heterogeneity and plasticity of Treg populations
may explain these conflicting results. A study which
+
+
+
lo
defined Tregs as CD4 FOXP3 CD25 CD127 , using flow
cytometry, found that circulating Tregs were reduced
in patients with metastatic CRC who had been treated
[59]
with a VEGF receptor blocker . A study which used
flow cytometry to investigate multiple parameters of
Tregs in CRC patients revealed a population of highly
+
immunosuppressive CD4 FOXP3 Treg-like cells that
were enriched in the tumour, compared to adjacent colon
[60]
or blood . Cells in this population expressed Helios,
CD39, cytotoxic T-lymphocyte antigen (CTLA-4), and
latency-associated peptide (LAP). They also produced
IL-10 and TGF-β, and were 50 times more suppressive
+
+
[60]
than CD4 FOXP3 cells . The heterogeneity of the Treg
infiltrate necessitates the inclusion of a wide range of
markers to understand their role in disease progression.
Flow cytometry has also been used to examine T cell
dysfunction in CRC patients. In a study comparing immune
cell phenotypes from T cells infiltrating the tumour and
non-tumour bowel from matched CRC patients, a higher
proportion of cells in the tumour than bowel expressed
“exhaustion” markers, including programmed death ligand
[30,61,62]
1 (PD-1), LAG-3, CTLA-4 and TIM-3
. In a separate
+
study of tumour draining lymph nodes, CD8 T cells that
expressed the activation marker PD-1 were functional
in the tumour-free lymph node, but could not produce
[63]
cytokines in the tumour-draining lymph node .

TOOLS FOR MULTIPARAMETRIC
ANALYSIS
Flow cytometry

Flow cytometry is a technique which enables charac
terisation of cells on a per-cell basis. Cell surface and
intracellular proteins are labelled using epitope-specific
[12,53]
antibodies conjugated to specific fluorophores
.
Fluorescence-activated cell sorting (FACS) is a related
technique, which uses flow to sort viable cells based
on the expression of markers which have been tagged.
This is a useful tool if further in vitro assays are required
to investigate phenotype and function of particular cell
types.
Often limited by spectral overlap and spread of
the fluorophores, and low- or co-expressed antigens,
multiparametric flow cytometry using more than 12
markers can require a high level of technical skill and
appropriate instrumentation. By rearranging detectors
and applying appropriate controls, a 17-colour panel
was developed and used to successfully investigate
[12]
multiple markers on T cell populations . This study
was a method development study that highlighted
heterogeneity in pre-defined T cell subsets. The
development of the bright Brilliant Violet dyes greatly
extended the limits of markers which could be analysed
[54,55]
in a single panel
. Further developments in
fluorophore chemistry and use of a 50-detector system
have resulted in the development of a 27-colour panel

WJG|www.wjgnet.com

Mass cytometry

The challenges with spectral overlap and compensation
experienced by users of flow cytometry have been
addressed with the advent of mass cytometry. This
technology shares the basic principle of flow cytometry,
except monoclonal antibodies are labelled with heavy
[64]
metal isotopes instead of fluorophores . After cells
are labelled, they are nebulised and the isotopes are
[64]
measured cell-by-cell using mass spectrometry .
The use of heavy metal isotopes eliminates spectral
overlap, therefore, the number of parameters that can
be incorporated is much greater. While the technique
is used for 40 parameters currently, the availability of
heavy metal ions and lack of spectral overlap mean that
this technology can theoretically be used to examine
[65]
between 70 and 100 markers per cell .
The analysis of up to 40 markers gives much better
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resolution as to the functional and phenotypic properties
of the cells of interest. Analysis of heterogeneous cell
populations requires the measurement of as many
markers as possible, so that the full complexity of the
immune cell-tumour interactions can be understood.
Mass cytometry was used to develop a detailed model
of haematopoietic development in human bone marrow
samples and showed functional responses to drug
[9]
interventions differed across immune cell subtypes .
This was one the first papers to use this technique to
show the complexity of immune cell development and
[9]
signalling .
Recently, researchers have used mass cytometry
to begin studying the complex dyanmics of tumour[13]
immune cell interactions. Spitzer et al
demonstrated
that the success of immunotherapy in a mouse model
required a systemic and diverse immune response.
Analysis of the immune infiltrate of bone marrow, blood,
tumour, spleen and lymph nodes showed that tumour
rejection after immunotherapy was dependent on a
system-wide response. The breadth and depth of this
study revealed factors essential for immune-mediated
tumour rejection in the context of immunotherapy
which have until now been overlooked. Mass cytometry
has since been used to develop an “immune atlas” of
immune cell profiles during the development of lung
[66]
adenocarcinomas . The use of high dimensional single
cell analysis of the early development of lung tumours
highlighted modulation of innate cells as an avenue for
early therapy.
A caveat of incorporating many parameters is that
an analytical framework is needed to visualise the
high-dimensional output, and compare datasets within
[67]
the research community . The tools most useful for
multiparametric dataset analysis and visualisation were
[68]
recently reviewed by Kimball et al .

predictor of patient disease-free survival than current
histopathological staging methods used in the clinic.
These findings have helped define patient prognosis,
better identify high-risk patients, and improve the
quality of life by predicting patients who would benefit
from further therapy. There have recently been new
developments in highly multiplexed tissue imaging. For
a comprehensive description of some of the following
[70]
techniques, see .

Immunofluoresence microscopy

Immunofluorescence, using confocal microscopy to
look at several markers simultaneously, provides an
advantage over standard IHC. Secondary antibodies
conjugated to a fluorophore are added to primary
antibody-labelled tissue sections. Up to four fluorophores
can typically be detected on a confocal microscope. This
technique has been used to increase understanding of
the immune infiltrate in colorectal tumours and how
different cell subsets relate to prognosis, for example,
+
neutrophil and CD8 T cell interplay has been shown to
[52]
improve survival in CRC patients . Another example is
[5]
the validation of the Immunoscore in a New Zealand
[71]
cohort of stage II CRC patients . Importantly, it was
found that analysis of additional markers (to identify
Tregs and effector Tregs) provided means to identify
patients with the highest risk of recurrent disease,
meaning that these patients can be referred for further
treatment to improve their prognosis.
The measurement of more than four parameters
simultaneously using immunofluorescence has required
a change in technology to include iterative staining
TM
protocols. An example of this technology is the Opal
method, developed for fluorescent IHC in formalinfixed paraffin-embedded (FFPE) tissue of up to seven
markers. Using this platform, the tissue sample is
stained in cycles with primary antibodies, secondary
antibodies conjugated to HRP, and fluorophores which
undergo a tyramide signal amplification reaction to
covalently bond to the epitope. The antibodies are then
removed without disrupting the fluorescence signals,
[72]
which are measured by multispectral imaging . This
multiparameter imaging approach has been used in
CRC research to show that TGF-β signalling proteins
were increased in cancer tissues compared to normal
tissues, and several proteins correlated with improved
[73]
overall survival . Further, spatial distribution of
cytotoxic T cells in proximity to cancer cells correlated
with increased overall patient survival in a study of
[74]
pancreatic cancer patients , increased T cells at the
tumour border improved overall survival in patients
[48]
+
with CRC liver metastases , and Treg and CD8 T cell
proximity to cancer cells in non-small cell lung cancer
correlate with worse and better lung cancer survival,
[75]
respectively .

IMAGING TECHNIQUES
The most important advantage of imaging techniques
over mass cytometry and flow cytometry is that
spatial and geographical information is retained. The
imaging techniques described below have been used
to determine that the distribution of immune cells, in
relation to other immune cells and cancer cells, can not
only improve the ability of clinicians to prognosticate
patients with CRC but also reveal which patients will
benefit from further treatment.

Immunohistochemistry

Lymphocyte infiltration related to CRC patient prognosis
[69]
was established via histopathology in 1978 , and IHC
has been used in the last 40 years to look at the type,
frequency and location of immune cells in colorectal
[56]
cancer tumours. Galon et al
showed in 2006 that
higher lymphocytic cell infiltrate in two tumour regions
(invasive margin and centre of the tumour) correlated
with improved disease-free and overall survival
in CRC patients. The T cell infiltrate was a better
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Mass cytometry-based imaging methods

Mass cytometry-based imaging methods, such as
[76]
imaging mass cytometry (IMC ) and multiplex ion
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[77]

beam imaging (MIBI ) can overcome many difficulties
seen with immunofluorescence and allow the detection
of up to 40 markers simultaneously using rare earth
metal isotopes. The tissue is both ablated by a laser
(IMC) or ion beam (MIBI) and carried by a stream
of inert gas to a mass cytometer. The metal isotopes
detected are mapped to the location of each spot to
create an image of the target proteins throughout
[70,77,78]
the tissue of interest
. So far, there are limited
studies using these techniques and none in the field
[76]
[78]
of CRC. Giesen et al
used IMC and Angelo et al
used MIBI on human breast cancer samples. These
studies highlight the heterogeneity of tumours and why
it is important to look at many parameters together.
Because these techniques greatly increase the number
of markers that can be looked at simultaneously, it has
the potential to significantly expand our understanding
of the immune response to CRC. Knowledge of a bene
ficial or disadvantageous immune infiltrate will enable
better prognosis prediction and more personalised
treatment.

own field. This glut of information contributes to slow
clinical uptake of promising developments. In particular,
advances in the immune response to CRC are complex,
often conflicting, and of quality that is difficult for the
uninitiated to assess. There is therefore a need not only
for detailed analysis of the immune response to CRC,
but also a pathway for communicating this information
to clinical practice.
The ideal multiparametric analysis of CRC tissue
in the clinical setting would more accurately guide
postoperative patient management. Chemotherapy is
currently excluded from patient treatment when the
mortality and morbidity risks inherent with treatment
are thought to outweigh the risk of CRC recurrence.
But current prognostic techniques are failing up to
25% of patients with apparently “low risk” CRC who
experience recurrence despite their good American Joint
Committee on Cancer (AJCC) prognosis. These patients
often do not receive chemotherapy but with clinical
hindsight would benefit from treatment. The current
focus of the Immunoscore is improving patient selection
for chemotherapy. Gold standard chemotherapy is
[83,84]
multiagent
; however, components are often poorly
tolerated and occasionally rationalised to single agent
treatment. Future research should include large cohort
studies that correlate immune infiltrate with response to
chemotherapeutic agents, both single and multiagent.
This could further personalise patient management to
allow exclusion of risky chemotherapeutic components
where appropriate.
CRC tissue banks are ideally suited to prognostic
research. Retrospective banks eliminate the usual lag
between tissue analysis and patient follow up, enabling
immediate correlation of immune infiltrate with long
term patient outcome. However, tissue is frequently
stored as FFPE, as this is the current histopathological
tissue preparation. Not all modes of multiparametric
analysis are compatible with FFPE prepared tissue, but
most methods of storage have a concordant mode of
multiparametric analysis. It can be argued that there is
an ethical obligation (with appropriate consent) to donor
patients and families in any use of donated tissue;
the researcher should collect as much information as
possible from as small a sample of tissue as feasible.
Multiparametric analysis facilitates this.
Clinical cohort studies have explored crude
assessments of inflammation in the context of CRC, such
as the neutrophil lymphocyte ratio, with indeterminate
[85-87]
results
. This demonstrates that the importance
of immune response to CRC is gradually infiltrating
the clinical lexicon. The Immunoscore has far more
[5]
definitive results but has yet to enter routine clinical
practice. However, both these scores are rudimentary
quantification of immune cells, and do not reflect the
heterogeneity and plasticity of the immune system.
Multiparametric analysis addresses this, but adds yet
more complexity to a field already overwhelming to the
average clinical specialist. Encouraging clinical uptake

Digital spatial profiling technology

Digital spatial profiling is a novel platform developed
by NanoString Technologies. It combines standard
immunofluorescence techniques with digital optical
barcoding technology to detect and map up to 800
protein and RNA targets in FFPE samples without
[79]
destroying the tissue . There are few studies using
this technology thus far; however, it has the potential to
further increase the volume of data that can be obtained
from samples with the inclusion of RNA detection.

MOLECULAR METHODS
Several molecular methods are available to study
the immune infiltrate at the genetic, chromatin or
transcriptional level, but these methods are outside
the scope of this review. Briefly, gene expression
analyses using qPCR can show functional differences in
the immune infiltrate, but cell-by-cell gene expression
techniques are still under development for widespread
use. Assay for transposase-accessible chromatin
sequencing (ATAC-seq) is used to investigate the
chromatin structure of mammalian cells to show the
regulation of the chromosomes, which in turn indicates
the phenotype and function of a cell, and has been used
[80,81]
to distinguish T cell activation from dysfunction
.
ATAC-seq has also been developed to use on a cell-by[82]
cell basis, for heterogeneous populations .

CLINICAL PERSPECTIVES
Oncologists and surgeons encounter immunologic,
genetic, molecular, and cellular variables involved in
CRC patient prognosis. Critical appraisal of the effect
of each complex variable is not practical for the clinical
specialist also charged with keeping abreast of their
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Figure 1 Diagram summarising the methodology and analysis techniques involved in multiparametric analysis of immune cells. Briefly, tissues of interest
are taken and either dissociated into a single cell suspension or mounted onto slides. Cells in suspension are stained with fluorescently labelled antibodies for flow
cytometry, and then acquired using a flow cytometer. This data is often presented as populations positive or negative for 2 markers. For mass cytometry, cells are
stained with antibodies labelled with heavy metal isotopes, and then acquired using a mass cytometer. The high dimensionality of this data means that clustering
analyses are preferred to analyse this data. For imaging techniques, the tissue slides are also labelled with antibodies, and can be imaged using IHC, IFM, IMC or
MIBI. Imaging techniques enable location of immune cells in situ, as well as enumeration of cell types. IMC and MIBI use more parameters, meaning more cell types
can be distinguished, and clustering algorithms can be used on this data too, and related back to the geographical location of each cell. IHC: Immunohistochemistry;
IFM: Immunofluorescent microscopy; IMC: Imaging mass cytometry; MIBI: Multiplex ion beam imaging.

of new biomarkers will require evolution of existing
communication between immunologists and clinicians.
Future multidisciplinary cancer management meetings
may require incorporation of immunologists, geneticists,
and molecular pathologists (Figure 1).
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CONCLUSION
The complexity and heterogeneity of tumour-immune
cell interactions necessitate the use of multiparametric
analyses. CRC tumours are highly heterogeneous, and
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have correspondingly heterogeneous immune infiltrates.
The immune cells in a single tumour are also dynamic
and varied, and interact with each other and the tumour
cells to affect patient prognosis, both positively and
negatively. The spatial distribution of these cells can also
play a role in the clinical outcome of a CRC patient.
The integration of single cell analysis, functional
assays and imaging techniques can be applied in com
bination to better understand the role of the immune
system in CRC. It should be noted that the techniques
presented here are limited in that they are only
qualitative, and do not always provide quantitative data.
Current techniques are able to quantify and describe in
detail different immune populations, but extrapolating
the effects of these populations on patient outcome
is limited to association studies, which require large
cohorts. The next step will be combining phenotypic
characterisation with functional and interaction analysis,
to better understand the mechanisms through which
immune cell subsets interact with the tumour in situ.
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Abstract

pancreatic head cancer. The push method contributed
to the histological diagnosis of pancreatic head cancer
using EUS-FNA specimens.

AIM
To evaluate the efficacy of endoscopic ultrasoundguided fine needle aspiration (EUS-FNA) of pancreatic
head cancer when pushing (push method) or pulling
the echoendoscope (pull method).

Sugimoto M, Takagi T, Suzuki R, Konno N, Asama H, Sato Y, Irie
H, Watanabe K, Nakamura J, Kikuchi H, Waragai Y, Takasumi
M, Hashimoto M, Hashimoto Y, Hikichi T, Ohira H. Push vs pull
method for endoscopic ultrasound-guided fine needle aspiration
of pancreatic head lesions: Propensity score matching analysis.
World J Gastroenterol 2018; 24(27): 3006-3012 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i27/3006.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i27.3006

METHODS
Overall, 566 pancreatic cancer patients had their first
EUS-FNA between February 2001 and December
2017. Among them, 201 who underwent EUS-FNA for
pancreatic head lesions were included in this study.
EUS-FNA was performed by the push method in 85
patients, the pull method in 101 patients and both the
push and pull methods in 15 patients. After propensity
score matching (age, sex, tumor diameter, and FNA
needle), 85 patients each were stratified into the
push and pull groups. Patient characteristics and EUSFNA-related factors were compared between the two
groups.

INTRODUCTION
Endoscopic ultrasonography is superior to other imaging
[1,2]
modalities for visualizing solid pancreatic lesions .
Endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) plays an important role in the diagnosis of
pancreatic cancer. The reported diagnostic sensitivity
of EUS-FNA for solid pancreatic lesions is 79%-95.0%,
the specificity is 75.0%-100%, and the accuracy is
[3-8]
78.0%-96.0% . The use of EUS-FNA is widespread
[9]
irrespective of the type of hospital .
However, EUS-FNA is difficult in some situations.
Regarding the location of pancreatic lesions, some reports
have described the difficulty of EUS-FNA for lesions in
[10]
the pancreatic head. Haba et al
reported that the
pancreatic head was an independent factor affecting the
accuracy of EUS-FNA for solid pancreatic lesions. Tadic
[11]
et al
reported that 69% of solid pancreatic lesions
with intermediate or negative cytological diagnosis by
initial EUS-FNA were localized in the pancreatic head.
[12]
Varadarajulu et al reported that six pancreatic cancers
with false-negative results by EUS-FNA were localized in
the pancreatic head. A lesion in the pancreatic head was
reported to be an independent factor for the requirement
[13]
for multiple needle passes .
There are two methods of puncturing the pancreatic
head. Solid pancreatic head lesions are punctured in the
duodenal bulbus by pushing (push method) or pulling
(pull method) the echoendoscope after it is inserted into
the second portion of the duodenum. It is not apparent
which of the two methods is more effective. Therefore,
we evaluated the efficacy of EUS-FNA of pancreatic
head lesions in patients who underwent the push and/
or pull method.

RESULTS
Patient characteristics were not significantly different
between the two groups. The distance to lesion was
significantly longer in the push group than in the pull
group (13.9 ± 4.9 mm vs 7.0 ± 4.9 mm, p < 0.01).
The push method was a significant factor influencing
the distance to lesion (≥ median 10 mm) (p < 0.01).
Additionally, tumor diameter ≥ 25 mm (OR = 1.91,
95%CI: 1.02-3.58, p = 0.043) and the push method
(OR = 1.91, 95%CI: 1.03-3.55, p = 0.04) were signifi
cant factors contributing to the histological diagnosis of
malignancy.
CONCLUSION
The pull method shortened the distance between the
endoscope and the lesion and facilitated EUS-FNA of
pancreatic head cancer. The push method contributed
to the histological diagnosis of pancreatic head cancer
using EUS-FNA specimens.
Key words: Endoscopic ultrasound-guided fine needle
aspiration; Pancreatic head; Pancreatic cancer; Push
method; Pull method
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Solid pancreatic head lesions are punctured
by the push or pull method. We evaluated the
efficacy of endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) using the push and pull methods
for pancreatic head cancer. After propensity score
matching (age, sex, tumor diameter, and FNA needle),
85 patients each were stratified into the push and pull
groups. Patient characteristics and EUS-FNA-related
factors were compared between the two groups.
The pull method shortened the distance between the
endoscope and the lesion and facilitated EUS-FNA of

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study design

In this retrospective study, we compared the efficacy
of EUS-FNA using the push and pull methods for
pancreatic head lesions. This study was approved by
the Institutional Review Board of Fukushima Medical
University.
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Pancreatic cancer patients
performed first EUS-FNA
n = 566

Pancreatic body or tail cancer patients n = 342
Lack of data n = 12
Resected a part of a digestive organ n = 11

Pancreatic head cancer patients
n = 201

Push method
n = 85

Pull method
n = 101

Push and pull methods
n = 15

Propensity score matching
(Age, sex, tumor diameter, needle gauge 19/22 or 25)

Push group
n = 85

Pull group
n = 85

Figure 1 Subjects in this study. Propensity score matching was performed by using patient data [age, sex, tumor diameter, and needle gauge (19/22 or 25)]. After
propensity score matching, 85 patients each were stratified into the two groups. EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration.

Patients

[14-19]

cytoscreener
. If the amount of the specimen was
sufficient, the procedure was completed. However, if the
amount of specimen was insufficient, more punctures
were performed until sufficient specimen was collected,
as determined by the pathologist. Class IV and V
disease was characterized as a malignancy by cytology.
Histology specimens were fixed overnight in 10%
formalin solution. Specimens were sectioned onto slides
and stained with hematoxylin and eosin or prepared for
immunostaining (p53 or Ki-67) as necessary. Patients
not diagnosed with pancreatic cancer by EUS-FNA
were eventually diagnosed by EUS-FNA of lymph node
metastases, second EUS-FNA, surgery, pathological
autopsy, or biliary juice cytology.
The echoendoscope used in this study was GFY0005-UCT, GF-UC240AL-5, GF-UCT240AL-5, or GFUCT260 (Olympus Medical Systems, Tokyo, Japan).
The ultrasonography equipment used in this study
was EU-ME1 or EU-ME2 (Olympus Medical Systems)
or SSD5000 or ALOKA ProSound α-10 (ALOKA, Tokyo,
Japan). The biopsy needles were Expect 22 or 25 G or
Acquire 22 G (Boston Scientific, MA, USA); EZ Shot 22
G, EZ Shot 2 22 G, EZ Shot 3 plus 22 G, or NA11J-KB
(Olympus Medical System); EchoTip 19, 22, or 25 G or
Quick-Core 19 G (Cook Medical Inc., NC, United States);
or Sonotip 22 or 25 G (Medi-Globe GmbH, Achenmühle,
Germany).

In all, 566 pancreatic cancer patients underwent their
first EUS-FNA between February 2001 and December
2017 at Fukushima Medical University (Figure 1).
Among these patients, 201 who underwent EUS-FNA
of the pancreatic head were included in this study.
EUS-FNA was performed using the push method in 85
patients, the pull method in 101 patients, both the push
and pull methods in 15 patients.
Because of the retrospective design of the study,
the push or pull method was not randomly assigned.
Therefore, propensity score matching was used to
reduce selection bias derived from patient background
(age, sex, tumor diameter, and FNA needle type—19/22
or 25 G). Regarding the FNA needle, a 19-G needle was
used in only 3 patients. Therefore, propensity score
matching was performed based on whether the needle
was 25 G. The propensity score was calculated by
using logistic regression analysis. After propensity score
matching, 85 patients each were stratified into the push
and pull groups.

EUS-FNA procedures

An echoendoscope was inserted into the patients after
they were sufficiently sedated with midazolam. After
the echoendoscope reached the antrum of the stomach
or the duodenal bulbus, pancreatic head cancer was
visualized by pushing the echoendoscope (push
method). In contrast, when the echoendoscope reached
the descending part of the duodenum, pancreatic head
cancer was visualized by pulling the echoendoscope (pull
method). After the lack of blood flow was confirmed
on the puncture line by Doppler ultrasound, needle
passes were started. Rapid onsite cytology (ROSE)
of the EUS-FNA specimen was performed by the
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Examination items

Patient characteristics (age, sex, and tumor diameter)
and factors related to EUS-FNA (needle gauge, number
of needle passes, distance to lesion, diagnosis of
malignancy by cytology, diagnosis of malignancy by
histology, overall diagnosis of malignancy, and adverse
events) were compared between the push and pull
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Table 1 Comparison of patient characteristics and endoscopic ultrasound-guided fine needle aspiration results

Patient characteristics
Age (yr), mean ± SD
Sex (male/female)
Tumor diameter (mm), mean ± SD
EUS-FNA results
Distance to lesion
No. of needle passes of pancreas, mean ± SD
Needle gauge
19
22
25
Diagnosis of malignancy by cytology, n (%)
Diagnosis of malignancy by histology, n (%)
Overall diagnosis of malignancy, n (%)
Adverse events
Abscess around pancreas, n (%)

Push group (n = 85)

Pull group (n = 85)

P value

67.1 ± 10.2
48/37
25.9 ± 10.3

67.6 ± 9.7
46/39
26.6 ± 10.1

0.77
0.88
0.67

13.9 ± 4.9
2.4 ± 1.3

7.0 ± 4.9
2.4 ± 1.3

< 0.01
0.86
0.57

2
32
51
78 (91.8)
47 (55.3)
80 (94.1)

1
38
46
78 (91.8)
34 (40.0)
80 (94.1)

1
0.065
1

0 (0)

1 (1.2)

1

EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration.

A

B

Figure 2 Measurement of tumor diameter and distance to tumor. A: The tumor diameter was measured by endoscopic ultrasonography; B: The distance to the
tumor was measured between the upper end of the puncture line and the tumor.

groups. Tumor diameter and the distance to lesion were
measured by EUS (Figure 2).

factors related to EUS-FNA, the distance to lesion was
significantly longer in the push group than in the pull
group (13.9 ± 4.9 mm vs 7.0 ± 4.9 mm, P < 0.01).
Other factors were not different between the two
groups.
We investigated factors influencing the distance to
lesion [≥ 10 mm (median)]. The push method was
identified as significant in the univariate analysis (Table
2). Because no factors with p < 0.15 were identified, a
multivariate analysis was not performed.
We investigated factors influencing the histological
diagnosis of malignancy. Among factors potentially
influencing the histological diagnosis of malignancy,
tumor diameter ≥ 25 mm and the push method were
identified as significant in the univariate analysis (factors
with p < 0.15 were selected for the multivariate analysis)
(Table 3). Logistic regression was performed using these
two items, and independent factors included tumor
diameter ≥ 25 mm [odds ratio (OR) = 1.91, 95%
confidence interval (CI): 1.02-3.58, p = 0.043] and the
push method (OR = 1.91, 95%CI: 1.03-3.55, p = 0.04)
(Table 4).

Statistical analyses

Student’s t test was used to compare continuous
variables. Fisher’s exact test was used to compare
nominal variables. Logistic regression was used to
investigate factors that influenced the histological
diagnosis of malignancy using EUS-FNA specimens.
A p value < 0.05 indicated a 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 the
R commander that was designed to perform functions
[20]
frequently used in biostatistics .

RESULTS
Patient characteristics were not significantly different
between the two groups (Table 1). Regarding the
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Table 2 Factors influencing the distance to lesion n (%)
Distance to lesion < 10 mm (n = 70)

Distance to lesion ≥ 10 mm (n = 100)

P value

32 (45.7)
35 (50.0)
27 (38.6)
12 (17.1)
32 (45.7)

56 (56.0)
59 (59.0)
45 (45.0)
73 (73.0)
41 (41.0)

0.21
0.28
0.43
< 0.01
0.64

Age ≥ 68 yr
Sex, male
Tumor diameter ≥ 25 mm
Push method
Needle gauge, 19 or 22 G

Table 3 Factors contributing to the diagnosis of malignancy by histology (univariate analysis) n (%)
Malignancy by histology(-) (n = 89)

Malignancy by histology(+) (n = 81)

P value

50 (56.2)
50 (56.2)
45 (50.6)
38 (42.7)
37 (41.6)
71 (80.0)

38 (46.9)
44 (54.3)
53 (65.4)
47 (58.0)
36 (44.4)
59 (72.8)

0.28
0.88
0.062
0.065
0.76
0.37

Age ≥ 68 yr
Sex, male
Tumor diameter ≥ 25 mm
Push method
Needle gauge, 19 or 22 G
Needle passes ≥ 2

[22]

become unstable . In this report, the push method was
an independent factor contributing to the histological
diagnosis of pancreatic cancer. The direction in which
the echoendoscope is pulled is opposite that of the
lesion puncture, whereas the direction in which the
echoendoscope is pushed is the same as that of lesion
puncture. In addition, the echoendoscope is stable in the
push method. These factors might explain why the push
method contributed to the diagnosis of malignancy by
histology of the EUS-FNA specimen. Therefore, the push
method is recommended for patients requiring histology
of EUS-FNA specimens, for example, patients who have
a medical history of other cancers.
This study has some limitations. First, this study
was retrospective and performed in a single center. We
used propensity scoring to overcome this limitation;
however, prospective and large-scale studies are
warranted. Second, due to the retrospective nature of
this study, EUS-FNA procedures were not performed
by specific endoscopists. In this study, EUS-FNA was
performed by specialists who had performed > 3000
pancreaticobiliary EUS procedures or by trainees under
the guidance of specialists. Therefore, the quality of
the EUS procedure was considered constant. Third, the
difficulty of each method was not evaluated by Doppler
ultrasound of blood flow on the puncture line. Because
of the retrospective nature of this study, we were unable
to identify the potential difficulty of either method by
Doppler ultrasound of blood flow. Fourth, we used an
EUS-guided trucut biopsy (EUS-TCB) needle or an EUSguided fine needle biopsy (FNB) needle, such as the
Quick-Core 19 G (Cook Medical Inc.) or Acquire 22 G
needle (Boston Scientific). Although these needles have
[23,24]
been reported to increase the yield of samples
,
EUS-TCB and EUS-FNB needles were used in only two
patients. A Quick-Core needle (Cook Medical Inc.) was
used in a patient in the push group, and an Acquire
needle (Boston Scientific) was used in a patient in the
pull group. Therefore, we do not believe that the use of

Table 4 Factors contributing to the diagnosis of malignancy
by histology (multivariate analysis)

Tumor diameter ≥ 25 mm
Push method

OR

95%CI

P value

1.91
1.91

1.02-3.58
1.03-3.55

0.043
0.040

DISCUSSION
In this study, we investigated which method (push
or pull method) of EUS-FNA was more effective in
diagnosing pancreatic head cancer. The distance
to lesion was significantly longer in the push group
than in the pull group, and the push method was an
independent factor contributing to the histological
diagnosis of malignancy using EUS-FNA specimens.
As mentioned above, the ability to diagnose
pancreatic masses by EUS-FNA has been reported
[3-8]
to be excellent . However, pancreatic head lesions
were reported to be more difficult than lesions in other
pancreatic locations to diagnose by EUS-FNA. Some
reports have attempted to explain why EUS-FNA is
difficult for pancreatic head lesions. One report indicated
that pancreatic head lesions are visualized on the
middle right of the EUS image, and the lesion is easily
[21]
moved . Another report suggested that because the
tip of the echoendoscope is flexed, the passage of the
[22]
needle is more difficult . In this report, pancreatic head
lesions were closer to the starting point when the needle
was inserted by the pull method; however, the overall
diagnosis of malignancy was not different between the
push and pull groups. Thus, if a diagnosis of malignancy
is needed or if the endoscopist is inexperienced, EUSFNA of pancreatic head lesions should be performed by
using the pull method.
The pull method better facilitates EUS-FNA for pan
creatic head lesions than the push method; however, it
has been reported that the echoendoscope position can
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EUS-TCB and EUS-FNB needles significantly influenced
the results.
In conclusion, the pull method shortened the
distance between the endoscope and the lesion and
facilitated EUS-FNA of pancreatic head cancer. The
push method contributed to the histological diagnosis of
pancreatic head cancer using EUS-FNA specimens.

2

3

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

4

endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) plays an
important role in the diagnosis of pancreatic cancer. However, EUS-FNA of
pancreatic head lesions is difficult. The pull and push methods are both used to
diagnose pancreatic head lesions. It is unknown which method is more efficient.

5

Research motivation

We wanted to determine the appropriate puncture method for EUS-FNA of
pancreatic head lesions.
6

Research objectives

The primary objective of this study was to reveal which method (push method
or pull method) is more efficient for diagnosing pancreatic head cancer.

7

Research methods

We placed 85 patients in each group (push group and pull group) using
propensity score matching. Patient characteristics and some EUS-FNA-related
factors were compared between the push and pull groups.
8

Research results

The distance to the pancreatic cancer was significantly longer in the push group
than in the pull group. The push method was identified as a significant factor
contributing to the histological diagnosis of malignancy.

9

Research conclusions

The pull method shortened the distance between the echoendoscope and the
lesion and facilitated EUS-FNA of pancreatic head cancer. The push method
contributed to the histological diagnosis of pancreatic head cancer using EUSFNA specimens.

10

Research perspectives

If only a diagnosis of malignancy is needed or if the endoscopist is
inexperienced, the pull method is recommended. However, the push method
is recommended for patients requiring histological analysis of EUS-FNA
specimens. Further prospective and large-scale studies on these methods are
warranted.

11
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Abstract
AIM
To evaluate the correlation between intravoxel incoherent
motion (IVIM) diffusion-weighted imaging (DWI)
parameters and the degree of hepatic steatosis and
fibrosis in children.

Informed consent statement: Because of the retrospective and
anonymous character of this study, the need for informed consent
was waived by the institutional review board.
Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.

METHODS
This retrospective study was approved by the
institutional review board. The children (≤ 18 years)
who underwent liver IVIM DWI with 8 b -values under

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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the suspicion of hepatic steatosis or fibrosis from
February 2013 to November 2016 were included.
Subjects were divided into normal, fatty liver (FAT), and
fibrotic liver (FIB) groups. The slow diffusion coefficient
(D), fast diffusion coefficient (D*), perfusion fraction
(f), and apparent diffusion coefficient (ADC) were
measured. MR proton density fat fraction (PDFF), MR
elastography (MRE), and IVIM values were compared.

commonly affect the liver to varying degrees. Nonalcoholic
fatty liver disease (NAFLD) is an important disease entity
[1]
because it could lead to hepatic steatosis and fibrosis . In
addition, the incidence of NAFLD is increasing dramatically
[1]
in adolescents and in children . Biliary atresia (BA)
or neonatal hepatitis also can affect the liver in early
childhood, and BA is the most common cause of hepatic
fibrosis and reason for liver transplantation in young
[2,3]
children . Therefore, quantitative and non-invasive
characterization of the liver conditions is important in
pediatric patients. Biopsy has a limited role in children due
[4]
to its sampling bias and invasive nature . The intravoxel
incoherent motion (IVIM) magnetic resonance imaging
(MRI) technique could be one of the alternative methods
for assessing hepatic tissue perfusion and diffusion
separately in various pediatric liver diseases.
The IVIM technique separates the slow and fast
diffusion components of diffusion-weighted imaging
[5]
(DWI) . The slow component is related to free water
diffusion, and the fast component is related to microva
[5]
scular perfusion . Although the conventional apparent
diffusion coefficient (ADC) is influenced by both slow
and fast components, IVIM could quantify the two
[6]
components separately by using multiple b-values . It is
because perfusion property has fast diffusion rate while
using low b-values, but pure water molecular diffusion
has slow diffusion rate while using high number of
[6]
b-values . Three parameters can be obtained from the
IVIM technique: (1) Pure molecular diffusion (D, D slow),
which is related to the slow component of diffusion from
water; (2) pseudo-diffusion (D*, D fast), which reflects
the endovascular blood flow velocity; and (3) perfusion
[5]
fraction (f), which reflects blood volume . Among them,
D* and f are related to blood perfusion.
Many studies have utilized IVIM for the evaluation
of liver disease in adults. They demonstrated the better
performance of IVIM compared to DWI for staging
hepatic steatosis and fibrosis, and fibrosis had different
[7-9]
effects on the IVIM parameters . However, limited
studies included children for assessing liver disease
using IVIM. One study included patients 10 years of age
or older to evaluate diminished liver microperfusion after
[10]
Fontan operation . Another study included patients 11
years of age or older to assess the correlations between
[11]
hepatic steatosis and IVIM perfusion parameters .
[12]
In the most recent study, Manning et al
evaluated
D, f, and ADC values derived from three b-values for
assessing NAFLD in children. However, there has been
no study focused on pediatric livers with enough b-values
for IVIM.
Therefore, the purpose of this study was to evaluate
the correlation between IVIM DWI parameters and the
degree of hepatic steatosis and fibrosis measured with
MRI in children.

RESULTS
A total of 123 children (median age of 12 years old,
range: 6-18 years) were included, with 8 in the normal
group, 93 in the FAT group, and 22 in the FIB group.
The D* values were lower in the FIB group compared
with those of the normal (P = 0.015) and FAT (P =
0.003) groups. The f values were lower in the FIB
group compared with the FAT group (P = 0.001).
In multivariate analyses, PDFF value was positively
correlated with f value (β = 3.194, p < 0.001), and
MRE value was negatively correlated with D* value (β
= -7.031, P = 0.032). The D and ADC values were not
influenced by PDFF or MRE value.
CONCLUSION
In liver IVIM DWI with multiple b -values in children,
there was a positive correlation between hepatic fat
and blood volume, and a negative correlation between
hepatic stiffness and endovascular blood flow velocity,
while diffusion-related parameters were not affected.
Key words: Intravoxel incoherent motion; Diffusionweighted imaging; Fibrosis; Fatty liver; Pediatrics
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver intravoxel incoherent motion (IVIM)
diffusion-weighted imaging with multiple b -values was
feasible and useful for evaluating hepatic steatosis
and fibrosis in children. Hepatic steatosis and fibrosis
affected IVIM parameters differently in children. MR
proton density fat fraction (PDFF) demonstrated a
positive correlation with the perfusion fraction (f) of
IVIM. MR elastography (MRE) value was negatively
correlated with the fast diffusion coefficient (D*) of
IVIM. The other IVIM values were not influenced by
PDFF or MRE value.
Shin HJ, Yoon H, Kim MJ, Han SJ, Koh H, Kim S, Lee MJ.
Liver intravoxel incoherent motion diffusion-weighted imaging
for the assessment of hepatic steatosis and fibrosis in children.
World J Gastroenterol 2018; 24(27): 3013-3020 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i27/3013.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i27.3013

INTRODUCTION

MATERIALS AND METHODS

Liver disease in the pediatric population is not uncommon.
Metabolic disease and diverse syndromic conditions

Subjects
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Our institutional review board approved this retro
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Table 1 Liver magnetic resonance imaging parameters

Acquisition plane
Acquisition scheme
TR (millisecond)
TE (millisecond)
Acquisition matrix
Field of view (cm)
Slice/internal thickness (mm)
Gap (mm)
Flip angle (°)
Number of signal averages
Notes

SSFSE T2 weighted image

IDEAL-IQ for PDFF and R2*
(1/T2*) map

MRE

IVIM

Axial
Breath hold
540
80
320 × 256
40
8
10
90
0.64

Axial
Breath hold
5.9
2.6
128 × 128
42
8
8
3
0.69
Six gradient echoes (from 0.9
to 4.4 millisecond)
0:16

Axial
Breath hold
1000
62
64 × 64
38
8
2
90
2
60 Hz MEG (20% driver
power reduction)
0:24 (or 0:12 × 2 times)

Axial
Free breathing
6000
74
128 × 128
38
4
5
90
2→1
Eight b-values (15, 27.3, 49.8,
90.7, 165.3, 301.2, 548.8, 1000)
4:30

Scan time (min)

0:12

SSFSE: Single shot fast spine echo; PDFF: MR proton density fat fraction; MRE: MR elastography; IVIM: Intravoxel incoherent motion; TR: Repetition time;
TE: Echo time; MEG: Motion encoding gradient.

[15,16]

spective study, and informed consent was waived.
Children under the age of 18 years who underwent liver
MRI with IVIM DWI from February 2013 to November
2016 were included. There were only two clinical
indications: Patients with clinical suspicion of hepatic
steatosis or those who were suspected to have hepatic
fibrosis after undergoing Kasai operation due to BA.
The exclusion criteria were: (1) Subjects who had no
laboratory results of aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) level within one
month of the MRI examination and (2) those who had
focal lesions other than fat or fibrosis in the liver, such
as hemangioma or cysts on MRI.
Subjects were divided into three groups. One was
the normal group, for those who had normal MR proton
density fat fraction (PDFF) of the liver (< 6% according
[13]
to a previous study) , normal body mass index, and
normal transient elastography (TE) results when they
had TE results within one year of MRI examinations. The
second was the fatty liver (FAT) group, for subjects who
had PDFF greater than 6%. The third was the fibrotic
liver (FIB) group, for children who underwent MRI after
a Kasai operation due to BA. The age, gender, weight
(kg), and height (cm) of the children were assessed at
the time of MRI examination.

and abdominal wall to avoid abdominal discomfort
.
In the SSFSE T2 weighted images, liver morphology
and focal lesions were assessed. Round regionsof-interest (ROIs) were drawn in the homogenous
parenchyma of the right hepatic lobe, avoiding hepatic
vessels, by one experienced radiologist in all quantitative
imaging sequences. Four ROIs were drawn in the liver
parenchyma in each slice, and the mean values were
considered as representative values in each sequence,
-3
2
-3
2
including D (× 10 mm /s), D* (× 10 mm /s), f (%),
-3
2
and ADC (× 10 mm /s) value maps (Figure 1).

Statistical analysis

Statistical analyses were performed using SPSS
version 23 (IBM Corp., Armonk, NY, United States).
Clinical findings and MRI values were compared
between normal, FAT and FIB groups using KruskalWallis test or Fisher’s exact test, with the use of Dunn’
s method for multiple comparisons. We also performed
linear regression analysis to determine whether the
liver function tests, PDFF, and MRE values influenced
the IVIM parameters. All data were presented as
median values and interquartile ranges. P-values less
than 0.05 were considered statistically significant for
all analyses.

MRI analysis

RESULTS

Each liver MRI was obtained in a 3T system (Discovery
750w, GE Healthcare, Milwaukee, WI, United States).
MRI was composed of four sequences including axial
single shot fast spine echo (SSFSE) T2 weighted
images, 3D volumetric multi-echo gradient sequence
(IDEAL-IQ, for proton density fat quantification and T2*
decay assessment), MR elastography (MRE), and IVIM
DWI. The detailed MR parameters are presented in
Table 1. For MRE, a passive pneumatic driver was placed
[14]
over the liver and was connected to the active driver .
The driver power was reduced 20% from the adult
level, and a folded towel was placed between the driver
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During the study period, a total of 130 children (M:
F = 86:44) with a median age of 12.2 years (range:
6-18 years) underwent liver MRI including IVIM DWI.
From them, seven children were excluded because
four had no laboratory results within one month of
the MRI, and three had focal hepatic lesions such
as hepatic hemangioma or cysts. Therefore, 123
children were ultimately included in this study. There
were 83 boys and 40 girls, and the median age was
12 years, with a range of 6-18 years. Among these,
101 children underwent MRI under the suspicion of
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A

B

C

D

E

F

Figure 1 Magnetic resonance imaging of liver from a 16-year-old boy in the fatty liver group. A: MRI-proton density fat fraction = 17.6%; B: MR elasticity = 3.2
kPa; C: D value = 1.45 × 10-3 mm2/s; D: D* value = 90 × 10-3 mm2/s; E: f value = 31.8%; F: ADC value = 1.32 × 10-3 mm2/s.

hepatic steatosis. According to the grouping criteria,
eight children were included in the normal group and
93 children were included in the FAT group. During the
study period, 22 children underwent MRI after Kasai
operation due to BA and were included in the FIB
group.

AST and ALT values were significantly higher in the FAT
group compared to the normal group.
The median PDFF values were higher in the FAT
group (22.0 %) than in the normal (2.7 %) and FIB (2.6
%) groups (P < 0.001 for both). The median T2* values
were lower in the FAT group (18.0 msec) compared
with the normal group (25.8 msec, P = 0.007) and
the FIB group (23.4 msec, P < 0.001). In addition, the
median MRE values were higher in the FIB group (3.2
kPa) compared with the normal group (2 kPa, P < 0.001)
and the FAT group (2.6 kPa, P = 0.001).
From the IVIM parameters, the D and ADC values
were not significantly different in the three groups.
In contrast, the median D* values were significantly
-3
2
lower in the FIB group (36.5 × 10 mm /s) compared

Comparison of clinical findings and MRI parameters
between the three groups

The group comparison results are summarized in Table
2. Most clinical parameters did not differ between the
normal and FAT groups or between the normal and FIB
groups. However, the FIB group had younger children
and more girls than the FAT group. The weight was
higher in the FAT group than in the normal group. The

WJG|www.wjgnet.com
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Table 2 Comparison of clinical and magnetic resonance imaging findings between the three groups
1

1

Normal (n = 8)
Clinical findings

MRI findings

Age (yr)
Gender (M:F)
Weight (kg)
Height (cm)
AST (IU/L)
ALT (IU/L)
PDFF (%)
T2* (millisecond)
MRE (kPa)6
D (× 10-3 mm2/s)
D* (× 10-3 mm2/s)
f (%)
ADC (× 10-3 mm2/s)

1

FAT (n = 93)

11 (9.25-13.75)
4:04
36.5 (28.5-49.5)
145 (137-162)
22.5 (18.3-24.8)
11.0 (9.0-12.0)
2.65 (2.4-3.1)
25.8 (22.0-27.3)
2.0 (1.6-2.5)
1.06 (1.03, 1.1)
70.2 (44.3, 139.7)
28.5 (18.6, 34.8)
1.08 (0.97, 1.2)

12 (10-15.5)
70:23:00
65 (51.9-76.5)
158 (145-164)
52.0 (27.0-80.5)
87.0 (44.5-138.5)
22 (14.1-34)
18 (16.1-20.75)
2.6 (2.2-3.1)
1.07 (0.94, 1.35)
61 (39.5, 81.2)
31.5 (27.9, 39.3)
1.05 (0.9, 1.21)

FIB (n = 22)

10 (8.75-11)
9:13
33 (28.3-44)
136.3 (131.8-148.1)
33.0 (22.8-68.0)
28.0 (16.0-55.3)
2.6 (2.0-4.1)
23.4 (21-26.6)
3.2 (2.8-4.6)
0.93 (0.81, 1.2)
36.5 (19.2, 52.5)
19.3 (14.0, 33.2)
0.97 (0.89, 1.15)

P -value2

P -value3

P -value4

P -value5

a

0.611
0.615
0.001a
0.543
0.008a
< 0.001a
< 0.001a
0.007a
0.058

0.855
1.000
1.000
0.563
0.167
0.533
1.000
1.000
< 0.001a

< 0.001a
0.012a
< 0.001a
< 0.001a
0.541
< 0.001a
< 0.001a
< 0.001a
0.001a

0.937
0.542

0.015a
1.000

0.003a
< 0.001a

< 0.001
0.005a
< 0.001a
< 0.001a
0.007a
< 0.001a
< 0.001a
< 0.001a
< 0.001a
0.158
0.001a
0.001a
0.575

a

P < 0.05; 1All values: Median (Q1-Q3); 2Overall P-value from Kruskal-Wallis test or Fisher’s exact test, after testing with Dunn’s method for multiple
comparisons; 3Normal vs FAT groups; 4Normal vs FIB groups; 5FAT vs FIB groups; 6n = 7, 77, 19 for the normal, FAT, and FIB groups, respectively.
FAT: Fatty liver; FIB: Fibrotic liver; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PDFF: MR proton density fat fraction; MRE: MR
elastography; ADC: Apparent diffusion coefficient.

Table 3 Univariate linear regression analysis for intravoxel incoherent motion parameters in all groups
-3

2

-3

D (× 10 mm /s)
AST (IU/L)
ALT (IU/L)
PDFF (%)
T2* (millisecond)
MRE (kPa) (n = 103)

2

-3

f (%)

D* (× 10 mm /s)

2

ADC (× 10 mm /s)

β

SE

P value

β

SE

P value

β

SE

P value

β

SE

P value

-1.389
-0.304
1.785
-8.400
-58.819

0.588
0.316
1.949
4.042
22.493

0.020a
0.339
0.362
0.040a
0.010a

-0.145
-0.030
0.255
0.818
-8.582

0. 072
0.039
0.237
0.495
2.672

0.047a
0.445
0.284
0.101
0.002a

-0.238
0.096
4.289
-5.002
-27.982

0.266
0.141
0.775
1.767
7.408

0.372
0.496
< 0.001a
0.005a
< 0.001a

-1.146
-0.446
-0.263
-4.978
-33.675

0.551
0.294
1.826
3.814
20.407

0.040a
0.132
0.886
0.194
0.102

a

P < 0.05; IVIM: Intravoxel incoherent motion; ADC: Apparent diffusion coefficient; β: Coefficient; SE: Standard error of the estimated coefficient; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; PDFF: MR proton density fat fraction; MRE: MR elastography.

-3

2

with those of the normal group (70.2 × 10 mm /s, P
-3
2
= 0.015) and the FAT group (61.0 × 10 mm /s, P =
0.003). The median f values were significantly lower
only in the FIB group compared with the FAT group
(19.3% vs 31.5%, P = 0.001).

(β = -7.031, P = 0.032, Figure 3), which indicated a
negative correlation between hepatic elasticity and
endovascular blood flow velocity. However, the values
of the diffusion-related parameters D and ADC were not
significantly influenced by PDFF or MRE values.

Assessment of effects of laboratory and MRI results on
IVIM parameters in all groups

DISCUSSION
The IVIM technique has been used for kidney and liver
[10-12,17,18]
diseases in a few previous studies of children
.
Among the studies that included children, only one
included only a pediatric population for assessing the
usefulness of liver IVIM technique using three b-values
[12]
in pathologically proven NAFLD . In addition, there
was no study that evaluated the meanings of IVIM
parameters only in children, including normal, fatty, and
fibrotic livers with sufficient b-values for IVIM, as in our
study.
Our study is meaningful because we demonstrated
the feasibility of IVIM with multiple b-values in pediatric
liver MRI. The ages of the included children ranged from
6 to 18 years, younger than those in previous studies,
and the included number of children was large. In
addition, multiple b-values are needed to differentiate
slow and fast diffusion with higher robustness and
[19,20]
accuracy
, because fast diffusion (D*) can be
differentiated from low b-values, and slow diffusion (D)

In univariate linear regression analysis, the D values
demonstrated negative correlation with AST (P = 0.020),
T2* (P = 0.040), and MRE (P = 0.010) values (Table 3).
The D* values were also negatively correlated with AST
(P = 0.047) and MRE (P = 0.002) values. The f values
were affected positively by PDFF values (P < 0.001) and
negatively by T2* and MRE values (P = 0.005 and P <
0.001, respectively). In addition, the AST results were
associated with decreased ADC values (P = 0.004), while
other MR parameters did not influence ADC values.
In multivariate linear regression analysis, neither
AST nor ALT affected IVIM parameters (Table 4).
Increased PDFF value was a significant independent
factor for increasing f value (β = 3.194, P < 0.001,
Figure 2), which meant a positive correlation between
hepatic fat and blood volume. The T2* values affected D
values negatively (P = 0.019) and D* values positively
(P = 0.022). In addition, increased MRE values were a
significant independent factor for decreasing D* values
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Table 4 Multivariate linear regression analysis for intravoxel incoherent motion parameters in all groups
-3

2

-3

D (× 10 mm /s)
AST (IU/L)
ALT (IU/L)
PDFF (%)
T2* (millisecond)
MRE (kPa) (n = 103)

2

D* (× 10 mm /s)

-3

f (%)

2

ADC (× 10 mm /s)

β

SE

P value

β

SE

P value

β

SE

P value

β

SE

P value

-2.222
0.718
-1.228
-11.189
-37.042

1.337
0.673
2.622
4.697
26.853

0.100
0.289
0.640
0.019a
0.171

-0.063
0.013
0.381
1.316
-7.031

0.161
0.081
0.315
0.565
3.231

0.697
0.877
0.230
0.022a
0.032a

-0.485
0.116
3.194
-0.847
-11.667

0.408
0.206
0.801
1.435
8.206

0.238
0.574
< 0.001a
0.557
0.158

-1.343
0.419
-3.663
-8.473
-29.679

1.227
0.618
2.407
4.313
24.658

0.277
0.499
0.131
0.052
0.232

a

P < 0.05; IVIM: Intravoxel incoherent motion; ADC: Apparent diffusion coefficient; β: Coefficient; SE: Standard error of the estimated coefficient; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; PDFF: MR proton density fat fraction; MRE: MR elastography.

a significant independent factor for decreasing D* value,
which signified a negative correlation between hepatic
fibrosis and endovascular blood flow velocity in children
with BA. We performed multivariate logistic regression
tests including liver function tests and PDFF and MRE
values because liver inflammation, steatosis, and fibrosis
could together influence histopathologic changes of
the liver and slow and fast diffusions, and we could not
obtain pathologic results from the included children.
In the previous studies, the patterns of increasing
or decreasing IVIM parameters with hepatic steatosis
[12]
or fibrosis varied. A previous study by Manning et al
revealed that hepatic steatosis and fibrosis had different
effects on IVIM parameters, even though the relation
ships between parameters and hepatic conditions
were different from those in our study. They showed
decreased ADC and D values with increasing hepatic
steatosis, while they observed decreased f values with
increasing hepatic fibrosis in pediatric NAFLD. In hepatic
steatosis, there are also studies that demonstrated a
positive correlation between hepatic steatosis and f
[21]
[6]
value in adults with NAFLD and diffuse liver disease ,
[22]
similar to our results. Yu et al also demonstrated the
relationships between histopathologic change and IVIM
parameters resulting in a positive correlation between
hepatic steatosis and not only f, but also D value in
a rat model of NAFLD. On the other hand, there is a
study that demonstrated no correlation between IVIM
parameters and the degree of hepatic steatosis in adults
[23]
[6]
with various chronic liver diseases . Franca et al
mentioned that f value was increased more prominently
in a mild hepatic steatosis group than in a severe
steatosis group compared with a normal group. This
could explain why the results of the IVIM parameters
on hepatic steatosis were different according to study.
We could suggest that the degree of hepatic steatosis
in each study group influences the results of the
affected IVIM parameters. In addition, another possible
explanation of the increasing f value in pediatric hepatic
steatosis is based on the histologic characteristics of
hepatic steatosis of children. Pediatric hepatic steatosis
has mainly portal inflammation with or without fibrosis,
rather than ballooning degeneration or perisinusoidal
fibrosis, which are more predominantly found in adult
[12,24-26]
hepatic steatosis
. Perisinusoidal fibrosis and
ballooning could lead to decreased microperfusion.

120
100
b = 3.194, P < 0.001

f (%)

80
60
40
20
0

0
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MR fat fraction (%)

Figure 2 Scatter plot of MR fat fraction and f value, showing a positive
correlation.
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b = -7.031, P = 0.032
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Figure 3 Scatter plot of MR elasticity and D* value, showing a negative
correlation.

can be differentiated from high b-values. Therefore,
our methods using multiple b-values could lead to
more accurate quantification and separation of IVIM
parameters than previous studies.
The results revealed that hepatic steatosis and
fibrosis influenced perfusion and diffusion parameters
differently, while ADC did not show any significant
correlation for these conditions; these results were
[7,8]
concordant with previous studies . In our study,
increased PDFF value was a significant independent
factor for increasing f value, which meant a positive
correlation between hepatic steatosis and blood volume
in pediatric NAFLD. In addition, increased MRE value was
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Instead, increased portal inflammation could lead to
increased perfusion fraction due to increased blood
volume within the liver. Further studies with pathologic
correlation of various degrees and etiologies of hepatic
steatosis are needed.
In hepatic fibrosis, our study demonstrated a
negative correlation between fibrosis and D* in children
after a Kasai operation for BA. In pediatric NAFLD,
hepatic fibrosis showed a negative correlation with
[12]
f . Another study of adolescents and adults found
that decreased microperfusion (D* and f) resulted
in decreased ADC value in hepatic fibrosis, rather
than alterations in molecular diffusion, after a Fontan
[10]
operation . However, there was no study that included
pediatric patients for assessing hepatic fibrosis from
BA. Previous studies of hepatic fibrosis from chronic
liver disease in adults also demonstrated a negative
[5,7,23]
correlation between hepatic fibrosis and D*
,
which are consistent with our study even though they
focused on a different etiology of fibrosis. The reason
for this inverse correlation could be because the
increased protein in the extracellular matrix can lead
to sinusoidal space obliteration and result in decreased
[5,7]
[7]
hepatic microperfusion . Yoon et al mentioned that
a decreased D* value could detect early changes in
hepatic fibrosis better than ADC value. Even though
there are similar characteristics of microperfusion
change in pediatric BA (D* change), chronic liver
disease in adults (D* change), and pediatric NAFLD (f
change), additional studies on the effects of hepatic
fibrosis from different etiologies on IVIM parameters are
needed.
There were several limitations in this study. First,
there were disproportional subject numbers in the
groups, because it was a retrospective study. Second,
we did not obtain the pathologic results of the liver in
the children. However, we used the radiological and
clinical data of the children to define three groups as
reasonably as possible. Moreover, the obtained IVIM
values of our normal group were similar to the normal
[27]
values of a recently published meta-analysis study .
Third, several factors might influence liver perfusion,
including inflammation and edema, were not analyzed.
However, most of the children in our study were from
an outpatient clinic and were undergoing routine followup, and we performed regression analysis including
liver function tests to evaluate the effects of liver
inflammation on IVIM parameters.
In conclusion, the liver IVIM DWI technique with
multiple b-values was feasible and useful for evaluating
hepatic steatosis and fibrosis in children using perfusionrelated parameters of D* and f. There was a positive
correlation between hepatic fat and blood volume, and
a negative correlation between hepatic fibrosis and
endovascular blood flow velocity, while diffusion-related
parameters were not affected. Further study is needed
to determine whether the IVIM parameters are affected
by different histopathologies and etiologies of pediatric
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hepatic steatosis and fibrosis.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Liver disease including steatosis and fibrosis is not uncommon in pediatric
population. Quantitative and non-invasive examination of liver status is
important in children because biopsy has a limited role from its sampling error
and invasiveness.

Research motivation

Intravoxel incoherent motion (IVIM) magnetic resonance imaging (MRI) is an
advanced diffusion-weighted imaging (DWI) technique. It can separate the
perfusion and diffusion components from the conventional apparent diffusion
coefficient (ADC) in the liver. Previous studies demonstrated IVIM values were
more useful than ADC value for the evaluation of liver disease in adults, using
the pure molecular diffusion (D), pseudo-diffusion (D*), and perfusion fracture
(f) parameters. However, limited studies have assessed hepatic steatosis and
fibrosis in children using IVIM. In addition, no study has focused on pediatric
livers with enough b-values for IVIM.

Research objectives

The purpose of the study was to evaluate the usefulness of IVIM DWI technique
with multiple b-values for evaluating hepatic steatosis and fibrosis in children
and to know the correlation between IVIM parameters and the degree of hepatic
steatosis and fibrosis measured with MRI in children.

Research methods

We retrospectively reviewed liver IVIM MRI of children (≤ 18 years) who
performed MRI with 8 b-values under the suspicion of liver steatosis or fibrosis
from 2013 to 2016. In addition to the conventional ADC value, perfusion related
parameters (D*, f) and diffusion related parameter (D) were measured in the
liver. Degree of hepatic steatosis was measured using MR proton density
fat fracture (PDFF) and degree of hepatic fibrosis was measured using MR
elastography (MRE). Perfusion and diffusion parameters were compared
between normal, fatty liver, and fibrotic liver groups. Effects of hepatic steatosis
and fibrosis on IVIM parameters were assessed.

Research results

Hepatic steatosis and fibrosis affected IVIM parameters differently in children.
Perfusion related parameters (D*, f) were significantly lower in the fibrosis group
compared with other groups. MR PDFF demonstrated a positive correlation with
the f, representing blood volume. MRE value was negatively correlated with the
D*, representing endovascular blood flow velocity. However, D and ADC value
were not affected.

Research conclusions

Liver IVIM MRI with multiple b-values was useful for evaluating hepatic steatosis
and fibrosis in children. Hepatic steatosis and fibrosis influenced perfusion and
diffusion parameters differently. As increasing hepatic steatosis, blood volume
was significantly increased. As increasing hepatic fibrosis, endovascular blood
flow velocity was significantly decreased. However, true molecular diffusion and
conventional ADC were not affected. Therefore, IVIM MRI can be a useful tool
for evaluating hepatic steatosis and fibrosis in children.

Research perspectives

Perfusion related parameters from IVIM MRI can be used for the evaluation of
hepatic steatosis and fibrosis in children. Further study is needed to determine
whether the IVIM parameters are affected by different histopathologies and
etiologies of pediatric hepatic steatosis and fibrosis.
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invasive diagnosis of H. pylori infection while addition
ally enabling the assessment of bacterial antibiotic
resistances.

Abstract

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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AIM
To assess the diagnostic accuracy of a new fecal test
13
for detecting Helicobacter pylori (H. pylori ), using Curea breath test as the reference standard, and explore
bacterial antibiotic resistance.

Core tip: Existing studies on molecular tests for

Helicobacter pylori (H. pylori ) detection in stools

show suboptimal quality. The THD fecal test is a
newer method to detect bacterial DNA and mutations
conferring antibiotic resistance. In this diagnostic
test accuracy study involving unselected consecutive
participants and blinded outcome assessment, we
evaluated the diagnostic accuracy of the THD fecal test
13
for detecting H. pylori , using the C-urea breath test as
the reference standard. We found that the THD fecal
test has high performance for the non-invasive diagnosis
of H. pylori infection while additionally enabling the
assessment of bacterial antibiotic resistances.

METHODS
We conducted a prospective two-center diagnostic
test accuracy study. We enrolled consecutive people
≥ 18 years without previous diagnosis of H. pylori
infection, referred for dyspepsia between February
and October 2017. At enrollment, all participants
13
underwent C-urea breath test. Participants aged over
50 years were scheduled to undergo upper endoscopy
with histology. Participants collected stool samples
1-3 d after enrollment for a new fecal investigation
(THD fecal test). The detection of bacterial 23S rRNA
subunit gene indicated H. pylori infection. We also
used the index diagnostic test to examine mutations
conferring resistance to clarithromycin and levofloxacin.
Independent investigators analyzed index test and
reference test standard results blinded to the other test
findings. We estimated sensitivity, specificity, positive
(PPV) and negative (NPV) predictive value, diagnostic
accuracy, positive and negative likelihood ratio (LR),
together with 95% confidence intervals (CI).

Iannone A, Giorgio F, Russo F, Riezzo G, Girardi B, Pricci M,
Palmer SC, Barone M, Principi M, Strippoli GF, Di Leo A,
Ierardi E. New fecal test for non-invasive Helicobacter pylori
detection: A diagnostic accuracy study. World J Gastroenterol
2018; 24(27): 3021-3029 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i27/3021.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i27.3021

RESULTS
We enrolled 294 consecutive participants (age: Median
37.0 years, IQR: 29.0-46.0 years; men: 39.8%). Ninety13
five (32.3%) participants had a positive C-urea breath
test. Twenty-three (7.8%) participants underwent
upper endoscopy with histology, with a full concordance
13
between C-urea breath test and histology in detecting H.
pylori infection. Four (1.4%) out of the 294 participants
withdrew from the study after the enrollment visit
and did not undergo THD fecal testing. In the 290
participants who completed the study, the THD
fecal test sensitivity was 90.2% (CI: 84.2%-96.3%),
specificity 98.5% (CI:96.8%-100%), PPV 96.5%
(CI: 92.6%-100%), NPV 95.6% (CI: 92.8%-98.4%),
accuracy 95.9% (CI: 93.6%-98.2%), positive LR
59.5(CI: 19.3-183.4), negative LR 0.10 (CI: 0.05-0.18).
Out of 83 infected participants identified with the THD
fecal test, 34 (41.0%) had bacterial genotypic changes
consistent with antibiotic-resistant H. pylori infection.
Of these, 27 (32.5%) had bacterial strains resistant to
clarithromycin, 3 (3.6%) to levofloxacin, and 4 (4.8%) to
both antibiotics.

INTRODUCTION
Helicobacter pylori (H. pylori) infection occurs among
48.5% of the general population worldwide, with
[1]
high geographic variability . It is the leading cause of
chronic/atrophic gastritis, peptic ulcer, gastric lymphoma,
[2-4]
gastric carcinoma, and some extra-gastric disorders .
Diagnostic approaches for H. pylori infection include
[4-6]
13
invasive and non-invasive testing . The C-urea breath
test is established as a highly sensitive and specific test
(96% sensitivity and 93% specificity) for the non-invasive
[4,7]
diagnosis ofinfection . A stool-based monoclonal
antigen test has low acceptability in some contexts and
[4,8]
needs local validation, despite high accuracy . Invasive
tests require upper endoscopy, limiting their application
based on local practices and policies and to patients who
[4,5,9]
have alarm symptoms
. Culture with antibiogram is
[4-6]
only recommended after repeated treatment failures
[10,11]
due to its high false negative rate
.
Molecular testing is a promising approach for diag
nosing H. pylori infection and has the added advantage
of identifying bacterial DNA mutations associated with
antibiotic resistance. Molecular tests on gastric biopsy
are commonly used only for research purposes due to

CONCLUSION
The THD fecal test has high performance for the non-
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[12]

13

the need for an invasive endoscopic procedure .Thus,
the application of these tests on fecal samples is gaining
interest. A recent meta-analysis identified the bacterial
23S ribosomal RNA subunit gene as the most accurate
marker for diagnosis of infection using molecular tests
on stool samples, with 82% (95%CI: 77%-86%)
[13]
sensitivity and 99%(95%CI: 98%-100%) specificity .
The consistency of these results is limited by the
inclusion of studies of suboptimal quality resulting from
bias in participant selection and lack of blinded outcome
[14-19]
assessment
.
We aimed to assess the diagnostic accuracy of a
[20]
new molecular test, theTHD fecal test , for the non13
invasive detection of H. pylori DNA, using the C-urea
breath test as the reference standard. We estimated
the point prevalence of H. pylori DNA point mutations
conferring resistance to clarithromycin and levofloxacin.

MATERIALS AND METHODS

the C-urea breath test (the reference standard) for the
non-invasive investigation of H. pylori infection. According
[5]
to current Italian Clinical guideline recommendations ,
participants older than 50 years were scheduled to
undergo upper endoscopy with biopsy sampling for
histology within one week. All participants were asked to
provide stool samples collected 1 to 3 d after enrollment,
using the THD device. These samples were used for the
THD fecal test (index test). Independent investigators
analyzed the index test and reference standard test
results blinded to the other test findings, participants’
information and histology results. Pathologists performing
histology examination were unaware of the results of the
other two tests.
Thestudy was performed in agreement with the
ethical guidelines of the Declaration of Helsinki and the
protocol was approved by the local Ethics Committee
(Ospedale Consorziale Policlinico, Bari, protocol number
74413). All participants gave written informed consent
before inclusion in the study.

This study was conducted according to the Standards for
[21]
Reporting of Diagnostic Accuracy (STARD) statement .

THD fecal test (index test)

The technical details of H. pylori DNA extraction and
analysis are reported in Appendix 1.
Within three days after the enrollment visit, parti
cipants collected and stored a stool sample using the
THD fecal test equipment (THD Spa, Correggio, Reggio
Emilia, Italy), which allows for obtaining an adequate
stool-derived product to extract H. pylori DNA.
We pre-specified THD fecal test positivity as the
identification of the H. pylori bacterial gene encoding
the 23S ribosomal RNA subunit in the stool-derived
[20]
product . The detection of specific bacterial DNA
point mutations indicated H. pylori resistance to
clarithromycin and/or levofloxacin. In brief, we assessed
A2142C, A2142G and A2143G point mutations in the
23S rRNA subunit gene for clarithromycin resistance,
and C261A, C261G, G271A, A272G, G271T and A270T
point mutations in the A-subunit of gyrase gene for
levofloxacin resistance.

Study design

We performed a two-center cross-sectional study with
prospective data collection. We included consecutive
participantsexperiencing dyspeptic symptoms and
without previous diagnosis of H. pylori infection,
who were referred for diagnostic evaluation to the
Gastroenterology Unit, University of Bari (Italy) or the
National Institute of Gastroenterology “Saverio De
Bellis”, CastellanaGrotte, Bari (Italy) between February
and October 2017.
Participants were eligible if they were aged 18 years
or older and had experienced dyspeptic symptoms,
defined as the presence of one or more of: post-prandial
fullness, early satiation, epigastric pain and epigastric
burning for at least one (post-prandial fullness and
early satiation) or three (epigastric pain and epigastric
burning) days per week in the last three months with
[22]
symptoms onset at least six months previously .
Exclusion criteria were treatment with proton pump
inhibitors or 2-histamine receptor antagonists in the
previous two weeks as well as use of antibiotics or
bismuth salts in the previous four weeks, as these
medications may increase false negative results of
invasive and non-invasive current diagnostic tests for
[23-25]
H. pylori infection by reducing the bacterial load
.
Additional exclusion criteria were previous diagnosis
of H. pylori infection and presence of chronic diarrhea,
which can limit the accurate collection of stool samples
for the THD fecal test. Potential participants were also
excluded if they had alarm symptoms, including weight
loss, dysphagia, gastrointestinal bleeding, an abdominal
mass or iron deficiency anemia, which are an indication
to perform upper endoscopy as a first-line diagnostic
[4,5,9]
approach
.
At the enrollment visit, eligible participants underwent
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13

C-urea breath test (reference standard) and upper
endoscopy
13

The technical details of the C-urea breath test are
reported in Appendix 2.
At the enrollment visit, all participants underwent
13
C-urea breath testing after overnight fasting. We used
this test as the reference standard due to the noninvasiveness, high diagnostic accuracy (sensitivity of 96%
[4,7]
and specificity of 93%), and consumer acceptance .
13
We pre-specified a C-urea breath test positivity for
a difference between the baseline and 30 min breath
13
sample that exceeded 4 parts per 1000 of carbon
13
[26,27]
dioxide ( CO2)
.
Participants older than 50 years were scheduled
to undergo upper endoscopy with biopsy sampling
[5]
for histology, according to current Italian guidelines .
Among these participants, a minimum of two biopsy
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tance to clarithromycin and levofloxacinas the number of
participant with the specific antibiotic resistance divided
by the total number of participants diagnosed with H.
pylori infection at THD fecal test.
We assumed a 94% sensitivity and 97% specificity
for the THD fecal test, based on monoclonal stool
antigen test accuracy parameters for the lack of high[8]
quality evidence on molecular fecal tests . Assuming
[1]
a H. pylori infection prevalence of 34.3% , a marginal
error of 0.05, and a drop-out of 10%, we calculated a
sample size of at least 280 participants, to provide 80%
power with an α of 0.05 to detect the pre-specified
sensitivity and specificity values for the THD fecal
[29]
test .
We used Statistical Analysis Software (SAS Institute
Inc., Cary, NC, United States) 9.4 for all the analyses.

Table 1 Characteristics of the participants included in the
study n (%)
Characteristic
Age, median (IQR), yr
Female sex, number
Helicobacter pylori infection, number
Upper endoscopy with histology, number
Dyspeptic symptoms, number
Post-prandial fullness
Early satiation
Epigastric pain
Epigastric burning
Concomitant diseases, number
Cardiovascular disease
Chronic kidney disease/dialysis
Chronic liver disease/cirrhosis
Other chronic diseases3

Value (n = 294)
37.0 (29.0-46.0)
177 (60.2)
95 (32.3)1
23 (7.8)2
115 (39.1)
50 (17.0)
130 (44.2)
170 (57.8)
8 (2.7)
0 (0)
3 (1.0)
10 (3.4)

1

Diagnosed with the 13C-urea breath test (reference standard test); 2There
were 40 participants older than 50 years, but 17 refused to undergo
upper endoscopy; 3Including asthma (8 participants), spasmophilia (1
participant), multiple sclerosis (1 participant). IQR: Interquartile range.

RESULTS
Characteristics of study population

During the enrollment period, 305 consecutive
participants were eligible for inclusion in the study.
Of these, 11 were excluded for preference not to
participate.Four out of the 294 participants withdrew
from the study after the enrollment visit did not undergo
THD fecal testing (Figure 1).
Table 1 describes the characteristics of the 294
participants included in the study. The median age was
37.0 years (IQR: 29.0 to 46.0 years). There were 177
13
(60.2%) women. The C-urea breath test (reference
standard test) was positive in 95 (32.3%) participants.
Forty (13.6%) participants were older than 50 years
and were scheduled to undergo upper endoscopy with
histology. Of these, 23 (7.8%) participants, 7 with and
16 without H. pylori infection, agreed to undergo this
examination. There was full concordance between the
13
C-urea breath test and histology in detecting H. pylori
infection in these participants. With regard to dyspeptic
symptoms reported at enrollment visit, 115 (39.1%)
participants experienced post-prandial fullness, 50
(17.0%) early satiation, 130 (44.2%) epigastric pain,
and 170 (57.8%) epigastric burning. There were no
reported adverse events during performance of the
index or reference standard test.

samples from the gastric antrum (greater and lesser
curvature, 3 cm proximal to the pyloric region) and two
from the middle of the gastric body were collected for
[4]
histologic examination .

Statistical analysis

We assessed the normal distribution of continuous
variables using the Shapiro-Wilk test and expressed
them as the mean and standard deviation (SD) or
median and interquartile range (IQR). We expressed
categorical variables asa percentage.
13
The results of the C-urea breath test served as the
reference standard for assessing the diagnostic accuracy
of the THD fecal test in detecting H. pylori infection. We
calculated sensitivity, specificity, negative and positive
predictive values, and diagnostic accuracy for the THD
fecal test together with 95% confidence intervals (CI),
according to standard definitions. Since the prevalence
of the condition in the enrolled population influences
sensitivity, specificity, and predictive values, we also
calculated the positive and negative likelihood ratios. To
identify the impact of our findings on clinical decisionmaking, we calculated the post-test probability after
positive and negative results onthe THD fecal test for
populations with different pre-test probabilities of H.
pylori infection based on likelihood ratios.
We pre-planned to handle uninterpretable and
missing index test or reference standard findings with
both the “complete case” approach and “best-worst
case” imputation, to avoid overestimation of diagnostic
[28]
accuracy parameters . In detail, these results were
removed for the “complete case” analysis, while they
were considered as false-negatives and false-positivesfor
the “worst case” analysis or as true-negatives and truepositives for the “best-case” analysis.
We estimatedthe point prevalence of H. pylori resis

WJG|www.wjgnet.com

THD fecal test diagnostic performance

The amplification curves of H. pylori DNA sequences
from the real time polymerase chain reaction are shown
in Appendix 3.
13
Direct comparisons between the C-urea breath
test and THD fecal test results for detecting H. pylori
infection are reported in Table 2.
The diagnostic accuracy parameters of the THD
13
fecal test for detecting H. pylori infection, using C-urea
breath test as the reference standard, are shown in
Table 3. In the “complete-case” analysis, including the
290 participants who completed the study, the THD
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Consecutive eligible subjects (> 18 years with
dyspeptic symptoms and without a previous diagnosis
of Helicobacter pylori infection)
(n = 305)
Excluded for refusal to
participate in the study
(n = 11)
Included in the study
(n = 294)
Withdrew after enrolment (did not
perform the THD fecal test)
Included in "best-worst case" analysis
(n = 4)
13

Completed the study (performed the C-urea breath
test and THD fecal test)
Included in the analysis
(n = 290)

Figure 1 Flow diagram of participant recruitment in the study.

fecal test had a sensitivity of 90.2% (CI: 84.2% to
96.3%), specificity of 98.5% (CI: 96.8% to 100%),
positive predictive value of 96.5% (CI: 92.6% to
100%), and negative predictive value of 95.6% (CI:
92.8% to 98.4%). The accuracy of the index test in
correctly identifying participants with and without H.
pylori infection was 95.9% (CI: 93.6% to 98.2%). The
THD fecal test positive likelihood ratio was 59.5 (CI:
19.3 to 183.4), and the negative likelihood ratio was 0.10
(CI: 0.05 to 0.18). In the “best-worst case” analysis,
including all 294 participants enrolled in the study,
there were small changes in THD fecal test diagnostic
accuracy parameters (Table 3).
Figure 2 displays the estimation of the probability of
H. pylori infection after positive and negative THD fecal
test results for populations with different prevalence
of disease, based on likelihood ratios calculated from
our data. As shown, the probability of infection after
a positive index test finding is higher than 90% in
populations with a disease prevalence ≥ 20%. The
probability of infection after a negative index test finding
is lower than 10% and 20% in populations with disease
prevalence ≤ 50% and ≤ 70%, respectively.

and 8.4% (7 participants) to levofloxacin.

H. pylori resistance rates to clarithromycin and
levofloxacin

Comparison with existing knowledge

DISCUSSION
Main findings

In this diagnostic test accuracy study involving unse
lected consecutive participants and blinded outcome
assessment, we observed that the non-invasive THD
fecal test has high performance for the diagnosis
of H. pylori infection among patients with dyspeptic
symptoms. This test showed a 90.2% sensitivity
and 98.5% specificity, with a diagnostic accuracy of
95.9%. Considering the worldwide prevalence of H.
pylori infection, ranging from 70% in Africa to 24% in
[1]
Oceania , there was > 90% post-test probability of
bacterial infection after a positive THD fecal test result
and < 20% probability after a negative finding. In
Western Europe, the prevalence of infection is around
[1]
34% , leading to post-test probabilities > 95% and <
5% after a positive and negative test, respectively. The
THD fecal test identified H. pylori resistance rates of
32.5% to clarithromycin, 3.6% to levofloxacin, and 4.8%
to both antibiotics.

A recent meta-analysis found that the 23S rRNA
subunit gene is the most accurate marker for detecting
H. pylori in stools using molecular analyses based
on real time polymerase chain reaction. The pooled
analysis of six diagnostic accuracy studies showed
estimated sensitivity of 82% (95%CI: 77% to 86%)
and specificity of 99% (95%CI: 98% to 100%) for the
[13]
bacterial 23S rRNA subunit gene . Comparing our
[14-19]
results with findings from existing primary studies
included in this meta-analysis is difficult, mainly due to

Table 4 summarizes the H. pylori resistance rates to
clarithromycin and levofloxacin in the 83 H. pylori
infected participants identified with the THD fecal test.
Thirty-four (41.0%) participants had bacterial genotypic
changes consistent with antibiotic-resistant H. pylori
infection. Of these, 27 (32.5%) had bacterial strains
resistant to clarithromycin, 3 (3.6%) to levofloxacin,
and 4 (4.8%) to both antibiotics. The overall resistance
rates were 37.3% (31 participants) to clarithromycin
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and reference standard results in our study, we found
greater test sensitivity and similar high specificity
compared to the pooled estimate of earlier studies. This
may be due to the high performance of the THD device
for obtaining adequate stool sample-derived product
to extract H. pylori DNA. Our sensitivity estimate is
[30]
concordant with that reported in a recent publication ,
although this last study is burdened by the same
methodological limitations and risk of bias as previous
researches.
Our H. pylori resistance rates to clarithromycin
and levofloxacinwere consistent with those reported
in previous epidemiologic studies from the same
[31]
geographic area . Molecular analyses performed on
stool samples showed bacterial resistance rates of
[16,30]
36%-41% to clarithromycin
, in agreement with our
estimate of 37.3%. There is limited evidence on the use
of molecular fecal tests to detect H. pylori resistance to
levofloxacin. Recently, the molecular analysis “Genotype
HelicoDR assay” (Hain Lifescience GmbH, Nehren,
Germany) has been applied to fecal samples for
detecting clarithromycin and fluoroquinolone resistance
using molecular analysis on gastric biopsy, with proven
[32]
high accuracy, as the reference standard . This test
identified a resistance rate to fluoroquinolone of 13%
in stools, which was somewhat higher than the present
study (8.4%). However, there was low agreement
between stool and biopsy findings for resistance to
both clarithromycin (53%) and fluoroquinolone (35%),
indicating a poor performance of this test for the
non-invasive assessment of H. pylori resistances to
antibiotics. By contrast, the THD fecal test has shown
high concordance with real time polymerase chain
reaction-based molecular analysis on gastric tissue for
[20]
detecting bacterial resistance to clarithromycin .

13

Table 2 Direct comparisons between the C-urea breath
test and THD fecal test results for detecting participants with
Helicobacter pylori infection
13

C-urea breath test

THD fecal test
Positive
Negative
Missing1
Total

Positive

Negative

83
9
3
95

3
195
1
199

1

Four participants withdrew from the study after enrollment, thus they
underwent the 13C-urea breath test but not the THD fecal test.
Positive THD fecal test

Post-test probability of infection, %

Negative THD fecal test

100
90
80
70
60
50
40
30
20
10
0

0

10

20

30

40

50

60

70

80

90

100

Pre-test probability of infection, %

Figure 2 Post-test probability after positive and negative results on the
THD fecal test for populations with different pre-test probabilities of
Helicobacter pylori infection, based on likelihood ratios.

limitations in methodological reporting in these studies
and differences in the selection of population and the
[14,15,17,19]
reference standard used. Four studies
included
[18]
children (age < 18 years), one
did not specify the
[16]
participants’ age, and one
included adults (range
20 to 81 years), with an estimated disease prevalence
ranging between 21% and 81% among studies. The
reference standard was monoclonal stool antigen test
[16-18]
in three studies
, a combination of histology, rapid
[14,19]
urease test, and culture in two studies
, and a
13
combination of histology, culture, C-urea breath test
[15]
and monoclonal stool antigen test in one study . In
[14,19]
two studies
, consecutive participants were enrolled,
[15-18]
while in the remaining four
, a convenience sample
was selected. No authors provided the sample size
estimation. There was no reported blinding of the
assessment of the index and reference standard test
findings, except for pathologists analyzing gastric
[15]
biopsy samples in one study . Thus, the use of
convenience samples and lack of blinding may have
led to an overestimation of the diagnostic accuracy of
these molecular tests for the non-invasive diagnosis of
H. pylori infection. Despite the selection of consecutive
participants and the blinded assessment of the index
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Strengths and limitations

This study investigated the diagnostic accuracy
parameters of a novel molecular tool (THD fecal test)
for the non-invasive diagnosis of H. pylori infection
in consecutive participants with dyspepsia. The
strengths of the study include an a priori sample size,
prospectively enrolled consecutive participants, and
blinded assessment of the index and reference standard
results to increase the certainty of the findings. Our
study also assessed the feasibility of detecting bacterial
resistance to clarithromycin and levofloxacin, using a
non-invasive approach.
Our study has some limitations that should be
considered when interpreting the results. First, we
diagnosed H. pylori infection using a single non-invasive
test, while a second confirmation test (histology) was
performed only in the subgroup of participants older
13
than 50 years. However, the C-urea breath test is
recommended as the gold-standard non-invasive
diagnostic approach for detecting this bacterial infection,
[4,7]
with 96% sensitivity and 93% specificity . We also
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Table 3 Diagnostic accuracy parameters of the THD fecal test for detecting Helicobacter pylori infection, using
as the reference standard
Parameter
Sensitivity, % (95%CI)
Specificity, % (95%CI)
PPV, % (95%CI)
NPV, % (95%CI)
Accuracy, % (95%CI)
Positive LR, estimate (95%CI)
Negative LR, estimate (95%CI)

13

C-urea breath test

Complete-case analysis

Best-case analysis

(n = 290)

(n = 294)

Worst-case analysis
(n = 294)

90.2 (84.2 to 96.3)
98.5 (96.8 to 100)
96.5 (92.6 to 100)
95.6 (92.8 to 98.4)
95.9 (93.6 to 98.2)
59.5 (19.3 to 183.4)
0.10 (0.05 to 0.18)

90.5 (84.6 to 96.4)
98.5 (96.8 to 100)
96.6 (92.9 to 100)
95.6 (92.8 to 98.4)
95.9 (93.7 to 98.2)
60.0 (19.5 to 185.0)
0.10 (0.05 to 0.18)

87.4 (80.7 to 94.1)
98.0 (96.0 to 99.9)
95.4 (91.0 to 99.8)
94.2 (91.0 to 97.4)
94.6 (92.0 to 97.2)
43.5 (16.4 to 115.0)
0.13 (0.08 to 0.22)

1

1

1

The analysis includes four participants with missing data for the THD fecal test. PPV: Positive predictive value; NPV: Negative predictive value; LR:
Likelihood ratio; CI: Confidence interval.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

Table 4 Helicobacter pylori resistance rates to clarithromycin
and levofloxacin in the 83 infected participants identified
with the THD fecal test n (%)
Clarithromycin
Levofloxacin
Susceptible
Resistant
Total

Susceptible

Resistant

49 (59.1)
3 (3.6)
52 (62.7)

27 (32.5)
4 (4.8)
31 (37.3)

Research background

Diagnostic approaches for Helicobacter pylori (H. pylori) infection include
invasive and non-invasive testing. The non-invasive 13C-urea breath test and
stool monoclonal antigen test have high accuracy for diagnosing the infection,
although the stool test has low acceptability in some contexts and needs local
validation. The need for upper endoscopy is a limitation to the use of invasive
tests. Molecular tests are promising approaches for diagnosing H. pylori
infection, due to the added advantage of identifying bacterial DNA mutations
associated with antibiotic resistance.

Total

76 (91.6)
7 (8.4)
83 (100)

Research motivation

13

found complete agreement between C-urea breath
test and histology in participants older than 50 years.
[4,5,9]
Moreover, current international guidelines
recom
mend a test-and-treat strategy for H. pylori infection in
young (≤ 50 years in Italy) dyspeptic people without
alarm symptoms to avoid the costs, inconvenience and
discomfort of endoscopy. Thus, our approach reflects
the current clinical practice and the most appropriate
diagnostic strategy for this population. Second, we
did not perform molecular analysis of bacterium
resistance to clarithromycin and levofloxacin on gastric
biopsy samples to confirm the results obtained on
stool samples. Thus, we did not calculate diagnostic
accuracy parameters of the THD fecal test for detecting
the bacterial resistance to these antibiotics. However,
we have previously demonstrated full concordance
between THD fecal test and molecular analysis on
gastric tissue findings for detecting H. pylori resistance
[20]
to clarithromycin .

The application of molecular diagnostic tests on gastric biopsy samples is
limited by the need for invasive endoscopic procedure. Thus, the non-invasive
application of these tests on fecal samples is gaining increasing interest. An
accurate non-invasive molecular test may guide first-line eradicating treatments
with the potential advantages of increasing bacterial eradication rates and
reducing the development of H. pylori resistance to antibiotics. However,
existing studies on molecular tests for H. pylori detection in stools show
suboptimal quality.

Research objectives

We aimed to assess the accuracy of a new non-invasive molecular test, the
THD fecal test, for the diagnosis of H. pylori infection, using 13C-urea breath test
as the reference standard. Additionally, we estimated the point prevalence of H.
pylori DNA mutations conferring resistance to clarithromycin and levofloxacin.

Research methods

We conducted a prospective two-center diagnostic test accuracy study. We
enrolled consecutive people ≥ 18 years old without previous diagnosis of H.
pylori infection, referred for dyspepsia between February and October 2017.
At enrollment, all participants underwent 13C-urea breath test. Participants
aged over 50 years were scheduled to undergo upper endoscopy with
histology. Participants collected stool samples 1-3 d after enrollment for the
THD fecal test. The detection of bacterial 23S rRNA subunit gene indicated H.
pylori infection. We also used the index diagnostic test to examine mutations
conferring resistance to clarithromycin and levofloxacin. Independent
investigators analyzed the index test and reference standard test results blinded
to the other test findings, participants’ information and histology results. We
estimated diagnostic accuracy parameters, together with their 95% confidence
intervals. The novelty of our research methods included an a priori sample
size, a prospective enrollment of consecutive participants, and the blindingof
outcome assessors. This approach increased the certainty of our findings.

Implications for practice and research / conclusions

In conclusion, our results indicate that the THD fecal
test has high diagnostic performance for non-invasive
detection of H. pylori infection in patients with dyspeptic
symptoms while enabling identification of bacterium
resistance to clarithromycin and levofloxacin. The THD
fecal test may assist in the conduct of randomized
trials to evaluate the benefits and harms of tailored
eradication strategies in first-line. On these bases, the
THD fecal test may inform clinical decision-making and
guide individualized treatments for H. pylori infection.
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Research results

Out of 294 participants, 95 (32.3%) had a positive 13C-urea breath test. Four
(1.4%) participants withdrew from the study after the enrollment visit. In the
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290 participants who completed the study, the THD fecal test sensitivity was
90.2% (CI: 84.2%-96.3%), specificity 98.5% (CI: 96.8%-100%), positive
predictive value 96.5% (CI: 92.6%-100%), negative predictive value 95.6% (CI:
92.8%-98.4%), accuracy 95.9% (CI: 93.6%-98.2%), positive likelihood ratio
59.5 (CI: 19.3-183.4), negative likelihood ratio 0.10 (CI: 0.05-0.18). Out of 83
H. pylori infected participants identified with the THD fecal test, 27 (32.5%) had
bacterial strains resistant to clarithromycin, 3 (3.6%) to levofloxacin, and 4 (4.8%)
to both antibiotics.

8

9

Research conclusions

Our results indicate that the THD fecal test has high diagnostic accuracy for the
non-invasive diagnosis of H. pylori infection in patients with dyspeptic symptoms,
while enabling identification of bacterium resistance to clarithromycin and
levofloxacin. The certainty of our findings is based on the rigorous methodological
approach used in the assessment of the THD fecal test diagnostic performance.
THD fecal testing may inform clinical decision-making and guide individualized
therapies to eradicate H. pylori infection.

10

11

Research perspectives

12

The spread of H. pylori resistance to antibiotics has prompted the investigation
of the efficacy of antibiotic susceptibility-guided therapies. THD fecal testing
may assist in the conduct of randomized trials to evaluate the benefits and
harms of tailored eradication strategies in first-line.

13
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Medical Ethics Review Board
of Taizhou Hospital of Zhejiang Province.

AIM
To evaluate the long-term efficacy of endoscopic resection
(ER) for small (≤ 4.0 cm) gastric gastrointestinal stromal
tumors (GISTs) originating from the muscularis propria
layer.

Informed consent statement: All participants provided
informed consent prior to study enrollment.

METHODS
Between June 2005 and February 2015, we retrospectively
analyzed 229 consecutive patients with gastric MP-GISTs
who underwent ER with a follow-up at least 36 mo. The

Conflict-of-interest statement: There are no conflicts of interest
to report.
Data sharing statement: No additional data are available.
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main outcome measurements included complete resection
rate, complications, and long-term follow-up outcomes.

24(27): 3030-3037 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i27/3030.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i27.3030

RESULTS
ER included endoscopic muscularis excavation in 179
cases, endoscopic full-thickness resection in 32 cases,
and submucosal tunneling endoscopic resection in 18
cases. The median size of GISTs was 1.90 cm. Of the
229 GISTs, 147 were very low risk, 72 were low risk,
8 were intermediate risk, and 2 were high risk. Shortterm outcomes showed the complete resection rate was
96.5%, and 8 patients (3.5%) had complications. Of the
8 patients with complications, only one patient required
surgical intervention. Long-term outcomes showed 225
patients were actively followed-up until composition
of this manuscript. The remaining 4 patients were lost
because of unrelated death. During the follow-up period
(median, 57 mo), no residual, recurrent lesions, or
distant metastasis were detected in any patients. Binary
logistic regression analysis showed tumor size was a risk
factor associated with a high mitotic index (≥ 5/50 HPF)
of GISTs (P = 0.002).

INTRODUCTION
Recently, endoscopic resection (ER) has become one
of the prevailing treatments for small (≤ 4.0 cm)
gastric gastrointestinal stromal tumors originating
from the muscularis propria layer (MP-GISTs), in many
[1-6]
countries . However, its long-term effectiveness still
remains debatable. Some surgeons have posited that
ER can result in insufficient margins that would likely
increase the risk of tumor recurrence or implantation
metastasis. Thus, laparoscopic wedge resection (LWR)
is still recommended for treating small gastric MP[7-9]
GISTs . Nevertheless, LWR is associated with a number
of serious long-term complications. Especially when the
tumor is located near or in the gastric cardia or pylorus,
resection of the gastric cardia or pylorus might lead to
irreparable damage to the cardioesophageal sphincter or
pylori sphincter, leaving patients prone to certain diseases
[7, 9,10]
associated with digestive fluid reflux
.
Although recurrent tumors or implantation metastasis
events were extremely rare according to the available
literature where ER has been used for small gastric MPGISTs, such study series were relatively small or only had
[2,11-14]
a short follow-up period of less than 36 mo
. Since
June 2005, our endoscopy center has been using ER
for small (≤ 4.0 cm) upper gastrointestinal subepithelial
tumors originating from the muscularis propria layer (MPSETs). Up to December 2017, we had completed 1021
cases of ER for small (≤ 4.0 cm) upper gastrointestinal
MP-SETs. Within those 1021 cases, we selected 229
consecutive patients who had gastric MP-GISTs less than
4.0 cm with at least 36 mo of follow-up after ER, and
demonstrated the long-term safety and efficacy of ER for
this type of tumor.

CONCLUSION
ER seems to be an effective and safe method for gastric
MP-GISTs ≤ 4.0 cm, and, for some intermediate or high
risk GISTs, adjuvant therapy and/or additional surgery
might be required to reduce the risk of recurrence or
metastasis.
Key words: Endoscopic resection; Endoscopic fullthickness resection; Submucosal tunneling endoscopic
resection; Gastric gastrointestinal stromal tumors;
Long-term outcomes
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The long-term effectiveness of endoscopic
resection for small (≤ 4.0 cm) gastric gastrointestinal
stromal tumors originating from the muscularis propria
layer (MP-GISTs) still remains debatable. In our study,
we included a larger sample size with a longer followup period to assess the long-term safety and efficacy of
ER for gastric MP-GIST. Long-term outcomes showed
225 patients were actively followed-up until composition
of this manuscript. The remaining 4 patients were
lost because of unrelated death. During the follow-up
period (median, 57 mo), no residual, recurrent lesions,
or distant metastasis were detected in any patients.
Endoscopic resection seems to be an effective and safe
method for gastric MP-GISTs ≤ 4.0 cm, and, for some
intermediate or high risk GISTs, adjuvant therapy and/
or additional surgery might be required to reduce the
risk of recurrence or metastasis.

MATERIALS AND METHODS
Study design and patients

This retrospective cohort study was approved by
the Ethics Committee of Taizhou Hospital, Wenzhou
Medical College. Data from patients with gastric MPGISTs who underwent ER were reviewed between June
2005 and February 2015 at the Information Systems
Department of Taizhou Hospital of Zhejiang Province.
Patients were included if they met all of the following
criteria: (1) The patient had a gastric MP-GIST that was
diagnosed histopathologically as a GIST after ER; (2)
the tumors were 1.0-4.0 cm in size and did not exhibit
bleeding, ulceration, or scarring; and (3) the patient
had no evidence of lymph node metastasis assessed
by endoscopic ultrasonography (EUS) or computed
tomography (CT) examination preoperatively and also
did not have other malignant tumors. According to

Zhang Y, Mao XL, Zhou XB, Yang H, Zhu LH, Chen G, Ye
LP. Long-term outcomes of endoscopic resection for small
(≤ 4.0 cm) gastric gastrointestinal stromal tumors originating
from the muscularis propria layer. World J Gastroenterol 2018;
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the inclusion criteria, 229 consecutive patients with
gastric MP-GISTs were included. Before the endoscopic
procedure, informed consent was obtained from all
patients in accordance with the institutional protocol.

a hybrid knife, and the lesion was excavated from the
MP layer through the submucosal tunnel until complete
lesion separation. Lastly, the mucosal incision site was
closed with clips after adequate hemostasis and tumor
[15]
removal .

Endoscopic procedures

Outcome measurements

ER included endoscopic muscularis excavation (EME),
endoscopic full-thickness resection (EFTR), and submu
cosal tunneling endoscopic resection (STER). Between
June 2005 and July 2011, patients with gastric MPGISTs usually were treated by EME. If the tumor
had the characteristic of extensive connection to the
underlying MP or serosal layer, EFTR was performed to
resect it completely. Since August 2011, if the tumor
was located in the cardia, the proximal body, or fundus
of the stomach near the cardia where a submucosal
tunnel can be established, we applied the STER technique
[1]
to resect it .
All ER procedures were performed under general
anesthesia by a highly skilled endoscopist (LPY) in the
operating room. The basic equipment and accessories
included a single-channel endoscope (Q-260 J, Olympus)
and/or a dual-channel endoscope (GIF-2T240, Olympus),
an electrosurgical generator (ICC 200; ERBE, Tübingen,
Germany), argon plasma coagulation (APC 300, ERBE),
and a carbon dioxide insufflator (Olympus Optical).
When performing EME, injection solution (100 mL
saline plus 2 mL indigo carmine and 1 mL epinephrine)
was used to make a submucosal elevation after placing
marking several dots around the tumor. A cross or
circumferential mucosal incision was made to reveal
the lesion with a hook knife (KD-620LR; Olympus), and
then a circumferential resection was performed along
the edge of the lesion until the lesion was completely
excavated from the muscularis propria (MP) layer with
an insulated-tip knife (KD-611L, IT2; Olympus) or a
[15]
hybrid knife (ERBE) .
When performing EFTR (Figure 1), several dots and
a submucosal elevation were made similar to the EME
procedure, and then a circumferential incision was made
along the marking dots until the intraluminal side of the
lesion was fully revealed. Subsequently, a small puncture
was first made in the seromuscular layer of the lesion
with an insulated-tip knife (KD-611L, IT2; Olympus),
and then the resection was continuously performed
along the puncture. A snare resection was made to
completely remove the lesion after three-quarters of the
circumference of the tumor was resected. Finally, the
gastric wall defect was closed with several clips and an
endoloop or an over-the-scope clip (OTSC) after tumor
[15]
removal .
When performing STER (Figure 2), the lesion was
first marked by submucosal injection of methylene
blue, and then a 2 cm longitudinal mucosal incision was
made 5 cm above the lesion with a hook knife (KD620LR, Olympus), which was used as the entry point.
Subsequently, a submucosal tunnel was created between
the submucosal and muscular layers to the lesion using

WJG|www.wjgnet.com

The main measurements of this study were divided into
two parts: short-term outcomes and long-term outcomes.
Short-term outcomes included complete resection and
complications. Complete resection refers to tumors
removed en bloc with no apparent residual tumor at the
resection site and with negative margins upon pathologic
[1]
examination . In this study, complications were identified
as perioperative bleeding, delayed bleeding, localized
peritonitis, or perforation requiring surgical intervention.
Perforation that did not require surgical intervention
and could be closed by endoscopic methods was not
[2]
considered a complication . Long-term outcomes
included rates of local recurrence and distant metastasis
in patients who were followed up for more than 3 years.
Local recurrence was defined as the identification of a
lesion located on or adjacent to the scar of the previous
[1]
ER, which was subsequently confirmed via biospy .

Follow-up

All 229 patients were included in a prospectively
maintained database at the Medical Information Centre
of Taizhou Hospital of Zhejiang Province. Every patient
with a gastric MP-GIST was examined with gastroscopy
to check for wound healing at 3 mo and 6 mo after
ER, and every patient also underwent EUS to check for
residual lesions at 3 mo. Subsequently, gastroscopy
and/or EUS was performed to look for local recurrent
lesions, and abdominal ultrascan and/or CT were used
to check distant metastasis every year, indefinitely.

Statistical analysis

Data were analyzed using SPSS 20.0 software (SPSS
Inc., Chicago, IL, United States). For descriptive statistics,
the mean was used in the case of a normal distribution
of variables, whereas the median (interquartile range)
was used for variables with a skewed distribution. Binary
logistic regression analysis was used to test for effect
associations among independent variables and a high
mitotic index (5/50 HPF) of GISTs. A P value < 0.05 was
considered statistically significant.

RESULTS
Patient and tumor characteristics

A total of 229 consecutive patients with gastric MP-GISTs
were included in this study (143 females, 86 males;
mean age 54.9 ± 10.8 years old). As displayed in Table
1, 29 GISTs were located in the gastric cardia, 118 in
the gastric fundus, 72 in the gastric body, and 10 in the
antrum. The median size of GIST specimens was 1.90
cm (interquartile range 1.55-2.40 cm). All 229 GISTs had
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was 4 d (range 1-10 d, interquartile range 3-6 d). The
median length of hospital stay after ER was 5 d (range
1-14 d, interquartile range 3-7 d).

Table 1 Demographic and clinicopathologic features of 229
gastric MP-GISTs n (%)
Endoscopic resection (n = 229)

Parameters
Age (yr), mean ± SD
Gender
Male
Female
Tumor size (cm), median
(interquartile range)
Tumor location
Cardia
Fundus
Body
Antrum
Tumor growth pattern
Intraluminal growth
Extraluminal growth
EUS characteristics
Homogeneous echo
Inhomogeneous echo
Mitotic index
< 5/50 HPF
5-10/50 HPF
≥ 10/50 HPF
NIH risk classification
Very low
Low risk
Intermediate risk
High risk

Complications

54.9 ± 10.8

In this study, 8 patients had complications (3.5%,
8/229), including 5 patients with perioperative bleeding
(2.2%, 5/229), 2 patients with localized peritonitis (0.9%,
2/229), and one patient with delayed bleeding (0.4%,
1/229). Of the 8 patients with complications, only one
patient with perioperative bleeding was converted to
laparoscopic surgery (0.4%), and the other 7 patients
were managed successfully by endoscopic methods and
conservative treatment (gastrointestinal decompression,
the intravenous infusion of antibiotics and esomeprazole).
No patients had other serious complications.

86
143
1.90 (1.55-2.40)
29 (12.7)
118 (51.5)
72 (32.1)
10 (3.3)
178 (77.7)
51 (22.3)
197 (86.0)
32 (14.0)

Long-term outcomes

In this study, 225 out of 229 patients with gastric MPGISTs were actively followed-up until composition of
this manuscript. The remaining 4 patients were lost
to follow-up because of unrelated death. Two patients
with very low risk GISTs died of cordis and cerebral
accident at 53 and 86 mo post-endoscopic procedure,
respectively. Another patient with a low risk GIST died
of pneumonia at 47 mo, and the last patient with a very
low risk GIST died from traffic-accident at 59 mo.
The median follow-up period after ER was 57 mo
(range 36-132 mo; interquartile range 46-71 mo. In
this study, 2 patients with high-risk GISTs took imatinib
mesylate to prevent recurrence or metastasis, whereas
the other 8 patients with intermediate-risk GISTs
were unable to take imatinib mesylate because they
were unable afford the medication. During the followup period, no residual, recurrent lesions, or distant
metastasis were detected in any patients, including
8 patients without complete resection. Furthermore,
all 229 patients who underwent ER maintained their
previous quality of life.

219 (95.6)
8 ( 3.5)
2 ( 0.9)
147 (64.2)
72 (31.4)
8 ( 3.5)
2 ( 0.9)

EUS: Endoscopic ultrasonography.

a low-level echo, including a homogeneous echo in 197
cases and an inhomogeneous echo in 32 cases.
219 out of 229 GISTs had a mitotic count of < 5 per
50 high-power fields, 8 out of 229 GISTs had a count of
5-10 per 50 high-power fields, and 2 out of 229 GISTs
had a count of ≥ 10 per 50 high-power fields. According
[16]
to the NCCN guidelines , 147 GISTs were very low
risk, 72 were low risk, 8 were intermediate risk, and 2
were high risk.

Treatment outcomes

In this study, 179 GISTs were treated with EME, 32
GISTs were treated with EFTR, and 18 GISTs were
treated with STER. The mean time of ER procedure
was 52.8 ± 16.1 min. Complete resection by ER was
achieved in 221 lesions (96.5%). Among the other
8 GISTs without complete resection, 3 GISTs were
resected in one piece during EME technique, but the
tumor margin could not be evaluated definitively
because of electrocautery, and the other 5 GISTs were
resected piecemeal during the EME procedure. Of the
8 GISTs, 5 were located in the gastric fundus and 3 in
the gastric body. The size of these GISTs in diameter
was ranged 2.7 cm to 3.6 cm. According to the NCCN
guidelines, these 8 GISTs were all low risk. Because
those patients were unwilling to accept the potential
risk of the surgery, further surgical resection was not
performed after pathological examination. The median
time from endoscopic treatment to a no-residue diet

WJG|www.wjgnet.com

Risk factors associated with a high mitotic index (≥ 5/50
HPF) of GISTs

Risk factors analyzed included: Age (≤ 40 years
old, 41-60 years old, 60 years old), gender (male,
female), tumor size (< 2.0, 2.0-3.0, and ≥ 3.0 cm),
tumor location (antrum with an OR value defined as 1,
compared with body, fundus, and cardia), and tumor
growth pattern (intraluminal, extraluminal). Among the
analyzed factors, tumor size was the only risk factor
associated with a high mitotic index (≥ 5/50 HPF) of
GISTs (OR = 6.675; 95%CI: 2.047-21.771; P = 0.002;
Table 2).

DISCUSSION
Gastric MP-GISTs are among the most common gastric
MP-SETs, which account for about 13.0%-71.4% of
[1,5,10,17,18]
all gastric SETs
. A proportion of gastric MP-
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A

B
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D
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F

G

10 μm

H

20 μm

Figure 1 Endoscopic full-thickness resection for a gastrointestinal stromal tumors located in the gastric fundus. A: Endoscopy showed a SET was located in
the gastric fundus; B: EUS showed the same tumor mainly bulged into the extraluminal space and had an extensive connection to the MP layer of the stomach; C: The
tumor, including its underlying MP and serosa, was resected; D and E: The gastric wall defect was closed using clips combined with an endoloop; F: The resection
specimen was a 2.7 cm tumor; G: Immunohistochemistry showed that CD117 was present in most tumor cells (original magnification × 100); H: Mitotic figures could
be found easily (original magnification × 400). EUS: Endoscopic ultrasonography.

A

B

C

E

F

G

D

10 μm

H

20 μm

Figure 2 Submucosal tunneling endoscopic resection for a gastrointestinal stromal tumors located in the gastric cardia. A: Endoscopy showed a SET
was located in the gastric cardia; B: EUS showed the same tumor mainly bulged into the extraluminal space and had an extensive connection to the MP layer of
the stomach; C: The tumor was resected from the MP layer via submucosal tunneling; D and E: The mucosal incision site was closed with several clips after tumor
removal; F: The resection specimen was a 2.4 cm tumor; G: Immunohistochemistry showed that CD34 was present in most tumor cells (original magnification × 100); H:
Mitotic figures could not be found (original magnification × 400). EUS: Endoscopic ultrasonography.

GISTs are known to possess some degree of malignant
potential, which usually cannot be diagnosed accurately
before surgical or endoscopic removal. Resection is
often recommended because it not only provides an
accurate diagnosis, but also may be curative if the
[10,15]
lesion is removed completely
. Currently, ER is
being increasingly used for gastric MP-GIST removal.
However, additional evidence is required to support
the long-term effectiveness of ER for the treatment of

WJG|www.wjgnet.com

gastric GISTs. Compared with the published studies, our
study included a larger sample size with a longer followup period to assess the long-term safety and efficacy
of ER for gastric MP-GIST, which would increase the
evidence and support for the use of ER to treat/remove
gastric MP-GISTs.
Short-term outcomes of this study showed complete
resection by ER was achieved in 221 lesions (96.5%), and
complications occurred in 8 patients (3.5%), including 5
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Table 2 Risk factors associated with a high mitotic index (5/50 HPF) of gastrointestinal stromal tumors
High mitotic index (> 5/50 HPF)
Age, yr (≤ 40, 40 to ≤ 60, and > 60)
Gender (male, female)
Tumor size, cm (< 2.0, 2.0-3.0, and ≥ 3.0)
Tumor location (cardia, fundus, body, and antrum)
Tumor growth pattern (intraluminal, extraluminal)

Odds ratio

95%CI

P value

6.675
-

2.047-21.771
-

0.756
0.982
0.002
0.505
0.069

Table 3 Detailed information of studies evaluating endoscopic resection for gastric gastrointestinal stromal tumors
Publication
year

Study
design

Case n

Endoscopic
procedure

Tumor size,
mean ± SD
(cm)

Pathologic risk
grade, n

Feng et al[14]

2015

RS

50

Endoscopic
resection

<2

MI ≤ 5, 41 MI > 5, 9

Shen et al[13]

2015

RS

32

ER

1.70 ± 0.36

Joo et al[4]

2016

RS

90

ESD, 72 STER, 8
EMR, 7 EFTR, 2
Polypectomy, 1

2.3 ± 1.2

Tan et al[21]

2017

RS

52

An et al[11]

2017

RS

168

Balde et al[18]

2017

RS

30

Meng et al[19]

2017

RS

75

Andalib et al[2]

2018

RS

12

-

RS

229

Author

This study

Very low, 9 low,
18 intermediate, 3
high, 2
Very low, 45 Low,
28 Intermediate, 1
High, 6

surgical
Complete
Recurrence Follow-up
resection n intervention
n (%)
(mo)
n (%)
(%)
NA

1 (2.0)

0

321 (12-65)

32 (100)

1 (3.1)

1 (3.1)

31.51 (2-53)

88 (97.8)

5 (5.6)

2 (2.2)

46.0 ± 28.5

1 (1.9)

1 (1.9)

10.9 ± 7.8
23.8 ± 18.6

0

0

251 (6-67)

NA

2 (6.7)

57.9 (± 28.9)

NA

2 (2.7)

3.3 yr1 1-7
yr

0

0

121 (6.5-24)

1

0

571 (46-71)

STER, 17.8 ±
STER, 20 EFTR,
Low, 26
En bloc 50
7.2; EFTR, 15.4
32
Intermediate, 26
(96.2)
± 6.6
Very low, 117 Low, En bloc 168
ESD
1.51 (0.5-6)
37 Intermediate, 14
(100)
Very low, 22 Low,
ESD
1.51 (1.0-1.8)
27 (90.0)
4 Intermediate, 4
ESD

1.44 ± 0.67

NA

NA

Low, 11
11 (91.7)
Intermediate, 1
Very low, 147 Low,
EME, 179 EFTR,
1.901 (1.0-4.0) 72 Intermediate, 8 221 (96.5)
32 STER, 18
High, 2
EN, 5 EFTR, 7

2.41 (1.0 - 5.0)

1

Median. RS: Retrospective; ER: Endoscopic resection; ESD: Endoscopic submucosal dissection; STER: Submucosal tunneling endoscopic resection; EMR:
Endoscopic mucosal resection; EN: Endoscopic enucleation; EME: Endoscopic muscularis excavation; EFTR: Endoscopic full-thickness resection; MI: Mitotic
index.

patients with perioperative bleeding (2.2%), 2 patients
with localized peritonitis (0.9%), and one patient with
delayed bleeding (0.4%, 1/229). Among the 8 patients
with complications, only one patient with perioperative
bleeding required a conversion to laparoscopic surgery.
No patients had other serious complications. These shortterm outcomes were consistent with previously published
findings from a number studies evaluating the use of ER
[2,4,11,12,14]
for the treatment of gastric GISTs
. According to
these short-term outcomes, ER is a feasible treatment
for gastric MP-GISTs.
The risk of local recurrence associated with ER for
gastric GISTs was a major concern of some surgeons.
Recently, a number of studies using ER to treat gastric
GISTs have shown that the recurrence rate ranged
[2-4,11-14,19]
from 0 to 6.7% (Table 3)
. In 3 of these studies
with a mean/median follow-up period of ≥ 36 mo, the
[3,4,19]
recurrence rate ranged between 2.2% and 6.7%
.
In our study, no patient experienced a local recurrence
or distant metastasis during a median follow-up period

WJG|www.wjgnet.com

of 57 mo. Some differences in the rate of recurrence
might be explained by the single-center retrospective
design, different inclusion criteria applied in different
studies, different pathologic risk grades of gastric
GISTs, and different ER methods performed in different
endoscopic centers.
Complete resection might be a key factor associated
with a low recurrence rate in patients with gastric
GISTs. Our experience of complete resection for
gastric MP-GISTs can be concluded as follows. First,
the tumor size of gastric MP-GISTs might be no more
than 4.0 cm in diameter. When the tumor size is > 4
cm in diameter, it is very difficult to remove the tumor
en bloc with an endoscopic approach, because of the
[1,2]
limitations of the cardia and esophagus space .
Meanwhile, larger tumor size is associated with certain
disadvantages, such as a narrower endoscopic view,
higher complication rate, and longer endoscopic
resection time. Therefore, in our endoscopy center,
surgical resection still is the first choice for patients with
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(MP-GISTs) still remains debatable.

gastric GISTs > 4 cm. Second, the tumor capsule must
be kept intact during ER. Submucosal injection solution
was repeatedly injected into the surrounding tissue,
which allowed for the differentiation of the MP layer
from the tumor mass, which avoided tumor capsule
rupture when making a circular resection around the
lesion. Third, the tumor should be assessed by EUS and
CT before ER. For some lesions with high risk features
(irregular border, cystic spaces, echogenic foci, and
internal heterogeneity) identified on EUS or metastasis
confirmed by CT, ER is absolutely contraindicated.
Finally, EFTR is recommended when the gastric MPGIST has extraluminal growth or is tightly connected to
the underlying MP or serosal layer.
According to several previous studies, the mitotic
[4,13,20]
index is an important prognostic factor for GISTs
.
Several previous studies reported that even small
GISTs (< 2.0 cm) have malignant potential with a high
[4,13]
mitotic index
. In this study, we found 8 out of 229
GISTs had an index of 5-10 per 50 high-power fields,
and 2 out of 229 GISTs had an index of ≥ 10 per 50
high-power fields. Subsequently, we analyzed the risk
factors associated with the high mitotic index (≥ 5/50
HPF) and found that tumor size was significantly and
independently related to a high mitotic index (OR =
6.675, P = 0.002). Thus, tumor size is still another
important factor associated with the malignant potential
of small gastric GISTs, which might affect the long
term prognosis of patients with gastric GISTs. For
some GISTS, classified as intermediate or high risk,
adjuvant therapy (imatinib mesylate, etc.) and/or
additional surgery are recommended to reduce the risk
[21,22]
of recurrence after ER
.
However, this study had a few limitations. First,
this is a single-center, retrospective cohort study, and
a selection bias may be present, even though the data
were collected from a prospectively maintained database.
Second, the lack of randomization might be another
factor contributing to selection bias. Third, 4 out of 229
patients discontinued follow-up because of unrelated
death. Finally, our institution is a tertiary endoscopic
center in Zhejiang Province, and all endoscopic operations
were performed by an experienced endoscopist. Thus,
the results in this study might not apply to all centers.
Therefore, a randomized, controlled, multicenter study is
needed to evaluate the safety of ER for small (≤ 4.0 cm)
gastric GISTs.
In conclusion, ER might be an effective and safe
therapeutic method for patients with gastric MP-GISTs
≤ 4.0 cm, and for some patients with intermediate or
high risk GISTs, adjuvant therapy (imatinib mesylate,
etc.) and/or additional surgery might be required to
reduce the risk of recurrence.

Research motivation

A larger sample size with a longer follow-up period were included to assess the
long-term safety and efficacy of ER for gastric MP-GIST

Research objectives

Evaluate the long-term efficacy of ER for small gastric gastrointestinal stromal
tumors originating from the muscularis propria layer.

Research methods

We retrospectively analyzed 229 consecutive patients with gastric MP-GISTs
who underwent ER with a follow-up at least 36 mo, between June 2005 and
February 2015. The main outcome measurements included complete resection
rate, complications, and long-term follow-up outcomes.

Research results

The outcomes showed that 225 patients were actively followed-up. The
remaining 4 patients were lost because of unrelated death. During the followup period, no residual, recurrent lesions, or distant metastasis were detected in
any patients.

Research conclusions

Endoscopic resection seems to be an effective and safe method for gastric MPGISTs ≤ 4.0 cm, and for some intermediate or high risk GISTs, adjuvant therapy
might be required to reduce the risk of recurrence or metastasis.

Research perspectives

Endoscopic resection might be an effective and safe therapeutic method
for patients with gastric MP-GISTs ≤ 4.0 cm, and for some patients with
intermediate or high risk GISTs, adjuvant therapy (imatinib mesylate, etc.) and/
or additional surgery might be required to reduce the risk of recurrence.
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AIM
To assess the quality of and to critically synthesize the
available data on hepatitis C infections in the Middle
East and North Africa (MENA) region to map evidence
gaps.
METHODS
We conducted an overview of systematic reviews
(SRs) following an a priori developed protocol
(CRD42017076736). Our overview followed the preferred
reporting items for systematic reviews and metaanalyses guidelines for reporting SRs and abstracts and
did not receive any funding. Two independent reviewers
systematically searched MEDLINE and conducted a
multistage screening of the identified articles. Out of
5758 identified articles, 37 SRs of hepatitis C virus (HCV)
infection in populations living in 20 countries in the MENA
region published between 2008 and 2016 were included
in our overview. The nine primary outcomes of interest
were HCV antibody (anti-) prevalences and incidences
in different at-risk populations; the HCV viremic (RNA
positive) rate in HCV-positive individuals; HCV viremic
prevalence in the general population (GP); the prevalence
of HCV co-infection with the hepatitis B virus, human
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immunodeficiency virus, or schistosomiasis; the HCV
genotype/subtype distribution; and the risk factors for
HCV transmission. The conflicts of interest declared by
the authors of the SRs were also extracted. Good quality
outcomes reported by the SRs were defined as having
the population, outcome, study time and setting defined
as recommended by the PICOTS framework and a
sample size > 100.

Core tip: To achieve hepatitis C virus (HCV) infection
elimination goals by 2030, precise prevention strategies
targeting specific populations at higher risk of acquiring
HCV infection and treatment programs require the
development of evidence-based health policies. HCV
infection epidemiology in the countries of the Middle
East and North Africa was characterized in 37 systematic
reviews (SR) during the last decade. Our systematic
overview critically analyzes and synthesizes the findings
of these SRs to map the evidence gaps in the region.
Additionally, we assessed the quality of the reported
outcomes and documented conflicts of interest of the
SR authors who disclosed financial relationships with
pharmaceuticals.

RESULTS
We included SRs reporting HCV outcomes with different
levels of quality and precision. A substantial proportion of
them synthesized data from mixed populations at differing
levels of risk for acquiring HCV or at different HCV
infection stages (recent and prior HCV transmissions).
They also synthesized the data over long periods of time
(e.g. , two decades). Anti-HCV prevalence in the GP varied
widely in the MENA region from 0.1% (study dates not
reported) in the United Arab Emirates to 2.1%-13.5%
(2003-2006) in Pakistan and 14.7% (2008) in Egypt.
Data were not identified for Bahrain, Jordan, or Palestine.
Good quality estimates of anti-HCV prevalence in the GP
were reported for Algeria, Djibouti, Egypt, Iraq, Morocco,
Pakistan, Syria, Sudan, Tunisia, and Yemen. Anti-HCV
incidence estimates in the GP were reported only for
Egypt (0.8-6.8 per 1000 person-year, 1997-2003). In
Egypt, Morocco, and the United Arab Emirates, viremic
rates in anti-HCV-positive individuals from the GP were
approximately 70%. In the GP, the viremic prevalence
varied from 0.7% (2011) in Saudi Arabia to 5.8%
(2007-2008) in Pakistan and 10.0% (2008) in Egypt.
Anti-HCV prevalence was lower in blood donors than
in the GP, ranging from 0.2% (1992-1993) in Algeria
to 1.7% (2005) in Yemen. The reporting quality of
the outcomes in blood donors was good in the MENA
countries, except in Qatar where no time framework
was reported for the outcome. Some countries had
anti-HCV prevalence estimates for children, transfused
patients, contacts of HCV-infected patients, prisoners,
sex workers, and men who have sex with men.

Chaabna K, Cheema S, Abraham A, Alrouh H, Lowenfels AB,
Maisonneuve P, Mamtani R. Systematic overview of hepatitis
C infection in the Middle East and North Africa. World J
Gastroenterol 2018; 24(27): 3038-3054 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i27/3038.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i27.3038

INTRODUCTION
In 2017, the World Health Organization estimated that
71 million people suffer from chronic hepatitis C virus
[1]
(HCV) infection worldwide . In 2015, HCV infection
[1]
resulted in 399000 deaths , predominantly from
complications such as liver cirrhosis and hepatocellular
[1,2]
carcinoma (HCC) . Egypt had the largest iatrogenic
transmission of blood-borne pathogens in the general
[3]
population (GP) worldwide . The use of parenteral
anti-schistosomiasis therapy in Egypt, extensively
practiced with poor sterile techniques since the 1920s,
is considered to be the leading cause of the dramatic
[3]
increase in the human HCV reservoir in the GP . In
Egypt, HCV antibody (anti-) prevalence was estimated
[4]
[5]
to be 15% in 2008 and 6% in 2014 . Globally,
Pakistan has the second largest number of people with
[6]
viremic HCV infection, after China . Due to the high
burden of HCV infection in Egypt and Pakistan, the
MENA region has been identified as the region most
affected region by HCV worldwide.
Our primary objective was to assess the quality of
the data reported by the published systematic reviews
(SRs) of HCV epidemiology in MENA countries taking
into account conflict of interest disclosed by the authors
of these SRs. Secondarily, we aimed to critically analyze
all data reported by the SRs to map evidence gaps and
to report a comprehensive synthesis.

CONCLUSION
A substantial proportion of the reported outcomes may
not help policymakers to develop micro-elimination
strategies with precise HCV infection prevention and
treatment programs in the region, as nowcasting HCV
epidemiology using these data is potentially difficult.
In addition to providing accurate information on HCV
epidemiology, outcomes should also demonstrate
practical and clinical significance and relevance. Based
on the available data, most countries in the region
have low to moderate anti-HCV prevalence. To achieve
HCV elimination by 2030, up-to-date, good quality data
on HCV epidemiology are required for the GP and key
populations such as people who inject drugs and men
who have sex with men.
Key words: Hepatitis C; meta-research; risk factors;
incidence; genotype; Middle East and North Africa;
systematic review; Micro-elimination; Pakistan; Gulf
Cooperation Council
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We conducted an overview of SRs based on the Cochrane
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[7]

Handbook for Systematic Reviews of Interventions .
This overview is part of the Population Health
Publications Assessment Project that aims to assess the
methodological quality of published SRs on population
health issues in the MENA region. The ultimate goal of
[8]
this meta-research (i.e., research on research ) is to
evaluate and contribute to the improvement of population
[9]
health research practices in the MENA region .
An a priori protocol was registered with the
International Prospective Register of Systematic Reviews
[10]
(PROSPERO registration number CRD42017076736) .
We report this overview according to the standards
set out in the preferred reporting items for syste
matic reviews and meta-analyses (PRISMA) 2009
[11-13]
[11,12]
guidelines
. PRISMA checklists for SRs
and
[13]
abstracts
are reported as Supplementary Materials 1
and 2, respectively. We also assessed the methodological
quality of our overview using the Assessment of Multiple
[14]
Systematic Reviews (AMSTAR) tool . The AMSTAR
checklist is provided as Supplementary Material 3.

HCV transmission. Additionally, we extracted conflicts of
interest reported by the SR authors.

Literature search and data management

Two reviewers (AA and HA) independently and
systematically searched the Medical Literature Analysis
and Retrieval System Online (MEDLINE) through the
[16]
search engine PubMed
using broad search criteria
(Supplementary Material 4). The search criteria,
limited to reviews, systematic reviews, and metaanalysis, identified 5758 reviews (Figure 1). After
removing duplicate publications of the same reviews
[17]
with Endnote , title/abstract screening and then fulltext screening were conducted by AA and HA with
[18,19]
Rayyan software
. Discrepant inclusions of SRs were
discussed by AA, HA, and KC under the supervision of the
senior authors. We eventually included 37 SRs of HCV
infection in MENA countries (Figure 1). The characteristics
of these included SRs are described in Supplementary
Material 5. Data extraction was conducted by AA and KC
and crosschecked for accuracy.

Inclusion and exclusion criteria

Conflicts of interest

We included all SRs (publication date: January 2008 to
December 2016) of HCV infection related to the countries
in the MENA region published in peer-reviewed journals
since 2008, the publication year of the first version
of the Cochrane Handbook for Systematic Reviews of
[7]
Interventions . We included MENA countries where
Arabic, English, French, and/or Urdu are the primary
official languages and/or the medium of instruction in the
colleges/universities. These languages are those spoken
by the authors of this overview.

We recorded the conflicts of interest reported by the SR
authors who disclosed financial relationships. An asterisk
(*) was inserted next to the outcomes reported by SRs
with at least one author who disclosed direct or indirect
financial relationships with Gilead Science, AbbVie,
Merck, Bristol-Myers Squibb, or Janssen Therapeutics.
In 2013, Gilead Science launched sofosbuvir-based
regimens to cure chronic infections with HCV genotypes
[20]
1, 2, 3, and 4 (viremic cases) that made elimination
of HCV infection achievable for the first time. A large
proportion of patients (> 90%) treated with sofosbuvir
associated with another direct-acting antiviral drug (DAA)
[21]
demonstrated a sustained virological response . The
recommended regimens and treatment durations differ
according to the HCV genotype infection. Additionally,
[21]
sofosbuvir-based regimens appear to be relatively safe .
However, cases of cardiac events have been reported
when sofosbuvir-based treatments were administered in
[22,23]
combination with amiodarone and/or propranolol
.
Since then, new DAAs have been developed by other
pharmaceuticals (AbbVie, Merck, Bristol-Myers Squibb,
[24]
and Janssen Therapeutics) .

Population of interest

Our population of interest was the population living in
the following 20 countries: Algeria, Bahrain, Djibouti,
Egypt, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco,
Oman, Pakistan, Palestine, Qatar, Saudi Arabia, Sudan,
Syria, Tunisia, the United Arab Emirates (UAE), and
Yemen. These selected MENA countries have a combined
population of over 560 million people, accounting for
[15]
approximately 8% of the world’s population . We
excluded SRs of HCV infection in populations from
countries outside the MENA region and SRs with military
personnel who were based in the MENA region but not
from the region.

Quality assessment and conflict of interest

Primary outcomes

Good quality outcomes reported by the SRs were defined
as having the population, outcome, timing, and setting
[25,26]
defined as recommended by the PICOTS framework
(intervention and comparator being irrelevant in our
[27]
overview) and a sample size > 100 . A maximum score
of six was given to the outcome if the following measures
were included: (1) Population profile, such as pregnant
women and patients under hemodialysis; (2) the method
used for the outcome estimation, such as meta-analysis
or weighted average; (3) the data collection period; (4)
the study geographic location; (5) the number of studies;

We extracted the following variables: Anti-HCV
prevalence and incidence in different at-risk populations,
HCV viremic rates in HCV positive individuals, and HCV
viremic prevalence in the GP. Viremic infection represents
the presence of HCV in the bloodstream detected
with polymerase chain reaction (HCV RNA-positive).
We also extracted the prevalence of co-infection with
HBV (hepatitis B surface antigen, HBsAg), human
immunodeficiency virus (HIV), or schistosomiasis; HCV
genotype/subtype distributions; and risk factors for
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Records identified through
database searching
(n = 5758)

Additional records identified
through other sources
(not applicable)

Eligibility

Screening

Records after duplicates removed
(n = 11)

Records screened
(n = 5747)

Records excluded
(n = 5086)

Full-text articles assessed
for eligibility
(n = 661)

Full-text articles excluded,
2
with reasons
(n = 624)

1

Included

Systematic reviews included
in qualitative synthesis
(n = 37)

Systematic reviews included in
quantitative synthesis (meta-analysis)
(Not applicable)

Figure 1 PRISMA 2009 Flow diagram describing the selection of the systematic reviews reporting hepatitis C outcomes in our systematic overview.
Reasons of exclusion: 1Systematic reviews were excluded from the overview because they did not meet our inclusion criteria; 2Not a systematic review (n = 116), no
hepatitis C outcomes (n = 472), not a polulation from MENA (n = 34), duplicate (n = 1), and publication in Portuguese (n = 1).

and (6) a total sample size > 100.

sexually transmitted infections; healthcare workers;
barbers; contacts of HCV-infected patients; people who
inject drugs (PWID); prisoners; sex workers; and men
who have sex with men (MSM) (Tables 1-3). We took
financial disclosures into account when assessing and
[31]
reporting these outcomes . Whenever two outcomes
describing the same population in the same country
had the same quality score, we reported the outcome
extracted from the SR the authors of which disclosed
no financial relationship with HCV DAA pharmaceutical
companies.

Synthesis

We narratively synthesized the data on HCV infection in
each of the 20 MENA countries in at-risk populations.
We defined the GP as individuals from the community
who are not in any specific population category such
as blood donors or outpatients. More specifically, we
reported HCV epidemiology in the GP separately from
that in blood donors. Blood donors are selected healthy
populations that may not be representative of the
[28,29]
GP
. Therefore, if a SR reported an outcome for the
GP including specific population categories, we reported
this GP specifying all the included population categories.
Extracted data from the included SRs were compiled
into evidence tables. We reported anti-HCV prevalence
in at-risk populations from the SRs and the quality
assessment of the reported prevalence (Supplementary
Materials 6 and 7). Country-level anti-HCV prevalence
was classified into low (< 1.5%), moderate (1.5%-3.5%),
[30]
and high (> 3.5%) levels . If available, we also
reported the viremic rate in anti-HCV positive individuals
and the viremic prevalence in the GP.
For each country, we mapped evidence gaps with
the most up-to-date anti-HCV prevalence with the best
quality assessment (highest quality assessment score)
in the GP; blood donors; pregnant women; children;
patients on dialysis; hemophiliac, thalassemic, and
transfused patients; patients with HCC, acute liver
disease, chronic liver disease (CLD), HIV and/or other

WJG|www.wjgnet.com

RESULTS
Quality assessment - PICOTS framework

Only six out of 37 SRs of HCV epidemiology in the
MENA region published after 2008 conducted a quality
[6,27,32-35]
assessment of the studies included
. HCV
prevalence or incidence is meaningful only when the
population, the outcome, the study setting, and the study
[25]
period are stated (PICOTS framework) . Additionally, for
SRs, reporting the quantitative synthesis method used
and the number of studies included in the synthesis as
[11-13]
recommended by PRISMA guidelines
is critical to
enable the assessment of the quality of the outcome (Tables
1-3). Some SRs failed to precisely report the methodology
[36-38]
they used for their quantitative synthesis
.
In addition to providing a time framework for mor
bidity measurements, reporting the collection period
for HCV prevalence is essential because changes in
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Table 1 Hepatitis C antibody prevalence evidence gap mapping with quality assessment, North Africa and Pakistan
Algeria

Djibouti

Egypt

Libya

Morocco

Sudan

Tunisia

Pakistan

0.2%
(1992-1993)1
0.6% (2008)1

0.3%
(1998-2000)1
No data

0.9%-6.6%
(1992-2001)1
0.4%-2.3% (-)3

0.2%-0.8%
(2005-2011)1
1.0% (-)2

0.0%-1.3%
(2005-2007)1
0.6% (2006)1

0.1%-0.9%
(2000-2010)1
0.2% (2006)1

Children

No data

No data

No data

No data

No data

No data

0.2%-8.6%
(2000-2006)1
5.3%
(2001-2006)1
1.7% (-)2

Hemodialysis, renal dialysis,
and/or dialysis patients
Hemophiliac or other
bleeding disorder patients
Transfused patients

39.0% (-)3

No data

30.0%
(2010-2011)2
No data

No data

1.7%-16.8%
(2006-2009)1
8.6%-12.7%
(-)3
2.1%-5.8%
(2002-2005)1
46.1%-100%
(2002-2009)1
No data

32.3%
(2009-2010)1
No data

8.5%-23.7%
(2005-2010)1
13.0% (2008)2

14.6%-32.6%
(2000-2002)1
55.7% (-)2

No data

No data

10.8%
(1999-2001)1
No data

No data

Thalassemic patients

No data

No data

No data

No data

No data

68.3%-76.0%
(-)3
57.3%
(2003-2006)2
0.0% (1999)1

4.7%
(2008-2009)1
6.1% (-)2

Patients with hepatocellular
carcinoma
Patients with acute liver
disease
Patients with chronic liver
disease
Healthcare workers

11.1%-81.6%
(2000-2008)1
19.5%-69.6%
(2000-2010)1
85.9%
(1997-2004)1
No data

54.1%-68.3%
(2003-2004)1
2.3%-42.4%
(1981-2006)1
No data

No data

No data

No data

No data

No data

No data

No data

Barbers

No data

No data

12.3% (-)3

2.0%-6.8%
(1992-2001)1
No data

Contact of patients with
hepatitis C
People who inject drugs

No data

No data

No data

No data

No data

No data

63.0% (-)2

94.2% (2010)1

Prisoners
Patients with HIV and/or
other sexually transmitted
infection
Sex workers

No data
No data

No data
No data

No data
No data

23.7% (2006)1
44.9%-54.1%
(2003)1

No data

No data

No data

Men who have sex with men

No data

No data

No data

5.2%-7.3%
(2010-2011)1
No data

Blood donors
Pregnant women

No data

No data
No data

73.7%
(1983-1986)2
No data
1.1%-5.0%
(2001-2007)1
No data
22.9%-79.2%
(2010-2012)1
No data
5.4%
(2006-2010)1
No data
No data

11.0%
(1996-1998)1
6.3% (2007)2
No data
0.0%
(2005-2007)1
No data

19.0%-63.5%
(1982-< 1995)2
8.0%-48.0%
(< 1995)3
80.5%
(2005-2008)2
1.0% (2005)1
No data

No data

No data

No data

21.7%-29.1%
(2009-2012)1
No data
35.5%
(1997-2006)1

No data
1.7%
(2010-2012)1
0.0%-5.1%
(2011-2012)1
0.0%-5.9%
(2011-2012)1

38.8%
(2003-2005)1
25.0%-56.0%
(2000-2002)1
13.2%-15.4%
(2002)1
36.2-56.8%
(1999-2003)1
53.7% (-)2
No data
0.0%-86.6%
(2000-2005)1
5.6%-6.0%
(2001-2002)1
No data
4.3%-38.0%
(2000-2004)1
57.0% (-)2
No data
No data

1.1% (2007)1

No data

No data

No data

Prevalence, year of data collection. 1Good quality; 2Average quality; 3Poor quality.

risk factors for HCV were demonstrated over time
[39]
in Egypt and other countries . Out of the 29 SRs
reporting the anti-HCV prevalence, 16 (55%) failed to
accurately report the years during which data collection
[32,34,36-38,40-50]
occurred
. Thirteen SRs did not report the
[34,36-38,40-48]
data collection years at all
, two reported the
publication year as or instead of the data collection period
[32,49]
of the study
, and one SR published in 2011 stated
“unless indicated the estimates were for 2004 because
[50]
of lack of more recent data” . The choice of this year,
i.e., 2004, was not justified and appears arbitrary. For
instance, the authors reported an anti-HCV prevalence
in individuals with sexually transmitted diseases (STD)
in Saudi Arabia of 15.9%* in 2004, as no year was
[50]
indicated . Remarkably, the actual study that estimated
the prevalence in individuals with STDs in Saudi
[51]
Arabia reported 1990 as the year of data collection .
Additionally, we identified SRs pooling the prevalence
measured over a long time period such as a pooled
[52]
estimate for 1982-2010 in Tunisia
or for 1989-2012
[27]
in Sudan . These estimates that encompass long time
periods do not reflect changes in prevalence over time
and do not accurately describe the past and current HCV
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epidemiology in a population.
[50,53]
Similarly, for genotype distribution, only two
[6,27,33,37,38,40,43-45,48-50,53-58]
of the 18 SRs
reported HCV
[50]
genotype/subtype distributions, and one
of the 12
[27,39,40,44,45,50,52,53,57,59-61]
SRs
reported risk factors with
the data collection year provided, which would be an
indicator if changes in genotype/subtype geographical
distributions or in risk factors occurred over time. However,
[33,48,50,52,59,61]
regarding incidence, six SRs
identified data
points, and all of them reported the data collection years
as those provided by the included studies.
Regarding the definitions of populations, we
identified SRs pooling anti-HCV prevalences from
populations at differing risk levels for acquiring HCV
[27,33,37,41,52,59,62,63]
infections
. We question the meaningfulness
of these estimated outcomes for mixed populations. How
would clinicians and policymakers interpret and use an
estimated anti-HCV prevalence for a mixed population
including, for instance, patients with lymphoproliferative
disorders, prisoners, patients with depression, mothers,
[41]
and sex workers ? Regarding the GP, we identified
[27,33,52,59,62]
SRs that combined blood donors with the GP
.
Healthy blood donors (voluntary and non-remunerated)
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Table 2 Hepatitis C antibody prevalence evidence gap mapping with quality assessment, Arab Peninsula
Bahrain

Kuwait

Blood donors

No data

Pregnant women

No data

0.8%-1.2%
(nationals)
(2002)
5.4%-13.5%
(migrants)
(2002)1
No data

Children

No data

Hemodialysis, renal
dialysis, and/or
dialysis patients
Hemophiliac or other
bleeding disorder
patients
Transfused patients
Thalassemic patients
Patients with
hepatocellular
carcinoma
Patients with acute
liver disease
Patients with chronic
liver disease
Healthcare workers
Barbers
Contact of patients
with hepatitis C
People who inject
drugs
Prisoners
Patients with HIV
and/or other sexually
transmitted infection
Sex workers
Men who have sex
with men

Oman

Qatar

Saudi Arabia

0.4%-0.7%
1.1% (nationals and
0.0%-5.6% (nationals
(2006-2011)1 migrants) 0.5%(nationals) and migrants, 1988-2009)
(-)2
0.4%-4.2% (nationals,
1990-2009) 0.0%-34.0%
(migrant, 1990-2002)1

United Arab
Emirates

Yemen

0.5%-1.1%
(2004-2009)1

1.7% (2005)1

13.0%-13.4%
(migrants)
(1994-1996)1
No data

3.3%-8.5%
(2011)1

No data

No data

0.1%-4.6% (1989-2002)1

No data

No data

No data

0.7%-1.8% (1989-2002)1

9.2% (-)3

27.0%-71.0%
(1992-1995)1

26.5% (1991)1

44.6% (-)2

14.7%-78.2% (1995-2008)1

24.4%
(1991-1993)1

2.1%
(2007-2009)1
40.0%-62.7%
(1997-2013)1

60.0% (1992)2

No data

No data

No data

78.6% (-)3

No data

No data

No data
No data

No data
No data

No data
No data

4.6%-78.6% (1990-2011)1
12.7%-70.0% (1990-2000)1

No data

No data

48.5% (2006-2008)1

No data
18.8%
(1990-2001)2
No data

No data
No data

No data

No data
33.0%
(1965-1995)1
No data

No data

No data

No data

No data

3.4%-40.7% (2000-2005)1

No data

37.8% (-)2

No data

29.4 (2000-2005)1

11.9%-65.0% (1989-2004)1

No data
No data
No data

0.9% (-)2
No data
No data

0.0% (-)2
No data
No data

No data
No data
No data

0.0%-0.3% (2001-2005)1
No data
0.0%-1.6% (-)2

No data

No data

48.1% (2011)1

No data

No data
No data

No data
0.9%(2012)1

No data
No data

No data
No data

No data
No data

No data
No data

28.4%-38.2%
(2001-2010)1

1.2%
(2006-2007)1
43.7% (-)2

6.4%-8.8%
(1997-1999)1
33.8% (-)3
1.1%-3.5% (-)3
No data
No data

14.4%-54.7% (1995-2004)1

No data
No data
27.0%
(1994-1996)1
No data

No data
No data

No data
12.0%-15.9% (1985-2010)1

No data
No data

No data
No data

No data
No data

No data
No data

No data
No data

No data
No data

No data

Prevalence, year of data collection. 1Good quality; 2Average quality; 3Poor quality.

recruited with selection programs likely have lower
[64]
anti-HCV prevalence than the GP . Hence, in SRs
pooling blood donor estimates with the GP estimates,
the pooled estimates likely underestimate the actual
anti-HCV prevalence in the GP. Furthermore, as metaanalyses give greater weight to studies with higher
sample sizes and the sample sizes of studies describing
anti-HCV prevalence in blood donors are often large,
these pooled anti-HCV prevalences are more likely to
be underestimated. In a country such as Djibouti where
there were no identified studies reporting in the GP and
only one identified study reporting on blood donors,
reporting the estimate in blood donors as the lower limit
[6]
of possible anti-HCV prevalence in the GP might be
[35]
relevant because of the scarcity of data. Riou et al
used that estimate to provide an adjusted estimate for
the GP. We believe that in countries where data points
among the GP are available, blood donors should be

WJG|www.wjgnet.com

excluded.
Similarly, for reported genotype/subtype distributions
and risk factors, mixing populations limited the ability to
analyze that data in-depth.

Conflict of interest

Out of the 37 SRs included in our overview, 32 SRs
had authors who disclosed no conflict of interest. In
[65]
one SR , authors disclosed financial support from a
US National Science Foundation Graduate Research
Fellowship, a Sigma Xi Grant-in-Aid of Research, and
the Global Health Program at the University of Michigan
[6,34,50,56]
School of Public Health. Four SRs
reported
at least one author who disclosed a direct or indirect
financial relationship with pharmaceutical companies;
among these SRs, three reported financial support from
[6,50,56]
[6]
HCV DAA pharmaceutical companies
. Gower et al
reported indirect financial support from Gilead Science,
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Table 3 Hepatitis C antibody prevalence evidence gap mapping with quality assessment, Fertile Crescent region
Iraq
General population
Blood donors
Pregnant women
Children
Hemodialysis, renal
dialysis, and/or dialysis
patients
Hemophiliac or other
bleeding disorder patients
Transfused patients
Thalassemic patients
Patients with
hepatocellular carcinoma
Patients with acute liver
disease
Patients with chronic liver
disease
Healthcare workers
Barbers
Contact of patients with
hepatitis C
People who inject drugs
Prisoners
Patients with HIV and/or
other sexually transmitted
infection
Sex workers
Men who have sex with
men

Jordan

0.0%-4.0 % (2004-2012)1
No data
0.2%-2.8% (2003-2013)1 0.1%-0.9% (2003-2011)1
0.0%-5.1% (2004-2010)1
No data
0.0% (2007-2009)1
No data
4.9%-42.6% (2002-2011)1
21.0%-49.8%
(2003-2008)1

Lebanon

Palestine

Syria

0.6%-2.9% (-)2
0.0%-3.4% (< 2003)1
No data
No data
16.0%-27.0% (-)2

No data
0.2%-0.3% (2003-2013)1
No data
No data
17.9%-27.4%
(2007-2013)1

2.8% (2004)1
0.4% (2000-2011)1
No data
No data
21.0% (2006)1

6.7%-40.3% (2006-2012)1

No data

10.0% (-)3

No data

20.5% (2007-2011)1

3.4%-4.5% (2004-2008)1
4.0%-46.0% (2003-2012)1
26.1% (2000-2003)2

No data
32.8% (2008)1
No data

No data
0.0%-14.0% (> 1999)1
19.6% (1998-2003)2

No data
No data
No data

13.3% (2000)2
No data
No data

0.0%-71.9% (2007-2011)1

No data

No data

No data

1.0%(1995-1998)1

3.8%-62.0% (2005-2009)1

No data

No data

No data

No data

0.0%-9.1% (2002-2010)1
0.3% (1999-2001)1
1.2%-1.4% (1996-2001)1

0.7% (1999)1
No data
No data

0.4% (1999)1
No data
No data

No data
No data
No data

3.0%-3.8% (-)2
No data
No data

No data
0.6% (1996-2001)1
1.2% (-)2

No data
No data
No data

52.8% (2007-2008)1
3.4% (-)3
7.7% (-)3

45.2% (2010)1
No data
No data

60.5% (-)3
No data
No data

No data
No data

No data
No data

0.0% (2007-2008)1
0.0% (2007-2008)1

No data
No data

2.0% (-)2
No data

Prevalence, year of data collection. 1Good quality; 2Average quality; 3Poor quality.

[56]

AbbVie, and Bristol-Myers Squibb. Bruggmann et al
[50]
and Sievert et al
reported financial support from
Gilead Science, AbbVie, Merck, Bristol-Myers Squibb,
[56]
and Janssen Therapeutics. Bruggmann et al
had 34
authors who disclosed direct or indirect financial relation
ships with at least one of the HCV DAA pharmaceutical
companies (37% of the total number of authors).
Furthermore, six authors did not disclose their conflict
[50]
of interest. In Sievert et al , out of the 29 authors, 13
(45% of the total number of authors) disclosed direct
or indirect financial relationships with at least one of the
HCV DAA pharmaceuticals.
[6,56]
Interestingly, two
of the three SRs that reported
financial support from HCV DAA pharmaceutical
companies were published in 2014 and were the only
ones that estimated the total number of viremic cases
in the GP. They were also the only SRs that estimated
the genotype/subtype distributions in the GP of the
[43]
[50,55]
MENA region, except for Morocco , Pakistan
, and
[43]
Tunisia
where the distributions were also computed
by a couple of additional SRs. In Saudi Arabia, the third
SR estimating genotype/subtype distributions also
had authors who disclosed financial relationships with
[50]
HCV DAA pharmaceutical companies . Remarkably,
[6,56]
in both SRs
, the authors did not follow the PRISMA
[11]
guidelines (2009) for reporting their reviews in detail;
thus, we question the replicability of the reviews. Flow
diagrams depicting the numbers of records identified,
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included, excluded, and, most importantly, the reasons
[6,56]
for the exclusions were not presented in those SRs
.
[56]
Bruggmann et al
did not report the search criteria,
eligibility criteria, or the risk of bias assessment of
[56]
the included studies. Additionally, Bruggmann et al
reported that an expert panel reviewed the findings and
[6]
analysis, and Gower et al reported including “personal
communication with experts within countries”. However,
the authors did not report how they defined “expert”
[6,56]
or any conflicts of interest of these experts
. These
[6,56]
[56]
[6]
reviews
had been cited 185
and 890 times,
respectively, by February 12, 2018 (Google Scholar
citations) and published in journals with impact factors of
3.9 and 11.3 (in 2014), respectively.

HCV prevalence

In the GP, the estimations of the most up-to-date antiHCV prevalence with the best quality ranged widely
across MENA countries (Figure 2 and Tables 1-3).
We identified low prevalence (< 1.5%) in Djibouti,
Kuwait, Oman, Qatar, and UAE; moderate prevalence
(1.5%-3.5%) in Algeria, Iraq, Lebanon, Libya, Morocco,
Saudi Arabia, Sudan, Syria, and Tunisia; and high
prevalence (> 3.5%) in Egypt, Pakistan, and Yemen.
In Pakistan, anti-HCV prevalence may have increased
[62]
[6]
from 5.4% in 1996-2007
to 6.7%* in 2007-2008 .
No reported data in the GP was identified for Bahrain,
Jordan, or Palestine.
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Figure 2 Hepatitis C antibody prevalence evidence gap mapping with quality assessment, general population, MENA. MENA: Middle East and North Africa.

Summary points pertaining to the estimated antiHCV prevalences in blood donors, pregnant women,
children, and patients with acute liver disease or CLD
and HCC are highlighted in Supplementary Materials 8.
We identified that HCV transmission most likely
occurs in healthcare settings. In all 20 MENA countries,
patients with blood disorders such as hemophilia
and thalassemia, patients undergoing hemodialysis,
and patients who received transfusions had higher
prevalences of anti-HCV than the prevalence in the GP.
This suggests that transfusion-associated HCV infection
may have occurred in these patients (Supplementary
Material 8). Additionally, anti-HCV prevalences in
healthcare workers in Iraq, Libya, and Syria suggest
that in these countries, HCV transmission may also be
due to occupational exposure (Supplementary Material
8). Community-acquired HCV infection may also occur
in the MENA countries; however, we identified evidence
gaps in the region (Supplementary Material 8).
Anti-HCV prevalence measures were not often
identified for key populations such as PWID, prisoners,
and MSM. Anti-HCV prevalence data were predominantly
missing for the countries of the Arab Peninsula. No
reported data were identified for MSM, prisoners, or sex
workers in Bahrain, Kuwait, Oman, Qatar, Saudi Arabia,
the UAE, or Yemen. For PWID, anti-HCV prevalence
data were identified in Egypt, Lebanon, Libya, Morocco,
Oman, Pakistan, Palestine, Saudi Arabia, Syria, and
Tunisia. For prisoners, reported anti-HCV prevalence data
were identified in Iraq, Lebanon, and Libya.
Sexual transmission may also be a cause of HCV
infection in some MENA countries. Anti-HCV prevalence
data in patients with HIV or other STDs were missing
for Algeria, Bahrain, Djibouti, Egypt, Jordan, Oman,
Pakistan, Palestine, Qatar, Syria, the UAE, and Yemen.
Anti-HCV prevalences in sex workers were reported for
a few countries.

in a population. Nevertheless, up-to-date incidence data
in MENA countries were lacking (Tables 4 and 5). In the
GP, the anti-HCV incidence rate was reported only in
Egypt, at 0.8-6.8 per 1000 person-year in 1997-2003.
The incidence rate was the highest in patients undergoing
hemodialysis in the UAE, at 108 per 1000 person-year in
2003-2004. The incidence rates in patients undergoing
hemodialysis were reported for Iraq, Jordan, Morocco,
Tunisia, and the UAE. These findings suggest ongoing
HCV transmission within healthcare settings in these
countries.

Viremic rate

In the GP, the HCV viremic rate among anti-HCV
positive individuals was 51.6%* (2011) in Saudi
[6]
[6]
Arabia ; approximatively 70%* in Egypt (2008) ,
[6]
Morocco (2005-2011) , and the UAE (study dates not
[6]
[6]
reported) ; 80.0%* (2012) in Tunisia ; and 87.4%*
[6]
(2007-2008) in Pakistan . Country-level HCV viremic
prevalences ranged between 0.7%* [95% confidence
[6]
interval (CI): 0.3%-3.8%, 2011] in Saudi Arabia and
[6]
10.0%* (CI: 7.0%-12.2%, 2008) in Egypt. The viremic
[6]
prevalence was 1.1%* (0.4%-1.4%, 2005-2011) in
[52]
Morocco, 1.0%* (0.2%-2.0%, 2012)
in Tunisia, and
[6]
5.8%* (1.4%-8.7%, 2007-2008) in Pakistan. In antiHCV positive blood donors, the viremic rate was 60.0%
[52]
in Libya (1992-2001)
and 20.0% in Saudi Arabia
[59]
(1988-2009) . In healthcare workers, the viremic
[52]
rate was reported in Libya as 69.2% (1992-2004) .
In dialysis patients, the HCV viremic rate was 51.0%
[52]
in Tunisia before 2000
and 60.5%-93.3% in
[52]
[52]
2000-2003 ; in Libya, it was 72.0% (before 2001) .
In HIV-infected patients in Morocco, the viremic rate was
[49]
reported as 70.4% (study dates not reported) .

Co-infection with hepatitis B virus, HIV, or
schistosomiasis
[36,47]

We identified two SRs
that reported HBV (HBsAg)
and anti-HCV co-infection prevalence estimates; these
estimates were only in HCC patients, and neither of

HCV incidence

The incidence rate reflects the status of HCV transmission
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Table 4 Hepatitis C antibody incidence and/or seroconversion risk rate relative to the total sample size, and evidence gap mapping,
Middle East and North Africa

Country
Algeria
Libya
Morocco
Tunisia
Djibouti
Sudan
Egypt

Pakistan

Systematic
review
Fadlalla,
2015[52]
Fadlalla,
2015[52]
Fadlalla,
2015[52]
Fadlalla,
2015[52]
Chaabna,
2016[27]
Chaabna,
2016[27]
Hussein,
2016[48]

Literature search
period

Number
Number of
of studies
subjects
identified

1980-Unknown

0

0

1980-Unknown

0

0

1980-Unknown

1

303

1980-Unknown

1

276

Inception-2015

0

0

Inception-2015

0

0

InceptionUnknown

-

-

Mohamoud,
2013[61]

InceptionUnknown

Mohamoud,
2013[61]
Mohamoud,
2013[61]
Sievert,
2011[50]
Sievert,
2011[50]

InceptionUnknown
InceptionUnknown

2

2852

3

10318

1

2177

Unknown

-

-

Unknown

0

0

Population
type

Hemodialysis
patients
Hemodialysis
patients

Children of
villages with
high HCV
prevalence
General
population
Pregnant
women
Pregnant
women

[36,47]

HCV seroHCV incidence
Duration of
Loss of
Estimation
conversion risk
rate (per 1000
follow-up
follow-up
time period
(%)
person-year)

2003-2004

97

-

-

-

2000-2002

28

-

-

-

-

6.9

-

-

-

2000-2006

2.7

-

-

-

1997-2003

0.8-6.8

-

-

-

1997-2006

5.2

-

-

-

-

5.2

-

-

-

these SRs
reported study dates/years. In Egypt,
Pakistan, Saudi Arabia, and Tunisia, the anti-HCV
prevalence was higher than the HBsAg prevalence,
while the opposite finding was observed in Lebanon,
Sudan, and Yemen (Supplementary Materials 9).
In Libya, 90.1% (CI: 78.2%-100%) of HIV-infected
prisoners had an HCV co-infection (study dates not
[49]
reported) . In HIV-infected children, the prevalence
[52]
of HCV co-infection was 43.0%-46.0% (1998-1999) .
The most up-to-date estimates of HCV co-infection
in HIV-infected patients were 5.4% (2006-2010) in
[52]
Morocco , 1.7% (CI: 0.2%-2.3%, study date not
[27]
reported) in Sudan , 33.5% (CI: 20.4%-46.6%,
[49,52]
1997-2005) in Tunisia
, and 7.7% (study dates not
[33]
reported) in Lebanon .
Studies on schistosomiasis and HCV co-infection
[45,61]
[27,45,46]
were reported for Egypt
, Sudan
, and Saudi
[59]
Arabia . In Egypt, 7.7%-84.0% (2002-2011) of the
[61]
schistosomiasis patients were also infected by HCV .
Prior to 2000, HCV prevalence in schistosomiasis
[61]
patients was 16.3%-42.5% . In Sudan, the prevalence
of schistosomiasis and HCV co-infection ranged from
[27]
[27]
4.5% to 31.0% in 2001 . In Saudi Arabia, 17.9% of
[59]
schistosomiasis patients were also infected with HCV .

No data in the GP was reported for Bahrain, Djibouti,
Oman, Qatar, or Yemen. In the other MENA countries it
[6,43,50,54,56]
was genotype 4 (45.2*-93.1%*)
(Supplementary
Materials 10 and 11). Interestingly, in Jordan, systematic
reviews reporting genotype 4 as the most common
genotype in the country had pooled estimates from
the GP and other at-risk populations. In Morocco and
Tunisia, subtype 1b was the most common genotype in
[43]
[50,55]
[50]
the GP , while in Pakistan
and Saudi Arabia , it
was 3a. In pregnant women, genotype 4 was reported
as the most common genotype in Algeria, Egypt, Iraq,
[44]
Libya, Saudi Arabia, Sudan, Tunisia, and Yemen ,
whereas genotype 1 was the most common genotype
[44]
[38]
in Morocco . Genotype distributions in blood donors
and in clinical populations, such as patients with CLD,
non-Hodgkin lymphoma, thalassemia, or hemophilia,
were similar to the distributions identified in the
[38,57]
general population
. However, in PWID in Saudi
Arabia, genotype 1 was reported as the most common
[50]
genotype (48%), followed by genotype 3 (36.0%*) ,
whereas in Lebanon, genotype 3 was the most common
genotype (26.3%-57.0%), followed by genotype 1
[38]
(21.0%-42.1%) and genotype 4 (18.0-34.6) .

HCV genotype and subtype

The risk factors for acquiring an HCV infection reported
for MENA countries were factors associated with medical
practices (blood transfusion, catheter use, hemodialysis,
nosocomial exposure, and invasive procedures, among
[27,39,40,44,45,50,52,53,57,59-61]
others)
(Supplementary Material 12).

Risk factors associated with HCV infection

In the GP, genotype 1 was the most common genotype
[6]
[6,43]
in Algeria (69.2%*) , Morocco (75.9%)
, Tunisia
[6,43]
[6]
(84.0%) , and Jordan (73.3%*) , while in Pakistan the
[40]
most common genotype was genotype 3 (67.5%-86.7%) .
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Table 5 Hepatitis C antibody incidence and/or sero-conversion risk rate relative to the total sample size, and evidence gap mapping,
Middle East and North Africa

Country
Iraq

Number
Number of
Systematic Literature search
of studies
subjects
period
review
identified
Chemaitelly,
1985-2015
1
57
2015[33]
Chemaitelly,
2015[33]

1985-2015

1

123

Chemaitelly,
2015[33]

1985-2015

1

26

Chemaitelly,
2015[33]

1985-2015

1

85

Chemaitelly,
2015[33]

1985-2015

1

60

Chemaitelly,
2015[33]

1985-2015

1

29

Chemaitelly,
2015[33]

1985-2015

1

27

0

0

0

0

1

1300

0

0

0

0

1

-

0

0

Chemaitelly,
1985-2015
2015[33]
Chemaitelly,
Palestine
1985-2015
2015[33]
Chemaitelly,
Jordan
1985-2015
2015[33]
Bashour,
Syria
Unknown
2016[91]
Sievert,
Unknown
2011[50]
United
Mohamoud,
Arab
Unknown
2016[59]
Emirates
Chaabna,
Yemen
Inception-2015
2016[27]
Lebanon

Population type
Hemodialysis
patients
Pediatric patients
with acute
lymphoblastic
leukemia
Newborn to HCV
infected women
Pediatric cancer
patients on
chemotherapy

2009

-

0

40.3

12 mo

2007

-

0

3.2

30 mo
(median)

-

-

0

0

6 mo

2006-2007

-

22

3.2

12 mo

2007-2009

-

0

0

6 mo

2007-2009

-

0

3.5

6 mo

2007-2009

-

0

0

6 mo

Hemodialysis
patients

2003

-

-

9.2

12 mo

Hemodialysis
patients

1995

108

-

-

-

Healthy children
Pediatric patients
with leukemia on
chemotherapy
Pediatric patients
with leukemia
who have had
their baseline
screening prior to
chemotherapy

These risk factors suggest that iatrogenic transmission
[39,44,45,50,60,61]
[44]
is specifically found in Egypt
, Iraq ,
[40,50,53,57]
[50]
[44,45]
[50]
Pakistan
, Saudi Arabia , Sudan
, Syria ,
[44]
and Yemen . In Egypt, Pakistan, Saudi Arabia, Sudan,
and Syria, factors associated with the community were
also reported (contacts of HCV-infected patients, sharing
razors, circumcision, injection from informal health
[39,40,44,45,50,53,57,60,61]
provider, and tattooing, among others)
.
[45,59,61]
[44]
Age
, level of education in Yemen , intravenous
[57]
[50]
drug use in Pakistan and Syria , and homosexuality
[57]
in Pakistan were also associated with HCV infection.

reported them and emphasized the opportunities for
further population health research to better characterize
HCV epidemiology in the region.

Quality assessment

Our overview of SRs identified that a substantial
proportion of SRs on HCV epidemiology in MENA
failed to report their outcomes following the PICOTS
[25,26]
framework
. This can potentially lead to imprecise
reported information that can, in turn, mislead data
[26]
interpretation . In addition to providing accurate
information on HCV epidemiology, outcomes should
also demonstrate practical and clinical significance and
relevance. While most SRs of clinical research were
determined to not be useful because their conclusions
[66]
were false or exaggerated , it appears that we should
also question the usefulness of SRs of population health
research on HCV epidemiology in the MENA region. The
SRs of HCV epidemiology in the MENA region stated that
their aim was to provide a clear picture of the situation
in the region. However, a substantial proportion of the

DISCUSSION
Stretching from North Africa through the Middle East
and into central Asia, the MENA region demonstrates
a wide range of anti-HCV and viremic prevalences and
diversity in HCV genotype distributions. For each country,
our mapping of evidence gaps and quality assessment
of outcomes reported on the available HCV morbidity
measurements, their quality, and how well the SRs
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SRs in our overview lacked the key identified features of
transparency (“are methods, data, and analyses verifiable
[66]
and unbiased?” ) and pragmatism (“inferences should
[66]
be applicable to real-life circumstances” ), which also
[66]
are lacking in clinical research .
To reach the Global Health Sector Strategy on Viral
[67]
Hepatitis (GHSS-VH) 2030 elimination goal , SRs
of HCV epidemiology should assist policymakers in
developing treatment programs and effective, precise
prevention strategies for micro-elimination targeting
specific populations at higher risk of acquiring HCV
infections. Additionally, SRs of HCV epidemiology should
guide changes to make clinical practices safer. Hence, an
accurate picture is not obtainable by pooling population
estimates of groups at different risk of acquiring HCV
infections, such as patients undergoing hemodialysis
combined with PWID, MSM combined with healthcare
workers, or the GP combined with blood donors.
Furthermore, estimated HCV outcomes should be as
up-to-date as is reasonably possible, encompassing a
narrow interval of time to attempt to depict the current
situation in the region. The outcomes can be pooled
by period, so potential changes in the epidemiological
profile can be demonstrated. As such, dissemination of
pooled estimates that combine data from many studies,
some conducted two decades ago, in order to increase
the statistical power does not appear to be useful in
nowcasting the epidemiology of HCV in the region and
is not helpful in developing effective preventive and
treatment programs essential to attaining the 2030 HCV
infection elimination goal.

manifestations of HCV-related hepatic and extra-hepatic
[69]
dysfunctions occur , which may then lead to the
diagnosis of HCV infection. The distributions of these
dysfunctions and diseases reflect past HCV infection
[69,70]
transmission
. Hence, the prevalence of anti-HCV
provides a retrospective snapshot of HCV transmission
in a population, while the incidence describes the
current HCV status in that population. Our overview
also identifies research evidence gaps pertaining to upto-date anti-HCV incidence data in all MENA countries.
Therefore, we recommend that additional research be
conducted to measure the HCV incidence to assess
current HCV transmission trends. Incidence studies
in the GP and populations at differing levels of risk for
acquiring HCV will allow real-time measurement of
HCV transmission. Nowcasting will help policymakers to
develop and implement efficient prevention strategies
alongside treatment programs.

Status of HCV epidemiology in the MENA region:
Prevalence in the general population

Among the 20 MENA countries, anti-HCV prevalence in
the GP varied widely. Egypt, Pakistan, and Yemen were
classified as having high prevalences of anti-HCV. In
the six Gulf Nations, namely, Bahrain, Kuwait, Oman,
Qatar, Saudi Arabia, and the UAE, the reporting quality
of the anti-HCV prevalence data was poor (no data
for Bahrain). Nevertheless, the available data in the
GP demonstrate low-to-moderate prevalences of antiHCV in these countries. Remarkably, in these countries,
the data from blood donors were of better reporting
quality. Among blood donors, the anti-HCV prevalence
was lower in nationals than in migrants, suggesting that
the demographic characteristics of these Gulf Nations
(nationals vs migrants) should be considered when
[71]
describing the HCV epidemiology . In these countries,
population size increased rapidly in the last two decades
[72]
due to the immigration of temporary workers . More
than 30% of the populations of the Gulf Nations are
migrants; in Qatar and the UAE in 2014, this figure
[73,74]
was over 80%
. In Qatar, Egyptian and Pakistani
migrants accounted for 9% and 5% of the population,
respectively, while Qatari nationals accounted for 12%
[75]
(2016) . HCV prevalence in a GP including both
nationals and migrants in a country such as Qatar will
be influenced by the HCV epidemiology profiles of the
migrants’ countries of origin. Of note, migrants have
to be negative for HIV, HBV, and HCV upon arrival in
the Gulf Nations; however, screening is not mandatory
thereafter, except for some professions such as those in
[76-81]
the healthcare sector
. Thus, HCV-infected migrants
in these countries would most likely have been infected
while visiting their countries of origin.

Conflict of interest

The evaluation of SRs should not be limited to the
assessment of the reported methods, assumptions,
[31]
data, and results . Our overview emphasizes the
significance of considering the disclosure of financial
[31]
relationships while assessing research . Researchers
can be influenced by financial relationships while
making judgments and decisions at a subconscious level
[31]
such that they are not aware of the influence . In the
era of DAA treatment, the only published SRs providing
the number of chronically HCV-infected individuals in
the MENA region have substantial proportions of their
authors who disclosed financial relationships with HCV
DAA pharmaceutical companies. Our overview iden
tifies a need in the MENA region for estimates of the
number of chronically HCV-infected individuals who are
candidates for DAA treatment by researchers who have
not received financial assistance from Gilead Science.

Status of HCV epidemiology in the MENA region:
Incidence

HCV infection is usually a slow progressive disease,
which can lead to liver cirrhosis a couple of decades
[68]
post-HCV infection . Patients with liver cirrhosis are
at 1%-5% annual risk of HCC and a 3%-6% annual
[68]
risk of hepatic decompensation . As such, a long
period with non-specific symptoms passes before
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Status of HCV epidemiology in MENA: Prevalence in
blood donors

In countries that (1) prohibit persons at higher risk of
acquiring blood-borne infection from donating blood and
(2) systematically implement pre-transfusion screening
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of blood donation for these infections, the prevalence of
blood-borne infections in blood donors should be lower
[28,29]
than that in the GP
. In some MENA countries, the
anti-HCV prevalence was higher in blood donors than
in the GP. Furthermore, in MENA countries, prevalence
and incidence measurements in transfused patients
and in patients with blood disorders suggest that HCV
transmission in healthcare settings is prevalent and
is likely to be ongoing. There is a need to ensure that
patients receive the safest possible blood products. The
management of all blood units and their components
should guarantee that only those with negative HCV
screening assays are sent to the hospitals to be used
in transfusions. Strong regulatory policies for all blood
banks must be implemented and enforced to achieve
this.

HIV positive prisoners. Similarly, HCV epidemiology in
MSM was described only in Sudan and Lebanon, and no
data from HIV-infected MSM were identified. Lebanon,
Libya, Sudan, Syria, and Tunisia reported higher antiHCV prevalences in female sex workers than in the
GP, demonstrating that this population may be at
higher risk of acquiring HCV infections. Consequently,
population health research studies are needed in these
key populations to comprehensively characterize HCV
epidemiology in the MENA countries, which will facilitate
better planning, development, and implementation of
precise preventive strategies and treatment programs.

Status of HCV epidemiology in the MENA region:
HBV and HIV co-infection, vertical transmission, and
community

Co-infections with HCV and HBV or HIV, which share
common modes of transmission, namely, through
[86]
exposure to infected blood and sexual transmission ,
reminds us of the need for a holistic approach to tackle
the population health issue of blood-borne infections.
Additionally, the identified evidence regarding HCV
morbidity (incidence and prevalence) in pregnant
women and in children in Egypt, Pakistan, Saudi Arabia,
and Yemen suggested that vertical HCV transmission
may also occur. As for vertical transmission, little
evidence was identified regarding community-acquired
HCV infections. Additional research studies are needed
to explore these transmission modes.

Status of HCV epidemiology in the MENA region:
Prevalence in healthcare settings

In Pakistan, HCV transmission due to unsafe injections
(i.e., using contaminated needles and syringes) was
[82]
identified in 2000 , and in 2006, the proportion of
people sharing injection equipment during their last
[83]
injection was between 8.5% and 33.6% , suggesting
that HCV transmission in healthcare settings was still
ongoing. Additionally, we report that the prevalence of
anti-HCV is higher in healthcare workers than in the
GP in Iraq (2002-2010), Libya (1992-2004), Syria,
and Yemen (study dates not reported). In 1999, HCV
transmission in healthcare workers due to needle
injuries from HCV-positive patients was reported in
[84]
Pakistan . The identified evidence suggests that
occupational exposure to HCV occurs in healthcare
settings in some MENA countries. In 2000, in order
to prevent the transmission of HCV and other bloodborne infections in healthcare settings, the World Health
Organization recommended the implementation of
strategies targeting healthcare workers and patients,
focusing on achieving behavioral changes to reduce reuse and over-use of injections, increase the exclusive
use of sterile syringes and needles, and increase the
[85]
proper disposal of sharp waste after use .

Status of HCV epidemiology in the MENA region:
Genotype geographical pattern

Genotype/subtype 1b is omnipresent across the region.
Genotype 4 appears to be the most common in Egypt.
In the Gulf Nations, the dominance of genotype 4 might
be explained by the high proportion of migrants from
Egypt. Genotype 3 is the most common in Pakistan,
suggesting that intravenous drug use is likely the driver
[87,88]
of HCV transmission in this country
. Genotype 3a in
[88]
Pakistan appears to have emerged around the 1920s .
Many SRs reported HCV genotype/subtype distri
butions and pooled frequencies without specifying the
temporality of their identified geographical pattern. HCV
genotypes differ according to the mode of transmission.
For instance, while HCV-1b is the most prevalent HCV
[6]
genotype/subtype globally , HCV-3 and 1a are linked to
[87]
PWID, and in Asia, HCV-1a is also linked to PWID . A
birth cohort analysis demonstrated that the distribution
of HCV genotypes is changing in Japan and appears to
be associated with the establishment of the prevention
of HCV transmission through blood transfusions or
[89]
nosocomial infections in 1990 . In Japan, genotype
1b is associated with the former mode of transmission,
while genotypes 2a and 2b are associated with the latter
[89]
mode of transmission . Unfortunately, because of how
genotype/subtype data are pooled and reported for the
MENA region, we were not able to identify differences in
time trends and geographic patterns.

Status of HCV epidemiology in the MENA region: Key
populations

Intravenous drug use appears to drive HCV infection
in half the MENA countries, namely, Egypt, Lebanon,
Libya, Morocco, Oman, Pakistan, Palestine, Saudi
Arabia, Syria, and Tunisia. Relatively up-to-date data
with good reporting quality were identified for these
countries. However, missing data for the other MENA
countries impact the evaluation of role of intravenous
drug use in HCV transmission in a substantial part
of the region. Prisoners are a key population rarely
studied in MENA countries. We identified HCV outcomes
in prisoners in only three countries (Libya, Iraq, and
Lebanon). It appears that incarcerated individuals are
at higher risk of acquiring HCV infections, especially
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Quality assessment, strengths and limitations of our
overview

based policies should be established from up-to-date
information generated from rigorously designed studies
and reported outcomes.
Our synthesis of the published SRs of HCV epide
miology in the MENA region demonstrates that despite
the region being recognized as having the greatest
HCV burden, a majority of the 20 countries have
low to moderate anti-HCV prevalence. Only Egypt,
Pakistan, and Yemen demonstrated a high anti-HCV
prevalence. Iatrogenic transmission of HCV in patients
and occupational exposure in healthcare workers are
likely to be ongoing in the MENA countries. There
is an urgent need for safer blood products and the
implementation of safe medical practice guidelines.
Intravenous drug use appears to be another common
mode of HCV transmission in half the MENA countries.
Research studies are needed to characterize the status
of HCV epidemiology in PWID in countries where data
are lacking. To develop effective prevention strategies
and treatment programs to achieve HCV elimination,
characterizing HCV epidemiology in key populations
such as MSM and sex workers is essential and cannot be
overlooked.

[11-13]

We followed PRISMA guidelines
in reporting our
work. All PRISMA required items regarding the abstract
and the different sections of the main text were
reported. Furthermore, we assessed our methodology
[14]
using the AMSTAR tool . We answered eight of the 11
questions of this tool in the affirmative and reported the
pages where the information can be found. The three
remaining questions were not applicable to our work
(e.g., “Were the methods used to combine the findings
[14]
of studies appropriate ? Was not applicable because
we did not conduct a meta-analysis).
The quality assessment of SRs we conducted was
limited to all SRs of HCV epidemiology in the MENA
region that were published in peer-reviewed journals
indexed on Medline as identified through PubMed, which
may not be representative of SRs of HCV epidemiology
in the MENA region in general. However, PubMed has
been recognized as the first public digital archive; as
such, we can assume that we have assessed the quality
of the majority of SRs of HCV epidemiology published
[90]
in peer-reviewed journals . Additionally, we critically
synthesized all available data on HCV morbidity and risk
factors reported by those SRs. Knowing that most of
the 37 SRs included in our overviews conducted a multisource literature search including, in some SRs, a search
for gray literature, we assumed that our synthesis in
this overview is comprehensive. However, we might
have missed some studies published recently that were
not included in the SRs included in our overview. For
instance, in Egypt, anti-HCV prevalence was estimated
[5]
to be 6% in 2014 , yet none of the SRs we included
reported that estimate.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The Middle East and North Africa (MENA) has been identified as the region
most affected by hepatitis C virus (HCV) infection worldwide predominantly due
to the high HCV infection burden in Egypt and Pakistan. Since 2013, chronic
infections with HCV genotypes 1, 2, 3, and 4 are curable, making elimination of
HCV infection achievable for the first time. However, access and availability of
the new direct-acting antiviral drug (DAA) regimens remains a challenge owing
to country-level economic matters.

Research motivation

Developing and prioritizing evidence-based strategies for prevention programs
and treatment scale-up require up-to-date information generated from rigorously
designed studies and reported outcomes. A substantial number of systematic
reviews of HCV infection in the MENA region have been published. What is
the quality of these systematic reviews and what is the quality of the studies
included in these systematic reviews? Researchers can be influenced by
financial relationships while making judgments and decisions at a subconscious
level such that they are not aware of the influence. The use and interpretation
of the outcomes in the systematic reviews need to be viewed keeping in mind
the reported conflict of interests by the authors of the systematic reviews. Our
overview was also motivated because of the following questions: what do we
know about hepatitis C epidemiology in the MENA region? High country-level
anti-HCV prevalence has been identified in Egypt and Pakistan. What is the
status of the other 18 MENA countries? What are the identified potential modes
of transmission and populations at higher risk of acquiring hepatitis C infection?

CONCLUSION
To reach the 2030 HCV infection elimination goal set by
[67]
the GHSS-VH , evidence-based health policies need to
be developed and implemented to optimize the allocation
of financial resources and to alleviate the burden of
disease due to HCV infection. Correct measures of antiHCV prevalence, viremia, and genotype distribution
are essential for developing strategies to manage and
eliminate HCV infection. Evidence gap mapping and
quality assessment, along with reviewing reported
conflicts of interest, revealed countries and specific
populations where data are scarce and/or lacking in
quality. We identified areas of opportunity to further
develop population health research to comprehensively
characterize HCV infection in the MENA region. Currently,
the available estimates of the numbers of chronically
HCV-infected patients who are candidates for the
new DAA regimens are computed by researchers, a
substantial proportion of whom have indirect or direct
financial relationships with HCV DAA pharmaceutical
companies. Additionally, a substantial proportion of the
included SRs did not report precise outcomes, which
can lead to misinterpretation of the data. Evidence-
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Research objectives

The primary objective of our overview is to assess the quality of the data
reported by the published systematic reviews of HCV epidemiology in the
MENA countries taking into account conflict of interest disclosed by the
authors of these systematic reviews. Our secondary objective is to produce a
comprehensive picture of HCV infection epidemiology in the 20 countries of the
MENA region.

Research methods

An a priori protocol of our overview is registered with the International
Prospective Register of Systematic Reviews (PROSPERO registration number
CRD42017076736). We conducted an overview of systematic reviews based
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on the Cochrane Handbook for Systematic Reviews of Interventions. We
used broad search criteria to include all systematic reviews on HCV infection
in the MENA region published after 2008 - the publication year of the first
version of the Cochrane Handbook for Systematic Reviews of Interventions.
We extracted all relevant outcomes related to HCV infection epidemiology.
The nine primary outcomes of interest were HCV antibody (anti-) prevalences
and incidences in different at-risk populations; the HCV viremic (RNA positive)
rate in HCV-positive individuals; HCV viremic prevalence in the general
population; the prevalence of HCV co-infection with the hepatitis B virus,
human immunodeficiency virus, or schistosomiasis; the HCV genotype/subtype
distribution; and the risk factors for HCV transmission. Thereafter, we critically
analyzed and synthesized the extracted data by assessing their quality using PICOTS framework, by evaluating conflict of interests disclosed by the
authors of the systematic reviews, and by mapping the evidence and the gaps.
Our overview is reported following PRISMA guidelines and assessed using
AMSTAR tool.

quality data are required in order to nowcast HCV epidemiology in the region.
When data is available for long time periods, reporting should reflect changes
in prevalence or incidence over time, which will allow to accurately describe the
past and current HCV epidemiology in a population.
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We performed a scoping review on sought-after comple
mentary therapies for patients with inflammatory bowel
disease (IBD), specifically diet, physical activity and
exercise (PA/E), and psychotherapy. We aim to update
patients with IBD on therapies for self-care and provide
physicians with guidance on how to direct their patients
for the management of IBD. A search of MEDLINE,
EMBASE, and PUBMED was completed in Sept 2016.
Studies on diet, PA/E, or psychotherapy in patients with
IBD were included. Medical Subject Heading terms
and Boolean operators were used. The search was
limited to full-text English articles describing an adult
population. This review included 67 studies: Diet (n =
19); PA/E (n = 19); and psychotherapy (n = 29). We
have made the following recommendations: (1) Diet:
Consumption of diets rich in vegetables, fruit and soluble
fiber may be beneficial in IBD. A trial of a low FODMAP
diet can be considered in those patients with functional
gastrointestinal symptoms. Restrictive diets are lacking in
evidence and should be avoided; (2) PA/E: Regular lowmoderate intensity activity, including cardiovascular and
resistance exercise, has been shown to improve quality
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of life (QOL) and may improve inflammation; and (3)
psychotherapy: Therapies such as cognitive-behavioural
interventions, mindfulness, hypnosis, and stress manage
ment have been shown to improve QOL, but evidence
is limited on their impact on anxiety, depression, and
disease activity. Overall, these complementary therapies
are promising and should be used to treat patients with
IBD from a more holistic perspective.

perceived favorable safety profile, and desire for a more
[2,4-10]
holistic approach
. Such therapies may improve
[11,12]
subjective symptoms and QOL
. However, lack of
communication between patient and doctor regarding
CAM use can have serious consequences due to potential
interactions and toxicities, unintentional non-adherence,
or intentional dosage reduction of the pharmaceutical
[8-11]
therapy by the patient
.
Dietary manipulation, physical activity and exercise
(PA/E), and psychological strategies are not mainstream
therapies, however such therapies are clinically relevant
because they combat high risk environmental factors
(i.e., poor nutrition, inactivity, and stress and anxiety)
[2,13,14]
that negatively impact disease activity
. Unlike other
lifestyle therapies such as smoking cessation, there is
a lack of clear evidence-based literature that focuses
on using diet manipulation, PA/E, and psychological
[2,7]
interventions in IBD . The concern is that self-sought
CAM may lack an evidence-base or health professionals
may fail to make recommendations about CAM leaving
[2,15]
patients frustrated
. Clear evidence-based guidance to
patients and health professionals on CAM would alleviate
this problem. The primary purpose of this scoping review
is to update patients with IBD on lifestyle therapies for
self-care and provide physicians with guidance on how
[15,16]
to direct their patients
. We include three lifestyle
therapies: dietary manipulation, PA/E, and psychological
interventions.
A scoping review of Ovid MEDLINE on the effects
of diet, PA/E, and psychological interventions on IBD
outcomes was performed. The database was searched
using the Medical Subject Heading (MSH) terms, Boolean
operators, and limitations as shown in Figure 1. Addi
tional limitations applied to the diet section were enteral
nutrition and parenteral nutrition, as the focus was on
dietary patterns. Similar searches were further run
via EMBASE: Excerpta Medica and EMBASE: Classic,
PubMed, and PsychINFO.
Figure 2 shows the results of the Ovid MEDLINE
search for diet, PA/E, and psychotherapy. After limitations
were applied, a single expert reviewer for diet (NH), PA/E
(WD), and psychotherapy (GP) screened results. Figure
3 shows the results of the EMBASE: Excerpta Medica and
EMBASE: Classic search for additional articles. For diet,
an additional 14 articles beyond those already included
were identified via bibliographies or PubMed. For PA/E, an
additional 5 articles beyond those already included were
identified via bibliographies and no additional articles
were identified via PubMed. For psychotherapy, an
additional 5 articles beyond those already included were
identified via bibliographies and no additional articles
were identified via PubMed or PsychINFO.

Key words: Scoping review; Inflammatory bowel disease;
Diet; Exercise; Psychotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For diet, consumption of diets rich in vegetables,
fruit and soluble fiber may be beneficial in inflammatory
bowel disease. A low FODMAP diet can be considered in
those patients with functional gastrointestinal symptoms.
Restrictive diets are lacking in evidence and should be
avoided. Regular low-moderate intensity activity has been
shown to improve quality of life (QOL) and may improve
inflammation. Therapies such as cognitive-behavioural
interventions, mindfulness, hypnosis, and stress manage
ment have been shown to improve QOL, but limited
evidence shown the impact on anxiety, depression, and
disease activity.
Duff W, Haskey N, Potter G, Alcorn J, Hunter P, Fowler S. Nonpharmacological therapies for inflammatory bowel disease:
Recommendations for self-care and physician guidance. World J
Gastroenterol 2018; 24(28): 3055-3070 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i28/3055.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i28.3055

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflamma
tory condition of the gastrointestinal tract and comprises
two main forms: Crohn’s disease (CD) and ulcerative
colitis (UC). The symptoms of IBD are variable and may
include diarrhea, vomiting, rectal bleeding, abdominal
pain, weight loss, and malnutrition. Both CD and UC are
characterized by periods of inflammation and remission,
and the quality of life (QOL) of individuals with IBD
[1]
may be severely impaired . Medications treat flares in
disease activity, and are usually required to help maintain
remission. However, many IBD patients prefer a nonpharmacologic complementary or alternative approach to
[2]
disease management .
Complementary alternative medicine (CAM) is iden
tified as therapies that are either beyond Western allo
pathic medicine, not currently a standard therapy, or
that are delivered by an alternative practitioner or by
[3]
self-care . Internationally, 30%-56% of IBD patients
regularly use CAM with reasons for use including a
yearning for a sense of control over the disease, ineffec
tiveness or adverse effects with conventional therapies,

WJG|www.wjgnet.com

DIET
Patients with IBD view diet modification as an impor
tant treatment modality to holistically manage their
[17]
disease . Several small scale diet studies demonstrated
improved disease activity and prolonged time to re
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Physical activity and
exercise

Psychotherapy

or

or

or

Nutrition
therapy

Exercise
therapy

Mind-body
therapies

or

or

Diet
therapy

Motor
activity

Limits

Diet

English language and humans "all adult (19 plus years)" and full text

Publication types

Medical subject headings

and

Case reports or clinical trial, all or comparative study or consensus
development conference, and nih or evaluation studies or guideline or
meta-analysis or multicenter study or observational study or practice
guideline or "review" or "scientific integrity review" or systematic reveiews
or validation studies.

Initial search

Diet (n = 236)

Physical activity and
exercise (n = 83)

Psychotherapy
(n = 439)

Limited

After limitations
applied (n = 21)

After limitations
applied (n = 14)

After limitations
applied (n = 40)

Screening

Figure 1 Ovid MEDLINE literature search strategy. Similar searches were run within EMBASE: Excerpta Medica and EMBASE: Classic, PubMed, and PsychINFO
databases.

After title and
abstract review
(n = 2)

After title and
abstract review
(n = 4)

After title and
abstract review
(n = 20)

Initial search

Diet (n = 3330)

Physical activity and
Exercise (n = 357)

Psychotherapy
(n = 439)

Limited

After limitations
applied (n = 183)

After limitations
applied (n = 85)

After limitations
applied (n = 58)

Screening

Figure 2 Ovid MEDLINE literature search results. After initial search and limitations, results were further screened by a single expert reviewer.

After title and
abstract review
(n = 3 additional
articles)

After title and
abstract review
(n = 10 additional
articles)

After title and
abstract review
(n = 4 additional
articles)

Figure 3 EMBASE: Excerpta Medica and EMBASE: Classic literature search results. After initial search and limitations, results above and beyond those already
identified via Ovid MEDLINE search were further screened by a single expert reviewer.
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[18-25]

lapse
. However, the efficacy of many of these inter
ventions has not been examined rigorously. Regardless,
reports indicate up to 68% of patients restrict their diet
in an attempt to control symptoms and avoid exacer
[17,26]
bation of the disease
. Additionally, the lack of clinical
nutrition practice guidelines leaves health care prac
titioners with little direction on how to counsel their pa
tients in this area. Patients then seek diet advice from the
internet or patient support groups, rather than from their
[27]
health care team . The best available evidence for diet
management of IBD is described below.

day. Fiber intake among patients with UC did not have
an impact. Interestingly, patients with CD who reported
that they did not avoid high-fiber foods had a 40% lower
likelihood of flare than those who avoided high-fiber
foods [adjusted OR: 0.59, 95%CI (0.43-0.81)].
A recent meta-analysis examining the role of fiber
in the maintenance of remission in IBD, indicates weak
evidence for the efficacy of fiber in improving disease
[32]
outcomes in UC . The effect of fiber in CD has not
been clearly delineated, however studies do not show an
increased risk of flaring or complications among patients
with IBD consuming higher doses of fiber, suggesting
[33]
that fiber is safe to consume in IBD .

Fiber

Standard diet therapy as recommended by health pro
fessionals includes a low-residue diet (< 10-15 g/d of
fiber), especially in patients with risk for gastrointestinal
[28,29]
obstruction
. Despite this, evidence for the efficacy
of low-residue diets in IBD is lacking. Seventy patients
with CD were randomized to a low-residue diet (~3
[18]
g/d of fiber) or regular diet (13 g/d) . There was no
difference in outcome between the two groups, including
symptoms, need for hospitalization, need for surgery,
new complications, nutritional status, or postoperative
disease recurrence. This study concluded that lifting
dietary restrictions, which results in a more appetizing
and nutritious diet, neither causes symptomatic deterio
ration nor precipitates intestinal obstruction in CD.
A randomized controlled trial (RCT) in CD examined
the effects of fiber-related dietary instructions specifying
daily consumption of whole wheat bran cereal and restric
tion of refined carbohydrates on QOL and gastrointestinal
[21]
function (n = 7) . Subjects in the intervention group
were instructed to eat whole wheat bran cereal (½ cup)
each day, to drink at least 48 ounces of unsweetened
fluids each day, and reduce refined sugar. The study
concluded that consuming a wheat bran inclusive diet
was well-tolerated and there were no negative effects
reported. The wheat bran group had increased scores
on the Inflammatory Bowel Disease Questionnaires
(IBDQ) over time (indicating greater improvement in
QOL) than those in the control group (P = 0.028). The
partial Harvey Bradshaw Index (HBI) scores decreased
significantly over time in the active wheat bran inter
vention group, demonstrating improved GI function
compared to participants in the control group (P = 0.008).
Contrary to these results, a study in UC (n = 29) where
subjects increased their fiber intake through consumption
of whole wheat bread, vegetables, and a supplement
of 25 g bran, found no evidence to support the concept
that a high-fiber diet is of value in maintaining clinical
[30]
remission in patients with UC .
A prospective longitudinal cohort study of patients
with CD (n = 1130) and UC (n = 489) examined the
association between fiber exposure and the risk of
[31]
disease flare . Patients with CD whose median intake
of fiber was 23.7 g per day were ~40% less likely to
experience a flare at six months as compared with those
whose median consumption was 10.4 g of fiber per

WJG|www.wjgnet.com

Fat/animal protein

The search identified no randomized intervention trials
that have specifically investigated overall dietary fat
intake or animal protein intake in maintenance of remis
sion in IBD. A prospective cohort study of 183 patients
with UC found high intake of meat and meat products
(processed meats) predicted an increased likelihood
[34]
of relapse (OR: 5.19, 95%CI: 2.1-12.9) . An inter
vention trial in Japan that targeted dietary fat intake by
increasing the n-3 fatty acids while concurrently reducing
the n-6 fatty acids found that among all IBD patients (CD
and UC), participants with a greater n-3/n-6 fatty acid
ratio reported higher rates of maintenance of remission
[35]
(P < 0.001) . In order to achieve this, patients were
prohibited from consuming vegetable oil, margarine,
salad dressings, mayonnaise and food cooked in
vegetable oil, and intake of fish oils (EPA + DHA) was
increased to 1700 mg. This study concluded that altering
the fatty acid composition of the diet may be useful in
maintaining remission in IBD.

Plant-based diets

Vegetarianism is a plant-based dietary pattern that
includes different types of diets that vary depending
on whether they include animal-derived foods such as
[36]
milk and eggs . Consumption of a vegetarian diet is
associated with a number of health benefits such as a sig
nificantly lower risk for ischemic heart disease mortality
[37]
(29%), overall cancer incidence (18%) , and lower risk
[38]
of developing Type 2 Diabetes than non-vegetarians . A
semi-vegetarian diet (SVD) was evaluated prospectively
[19]
for two years in patients with CD . Remission rate was
94% (n = 15/16) in the subjects consuming a SVD vs
25% the omnivorous diet (P = 0.0003). The SVD was a
lacto-ovo vegetarian diet that emphasized consumption
of grains, daily intake of brown rice, vegetables, and
fruits, while limiting intake of animal sources of protein.
Fish was allowed once weekly, meat once every 2 wk
and eggs/dairy products were allowed without limita
tion. Foods believed to be risk factors for IBD such as
sweets, bread, cheese, margarine, fast foods, carbo
nated beverages, and juices were discouraged. The
concentration of C-reactive protein (CRP) was normal at
the final visit in more than half of the patients in remis
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[25]

sion on a SVD: The study authors predict that if a SVD
is continued long-term and CRP levels are normalized
patients are lower risk for relapse.
A Mediterranean diet pattern (MDP) is a widely ac
cepted valid diet intervention able to produce clear bene
fits for the management of several pathologies and an
[39,40]
overall reduction of mortality
. The MDP is rich in
plant foods (cereals, fruits, vegetables, legumes, tree
nuts, seeds and olives), with olive oil as the principal
source of added fat, along with high to moderate intakes
of ﬁsh and seafood, moderate consumption of eggs,
poultry and dairy products (cheese and yogurt), low
consumption of red meat, and a moderate intake of
[41]
alcohol (mainly wine during meals) . A study in CD de
monstrated that subjects that followed a Mediterranean
inspired diet for 6 wk showed a trend in reduction of infla
mmatory biomarkers (e.g., CRP) and a trend towards
[20]
normalization of the gut microbiota .

LFD in patients with IBD (n = 49) . Forty-two percent
of subjects with IBD experienced full improvement
with the greatest effect on bloating and abdominal pain.
Twenty-four percent were completely asymptomatic on
the diet, with 66% reporting normalization in stools. The
effectiveness of the low FODMAP diet in clinical practice
in patients with IBD and coexisting FGS found 78% of
patients reported satisfactory relief of symptoms (P <
0.001) and significant decreases in severity of all symp
toms (e.g., abdominal pain, belching, bloating, flatulence,
[46]
incomplete evacuation, nausea and heartburn) .
More patients reported normal-frequency stools while
following the LFD. A pilot study found similar results,
with the symptoms most likely to respond to a LFD being
[47]
abdominal pain, diarrhea, bloating, and flatulence .
The literature search found no RCTs that have exam
ined the effect of a gluten-free diet on maintenance of
remission in IBD. A cross-sectional survey of patients
with IBD (n = 314) found that 65.5% of patients that
followed a gluten-free diet showed improvement in at
least one clinical symptom and 38.3% indicated fewer or
[45]
less severe flares .
The specific carbohydrate diet (SCD) is a novel diet
approach that is gaining attention. Although the SCD is
praised on multiple IBD patient web sites, it has been
poorly studied in objective trials. It restricts complex
carbohydrates and eliminates refined sugar from the
diet, based on the rationale that the sugars and complex
carbohydrates are malabsorbed and could cause alter
ations in microbiome composition, contributing to the
[50]
intestinal inflammation of IBD . In children, a retro
spective study (n = 26) examined the SCD with concur
rent medical therapy (n = 15) or diet alone (n = 11) for
[43]
a duration of three to 48 mo (mean of 9.6 ± 0.1 mo) .
Ten additional subjects acted as controls. A comparative
analysis of the patients on the SCD vs controls, revealed
significant improvement in Pediatric CDAI, CRP, and cal
protectin over time for both groups (P = 0.03, 0.03, and
0.03, respectively). Successful maintenance of remission
with the SCD allowed some patients to discontinue
medications and maintain disease control on the SCD
alone. Although, the strongest efficacy for this diet comes
[43,44]
from pediatric studies
, one recent case series in
[23]
adults has been completed . Survey data was collected
from 50 individuals that followed the SCD for a mean
of 35.4 mo (range 1-216 mo). Thirty-three subjects
(66%) noted complete symptom resolution at a mean
of 9.9 mo (range 1 to 60 mo) after starting the SCD.
Patients’ self-report of the effectiveness of the SCD was
rated as a mean of 91.3% effective in controlling acute
ﬂare symptoms (range = 30% to 100%) and a mean
of 92.1% effective at maintaining remission (range =
53% to 100%). Subjects with colonic and ileocolonic CD
reported the most benefit from this diet. An additional
study conducted an online survey of 417 patients with
IBD, and found that SCD had a positive effect, with
symptoms progressively decreasing over six months.
In addition, over one third of participants felt the SCD
[42]
helped them achieve remission . Despite an increasing

Comprehensive diet advice

A prospective RCT evaluated the impact of compre
hensive dietary guidelines on the clinical course of
disease and QOL in patients with UC (n = 122) over a
[22]
6-mo period . Participants in the intervention group
were provided dietary guidelines in the form of an edu
cational booklet that recommended the following: eat
little and often (four to six times a day), drink adequate
fluids, decrease excess intake of saturated and trans
fatty acids, decrease simple carbohydrates and avoid in
soluble fiber, reduce red meat and processed meats and
use probiotics. In addition, caffeine, alcohol and proces
sed foods were to be avoided. A total of 69% of the
participants in the group that received diet intervention
found the advice to be helpful in managing their disease.
There was a reduction in the Simple Clinical Colitis Acti
vity Index (SCCAI) in the intervention group with an
increase in the control group (P = 0.0108) suggesting
symptomatic improvement. Although a trend towards clin
ical improvement was observed, this was not statistically
significant.

Exclusion diets

A number of exclusion diets are gaining interest in IBD: the
[23,42-44]
specific carbohydrate diet
, IBD anti-inflammatory
[24]
[45]
diet (IBD-AID) , gluten-free diet , and the low FODMAP
[25,46,47]
diet
. Functional-like gastrointestinal symptoms
(FGS) are common in IBD and are reported in 57% of
patients with CD, and 33% of patients with UC despite
[48]
no evidence of active inflammation . A low FODMAP
diet (LFD) has been proposed for the management
of FGS in patients with well-controlled IBD (no active
inflammation). This dietary intervention involves the
restriction and systematic reintroduction of fermentable
oligosaccharides (fructans, galacto-oligosaccharides),
disaccharides (lactose), monosaccharides (fructose),
and polyols (sorbitol, mannitol), collectively fermentable
oligosaccharides, disaccharides, monosaccharides, and
[49]
polyols (FODMAPs) . A retrospective follow-up study
based on patient-reported questionnaires evaluated the
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number of studies reporting potential benefits of the SCD
in IBD, the studies are largely based on patient reported
data, are conducted retrospectively, are unblinded, and
lack objective markers of inflammation. The effect of the
SCD on the clinical course of IBD remains to be validated
in large, randomized, intervention trials before it can be
recommended in clinical practice.
The IBD-AID is a diet designed to reduce inflam
mation and provide nutrients to promote a beneficial
[24]
gut microbiota . The IBD-AID involves modification of
certain carbohydrates (including lactose, wheat, corn
and refined sugar), emphasizes the ingestion of preand probiotics (e.g., soluble fiber, leeks, onions, and
fermented foods), distinguishes between saturated,
trans, mono- and polyunsaturated fats, and encourages
an overall healthy diet pattern. Textures of the foods
(e.g., blenderized, ground, or cooked) are modified
[24]
as needed . After following the IBD-AID, 89% of (n
= 24/27) subjects had a reduction in symptoms. All
subjects that followed the diet for > 4 wk (n = 11)
were able to downscale their medication regimen and
all (100%) of the patients had their IBD symptoms
reduced, including a reduction in bowel frequency. Of
the CD patients (n = 8), HBI improved from an average
of 11 at baseline (range 1 to 20) to 1.5 (range 0 to 3)
after dietary intervention. The UC patients (n = 3) had
a mean baseline Modified Truelove and Witts Severity
Index of 7 at baseline, which improved to 0 after die
tary intervention. Although results of this trial appear
promising, a large prospective, intervention trial that
measures biomarkers of inflammation in blood and
stool, along with clinical disease activity, is necessary
before the IBD-AID can be recommended to the IBD
patient population.
Dairy products, especially milk, are commonly re
ported to cause symptoms in IBD patients. Patients
that declare they are “dairy sensitive” may be sensitive
to lactose, not the milk protein. To date, no published
intervention trials exist on the response of dairy products
in patients with UC. One study reported an increased
prevalence of lactose-malabsorption in CD patients
[51]
with small bowel involvement . Advice by health
professionals varies widely, however IBD patients should
be permitted to consume dairy products if they are able
to tolerate them and strict lactose exclusion, even though
[51,52]
widely practiced, is not usually necessary
. Since the
lactose content of dairy products varies, a completely
lactose-free diet may not be necessary and some pa
tients may tolerate a reduction in lactose intake.

regimented exercise has been shown to improve disease
[63-65]
[64]
activity and QOL
, as well as cardiovascular
and
[65]
bone health . The best available evidence for PA/E for
IBD is described below.

Physical activity

Patients with CD in remission (n = 41, 37.6 ± 10.4
years) were assessed with sex- and age-matched
healthy controls (n = 25, 37.0 ± 13.0 years) for muscle
strength and endurance, as well as other objective
[54]
measures of physical activity . Patients with CD had
significant impairment in functional capacity (-25.1%, P
< 0.001) and isometric performance of the lower limbs
(-24.8%, P < 0.001), assessed by the 12-repetition situp test and maximal isometric strength and endurance
of leg extensors on leg press. Subjective physical activity
questionnaire revealed CD patients scored higher (P <
0.05) for work physical activity [2.94 (0.80)] and lower
for sport physical activity [2.41 (1.10)] than healthy
controls [2.51 (0.44) and 2.66 (0.74)]. However, objec
tive accelerometer measures of overall physical activity
were similar. This study is the first known to report
independent muscle performance impairment and
[54]
objective measures of physical activity in CD patients .
Patients with CD (n = 17) were surveyed regarding
[66,67]
physical activity and stress related to disease activity
.
Instruments utilized included the International Physical
Activity Questionnaire, the Perceived Stress Scale, and
the Inflammatory Bowel Disease Questionnaire (IBDQ).
There was a direct relationship between physical activity
and QOL (r = -0.551, P = 0.022), with most participants
(52.9%) performing “high levels” of physical activity. This
study is limited by self-report and exclusion of medication
[67]
history, as well as inability to determine cause . In a
prospective study, patients with CD (n = 1308) and UC
(n = 549) in remission were assessed for activity levels
at baseline via Godin leisure time activity index (LTAI)
[62]
and disease activity six months from baseline . Higher
activity levels were associated with decreased risk of
active disease in both CD (P = 0.01) or UC (P = 0.04).
While large sample size and inclusion of both CD and UC
patients is a major strength, the use of Godin LTAI may
be a limit because the score produced does not allow
determination of intensity or type of physical activity
[62]
the patients were performing . Finally, Crohn’s and
Colitis UK members were surveyed (n = 918), with 66%
[68]
reporting current participation in exercise . Although
72% reported that exercise “made them feel better”,
noting improvement in general well-being and confidence,
23% reported that exercise “made them feel worse” (6%
[68]
did not answer) . Of the observational studies, only
one surveyed regarding exercise, defined as planned,
[68]
structured, repetitive and purposive physical activity .
Patients with IBD may prefer “unstructured” physical
activity over exercise, although limitations still exist to
[58]
both . Limitations to PA/E specific to IBD include pain
(joint and abdominal), muscle weakness, health concerns,
embarrassment, and toilet access; however, fatigue is by
[68,69]
far the most prevalent limitation reported
.

PHYSICAL ACTIVITY AND EXERCISE
[53]

Reduced cardiovascular capacity , impaired muscle
[54,55]
[56,57]
function
, and secondary osteoporosis
has been
reported in patients with IBD. Limited physical activity,
[58]
particularly with CD , due to fatigue may partially
[54,59-61]
explain these negative outcomes
. Conversely,
regular physical activity seems to improve disease activity
[59,62]
and fatigue in patients with IBD
. For example,
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Fatigue

in a multivariate analysis. In this study, participants that
did not achieve any bouts of moderate-vigorous activity
were described as having “lower physical activity”. This
approach to classification may account for discrepancy
with a previous study that found no difference between
[70]
CD patients and healthy controls .
Recently, men and women with IBD in remission were
[61]
recruited in a matched cross-sectional study . Fatigued
IBD patients (n = 10, 36.4 ± 12.3 years), defined as a
Checklist Individual Strength-fatigue (CIS-fatigue) score
of ≥ 35, were matched to non-fatigued IBD patients
(n = 10, 38.2 ± 11.0 years; CIS-fatigue score of < 35).
The fatigued group had a lower intensity of daily physical
activity (Cohen’s d effect size = 1.02; P = 0.037), and
reduced cardiovascular fitness demonstrated via 6-min
[61]
walk test (Cohen’s d effect size = 0.80; P = 0.030) .
Patients with IBD can overcome fatigue to participate
in PA/E. While unstructured physical activity may be
preferred, those who participate in structured exercise
[58,68]
do so 1-2 d per week at a moderate intensity
.
Structured exercise, such as cardiovascular vs resistance
training, may provide additional benefits as described
below.

Some studies have explored whether PA/E influences
the experience of fatigue in IBD. The van Langenberg
group first assessed fatigue, anxiety, depression, and
sleep quality in patients with CD [n = 181, 41 (18-68)
years] and UC [n = 113, 50 (18-72) years] compared to
healthy controls [n = 85, 38 (17-63) years] in a cross[59]
sectional, longitudinal study . Patients with CD and UC
had significantly worse scores (P < 0.05) on all variables
compared to healthy controls; however, there was a
statistically non-significant trend toward worse Fatigue
Impact Scale scores for the CD group in comparison to
the UC group. The commencement of a regular exercise
program generally led to greater improvements in over
all fatigue (0.05 < P < 0.10) and was independently
associated with concurrently active disease (OR: 3.36,
95%CI: 1.27-8.88) in the CD group. Thus, regular
exercise may improve disease activity and ultimately
[59]
improve fatigue experienced by patients with CD .
Second, muscle fatigue was measured and compared
with self-reported fatigue in patients with CD [n = 27,
43 (38, 48) years] and sex- and age-matched healthy
[70]
controls [n = 22, 43 (36-49) years] . The FIS physical
component was significantly higher (P < 0.001) in CD
patients [12 (9, 16)] vs healthy controls [3 (1, 4)], as
was muscular fatigue of the knee extensors (P = 0.047)
determined via the decrement in force production from
maximal voluntary contraction on an isokinetic dynamo
meter [-5.2 (-8.2, -2.2) vs -1.3 (-3.9, 1.4) Nm/min,
respectively]. Further, objective muscular fatigue was
negatively correlated (P < 0.05) with subjective physical
fatigue for both CD (r = -0.52) and healthy controls (r =
-0.41). Finally, a physiological basis to fatigue in CD is sug
gested by significantly (P = 0.009) lower levels of serum
anabolic hormone insulin-like growth factor-1 (IGF-1),
and independent associations of low levels (P < 0.05)
of IGF-1, vitamin D3, and magnesium with muscular
fatigue. This cross-sectional, observational study is the
first known to demonstrate that subjective fatigue cor
relates with objective fatigue. Despite the ability to sug
gest a physiological basis of fatigue, the study design
could not establish if fatigue is “an end-product of muscle
[70]
dysfunction or a root cause in CD” .
Third, sleep and physical activity was assessed in CD
[n = 49, 44 (21, 65 years)] compared to healthy controls
[60]
[n = 30, 46 (21, 63 years)] via accelerometer . There
was a significant (P <0.01) impairment of all physical
activity in CD patients vs controls, including more time
spent doing sedentary, light, or “lifestyle” (98% vs 96%)
rather than moderate-vigorous (2% vs 4%) activities
6
6
and reduced overall activity (1.32 × 10 vs 1.95 × 10
as per accelerometer counts). Further, lower physical
activity was associated (P < 0.05) with self-reported
global (OR: 5.7, 95%CI: 1.1-29.1) and physical fatigue
(OR: 3.9, 95%CI: 1.1-14.5) in a bivariate analysis, as
was longer duration since diagnosis (OR: 1.2, 95%CI:
1.03-1.5), systemic inflammation via C-reactive protein
(OR: 22.6, 95%CI: 1.1-479.3), and low vitamin D3
defined as < 50 nmol/L (OR: 13.1, 95%CI: 2.5-68.7)
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Exercise

Cardiovascular training: In a controlled trial men and
women (n = 12, 38.3 ± 7.5 years) with CD performed
low-intensity walking for 30 min, 3 d per week for 12
[64]
wk . Low-intensity walking was defined as 60% of
heart rate maximum (HRmax) determined using the
[71]
Karvonen formula . Predicted maximal oxygen uptake
improved (P = 0.001), implying improved cardiovascular
fitness. Further, general well-being, QOL, and perceived
stress significantly improved [IBDQ (P = 0.01)] and IBD
[64]
(Stress index P < 0.001) .
In a follow-up study men and women (n = 32) with
CD were randomized to low-intensity walking (60%
HRmax) for 30 min, 3 d per week for 3 mo (n = 16, 40.6
± 11.7 years) or to non-exercise control group (n =
[65]
16, 37.0 ± 12.7 years) . Exercise improved QOL and
perceived stress [IBDQ (P < 0.05)] and IBD Stress
Index (P < 0.05). Importantly, exercise participants had
improved disease activity based on HBI post-intervention
compared to baseline (P < 0.01) while the non-exercise
group worsened (P = 0.04).
Recently, men and women (n = 30) with IBD were
randomized (stratified by disease) to supervised mode
rate intensity “running” 3 d per week for 10 wk (n= 15,
39.7 ± 14.7 years) or control group (n = 15, 42.5 ± 13.9
[63]
years) . Moderate intensity “running” was defined as a
pace great enough to work up a sweat while maintaining
ability to talk. Exercise participants improved on the social
well-being sub-scale of the IBDQ (P = 0.026) compared
to controls. This is the only clinical trial to assess objective
markers of inflammation (i.e., leukocytes, C-reactive
protein, and fecal calprotectin), however no statistically
[63]
significant changes were seen in these parameters .
Resistance training: In a RCT men and women (n =
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[79]

117) with CD were randomized to low-impact homebased exercise program performed 2 d per week for 1
year (n = 53, 40.1 ± 12.6 years) or control group (n =
[66]
54, 41.2 ± 14.1 years) . The exercise program was lowimpact and progressive and targeted sites susceptible
to secondary osteoporosis (hip and lumbar spine) and
major muscle groups (core and lower body). Participants
who were ≥ 80% compliant to the exercise improved
(P = 0.02) percent change of areal bone mineral density
(aBMD) at the greater trochanter, derived via dual energy
X-ray absorptiometry, compared to the control group
(95%CI: 0.86-8.48). Pearson’s correlation (r) showed
total number of exercise sessions completed in the 12
mo was significantly associated with percent change of
aBMD at the femoral neck (r = 0.28, P = 0.04). Disease
activity assessed by Simple Disease Activity Score did not
improve. This study has numerous strengths, including a
RCT design, and is the first and only to determine effects
of resistance training on IBD via RCT. However, this
[66]
study was limited by poor compliance , with division
of participants into sub-groups based on compliance
(low, medium, and high exercise) for further analysis.
An exploratory follow-up determined that Acceptance
of Illness at baseline was significantly different between
sub-groups (F = 3.57, df = 55, P < 0.04) and was
2
the best predictor of exercise uptake (r = 0.376, R =
[72]
0.141) .
Female IBD patients (n = 148) were tested for
quadriceps strength via electromechanical chair dynamo
meter before assigning a sub-sample (n = 19) to
progressive resistance training of the quadriceps twice
[73]
per week for 8 wk . Intensity was set at 50% of
maximum load for the first 4 wk and progressed 10%
per week until 80% maximum was achieved. Quadriceps
strength improved significantly after the 8 wk of training
(pre = 28.5 ± 5.6 kg, post = 39.0 ± 3.2 kg), as did QOL
assessed by the IBDQ (P < 0.001). This study is limited
by the specificity of the training program (i.e., quadriceps
[73]
only) .

tors . Given that psychological functioning can impact
[80]
[81,82]
one’s sense of well-being
and physical health
,
stress management and mental health treatment may
be important for maintaining a good QOL and health
in IBD. The evidence for the use of psychotherapeutic
approaches used exclusively with people who have IBD
is reviewed below.

Cognitive behavioural therapy

Cognitive behavioural therapy (CBT) is a collaborative
problem-solving approach between the client and thera
pist, which aims to collaboratively identify, challenge,
[83]
and modify maladaptive thoughts and behaviors .
At present, most psychotherapists utilize a cognitive[84]
behavioral approach . There is some evidence that CBT
improves aspects of psychological health in IBD.
Following a CBT group with IBD patients (n = 28),
IBD-related concerns significantly decreased from preto post-treatment and these changes were maintained at
[85]
9-mo follow-up . Using the Rating Form of IBD Patient
Concerns (RFIPC), concerns that were reduced included:
Impact of disease (pre = 39.4, Post = 28.3, P = 0.007),
complications (pre = 37.1, post = 23.6, P = 0.018),
and sexuality (pre = 33.3, post = 22.4, P = 0.039). No
significant reduction was found for body stigma (pre =
24.6, post = 20.9). IBD-related quality of life (IBDQ) has
also shown improvement following CBT interventions;
[86-88]
however, these changes appear to be short-lived
.
Following CBT, patients with IBD report significantly
[88]
lower substance use for coping , and women report
[85]
less depressive coping styles at 9-mo follow up .
Results from treatment studies of comorbid IBD and
mood or anxiety disorders are mixed; both computerized
and face-to-face forms of CBT have been ineffective at
[88-90]
reducing anxiety and depression
, while a face-toface intervention did lead to less depression symptoms in
[85]
women .
Some research has explored whether the effects
of CBT for patients with IBD depend on the level of
psychiatric comorbidity. For instance, in one study, CBT
led to short-term improvements in health-related QOL
and coping abilities, but only in IBD patients with high
[90]
mental health needs . In another study, using a sample
with low levels of psychological distress (n = 28), a
piloted CBT intervention improved IBD-related quality
of life (IBDQ) and self-efficacy (IBD self-efficacy scale),
and decreased stress [perceived stress questionnaire
[91]
(PSQ)] . Within some other studies showing a positive
[85,86]
effect following CBT
, psychiatric illness has been an
exclusion criterion.
Physical health outcomes have also been examined
in CBT studies for IBD. Piloting a RCT with both CD and
UC patients (n = 174), the effects of CBT (face-to-face
[90]
and computerized modalities) were examined . Neither
face-to-face nor computerized CBT had significant ef
fects on disease activity (CDAI and SCCAI) throughout
testing. Following treatment, a nearly equal number of
patients in the treatment and control groups remained in
remission (CBT: 73.2%, controls: 71.7%, P = 0.868). An

Exercise tolerance: For the most part exercise was
[64-66]
well tolerated in the clinical trials
, although one
participant reported mild abdominal symptoms in re
[63]
sponse to exercise . Given the current evidence base,
these conclusions apply best to those with mildly active
disease or disease in remission, and to those with CD
rather than UC. While exercise did not exacerbate
[63]
[64,66]
disease, inflammation and disease activity
was not
improved in most clinical trials. Lack of improvements in
[63,64]
disease activity may reflect length of the intervention
[66]
or low compliance to the training programs . However,
QOL was improved.

PSYCHOTHERAPY
IBD has been associated with negative psychosocial
[74]
outcomes, such as a poor QOL , anxiety and depres
[75]
[76,77]
sion , and maladaptive coping
. Such outcomes
[78]
may be a product of the disease
or contributing fac
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[100-102]

analysis of a 2-year follow-up on this study showed no
[89]
impact on disease activity measures . In another RCT,
a computerized form of CBT for IBD patients (n = 199)
failed to produce any significant effects on clinical index
[88]
measures (HBI and SCCAI) . In an uncontrolled trial,
a 12-wk CBT group for IBD patients had no significant
impact on clinical indexes (CDAI and CAI) or medication
[85]
use .

spective, multicenter RCT
. Three separate analyses
were conducted to examine the influence of the inter
[102]
[101]
vention on psychosocial status , disease course ,
[100]
and health care use . The therapy targeted relaxation,
health behaviors, and coping. The sample comprised 108
CD patients across four treatment centers and patients
completed an average of 47 wk of therapy.
In terms of psychological outcomes, no significant
differences were found between the treatment group and
controls with depression (BDI), anxiety (STAI), or QOL
[102]
(German quality of life scale) . On measures of disease
course (CDAI and physical assessments), the therapy
[101]
failed to show any promising results . However, in ana
lyzing the effect on health care use, the treatment group
displayed significantly less hospital days and sick leave
[100]
days .

Mindfulness-based therapies

Mindfulness originates from Eastern philosophies and
was introduced to Western medicine by Jon Kabat[92]
Zinn , who, in 1979, created the Mindfulness-Based
Stress Reduction (MBSR) program for patients with
[93,94]
chronic illness
. Mindfulness can be conceptualized
as a non-judgmental, accepting, and intentional quality
of attention towards unfolding present-moment expe
[92,94,95]
riences
. Mindfulness has been integrated into a
number of psychotherapies supported by the American
Psychological Association, including Acceptance and
Commitment Therapy and Dialectical Behavioral Therapy.
Mindfulness appears to improve mental health out
comes in IBD. Improved outcomes include health-related
[96]
[97]
QOL (IBDQ) , maintained QOL during flare ups ,
[98]
reduced depression (BDI) , long-lasting reductions in
[98]
anxiety (STAI) , and use of problem-directed coping
[96]
strategies [ways of coping checklist (WCC)] . IBD
patients with high levels of stress and more severe ab
dominal symptoms may benefit more from mindfulness
[96,97]
interventions than other IBD patients
. In a doubleblind RCT with UC patients (n = 55), MBSR completers
with a high severity of gastrointestinal symptoms at base
line demonstrated a greater reduction in the hindrance
of bowel symptoms (IBDQ-bowel subscale) compared to
MBSR participants with less severe symptoms - an effect
[97]
not seen in the control group (P < 0.001) . Berrill and
colleagues found similar results in an IBD sample with
high levels of stress (PSQ) and/or functional abdominal
symptoms (irritable bowel syndrome symptom severity
[96]
scale) .
Currently, there is limited evidence on the effective
ness of mindfulness-based therapies (MBT) in reducing
disease activity in IBD, as measured by clinical indexes
[96,98]
and biomarkers of inflammation
. However, the
aforementioned RCT with UC patients demonstrated
that MBSR completers with high stress levels (PSQ)
exhibited fewer flare ups post-treatment compared to
those in the control group with high stress levels (P <
[97]
0.001) . Moreover, meditative techniques, including
breathing, body postures, movement, and elements
[99]
of mindfulness , were associated with reducing an
inflammatory biomarker (CRP) , in a group of 29 IBD
patients. It remains unclear which intervention com
ponent(s) were responsible for the effects observed in
the latter study.

Hypnosis

Hypnosis is described as “an ability to sustain a state
of attentive, receptive, intense focal concentration
with diminished peripheral awareness in response to
[103]
a signal” . There is evidence of its lasting effects on
health and well-being in a variety of populations, with
proposed mechanisms including immune and cognitive
[104,105]
changes
. As a psychological intervention for IBD,
the clinician delivers hypnotic suggestions to improve
[104]
psychological and gastrointestinal health . There is a
lack of evidence for hypnosis as an effective intervention
for anxiety and depression in IBD; however, there
is some evidence of its effect on other psychological
[104,106]
outcomes
.
In a RCT with UC patients (n = 37), a 7-session
hypnosis intervention produced the following effect sizes
on QOL and self-efficacy measures: IBDQ-bowel subscale
(d = 0.50), IBDQ-systemic health subscale (d = 0.48),
IBDQ-total scale (d = 0.41), and the IBD self-efficacy
[104]
scale (d = 0.34) . However, there were no significant
effects on perceived health competence (perceived
health competence scale), stress (PSQ), IBD-related
concerns (RFIPC), or medication adherence (medication
adherence scale).
There have been observations of long-term reduc
tions in disease severity (clinical assessments) and
medication use following hypnosis, although this was
found in an uncontrolled study with a small sample
[106]
size (n = 13) . In the aforementioned RCT of seven
hypnosis sessions, those in the treatment condition
had a significantly higher number of days until relapse
compared to controls, F = 4.8 (1, 48), P = 0.03, and
68% of patients in the treatment condition maintained
remission (subjective markers of flare) for one year,
whereas this was the case with only 40% of the controls,
2
χ (1) = 3.9, P = 0.04[104]. Indeed, in an RCT in which
hypnosis was used to treat UC (n = 25), biomarkers of
autonomic activity and inflammation were significantly
reduced within 30 min following a single 50-min session
[107]
of hypnosis
. Specifically, hypnosis had significant
effects on heartrate, reduced serum interleukin-6 levels
by 53% (a measure of systemic inflammation), and

Psychodynamic psychotherapy

The effect of short-term psychodynamic therapy com
bined with autogenic training was examined in a pro
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reduced three of six measures of rectal inflammation.

the most recent study of highly fatigued patients (n =
98), the authors found short-term therapeutic effects
on QOL (IBDQ) (P = 0.02) and depression (HADS) (P =
0.03) following SFT; however, no significant differences
in anxiety were found between the treatment group and
controls. When assessing fatigue, the initial study failed
to find significant differences in fatigue scores on the
checklist of individual strength (CIS) between treatment
groups and controls, however, a greater number of
patients in the SFT condition showed improvements. In
the latter study, patients were assessed on measures of
physical health outcomes from post-treatment to 9-mo
follow-up. A significantly greater number of individuals in
the treatment group exhibited low fatigue scores (CIS)
compared to controls post-treatment (P = 0.03); however,
this effect was only sustained until 6-mo follow-up (P
= 0.19). In this study, SFT did not have any significant
effects on clinical indexes, sleep quality, medication use,
or blood parameters.

Stress management

Studies were classified as stress management inter
ventions if they either provided education on stress
and/or coping, or utilized relaxation techniques. Such
interventions appear to positively impact psychological
functioning in IBD. In most studies that assessed
disease-related stress, ratings on the IBD-related QOL
(IBDQ) and IBD-related stress (IBD stress index) were
[108-110]
significantly reduced post-treatment
. Anxiety [hos
pital anxiety and depression scale (HADS) and STAI] is
[111,112]
also effectively targeted by these interventions
.
However, there is limited support for the use of stress
management for IBD patients with comorbid depres
[111-113]
sion
.
Studies that assessed disease activity following stress
management interventions show mixed results. Following
a stress management program for IBD patients, signifi
[109]
cant reductions in CDAI scores were observed . How
ever, two recent studies showed no effect on disease
[108,112]
activity (HBI, CAI, and CDAI)
. Stress management
interventions might improve self-reported pain and
other symptoms. For example, in three RCTs using
relaxation training for IBD patients, significant reductions
[110]
were found on the visual analogue scale (VAS)
,
[114]
McGill pain questionnaire and pain and distress scale ,
[115]
and symptom-monitoring diaries . In contrast, in a
study of IBD patients with low levels of disease activity,
researchers failed to find any significant reductions on
[113]
the VAS .

Multi-component behavioral treatment

Multi-component behavioral treatment (MCBT) is a psy
chological intervention that combines muscle relaxation
techniques, thermal biofeedback, training in coping, and
[119]
education in IBD . In an RCT using MCBT with 21 IBD
patients, researchers examined outcomes on the BDI,
STAI, IBD stress index, hassles scale, and psychosomatic
[119]
symptom checklist . The IBD Stress Index was the
only psychological measure to significantly decrease from
pre- to post-treatment in the MCBT condition (P < 0.05).
On a self-report of IBD symptoms, a significantly greater
number of controls reported symptom reductions than
the treatment group following the study (82% vs 65%,
2
χ = 14.58, P < 0.01).

Supportive-expressive group therapy

In a prospective, uncontrolled pilot study, supportiveexpressive group therapy was examined with IBD pa
[116]
tients (n = 30)
. This therapy aimed to encourage
self-expression and reduce feelings of isolation. On
psychological measures, there were no significant
changes in IBD-related concerns (RFIPC), IBD-related
quality of life (IBDQ), or anxiety or depression (HADS)
post-treatment, however, there were changes in coping
(ways of coping inventory). That is, patients reported
less use of maladaptive coping styles, including denial,
suppression, and self-blame. On measures of IBD symp
toms, no significant changes occurred post-treatment,
[116]
despite a reduction in symptoms .

CONCLUSION
The non-pharmacological therapies reviewed are
intended to be used as an adjunct to conventional
therapies. Evidence-based recommendations for diet,
PA/E, and psychotherapy are provided. However, recom
mendations may be limited to a particular subset of IBD
patients (e.g., those in remission).
The existing body of science on the impact of diet on
IBD has its limitations. High quality, well-designed RCTs
are lacking, as the majority of intervention trials are of
short duration and lack objective measurements of dis
ease activity. Researchers rely on patient self-reporting,
which introduces bias. At this time, no single diet should
be recommended for all patients with IBD; however, a
diet rich in vegetables, fruit and fiber appears to be of
benefit (Table 1). Of note, this is for patients with IBD
who are in remission. There is an even greater paucity of
evidence based information for dietary recommendations
for patients with active disease. Unique dietary recom
mendations should be developed for each patient, de
pending on the course of the disease. Patients should be
counseled regarding the lack of objective evidence for

Solution-focused therapy

Vogelaar and colleagues assessed the value of solutionfocused therapy (SFT) in improving fatigue in IBD in
[117,118]
two separate studies
. SFT is a brief form of psycho
therapy that focuses on the individual’s adequate coping
[118]
abilities . In the first study, SFT was compared against
problem-solving therapy and a control condition in CD
patients with high levels of fatigue (n = 40). No significant
differences were found on any of the psychological
outcomes, which included measures of QOL (IBDQ and
EuroQol-5D), and anxiety and depression (HADS). In
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Table 1 Summary of best available evidence for diet management of inflammatory bowel disease (remission)
Diet

Recommendation

Ref.

There is a lack of evidence that fiber intake should be restricted in patients with IBD. Soluble fiber sources are
Hwang et al[29], 2014
encouraged[32]. A high fiber diet is likely safe in patients with IBD and may impart a weak benefit[33]
Wedlake et al[32], 2014
Cruciferous vegetables, fruit peels, nuts, seeds should be avoided in patients with known fibrostenotic
Kaplan et al[33], 2016
stricture with obstructive symptoms[29,33]
Dairy products Strict avoidance of dairy products is not justified unless it clearly worsens diarrhea[52]. For patients who are Richman/Rhodes[52], 2013
lactose intolerant, it may still be possible to consume small amounts of dairy products with lower amounts of
lactose such as fermented dairy products (yogurt and kefir), cottage cheese, butter and aged cheeses[29]
Low-FODMAP A low-FODMAP diet may be worth trying in patients with IBD who have FGS such as bloating, abdominal
Maagaard et al[25], 2016
[25,52]
pain or watery diarrhea that have persisted despite appropriate treatments
Plant-based
Plant-based diets such as a lacto-ovo vegetarian diet or Mediterranean diet pattern may reduce gut
Chiba et al[19], 2010
[19,20]
inflammation in IBD
Marlow et al[20], 2013
Fat/animal
Avoidance of trans fatty acids from processed foods, margarine and fast foods may be warranted[34,52]
Jowett et al[34], 2004
[34,122]
protein
A diet low in animal fat, particularly from processed meat and red meat (< 2/wk) is encouraged
Owczarek et al[122], 2016
Specific
The effect of the SCD, IBD-AID and the gluten-free diet on clinical course in IBD remains to be elucidated in
carbohydrate/
future trials
IBD-AID/
gluten-free
Fiber

IBD: Inflammatory bowel disease; FODMAP: Fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; SCD: Specific carbohydrate diet;
AID: Anti-inflammatory diet.

Table 2 Summary of best available evidence for physical activity and exercise in inflammatory bowel disease
Type

Recommendation

Ref.

van Langenberg et al[60], 2015
Vogelaar et al[61], 2015
Jones et al[62], 2015
Crumbock et al[67], 2009
Mack et al[58], 2011
Exercise
Structured exercise may improve overall fatigue[70], general well-being[68], and disease activity[70]. Thus, Van Langenberg et al[70], 2014
exercise, including cardiovascular and resistance training, should supplement “lifestyle” physical activity
Chan et al[68], 2013
Cardiovascular Low-moderate intensity cardiovascular training may improve cardiovascular fitness[64], disease activity[65],
Klare et al[63], 2015
training
perceived stress[64,65], and quality of life[64,65], including social and general well-being[63,64]. Cardiovascular
Loudon et al[64], 1999
training should be incorporated into exercise regimen a minimum of 30 mins, 3 d per week
Ng et al[65], 2007
Physical
activity

Resistance
training

[60,61]

[60]

Lower levels of physical activity are associated with fatigue
, systemic inflammation , and reduced
cardiovascular fitness[61], whereas higher levels of physical activity may improve quality of life[67] and
decrease risk of active disease[62]. Unstructured “lifestyle” and work-related physical activity may be
preferential over exercise[58,60,67], although both are encouraged

Low-moderate intensity progressive resistance training may improve bone health[66], strength[73], and
quality of life[73]. More evidence is needed for a specific prescription

[59,62,69]

tolerated
. Patients should, however, consult
a physician prior to commencing a regular exercise
[120-122]
regime
, as exercise tolerance may be lessened
with active disease. Physicians should also discuss with
patients the potential for PA/E related fatigue.
With respect to psychotherapy interventions in IBD,
there has been more examination of CBT, MBT, hypnosis,
and stress management than other interventions (Table
3). There is evidence that CBT and MBT improve coping
and QOL, yet evidence for improvement of comorbid
anxiety and depression in this population is limited. Many
of the latter interventions were tailored to the needs of
individuals with IBD, however, they were not designed
to exclusively treat anxiety and depression. Thus,
along with IBD-related adaptations, more symptomspecific interventions may be necessary to effectively
target anxiety and depression in this population. CBT
and MBT are also seemingly limited in their impact on
disease activity; longer follow up assessments may
be necessary, as health benefits from stress reduction
may take time. Hypnosis in IBD has demonstrated

the use of restrictive diets, as well as the potential risks
these diets can have in patients who are predisposed
to nutritional deficiencies. Patients should consult with
a registered dietitian for individualized diet counseling
to assess current intake, evaluate nutritional status,
and assist in manipulating diet to prevent nutritional
deficiencies and improve QOL.
Current exercise guidelines suggest cardiovascular
training 20-60 min at 60%-90% maximum heart rate
3-5 d per week and resistance training a minimum of
2 d per week are outdated and not based on actual
[120,121]
evidence in an IBD population
. Further research
is needed to improve our understanding and to create
development of specific exercise guidelines for patients
with IBD. Evidence thus far emphasizes that patients
should perform regular low-moderate intensity physical
activity, including cardiovascular and resistance exercise,
as it may positively impact QOL and inflammation (Table
2). Exercise also has the potential to prevent impaired
cardiovascular and muscular function and secondary
osteoporosis associated with IBD and is generally well
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Table 3 Summary of best available evidence for psychological interventions in inflammatory bowel disease
Intervention

Recommendation

Cognitive
behavioural
therapy

May be useful for developing adaptive coping skills[85,88,90], reducing IBD-related
stress[85], and improving quality of life[86-88,90] Therapeutic gains are observed in
individuals with varying degrees of distress.[85,86,90,91] Outcomes on anxiety and
depression are inconsistent[85,86,88-90]

Mindfulnessbased therapies

Hypnosis

Stress
management

Psychodynamic
psychotherapy,
supportive
expressive group
therapy, solutionfocused therapy,
multi-component
behavioural
treatment

Ref.

Mussell et al[85], 2003
Díaz-Sibaja et al[86], 2009
Keefer et al[87], 2012a
McCombie et al[88], 2016
Mikocka-Walus et al[89], 2016
Mikocka-Walus et al[90], 2015
Keefer et al[91], 2012
Could foster adaptive coping[96] and maintain quality of life during flare ups,
Berrill et al[96], 2014
particularly among individuals with moderate-severe distress or abdominal
Jedel et al[97], 2014
symptoms[96,97]. The evidence for managing anxiety and depression[98], as well as disease
Schoultz et al[98], 2015
activity[97,99], is limited.
Gerbarg et al[99], 2015
Demonstrates the most promise for managing disease activity[104,106,107]
Keefer et al[104], 2013
Miller/Whorwell[106], 2008
Mawdsley et al[107], 2008
[110-112]
[109,110]
These interventions appear to target anxiety
, reduce IBD-related stress
, and
Boye et al[108], 2011
improve quality of life[108,110]. There is some support for managing pain[110,114,115]
Milne et al[109], 1986
Mizrahi et al[110], 2012
Larsson et al[111], 2003
Smith et al[112], 2012
Shaw/Ehrlich[114], 1987
Garcia-Vega/Fernandez-Rodriguez[115], 2004
Insufficient evidence to make recommendations at this time

IBD: Inflammatory bowel disease.

some evidence for reducing disease activity; however,
there is no evidence of its ability to decrease anxiety
and depression. As with the CBT and MBT studies, the
hypnosis interventions were not specific to anxiety and
depression, which could explain such findings. Stress
management interventions have led to lower diseaserelated stress, anxiety, and reports of pain, yet their
influence on disease-activity remains mixed. Future
research could explore modifications of evidence-based
psychotherapies that specifically target anxiety and
depression, and examine the application of these in IBD.
Research into interventions showing promise for physical
health improvements in IBD, such as hypnosis, could
also continue being explored.
The non-pharmacological therapies reviewed are
promising, but should be viewed as adjunct therapies
to treat IBD patients holistically. Longer-term, carefully
designed, non-pharmacological intervention trials are
urgently needed to determine the optimal treatment
modality for patients. Such trials should assess both
subjective measures such as QOL, as well as objective
measures of inflammation. While the recommendations
provided are based on existing evidence, additional
research on non-pharmacological approaches for the
management of IBD is needed.
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Abstract
Helicobacter pylori (H. pylori ) is present in roughly 50%

of the human population worldwide and infection levels
reach over 70% in developing countries. The infection has
classically been associated with different gastro-intestinal
diseases, but also with extra gastric diseases. Despite
such associations, the bacterium frequently persists in the
human host without inducing disease, and it has been
suggested that H. pylori may also play a beneficial role
in health. To understand how H. pylori can produce such
diverse effects in the human host, several studies have
focused on understanding the local and systemic effects
triggered by this bacterium. One of the main mechanisms
by which H. pylori is thought to damage the host is by
inducing local and systemic inflammation. However, more
recently, studies are beginning to focus on the effects of
H. pylori and its metabolism on the gastric and intestinal
microbiome. The objective of this review is to discuss
how H. pylori has co-evolved with humans, how H. pylori
presence is associated with positive and negative effects
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in human health and how inflammation and/or changes
in the microbiome are associated with the observed
outcomes.

been linked to elevated incidence of diseases, such us
[16-18]
multiple sclerosis and celiac disease, among others
.
Several studies have focused on understanding the
local and systemic effects triggered by this bacterium
in order to understand how H. pylori can produce such
diverse effects in the human host. One of the bestcharacterized mechanisms involved in such effects is
likely to be the damage to the host induced by local
[19]
and systemic inflammation . However, more recently,
studies are beginning to focus on the effects of H. pylori
and its metabolism on the gastric and intestinal micro
[20-23]
biome
. This emerging field of interest could explain,
at least in part, the wide variety of effects that are
currently attributed to the presence of H. pylori in the
human body.
In this review, we discuss such gastric and extragastric effects of H. pylori and the possible mechanisms
involved.

Key words: Helicobacter pylori ; Co-evolution; Extragastric diseases; Inflammation; Microbiome
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review focuses on discussing how

Helicobacter pylori (H. pylori ) has co-evolved with

humans, potential mechanisms that may explain both
positive and negative correlations in population-based
studies between H. pylori infection and the development
of several diseases, as well as how inflammation and/
or changes in the microbiome might be linked to the
respective outcomes. Our analysis of the literature reveals
that human infection by H. pylori has a longstanding
history, whereby the consequences therefore are ex
tremely complex and not always detrimental to the human
host. Thus, future research should focus on determining
how potentially beneficial consequences of this interaction
could be promoted all the while preventing the diseasecausing effects in humans.

H. PYLORI AND THE CO-EVOLUTION
WITH HUMANS: NEGATIVE AND
POSITIVE EFFECTS
H. pylori is a Gram-negative bacterium whose presence
in the stomach of infected individuals is linked to the
development of several gastric diseases, such as
chronic gastritis. Although it is estimated that 50%
of the world population is infected by H. pylori, only
a small percentage of infected patients develop more
severe pathologies, such as ulcers (10%-15%) and
[1,2]
stomach adenocarcinomas (less than 1%) , the
latter representing 15.4% of the cancers produced by
[24]
infectious agents worldwide in 2012 . These values
suggest that while relevant to the development of severe
diseases, including gastric cancer, this pathogen could
also play other roles in the human host.
It is now well established that H. pylori has been
a highly prevalent pathogen in humans for over sixty
thousand years and that infection occurs mainly in the
intimate family environment or through vertical trans
[25]
mission . These continuous infections and contact with
other bacterial strains promoted the existence of a large
number of mutations and genetic variability among
[26-28]
bacteria due to horizontal transfer of information
.
The emerging differences have been characterized
particularly with respect to geographic distribution and
such studies have revealed that the observed geno
mic alterations allow H. pylori to survive in different
[29,30]
microenvironments
. Moreover, these genetic modi
fications are thought to have lead to the emergence of
less virulent strains, which may explain the low percen
tage of patients affected with serious pathologies, such
[31]
as adenocarcinomas .
The events during human evolution associated with
initial acquisition H. pylori are thought to have been the
development of agrarian practices, as evidenced by the
presence of DNA remnants in the H. pylori genome, such

Bravo D, Hoare A, Soto C, Valenzuela MA, Quest AF.
Helicobacter pylori in human health and disease: Mechanisms
for local gastric and systemic effects. World J Gastroenterol
2018; 24(28): 3071-3089 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i28/3071.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i28.3071

INTRODUCTION
Helicobacter pylori (H. pylori) infects approximately 50%
of the human population worldwide and the infection
[1,2]
could reach more than 70% in developing countries
The consequences of infection have been associated with
the development of different gastro-intestinal diseases,
such as gastric ulcers, gastric cancer, mucosa-associated
lymphoid tissue (MALT) lymphoma and biliary tract
[3]
cancer . Moreover, H. pylori infection has also been as
sociated with extra gastric diseases, such us ischemic
[4]
[5]
[6]
heart diseases , type 2 diabetes mellitus , anemia ,
[7]
adverse metabolic traits in obese subjects and insulin
[8]
resistance , to mention but a few.
Despite the existence of such associations, these
diseases occur only in a small percentage of infected
people, suggesting that the bacteria frequently persists
in the human host without inducing any obvious signs
of disease, and it has been suggested that H. pylori may
[9-14]
also play a beneficial role in human health
. Indeed,
recent studies indicate that the decreasing incidence of
H. pylori in the developing world is paralleled by an
increase in the incidence of allergies and autoimmune
[15]
diseases . Furthermore, the absence of H. pylori has
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as the vir genes of Agrobacterium tumifaciens . Also
population migration is likely to have contributed to the
acquisition of genes or genomic islands important for
H. pylori virulence. One of them is the cagPAI genomic is
land, where cagA is one of the most important virulence
genes associated with an increase in the activation of
pro-inflammatory pathways and the production of pro[33,34]
inflammatory cytokines in the stomach mucosa
.
According to genomic analyses of H. pylori, European
colonization trips to South America may have contributed
to the acquisition of cagA by indigenous people living in
the Andes, who possessed H. pylori without a functional
[30,35]
cagA gene
. Moreover, other studies analyzing South
American populations, such as the Colombians, have
determined that the mountain people with greater simi
larity to the native people of that region have a higher
incidence of gastric cancer compared with residents of
coastal towns, who were more strongly influenced by the
colonization of African migrant populations. Currently,
this sector of the population has a low incidence of gastric
[36,37]
cancer associated with H. pylori infection
.
However, it has been observed that although in
certain populations positive CagA strains are more nume
rous (as in parts of Eastern Asia), there are specific
characteristics that make it unlikely for them to spread
to the rest of the world, such as Western countries,
with fewer positive CagA strains. These observations
suggest that “fitness traits” exist, which aid in the
survival of the bacteria in different hosts, in addition to
other well-known factors, like difference in the lifestyles,
[38]
socioeconomic levels and diet of the host population .
Japan, for example, has the highest rate of gastric
cancer worldwide, associated with the highest presence
of CagA (57%); however a lower seroprevalence is ob
[39]
served compared to other populations . In contrast,
despite the high prevalence of H. pylori in India, a
low rate of gastric cancer is registered (known as the
“Indian Enigma”). One of the main hypotheses seeking
to explain this enigma is that the higher rate of enteric
infections in more poorly developed countries could
boost the immune system and limit the consequences
of H. pylori infection. In addition, the high diet content of
peppers, which represent an important ingredient in the
[40]
Indian diet, may protect against H. pylori infection . In
conjunction, these examples support the hypothesis that
a variety of factors contribute to the fitness of H. pylori in
different human host populations.
Therefore, bacterial and host fitness are very relevant
in H. pylori infection. In particular, host genetics likely
affect the progression of pathologies associated with
H. pylori infection. Indeed, specific polymorphisms
in genes coding for cytokines, such as IL-1β, IL-8,
IL-10 and TNF-α, are associated with an increase in
the pro-inflammatory responses, greater colonization
and infection, as well as an increased risk of gastric
[41-45]
cancer
. Also, polymorphisms in innate immunity
genes, such as the toll-like receptor 4 (TLR4), are
relevant because TLR4 is implicated as a receptor
responsible for H. pylori induced signaling in gastric
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epithelial cells. Moreover, epigenetic changes due to
hypermethylation in the promoter regions of tumor sup
pressor genes, such as LOX, HAND1 and APC, and the
alteration as well as deregulation of microRNAs (miRs)
are associated with a higher prevalence of gastric cancer
[46,47]
following H. pylori infection
.
Despite clearly representing a human pathogen,
evidence is available suggesting that this bacterium could
also be considered a commensal bacteria in the human
host. This notion is supported by the simple observation
that the bacteria is present in so many individuals, yet
generates relatively few symptoms or pathologies. This
raises the issue as to whether to refer to H. pylori as a
commensal or pathogen, because pathologies are likely
not only to be associated with specific traits of H. pylori,
but also with a series of specific conditions in the human
host.
H. pylori has been found as part of the normal oral
microbiota and part of the microbiota of the stomach in
[48,49]
the absence of inflammation
. In addition, it has been
reported that H. pylori infection is not associated with the
onset of the gastric cancer, but rather with its recurrence
[50]
and chronicity . Moreover, the presence of H. pylori
in the stomach microbiota may result in changes in the
[21,23]
normal microbiota
.
In this context, it is worth mentioning that several
studies have attributed positive effects to H. pylori infec
tion. These include the suppression of bacteria that cause
tuberculosis (Mycobacterium tuberculosis), protection
against asthma, Crohn’s disease, esophageal reflux,
[9-14]
diarrheal diseases, as well as esophageal cancer
. This
controversy has led to the discussion whether eradication
of H. pylori is recommendable to help restore the host’
s health status, or if alternative strategies should be
developed to control virulence of the bacteria, thereby
avoiding the appearance of ulcers and adenocarcinomas
without eliminating the positive effects that this bacterium
[51]
may have . With this in mind, it is not surprising that
H. pylori is so widely studied and considered a relevant
target in many therapies.

H. PYLORI COLONIZATION: PROTECTION
AND PROMOTION OF INFLAMMATORY
DISEASES
Protective effect of H. pylori colonization

H. pylori infection is inversely associated with the devel
opment of some diseases, suggesting that the presence
of these bacteria may also be beneficial to the host, as
is the case for reducing the risk of obesity, childhood
asthma, inflammatory bowel disease and celiac disease
among others. In some cases the data available strongly
support the notion that H. pylori presence is beneficial,
while for others convincing data still remains at large
(Figure 1 and Table 1).
Asthma: Asthma is characterized by a chronic hyperresponsiveness to specific and non-specific stimuli that
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Multiple
Sclerosis

Celiac
Disease

Inflammatory
Bowel
Disease

NA

Asthma

Positive

Inverse

Inverse

Inverse

Inverse

Positive

Association

Disease

Type/model of study

Efthymiou
et al[16], 2016

Jaruvongvanich.[68],
2016

Yao
et al , 2016

[67]

Lucero
et al[17], 2017

Lebwohl
et al[65], 2013
Narang
et al[18], 2017

Cohort study

Meta analysis

Meta analysis

Case-control study

Cross-sectional study

Cross-sectional study

Holster
Cohort study
et al[53], 2012
Den Hollander[54],
Cohort study
2016
Chen and Blaser[10],
Cohort study
2007
Chen and Blaser[55],
Case-control study
2008
Sommer
Ex vivo study. Isolated T cells
et al[57], 1998
from gastric biopsy
Bamford
Ex vivo study. Isolated T cells
et al[56], 1998
from gastric biopsy
Oertli
In vivo study. C57BL/6 mice
et al[59], 2013
De la Pena-Ponce
In vitro study. Airway
et al[60], 2017
epithelial cells
Higgins
Meta-analysis and In vivo
et al[61], 2011
study. C57BL/6 mice
Lord
Cross-sectional study
et al[62], 2018
Castano-Rodriguez
Meta analysis
et al[63], 2017

Reference

Statistical analysis

129 patients, 49
controls

Two-tailed t-testa

Serum anti-H. pylori, anti-VacA, antiCagA, anti-Hsp60 ELISA

Urea breath test (UBT), rapid urease test,
PCR and ELISA

ELISA, immunofluorescence and latex
agglutination tests

1553 patients
Chi-square test, odd ratio and 95%CIb
and 1253
controls
1902 individuals Chi-square test, odd ratios, multivariant
models and random-effect modelsa

Giemsa staining and rapid urease test
(RUT)

Diagnosed by neurologist using the
McDonald criteria (based on clinical
presentations, finding on magnetic
resonance imaging and cerebrospinal fluid
profile)
Not mentioned, but relapsing remitting
MS (RRMS) and secondary progressive MS
(SPMS) are differentiated

Serum levels of inmunoglobulin A-tissue
transglutaminase antibodies (IgA-tTG > 18
U/mL = CD+). Further analysis by upper
gastrointestinal endoscopy for biopsies to
confirm
Duodenal histopathology and
inmunoglobulin A-tissue transglutaminase
(IgA-tTG) serology
Not mentioned

Histology, culture, rapid urease test,
Not mentioned but differentiated among
serology and/or urea breath test (UBT) Crohn's disease, ulcerative colitis, IBD, and
unclassified
Polyclonal inmunochemical stain
Duodenal and gastric biopsies

Not mentioned

Not mentioned

-

-

-

-

Rapid urease test (RUT), histological
evaluation and PCR

Chi-square test or Fisher exact test, and
odd ratio and 95%CIa

Odd ratios and 95%CIb

Chi-square, t-test, fixed effect model and
odd ratios 95%CIb

Diagnosis of the pathology
Positive diagnosed asthma by a medical
questionnaire
Positive diagnosed asthma by a medical
questionnaire
Positive diagnosed asthma by a medical
questionnaire
Positive diagnosed asthma by a medical
questionnaire
Endoscopic examination

Not mentioned

CagA detection by western blot

Rapid urease test (RUT) or
histopathology
CFU from homogenised tissues

t-testa
Chi-square. Mann Whitney U-test and
Kruskal-Wallis testa
One way ANOVAa

Histological detection

Wampole ELISA

inmunoglobulin G levels in serum

Chi-square test or Fisher exact test, and
odd ratio and 95%CIb

66 patients and
50 controls

6130 patients
and 74659
controls
136179
individuals
324 childrens

H. pylori detection
Serum anti-H. pylori inmunoglobulin G,
and CagA by ELISA
inmunoglobulin G levels in serum

Not mentioned

Between n = 3 to
n = 10
Between n = 3 to Odd ratios 95%CI. P-value < 0.1. One way
n=9
ANOVA and t-testa
704 individuals
Odd ratios 95%CIb

Biopsies from 30
patients
n patients = 5,
n control = 3
60 mice

545 childrens

Chi-square and t-tests. Univariate and
multiple logistic regression analysesa
3797 childrens
Chi-square test. Multivariate logistic
regression analysis. Odd ratios 95%CIb
7663 adults
Unconditional logistic regression models.
Odd ratios 95%CIa
7412 individuals
Chi-square and t-testsb

Sample size

Table 1 Association of different diseases with the presence or absence of Helicobacter pylori
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Positive

Positive

Insulin
resistance

Positive

Positive

NAFLD

Anemia

Ischemic
Heart
Diseases
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Yildrim
et al[89], 2016
Upala
et al[8], 2016

Chen
et al[84], 2015
Polyzos
et al[86], 2011

Huang
et al[78], 2009
Aydemir
et al[82], 2005
Gunji
et al[83], 2009

Chen
et al[7], 2017

Kato
et al[77], 2017

Flores
et al[75], 2017

Flores
et al[76], 2015

Xu
et al[6], 2017

5829 patients
Fixed and random effect models. Odd
and ~16000
ratios and 95%CI. P-value = 0.06
controls
173 patients and Multivariate analysis. Odd ratios 95%CI.
127 controls
t-test and ANOVAa

2120
participants

Meta analysis

Meta analysis

Cohort study

41 patients and
27 controls
27544
participants

1107
participants
(1008 IR- y 99
IR+)
811 individuals

Cross-sectional Study

Cohort study

63 patients

n = 20

Cross-sectional Study

In vivo study. C57BL/6 mice

Chi-square. Odd ratio 95%CIa

t-testa

t-testa

Chi-square or Fisher exact testa

Chi-square and t-testsa

t-testa

Chi-square testa

17332 patients
Chi-square and t-testsa
and 69328
controls
Retrospective study
17791
Chi-square and t-tests. Odd ratios 95%CIa
individuals 7804
Hp positive
In vitro study. AGS human
n=7
One way ANOVA or non-parametric
gastric adenocarcinoma cell
experiments
t-testa
line
In vitro study. AGS human
n=3
One way ANOVA or non-parametric t-test
a
gastric adenocarcinoma cell
experiments
line
In vitro study. Isolated H.
4 patients and 4
t-testa
pylori strains from patients
controls
and controls (whole genome
sequencing)
Cohort study
2263 individuals
Chi-square and t-testsa

Retrospective cohort study

Cohort study

Shmuely
et al[3], 2014

Huang
et al[72], 2014

Meta analysis

Liu
et al[4], 2015

Using haemoglobin level

Serum anti-H. pylori inmunoglobulin G
and inmunoglobulin M ELISA

Measuring serum iron and ferritin

-

Serum anti-H. pylori inmunoglobulin G
ELISA
Gastric mucosa histologic examination for
H. pylori presence, gastric mucosa rapid
urease test (CLO test), serum H. pylorispecific immunoglobulin G antibody
concentration (ELISA), serum H. pylorispecific immunoglobulin G antibody
concentration (chemiluminescence)
13C-labeled urea breath test (UBT) and
gastroscopy
Urea breath test (UBT), rapid urease test
(RUT), PCR and ELISA

Serum anti-H. pylori inmunoglobulin G
ELISA

HOMA-IR

HOMA-IR

HOMA-IR

HOMA-IR

HOMA-IR

Using the NALFD criteria suggested by
the Chinese Liver Disease Association and
Clinical Diagnosis Standards
Gram staining, PCR and urease/catalase
Histopathology and inmunochemical
reactions
analysis
Giemsa staining
HOMA-IR

13C-labeled urea breath test (UBT)

Biopsy directly inoculated in growth
medium

CFU from homogenised cells

CFU from homogenised cells

-

Myocardial perfusion imaging in
patients with angina symptoms, chest
pain, suspected CAD, cardiac related
symptoms or risk stratications in patients
with known CAD
Isquemic stroke

Serum anti-H. pylori inmunoglobulin G,
and CagA by ELISA

Not mentioned

Medical records

Not mentioned
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Positive

Positive

NA

Hu
et al[107], 2016

Sujatha
et al[106], 2015
Pei
et al[192], 2015

Aslan
et al[95], 2006
Nasif
et al[96], 2016

Bener
et al[91], 2007
Devrajani
et al[92], 2010

Anastasios
et al[93], 2002
Li
et al[5], 2017

40 patients
70 patients ans
70 controls
28 samples from
14 patients

Cross-sectional study

In vitro study. THP-1 cells

100 patients

Cross-sectional Study

Cohort study

103 patients

74 patients and
74 controls

Case-control study

Cross-sectional Study

210 patients

67 patients and
105 controls
57397
participants

Case-control study

Meta analysis

Cross-sectional study

Rapid urease test (RUT) and
histopathologic examination
Serum anti-H. pylori IgG ELISA

t-testa

Rapid urease test, histopathological
examination
PCR for urease C gene
real-time PCR

The ratios were compared using × 2 test
and × 2 statistics was adjusted. t-testa
One way ANOVAa

Fisher exact testa

t-test, Manne Whitney U-testa

Chi-squarea

t-testa

13C or 14C urea breath test, stool antigen
test, anti-H. pylori antibody, rapid urease
test, histology or biopsy, culture
Serum anti-H. pylori inmunoglobulin G
and inmunoglobulin A ELISA
Stool H. pylori-antigen detection by
Enzyme immunoassay (EIA)

Giemsa staining

Fixed and random effect models. Odd
ratios and 95%CIa

Chi-square. P-value < 0.05

Probing depth (PD), plaque index (PLI),
bleeding index (BI), attachment loss (AL)

Probing depth (PD), plaque index (PI) and
bleeding index (BI)

Using venous blood glucose values or
currently taking diabetic medication
Fasting blood sugar (FBS) level, random
blood sugar (RBS) level and hemoglobin
A1c
Serum glucose concentration and serum
insulin levels
Postprandial glucose level, glycated
hemoglobin (HbA1c) and body mass
index (BMI). Serum 8-OHdG and Ox-LDL
Periodontal examination

Not mentioned

Previously diagnosed patients
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favor obstruction of the airways, characterized by increased serum immunoglobulin E (IgE) levels combined with infiltration of the lungs by eosinophils, mast cells and activated
+
[52]
CD4 T-cells, a process orchestrated by effector T-helper 2 cells, implying the participation of the cytokines IL-4, IL-13, IL-5 and IL-9 in these events . Several studies have
[53]
proposed an inverse association between the presence of H. pylori infection and asthma, although this association is still controversial. While Holster et al showed in a cohort
of 545 children that there are no significant differences in H. pylori prevalence between children with asthma (7.1% vs 9.4%), others have shown either positive or negative
[54]
effects. Significantly higher prevalence of asthma was reported in H. pylori positive compared to H. pylori negative children, based on a cohort study of 3759 children . In
[10,55]
contrast, studies involving more than 7000 adults
showed that H. pylori presence and also the CagA protein were inversely correlated with the development of asthma.
[15]
More recently, Miftahussurur et al reviewed several studies, surveys, cohort studies and meta-analyses in different European counties and in the United States of America (USA),
involving a large number of persons. They concluded that there is a significant but weak inverse correlation between H. pylori infection, allergies and asthma, suggesting that H.
[15]
pylori infection may have a beneficial protective role against development of these diseases .
[56,57]
The proposed mechanism involves the bacterial induction of naïve T cells, mainly in T helper 1 (Th1) rather than helper 2 (Th2) subsets
. On the other hand, it has
[58]
also been observed that T-regulatory (Treg) cells are increased in the gastric mucosa of H. pylori- infected humans . Moreover, the H. pylori virulence factors γ-glutamyl
[59]
transpeptidase and VacA, induced Treg cells in the mouse gastric mucosa, resulting in the development of tolerance and a reduction in allergic responses . Also, in a recent
study using infant and adult airway epithelial cells infected with H. pylori, IL-8 synthesis increased 4-fold in infant versus adult cultures, suggesting that the infant epithelium
elicits a higher immune response than the adult tissue. This mechanism is mediated by the H. pylori type IV secretion system and stimulation of the p38 MAP kinase
[60]
pathway , and VacA was found to potentially also contribute to this mechanism.

Different studies were analyzed considering the association of Helicobacter pylori (H. pylori) presence/absence with the corresponding disease (type of association), the type of study and model, the sample size, the type
of statistical analysis employed, the method used for H. pylori detection and the method used for the disease diagnosis. Positive and inverse associations are indicated. aP < 0.05, bP < 0.01. NA: Indicates no association; IBD:
Inflammatory bowel disease; IR: Insulin resistance.
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Type 2
Diabetes
Mellitus
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Multiple sclerosis
(autoinmmunity
Th1/Th2 imbalance)
Periodontitis
(IL-6, IL-8, IFN-γ
induction
Ischemic heart diseases
(TH1 response
antheroclerosis risk increase)
Asthma
(THI, Treg induction)
NAFALD
(modulation of fat metabolism, JNK pathway activation,
lipolysis, insulin resistance increased leptin)
Insulin resistance
(chronic inflammation, CRP, TNF-α, IL-6,
IKK/NF-κB and JNK activation)
T2DM
(insulin resistance, inflammation,
ROS increase, DNA damage)
Celiac disease
(treg markers increase)
Inflammatory bowel disease
(TH17 supression, IL-10 induction)
Anemia
(transferrin receptor redistribution
and iron utilization by H. pylori )

Figure 1 Helicobacter pylori and extra-gastric disease association. Green squares represent positive correlations between Helicobacter pylori (H. pylori) and the
disease, while red squares represent inverse correlations between H. pylori and the disease. Multiple sclerosis is shown in red and green because there is information
suggesting both positive and inverse correlations. NAFALD: Non-alcoholic fatty acid liver disease; T2DM: Type 2 diabetes mellitus.

Inflammatory bowel disease: Inflammatory bowel
disease (IBD) is a chronic inflammatory intestinal disease
that develops as the consequence of a deregulated
immune response. Interestingly, several studies have
sought to establish a relationship between H. pylori
[61]
infection and IBD. Higgins et al demonstrated the effect
of gastric H. pylori colonization on a distant bacterialhost immune system interaction in an experimental
model of colitis. Also, H. pylori was shown to suppress
the Th17 response to S. Typhimurium infection, but did
not alter the Th2 or Treg response. Moreover, the authors
showed that the co-infection by H. pylori/S. Typhimurium
decreases inflammation in both the cecum and the
stomach and that H. pylori infection induces IL-10 in the
mesenteric lymph nodes, suggesting an extra-gastric
mechanism for immunomodulation. Also, IBD protection
is suggested to be linked to the cagA-positive status of
[62]
the strain . More recently, a meta-analysis performed
[63]
by Castaño-Rodríguez et al also revealed that H. pylori
may exert an immunomodulatory effect and thereby
favor the development of IBD.

patients who underwent esophago-gastroduodendoscopy
with analysis of gastric and duodenal biopsies during a
4.5-year period showed that H. pylori prevalence was
lower in patients with CD (4.4%) than in those without
[65]
CD , indicating an inverse association between CD and
H. pylori infection.
In the same context, a recent study including 324
children with confirmed CD, the H. pylori prevalence
was compared with a reference group of non-celiac
children referred for endoscopy. The results showed that
the prevalence of H. pylori in patients without CD was
[18]
significantly higher , indicating that CD and gastric
H. pylori infection are inversely correlated.
The mechanistic link between H. pylori infection and
CD remains to be elucidated. However, recently, Lucero
[17]
et al
demonstrated that infection by CagA positive
H. pylori induced Treg markers and that this may be
protective against CD progression.
Multiple sclerosis: Emerging evidence suggests that
H. pylori may also be inversely associated with neuro
degenerative diseases. In this context, several studies
have sought to establish an association between H. pylori
infection and multiple sclerosis (MS), a chronic auto
immune, inflammatory and neurodegenerative disorder

Celiac disease: Celiac disease (CD) is an autoimmune
disease whose prevalence in the USA has increased up to
[64]
4-fold in the past 50 years . A cross-sectional study of
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[66]

of the central nervous system .
In a meta-analysis of nine studies involving 2806
cases (1553 patients with MS and 1253 controls), Yao et
[67]
al found that the prevalence of H. pylori infection in MS
patients was lower than that in control groups. Another
meta-analysis of six observational studies involving 1902
participants showed also a statistically significant lower
[68]
prevalence of H. pylori infection in patients with MS .
[16]
In spite of these studies, Efthymiou et al
in a
cohort study of 129 patients and 49 controls, showed
that anti-H. pylori antibody titers were higher in 129
MS patients than in 48 healthy controls. Additionally,
anti-H. pylori hsp 60 seropositivity correlated with age at
disease onset, suggesting a possible role of this factor in
[16]
the pathogenesis of MS .
In this context, it has been proposed that the inflam
matory mediators induced by H. pylori infection might
[69]
impact on the nervous system and induce damage .
Additionally, circulating pro-inflammatory cytokines, such
as IL-17, and reactive oxygen species (ROS) can reach
[70]
the CNS and induce damage . Moreover, recent reports
implicate the Galectin-3 receptor, a leptin receptor that is
stimulated by H. pylori, in inducing a pro-inflammatory
response via TLRs. Activation of these receptors in the
CNS, triggers an inflammatory response mediated by
interferon (IFN)-γ and TNF-α that is associated with
[70]
neuro-pathophysiological changes .

controls, a more specific association between chronic
H. pylori infection and ischemic stroke was observed
since patients diagnosed with H. pylori infection
exhibited a higher incidence rate of ischemic stroke.
Despite such observations suggesting that the presence
of H. pylori favors the development of heart disease,
the mechanisms involved remain to be determined.
However, because chronic inflammation is believed to be
[73]
associated with an increased risk of atherosclerosis ,
this may in an indirect manner explain the augmented
risk of heart disease associated with H. pylori infection.
Anemia: An association between H. pylori infection and
iron deficiency was proposed based on studies showing
that for individuals with idiopathic iron deficiency anemia
of unknown origin and no evidence of bleeding due to
lesions, iron deficiency anemia was no longer observed
in any of the follow-up examinations following eradication
[74]
of H. pylori . In a recent retrospective cohort study,
[6]
Xu et al evaluated the relationship between anemia
and H. pylori infection in 17791 subjects. They observed
a higher probability for anemia in H. pylori positive
populations coincident with lower hemoglobin levels.
Recent studies suggest that the mechanism involves
changes in the intracellular iron distribution associated
with the uptake and trafficking of H. pylori through the
[75]
cells , since H. pylori uptake by gastric cells is asso
ciated with an increase in total cellular iron content and
[76]
its homeostasis depends on the transferrin receptor .
[75]
Indeed, a study by Flores et al showed that H. pylori
infection is associated with an increase in the total in
tracellular iron levels, redistribution of the transferrin
receptor from the cell cytosol to the cell surface, and in
[77]
creased levels of ferritin. Moreover, Kato et al showed
that the SabA gene is highly expressed in bacterial iso
lates from iron deficient anemia patients, suggesting a
role for this virulence factor in the development of ane
mia.

Negative effect of H. pylori colonization

Despite these observations suggesting a protective role
for H. pylori against several diseases, there is a large
body of literature associating H. pylori infection with the
development of gastric diseases, such as peptic ulcer
diseases, gastric adenocarcinoma, MALT lymphoma
[71]
and biliary tract . Moreover, the positive correlations
between H. pylori and disease conditions have also
been noted for extra-intestinal diseases, such as der
matological diseases, heart diseases, obesity, anemia,
insulin resistance and non-alcoholic fatty liver disease,
among others (Figure 1 and Table 1). In most of these
cases, disease development is associated with the
chronic inflammatory response that the infection triggers
in the host.

Non-alcoholic fatty liver disease: Non-alcoholic fatty
acid disease (NAFLD) has also been suggested to be
associated with H. pylori infection. In this context, a large
number of reports, including cross-sectional studies, case
reports and randomized-controlled studies have revealed
a strong association between NAFLD and H. pylori
[7]
infection . In addition, it has been demonstrated in an
animal model of H. pylori infection that the orally inocu
lated bacterium can reach the liver and cause hepa
[78]
titis .
H. pylori infection may induce NAFLD by producing
chronic systemic inflammation, increasing the levels
of inflammatory cytokines, such as IL-6 and TNF-α,
and activating NF-κB pathway, which induce insulin re
[79]
sistance (IR) . The mechanisms of the pathogenesis of
H. pylori-related inflammation in NAFLD involve directly
reducing hepatocyte glycogen levels via a JNK signaling
[80]
pathway , which in turn can down-regulate the expres
sion of key genes involved in glucose metabolism and

Ischemic heart diseases: H. pylori has been sug
gested to contribute to the development of coronary
heart diseases (CAD). In a meta-analysis of 26 studies,
[4]
including more than 20000 patients, Liu et al observed
a significant association between H. pylori infection and
the risk of myocardial infarction. In the same context,
[3]
Shmuely et al in a cohort study of 173 patients and
127 controls, observed that H. pylori infection was signif
icantly higher in CAD-positive patients than in CADnegative subjects, suggesting a positive correlation
between H. pylori seropositivity and CAD. In addition,
[72]
in a retrospective cohort study by Huang et al , in
volving 17332 patients with H. pylori infection and
69328 randomly selected age- and gender-matched
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accelerating lipolysis , thereby contributing indirectly
to the development of IR. In addition, H. pylori may also
induce white adipose tissue to release leptin, and then
promote liver stearoyl- CoA desaturase, favoring the ac
[79]
cumulation of fat deposits in the liver tissue .

oxidized low-density lipoprotein in T2DM patients positive
[96]
for H. pylori infection .
Periodontitis: Periodontitis is characterized by the
accumulation of bacterial plaque at the gingival margin,
which induces an inflammatory response that leads to
destruction of the connective tissue attachments to teeth,
[97]
alveolar bone resorption and tooth loss . The recent
Global Burden of Disease Study (1990-2010) indicates
that severe periodontitis is the 6th most prevalent dis
ease worldwide, with an overall prevalence of 11.2%,
although mild forms of this disease may reach over 90%
[98]
of the population in developing countries . Remarkably,
periodontitis has also been linked to an increased risk in
developing atherosclerosis, diabetes, rheumatoid arthritis
[99-103]
and cancer
Moreover, the oral cavity might represent a reservoir
[104]
for H. pylori . In a recent cross-sectional study that
included 70 patients and 70 controls it was reported that
the presence of H. pylori in dental plaque correlates with
periodontitis and that the correlation appears to be better
[105]
in severe forms of the disease
. Additionally, a study
involving 40 patients (32 periodontitis and 8 controls)
showed that periodontal disease positively correlates with
[106]
gastric and oral H. pylori (P < 0.005) . In this study,
in spite of the small number of controls, it was shown
that 70% of periodontitis patients have biopsies positive
for H. pylori. Also, it is important to mention that 81%
of periodontitis patients were positive for H. pylori in oral
plaques.
[107]
Recently, Hu et al
demonstrated that H. pylori
infected patients have worse periodontal parameters
than non-infected individuals, suggesting that infection
correlates the progression of the disease. This study also
showed that the presence of periodontitis-associated
bacteria was significantly higher in subjects with H. pylori
infection than those without H. pylori infection. Moreover,
the expression of inflammatory molecules, such as IL-8,
IL-6 and IFN-γ significantly increased after H. pylori
infection. Interestingly, those effects were associated with
[107]
the presence of CagA .

Insulin resistance: Several studies have revealed a
strong association between H. pylori and IR. In 2005,
[82]
Aydemir et al
confirmed the existence of a positive
correlation between chronic H. pylori infection and IR
by showing that the homeostasis model assessment
(HOMA-IR) of H. pylori positive subjects was significantly
higher compared with H. pylori negative individuals.
In another large cross-sectional study including 1,107
subjects, H. pylori seropositivity was significantly higher
[83]
for patients with IR (HOMA-IR ≥ 2.5) . Subsequent
studies also confirmed the causal relationship between
[84-86]
H. pylori and IR
.
Mechanistically, H. pylori-induced IR may be caused
indirectly by chronic inflammation or directly by activating
certain signaling pathways. Several reports have con
firmed that chronic inflammation is important for IR
[87]
onset
and H. pylori-mediated chronic inflammation
may increase the expression of C-reactive protein, TNF-α,
[88,89]
and IL-6
. These cytokines activate IKK/NF-κB and
JNK pathways, which may trigger IR by increasing insulin
[81]
receptor phosphorylation on serine or by inhibition of
insulin receptor substrate-1 phosphorylation on tyrosine
[90]
residues .
Despite such evidence, a recent systematic review
revealed that H. pylori eradication does not improve
insulin resistance, but may increase body weight (BW)
and the body mass index (BMI), suggesting that further
studies are needed to clarify the effect of H. pylori eradi
[8]
cation on metabolism .
Type 2 diabetes mellitus: The association between
Type 2 diabetes mellitus (T2DM) and H. pylori infection is
controversial. Some studies indicate that the prevalence
of H. pylori is higher in diabetic compared with non[91,92]
diabetic patients
, while others indicate that there are
[93]
no differences between those groups . Nevertheless,
[94]
more recently, He et al
discussed the possibility that
this controversy is likely due to inconsistencies in the
methods used to define H. pylori positivity, diabetic
status and the reduced sample sizes, among other limita
tions. More recently, a meta-analysis including 57397
individuals showed that there is significantly higher pre
valence of H. pylori infection in diabetic type 2 patients as
[5]
compared with healthy individuals .
The possible mechanisms linking H. pylori to diabetes
include alterations in IR signaling, inflammation, ac
cumulation of ROS and oxidative DNA damage in the
gastric mucosa. It has been reported that ROS levels
and oxidative DNA damage increase due to neutrophil
[95]
infiltration in H. pylori-infected patients . Moreover, a
recent study performed in 100 patients showed increased
serum levels of oxidative DNA damage (8-OHdG) and
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ROLE OF INFLAMMATION IN H. PYLORI
MEDIATED DISEASES
H. pylori infection triggers several adaptative cellular
mechanisms in host cells that may favor gastric cancer
[108]
development and progression . However, whether the
disease develops or not and the final outcome are thought
to depend largely on the extent of inflammation promoted
by the bacteria in the host during the pre-neoplastic
[109]
process . Indeed, chronic inflammation is a common
causative event associated with the development of
[110,111]
several types of cancer
and, as was demonstrated
in animal models, H. pylori infection is considered the
major factor responsible for gastric epithelial damage and
deregulation of signaling leading to irreversible epigenetic
changes in the gastric mucosa, a consistent hallmark
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[19,109]

observed during the gastric carcinogenic cascade
.
Initially, H. pylori-related studies focused on identifying
the virulence factors implicated in these processes. Those
factors epidemiologically associated with a higher risk
of developing gastric cancer were tested in vitro and
shown to induce signaling pathways associated with
exacerbated inflammatory responses. For example,
strains harboring particular vacA and cagA allele variants
were found to induce elevated inflammatory responses
[112]
in infected cells
. However, this seemingly simple
scenario rapidly transited to a more complex one when
epidemiological data revealed that in certain ubiquitously
infected populations no correlation with elevated gastric
cancer incidence was detected, as is the case for the so[113]
called African enigma
where only a minor percentage
of infected patients progress to develop cancer. To date,
experimental studies have clarified that final disease
outcome depends not only on the contribution of certain
bacterial virulence factors, but also on host susceptibility,
[114]
diet and environmental factors . Here, it is important
to mention that co-existence with the bacteria is not
only to be viewed negatively (see previous and following
chapters), bearing in mind that since the prevalence of
the infection has declined in developed countries over
the last decades, several disorders have emerged as
[115]
a consequence of the lack of exposure to H. pylori .
Human beings have co-evolved with the bacterium and
gastric as well as extra-gastric physiology has been
[116]
conditioned to such association . In order to persist
in the gastric niche, H. pylori have evolved mechanisms
necessary to evade and to attenuate the innate and
adaptive immune systems by several mechanisms,
including those implicated in evasion of recognition by
pattern recognition receptors, inhibition of phagocytic
killing, inhibition of killing by ROS and nitric oxide, among
[117]
others . Particularly, antigenic phase variation, modu
lation of adhesion molecules, immune inhibition by
VacA protein and lipopolysaccharide (LPS) have been
[118]
widely described . Moreover, additional mitigating local
mechanisms mediated by bacterial enzymes exist. For
instance, it was recently reported that the expression of
a cholesterol-α-glucosyltransferase reduced cholesterol
levels in gastric epithelial cells, blocking IFN-γ signaling, a
[119]
classical Th1 cytokine . Notably, this enzyme is present
in most Helicobacter species and cholesteryl α-glucosides
[120]
are also involved in resistance to antibiotics , inter
[121]
ference with phagosome trafficking , H. pylori type Ⅳ
[122]
secretion system function
and immune evasion by
[123]
inhibiting T-cell activation . On the other hand, H. pylori
superoxide dismutase (SOD) has been shown to suppress
the production of pro-inflammatory cytokines during
in vivo infection by reducing oxidative stress. Thus,
SOD from H. pylori can inhibit the production of pro[124]
inflammatory cytokines during in vivo infection
Additionally, H. pylori deregulates adaptive immune
responses by interfering with antigen presentation and
[117,118]
modulation of T-cell responses
. Eradication of
H. pylori has revealed the importance of this modulation
of the immune response in preventing the development
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of extra-gastric immune and inflammatory disorders,
such as gastroesophageal reflux disease, childhood
[15,52,54]
asthma and allergy, as well as metabolic disorders
.
Although in most of the cases correlations are derived
from cross-sectional studies, the most experimentally
validated preventive association is the appearance of
[115,125]
childhood asthma
. Moreover, innate immune
responses are also involved, given that bronchial epi
thelial cells, mast cells, basophils, natural killer T cells
and dendritic cells (DC) also produce inflammatory
[52]
mediators . This harmful effector response is modu
lated by CD24+CD25+ regulatory cells (Treg) present
in the lung, which secrete anti-inflammatory cytokines,
such as IL-10 and transforming growth factor beta
(TGF-β), preventing or modulating the Th2 responses to
[126]
allergens . Tregs of healthy individuals shift allergenspecific immune responses toward tolerance, thereby
preventing the development of asthma and other al
[52]
lergic disorders . Also in animal models of infection,
the importance of dendritic cells in H. pylori-specific
adaptive immune responses was noted. Particularly
[52,127]
tolerance induction
, Treg skewing and Th17 sup
pression observed in mice occurred in a cagA- and
[128]
vacA-independent manner
. Chronic exposure to
H. pylori impairs dendritic cell function and inhibits Th1
[129]
development
. Also, H. pylori-mediated protection
was linked to IL-10-secretion by peripheral blood Treg
[130]
cells .
The importance of these immune cells has been
validated in experimental animal models of infection or
induced asthma. For instance, blocking CD24+CD25+
Treg cells by a CD25-neutralizing antibody abrogated
Treg cell tolerance promoted by H. pylori infection and
enhanced pulmonary inflammation following albumin
[131]
induced asthma . Also, KO animals for IL-10, TGF-β or
animals depleted of Tregs, develop gastritis to an elevated
extent in response to H. pylori infection. Although these
animals are able to clear the infection, pre-neoplastic
[52]
lesions develop since Th1 responses predominate .
Together, these results indicate that tolerance rather than
immunity protects against H. pylori-induced gastric pre[132]
neoplastic lesions . Accordingly, decreased Treg cell
function is associated with an increase in peptic ulcer
[133]
development upon H. pylori infection .
A currently unresolved question is how H. pylori
promotes tolerance in distant organs such as the lung?
A recent study showed that systemic and mucosal preadministration of recombinant neutrophil-activating
protein prevented ovalbumin-induced allergic asthma in
mice, indicating that secreted virulence factors may be
[134]
responsible . What determines the balance between
tolerance or elimination of an exacerbated Th1 type
chronic inflammation could be explained in part by host
hyperreactivity to allergens or bacterial infection. In this
respect, pro-inflammatory cytokine polymorphisms
are generally thought to participate in the genesis of
[109]
gastric and other types of cancer
and interleukin
family cytokines, like IL-1β and IL-18, have emerged
[135]
as central mediators of mucosal inflammation
. On
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the other hand, virulence factors can determine the
type of response. For instance, blocking the TLR4 in a
mouse model using a specific antibody prior to H. pylori
infection, was shown to reduce the number of T-cell
effectors (Th1 and Th17) and diminish the immune
[136]
response . In agreement with this observation, acti
vation of TLR4 signaling was reported to be associated
with gastric cancer progression by inducing mitochondrial
[137]
ROS production
. Moreover, typeⅠ H. pylori (cag
PAI+ and vacuolating toxin A+, VacA+) LPS exhibited
a stimulatory effect on TLR4 signaling followed by
mitogen oxidase 1 activation in cultured gastric pit
[138]
cells through the lipid A portion of LPS . In a similar
study, LPS from some H. pylori strains were shown
to act as TLR4 antagonists, which may contribute to
more beneficial clinical outcomes of H. pylori infection
[139]
in host individuals . Additionally, H. pylori LPS from
typeⅠ, but not type Ⅱ strains, promotes cytotoxicity
[140]
in cultured gastric mucosal cells . Conversely, TLR2
mediates H. pylori-induced tolerogenic immune re
[141]
sponses
and TLR9 signaling has anti-inflammatory
effects during the early phase of H. pylori-induced
[142]
gastritis in mice
. Also, additional virulence factors
have been implicated in immune response suppression
or tolerance, such as the suppression of dendritic cells
[143]
by OipA in vitro
, promotion of immune tolerance
by VacA-mediated inhibition of T-cell proliferation and
[59]
antigen-presentation . Also, bacterial gamma-glutamyl
[59]
transpeptidase
and outer membrane vesicles inhibit
[144,145]
T-cell responses
. Furthermore, H. pylori infection
has been associated inversely with IBD. Experimental
immuno-regulatory properties of the H. pylori genome
and particularly the immuno-regulatory sequence
TTTAGGG was demonstrated to down-regulate dendritic
cell-mediated production of pro-inflammatory cytokines
[146]
both in an in vitro and in vivo model .

including mainly Veillonella spp., Lactobacillus spp., and
[148-151]
Clostridium spp., besides -of course- H. pylori
.
Nonetheless, with the development of more sophisticated
16S rRNA-based bacterial identification techniques,
we now have gleaned deeper insight to the complexity
of the gastric microbiome. Accordingly, an increasing
number of publications describe greater ecosystem
diversity in the stomach and, importantly, correlate the
presence of H. pylori with variations in the composition
[23,48,152-156]
[152]
of the microbiome
. Bik et al
identified taxa,
such as Caulobacter, Actinobacillus, Corynebacterium,
Rothia, Gemella, Leptotrichia, Porphyromonas,
Capnocytophaga, TM7, Flexistipes, and Deinococcus in
[155]
the normal microbiome. Alternatively, Li et al
showed
that the most common genera in gastric biopsies from
both normal and non-H. pylori gastritis individuals were
Prevotella, Neisseria, Haemophilus, and Porphyromonas.
[153]
Later, Delgado et al
also identified Propionibacterium,
Lactobacillus and Streptococcus as dominant genera in
healthy samples.
Regarding the effect of H. pylori on the gastric
microbiome, there is still some controversy. No effect on
either diversity and/or evenness in community members
between H. pylori-positive vs H. pylori-negative samples
[152]
were observed at the phylum level . Likewise, in a
mouse model of H. pylori infection, neither acute nor
chronic H. pylori infection altered the murine gastric
[157]
microbiota . Similarly, others described that, although
when present H. pylori dominates the microbiome, only
minor differences in community structure were observed
in stomach biopsies from H. pylori-positive and negative
[158]
subjects . However, others have shown that the pre
sence of H. pylori dramatically reduces the diversity of the
[20,21,23]
gastric microbiota
and modifies the microbiome
by increasing the relative abundance of Proteobacteria,
Spirochetes and Acidobacteria, while decreasing
[156]
Actinobacteria, Bacteroidetes and Firmicutes . Similar
[30]
results were reported by Thorell et al , who performed
a meta-transcriptomic analysis and reported higher
levels of Firmicutes, Bacteroidetes, and Actinobacteria in
subjects with low levels of H. pylori. Such discrepancies
might be due to inter-subject variations, since the gastric
microbiome seems to be sensitive to exogenous factors,
such as diet and lifestyle, as has been shown by the
[159]
analysis of monozygotic twins .
Interestingly, while the experimental inoculation
of H. pylori into an established community in rhesus
monkeys, did not affect the community membership or
[160]
structure , pre-infection of mice with H. pylori did alter
[22]
the microbiota structure in the stomach . Therefore,
the time-point in life when H. pylori is acquired is another
aspect to be considered in the discrepancies reported for
H. pylori-associated microbiome variations. Differences
in both diversity and community composition were
also observed in the stomachs of H. pylori-infected
vs H. pylori-negative children and also in comparison
[161]
to adults, regardless of the H. pylori status . Thus,
early acquisition of the bacterium is likely to shape
the microbiome by inducing local modifications in the

H. PYLORI COLONIZATION AND ITS
ASSOCIATION WITH MICROBIOME
SHIFTS
As discussed above, H. pylori infection has been as
sociated both positively and negatively with the de
velopment of gastric and non-gastric diseases. Disease
development is often linked to chronic inflammatory re
sponses induced by H. pylori, as was discussed in the pre
vious section. However, it is now becoming increasingly
clear that H. pylori also induces changes in the host by
altering the microbiome. This aspect will be covered in
the following paragraphs.
The harsh gastric environment is thought to re
present a key limitation to the complexity of the sto
[147]
mach microbiota
. This assumption, together with
limitations imposed by culture-dependent strategies
for bacterial identification, has historically leaded to
an underestimation of the biodiversity in the stomach.
In this context, the gastric microbiota was initially
considered to include only a very select group of taxa,
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[181]

stomach environment. One of these effects is driven
by the production of ammonia and bicarbonate from
[162,163]
urea
. Such compounds may serve as substrates
[164]
for other bacteria
, in addition to altering the sto
[162,163]
mach pH
, which facilitates the colonization by
[165]
other species, such as nitrogen-reducing bacteria
.
Moreover, H. pylori-induced increases in the stomach
pH favor the migration to the stomach of some bacterial
taxa that are usually restricted to the intestinal tract
[166]
(Bacteroides and Clostridia) in mice
. Interestingly,
the effect of H. pylori on acid secretion depends on the
[167]
pattern of gastritis that is induced . In predominantly
antral gastritis, the production of gastric acid is increased
[168]
(hyperchlorhydria)
, while in predominantly corpus
[169]
gastritis, acid production decreases (hypochlorhydria) .
Thus, microbiome shifts may differ in both cases. In
fact, hyperchlorhydria increases microbial diversity in
[170]
the stomach
and it has been implicated in the devel
opment and progression of cancer (reviewed by Espinoza
[171]
et al 2018 ). Additionally, the viscosity of the gastric
[172]
mucus layer decreases when the pH increases
,
making it easier for other microorganisms to colonize
the epithelium. Finally, H. pylori can directly alter the
mucus barrier by modulating the expression of stomach
[173]
mucins .
As illustrated above, all these environmental modifica
tions in the stomach may impact on the local microbiome,
as well as induce changes in the entire gastrointestinal
tract, since these are dynamic compartments between
which fluids are exchanged and therefore microbes can
easily migrate from one gastrointestinal segment to an
[174]
other . Some of these H. pylori-mediated downstream
effects in other compartments include impairment in the
[175,176]
absorption of iron and vitamin B12 in the intestine
,
and alterations in carbohydrate and amino acid meta
[177]
bolism of the host . Interestingly, besides the direct
effect of H. pylori in the stomach/intestine, also the
immune response triggered by the bacterium could affect
the local microbiome, as well as bacterial populations at
more distal sites in the human body.
Regarding the effect of H. pylori-mediated immune
mediators in the microbiome, there are some contra
dictory reports. No statistically significant differences
in the microbiota were found in CagA-positive (n =
10) compared to CagA-negative (n = 10) biopsies
[178]
from human subjects . Therefore, the increased pro
duction of pro-inflammatory cytokines mediated by
CagA appears not to have an effect on the microbiome
in this model. Nonetheless, as the sample cohort was
small in that study, this question probably needs to be
re-evaluated in larger groups of samples. In contrast,
in a transgenic Drosophila model of CagA expression,
[179]
CagA was sufficient to alter midgut host microbiota .
Additionally, a series of reports demonstrated differences
in the intestinal microbiome related to the presence
[180]
[22]
of H. pylori both in humans
and mice . Moreover
[158]
Schulz et al
correlated the presence of H. pylori in
human individuals with modifications in the microbiome
of the duodenum and the oral cavity. More specifically,
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Heimesaat et al
demonstrated that chronic infection
of Mongolian gerbils with H. pylori resulted in changes in
some specific genera, including increased abundance in
the large intestine of Akkermansia, which is involved in
mucus degradation. These changes were accompanied
by variations in the expression of immunity-related
genes in both the stomach and the lung, with stronger
effects in the former. The authors speculated that early
community shifts could reflect changes in the niche
microenvironment (e.g., altered gastric pH), while later
shifts might be driven by the cumulative changes in the
immune/inflammatory response triggered by H. pylori.
These effects could also be observed at distant sites in
the host organism and be driven by other members of
the Helicobacter genus. For instance, natural colonization
of the mouse digestive tract with Helicobacter hepaticus
leads to a shift in gut microbiota, which generates sub
clinical inflammation and a drastic impairment of the
control of Mycobacterium tuberculosis growth by the
[182]
immune system .
It is likely that H. pylori might affect mucosal diseases
at distant sites via its effects on immune cells that traffic
through lymphatic vessels. H. pylori also induces a shift
in the immune response toward an induction of Treg
[59,161,183,184]
cells, mediated by VacA and GGT
. Treg cell
responses are important in differentiating between self
and foreign antigens, i.e., immunological tolerance.
This effect could be involved in H. pylori persistence in
the stomach, and also could contribute to suppressing
gastric inflammation, which may explain reduced gastric
disease severity in H. pylori-positive children compared
[161]
to H. pylori-positive adults . Such effects have been
linked to alterations in the stomach physiology and its
microbiota, as well as to progression of extra-gastric
[59]
[17]
diseases, such as asthma , celiac disease , ischemic
heart diseases, insulin resistance, Type 2 diabetes
mellitus, periodontal diseases, among others (see pre
vious sections and references listed in Table 1).
Interestingly, as was stated above, H. pylori is part
of a complex microbiota in the stomach and its presence
has been linked to modifications in the microbiome at
other sites in the body. Therefore, it is reasonable to
speculate that other community members could also con
tribute to changes observed following H. pylori infection
of the host. Indeed, direct bacteria-bacteria interaction
[185]
was described by Khosravi et al
between H. pylori
and Streptococcus mitis, in which H. pylori transit from
spiral to coccoid-shaped cells that are more resistant to
stressing conditions. The exact effect of this conversion
on disease progression remains to be elucidated. Also,
antimicrobial molecules produced by Lactobacillus
spp have been shown to be active against H. pylori
[186-189]
strains
. Therefore, bidirectional communication and
modulation between H. pylori and other community mem
bers occur, and the combination of all these interactions
will be reflected in the host health status. The question
as to how the microbiota shapes the immune system
and how this affects its response to some diseases has
been broadly discussed in the literature (see for instance,
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[190]

Hooper et al
2012). Therefore, modifications in the
[161]
microbiome induced by early acquisition of H. pylori
may also determine the host immune status and, as
a consequence, the development of a number of sys
[191]
temic diseases. This is relevant, since Rolig et al
re
ported that when the microbiota is altered by antibiotic
treatment, the H. pylori-triggered inflammation is re
duced.

9
10
11

12

CONCLUSION
In summary, H. pylori has a strong effect in the stomach
microenvironment and also on the host immunological
status, leading to shifts in the microbiome at different
sites of the body. These shifts are involved not only in the
pathogenesis of gastric diseases, but also in some of the
non-gastric H. pylori-related diseases that were discussed
in this review. The question as to whether the bacterium
is acquired early on or later in life is a key point when
analyzing such effects, as H. pylori has been reported
to co-evolve with its host, shaping the immune system
and consequently, the microbiome. Therefore, a better
understanding of the exact mechanisms involved in such
effects, as well as the H. pylori-induced microbiome
shifts that may be related to the development of specific
diseases, will likely be useful to predict and hopefully
prevent H. pylori-associated diseases. Ideally, one would
aspire to achieving this goal while at the same time
preserving the beneficial effects that H. pylori-host cohabitation appears also to offer.

13

14

15
16

17

REFERENCES
1

2
3

4

5

6

7

8

18

de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, Forman D,
Plummer M. Global burden of cancers attributable to infections
in 2008: a review and synthetic analysis. Lancet Oncol 2012; 13:
607-615 [PMID: 22575588 DOI: 10.1016/S1470-2045(12)70137-7]
Suerbaum S, Michetti P. Helicobacter pylori infection. N Engl
J Med 2002; 347: 1175-1186 [PMID: 12374879 DOI: 10.1056/
NEJMra020542]
Shmuely H, Wattad M, Solodky A, Yahav J, Samra Z, Zafrir N.
Association of Helicobacter pylori with coronary artery disease and
myocardial infarction assessed by myocardial perfusion imaging. Isr
Med Assoc J 2014; 16: 341-346 [PMID: 25058994]
Liu J, Wang F, Shi S. Helicobacter pylori Infection Increase the Risk
of Myocardial Infarction: A Meta-Analysis of 26 Studies Involving
more than 20,000 Participants. Helicobacter 2015; 20: 176-183
[PMID: 25382293 DOI: 10.1111/hel.12188]
Li JZ, Li JY, Wu TF, Xu JH, Huang CZ, Cheng D, Chen QK, Yu T.
Helicobacter pylori Infection Is Associated with Type 2 Diabetes, Not
Type 1 Diabetes: An Updated Meta-Analysis. Gastroenterol Res Pract
2017; 2017: 5715403 [PMID: 28883831 DOI: 10.1155/2017/5715403]
Xu MY, Cao B, Yuan BS, Yin J, Liu L, Lu QB. Association
of anaemia with Helicobacter pylori infection: a retrospective
study. Sci Rep 2017; 7: 13434 [PMID: 29044219 DOI: 10.1038/
s41598-017-13955-3]
Chen CX, Mao YS, Foster P, Zhu ZW, Du J, Guo CY. Possible
association between Helicobacter pylori infection and nonalcoholic
fatty liver disease. Appl Physiol Nutr Metab 2017; 42: 295-301
[PMID: 28177748 DOI: 10.1139/apnm-2016-0499]
Upala S, Sanguankeo A, Saleem SA, Jaruvongvanich V. Effects
of Helicobacter pylori eradication on insulin resistance and
metabolic parameters: a systematic review and meta-analysis. Eur J
Gastroenterol Hepatol 2017; 29: 153-159 [PMID: 27832037 DOI:

WJG|www.wjgnet.com

19

20

21

22

23

24

3083

10.1097/MEG.0000000000000774]
Bach JF. The effect of infections on susceptibility to autoimmune
and allergic diseases. N Engl J Med 2002; 347: 911-920 [PMID:
12239261 DOI: 10.1056/NEJMra020100]
Chen Y, Blaser MJ. Inverse associations of Helicobacter pylori with
asthma and allergy. Arch Intern Med 2007; 167: 821-827 [PMID:
17452546 DOI: 10.1001/archinte.167.8.821]
Cohen D, Shoham O, Orr N, Muhsen K. An inverse and independent
association between Helicobacter pylori infection and the incidence
of shigellosis and other diarrheal diseases. Clin Infect Dis 2012; 54:
e35-e42 [PMID: 22157171 DOI: 10.1093/cid/cir916]
Islami F, Kamangar F. Helicobacter pylori and esophageal cancer
risk: a meta-analysis. Cancer Prev Res (Phila) 2008; 1: 329-338
[PMID: 19138977 DOI: 10.1158/1940-6207.CAPR-08-0109]
Perry S, de Jong BC, Solnick JV, de la Luz Sanchez M, Yang S, Lin
PL, Hansen LM, Talat N, Hill PC, Hussain R, Adegbola RA, Flynn
J, Canfield D, Parsonnet J. Infection with Helicobacter pylori is
associated with protection against tuberculosis. PLoS One 2010; 5:
e8804 [PMID: 20098711 DOI: 10.1371/journal.pone.0008804]
Sonnenberg A, Dellon ES, Turner KO, Genta RM. The influence
of Helicobacter pylori on the ethnic distribution of esophageal
eosinophilia. Helicobacter 2017; 22: e12370 [PMID: 28029200
DOI: 10.1111/hel.12370]
Miftahussurur M, Nusi IA, Graham DY, Yamaoka Y. Helicobacter,
Hygiene, Atopy, and Asthma. Front Microbiol 2017; 8: 1034 [PMID:
28642748 DOI: 10.3389/fmicb.2017.01034]
Efthymiou G, Dardiotis E, Liaskos C, Marou E, Tsimourtou V,
Scheper T, Meyer W, Daponte A, Sakkas LI, Hadjigeorgiou G,
Bogdanos DP. Anti-hsp60 antibody responses based on Helicobacter
pylori in patients with multiple sclerosis: (ir)Relevance to disease
pathogenesis. J Neuroimmunol 2016; 298: 19-23 [PMID: 27609271
DOI: 10.1016/j.jneuroim.2016.06.009]
Lucero Y, Oyarzún A, O’Ryan M, Quera R, Espinosa N, Valenzuela
R, Simian D, Alcalde E, Arce C, Farfán MJ, Vergara AF, Gajardo I,
Mendez J, Carrasco J, Errázuriz G, Gonzalez M, Ossa JC, Maiza E,
Perez-Bravo F, Castro M, Araya M. Helicobacter pylori cagA+ Is
Associated with Milder Duodenal Histological Changes in Chilean
Celiac Patients. Front Cell Infect Microbiol 2017; 7: 376 [PMID:
28879170 DOI: 10.3389/fcimb.2017.00376]
Narang M, Puri AS, Sachdeva S, Singh J, Kumar A, Saran RK.
Celiac disease and Helicobacter pylori infection in children: Is there
any Association? J Gastroenterol Hepatol 2017; 32: 1178-1182
[PMID: 27862319 DOI: 10.1111/jgh.13654]
Niwa T, Toyoda T, Tsukamoto T, Mori A, Tatematsu M, Ushijima
T. Prevention of Helicobacter pylori-induced gastric cancers in
gerbils by a DNA demethylating agent. Cancer Prev Res (Phila)
2013; 6: 263-270 [PMID: 23559452 DOI: 10.1158/1940-6207.
CAPR-12-0369]
Andersson AF, Lindberg M, Jakobsson H, Bäckhed F, Nyrén
P, Engstrand L. Comparative analysis of human gut microbiota
by barcoded pyrosequencing. PLoS One 2008; 3: e2836 [PMID:
18665274 DOI: 10.1371/journal.pone.0002836]
Das A, Pereira V, Saxena S, Ghosh TS, Anbumani D, Bag S, Das
B, Nair GB, Abraham P, Mande SS. Gastric microbiome of Indian
patients with Helicobacter pylori infection, and their interaction
networks. Sci Rep 2017; 7: 15438 [PMID: 29133866 DOI: 10.1038/
s41598-017-15510-6]
Kienesberger S, Cox LM, Livanos A, Zhang XS, Chung J,
Perez-Perez GI, Gorkiewicz G, Zechner EL, Blaser MJ. Gastric
Helicobacter pylori Infection Affects Local and Distant Microbial
Populations and Host Responses. Cell Rep 2016; 14: 1395-1407
[PMID: 26854236 DOI: 10.1016/j.celrep.2016.01.017]
Llorca L, Pérez-Pérez G, Urruzuno P, Martinez MJ, Iizumi T,
Gao Z, Sohn J, Chung J, Cox L, Simón-Soro A, Mira A, Alarcón
T. Characterization of the Gastric Microbiota in a Pediatric
Population According to Helicobacter pylori Status. Pediatr
Infect Dis J 2017; 36: 173-178 [PMID: 27820723 DOI: 10.1097/
INF.0000000000001383]
Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi
S. Global burden of cancers attributable to infections in 2012: a
synthetic analysis. Lancet Glob Health 2016; 4: e609-e616 [PMID:

July 28, 2018|Volume 24|Issue 28|

Bravo D et al . H. pylori extragastric diseases

25

26

27

28

29

30

31
32
33
34

35

36

37

38

39

27470177 DOI: 10.1016/S2214-109X(16)30143-7]
Linz B, Balloux F, Moodley Y, Manica A, Liu H, Roumagnac P,
Falush D, Stamer C, Prugnolle F, van der Merwe SW, Yamaoka Y,
Graham DY, Perez-Trallero E, Wadstrom T, Suerbaum S, Achtman
M. An African origin for the intimate association between humans
and Helicobacter pylori. Nature 2007; 445: 915-918 [PMID:
17287725 DOI: 10.1038/nature05562]
Achtman M, Azuma T, Berg DE, Ito Y, Morelli G, Pan ZJ,
Suerbaum S, Thompson SA, van der Ende A, van Doorn LJ.
Recombination and clonal groupings within Helicobacter pylori from
different geographical regions. Mol Microbiol 1999; 32: 459-470
[PMID: 10320570 DOI: 10.1046/j.1365-2958.1999.01382.x]
Morelli G, Didelot X, Kusecek B, Schwarz S, Bahlawane C, Falush
D, Suerbaum S, Achtman M. Microevolution of Helicobacter pylori
during prolonged infection of single hosts and within families. PLoS
Genet 2010; 6: e1001036 [PMID: 20661309 DOI: 10.1371/journal.
pgen.1001036]
Schwarz S, Morelli G, Kusecek B, Manica A, Balloux F, Owen
RJ, Graham DY, van der Merwe S, Achtman M, Suerbaum S.
Horizontal versus familial transmission of Helicobacter pylori. PLoS
Pathog 2008; 4: e1000180 [PMID: 18949030 DOI: 10.1371/journal.
ppat.1000180]
Falush D, Wirth T, Linz B, Pritchard JK, Stephens M, Kidd M,
Blaser MJ, Graham DY, Vacher S, Perez-Perez GI, Yamaoka Y,
Mégraud F, Otto K, Reichard U, Katzowitsch E, Wang X, Achtman
M, Suerbaum S. Traces of human migrations in Helicobacter pylori
populations. Science 2003; 299: 1582-1585 [PMID: 12624269 DOI:
10.1126/science.1080857]
Thorell K, Yahara K, Berthenet E, Lawson DJ, Mikhail J, Kato I,
Mendez A, Rizzato C, Bravo MM, Suzuki R, Yamaoka Y, Torres
J, Sheppard SK, Falush D. Correction: Rapid evolution of distinct
Helicobacter pylori subpopulations in the Americas. PLoS Genet
2017; 13: e1006730 [PMID: 28410409 DOI: 10.1371/journal.
pgen.1006730]
Agnew P, Koella JC. Virulence, parasite mode of transmission, and
host fluctuating asymmetry. Proc Biol Sci 1997; 264: 9-15 [PMID:
9061958 DOI: 10.1098/rspb.1997.0002]
Ahmed N, Tenguria S, Nandanwar N. Helicobacter pylori--a
seasoned pathogen by any other name. Gut Pathog 2009; 1: 24
[PMID: 20030808 DOI: 10.1186/1757-4749-1-24]
Hatakeyama M. [Oncogenic mechanism of Helicobacter pylori].
Nihon Rinsho Meneki Gakkai Kaishi 2008; 31: 132-140 [PMID:
18587223 DOI: 10.2177/jsci.31.132]
Atherton JC, Tham KT, Peek RM Jr, Cover TL, Blaser MJ. Density
of Helicobacter pylori infection in vivo as assessed by quantitative
culture and histology. J Infect Dis 1996; 174: 552-556 [PMID:
8769613 DOI: 10.1093/infdis/174.3.552]
Devi SM, Ahmed I, Khan AA, Rahman SA, Alvi A, Sechi LA,
Ahmed N. Genomes of Helicobacter pylori from native Peruvians
suggest admixture of ancestral and modern lineages and reveal a
western type cag-pathogenicity island. BMC Genomics 2006; 7: 191
[PMID: 16872520 DOI: 10.1186/1471-2164-7-191]
Kodaman N, Pazos A, Schneider BG, Piazuelo MB, Mera R, Sobota
RS, Sicinschi LA, Shaffer CL, Romero-Gallo J, de Sablet T, Harder
RH, Bravo LE, Peek RM Jr, Wilson KT, Cover TL, Williams SM,
Correa P. Human and Helicobacter pylori coevolution shapes the risk
of gastric disease. Proc Natl Acad Sci USA 2014; 111: 1455-1460
[PMID: 24474772 DOI: 10.1073/pnas.1318093111]
Gutiérrez-Escobar AJ, Trujillo E, Acevedo O, Bravo MM.
Phylogenomics of Colombian Helicobacter pylori isolates.
Gut Pathog 2017; 9: 52 [PMID: 28912838 DOI: 10.1186/
s13099-017-0201-1]
Duncan SS, Valk PL, McClain MS, Shaffer CL, Metcalf JA,
Bordenstein SR, Cover TL. Comparative genomic analysis of East
Asian and non-Asian Helicobacter pylori strains identifies rapidly
evolving genes. PLoS One 2013; 8: e55120 [PMID: 23383074 DOI:
10.1371/journal.pone.0055120]
Kauser F, Khan AA, Hussain MA, Carroll IM, Ahmad N, Tiwari
S, Shouche Y, Das B, Alam M, Ali SM, Habibullah CM, Sierra R,
Megraud F, Sechi LA, Ahmed N. The cag pathogenicity island of

WJG|www.wjgnet.com

40

41

42

43

44

45

46

47

48

49

50
51
52

53

3084

Helicobacter pylori is disrupted in the majority of patient isolates
from different human populations. J Clin Microbiol 2004; 42:
5302-5308 [PMID: 15528729 DOI: 10.1128/JCM.42.11.5302-5308.
2004]
Mhaskar RS, Ricardo I, Azliyati A, Laxminarayan R, Amol B,
Santosh W, Boo K. Assessment of risk factors of helicobacter pylori
infection and peptic ulcer disease. J Glob Infect Dis 2013; 5: 60-67
[PMID: 23853433 DOI: 10.4103/0974-777X.112288]
El-Omar EM, Carrington M, Chow WH, McColl KE, Bream JH,
Young HA, Herrera J, Lissowska J, Yuan CC, Rothman N, Lanyon G,
Martin M, Fraumeni JF Jr, Rabkin CS. Interleukin-1 polymorphisms
associated with increased risk of gastric cancer. Nature 2000; 404:
398-402 [PMID: 10746728 DOI: 10.1038/35006081]
El-Omar EM, Carrington M, Chow WH, McColl KE, Bream JH,
Young HA, Herrera J, Lissowska J, Yuan CC, Rothman N, Lanyon
G, Martin M, Fraumeni JF Jr, Rabkin CS. The role of interleukin-1
polymorphisms in the pathogenesis of gastric cancer. Nature 2001;
412: 99 [PMID: 11808612 DOI: 10.1038/35083631]
El-Omar EM, Rabkin CS, Gammon MD, Vaughan TL, Risch
HA, Schoenberg JB, Stanford JL, Mayne ST, Goedert J, Blot
WJ, Fraumeni JF Jr, Chow WH. Increased risk of noncardia
gastric cancer associated with proinflammatory cytokine gene
polymorphisms. Gastroenterology 2003; 124: 1193-1201 [PMID:
12730860 DOI: 10.1016/S0016-5085(03)00157-4]
Figueiredo C, Machado JC, Pharoah P, Seruca R, Sousa S, Carvalho
R, Capelinha AF, Quint W, Caldas C, van Doorn LJ, Carneiro
F, Sobrinho-Simões M. Helicobacter pylori and interleukin 1
genotyping: an opportunity to identify high-risk individuals for
gastric carcinoma. J Natl Cancer Inst 2002; 94: 1680-1687 [PMID:
12441323 DOI: 10.1093/jnci/94.22.1680]
Garza-González E, Bosques-Padilla FJ, El-Omar E, Hold G,
Tijerina-Menchaca R, Maldonado-Garza HJ, Pérez-Pérez GI. Role
of the polymorphic IL-1B, IL-1RN and TNF-A genes in distal
gastric cancer in Mexico. Int J Cancer 2005; 114: 237-241 [PMID:
15540224 DOI: 10.1002/ijc.20718]
Ando T, Yoshida T, Enomoto S, Asada K, Tatematsu M, Ichinose M,
Sugiyama T, Ushijima T. DNA methylation of microRNA genes in
gastric mucosae of gastric cancer patients: its possible involvement
in the formation of epigenetic field defect. Int J Cancer 2009; 124:
2367-2374 [PMID: 19165869 DOI: 10.1002/ijc.24219]
Shin CM, Kim N, Jung Y, Park JH, Kang GH, Kim JS, Jung
HC, Song IS. Role of Helicobacter pylori infection in aberrant
DNA methylation along multistep gastric carcinogenesis. Cancer
Sci 2010; 101: 1337-1346 [PMID: 20345486 DOI: 10.1111/
j.1349-7006.2010.01535.x]
Monstein HJ, Tiveljung A, Kraft CH, Borch K, Jonasson J.
Profiling of bacterial flora in gastric biopsies from patients with
Helicobacter pylori-associated gastritis and histologically normal
control individuals by temperature gradient gel electrophoresis and
16S rDNA sequence analysis. J Med Microbiol 2000; 49: 817-822
[PMID: 10966230 DOI: 10.1099/0022-1317-49-9-817]
Song Q, Lange T, Spahr A, Adler G, Bode G. Characteristic
distribution pattern of Helicobacter pylori in dental plaque and saliva
detected with nested PCR. J Med Microbiol 2000; 49: 349-353
[PMID: 10755629 DOI: 10.1099/0022-1317-49-4-349]
Pest P, Zárate J, Varsky C, Man F, Schraier M. Helicobacter
pylori in recently-diagnosed versus chronic duodenal ulcer. Acta
Gastroenterol Latinoam 1996; 26: 273-276 [PMID: 9363263]
Mishra S. Is Helicobacter pylori good or bad? Eur J Clin Microbiol
Infect Dis 2013; 32: 301-304 [PMID: 23132690 DOI: 10.1007/
s10096-012-1773-9]
Arnold IC, Hitzler I, Müller A. The immunomodulatory properties
of Helicobacter pylori confer protection against allergic and chronic
inflammatory disorders. Front Cell Infect Microbiol 2012; 2: 10
[PMID: 22919602 DOI: 10.3389/fcimb.2012.00010]
Holster IL, Vila AM, Caudri D, den Hoed CM, Perez-Perez GI,
Blaser MJ, de Jongste JC, Kuipers EJ. The impact of Helicobacter
pylori on atopic disorders in childhood. Helicobacter 2012; 17:
232-237 [PMID: 22515362 DOI: 10.1111/j.1523-5378.2012.00934.
x]

July 28, 2018|Volume 24|Issue 28|

Bravo D et al . H. pylori extragastric diseases
54

55
56

57

58

59

60

61

62

63

64

65

66
67

68

69

den Hollander WJ, Sonnenschein-van der Voort AM, Holster IL,
de Jongste JC, Jaddoe VW, Hofman A, Perez-Perez GI, Moll HA,
Blaser MJ, Duijts L, Kuipers EJ. Helicobacter pylori in children
with asthmatic conditions at school age, and their mothers. Aliment
Pharmacol Ther 2016; 43: 933-943 [PMID: 26932510 DOI:
10.1111/apt.13572]
Chen Y, Blaser MJ. Helicobacter pylori colonization is inversely
associated with childhood asthma. J Infect Dis 2008; 198: 553-560
[PMID: 18598192 DOI: 10.1086/590158]
Bamford KB, Fan X, Crowe SE, Leary JF, Gourley WK, Luthra
GK, Brooks EG, Graham DY, Reyes VE, Ernst PB. Lymphocytes in
the human gastric mucosa during Helicobacter pylori have a T helper
cell 1 phenotype. Gastroenterology 1998; 114: 482-492 [PMID:
9496938 DOI: 10.1016/S0016-5085(98)70531-1]
Sommer F, Faller G, Konturek P, Kirchner T, Hahn EG, Zeus J,
Röllinghoff M, Lohoff M. Antrum- and corpus mucosa-infiltrating
CD4(+) lymphocytes in Helicobacter pylori gastritis display a Th1
phenotype. Infect Immun 1998; 66: 5543-5546 [PMID: 9784570]
Lundgren A, Trollmo C, Edebo A, Svennerholm AM, Lundin BS.
Helicobacter pylori-specific CD4+ T cells home to and accumulate
in the human Helicobacter pylori-infected gastric mucosa. Infect
Immun 2005; 73: 5612-5619 [PMID: 16113278 DOI: 10.1128/
IAI.73.9.5612-5619.2005]
Oertli M, Noben M, Engler DB, Semper RP, Reuter S, Maxeiner
J, Gerhard M, Taube C, Müller A. Helicobacter pylori γ-glutamyl
transpeptidase and vacuolating cytotoxin promote gastric persistence
and immune tolerance. Proc Natl Acad Sci USA 2013; 110:
3047-3052 [PMID: 23382221 DOI: 10.1073/pnas.1211248110]
Dela Pena-Ponce MG, Jimenez MT, Hansen LM, Solnick JV, Miller
LA. The Helicobacter pylori type IV secretion system promotes IL-8
synthesis in a model of pediatric airway epithelium via p38 MAP
kinase. PLoS One 2017; 12: e0183324 [PMID: 28813514 DOI:
10.1371/journal.pone.0183324]
Higgins PD, Johnson LA, Luther J, Zhang M, Sauder KL, Blanco
LP, Kao JY. Prior Helicobacter pylori infection ameliorates
Salmonella typhimurium-induced colitis: mucosal crosstalk
between stomach and distal intestine. Inflamm Bowel Dis 2011; 17:
1398-1408 [PMID: 21560200 DOI: 10.1002/ibd.21489]
Lord AR, Simms LA, Hanigan K, Sullivan R, Hobson P, RadfordSmith GL. Protective effects of Helicobacter pylori for IBD are
related to the cagA-positive strain. Gut 2018; 67: 393-394 [PMID:
28408384 DOI: 10.1136/gutjnl-2017-313805]
Castaño-Rodríguez N, Kaakoush NO, Lee WS, Mitchell HM. Dual
role of Helicobacter and Campylobacter species in IBD: a systematic
review and meta-analysis. Gut 2017; 66: 235-249 [PMID: 26508508
DOI: 10.1136/gutjnl-2015-310545]
Rubio-Tapia A, Kyle RA, Kaplan EL, Johnson DR, Page W,
Erdtmann F, Brantner TL, Kim WR, Phelps TK, Lahr BD,
Zinsmeister AR, Melton LJ 3rd, Murray JA. Increased prevalence
and mortality in undiagnosed celiac disease. Gastroenterology 2009;
137: 88-93 [PMID: 19362553 DOI: 10.1053/j.gastro.2009.03.059]
Lebwohl B, Blaser MJ, Ludvigsson JF, Green PH, Rundle A,
Sonnenberg A, Genta RM. Decreased risk of celiac disease in
patients with Helicobacter pylori colonization. Am J Epidemiol 2013;
178: 1721-1730 [PMID: 24124196 DOI: 10.1093/aje/kwt234]
Grigoriadis N, van Pesch V; ParadigMS Group. A basic overview of
multiple sclerosis immunopathology. Eur J Neurol 2015; 22 Suppl 2:
3-13 [PMID: 26374508 DOI: 10.1111/ene.12798]
Yao G, Wang P, Luo XD, Yu TM, Harris RA, Zhang XM. Metaanalysis of association between Helicobacter pylori infection and
multiple sclerosis. Neurosci Lett 2016; 620: 1-7 [PMID: 27033666
DOI: 10.1016/j.neulet.2016.03.037]
Jaruvongvanich V, Sanguankeo A, Jaruvongvanich S, Upala S.
Association between Helicobacter pylori infection and multiple
sclerosis: A systematic review and meta-analysis. Mult Scler
Relat Disord 2016; 7: 92-97 [PMID: 27237767 DOI: 10.1016/
j.msard.2016.03.013]
Alvarez-Arellano L, Maldonado-Bernal C. Helicobacter pylori and
neurological diseases: Married by the laws of inflammation. World J
Gastrointest Pathophysiol 2014; 5: 400-404 [PMID: 25400983 DOI:

WJG|www.wjgnet.com

70

71

72

73
74

75

76
77

78

79

80

81

82

83

84

85
86

3085

10.4291/wjgp.v5.i4.400]
Boziki M, Polyzos SA, Deretzi G, Kazakos E, Katsinelos P,
Doulberis M, Kotronis G, Giartza-Taxidou E, Laskaridis L,
Tzivras D, Vardaka E, Kountouras C, Grigoriadis N, Thomann R,
Kountouras J. A potential impact of Helicobacter pylori-related
galectin-3 in neurodegeneration. Neurochem Int 2018; 113: 137-151
[PMID: 29246761 DOI: 10.1016/j.neuint.2017.12.003]
Testerman TL, Morris J. Beyond the stomach: an updated view of
Helicobacter pylori pathogenesis, diagnosis, and treatment. World
J Gastroenterol 2014; 20: 12781-12808 [PMID: 25278678 DOI:
10.3748/wjg.v20.i36.12781]
Huang WS, Tseng CH, Lin CL, Tsai CH, Kao CH. Helicobacter
pylori infection increases subsequent ischemic stroke risk: a
nationwide population-based retrospective cohort study. QJM 2014;
107: 969-975 [PMID: 24890556 DOI: 10.1093/qjmed/hcu117]
Sharma V, Aggarwal A. Helicobacter pylori: Does it add to risk
of coronary artery disease. World J Cardiol 2015; 7: 19-25 [PMID:
25632315 DOI: 10.4330/wjc.v7.i1.19]
Konno M, Muraoka S, Takahashi M, Imai T. Iron-deficiency anemia
associated with Helicobacter pylori gastritis. J Pediatr Gastroenterol
Nutr 2000; 31: 52-56 [PMID: 10896071 DOI: 10.1097/00005176-20
0007000-00012]
Flores SE, Aitchison A, Day AS, Keenan JI. Helicobacter pylori
infection perturbs iron homeostasis in gastric epithelial cells. PLoS
One 2017; 12: e0184026 [PMID: 28873091 DOI: 10.1371/journal.
pone.0184026]
Flores SE, Day AS, Keenan JI. Measurement of total iron in
Helicobacter pylori-infected gastric epithelial cells. Biometals 2015;
28: 143-150 [PMID: 25428685 DOI: 10.1007/s10534-014-9810-z]
Kato S, Osaki T, Kamiya S, Zhang XS, Blaser MJ. Helicobacter
pylori sabA gene is associated with iron deficiency anemia in
childhood and adolescence. PLoS One 2017; 12: e0184046 [PMID:
28854239 DOI: 10.1371/journal.pone.0184046]
Huang Y, Tian XF, Fan XG, Fu CY, Zhu C. The pathological
effect of Helicobacter pylori infection on liver tissues in mice.
Clin Microbiol Infect 2009; 15: 843-849 [PMID: 19392901 DOI:
10.1111/j.1469-0691.2009.02719.x]
Cheng DD, He C, Ai HH, Huang Y, Lu NH. The Possible Role of
Helicobacter pylori Infection in Non-alcoholic Fatty Liver Disease.
Front Microbiol 2017; 8: 743 [PMID: 28539915 DOI: 10.3389/
fmicb.2017.00743]
Li L, He Q, Huang X, Man Y, Zhou Y, Wang S, Wang J, Li J.
NOX3-derived reactive oxygen species promote TNF-alpha-induced
reductions in hepatocyte glycogen levels via a JNK pathway.
FEBS Lett 2010; 584: 995-1000 [PMID: 20102709 DOI: 10.1016/
j.febslet.2010.01.044]
Hotamisligil GS, Johnson RS, Distel RJ, Ellis R, Papaioannou VE,
Spiegelman BM. Uncoupling of obesity from insulin resistance
through a targeted mutation in aP2, the adipocyte fatty acid binding
protein. Science 1996; 274: 1377-1379 [PMID: 8910278 DOI:
10.1126/science.274.5291.1377]
Aydemir S, Bayraktaroglu T, Sert M, Sokmen C, Atmaca H, Mungan
G, Gun BD, Borazan A, Ustundag Y. The effect of Helicobacter
pylori on insulin resistance. Dig Dis Sci 2005; 50: 2090-2093 [PMID:
16240220 DOI: 10.1007/s10620-005-3012-z]
Gunji T, Matsuhashi N, Sato H, Fujibayashi K, Okumura M, Sasabe
N, Urabe A. Helicobacter pylori infection significantly increases
insulin resistance in the asymptomatic Japanese population.
Helicobacter 2009; 14: 144-150 [PMID: 19751440 DOI: 10.1111/
j.1523-5378.2009.00705.x]
Chen LW, Chien CY, Yang KJ, Kuo SF, Chen CH, Chien RN.
Helicobacter pylori Infection Increases Insulin Resistance and
Metabolic Syndrome in Residents Younger than 50 Years Old: A
Community-Based Study. PLoS One 2015; 10: e0128671 [PMID:
26020514 DOI: 10.1371/journal.pone.0128671]
Polyzos SA, Kountouras J, Zavos C, Deretzi G. Helicobacter pylori
Infection and insulin resistance. Helicobacter 2013; 18: 165-166
[PMID: 23066701 DOI: 10.1111/hel.12019]
Polyzos SA, Kountouras J, Zavos C, Deretzi G. The association
between Helicobacter pylori infection and insulin resistance: a

July 28, 2018|Volume 24|Issue 28|

Bravo D et al . H. pylori extragastric diseases

87

88

89

90
91

92

93

94
95

96

97

98

99

100
101

102

103

systematic review. Helicobacter 2011; 16: 79-88 [PMID: 21435084
DOI: 10.1111/j.1523-5378.2011.00822.x]
Hossain IA, Akter S, Bhuiyan FR, Shah MR, Rahman MK, Ali
L. Subclinical inflammation in relation to insulin resistance in
prediabetic subjects with nonalcoholic fatty liver disease. BMC Res
Notes 2016; 9: 266 [PMID: 27169860 DOI: 10.1186/s13104-0162071-x]
Tsai S, Clemente-Casares X, Revelo XS, Winer S, Winer DA. Are
obesity-related insulin resistance and type 2 diabetes autoimmune
diseases? Diabetes 2015; 64: 1886-1897 [PMID: 25999531 DOI:
10.2337/db14-1488]
Yildirim Z, Bozkurt B, Ozol D, Armutcu F, Akgedik R, Karamanli
H, Kizilirmak D, İkizek M. Increased Exhaled 8-Isoprostane
and Interleukin-6 in Patients with Helicobacter pylori Infection.
Helicobacter 2016; 21: 389-394 [PMID: 27061444 DOI: 10.1111/
hel.12302]
Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link
between insulin resistance, obesity and diabetes. Trends Immunol
2004; 25: 4-7 [PMID: 14698276 DOI: 10.1016/j.it.2003.10.013]
Bener A, Micallef R, Afifi M, Derbala M, Al-Mulla HM, Usmani
MA. Association between type 2 diabetes mellitus and Helicobacter
pylori infection. Turk J Gastroenterol 2007; 18: 225-229 [PMID:
18080918]
Devrajani BR, Shah SZ, Soomro AA, Devrajani T. Type 2 diabetes
mellitus: A risk factor for Helicobacter pylori infection: A hospital
based case-control study. Int J Diabetes Dev Ctries 2010; 30: 22-26
[PMID: 20431802 DOI: 10.4103/0973-3930.60008]
Anastasios R, Goritsas C, Papamihail C, Trigidou R, Garzonis P,
Ferti A. Helicobacter pylori infection in diabetic patients: prevalence
and endoscopic findings. Eur J Intern Med 2002; 13: 376 [PMID:
12225782 DOI: 10.1016/S0953-6205(02)00094-8]
He C, Yang Z, Lu NH. Helicobacter pylori infection and diabetes: is
it a myth or fact? World J Gastroenterol 2014; 20: 4607-4617 [PMID:
24782613 DOI: 10.3748/wjg.v20.i16.4607]
Aslan M, Horoz M, Nazligul Y, Bolukbas C, Bolukbas FF, Selek
S, Celik H, Erel O. Insulin resistance in H pylori infection and its
association with oxidative stress. World J Gastroenterol 2006; 12:
6865-6868 [PMID: 17106938 DOI: 10.3748/wjg.v12.i42.6865]
Nasif WA, Mukhtar MH, Nour Eldein MM, Ashgar SS. Oxidative
DNA damage and oxidized low density lipoprotein in Type Ⅱ
diabetes mellitus among patients with Helicobacter pylori infection.
Diabetol Metab Syndr 2016; 8: 34 [PMID: 27148410 DOI: 10.1186/
s13098-016-0149-1]
Hernández M, Dutzan N, García-Sesnich J, Abusleme L, Dezerega
A, Silva N, González FE, Vernal R, Sorsa T, Gamonal J. Hostpathogen interactions in progressive chronic periodontitis. J Dent
Res 2011; 90: 1164-1170 [PMID: 21471325 DOI: 10.1177/0022034
511401405]
Gamonal J, Mendoza C, Espinoza I, Muñoz A, Urzúa I, Aranda
W, Carvajal P, Arteaga O. Clinical attachment loss in Chilean adult
population: First Chilean National Dental Examination Survey. J
Periodontol 2010; 81: 1403-1410 [PMID: 20629544 DOI: 10.1902/
jop.2010.100148]
Atanasova KR, Yilmaz O. Looking in the Porphyromonas
gingivalis cabinet of curiosities: the microbium, the host and cancer
association. Mol Oral Microbiol 2014; 29: 55-66 [PMID: 24506890
DOI: 10.1111/omi.12047]
Genco RJ, Van Dyke TE. Prevention: Reducing the risk of CVD in
patients with periodontitis. Nat Rev Cardiol 2010; 7: 479-480 [PMID:
20725103 DOI: 10.1038/nrcardio.2010.120]
Han YW, Houcken W, Loos BG, Schenkein HA, Tezal M.
Periodontal disease, atherosclerosis, adverse pregnancy outcomes,
and head-and-neck cancer. Adv Dent Res 2014; 26: 47-55 [PMID:
24736704 DOI: 10.1177/0022034514528334]
Lundberg K, Wegner N, Yucel-Lindberg T, Venables PJ.
Periodontitis in RA-the citrullinated enolase connection. Nat Rev
Rheumatol 2010; 6: 727-730 [PMID: 20820197 DOI: 10.1038/
nrrheum.2010.139]
Petersen PE, Ogawa H. Strengthening the prevention of periodontal
disease: the WHO approach. J Periodontol 2005; 76: 2187-2193

WJG|www.wjgnet.com

[PMID: 16332229 DOI: 10.1902/jop.2005.76.12.2187]
104 Al Sayed A, Anand PS, Kamath KP, Patil S, Preethanath RS, Anil
S. Oral Cavity as an Extragastric Reservoir of Helicobacter pylori.
ISRN Gastroenterol 2014; 2014: 261369 [PMID: 24701355 DOI:
10.1155/2014/261369]
105 Zheng P, Zhou W. Relation between periodontitis and helicobacter
pylori infection. Int J Clin Exp Med 2015; 8: 16741-16744 [PMID:
26629215]
106 Sujatha S, Jalihal UM, Sharma S. Association between periodontal
disease and oral and gastric Helicobacter pylori infection. Indian J
Gastroenterol 2015; 34: 343-344 [PMID: 26007198 DOI: 10.1007/
s12664-015-0569-0]
107 Hu Z, Zhang Y, Li Z, Yu Y, Kang W, Han Y, Geng X, Ge S, Sun Y.
Effect of Helicobacter pylori infection on chronic periodontitis by
the change of microecology and inflammation. Oncotarget 2016; 7:
66700-66712 [PMID: 27602578 DOI: 10.18632/oncotarget.11449]
108 Díaz P, Valenzuela Valderrama M, Bravo J, Quest AFG.
Helicobacter pylori and Gastric Cancer: Adaptive Cellular
Mechanisms Involved in Disease Progression. Front Microbiol
2018; 9: 5 [PMID: 29403459 DOI: 10.3389/fmicb.2018.00005]
109 Valenzuela MA, Canales J, Corvalán AH, Quest AF. Helicobacter
pylori-induced inflammation and epigenetic changes during gastric
carcinogenesis. World J Gastroenterol 2015; 21: 12742-12756
[PMID: 26668499 DOI: 10.3748/wjg.v21.i45.12742]
110 Taniguchi K, Karin M. NF-κB, inflammation, immunity and
cancer: coming of age. Nat Rev Immunol 2018; 18: 309-324 [PMID:
29379212 DOI: 10.1038/nri.2017.142]
111 Kanda Y, Osaki M, Okada F. Chemopreventive Strategies for
Inflammation-Related Carcinogenesis: Current Status and Future
Direction. Int J Mol Sci 2017; 18: pii: E867 [PMID: 28422073 DOI:
10.3390/ijms18040867]
112 Nejati S, Karkhah A, Darvish H, Validi M, Ebrahimpour S, Nouri
HR. Influence of Helicobacter pylori virulence factors CagA
and VacA on pathogenesis of gastrointestinal disorders. Microb
Pathog 2018; 117: 43-48 [PMID: 29432909 DOI: 10.1016/
j.micpath.2018.02.016]
113 Sitaraman R. Allergies, Helicobacter pylori and the continental
enigmas. Front Microbiol 2015; 6: 578 [PMID: 26106380 DOI:
10.3389/fmicb.2015.00578]
114 Zabaleta J. Multifactorial etiology of gastric cancer. Methods Mol
Biol 2012; 863: 411-435 [PMID: 22359309 DOI: 10.1007/978-1-61
779-612-8_26]
115 Robinson K. Helicobacter pylori-Mediated Protection against ExtraGastric Immune and Inflammatory Disorders: The Evidence and
Controversies. Diseases 2015; 3: 34-55 [PMID: 28943607 DOI:
10.3390/diseases3020034]
116 Atherton JC, Blaser MJ. Coadaptation of Helicobacter pylori and
humans: ancient history, modern implications. J Clin Invest 2009;
119: 2475-2487 [PMID: 19729845 DOI: 10.1172/JCI38605]
117 Lina TT, Alzahrani S, Gonzalez J, Pinchuk IV, Beswick EJ, Reyes
VE. Immune evasion strategies used by Helicobacter pylori. World
J Gastroenterol 2014; 20: 12753-12766 [PMID: 25278676 DOI:
10.3748/wjg.v20.i36.12753]
118 Mejías-Luque R, Gerhard M. Immune Evasion Strategies and
Persistence of Helicobacter pylori. Curr Top Microbiol Immunol
2017; 400: 53-71 [PMID: 28124149 DOI: 10.1007/978-3-319-5052
0-6_3]
119 Morey P, Pfannkuch L, Pang E, Boccellato F, Sigal M, ImaiMatsushima A, Dyer V, Koch M, Mollenkopf HJ, Schlaermann
P, Meyer TF. Helicobacter pylori Depletes Cholesterol in Gastric
Glands to Prevent Interferon Gamma Signaling and Escape the
Inflammatory Response. Gastroenterology 2018; 154: 1391-1404.e9
[PMID: 29273450 DOI: 10.1053/j.gastro.2017.12.008]
120 McGee DJ, George AE, Trainor EA, Horton KE, Hildebrandt E,
Testerman TL. Cholesterol enhances Helicobacter pylori resistance
to antibiotics and LL-37. Antimicrob Agents Chemother 2011; 55:
2897-2904 [PMID: 21464244 DOI: 10.1128/AAC.00016-11]
121 Du SY, Wang HJ, Cheng HH, Chen SD, Wang LH, Wang
WC. Cholesterol glucosylation by Helicobacter pylori delays
internalization and arrests phagosome maturation in macrophages.

3086

July 28, 2018|Volume 24|Issue 28|

Bravo D et al . H. pylori extragastric diseases

122

123

124

125

126

127

128

129

130

131

132

133

134

135

J Microbiol Immunol Infect 2016; 49: 636-645 [PMID: 25070282
DOI: 10.1016/j.jmii.2014.05.011]
Wang HJ, Cheng WC, Cheng HH, Lai CH, Wang WC. Helicobacter
pylori cholesteryl glucosides interfere with host membrane phase
and affect type IV secretion system function during infection in
AGS cells. Mol Microbiol 2012; 83: 67-84 [PMID: 22053852 DOI:
10.1111/j.1365-2958.2011.07910.x]
Wunder C, Churin Y, Winau F, Warnecke D, Vieth M, Lindner
B, Zähringer U, Mollenkopf HJ, Heinz E, Meyer TF. Cholesterol
glucosylation promotes immune evasion by Helicobacter pylori.
Nat Med 2006; 12: 1030-1038 [PMID: 16951684 DOI: 10.1038/
nm1480]
Stent A, Every AL, Chionh YT, Ng GZ, Sutton P. Superoxide
dismutase from Helicobacter pylori suppresses the production of
pro-inflammatory cytokines during in vivo infection. Helicobacter
2018; 23: e12459 [PMID: 29235197 DOI: 10.1111/hel.12459]
van Wijck Y, de Kleijn S, John-Schuster G, Mertens TCJ, Hiemstra
PS, Müller A, Smits HH, Taube C. Therapeutic Application of an
Extract of Helicobacter pylori Ameliorates the Development of
Allergic Airway Disease. J Immunol 2018; 200: 1570-1579 [PMID:
29352004 DOI: 10.4049/jimmunol.1700987]
Robinson DS, Hamid Q, Ying S, Tsicopoulos A, Barkans J, Bentley
AM, Corrigan C, Durham SR, Kay AB. Predominant TH2-like
bronchoalveolar T-lymphocyte population in atopic asthma. N
Engl J Med 1992; 326: 298-304 [PMID: 1530827 DOI: 10.1056/
NEJM199201303260504]
Zhang M, Berndt BE, Eaton KA, Rathinavelu S, Pierzchala A,
Kao JY. Helicobacter pylori-pulsed dendritic cells induce H. pylorispecific immunity in mice. Helicobacter 2008; 13: 200-208 [PMID:
18466395 DOI: 10.1111/j.1523-5378.2008.00606.x]
Kao JY, Zhang M, Miller MJ, Mills JC, Wang B, Liu M,
Eaton KA, Zou W, Berndt BE, Cole TS, Takeuchi T, Owyang
SY, Luther J. Helicobacter pylori immune escape is mediated by
dendritic cell-induced Treg skewing and Th17 suppression in mice.
Gastroenterology 2010; 138: 1046-1054 [PMID: 19931266 DOI:
10.1053/j.gastro.2009.11.043]
Mitchell P, Germain C, Fiori PL, Khamri W, Foster GR, Ghosh
S, Lechler RI, Bamford KB, Lombardi G. Chronic exposure to
Helicobacter pylori impairs dendritic cell function and inhibits Th1
development. Infect Immun 2007; 75: 810-819 [PMID: 17101659
DOI: 10.1128/IAI.00228-06]
Hussain K, Letley DP, Greenaway AB, Kenefeck R, Winter
JA, Tomlinson W, Rhead J, Staples E, Kaneko K, Atherton JC,
Robinson K. Helicobacter pylori-Mediated Protection from Allergy
Is Associated with IL-10-Secreting Peripheral Blood Regulatory T
Cells. Front Immunol 2016; 7: 71 [PMID: 27014260 DOI: 10.3389/
fimmu.2016.00071]
Arnold IC, Dehzad N, Reuter S, Martin H, Becher B, Taube C,
Müller A. Helicobacter pylori infection prevents allergic asthma in
mouse models through the induction of regulatory T cells. J Clin
Invest 2011; 121: 3088-3093 [PMID: 21737881 DOI: 10.1172/
JCI45041]
Arnold IC, Lee JY, Amieva MR, Roers A, Flavell RA, Sparwasser T,
Müller A. Tolerance rather than immunity protects from Helicobacter
pylori-induced gastric preneoplasia. Gastroenterology 2011; 140:
199-209 [PMID: 20600031 DOI: 10.1053/j.gastro.2010.06.047]
Bagheri N, Shirzad H, Elahi S, Azadegan-Dehkordi F, Rahimian G,
Shafigh M, Rashidii R, Sarafnejad A, Rafieian-Kopaei M, Faridani
R, Tahmasbi K, Kheiri S, Razavi A. Downregulated regulatory T cell
function is associated with increased peptic ulcer in Helicobacter
pylori-infection. Microb Pathog 2017; 110: 165-175 [PMID:
28666843 DOI: 10.1016/j.micpath.2017.06.040]
Zhou S, Huang Y, Liang B, Dong H, Yao S, Chen Y, Xie Y, Long
Y, Gong S, Zhou Z. Systemic and mucosal pre-administration
of recombinant Helicobacter pylori neutrophil-activating protein
prevents ovalbumin-induced allergic asthma in mice. FEMS
Microbiol Lett 2017; 364: pii: fnw288 [PMID: 28087613 DOI:
10.1093/femsle/fnw288]
Tran LS, Chonwerawong M, Ferrero RL. Regulation and functions
of inflammasome-mediated cytokines in Helicobacter pylori

WJG|www.wjgnet.com

136

137

138

139

140

141

142

143

144

145

146

147
148

149

150

151

3087

infection. Microbes Infect 2017; 19: 449-458 [PMID: 28690082
DOI: 10.1016/j.micinf.2017.06.005]
Gong Y, Tao L, Jing L, Liu D, Hu S, Liu W, Zhou N, Xie Y.
Association of TLR4 and Treg in Helicobacter pylori Colonization
and Inflammation in Mice. PLoS One 2016; 11: e0149629 [PMID:
26901645 DOI: 10.1371/journal.pone.0149629]
Yuan X, Zhou Y, Wang W, Li J, Xie G, Zhao Y, Xu D, Shen L.
Activation of TLR4 signaling promotes gastric cancer progression
by inducing mitochondrial ROS production. Cell Death Dis 2013; 4:
e794 [PMID: 24030146 DOI: 10.1038/cddis.2013.334]
Kawahara T, Teshima S, Oka A, Sugiyama T, Kishi K, Rokutan
K. Type I Helicobacter pylori lipopolysaccharide stimulates tolllike receptor 4 and activates mitogen oxidase 1 in gastric pit cells.
Infect Immun 2001; 69: 4382-4389 [PMID: 11401977 DOI: 10.1128/
IAI.69.7.4382-4389.2001]
Lepper PM, Triantafilou M, Schumann C, Schneider EM, Triantafilou
K. Lipopolysaccharides from Helicobacter pylori can act as
antagonists for Toll-like receptor 4. Cell Microbiol 2005; 7: 519-528
[PMID: 15760452 DOI: 10.1111/j.1462-5822.2005.00482.x]
Kawahara T, Kuwano Y, Teshima-Kondo S, Sugiyama T, Kawai T,
Nikawa T, Kishi K, Rokutan K. Helicobacter pylori lipopolysaccharide
from type I, but not type Ⅱ strains, stimulates apoptosis of cultured
gastric mucosal cells. J Med Invest 2001; 48: 167-174 [PMID:
11694956]
Sun X, Zhang M, El-Zataari M, Owyang SY, Eaton KA, Liu M,
Chang YM, Zou W, Kao JY. TLR2 mediates Helicobacter pyloriinduced tolerogenic immune response in mice. PLoS One 2013; 8:
e74595 [PMID: 24058595 DOI: 10.1371/journal.pone.0074595]
Otani K, Tanigawa T, Watanabe T, Nadatani Y, Sogawa M,
Yamagami H, Shiba M, Watanabe K, Tominaga K, Fujiwara Y,
Arakawa T. Toll-like receptor 9 signaling has anti-inflammatory
effects on the early phase of Helicobacter pylori-induced gastritis.
Biochem Biophys Res Commun 2012; 426: 342-349 [PMID:
22940550 DOI: 10.1016/j.bbrc.2012.08.080]
Teymournejad O, Mobarez AM, Hassan ZM, Moazzeni SM,
Ahmadabad HN. In vitro suppression of dendritic cells by
Helicobacter pylori OipA. Helicobacter 2014; 19: 136-143 [PMID:
24495278 DOI: 10.1111/hel.12107]
Hock BD, McKenzie JL, Keenan JI. Helicobacter pylori outer
membrane vesicles inhibit human T cell responses via induction of
monocyte COX-2 expression. Pathog Dis 2017; 75: ftx034 [PMID:
28430970 DOI: 10.1093/femspd/ftx034]
Winter J, Letley D, Rhead J, Atherton J, Robinson K. Helicobacter
pylori membrane vesicles stimulate innate pro- and anti-inflammatory
responses and induce apoptosis in Jurkat T cells. Infect Immun 2014;
82: 1372-1381 [PMID: 24421041 DOI: 10.1128/IAI.01443-13]
Owyang SY, Luther J, Owyang CC, Zhang M, Kao JY. Helicobacter
pylori DNA’s anti-inflammatory effect on experimental colitis.
Gut Microbes 2012; 3: 168-171 [PMID: 22356863 DOI: 10.4161/
gmic.19181]
Engstrand L, Lindberg M. Helicobacter pylori and the gastric
microbiota. Best Pract Res Clin Gastroenterol 2013; 27: 39-45 [PMID:
23768551 DOI: 10.1016/j.bpg.2013.03.016]
Kato S, Fujimura S, Kimura K, Nishio T, Hamada S, Minoura T,
Oda M. Non-Helicobacter bacterial flora rarely develops in the
gastric mucosal layer of children. Dig Dis Sci 2006; 51: 641-646
[PMID: 16614982 DOI: 10.1007/s10620-006-3185-0]
Sanduleanu S, Jonkers D, De Bruine A, Hameeteman W,
Stockbrügger RW. Non-Helicobacter pylori bacterial flora during
acid-suppressive therapy: differential findings in gastric juice and
gastric mucosa. Aliment Pharmacol Ther 2001; 15: 379-388 [PMID:
11207513 DOI: 10.1046/j.1365-2036.2001.00888.x]
Sharma BK, Santana IA, Wood EC, Walt RP, Pereira M, Noone P,
Smith PL, Walters CL, Pounder RE. Intragastric bacterial activity
and nitrosation before, during, and after treatment with omeprazole.
Br Med J (Clin Res Ed) 1984; 289: 717-719 [PMID: 6434053 DOI:
10.1136/bmj.289.6447.717]
Zilberstein B, Quintanilha AG, Santos MA, Pajecki D, Moura
EG, Alves PR, Maluf Filho F, de Souza JA, Gama-Rodrigues
J. Digestive tract microbiota in healthy volunteers. Clinics

July 28, 2018|Volume 24|Issue 28|

Bravo D et al . H. pylori extragastric diseases

152

153

154

155

156

157

158

159

160

161

162
163

164

165

166

167

(Sao Paulo) 2007; 62: 47-54 [PMID: 17334549 DOI: 10.1590/
S1807-59322007000100008]
Bik EM, Eckburg PB, Gill SR, Nelson KE, Purdom EA, Francois
F, Perez-Perez G, Blaser MJ, Relman DA. Molecular analysis of
the bacterial microbiota in the human stomach. Proc Natl Acad
Sci USA 2006; 103: 732-737 [PMID: 16407106 DOI: 10.1073/
pnas.0506655103]
Delgado S, Cabrera-Rubio R, Mira A, Suárez A, Mayo B.
Microbiological survey of the human gastric ecosystem using
culturing and pyrosequencing methods. Microb Ecol 2013; 65:
763-772 [PMID: 23397369 DOI: 10.1007/s00248-013-0192-5]
Dicksved J, Lindberg M, Rosenquist M, Enroth H, Jansson JK,
Engstrand L. Molecular characterization of the stomach microbiota
in patients with gastric cancer and in controls. J Med Microbiol 2009;
58: 509-516 [PMID: 19273648 DOI: 10.1099/jmm.0.007302-0]
Li XX, Wong GL, To KF, Wong VW, Lai LH, Chow DK, Lau JY,
Sung JJ, Ding C. Bacterial microbiota profiling in gastritis without
Helicobacter pylori infection or non-steroidal anti-inflammatory drug
use. PLoS One 2009; 4: e7985 [PMID: 19956741 DOI: 10.1371/
journal.pone.0007985]
Maldonado-Contreras A, Goldfarb KC, Godoy-Vitorino F, Karaoz
U, Contreras M, Blaser MJ, Brodie EL, Dominguez-Bello MG.
Structure of the human gastric bacterial community in relation
to Helicobacter pylori status. ISME J 2011; 5: 574-579 [PMID:
20927139 DOI: 10.1038/ismej.2010.149]
Tan MP, Kaparakis M, Galic M, Pedersen J, Pearse M, Wijburg OL,
Janssen PH, Strugnell RA. Chronic Helicobacter pylori infection
does not significantly alter the microbiota of the murine stomach.
Appl Environ Microbiol 2007; 73: 1010-1013 [PMID: 17142378
DOI: 10.1128/AEM.01675-06]
Schulz C, Schütte K, Koch N, Vilchez-Vargas R, Wos-Oxley
ML, Oxley APA, Vital M, Malfertheiner P, Pieper DH. The active
bacterial assemblages of the upper GI tract in individuals with and
without Helicobacter infection. Gut 2018; 67: 216-225 [PMID:
27920199 DOI: 10.1136/gutjnl-2016-312904]
Dong Q, Xin Y, Wang L, Meng X, Yu X, Lu L, Xuan S.
Characterization of Gastric Microbiota in Twins. Curr
Microbiol 2017; 74: 224-229 [PMID: 27957630 DOI: 10.1007/
s00284-016-1176-8]
Martin ME, Bhatnagar S, George MD, Paster BJ, Canfield DR,
Eisen JA, Solnick JV. The impact of Helicobacter pylori infection
on the gastric microbiota of the rhesus macaque. PLoS One 2013; 8:
e76375 [PMID: 24116104 DOI: 10.1371/journal.pone.0076375]
Brawner KM, Kumar R, Serrano CA, Ptacek T, Lefkowitz E,
Morrow CD, Zhi D, Kyanam-Kabir-Baig KR, Smythies LE, Harris
PR, Smith PD. Helicobacter pylori infection is associated with an
altered gastric microbiota in children. Mucosal Immunol 2017; 10:
1169-1177 [PMID: 28120843 DOI: 10.1038/mi.2016.131]
Bauerfeind P, Garner R, Dunn BE, Mobley HL. Synthesis and
activity of Helicobacter pylori urease and catalase at low pH. Gut
1997; 40: 25-30 [PMID: 9155571 DOI: 10.1136/gut.40.1.25]
Wen Y, Feng J, Scott DR, Marcus EA, Sachs G. The HP0165HP0166 two-component system (ArsRS) regulates acid-induced
expression of HP1186 alpha-carbonic anhydrase in Helicobacter
pylori by activating the pH-dependent promoter. J Bacteriol 2007;
189: 2426-2434 [PMID: 17220228 DOI: 10.1128/JB.01492-06]
Williams CL, Preston T, Hossack M, Slater C, McColl KE.
Helicobacter pylori utilises urea for amino acid synthesis. FEMS
Immunol Med Microbiol 1996; 13: 87-94 [PMID: 8821403 DOI:
10.1111/j.1574-695X.1996.tb00220.x]
Ziebarth D, Spiegelhalder B, Bartsch H. N-nitrosation of medicinal
drugs catalysed by bacteria from human saliva and gastro-intestinal
tract, including Helicobacter pylori. Carcinogenesis 1997; 18:
383-389 [PMID: 9054633 DOI: 10.1093/carcin/18.2.383]
Aebischer T, Fischer A, Walduck A, Schlötelburg C, Lindig
M, Schreiber S, Meyer TF, Bereswill S, Göbel UB. Vaccination
prevents Helicobacter pylori-induced alterations of the gastric flora
in mice. FEMS Immunol Med Microbiol 2006; 46: 221-229 [PMID:
16487303 DOI: 10.1111/j.1574-695X.2005.00024.x]
Parsons BN, Ijaz UZ, D’Amore R, Burkitt MD, Eccles R, Lenzi

WJG|www.wjgnet.com

168

169

170
171

172

173

174
175

176

177

178

179

180

181

182

3088

L, Duckworth CA, Moore AR, Tiszlavicz L, Varro A, Hall N,
Pritchard DM. Comparison of the human gastric microbiota in
hypochlorhydric states arising as a result of Helicobacter pyloriinduced atrophic gastritis, autoimmune atrophic gastritis and proton
pump inhibitor use. PLoS Pathog 2017; 13: e1006653 [PMID:
29095917 DOI: 10.1371/journal.ppat.1006653]
Hansson LE, Nyrén O, Hsing AW, Bergström R, Josefsson S,
Chow WH, Fraumeni JF Jr, Adami HO. The risk of stomach
cancer in patients with gastric or duodenal ulcer disease. N Engl
J Med 1996; 335: 242-249 [PMID: 8657240 DOI: 10.1056/
NEJM199607253350404]
Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi S,
Yamakido M, Taniyama K, Sasaki N, Schlemper RJ. Helicobacter
pylori infection and the development of gastric cancer. N Engl
J Med 2001; 345: 784-789 [PMID: 11556297 DOI: 10.1056/
NEJMoa001999]
Guerre J, Vedel G, Gaudric M, Paul G, Cornuau J. Bacterial flora in
gastric juice taken at endoscopy in 93 normal subjects. Pathol Biol
(Paris) 1986; 34: 57-60 [PMID: 3517771]
Espinoza JL, Matsumoto A, Tanaka H, Matsumura I. Gastric
microbiota: An emerging player in Helicobacter pylori-induced
gastric malignancies. Cancer Lett 2018; 414: 147-152 [PMID:
29138097 DOI: 10.1016/j.canlet.2017.11.009]
Goddard AF, Spiller RC. The effect of omeprazole on gastric juice
viscosity, pH and bacterial counts. Aliment Pharmacol Ther 1996;
10: 105-109 [PMID: 8871450 DOI: 10.1111/j.1365-2036.1996.
tb00183.x]
Navabi N, Johansson ME, Raghavan S, Lindén SK. Helicobacter
pylori infection impairs the mucin production rate and turnover in
the murine gastric mucosa. Infect Immun 2013; 81: 829-837 [PMID:
23275091 DOI: 10.1128/IAI.01000-12]
Manson JM, Rauch M, Gilmore MS. The commensal microbiology
of the gastrointestinal tract. Adv Exp Med Biol 2008; 635: 15-28
[PMID: 18841700 DOI: 10.1007/978-0-387-09550-9_2]
Akcam M, Ozdem S, Yilmaz A, Gultekin M, Artan R. Serum
ferritin, vitamin B(12), folate, and zinc levels in children infected
with Helicobacter pylori. Dig Dis Sci 2007; 52: 405-410 [PMID:
17211708 DOI: 10.1007/s10620-006-9422-8]
Capurso G, Marignani M, Delle Fave G, Annibale B. Irondeficiency anemia in premenopausal women: why not consider
atrophic body gastritis and Helicobacter pylori role? Am J
Gastroenterol 1999; 94: 3084-3085 [PMID: 10520890 DOI:
10.1111/j.1572-0241.1999.03084.x]
Gao XX, Ge HM, Zheng WF, Tan RX. NMR-based metabonomics
for detection of Helicobacter pylori infection in gerbils: which is
more descriptive. Helicobacter 2008; 13: 103-111 [PMID: 18321300
DOI: 10.1111/j.1523-5378.2008.00590.x]
Klymiuk I, Bilgilier C, Stadlmann A, Thannesberger J, Kastner
MT, Högenauer C, Püspök A, Biowski-Frotz S, Schrutka-Kölbl C,
Thallinger GG, Steininger C. The Human Gastric Microbiome Is
Predicated upon Infection with Helicobacter pylori. Front Microbiol
2017; 8: 2508 [PMID: 29312210 DOI: 10.3389/fmicb.2017.02508]
Jones TA, Hernandez DZ, Wong ZC, Wandler AM, Guillemin K.
The bacterial virulence factor CagA induces microbial dysbiosis that
contributes to excessive epithelial cell proliferation in the Drosophila
gut. PLoS Pathog 2017; 13: e1006631 [PMID: 29049360 DOI:
10.1371/journal.ppat.1006631]
Yap TW, Gan HM, Lee YP, Leow AH, Azmi AN, Francois F,
Perez-Perez GI, Loke MF, Goh KL, Vadivelu J. Helicobacter pylori
Eradication Causes Perturbation of the Human Gut Microbiome in
Young Adults. PLoS One 2016; 11: e0151893 [PMID: 26991500
DOI: 10.1371/journal.pone.0151893]
Heimesaat MM, Fischer A, Plickert R, Wiedemann T,
Loddenkemper C, Göbel UB, Bereswill S, Rieder G. Helicobacter
pylori induced gastric immunopathology is associated with distinct
microbiota changes in the large intestines of long-term infected
Mongolian gerbils. PLoS One 2014; 9: e100362 [PMID: 24941045
DOI: 10.1371/journal.pone.0100362]
Majlessi L, Sayes F, Bureau JF, Pawlik A, Michel V, Jouvion G,
Huerre M, Severgnini M, Consolandi C, Peano C, Brosch R, Touati

July 28, 2018|Volume 24|Issue 28|

Bravo D et al . H. pylori extragastric diseases

183

184

185

186

187

E, Leclerc C. Colonization with Helicobacter is concomitant with
modified gut microbiota and drastic failure of the immune control
of Mycobacterium tuberculosis. Mucosal Immunol 2017; 10:
1178-1189 [PMID: 28145441 DOI: 10.1038/mi.2016.140]
Gebert B, Fischer W, Weiss E, Hoffmann R, Haas R. Helicobacter
pylori vacuolating cytotoxin inhibits T lymphocyte activation.
Science 2003; 301: 1099-1102 [PMID: 12934009 DOI: 10.1126/
science.1086871]
Wüstner S, Mejías-Luque R, Koch MF, Rath E, Vieth M, Sieber SA,
Haller D, Gerhard M. Helicobacter pylori γ-glutamyltranspeptidase
impairs T-lymphocyte function by compromising metabolic adaption
through inhibition of cMyc and IRF4 expression. Cell Microbiol
2015; 17: 51-61 [PMID: 25087912 DOI: 10.1111/cmi.12335]
Khosravi Y, Loke MF, Goh KL, Vadivelu J. Proteomics Analysis
Revealed that Crosstalk between Helicobacter pylori and
Streptococcus mitis May Enhance Bacterial Survival and Reduces
Carcinogenesis. Front Microbiol 2016; 7: 1462 [PMID: 27695448
DOI: 10.3389/fmicb.2016.01462]
Boyanova L, Gergova G, Markovska R, Yordanov D, Mitov
I. Bacteriocin-like inhibitory activities of seven Lactobacillus
delbrueckii subsp. bulgaricus strains against antibiotic susceptible
and resistant Helicobacter pylori strains. Lett Appl Microbiol 2017;
65: 469-474 [PMID: 28975642 DOI: 10.1111/lam.12807]
Salas-Jara MJ, Sanhueza EA, Retamal-Díaz A, González C,

188

189

190
191

192

Urrutia H, García A. Probiotic Lactobacillus fermentum UCO-979C
biofilm formation on AGS and Caco-2 cells and Helicobacter pylori
inhibition. Biofouling 2016; 32: 1245-1257 [PMID: 27834106 DOI:
10.1080/08927014.2016.1249367]
Zheng PX, Fang HY, Yang HB, Tien NY, Wang MC, Wu JJ.
Lactobacillus pentosus strain LPS16 produces lactic acid, inhibiting
multidrug-resistant Helicobacter pylori. J Microbiol Immunol
Infect 2016; 49: 168-174 [PMID: 24874430 DOI: 10.1016/
j.jmii.2014.04.014]
Elitsur Y, Neace C, Werthammer MC, Triest WE. Prevalence of
CagA, VacA antibodies in symptomatic and asymptomatic children
with Helicobacter pylori infection. Helicobacter 1999; 4: 100-105
[PMID: 10382123 DOI: 10.1046/j.1523-5378.1999.98530.x]
Hooper LV, Littman DR, Macpherson AJ. Interactions between the
microbiota and the immune system. Science 2012; 336: 1268-1273
[PMID: 22674334 DOI: 10.1126/science.1223490]
Rolig AS, Cech C, Ahler E, Carter JE, Ottemann KM. The degree
of Helicobacter pylori-triggered inflammation is manipulated by
preinfection host microbiota. Infect Immun 2013; 81: 1382-1389
[PMID: 23429529 DOI: 10.1128/IAI.00044-13]
Pei X, Ouyang X, He L, Cao C, Luan Q, Suda R. A 4-year
prospective study of the progression of periodontal disease in a rural
Chinese population. J Dent 2015; 43: 192-200 [PMID: 25527246
DOI: 10.1016/j.jdent.2014.12.008]

P- Reviewer: Caruso R, Martini F S- Editor: Wang JL L- Editor: A
E- Editor: Yin SY

WJG|www.wjgnet.com

3089

July 28, 2018|Volume 24|Issue 28|

World J Gastroenterol 2018 July 28; 24(28): 3090-3100

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i28.3090

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Proton therapy for hepatocellular carcinoma: Current
knowledges and future perspectives
Gyu Sang Yoo, Jeong Il Yu, Hee Chul Park
Gyu Sang Yoo, Jeong Il Yu, Hee Chul Park, Department of
Radiation Oncology, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul 06351, South Korea

Peer-review started: March 28, 2018
First decision: May 9, 2018
Revised: May 28, 2018
Accepted: June 25, 2018
Article in press: June 25, 2018
Published online: July 28, 2018

Hee Chul Park, Department of Medical Device Management
and Research, Samsung Advanced Institute for Health Sciences
and Technology, Sungkyunkwan University, Seoul 06351, South
Korea
ORCID number: Gyu Sang Yoo (0000-0002-5542-5263);
Jeong Il Yu (0000-0002-2009-7263); Hee Chul Park
(0000-0003-0385-9681).

Abstract
Hepatocellular carcinoma (HCC) is the second leading
cause of cancer-related death, as few patients can be
treated with currently available curative local modalities.
In patients with HCC where curative modalities are not
feasible, radiation therapy (RT) has emerged as an
alternative or combination therapy. With the development
of various technologies, RT has been increasingly used
for the management of HCC. Among these advances,
proton beam therapy (PBT) has several unique physical
properties that give it a finite range in a distal direction,
and thus no exit dose along the beam path. Therefore,
PBT has dosimetric advantages compared with X-ray
therapy for the treatment of HCC. Indeed, various reports
in the literature have described the favorable clinical
outcomes and improved safety of PBT for HCC patients
compared with X-ray therapy. However, there are some
technical issues regarding the use of PBT in HCC, including
uncertainty of organ motion and inaccuracy during calcu
lation of tissue density and beam range, all of which may
reduce the robustness of a PBT treatment plan. In this
review, we discuss the physical properties, current clinical
data, technical issues, and future perspectives on PBT for
the treatment of HCC.
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utilized for the treatment of hepatocellular carcinoma
(HCC). As RT technology develops, proton beam therapy
(PBT) has emerged as a method that affords dosimetric
advantages compared with X-ray therapy due to its phy
sical properties, including lack of an exit dose along the
beam path. Clinical experience with PBT for HCC is ac
cumulating rapidly, and the effectiveness and safety of
PBT has been validated. In this review, we discuss the
physical properties, current clinical data, technical issues,
and future perspectives on PBT for the treatment of HCC.

tumors, and clinical experiences and evidences regarding
[12,20,25,26]
the advantages of PBT continue to accumulate
.
Here, we review the current knowledge and future per
spectives on PBT for HCC.

PHYSICAL CHARACTERISTICS AND
DOSIMETRIC ADVANTAGES OF PBT
The deposition of X-ray dose decreases gradually along
[27]
the beam path with increasing beam depth . As a
result, an exit dose is inevitably deposited in adjacent
normal tissues. Intensity-modulated RT (IMRT) or volu
metric-modulated arc therapy (VMAT) techniques can
be used to obtain more conformal dose distributions;
however, these methods are still unable to avoid lowdose deposition at the distal area of the beam path.
Because of these unfavorable characteristics, RT has had
a very limited role in the treatment of HCC in patients
whose livers are mostly cirrhotic or poorly functioning, as
these patients are most vulnerable to radiation-induced
[28,29]
liver disease (RILD)
.
Compared to X-ray beams, a proton beam has a
finite range of energy deposition and loses most of its
energy within a very short distance at the end of the
beam range (Figure 1). These results in a sharp rise
and fall in energy absorption, known as the Bragg peak.
Bragg peaks can be superposed to provide wider depth
coverage, so-called “spread-out Bragg peak beams
[27]
(SOBP)” . Furthermore, due to the absence of an exit
dose, PBT has dosimetric advantages compared with
[21,22]
3-dimentional conformal RT or even IMRT or VMAT
.
Therefore, PBT has the potential to both decrease the
risk of RILD and allow for safer escalation of radiation
[30]
dose .
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary cancer of the liver, accounting for 90% of all
[1]
liver cancers . HCC is the fifth most common cancer
worldwide and the second leading cause of cancer-related
[2]
death . Although there is a relatively high incidence of
HCC in South-East Asia, rates have also been increasing
[3]
in North America and Western Europe . HCC has various
etiological factors including hepatitis B and C infection,
alcohol consumption, liver cirrhosis, non-alcoholic fatty
liver disease, obesity, diabetes, aflatoxin exposure, and
hereditary disorders such as hemochromatosis and
[4-6]
alpha-1-antitrypsin deficiency .
Although there have been improvements in the
[7,8]
management of HCC , application of curative local
modalities such as surgical resection, transplantation,
and radiofrequency ablation are often limited due to
tumor extent, tumor location, or other patient-related
[9-11]
factors
. Therefore, the prognosis of HCC continues to
be unsatisfactory, with a five-year survival of less than
20%, despite improvement in overall survival (OS) by
non-curative modalities including chemoembolization
[12]
and sorafenib . For this reason, radiation therapy (RT)
as a local modality has emerged as an alternative/com
[13-15]
bination treatment approach
. As the prognosis of
[16]
HCC depends on sustained control of tumor size ,
there has been growing interest in use of external beam
[13,14,17,18]
RT
. More specifically, advances in proton beam
therapy (PBT) have brought additional innovation to the
[12,19,20]
field of RT for the treatment of HCC
.
PBT has a dosimetric advantage compared to X-ray
therapy due to the physical properties of the techni
[21,22]
que
. Therefore, PBT is potentially more beneficial in
sparing organs-at risk (OARs), especially for cases where
the tumor is proximal to OARs. For liver tumors, the
tolerance of surrounding normal liver, biliary tracts, and
gastrointestinal (GI) structures is the main limiting factor
[23,24]
for dose escalation
. For these reasons, there has
been increasing interest in the use of PBT for treating liver
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BIOLOGICAL CHARACTERISTICS OF PBT
The proton beams cause deoxyribose-nucleotide acid
(DNA) damage and cytotoxicity by direct collisions with
DNA molecules and by the generation of radical oxygen
[31]
specimen (ROS) causing indirect DNA damage . The
efficiency of DNA damage is better for PBT than X-ray
therapy due to relatively high energies of PBT used
[32]
for RT . Therefore, the PBT is more effect for a given
[33]
prescription dose than X-rays . The concept of the
relative biological effectiveness (RBE) is useful to consider
this issue. The definition of RBE is the ratio of the proton
dose to the photon dose for a given level of effect, and
proton has higher value of RBE than X-ray. The RBE of
the proton beams depends on various parameters such
as dose, considered endpoint, linear energy transfer, α/β
[34]
of the tumor or tissue, and the positions of the SOBP .
There is trends that the RBE increases as decreasing α/β,
decreasing dose, increasing LET, and approaching the
[35-37]
distal edge and distal fall-off of the SOBP
. Because
these dependencies are considered negligible compared
[33]
with the uncertainties for tissue density , beam ranges,
and patients, up to date, fixed value of 1.1 which is
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Figure 1 Radiation dose distribution according to technique of radiation therapy. Axial views of A: 3-dimentional conformal radiation therapy (3D-CRT); B:
Volumetric arc therapy (VMAT); C: Passive scattering proton beam therapy (PBT); D: Pencil beam scanning PBT; sagittal views of E: 3D-CRT; F: VMAT; G: PBT with
wobbling technique; H: PBT with pencil beam scanning technique. There are low dose distributions in 3D-CRT (A, E) and VMAT (B, F) due to the exit dose.

based on various in vivo and in vitro data has been com
[38]
monly used as universal value of RBE for proton beam .
However, the clinical impact of variability in RBE has been
being investigated and with precise modeling variable
[33]
RBE can be used for further optimization of PBT plan .

was 10%. In these patients, multivariate analysis
identified the Milan criteria as the only independent factor
associated with OS.
Researchers from Loma Linda University also recently
reported a preliminary analysis of a randomized trial
[44]
of TACE versus PBT . In that study, a total of 69 pa
tients who were diagnosed of HCC and met the Milan
or San Francisco transplant criteria were enrolled and
randomized to either TACE (n = 36) or PBT (n = 33).
The dose fractionation regimen of PBT was 70.2 GyE in
15 fractions. An interim analysis showed a trend toward
improved 2-year LC (88% vs 45%) and PFS (48% vs
31%) favoring PBT, although the difference between the
two methods was not statistically significant. Another
phase Ⅱ trial of PBT for HCC (n = 44) and intrahepatic
cholangiocarcinoma (n = 37) performed as a multi[25]
center trial in the US reported the use of dose fractio
nation regimens of intention of 67.6 GyE in 15 fractions
for tumors > 2 cm from the porta hepatis and 58.05 GyE
in 15 fractions for those within 2 cm of porta hepatis.
In that study, the median dose actually delivered was
58.05 GyE (range, 15.1 to 67.5 GyE) in 15 fractions.
The LC and OS rates at 2 years were 95% and 63%,
respectively, supporting ongoing phase Ⅲ trials of RBT in
HCC.
In South Korea, the National Cancer Center per
formed a phaseⅠ dose-escalation study for PBT in HCC
comprising 60 GyE in 20 fractions, 66 GyE in 22 fractions,
[45]
or 72 GyE in 24 fractions . The complete response (CR)
rates of PBT were 62.5%, 57.1%, and 100% according
to increasing dose level, respectively. In addition, the
3-year LC rate was 79.9%, which was significantly higher
in patients with CR than in those with non-CR (90% vs
40%, P = 0.003). None of the patients experienced liver
toxicities greater than grade 2.

CLINICAL OUTCOMES OF PBT FOR HCC
The majority of clinical outcomes regarding PBT for
HCC have been reported from Eastern Asia and the
United States (US) due to the high incidence of HCC
and long-term experience in the clinical use of PBT
[19,20]
. An overview of the published studies of PBT for
HCC is summarized in Table 1. The Proton Medical Re
search Center (PMRC) of the University of Tsukuba,
Japan, developed three PBT protocols according to
tumor location with respect to the porta hepatis and GI
[30,39-42]
OARs
. Specifically, for peripheral tumors > 2 cm
from both GI tract and the porta hepatis, a 66-Gy relative
biologic equivalent (GyE) in 10 fractions is delivered.
Likewise, tumors within 2 cm of the GI tract can be
treated with 77.0 GyE in 35 fractions, while those within
2 cm of the porta hepatis are treated with 72.6 GyE
in 22 fractions. In those studies, the authors reported
local control (LC) in the range of 88% to 95%, which
was similar among various dose and fractionations. In
addition, the authors reported 3-year OS rates ranging
[30,39-42]
from 45% to 65%
. They also found that liver
function was a significant prognostic factor associated
with OS rates, and that OS was better in patients with a
Child-Pugh (CP) A score compared with CP B.
In the US, researchers at Loma Linda University
performed a phase Ⅱ trial of PBT in 76 patients with
[43]
HCC and liver cirrhosis . Patients with extrahepatic
metastases, tense ascites, or more than three tumors
were excluded. The progression-free survival (PFS) at 3
years for patients meeting the Milan criteria was 60%.
Liver transplantation was performed in 18 patients whose
eventual 3-year OS rate was 70%; however, the OS rate
of patients who did not undergo liver transplantation
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PBT FOR HCC IN SPECIAL SITUATIONS
Although various clinical studies have demonstrated the
effectiveness and safety of PBT in the treatment for HCC,
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Table 1 Studies of proton beam therapy for hepatocellular carcinoma
Study

Patients
(n )

CTP
score

Tumor
size (cm)

PVTT

RT regimen (GyE/fractions)

LC

PFS

OS

Tsukuba
(2008)[39]

53

A: 87%
B: 11%
C: 2%

≤ 3: 25%

28%

72.6/22 (80.5 Gy EQD2)

> 3 - < 5: 34%
≥ 5 - < 10: 34%

94% at 2 yr
86% at 3 yr

38% at 2 yr
25% at 3 yr

2-yr 57%
3-yr 45%

Tsukuba
(2009)[40]

51

A: 80%
B: 20%

NA

66.0/10 (91.3 Gy EQD2)

95% at 3 yr
88% at 5 yr

NA

3-yr 49%
5-yr 39%

Tsukuba
(2009)[41]

318

> 5: 12%
NA

14%

NA

3-yr 65%
5-yr 45%

47

NA

15%

66.0/10 (91.3 Gy EQD2): 32.7%
72.6/22 (80.5 Gy EQD2): 26.7%
77.0/35 (78.3 Gy EQD2): 20.8%
72.6/22 (80.5 Gy EQD2): 34.0%
77.0/35 (78.3 Gy EQD2): 27.7%

NA

Tsukuba
(2011)[42]

A: 74%
B: 24%
C: 2%
A: 75%
B: 19%
C: 6%

88% at 3 yr
88% at 4 yr

3-yr 50%
4-yr 34%

Loma Linda
(2011)[43]

76

Mean 5.5
≤ 2: 7%

5%

63.0/15 (74.6 Gy EQD2)

70% at 3 yr

IHRFS
1-yr 66%
3-yr 40%
4-yr 17%
80%

NA

60.0/20 (65.0 Gy EQD2): 29.6%
66.0/22 (71.5 Gy EQD2): 25.9%
72.0/24 (78.0 Gy EQD2): 44.4%
Median 58.05/15
(67.1 Gy EQD2)
(range, 15.1-67.5/15)

80% at 3 yr
64% at 5 yr

3-yr 17%
5-yr 0

3-yr 56%
5-yr 42%

95% at 2 yr

1-yr 56%
2-yr 40%

1-yr 77%
2-yr 63%

A: 29%
B: 47%
C: 24%

≥ 10: 8%
Median 2.8
(range, 0.8 to 9.3)
≤ 5: 88%

Median 36
mo

> 2 - < 5: 45%
≥ 5 - < 10: 43%
≥ 10: 5%

NCC
(2015)[45]

27

Multiple
United States
institutions
(2016)[25]

44

A: 89%
B: 11%

≤ 5: 81%

A: 73%
B: 20%
NA: 7%

Median 5.0
(range, 1.9 to 12.0)

> 5: 19%
30%

CTP: Child-Turcotte-Pugh; PVTT: Portal vein tumor thrombosis; RT: Radiation therapy; GyE: Gy equivalent; LC: Local control; PFS: Progression free
survival; OS: Overall survival; EQD2: Equivalent dose in 2 Gy; NA: Not applicable; NCC: National Cancer Center in South Korea.

LC and OS rates were 87.8% and 55.6%, respectively.
Based on these data, the authors concluded that for
patients with peripheral tumors and CP A liver function,
repeated PBT is safe. More recently, researchers at PMRC
reported the results of repeated PBT for 83 patients with
HCC, specifically including patients who received 3 (n =
[53]
12) or 4 (n = 3) courses of PBT . The median doses for
the first, second, third, and fourth courses were 71.0,
70.0, 70.0, and 69.3 GyE, respectively, and the 5-year
OS rate was 49.4%. Neither severe acute toxicity nor
RILD was observed during the study period.

the indications for PBT have not yet been determined
and continue to evolve. Because of dosimetric advan
tages, PBT has the potential to be applicable to more
complicated cases ineligible for X-ray therapy, such as
those with a history of hepatic RT, vascular invasion of
the tumor, extremely large tumor burden, and/or poor
liver function.

RE-IRRADIATION WITH PBT FOR HCC
RT has played a role as a salvage treatment for recurrent
[46-48]
HCC refractory or ineligible for other modalities
. RT
can also be applied to recurrent HCC previously irradiated
when there is no appropriate local salvage modality.
However, despite the development of modern RT techni
ques, re-irradiation in HCC remains a challenging issue
[49-51]
due to the risk of RILD and GI toxicity
. Therefore,
very few studies have evaluated the feasibility and
[51]
effectiveness of hepatic re-irradiation for HCC . Never
theless, PBT has been investigated as a salvage modality
for previously irradiated HCC. Scientists at PMRC
[52]
reported on the outcomes of repeated PBT for HCC .
In that study, 27 patients with 68 lesions received 2 or
more courses of PBT, and the median interval between
the first and second courses was 24.5 mo (range, 3.3
to 79.8 mo). Likewise, the median dose was 72 Gy in
16 fractions and 66 Gy in 16 fractions for the first and
subsequent courses, respectively. In the same study, the
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PBT FOR HCC WITH PORTAL VEIN
TUMOR THROMBOSIS
Portal vain tumor thrombosis (PVTT) at the time of
diagnosis is present in 30%-40% of all patients with
[11]
advanced HCC , and PVTT is a poor prognostic factor
[54,55]
with a median survival of 2.7 mo to 4.0 mo
. Cur
rently, the Barcelona-Clinic Liver Cancer (BCLC) system
recommends sorafenib as the only standard treatment in
[9]
such patients . However, the response rate to sorafenib
ranges from 2% to 5%, and the median time to progres
[56]
sion is only 2.8 mo . Therefore, efficient local modalities
leading to improve clinical outcomes are required. Unfor
tunately, no local modalities have been proven to be ef–
ficient for HCC with PVTT. Surgery and TACE alone are
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not typically feasible because most cases of HCC with
PVTT are unresectable, and the efficacy of TACE is limited
[57]
due to the aortoportal shunt . However, various studies
have reported the outcomes of RT with or without TACE,
with an objective response rate ranging from 40% to
60%. Furthermore, among responders, the median PFS
[58-61]
is reported to be 15 mo to 20 mo
.
The outcomes of PBT for HCC with PVTT have also
been evaluated by PMRC. That study analyzed 12 HCC
patients with PVTT in which a median dose regimen of 55
GyE in 10-22 fractions was used (range of 50 to 72 GyE
in 10-22 fractions). Radiographic CR was achieved in 6
patients, and there was recanalization of the portal vein
in 5 patients. Furthermore, the 2- and 5-year OS rates
were 88% and 58%, respectively.
Lastly, the National Cancer Center of Korea reported
on the outcomes of PBT using a simultaneous integrated
[62]
boost technique for HCC with PVTT . The dose regimens
were determined depending on the distance of the tumor
from GI OARs, and most tumors were treated with
50-66 GyE in 10 fractions while areas closer to an OAR
were treated with 30 GyE in 10 fractions. The LC and OS
rates reported in that study at 2 years were 88.1% and
51.1%, respectively. In addition, patients treated with
equivalent dose of 2 Gy fractions for α/β = 10 Gy (EQD210)
of ≥ 80 GyE, tended to show better tumor vascular
thrombosis response, LC, and OS.

have a dismal prognosis with a median survival time
[55]
of 3 to 9 mo . Although poor liver function itself is a
poor prognostic factor, there are limitations in applying
local modalities to those patients because it is difficult to
[74]
preserve the function of the residual untreated liver .
Researchers at PMRC reported on the clinical outcomes
[75]
of PBT for 19 patients with HCC and CP C . The median
RT dose was 72 GyE in 16 fractions (range, 50 to 84 GyE
in 10 to 24 fractions). The crude LC rate was 95% over
a median follow-up of 17 mo, and the OS at 2 years was
42%. In addition, there were no therapy-related toxicities
of grade ≥ 3 or deterioration of CP score. Among the
total cohort, 14 patients exhibited an improved CP score.
Researchers at PMRC also reported on the feasibility
[76]
of PBT for HCC patients with uncontrollable ascites .
Specifically, they used PBT of 24 GyE in a single fraction,
and performed precise adjustment of PBT immediately
before irradiation. Although their studies only included
three patients, objective responses were achieved for all
the irradiated tumors, and there were no therapy-related
toxicities higher than grade 3.

HEPATIC TOXICITY
RILD is seldom observed in the era of PBT for HCC,
and there is very limited literature on PBT-related RILD.
Researchers at PMRC evaluated 60 HCC patients treated
[77]
with PBT consisting of 76 GyE in 20 fractions . Seventyeight percent of the patients had CP-A liver function, and
82% had liver cirrhosis; prior liver directed therapy had
been performed in 60% of the patients. In that study,
RILD was defined as anicteric ascites or asterixis. A
total of 11 patients exhibited RILD, and seven patients
died due to RILD. In addition, they reported that there
were no cases of PBT-related RILD for patients with
pretreatment indocyanine green retention at 15 min (ICG
R15) less than 20%. On the other hand, RILD-related
mortality of patients with a pretreatment ICG R15 over
50% was 75%. For patients with pretreatment ICG R15
of 20%-49%, V30GyE < 25% was identified as a predictor
for PBT-related RILD. In more recent studies, changes
in CP score were reported. Specifically, PMRC evaluated
[24]
CP scores before and after PBT for 259 HCC patients ,
and found that among the 76% of patients with CP-A,
73% had cirrhosis of the liver and 63% had previously
received liver directed treatment. In addition, the rates
in the increase in point 1 CP score compared to baseline
were 16% and 8% at 1 and 2 years, respectively.
Likewise, the rates of point 2 from baseline CP sore
were 11% and 22% at 1 and 2 years, respectively. On
the other hand, literature from the US and South Korea
indicate that only 4% of study patients have an increased
[25,43,78]
CP score after PBT
.

PBT FOR LARGE HCCs
Tumor size is critical in determining treatment modalities
[63]
in HCC . Patients with large tumors are not candidates
[64-66]
for ablation therapies or liver transplantation
. Al
though surgery seems to have role in the treatment
of HCCs larger than 10 cm, few of these tumors are
[67-69]
actual candidates for resection
. In such cases, RT
represents an alternative modality for large tumors;
however, it is not possible to avoid irradiating large volu
mes of normal liver tissues, which in turn limits sufficient
[70,71]
dose escalation
. Importantly, PBT has the potential
to overcome this limitation. Researchers at the University
of Hokkaido performed dosimetric comparison of spot[72]
scanning PBT vs IMRT for HCC . For gross tumors of a
nominal diameter more than 6.3 cm, the average risk of
RILD according to the Lyman-normal-tissue complication
probability model was estimated as 94.5% for IMRT
compared to 6.2% for PBT. PMRC also reported the
clinical result of PBT for 22 patients with HCC of size >
[73]
10 cm . In that study, which employed a median dose
regimen of 72.6 GyE in 22 fractions (range, 47.3 to 89.1
GyE in 10-35 fractions), the median tumor size was 11
cm (range, 10 cm to 14 cm). The LC and OS at 2 years
were 87% and 36%, respectively. RILD occurred in 5 of
22 patients, 3 of whom showed CR.

GT TRACT TOXICITY
PBT FOR HCC PATIENTS WITH POOR
LIVER FUNCTION

The stomach, duodenum, and bowel are critical OARs
because of their proximity to HCC tumors and the vulne
rability of patients to radiation toxicity due to portal
[79,80]
hypertension-induced gastroduodenopathy
. A group

HCC patients with cirrhotic livers or poor liver function
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of researchers from Loma Linda University reported that
the incidence of GI toxicities ≥ grade 2 is 7% following
[43]
RT . Similarly, researchers at PMRC reported an inci
dence of ≥ grade 2 GI toxicities of 1%-2% in various
[39,41,81]
populations
. For central tumors abutting the GI
tract, however, the incidence of GI toxicities ≥ grade 2
increases to 8.5%, with all of the reported forms of GI
[42]
toxicity involving hemorrhage . Usually, PBT for HCC
proximal to GI tract is prone to GI toxicity. Especially, GI
tract located near the distal edge of SOBP is potentially
vulnerable to severe toxicity because of the uncertainty
of the proton beam range and the high RBE value at the
distal edge and the fall off of the SOBP. Although there is
no specific report regarding of the relation between the
variation of RBE and the GI toxicities, several literatures
reported the distal edge effects of PBT on toxicities of
[82,83]
brain stem
. Therefore, special caution is necessary
when the location of GI tract is near the distal edge of
SOBP. Surgical insertion of tissue expander to displace GI
[84]
tract away from target is considerable in that situation .

mo, 20 patients had grade 1 chest wall pain, while one
patient had grade 2 chest wall pain. Furthermore, a chest
3
wall V40 ≥ 150 cm was identified as an independent
predictor for chest wall toxicity. Researchers at the
University of Washington and other institutions reported
another set of data for chest wall toxicity, comprising 37
patients who underwent PBT with a median dose of 60
GyE (range, 35 to 67.5 GyE) in 15 fractions (range, 13
[91]
to 20 fractions) . During a median follow-up of 11 mo,
chest wall pain of grade ≥ 2 occurred in 30% of patients,
with none of the patients exhibiting radiographic evidence
of rib fracture. For a 15-fraction regimen, a V47 > 20
3
3
3
cm , V50 > 17 cm , and V58 > 8 cm were associated
with higher rates of chest wall toxicity. Although there is
no consensus regarding dose constraints for chest wall
toxicities, efforts should be made to reduce chest wall
toxicities based on the reported various dose-volumetric
parameters in PBT for HCC.

TECHNICAL ISSUES
Proton beams have unique physical properties including
a finite range in the distal direction. This range is
determined by the density of material in the beam path,
and any perturbation in the densities can change the
dosimetry of PBT more significantly than compared to
[92]
traditional photon therapy . This perturbation can be
induced by internal organ motion, daily variation in body
shape, uncertainties in machine settings, tissue inhomo
geneity, and inaccuracies in dosing, ranges, and density
[93]
calculations . More specifically, the liver is vulnerable to
uncertainties of PBT due to organ motion, the interface
of air and soft tissue near the diaphragmatic dome, and
[76]
variations in body shape due to ascites .
Various techniques have been investigated to manage
the liver-specific problems associated with PBT. In order
to overcome uncertainty due to organ motion, the PBT
field should ideally encompass the entire range of motion
of the tumor; however, this usually results in additional
irradiation of normal tissues. Therefore, respiratory
gating methods, abdominal compression, or breath hold
techniques can be used to reduce the field such that
[94,95]
OARs can be protected from unnecessary irradiation
.
Because of the requirement for patient cooperation,
identifying patients who are eligible for these techniques
remains an important issue.
Techniques for motion control require fine image gui
dance. However, tumor and surrounding normal liver
tissue are often undistinguishable on typical imaging stud
ies such as orthogonal KV X-ray images or cone beam
[19]
computed tomography . To set a reference location for
setup, radio-opaque fiducial markers are often utilized
[96]
for more reliable and accurate image guidance . Robust
optimization is another method for managing imaging
uncertainties. One reported algorithm incorporates the
[97]
uncertainty directly into PBT optimization . Using this
algorithm, it is possible to quantify the quality of the
treatment plan under certain geometric uncertainties, as

BILIARY AND OTHER GI TRACT
TOXICITY
The biliary tract is an OAR that must be protected during
liver RT. Indeed, several studies have reported symp
tomatic biliary inflammation with or without stricture in
[85,86]
tumors related to the biliary system
. However, some
studies have reported that RT for HCC can be safe with
respect to biliary toxicity, even in tumors adjacent to the
[87,88]
central biliary system
. For PBT in HCC, data on biliary
complications is limited. Researchers at PMRC reviewed
162 patients who underwent PBT for HCC with a median
[81]
RT dose of 72 GyE in 16 fractions . Among the total
cohort, three patients exhibited signs of biliary toxicity
such as stenosis of the common bile duct (n = 1), and
biloma with infection adjacent to the irradiated volume (n
= 2).

CHEST WALL TOXICITY
As PBT allows for dose escalation in the treatment of
HCC, the chest wall is frequently irradiated with increa
sing high doses. In tumors proximal to the chest wall,
[19]
there is potential risk of chest wall-related toxicities .
Although PBT-related chest wall toxicity data are limited,
there have been some published studies. Researchers at
PMRC reported that the incidence of rib fracture is 16%
[89]
after PBT of 66 GyE in 10 fractions in 67 HCC patients .
Specifically, the authors found that V60 at a biologically
effective dose with α/β = 3 is the most statistically
significant parameter for estimating the risk of rib fracture
after hypofractionated PBT. In addition, researchers at
the MD Anderson Cancer Center reported the chest
wall toxicities of 135 patients with lung or hepatobiliary
cancer who were treated with ≥ 52.5 GyE in 15 fractions
[90]
of photon therapy or PBT . Among the total cohort, 49
patients received PBT. During the median follow-up of 9
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well as those from inaccurate calculations of range and
tissue density.

with X-ray therapy, which has translated to significant
differences in clinical outcomes for the treatment for
[20]
HCC . The American Society for Radiation Oncology
includes HCC in the “groupⅠ” indications for PBT, mea
ning that PBT is recognized as an effective and safe
local modality for the treatment of HCC. Various studies
comparing with other local modalities are ongoing, and
we expect that PBT will become a mainstay of local
treatment of HCC in the near future.

FUTURE PERSPECTIVES
Several studies evaluating the role of PT for HCC are
ongoing. These studies are aimed at comparing PBT with
radiofrequency ablation, transarterial chemoembolization,
or sorafenib, which are the current standard treatments
recommended according to BCLC staging. The interim
results of a randomized trial comparing PBT with trans
arterial chemoembolization were reported as discussed
[44]
above . In addition, various single-arm phase Ⅱ studies
of PBT for HCC in specific clinical situations such as PVTT
and inoperable disease are ongoing. The results of these
studies will provide many answers to ongoing questions
and increase the level of evidence in the field of PBT for
HCC.
Technologies related to PBT are also under devel
opment. Almost all of the clinical data from PBT for
[20]
HCC have relied on the passive scattering technique .
However, recently constructed PBT centers are now
utilizing pencil beam scanning nozzles, which allow for
[98-100]
manipulation of the intensity of proton therapy
.
Pencil beam scanning shows better dose optimization and
proximal edge conformity compared with passive scat
[101,102]
tering
. On the other hand, pencil beam scanning
takes more time to deliver the proton beam, involves
a broader lateral penumbra, and is more sensitive to
[103-105]
organ motion
. Therefore, robustness optimization
and evaluation tools, respiration management such as
repainting, and fine image guidance are required for
the use of pencil beam scanning in the treatment of
[106,107]
HCC
. Although these issues continue to be investi
gated and studied, the pencil beam scanning method
with simultaneous intensity boost technique is now being
[108]
tried in HCC . Nevertheless, in order to validate the
effectiveness and safety of the pencil beam scanning PBT
for HCC, large scale prospective trials will be necessary.
Biological issues are another field which can be
more advanced in the future. If the RBE variation can
be utilized in the optimization of treatment planning, the
[33]
therapeutic window would be increased . The varia
bility of RBE is actively being investigated regarding the
relevance of not only dose range but various value of
[109,110]
. The biology of HCC is
α/β’s from different tissues
diverse according to the various genomic aberrations
and the genetic association with radiosensitivity of HCC
[111-113]
has been also investigated in in vitro and in vivo
.
Although there is no current data for radiaosensitivity
of HCC for PBT specifically, the investigations about the
tissue specific radiosensitivity which can be represented
with RBE will give the opportunity to provide the optimal
strategy of tissue-specific PBT. This is the direction of the
approach for PBT to be developed as precision medicine
for HCC patients.
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Abstract
Encapsulating peritoneal sclerosis (EPS) is a debilitating
condition characterized by a fibrocollagenous membrane
encasing the small intestine, resulting in recurrent small
bowel obstructions. EPS is most commonly associated
with long-term peritoneal dialysis, though medications,
peritoneal infection, and systemic inflammatory disorders
have been implicated. Many cases remain idiopathic.
Diagnosis is often delayed given the rarity of the disorder
combined with non-specific symptoms and laboratory
findings. Although cross-sectional imaging with computed
tomography of the abdomen can be suggestive of the
disorder, many patients undergo exploratory laparotomy
for diagnosis. Mortality approaches 50% one year after
diagnosis. Treatment for EPS involves treating the under
lying condition or eliminating possible inciting agents (i.e.
peritoneal dialysis, medications, infections) and nutritional
support, frequently with total parenteral nutrition. EPSspecific treatment depends on the disease stage. In the
inflammatory stage, corticosteroids are the treatment
of choice, while in the fibrotic stage, tamoxifen may be
beneficial. In practice, distinguishing between stages may
be difficult and both may be used. Surgical intervention,
consisting of peritonectomy and enterolysis, is timeconsuming and high-risk and is reserved for situations
in which conservative medical therapy fails in institutions
with surgical expertise in this area. Herein we review
the available literature of the etiology, pathogenesis,
diagnosis, and treatment of this rare, but potentially deva
stating disease.
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[36-38]

systemic rheumatologic and inflammatory disorders
(Table 1).

Core tip: Encapsulating peritoneal sclerosis (EPS) is a
rare, but potentially devastating disorder. Most literature
is derived from the nephrology literature surrounding
peritoneal dialysis, however, the gastroenterologist is
likely to encounter EPS from a variety of etiologies.
We present a comprehensive review of EPS from all
etiologies and a summary of treatments from a gastro
enterologist’s perspective including the role of nutrition,
surgery, immunosuppression, anti-fibrotic agents, and
the novel use of μ-opioid antagonists and guanylate
cyclase C agonists in the management of patients with
EPS.

Pathophysiology

EPS is thought to occur when a peritoneal inflammatory
process (inciting factor) occurs in patients with a predis
posing condition (Figure 1). In peritoneal dialysis (PD)
[39]
literature, this is referred to as the “two-hit” hypothesis
in which the “first hit” or predisposing condition is the
non-inflammatory peritoneal sclerosis resulting from re
peated dialysis sessions. In support of this, cumulative
incidence of EPS increases dramatically with time on
[40,41]
[42]
PD
. A proinflammatory “second hit”
precipitates
a cascade of proinflammatory [transforming growth
factor β1 (TGFβ1), interleukin-6 (IL-6), CCN2] and proan
giogenic [vascular endothelial growth factor (VEGF)]
[43,44]
cytokines
. TGFβ1 promotes transdifferentiation of
peritoneal mesothelial to mesenchymal cells resulting in
[45,46]
mesothelial cell depletion
, increased production of
extracellular matrix components [collagen type 1, alpha
1 (COL1A1)] and fibrogenesis resulting in a fibrocollage
[47]
nous cocoon (Figure 1).
In PD, genetic variation in the receptor for advanced
glycation end products may predispose an individual to
[48]
peritoneal deterioration . While no genetic studies exist
outside the PD literature, genetic predisposition may
explain why only a small proportion of patients with recur
rent peritonitis develop EPS or why an individual may
[24]
develop EPS even with a single, discrete exposure .
Among gynecologic neoplasms, reports of EPS are con
[33,34]
fined to luteinizing neoplasms
without other overt
inflammatory trigger, leading to the hypothesis that they
directly stimulate peritoneal inflammation and fibrosis,
though the potential stimulatory cytokine has yet to be
[49]
identified .

Danford CJ, Lin SC, Smith MP, Wolf JL. Encapsulating peritoneal
sclerosis. World J Gastroenterol 2018; 24(28): 3101-3111 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i28/3101.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i28.3101

INTRODUCTION
Definition

Encapsulating peritoneal sclerosis (EPS) is a rare clinical
syndrome characterized by an acquired, inflammatory
fibrocollagenous membrane encasing the small intes
tine, resulting in symptoms of bowel obstruction. It
is defined by the International Society for Peritoneal
Dialysis as “a syndrome continuously, intermittently,
or repeatedly presenting with symptoms of intestinal
obstruction caused by adhesions of a diffusely thickened
[1]
peritoneum” . Owtschinnikow first described encase
ment of the intestines by a fibrocollagenous membrane
in 1907 and coined the term peritonitis chronica fibrosa
[2]
incapsulata . EPS has also been known as abdominal
cocoon and sclerosing encapsulating peritonitis. It
should not be confused with peritoneal encapsulation,
a congenital condition characterized by an accessory
peritoneal membrane encapsulating the intestines,
without adhesions to the encased intestine often
[3]
incidentally recognized during unrelated surgery .

Epidemiology and natural history

Given its rarity and heterogeneity of etiologies, the
incidence and prevalence of EPS as a whole is unknown.
In a review of idiopathic EPS, cases were more commonly
reported from tropical and subtropical countries [China
[6]
(54%), India (18%), Turkey (9%), and Nigeria (3%)] .
The mean age was 34.7 (range 7-87 years) with a 2:1
male predominance.
In peritoneal dialysis, the annual incidence of EPS
[41,50]
varies from 0.14% to 2.5%
with decreasing inci
dence in more recent studies likely due to improved
[17,50]
dialysis techniques
. The most significant risk factor
[17]
for EPS development is duration of PD with a low cumu
[17,40,41]
lative incidence at 3 years increasing after 5 years
.
At 8 years, 10%-20% of PD patients will develop
[17,51-54]
EPS
. The prevalence of EPS in PD has been obser
[17]
ved between 0.4% and 8.9% . Mortality in PD patients
[17,50,55]
approaches 50% one year after diagnosis
though
it is difficult to ascertain how much of this is related to
EPS or the comorbidities that accompany end-stage renal
disease.

Etiology

EPS can be divided into primary (idiopathic) or secondary
in which a trigger for the inflammatory process can be
identified. Primary EPS was classically thought to afflict
adolescent women in tropical and subtropical areas
leading to theories of retrograde menstruation or gyneco
logic infection as the cause. Though the largest studies of
primary EPS confirm its equatorial predilection, men are
[4,5]
more commonly affected than women in a 2:1 ratio
and the etiology remains unclear.
In secondary EPS, a local or systemic factor can be
identified as triggering peritoneal inflammation. Impli
[6-9]
[10-16]
cated triggers include medications , infection
,
[17-27]
mechanical or chemical intraperitoneal irritants
, cir
[28]
[29-31]
[32]
rhosis , organ transplantation
, endometriosis ,
[33,34]
[35]
gynecologic neoplasms
, dermoid cyst rupture , and
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Table 1 Classification and etiologies of encapsulating peritoneal sclerosis
Primary (idiopathic)
2:1 (male:female)
Most commonly reported in tropical/subtropical regions
Secondary
Medications
Practolol[6]
Methotrexate[7,8]
Antiepileptic drugs[9]
Infection
Tuberculosis[10]
Non-tuberculous mycobacteria[11]
Bacterial peritonitis[12]
Cytomegalovirus[13]
Fungus[14,15]
Parasite[16]
Cirrhosis[28]
Organ transplantation
Liver[29]
Small intestine[30]
Renal[31]
Gynecologic neoplasms
Luteinized thecoma[33]
Luteinizing granulosa cell tumor[34]

Mechanical or chemical irritation
Peritoneal dialysis[17]
Intraperitoneal chemotherapy[18]
Ventriculoperitoneal shunt[20]
Peritoneovenous shunt[21]
Intraperitoneal iodine[22]
Abdominal trauma[23]
Intraabdominal surgery[24]
Foreign body[25]
Talcum powder[19]
Asbestos[26]
Silica[27]
Endometriosis[32]
Dermoid cyst rupture[35]
Rheumatologic/systemic inflammatory
conditions
Sarcoidosis[36]
Systemic lupus erythematosis[37]
Familial Mediterranean fever[38]

Predisposing factors

Inciting factors

Peritoneal sclerosis/deterioration
Long-term PD
Other recurrent peritoneal insults

Medications
Infection
Mechanical/chemical irritation
Systemic rheumatologic/inflammatory conditions
TGFβ1
IL-6
CCN2
VEGF

Proinflammatory,
proangiogenic cytokines

Genetic predisposition

direct
stimulation

Luteinizing
gynecologic
neoplasms

Mesothelial-to-mesenchymal transition

Profibrotic gene
expression

COL1A1
Sulfatase 1
Thrombospondin 1
Fibronectin 1
α smooth muscle actin

Peritoneal fibrosis, thickening, and adhesions

Figure 1 Pathophysiology of encapsulating peritoneal sclerosis. Certain predisposing factors may be present for encapsulating peritoneal sclerosis to form, such
as genetic predisposition or being on long-term peritoneal dialysis. Inciting factors that may push the physiology towards a pro-inflammatory and pro-fibrotic state
include medications, repeated chemical or mechanical peritoneal irritation, recurrent infections, and systemic rheumatologic or inflammatory conditions.

pain (86%), abdominal distension (82%), and nausea
and vomiting (54%). Twenty-nine percent of patients
underwent “emergency surgery” on presentation im
plying that, despite the chronic, insidious nature of the
disease, a significant percentage present with more
[4]
acute obstruction, ischemia, or perforation .

DIAGNOSIS
Clinical presentation

The diagnosis of EPS is clinical, based on a constellation
of clinical findings, and confirmed radiographically or by
[5,17,56,57]
laparotomy
. No gold standard exists for diagnosis.
However, a diagnostic algorithm is proposed in Figure 2.
A majority of PD-associated EPS patients present after
withdrawal of PD, with onset of symptoms occurring up
[17]
to 5 years later . In the largest case series of idiopathic
EPS, the average duration of symptoms was 3.9 years
prior to presentation with the vast majority presenting
2 [4]
malnourished (75%, mean BMI 17.5 kg/m ) . The
most common presenting symptoms were abdominal

WJG|www.wjgnet.com

Imaging

Imaging is often helpful in differentiating EPS from other
causes of intestinal obstruction. Abdominal plain films
showing peritoneal calcification as well as dilated loops
of bowel with air-fluid levels may suggest advanced
[56,58]
EPS
. Small bowel follow-through may show delayed
transit, distension proximal to small bowel adhesions,
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Suspected EPS

Presenting Features:
-Continuous, intermittent, or repeated intestinal obstruction
-Weight loss, malnutrition, and failure to thrive

History and physical

CT consistent with EPS?
Yes

No

Staging/treatment

Exploratory laparotomy
consistent with EPS?

Yes
No

Proceed to
treatment
algorithm

History:
- Risk factors (see Table 1)
- Anorexia and early satiety
- Abdominal pain
- Constipation or diarrhea
- Nausea and vomiting

Physical:
- Abdominal distension
- Abdominal mass
- Ascites
- Fever
- Cachexia

CT scan
- Thickened peritoneum
- Peritoneal calcifications
- Dilated loops of bowel
- Small bowel tethering
- Loculated ascites

Labs:
- Low albumin
- Elevated CRP
- Leukocytosis
- Anemia

Exploratory laparotomy:
- Thickened, brownish peritoneum
- Cocoon-like bowel encapsulation
- Adherent loops of small bowel
- Peritoneal calcification

Histology:
- Fibroblasts and collagen
- Fibrin deposition
- Mesothelial denudation
- Neoangiogenesis
- Mononuclear infiltrate

Consider
alternative
diagnosis

Figure 2 Proposed algorithm for the diagnosis of encapsulating peritoneal sclerosis. The diagnosis of EPS is a clinical one that can be confirmed with imaging
or at laparotomy. Various presenting features and symptoms, clues obtained in the history (risk factors) and physical exam can point towards the diagnosis of EPS.
CT/MRI findings include thickened peritoneum, calcifications, and may even demonstrate cocooning of the bowel with proximal dilation, as seen in our case. EPS:
Encapsulating peritoneal sclerosis

Histopathology

and have a “cauliflower” appearance from compression
[5]
of tightly adherent loops of bowel by EPS . On ultra
sonography, dilated loops of bowel may be matted toge
ther and tethered posteriorly or encased by a dense
[5]
fibrous membrane . Intraperitoneal echogenic strands
[56,58]
may cause the bowel wall to appear trilaminar
.
CT scan is currently the best studied and most com
monly used imaging technique in the diagnosis of EPS.
Small-bowel loops are often tethered together in an
enveloping, thickened peritoneum, typically accompanied
[58]
with proximal bowel dilation . Other radiographic
features include loculated ascites, increased density of
mesenteric fat, and localized or diffuse peritoneal calcifi
[56,59]
cation
. While the presence of complex loculations
could be from intra-abdominal hemorrhage, it should
raise suspicion for perforation or sepsis, especially if they
[60]
contain gas . Increased bowel wall enhancement or
thickening indicates ongoing inflammation or transition
[58,60]
to transmural fibrosis
. Magnetic resonance imaging
has been used less frequently for diagnosis but likely has
similar yields. Advantages include avoidance of ionizing
radiation and better delineation of bowel encasement
[61]
and peritoneal thickening .

Histologic findings in EPS are non-specific and may
overlap with findings in simple peritoneal sclerosis or
[17]
infectious peritonitis . Microscopically, the mesothelial
cell layer is denuded with fibroblast proliferation and
fibrocollagenous deposition frequently with fibrin deposi
[42]
tion . An inflammatory mononuclear cell infiltrate
[42]
may be present in active inflammation . Podoplanin,
a transmembrane glycoprotein found on peritoneal
mesothelial cells that binds inflammatory cytokines,
helps differentiate EPS from peritoneal sclerosis and peri
[45,66]
tonitis
. Generally, a thickened fibrocollagenous mem
brane in the setting of the previously described clinical
syndrome is sufficient for diagnosis.

EPS staging

A staging system has been proposed in the PD-associated
EPS literature, based on a combination of clinical, labo
[53,56,57]
ratory, and radiographic findings
. Nakamoto et
[56]
al
categorized patients with EPS into Stage 1 (preEPS), Stage 2 (inflammatory), Stage 3 (encapsulating),
and Stage 4 (chronic) based on abdominal symptoms,
inflammation, encapsulation, and intestinal findings (Table
2). Different therapeutic approaches have been proposed
[53,56 ,57]
depending on the stage of disease
.

Laboratory

Laboratory findings in EPS are non-specific and related
to underlying infection, malnutrition, and inflamma
[30,39,62]
tion
. Levels of inflammatory cytokines have
been shown to be higher in dialysate in EPS patients
compared to PD controls up to years in advance of
[63-65]
clinical development of EPS
. However, no biomar
ker has been found to be useful in predicting EPS devel
[64]
opment .
WJG|www.wjgnet.com

TREATMENT
Treatment of underlying condition

When possible, the underlying condition leading to
EPS should be treated. In the case of PD, this involves
cessation of peritoneal dialysis and transition to hemodia
[57]
lysis . In non-PD EPS, potential offending medications
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Table 2 Stages of peritoneal dialysis-associated encapsulating peritoneal sclerosis with associated clinical, serologic, and radiographic
profiles
Nakamoto 2005

Nakayama 2014

Terminology

Clinical findings

Terminology

Clinical findings

Stage 1

Pre-EPS stage

Pre-stage

Abdominal symptoms: Mild
Inflammation: Mild
Encapsulation: None

Stage 2

Inflammation stage

Inflammatory

Stage 3

Encapsulating stage

Abdominal symptoms: Nausea, diarrhea
Inflammation: Mild to severe
Encapsulation: Partial
Abdominal symptoms: Periodic ileus
Inflammation: Mild
Encapsulation: Present

Stage 4

Ileus stage

Loss of ultrafiltration capacity
Development of a high transport
Hypoproteinemia
Bloody dialysate, ascites
Calcifications in the peritoneum
Increased CRP, leukocytosis
Fever, chills, weight loss, anorexia
Diarrhea, ascites
Decreased clinical signs of systemic
inflammation
Early signs of ileus (abdominal pain, nausea,
vomiting)
Anorexia
Complete ileus
Abdominal mass

Chronic

Abdominal symptoms: Persistent ileus
Inflammation: None to mild
Encapsulation: Present

[71]

should be withdrawn and underlying infection or inflam
matory conditions should be treated. Despite withdrawal
of the offending agent or treatment of the underlying
condition, resolution of EPS is unlikely given its chronic,
fibrotic nature and treatment of ongoing inflammation or
[6,8,14,67]
the underlying fibrosis is frequently necessary
.

period which is lower than what is generally reported
[17,50,55]
in natural history studies
.
Despite this, one prospective cohort study found only
38.5% recovered on steroids, while the remainder died
[68]
or required surgical intervention . Similarly, the largest
retrospective study involving steroids found no improve
ment in median survival, though treatment groups were
[55]
too heterogeneous for meaningful analysis .
While EPS is thought to develop out of an inflam
matory insult, active inflammation may not be ongoing at
the time of presentation. It is difficult to ascertain which
patients are actively inflamed using non-specific markers
such as CRP and clinical observation. We recommend
targeting immunosuppressive therapy to those thought
to have an active inflammatory component after ex
cluding infection. The appropriate dosing and duration
of corticosteroids are not established. However the
Dutch EPS Registry, in 2011 guidelines, suggests Ⅳ
methylprednisolone (500-1000 mg/d) for 2-3 d in those
who present with acute obstructive symptoms without
[78]
infection . In those who present with more subacute
symptoms without infection, it is reasonable to treat with
prednisolone at 0.5-1.0 mg/kg/d for 1 mo and taper
[78]
over the course of a year . Absence of improvement
after 1 mo may be considered a treatment failure and we
recommend stopping steroids and considering alternative
therapy such as tamoxifen or surgery. In the absence
of data, other immunosuppressive medications should
be reserved for patients with additional indications such
as organ transplantation or strong contraindications to
surgery.

Nutritional support

On diagnosis of EPS, nutritional status should be asses
sed. While bowel rest and TPN alone are not effective
[68]
in treating EPS , ensuring adequate nutrition is essen
tial. Given obstruction, enteral feeding is often not tole
[69]
rated and TPN is required . A case series in China,
showed preoperative TPN reduced serious postoperative
[4]
complications and hospital stay .

Immunosuppression

The effect of immunosuppression on EPS was first noted
in kidney transplant patients who developed improve
ment in EPS symptoms after institution of immuno
[70]
suppression . Numerous medications have been tried
targeting the inflammatory component of EPS, including
corticosteroids, colchicine, azathioprine, cyclosporine,
mycophenolate mofetil (MMF), and mammalian target
[71-76]
of rapamycin (mTOR) inhibitors
. Of these, cortico
steroids are the best studied and, while the mTOR
inhibitors and MMF carry the theoretical advantage of
improving fibrosis as well, evidence is anecdotal and
largely confined to post-kidney transplant patients with
[73,75]
additional indications for immunosuppression
.
Evidence for corticosteroid use is confined to obser
vational studies with inconsistent formulation, dosing,
duration, and end points (Table 3). In the earliest study
[77]
by Kuriyama et al , all patients who did not receive
corticosteroids died within 8 mo, while those who re
ceived prednisolone survived at 1-3 years of follow-up
with only one requiring surgical intervention. In a larger
retrospective case series without a control comparison
group, mortality was 25% for stage 4 EPS over the study

WJG|www.wjgnet.com

Encapsulating

Anti-fibrotics

Immunosuppression alone may not be effective in those
patients who have already developed signficant fibrosis
(Stage 3). Tamoxifen is a selective estrogen receptor
modulator (SERM) with strong anti-fibrotic properties
related to inhibition of TGF-β, an important cytokine in
[79]
the fibrosis process . Its successful use in EPS was
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Table 3 Summary of studies of interventions in encapsulating peritoneal sclerosis
Design

Patient population

Treatment

Kuriyama
2001

Retrospective
case-control

n = 11
Japan
PD patients
Age - 49.1 yr
27% female

Steroids
Prednisolone
Dose - 0.5 mg/kg/d
Duration - NS
n=5
Control
TPN-alone
n=6

Kawanishi
2004

Prospective
cohort

Maruyama
2008

Retrospective
case series

Balasubramanian
2009

Retrospective
case series

Korte
2011

Retrospective
survival
analysis

Kawanishi
2011

Retrospective
case series

Ulmer
2013

Retrospective
case series

Outcome

Comments

Steroids
All control patients were
All remained alive at 1-3 yr diagnosed prior to 1997
after diagnosis.
and all who received
steroids were diagnosed
after 1997.
Control
All died of EPS-related
complications within 8 mo
of diagnosis.
Steroids - Prednisolone
Steroids
n = 48
Six steroid patients
Japan
Dose - 10-40 mg/d Methylprednisolone
Recovery - 38.5%
underwent surgery.
PD patients Age Dose - 0.5-1.0 g/d
Surgery - 15.4% Mortality Surgical treatment
54.7 yr
Duration – NS
31%
consisted of total
25% female
n = 39
enterolysis.
Surgery
Surgery
Total enterolysis
Recovery - 58.3 % Mortality
n = 12
- 33%
Control
Control
TPN-alone
Recovery - 0%
n=3
Mortality - 66%
Steroids
Steroids
n = 79
Did not compare to a
Japan
Prednisolone
Mortality –
control group.
PD patients
Dose – 2.6-60 mg/d
Stage 2 – 3.6%
Duration - 1-36 mo
Stage 3 – 14.3%
n = 79
Stage 4 – 25%
Steroids ± immunosuppression
Steroids ±
n = 111
Dose and duration
United Kingdom
of medications not
immunosuppression
n=7
PD patients Age specified. Numerous
Median survival 7 mo
52.0 yr
patients received
Tamoxifen
Tamoxifen
53% female
n = 17
Median survival 15 mo combinations of therapies.
Immunosuppression
Tamoxifen + steroids ±
Tamoxifen + steroids ±
consisted of azathioprine,
immunosuppression
immunosuppression
cyclosporin, tacrolimus,
n=8
Median survival 14 mo
mycophenolate mofetil,
Surgery
Surgery
or sirolimus. Unable to
Adhesiolysis (n = 5) jejunostomy (n = 1) Median survival 17 mo
analyze statistically due to
Small bowel resection (n = 1)
heterogeneity in groups.
Ileal-transverse colon bypass (n = 1)
Control
Control
No specific drug therapy (n = 46)
Median survival 13 mo
Tamoxifen
Tamoxifen
n = 63
None underwent surgery
Netherlands PD
Dose - Dose 10 mg/d to 20 mg twice
Mortality rate - 45.8%
in either group. Patients
patients Age 43.4 yr
daily
in both groups received
50% female
Duration – at least 4 wk
steroids, which was not
n = 24
analyzed separately
Control
Control
other than noting a
No tamoxifen
Mortality rate - 74.4%
trend towards improved
n =39
mortality in the tamoxifen
group.
Surgery
Surgery
n = 181
Heterogeneous operation
Japan
Total enterolysis
Recurrence – 25.4%
types. Those after April
PD patients
n = 181
Surgical mortality – 7.7%
2007 received Noble
Overall mortality – 35%
plication.
0/17 with Noble plication
experienced recurrence at 8
mo
Surgery
Surgery
n = 26
8 patients received
Netherlands PD
Peritonectomy and enterolysis (PEEL)
Major morbidity - 31%
steroids, 1 tamoxifen,
patients Age 54 yr
Reoperation – 17%
and 1 tacrolimus pre11% female
Recurrence – 10%
operatively.
Surgical mortality – 10%

PD: Peritoneal dialysis; EPS: Encapsulating peritoneal sclerosis.

[80]

first described by Allaria et al
in 1999. Similar to
corticosteroids, evidence for tamoxifen is limited to obser
vational studies in PD patients (Table 3).
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A retrospective Dutch study reported a significant
difference in mortality (45.8% vs 74.4%, p < 0.05) with
tamoxifen at 130 mo of follow-up with a trend towards
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Surgery
If no response to medical
therapy

TPN

Adjunct therapy
Opiate antagonist or pro-secretory therapy can be considered after a trial
of anti-fibrotic therapy in absence of complete obstruction

Tamoxifen
Corticosteroids
Ensure infection ruled out
Consider switch to mTOR inhibtor if transplant patient

STAGE 1:
PRE-EPS

STAGE 2:
Inflammatory

STAGE 3:
Encapsulating

STAGE 4:
Chronic ileus

FIBROSIS

INFLAMMATION

Treat underlying cause
(ie ., stop PD or medication, treat infection)

Figure 3 Therapeutic and management approach for encapsulating peritoneal sclerosis. Treatment strategies should be tailored to each patient, depending
on the extent and stage of EPS. In all stages, especially during the early stages, the underlying cause should be identified and treated or removed. During the earlier
stages (Stage 1-2), the pathophysiology tends to be more inflammatory and the degree of sclerosis tends to be minimal. Thus, after infection has been ruled out,
corticosteroids may be of benefit. In the later stages (Stage 3-4), more advanced sclerosis may be present, and patients may start exhibiting signs and symptoms of
partial or complete bowel obstruction. In treating abdominal pain, opioids should be avoided. However, this may not always be possible and thus opiate antagonists
are recommended in this setting. Tamoxifen plays an increasing rule in the later stages. If poor oral intake or malnutrition is present, total parenteral nutrition may
be required. If symptoms are severe and there has been no response to medical therapy, surgical intervention may be considered. EPS: Encapsulating peritoneal
sclerosis.

improved survival on survival analysis after adjusting
for calendar time, use of corticosteroids, and use of
[81]
parental nutrition . In contrast, a retrospective study
of PD patients from the United Kingdom (UK), did not
find any survival benefit with tamoxifen (median 15 mo)
compared to no therapy (12 mo) although it was limited
[55]
by significant treatment heterogeneity .
The dose and duration of tamoxifen treatment is
not well-defined. Most studies use between 10-40
mg daily. The Dutch EPS Registry suggests starting
[78]
with 20mg BID . A clinical response is typically seen
[11,14,82]
within 1-6 mo
. Treatment should be continued
for at least a year and tapered off thereafter as long as
the underlying condition is controlled and the patient
has had an adequate clinical and radiologic response.
Resolution may be seen in form of clinical improvement
and/or evidenced by resolution of peritoneal thickening
on follow-up imaging. Potential side effects of tamoxifen
including deep venous thrombosis, stroke, hot flashes
and endometrial carcinoma should be discussed prior to
[83]
initiating therapy .

ence in such operations. Surgical techniques vary from
those with curative intent, such as enterolysis (ablation
of fibrotic tissue and lysis of adhesions), to those aimed
at addressing a specific complication such as limited
lysis of adhesions or resection of perforated or ischemic
bowel. The former techniques are preferred. They have
lower frequency of symptom recurrence, but are timeconsuming, often technically difficult, and carry a risk of
[84-86]
bowel injury
.
In a 17-year review of 239 cases in one center in
Japan, in which enterolysis alone was primarily em
ployed, mortality was 35.4% (7.7% attributed to postoperative complications and 18.2% to persistent EPS[87]
related complications) . During initial experience,
25.4% required a second operation for persistent obstruc
[85]
tive symptoms , but after institution of Noble plication
(suturing of the intestines to each other) in addition to
[88]
enterolysis, this improved to 12.3% . More recent
experience in other institutions is also encouraging with
only 10% requiring reoperation after peritonectomy
[86]
and enterolysis (PEEL) and 10% mortality at 1 year .
Continuation of steroids or tamoxifen post-operatively
[89]
may reduce recurrence .

Surgical treatment of EPS

Given the time-consuming, hazardous, and technical
nature of surgical techniques for EPS, surgery is recom
mended only in patients who have failed conservative,
medical therapy and, if possible, in centers with experi
WJG|www.wjgnet.com

Dysmotility

While the primary driver of obstructive symptoms in EPS
is mechanical and related to adhesions and constriction
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4

within the encapsulating peritoneum, we hypothesize
dysmotility may also play a role both through disruption
of the myenteric plexus by fibrosis and increased endo
genous opioids from activated lymphocytes inhibiting
both propulsive motor and secretory activity in the
[66,90,91]
gut
. Successful use of methylnaltrexone to combat
inflammation-associated dysmotility has been described
[92]
in anti-Hu-associated intestinal pseudo-obstruction .
We suggest use of a μ-opioid antagonist and a guanylate
cyclase C agonist in patients who remain symptomatic,
but have already been started on appropriate anti-fibrotic
therapy (figure 3).

5
6

7
8

CONCLUSION

9

Encapsulating peritoneal sclerosis is a rare, but deva
stating condition associated with high morbidity and
mortality. A high index of suspicion is warranted in pa
tients with unexplained recurrent symptoms of bowel
obstruction. A careful history should be obtained to
identify patients with known risk factors. EPS can be
divided into primary (idiopathic) or secondary. Impli
cated triggers may include medications, infections,
chronic mechanical or chemical irritation, especially
in patients on peritoneal dialysis, or in various other
chronic, inflammatory diseases (cirrhosis, history of
organ transplant, gynecologic or rheumatologic con
ditions). Diagnosis is clinical, and can be confirmed
by x-ray or laparotomy. Treatment should be directed
at the underlying condition, optimizing nutrition, and
corticosteroids or tamoxifen alone-or in combinationdepending on disease state and contraindications. In
patients who have failed conservative medical therapy,
surgical enterolysis should be considered.
Prior studies have been limited by inconsistent defi
nitions and staging of EPS, and all treatment studies
have been observational with variable dosage, duration
of treatment, and outcomes. Since treatment may
vary based on disease stage, future studies should ap
propriately document disease stage when assessing
treatment. Long-term longitudinal data from past case
series may shed more light on the natural history of
EPS and mortality benefits of certain treatments. A
gap in knowledge still exists in our understanding of
the underlying pathogenesis of EPS and fibrosis, and
will need to be bridged in order to develop effective
therapies.
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Abstract
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With the ever increasing global obesity pandemic, clinical
burden from obesity related complications are anticipated
in parallel. Bariatric surgery, a treatment approved for
weight loss in morbidly obese patients, has reported to be
associated with good outcomes, such as reversal of type
two diabetes mellitus and reducing all-cause mortality on
a long term basis. However, complications from bariatric
surgery have similarly been reported. In particular, with
the onslaught of non-alcoholic fatty liver disease (NAFLD)
epidemic, in associated with obesity and metabolic syn
drome, there is increasing prevalence of NAFLD related
liver cirrhosis, which potentially connotes more risk of
specific complications for surgery. Bariatric surgeons may
encounter, either expectedly or unexpectedly, patients
with non-alcoholic steatohepatitis (NASH) and NASH
related cirrhosis more frequently. As such, the issues and
considerations surrounding their medical care/surgery
warrant careful deliberation to ensure the best outcomes.
These considerations include severity of cirrhosis, liver
synthetic function, portal hypertension and the impact of
surgical factors. This review explores these considerations
comprehensively and emphasizes the best approach to
managing cirrhotic patients in the context of bariatric
surgery.

Arthur J McCullough, Department of Pathobiology, Cleveland
Clinic, Cleveland, OH 44195, United States
ORCID number: George Boon-Bee Goh (0000-0001-8221-5299);
Philip R Schauer (0000-0001-6258-5604); Arthur J McCullough
(0000-0002-4906-0034).
Author contributions: All the authors contributed to the writing
of this review.
Conflict-of-interest statement: All Authors declare no conflict
of interest for this manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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: George Boon-Bee Goh, MBBS, MRCP,
Adjunct Professor, Department of Gastroenterology and
Hepatology, Singapore General Hospital, 20 College Road,
Academia, Singapore 169856,
Singapore. goh.boon.bee@singhealth.com.sg
Telephone: +65-63266137

Key words: Cirrhosis; Portal hypertension; Non-alcoholic
fatty liver disease; Bariatric surgery; Complications
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: April 5, 2018

WJG|www.wjgnet.com

3112

July 28, 2018|Volume 24|Issue 28|

Goh GB et al . Bariatric surgery in cirrhosis patients

CONSIDERATION OF LIVER FACTORS:
SEVERITY OF CIRRHOSIS

Core tip: Bariatric surgery can be performed in patients
with well compensated cirrhosis, typically of Child’s A
status, with minimal complication risks from surgical or
hepatic factors. Patients need to be carefully selected
and optimised, while surgical technique and modality also
play equally important roles. With the onslaught of the
non-alcoholic fatty liver disease epidemic and anticipated
increase in patients with non-alcoholic steatohepatitis
cirrhosis, bariatric surgery may provide an elixir as part of
the armamentarium of therapeutic options.

Traditionally, surgical procedures in cirrhotic patients
have been recognised to confer significant morbidity
and mortality. Compared to non-cirrhotic patients under
going surgery, patients with cirrhosis were reported to
have longer length of hospital stay and higher hospitali
[7]
sation charges . Early studies report an overall 30%
postoperative mortality and 11.6% thirty day post[8]
operative mortality after various surgical procedures .
Further characterisation of surgical risk has identified
severity of liver disease, nature and type of surgery to
be important dependant factors. The Child-TurcottePugh (CTP) score based on a combination of 5 clinical
and laboratory parameters, correlates well with surgical
risk and has been validated in several studies; in general,
patients with Child’s A cirrhosis have postoperative mor
tality rates of 10%, rising to 30% and 80% with Child’s
[9-11]
B and C, respectively
. One criticism of the CTP score
is the subjective nature of assessing two components of
the CTP score; ascites and encephalopathy, which may
lead clinicians to under or over-estimate actual liver func
[12]
tion . The model for end stage liver disease (MELD)
score, a more recently developed score, has also been
shown to effectively predict postoperative mortality , in
particular 30-d mortality, where a linear relationship is
observed, with mortality rising 1% for each MELD point
[13]
below 20 and 2% thereafter . In general, a MELD score
[12]
above 8 predicts a poor outcome . The advantage of
the MELD score is that it is less subjective than the CTP
score as it utilises only objective laboratory parameters
(serum bilirubin, international normalised ratio and
creatinine). However, based on current literature, the
superiority of one score over the other has not been
[14]
clearly established . In the setting of NASH, lifestyle
modifications including sustained weight loss form the
cornerstone of treatment. In this respect, bariatric sur
gery may provide the most consistent and effective
method of achieving and maintaining adequate weight
loss, as compared to exercise/diet and other lifestyle
measures. In addition, the benefits of bariatric surgery
in NASH may extend from direct effects of weight loss
to indirect effects of improved insulin resistance and
[15]
pro-inflammatory state . Pooled data from a metaanalysis of 15 studies demonstrated improvement/
resolution in steatosis (91.6%), steatohepatitis (81.3%)
[16]
and fibrosis (65.5%) . However, the current literature
available consists only of data from cohort studies and
not randomised controlled trials. Furthermore, most of
the data pertained to subjects without advanced fibro
sis/cirrhosis. As such, a 2010 Cochrane review was un
[17]
able to provide any recommendations in this aspect .
Moreover, considering the invasive nature of bariatric
surgery, there is an urgent need for well-designed rando
mised controlled studies to clarify the efficacy of such
interventions in the treatment of NASH and specifically
NASH cirrhosis.

Goh GB, Schauer PR, McCullough AJ.Considerations for
bariatric surgery in patients with cirrhosis. World J Gastroenterol
2018; 24(28): 3112-3119 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i28/3112.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i28.3112

INTRODUCTION
The global obesity pandemic continues unabated, ac
companied with increasing healthcare and economic
[1]
burden . In 2005, 23.2% of the world’s adult population
were overweight and 9.8% were considered obese,
translating to 937 million and 396 million overweight and
obese adults, respectively. Projections have estimated the
prevalence of overweight and obese adults to increase to
[2]
1.35 billion and 573 million adults by 2030 respectively .
Obesity is commonly associated with a plethora of chro
nic diseases, among them being non-alcoholic fatty
liver disease (NAFLD), the most common chronic liver
[3]
diseases seen in gastroenterology clinics . NAFLD
represents a spectrum of disease, of which a subset
with more severe liver disease; namely non-alcoholic
[4]
steatohepatitis (NASH) may progress to cirrhosis . Cir
rhosis represents advanced stage liver disease where
cumulative liver injury and necroinflammation result in
fibrogenesis of the liver. This fibrogenesis is characterised
by diffuse nodular regeneration, surrounded by dense
fibrous septa, leading to parenchymal loss and collapse/
distortion of normal liver architecture. Clinically, this cor
relates with the development of portal hypertension and
[5]
hepatic synthetic dysfunction .
With increasing recognition of efficacy in treating
obesity and obesity related diseases, bariatric surgery
has been increasingly performed worldwide. Not unex
pectantly, bariatric surgeons may encounter patients
with NASH and NASH related cirrhosis, especially with
the rising prevalence of obesity. A survey of bariatric
surgeons found that 39% of them had unexpected dis
covery of cirrhosis during bariatric surgery, accounting
[6]
for an incidence rate of 0.14% . More importantly, the
presence of cirrhosis often presents a vexing dilemma
whether to proceed with surgery or not. This review
explores the various important considerations in this
context and suggests the best approaches to managing
such patients.
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such as bleeding varices, refractory ascites, hepatic
[28]
hydrothorax and hepatorenal syndromes . Several
small case series have suggested the potential role and
benefits of TIPS placement in reducing perioperative
complications and mortality rates across a variety of
surgical procedures, showing one year survival ranging
[29-32]
between 56% and 100%
. Having said that, the
potential benefits of preoperative TIPS must be weighed
against the risk of TIPS placement. Progressive hepatic
failure is a rare but most feared complication post TIPS
placement. It is often the reflection of decreased liver
blood perfusion due to shunting of blood away from the
liver, culminating in hepatic ischemia and progressive
[33]
dysfunction in an already poorly functioning liver . In
addition, the incidence of new or worsening hepatic ence
phalopathy following TIPS is 20%-31%, which may limit
[34,35]
the enthusiasm for this procedure
. Increasing age,
liver dysfunction and shunt diameter are important risk
factors associated with hepatic encephalopathy post[36]
TIPS placement . Hence, caution must be exercised
when selecting appropriate patients to undergo a TIPS
[28]
procedure .
In summary, common cirrhosis (including portal hy
pertension driven) related complications to be vigilant
about in the post-operative setting would include wor
sening or new onset ascites, worsening or new onset
hepatic encephalopathy, coagulopathy, fluid overload,
renal failure or liver failure.

CONSIDERATION OF LIVER FACTORS:
PORTAL HYPERTENSION
Portal hypertension is another important factor to con
sider while assessing surgical risk. Portal hypertension is
a frequent sequelae of cirrhosis, where fibrosis, scarring
and the presence of regenerating nodules result in archi
tectural distortion of the liver and in turn increased portal
[18]
pressures . Increased portal pressures contribute
to the pathogenesis of many complications seen in cir
rhosis, such as splenomegaly with thrombocytopenia,
hyperkinetic circulatory state with ascites/unstable hemo
dynamics, gastro-eosophageal varices, hepatorenal
[19]
syndrome and portopulmonary syndrome . Intuitively,
in the context of surgery, the thrombocytopenia connotes
increased bleeding risk, presence of ascites may impact
on healing and wound complications particularly in abdo
minal surgery, while also promoting atelectasis and pul
monary complications through reduced lung expansion.
Perioperative hemodynamics and fluid balance may
be difficult to manage. Perioperative developments of
hepatorenal or portopulmonary syndromes compromise
the renal and respiratory systems, making surgery all the
more difficult and complicated.
The gold standard technique of assessing portal hyper
tension is using hepatic venous pressure gradient mea
surement (HVPG), which is a strong prognostic factor
in cirrhosis. Clinically significant portal hypertension is
[18,20,21]
observed when HVPG increased above 10 mmHg
.
Other signs to suggest significant portal hypertension
would include presence of gastro-oesophageal varices,
splenomegaly with thrombocytopenia and presence of as
cites. With respect to hepatic resection for hepatocellular
carcinoma in cirrhotic patients, both European (European
Association for the Study of the Liver) and American
(American Association for the Study of Liver Diseases)
liver society guidelines consider portal hypertension to
[22,23]
be a relative contraindication for surgery
, based on
clinical studies observing increased risk of postoperative
liver failure, complications and mortality in patients with
portal hypertension compared to those without portal
[24-26]
hypertension
. Similarly, in a nationwide population
based American study on mortality following colorectal
surgery, patients with cirrhosis and portal hypertension
had significantly higher in-patient mortality compared to
patients with cirrhosis but without portal hypertension
[27]
(29% vs 14% mortality rate) . This was consistent with
a separate study exploring the impact of cirrhosis and
portal hypertension on inpatient mortality across four
specific types of surgery; cholecystectomy, colectomy,
abdominal aortic aneurysm repair and coronary artery
bypass grafting). Patients with cirrhosis and portal
hypertension were at higher risk of mortality (Hazard
ratio 7.8 to 22.7) compared to patients with cirrhosis
alone (Hazard ratio 3.4 to 8) and patients without cir
[7]
rhosis . One method of addressing the issue of portal
hypertension is through portal decompression using
Transjugular Intrahepatic Portosystemic Shunt (TIPS)
placement, which has been used to treat complications
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CONSIDERATION OF SURGICAL
FACTORS
The nature and type of surgery impacts on the morbidity
and mortality in cirrhotic patients. While postop mortality
and morbidity rates have been high historically, better
identification/awareness, preoperative assessment/
optimisation, newer anaesthetics and surgical techniques
have mitigated such risks. Overall, better outcomes are
observed with laparoscopic surgery over open surgery.
In a small case series of 50 predominantly mild to mo
derately cirrhotic patients undergoing a variety of laparo
[37]
scopic surgical procedures, Cobb et al found an overall
morbidity rate of 16% with no incidence of hepatic
decompensation or mortality. A separate populationbased study advocated the preference of laparoscopic
cholecystectomy over open cholecystectomy in cirrhotic
patients, with improved mortality (1.3% vs 8.3%), less
post-operative infection (0.7% vs 3.5%) and lower
[38]
requirement for blood transfusion (14.4% vs 19.2%) .
In general, laparoscopic techniques have improved
outcomes over a range of surgical procedures in patients
[37]
with mild to moderate cirrhosis .
Separately, emergency surgery is generally regarded
to have higher associated morbidity and mortality
[39,40]
compared to elective surgery
. In addition, the sur
gical procedure itself has important implications and
considerations in cirrhotic patients. Cardiac and major
abdominal surgeries are considered high-risk surgeries in
[14]
cirrhotic patients . Assessing nationwide mortality rates
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[7]

post elective surgery in cirrhotic patients, Csikesz et al
found disparate mortality rates among different surgical
procedures (Hazard ratio 3.4, 3.7, 5.0 and 8.0 for
cholecystectomy, colectomy, abdominal aortic aneurysm
repair and coronary artery bypass grafting, respectively).
In summary, common surgical related complications
among patients with cirrhosis would include sepsis,
wound infection/dehiscence/impaired healing and ble
eding.

plications of bariatric surgery in patients with cirrhosis
(Table 1). In an early survey of 126 bariatric surgeons
worldwide who had collectively performed almost 87000
bariatric surgeries, 125 cases of cirrhosis with overall
incidence of 0.14% were unexpectedly encountered.
While there was no intraoperative mortality observed,
4 deaths perioperatively (within 30 d) were related to
overwhelming sepsis or fulminant hepatic failure. In
addition, a further 7 late deaths were accounted for
predominantly from liver failure. Separately, within the
same paper, Brolin reported on 8 of his own patients
with cirrhosis out of an overall series of 580 patients;
hepatic failure accounted for 1 perioperative and 1 late
[6]
mortality . With the advent of laparoscopic approaches
to bariatric surgery, surgical outcomes have improved
[52]
further. Dallal et al performed a retrospective review of
2119 patients who had underwent laparoscopic bariatric
surgery and identified 30 patients with cirrhosis (1.4%),
the majority of which were discovered intraoperatively.
While there were no perioperative deaths, need for
conversion to open laparotomy or liver related com
plications, early postoperative complications occurred in
9 of the cirrhotic patients, including anastomotic leak,
acute tubular necrosis, prolonged intubation, ileus and
blood transfusion. In addition, there were no major
late complications other than 1 unrelated death from
[52]
esophageal cancer one year post gastric bypass .
A subsequent case series of 23 cirrhotic patients who
had undergone a combination of laparoscopic bariatric
procedures (RYGB, sleeve gastrectomy, adjustable gastric
banding) reported complications in 8 patients including
anastomotic leak, structuring, infected hematoma,
pneumonia and bleeding requiring blood transfusion.
However, there was no liver decompensation after sur
gery and no perioperative mortality was reported. Of
note, 2 of the cirrhotic patients successfully underwent
laparoscopic sleeve gastrectomy after TIPS procedure
[53]
[54]
to control their portal hypertension . Takata et al
also advocated the safety and benefits of laparoscopic
bariatric surgery in patients with cirrhosis; 2 out of 6
patients with cirrhosis who underwent laparoscopic
sleeve gastrectomy had only minor complications (1
patient developed ascites that responded to medical
therapy while the other patient developed hepatic
encephalopathy secondary to urinary tract infection
[54]
that also responded to standard therapy) . Additional
support for laparoscopic sleeve gastrectomy in cirrhotic
patients was provided by Rebibo and colleages, who
reviewed 13 patients with Child’s A cirrhosis and ob
served no postoperative mortality or cirrhosis specific
[55]
complications . A unique complication of portal vein
thrombosis with associated mesenteric ischaemia
was described by Hughes and colleagues in a cirrhotic
patient two weeks post laparoscopic sleeve gastrectomy.
However, the patient recovered well post resection of
[56]
her ischaemic bowel . Further experiences of baria
tric surgery in the context of cirrhosis patients were
[57]
reported by Woodford et al , who reported two surgical
complications, but no operative mortality in their series
of 14 patients with compensated cirrhosis that underwent

IMPACT OF BARIATRIC SURGERY ON
THE LIVER
There have been several case series on the impact
of bariatric surgery on the liver. In the 1960s to early
1980s, the jejunoileal bypass (JIB) was among the first
bariatric surgical procedures used to treat morbid obesity.
However, this procedure has since been abandoned due
to multiple side effects of this procedure, including the
[41]
development of hepatic failure . In a longitudinal follow
up study of patients who had undergone JIB, the risk
of development of hepatic fibrosis and cirrhosis at 15
[42]
years post JIB was 45% and 8%, respectively . Several
other studies have confirmed the risk of progressive
liver dysfunction following JIB, where rapid weight loss,
protein-caloric malnutrition, global malabsorption and
[43-45]
endotoxin effects have all been implicated
. Hepatic
decompensation (albeit inconsistent evidence) has also
been reported following biliary pancreatic diversion and
[46-48]
long limb Roux en Y gastric bypass
. There has been
less evidence of detrimental effects on the liver following
the other bariatric surgical procedures. As such, in a
survey of 126 bariatric surgeon responders, 59% would
perform banded gastroplasty, 39% standard Roux en Y
gastric bypass and only 5% biliary pancreatic diversion
[6]
in patients with cirrhosis . Bariatric surgery may also
be associated with nutritional deficiencies, depending on
the type of procedure performed. In particular, protein
deficiency remains a significant concern which can mani
fest as oedema, loss of lean muscle mass, as well as
biochemical features of anaemia and hypoalbuminemia.
Changes in taste/food preference, potential macronutrient
mal-digestion or absorption contribute to reduced protein
intake, coupled with the generally higher protein demand
following surgery, leads to a compromised nitrogen
[49,50]
balance and connotes an important problem
. This
takes on even more consequence in the setting of cir
rhosis, where pre-existing malnutrition, sarcopenia and
[51]
impaired protein metabolism are prevalent . Hence, the
predicament being that cirrhotic patients may not be able
to achieve adequate protein intake with the pre-existing
cirrhosis and additional demands placed by the bariatric
surgery.

REPORTED COMPLICATIONS OF
BARIATRIC SURGERY IN PATIENTS WITH
CIRRHOSIS
There have been relatively few studies describing com
WJG|www.wjgnet.com
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Table 1 Study characteristics of bariatric surgery in patients with cirrhosis
Author,
year

Number.
cirrhotics

Childs
status

Procedure

Average Average
op time blood loss

LOS

Brolin
1998

8

NR

7 RYGB, 1 JIB reversal

NR

543 mL

NR

Dallal
2004

30

A

27 lap RYGB, 3 lap SG

4h

290 mL

4

Takata
2008
Shimizu
2013

6

4 A, 2B

6 Lap SG

141 min

58 mL

4.2

23

22 A, 1B 14 lap RYGB, 8 lap SG,
1 LAGB

NR

NR

4.3

Lin
2013

20

NR

Lap SG

151 min

NR

4.2

Rebibo
2014
Hughes
2014
Woodford
2015

13

13 A

13 lap SG

75 min

NR

3

1

A

Lap SG

NR

NR

NR

14

NR

14 LAGB

NR

NR

NR

Pestana
2015

14

A

11 SG, 3 RYGB

NR

NR

NR

Wolter
2016

12

NR

12 lap procedures

NR

NR

NR

Complication

Mortality

Ascitic fluid leak, marginal
1 periop
ulcer, amputation
death, 2 late
deaths
ATN, anastomotic
1 late
leak, blood transfusion,
unrelated
prolonged ileus, prolonged
death
intubation
2 pts, development of
Nil
ascites, HE post UTI
8 pts, anastomotic
1 death 9
leak, stricture, infected
months
hematoma, pneumonia
postop of
unknown
cause
2 wound infections, 1
1 death 4
transient HE, 1 transient years postop,
renal insufficiency, 1
2 deaths
bleeding, 1 staple line leak
on liver tx
waiting list
1 postop intra-abdo
Nil
hematoma
Portal vein thrombosis
Nil
with mesenteric ischaemia
1 postop surgical site
1 unrelated
infection, 1 revision of
death 11 yr
malpositioned band
post surg
1 unrelated HE 2 yr postNil
surgery
1 staple line leak, 1 intraabdominal abscess, 1
intraluminal bleed, 1
dysrhythmia

Nil

Comments

%EWL at 12 mo
63%

%EWL at 9 mo
33%

%EWL at 6 mo
61.9%

%EWL at 12 mo
61.3%
%Total weight
loss at 24 mo
25.6%
No significant
association betw
cirrhosis and
periop events

NR: Not recorded; JIB: Jejunoileal bypass; SG: Sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass; LAGB: Laparoscopic adjustable gastric banding; BPD:
Biliopancreatic diversion; lap: Laparoscopic; %EWL: Percentage excess weight loss.

laparoscopic adjustable gastric banding. Comparable
accounts were corroborated by a separate series of 14
cirrhotic patients that underwent sleeve gastrectomy
[58]
[59]
or gastric bypass . Along similar lines, Wolter et al
described 302 patients who had laparoscopic gastric
bypass or sleeve gastrectomy performed, of which 12
patients had cirrhosis; there were no significant asso
ciation between perioperative complications and liver
cirrhosis. Nevertheless, in a large scale population based
study of bariatric surgery patients, presence of com
pensated cirrhosis was associated with increased length
of hospital stay (4.4 d vs 3.2 d, P = 0.03) and increased
mortality rates (OR: 2.17, 95%CI: 1.03-4.55). Not
unexpectedly, patients with decompensated cirrhosis had
even worse outcomes. The combined in hospital mortality
rate for both compensated and decompensated cirrhotics
was 1.2%, with mortality rates lower at high volume
centres (> 100 procedures per year) compared to lower
[60]
volume centres . More recently, in a retrospective study
of 297 patients with NAFLD who had undergone bariatric
surgery, while the median length of hospital stay was
higher in patients with advanced liver fibrosis (4 d vs 3 d,
P = 0.002) compared to those without advanced fibrosis,
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there was no significant difference in the proportion of
patients with complications over 1 year post operation
[61]
(36.4% vs 32.8%, P = 0.54) .

APPROACH TO BARIATRIC SURGERY IN
PATIENTS WITH CIRRHOSIS
While the few case series on bariatric surgery in patients
with cirrhosis do suggest that bariatric surgery can be
performed safely in carefully selected patients without
prohibitive complication rates, the majority of the studies
were based on patients with well compensated cirrhosis.
Therefore, it remains to be seen if such surgeries can be
similarly performed successfully in patients with poorer
hepatic reserves. Preferably, cirrhotic patients should
undergo bariatric surgery in high volume centres
The first step is to recognise and diagnose patients
with cirrhosis. This is usually based on biochemical and
imaging features. Surgical risk can be further stratified
using CTP or MELD score to estimate liver reserve. In
addition, HVPG to assess degree of portal hypertension
would be useful in further management. In the event of
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significant portal hypertension, TIPS can be considered
[32]
to reduce risk of perioperative complications . Input
from a hepatologist to optimise cirrhotic patients perio
peratively would be valuable.
There remains no consensus on which bariatric
[62]
modality is best suited for the patient with cirrhosis .
Current available data suggest that the less invasive
laparoscopic approach would be safer to perform in cir
rhotics. The bariatric procedures that can be performed
laparoscopically would include the RYGB, sleeve gas
trectomy and gastric banding, each representing their
own distinct advantages and disadvantages.
In general, RYGP provides the most potential for
weight loss, but may have a greater risk of vitamin defi
ciencies compared to sleeve gastrectomy that may fur
ther lead to progressive hepatic dysfunction. In addition,
due to altered anatomy surgically, the stomach remnant
and biliary tree would be inaccessible endoscopically in
the event of a gastrointestinal bleed or biliary obstruction.
Furthermore, the altered anatomy may render future or
thotopic liver transplantation more challenging.
Gastric banding would be the least invasive proce
dure, but the potential risk of infection with placement of
a foreign device in cirrhotic patients already at increased
risk of infections would limit the enthusiasm of such a
procedure.
Sleeve gastrectomy reduces the risk of malabsorption
or placement of a foreign body, but may predispose to
bleeding risk in the setting of gastric varices. Increasingly,
laparoscopic sleeve gastrectomy has been advocated
as the bariatric modality of choice in patients with
[53-55]
cirrhosis
. Sleeve gastrectomy is well tolerated, tech
nically less challenging with a relatively short learning
[63]
curve and operating time . Relative to gastric bypass,
sleeve gastrectomy has been shown to be associated
[64]
with fewer complications overall . Furthermore, access
to the stomach remnants and biliary system would
remain possible with sleeve gastrectomy. With respect
to liver transplantation, laparoscopic sleeve gastrectomy
was observed to be well tolerated while improving candi
[54]
dacy for liver transplantation . In addition, sleeve gas
trectomy has been shown to be safe and feasible in com
bination with liver transplantation at a single setting or as
[65, 66]
a staged procedure post liver transplantation
.
Nevertheless, there remains important information
gaps with regards to bariatric surgery in patients with
cirrhosis. More studies are needed to assess the long
term outcomes of patients with cirrhosis post bariatric sur
gery. In addition, more data is required in patients with
more advanced cirrhosis. Better characterisation in terms
of surgical candidacy, differentiating those who would
derive benefit and those who would not, are imperative
to develop strategies and recommendations for the
improvement of bariatric surgical outcomes in patients
with cirrhosis.

well compensated cirrhosis, typically of Child’s A status,
with minimal complication risks from surgical or hepatic
factors. Patients need to be carefully selected and
optimised, while surgical technique and modality also
play equally important roles. With the onslaught of the
NAFLD epidemic and anticipated increase in patients with
NASH cirrhosis, bariatric surgery may provide an elixir as
part of the armamentarium of therapeutic options.
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Abstract
AIM
to evaluate the influence of hyperglycemia on the pro
gression of autoimmune pancreatitis.
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METHODS
We induced hyperglycemia by repetitive intraperitoneal (ip)
injection of 50 mg/kg streptozotocin in MRL/MpJ mice,
which develop autoimmune pancreatitis due to a genetic
predisposition. We compared the extent of inflammation
+
+
(histological score, CD3 lymphocytes, CD8 T-cells,
+
+
CD4 T-cells, Foxp3 T-helper cells) in the pancreas of
hyperglycemic and normoglycemic mice. We also analyzed
the number of leukocytes, lymphocytes, granulocytes
and monocytes in the blood. In addition, we determined
+
+
+
the percentage of CD3 lymphocytes, CD8 T-cells, CD4
+
+
+
T-cells, Foxp3 T-helper cells, Foxp3 CD25 T-helper and
Foxp3 T-helper cells in the spleen by flow cytometry.
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RESULTS
Treatment with streptozotocin caused a strong induction
of hyperglycemia and a reduction in body weight (P <
0.001). Severe hyperglycemia did not, however, lead
to an aggravation, but rather to a slight attenuation of
autoimmune pancreatitis. In the pancreas, both the his
tological score of the pancreas as well as the number
+
of CD3 lymphocytes (P < 0.053) were decreased by
hyperglycemia. No major changes in the percentage of
+
+
+
CD8 T-cells, CD4 T-cells, Foxp3 T-helper cells were ob
served between hyperglycemic and normoglycemic mice.
Hyperglycemia increased the numbers of leukocytes (P
< 0.001), lymphocytes (P = 0.016), granulocytes and
monocytes (P = 0.001) in the blood. Hyperglycemia also
+
moderately reduced the percentage of CD3 lymphocytes
(P = 0.057), significantly increased the percentage of
+
+
+
Foxp3 T-helper cells (P = 0.018) and Foxp3 CD25
T-helper cells (P = 0.021) and reduced the percentage of
Foxp3 T-helper cells (P = 0.034) in the spleen.

plasmacytic sclerosing pancreatitis (LPSP; AIP type 1)
and idiopathic duct centric pancreatitis (ICDP; AIP type
2). AIP presents as a versatile disease with cholestasis,
obstructive jaundice and pancreatic swelling. Besides
the lymphoplasmacytic infiltrate, fibrosis is often pro
nounced, and a strong response to steroids can be seen.
Besides these similarities, the two types differ in other
characteristics such as serological markers, in particular
elevated levels of IgG4 in LPSP, other organ involvement,
[2-4]
or disease relapse . The differentiation to pancreatic
neoplasia is difficult, which sometimes can lead to un
[5]
necessary pancreatectomy .
The inflammatory infiltrate in the pancreas during
AIP is mainly composed of lymphocytes and plasma cells
as well as some eosinophil and neutrophil granulocytes
and dendritic cells. Frequently, T-cells are observed, in
+
+
[6]
particular CD4 -T-helper cells and CD8 cytotoxic cells .
In addition, regulatory T cells (Tregs) can be found, which
are relevant for the immunological self-tolerance by sup
[7]
pressing autoreactive lymphocytes . A specific marker
for these cells is the transcription factor forkhead-boxprotein P3 (FoxP3), which has a major influence on the
[8,9]
development of regulatory T-cells . Increased numbers
of these cells were found locally in the pancreas as well
[7,10]
as in the peripheral blood during AIP
.
A frequent and important complication of AIP is dia
betes mellitus (DM). The rate of DM in patients with AIP
[11,12]
varies in the literature between 42%-66.7%
. Of
those, 34%-43% already have DM before AIP, 52%-57%
show a simultaneous occurrence and 9%-14% develop
[13-15]
DM after starting a steroid therapy
. These findings
suggest that both pathologies are present simultaneously
in many patients. A correlation between hyperglycemia
and pancreatitis in patients is well recognized, which is in
general explained by the fact that pancreatitis can trigger
[16,17]
DM
. Investigations into whether DM or transient
hyperglycemia can enhance the development of a pan
creatitis in return are rare. Previous preclinical studies
demonstrate that diabetes dramatically aggravates
the course of cerulein-induced acute and chronic pan
[18,19]
creatitis
. Thus, the purpose of this present study
was to address the question of whether diabetes can
influence the progression of AIP and to analyze which
aspects of this disease are affected by diabetes. We
chose to use MRL/MpJ mice, an animal model widely
used to study AIP. These mice spontaneously develop
AIP with an incidence of 74% in female and 36% in male
[20]
animals at the age of 34-38 wk .

CONCLUSION
Hyperglycemia does not aggravate but moderately atte
nuates autoimmune pancreatitis, possibly by increasing
the percentage of regulatory T-cells in the spleen.
Key words: Autoimmune disease; Diabetes; Treg; FoxP3;
Autoimmune pancreatitis; MRL/MpJ mice
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Temporary or sustained hyperglycemia can
be observed in about 42%-66% of patients with auto
immune pancreatitis. However, it is unknown to what
extent hyperglycemia has an influence on the course
of this disease. This preclinical study demonstrates that
hyperglycemia does not lead to an aggravation but rather
an attenuation of autoimmune pancreatitis. Thus, this
result might have the clinical implication that a tight adjust
ment of blood glucose concentration in patients with
autoimmune pancreatitis is not needed, because it might
not have a beneficial effect on the progression of this
disease.
Müller-Graff FT, Fitzner B, Jaster R, Vollmar B, Zechner D.
Impact of hyperglycemia on autoimmune pancreatitis and
regulatory T-cells. World J Gastroenterol 2018; 24(28): 3120-3129
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i28/3120.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i28.3120

MATERIALS AND METHODS
Animals

INTRODUCTION

All mice were bred in the local SPF facility (the health
of the animal stock is routinely checked according to
FELASA guidelines) and were exposed to a 12 h artificial
light/dark cycle. The mice were caged in groups and
were allowed access to water and standard laboratory
chow ad libitum. Only female MRL/MpJ mice of the

Autoimmune pancreatitis (AIP) is a chronic and pro
gressive inflammatory disease of the pancreas with an
assumed autoimmune etiology, which was first described
[1]
by Sarles et al in 1961. The disease is classified by
two different histopathological patterns called lympho
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same age (Sham: 210/204-260, STZ: 210/204-224
median/interquartile range in days) were either shamor streptozotocin-treated (STZ) in the laboratory. Hyper
glycemia was induced by intraperitoneal (ip) injection
(between 8:00 and 18:00) of 50 mg/kg STZ (SigmaAldrich, Steinheim, Germany) on five consecutive days
(day 1-5). All control mice were sham-treated with 50
mmol/L sodium citrate pH 4.5 instead of STZ. Animals
were allocated in a non-random manner matching the
age of both treatment groups. Tissue was harvested on
day 113-116 after first STZ injection. For sampling blood
and tissue at the indicated time points the animals were
anesthetized (by ip injection) with 90 mg/kg ketamine
(Bela-Pharm, Vechta, Germany) and 8 mg/kg xylazine
(Bayer Health Care, Leverkusen, Germany). The order
in which animals were treated and blood and tissue was
sampled was arbitrary. All experiments were executed
in accordance with the German legislation, the EUdirective 2010/63/EU and approved by the Landesamt
für Landwirtschaft, Lebensmittelsicherheit und Fischerei
Mecklenburg-Vorpommern.

fluorescence was evaluated on scanned sections with
a Leica DMI 4000B scanning microscope using a 40 ×
objective (Leica Microsystems GmbH, Wetzlar, Germany).

Flow cytometry

To evaluate subtypes of T-cells, single-cell suspensions
were isolated from the spleen of STZ- and sham-treated
6
mice. A total of 1 × 10 leukocytes were stained in a
volume of 100 μL PBS pH 7.4 (10010-015, Thermo
Fisher Scientific GmbH) containing 0.1% BSA (A941810G, Sigma-Aldrich Chemie GmbH, Taufkirchen, Ger
many) and appropriate antibodies. These antibodies were
eFluor660 conjugated rat anti CD3 (50-0032; dilution:
100 ×; eBioscience, Frankfurt, Germany), FITC conjugated
rat anti-CD4 (11-0041; dilution, 200 ×; eBioscience),
PE conjugated rat anti-CD8a (BD Cat 553032; dilution:
100 ×; BD Bioscience, Heidelberg, Germany) and PECy7 conjugated rat anti-CD25 (25-0251; dilution: 200 ×;
eBioscience). Regulatory T-cells were evaluated by staining
with FITC conjugated rat anti CD4 and PE conjugated
mouse anti-FOXP3 (130-093-014; dilution, 10 ×; Miltenyi
Biotec, Bergisch Gladbach, Germany) according to the
manufacturer’s instructions. Data were recorded using a
BD FACSCalibur and analyzed using the BD CellQuest Pro
software (both Becton Dickinson, NJ, United States).

Histological and immunofluorescence staining

On the day of tissue harvesting, the rostral half of the
pancreas was placed lengthwise in a biopsy cassette,
fixed in 4% phosphate-buffered formalin, and embedded
in paraffin. The second half was embedded in TissueTek OCT Compound (Science Services GmbH, Munich,
Germany). Paraffin sections of 4 μm thickness were cut
and stained with hematoxylin and eosin to evaluate the
organ. The histology of the pancreas was investigated by
light microscopy (Olympus Corporation, Tokyo, Japan).
The severity of autoimmune pancreatitis was determined
by scoring the degree of inflammatory cell infiltration and
destruction of the parenchyma as described by Kanno
[20]
et al (0 = no inflammation, healthy organ; 1 = mild
inflammation, mononuclear cells present in the inter
stitium but no destruction of parenchyma; 2 = moderate
inflammation, focal destruction of parenchyma with
mononuclear cell infiltration; 3 = moderate and diffuse
or severe but focal inflammation, diffuse destruction of
parenchyma with residues of intact parenchyma; 4 =
severe and diffuse inflammation, extended mononuclear
cell infiltrates with destruction of acini and replacement
[20,21]
by adipose tissue)
. The score of two to three sections
was averaged to receive a final score by at least two
independent reviewers in a blinded manner. In case of
discrepancies, a third investigator was consulted for a
joint review.
Immunofluorescence was performed using the anti
bodies eFluor660 conjugated rat anti-CD3 (50-0032;
dilution: 600x; eBioscience, Frankfurt, Germany), FITC
conjugated rat anti-CD4 (11-0041; dilution: 1200 ×;
eBioscience), FITC conjugated rat anti-CD8 (ab25676;
dilution: 200 ×; Abcam, Cambridge, United Kingdom)
and rabbit anti-FoxP3 (ab54501; dilution: 2100 ×;
Abcam) with subsequent secondary antibody Dylight594
goat-anti-rabbit (Dianova, Hamburg, Germany). Immuno
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Analysis of the blood

Progression of hyperglycemia was monitored with the
blood glucose meter Contour (Bayer Vital, Leverkusen,
Germany). A differential blood cell count was performed
with the automated hematology analyzer Sysmex KX 21
(Sysmex Cooperation, Kobe, Japan). To assess acinar cell
damage, lipase and amylase activity in blood plasma was
analyzed using the Cobas c111 spectrophometer (Roche
Diagnostics, Mannheim, Germany).

Statistical analysis

Data are presented as box plots indicating the median,
th
th
the 25 and 75 percentiles in the form of a box, and
th
th
the 10 and 90 percentiles as whiskers. Graphs and
statistics were made by using SigmaPlot software version
12.0. Three independent replications (always containing
animals of both treatment groups) were done for each
experiment. The statistical methods of this study were
reviewed by Dr. Änne Glass of the Rostock University
Medical Center.
The primary outcome was defined at the beginning
of the study as number of T-Lymphocytes per field in
the pancreas. No sample size calculation was used. Mice
that did not develop hyperglycemia after treatment with
STZ and mice that died during this long term experiment
(an identical number of mice in both treatment groups)
were excluded from the analysis. For data acquisition and
description, the ARRIVE guidelines were respected. The
significance of differences was evaluated using a Mann
Whitney rank-sum test. Differences with P ≤ 0.05 were
considered to be significant. Differences with P ≤ 0.08
were considered to indicate a tendency.
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To evaluate the composition of the inflammatory infiltrates
in the pancreas, we differentiated between T-lymphocytes
+
+
+
(CD3 cells), T-helper cells (CD3 CD4 cells) and cytotoxic
+
+
T-cells (CD3 CD8 cells) by immunofluorescence staining
(Figure 3A and B). T-Lymphocytes (defined as number
+
of CD3 per field) were decreased in diabetic mice
compared to non-diabetic mice (Figure 3C). STZ had
almost no influence on the percentage of cytotoxic
+
+
T-cells (CD8 CD3 cells × 100 divided by the number
+
of CD3 cells) (Figure 3D), the percentage of T-helper
+
+
cells (CD4 CD3 cells × 100 divided by the number of
+
CD3 cells) (Figure 3E) and the percentage of regulatory
+
+
T-cells (FoxP3 CD4 cells × 100 divided by the number
+
of CD4 cells) (Figure 3F). Thus, no increase, but rather
a reduction in the number of CD3+ leukocytes, was
observed in the pancreas of hyperglycemic mice.
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To analyze the systemic effect of hyperglycemia during
AIP, we sampled blood on the day of tissue harvesting. A
significant increase in the number of leukocytes (Figure
4A), lymphocytes (Figure 4B), as well as granulocytes
plus monocytes (Figure 4C), was observed in hyper
glycemic mice compared to normoglycemic animals.
Since these major differences in the number of
immune cells were seen in the blood, we investigated
whether hyperglycemia also had an influence on immune
cells in the spleen. For this purpose, we analyzed the
splenic cells by fluorescent activated cell sorting, which
visualized lymphocytes, their stained subpopulations
+
+
of T-helper cells (CD3 CD4 cells) and cytotoxic
+
+
T-cells (CD3 CD8 cells) as well as regulatory T-cells
+
+
(FoxP3 CD4 cells) (data not shown and Figure 5A).
The quantification of these cells showed a tendentious
decrease in the percentage of T-lymphocytes (defined
+
as number of CD3 cells × 100 divided by the number
of lymphocytes) in mice treated with STZ compared
to controls (Figure 5B). STZ also modestly increased
+
+
the percentage of cytotoxic T-cells (CD8 CD3 cells ×
+
100 divided by the number of CD3 cells) (Figure 5C),
+
+
and reduced those of T-helper cells (CD4 CD3 cells ×
+
100 divided by the number of CD3 cells) (Figure 5D).
Hyperglycemia significantly increased the percentage
+
+
of regulatory T-cells (FoxP3 CD4 cells × 100 divided
+
by the number of CD4 cells) (Figure 5E). Interestingly,
hyperglycemia also significantly increased the percentage
+
+
of CD25 expressing regulatory T-cells (FoxP3 CD25
+
+
CD4 cells v 100 divided by the number of CD4 cells)
(Figure 5F) compared to normoglycemic mice, whereas
+
the percentage of FoxP3 T-cells (FoxP3 CD4 cells × 100
+
divided by the number of CD4 cells) was significantly
reduced in STZ-treated mice (Figure 5G). Thus, a major
influence of hyperglycemia on regulatory T-cells was

Figure 1 Experimental protocol of the hyperglycemic autoimmune
pancreatitis model. 28-40 wk old- MRL/MpJ mice were intraperitoneally (ip)
injected with streptozotocin on day 1-5 (group: STZ), while one age-matched
control cohort was ip injected with the appropriate vehicle (group: Sham). The
tissue was harvested on day 113-116; (A) Treatment with STZ increased the
blood glucose concentration; (B) and reduced the body weight on day 113-116;
(C) Box plots indicate the median, the 25th and 75th percentiles in the form of
a box, and the 10th and 90th percentiles as whiskers. The number of animals
evaluated was n = 19 (Sham) and n = 17 (STZ). Differences between the
indicated cohorts are indicated as significant. aP < 0.001; bP = 0.009. STZ:
Streptozotocin-treated.

RESULTS
Influence of hyperglycemia on the course of
autoimmune pancreatitis

In order to evaluate the influence of hyperglycemia on
the course of AIP, we used MRL/MpJ mice due to their
spontaneous development of AIP. Distinct cohorts were
sham-treated or, in order to induce hyperglycemia, ip
injected with STZ for five days and the pancreas was
evaluated on day 113-116 (Figure 1A). STZ was effective
since it increased the blood glucose concentration on day
22 (Sham: 4.6/4.1-5.5 median/interquartile range in
mmol/L. STZ: 22.1/18.2-25.5 median/interquartile range
in mmol/L) until the end of the experiment (Figure 1B)
and reduced the body weight (Figure 1C). To investigate
the severity of AIP, a histological score with numbers
from zero to four was used (Figure 2A). Thirteen weeks
of hyperglycemia caused a slight decrease in the severity
of the histological score and therefore a moderate, nonsignificant, improvement of AIP when compared to nor
moglycemic mice (Figure 2B). Little difference was seen
in the pancreas to body weight ratio (Figure 2C). Hyper
glycemia did not increase the lipase (Figure 2D) or the
amylase activity (Figure 2E).
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Figure 2 Evaluation of autoimmune pancreatitis. A: Representative images of the histological scores of autoimmune pancreatitis. Arrows point at small
inflammatory infiltrates embedded in healthy surrounding tissue; B: hyperglycemia (STZ) reduced the histological score slightly compared to normoglycemic controls
(sham); little differences are observed in the pancreas to body weight ratio (C), lipase activity (D), and amylase activity (E). The number of animals evaluated was n =
19 (sham) and n = 17 (STZ) in Panel B and C and n = 19 (Sham) and n = 15 (STZ) in D and E. Scale bar = 50 μm. STZ: Streptozotocin-treated.

observed in the spleen.

organs. However, hyperglycemia can also have an inhi
bitory effect on the immune system. One could speculate
that this impact on the immune system may have a be
neficial effect on the progression of some autoimmune
diseases.
Our study has several limitations. For example, we
cannot completely exclude that instead of high glucose
concentration in the blood, the drug we used for inducing
hyperglycemia (STZ) influences AIP directly. However,
in our opinion it is very unlikely that the alkylating agent
STZ, which has been demonstrated to be cytotoxic to
cells, directly cures AIP. We also limited our study to
evaluate the effect of sustained hyperglycemia on AIP and
can therefore not conclude if a transient hyperglycemia
also has beneficial effects on the progression of AIP.
Another limitation of this study is the use of a histological
score, which was defined by the ordinal numbers 0 to 4.
Comparing the median of the histological score allows,
therefore, only a restricted presentation of complex
[20]
changes in the histology of the pancreas . We observed
that the median of this score was reduced from 2.25 in
normoglycemic to 1.50 in hyperglycemic mice (Figure
2B). However, this simple comparison underestimates the

DISCUSSION
In order to test the influence of hyperglycemia on the
course of AIP, we compared the progression of AIP in
diabetic and non-diabetic mice. Surprisingly, experi
mental hyperglycemia didn’t cause an aggravation of
AIP in MRL/MpJ mice, but moderately improved auto
immune pancreatitis (Figures 2B and 3C). This is in
contrast to our previous studies, where hyperglycemia
lead to a major aggravation of cerulein-induced acute
[18,19]
and chronic pancreatitis
. This might be explained by
the differences in the pathogenesis of these two distinct
types of pancreatitis. It is currently controversial whether
cerulein-induced pancreatitis is mediated by premature
activation of trypsinogen or by persistent activation of
[22,23]
the NF-κB pathway
. In contrast, AIP is suggested to
be caused by an autoimmunological event, which leads
[1-4]
to inflammatory infiltration of the organ . A beneficial
effect of hyperglycemia on autoimmune pancreatitis
seems to be counterintuitive, since hyperglycemia has
been demonstrated to have a deleterious effect on many
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Figure 3 Evaluation of the local pancreatic inflammation during autoimmune pancreatitis. Representative images of T-helper cells (CD3+CD4+cells) (A);
and cytotoxic T-cells (CD3+CD8+ cells) (B); hyperglycemia induced by STZ decreased the number of T-lymphocytes (defined as number of CD3+ per field) (C); little
differences are observed in the percentage of cytotoxic T-lymphocytes (CD8+CD3+ cells × 100 divided by the number of CD3+cells) (D); T-helper cells (CD4+CD3+
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evaluated was n = 19 (Sham) and n = 17 (STZ). Differences between the indicated cohorts are indicated as tendency, aP = 0.053. STZ: Streptozotocin-treated.

observed changes. The same data can also be presented
as the percentage of mice with a histological score of ≥ 3.
Under normoglycemic conditions, 42% of mice (8 from
19 mice) received a histological score of ≥ 3. Under
hyperglycemic conditions, only 6% (1 from 17 mice)
received a score of ≥ 3. These high scores were assigned
when moderate diffuse or severe focal inflammation plus
a diffuse destruction of the acini (score 3) or severe and
diffuse inflammation plus extended destruction of acini
[20,21]
(score 4) was observed
. This impressive difference
in the percentage of mice with a high histological score
suggests that hyperglycemia reduces the damage to
the parenchyma, which might indirectly reduce local
inflammation. Alternatively, this observation could also

WJG|www.wjgnet.com

suggest that hyperglycemia reduces inflammation and
thus minimizes the damage to the parenchyma. Due to
the following observations, we prefer the second option.
We found increased numbers of regulatory T-cells and
decreased FoxP3 T-cells in the spleen. This is consistent
with data in another preclinical study, where it has been
described, that decreased numbers of regulatory T-cells
and increased numbers of FoxP3 T-cells in the spleen
[24]
lead to an increased severity of AIP . In both studies,
the numbers of regulatory T-cells and FoxP3- T-cells in
the spleen correlate with the severity of AIP. Indeed, one
study demonstrated a suppressive effect of transferred
[25]
Tregs on autoimmune pancreatitis in MRL/MpJ mice .
However, the observed reduction in the histological score
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[25]

was not significant .
We observed major differences between hypergly
cemic and normoglycemic mice when analyzing immune
cells in the blood and the spleen in MRL/MpJ mice. We
noticed (1) increased percentage of regulatory T-cells
and (2) decreased percentage of FoxP3 T-cells in the
spleen, as well as an (3) increased number of leukocytes
in the blood of STZ-treated mice (Figures 4A-C and
5E-G). These findings suggest that hyperglycemia might
rather influence the overall immune system and only in
directly affect AIP itself. This interpretation is consistent
with preclinical studies, which analyzed the influence of
hyperglycemia on regulatory T-cells in mice not suffering
from AIP. In these animals, hyperglycemia also increased
+
+
+
the number of CD4 CD25 Foxp3 regulatory T-cells in
[26,27]
lymph nodes and the spleen of mice
.
For treating AIP in the clinic, guidelines recommend
to adjust blood glucose concentration before starting a
[28,29]
steroid therapy
. This is mainly based on publications
suggesting that a preexisting DM before the onset of
AIP is worsening in 75% of patients after the start of a
[28,29]
steroid therapy
. However, our preclinical study shows
that hyperglycemia does not have a negative influence
on AIP. Critical attitudes towards adjusting the blood
glucose concentration in patients suffering from AIP have
been previously published. For example, in one third of
[15]
all cases, DM even worsened after insulin therapy .
Moreover, it was reported that treatment of diabetes
with insulin led to hypoglycemic attacks in 10 from 50
[13]
AIP patients . In addition, several clinical studies could
demonstrate that DM improved in many cases imme
[15,30]
diately after steroid therapy
. These clinical studies
argue against a tight control of blood glucose in AIP
patients. Although our study has the limitation to be only
a preclinical study on mice, it also suggests that an ag
gressive adjustment of blood glucose concentration might
not be necessary as a prerequisite for the treatment of
AIP. For final clarification of this issue, a clinical study
evaluating if a tight adjustment of blood glucose in addi
tion to steroid therapy is beneficial or harmful to patients
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with AIP might need to be pursued.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

In about 42%-66% of patients with autoimmune pancreatitis, hyperglycemia
can be observed. Thus, hyperglycemia is a frequent and important complication
of this disease. However, it is not known if it merely reflects the severity of
pancreatitis or whether it can also influence the progression of autoimmune
pancreatitis.

Research motivation

For treating autoimmune pancreatitis in the clinic, guidelines recommend to
adjust blood glucose concentration before starting a steroid therapy. However,
critical attitudes towards adjusting the blood glucose concentration in these
patients have also been published. For example, in one third of all cases,
hyperglycemia even worsened after insulin therapy, and treatment of diabetes
with insulin sometimes leads to hypoglycemic attacks in patients. In order to
decide how important a tight adjustment of blood glucose concentration in
patients with autoimmune pancreatitis is, we need to know if hyperglycemia has
a positive or negative influence on the progression of this disease.

Research objectives

The purpose of this present study was to address the question of whether
diabetes can influence the progression of autoimmune pancreatitis and to
analyze which aspects of this disease are affected by hyperglycemia.

Research methods

We chose to use MRL/MpJ mice, an animal model widely used to study
autoimmune pancreatitis. These mice spontaneously develop autoimmune
pancreatitis. We induced hyperglycemia by repetitive intraperitoneal (ip) injection
of streptozotocin in female mice and compared the extent of inflammation in the
pancreas of hyperglycemic and normoglycemic animals. We also analyzed the
number of immune cells in the blood. In addition, we determined the percentage of
T-cells, especially regulatory T-cells in the spleen.

Research results

Surprisingly, experimental hyperglycemia did not cause an aggravation of
autoimmune pancreatitis, but moderately improved autoimmune pancreatitis. We
noticed an increased percentage of regulatory T-cells in the spleen, as well as
an increased number of leukocytes in the blood of hyperglycemic mice. These
findings suggest that hyperglycemia might rather influence the overall immune
system and only indirectly affect autoimmune pancreatitis itself.
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Figure 5 Evaluation of leukocytes in the spleen during autoimmune pancreatitis. Representative images of stained T-helper cells and their distinction between
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Research conclusions

beneficial or harmful to patients should be pursued.

Our preclinical study on mice supports the idea that an aggressive adjustment
of blood glucose concentration might not be necessary as a prerequisite for the
treatment of patients with autoimmune pancreatitis.
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Abstract

In this study, moxibustion can significantly reduce the
colonic tissue damage and the levels of pro-inflammatory
cytokines and anti-inflammatory cytokines in rats with 4%
dextran sulphate sodium-induced ulcerative colitis, relieve
intestinal inflammation, and promote the restoration of
impaired colonic tissue. In addition, moxibustion can in
crease the diversity of the gut microbiome and the UC
with 7 d of moxibustion had a higher alpha diversity than
UC with 14 d of moxibustion.

AIM
To investigate the effect and mechanism of moxibustion
in rats with ulcerative colitis.
METHODS
A rat colitis model was established by administering 4%
dextran sulphate sodium solution. Seventy male rats were
randomly divided into seven groups: Healthy controls
(HC), ulcerative colitis model group (UC), UC with 7 d of
moxibustion (UC-7), UC with 14 d of moxibustion (UC-14),
UC with mesalazine gavage (UC-W), HC with 7 d of moxi
bustion (HC-7), HC with 14 d of moxibustion (HC-14).
Moxibustion was applied to the bilateral Tianshu (ST25).
Gut microbiome profiling was conducted by 16S rRNA
amplicon sequencing, and PCR and ELISA determined the
expression of inflammatory cytokines in colon mucosa and
serum, respectively.

Qi Q, Liu YN, Jin XM, Zhang LS, Wang C, Bao CH, Liu HR,
Wu HG, Wang XM. Moxibustion treatment modulates the
gut microbiota and immune function in a dextran sulphate
sodium-induced colitis rat model. World J Gastroenterol 2018;
24(28): 3130-3144 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i28/3130.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i28.3130

RESULTS
Moxibustion treatment restored the colonic mucosa and
decreased submucosal inflammatory cell infiltration in
colitis rats. Rats treated with moxibustion and mesa
lazine had significantly lower levels of the dominant
phyla Proteobacteria and the genera Saccharibacteria ,
Sphingomonas and Barnesiella than colitis rats, and
they could restore the microbiome to levels similar to
those observed in healthy rats. UC rats had reduced
alpha diversity, which could be alleviated by moxibustion
therapy, and UC-7 had a higher alpha diversity than
UC-14. This finding suggests that short-term (7 d) but
no longer term (14 d) moxibustion treatment may signifi
cantly affect the gut microbiome. The potential bacterial
functions affected by moxibustion may be ascorbate
and aldarate metabolism, and amino acid metabolism.
Compared with HC group, the levels of the cytokines
interleukin-12 (IL-12) (P < 0.05) and IL-6, IL-17, IL-23,
interferon-γ, lipopolysaccharide, IgA, tumour necrosis
factor-α and its receptors 1 (TNFR1) and TNFR2 (P < 0.01)
were all increased, whereas anti-inflammatory cytokine
IL-2 and IL-10 (P < 0.01) and transforming growth
factor-β (P < 0.05) were decreased in UC rats. These
changes were reversed by moxibustion.

INTRODUCTION
The gut microbiome has been referred to as a “forgotten
[1]
organ” due to its capacity to influence host physiology.
The gut microbiome is incredibly diverse, with dominant
phyla including Firmicutes, Bacteroidetes, Proteobacteria,
[2,3]
Verrucomicrobia, Actinobacteria and Fusobacteria .
Gut microbiome composition varies substantially among
individuals and is thought to be a key determinant of
[4-6]
susceptibility to several diseases . The gut microbiome
provides signals that promote immune cell maturation
and ensure the normal development of immune func
[7]
tion , which is crucial for human life and profoundly inf
[8,9]
luences human physiology and metabolism .
Ulcerative colitis (UC) is a form of inflammatory bow
el disease that can lead to bloody diarrhoea, passage
of pus and/or mucus, and abdominal cramping during
[10,11]
bowel movements
. Immune dysfunction plays a key
role in driving inflammatory responses during UC devel
opment and progression. UC is commonly treated with
therapeutics such as the anti-inflammatory drugs mesa
[12]
lazine and sulphasalazine, with steroid enemas or with
surgical intervention. The aetiology and pathogenesis
of UC have not been fully elucidated but are thought to
result from detrimental interactions among intestinal
microbiota, the gut epithelium, and the host immune
[13,14]
system in genetically susceptible individuals
. Several
studies have recently reported decreased gut microbial
[15,16]
diversity in patients with active UC
. Microbial dys
biosis is an important pathological factor of UC that
[17-19]
affects host mucosal immunity
. Pathogenic bacteria
and opportunistic pathogens interact with the intestinal
mucosa directly or indirectly via secreted toxins, which
may lead to an inappropriate intestinal mucosal immune
response.
Studies have demonstrated that moxibustion, a
traditional Chinese therapy that treats and prevents
diseases using moxa (floss of Artemisia argyi), is a
[20-23]
safe and effective treatment for UC
. Moxibustion

CONCLUSION
Our findings suggest that moxibustion exerts its thera
peutic effect by repairing mucosal tissue damage and
modulating the gut microbiome and intestinal mucosal
immunity.
Key words: Ulcerative colitis; Moxibustion; 16S rRNA;
Gut microbiome; Inflammatory cytokine
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ulcerative colitis (UC) is a form of inflammatory
bowel disease and microbial dysbiosis is an important
pathological factor of UC. Moxibustion treatment can repair
mucosal tissue damage and regulate immune function in
patients with UC associated with gut microbiome changes.
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exerts its therapeutic effects by regulating immune
[24,25]
[26,27]
function
, apoptosis
, and protein expression at
[28,29]
acupuncture points and in colon tissues
. UC is asso
ciated with changes in the gut microbiome, and moxi
[30]
bustion modulates the imbalance of intestinal flora .
Nevertheless, the gut microbiome is a complex com
munity with only a small proportion of culturable orga
nisms, and the effect of moxibustion on the gut micro
biome remains unknown. Recently developed cultureindependent high-throughput sequencing methods allow
gut microbiome profiling and assessments of microbial
gene abundance and community structure to be per
[31]
formed more easily .
Here, we used 16S rRNA gene sequencing to assess
the gut microbial composition and community structure
in faecal samples of UC rats treated with moxibustion
or mesalazine gavage. Our aims were to determine the
impact of moxibustion on intestinal microbial community
structure, the role of the intestinal microbiota in UC patho
genesis, and the molecular mechanism underlying the
effect of moxibustion in UC treatment.

successful establishment of the animal model. Rats
were provided 1% DSS in the drinking water for seven
consecutive days in the UC, UC-7 and UC-W groups and
fourteen consecutive days in the UC-14 group.

Treatment

For the HC-7 (n = 10) and UC-7 (n = 10) groups, moxa
cones (0.5 cm in diameter and 0.6 cm high) (Nanyang
Hanyi Moxa Co., Ltd. China) were placed on the herb
cake, and the herb cake was placed on Tianshu (ST25,
bilateral) with moxibustion for 10 min once a day for
seven days, the herb cakes were prepared with Chinese
medicine powder and yellow wine into size of 1.0 cm in
diameter and 0.5 cm in thickness, and the skin tempe
rature of acupuncture points was 43 ± 1 ℃. ST25 is 5 mm
[34]
lateral to anterior midline at the navel level . The HC-14
(n = 10) and UC-14 (n = 10) groups received the same
treatment as the HC-7 and UC-7 groups, respectively,
but for fourteen days. The UC-W group (n = 10) received
mesalazine enteric-coated tablets (Heilongjiang Tianhong
Pharmaceutical Co., Ltd; Lot number: H20103359) by
gavage administration twice daily for seven consecutive
days with a dose calculated from that specified for an
adult of 70 kg and a weight ratio of 1:0.018 for rats (200
g). The HC (n = 10) and UC (n = 10) groups did not
receive any treatment but received the same fixation (to
fix the hands and feet on the fixed mount).

MATERIALS AND METHODS
Rats and groups

Seventy specific pathogen-free male Sprague Dawley
rats (body weight 180-220 g) were provided by the
Department of Laboratory Animal Science of Fudan
University (Shanghai Slack Laboratory Animal Co.,
LTD. license: SCXK (Shanghai) 2012-0002 and SYXK
(Shanghai) 2009-0082). All rats were raised under
standard conditions: 25 ± 1 ℃, 50%-70% humidity, and
12 h light/dark cycle. Rats were allowed to acclimatize
for one week before the start of the trial. Rats (n = 70)
were divided into seven groups: healthy controls (HC),
healthy controls with seven days of moxibustion (HC-7),
healthy controls with fourteen days of moxibustion
(HC-14), UC model group (UC), UC model with seven
days of moxibustion (UC-7), UC model with fourteen
days of moxibustion (UC-14), and UC model with
mesalazine gavage (UC-W). UC was induced with 4%
dextran sulphate sodium (DSS; molecular weight:
36000-50000 Da; Art.No.9011-18-1; MP Biomedicals)
supplied in drinking water. Animal breeding, care and all
experiments were performed according to procedures
approved by the University Animal Care and Use Com
mittee of Shanghai University of Traditional Chinese
Medicine (IACUC protocol number: SYXK (shanghai)
2009-0082) to relieve pain and avoid injury. All protocols
were performed in strict accordance with the Guidance
Suggestions for the Care and Use of Laboratory Animals,
as formulated by the Ministry of Science and Technology
[32]
of the People’s Republic of China . We tried all efforts to
minimize animal suffering.

Sample collection and processing

Following treatment, rats were anaesthetized via intra
peritoneal injection with 2% pentobarbital sodium
for tissue collection. Blood samples were collected by
abdominal aortic, after one hour standing, the samples
were centrifuged at 3000 rpm for ten minutes at 4 ℃
to separate the plasma. The obtained plasma was
stored at -80 ℃. Colon samples were rapidly removed
and separated from the large intestine (6 cm distal to
the anus). Then, 5 g of faecal matter was collected in
cryogenic vials and stored at -80 ℃. Colon samples
were flushed with physiological saline to remove the
surrounding connective tissue and fat. Colonic mucosal
injury was observed with the naked eye. Then, the
colon was divided into two segments: one segment was
fixed in 10% paraformaldehyde for haematoxylin and
eosin (HE) staining for histological observation and the
[30]
histological grade was scored with the bland method
(Table 1), whereas the other segment was stored at
-80 ℃.

Haematoxylin and eosin staining

Colon samples fixed with 10% paraformaldehyde were
dehydrated and immersed in wax using an automatic
tissue dehydrating machine, embedded in paraffin and
sectioned at 4 μm thickness with a microtome. Slices
were incubated with xyleneⅠ and Ⅱ for 20 min each
and rehydrated in absolute alcohol, 95% alcohol, 85%
alcohol and 75% alcohol (3 min each time). Slices were
stained with haematoxylin for 1 min, followed by 1%
hydrochloric acid-alcohol for 30 s, and counterstained

DSS-induced-colitis

UC was induced with 4% DSS in drinking water for
[33]
seven consecutive days as described previously . After
seven days, two rats were randomly selected to confirm
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[37]

tion of Unobserved States (PICRUSt 1.0.0) was used
to predict metagenome function from the 16S rRNA data.
[38]
Statistical Analysis of Metagenomic Profiles (STAMP)
was used to analyse the predicted metagenome and to
identify pathways associated with UC. The BenjaminiHochberg procedure was used to control the false discov
ery rate due to multiple testing.

Table 1 Histopathological Scores
Histopathological manifestation
Ulcer

Inflammation

Granuloma
Lesion depth

Fibrosis

No ulcer
Ulcer area < 3 cm
Ulcer area > 3 cm
No inflammation
Mild inflammation
Severe inflammation
No granuloma
Granuloma
No lesion
Submucosa
Muscular layer
Serosa layer
No fibrosis
Mild fibrosis
Severe fibrosis

score
0
1
2
0
1
2
0
1
0
1
2
3
0
1
2

PCR analysis

Total RNA was isolated using TRIzol® LS (Invitrogen
Corp.) according to the manufacturer’s instructions. The
integrity of the RNA samples was assessed via agarose
gel (10 g/L) electrophoresis, and RNA concentrations
were determined using a NanoDrop ND-2000 Spectro
photometer (Thermo Electron Corporation). Two micro
grams of total RNA was used for RT-PCR in a 20 μL
reverse transcription reaction system. Two micrograms
of RNA, up to 8 μL of DEPC, 0.5 μL (50 U/μL) of RNase
inhibitor and 2 μL of oligomer (dT)15 and primer were
mixed and placed in a 65 ℃ water for 5 min. Then, the
mixture was placed at room temperature for 10 min.
After a 5 s centrifugation, the following reagents were
added to the reactions: 0.5 μL (50 U/μL) of RNase
inhibitor, 4 μL of 5 × RT buffer solution, 2 μL of dNTPs (10
mmol/L for each), 2 μL of DTT, and 1 μL of AMV reverse
transcriptase (200 U/μL). The solution was mixed and
placed in water at 40 ℃ for 1 h, heated to 90 ℃ in water
for 5 min, and centrifuged for 5 s.
The primers used were designed with Primer Express
Software v2.0 (Applied Biosystems, United States) and
synthesized at the Beijing Genomics Institute. Gene
sequences of the primers are presented in Table 2.
Each 16 μL PCR included: 8 μL of 2 × SYBR Green
PCR mix, 1 μL of each sense and antisense primer, 1
μL of reverse transcription product (cDNA), and 5 μL of
H2O. RT-PCR was performed using a ViiA 7 Real Time
PCR System (Applied Biosystems, United States). The
reaction conditions were set at 95 ℃ for 2 min, 94 ℃ for
10 s, 60 ℃ for 10 s, and 72 ℃ for 40 s for 40 cycles.

with eosin for 5 min. Sample histology was observed by
electron microscope.

Bacterial genomic DNA extraction

Genomic DNA was extracted from faecal samples using
the QIAamp DNA Mini Kit (QIAGEN, Germany). Briefly, 20
μL of proteinase K solution (20 mg/mL) and 100 mg of
zirconium beads (0.1 mm) were added to the pellet. The
mixture was agitated three times with a Mini-Beadbeater
(FastPrep, Thermo Electron Corporation, United States);
buffer AL was added to the mixture, which was then
incubated for 10 min at 70 ℃. Next, 200 μL of ethanol
(96%) was added. This mixture was then loaded onto a
QIAamp Mini spin column and centrifuged at 8000 g for
1 min. The column material was washed with the first
washing buffer (buffer AW1, 500 μL) followed by the
second washing buffer (buffer AW2, 500 μL) provided
with the kit. Finally, DNA was eluted with 100 μL of
buffer AE. DNA integrity was assessed by electrophoresis
on a 1% agarose gel containing 0.5 mg/mL ethidium
bromide. DNA concentrations were determined using a
NanoDrop ND-2000 spectrophotometer (Thermo Elec
tron Corporation).

ELISA analysis

The levels of interleukin-2, 10, 12, 17, 23, interferon-γ
(IFN-γ), lipopolysaccharide (LPS), immunoglobulin A
(IgA), transforming growth factor-β (TGF-β), tumour
necrosis factor-α (TNF-α), TNF receptor 1 (TNFR1) and
TNFR2 in all serum samples were tested by sandwich
ELISA. According to manufacturer’s instructions, IL-2,
IL-10, IL-12, 17, IL-23, IFN-γ, LPS, IgA, TGF-β, TNF-α,
TNFR1 and TNFR2 were measured using corresponding
ELISA kits (Biotech well, Shanghai, China). The detection
limits were: 17 pg/mL for IL-2, IL-12, IL-23, and TNF-α,
16 pg/mL for IL-10, 15 pg/mL for IL-17, and TGF-β, 12
pg/mL for IFN-γ, 8 pg/mL for LPS, 8ng/mL for IgA, 6 pg/
mL for TNFR1, and 5 pg/mL for TNFR2.

Illumina sequencing and data processing

The 16S rRNA gene hypervariable V3-V4 region was
amplified by PCR using the barcode-tag universal
bacterial modified primers. The prototype primers were
341F (5’-ACTCCTACGGGAGGCAGCAG-3’) and 806R
(5’-GGACTACVVGGGTATCTAATC-3’). Amplicon sequen
cing was performed using Illumina MiSeq (PE300). Raw
reads were demultiplexed and filtered according to read
length and quality. Chimeric reads were removed, and
[35]
OTU selection was performed as previously described .
The filtered reads were dereplicated to unique sequences
and sorted by abundance before being subjected to OTU
clustering at 97% similarity. Taxonomy was assigned
to the representative sequence of each OTU using the
[36]
Ribosomal Database Project classifier .

Statistical analysis

Differential abundance testing between groups was
performed using the Kruskal-Wallis test in R 3.2.3 (http://
cran.r-project.org). Alpha diversity was measured with

Prediction of metagenome functional content

Phylogenetic Investigation of Communities by Reconstruc
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Table 2 Primer sequences
Target gene
IL-6
IL-10
IL-12
IL-17
IL-23
TNF-α
TNFR1
TNFR2
rACTIN

Forward sequence

Reverse sequence

GCCAGAGTCATTCAGAGCAA
CTGTCATCGATTTCTCCCCT
CCCTCAAGTTCTTCGTCCGC
ATCCAGCAAGAGATCCTGGT
TGTGGTGATGGTTGTGATCC
GAAAGCATGATCCGAGATGT
TGAGACGCATTTCCAGTGTG
CATGTCAACGTCACCTGCAT
ACTTCGAGCAGGAGATGGCC

TTGGTCCTTAGCCACTCCTT
CAAACTCATTCATGGCCTTG
TTTGCATTGGACTTCGGCAG
CAATAGAGGAAACGCAGGTG
TGTGAAGATGTCCGAGTCCA
CAGGAATGAGAAGAGGCTGA
AGAATCCTGCGTGGCAGTTA
TCATCCTTTGGAGACCCTGA
CCCAGGAAGGAAGGCTGGAA

80

d

Weight gain (g)

60

d

d

  HC-7

HC-14

d
c

b

40

20

0

HC

   UC

UC-7

        UC-14

UC-W

Figure 1 Body weight gains after treatment in different groups. HC: Healthy controls; UC: UC model group; UC-7: UC model with seven days of moxibustion;
UC-14: UC model with fourteen days of moxibustion; UC-W: UC model with mesalazine gavage; HC-7: Healthy controls with seven days of moxibustion; HC-14:
healthy controls with fourteen days of moxibustion. The body weight gain in the UC group was decreased compared with the HC group (P < 0.01). After treatment, the
body weight gains in the UC-7, UC-14, HC-7, HC-14 (P < 0.01) and UC-W (P < 0.05) groups were increased compared with the UC group. bP < 0.01 vs the HC group;
c
P < 0.05, dP < 0.01 vs the UC group.

Simpson and Shannon diversity indices. Beta diversity
was determined using unweighted unifrac distance and
was summarized by PCoA. A principal components ana
lysis (PCA) plot of Kyoto Encyclopaedia of Genes and
Genomes (KEGG) modules with significant differences in
[39]
mean proportion differences was created using STAMP
(v2.1.3). Body weight gain, RT-PCR and ELISA analysis
data are presented as the mean ± SD. Histopathological
score data are expressed as M (Q25-Q75). ANOVA and
Least Significant Difference multiple comparison tests
were performed using IBM SPSS statistics 21.0 (IBM Co.,
Armonk, NY, United States). P < 0.05 was considered
significant.

histopathologies, with intact colonic mucosal epithelia,
regularly arranged glands, and evenly distributed me
senchyme. No congestion, oedema, ulcers or other
pathological abnormalities were noted. By contrast, UC
rats exhibited colonic mucosa damage, with a reduced
number of glands and substantial inflammatory cell
infiltration in the mucosa and submucosa. These abnor
malities could be alleviated by moxibustion treatment,
which restored the colonic mucosa to the level of healthy
rats, and decreased submucosal inflammatory cell infil
tration and congestion in the UC-7 and UC-14 groups.
However, in the UC-W group, mucosal and submucosal
glands were disorganized, with abundant inflammatory
cell infiltration. The histopathological scores for the colon
tissues in the different groups are presented in Figure
3. The histopathological scores in the UC group were
significantly higher than those in the HC group (P < 0.01).
After treatment, the scores were decreased in the UC-7,
UC-14, UC-W, HC-7 and HC-14 groups compared with
those in the UC group (P < 0.01).

RESULTS
Body weight gains in different groups

Two rats in the UC-W group died after gavage during
the experiment. The body weight gain in the UC group
was lower than that in the HC group (P < 0.01). After
treatment, the body weight gains in the UC-7, UC-14,
HC-7, HC-14 (P < 0.01) and UC-W (P < 0.05) groups
were higher than that in the UC group (Figure 1).

Core bacteria

Approximately 3.9 million high-quality (> 220 bp) se
quence reads were obtained using the MiSeq system
(Illumina, San Diego, CA, United States), which led to the
identification of 1545 operational taxonomic units (OTUs),
with an average read length of 451.58 bp. Overall, the

Changes in the colon histopathology

Rat colons were observed by light microscopy (Figure
2). The HC, HC-7, and HC-14 groups had similar
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HC

UC

UC-7

UC-14

UC-W

HC-7

HC-14

Figure 2 Rat colon tissue pathology under different treatments. HC: Healthy controls; UC: UC model group; UC-7: UC model with seven days of moxibustion;
UC-14: UC model with fourteen days of moxibustion; UC-W: UC model with mesalazine gavage; HC-7: Healthy controls with seven days of moxibustion; HC-14:
Healthy controls with fourteen days of moxibustion. The colonic mucosa in HC, HC-7, and HC-14 rats exhibited no pathological abnormalities. The colonic mucosa
was damaged in the UC group, with a reduction in the number of glands and cell infiltration. After moxibustion treatment, decreased cell infiltration and congestion
were noted in the UC-7 and UC-14 groups. Glands were disorganized with abundant inflammatory cell infiltration in the UC-W group. Red arrow indicated inflammatory
cell infiltration and green arrow indicate gland (magnification: 200 ×).

Histopathological score

8

relative abundance levels of 18 dominant phyla were
identified in the entire model system. Among these
phyla, five (Firmicutes, Bacteroidetes, Proteobacteria,
Candidatus Saccharibacteria, and Actinobacteria) were
present at ≥ 1% and were the dominant phyla in all
groups, but relative abundance varied by treatment. A
total of 186 families were detected, and 100 families
were commonly present, of which Lachnospiraceae,
Ruminococcaceae, Porphyromonadaceae, Lactobacil
laceae, Sphingomonadaceae, Veillonellaceae and Corio
bacteriaceae were the dominant families detected. A
total of 325 OTUs were identified at the genus level,
of which 10 core OTUs were present in all groups. The
highest average number of OTUs identified at the genus
level (134) was detected in the UC-14 rats, whereas the
lowest (78) was found in HC rats. As shown in Figure 4,
the UC group had the most unique genera, even after
treatment with either moxibustion or mesalazine gavage.

b

6

d

d
d

4

2

d

d

HC-7

   HC-14

0
HC

UC

UC-7

     UC-14

UC-W

Figure 3 Histopathological scores for colon tissue in the different groups.
HC: Healthy controls; UC: UC model group; UC-7: UC model with seven days
of moxibustion; UC-14: UC model with fourteen days of moxibustion; UC-W:
UC model with mesalazine gavage; HC-7: Healthy controls with seven days of
moxibustion; HC-14: Healthy controls with fourteen days of moxibustion. The
histopathological scores in the UC group were significantly increased compared
with the HC group (P < 0.01). After treatment, the scores were decreased in the
UC-7, UC-14, UC-W, HC-7 and HC-14 groups compared with the UC group (P
< 0.01). bP < 0.01 vs the HC group; dP < 0.01 vs the UC group.
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and Pseudomonas were significantly enriched in HC-7 (but
not HC-14) compared with the HC group. Interestingly,
Saccharibacteria was decreased in HC-7 but increased
in HC-14 compared with HCs (Figure 5C). It is not clear
why the alpha diversity was decreased in HC-7 but
increased in HC-14 compared with HCs (Figure 5D).

HC
9
UC
86

HC-14
4

Core 10
HC-7

7

28

28
UC-W

Community abundance variations between UC groups
with or without moxibustion treatment

UC-7

Moxibustion treatment (but not mesalazine gavage)
for seven days or fourteen days was associated with
an increase in Firmicutes compared with the UC
group, whereas Proteobacteria and Candidatus and
Saccharibacteria were decreased to varying degrees
in both the moxibustion- and mesalazine-treated
groups compared with the UC group. Bacteroidetes
was reduced in UC-14 but substantially increased
in the UC-W group compared with the UC group
(Figure 5A). At the family level, UC-7 was similar to
UC-W but significantly different from UC-14. UC-14
exhibited increased Sphingomonadaceae and de
creased Porphyromonadaceae compared with UC-7
and UC-W. Coriobacteriaceae, Pseudomonadaceae
and Bifidobacteriaceae were significantly reduced in
UC-7, UC-14 and UC-W groups compared with the UC
group (Figure 5B). UC-14 had relatively low levels of
Lactobacillus but relatively high levels of Clostridium
XIVa and Sphingomonas with a dominant position in
all groups. In the UC-W group, Saccharibacteria was
decreased and Barnesiella, Prevotella, and Alloprevotella
were increased significantly compared with all of the
other groups (Figure 5C).

16
UC-14

Figure 4 Summary of operational taxonomic units identified at the genus
level in each group. HC: Healthy controls; UC: UC model group; UC-7: UC
model with seven days of moxibustion; UC-14: UC model with fourteen days of
moxibustion; UC-W: UC model with mesalazine gavage; HC-7: Healthy controls
with seven days of moxibustion; HC-14: Healthy controls with fourteen days of
moxibustion. There were ten core operational taxonomic units in all groups. The
UC group had the most unique genera.

between healthy controls and UC rats. Although Firmi
cutes was the predominant phylum in all samples,
UC rats had increased relative abundance levels of
Proteobacteria, Candidatus and Saccharibacteria and
decreased relative abundance levels of Firmicutes and
Actinobacteria compared with HC rats. At the family
level, UC rats had decreased Lactobacillaceae and
Ruminococcaceae and increased Sphingomonadaceae,
Pseudomonadaceae and Porphyromonadaceae (Figure
5B). In addition, Lactobacillus, Clostridium ⅩⅣa and
Ruminococcus were increased and Saccharibacteria and
Sphingomonas were decreased in HC compared with UC
rats (Figure 5C). UC rats had lower alpha diversity than
HC rats, and the Shannon Diversity Index was reduced
[15,40]
(Figure 5D), consistent with previous reports
.

Biodiversity and microbial richness

Alpha diversity was estimated through rarefaction
analysis and the Shannon and Chao1 indexes. The
lowest OTU richness was observed in the HC groups.
Multiple rarefaction curves analysis indicated variation
among samples and exhibited sufficient data coverage
for diversity in the samples. The Shannon Wiener
index showed the lowest value of evenness in HC rats.
Surprisingly, HC-7 also showed a lower value. Interest
ingly, after seven days of treatment with moxibustion,
the genus level diversity was comparable to that of HCs
but notably different from the UC-14 and UC-W groups.
UC-7 and UC-W had the highest median alpha diversity,
which was restored to the normal level of HC and HC-14
(Figure 5D). This finding suggests that both moxibustion
treatment and mesalazine gavage increased colonic
microbial diversity. In terms of beta-diversity, UC samples
clustered separately from HC samples in a principal
coordinates analysis (PCoA), indicating that disease state
was the primary factor influencing community differences
(Figure 6). UC -7 was more similar to UC-W on the first
axis, whereas HC-7 and HC-14 were more similar to HC
and UC-14. Using non-metric multidimensional scaling
(nMDS) instead of PCoA produced similar results (Figure
7).

Community abundance variations between healthy
controls with or without moxibustion treatment

In HC-7 and HC-14 groups, Firmicutes were decreased
and Bacteroidetes and Proteobacteria were increased
compared with the HC group (Figure 5A). At the
family level, Porphyromonadaceae was increased
and Ruminococcaceae and Veillonellaceae were de
creased in moxibustion-treated groups (Figure 5B).
Compared with the HC-7 group, the HC-14 group
had increased abundance levels of Lachnospiraceae
and Ruminococcaceae and a decreased abundance
of Lactobacillaceae. At the genus level, Lactobacillus
and Desulfovibrio were significantly increased, and
Ruminococcus and Barnesiella were significantly de
creased in both HC-7 and HC-14 groups relative to
HCs. In particular, significant differences between HC-7
and HC-14 were noted regarding the abundance levels
of Lactobacillus, Saccharibacteria, and Blautia. HC-7
exhibited increased abundance levels of Lactobacillus and
Blautia and a reduced abundance of Saccharibacteria
compared with those in the HC-14 group. Lactobacillus
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Figure 5 Comparative analyses of the dominant phyla, families and genera under different treatments. HC: Healthy controls; UC: UC model group; UC-7:
UC model with seven days of moxibustion; UC-14: UC model with fourteen days of moxibustion; UC-W: UC model with mesalazine gavage; HC-7: Healthy controls
with seven days of moxibustion; HC-14: Healthy controls with fourteen days of moxibustion. A: The relative abundance levels of Proteobacteria, Candidatus, and
Saccharibacteria were increased, whereas Firmicutes and Actinobacteria were decreased in the UC group compared with the HC group. These changes in microbiota
profiles could be reversed by moxibustion treatment for seven days or fourteen days; B: UC rats had decreased Lactobacillaceae and Ruminococcaceae and
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Genus level differences among treatment groups

analysis, ascorbate and aldarate metabolism were sig
nificantly increased in both UC and HC rats treated with
moxibustion for fourteen days (Supplement Table 1),
which suggests that long-term moxibustion treatment
could increase ascorbate and aldarate metabolism.
Furthermore, compared with the HC group, the HC-7
and HC-14 groups had significant increases in genes
belonging to the amino acid metabolism pathway. Com
pared with the UC group, these genes were increased
in the UC-7 and UC-14 groups, but no significant dif
ferences were noted. However, the roles of these meta
bolic pathways in UC are unclear.

To establish which taxa were contributing most to
the apparent differences in diversity between groups,
genus level abundance was assessed. Saccharibacteria,
Ruminococcus, Sphingomonas, Pseudomonas,
Clostridium Ⅳ, Prevotella and Alloprevotella were the
most affected genera (Figure 8). These opportunistic
pathogens can cause infection and may be important
contributing factors in UC pathogenesis. Indeed, both
[41]
[42]
Bacteroidetes and Clostridium Ⅳ are associated with
UC. In our study, we found that UC rats had a higher
density of Bacteroidetes and reduced Clostridium Ⅳ
compared with the control.

Levels of IL-6, IL-10, IL-12, IL-17, IL-23, TNF-α, TNFR1
and TNFR2 mRNA in colon mucosa

Predictive functional profiling of microbial communities

Community function was inferred from 16S composi
tional data using PICRUSt. In the KEGG pathway
WJG|www.wjgnet.com

IL-6, IL-17, IL-23, TNF-α, TNFR1 and TNFR2 (P <
0.01) and IL-12 mRNA (P < 0.05) exhibited significant
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increases and IL-10 mRNA (P < 0.01) exhibited a sig
nificant decrease in the UC rats compared with their
expression levels in HC rats (Figure 9). We found signifi
cantly lower levels of IL-17, IL-23, TNF-α, TNFR2 (P <
0.01), IL-6, IL-12, and TNFR1 mRNA (P < 0.05) in the
UC-7 group compared to the UC group. The relative
expression levels of IL-6, IL-12, IL-17, IL-23 (P < 0.01),
TNF-α and TNFR1 mRNA (P < 0.05) were also lower in
the UC-14 group than in the UC group, and IL-10 mRNA
was both higher in the UC-7 group (P < 0.01), the UC-14
group (P < 0.01) and the UC-W group (P < 0.05) than
in the UC group. However, no significant differences
in the relative expression levels of TNFR2 mRNA were
noted between the UC-14 and UC groups (P > 0.05).
Significant decreases in IL-6, IL-17, IL-23, TNF-α, TNFR1,
and TNFR2 mRNA (P < 0.01) were also noted in the
UC-W group compared with the UC group.

the effects of moxibustion treatment on the microbiome
in a UC rat model.
We found that moxibustion treatment increased
Firmicutes abundance and decreased the abundance
levels of Bacteroidetes and Proteobacteria. In terms
of alpha diversity, HC-14 was more similar to HC than
HC-7, which was confirmed by PCoA. In terms of alpha
diversity, UC-14 was also more similar to UC than UC-7.
This finding suggests that short-term (seven days) but
not longer term (fourteen days) moxibustion treatment
may significantly affect the gut microbiome. Overall,
the relative abundance levels of beneficial bacteria were
decreased, and the growth of several opportunistic
pathogenic species was increased in the UC rats.
We found that gut microbiome diversity was signifi
cantly reduced in UC rats compared with healthy con
trols, consistent with previous reports. The abundance
levels of Firmicutes, Bacteroidetes and Proteobacteria
Candidatus varied between treatment groups. In
particular, Firmicutes was less abundant in UC rats. At
the family level, this effect translated to reductions in
host beneficial taxa, including Ruminococcaceae and
[47]
Lactobacillaceae, which are closely associated with UC .
At the genus level, Lactobacillus, Bifidobacterium and
Ruminococcus were decreased in UC rats, consistent
[15,46]
with the literature
. Several studies have reported
that Lactobacillus and Bifidobacterium played key roles
in treating UC patients or rats by inhibiting Toll-like
[47]
receptor 4 expression to reduce TNF-α expression
and enhancing anti-inflammatory cytokine IL-10 pro
[48]
duction . UC pathogenesis may be associated with the
decreased levels of Lactobacillus and Bifidobacterium,
which consequently led to increases in inflammatory
cytokines and decreases in anti-inflammatory cyto
kines. Lactobacillus and Bifidobacterium can down[49]
regulate inflammatory cytokines and stimulate anti[50]
inflammatory cytokines, such as IL-10 , which may
protect the host from mucosal inflammation. Interestingly,
we found that the expression levels of inflammatory
cytokines, such as IL-6, IL-12, IL-17, IL-23, IFN-γ,
TNF-α, TNFR1 and TNFR2, were increased and that antiinflammatory cytokine IL-10 and TGF-β expression was
decreased in UC rats compared with HC rats. These
results indicate that gut microbial variation may affect
mucosal immunity through up-regulating inflammatory
cytokines and down-regulating anti-inflammatory cyto
kines. However, the specific relationship between the
gut microbiome and mucosal immunity needs further
investigation. After moxibustion treatment, the levels of
these inflammatory cytokines were significantly decreased,
and anti-inflammatory cytokines were increased. These
results demonstrated that moxibustion treatment may
repair intestinal mucosal by down-regulating inflammatory
cytokines and up-regulating anti-inflammatory cytokines.
In an animal model of colitis, butyrate-producing bacteria
alleviated intestinal inflammation and necrosis in colitis
[50]
rats . UC patients have fewer butyrate-producing
bacteria, such as Clostridium leptum and Clostridium
[51,52]
coccoides
, which is supported by our findings.

The levels of IL-2, IL-10, IL-12, IL-17, IL-23, IFN-γ, LPS,
IgA, TGF-β, TNF-α, TNFR1 and TNFR2 in serum

As shown in Figure 10, we noted lower levels of IL-2,
IL-10 (P < 0.01) and TGF-β (P < 0.05) and higher levels
of IL-12 (P < 0.05), IL-17, IL-23, IFN-γ, LPS, IgA, TNF-α,
TNFR1 and TNFR2 (P < 0.01) in the UC group compared
with HC group. Interestingly, we also noted significantly
higher levels of IL-2 (P < 0.01), IL-10 (UC-7, P < 0.05;
UC-W and HC-7, P < 0.01) and TGF-β (UC-7 and UC-W,
P < 0.05; HC-7, P > 0.05) in treatment groups than the
UC group. Similarly, the levels of IL-17 (UC-7 and HC-7, P
< 0.05; UC-W, P < 0.01), IL-23, IFN-γ, LPS, IgA, TNFR1,
TNFR2 (P < 0.01), TNF-α (P < 0.05) in serum were lower
in the UC-7 and UC-W groups. However, there were
no significant differences in the level of IL-12 between
the UC group and the UC-7 group and between the
UC group and the UC-W group (P > 0.05). The results
were not completely consistent with the PCR. ELISA
is a quantitative method to detect proteins, and PCR
is the detection of the target gene from the transcript
level. Due to post-transcriptional and post-translation
regulation, gene expression and protein expression do
not necessarily correlate.

DISCUSSION
In the last decade, several studies have revealed a
strong association between gut microbiome dysbiosis
[17,43-45]
and UC
. According to the traditional Chinese
medicine theory, the Tianshu (ST25) acupoint is the Mu
point of large intestine and can regulate gastrointestinal
functions, and is usually used to treat abdominal pain
[46]
and diarrhoea . Moxibustion is an effective and safe
treatment for UC, but the underlying mechanism remains
unknown. Moxibustion treatment regulates intestinal
flora and inhibits TNF-α and IL-12 expression in the
colon tissues of UC rats, which can regulate the colonic
[30]
immune response . However, no study has investigated
the effects of moxibustion on the intestinal flora using
whole microbiome analysis. Therefore, we employed a
16S rRNA amplicon sequencing approach to determine
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Figure 10 The levels of IL-2, IL-10, IL-12, IL-17, IL-23, IFN-γ, LPS, IgA, TGF-β, TNF-α, TNFR1 and TNFR2 in serum. HC: Healthy controls; UC: UC model group;
UC-7: UC model with seven days of moxibustion; UC-W: UC model with mesalazine gavage; HC-7: Healthy controls with seven days of moxibustion. IL-2, IL-10 (P
< 0.01) and TGF-β (P < 0.05) were lower and IL-12 (P < 0.05), IL-17, IL-23, IFN-γ, LPS, IgA, TNF-α, TNFR1 and TNFR2 (P < 0.01) were higher in the UC group
compared with the HC group. The levels of IL-2 (P < 0.01), IL-10 (UC-7, P < 0.05, UC-W and HC-7, P < 0.01) and TGF-β (UC-7 and UC-W, P < 0.05, HC-7, P > 0.05)
were higher in the treatment groups than the UC group. The levels of IL-17 (UC-7 and HC-7, P < 0.05, UC-W, P < 0.01), IL-23, IFN-γ, LPS, IgA, TNFR1, TNFR2 (P <
0.01), and TNF-α (P < 0.05) in serum were lower in the UC-7 and UC-W groups. However, there were no significant differences in the level of IL-12 between the UC
group and the UC-7 group and between the UC group and the UC-W group (P > 0.05). aP < 0.05, bP < 0.01 vs the HC group. cP < 0.05, dP < 0.01 vs the UC group.

In UC rats, both moxibustion and mesalazine gavage
for seven days led to increases in microbial diversity.
Several studies have reported that mesalazine can
improve the clinical symptoms and colon mucosal condi
[53,54]
tion in UC patients
. These results demonstrate that
moxibustion could potentially be used as an alternative
treatment to mesalazine. It is not clear why the alpha
diversity was decreased in UC rats treated with moxi
bustion for fourteen days. It is possible that moxibustion
is not suitable for long-term treatment of UC, and deter
mining whether moxibustion has side effects requires
further study. PCoA analysis showed that UC rats had

WJG|www.wjgnet.com

distinct microbiome profiles compared with HC rats,
and an increased similarity in PCoA axis scores was
noted between the HC and UC-14 groups. These results
indicate that moxibustion could possibly decrease distinct
bacteria, such as opportunistic pathogens.
High-throughput sequencing offers a new tool for
studying the effect of moxibustion on the gut microbiome
and its mechanism of action. Here, we report reduced
diversity, gut microbial dysbiosis, increased inflammatory
cytokines and decreased anti-inflammatory cytokines in
DSS-induced colitis rats and show that these effects could
be alleviated by moxibustion treatment. Our findings
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suggest that moxibustion exerts its therapeutic effect
by modulating the microbiome and intestinal mucosal
immunity. Bacterial functions possibly associated with
moxibustion treatment include ascorbate and aldarate
metabolism and amino acid metabolism.
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5

Research background

The aetiology and pathogenesis of ulcerative colitis (UC) are not clear. In recent
years, there has been growing evidence that the gut microbiota has a key role
in the development of UC. Our previous study has shown that there are an
imbalanced states of the beneficial bacteria Bifidobacterium, Lactobacillus,
and harmful bacteria E. coli and Fusobacterium in the intestine of UC rats,
and moxibustion can regulate the balance of beneficial bacteria and harmful
bacteria in the intestine of UC rats.

6
7

Research motivation

8

Many studies have confirmed the efficacy of moxibustion in UC, however, the
role of gut microbiota in the pathogenesis of UC and the role of moxibustion in
the regulation of the UC gut microbiota remain unclear.

9

Research objectives

The aim of this work is to investigate the effect and mechanism of moxibustion
on gut microbiota in UC rats.

10

Research methods

UC was induced with 4% DSS in drinking water for seven consecutive days.
Moxibustion was applied to the Tianshu (ST25, bilateral). Haematoxylin
and eosin staining was assessed to evaluate the changes in the colon
histopathology. Gut microbiome profiling was conducted by 16S rRNA amplicon
sequencing, and PCR and ELISA determined the expression of inflammatory
cytokines.

11

Research results

13

12

Compared with the healthy controls (HC) group, the UC group had increased
histopathological scores. After treatment, the scores were decreased in the
UC-7, UC-14, UC-W, HC-7 and HC-14 groups compared with those in the UC
group. The relative abundance of some of the bacteria in the UC group was
changed at both the phylum, family and genus level. In addition, UC rats had
reduced alpha diversity, which all could be alleviated by moxibustion therapy.
Moxibustion can significantly reduce the levels of pro-inflammatory cytokines
IL-6, IL-12, IL-17, IL-23, IFN-γ, LPS, TNF-α, TNFR1 and TNFR2 and increase
anti-inflammatory cytokines IL-2 and TGF-β in rats with ulcerative colitis and
reduce the intestinal inflammation.

14
15
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Research conclusions

Our findings suggest that moxibustion exerts its therapeutic effect by modu
lating the microbiome and intestinal mucosal immunity.

17

Research perspectives

The present study may provide a certain experimental basis and scientific basis
for the clinical curative effect of the treatment of UC.
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Abstract
AIM
To evaluate the prognostic power of different molecular
data in liver cancer.
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METHODS
Cox regression screen and least absolute shrinkage and
selection operator were performed to select significant
prognostic variables. Then the concordance index was
calculated to evaluate the prognostic power. For the com
bination data, based on the clinical cox model, molecular
features that better fit the model were combined to
calculate the concordance index. Prognostic models were
built based on the arithmetic summation of the significant
variables. Kaplan-Meier survival curve and log-rank test
were performed to compare the survival difference. Then
a heatmap was constructed and gene set enrichment
analysis was performed for pathway analysis.
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RESULTS
The mRNA data were the most informative prognostic
variables in all kinds of omics data in liver cancer, with
the highest concordance index (C-index) of 0.61. For the
copy number variation, methylation and miRNA data,
the combination of molecular data with clinical data
could significantly boost the prediction accuracy of the
molecular data alone (P < 0.05). On the other hand, the
combination of clinical data with methylation, miRNA
and mRNA data could significantly boost the prediction
accuracy of the clinical data itself (P < 0.05). Based on
the significant prognostic variables, different prognostic
models were built. In addition, the heatmap analysis,
survival analysis, and gene set enrichment analysis vali
dated the practicability of the prognostic models.

cific treatment. Currently, there are several commonly
used clinical markers for liver cancer, such as alphafetoprotein (AFP), patient age, tumor stage and some
[3,4]
scoring systems . In addition, some genetic biomarkers
are emerging as novel indicators in cancer diagnosis and
prognosis, such as GPC3, DKK1, S100A4, S100A14,
[5,6]
SOX6, SUOX, xCT, GRK6, et al .
The Cancer Genome Atlas (TCGA) is funded by the
National Institute of Health (NIH) to describe the genomic
[7]
alterations across different cancer types . It provides
tremendous amount of “omics” data, including mRNA
sequencing data, miRNA sequencing data, reverse phase
protein arrays data, copy number change data and DNA
sequencing data. In 2017, the comprehensive genomic
[8]
characteristics of liver cancer have also been analyzed .
It included unsupervised clustering of five molecular plat
forms to identify the hepatocellular carcinoma patients
associated with poor prognosis.
However, there is no consensus on the predictive
power of these indicators, especially the molecular
markers. Therefore, by utilizing the TCGA data, we
aimed to evaluate the prognostic power of liver cancer
by molecular markers, and also to assess the predictive
power of liver cancer by combining molecular markers
and clinical data.

CONCLUSION
In all kinds of omics data in liver cancer, the mRNA data
might be the most informative prognostic variable. The
combination of clinical data with molecular data might be
the future direction for cancer prognosis and prediction.
Key words: Liver cancer; Prognosis; Molecular marker;
Evaluation; C-index
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The Cancer Genome Atlas (TCGA) is funded by
the National Institute of Health to describe the genomic
alterations across cancer types. Several months after the
publication of liver cancer TCGA, we systemically eval
uated the prognostic power of different omics data of liver
cancer. We found that in all kinds of omics data in liver
cancer, the mRNA data might be the most informative
prognostic variable. The combination of clinical data with
molecular data might be the future direction for cancer
prognosis and prediction.

Data collection and processing

The clinical data and level 3 molecular data, including
copy number variation (CNV), methylation, mRNA,
miRNA and protein data of the liver cancer patients were
downloaded from the TCGA repository (http://gdac.
broadinstitute.org/). For the clinical data, we included
the patient age and tumor stage, which were the easiest
accessible information. For the CNV data, we adopted the
Affymetrix genome-wide human SNP array 6.0 platform
to detect the copy number variation. After we got the
level 3 segmentation file of the copy number data, the
GISTIC version 2.0.22 was executed to detect significant
regions of amplification and deletion. For the methylation
data, the Illumina DNA methylation 450 platform level 3
data was utilized. With respect to the mRNA and miRNA
data, the Illumina HiSeq mRNASeq and Illumina HiSeq
miRNASeq level 3 data were adopted. For the protein
data, we applied the reverse phase protein array (RPPA)
data platform.

Song YZ, Li X, Li W, Wang Z, Li K, Xie FL, Zhang F. Integrated
genomic analysis for prediction of survival for patients with liver
cancer using The Cancer Genome Atlas. World J Gastroenterol
2018; 24(28): 3145-3154 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i28/3145.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i28.3145

INTRODUCTION

Concordance index calculation

Liver cancer is the fourth most common digestive cancer,
with the second highest cancer mortality rate world
[1,2]
wide . Every year, there are approximately 750,000
new cases, and most of these patients died of liver
[2]
cancer . Due to tumor heterogeneity and patients’
physical status, the prognosis of liver cancer varied
across different patients, with the average 5-year survival
[2]
rate of 26% .
Prognostic markers can help make better clinical deci
sion by selecting patients who respond well to some spe

WJG|www.wjgnet.com

To evaluate the prognostic power among different
omics data, we built a core set of samples. The patients
in the core sample set were able to provide complete
information from clinical data and different molecular
platforms, including CNV, methylation, mRNA, miRNA
and protein data. The concordance index (c-index)
was calculated according to the method suggested by
[9]
Yuan et al . Briefly, training group patients (80% of
total patients) and testing group patients (20% of total
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Table 1 Characteristics of the Cancer Genome Atlas samples and molecular platform information

Platform information
Sample size

CNV

Methylation

mRNA

miRNA

Protein

SNP_6
371

450K
377

HiSeq
371

HiSeq
372

RPPA
184

CNV: Copy number variation.

CNA

methylation

mRNA

miRNA

regression analysis. If the coefficient was positive, the
score was 1. If the coefficient was negative, the score
was -1. Normally, the higher the score was, the higher
the risk of poor prognosis. When we divided the patients
into the high risk group and low risk group based on
the prognostic score, the Kaplan-Meier survival curve
was performed to evaluate the overall survival. At the
same time, the log-rank test was applied to evaluate the
survival difference.

RPPA

Cox and LASSO screen
significant prognostic variables
C-index was calculated

Molecular data

Prognostic power

Combination data

Prognostic Model
Evaluation

Heatmap construction and gene set enrichment analysis
Survival

Heatmap

With respect to the gene expression analysis, the R
package “limma” was utilized to detect the differentially
expressed genes. Afterwards, the top 100 highly
expressed genes and top 100 lowly expressed genes
were selected to build the heatmap using the R package
“gplots”. For the pathway analysis, we performed gene
set enrichment analysis (GSEA) proposed by the Broad
Institute (http://broadinstitute.org/gsea/downloads.
jsp), with the gene sets downloaded from the MSigDB
collections (software.broadinstitute.org/gsea/msigdb/
collections.jsp).

Pathway

Figure 1 Statistical process (algorithm). Cox regression screen and least
absolute shrinkage and selection operator (LASSO) were performed to select
significant prognostic variables. Then the concordance index (C-index) was
calculated to evaluate the prognostic power. Prognostic models were built
based on the arithmetic summation of the significant variables. Kaplan-Meier
survival curve and log-rank test were performed to compare the survival
difference. Then the heatmap was constructed and gene set enrichment
analysis was performed for pathway analysis.

patients) were randomly divided from the core set for
100 times. Then the cox regression screen was applied
to the training group with the R package “survival”, in
order to select significant prognostic variables. To better
converge the training model, least absolute shrinkage
and selection operator (LASSO) was performed with the
R package “glmnet”. Then the produced models were
applied to the testing group for prediction. The C-index
was calculated 100 times with the R package “survcomp”.
The Wilcoxon test was utilized to calculate the P value (P
< 0.05 as significant). For the combination data of clinical
information and molecular features, clinical variables that
were prognostic significant were used to build the cox
model. Molecular features that better fit the model were
then combined to build a new cox model. Similarly, the
c-index was then calculated (Figure 1).

RESULTS
Characteristics of the TCGA samples and molecular
platform information

Data of the liver cancer patients were downloaded from
the TCGA repository (http://gdac.broadinstitute.org/).
The platform information and sample size for each data
type are shown in Table 1. The mean age of the liver
cancer patients was 59 years old. They were 68% male
and 32% female. In all of the included patients, 50%
were in stageⅠ, 25% were in stage Ⅱ, 24% were in
stage Ⅲ, and the other 1% were in stage Ⅳ. To evaluate
the prognostic power among the different omics data,
we also built a core sample set of 171 patients, which
only included patients with complete data of all five
omics platforms, namely, copy number variation (CNV),
methylation, mRNA, miRNA and protein level.

Establishment of prognostic model and survival
analysis

To establish the prognostic models, we performed the
cox regression analysis and LASSO for all the cancer
patients (including both training group and testing group)
with complete data. After the significant prognostic
variables were identified, we selected the significant
variables to build the scoring model. To simplify the pro
cess and make it easier to apply in clinic, if the variable
value in one patient was higher than the median value,
we deemed it to be positive, with the score 1 or -1.
Otherwise, the score was 0. The score of 1 or -1 was
determined by the corresponding coefficient in the cox
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Prognostic power of clinical data and different types of
molecular data

The concordance index (C-index) calculated from clinical
data and each type of molecular data are shown in
Figure 2. The average C-index of clinical data, CNV,
methylation, miRNA, mRNA and protein was 0.56, 0.51,
0.57, 0.58, 0.61 and 0.57, respectively. For the molecular
data alone, the mRNA data seemed to be the most
informative predictors among all molecular data, with the
highest C-index of 0.61. The C-index calculated from the
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Figure 2 Prognostic powers of clinical data and different types of molecular data. The concordance index (C-index) value on the left Y-axis indicated the
prognostic power of each data type. The P values on the top half of the figure represented the comparisons between the molecular data alone and the combination
data. The P values on the lower half of the figure represented the comparisons between the clinical data alone and the combination data.

a similar method to the copy number variation model,
we built the prognostic model based on the methylation
data (Figure 4A). Patients with different survival could be
distinguished by the prognostic model, as shown in the
Kaplan-Meier survival curve (Figure 4B). With respect
to the mechanisms leading to the different outcomes,
limma and GSEA were performed to show the different
gene expression pattern and enriched pathways between
the high risk patients and low risk patients (Figure 4C
and D). The E2F targets, G2M checkpoint, Myc targets
V1, spermatogenesis and PI3K/AKT/mTOR pathway
signaling were among the top five enriched pathways in
the high risk group of patients (Figure 4D).

combination of clinical data and molecular data was 0.55,
0.59, 0.61, 0.62 and 0.56 for the CNV, methylation,
miRNA, mRNA and protein data, respectively. In the
CNV, methylation and miRNA data, the combination of
molecular data with clinical data could significantly boost
the prediction accuracy of the molecular data alone (P
< 0.05). On the other hand, the combination of clinical
data with methylation, miRNA and mRNA data could
significantly boost the prediction accuracy of the clinical
data itself (P < 0.05).

Establishment of the prognostic model based on the
copy number data

To establish the prognostic model based on the copy
number data, we included all 371 patients with complete
copy number variation data and clinical data. After the
cox regression screen and LASSO, the 10p15.1 and
15q26.3 were identified to be the independent prognostic
factors for the liver cancer. Afterwards, the prognostic
model based on the significant copy number variation
was built, which was able to divide the patients into the
high risk group and low risk group (Figure 3A). KaplanMeier survival curve showed that there was significant
difference with respect to the overall survival between
these two group patients (Figure 3B). Afterwards, the
limma and GSEA were performed to evaluate the dif
ferent gene expression and pathways between these two
groups. The heatmap showed that there was a distinct
gene expression pattern between the high risk group and
low risk group (Figure 3C). The GSEA showed that the
spermatogenesis, WNT/beta-catenin, E2F targets, mitotic
spindle and G2M checkpoint were the top five enriched
pathways in the high risk group patients (Figure 3D).

Establishment of the prognostic model based on the
miRNA data

In the establishment of the miRNA model, there were
372 patients with complete miRNA data and clinical data
in the analysis. The cox regression and LASSO were
performed to screen the significant prognostic miRNAs.
Results showed that miR-3690, miR-561 and miR-621
were independent prognostic factors for the liver cancer
patients. Based on these three markers, the prognostic
model was built, as shown in Figure 5A. Depending on
the scores calculated from the miRNA model, the patients
were divided into the high risk group and low risk group.
As shown in the Kaplan-Meier survival curve, there was
a significant survival difference between these two group
patients (Figure 5B). According to the heatmap, it shows
distinct gene expression patterns between these group
patients (Figure 5C). In addition, GSEA showed that
WNT/beta-catenin, G2M checkpoint, allograft rejection,
mitotic spindle, and inflammatory response were among
the top five enriched pathways in the high risk group
patients (Figure 5D).

Establishment of the prognostic model based on the
methylation data

Establishment of the prognostic model based on the
mRNA data

There were 377 patients with complete methylation data
and clinical data that were included in the methylation
model. With cox screen and LASSO, REL and MCM2
were shown to be independent prognostic factors. With
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In this section, we included 371 patients with complete
mRNA data and clinical data to build the prognostic
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Figure 3 Establishment of prognostic model based on the copy number data. A: The high risk group and low risk group based on the prognostic score. The
patients with the score of 1 were considered as high risk, and patients with the score of 0 and -1 were considered as low risk; B: The Kaplan-Meier survival curves
of the high risk group and low risk group, which showed that there was significant difference of survival between the high risk patients and low risk patients; C:
The heatmap showing the different gene expression patterns of the high risk group and low risk group. It showed that the gene expression patterns of high risk
group and low risk group were obviously distinct; D: The top enriched pathways in the high risk group, as indicated by gene set enrichment analysis. It showed that
spermatogenesis, WNT/beta-catenin, E2F targets, mitotic spindle and G2M checkpoint were the top five enriched pathways in the high risk group patients.

model. After the cox regression screen and LASSO,
CCDC21, GTF3C2, and DBF4 were selected to build
the prognostic model, which divided the patients into
the high risk group and low risk group based on each
patient’s prognostic score (Figure 6A). According to the
Kaplan-Meier survival curve and log-rank test, there
was significant survival difference between these two
patient groups (Figure 6B). The heatmap showing dif
ferent expression patterns of these two group patients
is shown in Figure 6C. With respect to the gene set
enrichment analysis, the E2F targets, G2M checkpoint,
spermatogenesis, mitotic spindle, and Myc targets v1
were significantly enriched in the high risk group patients
(Figure 6D).

addition, based on the significant prognostic variables
identified from the cox regression and LASSO analysis in
different omics data, we also built the prognostic models.
In the evaluation of different omics data, we did not
include the mutation data from DNA sequencing plat
form, since the mutation gene and hot-spot mutation
site varied a lot among different patients, and it is difficult
to divide the patients into a high risk group and low risk
group. In addition, it might also need some complicated
bioinformatical algorithm to evaluate the prognostic
power.
Our results showed that the mRNA data alone
seemed to be the most informative prognostic variable
(C-index = 0.61) among all the molecular platforms.
Consistently, by analyzing breast cancer, glioblastoma
multiforme, myeloid leukemia and lung squamous cell
carcinoma data, Zhao demonstrated that molecular
variables evaluated at the transcription level could reflect
patient survival more effectively than those evaluated
at the DNA/epigenetic level. There have been several
studies focusing on the mRNA prognostic models of liver
[10]
cancer. For example, Chen et al combined three mRNA

DISCUSSION
Several months after the publication of liver cancer
TCGA, we systemically evaluated the prognostic power
[8]
of different omics data of liver cancer . We also explored
whether additive prognostic power could be gained by
the combination of molecular data with clinical data. In
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Figure 4 Establishment of the prognostic model based on the methylation data. A: The high risk group and low risk group based on the prognostic score. The
patients with the score of 0 were considered as high risk, and patients with the score of -1 and -2 were considered as low risk; B: The Kaplan-Meier survival curves
of the high risk group and low risk group, which showed that there was a significant difference of survival between the high risk patients and low risk patients; C: The
heatmap showing the different gene expression patterns of the high risk group and low risk group. It showed that the gene expression patterns of high risk group and
low risk group were obviously distinct; D: The top enriched pathways in the high risk group, as indicated by the gene set enrichment analysis. It showed that the E2F
targets, G2M checkpoint, Myc targets V1, spermatogenesis and PI3K/AKT/mTOR pathway signaling were among the top five enriched pathways in the high risk group
of patients.

markers to build the prognostic model and demonstrated
[11]
it to be useful. Nault et al built a 5-gene score asso
ciated with overall survival of liver cancer patients after
[12]
resection. Zhang et al
defined a hepatic stellate cell
122-gene signature to identify liver cancer patients with
poor prognosis. Although with lower prognostic power,
some prognostic models based on the CNV, methylation,
miRNA and protein data have also widely attracted atten
[13-16]
tion
.
[17]
Boulesteix et al
claimed that little attention was
paid to the assessment of the added prognostic power of
a molecular signature, given that the clinical predictors
or an established model were available. Thus in this
study, we showed that the combination of molecular
data with clinical data could significantly boost the predic
tion accuracy of the molecular data alone in the CNV,
methylation and miRNA data. On the other hand, the
combination of clinical data with methylation, miRNA and
mRNA data could significantly boost the prediction accu
[9]
racy of the clinical data itself. Consistently, Yuan et al

WJG|www.wjgnet.com

summarized that incorporating molecular features with
clinical data yielded significantly increased predictions
(FDR < 0.05) for kidney cancer, glioblastoma multiforme
and ovarian cancer, but the quantitative gains were lim
ited. Some complicated bioinformatical algorithms might
be needed to further improve the prognostic power of
the combination data.
With respect to the prognostic models based on dif
ferent omics data, we did not include the protein model,
since no significant prognostic variable passed through
the cox screen and LASSO analysis. We suppose that
one reason is the relative sample size of the patients with
protein data. The other reason is due to the complexity
of the proteome data. In the copy number model,
the 10p15.1 and 15q26.3 were included in our study.
Previous studies showed that a telomerase repressor
gene might be located on 10p15.1, thus relating it to
[18]
the prognosis of liver cancer . Meanwhile, genomic
copy number variations of 15q26.3 were deemed to be
predictive markers for the systemic recurrence of breast
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Figure 5 Establishment of the prognostic model based on the miRNA data. A: The high risk group and low risk group based on the prognostic score. The
patients with the score of 1 and 2 were considered as high risk, and patients with the score of 0 and -1 were considered as low risk; B: The Kaplan-Meier survival
curves of the high risk group and low risk group, which showed that there was significant difference of survival between the high risk patients and low risk patients; C:
The heatmap showing the different gene expression patterns of the high risk group and low risk group. It showed that the gene expression patterns of high risk group
and low risk group were obviously distinct; D: The top enriched pathways in the high risk group, as indicated by the gene set enrichment analysis. It showed that the
WNT/beta-catenin, G2M checkpoint, allograft rejection, mitotic spindle, and inflammatory response were among the top five enriched pathways in the high risk group
patients.
[19]

targeting c-Myc in gastric cancer. MiR-621 was supposed
to sensitize breast cancer to chemotherapy by inhibiting
[24]
FBXO11 and increasing p53 activity . Thus, it was not
difficult to comprehend that they were all involved in the
prognosis of liver cancer.
With respect to the mRNA model, CCDC21, GTF3C2
and DBF4 were demonstrated to be independent
prognostic factors in liver cancer. CCD21, also called
Cep85, is an antagonist of Nek2A that suppresses cen
[25]
trosome disjunction . GTF3C2 is essential for RNA
polymerase Ⅲ-mediated transcription. Until now, there
are few studies relating CCD21 and GTF3C2 to cancer
progression or prognosis. With respect to DBF4, the
CDC7-DBF4 kinase, which was correlated with p53 inacti
vation, was reported to be overexpressed in multiple
[26]
cancers . Thus, it is the first study to correlate these
markers with patient survival in liver cancer.
Interestingly, most prognostic variables identified in
our study seemed to be novel markers in cancer study.
Probably due to the strict screen procedure, a lot of

cancer .
In the analysis of methylation data, REL and MCM2
were demonstrated to be independent prognostic factors.
Previous studies showed that REL was involved in apop
tosis, inflammation, immune response, and oncogenic
processes. Constitutive activation of the Rel/NF-κB path
way could lead to oncogenesis by driving proliferation,
enhancing cell survival, or promoting angiogenesis or
[20]
metastasis . There were also studies reporting that
MCM2 was closely related to tumor grade and overall
[21]
survival in renal cancer . However, this is the first study
to demonstrate the methylation of these two markers as
prognostic factors in liver cancer.
miRNA alterations were reported to participate in the
[22]
initiation and progression of human cancer . In our
study, miR-3690, miR-561, and miR-621 were included
in the prognostic model. This is the first time that we
identified miR-3690 as the prognostic variable in cancer
[23]
prognosis. On the other hand, Qian et al reported that
miR-561 inhibited cellular proliferation and invasion by
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Figure 6 Establishment of the prognostic model based on the mRNA data. A: The high risk group and low risk group based on the prognostic score. The patients
with the score of 2 and 3 were considered as high risk, and patients with the score of 0 and 1 were considered as low risk; B: The Kaplan-Meier survival curves of the
high risk group and low risk group, which showed that there was significant difference of survival between the high risk patients and low risk patients; C: The heatmap
showing the different gene expression patterns of the high risk group and low risk group. It showed that the gene expression patterns of high risk group and low risk
group were obviously distinct. D: The top enriched pathways in the high risk group, as indicated by the gene set enrichment analysis. It showed that the E2F targets,
G2M checkpoint, spermatogenesis, mitotic spindle, and Myc targets V1 were significantly enriched in the high risk group patients.
and prognosis. The Cancer Genome Atlas (TCGA) is funded by the National
Institute of Health (NIH) to describe the genomic alterations across cancer
types. It provides tremendous amount of “omics” data, including mRNA
sequencing, miRNA sequencing, reverse phase protein arrays, copy number
change and DNA sequencing.

traditional prognostic markers were ignored, such as
P53 and FOXM1. However, on the other hand, it also
demonstrates that our prognostic markers might be
more robust and more stable after the strict screening
procedure. In summary, the major goal of our study
was to evaluate the prognostic power of different omics
data in liver cancer. For the first time, we showed that
the mRNA data was the most informative prognostic
variables in all kinds of omics data in liver cancer. In
addition, we also revealed that the combination of clinical
data with molecular data might be the future direction for
cancer prognosis and prediction. Larger sample size and
more mature bioinformatic algorithms were needed to
predict the cancer prognosis more precisely in the future.

Research motivation

Although there seems to be great potential value of the clinical and genetic
markers, there is no consensus on the predictive power of these indicators,
especially the molecular markers.

Research objectives

By utilizing the TCGA data, we aimed to evaluate the prognostic power of liver
cancer by molecular markers, and also to assess the predictive power of liver
cancer by combining molecular markers and clinical data.

Research methods

Cox regression screen and least absolute shrinkage and selection operator
(LASSO) were performed to select significant prognostic variables. Then the
concordance index was calculated to evaluate the prognostic power. For the
combination data, based on the clinical cox model, molecular features that better
fit the model were combined to calculate the concordance index. Prognostic
models were built based on the arithmetic summation of the significant variables.
Kaplan-Meier survival curve and log-rank test were performed to compare the
survival difference. Then the heatmap was constructed and gene set enrichment

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Liver cancer is the fourth most common digestive cancer worldwide. Prognostic
markers can help to make better clinical decision by selecting patients who
respond well to some specific treatment. Besides traditional clinical markers,
genetic biomarkers are emerging as novel indicators in cancer diagnosis
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analysis was performed for pathway analysis.
11

Research results

The mRNA data was the most informative prognostic variables in all kinds of
omics data in liver cancer. In the copy number variation (CNV), methylation
and miRNA data, the combination of molecular data with clinical data could
significantly boost the prediction accuracy of the molecular data alone. On the
other hand, the combination of clinical data with methylation, miRNA and mRNA
data could significantly boost the prediction accuracy of the clinical data itself.
Based on the significant prognostic variables, several prognostic models were
built. For the CNV data, score = 10p15.1 - 15q26.3. For the methylation data,
score = - REL - MCM2. For the miRNA data, score = miR-3690 + miR-561 miR-621. For the mRNA data, score = CCDC21 + GTF3C2 + DBF4.

12

Research conclusions

In all kinds of omics data in liver cancer, the mRNA data might be the most
informative prognostic variables.

13

Research perspectives

The combination of clinical data with molecular data might be the future direction
for cancer prognosis and prediction.

14
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Abstract
AIM
To investigate the relationship between the onsets of
multikinase inhibitor (MKI)-associated hand-foot skin
reaction (HFSR) and prognosis under intervention by phar
macists after the introduction of sorafenib.

Informed consent statement: Patients were not required to
give informed consent to the study, because the analysis used
anonymous data that were obtained after patient agreed to
treatment by written consent.
Conflict-of-interest statement: Authors have nothing to
disclose.

METHODS
We conducted a retrospective study involving 40 patients
treated with sorafenib. Intervention by pharmacists began
at the time of treatment introduction and continued
until the appearance of symptomatic exacerbation or
non-permissible adverse reactions. We examined the
relationship between MKI-associated HFSR and overall
survival (OS) after the initiation of treatment.

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,
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RESULTS
The median OS was 10.9 mo in the MKI-associated
HFSR group and 3.4 mo in the no HFSR group, showing
a significant difference in multivariate analysis. A multi
variate analysis of the time to treatment failure indicated
that the intervention by pharmacists and MKI-associated
HFSR were significant factors. The median cumulative
dose and the mean medication possession ratio were
significantly higher in the intervention group than in the
non-intervention group. A borderline significant difference
was observed in terms of OS in this group.

pared with that in the placebo group; however, there is
currently no evidence to support regorafenib as a first[7]
choice drug .
A surrogate marker that reflects a better prognosis
after the introduction of sorafenib has not yet been estab
[8]
lished . Previous studies have reported a relationship
between multikinase inhibitor (MKI)-associated hand[9-12]
foot skin reaction (HFSR) and TTP/OS
. Sorafenib
frequently induces adverse events (AEs). The most
[1-4]
frequent AE is MKI-associated HFSR . Although MKIassociated HFSR is not life-threatening, its exacerbation
reduces the quality of life of patients, which affects
adherence to sorafenib treatments. A previous study indi
cated that intervention by nurses improved the efficacy
[13]
of sorafenib treatments ; however, intervention by phar
macists who are familiar with sorafenib treatments has
not yet been investigated.
The purpose of the present study was to clarify the
relationship between therapeutic efficacy and MKIassociated HFSR in sorafenib-treated patients with ad
vanced hepatocellular carcinoma. We also examined the
influence of intervention by pharmacists on adherence.

CONCLUSION
Intervention by pharmacists increased drug adherence.
Under increased adherence, MKI-associated HFSR was an
advantageous surrogate marker. Intervention by health
care providers needs to be performed for adequate sora
fenib treatment.
Key words: Hepatocellular carcinoma; Surrogate marker;
Multikinase inhibitor-associated hand-foot skin reaction;
Sorafenib; Intervention by pharmacists
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Sorafenib is an oral anticancer drug associated
with a high incidence of adverse reactions. However,
no studies have evaluated its therapeutic efficacy under
improved adherence. A surrogate marker of significant
improvement in overall survival under improved adher
ence in advanced hepatocellular carcinoma patients after
the introduction of sorafenib was multikinase inhibitorassociated hand-foot skin reaction. Intervention by
healthcare providers, including pharmacists specializing
in cancer treatment, has improved patient adherence,
contributing to the true response to sorafenib treatment.

Sorafenib therapy

This retrospective study was conducted on patients
treated between May 2009 and March 2017 at our insti
tution based on the Barcelona Clinic Liver Cancer (BCLC)
[14,15]
strategy
. Indication criteria for sorafenib included
the following: (1) Child-Pugh grade, A or B; (2) Eastern
Cooperative Oncology Group Performance Status, 0 or 1;
(3) hemoglobin level, ≥ 8.5 g/dL; (4) neutrophil count, >
1500/μL; (5) platelet count, > 75000/μL; (6) total bilirubin
level, < 2.0 mg/dL; (7) alanine and aminotransferases,
< 5-fold the upper limit of the normal range; and (8)
no necessity for dialysis. Exclusion criteria included the
following: (1) A history of serious hypersensitivity to the
components of this drug; (2) pregnant women or those
who may be pregnant; (3) a history of thrombosis or
ischemic heart disease; and (4) brain metastasis. The
initial dose of sorafenib was established as 200, 400,
or 800 mg, but it was adjusted according to the criteria
for dose reductions described in the package inserts or
matters recommended by pharmacists. Administration
was continued until the appearance of symptomatic exa
cerbation or non-permissible AEs.
Written informed consent was obtained from all sub
jects. The protocol of this study was approved by the
Institutional Review Board of our hospital and was per
formed according to the Helsinki Declaration.

Ochi M, Kamoshida T, Ohkawara A, Ohkawara H, Kakinoki
N, Hirai S, Yanaka A. Multikinase inhibitor-associated handfoot skin reaction as a predictor of outcomes in patients with
hepatocellular carcinoma treated with sorafenib. World J
Gastroenterol 2018; 24(28): 3155-3162 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i28/3155.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i28.3155

INTRODUCTION
A double-blind, randomized phase Ⅲ study of sorafenib
therapy for advanced hepatocellular carcinoma was
previously conducted. The time to progression (TTP)
and overall survival (OS) were significantly longer
in the sorafenib-treated group than in the placebo
[1-4]
group . In addition, randomized phase Ⅲ studies
using sunitinib or brivanib have been performed, and no
[5,6]
significant differences were observed from sorafenib .
A randomized phase Ⅲ study using regorafenib demon
strated that this drug significantly prolonged OS com

WJG|www.wjgnet.com

Clinical evaluation

The treatment response was evaluated using computed
tomography or magnetic resonance imaging at 8-wk
intervals. Radiological evaluations were conducted based
[16]
on the mRECIST criteria . The National Cancer Institute
Common Toxicity Criteria for Adverse Events (NCI-CTCAE)
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anxiety, nurses specializing in cancer nursing arranged an
interview- or telephone-based back-up support system.
Intervention by pharmacists specializing in cancer treat
ments began at the time of treatment introduction and
continued until the appearance of symptomatic exacer
bation or non-permissible AEs.

Table 1 Baseline characteristics of patients
Patient features
Total No. of patients
Age (yr)
Median (range)
Sex
Male
Female
Child-Pugh class
A
B
Underlying cause
HCV
HBV
Others
Portal vein thrombosis
Liver only
Metastatic disease
AFP (ng/mL)
> 100
≤ 100
DCP (mAU/mL)
> 1000
≤ 1000
BCLC stage
B
C
Intervention by pharmacists
Yes
No

n (%)
40
71 (48-89)
31 (78)
9 (12)

Statistical analysis

In the survival analysis, the significance of differences
in survival between two groups with and without MKIassociated HFSR after the administration of sorafenib
[17]
was tested using the log-rank test . The log-rank test
was also used to compare survival between two groups
with and without intervention by pharmacists. In the
multivariate analysis, Cox proportional hazards model
[18]
was adopted . Regarding the presence or absence of
MKI-associated HFSR and antitumor effects, a landmark
[19]
analysis
was conducted to minimize time-dependent
bias. AE-free patients 28 d after the start of treatment,
when the highest-grade MKI-associated HFSR was noted
in ≥ 50% of the patients, was analyzed as a landmark.
Fisher’s exact test was used for categorical variables.
The Mann-Whitney U-test was adopted for continuous
variables. SPSS software (version 22, SPSS, Inc., Chi
cago, IL, United States) was used for statistical analysis.
A P-value of 0.05 considered as significant.

36 (90)
4 (10)
23 (58)
10 (25)
7 (17)
11 (28)
26 (60)
24 (40)
26 (65)
14 (35)
19 (48)
21 (52)
16 (40)
24 (60)
22 (55)
18 (45)

AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; DCP: Desgamma-carboxy prothrombin; HCV: Hepatitis C virus; HBV: Hepatitis B
virus.

RESULTS
Baseline characteristics

Sorafenib treatment was evaluated in 40 patients treated
between May 2009 and March 2017. The baseline
characteristics of these patients are shown in Table 1. The
median age was 71 years (range: 48-89 years). Thirtynine patients (97.5%) underwent sorafenib treatment
after hepatectomy, radiofrequency ablation, or trans
catheter arterial chemoembolization (TACE), which was in
effective. The most frequent etiological factor for hepatitis
was hepatitis C virus (57.5%), followed by hepatitis B
virus (25%). Extrahepatic metastases were detected in
16 patients (40%), while tumors were localized in the
liver in the other 24 patients (60%). Twenty-two patients
(55%) had received intervention by pharmacists.

(version 4.0) were adopted to assess AEs. Patients were
divided into two groups: Patients who had developed
grade 1 or higher MKI-associated HFSR and those who
had not.

Intervention by pharmacists and the double-check
system

The Pharmacists’ Outpatient Clinic (primary outpatient
clinic) was established through intervention by phar
macists specializing in cancer treatment. At the primary
outpatient clinic, AE assessment/management education
for patients and residual drug/self-management edu
cation were conducted at 2-wk intervals (average). The
duration of a consultation at this outpatient clinic per
session was 20 min to 30 min. We adopted a system to
summarize the results of the consultation at the primary
outpatient clinic as a report and advised physicians
responsible for outpatient care (secondary outpatient
clinic). In addition, when grade 3 or higher AEs occurred,
a prompt management system to telephone or directly
speak with physicians at the secondary outpatient clinic
in addition to reporting was established. At the secondary
outpatient clinic, physicians responsible for outpatient
care examined patients based on patient information
obtained at the primary outpatient clinic and made a final
decision on the administration of sorafenib. A system for
physicians at the secondary outpatient clinic to promptly
consult specialists belonging to each department at the
onset of AEs was established. Regarding care for patient
WJG|www.wjgnet.com

AEs

AEs related to sorafenib are presented in Table 2. In
all patients, ≥ 1 AE was observed, but there were no
grade 4 AEs. Primary AEs consisted of MKI-associated
HFSR (55%), anemia (35%), hypertension (30%),
anorexia (30%), and thrombopenia (30%). The grades
of these AEs were evaluated as 1 in 38%, 2 in 35%,
and 3 in 28% of patients. In 16 patients, treatments
were postponed (definitive discontinuation) due to AEs.
In 11 patients, the dose was reduced after definitive
discontinuation.

Treatment efficacy

The relationship between OS and MKI-associated HFSR
is shown in Figure 1. The median OS was 222 d (7.4 mo)
(95%CI: 175-268), range: 14-618 d). In the presence
3157
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Table 2 Adverse events according to Common Toxicity Criteria for Adverse Events v4.0 n (%)
Adverse events

Grade 1

Grade 2

Grade 3

All

11 (27)
10 (25)
7 (17)
7 (17)
4 (10)
9 (22)
5 (13)

6 (15)
4 (10)
5 (13)
4 (10)
4 (10)
1 (3)
0 (0)

5 (13)
0 (0)
0 (0)
1 (3)
4 (10)
0 (0)
2 (4)

22 (55)
14 (35)
12 (30)
12 (30)
12 (30)
10 (25)
7 (17)

MKI-associated HFSR
Anemia
Hypertension
Anorexia
Decreased platelet count
Alopecia
Diarrhea

MKI-associated HFSR: Multikinase inhibitor-associated hand-foot skin reaction.

Table 3 Univariate and multivariate analyses of predictive factors for overall survival
Univariate analysis
Age (≥ 65 yr)
Initial dose (800 mg)
Early AFP response
AFP (< 100 ng/dL)
DCP (< 1000 mAU/mL)
MKI-associated HFSR
BCLC B
Hypertension
Diarrhea
Anorexia
Alopecia

Multivariate analysis

HR

P value

0.494
1.635
0.834
0.756
0.806
0.224
0.358
0.889
0.950
1.671
0.560

0.079
0.182
0.622
0.450
0.554
< 0.001
0.013
0.756
0.911
0.162
0.177

HR

P value

95%CI

0.241
0.404

0.001
0.041

0.102-0.567
0.170-0.964

Early alpha-fetoprotein (AFP) response refers to a ≥ 20% improvement in AFP levels within 2 mo. BCLC: Barcelona Clinic Liver Cancer; DCP: Des-gammacarboxy prothrombin; MKI-associated HFSR: Multikinase inhibitor-associated hand-foot skin reaction.

Table 4 Univariate and multivariate analyses of variables associated with time to treatment failure
Univariate analysis
Age (≥ 65 yr)
Initial dose (800 mg)
Early AFP response
AFP (< 100 ng/dL)
DCP (< 1000 mAU/mL)
MKI-associated HFSR
BCLC B
Hypertension
Diarrhea
Anorexia
Alopecia
Intervention by pharmacists

Multivariate analysis

HR

P value

HR

P value

95%CI

0.369
1.213
0.630
0.988
0.711
0.334
0.970
1.286
0.517
1.652
0.337
0.326

0.020
0.588
0.24
0.974
0.363
0.004
0.932
0.510
0.159
0.175
0.019
0.002

0.475

0.099

0.196-1.150

0.418

0.048

0.175-0.994

0.792
0.425

0.679
0.042

0.262-2.391
0.186-0.971

Early alpha-fetoprotein (AFP) response refers to a ≥ 20% improvement in AFP levels within 2 mo. BCLC: Barcelona Clinic Liver Cancer; DCP: Des-gammacarboxy prothrombin; MKI-associated HFSR: Multikinase inhibitor-associated hand-foot skin reaction.

decreased alpha-fetoprotein (AFP) levels in the early
stage, diarrhea, or hypertension. A borderline significant
difference was observed in terms of OS between patients
with and without intervention by pharmacists (5.2 mo in
the non-intervention group vs 9.7 mo in the intervention
group, P = 0.097). The disease control rate was 33%
[partial response: 1 patient (3%); stable disease: 12
patients (30%)].

of grade 1 or higher MKI-associated HFSR, OS was
significantly prolonged. The results of the univariateand multivariate analyses regarding OS are presented
in Table 3. A multivariate analysis was conducted on
factors with P-values of < 0.05 in the univariate analysis.
The results of the multivariate analysis showed that the
presence of MKI-associated HFSR [hazard ratio (HR) =
0.241, 95%CI: 0.102-0.567; P = 0.001] and BCLC B
(HR = 0.404, 95%CI: 0.170-0.964; P = 0.041) were
significant predictive factors for the prolongation of OS.
No significant differences were observed in the rate of

WJG|www.wjgnet.com

Treatment and intervention by pharmacists

The median time to treatment failure (TTF) was 65 d
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1.0

[21]

significant, independent factors associated with OS . In
addition, a meta-analysis of the data obtained from 1017
subjects, involving 12 cohort studies, showed that HFSR
[22]
was a beneficial indicator that improves the prognosis .
In the present study, the multivariate analysis of OS
showed that MKI-associated HFSR and BCLC B were
significant predictive factors for the prolongation of
OS. A previous study also indicated that OS was signifi
cantly prolonged in the BCLC B group (8.4 mo in BCLC
[23]
C vs 20.6 mo in BCLC B patients (P < 0.0001)) . In
the present study, all patients previously underwent
TACE, except for one patient, in the BCLC B group
(15/16: 94%). Although the introduction of sorafenib
for non-responders to TACE may be a good option, the
timing of its introduction has not yet been established.
Furthermore, a study reported that the combination of
[24]
sorafenib and TACE improved the TTP . We did not
combine sorafenib therapy with other treatments, such
as TACE; a surrogate marker for an improvement in
OS was obtained by monotherapy with sorafenib. We
established a double-check system consisting of primary
outpatient care by pharmacists specializing in cancer
treatment and secondary outpatient care by physicians.
The findings indicated that MKI-associated HFSR was a
surrogate marker for OS.
Regarding the TTF, the multivariate analysis showed
that intervention by pharmacists and MKI-associated
HFSR significantly extended the treatment duration. This
finding is consistent with the findings of a previous study
indicating that intervention by nurses improved the ef
[13]
ficacy of sorafenib treatment .
Sorafenib is an MKI with a high incidence of AEs.
Primary AEs include HFSR, diarrhea, hypertension, nau
sea, and hemorrhage. MKI-associated HFSR occurs
[25,26]
in approximately 1/3 of patients
. Furthermore,
MKI-associated HFSR differs from previously reported
HFSR induced by chemotherapy (e.g., capecitabine,
[27,28]
5-fluorouracil, or doxorubicin)
. The time to onset of
MKI-associated HFSR (14-28 d) is much shorter than
that of HFSR induced by chemotherapy, and the site is
localized (e.g., areas in contact with shoes). MKI-asso
ciated cornification is also prominent. Furthermore, there
is no evidence-based rationale to advocate for any of
preventive measures for HFSR induced by chemotherapy
[29]
for the prophylaxis of MKI-associated HFSR .
Patients receiving anticancer therapies have been
considered to achieve a higher adherence rate than
those with other chronic diseases. However, many stu
dies have indicated that the adherence rate is not 100%,
[30-32]
even in cancer patients receiving anticancer drugs
.
Concerning the adherence of cancer patients to their
treatment with oral anticancer drugs, a previous study
investigated breast cancer patients receiving oral anti
cancer drugs and reported that treatment-associated
toxicities affected effective cancer treatments, suggesting
the usefulness of adequate interventions for increasing
[33]
adherence . Furthermore, another study indicated that
long-term therapy with oral anticancer drugs reduced the
risk of death, while a low adherence rate increased the

P = 0.0002
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Figure 1 Kaplan-Meier survival plot for overall survival in multikinase
inhibitor-associated hand-foot skin reaction (landmark analysis).

(2.2 mo) (95% CI: 44-86, range: 7-347 d). The median
cumulative dose was 20000 mg (range: 2800-146400
mg). The median cumulative doses in the intervention
and non-intervention groups were 32200 mg and 17400
mg, respectively, showing a significant difference (P =
0.047). The median daily dose was 480 mg (range:
392-800 mg). The administration of sorafenib was dis
continued in 38 patients for the following reasons: a
reduction in the effects of administration in 16 (42%);
grade 3 or higher AEs in 14 (36%); exacerbation of the
general condition in 4 (11%); and other factors in 4
(11%). The mean medication possession ratios (MPRs) in
the intervention and non-intervention groups were 97%
and 85%, respectively, showing a significant difference (P
< 0.001).
The results of the univariate- and multivariate ana
lyses regarding the TTF are presented in Table 4. The
multivariate analysis showed that significant factors for
TTF prolongation included intervention by pharmacists
(HR = 0.425, 95%CI: 0.186-0.971; P = 0.042) and MKIassociated HFSR (HR = 0.418, 95%CI: 0.175-0.994;
P = 0.048). The median TTFs were 145 d (4.8 mo) in
the intervention group and 43 d (1.4 mo) in the nonintervention group.

DISCUSSION
Sorafenib treatment is performed worldwide as evidencebased chemotherapy for advanced hepatocellular car
[1-4]
cinoma . A previous study reported that the rate
of decreased in AFP levels early after the start of trea
tment was useful as a surrogate marker for sorafenib
[20]
therapy . A number of studies have indicated that a re
lationship exists between AEs after the start of sorafenib
administration and antitumor effects; however, this
relationship has not yet been confirmed. An international
multicenter cooperative study showed by multivariate
analysis that diarrhea, hypertension, and HFSR were
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[34]

sorafenib has not yet been established.

risk of death . In addition, a decrease in the adherence
rates was shown to reduce treatment responses in
imatinib-treated patients with chronic myeloid leuke
[32,35]
mia
.
Insufficient adherence may hinder the effects of oral
anticancer drugs. If physicians responsible for prescrip
tions are unaware of poor adherence, they may change
the regimen unnecessarily based on a misunderstanding
of disease progression related to insufficient drug effects.
Factors associated with non-adherence for a recom
mended treatment regimen include individual patient
characteristics, the features of the disease and treatment
[36]
regimen, and aspects of the medical care system .
Individual factors form a system by influencing each
other, and if a patient’s disease is not regarded as a
system abnormality, effective treatment may not be
achieved. The time to onset of MKI-associated HFSR
is much shorter than for that of HFSR induced by che
motherapy. Moreover, there is no evidence-based ra
tionale to advocate for preventive measures for MKIassociated HFSR. Sorafenib treatment is less effective for
tumor shrinkage; however, intervention by healthcare
providers, including pharmacists with special knowledge,
can cover these individual factors. In the present study,
the median cumulative doses in the intervention and the
non-intervention groups were 32200 mg and 17400 mg,
respectively, showing a significant difference (P = 0.047).
The MPR was significantly greater in the intervention
group than and the non-intervention group, at 97% and
85% respectively, showing a significant difference (P <
0.001); intervention by pharmacists contributed to this
increased adherence.
To evaluate the role of MKI-associated HFSR as a
surrogate marker for therapeutic effects, we conducted a
retrospective analysis involving advanced hepatocellular
carcinoma patients who had received sorafenib treatment
under intervention by pharmacists. The results indicated
that MKI-associated HFSR was a surrogate marker for OS
under increased adherence. Neither the rate of decrease
in AFP levels in the early stage nor diarrhea/hypertension
was a surrogate marker. Intervention by pharmacists
prolonged the TTF and increased the median cumulative
dose and the MPR, resulting in better adherence. A
borderline significant difference was observed in terms
of OS between patients with and without intervention
by pharmacists. The present study had the following limi
tations: our data are based on a retrospective study, and
the sample size was small.
In conclusion, intervention by pharmacists using the
double-check system improved drug adherence. Under
increased adherence, MKI-associated HFSR in patients
receiving sorafenib treatment was a surrogate marker
reflecting a better prognosis. Intervention by healthcare
providers, including pharmacists with special knowledge,
needs to be performed for adequate sorafenib treatment.

Research motivation

The incidence of adverse events after sorafenib introduction is high, reducing
drug adherence.

Research objectives

The authors performed intervention by pharmacists using the double-check
system to improve drug adherence. In addition, they evaluated a surrogate
marker reflecting a better prognosis after sorafenib introduction under increased
adherence.

Research methods

This retrospective study was conducted on advanced hepatocellular carcinoma
patients who had been treated with sorafenib between May 2009 and March
2017. Establishing the overall survival (OS) as a primary endpoint, the authors
evaluated a surrogate marker using multivariate analysis. Furthermore, the
effects of intervention by pharmacists on drug adherence were assessed using
the time to treatment failure (TTF), median cumulative dose, and medication
possession ratio (MPR).

Research results

The subjects were 40 patients who had undergone sorafenib therapy. In the
presence of grade 1 or higher multikinase inhibitor (MKI)-associated hand-foot
skin reaction (HFSR), OS was significantly prolonged. The results of multivariate
analysis showed that the presence of MKI-associated HFSR (hazard ratio = 0.241,
95%CI: 0.102-0.567; P = 0.001) was one of the significant predictive factors for
the prolongation of OS. There were significant differences in the TTF, median
cumulative dose, and MPR between the intervention and non-intervention groups.

Research conclusions

Intervention by pharmacists increased the drug adherence. The MKI-associated
HFSR was an advantageous surrogate marker under increased adherence.
Intervention by healthcare providers needs to be performed for adequate
sorafenib treatment.

Research perspectives

It remains to be clarified whether intervention by healthcare providers improves
the prognosis of hepatocellular carcinoma patients after sorafenib introduction.
Therefore, the double-check system should be further improved, and a larger
number of patients should be evaluated. Furthermore, a prospective study
should be conducted.
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Abstract
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AIM
To assess the frequencies of five health-related behaviors
(smoking, alcohol consumption, body weight, sleep dura
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tion, and physical activity) in Korean adults with chronic
hepatitis B.

DOI: http://dx.doi.org/10.3748/wjg.v24.i28.3163

METHODS
Data were obtained from the 2016 Korean National Health
and Nutrition Examination Survey. In total, 5887 subjects
(2568 males, 3319 females) over 19 years old were
enrolled in this study. Interviews were performed to obtain
information on demographic characteristics and medical
conditions. A self‑administered questionnaire and medical
examination were used to assess the smoking history,
alcohol use, physical activity, sleep duration, and body
weight of the subjects. Chronic hepatitis B was diagnosed
based on detection of hepatitis B surface antigen (HBsAg).
The subjects were categorized into HBsAg positive and
negative groups, and a complex sampling analysis was
conducted to compare the health behaviors between
these groups.

INTRODUCTION
Hepatitis B is an important public health issue in the AsiaPacific region. It is estimated that 240 million people
[1]
are infected with hepatitis B virus (HBV) . Chronic
HBV infection may cause premature death from uncom
pensated liver cirrhosis and hepatocellular carcinoma
(HCC). Primary liver cancer is the second leading cause
[2]
of cancer-related mortality . Chronic HBV infection,
cirrhosis, and hepatitis C viral infection are established
[2]
risk factors for HCC . The modifiable risk factors for
[3,4]
HCC include lifetime alcohol consumption , tobacco
[5]
[6]
[6]
smoking , obesity , diabetes , nonalcoholic fatty liver
[7]
[3]
disease , and socioeconomic status . Indeed, lifetime
moderate alcohol use may cause HCC in older people,
and diabetes may increase the risk of HCC independently
[8,9]
of cirrhosis .
Health-related behaviors such as tobacco smoking,
alcohol consumption, body weight status, sleep duration,
and physical activity are important for the management
[10,11]
of chronic medical conditions
. Smoking, physical
activity, and alcohol consumption are the most critical
[12]
behavioral determinants of health . Furthermore, health
behaviors are important following the onset of disease,
because they can reduce disease severity and risk of
[12]
recurrence and increase survival duration . Modification
of health behaviors is a particularly important intervention
for patients with chronic hepatitis B.
High-quality chronic-care systems that include pre
ventive management of health behaviors are needed
to improve the quality of life of patients with chronic
[13]
conditions . Subjective awareness of health status can
be used to evaluate one’s own health and the prognosis
[14]
of various chronic diseases . To our knowledge, little is
known about the relationships between health behaviors
and subjective health status.
In this study, we evaluated the frequencies of five
health-related behaviors (smoking, alcohol consumption,
body weight, sleep duration, and physical activity) in
Korean adults with hepatitis B. We also examined the
association between these health behaviors and selfperceived health status.

RESULTS
Among males, the current smoking rate in the HBsAg
positive group was higher than that in the negative group
(45.5% vs 38.5%). In the positive group, the rates of
monthly and high-risk alcohol use were 70.4% and 17.6%
in males and 45.9% and 3.8% in females, respectively.
The rate of alcohol use was similar between the two
groups [P = 0.455 (males) and P = 0.476 (females)]. In
the HBsAg positive group, 32.3% and 49.9% of males
and 26.5% and 49.6% of females were overweight
and physically inactive, respectively. High-risk alcohol
consumption and physical inactivity were significantly
associated with self-perceived health status.
CONCLUSION
Our data demonstrate that a large proportion of Korean
adults with chronic hepatitis B have poor health behaviors.
Further studies are needed to confirm our results.
Key words: Health behavior; Self‑perceived health status;
Hepatitis; Health risk behavior; Health status
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A large proportion of Korean adults with chronic
hepatitis B have poor health behaviors, particularly in
terms of smoking and alcohol consumption. High-risk
alcohol consumption and physical inactivity are sig
nificantly associated with self‑perceived health status.
Because it is a risk factor for hepatocellular carcinoma,
individuals with chronic hepatitis B should maintain a
healthy lifestyle. They should be encouraged to improve
their health behaviors and participate in appropriate
education programs.

MATERIALS AND METHODS
Data resources

Data were obtained from the 2016 Korean National
Health and Nutrition Examination Survey (KNHANES).
The KNHANES is a nationwide representative crosssectional survey conducted by the Korea Center for
Disease Control and Prevention (KCDC) beginning in
1998. The KNHANES is an ongoing survey that assesses
the health status of Koreans and monitors the trends
in health risk factors and the prevalence of major chro
[15]
nic diseases in Korea . The KNHANES comprises a

Yi YH, Kim YJ, Lee SY, Cho BM, Cho YH, Lee JG. Health
behaviors of Korean adults with hepatitis B: Findings of the
2016 Korean National Health and Nutrition Examination Survey.
World J Gastroenterol 2018; 24(28): 3163-3170 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i28/3163.htm
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and urine samples were subsequently analyzed at a
certified laboratory. The performance of this laboratory
analysis was monitored by a laboratory data qualitycontrol program to ensure that the data met the accuracy
[15]
standard . Hepatitis B surface antigen (HBsAg) levels
were measured using Elecsys HBsAgⅡ (Roche/Germany)
electrochemiluminescence immunoassay (ELICA). Sub
jects were classified as HBsAg positive or negative (here
after, the negative and positive groups) according to their
serology results.

Table 1 Demographic and clinical characteristics of the
participants in the 2016 Korean National Health and
Nutrition Examination Survey (n = 5887)
Variable

Sample
Mean/
size proportion

Demographics
Age (yr)
Male (%)
Low income level (%)
Presence of spouse (%)
Education ≥ 10 yr (%)
Current medical history
Hypertension
Diabetes mellitus
Dyslipidemia
Depression
Liver cirrhosis
Hepatitis B
Anthropometric measurements
BMI (kg/m2)
Abdominal circumference (cm)
Systolic BP (mm Hg)
AST (IU/L)
ALT (IU/L)
Fasting plasma glucose (mg/dL)
HbA1c (%)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL-cholesterol (mg/dL)
hs-CRP (mg/L)

95%CI

5887
2568
1129
4970
3839

46.7
50.3
16.2
77.3
75.8

46.0-47.5
49.1-50.5
13.7-18.4
75.4-79.1
71.3-80.3

1387
575
799
166
12
192

18.9
7.8
11.3
2.6
0.2
3.4

17.6-20.4
7.0-8.7
10.3-12.4
2.1-3.1
0.1-0.3
2.9-4.0

24.0
82.9
117.9
22.7
22.7
100.4
5.6
193.1
144.8
117.4
1.23

23.9-24.1
82.4-83.3
117.3-118.5
22.2-23.2
22.2-23.3
99.6-101.3
5.6-5.7
191.9-194.4
139.3-150.4
114.9-119.8
1.17-1.29

Definitions of health behaviors

Current cigarette smoking was defined as smoking
at least 100 cigarettes over a lifetime and currently
smoking cigarettes everyday (daily) or on some days
[16]
(nondaily) . No alcohol consumption was defined as
lifetime abstention and consumption of < 1 drink per
month for the past year. Monthly alcohol use was defined
as consumption of ≥ 1 alcoholic drink per month for
the past year. High-risk alcohol use was defined as
consumption of ≥ 7 (males) or ≥ 5 (females) alcoholic
[17]
drinks more than twice a week . Body weight was
2
classified as underweight (BMI < 18.5 kg/m ), normal
2
weight (BMI: 18.5-25.0 kg/m ), or overweight (BMI
2 [18]
> 25.0 kg/m ) . Adequate sleep was defined as self[19]
reported ≥ 7 h per night of sleep . Sufficient physical
activity was defined as performance of moderate-tovigorous physical activity (MVPA) for ≥ 150 min per
[20]
week .

BMI: Body mass index; BP: Blood pressure; AST: Aspartate transferase;
ALT: Alanine transferase; HbA1c: Hemoglobin A1c; LDL: Low-density
lipoprotein; hs-CRP: High-sensitivity C reactive protein.

Self-perceived health status

The subjective health status of the subjects was eval
uated using a Likert-scale-based questionnaire. The
question “How is your health in general?” was used to
assess self‑perceived health status, and the possible
responses ranged from 1 (very good) to 5 (very poor).

complex, stratified, multistage sample in which house
hold units are selected according to geographic area, sex,
and age group. Informed consent was obtained from
all of the subjects. The 2016 KNHANES response rate
was 72.2% for the interview and health examination.
This study involved 5887 subjects (2568 males, 3319
females) over 19 years of age.

Statistical analysis

Data were subjected to a weighted complex sampling
analysis. Demographic and clinical characteristics are
shown as numbers, means, and 95% confidence inter
vals (95%CI). A chi-squared test was performed for
comparisons of health behaviors between the two
groups. A t-test using a general linear model was used
to compare self‑perceived health status between the two
groups. A multivariate linear regression analysis was per
formed to examine the associations between the health
behaviors and self‑perceived health status. A value of P <
0.05 was considered indicative of statistical significance.
Statistical analyses were performed using IBM® SPSS®
Statistics, version 23.0, for Windows™.

Measures

The interview and health examinations were performed
by a trained interviewer and medical staff using cali
brated equipment according to a standardized protocol.
The interviewer collected demographic characteristics
including housing characteristics, medical conditions,
socioeconomic status, and education levels. The selfadministered questionnaire included questions on smoking
status, alcohol use, physical activity, sleep health, and
weight control. The health examination was conducted in
a mobile examination center and consisted of a physical
examination, anthropometric measurements, and blood
and urine laboratory tests. Height and weight were
measured to the nearest 0.1 cm and 0.1 kg, respectively,
using a standard protocol. Body mass index (BMI) was
calculated as body weight (kg) divided by height in
2
meters squared (m ). Waist circumference was measured
at the end of a normal expiration of breath and to the
nearest 0.1 cm. Blood pressure was measured using an
automated blood pressure measurement device. Blood
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RESULTS
Demographic and clinical characteristics of the subjects

This study involved 5887 subjects, of whom 2568
(50.3%) were males and 3319 (49.7%) were females.
Table 1 shows the demographic and clinical characteristics
of the subjects. The mean age of the subjects was 46.7
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Table 2 Health behaviors and self-perceived health status in Korean adult males according to hepatitis B surface antigen status (n =
2568)
Variable

Health behavior
Current cigarette smoker
Alcohol use
Non-drinker
Monthly
High risk
Body weight status
Underweight
Normal
Overweight
Sleep duration
Short
Adequate
MVPA
Inactive
Sufficiently active
Self-perceived health status (range 1-5)

Total
(n = 2568)

HBsAg negative
(n = 2481)

HBsAg positive
(n = 87)

Mean ± SE

Mean ± SE

Mean ± SE

38.6 ± 1.3

38.5 ± 1.3

41.5 ± 5.7

25.2 ± 1.1
74.8 ± 1.1
21.1 ± 1.0

25.1 ± 1.1
74.9 ± 1.1
21.3 ± 1.0

29.6 ± 5.9
70.4 ± 5.9
17.6 ± 4.5

2.6 ± 0.4
55.5 ± 1.2
41.9 ± 1.3

2.7 ± 0.4
55.5 ± 1.2
42.2 ± 1.3

0.8 ± 0.8
66.9 ± 5.4
32.3 ± 5.4

37.9 ± 1.2
62.1 ± 1.2

37.9 ± 1.2
62.1 ± 1.2

37.6 ± 5.9
62.4 ± 5.9

48.6 ± 1.4
51.4 ± 1.4
3.12 ± 0.04

48.6 ± 1.4
51.4 ± 1.4
3.13 ± 0.04

49.9 ± 6.4
50.1 ± 6.4
2.97 ± 0.10

P value1

0.591
0.455

0.071

0.962

0.840

0.146

1

Chi-squared test, except for self-perceived health status (general linear model by complex sampling analysis). Current cigarette smoker: Smoked at least
100 cigarettes in their lifetime and currently smoked cigarettes every day (daily) or on some days (nondaily). Monthly alcohol use: Consumption of more
than 1 drink per month in the past year. Non-drinker: Lifetime abstainer and subjects who drank less than 1 drink per month in the past year. Highrisk alcohol use: Consumption of at least 7 (males) or 5 (females) alcoholic drinks more than two times per week. Adequate sleep: ≥ 7 h per night of selfreported sleep. MVPA: Sufficiently active was defined as ≥ 150 min/wk of moderate-to-vigorous physical activity. HBsAg: Hepatitis B surface antigen.

years (95%CI: 46.0-47.5 years), and 3839 (75.8%) had
≥ 10 years of education. The chronic medical conditions
were hypertension (n = 1387; 18.9%, 95%CI:
17.6%-20.4%), diabetes (n = 575; 7.8% 95%CI:
7.0%-8.7%), dyslipidemia (n = 799; 11.3%, 95%CI:
10.3%-12.4%), depression (n = 166; 2.6%, 95%CI:
2.1%-3.1%), liver cirrhosis (n = 12; 0.2%, 95%CI:
0.1%-0.3%), and hepatitis B (n = 192; 3.4%, 95%CI:
2.9%-4.0%), respectively. The mean BMI and abdominal
circumference of the subjects were 24.0 (95%CI:
2
23.9-24.1) kg/m and 82.9 (95%CI: 82.4-83.3) cm,
respectively. The fasting plasma glucose and hemoglobin
A1c (HbA1c) levels were 100.4 (95%CI: 99.6-101.3)
mg/dL and 5.6% (95%CI: 5.6%-5.7%), respectively.
The total cholesterol and low-density lipoprotein (LDL)cholesterol levels of the subjects were 193.1 (95%CI:
191.9-194.4) and 117.4 (95%CI: 114.9-119.8) mg/dL,
respectively. The mean high-sensitivity C-reactive protein
(hs-CRP) level was 1.23 (95%CI: 1.17-1.29) mg/L.

negative group than the positive group (P = 0.452). The
rate of sufficient physical activity was similar between the
positive and negative groups among males but higher
in the positive group than the negative group among
females (P = 0.288). The self-perceived health status
was similar between the positive and negative groups
among males and females.

Associations between health behaviors and selfperceived health status

High-risk alcohol consumption (β = -0.605, P = 0.020)
and physical inactivity (β = 0.348, P = 0.013) were
significantly associated with self-perceived health status
in the positive group (Table 4). Current smoking (P =
0.078), body weight (P = 0.410), and inadequate sleep
(P = 0.315) were not associated with self-perceived
health status. LDL‑cholesterol (P = 0.017) and hs-CRP
(P = 0.001) levels were significantly associated with selfperceived health status after adjusting for age, systolic
blood pressure, waist circumference, and HbA1c level.

Health behaviors and self-perceived health status

The health behaviors and self-perceived health status of
the subjects are shown in Tables 2 and 3. The current
cigarette smoking rate in males was non-significantly
higher in the positive group than the negative group
(41.5% vs 38.5%; P = 0.591). In the positive group,
the rates of monthly and high-risk alcohol use were
70.4% and 17.6% in males and 45.9% and 3.8% in
females, respectively [P = 0.455 (males) and P = 0.476
(females)]. More males had a normal body weight in
the positive group than the negative group (P = 0.071).
More females reported an adequate sleep duration in the
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DISCUSSION
In the present study, the rates of five health-related
behaviors did not differ according to HBsAg positivity.
Among males, current smoking rates were higher in the
positive group, but there were no significant differences
in alcohol use, body weight status, sleep duration,
or physical activity between the two groups. In the
positive group, the rates of high-risk alcohol use were
17.6% in males and 3.8% in females. High-risk alcohol
consumption and physical inactivity were significantly
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Table 3 Health behaviors and self-perceived health status in Korean adult females according to hepatitis B surface antigen status (n
= 3319)
Variable

Health behavior
Current cigarette smoker
Alcohol use
Non-drinker
Monthly
High risk
Body weight status
Underweight
Normal
Obese
Sleep duration
Short
Adequate
MVPA
Inactive
Sufficiently active
Self-perceived health status (range 1-5)

Total
(n = 3319)

HBsAg negative
(n = 3214)

HBsAg positive
(n = 105)

Mean ± SE

Mean ± SE

Mean ± SE

6.1 ± 0.6

6.2 ± 0.6

3.2 ± 1.9

54.9 ± 1.1
45.1 ± 1.1
5.3 ± 0.5

54.9 ± 1.1
45.1 ± 1.1
5.3 ± 0.5

54.1 ± 5.3
45.9 ± 5.3
3.8 ± 1.8

5.6 ± 0.6
65.1 ± 1.0
29.3 ± 1.0

5.6 ± 0.6
65.0 ± 1.0
29.4 ± 1.1

5.5 ± 3.2
68.0 ± 5.0
26.5 ± 4.8

38.1 ± 1.0
61.9 ± 1.0

37.9 ± 1.2
62.0 ± 1.0

37.6 ± 5.9
58.0 ± 5.3

55.8 ± 1.2
44.2 ± 1.2
3.15 ± 0.04

56.0 ± 1.2
44.0 ± 1.2
3.15 ± 0.04

49.6 ± 6.0
50.4 ± 6.0
3.15 ± 0.14

P value1

0.260
0.476

0.858

0.452

0.288

0.992

1

Chi-squared test (except for self-perceived health status: General linear model by complex sampling analysis). Current cigarette smoker: smoked at least
100 cigarettes in their lifetime and currently smoked cigarettes every day (daily) or on some days (nondaily). Monthly alcohol use: Consumption of > 1
drink per month in the past year. Non-drinker: lifetime abstainer and < 1 drink per month in the past year. High-risk alcohol use: Consumption of ≥ 7 (males)
or ≥ 5 (females) alcoholic drinks more than twice a week. Adequate sleep: ≥ 7 h per night of self-reported sleep. MVPA: Sufficiently active was defined as
≥ 150 min/wk of moderate-to-vigorous physical activity. HBsAg: Hepatitis B surface antigen.

In males, the current smoking rate in the positive
group was 41.5%, which is higher than the 23% rate
in Organization for Economic Co-operation and Devel
[21]
opment (OECD) member countries . In most OECD
countries, the rate of daily smoking has been reduced by
various measures, including stringent policies to reduce
[21,22]
smoking and increased taxes on tobacco
. The World
Health Organization estimates that smoking kills 7 million
people worldwide annually, and it is the leading cause of
[21,23]
death, illness, and impoverishment
. Nevertheless,
over 60% of smokers do not quit after being diagnosed
with a chronic illness for which smoking is an important
[24]
prognostic factor . Current smokers are at an increased
[5]
risk of HCC . Furthermore, there is a causal association
between smoking and primary liver cancer, according
[25]
to the International Agency for Research on Cancer .
Therefore, healthcare providers should pay more at
tention to the smoking habits of patients with hepatitis
B. Tobacco smoking may increase the risk of HCC in
several ways. First, numerous compounds in tobacco are
metabolized to carcinogens in the liver. Second, tobacco
smoking and chronic hepatitis B exert a synergistic effect
[26]
on the risk of HCC . In addition, levels of polycyclic
[27,28]
aromatic hydrocarbons in HCC tissue are increased
.
In this study, the rates of monthly and high-risk alco
hol use among males were 70.4% and 17.6%, respec
tively, in the positive group. Heavy alcohol consumption
is reportedly associated with HCC risk, although the
[29,30]
threshold quantity/frequency is unknown
. More
over, heavy alcohol consumption is associated with
an 87% increase in the risk of HCC compared to that
[5]
of non-drinkers . Alcohol may contribute to hepatic

Table 4 Associations between health behaviors and selfperceived health status among Hepatitis B surface antigen
positive adults in the 2016 Korean National Health and
Nutrition Examination Survey
Variable

Self-perceived health status

Health behavior
Current cigarette smoker
Overweight
Sleeps less than 7 h
High-risk alcohol use
Physically inactive
Covariates
Age (yr)
SBP
WC
HbA1c
LDL
hs-CRP

P value1

β

95%CI

0.569
0.244
-0.281
-0.605
0.348

-0.077, 1.215
-0.388, 0.875
-0.873, 0.311
-1.092, -0.118
0.089, 0.608

0.078
0.410
0.315
0.020
0.013

0.003
0.015
0.005
-0.279
0.012
-0.097

-0.018, 0.024
-0.017, 0.047
-0.067, 0.076
-1.000, 0.442
0.003, 0.021
-0.144, -0.050

0.778
0.331
0.890
0.409
0.017
0.001

1

Multivariate linear regression analysis. CI: Confidence interval; SBP:
Systolic blood pressure; WC: Waist circumference; HbA1c: Hemoglobin
A1c; LDL: Low-density lipoprotein; hs-CRP: High-sensitivity C-reactive
protein.

associated with self-perceived health status in the positive
group. These results may imply that a large proportion
of hepatitis B patients have poor health behaviors,
particularly related to smoking and alcohol consumption.
Alcohol consumption and tobacco smoking are modifiable
risk factors for HCC. Also, because chronic hepatitis B is
an established risk factor for HCC, modification of health
behaviors is a particularly important intervention for
patients with chronic hepatitis B.
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carcinogenesis via acetaldehyde metabolism. Acetal
dehyde, the product of ethanol oxidation, may interfere
with DNA synthesis and repair and increase the level of
[31]
reactive oxygen species . Therefore, strict abstinence
should be recommended for most patients with chronic
[29]
hepatitis B . In addition, high-risk alcohol consumption
was significantly associated with self-perceived health
status in the positive group. Thus, high-risk alcohol
drinkers may have a better perception of their subjective
[32]
health, as reported previously . Alternatively, there
may be a discrepancy between the actual and perceived
quantity and frequency of alcohol consumption. Further
studies should investigate the relationships of these di
screpancies with alcohol consumption behaviors and
sex differences. Our findings imply that a meaningful
proportion of patients with chronic hepatitis B consume
high-risk amounts of alcohol.
HCC is being increasingly diagnosed in obese and
physically inactive individuals. The development of
obesity-associated HCC involves chronic inflammation
induced by adipose tissue remodeling and proinflammatory adipokine secretion, lipotoxicity, alterations
[33]
in the gut microbiota, and insulin resistance . In this
study, the rate of a normal body weight was high among
males in the positive group. However, 32.3% of males
and 26.5% of females in the positive group were
obese. Physical inactivity is also associated with selfperceived health status. Obesity in patients with chronic
liver disease may accelerate the development of HCC;
therefore, strategies to control body weight in such pa
[32]
tients may reduce the incidence of HCC .
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HIGHLIGHTS
ARTICLE
Research background

Chronic viral hepatitis B (CHB) is popular chronic condition in Asia-Pacific
region. CHB is established risk factor of primary liver cancer that is second
leading cause of cancer-related death. Health-related behaviors like as
smoking, alcohol, body weight and physical activity are critical determinants of
chronic illness. Most hepatitis B patients perceive that they are healthy because
of asymptomatic and nonspecific nature of CHB. Such misunderstanding may
cause inappropriate health behavior.

Research motivation

For the prevention of liver cancer, it seems important to manage these
modifiable health behaviors. But few studies have described the health-related
behaviors of chronic hepatitis B patients.

Research objectives

Our study evaluated the frequencies of five health-related behaviors (smoking,
alcohol consumption, body weight, sleep duration, and physical activity) in
Korean adults with CHB and association between these health behaviors and
subjective health status.

Research methods

Data were obtained from 5887 subjects (2568 males, 3319 females) over
19 years old enrolled in the 2016 Korean National Health and Nutrition
Examination Survey. A self-administered questionnaire and medical
examination were performed to assess health-related behaviors. A chi-squared
test was performed for comparisons of health behaviors between the CHB and
negative groups. A t-test using a general linear model was used to compare
self‑perceived health status between the two groups.

Research results

Among males, the current smoking rate in the HBsAg positive group was higher
than that in the negative group (45.5% vs 38.5%). In the positive group, the
rates of monthly and high-risk alcohol use were 70.4% and 17.6% in males
and 45.9% and 3.8% in females, respectively. The rate of alcohol use was
similar between the two groups. In the HBsAg positive group, 32.3% and 49.9%
of males and 26.5% and 49.6% of females were overweight and physically
inactive, respectively. High-risk alcohol consumption and physical inactivity
were significantly associated with self-perceived health status.

Strengths and weaknesses of the study

The first strength of this study was its representative
population, which increases the validity of our findings
compared with those from hospital- or institution-based
populations. Second, our findings may be helpful in
the management of patients with chronic hepatitis B,
because few studies have described the health habits of
chronic hepatitis B patients. However, this study also had
several limitations. Its cross‑sectional nature prevented
determination of causal relationships. In addition, our
results cannot be generalized to other ethnic groups,
because all of the subjects in this study were ethnic
Koreans. Finally, we diagnosed hepatitis B based on the
HBsAg level only, and thus repeat HBsAg testing and
determination of plasma HBV DNA levels are needed to
confirm the HBV infection status of the subjects.

Research conclusions

Our study revealed that a large-percentage of Korean adults with chronic
hepatitis B have poor health behaviors, particularly regarding tobacco smoking
and alcohol consumption. These individuals must be encouraged to improve
their health behaviors and to participate in appropriate education programs.

Research perspectives

These findings will facilitate the development of alternative strategies to prevent
liver cancer in patients with chronic hepatitis B. Future prospective study is
required to confirm our findings.
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AIM
To study the published evidence on the impact of co
lectomy in preventing recurrent primary sclerosing cho
langitis (rPSC).
METHODS
An unrestricted systematic literature search in Pubmed,
EMBASE, Medline OvidSP, ISI Web of Science, Lista
(EBSCO) and the Cochrane library was performed on clini
cal studies investigating colectomy in liver transplantation
(LT) recipients with and without rPSC in the liver allograft.
Study quality was evaluated according to a modification
of the methodological index for non-randomized studies
(MINORS) criteria. Primary endpoints were the impact of
presence, timing and type of colectomy on rPSC. Overall
presence of inflammatory bowel disease (IBD), time of
IBD diagnosis, posttransplant IBD and immunosuppressive
regimen were investigated as secondary outcome.
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RESULTS
The literature search yielded a total of 180 publications.
No randomized controlled trial was identified. Six retro
spective studies met the inclusion criteria of which 5
studies were graded as high quality articles. Reporting of
IBD was heterogenous but in four publications, either in
flammatory bowel disease, ulcerative colitis or in particular
active colitis post-LT significantly increased the risk of
rPSC. The presence of an intact (i.e., retained) colon at
LT was identified as risk factor for rPSC in two of the high
quality studies while four studies found no effect. Type of
colectomy was not associated with rPSC but this endpoint
was underreported (only in 33% of included studies).
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Neither tacrolimus nor cyclosporine A yielded a significant
benefit in disease recurrence of primary sclerosing
cholangitis (PSC).

logy, extended criteria donor allograft, first-degree[6]
related donor and acute cellular rejection . Although the
association of ulcerative colitis (UC) and PSC is widely
[7]
acknowledged , there is a lack of understanding with
regards to the effect of UC on the risk of developing rPSC
in LT recipients.
Some authors have suggested that the presence of
the colon at LT is associated with an increased risk of
[8]
rPSC . Three recent discoveries support a mechanistic
link between the colon and PSC, and the same pathways
that drive PSC in the non-transplant population might
lead to the development of rPSC after LT. First, intestinal
inflammation may fuel hepatic inflammation via shared
[9]
leukocyte recruitment pathways of the gut-liver axis .
Homing molecules such as mucosal vascular addressin
cell adhesion molecule 1 (MADCAM1) and the gut-as
sociated chemokine (C-C motif) ligand 25, which are
normally restricted to the gut, are abnormally upregu
lated in the liver of PSC patients and facilitate the recruit
ment of enteric-primed destructive α4β7-positive lympho
[10,11]
cytes into the liver
. Additionally, as a consequence
of intestinal inflammation, failure of the gut mucosal
barrier with translocation of enteric pathogens to the
portal circulation can drive hepatic inflammation via epi
[9]
thelial pattern recognition receptor activation . Third,
independent from inflammatory bowel disease (IBD),
intestinal dysbiosis was found to be associated with PSC,
indicating that the intestinal microbiome might play a role
[12]
in PSC pathogenesis . This article reviews the published
evidence on the role of colectomy in preventing rPSC in
LT recipients.

CONCLUSION
The data favours a protective role of pre-/peri-LT co
lectomy in rPSC but the current evidence is not strong
enough to recommend routine colectomy for rPSC pre
vention.
Key words: Recurrent primary sclerosing cholangitis; Risk
factor; Ulcerative colitis; Colectomy; Liver transplantation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are no known treatments that can alter
the development and/or progression of recurrent primary
sclerosing cholangitis (rPSC) after liver transplantation (LT).
Shared leukocyte recruitment pathways of the gut-liver
axis, bacterial translocation into the portal circulation from
an inflamed gut and intestinal dysbiosis might contribute
to the pathogenesis of rPSC. Indeed, inflammatory bowel
disease, ulcerative colitis and in particular active colitis
post-LT significantly increase the risk of rPSC and the
available data favours a protective role of pre-/peri-LT co
lectomy in rPSC. Prospective studies and randomized trials
are needed to further elucidate a possible mechanistic link
between retained colon and rPSC.
Buchholz BM, Lykoudis PM, Ravikumar R, Pollok JM, Fusai
GK. Role of colectomy in preventing recurrent primary sclerosing
cholangitis in liver transplant recipients. World J Gastroenterol
2018; 24(28): 3171-3180 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i28/3171.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i28.3171

MATERIALS AND METHODS
Literature search strategy

A comprehensive literature search was conducted using
the databases of Pubmed, EMBASE, Medline OvidSP,
ISI Web of Science, Lista (EBSCO) and the Cochrane
library. Title, abstract, keywords and full-text of articles
th
published in the time period from 1945 until 29 of April
2018 were screened for the search terms which were
stratified in blocks with rPSC (block 1), colectomy and
ulcerative colitis (block 2), and liver transplant, immu
nology and inflammatory bowel disease (block 3). All
combinations were explored with one term each from
block 1 and 2, subsequently combined with search terms
from block 3 (Supplementary Figure 1). All languages
and all publications on human subjects were considered.
This unrestricted and unfiltered literature search was
independently conducted by 2 authors (Buchholz BM
and Lykoudis PM). Any disagreement was resolved by a
third author (Fusai GK). The references of the identified
publications were assessed for further reports pertinent
to the topic.

INTRODUCTION
Primary sclerosing cholangitis (PSC), a chronic inflam
matory disease of the liver resulting in multi-focal
[1]
strictures of the biliary tree , is estimated to recur in
20%-25% of liver allograft recipients during the first de
cade after liver transplantation (LT) with a mean interval
[2,3]
to recurrent PSC (rPSC) of 6 mo to 5 years . The
diagnosis of rPSC is usually based on the Mayo criteria
consisting of histological or cholangiographic features of
PSC more than 90 d after LT in the absence of hepatic
artery thrombosis/ stenosis, chronic ductopenic rejection,
ABO incompatibility, anastomotic biliary strictures only, or
[4]
non-anastomotic biliary strictures within 90 d after LT .
LT remains the only therapeutic option in patients
with end stage liver disease from PSC and there are no
known treatments that can alter the development and/or
progression of rPSC after LT which oftentimes requires
[1,5]
re-transplantation . Different risk factors for rPSC
have been identified by individual groups: Male recipient
gender, cholangiocarcinoma identified on explant histo
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Study selection

Articles were selected for final review if they compared
LT recipients with and without rPSC, and reported at
least one of the defined outcome endpoints. If the same
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patient cohort was included in multiple publications,
only the most recent update with the largest number of
patients was retained.

of the reference lists. Following removal of duplicates,
56 studies were screened of which 43 were excluded on
title screening (n = 7) and abstract screening (n = 36) as
not pertinent to the topic. The full-text of the remaining
14 publications was assessed for eligibility. Publications
reporting on a smaller proportion of the same patient
[8]
[14,15]
population as larger studies , conference abstracts
[16,17]
and cohort studies
were further excluded leaving a
selection of 8 studies eligible for quality assessment.

Quality assessment of studies

The quality of publications identified by the above li
terature search was evaluated using a modification of
the methodological index for non-randomized studies
(MINORS) criteria, consisting of 9 items categorized into
study design (clearly stated aim, inclusion of consecutive
patients, prospective collection of data, endpoints ap
propriate to the aim of the study), data recording and
data quality (appropriate follow-up period, loss to followup reporting, baseline equivalence of groups) and
study assessment (outcome evaluation bias, adequate
[13]
statistical analysis) . The items were scored as 0 (not
reported), 1 (reported but inadequate) or 2 (reported
and adequate) with the ideal score being 18. The study
evaluation for the MINORS criteria was independently
performed by 2 authors (Buchholz BM and Lykoudis
PM), and discrepancies were resolved by consensus with
a neutral referee (Fusai GK). Given the above outlined
natural history of rPSC, a follow-up time of 5 years after
liver transplantation was set as appropriate.

Quality assessment of selected publications

All retrieved publications had an observational and retro
spective design; no randomized controlled trial was iden
tified. Two studies did not report any relevant endpoints
[18,19]
and were therefore excluded in retrospect
. Hence,
a total of 6 reports comparing LT recipients with and
without rPSC in contemporary groups were assessed by
[20-25]
MINORS criteria
. The median MINORS score was 11
(IQR 8.75-12.25), with incomplete outcome reporting,
lack of equivalent groups and failure to adequately state
loss to follow up accounting primarily for lower scores
(Table 1). There was evidence in outcome evaluation
[20,25]
bias in all but two studies
. The study design was
overall good with reporting of consecutive patients in all
publications and a clearly formulated study aim in most
[25]
reports, but only one study reported all endpoints .
Follow-up period and statistical methods were appro
[22]
priate apart from one study published by Gelley et al .
The latter study therefore scored overall low quality (5
points) while 5 publications were deemed of good quality
with a MINORS score ranging from 10 to 13. These
[20,21,24]
included single-centre experiences
as well as two
[23,25]
large multi-centre cohorts
. The patient cohort of
[25]
the multi-centre report by Ravikumar et al
overlaps
[20,21]
in part with two single-centre studies
but does not
completely capture the patient data; therefore, all three
publications were retained.

Primary and secondary endpoints

The primary outcome was the impact of presence (yes
or no), timing (pre-/peri-LT or post-LT) and type of co
lectomy (pan-proctocolectomy, segmental/subtotal or
other) on rPSC in the liver allograft. The following end
points were assessed as secondary outcomes: (1) Pre
sence of IBD, time of IBD diagnosis (pre-LT, de novo),
and post-transplant presence of IBD; and (2) primary
and secondary immunosuppression. Further parameters
were collected on recipient characteristics (recipient age
at LT, recipient gender, MELD at LT, time to diagnosis of
rPSC, and follow-up period) and donor demographics
[donor age, donor gender and type of donation (DBD,
DCD)]. The data of interest was extracted and tabulated
from the relevant studies texts, tables and figures, by 2
independent authors (Buchholz BM and Lykoudis PM).
Data are reported as n (%) and median (interquartile
range) unless otherwise indicated.

Recipient and donor demographics

The retrieved studies on rPSC were published within
the last decade and captured patient data from 1986 to
2011. The indication for LT was PSC in all patients and LT
recipients were followed up for a median time of 5.7 to 9.1
years (Table 2). Follow-up was restricted by patient death
but extended up to 8 to 22 years in the various studies.
[4]
Diagnosis of rPSC was guided by Mayo criteria in all
studies and median time to diagnosis of rPSC ranged
from 3.4 to 5 years as reported by 4 studies.
Demographics were analyzed and described by dif
ferent statistical methods in the various studies and can
therefore only be compared in a descriptive manner.
rPSC was more prevalent in patients undergoing a first
liver transplant at a younger age. Similarly, there was a
predominance of male gender in the rPSC group, with
a higher MELD at LT. Liver grafts from younger donors
were also associated with rPSC. Donor gender and donor
type were rarely reported; however, the available data
suggested no relevant differences between groups. It is

Biostatistics

The statistical methods of this study were reviewed by
one of the authors (Lykoudis PM) Apart of the descriptive
median MINORS score, no meaningful statistical ana
lysis was feasible in this systematic review given the
heterogeneity of the statistical methods applied for the
described endpoints in the included original studies.

RESULTS
The systematic literature search of the databases yielded
a total of 180 publications (Figure 1). No article was iden
tified in the Cochrane Library or Lista (EBSCO) and no
additional records were retrieved from the manual search
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Table 1 Methodological index for non-randomized studies criteria for selected studies on recurrent primary sclerosing cholangitis
after liver transplantation
Study design
Ref.

Year

Study
aim

Cholongitas et al[21]
Alabraba et al[20]
Moncrief et al[24]
Gelley et al[22]
Ravikumar et al[25]
Hildebrand et al[23]

2008
2009
2010
2014
2015
2016

2
2
1
1
2
2

Data recording and data quality

Consecutive
Data
patients
collection
2
2
2
2
2
2

Reported Equivalent Follow-up
endpoints
groups
period

1
1
1
1
1
1

1
1
1
1
2
1

0
0
0
0
0
0

2
2
2
0
2
2

Study assessment

Loss to
Outcome
follow-up evaluation
bias
0
0
0
0
0
0

1
2
1
0
2
1

MINORS
score

Statistical
methods
2
2
2
0
2
2

11
12
10
5
13
11

Records identified through
database searching
(n = 180)

Additional records identified
through other sources
(n = 0)

Records excluded
(n = 43)
Title screening (n = 7)
Abstract screening (n = 36)

Full-text articles assessed for
eligibility
(n = 13)

Full-text articles excluded
(n = 5)
[8]
Duplication of data (n = 1)
[14,15]
Conference abstract (n = 2)
[16,17]
Cohort studies (n = 2)

Studies included in qualitative
assessment
(n = 8)

Studies excluded
(n = 2)
[18,19]
No endpoints reported (n = 2)

Included

Records screened
(n = 56)

Eligiblility

Records after duplicates removed
(n = 56)

MINORS
criteria

Screening

Identification

MINORS: Methodological index for non-randomized studies.

Studies included in review
(n = 6)

Figure 1 PRISMA flowchart depicting literature search. References are indexed by superscript numericals.

Inflammatory bowel disease

noticeable that almost exclusively livers from donors after
brain death were utilized, a fact that is likely explained by
era of transplantation prior to increased transplantation
of organs from donors after circulatory death.
Recipient factors such as younger age and advanced
severity of liver disease were described as independent
risk factors for rPSC (Table 3) but are given at the
time of transplantation; it is logical that these cannot
be addressed with the aim to improve outcome. The
studies further suggest that a better graft selection
with avoidance of donors with extended criteria, higher
age and higher body mass index (BMI) could aid in pre
venting rPSC.

WJG|www.wjgnet.com

PSC develops in 2.4% to 7.5% of patients with inflam
matory bowel disease (IBD) while 70% to 85% of pa
tients with PSC will manifest symptoms of IBD during
[26]
their lifetime . Of the two distinct subtypes of IBD,
ulcerative colitis has the strongest association with PSC
[7]
accounting for 90% of the cases . In line with this, data
[23]
from Hildebrand et al indicate that rates of IBD exceed
the presence of UC in both rPSC and non-rPSC groups by
approximately 10%. The majority of the studies (3 out of
4) stated a higher rate of IBD in LT recipients with rPSC
ranging between 86% to 100% compared to the nonrPSC group (71%-79%) with the exception of Alabraba
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Table 2 Demographics of study cohorts comparing liver transplantation recipients with and without recurrent primary sclerosing
cholangitis in the liver graft
Number n
(rPSC vs
no rPSC)

Time to
diagnosis of
rPSC (yr)

Follow-up
(yr)

Recipient
age at LT
(yr)

Recipient
gender
(male)

Cholongitas 2008 1989-2004
et al[21]

7 (13)
vs
46 (87)

5 (0.3-10)1

9.1 (1-15.4)1

35 ± 15

5 (71)
vs
25 (54)

NR

33 ± 18

Alabraba
et al[20]

2009 1986-2006

2010 1989-2006

Gelley
et al[22]

2014 1995-2011

50 (82)
vs
149 (74)
13 (87)
vs
33 (75)
3 (50)
vs
13 (68)

NR

Moncrief
et al[24]

61 (23)
vs
202 (77)
15 (25)
vs
44 (75)
6 (24)
vs
19 (76)

vs
44 ± 142
NR

Ravikumar
et al[25]

2015 1990-2010

Hildebrand
et al[23]

2016 1990-2006

Ref.

Year

Study
period

81 (14)
vs
484 (86)
62 (20)
vs
243 (80)

4.6 (0.5-12.9)1 6.9 (0-19.9)1

3.4 (1.5-5.5)

5.7 (2.8-8.8)

NR

NR

NR

9 (5-14)

4.6 (0.5-14.3)3

8.2 (0-22)3

vs
42 ± 132
48 (16-72)1

45 (36-53)
vs
47 (37-52)
27 ± 7
vs
37 ± 122
43 (34-55)
vs
49 (41-57)
39 ± 11.5
vs
39 ± 10.82

61 (75)
vs
344 (71)
48 (77)
vs
160 (66)

MELD at LT Donor age
(yr)

Donor
gender
(male)

Donor type
(DBD)

6 (86)
vs
27 (59)

NR

NR

NR

NR

61 (100)
vs
202 (100)
NR

39 ± 14

NR

NR

16 ± 6

vs
35 ± 112
39 (28-53)
vs
43 (32-54)
43.6 ± 16

46 (57)
vs
268 (55)
NR

80 (99)
vs
467 (96)
NR

vs
14 ± 72

vs
40.1 ± 16.92

18 (13-21)
vs
14 (10-21)
16 ± 5
vs
11 ± 42
NR

Data are reported as n (%) and median (interquartile range) unless indicated as 1median (range), 2mean ± SD and 3mean (range). DBD: Donation after brain
death; LT: Liver transplantation; MELD: Model of end-stage liver disease; NR: Not reported; rPSC: Recurrent primary sclerosing cholangitis.

[20]

et al who observed an equivalent rate of IBD presence
between groups reaching 72% and 70%, respectively
(Table 4). Two studies exclusively reported on ulcerative
colitis (UC) with a higher prevalence of UC in rPSC (78%
[21,25]
-100%) vs non-rPSC (52%-56%)
.
The available results of 4 studies on timing of IBD/
UC diagnosis demonstrates that IBD/UC occurs more
frequently in LT recipients with rPSC both prior to trans
plantation (65%-83% vs 46%-74%) and de novo after
transplantation (13%-29% vs 2%-6%). There is also
consensus amongst reports that the overall presence of
IBD/UC after LT is considerably higher in cases of rPSC
(65%-100% vs 42%-79%). IBD, either by presence of
[21,23,25]
[22,23]
UC post-LT
or severe active IBD
, was reported
as an independent risk factor for disease recurrence of
PSC in the liver allograft in four studies which included
the two multi-centre studies (Table 3).

identified as a risk factor for rPSC on univariable analysis
[20,25]
(Table 3)
. The remaining four publications reported
[21-24]
no significant effect of colectomy on rPSC
. Still, as a
trend towards a role of colectomy in preventing rPSC was
found in some of the aforementioned studies, the lack of
significance may be related to a type 2 statistical error as
frequently seen in underpowered studies.
Data on the type of colectomy in the identified publi
cations is scarce and contradictory. Segmental/subtotal
colectomy was more often described in the multi-centre
[25]
study by Ravikumar et al
while pan-proctocolectomy
(specifically post-LT) was the preferred colorectal ap
proach in LT recipients with rPSC in the work of Alabraba
[20]
et al . Pan-proctocolectomy was compared to other
forms of colectomy in which remnant colorectal tissue
remained in situ (segmental/subtotal colectomies and
ileoanal pouch). Disregarding timing of colectomy, the
overall assessment of type of colectomy revealed no
significant difference in the risk for rPSC in LT recipients
in both of the aforementioned studies. However, in the
subgroup of post-LT colectomies, the risk of rPSC was
significantly lower in patients who had undergone either
pan-proctocolectomy or subtotal colectomy compared
[20]
with LT recipients with ileoanal pouch .

Presence, timing and type of colectomy

None of the identified publications focused on the role
of colectomy in prevention of rPSC, but some of them
examined it within a broader assessment of risk factors
for rPSC. Colectomy at any time was carried out at lower
[21,24]
(7%-14% vs 20%-26%)
or equal rates (23%-34%
[20,22,25]
vs 18%-32%)
in LT recipients with rPSC compared
to the PSC cohort without recurrent disease in the liver
allograft. The timing of colectomy, reported in 5 out of 6
studies, differed consistently between the two groups:
colectomy in patients with rPSC was performed mainly
post-LT (14%-34% vs 10%-13%) and less often preand peri-LT (0-7% vs 8%-21%) (Table 4). Two of the
high quality studies conclude that (pre-/peri-LT) colectomy
has a protective effect on rPSC in the liver allograft as the
presence of a non-resected colon at transplantation was

WJG|www.wjgnet.com

Immunosuppression

Tacrolimus and cyclosporine A were used as mainstay
immunosuppression in all identified studies. In the group
with rPSC, the main choice of calcineurin inhibitor (CNI)
[20,21]
was cyclosporine A (71%-72%) in two reports
and
[22,23,25]
tacrolimus (44%-67%) in three publications
,
while the two drugs were utilized in a similar fashion in
[24]
the study of Moncrief et al
(Table 4). Compared to
LT recipients without rPSC, cyclosporine A was more
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Table 3 Summary of study outcomes on impact of colectomy on recurrent primary sclerosing cholangitis, inflammatory bowel
disease-specific risk factors and non-inflammatory bowel disease-specific risk factors for recurrent primary sclerosing cholangitis
Ref.

Year

Colectomy

IBD-specific risk factor for rPSC

non-IBD risk factor for rPSC

1

Cholongitas et al[21]
Alabraba et al[20]

2008
2009
2010

Presence of UC post-LT
Presence of intact (i.e., retained) colon
(independent of IBD or UC)
None

Need for maintenance steroids post-LT
EDC grafts

Moncrief et al[24]

No effect
Protective
(pre- and peri-LT)
No effect

Gelley et al[22]

2014

No effect

Severe active IBD

1

Ravikumar et al[25]

2015

Presence of UC post-LT

Hildebrand et al[23]

2016

Protective
(univariate analysis)
No effect

At least one episode of ACR
CMV mismatch
Higher donor BMI
Younger recipient age
Younger recipient age

IBD, UC, and in particular active colitis
post-LT

Higher donor age
Higher INR at LT

1

Studies reporting exclusively on ulcerative colitis. ACR: Acute cellular rejection; BMI: Body mass index; CMV: Cytomegalovirus; EDC: Extended donor
criteria; IBD: Inflammatory bowel disease; INR: International normalized ratio; LT: Liver transplantation; rPSC: Recurrent primary sclerosing cholangitis;
UC: Ulcerative colitis.

Table 4 Primary outcomes of study cohorts comparing liver transplantation recipients with and without recurrent primary sclerosing
cholangitis in the liver graft
Ref.

Year

Presence of Time of IBD Presence of
IBD
diagnosis (pre- IBD (post(ever)
LT/de novo )
LT)

Time of
colectomy
pre- and periLT/post-LT

Type of colectomy

Primary
immunosuppression

Secondary
immunosuppression

1

Cholongitas
et al[21]

2008

7 (100)
vs
26 (56)

5 (71)/2 (29)
vs
25 (54)/1 (2)

7 (100)
vs
26 (56)

0 (0)/1 (14)
vs
6 (13)/6 (13)

NR

NR

NR

1 (2)/14 (23)
vs
28 (16)/18 (10)

AZA
3 (43) vs 22 (48)
OKT3 or ATG
2 (29) vs 11 (24)
None
1 (2) vs 3 (2)
OKT3
0 (0) vs 2 (2)

15 (100)
vs
33 (75)

11 (73)/4 (27)
vs
31 (70)/2 (5)

13 (87)
vs
24 (55)

1 (7)/NR
vs
9 (20)/NR

Panproctocolectomy
7 (13) vs 15 (8)
Segmental + subtotal
5 (9) vs 21 (12)
Ileoanal pouch
3 (6) vs 10 (6)
NR

TAC
2 (29) vs 25 (54)
CyA
5 (71) vs 21 (46)
TAC
16 (26) vs 104 (51)
CyA
44 (72) vs 95 (47)

Alabraba
et al[20]

2009

39 (72)
vs
123 (70)

Moncrief
et al[24]

2010

NR

2014

6 (100)
vs
15 (79)

5 (83)/1 (17)
vs
14 (74)/1 (5)

6 (100)
vs
15 (79)

0 (0)/2 (34)
vs
4 (21)/2 (11)

NR

1

Ravikumar
et al[25]

2015

51 (78)
vs
220 (52)

42 (65)/9 (13)
vs
193 (46)/27 (6)

43 (66)
vs
181 (42)

5 (6)/14 (17)
vs
40 (8)/46 (10)

Panproctocolectomy:
2 (2) vs 22 (5)
Segmental + subtotal:
16 (20) vs 41 (8)
Other: 1 (1) vs 17 (4)

TAC
7 (47) vs 28 (64)
CyA
8 (53) vs 14 (32)
TAC
4 (67) vs 14 (74)
CyA
2 (33) vs 5 (26)
TAC
36 (44) vs 330 (68)
CyA
20 (25) vs 55 (11)

Gelley
et al[22]

Hildebrand
et al[23]

2016

53 (86)
vs
167 (71)

NR

48 (77)
vs
138 (59)

NR

NR

TAC
41 (67) vs 150 (66)
CyA
32 (53) vs 124 (55)

NR

AZA
26 (32) vs 212 (44)
MMF
10 (12) vs 67 (14)
Steroids
38 (47) vs 285 (59)
Steroids
41 (70) vs 133 (60)

Data are expressed as n (%). 1Studies reporting exclusively on ulcerative colitis. ATG: Anti-thymocyte globulin; AZA: Azathioprine; CyA: Cyclosporine A;
IBD: Inflammatory bowel disease; LT: Liver transplantation; MMF: Mycophenolate mofetil; NR: Not reported; OKT3: Muromonab-CD3; TAC: Tacrolimus.

cyclosporine A carried a 2-fold increased risk for rPSC on
univariate analysis; however, the association between
cyclosporine A use and rPSC was lost when adjusted for
transplantation era and in the multivariable model.
Azathioprine and steroids were less frequently used
long-term in LT recipients with rPSC in the multi-centre

often administered in the group with rPSC in 4 studies
[20,21,24,25]
(25%-72% vs 11%-47%)
and to an equal
extent in the two remaining publications (33%-53%
[22,23]
vs 26%-55%)
. The choice of CNI had no effect on
the risk of rPSC in 5 out of 6 studies while Ravikumar et
[25]
al
found that maintenance immunosuppression with

WJG|www.wjgnet.com
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[25]

[37]

study by Ravikumar et al , yet none of secondary
immunosuppressant agents used were significantly asso
ciated with rPSC. Three further publications mention
choice and frequency of secondary immunosuppression
and describe no difference in the use of OKT3, antithymocyte globulin and steroids between the two study
[20,21,23]
groups
.

have to be awaited . Yet, it is encouraging that newer
studies have reported that liver grafts from donors after
circulatory death can be safely utilized in LT candidates
with PSC and, although the incidence of ischemic-type
biliary lesions was increased in the donor group after
circulatory death compared to donors after brain death,
the incidence of anastomotic strictures or rPSC was not
[38]
different between donor groups .
Considering the overall limitations in donor selection,
the main targets in preventing rPSC appear to be factors
in the management of the LT recipient such as frequently
co-existing inflammatory bowel disease. Interestingly,
it has been recently described that the coexistence of
both ulcerative colitis and PSC in the same patient is
associated with an increased risk of native liver disease
progression and either need for liver transplantation or
[39]
death . Given the overall increased incidence of IBD in
rPSC, it may therefore be hypothesized that the same
pathways that drive PSC in the non-transplant popu
lation are engaged in the development of rPSC after LT
such as shared leukocyte recruitment pathways of the
[10,11]
gut-liver axis
and bacterial translocation into the
[9]
portal circulation from an inflamed gut . While it was
reported that active colitis and the need for maintenance
steroids (> 3 mo), mainly reflecting UC activity and not
[21,23]
graft dysfunction, significantly predispose to rPSC
,
the distinct impact of disease severity of IBD on rPSC
has not been well assessed in the present studies.
[21]
Cholongitas et al
are the only study that reported in
more detail that UC disease extension (distal or total),
UC activity per se, and the post-LT course of UC in terms
of severity, number of admissions for UC and utilization
of immunosuppression for UC exacerbation was not as
sociated with rPSC. Controversy however exists about
the clinical course of pre-existing IBD post-LT in general
as conflicting data either point towards ameliorated
[40,41]
bowel disease
or reports poorly-controlled IBD
[42,43]
exacerbation
. De novo IBD after LT occurs at a var
[42]
iable incidence of 1.3%-31.3% . The 10-year risk to
develop de novo IBD in the transplanted PSC population
is estimated to be 14%-30% with a median time to
[44]
onset of 4 years . Even though de novo IBD usually
presents later after transplantation and responds better
[43]
to medical therapy compared to IBD recurrence , it
has paradoxically been shown in the multi-centre study
[25]
by Ravikumar et al that the diagnosis of de novo UC
was associated with a higher risk of rPSC compared to
UC diagnosis prior LT. Liver cirrhosis attenuates T-cell
function and the aforementioned finding raises the in
teresting question whether rPSC is driven by restored
T-cell function as it has been implemented for increased
[45]
IBD disease activity of previously quiescent colitis .
The leading indications for colectomy in patients with
concomitant UC and PSC are the presence of colorectal
neoplasia and severe colonic inflammation in both the
[32,46]
pre- and post-transplant setting
. The overall neces
sity for colectomy due to disease activity of UC was found
to be reduced in patients with advanced PSC needing
[47]
liver transplantation . Yet, colectomy prior to but not
after PSC diagnosis is beneficial leading to a decreased

DISCUSSION
PSC is a complex liver disease characterized by chronic
[1]
inflammation of the biliary epithelium . The patho
genesis is not fully understood but immune dysregulation
in genetically susceptible individuals is thought to play a
[27]
major role . Noticeably, PSC recurs in only one fifth of
[28]
the transplant population which implies that the natural
course of PSC is altered after LT. As universally required
in solid organ transplantation, management of the
transplanted patient includes immunosuppression which
might partially downregulate the immune pathways in
volved in the development of PSC. The CNI tacrolimus
and cyclosporine A remain the cornerstone of modern
[29]
treatment regimens to reduce allograft rejection . Both
drugs inhibit different stages of the T-lymphocyte and
B-lymphocyte activation cycles by interfering with the
interleukin-2 pathway but bind to diverse intracellular
[30]
target molecules and differ in potency and spectrum of
[31]
immune modulation .
However, none of the immunosuppressive regimen
utilized in the selected studies conveyed a significant
benefit in disease recurrence of PSC. Assuming that
the analyzed studies reflect real world practise and that
no true differences exist between the two CNI affecting
the development of rPSC, this would imply that both
drugs either do not target the hypothesized immune
mechanisms of rPSC or do so in a similar fashion. The
latter seems unlikely given the fact that the use of tacro
limus is associated with increased IBD activity and the
[32]
development of de novo IBD post-LT . In line with
this, a large Nordic cohort study identified tacrolimus
[17]
as independent risk factor for rPSC . On the other
hand, bearing in mind that tacrolimus is more potent in
[31]
preventing liver allograft rejection and that acute cel
[24,33]
lular rejection can drive rPSC (Table 3)
, one would
choose tacrolimus as the preferred immunosuppressive
regimen with regard to prevention of rPSC. It remains
possible that the significance of cylosporine A as a risk
factor for rPSC was lost in the work of Ravikumar et
[25]
al
due to high statistical dependence with another
variable, something that could be further investigated by
[34]
Spearman’s rank correlations in future studies .
Suggestions have been made that the selection of
[22,23,25]
better quality grafts could aid in preventing PSC
;
however, the translation of such an approach might prove
difficult in the era of organ shortage as more marginal
[35]
grafts are utilized to expand the donor pool . It is
especially recognized that the donor age has significantly
[36]
increased over the past decades and continues to rise .
The impact of new technologies such as normothermic
machine perfusion of marginal liver grafts on rPSC will
WJG|www.wjgnet.com
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[48]

risk of liver transplantation or death . It was therefore
especially relevant to analyze the identified studies
regarding the impact of timing and type of colectomy
on rPSC as it can be hypothesized that the prognosis of
the liver allograft is altered depending on exposure to
the UC environment or complete eradication of intestinal
inflammatory factors and the intestinal microbiome
prior to graft implantation. Within the limitations of retro
spective publications, the data overall supported a protec
tive role of colectomy in rPSC if carried out prior to or at
the time of LT. The fact that intestinal dysbiosis has been
[12]
implemented in the pathogenesis of PSC and therefore
possibly also rPSC, could explain why the presence of an
intact (i.e., retained) colon post-LT significantly increased
the risk of rPSC in the Birmingham series independently
[20]
of colonic inflammation . The included studies have
not investigated whether the specific subpopulation of
LT recipients with rPSC undergoing re-transplantation
for graft failure represent a highly selected subgroup of
patients that would in particular benefit from colectomy
prior to or at the time of regrafting. This is something
that could be investigated in future prospective studies or
within the setting of a controlled study.
Peri-transplant morbidity and mortality associated
to the previous colectomy procedure and complications
arising from colectomy after LT were not investigated
by any of the included studies. It is however known from
the literature that the postoperative morbidity is high in
colectomy in cirrhotic PSC patients. In particular, haemor
rhagic complications and worsening liver function as well
as sever liver failure requiring rescue LT are frequently
[46,49,50]
encountered and are therefore of major concern
.
Although historic reports on proctocolectomy in patients
with PSC/UC have described no effect on patient survival
[51]
in the pre-transplant setting , it is now recognized that
mortality due to septic shock and hepatic failure occurs
in pre-LT colectomy indicating that a simultaneous ap
proach with colectomy at the time of transplantation
might be better considered in patients with advanced
[46,49]
PSC
. The type of colectomy appears without effect
on the risk of rPSC, although one study found a higher
risk of rPSC in LT recipients who underwent ileoanal
[20]
pouch formation post-LT . Although not reported in the
selected studies and unrelated to rPSC, it should be taken
into consideration that poor functional outcome as well
as high rates of pouchitis (up to 90%) and pouch failure
[42,52]
occur after ileoanal pouch formation in PSC patients
.
It is a limitation of this review that only retrospective
and observational reports were available to investigate
the role of colectomy in rPSC. Furthermore, compared
to other topics, a rather small number of studies were
identified and included in our analysis. However, the
selected studies were mainly of high quality and therefore
reliably present the best evidence available.
In conclusion, this systematic review revealed no
prospective or matched studies with comparative data
on rPSC and non-rPSC. The identified retrospective,
observational reports were mainly of high quality and
examined the impact of colectomy on liver disease re
currence within a broader assessment of risk factors
WJG|www.wjgnet.com

for rPSC. Within the limitations of scarce retrospective
publications, the available data supports a protective
role of colectomy in rPSC if carried out prior to or at the
time of LT. This was indirectly underpinned by the strong
association of rPSC with IBD, UC and in particular active
colitis post-LT. The heterogeneity in the presentation of
UC and its progression as well as the general difficulty in
grading severity of IBD explain the lack of publications
correlating bowel disease severity and colectomy in the
development of rPSC. Choice of immunosuppression
did not affect rPSC and pan-proctocolectomy was not
superior compared to other forms of colectomy (ileoanal
pouch and segmental-/-subtotal colectomies) in which
residual colorectal tissue or intestinal microbiota could
fuel immunopathogenic pathways. Taken together, the
overall evidence is not strong enough to advocate routine
colectomy. Prospective, matched studies and randomized
trials on timing and type of colectomy in LT candidates
with PSC, which should include analysis of peri-colectomy
morbidity, are warranted for an adequate risk-benefit
decision. However, as graft selection is limited in the
era of marginal organ utilization, pre- or peri-LT timing
of colectomy in LT candidates that are likely to require
colectomy in due time based on IBD activity is a route
that could be further explored with a view to improve
outcomes after LT for PSC.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Recurrence of PSC (rPSC) following liver transplantation occurs in up to a
quarter of transplant recipients. Prophylactic colectomy has been proposed as
a strategy to reduce the incidence of rPSC.

Research motivation

Current literature on the benefit of prophylactic colectomy for prevention of rPSC
post liver transplantation does not include any randomized controlled trials.
Findings of reported studies need thus to be examined in a critical way, to assess
strength of current evidence and to highlight areas for future improvement.

Research objectives

This study aims to critically review the existing evidence regarding prophylactic
colectomy for prevention of post liver transplant rPSC, to evaluate reported
studies and to identify shortcomings that should be addressed in future studies.

Research methods

A systematic review was carried out, using structured search terms and a
reproducible study selection procedure. Data were extracted and tabulated.
The quality of the included studies was evaluated according to modified
methodological index for non-randomized studies criteria.

Research results

From a total of 180 publications, 6 were included in the final analysis and all of
them were retrospective cohort studies. There was significant heterogeneity in
the studied samples, regarding other prognostic factors as well as timing and
type of colectomy, but the overall evidence favoured a protective role of pre-/
peri- liver transplantation (LT) colectomy in rPSC.

Research conclusions

This study reviews and reports the results of the existing literature in a systematic
and objective way. In the absence of randomized prospective studies, such an
approach is indicated for drawing conclusions based on findings of retrospective
cohort studies. It confirms the overall impression that colectomy might convey
protection against rPSC after LT, but the current literature cannot provide definite
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answers. Finally, our work identifies a lack of comparable groups and failure to
report loss to follow-up as the main limitations of reported studies.

14

Research perspectives

According to the findings of the present study, prophylactic colectomy seems to
play a protective role in rPSC post LT, but the existing evidence is not strong.
The question would be better answered through prospective randomized
trials. It is understood though that such attempt might face several difficulties,
particularly in terms of sample size. Alternatively, if retrospective studies
were to be carried out, they should include comparison between two groups,
those who undergo prophylactic colectomy and those who don’t, and patients’
characteristics, follow-up and outcomes should be reported in a more detailed
way.
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AIM
To assess the incidence of hepatitis B virus (HBV) react
ivation in patients receiving direct-acting antiviral agent
(DAA)-based therapy or interferon (IFN)-based therapy
for hepatitis C and the effectiveness of preemptive antiHBV therapy for preventing HBV reactivation.

Conflict-of-interest statement: There is no conflict of interest
in this study.

METHODS
The PubMed, MEDLINE and EMBASE databases were
searched, and 39 studies that reported HBV reactivation
in HBV/hepatitis C virus coinfected patients receiving DAAbased therapy or IFN-based therapy were included. The
primary outcome was the rate of HBV reactivation. The
secondary outcomes included HBV reactivation-related
hepatitis and the effectiveness of preemptive anti-HBV
treatment with nucleos(t)ide analogues. The pooled
effects were assessed using a random effects model.

PRISMA 2009 Checklist statement: The PRISMA checklist
has been adopted.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The rate of HBV reactivation was 21.1% in hepatitis B
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surface antigen (HBsAg)-positive patients receiving DAAbased therapy and 11.9% in those receiving IFN-based
therapy. The incidence of hepatitis was lower in HBsAgpositive patients with undetectable HBV DNA compared to
patients with detectable HBV DNA receiving DAA therapy
(RR = 0.20, 95%CI: 0.06-0.64, P = 0.007). The pooled
HBV reactivation rate in patients with previous HBV
infection was 0.6% for those receiving DAA-based therapy
and 0 for those receiving IFN-based therapy, and none of
the patients experienced a hepatitis flare related to HBV
reactivation. Preemptive anti-HBV treatment significantly
reduced the potential risk of HBV reactivation in HBsAgpositive patients undergoing DAA-based therapy (RR =
0.31, 95%CI: 0.1-0.96, P = 0.042).

Recently, interferon (IFN)-based treatment for HCV
infection has been gradually replaced by direct-acting
antiviral agent (DAA)-based therapy due to the higher
HCV sustained virologic response (SVR) rate and greater
tolerability of DAA-based therapy. However, concerns
have been raised regarding HBV reactivation in patients
receiving DAA therapy. HBV reactivation may occur after
immunosuppression therapy and chemotherapy and may
result in reactivation-related hepatitis, liver failure, need
[4]
for liver transplantation, and even death . Similarly, HBV
reactivation can occur in HBV/HCV-coinfected patients
[5]
undergoing IFN-based or DAA-based treatment . The
United States Food and Drug Administration (FDA)
has reported 29 cases of HBV reactivation, and liver
failure occurred in three of these cases after DAA-based
[6]
treatment . As a result, the FDA introduced a black box
warning regarding HBV reactivation risk in HBV/HCV[7]
coinfected patients receiving DAA therapy .
A previous meta-analysis reported the proportion of
HBV reactivation in HBV/HCV-coinfected individuals, but
only two of the included publications involved HBV react
ivation with DAA-based therapy. Moreover, the need for
[8,9]
preemptive anti-HBV therapy remains controversial .
Therefore, we conducted a comprehensive meta-analysis
to assess the incidence of hepatitis B reactivation in
patients receiving DAA-based therapy or IFN-based
therapy and the effectiveness of preemptive anti-HBV
therapy for preventing HBV reactivation.

CONCLUSION
The rate of HBV reactivation and hepatitis flare occurrence
is higher in HBsAg-positive patients receiving DAA-based
therapy than in those receiving IFN-based therapy, but
these events occur less frequently in patients with pre
vious HBV infection. Preemptive anti-HBV treatment is
effective in preventing HBV reactivation.
Key words: Hepatitis C; Hepatitis B virus reactivation;
Coinfection; Direct-acting antiviral agents; Meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We assessed the potential risk of hepatitis B
virus (HBV) reactivation in patients receiving direct-acting
antiviral agent (DAA)-based therapy or interferon-based
therapy for hepatitis C. Preemptive anti-HBV treatment
proved to be effective in preventing HBV reactivation
during DAA therapy. These findings support the use
of entecavir or tenofovir in hepatitis B surface antigenpositive patients prior to the initiation of DAA therapy.

MATERIALS AND METHODS
Data search strategy

This systematic review was based on published literature
and included 39 studies. Figure 1 shows the literature
search process for the meta-analysis. Relevant publi
cations were extracted from the PubMed, MEDLINE and
EMBASE databases from inception to December 30,
2017 using the following key words and subject terms:
hepatitis B virus, hepatitis C virus, HBV and HCV dual
infection, coinfection and reactivation. The data search
was not limited by language or study type. In addition,
the reference lists of relevant reviews and online con
ference abstracts were also screened. When two pub
lications investigated the same population, only the most
recent study or the more detailed study was included.
[10]
Our review adhered to the PRISMA guidelines , and
the protocol was registered on PROSPERO (registration
number: CRD42018085920).

Jiang XW, Ye JZ, Li YT, Li LJ. Hepatitis B reactivation in
patients receiving direct-acting antiviral therapy or interferonbased therapy for hepatitis C: A systematic review and metaanalysis. World J Gastroenterol 2018; 24(28): 3181-3191
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i28/3181.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i28.3181

INTRODUCTION
Hepatitis B virus/hepatitis C virus (HBV/HCV) dual in
fection is common in regions with a high HBV prevalence,
[1]
as HBV and HCV share a similar mode of transmission .
The global prevalence of HBV/HCV dual infection is appro
ximately 5%-10% in patients with chronic HCV infection,
and the prevalence is reported to be 8.4% in China and
[2]
12%-14% in East Asia . HBV/HCV-coinfected patients
tend to have more severe liver fibrosis and a higher
risk of hepatocellular carcinoma than those without coin
[3]
fection .

WJG|www.wjgnet.com

Study selection

Studies included in the meta-analysis were required to
meet the following criteria: (1) Conducted in patients
treated with DAA-based therapy or IFN-based therapy;
and (2) involved with HBV reactivation or HCV SVR after
anti-HCV treatment. The following studies were excluded:
(1) Studies in patients with human immunodeficiency
virus coinfection; and (2) case reports and studies with
no extractable data.
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Records identified through
database searching
(n = 7092 )

Additional records identified
through other sources
(n = 11)

Records after duplicates removed
(n = 3612)

Records screened
(n = 3612)

Records excluded
(n = 3499)

Full-text articles
assessed for eligibility
(n = 113 )

Full-text articles excluded (n = 74)
13 case reports
19 repeated studies
26 did not involve anti-HCV treatment
14 full text was not available
2 coinfected with HIV

Studies included in
qualitative synthesis
(n = 39 )

Studies included in
quantitative synthesis
(meta-analysis)
(n = 39)

Figure 1 Literature search process for the systematic review and meta-analysis. HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

The primary outcome was HBV reactivation in accor
dance with the American Association for the Study of
[11]
Liver Diseases (AASLD) criteria : (1) Chronic HBV
infection (HBsAg-positive; increase in HBV DNA > 2 log
IU/mL from baseline level or HBV DNA > 100 IU/mL in
patients with previously undetectable HBV DNA); and (2)
previous HBV infection (HBsAg-negative, HBcAb-positive;
HBsAg changed from negative to positive or HBV DNA ≥
20 IU/mL during treatment). The secondary outcomes
included HBV reactivation-related hepatitis, the HCV SVR
at the end of anti-HCV treatment and the efficacy of pre
emptive anti-HBV treatment with nucleos(t)ide analogues
(NUCs). A hepatitis flare was defined as a concomitant
increase in alanine aminotransferase of at least twice the
upper limit of normal.

in each tool. Studies of “poor” quality suggested a high
[12]
risk of bias .

Statistical analysis

The meta-analysis was conducted in Stata version
14.0 (StataCorp, College Station, TX, United States)
using the metan, metaprop, metareg and metabias
commands. The incidence rates of HBV reactivation
and hepatitis flare were calculated using the random
effects model, and the Freeman-Tukey double arcsine
transformation was used to stabilize the variance of the
[13]
raw data . The pooled relative risk (RR) with 95%CIs
for HBV reactivation and hepatitis flare was calculated
according to the HBV DNA level with an inverse variance
approach. The heterogeneity in the pooled studies was
2
estimated with the I statistic. Significant heterogeneity
was investigated using meta-regression and subgroup
analyses for treatment regimen (IFN-based therapy vs
DAA-based therapy), HBV DNA level (detectable HBV
DNA vs undetectable HBV DNA), study sample size (n
< 30 vs n ≥ 30) and race (Asian vs non-Asian). A twosided P value less than 0.05 was regarded as statistically
significant. Publication bias was tested using Egger’s test
and was assessed by funnel plots.

Data extraction and quality assessment

Qualitative studies were selected for the meta-analysis,
and both reviews and case reports were excluded. All
data were extracted by two independent investigators.
The data included the following: Study design, study year,
country, patient age and sex, total number of patients
treated, number of patients with HBV reactivation and
reactivation-related hepatitis, number of patients with
SVR, HBV DNA level and HBV marker status at baseline,
and treatment regimen and duration.
The quality assessment tools (Systematic Evidence
Review from the Risk Assessment Work Group) from
the National Institutes of Health were used to assess
the methodological quality of the cohort studies and ran
domized controlled trials. Each study was assessed as
“good”, “fair”, or “poor” quality using the items included

WJG|www.wjgnet.com

RESULTS
Study characteristics and quality assessment

The systematic review identified 7092 articles. After the
elimination of duplicates, the titles and abstracts were
screened, and 39 full articles met the inclusion criteria.
These studies were conducted between 1997 and 2017,
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Reactivation rate in chronic HBV infection
Author

Year

Total
No.
treated
of
Reactivation patients

ES
(95%CI)

%
Weight

DAAs-based
Gane
2016
3
Wang
2017
3
Yeh
2017
3
Belperio
2017
9
Liu
2017
2
Tamori
2017
3
Londoño 2017
1
Liu
2017
24
Mücke
2017
1
Macera
2017
5
Preda
2017
4
Subtotal (I2 = 0.000%, P = 0.634)

8
10
6
48
12
22
6
111
7
13
11

0.375 (0.085, 0.755)
0.300 (0.067, 0.652)
0.500 (0.118, 0.882)
0.188 (0.089, 0.326)
0.167 (0.021, 0.484)
0.136 (0.029, 0.349)
0.167 (0.004, 0.641)
0.216 (0.144, 0.304)
0.143 (0.004, 0.579)
0.385 (0.139, 0.684)
0.364 (0.109, 0.692)
0.211 (0.158, 0.269)

2.49
2.82
2.09
5.13
3.11
4.07
2.09
5.88
2.30
3.24
2.97
36.17

IFN-based
Liaw
1997
0
Villa
2001
1
Yalcin
2002
1
Chuang
2005
14
Saitta
2006
2
Senturk
2008
0
Potthoff
2008
4
Yu
2009
11
Erol
2009
2
Liu
2009
28
Vigano
2009
4
Hung
2011
4
Kim
2011
2
Yeh
2015
18
Aygen
2017
7
Subtotal (I2 = 78.170%, P = 0.000)

15
30
5
42
9
36
19
50
6
161
22
135
18
203
27

0.000 (0.000, 0.218)
0.033 (0.001, 0.172)
0.200 (0.005, 0.716)
0.333 (0.196, 0.495)
0.222 (0.028, 0.600)
0.000 (0.000, 0.097)
0.211 (0.061, 0.456)
0.220 (0.115, 0.360)
0.333 (0.043, 0.777)
0.174 (0.119, 0.241)
0.182(0.052, 0.403)
0.030 (0.008, 0.074)
0.111 (0.014, 0.347)
0.089 (0.053, 0.137)
0.259 (0.111, 0.463)
0.119 (0.063, 0.186)

3.46
4.53
1.86
4.97
2.66
4.77
3.84
5.17
2.09
6.09
4.07
6.00
3.75
6.19
4.37
63.83

0.157 (0.106, 0.215)

100.00

Heterogeneity between groups: P = 0.020
Overall (I2 = 72.662%, P = 0.000);
0

    0.25

       0.5

    0.75

Proportion (%)

Figure 2 Hepatitis B virus reactivation in hepatitis C virus patients with chronic hepatitis B virus infection. Pooled estimates of hepatitis B virus reactivation in
hepatitis C virus patients with chronic hepatitis B surface antigen-positive hepatitis B virus infection.

HBV reactivation

[14-21]

and included eight prospective cohort studies
,
[22-48]
twenty-seven retrospective cohort studies
, three
[49-51]
randomized controlled trials
and one case-control
[52]
study . A total of 3468 patients with a median age of
53 years, were enrolled, including 1060 HBsAg-positive
patients and 2408 patients with previous HBV infection.
Thirty-five of these studies reported the number of HBV
reactivations, thirty-five studies reported the number
of hepatitis flares, and thirty-six studies reported the
HCV SVR rates. HCV SVR with DAA-based therapy was
achieved in 202 of 203 HBsAg-positive patients and 486
of 507 HBsAg-negative but HBcAb-positive patients.
The baseline characteristics are shown in supplementary
Table 1.
All articles were assessed as being of fair to good
quality. However, studies with a small number of chronic
HBV infections may have a potential risk of bias. The
small-number effect on the pooled effect size was tested
by meta-regression. The quality assessment of the in
cluded studies is shown in supplementary Table 2.

WJG|www.wjgnet.com

The random effects pooled overall HBV reactivation
rate was 15.7% (95%CI: 10.6-21.5) in HBsAg-positive
patients receiving anti-HCV treatment with statistical
2
heterogeneity among the studies (I = 72.6%; P < 0.001;
Figure 2). Subgroup analysis was performed according
to the treatment regimen. The HBV reactivation rate
was higher in the DAA-treated group (21.1%, 95%CI:
15.8-26.9) than in the IFN-treated group (11.9%,
95%CI: 6.3-18.6; P = 0.02 for subgroup differences).
The HBV reactivation risk was further analyzed based on
the HBV DNA level. We found that the HBV reactivation
rate in patients with undetectable HBV DNA did not differ
from that in those with detectable HBV DNA receiving
either DAA-based or IFN-based therapy [relative risk
(RR) 1.26, 95%CI: 0.84-1.89; P = 0.255]. No significant
2
heterogeneity was found among the studies (I = 32.4%;
P = 0.123; Figure 3). Egger’s test showed a certain
publication bias (P = 0.03; Figure 4). Univariate metaregression analysis of the HBV reactivation rate showed
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HBV reactivation in patients with detectable and undetectable HBV DNA
Year

Author

RR
(95%CI)

DAAs-based
2017
Yeh
2017
Liu
2017
Londoño
2017
Mücke
2017
Liu
2017
Belperio
2017
Preda
2017
Macera
2017
Wang
Subtotal (I2 = 36.7%, P = 0.136)

5.60 (0.39, 79.70)
1.69 (0.84, 3.41)
1.80 (0.10, 31.52)
0.42 (0.02, 7.71)
1.40 (0.11, 17.45)
0.53 (0.16, 1.74)
2.50 (0.36, 17.17)
0.35 (0.13, 0.97)

%
Events,
Events,
HBV DNA HBV DNA Weight
(+)
(-)

1.25 (0.79, 1.98)

3/4
11/37
1/4
0/3
1/5
6/38
3/6
3/11
0/0
28/108

0/3
13/74
0/2
1/4
1/7
3/10
1/5
2/2
3/10
24/117

1.67
26.04
1.88
4.01
2.50
14.27
3.28
12.02
0.00
65.66

IFN-based
2008
Potthoff
2009
Vigano
2009
Erol
2015
Yeh
2017
Aygen
Subtotal (I2 = 39.4%, P = 0.159)

0.09 (0.01, 1.45)
0.55 (0.07, 4.02)
1.00 (0.09, 11.03)
3.78 (0.91, 15.63)
2.07 (0.14, 29.73)
1.30 (0.60, 2.81)

0/13
3/22
1/4
18/112
7/28
29/179

4/10
1/4
1/4
2/47
0/3
8/68

15.14
5.08
3.00
8.47
2.64
34.34

Overall (I2 = 32.4%, P = 0.123)

1.26 (0.84, 1.89)

57/287

32/185

100.00

0.00524

       1

   191

Relative Risk

Figure 3 Hepatitis B virus reactivation according to baseline hepatitis B virus DNA level in hepatitis C virus patients with chronic hepatitis B virus
infection. Relative risk of hepatitis B virus (HBV) reactivation according to baseline HBV DNA level in hepatitis C virus patients with chronic hepatitis B surface
antigen-positive HBV infection.

found using Egger’s test (P = 0.115).

Funnel plot with pseudo 95% confidence limits
0.0

HBV reactivation-related hepatitis

The incidence of hepatitis related to HBV reactivation was
0.7% (95%CI: 0-2.6) in HBsAg-positive patients with
2
statistical heterogeneity among the studies (I = 51.9%;
P = 0.001; Figure 6). Subgroup analysis revealed that
HBsAg-positive patients receiving DAA therapy (3.8%,
95%CI: 0.3-9.5) had a higher rate of HBV reactivationrelated hepatitis than those receiving IFN-based therapy
(0, 95%CI: 0-0.9; P = 0.007 for subgroup differences).
Egger’s test showed a significant publication bias (P =
0.015). None of the patients with previous HBV infection
experienced hepatitis related to HBV reactivation.
According to baseline HBV DNA level, the rate of
hepatitis was lower in patients with undetectable HBV
DNA than in patients with detectable HBV DNA (RR =
0.39, 95%CI: 0.17-0.89; P = 0.025; Figure 7). Sub
group analysis revealed that the rate of hepatitis was
lower in patients with undetectable HBV DNA than in
patients with detectable HBV DNA in the DAA-treated
group (RR = 0.20, 95%CI: 0.06-0.64; P = 0.007). In
addition, the incidence of hepatitis was similar in IFNtreated patients with undetectable or detectable HBV
DNA (RR = 1.10, 95%CI: 0.26-4.60; P = 0.895). No
2
significant heterogeneity was found among the studies (I
= 0; P = 0.633).

se (ES)

0.1

0.2

0.3

0.4
-1

-0.5

0.0

    0.5

   1

ES

Figure 4 Funnel plot of 26 studies estimating the hepatitis B virus
reactivation rates in hepatitis C virus patients with chronic hepatitis B
virus infection. The vertical line corresponds to the summary hepatitis B virus
reactivation rates as estimated from the random effect model. The publication
bias is presented; P = 0.03, as tested by Egger’s test.

that no baseline characteristics influenced the betweensubgroup variation (all P > 0.05)
In patients with previous HBV infection, the HBV
reactivation rate was 0.5% (95%CI: 0-1.3), with
2
significant heterogeneity among the studies (I = 61.5%;
P = 0.001; Figure 5). In the subgroup analysis, the in
cidence of HBV reactivation was not different between
the DAA-treated group (0.6%, 95%CI: 0-1.6) and the
IFN-treated group (0, 95%CI: 0-1.1; P = 0.241 for
subgroup differences). No significant publication bias was
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HBV reactivation with and without antiviral prophylaxis

We identified six studies that compared the HBV react
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Reactivation rate in previous HBV infection
No.
of
reactivation

Total
treated
patients

ES
(95%CI)

%
Weight

DAAs-based
Sulkowski
2016
Wang
2017
Yeh
2017
Ogawa
2017
Mücke
2017
Loggi
2017
Kawagishi
2017
Calvaruso
2017
Liu
2017
Tamori
2017
Londoño
2017
Doi
2017
Tang
2017
Belperio
2017
Subtotal (I2 = 66.257%, P = 0.000)

0
0
0
1
0
0
5
3
0
1
1
3
0
4

103
124
57
63
263
42
84
37
46
765
64
143
174
146

0.000 (0.000, 0.035)
0.000 (0.000, 0.029)
0.000 (0.000, 0.063)
0.016 (0.000, 0.085)
0.000 (0.000, 0.014)
0.000 (0.000, 0.084)
0.060 (0.020, 0.133)
0.081 (0.017, 0.219)
0.000 (0.000, 0.077)
0.001 (0.000, 0.007)
0.016 (0.000, 0.084)
0.021 (0.004, 0.060)
0.000 (0.000, 0.021)
0.027 (0.008, 0.069)
0.006 (0.000, 0.016)

6.49
7.00
4.80
5.08
8.84
3.98
5.90
3.66
4.22
10.45
5.13
7.39
7.90
7.45
88.29

IFN-based
Kawagishi
2017
Pastemak
2016
Subtotal (I2 = .%, P = .)

0
0

69
99

0.000 (0.000, 0.052)
0.000 (0.000, 0.037)
0.000 (0.000, 0.011)

5.34
6.37
11.71

0.005 (0.000, 0.013)

100.00

Author

Year

Heterogeneity between groups: P = 0.241
Overall (I2 = 61.508%, P = 0.001);
-0.25

       0

0.25

0.5

0.75

      1

Proportion (%)

Figure 5 Hepatitis B virus reactivation in hepatitis C virus patients with previous hepatitis B virus infection. Pooled estimates of hepatitis B virus (HBV)
reactivation in hepatitis C virus patients with previous hepatitis B surface antigen-negative but HBcAb-positive HBV infection.
[5]

ivation rate in HBsAg-positive patients with and without
antiviral prophylaxis during DAA-based therapy; these
studies included 39 patients who received preemptive
anti-HBV treatment at baseline and 104 patients who did
[16,17,22,23,36,41]
not receive preemptive anti-HBV therapy
.
None of the 39 patients receiving entecavir or tenofovir
developed HBV reactivation, but 21 of the 104 HBsAgpositive patients who did not receive antiviral prophylaxis
developed HBV reactivation and five patients developed
HBV reactivation-related hepatitis while undergoing DAA
therapy. This meta-analysis showed that preemptive
anti-HBV therapy with entecavir or tenofovir significantly
reduced the risk of HBV reactivation in patients receiving
DAA-based treatment (RR = 0.31, 95%CI: 0.1-0.96; P =
0.042). No statistical heterogeneity was found among
2
the included studies (I = 0; P = 0.954; Figure 8).

vastly different . The uniform definition of HBV reacti
vation according to the AASLD criteria was used in our
study, and the HBV reactivation rate was higher than
[5]
that reported by Chen et al . Furthermore, our review
showed that the rate of hepatitis was 3.8% in patients
who received DAA-based therapy, whereas the incidence
was 0 in patients who received IFN-based therapy.
Although the HBV reactivation rate was not different
between patients with undetectable or detectable serum
HBV DNA at baseline, patients with detectable HBV DNA
who received DAAs tended to have a higher proportion
[15]
of HBV reactivation-related hepatitis. Wang et al re
ported three patients who had clinically apparent HBV
[16]
reactivation, and one with hepatic failure. Macera et al
reported five HBsAg-positive patients with hepatitis,
two of whom developed hepatic failure despite rescue
treatment with NUCs. In addition, the FDA reported
three of twenty-nine patients with HBV reactivation who
[6]
developed liver failure during treatment with DAAs .
HBV reactivation occurred more frequently and the
clinical outcome was more severe in patients treated
with DAAs. This effect may be explained as follows: HBV
viral replication can be suppressed in patients with HCV
infection and the rapid suppression of HCV viral load by
DAA treatment may create a permissive environment
[53]
for HBV replication, resulting in HBV reactivation . In
addition, IFN exerts an antiviral effect to suppress HBV
[54]
replication and delay the time to HBV reactivation ,
but DAAs do not have any effect on the innate antiviral

DISCUSSION
Multiple studies have reported HBV reactivation in
HCV/HBV coinfected patients treated with DAA, but the
reactivation rate is unclear, and the clinical outcome can
[16]
range from ALT flares to liver failure and even death .
We found that the HBV reactivation rate was higher in
patients receiving DAA-based therapy than in those
receiving IFN-based therapy. A previous study showed an
HBV reactivation rate of 12.2% in DAA-treated patients,
but only 18 patients treated with DAA were enrolled in
the study, and the definition of HBV reactivation was
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Hepatitis due to HBV reactivation
Author

Year

No.
of
hepatitis

Total
treated
patients

ES
(95%CI)

%
Weight

DAAs-based
Gane
2016
Wang
2017
Yeh
2017
Belperio
2017
Tamori
2017
Londoño
2017
Liu
2017
Mücke
2017
Liu
2017
Macera
2017
Preda
2017
Subtotal (I2 = 40.755%, P = 0.077)

0
3
1
1
0
0
4
1
0
3
1

8
10
6
48
22
6
111
7
12
13
11

0.000 (0.000, 0.369)
0.300 (0.067, 0.652)
0.167 (0.004, 0.641)
0.021 (0.001, 0.111)
0.000 (0.000, 0.154)
0.000 (0.000, 0.459)
0.036 (0.010, 0.090)
0.143 (0.004, 0.579)
0.000 (0.000, 0.265)
0.231 (0.050, 0.538)
0.091 (0.002, 0.413)
0.038 (0.003, 0.095)

1.98
2.33
1.58
5.86
3.95
1.58
7.68
1.78
2.66
2.81
2.50
34.72

IFN-based
Liaw
1997
Yalcin
2002
Chuang
2005
Saitta
2006
Senturk
2008
Potthoff
2008
Yu
2009
Erol
2009
Liu
2009
Vigano
2009
Hung
2011
Kim
2011
Yeh
2015
Aygen
2017
Subtotal (I2 = 35.184%, P = 0.094)

0
1
0
0
0
0
1
0
0
0
0
1
3
3

15
5
42
9
36
19
50
6
161
22
135
18
203
27

0.000 (0.000, 0.218)
0.200 (0.005, 0.716)
0.000 (0.000, 0.084)
0.000 (0.000, 0.336)
0.000 (0.000, 0.097)
0.000 (0.000, 0.176)
0.020 (0.001, 0.106)
0.000 (0.000, 0.459)
0.000 (0.000, 0.023)
0.000 (0.000, 0.154)
0.000 (0.000, 0.027)
0.056 (0.001, 0.273)
0.015 (0.003, 0.043)
0.111 (0.024, 0.292)
0.000 (0.000, 0.009)

3.10
1.37
5.54
2.16
5.15
3.61
5.96
1.58
8.29
3.95
8.02
3.49
8.60
4.44
65.28

0.007 (0.000, 0.026)

100.00

Heterogeneity between groups: P = 0.007
Overall (I2 = 51.987%, P = 0.001);
0

0.25

0.5

0.75

Proportion (%)

Figure 6 Hepatitis B virus reactivation-related hepatitis in hepatitis C virus patients with chronic hepatitis B virus infection. Overall risk of hepatitis B virus
(HBV) reactivation-related hepatitis in hepatitis C virus patients with chronic hepatitis B surface antigen-positive HBV infection.
[34]

immune response.
Our meta-analysis revealed that preemptive antiHBV therapy with NUCs significantly decreased the HBV
reactivation rate. None of the patients receiving entecavir
or tenofovir treatment experienced HBV reactivation
while undergoing DAA therapy. The AASLD guideline
recommends anti-HBV treatment for patients with active
[9]
HBV infection . However, the European Association
for the Study of the Liver guideline recommends that
HBsAg-positive patients treated with DAAs should receive
concomitant antiviral prophylaxis at least 12 wk after
[8]
DAA therapy . Our study shows that preemptive antiHBV treatment with NUCs is effective in preventing HBV
reactivation in HBsAg-positive patients, especially in
those with detectable HBV DNA who have a high risk of
reactivation-related hepatitis.
We found that HBV reactivation was rare in patients
with previous HBV infection, that the HBV reactivation
rate was not different between patients receiving DAAbased treatment or IFN-based treatment, and that none
of these patients experienced HBV reactivation-related

WJG|www.wjgnet.com

hepatitis. Ogawa et al reported that the anti-HBs titre
may be associated with a risk of HBV reactivation, and
that patients with previous HBV infection and negative
anti-HBs or very low-titre anti-HBs are at risk of HBV
reactivation. According to the results of our study, the
HBV DNA level should be monitored during DAA therapy
in patients with previous HBV infection, especially those
with negative anti-HBs, even though the occurrence of
HBV reactivation is rare in these patients.
There are several limitations in this meta-analysis.
First, only four randomized controlled trials were in
cluded, and most of the studies were cohort studies with
a lower data quality for analysis. Second, substantial
heterogeneity was observed between the studies and
may have caused overestimation or underestimation of
the HBV reactivation risk. Third, there was an absence
of unified assays for HBV DNA testing in several studies,
especially in the IFN-treated group. In addition, we were
unable to extract some detailed information that might
have had an effect on HBV reactivation such as HBsAg
level, anti-HBs titre, and HBV genotype. Further studies
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Hepatitis in patients with detectable and undetectable HBV DNA
Year

Author

RR
(95%CI)

DAAs-based
2017
Liu
2017
Mücke
2017
Belperio
2017
Preda
2017
Macera
2017
Wang
2017
Yeh
2017
Londoño
2017
Liu
Subtotal (I2 = 0.0%, P = 0.956)

0.22 (0.01, 3.97)
0.42 (0.02, 7.71)
0.09 (0.00, 2.15)
0.29 (0.01, 5.79)
0.15 (0.03, 0.73)

4/74
1/4
1/10
1/5
2/2
3/10
0/3
0/2
0/7
12/117

19.50
8.59
15.07
10.41
25.77
0.00
0.00
0.00
0.00
79.33

1.10 (0.26, 4.60)

1/20
3/97
3/24
0/13
0/3
7/157

1/4
0/45
0/3
0/6
0/3
1/61

10.74
4.38
5.55
0.00
0.00
20.67

0.39 (0.17, 0.89)

8/265

13/178

100.00

0.20 (0.02, 2.58)
3.29 (0.17, 62.30)
1.12 (0.07, 17.85)

Overall (I2 = 0.0%, P = 0.633)
0.00411

1

%
Weight

0/37
0/3
0/38
0/6
1/11
0/0
0/4
0/4
0/5
1/108

0.20 (0.06, 0.64)

IFN-based
2009
Vigano
2015
Yeh
2017
Aygen
2008
Potthoff
2009
Erol
Subtotal (I2 = 10.8%, P = 0.326)

Events,
Events,
HBV DNA (-) HBV DNA (+)

   243

Relative risk

Figure 7 Hepatitis B virus reactivation-related hepatitis according to baseline hepatitis B virus DNA level. Relative risk of hepatitis B virus (HBV) reactivationrelated hepatitis according to baseline HBV DNA level in hepatitis C virus patients with chronic hepatitis B surface antigen-positive HBV infection.
HBV reactivation with and without antiviral prophylaxis
Year

Author

RR
(95%CI)

Events,
Prophylaxis

Events,
Non-prophylaxis

%
Weight

DAAs-based
2017
Calvaruso

0.33 (0.02, 6.37)

0/4

1/4

11.62

2017

Londoño

0.47 (0.02, 9.26)

0/4

1/6

9.68

2017

Tamori

0.82 (0.05, 13.06)

0/3

3/22

8.03

2017

Belperio

0.23 (0.01, 3.73)

0/10

9/48

26.98

2017

Macera

0.12 (0.01, 2.09)

0/16

3/13

29.74

2017

Preda

0.44 (0.03, 6.19)

0/2

4/11

13.94

0.31 (0.10, 0.96)

0/39

21/104

100.00

Overall (I2 = 0.0%, P = 0.954)

0.00662

    1

151

Relative risk

Figure 8 Hepatitis B virus reactivation in hepatitis B surface antigen-positive patients with and without antiviral prophylaxis. Relative risk of hepatitis B virus
reactivation in hepatitis B surface antigen-positive patients with antiviral prophylaxis and without prophylaxis. HBV: Hepatitis B virus.

should be conducted to obtain relevant information about
these parameters. Finally, the effect of the small number
studies in our meta-analysis may have influenced the
statistical accuracy of the study outcomes.
In conclusion, the present study found that HBV
reactivation and hepatitis flare occurred more frequently
in HBsAg-positive patients receiving DAA-based antiHCV treatment than in patients receiving IFN-based
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therapy. The incidence of HBV reactivation was rare in
patients with previous HBV infection. In accordance with
the guideline recommendations, our study showed that
preemptive anti-HBV therapy with NUCs was effective
in preventing HBV reactivation in HBsAg-positive pa
tients, especially those with detectable serum HBV
DNA. In patients with previous HBV infection receiving
DAA treatment for HCV, especially those with negative
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is required to assess the cost effectiveness of treating HBV/HCV-coinfected
patients with NUCs prior to initiating DAA therapy.

anti-HBs, the ALT level and HBV DNA level should be
monitored. Further studies are required to assess the
cost effectiveness of preemptive anti-HBV therapy in
HBsAg-positive patients receiving DAA-based therapy.
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Abstract
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Stent migration, which causes issues in stent therapy for
esophageal perforations, can counteract the therapeutic
effects and lead to complications. Therefore, techniques
to regulate stent migration are important and lead to ef
fective stent therapy. Here, in these cases, we placed a
removable fully covered self-expandable metallic stent
(FSEMS) in a 52-year-old man with suture failure after
surgery to treat Boerhaave syndrome, and in a 53-yearold man with a perforation in the lower esophagus due to
acute esophageal necrosis. At the same time, we nasally
inserted a Sengstaken-Blakemore tube (SBT), passing it
through the stent lumen. By inflating a gastric balloon,
the lower end of the stent was supported. When the stent
migration was confirmed, the gastric balloon was lifted
slightly toward the oral side to correct the stent migration.
In this manner, the therapy was completed for these
two patients. Using a FSEMS and SBT is a therapeutic
method for correcting stent migration and regulating the
complete migration of the stent into the stomach without
the patient undergoing endoscopic rearrangement of the
stent. It was effective for positioning a stent crossing the
esophagogastric junction.
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syndrome. As the focus was confined within the media
stinum, nonsurgical management through fasting was
selected. Two days into his hospitalization, leakage to
the thoracic cavity due to a mediastinal perforation and
changes in the respiratory and circulatory dynamics were
confirmed; thus, surgery was selected. The perforated
site was sutured, and a drain was placed via a left thor
acotomy. Postoperatively, he exhibited fever with a
body temperature of 40 ℃ or higher and respiratory
condition exacerbation, which was confirmed to have led
to suture failure, as observed on the contrast imaging
(Figure 1A). Therefore, a FSEMS (Flexella-J; ELLACS., Ltd. Hradec Kralove, Czech Republic) of 110 mm
in length and 23 mm in diameter and SBT (Sumitomo
Bakelite Co., Ltd.) were inserted (Figure 1B). At the same
time, a nasoenteric feeding tube was passed through
the stent lumen and placed in the jejunum (Figure
2A). The bottom of the stent was supported by the
SBT gastric balloon that was positioned in the stomach
and inflated slightly larger than the stent diameter to
prevent migration into the stomach (Figure 2B). During
the course of this treatment, the stent migration was
confirmed. While supporting the bottom (anal side) of
the stent by inflating the SBT gastric balloon, the stent
was lifted toward the oral side and repositioned (Figure
3A and B). After the stent placement, the fever began
to decrease, along with decreasing discharge from the
drain. The stent was removed 66 d after placement.

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

Core tip: Here, we report two cases of stent migrations
that were managed using Sengstaken-Blakemore tubes,
which prevented complete migration to the stomach. The
correction of the stent position was easy, and did not
require endoscopic guidance. By regulating the stents,
nutrition management became possible through a naso
enteric feeding tube. Both patients were discharged after
oral ingestion became possible.
Sato H, Ishida K, Sasaki S, Kojika M, Endo S, Inoue Y, Sasaki
A. Regulating migration of esophageal stents - management
using a Sengstaken-Blakemore tube: A case report and review
of literature. World J Gastroenterol 2018; 24(28): 3192-3197
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i28/3192.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
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INTRODUCTION
The efficacy of stent placement as a nonsurgical treat
ment for perforation and suture failures in benign and
[1,2]
malignant esophageal diseases has been shown .
However, a major problem with stent placement is
stent migration. Stents that cross the esophagogastric
junction (EGJ) are 7.5 times more likely to migrate
[3]
than stents that do not cross the EGJ . Migration can
cause complications and requires repositioning with
endoscopic guidance, which are disadvantageous to the
[4]
[5]
therapeutic course. Endoscopic sutures and clipping
can reduce migration, but stent migration is difficult
to prevent completely. The challenges in achieving
the efficacy and therapeutic effects of a stent include
sustainable placement at the perforated site and the
prevention of stent migration to the stomach. We used
a Sengstaken-Blakemore tube (SBT) to position a fully
covered self-expandable metallic stent (FSEMS) crossing
the EGJ for perforation of the distal esophagus, which
enabled correction of stent migration without endoscopic
rearrangement. This treatment proved effective for regu
lating complete migration of the stent into the stomach,
so we are reporting our findings.

Case 2: Perforation due to acute esophageal necrosis

A 53-year-old man sought medical care in another
hospital because of shock, with a systolic blood pressure
of 7.9 kPa (60 mmHg). The patient could not accurately
specify the site of his pain, and he was managed in the
hospital’s cardiovascular unit. The patient was transferred
to our cardiovascular unit because the cause of shock
remained unknown, even after he received a vasoactive
agonist. A chest computed tomography (CT) scan re
vealed mediastinal emphysema and a left pneumothorax
(Figure 4). The EGD confirmed black discoloration from
the esophagus to the gastric junction (Figure 5A and
B) and the site of the esophageal perforation (Figure
5C). In addition, the duodenum showed black disco
loration (Figure 5D). His blood test result showed a
creatinine level of 3.83 mg/dL. Anuria continued from
his previous hospitalization, and an acute kidney injury
was confirmed. With the administration of 80% oxygen,
the partial of arterial oxygen/fraction of inspired oxygen
ratio was 72 mmHg, and his respiratory and circulatory
dynamics were unstable. A thoracic cavity drain was
placed, and a FSEMS (Hanaro stent; M.I. Tech Co.Ltd)
of 150 mm in length and 24 mm in diameter and SBT
were inserted to treat the esophageal perforation. At the
same time, respiratory management using a high-flow
nasal cannula, and circulatory management through
fluid resuscitation were started. A nasoenteric feeding
tube was inserted through the stent lumen, and an in
flated SBT gastric balloon was placed to regulate the

CASE REPORT
Case 1: Postoperative suture failure

A 52-year-old man with a history of alcoholic liver dis
ease and gastric ulcer presented with complaints of
chest pain after vomiting. Esophagogastroduodenoscopy
(EGD) confirmed a rupture in the left wall of the lower
esophagus, which led to a diagnosis of Boerhaave
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A

B

Figure 1 Fluoroscopic image. Leakage of the contrast agent from the suture
site was confirmed (A, arrow); and a fully covered self-expandable metallic
stent was placed in the leakage site (B).

A

Figure 4 Chest computed tomography scan. Scan confirmed left
pneumothorax (arrow) and mediastinal emphysema (arrow).

B
[11]

also recommended by a set of guidelines . For effective
stent placement, continuously covering the leakage from
the perforated or suture site is a prerequisite. Stent mig
ration is a serious issue that could counteract therapeutic
effects and cause complications.
[1,2,12,13]
The incidence of stent migration is 18% to 40%
.
However, stent migration in an esophageal perforation
often involves malignant diseases, postoperative suture
failure, Boerhaave syndrome, and iatrogenic causes, and
it is difficult to evaluate the treatment for a specific cause
or disease. In cases of benign diseases, the lack of stenosis
to support a stent is the cause of stent migration, but
when using a stent for hemostasis in esophageal variceal
bleeding, migration has been confirmed in 21.6% of
[14]
the cases . As a therapeutic strategy against such
[5]
stent migration, the effectiveness of a clip fixation or
[15]
migration prevention with silk threads has been shown .
However, stent migration is confirmed in 15.9% of the
[10]
cases of SEMS fixed with endoscopic sutures
and in
[5]
13% of the cases in clip stent fixations . When a stent
migration is confirmed, the stent is often adjusted or
[1,8,12,13]
repositioned endoscopically
; thus, removal or repo
sitioning is required to the maximum extent allowed. Un
fortunately, repetitive stent placements reduces the cost
[5]
effectiveness . Furthermore, stent migration away from
the esophagus could lead to extraction due to migration
to the stomach, intestinal obstruction due to migration
[16]
to the small intestine , and injury to the spleen due to
[17]
migration to the abdominal cavity .
The stents used in the present cases were FSEMS,
but an FSEMS migrates more easily than a partially
[6,8,11]
covered SEMS
. As the whole stent is covered, it
easily slides against the esophageal mucosa. In addition,
[18]
when readjusting the position of the stent with an SBT ,
we found that its slippery nature was an advantage.
The initial insertion of the stent and SBT was performed
with fluoroscopy, after administering a sedative. During
hospitalization, the patients maintained normal levels
of consciousness. Passing a SBT through the stent was
simple, and no migration occurred through contact with
the stent.
After inserting the SBT, a gastric balloon was inflated
slightly larger than the diameter of the stent at the bot

Figure 2 Sengstaken-Blakemore tube and nasoesophageal feeding tube
placement. These tubes were placed by passing through the stent lumen (A);
and the Sengstaken-Blakemore tube gastric balloon was inflated slightly larger
than the stent diameter (B, arrow) to support the stent.

A

B

Figure 3 Fluoroscopic image. Stent migration was confirmed. While
supporting the stent with the gastric balloon, the SBT was pulled toward the oral
side to correct the position. A: Before repositioning; B: After repositioning. SBT:
Sengstaken-Blakemore tube.

stent migration (Figure 6). Perforation closure (Figure
7A) and an improvement in the ischemic change in the
duodenum (Figure 7B) were confirmed 38 d after the
stent placement, and the stent was removed.

DISCUSSION
The incidence of esophageal perforation is rare, and
[6]
the treatment experience at each facility is limited . In
recent years, the reports that support the usefulness of
stent therapy for esophageal perforation and the reports
[7-10]
on stent fixation have accumulated
. Stent therapy is
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A

B

C

D

Figure 5 Initial Esophagogastroduodenoscopy findings. A and B: Black mucosal lesion was confirmed in the middle to lower esophagus; C: Perforation (arrow)
due to necrosis was confirmed in the left wall of the lower esophagus; D: There was a black mucosal lesion in the duodenum.

nasal discomfort but had no chest or abdominal pain.
The stent migration was confirmed with a routine mor
ning radiographic examination. Stent migration due
to gastrointestinal peristalsis was found in the present
treatment in which the stent movement was regulated
by the SBT balloon. However, the migration from the
leakage site was not complete because it was within the
area where the stent therapy was still effective. When
the migration was confirmed, complete migration to the
stomach was prevented, and the optimum repair site for
the leakage could be identified without using endoscopy.
Overall, controlling a stent with an SBT is more costeffective than repositioning with an endoscope. It should
be noted that gastric balloons occasionally collapse
naturally; thus, stent positions and gastric balloons must
be checked under radiography. Before the treatment,
we offered an explanation that we would be using a SBT,
which is intended for hemostasis in esophageal variceal
rupture. This is to regulate stent migration, however this
incurs risks such as bleeding during repositioning and
tissue damage, such as that caused by exacerbation of
perforation. Treatment began after obtaining informed
consent.
Nutrient pathways for patients with esophageal perfo
rations, such as gastrostomy, jejunostomy, and non[10]
oral feeding, are available . In the present cases, the
nutrients were administered by inserting a tube through
the nose and positioning it in the jejunum. By passing
the nasoenteric feeding tube through the stent lumen,
the leakage site and nasoenteric feeding tube did not

Figure 6 Abdominal radiograph. The SBT gastric balloon was inflated slightly
larger than the stent diameter (arrow) to support the stent. The nasoesophageal
feeding tube was positioned in the jejunum. SBT: Sengstaken-Blakemore tube.

tom to support and fix the stent in position. If the bal
loon is not inflated enough, it cannot retain the stent,
but if it is inflated too much, it tends to be affected by
gastric peristalsis. Thus, it is essential to check under
fluoroscopy the amount of inflation that can retain the
stent, which is slightly larger than the caliber of the bot
tom end of the stent, and fix the stent in place. SBT
fixation was implemented by fixing with a nasal tape
only, without traction. The gastric aspiration and eso
phageal openings decompressed the esophagus and
stomach, and the stent migration was corrected by
slowly pulling the SBT toward the oral side while keeping
the gastric balloon inflated. The patient did experience
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A

B

Figure 7 Esophagogastroduodenoscopy findings upon stent removal. A: Closure of the perforated site (arrow) was confirmed; B: The mucous membrane of the
duodenum improved.

come in contact with each other; thus, there were no
disadvantages. The balloon was not inflated immediately
after insertion of the SBT, but rather after insertion of the
nasoenteric feeding tube. No obstruction of the feeding
tube due to compression by the balloon and stent, and
no migration of the feeding tube due to the stent ad
justment were observed.
The acute esophageal necrosis in Case 2 was a
rare syndrome characterized by a diffuse black appea
rance around the circumference of the esophageal mu
[19-22]
cosa
, which tends to develop in the distal third of
the esophagus. Acute esophageal necrosis has been
[23]
suggested to be caused by relatively low vascularity ,
and a duodenal lesion complication could develop at the
same time. This compromises blood vessels diverging
from the axis of the abdominal cavity, which provide the
common blood supply to the distal part of the esophagus
[21,23,24]
and duodenum
. In the present cases, although
duodenal lesions were found, no complications such as
bleeding caused by the nasoenteric feeding tube were
observed. During the treatment with insertion of a SBT
and nasoenteric feeding tube, no complication occurred
other than an ulcer at the fixation site on the nose. The
patient was discharged after oral ingestion was possible
without transvenous or enteral nutrition, and without
disturbance in the activities of daily living.
This case report has problems. First, with Case 1,
if surgery and drainage had been selected as the initial
treatment at admission, stent therapy may have been
avoided. Second, closure of the postoperative suture
leakage with clips may have been more effective than
this treatment. Third, management using a stent and
SBT may not be effective for proximal and central eso
phageal perforations. Lastly, this method does not com
pletely prevent stent migration.
We herein provided SBT treatment for stent mig
ration, which is the biggest problem in stent therapy. This
treatment is effective for positioning stents that cross the
EGJ in distal esophageal perforation. Early treatment is
important for esophageal perforations, and stent therapy
is not the only influence on prognosis. A multilateral treat

WJG|www.wjgnet.com

ment approach, including the appropriate management
of breathing, circulation, infection, nutrition, drainage of
the mediastinum, and thoracic cavity control, is neces
sary.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

Using a fully covered self-expandable metallic stent (FSEMS) and SengstakenBlakemore tube (SBT) is a therapeutic method for correcting stent migration
and regulating the complete migration of the stent into the stomach without the
patient undergoing endoscopic rearrangement of the stent. It was effective for
positioning a stent crossing the esophagogastric junction (EGJ).

Clinical diagnosis

The diagnoses were postoperative suture failure and perforation due to acute
esophageal necrosis.

Differential diagnosis

When Case 2 was hospitalized, treatment was started under the suspicion of
cardiovascular disease.

Laboratory diagnosis

In terms of the data before starting stent therapy, Case 1 had a white blood
count of 7260 μL, CRP level of 11.8 mg/dL, and procalcitonin level of 1.5 ng/mL.
Pseudomonas species were detected from the drain. Case 2 had a white blood
cell count of 9850 μL, CRP level of 43.3 mg/dL, and procalcitonin level of 7.7
ng/mL. Klebsiella species were detected in the drain fluid sample.

Imaging diagnosis

Case 1 had contrast leakage from the suture site. Case 2 had a pneumothorax
found on a computed tomography scan. An esophagogastroduodenoscopy
revealed a blackened mucosal lesion, and perforations were found from the
central to the lower part of the esophagus.

Pathological diagnosis

No pathological examination was performed.

Treatment

A FSEMS was used for the stent therapy, and stent migration was controlled
using a SBT.

Related reports

No reports have described stent management using a SBT for esophageal
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perforation.

Term explanation

11

Experiences and lessons

12

SBTs are generally used to control bleeding from esophageal varices. Acute
esophageal necrosis is a rare syndrome characterized by esophageal mucosa
with a diffuse blackened appearance, and tends to occur in the distal one-third
of the esophagus.

This treatment is effective for positioning stents that cross the EGJ in distal
esophageal perforation.

13
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The widespread use of capsule endoscopy and balloonassisted endoscopy has provided easy access for detailed
mucosal assessment of the small intestine. However,
the diagnosis of rare small bowel diseases, such as
cryptogenic multifocal ulcerous stenosing enteritis
(CMUSE), remains difficult because clinical and morpho
logical features of these diseases are obscure even for
gastroenterologists. In an issue of this journal in 2017,
Hwang et al reviewed and summarized clinical and
radiographic features of 20 patients with an established
diagnosis of CMUSE. Recently, recessive mutations in the
PLA2G4A and SLCO2A1 genes have been shown to cause
small intestinal diseases. The small bowel ulcers in each
disease mimic those in the other and furthermore those
found in nonsteroidal anti-inflammatory drug-induced
enteropathy. These recent and novel findings suggest that
a clinical diagnosis exclusively based on the characteristics
of small bowel lesions is possibly imprecise. Genetic ana
lyses seem to be inevitable for the diagnosis of rare small
bowel disorders such as CMUSE.
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comment on the differential diagnosis of small intestinal
ulcers. Mutations in PLA2G4A and SLCO2A1 , encoding
proteins involved in the production and degradation of
prostaglandins, cause rare gastrointestinal diseases with
multiple small intestinal ulcers. In addition to conventional
gastrointestinal examinations, genetic analyses are helpful
in distinguishing these diseases.

with SLCO2A1 gene” (CEAS) . Thus, additional genetic
analysis is helpful in diagnosing CMUSE and CEAS.
Given that the endoscopic and radiographic features
of CMUSE, CEAS, and NSAID-induced enteropathy are
[7]
quite similar , updated information on genetic tests
and history of NSAID use is necessary to confirm the
diagnosis. An accurate diagnosis also aids in further
understanding the patient’s clinical and radiographic
features.
We have reported a nationwide survey with genetic
[8]
analysis in Japanese patients with CEAS . We believe
that the prevalence rate of CEAS is increased compared
with CMUSE because some pathogenic mutations of the
SLCO2A1 gene are observed in the general population
[9]
according to the dbSNP database (e.g., the mutation
allele frequency of rs765249238, c.940+1G>A is
0.00003295). By contrast, identified mutations of the
PLA2G4A gene such as rs121434634 and rs121434635
are not observed in the general population. Therefore,
it is possible that some patients in the study by Hwang
[1]
et al harbor recessive SLCO2A1 gene mutations. The
SLCO2A1 gene encodes a prostaglandin transporter that
mediates the uptake and clearance of prostaglandins.
The SLCO2A1 gene is also known as a cause of primary
hypertrophic osteoarthropathy (PHO), which affects the
skin and bones, presenting as digital clubbing, perio
stosis, acroosteolysis, painful joint enlargement, and
[10]
thickened skin . We previously reported that 30% of
CEAS patients have at least one clinical feature of PHO
[8]
as an extra-intestinal manifestation . Data regarding
the prevalence of these extra-intestinal manifestations
among the patients are of particular interest. We are also
eager to obtain this information for the patients in the
[1]
study by Hwang et al .
In conclusion, additional genetic analysis should be
helpful for the differential diagnosis of CMUSE and CEAS.

Umeno J, Matsumoto T, Hirano A, Fuyuno Y, Esaki M. Genetic
analysis is helpful for the diagnosis of small bowel ulceration.
World J Gastroenterol 2018; 24(28): 3198-3200 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i28/3198.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i28.3198

TO THE EDITOR
We read with interest the article titled “Cryptogenic
multifocal ulcerous stenosing enteritis: Radiologic features
[1]
and clinical behavior” by Hwang et al . This group
reviewed the medical records of 36 patients suspected of
having cryptogenic multifocal ulcerous stenosing enteritis
(CMUSE) from seven hospitals in South Korea and finally
diagnosed 20 patients as CMUSE. They performed a
detailed investigation of clinical and radiographic features
of the patients and claimed that radiologic features of
CMUSE are multiple short strictures and/or shallow
ulcers of the small intestine without significant bowel
obstruction. They also stated that these radiologic
features might be helpful in differentiating CMUSE from
other inflammatory bowel diseases, especially Crohn’s
disease (CD).
[1]
Hwang et al diagnosed CMUSE based on the pub
[2,3]
lished criteria : (1) Unexplained small bowel strictures;
(2) superficial ulcer in the mucosa and submucosa; (3)
chronic or relapsing ulcerative stenosis and abdominal
pain; (4) no signs of systemic inflammation; and (5)
persistent and occult blood loss from the gastrointestinal
tract except during bowel rest or the postoperative
period. We agree with the diagnosis of the patients as
non-CD, but we have a major concern about the diag
nosis of CMUSE. First, they did not mention the history
of nonsteroidal anti-inflammatory drug (NSAID) use, and
the possibility of NSAID-induced enteropathy could not
be excluded. Second, they did not distinguish CMUSE
from chronic nonspecific multiple ulcers of the small
intestine (CNSU). Recently, CMUSE has been found to
be an autosomal recessive inherited disease caused
[4,5]
by mutations in the PLA2G4A gene . Because the
PLA2G4A gene encodes cytoplasmic phospholipase A2-α
(cPLA2α), which catalyzes the release of arachidonic acid
from membrane phospholipids, CMUSE patients exhibit
reduced production of prostaglandins and thromboxane
A2, resulting in multiple ulcers of the small intestine
and platelet dysfunction. We also identified that lossof-function mutations in the SLCO2A1 gene encoding a
prostaglandin transporter cause CNSU and established
a new disease entity as “chronic enteropathy associated

WJG|www.wjgnet.com
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Abstract
Small intestinal neuroendocrine tumors (SI-NETs) may
demonstrate a widely variable clinical behavior but
usually it is indolent. In cases with localized disease,
locoregional resective surgery (LRS) is generally
indicated with a curative intent. LRS of SI-NETs is also
the recommended treatment when symptoms are
present, regardless of the disease stage. Concerning
asymptomatic patients with distant metastases,
prophylactic LRS has been traditionally suggested to
avoid possible future complications. Even the current
European Neuroendocrine Tumor Society guidelines
emphasize a possible effect of LRS in Stage IV SINETs with unresectable liver metastases. On the
contrary, the 2017 National Comprehensive Cancer
Network Guidelines on carcinoid tumors do not support
the resection of a small, asymptomatic, relatively
stable primary tumor in the presence of unresectable
metastatic disease. Furthermore, a recent study
revealed no survival advantage for asymptomatic
patients with distant-stage disease who underwent
upfront LRS. At the aforementioned paper, it was
suggested that delayed surgery as needed was
comparable with the upfront surgical approach in terms
of postoperative morbidity and mortality, the length
of the hospital stay and the rate of incisional hernia
repairs but was associated with fewer reoperations
for bowel obstruction. On the other hand, it is also
important to note that some patients might benefit
from a prophylactic surgical approach and our attention
should focus on identifying this patient population.
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the superior mesenteric vessels. These tumors are then
usually considered inoperable. Palliative, minimally
invasive measures such as stenting of the superior
mesenteric vein have been applied to symptomatic
patients with bulky mesenteric disease since LRS in
these patients may be complicated and endanger
[5]
circulation to substantial parts of the bowel .
Generally, for tumors originating in the proximal
ileum and jejunum, segmental small intestinal resection
is performed. However, for primary tumors located
near the ileocecal valve in the distal ileum, ileocecal
resection or right hemicolectomy is performed, with
the latter possibly combined with improved clearance
of regional lymph node metastases. Even though the
latest Surveillance Epidemiology and End Results report
challenges the prognostic significance of lymphatic
metastasis for SI-NETs with locoregional disease only,
[6]
there are certain biases and limitations in these data .
In asymptomatic patients with distant metastases,
prophylactic LRS has been traditionally advocated to
avoid a future intestinal obstruction, ischemia, perforation
or bleeding. The survival rates of these patients after
LRS, as reported in retrospective cohort studies, are
probably largely influenced by both the selection bias and
immortal time bias. Generally, there are differences in
contemporary literature from up-to-date guidelines about
[7]
approaching endocrine disorders . The current ENETS
guidelines emphasize a possible effect of LRS in Stage
IV SI-NETs with unresectable liver metastases, but these
guidelines are based on the information gathered from
[8,9]
the abovementioned cohort studies .
On the other hand, the 2017 National Comprehensive
Cancer Network Guidelines on carcinoid tumors advocate
against resection of a small, asymptomatic, relatively
stable primary tumor in the presence of unresectable
[10]
metastatic disease . A recent study has revealed
no survival advantage for asymptomatic patients
with distant-stage disease who underwent upfront
[11]
LRS . Interestingly, delayed surgery as needed was
comparable with the upfront surgical approach in terms
of postoperative morbidity and mortality, the length of
the hospital stay and the rate of incisional hernia repairs
but was associated with fewer reoperations for bowel
[12]
obstruction . These results are also consistent with the
Rotterdam group findings that confirmed that there is
[12]
no benefit of prophylactic surgery for overall survival .
However, it is also important to note that while patients
with disseminated SI-NETs may not benefit from
upfront prophylactic surgery, some patient populations
might, e.g., older patients or those with large tumors
[13]
and patients with progressive locoregional disease .
Importantly, to be able to identify patients who might
benefit from a prophylactic surgical approach, more
insight is needed into the development of mesenteric
[9]
fibrosis in SI-NETs .

Core tip: Upfront locoregional resective surgery of
small intestinal neuroendocrine tumors is the mainstay
treatment when radical resection is feasible or when
symptoms are present, regardless of the disease stage.
However, in the light of contemporary evidence, the
traditional upfront surgical approach is challenged
regarding patients with distant metastases without local
tumor-related symptoms.
Daskalakis K, Tsolakis AV. Upfront surgery of small intestinal
neuroendocrine tumors. Time to reconsider? World J
Gastroenterol 2018; 24(29): 3201-3203 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i29/3201.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i29.3201

INTRODUCTION
Small intestinal neuroendocrine tumors (SI-NETs) have
an indolent clinical course and are often diagnosed at
[1]
a late stage . In patients without distant metastases,
locoregional resective surgery (LRS) is generally indicated
with a curative intent. However, in patients with distantstage disease, LRS is generally not considered curative,
although sometimes liver surgery or local ablative
treatments are undertaken after or before radical LRS.
Even in the era of a broad panel of novel, targeted
and systemic therapies for SI-NETs, recurrence after
perceived radical liver resection is still very common,
and neither liver resection nor radiofrequency ablation
of liver metastases has unequivocally been found to
[2,3]
prolong survival . Therefore, even with the intention
to achieve macroscopic radicality and cure, liver
procedures for SI-NETs should generally be considered
[4]
palliative .

STUDY ANALYSIS
Many patients with distant-stage disease may present
with distinct clinical symptoms and signs due to hormonal
excess and/or with local tumor-related symptoms
causing abdominal pain, obstruction and/or an impaired
blood supply to the intestines. These patients with local
tumor-related symptoms generally undergo LRS at
the time of diagnosis. Some patients may undergo an
acute laparotomy because of an intestinal obstruction of
unknown etiology. Others will undergo palliative surgery
for a partial intestinal obstruction, bleeding, ischemic
complications due to a tumor mass, or even for symptom
relief in the cases of hormonal syndrome refractory to
medical therapy.
The extension of mesenteric lymph node metastases
below or above the horizontal part of the duodenum is
a crucial factor for treatment since a number of patients
will display mesenteric lymph node metastases in the
root of the mesentery, with associated fibrosis, encasing
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PERSPECTIVE
In conclusion, LRS retains its value in the treatment of
patients with SI-NETs when radical resection is feasible
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or symptomatic disease is present, regardless of the
disease stage.
However, current evidence challenges the traditional
view that extensive LRS needs to be performed in
patients with distant metastases in the absence of
local tumor-related symptoms. A more conservative
approach, with delayed LRS as clinically indicated,
may be reasonable for the subset of asymptomatic SINET patients with distant-stage disease. This revised
approach may complete the armamentarium of systemic
and liver-directed treatments as indicated per patient.

7

8

9

REFERENCES
1

2

3

4

5

Norlén O, Stålberg P, Öberg K, Eriksson J, Hedberg J, Hessman O,
Janson ET, Hellman P, Åkerström G. Long-term results of surgery
for small intestinal neuroendocrine tumors at a tertiary referral
center. World J Surg 2012; 36: 1419-1431 [PMID: 21984144 DOI:
10.1007/s00268-011-1296-z]
Elias D, Lefevre JH, Duvillard P, Goéré D, Dromain C, Dumont
F, Baudin E. Hepatic metastases from neuroendocrine tumors with
a “thin slice” pathological examination: they are many more than
you think. Ann Surg 2010; 251: 307-310 [PMID: 20010089 DOI:
10.1097/SLA.0b013e3181bdf8cf]
Sarmiento JM, Heywood G, Rubin J, Ilstrup DM, Nagorney
DM, Que FG. Surgical treatment of neuroendocrine metastases
to the liver: a plea for resection to increase survival. J Am
Coll Surg 2003; 197: 29-37 [PMID: 12831921 DOI: 10.1016/
S1072-7515(03)00230-8]
Norlén O, Stålberg P, Zedenius J, Hellman P. Outcome after
resection and radiofrequency ablation of liver metastases from small
intestinal neuroendocrine tumours. Br J Surg 2013; 100: 1505-1514
[PMID: 24037573 DOI: 10.1002/bjs.9262]
Daskalakis K, Karakatsanis A, Stålberg P, Norlén O, Hellman P.
Clinical signs of fibrosis in small intestinal neuroendocrine tumours.
Br J Surg 2017; 104: 69-75 [PMID: 27861745 DOI: 10.1002/
bjs.10333]

10

11

12

13

Chen L, Song Y, Zhang Y, Chen M, Chen J. Exploration of
the Exact Prognostic Significance of Lymphatic Metastasis in
Jejunoileal Neuroendocrine Tumors. Ann Surg Oncol 2018; 25:
2067-2074 [PMID: 29748891 DOI: 10.1245/s10434-018-6511-9]
Isik A, Firat D, Yilmaz I, Peker K, Idiz O, Yilmaz B, Demiryilmaz
I, Celebi F. A survey of current approaches to thyroid nodules and
thyroid operations. Int J Surg 2018; 54: 100-104 [PMID: 29709542
DOI: 10.1016/j.ijsu.2018.04.037]
Capurso G, Rinzivillo M, Bettini R, Boninsegna L, Delle Fave
G, Falconi M. Systematic review of resection of primary midgut
carcinoid tumour in patients with unresectable liver metastases.
Br J Surg 2012; 99: 1480-1486 [PMID: 22972490 DOI: 10.1002/
bjs.8842]
Niederle B, Pape UF, Costa F, Gross D, Kelestimur F, Knigge U,
Öberg K, Pavel M, Perren A, Toumpanakis C, O’Connor J, O’
Toole D, Krenning E, Reed N, Kianmanesh R; Vienna Consensus
Conference participants. ENETS Consensus Guidelines Update
for Neuroendocrine Neoplasms of the Jejunum and Ileum.
Neuroendocrinology 2016; 103: 125-138 [PMID: 26758972 DOI:
10.1159/000443170]
National Comprehensive Cancer Network. NCCN guidelines
version 3.2017. Neuroendocrine tumors of the gastrointestinal tract,
lung and thymus (carcinoid tumors). Available from: URL: https://
www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf
Daskalakis K, Karakatsanis A, Hessman O, Stuart HC, Welin
S, Tiensuu Janson E, Öberg K, Hellman P, Norlén O, Stålberg
P. Association of a Prophylactic Surgical Approach to Stage IV
Small Intestinal Neuroendocrine Tumors With Survival. JAMA
Oncol 2018; 4: 183-189 [PMID: 29049611 DOI: 10.1001/
jamaoncol.2017.3326]
Blažević A, Zandee WT, Franssen GJH, Hofland J, van Velthuysen
MF, Hofland LJ, Feelders RA, de Herder WW. Mesenteric fibrosis
and palliative surgery in small intestinal neuroendocrine tumours.
Endocr Relat Cancer 2018; 25: 245-254 [PMID: 29255095 DOI:
10.1530/ERC-17-0282]
Wu L, Fu J, Wan L, Pan J, Lai S, Zhong J, Chung DC, Wang L.
Survival outcomes and surgical intervention of small intestinal
neuroendocrine tumors: a population based retrospective study.
Oncotarget 2017; 8: 4935-4947 [PMID: 27903960 DOI: 10.18632/
oncotarget.13632]
P- Reviewer: Isik A S- Editor: Wang XJ L- Editor: A
E- Editor: Huang Y

WJG|www.wjgnet.com

3203

August 7, 2018|Volume 24|Issue 29|

World J Gastroenterol 2018 August 7; 24(29): 3204-3221

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i29.3204

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Helicobacter pylori and extragastric diseases: A review
Antonietta Gerarda Gravina, Rocco Maurizio Zagari, Cristiana De Musis, Lorenzo Romano, Carmelina Loguercio,
Marco Romano
First decision: April 26, 2018
Revised: May 19, 2018
Accepted: June 27, 2018
Article in press: June 27, 2018
Published online: August 7, 2018

Antonietta Gerarda Gravina, Cristiana De Musis, Lorenzo
Romano, Carmelina Loguercio, Marco Romano, Dipartimento
di “Medicina di Precisione”, UOC Epatogastroenterologia,
Università della Campania “Luigi Vanvitelli”, Napoli 80131, Italy
Rocco Maurizio Zagari, Dipertimento Di Scienze Mediche e
Chirurgiche, Università di Bologna, Bologna 40138, Italy
ORCID number: Antonietta Gerarda Gravina (0000-0001-8049
-0115); Rocco Maurizio Zagari (0000-0001-9949-8619);
Cristiana De Musis (0000-0001-7011-5047); Lorenzo Romano
(0000-0002-6581-7930); Carmelina Loguercio (0000-0002-6863
-6510); Marco Romano (0000-0002-3271-349X).

Abstract
Helicobacter pylori (H. pylori ) infection is very common

and affects approximately half of the world population. It
causes gastric diseases, but some authors have reported
an association of H. pylori infection with other systemic
manifestations beginning in 1994. The list of potential
effects of H. pylori outside the stomach includes a
number of extragastric manifestations and we focused
on neurological, dermatological, hematologic, ocular,
cardiovascular, metabolic, allergic, and hepatobiliary
diseases. This review discusses these important reported
manifestations that are not related to the gastrointestinal
tract.

Author contributions: Gravina AG designed and wrote
the manuscript; Zagari RM, Romano M and Loguercio C
designed and revised the manuscript; De Musis C and Romano
L contributed to the literature search. All authors equally
contributed to this paper with the conception and design of the
study, literature review and analysis, drafting and critical revision
and editing, and final approval of the final version.
Conflict-of-interest statement: The authors have no conflicts of
interest and no financial support.

Key words: Helicobacter pylori ; Extragastric disease;
Neurological diseases; Dermatological diseases;
Hematologic diseases; Ocular diseases; Cardiovascular
diseases; Metabolic diseases; Allergic diseases;
Hepatobiliary diseases

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/

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

Core tip: Helicobacter pylori (H. pylori ) infection is a
common infection that can cause gastric and extragastric
diseases. A considerable amount of evidence links
H. pylori infection with extragastric diseases, and
in many of these diseases there is a clear beneficial
effect of eradication therapy. This review summarizes
the H. pylori -related extragastric manifestations of
major interest that have been reported in the scientific
literature, such as neurological, dermatological,
hematologic, ocular, cardiovascular, metabolic, allergic
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and hepatobiliary disease manifestations.

substrates of the host [e.g., IL1B gene cluster and tumor
necrosis factor-α (TNFα) gene polymorphism] play an
[11]
important role . The first reports of the association
between H. pylori infection and extra-gastric diseases
[12]
were by Mendall et al
in 1994. There are several
clinical extra-gastric manifestations associated with H.
pylori infection that have been reported to date, making
this a very interesting and debated topic. We summarize
the data in the literature about extra-digestive diseases
associated with H. pylori infection and focus our attention
on the following conditions that are potentially linked
to H. pylori infection: neurological, dermatological,
hematologic, ocular, cardiovascular, metabolic and
allergic diseases. For some of these diseases, only one
association is described without a clear explanation of the
pathogenic mechanism; however, for others, as we will
see later, the association is so strong and the pathogenic
mechanism is so clear that guidelines for the treatment
of H. pylori infection suggest that in these conditions,
H. pylori infection should be determined and, if present,
[13]
should be treated with eradication therapy .

Gravina AG, Zagari RM, De Musis C, Romano L, Loguercio
C, Romano M. Helicobacter pylori and extragastric diseases:
A review. World J Gastroenterol 2018; 24(29): 3204-3221
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i29/3204.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i29.3204

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative,
microaerophilic, spiral-shaped and flagellated bacterium
infecting about half the world’s population whose main
reservoir is the human stomach. The prevalence of
infection varies by geographic area, age, ethnicity
and socioeconomic status; in fact, the prevalence is
higher in developing countries and in those with poor
[1-4]
socio-economic conditions
. H. pylori possesses
microbiological characteristics that allow it to survive
in extremely adverse conditions such as the gastric
acidic environment. Transmission of the infection occurs
[5]
mainly through the oral-fecal route , in particular
through contaminated water and food. Oral-oral
transmission is also possible, as shown by the isolation
[6]
of the bacterium in saliva and dental plaque .
H. pylori infection is the main cause of chronic
[7]
gastritis and peptic ulcer disease . H. pylori has a
determinant pathogenic role in the development of
distal gastric adenocarcinoma and gastric mucosa
associated lymphoid tissue (MALT) lymphoma; in fact, it
can contribute to gastric carcinogenesis by stimulating
gastric cell proliferation without counterbalancing with
[8,9]
adequate apoptosis . The spectrum of gastroduodenal
diseases associated with the evolution of H. pylori
infection is wide. A large proportion of infected subjects
(approximately 80%-85%) develop mild antrum and
body gastritis associated with an alteration of gastric
homeostasis characterized by hypergastrinemia with
normal levels of gastric acid secretion. These subjects
are unlikely to develop severe clinical conditions.
Approximately 10%-15% of infected individuals develop
prevalent antrum gastritis, in which hypergastrinemia
is associated with increased gastric secretion with the
[10]
possible development of duodenal ulceration . A
lower percentage (approximately 1%-2%) develop
a prevalent body gastritis in response to the infection
that is associated with multifocal atrophic gastritis,
increased gastrinemia, hypo-chlorhydria and the possible
development of gastric adenocarcinoma. The reason
why H. pylori infection is associated with different gastric
phenotypes with different clinical outcomes is not fully
known, but it is likely that the interaction among bacterial
virulence factors (e.g., CagA, urease, VacA, and babA2),
environmental factors (e.g., socioeconomic conditions,
nutrition, and exposure to toxic substances) and genetic
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NEUROLOGICAL DISEASES
Several neurological disorders are associated with H.
pylori infection. There are studies in the literature that
report a positive predictive value between H. pylori
infection and stroke; however, in 2013, in a prospective
cohort analysis performed on 9885 subjects with stroke,
[14]
Chen et al
not only reported no increased mortality
but actually found that people infected with H. pylori had
a lower mortality than the general population. In a recent
[15]
metanalysis, Wang et al demonstrated that chronic H.
pylori infection and the presence of CagA-positive strains
were statistically significant risk factors for ischemic
stroke. The underlying pathogenic mechanism is not
yet known, but it has been hypothesized that H. pylori
increases the expression of a number of mediators of
inflammation and activates platelets and factors involved
[16]
in coagulation . Difference in the study population
and in the methods to assess H. pylori infection might
partially explain the discrepancy between different
studies.
Another neurologic disease that has been linked to
H. pylori infection is Alzheimer’s disease (AD). There
are several studies concerning H. pylori and dementia.
[17]
Huang et al
showed a 1.6 times greater risk of
developing AD in H. pylori-infected people than in noninfected people, supporting a possible role of H. pylori
[18]
in the pathophysiology of AD. Roubaud Baudron et al
also reported a 1.5 times greater risk of developing
dementia over a 20-year follow-up period in infected
[19]
people than in non-infected people. Beydoun et al
also reported an association between H. pylori infection
and reduced cognitive ability. There are also several
studies that report that eradication of infection can
[20-22]
positively influence the manifestations of AD
.
[23]
In 2016, Kountouras et al
showed that in patients
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with AD and H. pylori infection there was an increased
prevalence of apolipoprotein E (ApoE) 4 polymorphism
compared with non-infected patients. The ApoE 4
polymorphism is the strongest genetic risk factor for
[23,24]
AD
. In 2009, the same author reported significantly
higher levels of anti-H. pylori-specific antibodies (anti-H.
pylori IgG) in the cerebrospinal fluid (CSF) and serum
from patients with AD than that in the CSF and serum
from age-matched subjects with normal cognition.
The same research group demonstrated a significant
correlation between the severity of disease and levels
[25]
of anti-H. pylori IgG in the CSF of these patients .
One hypothesis to explain the association between H.
pylori and AD is that H. pylori might access the brain
via an oral-nasal-olfactory pathway thus leading to
neurodegeneration. In fact, olfactory performance is
reduced in 90% of patients with AD, and significant
olfactory bulb atrophy, as evaluated by imaging
[26-29]
techniques, is present in these patients
. Another
hypothesis is that H. pylori may access the brain via
monocytes infected with H. pylori (due to H. pylori
replication in autophagic vesicles) through a disrupted
blood-brain barrier (BBB), which is also called the “Trojan
horse theory”; this may lead to increased production
of inflammatory mediators, such as TNF-α, which in
turn may cause BBB disruption by up-regulation of
[30]
metalloproteinases . A third hypothesis is that H.
pylori may access to brain through a fast retrograde
neural pathway from the gastrointestinal tract (GIT),
[30]
leading to neurodegeneration . A study conducted in
[31]
Japan
did not confirm the association between H.
pylori infection and AD. However the high prevalence of
H. pylori in controls might partially explain the difference
with studies conducted in Western countries where the
prevalence of the infection is lower. Furthermore, Chang
[32]
et al
in partial support of a role for H. pylori in AD,
demonstrated that eradication of the infection led to a
decreased progression of the neurological disease.
Multiple sclerosis (MS) is a chronic demyelinating
disease that affects the central nervous system. Mohebi
[33]
et al showed an inverse relationship between H. pylori
infection and MS; however, other authors have shown
positivity of markers for optic neuromyelitis in H. pyloripositive patients. The administration of H. pylori SS1
antigen in an experimental model of MS [experimental
autoimmune encephalomyelitis (EAE)], indicates the
presence of immunomodulating properties of H. pylori,
suggesting a possible effect of H. pylori infection in
[34]
[35]
the pathophysiology of MS . Cook et al
showed
a probable protective role of H. pylori against EAE
by inhibiting both Th1 and Th17 responses. H. pylori
infection seems to be a risk factor for the development
of antiaquaporin 4 (AQP4) antibodies in MS, through
[14]
molecular mimicry between AQP4 and bacterial AQP .
Therefore, based on these studies, whether H. pylori
infection may cause MS is still controversial.
Another disease of great neurological interest for
which an association with H. pylori infection has been
reported is Parkinson’s disease (PD). PD is caused
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by the degeneration of the dopaminergic neurons
of the substantia nigra pars compacta of the basal
[36]
ganglia system. A meta-analysis by Shen et al
in
2017, evaluating eight eligible studies involving 33125
participants, demonstrated that H. pylori infection
might be associated with the risk of PD. A recent study
[37]
by Huang et al
in the general population in Taiwan
demonstrated that H. pylori infection was significantly
associated with an increased risk of PD among
individuals who were ≥ 60 years old but not among
those < 60 years old. H. pylori infection may affect
L-3,4-dihydroxyphenylalanine (L-dopa) bioavailability,
which is used in the treatment of PD, by disrupting the
duodenal mucosa, which is the site of absorption of
[38]
L-dopa . The eradication of the infection appears to
be associated with greater bioavailability of L-dopa and
[39,40]
is associated with better clinical outcomes
. Several
studies have demonstrated that pro-inflammatory
cytokines associated with chronic gastrointestinal disease
can induce brain inflammation through a disruption of
the BBB and death of dopaminergic neurons and may
[41-43]
eventually be responsible for parkinsonism
. The
association between PD and H. pylori infection seems,
therefore, to be strongly supported by literature reports.
Guillain-Barré syndrome (GBS) is an acute autoi
mmune neuropathy characterized by progressive
paralysis of the limbs with a distal-proximal pattern
(the legs being affected first and the arms later). It
can cause life-threatening complications, particularly if
there is respiratory muscle involvement or autonomic
nervous system involvement. The disease is usually
triggered by an infection. Campylobacter jejuni
(C. jejuni), the most prevalent cause of bacterial
gastroenteritis, has been associated with GBS and the
possible pathogenic mechanism involves molecular
mimicry between peripheral nerve gangliosides and
C. jejuni lipopolysaccharides (LPSs). In fact sialic acid,
a characteristic component of human gangliosides, is
present among the surface antigens of C. jejuni. H.
pylori has a high-molecular weight sequence in LPSs
that is detected in one third of C. jejuni serotypes.
Therefore a molecular mimicry between H. pylori
antigens and peripheral nerve gangliosides might
be responsible for the association between H. pylori
[16,44,45]
infection and GBS
. Some authors demonstrated
that the presence of serum anti- H. pylori IgG in
patients with GBS was significantly higher than that
in controls. They also demonstrated that the CSF was
positive for anti-H. pylori IgG in 80% of patients and
[16]
[46]
in only 20% of controls . Chiba et al demonstrated
IgG antibodies to vacuolating cytotoxin A (VacA) of H.
pylori in the CSF of patients with GBS. In this study, the
authors found sequence homology between VacA and
the human ATPase A subunit, suggesting that antibodies
to VacA might bind to ion channels in Schwann cells,
resulting in the demyelination of motor neurons in these
patients. A limitation of all these studies is the small
sample size and, for this reason, studies with a greater
sample size are needed to demonstrate a real cause-
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effect relationship between H. pylori and GBS.

none of the patients with H. pylori infection were cured
if they were treated with antihistamine therapy alone.
Data regarding the association between alopecia
aerata (AA) and H. pylori infection are discordant. In
fact, some authors have reported a higher prevalence
of infection in patients with AA, but other authors
[60,61]
did not confirm this association
. Differences in
methodology might account for the discrepancy of
results related to the role of H. pylori in CU or AA and,
therefore, larger population studies and controlled
trials to obtain more accurate evidence about these
associations are needed.
Autoimmune bullous diseases (AIBD) are a group
of dermatological diseases including pemphigus,
pemphigoid, epidermolysis bullosa acquisita, dermatitis
[62,63]
herpetiformis, and linear immunoglobulin A disease
.
Very few published studies have investigated the
association between AIBD and H. pylori infection. Sagi
[64]
[65]
et al and Mortazavi et al demonstrated that anti-H.
pylori IgG was higher in patients with AIBD than in
[65]
controls. In the Mortazavi et al study, the prevalence
of H. pylori infection was as high as 79.3% in the AIBD
group.
Schöenlein-Henoch purpura (SHP) is an immune
condition characterized by the deposition of immu
noglobulin A in the skin and in other organs, such as
the kidneys, joints, and gastrointestinal tract. The onset
of this disease is characterized by the appearance of
purple skin lesions. There are a few reports that support
the association between H. pylori infection and SHP,
demonstrating an improvement in skin lesions following
[66-68]
the successful eradication of the infection
. Clinical
studies with a great sample size are necessary prior to
draw a firm conclusion regarding the role of H. pylori in
SHP.

DERMATOLOGICAL DISEASES
Rosacea is the most common dermatological disease
associated with H. pylori infection. It is a chronic facial
dermatitis that manifests as erythema and cutaneous
lesions characterized by much dilated red superficial
capillaries, called telangiectasia, and its etiology
remains unknown. Although the etiopathogenesis
is not fully known, an element commonly found in
patients with rosacea is the presence of gastrointestinal
disorders. Several studies have suggested a potential
relationship to H. pylori infection; however, the
correlation between H. pylori infection and rosacea is
still debated. Our group has demonstrated H. pylori
infection in 48.9% of patients with rosacea, while only
26.7% of patients in the control group were infected
with H. pylori. We demonstrated an improvement with
partial or total regression of rosacea skin lesions after
[47]
successful H. pylori eradication in 96.9% of patients .
[48]
Argenziano et al
reported H. pylori infection in 81%
of patients with rosacea, and almost all of the patients
[49]
housed CagA-positive strains. El-Khalawany et al
demonstrated that papular rosacea responded better
to eradication therapy than erythematous rosacea did.
Based on the majority of studies one may therefore
suggest to test for and eradicate H. pylori infection in
patients with rosacea.
Psoriasis is an autoimmune chronic inflammatory
disease of the skin that is not infectious or contagious
and is usually of a chronic and recurring nature. The
association between H. pylori infection and psoriasis is
still controversial. In fact some authors demonstrated
neither a significant relationship between psoriasis and
[50,51]
H. pylori
, nor a significant relationship between
psoriasis severity and the serum levels of IgG anti-H
[51]
pylori
. However, other authors demonstrated
that H. pylori infection is more common in patients
[52,53]
with psoriasis than in healthy controls
and that
prevalence of H. pylori infection was higher in patients
with severe psoriasis (79%) compared to those with
[53,54]
moderate (69.5%) or mild (46.2%) disease
.
Finally, in support of a causative role for H. pylori in
[55]
psoriasis, an interventional study by Onsun et al
demonstrated that eradication of H. pylori infection
caused more rapid improvement than treatment with
acitretin alone.
Chronic urticaria (CU) is characterized by the
appearance of a more or less itchy rash, and its unique
lesion is the wheal. Some research groups have
reported a higher prevalence of H. pylori infection in
[56,57]
[58]
patients with CU
. Campanati et al demonstrated
no difference in the presence of H. pylori infection
between patients with CU and apparently healthy
people, but they reported a significant improvement in
[59]
skin lesions after eradication therapy. Yoshimasu et al
demonstrated that patients with CU infected with H.
pylori had a cure rate of approximately 56% and that
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HEMATOLOGIC DISEASES
Iron deficiency anemia (IDA) is well known to be asso
[69]
ciated with H. pylori infection. In 1991, Blecker et al
described a case of hemorrhagic gastritis linked to
H. pylori infection and showed a possible relationship
between H. pylori infection and IDA. Subsequently,
5 meta-analyses concluded that there was a close
[70-74]
association between infection and IDA
. Guidelines
for the treatment of H. pylori infection indicate that
[13]
the infection should be eradicated in cases of IDA .
The reason why IDA is not always associated with H.
[75]
pylori infection is not known. Azab et al
studied the
role of hepcidin, which is a small protein responsible for
regulating iron recycling and the balance of iron in the
body. Hepcidin, which is produced in the liver, regulates
the absorption of iron from enterocytes and its release
[76]
from macrophages . H. pylori infection upregulates
hepcidin serum levels, thus attenuating the response to
[77]
[78]
iron therapy . Senkovich et al
demonstrated that
H. pylori is able to acquire iron from host transferrin
[79]
and lactoferrin. Yokota et al
demonstrated that
some polymorphisms within the H. pylori neutrophil-
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activating protein were more frequent in strains from
IDA patients than in those from non-IDA patients. H.
pylori that harbors these polymorphisms internalizes
[79]
iron more rapidly than other strains . Inorganic iron
dissolves best in a highly acidic environment, and H.
pylori infection may reduce the bioavailability of dietary
iron. Patients infected with CagA-positive strains and
those with refractory IDA have high serum levels of
TNFα, which is a pro-inflammatory cytokine that can
[80,81]
[82]
induce anemia
. Hershko et al
demonstrated
that 64%-75% of patients with IDA and H. pylori
infections had a complete disappearance of IDA after
H. pylori eradication. Other possible causes of IDA in
patients with H. pylori infections are chronic or acute
bleeding due to erosive gastritis or concomitant therapy
with non-steroidal anti-inflammatory drugs including
[83-86]
aspirin
.
Vitamin B12 is the coenzyme of many important
enzymatic reactions in the human body that lead to
[87]
[88]
DNA synthesis . Lahner et al showed an association
between low serum levels of vitamin B12 and H. pylori
infection in a systematic review evaluating 17 studies
involving 2454 patients. Homocysteine is a component
[89]
of the vitamin B12 metabolic pathway , and some
authors have demonstrated a relationship between
low serum levels of vitamin B12 and increases in serum
[90]
homocysteine associated with H. pylori infection .
Increased serum levels of vitamin B12 and decreased
serum levels of homocysteine have been reported after H.
[87]
pylori eradication .The pathophysiological mechanism
of the association between vitamin B12 deficiency and
H. pylori infection is also unknown. The absorption of
vitamin B12 may be compromised in corpus-predominant
H. pylori-related gastritis. Chronic vitamin B12 deficiency
can cause a pernicious anemia and peripheral neuropathy
[91]
and lesions of the spinal cord .
Primary immune thrombocytopenia (ITP), which
was previously called idiopathic thrombocytopenic
purpura and autoimmune thrombocytopenic purpura,
is an autoimmune disorder characterized by an isolated
thrombocytopenia (a peripheral blood platelet count
9
[87]
of 100 × 10 /L) in the absence of other causes . The
first case of association between H. pylori infection and
[92]
ITP was described in Spain in 1999 . In the world
literature, there are many authors who have reported
this association, and a significant increase in platelet
count following the eradication of H. pylori infection
[93,94]
varies from 32% to 100% in Italian studies
and
[95,96]
from 26% to 100% in the overall literature
. There
are only a few published studies that do not describe
a positive association between H. pylori infection and
ITP, but this may be explained by the low prevalence of
[97-100]
the infection in these countries
. H. pylori-infected
patients who have a particular polymorphism in IL-β,
the IL-β (-511) T allele, are more likely to develop ITP
[80,101]
than uninfected ITP patients
. The pathogenesis
of ITP associated with H. pylori infection is most likely
multifactorial. Various mechanisms involved in this
autoimmune process in patients with H. pylori infection
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have been described, and one mechanism does not
exclude the other. One of these mechanisms is the
modulation of the Fcγ receptor balance, which is
related to the activation of monocytes/macrophages
and the relationship to the inhibitory receptor FcγRIIB.
Monocytes from H. pylori-infected patients exhibited
an enhanced phagocytic capacity and low levels of
inhibitory FcγRIIB, leading to increased monocyte
function with autoreactivity with B and T lymphocytes.
This may cause the production of autoantibodies
by lymphocyte B against circulating platelets.
Eradication of H. pylori in ITP causes an upregulation
of FcγRIIB expression in monocytes, increased platelet
recovery and suppression of antigen presentation by
macrophages with the subsequent inhibition of T- and
[87,102]
B-cell responses to platelet antigens
. Another
mechanism potentially involved in H. pylori-associated
ITP is molecular mimicry between platelet surface
glycoproteins, including glycoprotein IIIa, and amino
acid sequences of virulence factors, such as VacA,
[87,103]
CagA and urease B
. Anti-H. pylori IgG can induce
opsonization of platelets by binding to H. pylori, von
[102,104]
Willebrand’s factor, and GPIb
.
The putative mechanisms responsible for the
association between H. pylori infection, IDA, Vitamin
B12 deficiency and ITP are summarized in Figure 1.
Other unrecognized hematologic disorders that are
associated with H. pylori infection are autoimmune
neutropenia (AN), anti-phospholipid syndrome (AS), and
plasma cell dyscrasias (PCD). The association between
AN and H. pylori infection was described for the first
[105]
time by Cicconi et al
in 2001 and was subsequently
[105,106]
described by other authors
. AN (defined as 400
neutrophils per μL) may dramatically improve after
[87,107,108]
H. pylori eradication
. The association between
H. pylori infection and PCD, including monoclonal
gammopathy of undetermined significance (MGUS),
multiple myeloma, solitary plasmacytomas, plasma cell
leukemia, Waldenstrom macroglobulinemia and other
chronic myeloproliferative diseases of B lymphocytes, is
[107,109-111]
supported by some authors but not by others
.
This relationship maybe a result of chronic antigenic
[84]
stimulation of B lymphocytes by H. pylori .

OCULAR DISEASES
Ocular diseases described in association with H. pylori
infection are open-angle glaucoma (OAG), central
serous chorioretinitis (CSC) and blepharitis (B). There
are studies that show a prevalence of H. pylori infection
that is approximately two-fold higher in patients with
OAG than in controls. However, other authors including
[112]
[113]
Galloway et al
and Kurtz et al
did not find a
higher prevalence of infection in patients with open[114]
angle glaucoma. Zeng et al
published a metaanalysis about this association, evaluating ten studies,
and suggested a statistically significant association
between H. pylori infection and OAG. In further support
of an association between H. pylori infection and
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OAG, successful eradication of the infection has been
reported to lead to an improvement in ocular pressure
parameters in treated patients compared with the
[80]
patients who do not have the infection eradicated .
CSC is an ocular disease that causes a temporary
reduction in central vision and usually affects only one
eye. In the different phases of activity, it is characterized
by the presence of liquid passing under the retina, which
tends to accumulate under the macula. This results in
blurred or distorted vision, with a reduction in visual
acuity that can persist even after reabsorption of the
[115]
fluid if it does not take place rapidly . In a systematic
review and meta-analysis about the risk factors for
[116]
CSC published in 2016, Liu et al
concluded that
H. pylori infection was a possible risk factor for the
occurrence of CSC. Our research group also evaluated
this association in a retrospective observational case
series and demonstrated that the prevalence of H.
pylori infection was 78.2% in CSC patients and 43.5%
[117]
in control subjects . H. pylori eradication may lead to
[115,118,119]
an improvement in CSC
. In particular, Zavoloka
[120]
et al
demonstrated that H. pylori eradication caused
a decrease in the disease duration of 3 mo and in the
recurrence frequency of 45.6 % and led to an improved
long term prognosis. In fact, after two years, the visual
acuity increased, the scotoma frequency decreased and
the metamorphopsia frequency decreased.
Blepharitis is characterized by non-granulomatous
inflammation of the eyelid margin. It remains difficult to
ascertain whether its association with H. pylori infection
[121,122]
is real because the data are highly discordant
.

(HDL) cholesterol, obesity, diabetes mellitus, and the
presence of hyperhomocysteinemia and increased
[123,124]
coagulation factors
. The hypothesis that infectious
factors may play a role in the pathogenesis of CAD
has developed only recently, probably stimulated by
evidence that, despite the predisposing factor pattern,
there is still a part of the population affected by CAD
in which the origin and progression of the disease is
[125]
inexplicable. Indeed, Lai et al
have shown that H.
pylori infection increases the risk of acute coronary
artery disease, even in the absence (or after the
removal) of risk factors. The most likely pathogenic
mechanism of the relationship between H. pylori and
CAD is the initiation of a chronic inflammatory process
associated with infection; however, it should be clarified
if the role of H. pylori is to trigger the disease or only
to accelerate its clinical course. The particular role
of H. pylori in the pathogenesis of CAD is thought to
be related to its ability to trigger a persistent chronic
inflammatory state that is established within the
gastric epithelium but that can also cause systemic
[126]
inflammatory effects
. In the stomach, VacA and
urease contribute to the destruction of tight junctions,
and this may allow the bacterial agents that breach the
lamina propria to come into contact with the cells of
[127]
the immune system
. H. pylori antigens can either
interact directly with the vascular endothelium or may
[128]
form complexes with LDL/oxLDL cholesterol
. The
subacute inflammation present in chronic diseases,
such as CAD, can be determined by the activation of the
cells of the immune system or epithelial cells, through
pattern recognition receptors (PRRs) that specifically
[129]
recognize pathogen-associated molecular pattern
.
Both endothelial cells and macrophages present in
atherosclerotic lesions show an overexpression of PRRs,
such as TLR4, CD14 and TLR2, that are specialized for
[130,131]
[131]
recognizing bacterial LPS
. Xu et al
suggested a
possible pathophysiological link between lipids, H. pylori
infection, inflammatory status and CAD based on the
overexpression of TLR4 on the surface of macrophages
induced by pro-oxidant oxidized LDL. The inflammatory
hypothesis was confirmed by several studies conducted
with the intent of identifying an association between
the increase in inflammatory markers and CAD. Li
[132]
[133]
et al
and Libby et al
have highlighted a rela
tionship between CAD and some of the most important
inflammation markers, such as C-reactive protein (CRP),
interleukin-6 (IL-6) and TNF-α, which are all expressed
at higher levels in patients with atherosclerosis than in
controls. CRP is an important acute phase protein that is
associated with infectious and inflammatory processes
or tissue damage; therefore, it is a reliable marker
[134,135]
of endothelial dysfunction in CAD
. A second
hypothesis about the relationship between H. pylori
infection and the pathogenesis of CAD is that bacterial
antigens can induce T- and B-cell expansion and cause
self-reactive antibody production by molecular mimicry.
[136]
As an example of molecular mimicry, Matsuura et al
proposed that heat shock protein 60 derived from H.

CARDIOVASCULAR DISEASES
The association of H. pylori infection with cardiovascular
diseases (CD) represents one of the fields of study
that has attracted the most attention in the scientific
community, despite the evident difficulties in identifying
the specific role of H. pylori in the pathogenic processes
of CD, including coronary atherosclerotic disease (CAD),
[12]
stroke and myocardial infarction. Mendall et al
were
the first to describe a significant association between
H. pylori infection and the development of CAD in male
subjects aged 45-65 years in a prospective study. CAD is
due to dysfunction of the vessel endothelium associated
with a simultaneous remodeling of the vessel wall,
which is accompanied by an increase in blood pressure,
a local inflammatory state and blood clotting; these
are all phenomena that overall converge towards the
formation of atherosclerotic plaques that are frequently
unstable and susceptible to breakage. A possible
rupture may compromise the blood circulation and
lead to a myocardial infarction (MI). There are multiple
causal factors that are involved in the pathogenesis
during the initial stages of disease progression, including
smoking, arterial hypertension, the presence of mixed
dyslipidemia (alterations in total cholesterol levels, low
density lipoprotein (LDL) and triglycerides) associated
with a simultaneous reduction in high density lipoprotein
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pylori (Hp-HSP60) may potentially be related to the
pathogenesis of CAD through the stimulation of Th1
lymphocytes, which are induced to produce INF-γ
and IL-12, or through the activation of macrophages
important in forming atherosclerotic plaques. An
analysis of the literature clearly shows that serum
positivity for CagA is closely associated with heart
disease, including atherosclerosis, unstable angina,
[137-139]
cardiac syndrome X and coronary artery disease
.
CagA is the most important virulence factor of H. pylori.
CagA-positive strains are associated with increased IL-8
[140]
production, which is a marker of inflammation . The
atherosclerotic cascade is notoriously characterized by
an increase in the expression levels of inflammation
markers, such as CRP and some interleukins. Discordant
data about the association between H. pylori infection
and CAD are present in the literature. In fact, Manolakis
[141]
et al
did not find a correlation between CRP levels
[142]
and H. pylori infection. Similarly, Carter et al
did not
find any correlation between H. pylori infection and
fibrinogen or von Willebrand’s factor levels.
Discordant data about the relationship between
H. pylori and myocardial infarction (MI) also exist. In
[143]
2013, Ikeda et al
demonstrated that only CagApositive H. pylori strains were associated with an
increased risk of MI. In a meta-analysis of 26000
[144]
patients, Liu et al
demonstrated the existence of
a significant association between H. pylori infection
[145]
and the risk of MI, whereas Hughes et al
showed
a parallel decline of MI and duodenal ulcers in people
born from 1930 to 1980. This study showed that the
decline in MI was temporally related to a decline in
duodenal ulcers and, by inference, H. pylori infection.
The discordant data make it impossible to provide an
unambiguous definition of H. pylori as a causal factor
for cardiovascular diseases.

with H. pylori infections compared with controls. In
a cross-sectional study including 1285 subjects aged
[150]
19-85 years, Yang et al
suggested the existence
of a correlation between H. pylori infection and DM.
[151]
According to Horikawa et al , the glycemic control of
patients with DM was worse in the presence of H. pylori
infections, in particular in infections with CagA-positive
strains. A few studies demonstrated that eradication
[152,153]
could lead to a benefit for glycemic control
. This
[154]
has not been confirmed by other studies . A meta[155]
analysis by Wang et al
demonstrated the presence
of higher levels of inflammatory markers in diabetic
[156]
patients than in controls. Jeon et al
demonstrated
that IL-6 levels and CRP levels, when used as
inflammatory markers, appeared to be very similar in
patients with DM, both in patients who were H. pylori
positive and in those who were negative. As it is now
known, chronic H. pylori infection is responsible for a
low-level inflammatory state of the gastric mucosa,
which is defined as the biological response of the
mucosa to pathogens, that can involve different regions
depending on the host phenotype. Chronic gastritis,
such as that found in type 2 DM, atherosclerosis and
SMet, is associated with an increase in circulating
pro-inflammatory cytokine levels that are capable
of interfering with both local and systemic metabolic
[157]
processes . Studies have also been conducted eva
[158]
luating complications associated with DM. Wang et al
described a possible correlation between H. pylori infection
and the risk of nephropathy or neuropathy in an Asian
population; however, some other authors did not
[159]
[160]
confirm this correlation . Vafaeimanesh et al
have
demonstrated the existence of an association between
diabetic patients with microalbuminuria and H. pylori
infection. Microalbuminuria, as well as neuropathy
and heart disease, are very common complications in
patients with DM, and patients with CagA-positive H.
pylori infection are at a greater risk of developing these
[152,161]
complications
.
[160]
Vafaeimanesh et al
also focused on the possible
correlation between H. pylori infection and the
development of IR. IR and H. pylori infection share
pathogenic mediators that are potentially involved in the
[161]
[162]
pathophysiology of the SMet . Zhou et al
showed
that H. pylori may induce hepatic IR by interfering with
the c-Jun/miR-203/SOCS3 pathway, both in humans
and in animal models. An analysis of the literature
shows that H. pylori eradication can improve IR,
although this resolution seems to be associated with
a progressive increase in BMI and cholesterol levels,
as H. pylori suppresses ghrelin, which is the hormone
responsible for increased appetite, which may explain
the weight gain associated with the eradication of
[154]
infection
. However, one can hypothesize that the
resolution of the symptoms related to infection may
lead to recovery of a normal weight. HOMA-IR, which
is a model for measuring insulin homeostasis, is higher
[163-165]
in patients with H. pylori infection than in control
.
However, this finding has not been confirmed by other

METABOLIC DISEASES
H. pylori infection has also been identified as related
to alterations in glycolipid metabolism. The role of
H. pylori infection in diabetes mellitus (DM), insulin
resistance syndrome (IR), and metabolic syndrome
(SMet) is still rather controversial, and in some cases,
appears to bear marginal weight.
The association between H. pylori infection and DM
has been suggested recently but still appears rather
[146]
unclear . In a study of a Chinese population, Hsieh
[147]
et al
demonstrated how high levels of glycated
hemoglobin (HbA1c) were significantly associated with
H. pylori infection in patients aged > 65 years. Bégué
[148]
et al
demonstrated that eradication of H. pylori
infection in patients with type 1 DM might be associated
with better control of glycemia by evaluating HbA1c,
which is an important indicator of long-term glycemic
control, within two years after the eradication of the
infection. In contrast, in 141 patients with type 2 DM,
[149]
Demir et al
demonstrated no significant differences in
either blood glucose levels or HbA1c values in patients
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[166]

studies .
Considering the aforementioned role of H. pylori in
IR, there have been several studies in the literature that
demonstrate a higher prevalence of SMet in patients
[167]
with H. pylori infection . Some studies have revealed
changes in the lipid profiles of patients associated with
the low-level inflammatory status induced by H. pylori
infection; this has been demonstrated by Niemelä
[168]
et al
in a study involving a Finnish population, in
which serum cholesterol and triglyceride levels were
higher in infected male subjects. Several studies have
demonstrated the presence of these serum lipid profile
[169]
alterations that can promote atherogenic processes .

tolerance develops, both in mice and in humans. H.
pylori influences the immune system by shifting the
balance of cytokines to the Th1 type, which suppresses
allergic diseases that are dependent on the Th2
[180,181]
cytotype
, protecting infected individuals from
developing atopic disease. This might also explain
the low prevalence of eosinophilic esophagitis in
[182]
H. pylori-infected subjects
. When analyzing the
association between H. pylori infection and allergies
one should take into account the hygiene hypothesis
and the reduced prevalence of allergic diseases in
pet owners. In fact, H. pylori infection is associated
with poor hygiene, crowding and low socio-economic
status. Poor hygiene conditions and low socioeconomic
status together with pet ownership may expose to
other bacteria or antigens which may reduce the risk
of allergic diseases. Therefore, in the interpretation
of epidemiologic studies between H. pylori infection
and allergies, possible confounding factors should be
considered before drawing conclusions on putative
[180-182]
cause-effect relationship
.

ALLERGIC DISEASES
In the literature, a number of studies and metaanalyses have reported an inverse association between
[170-172]
H. pylori infection and asthma, worldwide
. Blaser
[173]
et al
showed the existence of an inverse relationship
between H. pylori infection and the development
of asthma or other allergic diseases, particularly in
children and young people with an early onset of
allergies. This relationship is controversial in adults,
however, and has been confirmed mainly in cases in
which the H. pylori strains are CagA-positive. Amberbir
[174]
et al
showed that the relationship between H.
pylori and rhinitis is not always inverse. H. pylori
can almost completely protect against airway hyperreactivity, broncho-alveolar eosinophilia, and lung
inflammation, but this protection, which is strongly
dependent on regulatory T (Treg) lymphocytes, is
impaired by the complete eradication of the infection
[170]
through antibiotic therapy
. The functionality of T
reg cells depends on IL-18 production by dendritic
cells (DCs) following exposure to H. pylori, in the
absence of which, a neonatal tolerance to infection is
not established. Treg cells are derived from cells with
an IL-18 -/- or an IL-18R -/- phenotype that have no
protective capabilities against asthma; moreover, IL-18
is fundamental for the conversion of CD4+ T-cells into
[175]
CD25+ Foxp3+ Treg cells
. VacA toxin is the most
important factor involved in protection against allergies.
It appears to disrupt the T helper cell response to
Treg cells. It stimulates Treg cells, but it also has the
ability to interfere with antigen presentation and T-cell
[176]
inhibition
. H. pylori strains expressing the active
[177]
form of VacA are usually also CagA positive . Most
likely, CagA-positive strains elicit a greater response
through modulation of inflammation by Treg cells,
but it seems plausible that there is also a pronounced
[178]
effect on the migration of Treg cells
. To validate
[179]
this hypothesis, Engler et al
demonstrated that the
administration of VacA to mouse models was able to
provide allergy protection that was comparable to that
of active infection. However, these effects seem to be
more pronounced if this administration is carried out
during the neonatal stage of life, probably because
this represents a crucial period during which antigenic
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HEPATOBILIARY DISEASES
Recent studies have shown the involvement of H. pylori in
[183,184]
the etiopathogenesis of a number of liver diseases
.
[185]
Polyzos et al
showed a higher serum level of anti-H.
pylori IgG in patients with nonalcoholic fatty liver disease
(NAFLD) than in non-NAFLD patients. Many other studies
have shown an association between NAFLD and H.
[186,187]
pylori
. H. pylori could be related to a worsening
of the inflammatory status of the liver, regardless of
[184]
the etiology of the underlying liver disease . Fukuda
[188]
et al
have proposed that because of the increase in
gastric and intestinal mucosal permeability, H. pylori
antigens could have access to the blood stream and
reach the liver through the portal vein, thus causing
[189]
liver damage. Some authors, such as Sumida et al ,
suggest that the eradication of H. pylori may play
an important role in the treatment of nonalcoholic
steatohepatitis (NASH), through the decrease of TNFα,
one of the pro-inflammatory cytokines that, together
with IL-1β, IL-6 and IL-8, is also directly correlated
[190,191]
with the etiopathogenesis of IR, and of NASH
.
Adiponectin is also involved in the etiopathogenesis of
NAFLD. In fact adiponectin deficiency is associated with
a pro-inflammatory condition, as it is observed in obesity
[192]
and other metabolic disorders . According to Polyzos
[185]
et al
a higher prevalence of low levels of circulating
adiponectin, as well as of higher levels of anti-H. pylori
IgG and elevated TNFα are observed in NAFLD patients
compared to controls.
The correlation between H. pylori and hepatic fibrosis
[193]
was analyzed mostly in animal models. Ki et al
demonstrated in a murine model that H. pylori infection
may accelerate hepatic fibrosis through increased TGFβ1-induced pro-inflammatory signaling pathways in
hepatic stellate cells and that H. pylori infection might
increase the risk of TGF-β 1-mediated tumorigenesis
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Table 1 Literature reports in favor (pro) or against (con) of

Helicobacter pylori involvement in a number of extragastric
conditions

Neurologic diseases
Stroke

Alzheimer’s disease

Multiple sclerosis
Parkinson’s disease

Guillain-Barré
syndrome
Dermatological
diseases
Rosacea

Psoriasis

Chronic urticaria

Alopecia areata
Autoimmune bullous
diseases
Schöenlein-Henoch
purpura

Hematologic diseases
Iron deficiency anemia

Pro

Con

Wang et al[15]
Alvarez-Arellano
et al[16]
Huang et al[17]
Roubaud Baudron
et al[18]
Beydoun et al[19]
Kountouras et al[21]
Kountouras et al[22]
Kountouras et al[23]
Santos et al[24]
Kountouras et al[25]
Zelaya et al[26]
Attems J et al[27]
Thomann et al[28]
Förster et al[29]
Chang et al[32]
Chen et al[14]

Chen et al[14]

Shen X et al[36]
Huang HK et al[37]
Fasano et al[38]
Tan et al[39]
Mridula et al[40]
Candelario-Jalil et al[41]
Lo et al[42]
Dobbs et al[43]
Kountouras et al[44]
Moran et al[45]
Chiba et al[46]
Pro
Gravina et al[47]
Argenziano et al[48]
El-Khalawany et al[49]
Qayoom et al[52]
Mesquita et al[53]
Ribaldone et al[54]
Onsun et al[55]
Hizal et al[56]
Galadari et al[57]
Yoshimasu et al[59]
Behrangi et al[61]
Sagi et al[64]
Mortazavi et al[65]
Novák et al[66]
Grivceva-Panovska
et al[67]
Hoshino et al[68]
Pro
Blecker et al[69]
Muhsen et al[70]
Qu et al[71]
Huang et al[72]
Yuan et al[73]
Zhang et al[74]
Ozkasap et al[77]
Senkovich et al[78]
Yokota et al[79]
Testerman et al[80]
Afifi et al[81]
Hershko et al[82]
Hershko et al[83]
Kang et al[84]
Musumba et al[85]
De Leest et al[86]
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Primary immune
thrombocytopenia

Shiota et al[31]

Autoimmune
neutropenia
Plasma cell dyscrasias
Ocular diseases
Open-angle glaucoma
Central serous
chorioretinitis

Mohebi et al[33]
Cook et al[35]

Blepharitis
Cardiovascular
diseases
Coronary
atherosclerotic disease

Con

Campanati et al[50]
Azizzadeh et al[51]

Myocardial infarction

Campanati et al[58]

Metabolic disease
Diabetes mellitus

Rigopoulos et al[60]

Con
Insulin resistance
syndrome

Metabolic syndrome
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Campuzano-Maya
et al[87]
Lahner et al[88]
Marino et al[90]
Toh et al[91]
García Pérez et al[92]
Jarque et al[97]
[93]
Stasi et al
Michel et al[98]
Gasbarrini et al[94]
Michel et al[99]
Suvajdzić et al[95]
Estrada-Gómez et al[100]
Jackson et al[96]
Satoh et al[101]
Asahi et al[102]
Kodama et al[103]
Byrne et al[104]
Cicconi et al[105]
Papadaki et al[107]
Papadaki et al[108]
Tursi et al[109]
Papadaki et al[107]
Wolkersdörfer et al[110]
Rajkumar et al[111]
Pro
Con
Zeng J et al[114]
Galloway et al[112]
Testerman et al[80]
Kurtz et al[113]
Casella et al[115]
Liu et al[116]
Cotticelli et al[117]
Rahbani-Nobar et al[118]
Dang et al[119]
Zavoloka et al[120]
Saccà et al[122]
Saccà et al[121]
Pro
Con
Mendall et al[12]
Lai et al[125]
Chmiela et al[126]
Chmiela et al[128]
Chalubinski et al[129]
Libby[130]
Xu et al[131]
Matsuura et al[136]
Khodaii et al[137]
Rasmi et al[138]
Zhang et al[139]
Ikeda et al[143]
Liu et al[144]
Hughes et al[145]
Pro
Oldenburg et al[146]
Hsieh et al[147]
Bégué et al[148]
Yang et al[150]
Horikawa et al[151]
Ibrahim et al[152]
Chen et al[153]
Jeon et al[156]
Wang et al[158]
Vafaeimanesh et al[160]
Chung et al[161]
Vafaeimanesh et al[160]
Chung et al[161]
Zhou et al[162]
Aydemir et al[163]
Gunji et al[164]
Eshraghian et al[165]
Chen et al[167]
Niemelä et al[168]
Laurila et al[169]
Polyzos et al[185]

Manolakis et al[141]
Carter et al[142]

Con
Demir et al[149]
Akanuma et al[154]
Yanik et al[159]

Naja et al[166]
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Pro

patients with HCC or even cholangiocarcinoma were
[206,207]
[208]
positive for H. pylori
. Dore et al
demonstrated
H. pylori presence in patients with HCC, liver cirrhosis
and chronic hepatitis, using both PCR on liver tissue
and serology. Prevalence of H. pylori infection was as
[209]
high as 73% in patients with HCC. Verhoef et al
[210]
and Pellicano et al
also found positivity for H. pylori
in 45% of patients with HCC vs 10% of controls, and
in 85% of patients with HCC vs 33% of controls,
respectively. Finally, it has been suggested that
infection by CagA positive H. pylori strains might play
a major role in the development of H. pylori-associated
[211]
liver diseases .
To date, there is no sufficient evidence to draw a
firm conclusion on the relationship between H. pylori
infection and liver diseases.

Con
Chen et al[170]
Wang et al[171]
Zhou et al[172]
Blaser et al[173]
Amberbir et al[174]
Oertli et al[175]
Oertli et al[176]
Cook et al[178]
Engler et al[179]
Grad et al[180]
Sheikh et al[181]
Molina-Infante et al[182]

by disturbing the balance between apoptosis and
proliferation of hepatocytes. Senescence marker
protein-30, a protein that prevents oxidative stress and
[194]
hepatic cell apoptosis
is reduced in the liver of mice
treated with CCL4 and H. pylori compared to those
[195]
treated with CCL4 only .
H. pylori has been considered as putative a triggering
[196,197]
factor for autoimmune extragastric conditions
.
[198]
Goo et al
in 2008 showed that C57BL/6 mouse
infected with H. pylori developed a form of primary
biliary cirrhosis (PBC) very similar to that described
in humans. Because of the high serum levels of IgG
against H. pylori VacA, the authors suggested that antiVacA antibodies might play a role in the development of
[199]
PBC. Shapira et al
found higher prevalence of anti-H.
pylori IgG in patients with PBC compared to controls.
[200]
Nilsson et al
evaluated 24 liver biopsies obtained from
patients with PBC and primary sclerosing cholangitis
(PSC) and found that H. pylori was present in 20/24
patients. The authors a suggested that the pathogenic
ling between H. pylori infection and autoimmune liver
diseases might be a form of molecular mimicry between
H. pylori and liver antigens. In fact, a similar amino acid
sequence homology between the main mitochondrial
autoepithopic region from the E2 subunit of the pyruvate
dehydrogenase complex and the H. pylori urease was
[201]
found. However Bogdanos et al
showed that the
existence of this homology does not necessarily imply
cross-reactivity. H. pylori DNA was detected in biliary
epithelium in PSC patients compared to controls,
corroborating the hypothesis that biliary reflux could lead
to H. pylori contamination of the proximal biliary system,
contributing to the development and / or progression
[202]
of PSC in some patients . Patients with PSC may also
suffer from ulcerative colitis (UC). It has therefore been
suggested that an increased intestinal permeability in UC
patients may promote the translocation of H. pylori into
the hepatobiliary system, thus triggering autoimmunity
[203]
mechanisms .
The role of H. pylori in hepatic carcinogenesis is
controversial. There are several known risk factors for
HCC, such as alcoholism, PCB, PSC and chronic viral
[204]
infections . The finding of H. pylori in hepatic biopsies
of patients with HCC led to the hypothesis that H.
pylori might be playing a role also in the development
[205]
of this infection . In several studies, liver biopsies of
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CONCLUSION
H. pylori is the cause of a number of gastroduodenal
diseases including peptic ulcer disease and gastric
adenocarcinoma which are the results of an interaction
between bacterial virulence factors, host and environ
mental factors. Many extra-gastric manifestations have
been reported to be linked to H. pylori infection (Table
1). However, most evidences derive from epidemiological
studies where a number of confounding factors have
not been analyzed in depth, thus making it impossible
to establish a cause-effect correlation. As a result of
this, to date, according to the last Consensus Report on
the management of H. pylori infection (i.e., Maastricht
[13]
V/Florence Guidelines ) H. pylori infection should be
sought and, if present, eradicated only in patients with
IDA, ITP and vitamin B12 deficiency.
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Abstract
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Pancreatic ductal adenocarcinoma (PDAC) is one of
the most aggressive diseases and is characterized
by high chemoresistance, leading to the lack of
effective therapeutic approaches and grim prognosis.
Despite increasing understanding of the mechanisms
of chemoresistance in cancer and the role of ATPbinding cassette (ABC) transporters in this resistance,
the therapeutic potential of their pharmacological
inhibition has not been successfully exploited yet.
In spite of the discovery of potent pharmacological
modulators of ABC transporters, the results obtained in
clinical trials have been so far disappointing, with high
toxicity levels impairing their successful administration
to the patients. Critically, although ABC transporters
have been mostly studied for their involvement in
development of multidrug resistance (MDR), in recent
years the contribution of ABC transporters to cancer
initiation and progression has emerged as an important
area of research, the understanding of which could
significantly influence the development of more specific
and efficient therapies. In this review, we explore
the role of ABC transporters in the development and
progression of malignancies, with focus on PDAC. Their
established involvement in development of MDR will
be also presented. Moreover, an emerging role for ABC
transporters as prognostic tools for patients’ survival
will be discussed, demonstrating the therapeutic
potential of ABC transporters in cancer therapy.
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accompanying these processes make PDAC highly
[5]
heterogeneous . Also, the variability of mutations
between patients as well as within the same tumour
contributes to its high resistance to applied therapy. High
heterogeneity of PDAC is expressed also phenotypically.
Genetically diverse subclones, possessing different
metabolic and functional characteristics, exist within
a tumour. Recent evidence shows that one of the
populations acquires characteristics similar to stem
cells, which enables it to survive during stressful
conditions and is partly responsible for cancer relapse
[6]
after treatment . Furthermore, PDAC cell plasticity,
which plays a role in epithelial to mesenchymal
transition (EMT), facilitates metastatic spread and
[7]
adds to the dismal prognosis . Moreover, one of the
main characteristics of PDAC, responsible for therapies’
failure, is the formation of dense desmoplastic reaction,
influencing cancer progression and impeding drug
[8]
delivery to the tumour . The interplay between tumour
cells and stromal components (pancreatic stellate cells
(PSCs), immune cells, cytokines or extracellular matrix
proteins) influences cell metabolism, drug delivery
and distribution. In addition, the existence of a rich
tumour microenvironment (TME), influencing cancer
cell functions and favouring chemoresistance, has been
recently claimed to be an essential factor in cancer stem
[9]
cell initiation and promotion .

Core tip: Pancreatic cancer is one of the deadliest
cancers due to its highly aggressive biology and
resistance to broad range of therapeutics. Expression
of ATP-binding cassette (ABC) transporters by cancer
cells is one of the main mechanisms responsible for
the lowered drug accumulation. However, the attempts
made in multidrug resistance reversal by the inhibition
of their activity have not provided satisfactory results
in clinical trials. Nevertheless, current knowledge on
the role played by ABC transporters in carcinogenesis
beyond chemoresistance, could create the opportunity
for the development of novel, direct targeted
therapeutic strategies. Additionally, the association
between ABC transporters expression and pancreatic
ductal adenocarcinoma patients’ prognosis and response
to applied therapies confirms their pharmacological
potential.
Adamska A, Falasca M. ATP-binding cassette transporters in
progression and clinical outcome of pancreatic cancer: What is
the way forward? World J Gastroenterol 2018; 24(29): 3222-3238
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i29/3222.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i29.3222

INTRODUCTION

PDAC RESISTANCE TO THERAPIES

Pancreatic ductal adenocarcinoma (PDAC) is one of
the most fatal diseases in western world. Although not
one of the leading causes of death, PDAC is certainly
to be considered amid the most unfavourable cancers,
th
ranking at 4 place in terms of death rate, with a 7%-8%
[1]
chance of 5-year survival in United States . Despite
the progress made in understanding the biology and in
the treatment of different cancer types, the mortality
of PDAC patients still nearly equals its incidence and
has not changed remarkably for the last few decades.
The dismal prognosis of PDAC is the result of multiple
factors including an aggressive nature, chemo- and
radio-resistance and the lack of effective treatments
and diagnostic tools. Therefore, when diagnosed, the
vast majority of PDAC patients present with metastatic
[2]
disease, not susceptible for surgery . Only one
fifth of the patients have the tumour resected and,
unfortunately, most of them eventually relapse. Postoperative chemo- and radiotherapy are usually applied
in order to delay tumour recurrence; nevertheless, high
resistance and the heterogeneous nature of pancreatic
[3]
tumours impede its treatment .
Pancreatic cancer pathology is a multistep process.
It arises as an accumulation of abnormalities, both
genetic and physiological, progressing through 3 stages
of precursor lesions called pancreatic intraepithelial
neoplasias (PanINs) before transforming into a fully
[4]
differentiated tumour . The substantial number of
genetic modifications and consequent dysregulation
of the wide range of essential signalling pathways

WJG|www.wjgnet.com

On account of PDAC aggressive nature and its
resistance to therapies, no successful treatment has
[10]
been introduced so far . In fact, until recently the gold
standard in PDAC treatment was gemcitabine. Applied
as a first line therapy drug since 1997, gemcitabine
modestly improved patients’ perspectives, increasing
overall survival (OS) for 6 mo compared to previously
[11]
used fluorouracil (5-FU) . Since that time, attempts
have been made to increase the efficacy of PDAC
treatment and prolong patient survival; however, only
modest or statistically insignificant improvements have
been achieved so far. In the last years, two new drug
regimens, ABRAXANE and FOLFIRINOX have been
[12,13]
introduced
. However, their application did not
increase OS to a meaningful degree when compared to
gemcitabine, at the same time escalating the frequency
of adverse events. Nevertheless, both treatments
have obtained FDA approval and currently ABRAXANE
combined with gemcitabine is acknowledged as a
standard first-line therapy for pancreatic cancer.
Considering the high number of genes altered during
PDAC progression, targeted therapies emerged as
a potential therapeutic tool. Many small inhibitors
have been developed as single agents or applied in
combination with gemcitabine or ABRAXANE to enhance
[14-18]
their efficacy
. However, the vast majority of them
failed to improve patients’ survival in the clinical settings.
Therefore, it remains pivotal to gain better knowledge
on the mechanisms of PDAC chemoresistance and to
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find novel therapeutic strategies in order to develop
more effective treatment regimens.
Among other factors, the failure of PDAC treatment
has been attributed to local recurrence and liver
metastasis and importantly, to its high chemoresistance,
both intrinsic and acquired. The phenomenon called
multi-drug resistance (MDR), which is characterized by
resistance to a broad spectrum of structurally diversified
compounds, has been confirmed as one of the main
reasons for the inefficiency of PDAC therapies, leading
to tragic health and economic consequences.
There are multiple factors contributing to the
development of MDR in pancreatic cancer, such as
decreased drug uptake, accelerated drug metabolism
and DNA repair, blocking of apoptotic pathways,
metabolic changes and the presence of highly resistant
stem-like cells. Also, high heterogeneity of the tumour,
dense stroma and hypoxia impairing drug delivery and
constitutive activation of several signalling pathways,
including K-Ras, PI3K/Akt, Notch or NF-κB, with the
latter being additionally enhanced during chemo- and
radiotherapy, all confer the modest response of PDAC
[19-23]
to applied therapies
. Moreover EMT, frequently
observed in PDAC tumours, has been implicated in
conferring its resistance. Also, acquired mutations in
targeted genes and reactivation of parallel pathways
add to the therapy failing. However, in most cases the
interplay between several of these processes is essential
[24]
for chemoresistance development . Additionally,
high expression of transmembrane proteins belonging
to the ATP-binding cassette (ABC) transporter family
in tumour specimens is one of the major factors
contributing to increased drug efflux and has been
connected with MDR, adding to the poor response of
[25-28]
PDAC to treatments
. Apart from drug extrusion,
as integral membrane constituents, ABC transporters
normally regulate the distribution of a wide variety of
molecules, influencing different pathways and biological
processes, which suggests their more direct impact on
cell physiology and possibly, carcinogenesis. Therefore,
the understanding of the role of ABC transporters both
in healthy physiology and in cancer is crucial for the
development of specific, potent and safe inhibitors that
might be used in PDAC therapy.

implies their relevance in many biological functions. To
date, 48 human genes and one pseudogene encoding
the members of ABC family have been described and
grouped into 7 subfamilies (ABCA-G), based on their
[29,30]
sequence and structural similarity
. ABC transporters
are integral transmembrane proteins which, by utilizing
energy obtained from ATP hydrolysis, which drives the
progressive conformational changes in their domains,
shuffle molecules across the plasma and intracellular
[31,32]
membranes against their gradient
(Figure 1). The
structure of ABC transporters is highly conserved and
consists of two hydrophobic transmembrane domains
(TMDs), which form a pore in the membrane creating
substrate-binding environment linked to two hydrophilic
nucleotide-binding domains (NBDs) localized in the
[33,34]
cytosol
. ABC transporters are reported to export
a wide variety of structurally diverse endogenous
ligands including amino acids, peptides, vitamins,
[26,32,35-37]
sugars, hormones, ions, lipids and xenobiotics
.
For example, ABCB1 has been reported to be able
to transport more than 200 structurally diversified
[38-41]
molecules
. Additionally, ABC transporters are
known to excrete toxins form kidneys, gastrointestinal
tract and liver, demonstrating a protective role in those
[42]
tissues . Few ABC transporters, e.g., ABCC7- cystic
fibrosis transmembrane conductance regulator (CFTR)
or ABCC8- the sulphonyl urea receptor (SUR1), are
not directly involved in transport of molecules across
the membrane but use the ATP hydrolysis to regulate
+
[43]
the activity of Cl and K channels respectively . In
healthy physiology, ABC transporters are expressed
in a wide variety of tissues, mainly associated with
biological barriers (Table 1). As an example, ABCC1 is
expressed in kidneys, intestine, ovaries, adrenal glands,
colon, stomach, testes, lungs and blood-brain barrier
and ABCB1 is mostly expressed in gastrointestinal tract,
pancreas, kidneys, brain and adrenal glands, where
they are involved in diverse physiological functions and
[40,44,45]
in excreting toxins from the cells
. However, their
enhanced levels have been found in different cancer
types, suggesting the relevance of ABC transporters
in cancer and its chemoresistance. So far, 15 of the
transporters have been attributed the role of drug
[46]
pumps, contributing to MDR in vitro . Especially, P
glycoprotein (P-gp)/ABCB1, breast cancer resistance
protein (BCRP)/ABCG2, multidrug resistance protein 1
(MRP1)/ABCC1 and other members of ABCC subfamily
(e.g., ABCC2, ABCC3) have been reported to be
[47]
responsible for PDAC chemoresistance .
Up to date, most research has been focused on P-gp,
[48,49]
a member of the ABCB subfamily of transporters
.
It exports a wide variety of molecules of “amphipa
thic nature” including anthracyclines, HIV-protease
inhibitors, calcium channel blockers, steroid hormones,
[50,51]
antibiotics, lipids, taxanes and alkaloids
. P-gp
overexpression has been observed in several cancers
including ovarian, colon, kidney or adrenocortical
[52,53]
cancer, correlating with poor prognosis
. Additionally,

ABC TRANSPORTERS AS MULTI-DRUG
RESISTANCE MECHANISM
One of the main obstacles in cancer therapy is the
resistance, both constitutive and acquired to admini
stered drugs. As aforementioned, one of the processes
responsible for drug resistance is the decreased
intracellular accumulation of the drugs caused by
their efflux from the cells induced by the expression
of membrane drug transporters belonging to the ABC
family.
The family of ABC transporters is a highly conserved
family of proteins, expressed in all organisms, which
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[117,171]

Table 1 Selected ATP-binding cassette transporters, their normal physiological expression and overexpression in cancer tissues
ABC transporter
ABCA
ABCA1
ABCA7

Tissue expression

Cancer overexpression

Correlation with PDAC
survival (5-yr survival)

Lung, colon, liver, brain, testicles

Glioma, lung, testis, liver, colorectal, breast, renal
cancer,
Melanoma, Lung, cervical, stomach, endometrial,
colorectal, pancreatic cancer

H: 21%
L: 29%
H: 38%
L: 0%

Ovarian, breast, colon, kidney, adrenocortical
cancer, AML
Liver, lung, renal cancer, melanoma

H: 34%
L: 20%
H: 49%
L: 22%

Bone marrow, brain, kidney, colon, lung pancreas

ABCB
ABCB1

Brain, blood-brain barrier, colon, liver, kidney,
testis, placenta, small intestine, pancreas
Liver

ABCB4
ABCC
ABCC1
ABCC2
ABCC3
ABCC4

ABCC5
ABCG
ABCG1
ABCG2
ABCG4

Kidney, colon, pancreas, lymph nodes, liver, testis,
Breast, lung, ovarian or prostate cancer,
brain, blood-brain barrier, breasts, spleen,
neuroblastoma
Brain, lymph nodes, liver, colon, kidney, lung,
Colorectal, liver, lung, gastric cancer
testis, breasts, pancreas
Pancreas, liver, lymph nodes, lung, adrenal glands, Pancreatic, liver, lung, colorectal, stomach, renal,
colon, testis, spleen, small intestine
breast cancer
Brain, testis, colon, kidney adrenal glands,
Prostate, renal, lung, breast, ovarian, stomach
pancreas, liver, ovary, lung, spleen, breasts, skin,
cancer
heart
Lymph nodes, pancreas, kidney, testis, brain,
Lung, urothelial, breast, cervical, renal cancer,
colon, liver, heart, muscles
glioma

H: 13%
L: 43%
H: 29%
L: 27%
H: 13%
L: 41%
H: 32%
L: 23%

Pancreas, liver, colon, kidney, brain, lung, lymph
Lung, renal, breast, endometrial, prostate,
nodes, testis
colorectal, cervical, pancreatic cancer, glioma
Intestine, testis, colon, placenta, liver, kidney, small
Liver, testis, prostate, renal cancer, glioma
intestine
Brain, endocrine, testis, colon, liver, kidney
Glioma, melanoma, thyroid, head and neck, renal,
testis, ovarian, endometrial cancer

H: 34%
L: 0%
H: 32%
L: 23%
H:43%
L: 23%

H: 34%
L: 0%

The correlation between the overexpression of the transporters in PDAC and observed 5-year survival is also demonstrated [117]. H: High expression of
the transporter; L: Low expression of the transporter. Statistically significant association is highlighted in bold. AML: Acute myeloid leukaemia; PDAC:
Pancreatic ductal adenocarcinoma; ABC: ATP-binding cassette.

TMD

TMD TMD

NBD

ATP

TMD

TMD

NBD

ATP ATP

NBD

ADP

TMD

NBD

TMD TMD

NBD

NBD

Pi

ATP

Figure 1 The schematic presentation of the mechanism of ATP-mediated ATP-binding cassette transporter substrate translocation. TMD: Transmembrane
domain.

has been demonstrated to be expressed in several
cancers, including breast, lung, ovarian and prostate
cancer, showing the correlation between the expression
[60]
of ABCC1 and poor patients’ outcome . It has been
suggested that ABCC1 expression may confer resistance
to methotrexate, vinca alkaloids, anthracyclines and
[47,61,62]
camptothecins
, influencing drug resistance in
plethora of cancers. Additionally, cyclic nucleotides and
their analogues (e.g., gemcitabine) may be transported
[62-64]
by ABCC4 and ABCC5
, potentially contributing to
their ineffectiveness in PDAC therapy.
Resistance to doxorubicin, mitoxantrone, anthracyc
[65]
lines and topotecan (quinolone topoisomerase inhibitor)
[66,67]
has been attributed to ABCG2 transporter
, which

treatment-induced increase in ABCB1 expression has
[54]
been noted in acute myeloid leukaemia (AML) , breast
[55]
and high-grade bladder cancer . ABCB1 is known
to be responsible for developing drug resistance to
neutral and cationic hydrophobic compounds, e.g., to
anthracyclines (daunorubicin, doxorubicin), colchicines,
taxanes (paclitaxel, docetaxel), vinca alkaloids (e.g.,
vincristine, vinblastine) and tyrosine kinase inhibitors
[56-58]
(imatinib)
.
The main role in xenobiotic transport and drug
resistance in many cancers has been attributed to the
[59]
ABCC subfamily of transmembrane transporters ,
[47,59]
with 9 out of 12 members being involved in MDR
.
The most studied of MDR proteins, ABCC1 (MPR1)
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functions mainly in the ovaries, brain, liver, prostate,
[68]
placenta and small intestine . Additionally, increased
ABCG2 expression has been reported in pluripotent
stem cells, suggesting its role in the maintenance and
[69]
protection of stem cells .
Regardless of the remarkable increase in the
knowledge on the ABC transporters structure and
MDR induction achieved in the past few decades,
the actual function and significance of these proteins
is highly underexplored. It is known that in healthy
physiology, ABC transporters are involved in drug
absorption, distribution and elimination, determining
bioavailability of administered drugs. Both apical and
basolateral membranes of gastrointestinal tract and
biological barriers, in which ABC transporter expression
has been demonstrated, need to be penetrated by the
drug to reach its target. Therefore, ABC transporters
expression may influence pharmacokinetic characte
ristics of administered chemotherapeutics. Additionally,
various other physiological roles have been assigned
to ABC transporters such as export of fatty acids,
cholesterol, peptides, sterols and xenobiotics. Many
ABC transporters are involved in secretion of bioactive
molecules and in the transport of signalling lipids,
which contribution to cancer progression has been
well established. As an example, ABCA1 is involved in
reverse cholesterol transport as well as phospholipids
[70,71]
transport to plasma membrane
. Interestingly,
recent studies demonstrated ABCC1 as an active player
[72,73]
in progression of ovarian and prostate cancer
, by
extrusion of lipids (lysophosphatidylinositol, sphingosine
1-phosphate) that have been previously attributed
[73,74]
a crucial role in carcinogenesis
. The changes
in cancer cell proliferation, migration, invasion and
resistance to apoptosis mediated by the activity of ABC
[75]
transporters have been also widely documented .
Considering that information, attention has been
brought to the pivotal role played by ABC transporters
in carcinogenesis beyond chemoresistance and to
the correlation between their expression with cancer
progression and aggressiveness. Nevertheless, this area
is still overlooked and more studies need to be focused
on this aspect of ABC transporters’ activity in order to
fully elucidate their role in cancer.

be detected in any of the studied pancreatic cancer cell
[79]
lines . Furthermore, more in depth analysis showed
that although ABCG2, ABCC1 and ABCC4 levels did not
differ significantly between tumour and healthy tissues,
ABCC3 and ABCC5 were found to be remarkably
overexpressed in PDAC specimens. Moreover, although
expression of none of them could be coupled with
cancer stage, the differentiation status and tumour
grading were related with increased ABCC3 levels
and correlated with poor survival, whereas no such
correlation could be found for ABCC5.
ABCC3 transporter is involved in transporting of bile
[80,81]
salts and organic ions
. It has been also implicated
in mediation of drug resistance, e.g., to vincristine,
methotrexate or etoposide; compounds used in clinical
studies for PDAC treatments, which demonstrated only
[82]
marginal effects . Moreover, its expression levels have
been correlated with survival of patients after resection,
suggesting possible predictive aspect of ABCC3
expression in PDAC.
ABCC5 is involved in transport of nucleotide
analogues; therefore, it is tempting to speculate its
involvement in excessive efflux of nucleotide analoguesbased drugs, such as 5-FU or gemcitabine. In fact,
although still controversial, it has been shown that
ABCC5 is responsible for gemcitabine resistance in
[64,79,83]
pancreatic cancer
. Analysis of PDAC specimens
demonstrated overexpression of ABCC5 transporter
in samples resistant to gemcitabine, suggesting its
involvement in the decreased efficiency of the drug.
Furthermore, exposure of different PDAC cell lines to
gemcitabine, as well as 5-FU/gemcitabine combination
significantly increased the expression of ABCC5
demonstrating drug induced mechanism of PDAC cell
[79,84]
resistance to the treatment
. Therefore, although
not directly associated with PDAC progression, the
importance of ABCC5 in PDAC chemoresistance, both
inherent and acquired, makes it a valuable drug target
for the enhancement of the efficacy of applied therapies.
While the role of ABC transporters in mediating
chemoresistance is well established, little is known
about their direct, drug-efflux independent contribution
to pancreatic cancer progression. Nevertheless,
intensive studies in recent years suggest that beyond
their role in drug resistance, the biological functions
of ABC transporters are more complex. It has been
proposed that tumour-promoting functions of ABC
transporters are based on their ability to export active
signalling molecules and hormones, which by autocrine
or paracrine regulation activate cancer cells as well
as tumour environment. Increasing interest in this
area has demonstrated the significant impact of these
proteins on invasion, migration and differentiation of
[75]
malignant cells . Also, changes in metabolism as
well as redox status, characteristics pivotal in PDAC
tumorigenesis, may be induced by ABC transportersreleased molecules.
One of the major events in PDAC development

ABC TRANSPORTERS- DRIVERS OF
PDAC PROGRESSION?
There have been very limited studies on the role and
expression of ABC transporters in pancreatic cancer;
however, strong correlation between few of their
members and PDAC has been recently suggested.
On the basis of mRNA analysis, the expression of
ABCC1, ABCC3, ABCC4, ABCC5 and ABCG2 in both
pancreatic cancer samples and in healthy pancreas has
[76,77]
been demonstrated
and was correlated with cell
[78]
resistance to commonly applied chemotherapeutics .
At the same time, ABCC6, ABCC8 and ABCC9 could not
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is the metabolic switch, which occurs in response to
[85-87]
decreased nutrient and oxygen supply
. Increased
glucose dependence and use or aerobic glycolysis for
energy production, known as Warburg effect, allows
quickly proliferating PDAC cells to survive under harsh
conditions and is considered as one of the hallmarks
[88]
of cancer . Additionally, glutamine dependence and
increased protein breakdown add to cancer cell high
proliferative abilities. However, a small population
of cells with stem-like characteristics, which reside
the areas of the tumour lacking oxygen and glucose
supply, are known to rely on mitochondrial oxidative
phosphorylation rather than glycolysis, which results
in increased ATP production. This phenomenon may
add to increased activity of ABC transporters observed
in cancer cells. Therefore, low oxygen and nutrient
supply may contribute to PDAC resistance by increase
of the ABC transporters levels and their ATP-dependent
substrate transport, suggesting a possible mechanism of
hypoxia-induced chemoresistance, tumour maintenance
and cancer progression.
Apart from glucose and glutamine addiction,
increased lipid metabolism and demand has been
[89,90]
recently demonstrated for PDAC
. Bioactive
phospholipids are directly involved in the induction
of cancer cell proliferation and thereby, cancer
[91]
progression . Increase in the levels of saturated
lipids helps cancer cells to acquire additional resistance
to oxidative stress by consolidating the membranes.
Both, de novo lipid synthesis and their increased
[92,93]
uptake have been reported in PDAC
. Moreover,
enzymes involved in lipolysis and lipogenesis are
overexpressed in PDAC and are usually correlated
[90]
with poor prognosis . It has been demonstrated by
our work that, in prostate and ovarian cancer, ABCC1transported lysophosphatidylinositol activates GPR55
receptor forming an autocrine loop, which activation
[72]
triggers signalling cascade inducing cell proliferation .
Phospholipids transport has been also reported for
another member of ABC transporter family, ABCG1.
Therefore, it is tempting to suspect the existence
of a similar mechanism, involving ABC transportermediated phospholipid activation of cancer cells in
PDAC. An essential factor in PDAC cell survival is also
cholesterol availability. As a component of lipid rafts,
it influences membrane composition and integrity and
interacts with membrane-bound proteins, facilitating
[90]
activation of phosphorylation cascades . The essential
role played by cholesterol in PDAC tumorigenesis limits
the growth and division of PDAC cells, depending
[94]
on its availability . A recent study by Mohelnikova[95]
Duchonova et al showed an upregulation in transcript
levels of several ABC transporters in PDAC compared
to non-neoplastic tissues. Particularly, upregulation of 2
members of ABCA family, ABCA1 and ABCA7 involved in
cholesterol export, together with expression of ABCG1
transporting phosphatidylserine, phosphatidylcholine
and sphingomyelin, suggests their involvement in
[95]
cellular cholesterol imbalance in the disease . Another
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of the characteristics of PDAC is the highly inflammatory
environment, which actively promotes cancer cell
proliferation and survival, angiogenesis and assists the
[96]
metastatic spread . Chronic inflammation, that aids
the tumorigenesis and at the same time is one of the
main factors contributing to its initiation, is mediated
by prostaglandin-mediated pathways. Therefore, the
main inflammatory molecules- prostaglandins and
leukotrienes are considered as significant players in
PDAC development. The prostaglandin-mediated PDAC
progression may involve activation of PI3K-Akt signalling
pathway, a major player in PDAC progression, increase
in VEGFA expression and stimulation of angiogenesis
[97]
and support of the inflammatory environment . It
is now known that several ABC transporters, mainly
belonging to the ABCC subfamily (ABCC1, ABCC2,
ABCC4) are involved in prostaglandins efflux outside
of the cells, enabling the activation of the G protein[75,98]
coupled receptors, triggering cancer progression
.
Therefore, the manipulation of ABC transporter
activity blocking prostaglandin signalling represents an
additional potential therapeutic tool. Additionally, due
to the proved contribution of leukotriene C4 (LTC4) to
[99]
PDAC progression , its induced pathways have been
widely studied as potential drug targets. Regarding
the involvement of ABC transporters in leukotriene
release, their inhibition presents an additional possibility
for LCT4-signalling blockade, influencing cancer
development.
Elevated levels of reactive oxygen species (ROS),
inducing oxidative stress are also implicated in PDAC
[100]
initiation and progression
. One of the molecules
responsible for the maintenance of redox status in
[101]
homeostasis is glutathione (GSH) , which transport
is activated in response to oxidative stress. It is also
involved in several signalling processes regulating
cell proliferation, apoptosis or immune response.
Several members of ABCC family (ABCC1, ABCC2,
ABCC3, ABCC4, ABCC5, ABCC7) and ABCG2 mediate
glutathione transport, suggesting their involvement in
cellular response to the oxidative stress. Also, ABCB10
has been implicated in cellular protection from oxidative
[102]
stress
. Moreover, oxidative stress induces the
activation of NF-kB and Nrf2 signalling, which in turn
enhances expression of ABCB1, ABCG2 and ABCC2,
[103,104]
additionally contributing to cancer cell resistance
.
Therefore, manipulation of the activity of ABC
transporters in cancer cells might potentially increase
their antioxidant capacity, which has been shown to
[105]
provide additional anti-tumorigenic protection .
Additionally, tumour environment and its engagement
in cancer progression and metastatic spread has
emerged as key player in carcinogenesis. Considering
the significant role of stroma in PDAC progression and in
the development of tumour chemoresistance, targeting
its components presents a tempting approach in the
development of novel therapies. However, the attempts
to deplete stroma have not provided satisfactory results
so far. The most promising combination of gemcitabine
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and Hedgehog inhibitor IPI-926-03 tested by Olive
[106]
et al
has failed due to high toxicity and lack of
[107]
effectiveness in clinical trials
. Currently, molecules
targeting hyaluronic acid, combined with chemotherapy,
[108]
are being tested in phase II and III clinical trials
.
Nevertheless, investigation of new approaches to target
stroma in order to increase chemotherapy efficiency, as
well as restraining tumour expansion remains essential.
Recently, expression of several of ABC transporters in
PDAC stroma has been reported. One of the main stromal
components- macrophages- have been demonstrated
to express several of the drug transporters, inter alia
ABCC1 and ABCC3, contributing to both chemoresistance
[109]
and tumour progression . Therefore, considering the
involvement of ABC transporters in chemoresistance and
an emerging role in tumorigenesis, therapies targeting
ABC transporters might prove to be useful in depleting
or reprograming cancer stroma and reversing cancer
resistance to applied drugs. Additionally, expression of
few of ABC transporters in non-neoplastic tissues has
been recently reported to influence PDAC progression
and to be predictive of patients’ overall response.
Finally, the most aggressive tumours are composed
of non-differentiated cells possessing highly proliferative
[75]
abilities , called cancer stem cells (CSCs). In particular,
the existence and high importance of CSCs in cancer
resistance to chemotherapy and its involvement in
disease recurrence has been suggested for PDAC.
Interestingly, high expression of ABC transporters has
been reported in less differentiated tumour zones,
[110-112]
conferring them a more aggressive phenotype
,
[76]
also in PDAC . Therefore recently, the interest in CSCs
as drivers of resistance and aggressive nature has
[113,114]
emerged in PDAC
. A noticeable characteristic of
cancer stem cells is the high expression of members
of the ABC transporters family compared to more
[115]
differentiated cells . Also, it is speculated that their
expression profile may be considered as the indicator
of stem cell formation and carcinogenic potential
[116]
of the tissue
. Considering the association of cell
differentiation levels with its proliferative potential, the
overexpression of ABC transporters in cancer stem
cells highly supports their contribution to the more
aggressive nature of the PDAC. Overexpression of ABC
transporters in cancer stem cells may assist in their
survival by efflux of xenobiotics, exhibiting protective
roles, sustaining their proper performance and
maintaining self-renewal characteristics. Additionally,
their enhanced expression and activity in cancer cells
and especially in CSCs, suggests an additional role in
maintaining cancer cells aggressive biology and makes
them an attractive therapeutical target.

in PDAC is still in its outset, the initial analysis suggests
their probable contribution to PDAC development and
points at potential beneficial clinical consequences.
Database analysis showed that the high importance and
the potential of ABC transporters as pharmacological
targets in PDAC is reflected in the association of the
expression of its individual members with the prognosis
[117]
of patients’ survival
. Notable correlation between
observed 5-year survival and expression of a majority
of ABC transporters has been observed (Table 1);
however, this discovered association is not uniform.
Significant reduction in survival probability has been
attributed to high expression of e.g., ABCA1, ABCA12,
ABCB1, ABCC1, ABCC3 or ABCC7. Expression of
few other ABC transporters showed similar trend,
nonetheless, their relationship with the OS was not
remarkably pronounced. On the other hand, higher
expression of a substantial number of ABC transporter
genes has been correlated with increased chance of
PDAC patients’ survival. Among others, the expression
of ABCA2, ABCA7, ABCB6 ABCB8, ABCC5 or AGCG1 in
PDAC tissues most markedly correlated with prolonged
5-year survival, suggesting their-mediated release
of molecules of anti-tumorigenic characteristics and
favourable prognostic potential.
Considering the elevated expression of multiple
ABC transporters in a vast majority of cancers and
their redundancy in substrate specificity and activity,
determination of their expression profiles and their
clustering in prognostic groups, rather than analysis
of individual members, also raised a lot of interest
in the last years. The existence of ABC transporters
expression signatures in PDAC and their correlation
with clinic-pathological characteristics of the tumours
[95]
has been studied by Mohelnikova-Duchonova et al ,
and dysregulation of expression of several members
of ABC family has been observed. Upregulation of
ABCB4, ABCB11, ABCC1, ABCC3, ABCC5, ABCC10 and
ABCG2 has been noted in PDAC, compared to nonneoplastic tissues. Surprisingly however, expression
of few ABC transporters in non-neoplastic tissues
also could be correlated with tumour progression and
survival. Moreover, higher levels of T3 and T4 stages
were associated with ABCA1 and ABCB3 upregulation
and ABCG1 and ABCG2 downregulation. In contrast,
smaller size tumours were connected with the cluster,
in which ABCA8, ABCB5, ABCA9, ABCA10 and ABCC9
were upregulated, while downregulation of ABCA12,
ABCA13, ABCC3, ABCC7 and ABCC13 has been noted.
Similarly, ABCB9 and ABCC4 upregulation correlated
with N1 status, while ABCA3, ABCD1 overexpression
and ABCA6 and ABCC10 downregulation corresponded
with increased angioinvasion.
This and previous studies demonstrated the
correlation of ABC transporter expression in tumour
specimens with clinic-pathological features in different
[118]
cancer types . Nevertheless, the high importance of
tumour microenvironment and its proposed involvement
in PDAC progression, suggests that ABC transporter

ABC TRANSPORTERS EXPRESSION
PROFILES AS PROGNOSTIC MARKERS IN
PDAC
Although the investigation on the role of ABC transporters
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Table 2 Selected ATP-binding cassette transporters responsible for the development of multi-drug resistance, their experimental
inhibitors and drug specificity
ABC transporter
ABCB1

ABCC1

ABCC2
ABCC3
ABCC5
ABCG2

Inhibitor

MDR

I generation:Cyclosporine A, Verapamil
II generation: Valspodar, zosuquidar
III generation: Tariquidar, OC144-093
MK571, probenecid, ibrutinib, 3ATA

Ref.

Daunorubicin, epirobicin, doxorubicin,
colchicines, paclitaxel, docetaxel, vincristine,
vinblastine, imatinib
Anthracyclines, vinca alkaloids, camptothecins,
daunorubicin, imatinib, etoposide, vincristine,
vinblastine, methotrexate
Metothrexate, cyclosporine A, fluorescein, MK571 Doxorubicin, cisplatin, irinotecan, epirubicin,
vinblastine
Indomethacin, sufinpyrazone, probenecid,
Etoposide, methotrexate, teniposide
benzmromarone
Curcumin, trequensin, sildenafil
Gemcitabine, methotrexate, 6-mercaptopurine
Fumitremorgin C, Ko143, GF120918
Daunorubicin, doxorubicin, irinotecan,
mitoxantrone, methotrexate, epirubicin,
etoposide

[46,145,146,171]

[46,145,146,172]

[46,145,146,171,173]
[46,145,146,171,173]
[46,145,146,171,173]
[46,145,146,171]

MDR: Multi-drug resistance; ABC: ATP-binding cassette.

expression in non-neoplastic tissues might have important
clinical implications. Following the analysis of 27 nonneoplastic pancreatic tissues and pairing them with 32
PDAC samples, 4 different clusters could be distinguished
based on the gene expression profiles in cancer vs normal
specimens. PN1 and PN2 clusters were characterized
by upregulation of the majority of ABC transporters
genes and correlated with significantly shorter patients’
overall survival (OS) than patients grouped into PN3
and PN4 clusters, in which significant downregulation
of genes or heterogeneous gene expression has been
[119]
observed . Especially, ABCA2, ABCA4, ABCA5, ABCC2
and ABCD4 signatures showed significant difference in
patients’ survival when comparison between upregulated
and downregulated genes was carried out. Additionally,
tumour-node-metastasis, age, gender, disease stage,
margin status, therapy and survival have been analysed;
however, no significant correlation between those features
and ABC profiles could be established. Although the
study presented few limitations, such as small group size
or the distance between collected tumours and control
tissue, created expression clusters could be successfully
implemented into clinical practice. Moreover, reduction
of the analysed genes to the limited group showing
most distinct expression, did not have any impact on
the statistical significance of observed clinic-pathological
correlations, creating more practical and convenient
clinical prognostic tools.

of the transcription factors regulating their expression or
blockade of the transporter-induced signalling pathways
represent the options for impeding ABC transporters
[120]
activity
. So far, 3 generations of ABC transporters
modulators, directed mainly against ABCB1, have
[120,121]
been developed
(Table 2). The first generation
inhibitors, such as verapamil, quinine or cyclosporine
A, compounds previously established for other
[122,123]
conditions, in spite of promising in vitro activity
,
showed significant toxicity, unacceptable for further
[123,124]
usage
. Lack of potency and specificity, combined
with pharmacokinetic complications restrained their
[125]
further investigation
. Structural modifications of
existing inhibitors, aiming to enhance their efficacy
and specificity, at the same time decreasing observed
adverse effects, also did not provide satisfactory
results. Valspodar (cyclosporine A derivative), a second
generation ABCB1 inhibitor, demonstrated enhanced
[126]
efficiency accompanied by decreased toxicity
.
However, it showed unsatisfactory results in the
majority of clinical trials, in which its co-administration
with chemotherapeutics, e.g., carboplatin, paclitaxel
or doxorubicin did not exhibit any benefits, and in
[127,128]
some cases deteriorated patients’ outcome
.
Likewise, application of dofequidar or biricodar citrate
[129]
(VX-710)
did not result to be favourable, as their use
has been restricted by the potential interactions with
[130]
anti-cancer therapeutics (vincristine or paclitaxel)
.
All these limitations led to the development of a third
generation of inhibitors which potency, due to the
rational QSAR design, has been described as 200-fold
higher than the previously developed anti-ABCB1
[131]
molecules, greatly enhancing drug accumulation
.
Additionally, only minimal drug-drug interactions have
been reported. Clinical trials have been commenced
[132]
[133]
for zosuquidar (LY335979) , elacridar (F12091) ,
[134]
[135]
mitotane (NSC-38721) , annamycin
or tarquidar
[136]
(XR9576)
. Nevertheless disappointingly, most of
the clinical trials testing their applicability have been

ABC TRANSPORTERS IN CANCER
THERAPY
Looking at the key role played by ABC transporters in
cancer chemoresistance and the emerging knowledge
on their crucial contribution to tumorigenesis, the
development of targeted therapies, aiming to block or
modulate their activity has become a crucial area in
cancer research. Inhibition of transporter activity, arrest
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discontinued due to lack of significant positive response
and off-site effects.
There are several reasons for the lack of success of
the ABC transporters inhibition. Increased toxicity caused
by off-target action in healthy tissues, as well as their
high doses were the main reasons for the discontinuation
[42]
of the trials for first and second generation inhibitors .
Increasing evidence of substrate similarities between
ABC transporters and CYP450, enzyme involved in drug
metabolism, suggests interactions of tested compounds
with the enzyme, which influences pharmacokinetic
properties of co-administrated chemotherapeutics,
changing their activity, lowering the efficacy and, as
[137]
a consequence, increasing the toxicity
. Therefore
single-agent application of ABC transporters inhibitors
should be considered in future research. Another
reason for high toxicity of these modulators has been
attributed to decreased clearance of anticancer agents
and natural xenobiotics caused by unspecific blockade
of the transporters. As an example, ABCB1 inhibition,
apart from cancer cells may also result in its blockade
in canalicular membrane in healthy liver or kidney,
[42,138]
reducing the clearance of chemotherapeutics
. The
involvement of some of the ABC transporters (mostly
ABCB and ABCC subfamilies) in the immune system is
another obstacle, as disruption of its proper functioning
may result in undesirable deterioration in anti-cancer
[139]
immune responses . The ineffectiveness of targeted
therapies may also lay in the functional redundancy of
several ABC transporters, highly impairing full efficiency
of the blockade of individual protein. Another limitation
in the presented approach has been the fact that the
vast majority of studies have been focused on ABCB1.
Nevertheless, with increasing evidence of the role of
other ABC transporters in cancer, the inhibitors of ABCC1
(e.g., probenecid, sulindac, biricodar, BAY-u9773 or
[129,140-142]
MK571)
, ABCG2 (Ko143, fumitremorgin C,
[143,144]
genistein, biochanin A)
or ABCC3 (indomethacin
[145,146]
or sulfinpyrazone)
have been considered (Table
2). However, some of them similarly to ABCB1 blockers,
exhibited unfavourable toxicity levels when combined
with chemotherapy. Additionally, several non-selective
ABCB1 inhibitors have been tested for their activity
[146]
towards other ABC transporters . Nonetheless, as the
interest in ABC transporters increased only recently, the
efficacy of the abovementioned therapeutic approach
still needs to be evaluated. Also, the majority of the
studies conducted so far have been focused on the
reversal of chemoresistance rather than influencing
cancer progression. However, current knowledge on the
additional, or maybe principal role of ABC transporters
in tumorigenesis might shed more light on the basis
of current inhibitors toxicity as well as could allow for
exploration of novel more specific molecules, aiming at
slowing down cancer progression, rather than reversing
MDR.
Considering the marginal effectiveness of ABC trans
porters inhibitors achieved so far, alternative concepts for
ABC transporters targeting are being tested (Figure 2).
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RNA interference, use of monoclonal antibodies, antisense
oligonucleotides or the use of transcription regulators
[147-150]
is currently under consideration
. miRNA use has
been also claimed as a possible way for ABC transporter
[151,152]
regulation and reversal of chemoresistance
. As
crucial players in carcinogenesis, also confirmed in PDAC,
miRNA regulation has been proposed as an interesting
[153]
therapeutic tool
. To date, several miRNAs have
been reported to inhibit the expression of different ABC
[154-156]
transporters, having chemotherapeutic effects
.
Moreover, it has been demonstrated that tyrosine kinase
inhibitors may block ABC transporters by binding to their
[157]
transmembrane domain at substrate-binding sites .
Imatinib, nilotinib, sunitinib or lapatinib, drugs tested for
the PDAC therapy independently of their ABC-inhibiting
properties, have been demonstrated to block ABCB1,
[158-161]
ABCC2 or ABCC10
. However, this approach also
needs further evaluation.
Currently, the use of nanoparticles for the delivery
of therapeutics to the target cells has emerged as a
[162,163]
growing area of interest
. Their small size, together
with increased surface area, enhances the stability and
solubility of the administered drugs, improving their
[164]
bioavailability
. Additionally, controlled, prolonged
release and protection form degradation present
further advantages of that therapeutic approach. Codelivery of the inhibitors of ABC transporters and
chemotherapeutics with the use of nanoparticles is also
applied to minimize observed side effects occurring as
a result of drug-drug interactions. Nevertheless, the
emerging field of the manipulation of ABC transporter
activity for therapeutic purposes is still in its outset
and more studies are needed to fully assess their
pharmacological potential.

DISCUSSION
In the last years, ABC transporters have attracted
remarkable attention of researchers from different
scientific areas. The role of ABC transporters in different
physiological and pathological conditions, including
cancer, has been widely reported, increasing the interest
in the development of their specific inhibitors. Especially,
the well-known involvement of ABC transporters in
the development of multi-drug resistance (MDR) led
to the investigation of the potential of its reversal by
blocking ABC transporter activity. Clinical relevance
of several ABC transporters in multi-drug resistance
reversal has been primarily attributed to P-gp, ABCG2,
ABCB4 and 4 members of ABCC subfamily- ABCC1,
[165]
ABCC2, ABCC3 and ABCC4
. Therefore, the main
focus so far has been placed on these proteins in terms
of their pharmacological potential. However, in spite
of the initial enthusiasm regarding ABCB1 inhibitors,
their efficacy in clinical settings has failed to provide
any improvements, leading to the early closure of the
[166,167]
trials
. Considerably high toxicity caused by lack of
specificity and changes in pharmacokinetic of co-applied
chemotherapeutics, decreasing their efficacy were
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Nanotechnology
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Genetic manipulation

Monoclonal antibodies

ATP

ATP
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PDAC progression

Figure 2 Pharmacological approaches towards inhibition of ATP-binding cassette transporters. MDR: Multi-drug resistance; PDAC: Pancreatic ductal
adenocarcinoma; ABC: ATP-binding cassette; TK: Tyrosine kinase.
[168]

some of the reasons for the disappointing results .
The successful implementation of developed inhibitors
was strongly impeded by the complexity of ABC
transporters functioning. The correlation between cancer
chemoresistance and ABC transporters expression
is two-sided and forms a specific loop, which may
increase cancer resistance to applied therapies. On one
hand, their expression contributes to enhanced drug
efflux from the cells, diminishing their efficacy, on the
other hand, many studies have reported increased
expression of the transporters, induced by drugs
application, complementing formed loop. Therefore,
in spite of the enhancement of drug accumulation and
reversal of induced chemoresistance demonstrated in
vitro, little success has been reported during clinical
trials. Also, increased toxicity and insufficient potency
observed during clinical trials restrained the majority of
tested compounds from the clinical use. Additionally,
the majority of carried clinical trials were performed
on patients previously treated with several anticancer
therapeutics. Therefore, the assessment of the protein
levels might have been misevaluated due to druginduced enhancement of expression of ABC transporters.
Moreover, several of the studies were designed without
proper patient stratification for ABC transporters
expression. As an example, little success rate in
ovarian cancer patients, might be explained by low
[127]
expression rate of P-gp in this tumour type . Although
reversal of the drug resistance was the principal goal
of ABC-targeted therapies, considering the increasing
awareness of the pivotal role of ABC transporters beyond
chemoresistance, their specific inhibition might not only
aid to increase the activity of other therapeutics, but
[56]
directly balk tumour development and progression ,
encouraging their further exploration. Therefore, the
repertoire of ABC transporters against which inhibitors
are being developed should be expanded for those
playing an active role, not only in MDR, but in the
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expulsion of bioactive molecules. Looking at the wide
variety of substrates transported by ABC transporters,
together with their increased expression in cancer
cells and especially cancer stem cells, the role of these
proteins in the transport of signalling molecules, which
activity promotes cancer progression, has become an
area of interest. High impact of bioactive lipids, including
phospholipids, sphingolipids or cholesterol on PDAC
tumorigenesis and an emerging role of ABC transporters
in their release presents a novel opportunity for targeting
the disease. It has been previously demonstrated that
one of the hallmarks of PDAC is lipid-dependence and
that the decrease of the lipids levels may reduce cancer
progression. Accordingly, aiming to block specific ABC
transporters responsible for their extrusion, mainly
members of ABCA and ABCC subfamilies, and depriving
cancer cells of the necessary fuel may highly contribute
to slowing down PDAC development. In fact, it has been
demonstrated in several cancers that targeting of ABC
transporters involved in lipid transport (e.g., ABCC1 in
prostate or ovarian cancer or ABCC4 in neuroblastoma)
showed significant improvement in in vitro and in
[75]
vivo models , slowing down cancer progression.
Therefore, single-agent therapies based on ABC trans
porter inhibition should be considered to target cancer
progression. Moreover, patients’ treatment with ABC
transporters single inhibitors would eliminate the risk
of drug-drug interactions, reducing the risk of adverse
events.
Importantly, the expression of ABC transporters may
not only be explored in terms of their pro-tumorigenic
activity but may also serve as prediction of therapy
efficiency and patients’ outcome. Database analysis
demonstrated strong influence of the expression of
the transporters e.g., ABCC3 or ABCC1 on reported
5-year survival. However, positive association of other
transporters (e.g., ABCC5 or ABCA7) with the increased
survival demonstrates the complexity of the role of ABC
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transporters in PDAC tumorigenesis. It also shows the
necessity for enhanced research in this area to fully
understand and explore the therapeutic potential of
these transmembrane proteins in PDAC therapy. The
enhancement of chemotherapy efficacy, e.g., by ABCC5
blocking, has been demonstrated for the gemcitabinebased therapies. However, considering the favourable
association of this transporter with PDAC patients’
survival, it is tempting to speculate that its inhibition
might interfere with some of the protective functions
that ABCC5 might exhibit and, as a consequence,
deteriorate patients’ outcome. Also, despite being
overexpressed in a majority of cancer types, the
role of ABC transporters is not uniform. Negative or
positive correlation of the protein expression and
survival observed in PDAC patients, is not invariably
reflected in other cancer types. As an example ABCA7,
expressed at a similar level in pancreatic and lung
cancer, although positively correlated with 5-year
survival in the PDAC (38% high expression vs 0% low
expression), has no statistically significant effect in the
[117]
latter case (48% vs 43%) . Therefore, studying the
context accompanying ABC transporters expression and
functioning is of high importance in order to stratify their
individual members in context of their pharmacological
potential in diverse cancers. Additionally, the focus of
research should not be placed only on the potential of
the inhibition of ABC transporters that have undermining
roles in carcinogenesis. Hence, the investigation of the
characteristics of the ABC transporters that favour the
survival of PDAC patients should be also explored to
study the mechanisms and molecules responsible for
their protective function.
Finally, ABC transporters profiling in cancer has
proven to provide a potent tool in estimation of patients’
response to applied therapies. As an example, analysis
of 21 breast cancer specimens before and after
neoadjuvant treatment showed different expression
[169]
of several ABC transporters
. Similarly, 6 ABC
transporters genes in AML samples allowed for their
organization in two expression groups, correlated with
[170]
resistance and patients’ prognosis . Correspondingly,
generation of ABC transporter expression profiles in
PDAC has allowed for creation of clusters, characterized
by differentiated expression of their individual members.
Correlation of each cluster with a variety of disease
parameters (e.g., number of metastases or drug
response) and more importantly, with patients’ survival
suggested the gene profiling for ABC transporters
expression as a clinically relevant prognostic tool.

patients with grim prognosis. As critical players in
PDAC chemoresistance and disease development,
ABC transporters seem a promising target for the
development of novel targeted therapies. However,
despite their remarkable pharmacological potential
demonstrated in vitro, acquired knowledge has not been
successfully implemented in the clinic yet. Nevertheless,
the knowledge learnt from previous mistakes and
the potential reasons for the failed implementation
of the inhibitors should be considered in the develop
ment of new studies and treatments. In the light of
recent data, the potential of few ABC transporters
beyond MDR reversal should be further explored to
fully scrutinize the applicability of ABC transporter
inhibition for clinical practice. More emphasis on the
ABC transporters involvement in PDAC progression
should be placed in prospective studies, leading
to the determination of the proteins with the most
pharmacological potential followed by design of singleagent treatment. The knowledge on the involvement
of ABC transporters in cancer metabolic swift, their
role in tumour-microenvironment cross-talk should be
additionally expanded. Animal models of pancreatic
cancer should be implemented in the development
of new potential inhibitors to investigate their impact
on abovementioned processes. In conclusion, proper
study design and patients stratification regarding ABC
transporters expression leading to tailored therapies
should be elucidated in order to add to the efficiency of
administered drugs.
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Antibody-mediated rejection (AMR) in liver transplan
tation has long been underestimated. The concept of
the liver as an organ susceptible to AMR has emerged
in recent years, not only in the context of the major
histocompatibility complex with the presence of HLA
donor-specific antibodies, but also with antigens
regarded as “minor”, whose role in AMR has been
demonstrated. Among them, antibodies against
glutathione S-transferase T1 have been found in 100%
of patients with de novo autoimmune hepatitis (dnAIH)
when studied. In its latest update, the Banff Working
Group for liver allograft pathology proposed replacing
the term dnAIH with plasma cell (PC)-rich rejection.
Antibodies to glutathione S-transferase T1 (GSTT1)
in null recipients of GSTT1 positive donors have been
included as a contributory but nonessential feature of
the diagnosis of PC-rich rejection. Also in this update,
non-organ-specific anti-nuclear or smooth muscle
autoantibodies are no longer included as diagnostic
criteria. Although initially found in a proportion of
patients with PC-rich rejection, the presence of
autoantibodies is misleading since they are not diseasespecific and appear in many different contexts as
bystanders. The cellular types and proportions of the
inflammatory infiltrates in diagnostic biopsies have
been studied in detail very recently. PC-rich rejection
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biopsies present a characteristic cellular profile with a
predominance of T lymphocytes and a high proportion
+
of PCs, close to 30%, of which 16.48% are IgG4 . New
data on the relevance of GSTT1-specific T lymphocytes
to PC-rich rejection will be discussed in this review.

but with disconcerting similarities with autoimmunity ,
there are a few aspects that still need to be investigated.
For example, one important issue that has yet
to be addressed is the role of allelic disparity of
glutathione S-transferase T1 (GSTT1) or other minor
histocompatibility antigen mismatches in the develop
ment of dnAIH in pediatric liver transplant. There are
very few studies about the long-term consequences of
[14]
dnAIH in the liver allograft of children. Ekong et al
reported their observations from a retrospective multi
center study that included 29 children from 5 centers.
The authors showed that half of the patients did not
experience rejection prior to diagnosis and the response
to steroid therapy was good in general but not in all the
cases. Interestingly, 38% of the children had abnormal
liver enzymes over 2-fold the upper limit of normal,
especially gamma-glutamyltransferase (GGT) at the
time of last follow-up, indicating bile duct injury. This
result contradicts one of the main arguments against
considering dnAIH a type of rejection, namely the
absence of bile duct involvement.
Well-established immunological criteria for diagnosing
AMR in kidney transplantation include detection of
complement component 4d (C4d) deposits in peritubular
[35]
capillaries concomitantly with antidonor serology .
Presently, C4d deposition in portal capillaries is accepted
[36,37]
as a distinctive feature of dnAIH/PC hepatitis
although it is not currently considered to be a diagnostic
criterion.
IgG4 has been traditionally considered a benign
antibody although this concept has changed due to the
growing number of IgG4-related diseases described in
the literature during the last few years. International
experts in the field held a symposium in Boston in 2012
and generated consensus guidelines for the diagnosis
[38]
of IgG4-related diseases . Since an important
+
presence of IgG4 plasma cells (PCs) has been detected
in subgroups of patients with dnAIH/PC-rich rejection,
this aspect will be discussed later in this review.

Key words: glutathione S-transferase T1 mismatch;
liver allograft rejection; plasma cell-rich rejection; de
novo autoimmune hepatitis; donor-specific antibodies;
+
newCAST; cell quantification; IgG4 plasma cell; T
lymphocytes
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The purpose of this review is to update the
reader with recent knowledge about a disease of
the liver allograft, whose definition has evolved from
“de novo autoimmune hepatitis” to “plasma cell-rich
rejection”. During the last 20 years, several groups
have contributed new data that has prompted the liver
transplant community to reconsider several aspects
of the disease. It is not the intention of this review
to go over details of the histological features or the
role of autoantibodies in this disease, which have
been well described in other reviews. Instead, more
recent aspects, such as the composition of infiltrates in
biopsies and T cell involvement will be discussed.
Aguilera I, Aguado-Dominguez E, Sousa JM, Nuñez-Roldan
A. Rethinking de novo immune hepatitis, an old concept for
liver allograft rejection: Relevance of glutathione S-transferase
T1 mismatch. World J Gastroenterol 2018; 24(29): 3239-3249
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i29/3239.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i29.3239

INTRODUCTION
Antibody-mediated rejection (AMR) in liver transplan
tation is becoming increasingly relevant after being
considered an immune privileged organ for many years.
Indeed, a good HLA match between donor and recipient
- very important in other settings such as kidney
transplants - was never considered as essential in liver
donations. A few years ago, a number of publications
describing a pathogenic role for HLA donor-specific
antibodies (DSA) came out indicating that the liver was
[1]
prone to experience AMR like any other organ . Earlier,
in 1998, a new liver transplant-associated disease termed
[2]
de novo autoimmune hepatitis (dnAIH) was described
and many groups reported cases of patients with similar
[3-25]
characteristics but with different prevalence
. The
diagnostic criteria are well described, particularly with
regard to histological features that are essential for
[26-32]
[9,33]
differential diagnosis in adult
and pediatric
cases.
To complete the characterization of this special type of
immune response, now generally accepted as rejection
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TERMINOLOGY CONTROVERSY
When pathologists first identified the transplantassociated pathology dnAIH, the histological features
described were very similar to those found in
[2]
autoimmune hepatitis . Following this first study in
[2]
[6-8,11,12,17,22,
1998 , dnAIH became the term of choice
25,39,40]
. However, from the beginning, clinicians found
it difficult to admit progression to autoimmunity in a
patient’s graft without a previous history of autoimmune
phenomena and under the effects of immunosuppressive
therapy. Moreover, the graft targeted by the immune
reaction was not self but coming from a donor with a
completely different genetic background, given the fact
that selection was very uncommon, even for the HLA
antigens. Soon after the first description, some authors
[3]
started using other terms such as “de novo hepatitis” ,
[16]
“graft dysfunction mimicking autoimmune hepatitis” ,
[4]
“posttransplant immune hepatitis” or de novo immune
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BD

BD
Hepatocytes

CV

Hepatocytes

BD

Canal of hering

Figure 1 GSTT1 expression in human liver. On the left part of the figure the hepatic parenchyma shows homogeneous staining of the cytoplasm of hepatocytes
as well as epithelial cells of the bile ducts in the portal area. On the right part, a detail of the cytoplasmic staining of cholangiocytes and the Canal of Hering cells,
considered a niche of hepatic progenitor cells. CV: Central vein; BD: Bile duct.
[18]

[23]

hepatitis . In 2008, a study performed by Fiel et al
introduced the term “plasma cell hepatitis” with the
suggestion that dnAIH could be a variant of rejection;
[34]
this report was highlighted by an editorial comment .
Even though all these terms have been used historically,
for simplicity, in this review we will refer to dnAIH or PCrich rejection.

in a patient with dnAIH; however, the genotyping results
were not very convincing since they lacked an internal
[22]
control band and GSTT1 antibodies were not tested .
To the best of our knowledge, anti-GSTT1 antibodies
have never been tested in serum samples from liver
transplanted children.
We studied the cases of two female patients with
preformed anti-GSTT1 antibodies who needed a liver
transplant and received a GSTT1 expressing graft. Their
original diseases were primary and secondary biliary
cirrhosis, respectively. The first patient presented high
titers of GSTT1 antibodies and was diagnosed with
dnAIH 12 mo after the transplant with a good response
to prednisone plus mycophenolate mofetil. She died
of pneumonia 4 years after the transplant. The second
patient had low antibody titers in different samples until
exitus, 7 years after the transplant. This patient was
never diagnosed correctly and the only biopsy, performed
one month before exitus, revealed dnAIH as the cause
of exitus. Since these pre-sensitized patients are not
frequent, it is difficult to conclude whether the presence
of preformed antibodies accelerates the onset or the
severity of the disease.

GLUTATHIONE S-TRANSFERASE T1: A
MINOR HISTOCOMPATIBILITY ANTIGEN
GSTT1 is a phase II drug metabolizing enzyme
involved in protection against toxic compounds. Vital
for this function is its abundant expression in liver and
kidney (Figure 1), although GSTT1 is also expressed
in other tissues to a lesser degree. Importantly, the
GSTT1 antigen is present in red blood cells. It has
been demonstrated that any healthy person with
the GSTT1*0/0 genotype might produce anti-GSTT1
antibodies if they experience one of two sensitization
events: blood transfusions from a GSTT1-positive donor
[41]
or pregnancy of a GSTT1-positive fetus . Mismatch of
[42]
the GSTT1 alleles was first reported by Aguilera et al
and subsequently confirmed in patients with PC-rich
[18,21,24,43]
rejection
. Czaja included GSTT1 antibodies as
a feature in dnAIH patients and proposed a hypothesis
that will be discussed in the PATHOGENESIS OF
[44]
PC-RICH REJECTION section of this manuscript .
Controversially, one report did not find GSTT1 mismatch
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IN FAVOR OF ANTIBODY-MEDIATED
REJECTION IN DE NOVO AIH
At the beginning of this decade a report by Aguilera
[36]
[45]
et al , that was worth an editorial comment was
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Figure 2 Portal areas in diagnostic biopsies of patients with plasma cell-rich rejection are shown. Staining of C4d deposits is observed in portal capillaries
indicating antibody-mediated rejection.

the first to link C4d immunopositivity in liver biopsies
to donor-specific alloreactivity not related to HLA DSA
[46]
or ABO incompatibility . Patients with anti-GSTT1
DSA showed a very characteristic C4d immunostaining
pattern restricted to portal capillaries (Figure 2), very
distinct to the sinusoidal pattern described by Kozlowski
[47]
et al in association with HLA DSA, which was similar
[36]
to our own findings in chronic rejection biopsies .
[48]
Dumortier et al described a case of refractory dnAIH
that did not respond to standard therapy in a patient
with anti-LKM (liver-kidney microsomal) antibodies at
the time of diagnosis. Recovery after treatment with
plasmapheresis supported an involvement of humoral
factors in the pathogenesis of the disease.
In the last publication by the Banff Working Group
for liver allograft pathology, the proposed criteria
included HLA DSA and GSTT1 in null recipients of
GSTT1 positive donors as contributory but nonessential
[1]
features for the diagnosis of PC-rich rejection .
HLA DQ DSAs have been described as a predictive
[49]
variable for late allograft dysfunction in children .
Unfortunately, the number of patients in this study
with dnAIH (n = 3) was too low to reach a conclusion
and, even with the inclusion of 10 more patients with
overlapping features of dnAIH and late ACR, the results
should be considered carefully since it is not possible to
analyze both events separately. We studied HLA DSA
in a group of adult patients with dnAIH and found that
4 out of 14 (28.6%) produced de novo HLA DQ DSA,
but always coexisting with GSTT1 DSAs (unpublished
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results), making it impossible to differentiate the
real impact of HLA DSA on the development of PCrich rejection. It would be very interesting to validate
these results in larger cohorts in order to determine
the pathogenic role of HLA DSA in the absence of antiGSTT1 antibodies.

THE THIN LINE BETWEEN AUTO- AND
ALLO-IMMUNITY
Although finally accepted as a form of allograft rejection,
the liver transplant-associated disease formerly known
as dnAIH is a special kind of rejection and one that
is difficult to understand. It has many histological
similarities with classical AIH, features that were
misleading at the time this pathology was discovered.
Moreover, the first-line therapy of choice is corticosteroids
for both pathological processes. All of this supports the
concept that an alloantigenic immune response may be
difficult to distinguish from an autoimmune response
in which the mechanisms of liver damage are probably
similar. Interestingly, we noted a female predominance
among patients who present with one autoimmune
feature, since of the cases of dnAIH diagnosed at our
center, 10 of 14 are female (71.4%), a feature that is not
easy to explain if we contemplate that 75% of the liver
transplanted patients in our hospital are males. Moreover,
if we consider the 122 patients within the risk group
with GSTT1 mismatch (positive donor/null recipient), 85
were males (69.7%) and 37 were females (30.3%). In
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Table 1 Reported cases of de novo autoimmune hepatitis in pediatric and adult liver transplantation
de novo AIH/total patients Original disease (immune-mediated) Initial calcineurine inhibitor

Ref.

Pediatric/adult

Kerkar et al[2] (1998)

7/180

4 BA

4 CyA, 3 Tac

P

Gupta et al[3] (2001)

6/115

5 BA

6 CyA

P

Andries et al[4] (2001)

11/471

7 BA

10 Cya, 1 Tac

P

Hernández et al[5] (2001)

5/155

4 BA, 1 PSC

5 CyA

P

Petz et al[6] (2002)

18/155

16 BA

9 Cya, 9 Tac

P

1

BA

Tac

P

Gibelli et al[8] (2006)

2/206

1 BA

CyA

P

Evans et al[9] (2006)

4/158

4 PSC

4 CyA

P

Riva et al[10] (2006)

9/247

9 BA

5 CyA, 4 Tac

P

Oya et al[11] (2009)

1

-

Tac

P

Cho et al[12] (2011)

4/148

1 BA

-

P

Pongpaibul et al[13] (2012)

51/685

29 BA

22 CyA, 29 Tac

P

Ekong et al[14] (2017)

29/1833

17 BA

13 CyA,16 Tac

P

2

2 PBC

2 CyA

A

Heneghan et al[16] (2001)

7/1000

1 PBC, 2 PSC

7 CyA

A

Salcedo et al[17] (2002)

12/350

1 BA 1 PSC

12 CyA

A

Aguilera et al[18] (2004)

6/110

None

5 CyA, 1 Tac

A

8

1 PBC, 1 PSC

8 CyA

A

13/633

11 BA

13 Tac

A

Tsuji et al[20] (2005)

1

PBC

CyA

A

Rodriguez-Diaz et al[21] (2006)

1

PBC

CyA

A

Yoshizawa et al[22] (2008)

1

PBC

Tac

A

38/?

none (HCV)

11 CyA, 27 Tac

A

1

PBC

Tac

A

17/576

5 PBC, 1 BA

5 CyA, 7 Tac

A

Miyagawa-Hayashino et al[7] (2003)

Jones et al[15] (1999)

Update 2017

1

Miyagawa-Hayashino et al[19] (2004)

Fiel et al[23] (2008)
Zhang et al[24] (2010)
Montano-Loza et al[25] (2012)
1

Presently we have 8 more patients diagnosed. BA: Biliary atresia; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis; CyA: Cyclosporine A;
Tac: Tacrolimus; A: Adult; P: Pediatric.

accordance with female predominance are the reports by
[7,19]
Miyagawa-Hayashino
, in which 12 of 14 cases were
[13]
females, and Pongpaibul et al with 32 females vs 19
males diagnosed with dnAIH, although in the majority of
publications this predominance does not appear. Ward et
[50]
al established that women may be more susceptible to
PC hepatitis after liver transplant than men. A reasonable
explanation could be sensitization through pregnancies.
In fact, we have two female patients with GSTT1
antibodies in pre-transplant serum samples, although we
do not have a sufficient number of cases to support this
hypothesis.

biliary atresia (BA), a process of unknown etiology with
several potential causative factors. Among them, there
is evidence in favor of autoimmune-mediated injury of
[52-54]
bile duct epithelial cells in a subset of patients
. Very
recently, a study described that BA is initiated before
birth and the presence of maternal microchimerism in
the BA liver supports graft versus host disease (GvHD)[55]
like immune response .

T CELL INVOLVEMENT IN PC-RICH
REJECTION
A possible role of GSTT1-specific T lymphocytes in
PC-rich rejection has been recently investigated. The
authors provided the first evidence of memory specific
T cells in samples of peripheral blood mononuclear
cells (PBMC) of patients after recall with the GSTT1
+
+
antigen. Activation of CD8 and CD4 T cells with
[56]
production of IL-4 and/or IFNγ was observed . Most
+
intriguing was the finding of highly activated CD4 cells
low
that retained CD8 expression with a mean value
of 25% activated Th0 type cells (3.44%-78.95%).
These results are particularly significant considering
the immunosuppressed status of the patients. In silico
analysis of the ability of patients’ HLA class I and class II
alleles to present these peptides with optimal percentile
[56]
ranks supported the experimental results .
Similar to autoimmune hepatitis, we observe damage

AUTOIMMUNE OR IMMUNE MEDIATED
PRETRANSPLANT PATHOLOGIES: HAVE
THEY ANY INFLUENCE IN PC-RICH
REJECTION?
It is generally accepted that dnAIH develops in patients
transplanted for non-autoimmune diseases. This is not
exactly true since there are a number of patients whose
original disease was either primary biliary cirrhosis
(PBC) or primary sclerosing cholangitis (PSC) (Table 1).
Neuberger’s group found that PBC was an independent
predictor of late acute rejection in a large cohort of
[51]
adult liver transplant patients .
In children, the major indication for liver transplant is
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A

B

D

C

Figure 3 Representative images showing quantification procedure using NewCAST™ Visiopharm® software. A: Super image capture of a slide; B: Computerassisted drawing of the tissue (green) and manually drawing of the regions of interest (ROI) or portal areas (blue); C: Example of the unbiased sampling; D: A detail of
cell quantification inside the counting frame.
+

2

to hepatocytes that is believed to be coordinated by CD4
T lymphocytes recognizing a self-antigen presented by
[57]
HLA-class II molecules to Th0 type cells , although with
the substantial difference that, in this case, the target is
an alloantigen.

markers and quantification of cells/mm of tissue in
diagnostic biopsies using computer-assisted system
technology (newCAST) has proved to be an unbiased
way to evaluate the situation directly in the organ and
not only in peripheral blood (Figure 3). Very recent
data allowed us to define a cellular profile characteristic
[58]
of PC-rich rejection at the time of diagnosis . We
observed a predominance of T lymphocytes (mean
36.6%); followed by PCs (mean 28.8%), with 17% of
+
them IgG4 ; B cells (mean 14.9%); and macrophages
(mean 19.7%) (Figure 4). This profile was very
different to the one defined in a chronic rejection
[58]
group included in the same study . It remains to be
confirmed whether the cellular composition in acute
rejection biopsies would be useful to support diagnosis
since HCV recurrence no longer has the same impact in
the transplant community that as in the past.
The IgG4 subclass has traditionally been considered
a modulator of the immune response, linked to long-

WHICH CELLS ARE INFILTRATING THE
LIVER AT THE ONSET OF PC-RICH
REJECTION?
Diagnosis by liver biopsy is challenging because PCrich rejection shares some histological and clinical
features with late onset acute rejection or with other
post-transplant pathologies such as recurrent hepatitis
C. Moreover, very little is known about the cellular
composition of the inflammatory infiltrates in portal
tracts other than an important presence of plasma
cells. Direct visualization of the cell types with different

WJG|www.wjgnet.com
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deleterious effect in HCT and constituted a risk factor for
[64]
acute and chronic hepatic GvHD but is also the basis
[65]
of a true PC-rich rejection . Together with the skin
and intestine, the liver is a preferred target of the donor
cells which are able to recognize disparate antigens
expressed by the recipient. Differential diagnosis of
hepatic GvHD versus PC-rich rejection must be done
in biopsy because histological features can only be
analyzed in tissue to permit the differentiation of both
processes. As it happens, the cellular composition of
the inflammatory infiltrates in portal areas of HCT
patient with PC-rich rejection was very similar to that of
[58]
diagnostic biopsies of liver transplanted patients .
From an immunological point of view, this finding
has important implications because it demonstrates an
identical immune response against the GSTT1 antigen as
a result of donor/recipient mismatch in two completely
different conditions: Solid organ and HCT.

Cellular profile in PC-rich rejection diagnostic biopsies

Cells/mm

2

2500

+

-

+

+

CD138 lgG4

2000

CD138 lgG4
CD3

1500

CD68
CD20

1000
500
0

Figure 4 Total cell count/ area of tissuein diagnostic biopsies with the
following markers: CD138 + plasma cells, IgG4 + plasma cells, CD3 + T
lymphocytes, CD68+ macrophages, CD20+ B lymphocytes. Mean values are
shown.

term exposure and high antigen concentration. Some
authors analyzed the presence of IgG4 antibodies
in dnAIH, mostly in children, but the results were
[59]
contradictory. While Eguchi et al
described the
+
absence of IgG4 plasma cells in the biopsies of 4
patients and the values in serum were within normal
[60]
+
limits, Castillo-Rama et al detected IgG4 PC overrepresentation in a subgroup of patients with PC
hepatitis that showed a more severe disease course.
+
The origin of these IgG4 PC infiltrates in the allografts
is unknown but it could be due to persistent alloimmune
responses. We also found an important number of
+
IgG4 PC, representing 16.48% (2.45%-65%) of the
total PCs in diagnostic biopsies of patients with PC-rich
rejection (Figure 5A and B); however, higher numbers
+
of IgG4 cells was not associated with worse clinical
outcome. We also found an over-representation of
serum levels of GSTT1-specific IgG4 antibodies, almost
equaling the levels of GSTT1-IgG1, while GSTT1-IgG2
[61]
and -IgG3 were completely absent (Figure 5C) .
There is very little information about the repre
sentation of T cells in PC-rich rejection biopsies. A study
[62]
performed by Ekong et al
found that around 3000
+
2
CD3 cells/mm were present in the dnAIH pediatric
group during disease activity. Our data in adults showed
+
that CD3 cells were less numerous, with a mean value
2
of 1600 (641-2422) cells/mm at the time of diagnosis,
before steroid treatment. Indirect evidence from
biopsies suggests a potential role for Th17 cells in the
[63]
prolongation of inflammation in dnAIH
although this
needs further study.

PATHOGENESIS OF PC-RICH REJECTION
It is clear that during surgery, intracellular antigens
such as the GSTT1 protein are released and recognized
by B cells, starting a process of affinity maturation
and differentiation into memory cells, which requires
collaboration with specific T helper cells in the lymph
nodes. If this occurs, a subset of these cells will
progress to plasma cells and anti-GSTT1 antibodies of
the IgG class will be detected concurrently with mature
+
GSTT1-specific CD4 cells. Our experimental results
sustain indirect presentation of the donor GSTT1 protein
[56]
by recipient APCs .
In general terms, we could use the model proposed
[44]
by Czaja with some suggestions. Briefly, inflammatory
stimuli induce expression of MHC class II in hepatocytes
and cholangiocytes and, since both cellular types contain
abundant GSTT1 enzyme, these liver cells could directly
+
act as APCs and serve as targets of effector CD4 T
cells, whose existence has been also demonstrated in
the PBMC of patients with the disease. The presence of
an antigen mimicking GSTT1 on the surface of the cell
cannot be ruled out but it does not seem necessary and
so far has not been identified.
GSTT1-specific B cells have a critical role as antigen
presenting cells (APCs) in the maintenance of a longlasting immunological response, providing the signals
required for specific T cell activation when professional
APCs become exhausted. GSTT1 antibodies are, in
principle and until a direct pathogenic role can be
demonstrated, a signal of the existence of memory
B cells. The mechanisms controlling GSTT1-specific T
cell response in patients that, in spite of the production
of GSTT1 antibodies, do not develop the disease are
still not known. Alternatively, there are patients with
GSTT1-specific T cells that lack the B cell response;
they will never develop PC-rich rejection. In our
experience, if PC-rich rejection is not initiated during
the first 3 years, it will never occur even though anti-

PC-RICH REJECTION IN HEMATOPOIETIC
CELL TRANSPLANTATION
PC-rich rejection has also been identified after he
matopoietic cell transplantation (HCT) between HLAidentical siblings. In this context, the GSTT1 mismatch,
defined as null donor/positive recipient, not only had a
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GSTT1 circulating antibodies in serum samples close to the time of PC-rich rejection diagnosis
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Figure 5 CD138 plasma cells were quantified in the diagnostic biopsies of the 7 patients (A). The results are shown as number of cells
2
+
+
per mm /tissue. IgG4 plasma cells were also counted and subtracted from the total number of CD138 cells. B: The same results are represented as
percentages. C: Level of anti-GSTT1 antibodies in serum samples close to the diagnostic biopsy of 7 patients with dnAIH; note that only IgG1 and IgG4
were present whereas IgG2 and IgG3 were absent. It is important to highlight that these are donor-specific antibodies.

GSTT1 antibodies persist (longest follow-up > 20
years) (unpublished results).
Impairment of Treg cells has been described in
[57]
patients with classical AIH . In the transplant setting,
a similar role for Tregs in the development of dnAIH has
been suggested. Kerkar and Yanni proposed that Treg
function could be impaired in dnAIH since calcineurin
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inhibitors reduce the production of IL-2, which is required
[66]
for the survival and proliferation of Tregs . In the same
[67]
sense, a study by Arterbery et al
sustains that the
Tregs of patients with dnAIH are functionally impaired
and produce increased levels of proinflammatory
cytokines.
On the other hand, important questions about dnAIH
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have yet to be answered. One of the most intriguing
aspects is why some patients do not develop a GSTT1specific B cell response, as this is going to be critical
to the prevention of PC-rich rejection. In our hands,
the choice of tacrolimus instead of cyclosporine can be
[68]
decisive in avoiding the humoral response . However,
there is no consensus among the scientific community on
this matter. While some studies support the observation
[3-5,8,9,15-17,20,21]
of tacrolimus as a protective factor
, others
have shown that the use of tacrolimus seems to be a risk
[13,14,19,22-25]
factor for dnAIH
; therefore, this point remains
controversial (Table 1).

7

8

9

CONCLUSION

10

We are now closer than ever to clarification of the
mechanisms leading to plasma cell-rich rejection. The
demonstration of memory T cells specific for the GSTT1
antigen as well as B lymphocytes and GSTT1 antibodyproducing plasma cells after GSTT1-mismatched liver
transplants support the hypothesis in which both cell
types are required to develop the immune response
leading to PC-rich rejection. This chronic disease has a
significant impact on survival of those patients that are
not correctly diagnosed.

11
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Endoscopic diagnosis of sessile serrated adenoma/polyp
with and without dysplasia/carcinoma
Takashi Murakami, Naoto Sakamoto, Akihito Nagahara

Abstract

Takashi Murakami, Naoto Sakamoto, Akihito Nagahara,
Department of Gastroenterology, Juntendo University School of
Medicine, Tokyo 113-8421, Japan

Sessile serrated adenoma/polyps (SSA/Ps) are early
precursor lesions in the serrated neoplasia pathway, which
results in colorectal carcinomas with BRAF mutations,
methylation for DNA repair genes, a CpG island
methylator phenotype, and high levels of microsatellite
instability. Some of these lesions can rapidly become
dysplastic or invasive carcinomas that exhibit high
lymphatic invasion and lymph node metastasis potentials.
Detecting serrated lesions, including SSA/Ps with and
without dysplasia/carcinoma, is critical, but SSA/Ps can
be difficult to detect, are inconsistently identified by
endoscopists and pathologists, and are often incompletely
resected. Therefore, SSA/Ps are considered to be major
contributors to “interval cancers”. If colonoscopists can
identify the specific endoscopic characteristics of SSA/
Ps, their detection and the effectiveness of colonoscopy
may improve. Here, the endoscopic features of SSA/Ps
with and without dysplasia/carcinoma, including the
characteristics determined using magnifying endoscopy,
are reviewed in the context of previous reports.
Endoscopically, these subtle polyps are like hyperplastic
polyps, because they are slightly elevated and pale.
Unlike hyperplastic polyps, SSA/Ps are usually larger
than 5 mm, frequently covered by a thin layer called
the ‘‘mucus cap’’, and are more commonly located in
the proximal colon. Magnifying narrow-band imaging
findings, which include dark spots inside the crypts
and varicose microvascular vessels, in addition to the
type II-open pit patterns detected using magnifying
chromoendoscopy, effectively differentiate SSA/Ps
from hyperplastic polyps. The lesions’ endoscopic
characteristics, which include their (semi)pedunculated
morphologies, double elevations, central depressions,
and reddishness, and the use of magnifying endoscopy,
might help to detect dysplasia/carcinoma within SSA/Ps.
Greater awareness may promote further research into
improving the detection, identification, and complete
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resection rates of SSA/Ps with and without dysplasia/
carcinoma and reduce the interval cancer rates.
Key words: Sessile serrated adenoma/polyp; Invasive
carcinoma arising from sessile serrated adenoma/polyp;
Serrated neoplasia pathway; Endoscopic diagnosis;
Sessile serrated adenoma/polyp with cytological dysplasia
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Core tip: The endoscopic features of sessile serrated
adenoma/polyps (SSA/Ps) with and without dysplasia/
carcinoma are reviewed. Conventional endoscopic
characteristics, including a proximal location, a slightly
elevated morphology, a pale color, and a mucus cap,
are useful for diagnosing SSA/Ps. Magnifying narrowband imaging, which detects dark spots inside the
crypts and varicose microvascular vessels, and
magnifying chromoendoscopy, which identifies the type
II-open pit pattern, are also effective for differentiating
between SSA/Ps and hyperplastic polyps. Furthermore,
the lesions’ endoscopic characteristics, which include
their (semi)pedunculated morphologies, double
elevations, central depressions, and reddishness, and
the use of magnifying endoscopy, might help to detect
dysplasia/carcinoma within SSA/Ps.

Figure 1 Typical histology of a sessile serrated adenoma/polyp. Crypts
with a serrated architecture include those that are irregularly dilated, branch
irregularly, and are horizontally arranged (basal).
[17]

codes for β-catenin protein . This pathway is thought
to be distinct from the conventional adenoma-carcinoma
pathway in which adenomas progress to invasive
colorectal carcinomas as a result of a series of genetic
alterations, including adenomatous polyposis coli (APC)
[6,8,13,14,18,19]
and KRAS mutations
.
[20-22]
Some researchers
have suggested that some
serrated lesions might progress rapidly to dysplasia or
invasive carcinomas. Furthermore, we reported that
the submucosal invasive carcinomas that arose in SSA/
Ps exhibited higher potentials for lymphatic invasion
and lymph node metastasis than their conventional
[23]
counterparts that arose from tubular adenomas .
Therefore, the detection of serrated lesions, including
SSA/Ps with and without dysplasia, is critical. However,
SSA/Ps can be difficult to detect, are inconsistently
identified by endoscopists and pathologists, and are often
[24-27]
incompletely resected
. Therefore, SSA/Ps are major
contributors to the failure of colonoscopy to prevent
[28-30]
proximal colonic cancer
, and they account for 5%-7%
of the colorectal cancers that occur in the interval
between a complete colonoscopy and surveillance, that
[31-33]
is, “interval cancer”
. The identification of the specific
endoscopic characteristics of SSA/Ps by colonoscopists
may improve their detection and, eventually, may
enhance the effectiveness of colonoscopy. Some studies
have investigated the endoscopic features of SSA/Ps
[34-38]
without dysplasia
, and we clarified the endoscopic
[39]
characteristics of SSA/Ps that had advanced histology .
Here, the endoscopic features of SSA/Ps with and
without dysplasia or carcinoma are reviewed in the
context of previous reports, including the features
detected using magnifying endoscopy.
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of sessile serrated adenoma/polyp with and without dysplasia/
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i29.3250

INTRODUCTION
Colorectal serrated lesions were called “hyperplastic
[1,2]
polyps”, and they were not considered to be malignant .
[3]
Torlakovic et al described abnormal proliferations in
colorectal serrated polyps that resembled hyperplastic
polyps superficially, but could be distinguished histo
logically based on their abnormal architectural features,
and they introduced the term “sessile serrated adenoma”.
Currently, these polyps are categorized as sessile serrated
adenoma/polyp (SSA/P) in accordance with the World
[4]
Health Organization’s recommendations . The typical
histology of an SSA/P in a representative case is shown in
Figure 1.
SSA/Ps are early precursor lesions in the serrated
neoplasia pathway, which results in colorectal carcinomas
[5-7]
with high levels of microsatellite instability . Recent
studies have shown associations between SSA/Ps
with and without dysplasia or carcinoma and the
methylation or loss of protein expression for DNA repair
[3,6,8-12]
genes, including MLH1
, a CpG island methylator
[5,6,8,10]
[5,6,8-17]
phenotype
, BRAF mutations
, and a lack of
genetic alterations in CTNNB1, which is the gene that
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DIAGNOSIS OF SSA/P USING
CONVENTIONAL WHITE-LIGHT
ENDOSCOPY
Generally, hyperplastic polyps are traditionally
considered non-neoplastic, but SSA/Ps have malignant
potential to progress to invasive carcinomas. Therefore,
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A

B

Figure 2 A sessile serrated adenoma/polyp in the transverse colon that measured 13 mm. A: An image from conventional colonoscopy showing the lesion’s
location (arrows); B: An image from chromoendoscopy following indigo carmine dye spraying.

differentiating an SSA/P from a hyperplastic polyp
is clinically important to determine the necessity of
an endoscopic resection or to provide support for a
[40,41]
recommendation of a surveillance interval
. Typical
hyperplastic polyps are highly prevalent, diminutive
sessile polyps that are most commonly located in
the sigmoid colon and rectum, and identifying them
[42]
endoscopically is not particularly difficult . SSA/Ps
are subtle polyps, and their endoscopic findings are
similar to those associated with hyperplastic polyps,
which include a slightly elevated morphology and a pale
color. However, in contrast to hyperplastic polyps, SSA/
Ps are usually larger than 5 mm, frequently covered
[4,34,43,44]
by a thin layer called a ‘‘mucus cap’’
, and are
[14,45]
more commonly located in the proximal colon
.
Conversely, although SSA/Ps are difficult to detect
because of their slightly elevated morphology, adhesion
of mucus in the proximal colon can be one of the most
useful clues for SSA/P detection. Additionally, using
[37]
white-light endoscopy, Hazewinkel et al described the
presence of indistinct borders and a cloud-like surface,
and showed that these were independently predictive
endoscopic characteristics that were associated with
the histology of SSA/Ps. Figure 2 shows representative
endoscopic images of SSA/Ps.

histological feature of SSA/Ps. The presence of these
dark spots inside the crypts might help endoscopists
to differentiate between premalignant SSA/Ps and
[37,38]
hyperplastic polyps during colonoscopy
(Figure 3C
[37]
and D). Hazewinkel et al have reported that in whitelight endoscopy, indistinctive borders and cloud-like
surface are two independent predictive characteristics of
SSA/P, while in NBI, it is possible to discern an irregular
shape and dark spots inside the crypts. The sensitivities,
specificities, and overall accuracies determined using
white-light endoscopy were 75%, 79%, and 77%,
respectively, and those determined using NBI were
[37]
89%, 96%, and 93%, respectively .
Magnifying NBI can enhance the visibility of the
[51]
microvessels on a lesion’s surface. Yamada et al
conducted a multivariate analysis, demonstrated that
dilated and branching vessels, defined as thickened
capillary vessels with branching that is observed on
the surface, had a 2.3-fold odds ratio among SSA/Ps
compared with hyperplastic polyps. They stated that
when dilated and branching vessels, a proximal location,
and a tumor size of ≥ 10 mm were combined, the
positive predictive value exceeded 90%. Additionally,
[52]
Uraoka et al
reported that the presence of varicose
microvascular vessels, which were found using
magnifying NBI, was useful for differentiating between
SSA/Ps and hyperplastic polyps. Unlike the blood vessels
around the glands of the superficial mucosal layer such
as dilated and branching vessels, varicose microvascular
vessels are characterized by the observation of blood
vessels running throughout the deep mucosal layer.
The presence of varicose microvascular vessels had a
significantly higher specificity (88%) for predicting a
diagnosis of SSA/P (Figure 3E and F).

ENDOSCOPIC DIAGNOSIS OF SSA/P
USING NARROW-BAND IMAGING
Difficulties distinguishing between an SSA/P and a
hyperplastic polyp are commonly encountered. Many
authors have used image-enhanced endoscopy to
[46]
characterize polyps , which involves the use of
innovative optical technologies, such as narrow-band
[47-50]
imaging (NBI)
. Bile appears as a bright red fluid
using NBI. When a tenacious mucus cap covers SSA/Ps,
the mucus cap is clearly viewed using NBI. Therefore,
NBI enhances the visibility of SSA/Ps that have mucus
[34]
caps, which are usually an intense red color
(Figure
3A and B).
Furthermore, NBI often reveals small dark dots
[37]
inside the openings to the crypts of SSA/Ps ; these
are thought to indicate crypt dilations, which are a key
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DIAGNOSIS OF SSA/P USING
MAGNIFYING CHROMOENDOSCOPY
Magnifying chromoendoscopy, which uses indigo carmine
or crystal violet staining, follows careful conventional
[53,54]
endoscopic examinations. Kudo et al
proposed a
classification of colorectal lesions’ pit patterns that is
associated with the lesions’ histologic characteristics.
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Table 1 Distinct endoscopic characteristics between sessile serrated adenoma/polyps and hyperplastic polyps

Conventional endoscopic features
Location
Size of tumor
Color
Morphology
Mucus cap
Endoscopic features by using NBI

Magnifying chromoendoscopic features

SSA/Ps

Hyperplastic polyps

Proximal
> 5 mm
Pale
Flat elevated
Yes
Irregular shape
Small dark dots
Dilated and branching vessels
Varicose microvascular vessels
Type II-open pit pattern

Distal
≤ 5 mm
Pale
Flat elevated
No
-

Type II pit pattern

SSA/P: Sessile serrated adenoma/polyp; NBI: Narrow-band imaging.

[54-56]

As previously explained
, magnifying colonoscopy
is useful for differentiating between neoplastic and
nonneoplastic lesions, and for assessing early colorectal
cancers’ depths of invasion. Both hyperplastic polyps
and SSA/Ps have type II pit patterns. Recently, the type
II-open pit pattern has been described as a hallmark of
[35]
SSA/Ps (sensitivity: 66%; specificity: 97%) . Like the
small dark dots detected using NBI, a type II-open pit
pattern detected using magnifying chromoendoscopy
is thought to indicate crypt dilation, which is one of the
major histological features of SSA/Ps (Figure 4).
Distinct endoscopic characteristics between SSA/Ps
and hyperplastic polyps are summarized in Table 1.

Indeed, a previous study’s findings showed that
the frequencies of cytologic dysplasia and invasive
carcinomas among SSA/P lesions were 14% and 1.0%,
[59]
respectively . The findings from another study showed
that three (0.7%) high-grade dysplasias and one
(0.2%) submucosal invasive carcinoma were detected
[60]
among 430 SSA/Ps . Therefore, only a few studies
have investigated the endoscopic characteristics of
[39,61,62]
SSA/Ps with dysplasia or carcinoma in detail
. We
demonstrated that SSA/Ps without dysplasia (354 of
414; 86%) and SSA/Ps with dysplasia or carcinomas (40
of 48; 83%) were frequently located in the proximal
[39]
colon . Furthermore, we showed a stepwise increase
in the median size of the SSA/Ps that accompanied
their dysplastic progression, specifically, from a 10-mm
SSA/P that did not have dysplasia to a 12-mm SSA/P
with cytologic dysplasia and a 19-mm SSA/P with an
invasive carcinoma, but 19 of 48 (39.6%) SSA/Ps
[39]
with dysplasia or carcinomas measured ≤ 10 mm .
[20]
The findings from a study by Goldstein
showed that
the median size of eight SSA/Ps with focal invasive
adenocarcinomas or high-grade dysplasia was 8.5 mm
[63]
(range: 6-12 mm). Another study’s findings
showed
that among eight SSA/Ps with intramucosal carcinomas,
submucosal carcinomas, or advanced carcinomas, the
largest diameter was ≤ 10 mm. Therefore, SSA/P with
dysplasia/carcinoma must be attended to even if the
lesion measures 10 mm or less.
Macroscopically, a mucus cap was found in almost
all of the SSA/P lesions, including the SSA/Ps with
[39]
and without dysplasia or carcinoma, in our study ,
suggesting that a mucus cap may be one of the strongest
markers of an SSA/P. Additionally, (semi)pedunculated
morphologies, double elevations, central depressions,
and reddishness were found more frequently in SSA/
Ps with dysplasia (17.1%, 63.4%, 9.8%, and 39.0%,
respectively) or carcinoma (28.6%, 57.1%, 28.6%, and
reddishness 85.7%, respectively) than the frequencies
at which these features were found in SSA/Ps without
dysplasia (4.6%, 4.6%, 3.9%, and 3.4%, respectively).
The presence of at least one of these four markers had a
high sensitivity (91.7%) for the identification of dysplasia
or a carcinoma within an SSA/P; the specificity was

ENDOSCOPIC DETECTION OF SSA/P
The detection of SSA/Ps requires careful colonoscopy.
As stated above, because most SSA/Ps are slightly flatelevated and have subtle mucosal features, SSA/Ps
are difficult to detect with endoscopy, and could easily
be missed. Therefore, bowel preparation must be
excellent. Potential SSA/Ps are initially considered at
long view and investigated at close-up view. At long
view, the presence of SSA/P is suspected when there
is a patch that appears nodular, reddish, covered with
mucus, and/or circled by fine debris. Then such a lesion
must be approached and the mucosa washed. Finally,
at close-up view, using white light and under NBI, the
surface pattern and vessels are examined.
[57,58]
Recently, some studies
have shown that imageenhanced endoscopy such as NBI might increase the
detection of serrated lesions in the proximal colon,
although the results did not reach significance. Therefore,
image-enhanced endoscopy currently cannot be
recommended as a detection tool for SSA/P. Additional
studies assessing SSA/P detection rates with imageenhanced endoscopy are needed.

ENDOSCOPIC DIAGNOSIS OF SSA/P
WITH DYSPLASIA/CARCINOMA
SSA/Ps with advanced histology, including cytologic
dysplasia or minimally invasive carcinomas, are rare.
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Figure 3 Morphologic characteristics of sessile serrated adenoma/polyps. A: Conventional endoscopy revealed a flat-elevated lesion with a 20-mm diameter
that was covered with a mucus cap in the transverse colon. B: Narrow-band imaging (NBI) showed that the SSA/P in (A) was covered with a mucus cap that appeared
intensely red. C: Conventional endoscopy showed a flat-elevated lesion with a 14-mm diameter in the ascending colon. D: Magnifying NBI of the SSA/P in (C)
revealed dark spots inside the crypts in part of the lesion. E: A conventional endoscopic image shows a flat-elevated pale colored lesion with a 10-mm diameter in the
cecum. F: Magnifying NBI of the SSA/P in (E) revealed varicose microvascular vessels (arrows) in part of the lesion. SSA/P: Sessile serrated adenoma/polyp.

A

B

C

Figure 4 Conventional colonoscopic image (A) and a chromoendoscopic image (B) following indigo carmine dye spraying show an 18-mm sessile
serrated adenoma/polyp with a mucus cap that was in the transverse colon (arrows). C: Magnifying chromoendoscopy using crystal violet staining identified a
type II-open pit pattern in the lesion.
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Figure 5 Endoscopic images of a sessile serrated adenoma/polyp with high-grade cytologic dysplasia in a representative case. A-C: A conventional
endoscopic view using white-light imaging. A: An endoscopic image shows a pale-color, flat-elevated lesion covered with mucus at the ascending colon (arrows).
B: The lesion is covered with mucus cap. C: After washing the target lesion to sufficiently remove mucus, a flat-elevated lesion that had a 13-mm diameter and a
dome-shaped double elevation can be clearly seen. The dome-shaped area is slightly red-colored. D and E: Magnifying chromoendoscopic views using crystal
violet staining. D: A type II-open pit pattern is partly evident in the edge of the lesion (arrows). E: Type V I-mild pit pattern consisting of areas with irregular pits
can be observed at the dome-shaped area. We endoscopically diagnosed the lesion as an SSA/P with cytologic dysplasia, and achieved an en bloc resection by
performing an endoscopic mucosal resection. F-H: Histopathologic findings with hematoxylin-eosin staining of the resected specimen. G: Crypts with a serrated
architecture exhibit irregularly dilated crypts, irregularly branching crypts, and horizontally arranged basal crypts, corresponding to SSA/P. H: A high-power view shows
conventional adenomatous high-grade dysplasia with cytological atypia and architectural dysplasia in the dome-shaped area. The lesion was pathologically consistent
with an SSA/P with high-grade cytologic dysplasia. SSA/P: Sessile serrated adenoma/polyp.
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Figure 6 Endoscopic images of a sessile serrated adenoma/polyp with an invasive carcinoma in a representative case. A: A conventional endoscopic image
captured using white-light imaging shows a red 55-mm semipedunculated lesion in the ascending colon. B and C: Magnifying narrow-band imaging revealed dark
spots inside the crypts on an edge of the lesion and irregular vessel patterns over a large part of the lesion, respectively. D and E: Magnifying chromoendoscopy using
crystal violet staining; D: A high-powered view of the marginal zone, the dilated openings of the crypts have a type II-open pit pattern; E: A high-powered view of the
middle region in which a type VI-severe pit pattern is evident. We endoscopically diagnosed the lesion as a carcinoma associated with an SSA/P, and achieved an
en bloc resection by performing an endoscopic submucosal dissection. F-H: Histopathologic findings with hematoxylin-eosin staining of the resected specimen; G:
Crypts with a serrated architecture exhibiting irregularly dilated crypts and irregularly branching crypts, corresponding to SSA/P; H: Well to moderately differentiated
adenocarcinomas invade the submucosa with extracellular mucin production. The lesion was pathologically consistent with an invasive submucosal adenocarcinoma
associated with an SSA/P. SSA/P: Sessile serrated adenoma/polyp.
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85.3%. These findings suggested that the endoscopic
characteristics, including a (semi)pedunculated
morphology, a double elevation, a central depression,
and reddishness, may be useful for accurately diagnosing
the presence of advanced histology within an SSA/P.
Magnifying chromoendoscopy is also useful for
detecting components associated with dysplasia or a
carcinoma within an SSA/P. We found that a type IIopen pit pattern was present in SSA/Ps without dysplasia
and in SSA/Ps with dysplasia or carcinomas, which
indicates that a type II-open pit pattern may be strongly
[39]
suggestive of the presence of SSA/P components .
Furthermore, the type II pit pattern only was detected
in all of the cases who had SSA/Ps without dysplasia,
whereas type II and other pit patterns, including
mixtures of IIIL, IV, VI, or VN, were found in most of the
SSA/Ps with dysplasia or carcinoma. Moreover, all of
the cases who had SSA/Ps with invasive carcinomas
had the VI or VN pit patterns (invasive patterns), which
were consistent with the depths of invasion. Accordingly,
determining the pit patterns using magnifying endoscopy
can effectively assess the depth of invasion of early
colorectal cancers that arise from SSA/Ps. Figures 5 and
6 show representative endoscopic images of SSA/Ps with
dysplasia or carcinoma.
Finally, there is one important point that must be
kept in mind when observing SSA/Ps using colonoscopy.
Most SSA/Ps were covered with rich mucus, and subtle
endoscopic findings were difficult to detect when sticky
mucus was present. After washing the target lesion to
sufficiently remove mucus, endoscopic findings such
as (semi)pedunculated morphology, double elevation,
central depression, and reddishness should be assessed,
and pit pattern analysis must be performed.

3
4

5

6

7

8

9

10

11

CONCLUSION
Conventional endoscopic characteristics, including a
proximal location, a slightly elevated morphology, a pale
color, and a mucus cap, are useful for diagnosing SSA/Ps.
Magnifying endoscopy with NBI, which detects dark spots
inside the crypts and varicose microvascular vessels, and
magnifying chromoendoscopy, which identifies the type
II-open pit pattern, are also effective for differentiating
between SSA/Ps and hyperplastic polyps. Furthermore,
a lesion’s endoscopic characteristics, for example, a
(semi)pedunculated morphology, a double elevation,
a central depression, and reddishness, in addition to
the use of magnifying endoscopy, might be useful for
identifying dysplasia or a carcinoma within an SSA/P.
Greater awareness may promote further research into
improving the detection, recognition, and complete
resection rates of SSA/Ps with and without dysplasia or
carcinoma and reduce the interval cancer rates.
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signaling target gene Hes1 in a rhesus rotavirusinduced mouse biliary atresia model.
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METHODS
The morphologies of biliary epithelial cells in biliary
atresia patients and in a mouse model were examined
by immunohistochemical staining. Then, the differential
expression of Notch signaling pathway-related molecules
was investigated. Further, the effects of the siRNAmediated inhibition of Hes1 expression were examined
using a biliary epithelial cell 3D culture system.

INTRODUCTION
Biliary atresia (BA) is the most common cause of endstage liver disease in infants, and it has a poor prognosis
with a high fatality rate. It is characterized by persistent
jaundice and progressive cholestasis that develops
within weeks of birth. These symptoms are caused by
progressive extrahepatic and/or intrahepatic bile duct
inflammation and tissue fibrosis in both the bile ducts
and the liver. Although the symptoms can be partially
ameliorated by Kasai surgery and extensive postoperative care, some of the patients still develop cirrhosis
and liver failure due to the progressive destruction of
[1]
intrahepatic bile ducts and liver fibrosis . The incidence
of BA in the USA is approximately 1:15000 live births,
and the incidence is even higher in Asia at approximately
[2,3]
1:9600 live births . Without liver transplants, the
long-term survival rate of BA is between 13% and
[4]
50% . Furthermore, the etiology of the disease is not
fully understood. The birth defects and inflammation
associated with viral infection and subsequent antiviral immunity, which targets biliary epithelial cells
(BEC), cause apoptosis and injury to the bile ducts. This
results in a failure to reestablish the biliary system and
[5]
progresses as tissue fibrosis, eventually leading to BA .
The Notch signaling pathway plays a key role in the
development and differentiation of hepatic stem cells
[6,7]
into BECs in order to establish the biliary system . It
is composed of a family of molecules, including Notch
ligands, Notch receptors, DNA binding protein RBP-Jκ and
effectors, such as HES, HEY, and HERP, which mediate
the biological function of Notch signaling. Mutations in
the Notch ligand Jagged1 (Jag1) or receptor Notch2 in
humans results in Alagille syndrome (AGS), which is
[8,9]
characterized by biliary dysplasia and cholestasis .
Similar findings have been observed in mice expressing
[10]
null alleles of Jag1 or Notch2 , which suggests a
mechanism of functional conservation. Hes1 is a target
gene of the Notch signaling pathway and is essential
[11]
for the tubular formation in the biliary epithelium
and maintenance of the characteristics of the biliary
[12]
epithelium . However, the effect of altered Hes1
expression in BA has not been established.
Pathological observations have suggested that the
blockade of the extrahepatic bile duct is the major
change in both patients with BA and the animal model of
BA, and that damage to the intrahepatic bile duct further
enhances bile accumulation in the liver, which promotes
liver fibrosis. The number of intrahepatic biliary epithelial
cells (IBECs) might differ from patient to patient, but
immature cell status and malformed ductular structures
[13]
were commonly observed in patient liver samples .
Epithelial cell adhesion molecule (EpCAM) is expressed

RESULTS
+
+
Both immature (EpCAM ) and mature (CK19 ) biliary
epithelial cells were detected in the livers of biliary
atresia patients without a ductile structure and in the
mouse model with a distorted bile duct structure.
The hepatic expression of transcripts for most Notch
signaling molecules were significantly reduced on day 7
but recovered to normal levels by day 14, except for the
target molecule Hes1, which still exhibited lower mRNA
and protein levels. Expression of the Hes1 transcriptional
co-regulator, RBP-Jκ was also reduced. A 3D gel culture
system promoted the maturation of immature biliary
+
epithelial cells, with increased expression of CK19
cells and the formation of a duct-like structure. The
administration of Hes1 siRNA blocked this process. As a
result, the cells remained in an immature state, and no
duct-like structure was observed.
CONCLUSION
Our data indicated that Hes1 might contribute to the
maturation and the cellular structure organization of
biliary epithelial cells, which provides new insight into
understanding the pathology of biliary atresia.
Key words: Biliary atresia; Rhesus rotavirus; Hes1;
EpCAM; Epithelial cells 3D culture
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Similar immature biliary epithelial cells and
distorted bile ductules were observed in biliary atresia
patients and a mouse biliary atresia model. Investigation
of the Notch signaling pathway target gene Hes1 showed
that mRNA and protein expression was reduced in mouse
liver, which was partially due to reduced expression of
transcriptional co-regulator RBP-Jκ. In biliary epithelial
cells 3D gel culture system, the administration of Hes1
siRNA blocked the maturation and duct-like structure
formation process, which resulted in the cells still being
in an immature state and no duct-like structure was
observed.
Zhang RZ, Zeng XH, Lin ZF, Fu M, Tong YL, Lui VC, Tam PK,
Lamb JR, Xia HM, Chen Y. Downregulation of Hes1 expression
in experimental biliary atresia and its effects on bile duct structure.
World J Gastroenterol 2018; 24(29): 3260-3272 Available from:
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[14]

in the embryonic stage of liver development , and
some studies have used it as an immature epithelial cell
[15]
+
marker for cell isolation . CK19 represents a biliary
epithelial cell lineage marker. It is only weakly expressed
in hepatocytes, whereas it is highly expressed in mature
[16,17]
BECs
. Using these two markers in this study, the
presence of BECs was examined in rhesus rotavirus
(RRV)-inoculated neonatal BA mice. The expression
levels of components of the Notch signaling pathway,
notably Hes1, were detected, and the effects of Hes1
loss of function on BEC morphological changes were
evaluated in 3D cell culture.

resin. Tissue blocks were first sectioned at 1-2 microns
with glass knives using an EM UC7 ultramicrotome (Leica,
Buffalo Grove, IL, United States), and a reference was
used to trim the blocks for thin sectioning. The appropriate
blocks were then thinly sectioned at 50-70 nm. After
drying on filter paper, the sections were stained with
uranyl acetate and lead citrate for contrast. After drying,
the grids were then viewed on a JEM-1400 microscope
(JEOL USA, Inc., Peabody, MA, United States).

Infection of neonatal mice with rhesus rotavirus

Day 12.5 pregnant Balb/c mice aged between 10
and 12 wk were purchased from Guangdong Animal
Experimental Centre, maintained under specific pathogenfree conditions and housed in a room with a 12-h darklight cycle. All of the animal protocols were approved
by The Institutional Animal Care and Use Committee of
Guangzhou Medical University (2016-007).
To establish an experimental model of BA, neonatal
mice were intraperitoneally injected within 24 h of birth
4
with 20 μL of either 4 × 10 PFU/mL RRV or MA104 cell
culture supernatant as a control. Infected mice that
died within the first two days or that were not fed by
their mothers were excluded from further analysis. All
appropriate measures were taken to minimize the pain
and discomfort of the mice. The mice were weighed
and examined daily, and, in general, the development
of icterus of the skin not covered with fur and acholic
stools were generally observed on days five to six after
the injection, indicating a successful induction of BA. The
mice were sacrificed by an overdose of pentobarbitone
(200 mg/kg, i.p.). To obtain tissue samples, the animals
were dissected under a microscope (Nikon SMZ1000),
and the gross appearances of the livers and bile ducts
were recorded. The tissues were harvested and stored at
-80 ℃ for RNA/protein isolation and in 10% formalin for
histological sample preparation.

MATERIALS AND METHODS
Reagents and antibodies

The rhesus rotavirus strain MMU 18006 (RRV) was
purchased from the American Type Culture Collection
(ATCC, Manassas, VA, United States). The virus was
amplified in MA104 cells, and the virus quantification
was measured by a plaque assay method, as described
[18]
previously . The antibodies used for immunohisto
chemical analyses of mouse tissue sections were rat anticytokeratin 19 (CK19, clone TROMA Ⅲ) and rat antiEpCAM (clone G8.8), both of which were purchased
from DSHB (Developmental Studies Hybridoma Bank,
Iowa City, IA, United States). Rabbit anti-human Hes1
and rabbit anti-human RBP-Jκ were obtained from
Cell Signaling Technology (Cell Signaling Technology
Danvers, MA, United States). For human tissue section
staining, rabbit anti-human CK19 and rabbit anti-human
EpCAM were both obtained from Santa Cruz (Santa Cruz
Biotechnology, Inc. Dallas, TX, United States). The RNA
extraction kit and the reverse transcription reagents were
purchased from Invitrogen (Life Technologies Limited, NT,
Hong Kong), and Super Real Pre-Mix SYBR green was
purchased from Tiangen [Tiangen Biotech (Beijing) Co.,
Ltd., Beijing, China].

Histological and immunohistochemical analysis

Human samples and pathological analysis

Mouse and human liver samples were fixed and paraffinembedded for immunostaining. Then, 4 μm thick
tissue sections were rehydrated and then stained with
hematoxylin and eosin (HE) for histological analysis. For
immuno-histochemistry, antigen retrieval was performed
in citrate buffer [10 mmol/L, 0.01% Tween20, pH 6.0
for EpCAM or Tris-EDTA buffer (10 mmol/L Tris base, 1
mmol/L EDTA solution, pH 9.0 for CK19)], and for the
removal of endogenous peroxidase, the samples were
treated with 3% hydrogen peroxide. The sections were
then incubated overnight at 4 ℃ in blocking solution
containing primary antibodies. Blocking solution without
primary antibodies only was used as a control. After
undergoing appropriate secondary antibody incubation,
the immunostaining was completed using a Vectastain
ABC Kit (Vector Laboratories, Burlingame, CA, United
States) and liquid 3,3′-diaminobenzidine (Dako). The
results were analyzed using a Nikon microscope, and
images were captured with NIS-Elements F4.0.

Clinical liver tissue samples from BA patients (n = 20)
and disease controls [with choledochal cyst (CC), n
= 3] were obtained from the Pathology Department
of Guangzhou Women and Children’s Medical Center.
The data were analyzed anonymously. The diagnosis
was established by both pathologists and physicians
based on clinical observation during operations and a
laboratory-based pathological analysis. Tissue fibrosis
was demonstrated by Masson tricolor staining and Sirius
Red staining (data not shown). The ages of the patients
included in the study ranged from two to five months
old. The experimental protocols were approved by the
Medical Ethics Committee of Guangzhou Women and
Children’s Medical Center (2015090109).

Electron microscopy analysis

The tissues were fixed in neutral glutaraldehyde and osmic
acid. After dehydration, the tissues were embedded in
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Table 1 Primers used in the experiments
Genes
Mouse Jag1
Mouse DII1
Mouse Notch1
Mouse Notch2
Mouse Hes1
Mouse β -actin
Human Hes1
Human β -actin

5’→3’

Sequences

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

TTCTCACTCAGGCATGATAAACC
CATCTCTGGGACGACAGAACT
CCCATCCGATTCCCCTTCG
GGTTTTCTGTTGCGAGGTCATC
CCCTTGCTCTGCCTAACGC
GGAGTCCTGGCATCGTTGG
CTGTGAGCGGAATATCGACGA
ATAGCCTCCGTTTCGGTTGG
CCAGCCAGTGTCAACACGA
AATGCCGGGAGCTATCTTTCT
AAACTGGAACGGTGAAGGTG
AGTGGGGTGGCTTTTAGGAT
TCAACACGACACCGGATAAAC
GCCGCGAGCTATCTTTCTTCA
TTAGTTGCGTTACACCCTTTCTTGACA
CTGTCACCTTCACCGTTCCAGTTTT

Gene expression profiling using quantitative PCR

immunofluorescence staining using the following 3
antibodies: AFP (Abcam, GR201677-8, 1:200) for
hepatocytes and CK19 (Santa Cruz Biotechnology,
K2613, 1:200) and γ-GT (Abcam, GR304453-1, 1:300)
for BECs. Goat anti-mouse Alexa Fluor® 488 secondary
antibody (Life Technologies, 1613346) and DAPI (KeyGen
Biotech. Co., Ltd., Nanjing, China. KGR0001) were used
to visualize antibody staining and the nuclei of the cells.
For the formation of duct-like structures of IBECs
in three-dimensional culture, a 4:6 (v/v) gel mixture
of BD Matrigel Matrix Growth Factor Reduced High
Concentration (BD, 356230) and collagen Type I Rat
4
Tail (CORNING, 354236) was used. Cells (4 × 10 ) were
seeded on the gel using a 15-well μ-Plate Angiogenesis
plate (ibidi GmbH, Martinsried, Germany, 81506) and
cultured in Kubota’s hepatoblast differentiation medium
for seven days. The immunofluorescence staining
described above was used to show the structure and
differentiation statuses.

The expression levels of Notch signaling-related
molecules in the livers (harvested at 7 d and 14 d) of
RRV-inoculated and saline control mice were determined
using qPCR. The total RNA was extracted from a
portion of each liver using TRIzol (Invitrogen, Carlsbad,
CA, United States) according to the manufacturer’s
instructions, and the extracts were treated with DNAse.
cDNA was synthesized using a High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Carlsbad,
CA, United States) according to the manufacturer’s
instructions. The primers used in the experiments are
shown in Table 1, and PCR was performed with a C1000
Thermal Cycler (Bio-Rad Laboratories Co., Ltd., CA,
United States).

Protein expression analysis

Protein expression levels were analyzed by Western
blotting according to standard protocols, and photographs
were captured using a Bio-Rad molecular Imager® Gel
DocTM XR+ imaging system with Image Lab™ software.
The primary antibodies against Hes1 (1:1000), RBPJκ (1:1000), and β-actin (1:3000) and the appropriate
secondary antibodies coupled with horseradish peroxidase
(Bio-Rad, Munchen, Germany) were used to label the
protein bands.

Transfection assay

To study the interruption of gene expression, such
as interruption of the Notch signaling pathway target
molecule Hes1, in the IBEC 3D cell culture, Hes1 siRNA
RNA and control siRNA purchased from Santa Cruz
Biotechnology, Inc., were used in the cell culture and
transfected into cells using Lipofectamine® RNAiMAX
Reagent (Life Technologies, 13778) following the
manufacturer’s instructions.

3D biliary epithelial cell culture

IBECs were purchased from ScienCell (Cat. Number
5100). Epithelial Cell Medium (EpiCM, ScienCell,
Carlsbad, CA, United States. 4101) and additional
Epithelial Cell Growth Supplement (EpiCGS, ScienCell
4152) were used for the maintenance and growth of
IBECs. The medium used for the differentiation of cells
was based on Kubota’s Hepatoblast Growth Medium
(PhoenixSongs Biologicals, Inc. Branford, CT, United
States. 06405 11002-250). For IBEC differentiation, the
medium was supplemented with HGF (10 ng/mL) and
VEGF (20 ng/mL) (PeproTech Asia, Rehovot, Israel).
The identification of the cell type was performed by
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Statistical analysis

The data are presented as the mean ± SEM when
repeated measurements were used and as the mean
± SD when individual values were used. The statistical
analysis was performed by the Mann-Whitney test when
two sets of data were compared and by the KruskalWallis test when more than three sets of data were
compared. The statistical analysis was performed using
GraphPad Prism software (GraphPad Software Inc., La
Jolla, CA, United States) with P values < 0.05 taken as
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Figure 1 Expression levels of EpCAM and CK19 in neonatal liver biopsies and electron microscopy analysis of hepatic ultrastructure. To test the biliary
epithelial marker expression levels, immunohistochemical staining was performed on disease control samples (Cont., choledochal cyst, A and C) and biliary atresia
patient samples (BA, B and D). For the colocalization study of EpCAM and CK19, adjacent tissue sections were used. The scale bar is shown as 50 μm. For the EM
analysis, liver tissues from the Cont. (E and F) and BA patients (G and H) were sectioned at 50-70 nm and stained with uranyl acetate and lead citrate. Photographs
of the bile capillary (E and G) and microvilli (F and H) were captured and presented. The scale bar is also shown in the photographs. n = 5 each for the CC and BA
groups.
+

immature BECs (EpCAM ) and immunohistochemical
+
staining of the BEC marker (CK19 ). Our results showed
that compared with choledochal cysts as a control
(Cont., Figure 1A and C) there were highly increased
+
numbers of EpCAM cells in BA (Figure 1B and D). Most
+
+
EpCAM cells were also CK19 , indicating that EpCAM is
expressed in BECs. In choledochal cysts, disappearance

the level of significance.

RESULTS
Increase in EpCAM immunopositive cells in the liver tissue
of BA patients and the study of the ultrastructure of cells

We used adjacent, age-matched sections for studying
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+

of the EpCAM marker indicated the mature status of
the cells. Additionally, the bile ductules could be easily
observed in choledochal cysts but not in BA.
The ultrastructural changes in the morphology of the
bile ducts in BA patients were compared to those in CC
patients. The results revealed a similar hepatic cellular
ultrastructure appearance in both cases. Mild swelling of
liver cells was observed with no obvious abnormalities
in the nuclei, rough endoplasmic reticulum, or smooth
endoplasmic reticulum, apart from slight hyperplasia.
However, in the portal triad, abnormal narrowing of
the bile capillary was observed together with irregular
sediments of bilirubin particles in the BA group (Figure
1F) in contrast to the CC group (Figure 1E). Fewer
microvilli and less bile salt deposition were found in
the BA patient tissue sections (Figure 1H) than in the
CC patient tissue sections (Figure 1G). Taken together,
these data suggest that BECs in BA patients are not
fully mature, which might affect bile transport.

were infiltrated with inflammatory cells. However, none
of these cells were organized into ductule-like structures
+
(Figure 3D). Similar to EpCAM, CK19 ductules were
observed in the control livers at days 7 and 14, although
the signal was slightly weaker on day 7 (Figure 3E
+
and G). However, in BA mice, CK19 cells were found
in the portal areas, but no ductule structures were
observed (Figure 3F and H). This observation suggests
the presence of BECs, especially at day 14 after RRV
inoculation. However, their development, especially in
the formation of the bile duct process, was interrupted.

Expression of Notch signaling pathway components in
the liver tissues of RRV-inoculated BA mice

The Notch signaling pathway plays a key role in bile
duct system development. To examine its function
in this model, qPCR was employed to quantify the
expression levels of key genes in the Notch signaling
pathway. The results showed that at day 7, there was
a marked reduction in the expression levels of Notch
ligands [Jag1 and Delta-like (Dll1)], Notch receptors
(Notch1 and Notch2), and the Notch target gene Hes1
in the BA liver tissues compared with control liver
tissues (Figure 4A, P < 0.05 for Jag1 and Notch1, P
< 0.01 for Hes1 compared with the control). At day
14, no obvious differences in the expression levels of
Jag1, Dll1, Notch1 and Notch2 were observed between
the control and BA groups, and a slight increase in
the expression of Notch2 was even found, although
not statistically significant (P = 0.1434). However, the
levels of Hes1 transcripts remained significantly reduced
(10-fold compared with the control; P < 0.001; Figure
4B). The protein expression levels were then examined
using Western blotting, which yielded similar results,
namely, that the concentration of Hes1 protein in the
mouse BA group was significantly lower on both day 7
and day 14 after RRV inoculation than that in the control
group (Figure 4C). These data suggest that BA in RRVinoculated mice may be caused, at least partially, by the
downregulation of Hes1 expression.

Optimization of the dose of rhesus rotavirus for the in
duction of BA in mice

Viral infection is proposed to be a causative factor
in the development of BA, and the RRV-induced BA
mouse model is used to mimic the pathophysiological
processes in human BA. However, high doses of virus
6
(1 × 10 PFU/mL) often cause the early death of mice
at days 5-7 after viral inoculation. To reduce mortality,
4
we used a smaller dose of RRV (4 × 10 PFU/mL) to
induce BA. After viral inoculation, the mice exhibited BA
syndrome with jaundice (Figure 2A) and extrahepatic
bile duct occlusion (Figure 2B). The survival rate with
this dosage was 63.03% and significantly differed from
that of the control group (supernatant without virus
infection) (Figure 2C; P < 0.05). Changes in weight loss
were significant, with the control group exhibiting a 10.0
g ± 0.25 g change (n = 15) but the RRV-treated group
only exhibiting a 5.6 g ± 1.3 g change (n = 26) (Figure
2D; P < 0.001). After dissection and tissue sectioning
of the livers of the BA mice, HE staining revealed that,
in contrast to the normal control group (Figure 2E), a
disappearance of the common bile duct was observed in
the BA group (Figure 2F). At the portal triads, enlarged
cystic ducts and inflammatory cell accumulation were
also present at day 14 after RRV inoculation, in contrast
to normal control mice (Figure 2H vs Figure 2G).

Downregulation of RBP-Jκ protein in the liver tissues of
BA mice

As we observed reduced expression of Hes1, we
then chose to investigate the expression levels of the
regulators of Hes1. We determined the expression of
the cotranscriptional factor RBP-Jκ by Western blotting,
and the results demonstrated that there was a minimal
expression of RBP-Jκ at both day 7 and day 14 in the
BA mice compared to controls (Figure 4C). This finding
suggests that downregulation of RBP-Jκ may be the
cause of the reduced expression of Hes1 and may subse
quently hinder normal bile duct development.

Presence of EpCAM + and CK19 + bile ducts in RRVinoculated BA mice

To identify the bile ducts, immunohistochemical staining
was performed for both EpCAM and CK19 at days 7
and 14 after RRV inoculation, and RRV-inoculated mice
were compared with control mice. As shown in Figure
+
3, EpCAM bile ducts were noted at both days 7 and 14
+
in the control mice (Figure 3A and 3C), but few EpCAM
cells were found in the RRV-inoculated mouse BA livers
+
at day 7 (Figure 3B). At day 14, more EpCAM cells
were detected, even in the areas of the portal tracts that
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Hes1 siRNA in the development of duct-like structures
in 3D cell culture

The function of Hes1 in bile duct development was
evaluated using a Hes1 siRNA transfection assay in a BEC
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Figure 2 Biliary atresia in neonatal mice with a low dose of rhesus rotavirus inoculation. To study the expression levels of the components of the Notch
signaling pathway in the biliary atresia (BA) animal model, a lower dose of 20 μL of rhesus rotavirus (RRV) with a titer of 4 × 104 PFU/mL was used. The morphology
and extrahepatic block were photographed (A and B). The survival rate was measured at 21 d after viral inoculation (C). BA syndrome was observed between days
5 and 6. The body weights of the mice were measured at day 14 and compared with that of the control group (injected with culture supernatant but no virus) (D) (P
< 0.001, n = 15 in the Cont. group, and n = 26 in the RRV group). After dissection, the portal triad (E and F) and liver tissue at day 14 (G and H) were sectioned, and
histological analysis was performed. The scale bar is shown as 0.2 mm in the portal triad sections and as 50 μm in the liver tissue sections. CD: Cystic duct; CBD:
Common bile duct; PT: Portal triad; PV: Portal vein; HA: Hepatic artery; BD: Bile duct.

culture. When BECs were cultured in growth medium,
immunostaining showed that the cells expressed positive
signals for CK19 and γ-GT but also a positive signal for
AFP, which suggests the immature status of the cells
(Figure 5, N. Medium). However, when the cells were
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cultured in matrix gel + collagen gel (the mixed gel), the
cells showed positive signals only for the BEC markers
CK19 and γ-GT (Figure 5, Cont.), which suggested that
the maturation process was underway. The formation
of cells into duct-like structures was also observed
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Figure 3 Expression levels of EpCAM and CK19 in the liver and ultrastructure of biliary epithelial cells. The expression levels of EpCAM and CK19 were
analyzed using immunohistochemical staining with antibodies. The tissue sections were collected at day 7 (A, B, E and F) and day 14 (C, D, G and H). After they were
dewaxed, the sections were stained with EpCAM and CK19 antibodies, and a comparison of the mice in the control group (Cont.) and those in the rhesus rotavirus
inoculation group was performed. The scale bar shown is 100 μm. The black arrow indicates the positive signal. BA: Biliary atresia; CD: Cystic duct; CBD: Common
bile duct; PT: Portal triad; PV: Portal vein; HA: Hepatic artery; BD: Bile duct.

after seven days in cell culture (Figure 5, Cont.). An
enhanced density of duct-like structures was observed
with prolonged culture time. These data indicated that
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the culture conditions promoted the maturation of cells.
The low toxicity of the transfection reagent for duct-like
structure formation was tested, and the results showed
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Figure 4 Expression levels of Notch signaling components in the liver of rhesus rotavirus-inoculated mice. The mRNA levels of Notch signaling components,
including Jag1, Dll1, Notch1, Notch2 and Hes1, were detected using quantitative real-time PCR with appropriate primers at day 7 and day 14 after RRV inoculation. A:
The relative expression levels compared with the normal control are shown for day 7 (aP < 0.05; bP < 0.01; n = 6 in the control group and n = 10 in the RRV group); B:
day 14 (cP < 0.001); C: The levels of the Hes1 protein and the expression of the transcriptional coregulator RBP-Jκ were detected by Western blot (n = 2 or 3 in each
group; the proteins were mixed and loaded).

that there was no obvious difference in duct formation in
the transfection reagent group (Figure 5, Lipo) compared
with the control group. However, Hes1 siRNA transfection
induced an obvious difference compared with the
irrelevant siRNA control (Figure 5, Hes1 siRNA vs Cont.
siRNA), as no duct-like structures were observed in Hes1
siRNA-transfected cells, and these cells were kept in an
+
immature state according to AFP staining.

the relationship of the ductal reaction with tissue fibrosis,
especially as some previous studies have already
[26-28]
reported the occurrence of EMT in BA patients
.
+
We found that EpCAM cell number was closely
correlated with the expression of the Notch signaling
target gene Hes1 and that Hes1 expression was
increased in the nuclei of BECs in BA patients and RRVinoculated mice. The expression of Hes1, as a nuclear
regulatory protein, has been well-studied in biliary tract
development, and as such, the Hes1-null mice showed
a relatively normal ductal plate consisting of cytokeratinpositive and DBA-positive cholangiocyte precursors.
However, by postnatal day 0, these mice presented
with gallbladder agenesis and severe hypoplasia of
[12]
the extrahepatic bile ducts , suggesting immature
differentiation of BECs. In accordance with previous
observations, our data of the 3D BEC cell culture also
demonstrate that low levels of Hes1 prevented the
formation of duct-like structures. Additionally, the increase
in the expression levels of the mature BEC markers γ-GT
and CK19 and the reduction in the expression of AFP are
further evidence that Hes1 functions in the maturation
and structural reorganization of these cells. We sought to
examine the expression of Hes1 in human BA samples.
Immunohistochemistry staining revealed heterogeneity
in the results, even among the same tissue samples (data
not shown). Thus, the Hes1 effect in BA might be related
to different stages (inflammation or fibrogenesis) of the

DISCUSSION
EpCAM is a cell surface-expressed transmembrane
molecule that is present not only on epithelial cells but
also on a variety of cells, including stem cells and cancer
[19]
stem cells . Using a BEC marker for colocalization,
+
CK19, we noted that the number of EpCAM cells
was increased in BA patients but not in CC control
patients, suggesting active proliferation of BECs in BA.
Furthermore, CK19 has been reported as a marker for
[20,21]
ductal reactivity in tumor studies
. EpCAM expression
in epithelial cells has been linked to the epithelial[22]
mesenchymal transition (EMT) , but its role in this
[23]
process remains controversial . Both EMT and the
ductal reaction are relevant to the development of tissue
[24]
fibrosis , although the associated mechanisms have
[25]
not been fully defined . Elucidating EpCAM expression
and its regulation in BA patients and/or experimental
models of BA might provide new information regarding

WJG|www.wjgnet.com

3268

August 7, 2018|Volume 24|Issue 29|

Zhang RZ et al . Hes1 expression in biliary atresia
γ-GT

AFP

Hes1 siRNA

Cont. siRNA

Matrix gel+ Collagen gel

Lipo

Cont.

N. Medium

CK19

Figure 5 Hes1 siRNA in 3D biliary epithelial cell culture. Biliary epithelial cells (BECs) were cultured in either normal growth medium (N. medium) or in matrix
+ collagen mixed gel (detailed components are given in the Materials and Methods section). The cells were cultured without a transfection reagent (Cont.), with
Lipofectamine (Lipo) only, with irrelevant control siRNA (Cont. siRNA) or with Hes1 siRNA for seven days, then fixed and stained with anti-CK19, γ-GT and AFP
antibodies, and finally counter-stained with Alexa Fluor®488. Photographs of the cells were taken with a Leica DMi8 inverted fluorescence microscope, and the groups
were then compared. The experiment was duplicated, and one set of representative results is shown here.

disease, as most of the BA patients in the clinic were in
the stage of tissue fibrosis or later stages of the disease.
Recruiting earlier-stage patients in whom inflammation is
still progressing will help to clarify the alterations in Hes1
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expression in BA patients.
The expression of Hes1 is under the control of coregu
latory factors, particularly NICD and RBP-Jκ. NICD is a
component of the Notch signaling pathway, and in our
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study, its expression was relatively normal, although
some intracellular signaling pathway components, such
as gamma secretase, might still affect the levels of
[29]
NICD . Here, we provide evidence of a clear decline
in the expression of RBP-Jκ, which might be the cause
of reduced Hes1. A similar phenomenon was observed
in RBP-Jκ KO mice. In those animals, the mature ducts
were significantly reduced with respect to similarly
[30]
treated wild-type mice . It has been reported that RBPJκ expression is modulated by many regulatory factors,
[31,32]
including viral infection
. In Epstein-Barr virus (EBV)
infection, the nuclear antigens (EBNA) 3A and 3C can
compete with EBNA 2 in binding with RBP-Jκ, thus
inhibiting RBP-Jκ function. This diminishes the functional
activity of Notch signaling by reducing the expression of
[33]
Hes1 . However, whether or not there is any similarity
between the EBV and RRV components in Hes1
expression remains to be investigated. At the end of the
study, a high dose of Pentobarbital was administered to
the mice, and then samples were collected for analysis.
It has been shown that Pentobarbital affects bile
[34]
secretion , however, as we used a control group, and
the comparative results showed a difference between the
treatment and control groups, the effect of Pentobarbital
might not have directly influenced the results. Further
research with mouse sacrifice by dislocation of the
cervical spine will help to clarify this point.
The results of this study suggest that the reduced
Hes1 expression may have contributed to reformation
of the functional bile duct, but other factors cannot be
excluded, such as inflammation or viral infection. The
construction or adaptation of conditional knockout mice
with targeted Hes1 knockdown on day 7, together
with the BA mouse model with Hes1 overexpression,
might help to confirm that Hes1 is the only contributing
factor in this BA mouse model. The results of these
experiments will provide more information regarding
whether Hes1 overexpression has any therapeutic effect
in the treatment of BA.
The mouse model used in this study represents
acute viral infection-induced biliary atresia, in which
tissue fibrosis is absent. The direct comparison of the
mouse data with the patient data is not appropriate, as
in patients, substantial tissue fibrosis is often observed
at the later stage. Therefore, the development of a
chronic BA mouse model will better mimic the condition
observed in BA patients, allowing for a more accurate
comparison of Hes1 data.
+
In conclusion, our study demonstrated that EpCAM
cells are increased in the liver tissue of BA patients
and the BA mouse model. The experimental results
presented here suggest that the Notch signaling effector
gene Hes1 might contribute to the disease processes
in BA and that downregulation of RBP-Jκ might account
for the pathophysiological changes in the bile ducts
that were observed in the BA mouse model. The 3D
BEC culture further confirmed the effect of Hes1 on the
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maturation and the duct-like structural formation of
cells, which helps to further explain the dysregulation of
structure formation in BA patients.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

An increased number of immature biliary epithelial cells and distorted bile
ductules were observed in biliary atresia (BA), but the causes of these changes
are unknown. The Notch signaling pathway is related to the development
and differentiation of biliary epithelial cells. The target gene Hes1 is essential
for tubular formation and maintenance. However, the effect of altered Hes1
expression in biliary atresia has not been established.

Research motivation

Notch signaling is one of the main pathways involved in bile duct development.
However, its function in BA is not well known. Analysis of Notch signaling
molecules using an established BA animal model, and 3D cell culture system
might provide novel insights into the pathogenesis of BA.

Research objectives

The expression of Notch signaling pathway-related molecules was detected in
a BA mouse model. The function of Hes1 downregulation was further examined
using a 3D cell culture system. The results of this study can be expanded upon
in future research of human BA patients by examining Hes1 expression and its
relationship with BA pathogenesis.

Research methods

Immature biliary epithelial cells and bile duct structure distortion were examined
in BA patients and in a BA mouse model. The expression of Notch signaling
pathway-related molecules was detected in the mouse model by qPCR, and
the expression of Hes1 and its gene regulatory protein was further confirmed
by Western blotting. Finally, in 3D cell culture, the effects of Hes1 inhibition
induced by siRNA transfection on duct-like structure formation were observed.

Research results

The results revealed the presence of immature biliary epithelial cells
and distorted structures in both the BA patients and animal model. The
downregulation of Hes1 expression, together with its transcriptional co-regulator
RBP-Jκ, was observed in the BA mouse model. The siRNA-mediated inhibition
of Hes1 completely blocked duct-like structure formation in the 3D cell culture
system. However, Hes1 expression in BA patients must be further evaluated to
confirm its function in the disease process.

Research conclusions

In conclusion, the results of the current study indicate that the immature biliary
epithelial cells and defective duct-like structure formation in BA might be partly
related to downregulation of the expression of the Notch signaling target gene
Hes1. The use of a 3D epithelial cell culture system might help to identify other
potential molecules, including those involved in epithelial cell maturation and
duct-like structure formation.

Research perspectives

The potential effects of Hes1 observed in the BA mouse model and cell culture
involving biliary epithelial cell maturation and duct-like structure formation
suggest that Hes1 might contribute to the pathogenesis of BA. However, further
examination of BA patient samples is necessary to better understand the role of
Hes1 in the BA disease process.
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Abstract
AIM
To d e t e c t t h e e x p r e s s i o n o f t y p e I i n o s i t o l
1,4,5-trisphosphate receptor (IP3RI) in the kidney of
rats with hepatorenal syndrome (HRS).

Institutional animal care and use committee statement:
This study was approved by the Ethical Committee of the Sixth
People’s Hospital of Shenyang.

METHODS
One hundred and twenty-five Sprague-Dawley rats
were randomly divided into four groups to receive an
intravenous injection of D-galactosamine (D-GalN) plus
lipopolysaccharide (LPS; group G/L, n = 50), D-GalN
alone (group G, n = 25), LPS alone (group L, n = 25),
and normal saline (group NS, n = 25), respectively.
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[2-10]

At 3, 6, 9, 12, and 24 h after injection, blood, liver,
and kidney samples were collected. Hematoxylineosin staining of liver tissue was performed to assess
hepatocyte necrosis. Electron microscopy was used to
observe ultrastructural changes in the kidney. Western
blot analysis and real-time PCR were performed to
detect the expression of IP3RI protein and mRNA in the
kidney, respectively.

LF
. At present, the exact pathogenesis of HRS is still
unclear, and the reduction in renal blood flow induced
by renal vasoconstriction is considered to play a central
[11,12]
role in the development of HRS
. Renal blood flow is
regulated by the contraction and relaxation of vascular
smooth muscle cells (VSMCs) of glomerular afferent
arteries and glomerular mesangial cells (GMCs), while
the contraction and relaxation of VSMCs and GMCs
2+
[13,14]
are regulated by intracellular Ca concentrations
.
GMCs are in direct contact with glomerular endothelial
cells. When GMCs contract, glomerular mesangial
volume decreases by 20%-25%, glomerular capillary
plexuses are reduced, and the area for glomerular
filtration is reduced. Inositol 1,4,5-trisphosphate (IP3)
2+
receptor (IP3RS) is the main Ca release channel in
cells. IP3 is an intercellular second messenger mediating
transmembrane signal transmission. When binding to
IP3RS, IP3 mediates intracellular calcium release and
[15,16]
extracellular calcium influx
. VSMCs and GMCs
transmit extracellular signals into the cell via the IP3-IP3R
2+
[17,18]
pathway, increasing intracellular Ca concentrations
.
Is high expression of renal IP3RS associated with HRS? To
answer this question, in the present study we detected
the expression of IP3RI protein and mRNA in the kidney
of HRS rats to determine the relationship between IP3RI
expression and HRS.

RESULTS
Hepatocyte necrosis was aggravated gradually,
which was most significant at 12 h after treatment
with D-galactosamine/lipopolysaccharide, and was
characterized by massive hepatocyte necrosis. At the
same time, serum levels of biochemical indicators
including liver and kidney function indexes were
all significantly changed. The structure of the renal
glomerulus and tubules was normal at all time points.
Western blot analysis indicated that IP 3RI protein
expression began to rise at 3 h (P < 0.05) and peaked
at 12 h (P < 0.01). Real-time PCR demonstrated that
IP3RI mRNA expression began to rise at 3 h (P < 0.05)
and peaked at 9 h (P < 0.01).
CONCLUSION
IP3RI protein expression is increased in the kidney of
HRS rats, and may be regulated at the transcriptional
level.

MATERIALS AND METHODS

Key words: Hepatorenal syndrome; type I inositol
1,4,5-trisphosphate receptor; Glomerular mesangial
cells; Vascular smooth muscle cells

Materials

Specific pathogen-free (SPF) Sprague-Dawley (SD)
rats, weighing 220 g ± 20 g, were purchased from the
Laboratory Animal Center of the Academy of Military
Medical Sciences (Animal Certificate No. SCXK-2017-004;
Beijing, China). Prior to experimentation, the rats were
reared in separate cages at 23 ℃ ± 3 ℃ under a 12
h/12 h light/dark cycle, with free access to ordinary
chow (purchased from the Laboratory Animal Center of
China Medical University, Shenyang, China) and water.
After one week of adaptation, the rats were used in the
experiments.
D-galactosamine (D-GalN) and lipopolysaccharide
(LPS) were purchased from Sigma (St. Louis, MO,
United States). Anti-IP3RI antibody was obtained
from US Biological (St. Salem, OR, United States). An
enhanced chemiluminescence (ECL) kit was purchased
TM
from Pierce, Dallas, TX, United States. RNAiso plus,
RT
®
Prime Script TM Reagent Kit, and SYBR Premix EX
TM
Tag were purchased from TakaRa (Shiga, Japan).

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

Core tip: type I inositol 1,4,5-trisphosphate receptor
(IP3RI) protein expression is increased in the kidney of
hepatorenal syndrome (HRS) rats, and IP3RI protein
expression may be regulated at the transcriptional
level. Increased expression of IP3RI may be closely
associated with HRS development and progression
through excessive renal vascular contraction resulting
in insufficient renal blood perfusion.
Wang JB, Gu Y, Zhang MX, Yang S, Wang Y, Wang W, Li
XR, Zhao YT, Wang HT. High expression of type I inositol
1,4,5-trisphosphate receptor in the kidney of rats with hepatorenal
syndrome. World J Gastroenterol 2018; 24(29): 3273-3280
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i29/3273.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i29.3273

Rat model of HRS

One hundred and twenty-five SD rats of SPF grade,
weighing 220 ± 20 g, were randomly divided into
four groups to receive an intravenous injection of
D-GalN plus LPS (group G/L), D-GalN alone (group G),
LPS alone (group L), and normal saline (group NS),
respectively. Each group was further divided into five
subgroups for testing at different time points (3, 6, 9,

INTRODUCTION
Hepatorenal syndrome (HRS), one of the most severe
complications of liver failure (LF) and the leading cause
[1]
of death in LF , is functional renal failure secondary to
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12, and 24 h). Group G/L contained ten rats at each
time point, and the other groups contained five rats
at each time point. The rats were weighed and then
injected with D-GalN (400 mg/kg body weight) and/or
LPS (32 μg/kg) or NS (2 mL/kg) via the tail vein. Rats
that died during the modeling process were excluded
from the study. At 3, 6, 9, 12, and 24 h after modeling,
the rats in groups G/L, G, and L were anesthetized
with 0.8% pentobarbital sodium at 40 mg/kg via
intraperitoneal injection and sacrificed to obtain liver
and kidney tissues. A section of each tissue was fixed in
formalin, and the remainder was preserved at -80 ℃ for
Western blot and real-time PCR analysis of IP3RI protein
and mRNA expression, respectively.

for 20 s, and 72 ℃ for 30 s. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as an endogenous
reference. The primers used were as follows: forward,
5´-TCTGGCCAGCTGTCAGAACTAAAG-3´ and reverse,
5´-GTGGGTTGACATTCATGTGAGGA-3´ for IP 3RI,
and forward, 5´-GACAACTTTGGCATCGTGGA-3´ and
reverse, 5´-GACAACTTTGGCATCGTGGA-3´ for GAPDH.
The double-standard curve method was used to
determine the relative IP3RI mRNA expression.

Statistical analysis

All statistical analyses were performed using SPSS
13.0 software. Numerical data, expressed as mean
± standard error of the mean, were compared using
analysis of variance. P values < 0.05 were considered
statistically significant.

Western blot analysis

For total protein preparation, renal tissue was lysed for
15 min in a lysis solution containing 50 mmol/L TrisHCl (pH 7.4), 150 mmol/L NaCl, 1% Triton X-100, 1%
sodium deoxycholate, 0.1% SDS, 1 mmol/L EDTA,
5 mg/mL leupeptin, sodium orthovanadate, sodium
fluoride, and 1 mmol/L PMSF, and then centrifuged at
12000 rpm for 12 min. The supernatant was collected
and preserved at -80 ℃.
After total protein concentration was determined
using the bicinchoninic acid (BCA) method, the protein
samples were mixed with 5 × loading buffer at a ratio
of 4:1 (v/v), boiled for 5 min, resolved by 8% SDSpolyacrylamide gel electrophoresis, and transferred to
polyvinylidene difluoride membranes. The membranes
were then blocked with 5% skimmed milk, Trisbuffered saline and Tween-20, and incubated with
primary antibody against IP3RI (dilution, 1:1000) at
4 ℃ overnight. This was followed by incubation with
horseradish peroxidase (HRP)-conjugated goat antirabbit secondary antibody (dilution, 1:3000) for 2 h at
room temperature. The immunoblots were visualized
using an enhanced chemiluminescence system. The
molecular weight of the target band was 230 kDa.
β-actin (45 kDa) was used as an internal control. Digital
imaging software was used for densitometry analyses,
and the relative IP3RI level was calculated as IP3RI grey
value divided by β-actin grey value.

RESULTS
Successful induction of HRS in rats with D-GalN/LPS

Following intravenous injection of D-GalN at 400 mg/
kg body weight combined with LPS at 32 μg/kg in
male SD rats, HRS was successfully induced. Twelve
hours after injection, glomerular filtration rate (GFR)
significantly decreased, liver and kidney function were
severely impaired, and serum biochemical indices, such
as alanine aminotransferase (ALT), blood urea nitrogen
(BUN), and creatinine (Cr), exhibited significant changes.
Hematoxylin-eosin staining showed massive hepatocyte
necrosis with severe hemorrhage (Figure 1), while renal
tissue had a normal morphology at the various time
points (Figure 2). These changes were consistent with
the clinical features of HRS.

Western blot analysis of IP3RI protein expression

IP3RI (230 kDa) and β-actin (45 kDa) were detected in
all groups. Densitometry analyses showed that IP3RI
protein expression was significantly elevated in group
G/L compared with group NS. This elevation began at
3 h (1.46 ± 0.07 vs 1.00 ± 0.05, P = 0.011), became
obvious at 9 h, and reached a peak at 12 h (2.89 ± 0.14
vs 1.00 ± 0.05, P = 0.000) (Figure 3A).
At 12 h, the expression of IP3RI protein in the kidney
was significantly higher in group G/L than in groups
G (1.17 ± 0.08) and L (1.02 ± 0.09) (P = 0.000 for
both), thus excluding the impact of D-GalN or LPS on
the expression of IP3RI protein. There was no significant
difference in IP3RI protein expression between groups G
and L (P = 0.245) or between group G or L and group
NS (P > 0.05 for both) (Figure 3B).

Real-time PCR

Total RNA was prepared from renal tissue using Trizol
according to the manufacturer’s instructions. After
reverse transcription to cDNA in a 10-µL system
TM
containing 2.0 µL of 5 × Prime Script Buffer (for real
TM
time), 0.5 µL of Prime Script RT Enzyme Mi, 0.5 µL of
Oligo dT Primer (50 µmol/L), 0.5 µL of Random 6-mers
(100 µmol/L), 5.5 µL of RNase Free dH2O, and 1.0 µL
of RNA (500 ng/µL), real-time PCR was performed in a
25-µL system containing 12.5 µL of 2 × SYBR Premix
TM
Ex Tag , 0.5 µL of PCR Forward Primer (10 µmol/L), 0.5
µL of PCR Reverse Primer (10 µmol/L), 9.5 µL of RNase
Free dH2O, and 2.0 µL of cDNA. Cycling parameters
were 95 ℃ for 30 s and 45 cycles of 95 ℃ for 5 s, 57 ℃
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RT-PCR analysis of IP3RI mRNA expression

IP3RI mRNA expression was significantly elevated in
group G/L compared with group NS. This elevation
began at 3 h (2.89 ± 0.51 vs 1.00 ± 0.00, P = 0.05),
became obvious at 6 h (5.01 ± 0.38, P = 0.000), and
reached a peak at 9 h (9.96 ± 0.63, P = 0.000). IP3RI
mRNA expression began to decline at 12 h, and at 24
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A

B
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D

Figure 1 Histopathology of the liver (HE staining, × 200). A: Group Normal Saline (NS). Normal hepatocytes were arranged in cords; B: Group D-galactosamine
(D-GalN) plus lipopolysaccharide (LPS) (G/L). At 12 h, massive hepatocyte necrosis with severe hemorrhage developed; C: Group D-GaIN (G). At 12 h, spotty
hepatocyte necrosis was observed; C: Group LPS (L). At 12 h, hepatocytes began to develop necrosis, with incomplete necrosis visible.

A

B

C

Figure 2 Histopathology of the kidney. A: The glomerular basement membrane of the kidney was intact, and the foot processes of podocytes and fenestra
of endothelial cells were clearly visible; B: The basal part of proximal tubule cubical epithelial cells had abundant plasma membrane infolding, which was rich in
longitudinally arranged mitochondria with intact cristae. On the free surface of proximal tubule cubical epithelial cells, microvilli were long and dense; C: The basal
part of distal tubule cubical epithelial cells also had abundant plasma membrane infolding, which was rich in mitochondria. On the free surface of distal tubule cubical
epithelial cells, microvilli were short and sparse.

h, it returned to the level observed at 6 h. IP3RI mRNA
expression at 9 h was significantly higher in group G/L
than in groups G (1.43 ± 0.18) and L (1.29 ± 0.17) (P
= 0.000 for both; Figure 4). IP3RI mRNA expression did
not differ significantly between group G or L and group
NS (P > 0.05 for both).

liver disease, with approximately 55% of FHF patients
[19,20]
developing HRS
. The pathogenesis of HRS is
still not completely clear, although it is believed to be
associated with excessive renal vascular contraction,
insufficient renal blood perfusion, sympathetic
nervous system activation, and increased synthesis of
vasoactive substances, all of which make the kidneys
[21,22]
more sensitive to low perfusion
. Renal blood flow
and GFR decrease significantly in HRS due to renal
vasoconstriction, and many factors are involved in this
process. A significant increase in vasocontracting factors

DISCUSSION
HRS is one of the most common and severe compli
cations of fulminant liver failure (FHF) and an advanced
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Figure 3 Expression of type Ⅰ inositol 1,4,5-trisphosphate receptor (IP3RI) protein in the kidney of rats in each group. A: The expression of IP3RI protein in
the kidney significantly increased in group D-galactosamine (D-GalN) plus lipopolysaccharide (LPS) (G/L), and was especially prominent at 12 h [aP < 0.05 vs group
Normal Saline (NS)]. B: The expression of IP3RI protein in the kidney significantly increased in group G/L compared with the other groups (aP < 0.05 vs group NS, cP <
0.05 vs group G/L).
[33-35]

to the sensitivity of the kidney to vasoconstrictors
.
IP3Rs has four types of ligand binding sites associated
[36-39]
with calcium channels
, and renal IP3RI is mainly
found in GMCs and VSMCs, and there is almost no IP3RI
[40,41]
on the surface of other renal cells
. Therefore, the
expression levels of IP3RI in renal GMCs and VSMCs
may be related to renal vasoconstriction. As the
opening of IP3-IP3Rs channels can increase intracellular
2+
[Ca ]i, theoretically the expression level of IP3RI is
2+
closely related to the intracellular [Ca ]i level. Wang
et al observed increased expression of IP3RI in the
glomerular capillary loops and anterior artery of rats
with liver cirrhosis by immunohistochemistry. However,
it is unknown whether the expression of IP3RI increases
in FHF. To answer this question, we detected IP3RI
expression in the renal tissue of a rat model of FHF at
different time points at both the protein and mRNA
levels using Western blot and real-time quantitative
PCR, respectively.
Semi-quantitative Western blot analysis demon
strated that IP3RI protein expression was low in normal
kidney tissue. Following treatment with D-GalN plus
LPS, IP3RI protein expression began to rise at 3 h and

[e.g., endothelin (ET) and angiotensin II] in the blood
not only leads to renal vascular contraction, but also
decreases the glomerular filtration coefficient (Kf) and
[23,24]
GFR
. The contraction of VSMCs results in reduced
renal blood flow, while GMC contraction reduces the
glomerular filtration fraction and coefficient. As both
VSMCs and GMCs are extremely sensitive to vasoactive
substances, GFR is significantly decreased in HRS. ET
and angiotensin II are important renal vasocontracting
2+
factors, and they activate Ca channels via the IP3-IP3Rs
pathway. IP3Rs is the intracellular calcium reservoir,
which is present mainly in the endoplasmic reticulum
and on the membrane, directly or indirectly mediating
[25-27]
the calcium influx
. In addition, IP3Rs is also present
in the nucleus, participating in nuclear calcium release
[28,29]
and regulating gene expression
. When IP3 binds
to IP3Rs, a conformational change in IP3Rs occurs, the
calcium channel is open, and the calcium reserve in the
endoplasmic reticulum is released into the cytoplasm.
2+
2+
As a result, cytoplasmic free Ca concentration ([Ca ]i)
[30-32]
increases, thus causing cell contraction
. Therefore,
2+
IP3Rs mediates an important Ca signaling pathway in
the cell, and the expression of IP3Rs is closely related

WJG|www.wjgnet.com

3277

August 7, 2018|Volume 24|Issue 29|

Wang JB et al . IP3RI expression in HRS
In conclusion, joint D-GalN/LPS administration can
induce HRS in SD rats at 12 h, which is concomitant
with peak IP3RI protein expression in the kidney.
Increased IP3RI protein expression may be regulated at
the transcriptional level. Thus, increased expression of
IP3RI may be closely associated with HRS development
and progression.
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Research background

2

Hepatorenal syndrome (HRS) is one of the common and severe complications
of liver failure and advanced liver disease, with approximately 55% of these
patients developing this severe complication. At present, HRS has unclear
pathogenesis, limited treatment options, and poor therapeutic efficacy. Once
renal dysfunction aggravates rapidly, 60%-80% of patients with HRS will
die. Therefore, elucidating the mechanism underlying the development and
progression of HRS and taking effective preventive and therapeutic measures
may improve the success rate of rescue, the incidence rate, and the mortality
rate of HRS.
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Figure 4 Expression of type 1 inositol 1,4,5-trisphosphate receptor (IP3RI)
mRNA in the kidney of rats in group D-galactosamine (D-GalN) plus
lipopolysaccharide (LPS) (G/L). The expression of IP3RI mRNA in the kidney
significantly increased in group G/L, and was especially prominent at 12 h (aP <
0.05 vs group Normal Saline (NS), cP < 0.05 vs group G/L).

Research motivation

To detect the protein and mRNA expression of type 1 inositol 1,4,5-trisphosphate
receptor (IP3RI) in the kidney of rats with HRS by Western blot and real-time
PCR.

reached a peak at 12 h. Interestingly, liver and kidney
dysfunction and hepatocyte necrosis were most severe
and blood TNF-α and ET-1 levels were highest at 12
h, which were concomitant with the elevation of IP3RI
[42,43]
protein expression in the kidney
. By treating the
animals with D-GalN or LPS alone, we excluded the
effect of these drugs on IP3RI protein expression. As
HRS developed 12 h after D-GalN/LPS administration,
we compared the IP3RI protein expression at this time
point among the groups. The results showed that IP3RI
protein expression was high in group G/L and low in
groups G, L, and NS.
In order to understand whether IP3RI protein
expression in the kidney is regulated at the transcriptional
level, real-time quantitative PCR was performed. The
[44,45]
fluorescent dye SYBR Green I
added to the PCR
reaction system can be incorporated into double-stranded
DNA with PCR amplification and markedly enhance
[46-48]
fluorescence
. The relative expression levels of these
two parameters were calculated by the housekeeping
gene GAPDH. It was found that the relative expression
of IP3RI mRNA to GAPDH mRNA began to rise 3 h after
D-GalN and LPS administration, but the protein level did
not rise at this time point. At 9 h, the expression level
of IP3RI mRNA reached the highest level. Although the
protein level was also high at this time point, it was lower
than that at 12 h. The expression of IP3RI mRNA began
to decrease, but it was still significantly higher than that
in the control group. These changes can be explained
from two aspects. On the one hand, IP3RI mRNA
expression may be prior to protein expression, which is
associated not only with the translation efficiency and
the speed of mRNA degradation, but also with the rate
of protein degradation. On the other hand, the protein
synthesis process also includes the assembly and
translocation of proteins in ribosomes, which may affect
the final expression of IP3RI protein.
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Research objectives

To explore whether high expression of renal IP3RI is associated with Ca2+ influx
in vascular smooth muscle cells of glomerular afferent arteries and glomerular
mesangial cells in rats with HRS.

Research methods

D-galactosamine (D-GalN) and/or lipopolysaccharide (LPS) were used to treat
male Sprague-Dawley (SD) rats via the tail vein. Twelve hours after injection,
massive hepatocyte necrosis with severe hemorrhage occurred in the liver,
while renal tissue had a normal morphology. In addition, liver and kidney
function was impaired severely, and serum biochemical indexes exhibited
significant changes. These changes were consistent with the clinical features of
HRS. Western blot and real-time PCR were then used to detect the protein and
mRNA expression of renal IP3RI, respectively.

Research results

IP3RI protein expression was significantly elevated in rats with HRS. The
elevation began at 3 h and reached the peak at 12 h. IP3RI mRNA expression
was also significantly elevated in rats with HRS. The elevation began at 3 h and
peaked at 9 h.

Research conclusions

Joint D-GalN/LPS administration can induce HRS in SD rats at 12 h, which
is concomitant with peaked IP 3RI protein and mRNA expression in the
kidney. Increased expression of IP3RI may be closely associated with HRS
development and progression.

Research perspectives

Our results suggest that IP 3RI may be a signal molecule involved in the
reduction of renal blood flow induced by renal vasoconstriction in HRS, thus
providing a theoretical basis for further research of the pathogenesis of HRS.
Gene silencing technology may be adopted to further elucidate the role of IP3RI
in the pathogenesis of HRS.
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Abstract

Informed consent statement: All patients and their families
signed informed consent statements before surgery, and the type
of surgical procedure was performed according to the approved
guidelines.

AIM
To investigate the prognostic role of fibrinogen-toalbumin ratio (FAR) on patients with gallbladder cancer
(GBC) in this study.

Conflict-of-interest statement: We declare that the authors
have no conflict of interest.

METHODS
One hundred and fifty-four GBC patients were retro
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spectively analyzed, who received potentially curative
cholecystectomy in our institute from March 2005 to
December 2017. Receiver operating characteristic curve
(ROC curve) was used to determine the optimal cut-offs
for these biomarkers. In addition, Kaplan-Meier survival
analysis as well as multivariate analysis were applied
for prognostic analyses.

INTRODUCTION
Gallbladder cancer (GBC) is an uncommon malignancy
among all types of cancer, but is the fifth most common
gastrointestinal malignancy. Meanwhile, GBC is the
most prevalent and aggressive cancer of the biliary
[1-3]
tract . Despite recent encouraging progress in the
diagnosis and treatment of GBC, it is still a highly lethal
[4]
disease, with overall 5-year survival rate under 5% .
Only surgical intervention renders probability of a longterm survival, however, most GBC patients generally
present at late stage, with unresectable lesion. To be
specific, fewer than 20% of cases are amenable to
[5,6]
surgical treatment .
At present, a few clinicopathological parameters,
such as clinical stage, performance status (PS), and
pathological classification, have been demonstrated as
independent survival predictors in patients harboring
[7]
various types of common solid tumors . Nevertheless,
despite the wide application of high-resolution imaging
systems, it is rather difficult to obtain accurate classi
fication of clinical stage, and objective judgement of
[8-10]
PS
. In addition, the pathological stage of tumor
samples in these subjects is not as informative as that
[11]
in untreated subjects . In order to guarantee potent
intense neoadjuvant therapy as well as regular followup in high-risk subjects, it is necessary to explore a
simple and cost-effective predictor for the postoperative
overall survival (OS) prior to surgery.
Accumulating evidence has demonstrated that
nutritional deficiencies, hemostatic factors and systemic
inﬂammatory response (SIR) are likely to be critically
[12]
involved in the progression of human malignancies .
Fibrinogen plays an important regulatory role in
both inﬂammation and cancer progression, including
proliferation, angiogenesis as well as migration of tumor
[13]
cells . Serum albumin levels reflect the SIR of host
[14-16]
and nutritional status
. Recently, accumulating
researches have shown that both fibrinogen and serum
albumin are important prognostic predictors in various
cancers, and elevated plasma fibrinogen and lower
serum albumin levels are significantly correlated with
[17-21]
shorter survival in tumor patients
.
From the results of the above studies, we can
naturally hypothesize that the fibrinogen-to-albumin
ratio (FAR) might be more powerful than elevated
fibrinogen or lower serum albumin level in predicting
the prognosis of patients with malignant tumors. In fact,
[22]
Tan et al
have indicated that the preoperative FAR
is an independent prognostic indicator for esophageal
squamous-cell carcinoma (ESCC) patients, while Hwang
[23]
et al have indicated that the FAR is a more significant
prognostic indicator than either indicator alone (elevated
fibrinogen or lower serum albumin).
To our knowledge, there are no relevant studies
concerning the prognostic significance of FAR in GBC
patients. Herein, the study was designed to explore the
prognostic roles of the preoperative FAR in GBC in terms
of OS.

RESULTS
ROC curve revealed that the optimal cut-off value for
FAR was 0.08. FAR was significantly correlated with
age (P = 0.045), jaundice (P < 0.001), differentiation
(P = 0.002), resection margin status (P < 0.001), T
stage (P < 0.001), TNM stage (P < 0.001), and CA199
(P < 0.001) as well as albumin levels (P < 0.001).
Multivariate analysis indicated that the resection margin
status [hazard ratio (HR): 2.343, 95% confidence
interval (CI): 1.532-3.581, P < 0.001], TNM stage (P =
0.035), albumin level (HR = 0.595, 95%CI: 0.385-0.921,
P = 0.020) and FAR (HR: 2.813, 95%CI: 1.765-4.484,
P < 0.001) were independent prognostic factors in GBC
patients.
CONCLUSION
An elevated preoperative FAR was significantly cor
related with unfavorable overall survival in GBC patients,
while an elevated preoperative albumin level was a
protective prognostic factor for patients with GBC. The
preoperative FAR could be used to predict the prognosis
of GBC patients, which was easily accessible, costeffective and noninvasive.
Key words: gallbladder cancer; fibrinogen; albumin;
fibrinogen-to-albumin ratio; prognosis; survival
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The vital prognostic significance of fibrinogen
and serum albumin has been confirmed in diverse ma
lignancies, presenting host hemostasis and nutrition,
respectively. Moreover, elevated plasma fibrinogen
and reduced serum albumin levels are significantly
related to shortened survival of cancer patients. It
is reported that fibrinogen-to-albumin ratio (FAR) is
more potent in predicting cancer patient prognosis
than elevated fibrinogen or reduced serum albumin
level alone. Nevertheless, there has been no study
on the prognostic role of FAR in gallbladder cancer
(GBC). Herein, we defined an elevated preoperative
FAR, featured by noninvasiveness, cost-effectiveness
and easily-accessible, which was a potential prognostic
indicator for GBC.
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Treatments and Follow up

MATERIALS AND METHODS

All subjects received potential curative gallbladder
resection at Peking Union Medical College Hospital of
CAMS & PUMC. The extent of resection was classified
as modified radical cholecystectomy or radical cholecy
stectomy and systemic therapy according to the extent
of tumor invasion, which was identified by preoperative
auxiliary examination results. Follow-up visits in our
center were carried out every three months for the
first two years, every six months for the third year and
annually thereafter. The follow-up period was defined
from the date of surgery to death or the last follow-up
visit.

Patients

Eligible patients were included in this study according
to the following criteria: (1) patients with histological
diagnosis of GBC; (2) GBC patients without other
coexisting malignancies; (3) patients not undergoing
other treatments before enrollment; (4) patients with
complete clinical information and available follow-up
data; and (5) patients aged > 18 years. The exclusion
criteria were listed as follows: (1) patients with acute
infection or chronic active inﬂammatory disease; (2)
patients with collagen diseases, anemia and other
diseases concerning the hematological system; (3)
patients who received anticoagulant treatment or
albumin transfusions before treatment; (4) patients
with liver disease; and (5) patients with perioperative
surgery-associated mortality. As a result, 154 GBC
patients were retrospectively included and analyzed,
who underwent potential curative resection at Peking
Union Medical College Hospital of Chinese Academy
of Medical Sciences and Peking Union Medical College
(CAMS & PUMC) from January 2005 to May 2017.

Statistical analysis

The continuous data with normal distribution were
shown as the mean ± standard deviation (KolmogorovSmirnov test, P > 0.05), and those with abnormal
distribution were expressed as the median (minimummaximum). Frequencies and percentages were used
for the categorical variables. Chi-square test or Fisher’s
exact test was utilized to assess differences in baseline
clinicopathological characteristics between groups. OS
referred to the duration from the date of surgery to
death or the last follow-up visit. The optimal cut-off
values of fibrinogen, albumin and FAR were identified
by the receiver operating characteristic (ROC) curve.
Kaplan-Meier method was used to generate the
survival curves, followed by analysis by log-rank test.
Additionally, multivariate Cox proportional hazards
model was used to further assess those significant
factors indicated by univariate analysis. SPSS version
24.0 (IBM Corp., Armonk, NY, United States) was
utilized for statistical analysis. A two-sided P < 0.05
was considered as statistical significance, and 95%
confidence intervals (CIs) were calculated.

Data collection

Baseline clinicopathological characteristics, including
age, gender, comorbidities, ABO blood group, patho
logical classifications, tumor differentiation, resection
margin status, maximal tumor diameter, TNM stage,
and preoperative CA199, fibrinogen, and albumin
levels. Patient age referred to the age at diagnosis of
primary GBC. The eighth edition of the American Joint
th
Committee on Cancer (AJCC-8 ) TNM classification was
utilized for TNM stage.

Ethical statement

The study was approved by the Medical Ethics Com
mittee of Peking Union Medical College Hospital of CAMS
& PUMC. All patients signed written informed consent.
The study was carried out according to the ethical
standard of the World Medical Association Declaration of
[24]
Helsinki .

RESULTS
Patient characteristics

All the 154 GBC patients in this study were treated at
Peking Union Medical Hospital from January 2005 to
May 2017. The median follow-up period was 17 mo. In
total, 103 subjects died during the follow-up period, with
an estimated median OS of 14.5 mo (range: 0.5-153.0
mo). The 1- and 2-year survival rates were 55.8% and
35.7%, respectively. The clinical data of all patients who
met all criteria were analyzed. Among these patients,
the median age at diagnosis was 64 years old (range:
29-85 years old), of whom, 98 (63.6%) were > 60 years
old. Ninety-one (59.1%) patients were female. One
hundred fifty (97.4%) patients were pathologically
diagnosed with adenocarcinoma, three (1.9%) with
adenosquamous cell carcinoma and one (0.6%) with
papillary carcinoma. Ninety-four (61.0%) patients
were histologically diagnosed with moderately or welldifferentiated disease. Fifty-eight (37.7%) patients
harbored a positive resection margin. According to the

Fibrinogen and albumin measurements

Blood specimens were collected before breakfast within
seven days before surgery, in order to assess the
preoperative plasma fibrinogen and serum albumin
concentrations. Afterwards, Datafai Fibrinogen (Sysmex
Corporation, Kobe, Japan) and CA7000 analyzer (Sysmex
Corporation, Kobe, Japan) were employed to assess
fibrinogen level using the previously-mentioned Clauss
[25]
method . The normal reference values of plasma
fibrinogen and serum albumin were 2-4 g/L and 35-51
g/L, respectively, according to relevant instructions.

FAR

FAR was defined by dividing the preoperative fibrinogen
level by the preoperative serum albumin level.
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TNM staging, most patients (59.7%) were classified
as stage ⅢA-ⅢB. The detailed information of baseline
characteristics of patients was shown in Table 1.

Table 1 Baseline characteristics of 154 gallbladder cancer
patients who underwent potential curative cholecystectomy
n (%)
Characteristic
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
0
1
2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰstage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 39
> 39
Fibrinogen concentration (g/L)
≤ 3.47
> 3.47
Albumin levels (g/L)
≤ 40.5
> 40.5
FAR
≤ 0.08
> 0.08

The optimal cut-off value of the preoperative fibrinogen
concentration, albumin level and FAR for survival analysis

Patients (n = 154)
64 (29-85)
56 (36.4)
98 (63.6)

The ROC curves of OS were generated to validate the
optimal cut-off values for the preoperative fibrinogen
concentration, albumin level and FAR (Figure 1). The
median plasma fibrinogen concentration in all patients
was 3.54 g/L (range: 1.71-7.47 g/L) (Table 1). As
shown in Figure 1A, the area under the curve (AUC)
was recorded as 0.735 (95%CI: 0.654-0.816), and
the optimal cut-off value of preoperative fibrinogen
concentration for OS was 3.47 g/L, with the highest
sensitivity and specificity of 0.709 and 0.721, res
pectively. Based on this cut-off, there were 75 patients
(48.7%) with a fibrinogen concentration ≤ 3.47 g/L,
and 79 patients (51.3%) with a fibrinogen concentration
> 3.47 g/L (Table 2).
The median serum albumin level in all patients was
41.0 g/L (range: 20.0-40.0 g/L) (Table 1). As shown
in Figure 1B, the AUC was recorded as 0.648 (95%CI:
0.562-0.735), and the optimal cut-off value of the
preoperative albumin level for OS was 40.5 g/L, with
the highest sensitivity and specificity of 0.647 and 0.605,
respectively. Based on this value, 76 patients (49.4%)
had an albumin level ≤ 40.5 g/L, and 78 patients
(50.6%) had an albumin level > 40.5 g/L (Table 3).
The median FAR in all patients was 0.09 (range:
0.04-0.25) (Table 1). As shown in Figure 1C, the AUC
was recorded as 0.783 (95%CI: 0.707-0.859), and the
optimal cut-off value of the preoperative FAR for OS
was 0.08, with the highest sensitivity and specificity of
0.779 and 0.765, respectively. Based on this value, 71
patients (46.1%) harbored a FAR value ≤ 0.08, and 83
patients (53.9%) had a FAR value > 0.08 (Table 4).

63 (40.9)
91 (59.1)
79 (51.3)
75 (48.7)
116 (75.3)
38 (24.7)
129 (83.8)
25 (8.9)
43 (27.9)
56 (36.4)
9 (5.8)
46 (29.9)
3 (1.9)
150 (97.4)
1 (0.6)
60 (39.0)
94 (61.0)
96 (62.3)
58 (37.7)
3 (0.2-13)
68 (44.2)
86 (55.8)
10 (6.5)
29 (18.8)
103 (66.9)
12 (7.8)
98 (63.6)
47 (30.5)
9 (5.8)

Correlations of the preoperative fibrinogen concentration,
albumin level and FAR with clinicopathological factors

As shown in Table 2, based on the optimal cut-off
value for the preoperative fibrinogen concentration,
all patients could be divided into the low-value group
(≤ 3.47 g/L) or the high-value group (> 3.47 g/L).
Higher preoperative fibrinogen concentration was
significantly correlated with jaundice (P = 0.003),
degree of differentiation (P = 0.048), resection margin
(P = 0.003), T stage (P < 0.001), TNM stage (P =
0.011), CA199 level (P = 0.005) as well as FAR (P <
0.001). However, there were no significant associations
of the preoperative fibrinogen concentration with age,
gender, cholecystolithiasis, diabetes, ABO blood group,
pathological type, tumor size, N stage, distant meta
stasis or albumin level (P > 0.05). The survival curve
stratified by the fibrinogen concentration indicated
that GBC subjects with a fibrinogen concentration >
3.47 g/L had shorter OS than those with a fibrinogen
concentration ≤ 3.47 g/L (Figure 2A).

142 (92.2)
12 (7.8)
16 (10.4)
16 (10.4)
92 (59.7)
30 (19.5)
69.3 (0.6-10524)
66 (42.9)
88 (57.1)
3.54 (1.71-7.47)
75 (48.7)
79 (51.3)
41.0 (20.0-50.0)
78 (50.6)
76 (49.4)
0.09 (0.04-0.25)
71 (46.1)
83 (53.9)

FAR: Fibrinogen to albumin ratio.
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Figure 1 Receiver operating characteristics curve analysis based on fibrinogen (A), albumin (B), and fibrinogen to albumin ratio (C) for overall survival.
A: The area under the ROC curve (AUC) indicates the diagnostic power of preoperative plasma fibrinogen concentration. In this model, the optimum cut-off point for
fibrinogen concentration was 3.47 g/L, AUC was 0.735 (95%CI: 0.654-0.816), with a sensitivity of 0.709 and a specificity of 0.721 by the Youden index; B: The AUC
indicates the diagnostic power of preoperative plasma albumin level. In this model, the optimum cut-off point for albumin level was 40.5 g/L, AUC was 0.648 (95%CI:
0.562-0.735), with a sensitivity of 0.647 and a specificity of 0.605 by the Youden index; C: The AUC indicates the diagnostic power of preoperative FAR. In this model,
the optimum cut-off point for FAR was 0.08, AUC was 0.783 (95%CI: 0.707-0.859), with a sensitivity of 0.779 and a specificity of 0.765 by the Youden index. ROC:
Receiver operating characteristics curve.

As shown in Table 3, based on the optimal cut-off
value for the preoperative albumin level, all patients
could be categorized into the low-value group (≤
40.5 g/L) or high-value group (> 40.5 g/L). Higher
preoperative albumin levels were significantly associated
with jaundice (P < 0.001), ABO blood group (P = 0.046),
degree of differentiation (P = 0.047), resection margin
status (P = 0.008), T stage (P = 0.021), TNM stage (P
= 0.007), CA199 levels (P = 0.006) as well as FAR (P
< 0.001). The survival curve stratified by the albumin
level showed that GBC patients with an albumin level
> 40.5 g/L had longer OS than those with an albumin
level ≤ 40.5 g/L (Figure 2B).
As shown in Table 4, based on the optimal cut-off
value for the preoperative FAR, all patients could be
grouped into the low-value group (≤ 0.08) or highvalue group (> 0.08). A higher preoperative FAR was
significantly correlated with age (P = 0.045), jaundice
(P < 0.001), degree of differentiation (P = 0.002), re
section margin status (P < 0.001), T stage (P < 0.001),
TNM stage (P < 0.001), CA199 level (P < 0.001) as
well as albumin level (P < 0.001). The survival curve
stratified by the FAR showed that GBC patients with a
FAR > 0.08 harbored worse OS compared to those with
a FAR ≤ 0.08 (Figure 2C).

concentration (HR: 2.795, 95%CI: 1.853-4.214, P <
0.001), albumin level (HR: 0.391, 95%CI: 0.259-0.590,
P < 0.001) and FAR (HR: 4.626, 95%CI: 2.987-7.165,
P < 0.001) were significant prognostic factors for
OS in GBC patients (Table 5), whereas age, gender,
cholecystolithiasis, diabetes, ABO blood group,
pathological type and maximal tumor diameter were
not significant predictors of OS (P > 0.05; Table 5).
In the multivariate Cox regression analysis, resection
margin status (HR: 2.343, 95%CI: 1.532-3.581, P <
0.001, TNM stage (P = 0.035), and FAR (HR: 2.813,
95%CI: 1.765-4.484, P < 0.001) were revealed as in
dependent risk factors for poor OS in GBC patients, and
the albumin level (HR: 0.595, 95%CI: 0.385-0.921, P
= 0.020) was correlated with favorable OS in patients
with GBC (Table 6).
Although the multivariate analysis showed that both
FAR and albumin level were independent risk factors for
the prognosis of GBC patients (Table 6), the AUC of FAR
(0.783) was greater than that (0.648) of the albumin
level (Figure 1B and C), indicating that the prognostic
value of FAR was more powerful than that of the al
bumin level.

Univariate and multivariate analysis results

In this study, we demonstrate FAR is a significantly
independent prognostic indicator for GBC. To our
knowledge, it is the first research concerning the prog
nostic significance of FAR in patients with GBC. Although
both FAR and serum albumin level were revealed to
be significant prognostic indicators, the AUC of FAR
was greater than that of the serum albumin level, and
the P value of FAR was smaller than that of the serum
albumin level.
In our study, a greater FAR was found to be correlated
with a series of important clinicopathological indicators

DISCUSSION

Univariate and multivariate analyses for OS prediction
in GBC patients are shown in Tables 5 and 6. In the
univariate Cox analysis, jaundice (HR: 2.598, 95%CI:
1.644-4.106, P < 0.001), degree of differentiation (HR:
1.527, 95%CI: 1.031-2.261, P = 0.035), resection
margin status (HR: 3.683, 95%CI: 2.468-5.496, P
< 0.001), T stage (P < 0.001), N stage (P < 0.001),
distant metastasis (HR: 2.550, 95%CI: 1.388-4.684,
P = 0.003), TNM stage (P < 0.001), CA199 level (HR:
3.125, 95%CI: 2.010-4.858, P < 0.001), fibrinogen
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Table 2 Correlation between fibrinogen concentration
and clinicopathological characteristics in gallbladder cancer
patients n (%)

Table 3 Correlation between albumin levels and
clinicopathological characteristics in gallbladder cancer
patients n (%)

Fibrinogen concentration
Characteristics

≤ 3.47 g/L

(n = 75)

Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
N0
N1
N2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰstage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 39
> 39
Albumin levels (g/L)
≤ 40.5
> 40.5
FAR
≤ 0.08
> 0.08

Albumin levels

> 3.47 g/L P value
(n = 79)

31 (20.1)
44 (28.6)

25 (16.2)
54 (35.1)

0.243

33 (21.4)
42 (27.3)

30 (19.5)
49 (31.8)

0.513

38 (24.7)
37 (24.0)

41 (26.6)
38 (24.7)

0.878

57 (37.0)
18 (11.7)

59 (38.3)
20 (13.0)

0.850

68 (44.2)
7 (4.5)

61 (39.6)
18 (11.7)

0.029

19 (12.3)
33 (21.4)
2 (1.3)
21 (13.6)

24 (15.6)
23 (14.9)
7 (4.5)
25 (16.2)

0.145

0 (0)
75 (48.7)
0 (0)

3 (1.9)
75 (48.7)
1 (0.6)

0.142

23 (14.9)
52 (33.8)

37 (24.0)
42 (27.3)

0.048

56 (36.4)
19 (12.3)

40 (26.4)
39 (25.3)

0.003

34 (22.1)
41 (26.6)

34 (22.1)
45 (29.2)

0.871

8 (5.2)
22 (14.3)
43 (27.9)
2 (1.3)

2 (1.3)
7 (4.5)
60 (39.0)
10 (6.5)

< 0.001

50 (32.5)
21 (13.6)
4 (2.6)

48 (31.2)
26 (16.9)
5 (3.2)

0.748

69 (44.8)
6 (3.9)

73 (47.4)
6 (3.9)

0.925

12 (7.8)
12 (7.8)
39 (25.3)
12 (7.8)

4 (2.6)
4 (2.6)
53 (34.4)
18 (11.7)

0.011

41 (26.6)
34 (22.1)

25 (16.2)
54 (35.1)

0.005

32 (20.8)
43 (27.9)

44 (28.6)
35 (22.7)

0.111

59 (38.3)
16 (10.4)

12 (7.8)
67 (43.5)

< 0.001

Characteristics

(n = 76)

Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
N0
N1
N2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰstage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 39
> 39
Fibrinogen concentration (g/L)
≤ 3.47g/L
> 3.47 g/L
FAR
≤ 0.08
> 0.08

FAR: Fibrinogen to albumin ratio.
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≤ 40.5g/L

> 40.5 g/L P value
(n = 78)

22 (14.3)
54 (35.1)

34 (22.1)
44 (28.6)

0.067

28 (18.2)
48 (31.2)

35 (22.7)
43 (27.9)

0.330

34 (22.1)
42 (27.3)

45 (29.2)
33 (21.4)

0.147

53 (34.4)
23 (14.9)

63 (40.9)
15 (9.7)

0.136

54 (35.1)
22 (14.3)

75 (48.7)
3 (1.9)

< 0.001

20 (13.0)
34 (22.1)
6 (7.9)
16 (21.1)

23 (14.9)
22 (14.3)
3 (3.8)
30 (19.5)

0.046

0 (0)
75 (48.7)
1 (0.6)

3 (1.9)
75 (48.7)
0 (0.0)

0.137

36 (23.4)
40 (26.0)

24 (15.6)
54 (35.1)

0.047

39 (25.3)
37 (24.0)

57 (37.0)
21 (13.6)

0.008

36 (23.4)
40 (26.0)

32 (20.8)
46 (29.9)

0.516

2 (1.3)
9 (5.8)
58 (37.7)
7 (4.5)

8 (5.2)
20 (13.0)
45 (29.2)
5 (3.2)

0.021

45 (29.2)
25 (16.2)
6 (3.9)

53 (34.4)
22 (14.3)
3 (1.9)

0.403

67 (43.5)
9 (5.8)

75 (48.7)
3 (1.9)

0.077

3 (1.9)
6 (3.9)
46 (29.9)
21 (13.6)

13 (8.4)
10 (6.5)
46 (29.9)
9 (5.8)

0.007

24 (15.6)
52 (33.8)

42 (27.3)
36 (23.4)

0.006

32 (20.8)
44 (28.6)

43 (27.9)
35 (22.7)

21 (13.6)
55 (35.7)

50 (32.5)
28 (18.2)

0.111

< 0.001

FAR: Fibrinogen to albumin ratio.
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factors for OS in GBC, indicating that an elevated FAR
might be associated with aggressiveness and systemic
progression of GBC.
Relatively few previous studies have probed into the
prognostic significance of FAR in patients with malignant
tumors. To date, there are only two studies performed
[23]
[22]
in the context of breast cancer
and ESCC . In line
with our findings, the optimal cut-off value of FAR for
ESCC patients was also 0.08. However, the optimal
cut‑off value of FAR in breast cancer was 0.071, which
is slightly lower than that in ESCC patients and in
GBC subjects in our study. Together, the inconsistent
findings indicate that the optimal FAR cut-off value
varies in different malignancies. Although the exact
cause and underlying mechanism of these differences
remain unknown, they might be related to the different
biological behaviors of different tumors and genderassociated hormone difference. Hence, more studies
are needed to further verify these conclusions.
Inconsistent with these previous two studies,
our study indicates that the preoperative albumin
level is also an independent risk factor for OS in GBC
patients, and an elevated albumin level is a favorable
prognostic factor for GBC patients. Several studies
have demonstrated that lower serum albumin levels
could lead to deteriorated diseases and a greater risk
[26]
of poor prognosis in patients with gastric cancer ,
[27]
ovarian cancer
and upper urinary tract urothelial
[12]
carcinoma . However, to our knowledge, it is the
first study to assess the prognostic significance of
preoperative serum albumin in GBC.
Accumulating studies have demonstrated the effect of
activated coagulation with fibrinolysis, malnutrition and
inﬂammation during carcinogenesis, cancer progression
[28-31]
and metastasis
. Although the prognostic value of
the preoperative FAR has been established in patients
[22,23]
with malignant tumors
, the real mechanisms
underlying this association remains largely undefined.
Our observations are supported by several previous
experimental and clinical researches. As a P-globulin and
pro-inflammatory protein, fibrinogen can be synthesized
by malignant tumor cells apart from hepatic cells, which
[32-34]
participates in extracellular matrix (ECM) formation
.
Fibrinogen can promote tumor progression via regulation
of tumor cell growth by binding to vascular endothelial
growth factor (VEGF) as well as platelet-derived
[33-35]
growth factor (PDGF)
. An experimental study has
demonstrated that fibrinogen can induce epithelialmesenchymal transition (EMT) to enhance the migration
and invasion ability of tumor cells via modulation of
[36]
the expression of vimentin and E-cadherin . Another
experimental study performed in fibrinogen-deficient
mice indicates that fibrinogen-free internal environ
ment can suppress the spread of tumor cells and the
[37]
subsequent establishment of micro-metastases . A
[38]
previous study
also showed that fibrinogen could
facilitate tumor cell metastasis by suppressing natural
killer (NK) cell-mediated apoptosis. Fibrinogen has

Table 4 Correlation between FAR and clinicopathological
characteristics in gallbladder cancer patients n (%)
FAR
Characteristics
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
N0
N1
N2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰstage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 39
> 39
Fibrinogen concentration (g/L)
≤ 3.47g/L
> 3.47 g/L
Albumin levels (g/L)
≤ 40.5g/L
> 40.5 g/L

≤ 0.08

> 0.08
(n = 83)

P value

(n = 71)
32 (20.8)
39 (25.3)

24 (15.6)
59 (38.3)

0.045

30 (19.5)
41 (26.6)

33 (21.4)
50 (32.5)

0.870

37 (24.0)
34 (22.1)

42 (27.3)
41 (26.6)

0.873

56 (36.4)
15 (9.7)

60 (39.0)
23 (14.9)

0.357

67 (43.5)
4 (2.6)

62 (40.3)
21 (13.6)

< 0.001

22 (14.3)
28 (18.2)
1 (0.6)
20 (13.0)

21 (13.6)
28 (18.2)
8 (5.2)
26 (16.9)

0.148

0 (0)
71 (46.1)
0 (0)

3 (1.9)
79 (51.3)
1 (0.6)

0.173

18 (11.7)
53 (34.4)

42 (27.3)
41 (26.6)

0.002

55 (35.7)
16 (10.4)

41 (26.6)
42 (27.3)

< 0.001

37 (24.0)
34 (22.1)

31 (20.1)
52 (33.8)

0.075

8 (5.2)
24 (15.6)
36 (23.4)
3 (1.9)

2 (1.3)
5 (3.2)
67 (43.5)
9 (5.8)

< 0.001

48 (31.2)
19 (12.3)
4 (2.6)

50 (32.5)
28 (18.2)
5 (3.2)

0.623

68 (44.2)
3 (1.9)

74 (48.1)
9 (5.8)

0.145

14 (9.1)
14 (9.1)
35 (22.7)
8 (5.2)

2 (1.3)
2 (1.3)
57 (37.0)
22 (14.3)

< 0.001

43 (27.9)
28 (18.2)

23 (14.9)
60 (39.0)

< 0.001

59 (38.3)
12 (7.8)

16 (10.4)
67 (43.5)

< 0.001

21 (13.6)
50 (32.5)

55 (35.7)
28 (18.2)

< 0.001

of GBC patients, such as resection margin status, TNM
stage and albumin level, which were independent risk
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Figure 2 Survival curve according to the presence of preoperative fibrinogen concentration (A), albumin level (B), and fibrinogen to albumin ratio (C).
A: Data compares fibrinogen concentration > 3.47 g/L vs ≤ 3.47 g/L group (P < 0.05). The number 1 for ≤ 3.47 g/L group, number 2 for > 3.47g/L group; B: Data
compares albumin level > 40.5 g/L vs ≤ 40.5 g/L group (P < 0.05). The number 0 for albumin level > 40.5 g/L group, number 1 for albumin level ≤ 40.5 g/L group; C:
Data compares FAR > 0.08 vs ≤ 0.08 group (P < 0.05). The number 1 for FAR > 0.08 group, number 0 for FAR ≤ 0.08 g/L group. FAR: Fibrinogen to albumin ratio.

also been demonstrated to be critically involved in the
tumorigenesis and tumor progression via aggravation
of cell proliferation, suppression of apoptosis and
stimulation of angiogenesis as well as hematogenous
[33,34,39-41]
metastasis
. The albumin level can not only
reflect the malnutrition status of host, but also implicate
the existence of inflammation. Malnutrition is commonly
detected in cancer patients, which might lead to multiple
negative outcomes, including compromised immune
function, insensitive therapeutic response as well as
[42]
reduced OS . As part of the SIR to tumor or from
tumor itself, inflammatory mediators are secreted,
including tumor necrosis factor (TNF)-α, interleukin
(IL)-1, IL-6 as well as acute-phase reactants. IL-6 has
been suggested to modulate VEGF secretion from
glioblastoma cells, and the latter can result in vascular
permeability, contributing to declined serum albumin
[43,44]
levels
. Proinﬂammatory cytokines, such as TNF-α,
IL-1 and IL-6 can downregulate the hepatic synthesis of
[45-48]
albumin
. Therefore, albumin level might be used to
reflect tumor prognosis. Taken together, FAR could be
considered as a prognostic factor for GBC patients.
There are certain limitations in this study. To begin
with, this study was a retrospective, small-sample,
single-center one, hence, there might be a selection
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bias. Secondly, due to the small sample size, we were
unable to perform further subgroup analysis according
to different models, such as the TNM stage model,
treatment model and distant metastasis model. Thirdly,
our findings lacked external verification, which requires
further investigation. Fourth, although the cut-off values
were calculated by ROC curves, they were based on a
relatively small sample; as such, other cut-off values
may be more accurate in the case of increased sample
size. In this study, we mainly focused on the prognostic
significance of the preoperative FAR, while changes in
the postoperative FAR have not been studied; thus,
the prognostic value of the postoperative FAR was not
assessed. Therefore, more well-designed, prospective
and large-sample multi-center studies are warranted to
further verify the present conclusions.
In conclusion, the preoperative FAR is a significant
and powerful negative prognostic indicator for OS in GBC
patients, and the preoperative serum albumin level is a
favorable prognostic factor for OS in GBC patients, and
the predictive power of FAR is greater than that of the
albumin level. As a simple, convenient and cost-effective
indicator, FAR, defined as the fibrinogen-to-albumin
ratio, could easily be applied in the clinical setting via
routine preoperative laboratory tests to predict the
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Table 5 Univariate analysis of overall survival in gallbladder
cancer patients
Characteristics
Age (yr)
≤ 60
> 60
Sex
Male
Female
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
Jaundice
Absent
Present
Blood groups
A
B
AB
O
Pathological types
Adenosquamous carcinoma
Adenocarcinoma
Papillocarcinoma
Degree of differentiation
Poor
Moderate-well
Resection margin status
Negative
Positive
Maximum tumor diameter (cm)
≤ 2.45
> 2.45
T stage
Tis-T1a
T1b-T2b
T3
T4
N stage
0
1
2
Distant metastasis
Absent
Present
TNM stage
0-Ⅰstage
ⅡA-ⅡB stage
ⅢA-ⅢB stage
ⅣA-ⅣB stage
CA199 (U/mL)
≤ 39
> 39
Fibrinogen concentration (g/L)
≤ 3.47
> 3.47
Albumin levels (g/L)
≤ 40.5
> 40.5
FAR
≤ 0.08
> 0.08

HR (95%CI)

P value

1.473 (0.973-2.230)

0.067

0.995 (0.670-1.477)

0.981

1.198 (0.814-1.764)

0.360

1.028 (0.651-1.623)

0.906

2.598 (1.644-4.106)

< 0.001

-

0.113

-

Table 6 Multivariate analysis for overall survival in gallbladder
cancer patients
Characteristics

HR (95%CI)

Resection margin status
Negative
Positive
TNM stage
ⅡA-ⅡB stage/0-1stage
ⅢA-ⅢB stage/0-1 stage
ⅣA-ⅣB stage/0-1 stage
FAR
≤ 0.08
> 0.08
Albumin levels (g/L)
≤ 40.5
> 40.5

Wald

2.343 (1.532-3.581)

1.209 (0.287-5.095)
3.401 (1.033-11.202)
4.014 (1.142-14.107)
2.813 (1.765-4.484)

0.595 (0.385-0.921)

P value
< 0.001

8.595
0.067
4.051
4.696

0.035
0.796
0.044
0.030
< 0.001

0.020

FAR: Fibrinogen to albumin ratio; HR: Hazard ratio; CI: Confidence
interval.

prognosis of GBC patients. However, more related
studies are warranted to validate these conclusions.

0.165

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
1.527 (1.031-2.261)

Research background

0.035

3.683 (2.468-5.496)

< 0.001

1.101 (0.744-1.630)

0.631

-

< 0.001

-

< 0.001

2.550 (1.388-4.684)

0.003

-

< 0.001

3.125 (2.010-4.858)

< 0.001

2.795 (1.853-4.214)

< 0.001

0.391(0.259-0.590)

< 0.001

4.626(2.987- 7.165)

< 0.001

Although gallbladder cancer (GBC) is a relatively rare hepato-biliary malignancy
with a low incidence, it is generally insidious and progresses rapidly. Most GBC
patients are diagnosed at an advanced stage, losing the chance of surgical
intervention, which is considered to yield an optimal therapeutic effect. Despite
the great advance in surgical techniques in recent years, the prognosis remains
very poor. Therefore, it is urgent to explore a clinically simple, convenient
and cost-effective prognostic indicator to detect and identify high-risk patients
with GBC, on whom, appropriate surgical treatment can be performed as
soon as possible. In recent years, a variety of studies have shown that the
increased plasma fibrinogen concentration representing coagulation function
of the body and the declined plasma albumin concentration indicating nutrient
state of the body are independent risk factors for poor prognosis of malignant
tumor patients. Integrating the results of studies on fibrinogen-to-albumin ratio
(FAR) in the prognosis of patients with esophageal cancer and breast cancer,
we naturally speculate that FAR might be significantly more effective than
single elevated plasma fibrinogen concentration or reduced plasma albumin
concentration in predicting the prognosis of GBC patients.

Research motivation

Hence, the present was mainly designed to determine and verify the role of
high FAR in the prognosis of surgically-treated GBC patients. We aimed to
detect a simple, convenient and cost-effective prognostic biomarker for GBC
patients undergoing surgical treatment, which could facilitate the selection
and identification of GBC patients suitable for surgical resection for clinical
surgeons. Notably, this would be beneficial to both surgeons and GBC patients.
Our findings would provide clinical evidence and research directions for other
large-scale, multi-center randomized controlled trials in the future.

Research objectives

The main objective of our study was to determine whether high preoperative
FAR was an independent risk factors for postoperative survival in GBC patients.
As a result, we demonstrated that high preoperative plasma FAR value and
low preoperative plasma albumin concentration were independent risk factors
for poor post-operative prognosis of GBC patients. In addition, the prognostic
effect of high preoperative FAR value was significantly stronger than the low
preoperative plasma albumin concentration. Therefore, these above-described
outcomes provided not only clinical direction for further clinical validation or
relevant studies, but also clinical data for further researches concerning the

FAR: Fibrinogen to albumin ratio; HR: Hazard ratio; CI: Confidence
interval.

WJG|www.wjgnet.com

3289

August 7, 2018|Volume 24|Issue 29|

Xu WY et al . FAR and gallbladder cancer
underlying mechanisms.

identify high-risk GBC patients in clinical practice, and to facilitate patients to
adopt better surgical methods and optimal follow-up strategy in the future.

Research methods

Research perspectives

First, the present study was a clinical retrospective one. A prearranged EXCEL
data collection table was utilized to collect and organize the various variables,
including epidemiological data, clinicopathological characteristics, and researchrelated target data. Moreover, the receiver operating characteristic (ROC)
curve was used to obtain the optimal cut-off values for fibrinogen, albumin,
and FAR. Continuous variables in normal distribution were shown as mean ±
SD, and continuous variables without normal distribution were expressed as
medians (range: minimum-maximum). Categorical variables were expressed
as percentages or frequencies. Variables from the EXCEL table were further
imported into the SPSS 24.0 statistical software for statistical analysis. Of note,
the statistical methods used in our study were different from those used in
previous studies of survival analysis regarding the prognosis of cancer patients.
To begin with, the ROC curve was used to identify the optimal cut-off value of
fibrinogen, albumin, and FAR in this study, which was more reasonable and
more scientific than the traditional methods, which used the mean value of the
targeted or identified biomarkers based on previous studies. It was because
the cut-off value identified by this method was significantly associated with
the overall survival of the targeted population. Secondly, most of the previous
studies on postoperative prognosis of GBC patients only focused on single
index, such as plasma fibrinogen or plasma albumin. However, in this study,
we used the plasma FAR, representing the division of high fibrinogen and low
albumin, which contributed to the more significant prognostic effect of the index,
and effectively inhibited the influence of confounding factors. Together, the
method was more scientific and harbored higher statistical efficiency.

In the present study, it is indicated that the plasma FAR, incorporating two
biomarkers, harbors a significantly better prognostic impact on surgicallytreated GBC patients compared to a single prognostic indicator, such as plasma
albumin or plasma fibrinogen. In the future, more large-scale, multiple-center
and prospective studies, including GBC patients from other races and countries,
should be conducted to further investigate and verify the conclusion derived
from our study. Additionally, more basic experiments exploring the potential
mechanisms are also necessary in the future.
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CONCLUSION
In this study, no significant association between fatigue
and vitamin D deficiency in IBD patients was revealed.
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Core tip: Fatigue is common in inflammatory bowel
diseases (IBD) and is especially prevalent in active
disease. We wanted to investigate if vitamin D deficiency
was associated to fatigue in IBD as this is a common
belief among both patients and physicians. To the best
of our knowledge, no previous studies have investigated
this possible association in IBD patients. We also wanted
to take into account the multidimensional approach in
understanding fatigue making it difficult to single out
any one contributing factor. In this study, no significant
association between fatigue and vitamin D deficiency in
IBD patients was revealed.

Abstract
AIM
To investigate if vitamin D deficiency is associated with
fatigue in patients with inflammatory bowel disease
(IBD).

Frigstad SO, Høivik ML, Jahnsen J, Cvancarova M, Grimstad
T, Berset IP, Huppertz-Hauss G, Hovde Ø, Bernklev T, Moum
B, Jelsness-Jørgensen LP. Fatigue is not associated with vitamin
D deficiency in inflammatory bowel disease patients. World J
Gastroenterol 2018; 24(29): 3293-3301 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i29/3293.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i29.3293

METHODS
IBD patients were recruited from nine hospitals in
the southeastern and western regions of Norway to
participate in a multicenter cross-sectional study lasting
from March 2013 to April 2014. Data were collected
by interviews, from medical records and laboratory
tests. The Fatigue Questionnaire (FQ) was used to
measure fatigue. Linear and logistic regression models
were applied to explore the possible association
between vitamin D deficiency and total fatigue scores
and chronic fatigue, respectively. The analyses were
adjusted for age, gender, disease activity, depressive
symptoms and sleep disturbance.

INTRODUCTION
Inflammatory bowel diseases (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD), are characterized
by chronic, recurrent inflammation of the gastrointestinal
[1-3]
tract . IBD may present a variety of symptoms such
as diarrhea with or without blood, abdominal pain, and
fatigue. Patients with IBD often report the latter as one of
[4]
their most troublesome symptoms .
Fatigue is common in IBD, with a prevalence
of 44%-86% in active disease and 22%-41% in
[5-7]
remission . The patients usually report an overwhelming
feeling of tiredness, reduced energy levels, reduced
muscle strength, and cognitive impairment, which
supports a multidimensional approach to understanding
[5,6,8,9]
and measuring fatigue
. Chronic fatigue has been
defined as severe fatigue persisting for at least six months
[10,11]
leading to the substantial impairment of daily life
.
Fatigue is associated with reduced health-related
[4,10,12-15]
quality of life (HRQoL) and work ability
. In
IBD, factors such as disease activity, disturbed sleep,
anemia, pain and depression have all been associated
[5,6,10,16-19]
with fatigue
. Anemia and pain are both related
to more active disease, and nocturnal symptoms
in IBD may be associated with sleep disturbance, a

RESULTS
In total, 405 patients were included in the analyses,
of which 227 (56%) had Crohn’s disease (CD) and
178 (44%) had ulcerative colitis (UC). Vitamin D
deficiency (< 50 nmol/L) was present in half (203/405)
of the patients. Chronic fatigue was reported by 116
(29%) of all included patients with substantial fatigue
reported by 194 (48%). Vitamin D levels were neither
associated with total fatigue nor with chronic fatigue.
Higher total fatigue scores and chronic fatigue were
both associated with increased disease activity scores
in patients with UC and CD, but not with increased CRP
or fecal calprotectin. In UC patients, female gender
was associated with fatigue in the univariate analysis,
but no such difference was found when adjusted for
elevated disease activity scores. Sleep disturbance and
more depressive symptoms were associated with total
fatigue scores in both UC and CD patients, but with
chronic fatigue only in CD patients.
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known factor predisposing to fatigue. In addition,
patients with severe fatigue are more likely to suffer
from mood disorders such as depression, and there
is an association between fatigue and psychological
[20]
comorbidity .
Vitamin D deficiency has been reported to be
[21]
associated with fatigue in cancer patients . Moreover,
vitamin D supplementation has been shown to be
significantly associated with the improvement of fatigue
[22,23]
symptoms in other chronic inflammatory conditions
.
Several studies have shown that vitamin D deficiency is
common in patients with IBD, that it is seen more often
in patients with CD than in those with UC and that it
is more frequent in these patients than in the general
[24-29]
population
.
Furthermore, vitamin D deficiency has been
[24,27,28,30-32]
associated with disease activity in IBD patients
.
Low vitamin D levels in IBD may result in increased
fatigue that is partly due to more active disease.
However, fatigue often persists after the patient has
achieved clinical remission, without any objectively
measured signs of intestinal inflammatory activity. This
indicates that fatigue is not only a symptom related to
[5]
inflammation .
The high prevalence of vitamin D deficiency may
also be of potential importance in fatigue, as muscle
[33]
weakness has been linked to vitamin D deficiency .
Skeletal muscle has vitamin D receptors and may require
vitamin D for maximal function, and thus vitamin D
deficiency may result in physical fatigue, one of the
dimensions frequently measured in the assessment of
[33]
fatigue .
The aim of this study was to investigate the possible
association between vitamin D deficiency and fatigue in
patients with IBD.

been compared to the LC-MS/MS method used in the
vitamin D standardizing Program VDSP and showed
[35]
good compliance . Vitamin D deficiency was defined
as 25-OH-D concentration < 50 nmol/l, and vitamin D
insufficiency was defined as a 25-OH-D concentration of
[33]
50-75 nmol/l .
All other biochemical analyses were performed
at the local laboratories at the participating centers.
C-reactive protein (CRP) levels of 5 mg/l or higher were
[36,37]
chosen to indicate active inflammation
.
The stool samples for the measurement of fecal
calprotectin were sent by mail and analyzed with Calpro
Easy Extract (Calpro AS, Norway). Fecal calprotectin
< 100 mg/kg was set as the cut-off for disease in
remission, while higher levels were defined as active
[38]
inflammation .
Clinical disease activity was measured with the
Simple Clinical Colitis Activity Index (SCCAI) for UC
[39,40]
and the Harvey Bradshaw Index (HBI) for CD
.
For UC, an SCCAI score ≥ 5 was defined as active
[36,37,41,42]
disease
, and in CD, an HBI score ≥ 5 was
[39,43]
defined as active disease
.

Assessment of fatigue, depressive symptoms and
quality of sleep

Fatigue was measured with the Fatigue Questionnaire
[8,44]
(FQ)
. The FQ has been found to be suitable both
for clinical and epidemiological purposes and has
[8]
been translated into Norwegian and validated . Two
dimensions of fatigue are measured, physical fatigue
(items 1-7) and mental fatigue (items 8-11). The sum of
all items produces the total fatigue score. Each item score
can be dichotomized (0 to 1 = 0, 2 to 3 = 1), giving a
total score between 0 and 11. Chronic fatigue (CF) was
defined as dichotomized FQ scores ≥ 4 with a duration >
[8,10,44,45]
6 mo, in accordance with previous studies
.
The presence of depressive symptoms was measured
with the Hospital Anxiety and Depression Scale
(HADS), which has been translated into Norwegian and
[46]
validated . HADS is a 14-item questionnaire designed
to screen for depression (7 items) and anxiety (7 items).
Each item is scored from 0 to 3, and consequently the
total score ranges from 0 to 21 for either depression or
[46]
anxiety . A higher score indicates an increased level of
symptoms. In this study, depressive mood was defined
as a HADS-D subscore ≥ 8, which is considered to be
the most relevant score for the screening of depressive
[47]
symptoms in chronic disease .
Sleep disturbance was measured with the first
dimension of the Basic Nordic Sleep Questionnaire
(BNSQ) on a 5-point Likert scale and dichotomized into
normal sleep (scores 4 to 5) or sleep disturbance (scores
[48]
1 to 3) .

Materials and methods
Study area and population

Patients were recruited from nine hospitals in the
southeastern and western part of Norway as part of
an observational, multicenter cross-sectional study.
Inclusion criteria were: Age ≥ 18 years, a verified
diagnosis of IBD based on endoscopic, biochemical and
histological findings according to the Lennard-Jones
[34]
criteria , ability to read and understand Norwegian
and to give written informed consent. The inclusion
period lasted from March 2013 to April 2014. At each
of the included centers, a senior gastroenterologist was
responsible for the study.

Clinical, socio-demographic and laboratory variables

Data were collected by interviews, from medical records
and laboratory tests. All data were collected at inclusion.
Serum 25-OH-D from all patients was analyzed
by one central accredited laboratory with liquid
chromatography tandem mass spectrometry (LC-MS/
MS), and the method used for vitamin D analysis has
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Statistical analysis

Normally distributed continuous variables were described
with means and standard deviation (SD), and variables
with skewed distributions were described with medians
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and ranges. Crude differences between pairs of continuous
variables were analyzed using Student’s t-test when
normally distributed, otherwise a non-parametric test
(Kruskal Wallis test) was used. The crude association
between pairs of categorical variables was analyzed with
Chi-square test. To explore possible associations between
the selected variables and fatigue, multiple regression
models were fitted using fatigue as the dependent variable.
For chronic fatigue, a logistic regression was fitted, and for
total fatigue scores, a linear regression was used. Age and
gender plus the variables that were statistically significant
(P < 0.1) in univariate analyses were entered into the
final multiple models. P-values < 0.05 were considered
statistically significant in the multivariate analyses. As our
analyses were considered as exploratory, no corrections
for multiple testing were applied. All tests were two-sided.
IBM SPSS Statistics for Windows version 24.0 (IBM Corp.
Armonk, NY, United States, Released 2016) was used for
all statistical analyses.

or in the number of chronic fatigue cases were reported
between patients receiving different medical treatments
(data not shown).
In the multivariate linear regression analysis, when
adjusted for age, gender, depressive symptoms, sleep
disturbance and vitamin D level, higher total fatigue
scores were associated with elevated disease activity
scores in comparison to the total fatigue scores of
patients in clinical remission in both UC and CD, but
not with increased CRP or fecal calprotectin. In UC
patients, female gender was associated with higher
total fatigue scores in the univariate analysis, but this
association disappeared in the multiple regression.
Sleep disturbance and more depressive symptoms were
associated with higher total fatigue in patients with UC
and those with CD. The analyses are summarized in
Tables 2 and 3.
In the multivariate logistic regression analysis, when
adjusted for age, gender, depressive symptoms, sleep
disturbance and vitamin D level, chronic fatigue was
associated with elevated disease activity scores but not
with increased CRP or fecal calprotectin, in contrast to
patients in clinical remission regardless of diagnosis. In
UC patients, female gender was associated with higher
odds for chronic fatigue in the univariate analysis,
but no such difference was found when adjusted for
elevated disease activity scores. Self-reported sleep
disturbance and depressive mood (HADS-D ≥ 8) were
associated with higher odds for chronic fatigue in CD
patients but not in UC patients in the multivariate
analyses adjusted for disease activity and gender. The
analyses are summarized in Tables 4 and 5.

Ethical considerations

The Regional Committee for Medical and Health Research
Ethics approved the study (2012/845/REK). All the
study participants gave written, informed consent before
inclusion in the study, and the study was performed in
accordance with the Declaration of Helsinki.

RESULTS
In total, 452 patients were eligible, and their participation
was requested; of these, 414 (92%) gave written
consent. Nine of these 414 patients were excluded due
to missing data, leaving 405 patients available for the
analyses, of which 227 (56%) had CD and 178 (44%)
had UC. There were no statistically significant differences
between the UC and CD patients regarding age or
gender, but the CD patients had significantly longer
disease duration than the UC patients (median 11 vs 6
years, P < 0.01). Approximately half (203/405) of the
[28]
patients had vitamin D deficiency . For further details
see Table 1.
The median score for total fatigue was similar in
patients with UC and those with CD, see Table 1. There
were no significant associations between vitamin D
deficiency and mental, physical, and total fatigue
scores. In addition, no significant differences in mean
vitamin D levels between patients with and patients
without chronic fatigue were found. Chronic fatigue
was reported by 116 (29%) of all included patients
with substantial fatigue (dichotomized FQ scores ≥ 4)
reported by 194 (48%).
When separating patients into four groups according
to (1) only chronic fatigue, (2) only depressive symptoms,
(3) both chronic fatigue and depressive symptoms or (4)
no chronic fatigue or depressive symptoms, there was
no statistically significant association between the groups
and their vitamin D levels, including when the data were
adjusted for gender. No differences in total fatigue scores

WJG|www.wjgnet.com

DISCUSSION
In this cross-sectional study of IBD patients, neither
total fatigue scores nor chronic fatigue were associated
with vitamin D deficiency. Both higher total fatigue
scores and chronic fatigue were associated with
elevated disease activity scores, indicating clinically
active disease in both UC and CD patients, but not with
objective inflammatory markers. Moreover, higher total
fatigue scores were associated with more depressive
symptoms, as well as disturbed sleep in both disease
groups.
Vitamin D deficiency was reported by half of the
patients in this study, and as reported in a previous
paper, this is more common than in the general
[28]
population . Furthermore, vitamin D deficiency was
associated with higher disease activity scores and
relapse rates in CD, as well as increased inflammatory
[28]
markers in UC . The prevalence of fatigue and mean
total fatigue scores were similar to those reported in
[5,7,10]
previous studies in IBD patients
.
To the best of our knowledge, no previous studies
have investigated if vitamin D deficiency is associated
with fatigue in IBD patients. However, vitamin D defi
[21]
ciency has been linked to fatigue in cancer patients .
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Table 1 Socio-demographic and clinical data n (%)

Age median, years (range)
Gender
Female
Disease duration median, years (range)
Total fatigue, median (range)
Chronic fatigue
25-OH-D concentration nmol/L
< 50
50-75
> 75
HADS-D ≥ 8
Sleep disturbance
Disease activity
SCCAI ≥ 5
HBI ≥ 5
Fecal calprotectin ≥ 100 mg/kg (missing n = 82)
CRP ≥ 5 mg/L (missing n = 10)
UC extent, Montreal classification
E1 - Proctitis
E2 - Left-sided colitis
E3 - Extensive colitis
CD localization, Montreal classification
L1 - Terminal ileum
L2 - Colon
L3 - Ileocolon
L4 - Upper GI
Current use of medication
Biologics
5-ASA
Prednisolone
AZA / MTX

UC (n = 178)

CD (n = 227)

P value

40 (18-76)

40 (18-77)

0.92

87 (48)
6 (0-46)
16 (3-30)
52 (29)

112 (49)
11 (0-50)
15 (0-33)
65 (28)

0.77
< 0.01
0.55
0.93

78 (44)
76 (43)
24 (13)
25 (14)
44 (25)

125 (55)
68 (30)
34 (15)
32 (14)
36 (16)

0.07
< 0.01
0.61
0.99
0.03

53 (29)
61 (34)
50 (28)

103 (46)
86 (38)
76 (33)

19 (11)
58 (32)
101 (56)
74 (32)
48 (21)
75 (33)
31 (14)
52 (29)
137 (77)
26 (14)
46 (26)

113 (50)
23 (10)
19 (8)
87 (38)

< 0.01
< 0.01
0.05
0.02

UC: Ulcerative colitis; CD: Crohn’s disease; SCCAI: Simple Clinical Colitis Activity Index; HBI: Harvey Bradshaw index; ASA: Aminosalicylic acid; AZA:
Azathioprine; MTX: Methotrexate; CRP: C-reactive protein; HADS-D: Hospital Anxiety and depression score - depression subscore.

Moreover, supplementation of vitamin D decreased
fatigue scores in a Swedish study in patients with
[23]
neurological disease . In a study from the US of
patients with different chronic conditions, not including
IBD, vitamin D supplementation was also significantly
[22]
associated with the improvement of fatigue symptoms .
These findings may suggest a possible role of vitamin D
deficiency in the development of fatigue. As previously
discussed, one explanation behind such an effect may be
that insufficient vitamin D levels predispose patients to
muscular weakness and physical fatigue. In the current
study, however, no association between physical fatigue
and vitamin D deficiency was found.
In addition, vitamin D has immunoregulatory proper
[30,33,49]
ties, which may attenuate intestinal inflammation
.
As fatigue is more often reported in patients with active
disease, one could speculate that vitamin D deficiency
may contribute to disease activity, which in turn increases
[5,10,16]
fatigue
. In the current study, however, vitamin D
deficiency was not independently associated with fatigue.
However, there was an association between fatigue
and elevated disease activity scores in patients with UC
and those with CD, but not with objective inflammatory
markers such as CRP and fecal calprotectin. This
suggests that factors other than inflammation may
play an important role and that the total burden from
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clinical disease activity may contribute relatively more
to the experience of fatigue by the patient than just the
intestinal inflammation.
Previous studies have also found pain and disturbed
sleep to be of importance for the perception of fatigue
[17,50]
in IBD
. This is in accordance with our results, where
symptoms of disturbed sleep were consistently associated
with both total fatigue scores and chronic fatigue for
both UC and CD patients. Sleep disturbance has been
shown to be highly prevalent in inflammatory conditions
including IBD and has also been associated with higher
[17,50]
fatigue scores
. Furthermore, there is evidence that
sleep deprivation may increase inflammatory activity, but
[50]
this has not been studied in IBD patients .
The finding that several symptoms not directly
related to intestinal inflammation may influence
fatigue is supported by a Swedish study on fatigue in
gastrointestinal disorders that reported more severe
fatigue in patients with functional gastrointestinal
disorders than in those with organic gastrointestinal
[18]
disorders . Another Swedish study in irritable bowel
syndrome has shown that patients with more severe
symptoms report higher fatigue severity, supporting the
[51]
importance of symptom burden in fatigue .
In contrast to previous studies, however, we found
that clinical disease activity, depressive symptoms and
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Table 2 Univariate and multivariate analysis of total fatigue and selected variables in ulcerative colitis (n = 178)

Age
Sex (ref. male)
25-OH-D < 50 nmol/L
25-OH-D 50-75
25-OH-D > 75
SCCAI ≥ 5
CRP ≥ 5 mg/L
Calprotectin ≥ 100 mg/kg
Depressive symptoms1
Sleep disturbance

Univariate B

95%CI

P value

Multivariate B

95%CI

P value

-0.07
2.30
Ref.
-0.27
-0.93
5.66
0.35
0.61
4.78
4.17

-0.13, -0.01
0.80, 3.80

0.03
< 0.01

-0.05
1.29

-0.10, 0.00
0.01, 2.57

0.04
0.05

-1.92, 1.39
-3.33, 1.47
4.20, 7.12
-1.37, 2.07
-1.18, 2.40
2.68, 6.88
2.50, 5.84

0.75
0.45
< 0.01
0.69
0.50
< 0.01
< 0.01

4.25

2.75, 5.75

< 0.01

2.37
2.07

0.44, 4.30
0.47, 3.67

0.02
0.01

1

HADS: Hospital Anxiety and depression score - depression subscore ≥ 8. UC: Ulcerative colitis; SCCAI: Simple Clinical Colitis Activity Index; CRP:
C-reactive protein; B: Regression coefficient.

Table 3 Univariate and multivariate analysis of total fatigue and selected variables in Crohn’s disease (n = 227)

Age
Sex (ref. male)
25-OH-D < 50 nmol/L
25-OH-D 50-75
25-OH-D > 75
HBI ≥ 5
CRP ≥ 5 mg/L
Calprotectin ≥ 100 mg/kg
Depressive symptoms1
Sleep disturbance

Univariate B

95%CI

P value

Multivariate B

95%CI

P value

-0.01
1.30
Ref.
-1.04
-0.66
4.17
0.68
0.00
5.99
4.04

-0.07, 0.05
-0.16, 2.75

0.75
0.08

0.00
0.63

-0.06, 0.05
-0.67, 1.93

0.84
0.34

-2.79, 0.63
-2.79, 1.48
2.81, 5.54
-0.89, 2.25
1.61, 1.61
4.02, 7.94
2.10, 5.99

0.22
0.55
< 0.01
0.40
1.00
< 0.01
< 0.01

3.26

1.92, 4.59

< 0.01

4.72
2.21

2.82, 6.63
0.40, 4.03

< 0.01
0.02

1

HADS-D: Hospital Anxiety and depression score - depression subscore ≥ 8. CD: Crohn’s disease; SCCAI: Simple Clinical Colitis Activity Index; CRP:
C-reactive protein; B: Regression coefficient.

sleep disturbance are independently associated with
fatigue. Depressive symptoms have consistently been
associated with fatigue, mainly due to an overlap of
symptoms between these conditions. We believe that
these are separate conditions, even if fatigue has been
[52]
shown to predict the onset of depression . Similar
to our study, fatigue is often seen in patients with no
[53]
history or current signs of psychological comorbidity .
In a Canadian study, perceived psychological stress was
associated with the presence of fatigue, but depressive
[17]
symptoms were not measured .
Previous studies in IBD patients have shown that
[6,7]
fatigue is more commonly reported in female patients .
A similar observation has been made in a Norwegian
[8]
study on fatigue in the general population . In other
studies, however, gender has not been shown to have
[10,19]
a significant impact on fatigue
. The latter is in
accordance with the current study, where female gender
was not associated with fatigue when adjusted for
disease activity.
Even with a cross-sectional design of our study,
the number of patients included is relatively high, and
the patients were recruited from several hospitals.
The patients included can therefore be assumed to be
representative of IBD patients treated in specialist care
settings. The sample size and completeness of data, with
few missing data from questionnaires, are important

WJG|www.wjgnet.com

strengths in this study. The choice of questionnaire used
to measure fatigue may be of relevance when comparing
results from different studies as this may influence both
the number of cases and severity reported. We used the
Fatigue Questionnaire because it has been validated in
[8]
the general Norwegian population .
The duration of disease was longer in CD patients,
and this may influence patient-reported outcomes such
as fatigue, depressive symptoms and sleep disturbance.
It is not known how disease duration influences these
outcomes in chronic disease, but it may result in
under-reporting, as patients may get used to fatigue
symptoms over time. With self-reporting of symptoms,
there is also a risk of recall bias.
Approximately 40% of the patients in the current
study were treated with biologics. This may represent
a selection bias of patients with more severe disease,
with an expected higher prevalence of fatigue. On the
other hand, effective medical treatment reducing the
symptom burden may have improved fatigue scores in
several patients. Only a few patients were treated on
corticosteroids, not allowing for analyses on the effect
use of steroids has on fatigue.
In conclusion, fatigue is common in IBD and is
associated with clinical disease activity, depression and
sleep disturbance. Our data did not reveal any association
between vitamin D deficiency and fatigue, supporting
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Table 4 Univariate and multivariate analysis of chronic fatigue in ulcerative colitis (n = 178)
P value

Univariate OR (95%CI)
Age, years
Gender (ref. male)
25-OH-D < 50 nmol/L (ref)
25-OH-D 50-75
25-OH-D > 75
SCCAI ≥ 5
CRP ≥ 5 mg/L
Calprotectin ≥ 100 mg/kg
Depressive symptoms1
Sleep disturbance

0.59
2.12
1.00
0.93
1.20
4.81
1.20
1.57
3.92
2.71

0.07, 1.02
1.10, 4.11

0.59
0.025

0.45, 1.84
0.45, 3.18
2.39, 9.67
0.57, 2.52
0.73, 3.39
1.64, 9.36
1.33, 5.53

0.80
0.72
< 0.01
0.63
0.25
< 0.01
< 0.01

Multivariate OR (95%CI)

P value

1.80

0.90, 3.62

0.10

4.47

2.20, 9.07

< 0.01

2.55
1.40

0.98, 6.64
0.61, 3.19

0.06
0.43

1

HADS-D: Hospital Anxiety and depression score - depression subscore ≥ 8. UC: Ulcerative colitis; SCCAI: Simple Clinical Colitis Activity Index; CRP:
C-reactive protein.

Table 5 Univariate and multivariate analysis of chronic fatigue in Crohn’s disease (n = 227)
P value

Univariate OR (95%CI)
Age, years
Gender (ref. male)
25-OH-D < 50 nmol/L (ref.)
25-OH-D 50-75
25-OH-D > 75
HBI ≥ 5
CRP ≥ 5 mg/L
Calprotectin ≥ 100 mg/kg
Depressive symptoms1
Sleep disturbance

1.02
1.27
1.00
0.65
1.25
2.71
1.18
0.56
4.77
4.18

1.00, 1.04
0.71, 2.26

0.10
0.41

0.33, 1.29
0.56, 2.78
1.50, 4.91
0.64, 2.19
0.29, 1.10
2.19, 10.39
2.00, 8.74

0.22

Multivariate OR (95%CI)

< 0.01
0.59
0.56
< 0.01
< 0.01

P value

1.11

0.61, 2.01

0.74

2.67

1.47, 4.87

< 0.01

3.65
3.02

1.61, 8.27
1.38, 6.61

< 0.01
< 0.01

1

HADS-D: Hospital Anxiety and depression score - depression subscore ≥ 8. CD: Crohn’s disease; HBI: Harvey Bradshaw index; CRP: C-reactive protein.

Research results

a multidimensional approach in the understanding of
fatigue. The possible associations we report need to be
explored in further clinical studies before any certain
conclusions can be drawn.

In this study fatigue was commonly reported. Vitamin D levels were, however,
neither associated with total fatigue nor with chronic fatigue. Higher total fatigue
scores and chronic fatigue were both associated with increased disease activity
scores, but not with objective markers of inflammation. Sleep disturbance
and depressive symptoms were associated with total fatigue scores in both
ulcerative colitis and Crohn’s disease (CD) patients, but with chronic fatigue
only in CD patients.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Research conclusions

Fatigue is common in inflammatory bowel diseases (IBD) and is especially
prevalent in active disease. Also sleep disturbance, anemia, pain and
depression all seem to influence fatigue. However, a relationship between
vitamin D and fatigue has not been established.

In this study, fatigue was associated with clinical disease activity, depression
and sleep disturbance. Our data did not reveal any association between
vitamin D deficiency and fatigue, supporting a multidimensional approach in the
understanding of fatigue.

Research motivation

Research perspectives

We wanted to investigate if vitamin D deficiency was associated to fatigue in
IBD as this is a common belief among both patients and physicians. To the
best of our knowledge, no previous studies have investigated this possible
association in IBD patients.

The possible associations we report need to be explored in further clinical
studies. A randomized controlled trial with an interventional group receiving
vitamin D supplementation may shed light on the possible benefits of vitamin D
in patient reported outcomes in IBD.

Research objectives

A relationship between vitamin D and fatigue has not been established. We
wanted to explore this association and discover possible implications for our
patients and further research.

Acknowledgements
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Research methods

The research question was explored in a fairly large cohort of IBD patients from
specialist care. The study was designed as an observational study, and all data
were collected at inclusion. Linear and logistic regression models were applied
to explore the possible association between vitamin D deficiency and total
fatigue scores and chronic fatigue, respectively. All vitamin D analyses were
done at the same laboratory.
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Abstract
AIM
To assess the efficacy and safety of fourth-generation
quinolones for Helicobacter pylori (H. pylori ) eradic
ation, we conducted this systematic review and metaanalysis of randomized clinical trials.
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METHODS
Major literature databases (PubMed, EMBASE and
the Cochrane Central Register of Controlled Trials)
were searched for relevant articles published prior to
February 2018. We performed a meta-analysis of all
randomized clinical trials that examined the efficacy
of H. pylori eradication therapies and included fourthgeneration quinolones in the experimental arm.
Subgroup analyses by regions and different types of
fourth-generation quinolones were also performed.
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RESULTS
Ten studies including a total of 2198 patients were
assessed. A meta-analysis of randomized controlled trials
showed that the eradication rate of therapies containing
non-fourth-generation quinolones was significantly lower

3302

August 7, 2018|Volume 24|Issue 29|

An Y et al . Fourth-generation quinolones and H. pylori infection
[4]

than that of therapies containing fourth-generation
quinolones by intention-to-treat (ITT) analysis [75.4% vs
81.8%; odds ratio (OR) = 0.661; 95% confidence interval
(CI): 0.447-0.977; P = 0.038]. This analysis also showed
that the eradication rate of the therapies containing
non-fourth-generation quinolones was inferior to that of
therapies containing fourth-generation quinolones by perprotocol analysis (79.1% vs 84.7%; OR = 0.663; 95%CI:
0.433-1.016; P = 0.059). Moreover, the occurrence
of side effects was significantly different between the
control and experimental groups by ITT analysis (30.6%
vs 19.5%; OR = 1.874; 95%CI: 1.120-3.137; P = 0.017).
The sub-analyses also showed significant differences
in moxifloxacin therapies vs other fourth-generation
quinolone therapies (84.3% vs 71.9%) and in Asian vs
European groups (76.7% vs 89.1%).

cancer . In the past, the recommended treatment for
eradicating H. pylori was 7 d of standard triple therapy
(STT) consisting of a proton pump inhibitor (PPI) with
[5]
clarithromycin (CAM) and amoxicillin (AMPC) . However,
with the wide use of the STT regimen, the eradication
rate of H. pylori has declined to unacceptable levels
over the last decade (< 80%) due to high resistance
[6]
to metronidazole and clarithromycin . A recent study
on H. pylori resistance to antimicrobial agents reported
that clarithromycin resistance has rapidly increased in
many countries over the past decade, with resistance
rates of approximately 18% in Europe, 30% in Japan,
40% in Turkey, and 50% in China; limited data are
[7-10]
available for the United States
. The prevalence
of H. pylori resistance to metronidazole is 33% in
Europe and 40% in the United States, with a high
[10]
resistance rate (50%-80%) in developing countries .
To overcome these difficulties, there is a need to
evaluate novel regimens and antibiotics to identify
effective alternative treatment strategies. Levofloxacin[11]
based therapy is recommended by the Maastricht Ⅳ
[12]
and Maastricht Ⅴ Consensus Reports . Nonetheless,
according to studies, the resistance rate to levofloxacin
is approximately 22.1% in Italy and 36.9% in China;
a recent study surprisingly reported a resistance rate
[13-15]
[16]
of 31.9% in the United States
. Jeong et al
reported that the eradication rate was 57.1% when
levofloxacin was used. Fourth-generation quinolones,
including moxifloxacin, sitafloxacin, gemifloxacin, and
gatifloxacin, which have broad-spectrum antibacterial
activity, are active against a variety of gram-negative
[17]
and gram-positive bacteria . Recent studies have
shown that fourth-generation quinolones can increase
drug penetration into bacterial cells, improve the
strength of activity and have better bioavailability. This
group of drugs inhibits the metabolism of bacterial cells
by inhibiting DNA replication and therefore enhances
[18]
antibacterial activity . Furthermore, treatment with
fourth-generation quinolones has achieved a high H.
pylori eradication rate and has been recommended in
[19-22]
[23]
some studies
. Nevertheless, Chung et al reported
that the eradication rate was not satisfactory when using
fourth-generation quinolones.
To evaluate the efficacy and safety of therapies
containing fourth-generation quinolones, we conducted
a systematic review and meta-analysis of the available
data. The primary outcome measures we assessed
were eradication rates, side effects, and compliance of
the therapies containing fourth-generation quinolones
compared with those of therapies containing non-fourthgeneration quinolones. Our outcomes will provide useful
[24]
evidence for clinical practice .

CONCLUSION
Therapies containing fourth-generation quinolones
achieved a poor eradication rate in the treatment of
H. pylori infection. Such regimens might be useful as a
rescue treatment based on antimicrobial susceptibility
testing. Different antibiotics should be chosen in different
regions.
Key words: Helicobacter pylori ; Fourth-generation
quinolones; Eradication; Systematic review; Meta-analysis

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

Core tip: With the increase in the Helicobacter pylori
(H. pylori ) resistance rate, eradication is becoming
increasingly challenging. This is the first metaanalysis comprehensively focused on fourth-generation
quinolones for the treatment of H. pylori infection.
Additionally, we found that fourth-generation quinolones
had a higher eradication rate (81.8%) and a lower rate
of incidence of side effects (19.5%). These findings will
provide a specific basis for the clinical use of fourthgeneration quinolones for H. pylori eradication.
An Y, Wang Y, Wu S, Wang YH, Qian X, Li Z, Fu YJ, Xie Y.
Fourth-generation quinolones in the treatment of Helicobacter
pylori infection: a meta-analysis. World J Gastroenterol 2018;
24(29): 3302-3312 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i29/3302.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i29.3302

INTRODUCTION
Helicobacter pylori (H. pylori) infection plays a crucial
role in the pathogenesis of gastrointestinal diseases,
such as gastritis, non-ulcer dyspepsia, peptic ulcer
[1]
diseases, and gastric cancer . H. pylori infection affects
[2]
approximately 50% of the population worldwide . Its
prevalence is approximately 70% in developing nations
[3]
and approximately 20%-30% in developed nations .
Eradication of H. pylori facilitates peptic ulcer healing,
reduces ulcer relapse rates, and prevents gastric

WJG|www.wjgnet.com

MATERIALS AND METHODS
Literature sources

We searched the PubMed (to February 2018), EMBASE
(to February 2018), and Cochrane Central Register
of Controlled Trials (Issue 2, 2018) databases. The
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following search terms were used for all databases:
(“Helicobacter pylori” OR H. pylori) AND (Moxifloxacin
OR Sitafloxacin OR Gemifloxacin OR Gatifloxacin); the
search terms varied slightly among these databases.
This meta-analysis was conducted according to the
Preferred Reporting Item for Systematic Reviews and
[25]
Meta-Analyses (PRISMA) .

of participants and personnel), detection bias (blinding
of outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective outcome
reporting), and other bias. Each indicator was scored
by low risk of bias, unclear risk of bias, and high risk of
bias. Any disagreement was discussed and decided by
a third reviewer. We also employed a funnel plot and
Egger’s test to assess the presence of publication bias.

Inclusion criteria

Statistical analysis

Articles eligible for inclusion in the meta-analysis met
the following criteria: (1) randomized controlled trial
(RCT) conducted; (2) methods used for the diagnosis of
H. pylori, including the urea breath test (UBT), the rapid
urease test (RUT), bacterial culture, histology, and/or
fecal antigen test; (3) eradication rate made available;
(4) eradication testing with UBT and/or histology
performed at least 4 wk after the completion of therapy;
and (5) eradication regimens in the experimental arm
included fourth-generation quinolones.

The statistical analysis was performed using the metaanalysis software STATA12.0 (StataCorp LP, College
Station, TX, United States). The primary outcomes of
the meta-analysis were the H. pylori eradication rate and
therapy-related side effects among the trials comparing
the control and experimental groups based on ITT
analysis. For each trial, we calculated the odds ratio
(OR) for the primary measure. The ORs were presented
with 95% confidence intervals (CIs); in addition, a
P-value < 0.05 was considered significant. The degree
of heterogeneity among the trial results was estimated
2
using the χ statistic (P-value < 0.10 considered
2
significant) and the I test (0%-25%, 25%-50%,
50%-75%, and > 75% represented insignificant, low,
moderate, and high heterogeneity, respectively). If
2
significant heterogeneity (P < 0.10 or I > 50%) was
achieved, we employed the random effects model to
combine the effect sizes of the included studies. When
no significant heterogeneity was found, we used fixed
effects to pool the data. Additionally, subgroup analyses
were performed based on the location and different
types of fourth-generation quinolones.

Exclusion criteria

Studies were excluded under the following circumstances:
(1) eradication data could not be confirmed; (2) articles
and abstracts were written in a language other than
English; (3) fourth-generation quinolones were included
in two treatment arms; and (4) the experimental group
and the control group included more than one variable (for
example, the comparison of triple therapy and quadruple
therapy; antibiotics and duration were different in both
groups).

Data extraction

Three authors (An Y, Wang Y, and Wu S) independently
extracted data from the selected studies. Any disagree
ments were resolved by consensus.
The extracted data included the following: the study
design; number of enrolled patients in each treatment
arm; diagnostic methods for confirming H. pylori
infection before enrolling and re-checking strategies
after completing the eradication study; publication time;
name of the authors; location of the trial; drug regimens;
duration of treatment; eradication rates by intentionto-treat (ITT) analysis and per-protocol (PP) analysis;
number of successful and failed eradications; and
percentage of adverse effects.
To avoid duplication of data, if a trial was repeatedly
published by the same authors or institutions, only the
most recently published or most informative study was
included.

RESULTS
Description of the studies

The bibliographical search yielded a total of 548 studies
from PubMed, Embase, and the Cochrane Central
Register of Controlled Trials. Among these articles, we
excluded 144 due to duplication and 175 that were
unrelated. We selected 229 potential studies for detailed
assessment, among which 68 were excluded because
there was no control group. We also excluded 67 review
articles, comments, or letters. Thirty-three articles were
excluded because of the inclusion of fourth-generation
quinolones in two regimens, 14 articles were non-RCTs,
11 articles were excluded due to an inappropriate drug
regimen, and 19 articles had data that could not be
determined. Then, 17 articles were selected for further
evaluation. Five articles were excluded because the data
repeated those in other studies, one study did not state
the methods for diagnosis of H. pylori, and one study
was published in Japanese. Ultimately, 10 studies (two
abstracts and eight full-text articles) met the inclusion
criteria and were included in the systematic review and
[27-36]
meta-analysis (Figure 1). These 10 studies
are
summarized in Table 1 based on our meta-analysis. The
quality assessment is reported in Table 2.

Risk of bias

The quality of RCTs with available full text was assessed
using the risk of bias assessment tool developed by
the Cochrane Handbook for Systematic Reviews of
[26]
Interventions . Two independent reviewers assessed
the risk of bias through six domain-based evaluations,
including selection bias (random sequence generation
and allocation concealment), performance bias (blinding

WJG|www.wjgnet.com
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401 EMBASE
135 PubMed
12 Cochrane
144 articles were excluded due to duplication

175 articles were excluded due to being unrelated
229 potentially studies
selected for more
detailed assessment

17 articles selected
for further
evaluation

212 articles were excluded:
68 articles did not include a control group
67 were review articles, comments or letters
33 articles included fourth-generation quinolones in
two regimens
14 articles were non-RCTs
11 articles had an inappropriate drug regimen
19 articles had data that could not be determined

7 articles were excluded:
5 articles included data repetition with another article
1 article did not include the H. pylori detection
1 published in Japanese
10 studies satisfied
the inclusion

Figure 1 Flow diagram of the identified and selected trials.

Efficacy of H. pylori eradication

PP analysis (OR = 0.614, 95%CI: 0.395-0.956; P =
0.031). In the other subgroup, the pooled eradication
rates were 67.6% (146/216) in the control group and
71.9% (159/221) in the experimental group (OR =
0.846, 95%CI: 0.274-2.614; P = 0.772; Figure 3) by
ITT analysis, and the rates were 70.2% (146/208) in the
control group and 74.6% (159/213) in the experimental
group by PP analysis (OR = 0.860, 95%CI: 0.239-3.091;
P = 0.817). This subgroup analysis showed that the
regimen with moxifloxacin achieved a higher eradication
rate than the regimen without moxifloxacin. However,
there was no significant difference in the eradication rate
in the other subgroup.
We also conducted subgroup analysis by region
(seven trials in Asia and three trials in Europe). In the
Asian subgroup, the pooled eradication rates of the
control group and the experimental group were 76.5%
(488/638) and 76.7% (493/643), respectively, by ITT
analysis (OR = 1.051; 95%CI: 0.671-1.646; P = 0.827;
Figure 4) and 79.6% (488/613) and 80.0% (493/616),
respectively, by PP analysis (OR = 1.072; 95%CI:
0.627-1.833; P = 0.800). In the European subgroup,
the pooled eradication rates of the control group and
the experimental group were 74.0% (347/469) and
89.1% (399/448), respectively, by ITT analysis (OR =
0.661; 95%CI: 0.447-0.977; P = 0.000; Figure 4) and
78.5% (347/442) vs 91.3% (399/437), respectively,
by PP analysis (OR = 0.361; 95% CI: 0.240-0.544; P
= 0.000). The results showed that therapies containing
fourth-generation quinolones may not be advisable
treatments for H. pylori infection in Asia. However,
the use of fourth-generation quinolones in Europe can

There were 10 studies with a total of 2198 patients in
our meta-analysis; of these patients, 1107 received
therapy without fourth-generation quinolone and 1091
received therapy with fourth-generation quinolone.
The pooled eradication rates were 75.4% (835/1107)
in the control group and 81.8% (892/1091) in the
experimental group by ITT analysis. The pooled OR
was 0.661 (95%CI: 0.447-0.977; P = 0.038) using the
2
random effects model (I = 66.2%, P = 0.000; Figure 2).
Moreover, the pooled eradication rates were 79.1%
(835/1055) in the control group and 84.7% (892/1053)
in the experimental group by PP analysis. The pooled
OR was 0.663 (95%CI: 0.433-1.016; P = 0.059) using
2
the random effects model (I = 64.4%, P = 0.000).
The results of ITT showed that the eradication rates
of therapies containing non-fourth-generation quinolones
was significantly lower than those of therapies containing
fourth-generation quinolones.

Subgroup analyses

Additional subgroup analyses for the meta-analysis were
performed due to heterogeneity. We analyzed different
types of fourth-generation quinolones, covering seven
moxifloxacin trials and three other trials (including 1
sitafloxacin and 2 gemifloxacin). In the moxifloxacin
subgroup, the pooled eradication rates were 77.3%
(689/891) in the control group and 84.3% (733/870)
in the experimental group (OR = 0.614, 95%CI:
0.403-0.935; P = 0.023; Figure 3) by ITT analysis, and
the rates were 81.3% (689/847) in the control group
and 87.3% (689/891) in the experimental group by

WJG|www.wjgnet.com
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Japan

China
China

Turkey

Croatia

Germany

Italy

2013-Murakami, K

2012-Zeng, Z
2009-Lu, NH

2008-Kilic, ZM

2007-Bago, P

2005-Kist, M

2005-Nista, EC

Histological examination,
13C-UBT

13C-UBT

culture method,
RUT, UBT
14C-UBT
14C-UBT
gastroscopy, histology,
RUT, 13C-UBT
RUT, histology,
culture test, 13C-UBT

pistology,
stool antigen test

14C-UBT or histology
13C-UBT, RUT
pathology test

diagnosis/re-checking

H. pylori infection initial

EAC-7
EAC-7
RBCAC-14
EAC-14
LanMetC-7
LanAC-7
EAC-7
ETC-7
ETC-7
EAC-7

LanAL-7

LanAL-10

OBAC-10

BPAC-10

EAM-7
EAM-7
RBCAM-14
EAM-14
LanMetM-7
LanAM-7
EAM-7
ETM-7
ETM-7
EAM-7

LanAS-7

LanAM-10

OBAG-10

BPAG-10

Control group
Fourth-generation
-Day
quinolone group-Day

78.9% (180/228)/79.4% (181/228)
90.3% (28/31)/85.7% (24/28)
76.7% (23/30)/66.7% (20/30)
63.3% (19/30)/53.3% (16/30)
70.4% (50/71)/93.5% (58/62)
78.2% (61/78)/86.4% (57/66)
72.5% (58/80)/87.5% (70/80)
75% (60/80)/90% (72/80)
75% (60/80)/90% (72/80)
72.5% (58/80)/87.5% (70/80)

43.1% (28/65)/70% (49/70)

89.4% (92/103)/87.8% (93/106)

61.6% (37/60)/66.6% (40/60)

89% (81/91)/77% (70/91)

Eradication rate (ITT)
(control group/fourth- generation
quinolone group)

82.9% (180/217)/84.2% (181/215)
76.7% (23/30)/66.7% (20/30)
63.3% (19/30)/53.3% (16/30)
75.8% (50/66)/96.7% (58/60)
80.2% (61/76)/90.5% 57/63)
78% (58/74)/89% (70/79)
79% (60/76)/92% (72/78)
78.9% (60/76)/92.3% (72/78)
78.4% (58/74)/88.6% (70/79)

43.7% (28/84)/72.1% (49/68)

92% (92/100)/91.8% (93/102)

67.2% (37/55)/72.7% (40/55)

91% (81/90)/77.8% (70/90)

Eradication rate (PP)
(control group/fourth- generation
quinolone group)

-

-

-

100%/100%
100%/100%

98.4%/94.1%

96%/95.1%

97.1%/98.3%

Compliance

29/11
26/10

-

11/13
17/21

11/11

-

37/19

Side effects
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. Therapeutic regimens range from STT to the present novel regimens,

[37]

H. pylori infection is marked by a vast prevalence and strong association with various gastric diseases

DISCUSSION

Egger’s regression test suggested that there was no significant bias (P = 0.725) in the ITT analysis, while the funnel plot showed a slightly asymmetrical distribution (Figure 6).

Risk of bias in publication

Four studies included in the meta-analysis provided information about compliance. The results showed high compliance (> 95%), and there were no significant differences
between the study groups.

Compliance

Of the 10 studies, four studies provided data regarding side effects. The results showed that common symptoms included nausea, diarrhea, black stool, and taste
disturbance. The occurrence of total side effects in the control group was significantly higher than that in the experimental group by ITT analysis (30.6% vs 19.5%, OR =
1.874; 95%CI: 1.120-3.137; P = 0.017; Figure 5).

Side effects

significantly improve the eradication rate.

A: Amoxicillin; B: Bismuth; C: Clarithromycin; E: Esomeprazole G: Gemifloxacin; Lan: Lansoprazole; L: Levofloxacin; M: Moxifloxacin; Met: Metronidazole; O: Omeprazole; P: Pantoprazole; S: Sitafloxacin; RBC: Ranitidine
bismuth citrate; -: Not reported.

Turkey

Iran

2015-Masoodi, M

2014-Rakici, H

Iran

Location

2017-Mansour Ghanaei, F

Year-Author

Table 1 Characteristics of studies included in the meta-analysis
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Table 2 Risk assessment of included studies

Year-Author

Incomplete
Blinding of
Blinding of partici
Allocation
Random sequence
Selective reporting
Other bias
concealment pants and personnel outcome assessment outcome data
generation
(reporting bias)
(attrition bias)
(detection bias)
(selection bias) (selection bias) (performance bias)

2017-Mansour Ghanaei, F
2015-Masoodi, M
2014-Rakici, H
2013-Murakami, K
2012-Zeng, Z
2009-Lu, NH
2008-Kilic, ZM
2007-Bago, P
2005-Kist, M
2005- Nista, EC

L
L
L
L
U
U
L
L
H
L

H
L
H
H
U
U
H
L
H
H

H
L
H
L
U
U
H
L
H
H

L
H
H
H
U
U
H
H
H
H

L
L
L
L
L
L
L
L
L
L

L
L
U
L
U
U
L
L
H
L

L
L
L
L
U
U
U
L
L
L

L: Low risk of bias; H: High risk of bias; U: Unclear risk of bias.

Year_author

OR (95%CI)

Weight %

2017-Mansour-Ghanaei, F

2.43 (1.07, 5.51)

7.62

2015-Masoodi, M

0.80 (0.38, 1.70)

8.06

2014-Rakici, H

1.17 (0.50, 2.74)

7.40

2013-Murakami, K

0.32 (0.16, 0.66)

8.31

2012-Zeng, Z

0.97 (0.62, 1.53)

9.91

2009-Lu, N. H

1.56 (0.32, 7.65)

3.95

2008-Kilic, ZM

1.64 (0.53, 5.12)

5.82

2008-Kilic, ZM

1.51 (0.54, 4.24)

6.36

2007-Bago, P

0.16 (0.05, 0.51)

5.83

2007-Bago, P

0.57 (0.23, 1.37)

7.21

2005-Kist, M

0.38 (0.17, 0.86)

7.58

2005-Kist, M

0.33 (0.14, 0.81)

7.19

2005-Nista, EC

0.33 (0.14, 0.81)

7.19

2005-Nista, EC

0.38 (0.17, 0.86)

7.58

0.66 (0.45, 0.98)

100.00

2

Overall (I = 66.2%, P = 0.000)

NOTE: Weights are from random effects analysis

0.0528

1

18.9

Figure 2 Forest plot of eradication rate of the therapies containing non-fourth-generation quinolones vs that of the therapies containing fourth-generation
quinolones (intention-to-treat analysis).
[40]

such as quadruple therapy with bismuth, sequential
[38,39]
treatment, concomitant therapy, and hybrid therapy
.
However, the treatment effects are still not ideal due to

WJG|www.wjgnet.com

bacterial antibiotic resistance . Thus, it is necessary
[41]
to evaluate novel regimens or antibiotics . With
the resistance rate to the third-generation quinolone
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Year_author

OR (95%CI)

Weight %

2.43 (1.07, 5.51)

7.62

2015-Masoodi, M

0.80 (0.38, 1.70)

8.06

2013-Murakami, K

0.32 (0.16, 0.66)

8.31

0.85 (0.27, 2.61)

23.99

Non-moxifloxacin subgroup
2017-Mansour-Ghanaei, F

2

Subtotal (I = 85.0%, P = 0.001)
Moxifloxacin subgroup
2014-Rakici, H

1.17 (0.50, 2.74)

7.40

2012-Zeng, Z

0.97 (0.62, 1.53)

9.91

2009-Lu, N. H

1.56 (0.32, 7.65)

3.95

2008-Kilic, ZM

1.64 (0.53, 5.12)

5.82

2008-Kilic, ZM

1.51 (0.54, 4.24)

6.36

2007-Bago, P

0.16 (0.05, 0.51)

5.83

2007-Bago, P

0.57 (0.23, 1.37)

7.21

2005-Kist, M

0.38 (0.17, 0.86)

7.58

2005-Kist, M

0.33 (0.14, 0.81)

7.19

2005-Nista, EC

0.33 (0.14, 0.81)

7.19

2005-Nista, EC

0.38 (0.17, 0.86)

7.58

0.61 (0.40, 0.93)

76.01

0.66 (0.45, 0.98)

100.00

2

Subtotal (I = 59.5%, P = 0.006)

2

Overall (I = 66.2%, P = 0.000)
NOTE: Weights are from random effects analysis

0.0528

1

18.9

Figure 3 Forest plot of the sub-analysis according to types of fourth-generation quinolone (intention-to-treat analysis).
[45]

levofloxacin continuing to increase, resulting in a low
[16]
eradication rate , therapies containing fourth-generation
quinolones might be suitable for the treatment of H.
pylori infection.
This meta-analysis indicated that therapies containing
fourth-generation quinolones had a higher clearance
rate than other therapies by ITT and PP analyses. The
mechanism of action of fourth-generation quinolones
against H. pylori is to inhibit bacterial DNA gyrase, thus
[42]
interfering with bacterial DNA replication . These fourthgeneration quinolones embed in the broken DNA chain
and form complexes to inhibit nicking and closing activity,
[43]
achieving a bactericidal effect . However, according to
Graham, who had given a report card to grade H. pylori
therapy by ITT, the eradication rate is still poor (grade D,
[44]
81%-84%) . This may be related to the low compliance
[27,33]
of patients
. The choice of fourth-generation
quinolones, the duration of treatment, and the difference
in PPI also influenced the pooled eradication rates of
therapies containing fourth-generation quinolones.
The subgroup analyses of antibiotic species
conducted in this study demonstrated that regimens
containing moxifloxacin were superior to those not
containing moxifloxacin (84.3% vs 71.9%). This
finding might be consistent with a previous systematic
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review , but the eradication rate was still less than
85% by ITT analysis. The main reason was that the
resistance rate of H. pylori to moxifloxacin was higher,
even reaching up to 27.0% when analyzed by the
[31]
E-test . This phenomenon reminds us that it is best
to conduct a susceptibility test to choose antibiotics
reasonably.
We also conducted subgroup analysis by region.
The eradication rate of fourth-generation quinolone
treatments in Europe was much higher than that in Asia
(89.1% vs 76.7%). This difference may be due to the
[8]
low utilization rate of antibiotics in Europe . In Asia,
the abuse of antibiotics is very common, which leads to
a high drug resistance rate of H. pylori. According to a
[46]
multiregion prospective 7-year study by Liu et al , the
prevalence of H. pylori after moxifloxacin treatment was
17.2%. Resistance to moxifloxacin was reported to be
similar to that of levofloxacin, ranging from 14.9% to
[29]
20.0% in Turkey . The increasing antibiotic resistance
rate makes the eradication of H. pylori more difficult.
The rate of incidence of adverse events in the
control groups was higher than that in the experimental
groups. The pooled OR (1.874) indicated that the use
of fourth-generation quinolones in the treatment of H.
pylori infection can reduce the incidence of adverse
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Year_author

OR (95%CI)

Weight %

Asia-subgroup
2017-Mansour-Ghanaei, F

2.43 (1.07, 5.51)

7.62

2015-Masoodi, M

0.80 (0.38, 1.70)

8.06

2014-Rakici, H

1.17 (0.50, 2.74)

7.40

2013-Murakami, K

0.32 (0.16, 0.66)

8.31

2012-Zeng, Z

0.97 (0.62, 1.53)

9.91

2009-Lu, NH

1.56 (0.32, 7.65)

3.95

2008-Kilic, ZM

1.64 (0.53, 5.12)

5.82

2008-Kilic, ZM

1.51 (0.54, 4.24)

6.36

1.05 (0.67, 1.65)

57.43

2007-Bago, P

0.16 (0.05, 0.51

5.83

2007-Bago, P

0.57 (0.23, 1.37)

7.21

2005-Kist, M

0.38 (0.17, 0.86)

7.58

2005-Kist, M

0.33 (0.14, 0.81)

7.19

2005-Nista, EC

0.33 (0.14, 0.81)

7.19

2005-Nista, EC

0.38 (0.17, 0.86)

7.58

0.36 (0.25, 0.51)

42.57

0.66 (0.45, 0.98)

100.00

2

Subtotal (I = 57.1%, P = 0.022)
Europe-subgroup

2

Subtotal (I = 0.0%, P = 0.710)

2

Overall (I = 66.2%, P = 0.000)
NOTE: Weights are from random effects analysis
0.0528

1

18.9

Figure 4 Forest plot of the sub-analysis according to region (intention-to-treat analysis).

reactions. This result indicates that therapies containing
fourth-generation quinolones are safer.
The main limitation of this meta-analysis is potential
biases. On the one hand, the largest number of studies
was conducted using moxifloxacin; only one study
used sitafloxacin, and two used gemifloxacin. This
selection had a certain effect on the pooled eradication
rate and may also be a particularly important issue
in the use of a single antibiotic to eradicate H. pylori
for clinical treatment. On the other hand, all included
studies were performed in Europe and Asia, with no
studies conducted in Africa or America. Because H.
pylori infection occurs worldwide, our results may not
be appropriate for global generalization. These two
factors lead to the bias of conclusion. In addition, most
of the studies in our meta-analysis had problems with
concealment of allocation and blinding, which caused
the selection bias. The restrictions on the language of
publication also imply other bias, and thus our metaanalysis may not reflect all the outcomes.
Our analysis also implied other limitations. Most
articles reporting a control arm were conducted using
clarithromycin; our analysis is therefore especially
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lacking detailed data on levofloxacin. Two of the 10
included studies were abstracts, generating concerns
regarding the data extraction and quality assessment of
these studies and affecting the reliability of our results.
In conclusion, this meta-analysis indicates that
therapies containing fourth-generation quinolones can
achieve a higher eradication rate of H. pylori infection,
but the eradication rate remains poor. In the absence
of other drug options or in cases of patient allergy to
penicillin, such regimens might be considered as a
rescue treatment based on antimicrobial susceptibility
testing. Further investigation is necessary to draw more
solid conclusions about the use of fourth-generation
quinolones in the treatment of H. pylori infection. In
addition, we will study more effective therapies for H.
pylori infection if necessary.

ARTICLE HIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The resistance of Helicobacter pylori (H. pylori) to antibiotics is increasing and
often leads to the failure of eradication treatment. Recent studies have reported
that therapies containing fourth-generation quinolones remain effective against
antibiotic-resistant H. pylori. However, the efficacy and safety of these therapies
require further study. This is the first meta-analysis comparing the curative
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Year_author

OR (95%CI)

Weight %

2015-Masoodi, M

3.47 (1.64, 7.37)

15.10

2013-Murakami, K

1.09 (0.44, 2.72)

13.10

2008-Kilic, ZM

0.76 (0.27, 2.13)

11.72

2008-Kilic, ZM

0.56 (0.19, 1.62)

11.43

2007-Bago, P

2.56 (0.86, 7.63)

11.11

2007-Bago, P

2.07 (0.51, 8.35)

8.46

2005-Nista, EC

3.57 (1.63, 7.80)

14.72

2005-Nista, EC

3.37 (1.50, 7.58)

14.36

1.87 (1.12, 3.14)

100.00

2

Overall (I = 57.5%, P = 0.021)
NOTE: Weights are from random effects analysis
0.12

1

8.35

Figure 5 Forest plot of the side effects of the therapies containing fourth-generation quinolones vs the therapies containing non-fourth-generation
quinolones.

Standard error of logOR

trials, comparing the control and experimental groups. We calculated the odds
ratio of each trial for the primary measure. The odds ratios were presented with
95% confidence intervals, and a P-value < 0.05 was considered significant. This
methodology was also performed for subgroup analysis.

Funnel plot with pseudo 95% confidence limits

0.0
0.2

Research results

0.4

Available data from 10 studies showed that treatment with a fourth-generation
quinolone could achieve a higher H. pylori eradication rate and decrease the
side effects, but the eradication rate is less than acceptable. Fourth-generation
quinolones can significantly improve the eradication rate in Europe but not in Asia.

0.6
0.8
-1

0

1

2

Research conclusions

3

Figure 6 Funnel plot of the therapies containing non-fourth-generation
quinolones vs the therapies containing fourth-generation quinolones
(intention-to-treat analysis).

Quinolone resistance increases with age and duration of use. It is essential
for practitioners to use quinolone antibiotics in the clinic reasonably. This
study comprehensively analyzed the role of fourth-generation quinolone in the
treatment of H. pylori infection. Our results suggested that fourth-generation
quinolones are not ideal for eradication of H. pylori. Treatment based on
antibiotic susceptibility testing might be more valid and obtain a higher rate
of eradication of H. pylori infection, particularly in areas where resistance to
antibiotics develops rapidly.

effect of fourth-generation quinolones with that of other therapies in regard to
eradicating H. pylori.

Research perspectives

Log odds ratio

According to reports that mutations at positions 87 and 91 of gyrA are the main
cause of H. pylori resistance to fourth-generation quinolones, we will continue to
pay attention to the resistance rate to fourth-generation quinolones globally. We
will also focus on rapid genotyping methods, such as detecting gyrA mutations
in H. pylori. Further studies of sitafloxacin, gemifloxacin, and gatifloxacin are
imperative to draw more solid conclusions about the use of fourth-generation
quinolones for the eradication of H. pylori infection.

Research motivation

In the Maastricht Ⅳ and Maastricht Ⅴ Consensus Reports, levofloxacin-based
therapy is recommended when the first treatment fails. Therapies containing
fourth-generation quinolones are not mentioned. Our meta-analysis focused
on eradication rates, side effects and compliance of therapies containing
fourth-generation quinolones when compared with therapies using non-fourthgeneration quinolones.
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Abstract
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Non-invasive diagnostic biomarkers may contribute to an
early identification of gastric cancer (GC) and improve
the clinical management. Unfortunately, no sensitive
and specific screening biomarkers are available yet and
the currently available approaches are limited by the
nature of the disease. GC is a heterogenic disease with
various distinct genetic and epigenetic events that occur
during the multifactorial cascade of carcinogenesis.
MicroRNAs (miRNAs) are commonly deregulated in
gastric mucosa during the Helicobacter pylori infection
and in stepwise manner from chronic gastritis, through
preneoplastic conditions such as atrophic gastritis and
intestinal metaplasia, to early dysplasia and invasive
cancer. Identification of miRNAs in blood in 2008 led to
a great interest on miRNA-based diagnostic, prognostic
biomarkers in GC. In this review, we provide the most
recent systematic review on the existing studies related
to miRNAs as diagnostic biomarkers for GC. Here, we
systematically evaluate 75 studies related to differential
expression of circulating miRNAs in GC patients and
provide novel view on various heterogenic aspects of
the existing data and summarize the methodological dif
ferences. Finally, we highlight several important aspects
crucial to improve the future translational and clinical
research in the field.
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Core tip: Over the past years, large amount of data to
microRNAs (miRNAs) in gastric cancer (GC) has been
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published. We aimed to provide the critical, first of its
kind in depth overview of existing studies to the miRNAs
diagnostic biomarkers in GC. For this, we systematically
reviewed published literature and identified 75 studies
related specifically to microRNAs as blood-related noninvasive diagnostic biomarker in GC. This work provides
a critical compendium to 106 studied microRNAs and
summarizes the technical and methodological differences
in reported studies. Furthermore, we highlight several
aspects that need careful attention in future studies.

biomarkers. Those factors include geographical dif
ferences in prevalence of the risk factors, genetic
background of the population, environmental factors
and probably nutrition. For instance, the prevalence of
GC in Asian countries and Russia is higher than in United
States, Canada and northern Europe. Interestingly,
geographical differences correlate with anatomical
localization of primary gastric tumors. Tumors in corpusdistal subtype are predominant in Asian countries and
junctional-proximal subtype in Europe. Among the most
important etiological factors that may influence the tumor
biology at least during the process of carcinogenesis
is the Helicobacter pylori (H. pylori) infection, which is
now acknowledged as an infectious disease with all the
[6]
consequences of prevention and treatment . For in
depth review of the role of H. pylori in GC development,
[7,8]
we refer to several recent publications . Briefly, H.
pylori is a chronic infectious diseases that causes almost
always an active chronic inflammation of the gastric
[6]
mucosa . The persistent chronic inflammation of gastric
mucosa causes different range of molecular alterations
with increasing loss and accumulation of changes that
leads to the phase of atrophic gastritis (AG) with intestinal
metaplasie (IM) and dysplasia, which may further
[9]
progress to GC and is known as Correa’s cascade .
AG and IM are well acknowledged preneoplastic stages
[10]
of GC with an increased GC risk . Close endoscopic
follow up of patients with preneoplastic conditions and
[11]
lesions is recommended . The risk of H. pylori-related
GC development may be associated with severity of
mucosal inflammation and be partially dependent on
bacterial virulence factors such as cytotoxin-associated
[12]
gene A (CagA) and vacuolating cytotoxin A (VacA) .
We and others have recently shown that VacA is
probably one of the most important bacterial factors that
[13]
correlate with mucosa inflammation
and is strongly
[14]
associated with anti-CagA-IgG production . H. pylori
eradication is suggested as the most effective way in
[15]
GC reduction in high-prevalence regions ; however,
its value is beneficial mainly for primary and secondary
GC prevention without strong diagnostic value in GC
screening.
Historically, GC is divided based on the Lauren’s
classification into 2 histologic subtypes: intestinal and
[16]
diffuse . Lauren’s classification is of the remarkable
value in treatment decisions and has prognostic and
predictive value. With an advance of high throughput
technologies, the value of Lauren’s classification has
been questioned. The landmark work from The Cancer
Genome Atlas (TCGA) has provided a new molecular
classification subdividing GC in chromosomal instable
(CIN), genomically stable (GS), microsatellite instable
(MSI) and Epstein-Barr-Virus positive (EBV) tumor
[17]
groups . GS group shows relatively strong overlap with
Lauren’s diffuse type tumors. Hence, one of the main
advantages of TCGA molecular classification may be in
further subdivision of intestinal subtype of GC tumors in
CIN, MSI and EBV. Those tumor subtypes carry not only
unique molecular patterns relevant for understanding

Link A, Kupcinskas J. MicroRNAs as non-invasive diagnostic
biomarkers for gastric cancer: current insights and future
perspectives. World J Gastroenterol 2018; 24(30): 3313-3329
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i30/3313.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i30.3313

INTRODUCTION
Gastric cancer (GC) is a deadly disease with a great
challenge in clinical management despite of a steady
[1,2]
decline of the cancer incidence . Despite of increasing
understanding of genetic and epigenetic cancer events,
the absence of non-invasive methods or biomarkers for
early identification of GC is one of the biggest difficulties
in GC. With an ongoing technical revolution, there is
a great hope to find an appropriate way to solve this
limitation. Non-coding RNAs (ncRNAs) and specifically
microRNAs (miRNAs) have entered the “cancer-arena”
[3]
for now more than 10 years ago and much research
has been done over the past decade. For several years
we performed systematic analysis and reviewed the role
of miRNAs in GC and potential of miRNAs as a biomarker
[4,5]
in gastrointestinal cancers . Since then, huge amount
of data has been gained, making impossible to keep an
overview of existing research. In this work, we performed
a systematic search and reviewed published papers
related to miRNAs as non-invasive biomarkers in GC.
Because of the overwhelming amount of published data,
we focused solely on miRNAs as non-invasive diagnostic
biomarkers in GC and excluded the data to functional
alterations, prognostic and predictive role. In the first
part, we will briefly review the specific and unique issues
related to GC crucial for understanding the disease,
provide the compiling data showing the current stand
of the research and highlight the need for the future
development and new directions in the field.

GC - HETEROGENIC DISEASE
GC is a multifactorial heterogenic disease with unique
cascade of genetic and epigenetic events leading to
the cancer. There are multiple factors that, in more or
less fashion, responsible for the clinical and biologicallyrelevant tumor heterogeneity, which may substantially
impact an identification of potential diagnostic

WJG|www.wjgnet.com
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the etiology but have potential predictive value for
implementation of individualized novel therapeutic stra
tegies.

blood, feces, saliva, ascites and even paraffin embedded
[25-32]
blocks
. Due to those properties, miRNAs carry a
huge potential as biomarkers and have been recently
extensively explored in GC. For detailed information we
[4,5]
kindly refer to our recent reviews .

CURRENTLY AVAILABLE BIOMARKERS
FOR GC

MIRNA ALTERATIONS IN GC AND
FUNCTIONAL ROLE

To date, different molecules have been analyzed as
potential biomarkers in patients with GC; however, as of
2018, there are no single blood-based biomarker that
have sufficient sensitivity or specificity for implementation
[8]
in GC screening routinely . Several well-known antigens
including carcinoembryonic antigen (CEA), cancer anti
gen 19-9 (CA19-9) and cancer antigen 72-4 (CA72-4)
[18]
have been investigated in relation to GC . Although
the concentration of those antigens may be increased
in some GC patients, the overall sensitivity of individual
or combined CEA, CA19-9 and CA72-4 levels remains
of insufficient discriminative power necessary for GC
[18]
screening . Besides typical “tumor-based” biomarkers,
an effort has been made to establish a “functional” test
[15]
for gastric mucosa also called “serological biopsy” .
PepsinogenⅠ and Ⅱ (PGⅠ and PGⅡ) concentration
correlate with AG, which is the preneoplastic condition
of intestinal type of GC is intestinal type of GC, and is
frequently used in Asian countries. In Europe the PGI
and PGⅡ panels is expanded by the use of Gastrin-17
(G17). G17 is produced by the G-cells and stimulates
the hydrochloric acid and pepsinogen production and
therefore is part of the same physiological cascade as
PGI. Unfortunately, the use of G17 is hampered by the
stability of the peptide and the net benefit in addition to
[19]
PGI and Ⅱ is a matter of ongoing research . According
to the recent systemic reviews and meta-analysis the
[20,21]
sensitivity for AG identification is up to 70%
. Thus,
PGI and PGⅡ may be helpful for serological identification
of patients with probability of AG in regions with limited
resources and availability of endoscopy. However,
upper GI endoscopy with careful assessment of the
gastric mucosa and targeted biopsies remains the goldstandard for GC screening and identification of patients
at risk. One’s upper GI endoscopy is performed, there
is no additional diagnostic benefit of PGI/PGⅡ/G17 for
[22]
instance in GC screening or risk assessment .
MiRNAs have gathered a lot of scientific attention
during the past 10 years. As we have mentioned above,
miRNAs are unique subgroup of ncRNAs with crucial role
in multiple biological processes. MiRNAs are involved in
regulation of different molecular pathways including cell
differentiation, cell cycle progression or apoptosis through
[23]
post-transcriptional regulation of gene expression .
Deregulation of miRNAs can influence carcinogenesis
through mRNA targets encoding tumor suppressor genes
[24]
or oncogenes . Due to its unique biogenesis, miRNAs
have several features that make them an attractive
group of molecules in biomarker research field. MiRNAs
are very stable and are easily and reproducibly retrieved
from different biological material including tissues,

WJG|www.wjgnet.com

Multiple studies have demonstrated the differential
expression of miRNAs in GC tissues and its functional role
[4]
in GC has been suggested . It is believed that miRNA
alterations appear early in the cascade of the preneo
plastic events. For instance, differential expression of
miRNAs is identified in subjects with H. pylori infection
and expression of miR-155 and miR-223 showed gradual
increase in correlation to Correa’s cascade both in antrum
[25]
and corpus mucosa . TCGA group has shown that dif
ferent molecular subtypes of GC have unique miRNA
[17]
expression profiles , which is in support of several other
[26,33]
profiling studies
. Understanding of the mechanisms
of miRNA expression such as CpG island promoter
methylation, provides valuable information for biomarker
research. For example, miR-137 was implicated in GI
cancers showing differential methylation in colorectal
cancer (CRC) and GC patients, although the magnitude
[34]
of changes was superior in CRC . MiR-29c expression
is reduced early in gastric carcinogenesis and has been
suggested as a diagnostic and therapeutic biomarker for
[35]
patients with GC . The interplay of the two transcription
factors HNF4γ and NR2F2 and their coordinated regu
lation by miR-30 and miR-194, respectively, may repre
sent a miRNA related network responsible for expression
regulation of intestinal transcripts in the development of
[36]
intestinal metaplasia .
Another growing field of miRNA research in GC is
related to the analysis of single nucleotide polymorphisms
(SNPs) in miRNA genes. Variation in miRNA-sequences
may lead to the expression differences and modify re
[37,38]
gulatory function of miRNAs
. To date, both gene
[39,40]
sequences encoding precursor miRNAs
as well as
[41]
variations in miRNA binding regions of target genes
have been extensively explored in cancer studies. The
most investigated SNPs in GC are related to miR-27a,
miR-146a, miR-421, miR-449a; miR-196a-2, miR-492
[42]
and miR-608 . Although some associations between
the risk of GC development and miRNA-related SNPs
have been suggested, none of the identified associations
is ready to be applied in clinical settings in particular in
GC screening.

MIRNAS AS BIOMARKERS
Having shown the miRNA changes in tumor tissues,
multiple research groups simultaneously evaluated the po
tential of miRNAs as non-invasive biomarkers in various
specimens. Three publications related to large B-cell
lymphoma, prostate and lung cancer appeared in 2008
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strongly suggesting miRNAs as potential biomarkers for
[43–45]
cancer
. This knowledge has been further extended
[28]
to systematic analysis in feces in CRC , pancreatic
[29]
cancer , and other diseases and specimens. Recently,
it has been shown that miRNAs can be reproducibly
measured in peritoneal fluid and ascites from cancer
[31,46]
patients with peritoneal carcinomatosis and ascites
.
It seems that basically any kind of body fluids (breast
milk, urine, synovial fluids etc.) have measurable
expression of miRNAs, which may potentially reflect a
normal condition or be associated with pathophysiological
[5]
alterations and therefore used as a biomarkers . With
existence of the overwhelming data to miRNAs in GC,
we provide in the next chapter the most comprehensive
summary of the exiting published data to miRNAs as
non-invasive diagnostic biomarkers in GC.

ginate from China (55/75 or 73.3%) followed by Japan,
Taiwan, Korea and others, further suggesting the regional
difference in priority of the research topic and potential
clinical relevance (Figure 1B).

SCIENTIFIC EVIDENCE AND REPORTING
QUALITY
As next, we aimed to systematically assess the reporting
quality and translational potential of the published work.
For this, we created 4 internal quality measures: (1) how
many samples from GC patients was used; (2) is TNMStage reported; (3) is Lauren’s classification reported;
and (4) proportion of patients with TNMⅠ/Ⅱ in total
amount of GC tumors. Figure 1C shows the number of
GC samples used among the 75 published papers. The
median number included in the study was 57 (range
3-285) and total 5699 specimens were analyzed. Among
those, 5 reports included over 200 samples each with
highest number of included samples published by Qiu et
[47]
al .
As we have shown in the introduction part, the
Lauren’s classification is among the most valuable tools
to assess the histological subtype, which further cor
[17]
relates with molecular subtype . Unfortunately, the data
to Lauren’s classification were available only for 16%
(12/74) of the studies. TNM staging was used as another
reporting quality surrogate as it correlated with prognosis
and potential biomarkers need to be able to identify early
cancers. Interestingly, TNM staging was reported only in
69% (51/74) of studies, which may substantially limit
the quality assessment of the published work (Figure
1D). Among the studies with reported TNM staging, the
proportion of GC with relatively early stages (TNMⅠ/Ⅱ)
was quite heterogenic between the studies (Figure 1E).
Only two studies focused solely on samples from GC
patients with TNM stageⅠ and Ⅱ, while 68.8% (35/51)
of studies had more than 50% of samples from patients
with metastatic GC (lymph node or distant metastases).

METHODS AND LITERATURE SEARCH
To identify all available papers, we performed a sys
tematic search with following steps: (1) Identify papers in
MEDLINE/PUBMED using following criteria: gastric cancer,
stomach cancer, microRNA, miRNA, biomarkers, plasma,
th
serum, blood (until 30 November 2017); (2) We further
screened all available abstracts manually one by one and
excluded following papers: reviews, duplicates, retracted
work, paper primarily related to miRNAs in tissues, in
vitro or as prognostic or predictive biomarkers, papers
without confirmed GC at the time point of the analysis
or missing control group for direct comparison; (3) in
January 2018 we updated the list including the papers
published in December 2017 by applying more stringed
criteria: diagnostic biomarkers, GC, plasma, serum.
Overall, we obtained 75 original papers analyzing the
expression of miRNAs in blood/serum/plasma between
GC patients and controls. Among those, 18 papers refer
to profiling of circulating miRNAs in GC compared to
controls. Seventy-four full text papers and 1 abstract
were systematically reviewed and the data were entered
into the database. GraphPad Prism 7 (La Jolla, CA, United
States) was used to create the figures.

TECHNICAL DIFFERENCES AMONG THE
STUDIES

MIRNA AS DIAGNOSTIC BIOMARKERS
IN GC: TIMELINE AND PUBLICATION
TRENDS

Among the identified papers, 38 papers studied the
expression of miRNAs in plasma, 32 studies in serum,
3 studies in blood and only 2 reports for peripheral
blood mononuclear cell (PBMC) (Figure 2). For miRNA
extraction, the mirVana, Trizol and miRNeasy were the
most frequently used kits. There were substantial dif
ferences between the methods for detection/analysis.
SYBR Green-based method was applied in 57% (42/74)
more frequently used as TaqMan-based method (Figure
2C).
As next, we focused on the data to internal norma
lization of circulating miRNAs (Figure 2D). In several
previous publications, RNU6b has been clearly criticized
for unsuitability for normalization of blood samples as
it shows different biogenesis, stability and may not
[5]
reflect biogenesis of miRNAs . Nevertheless, almost

The first data to potential of miRNAs as diagnostic bio
markers in GC appeared in 2010 only two years after
the first reports to detection of circulating miRNAs. We
identified 75 publications from 2010 to 2017 where
miRNA expression was studied in blood of GC patients
and controls independently to the primary aim of the
study. Over the period of 8 years, as shown in the Figure
1, we observed an increasing number of publication per
year with maximum of 21 papers published in 2015 sug
gesting an increasing interest to the topic during the last
years. To access the regional differences, we evaluated
the origin of the used specimens as a surrogate. Majority
of GC specimens and according published papers ori
WJG|www.wjgnet.com
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be the best way for normalization of circulating miRNAs.
Spiked-in-based method (most frequently cel-miR-39)
is still considered as the most appropriate currently avai
lable methods for miRNAs normalization in blood and
was used in up to 26% of studies, even though, it may

60% of studies used the RNU6b-method for internal nor
malization of blood specimens. In similar fashion, 15%
of papers applied miR-16-based method (alone or in
combination with other methods), although an increasing
evidence suggests that miR-16-based method may not
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probably not be the perfect long-term solution for miRNA
normalization.
Challenges with normalization of circulating miRNAs
may probably be the most disappointing issue related
to this topic. Several papers deal with the normalization
issues and compare several methods, most frequently
[48]
miR-16 and RNU6b. For instance, Song et al
studied
the expression of several miRNAs in blood and showed
that there is quite a large degree of variation among
miRNAs. In particular, the expression of miR-21 was
higher in stage Ⅳ GC patients; however, only if the sam
ples were normalized to miR-16, miR-93 or miR-16 and
miR-93 together. This was not the case if normalization
[48]
was done based on the volume . Interestingly, both
miR-16 and miR-93 showed substantial variation and
lower expression in healthy controls arguing against
[49]
it usefulness as a normalizer. Peng et al
studied the
expression of miR-191 and miR-425 in serum of 57
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GC patients. No difference was found if the authors
used RNU6b, while miR-16-based normalization led to
significantly higher values of miR-191. In another study,
[50]
Shiotani et al
also compared different normalization
methods in GC samples from GC patients after endo
scopic submucosal dissection. The authors conclude that
only normalization to miR-16, but not RNU6b, led to
the higher expression of miR-106b and let-7. According
[26,47,48,51-120]
to our search (Table 1)
, there are 3 reports
to differential expression of miR-16 in GC with 399
[51–53]
studies samples
. Two reports show up- and one
report downregulation of miR-16 in plasma and sera
samples, further questioning the usefulness of miR-16 for
normalization of circulating miRNAs.
The approach of miR-16-based normalization may
be also called as a “proportional normalization” as rather
the proportion between certain miRNAs (in comparison
to miR-16) and not the absolute value of studied
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Table 1 Differentially expressed circulating microRNAs in gastric cancer
GC
(n )

TNM
reported

30
45
30
202
82
30
202
30
202
127
30
47
14
50
30
27
30
22
20

69
80
30
214
82
30
214
30
214
164
30
50
17
50
69
41
30
48
20

Yes
Yes
Yes
No
No
Yes
No
No
No
Yes
No
Yes
No
No
Yes
No
No
NA
Yes

130

130

No

0.786

Yes

69
90
31
20
40
65
36
14
50
203

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes

0.721
0.773

Yes
Yes

↑

30
90
15
20
36
65
36
14
50
167

↔
↓
↑
↑

↑
↑

36
3
41
20

96
3
41
20

Yes
No
No
Yes

miR-132-3p

↑

↑

167

203

Yes

0.652

miR-139
miR-140-5p
miR-141

↓
↑
↓
↓
↓
↔
↓
↔
↔
↑

↑

25
50
3
17
285
206
96
31
206
20

No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes

0.940

↔

18
50
3
14
285
73
40
15
73
20

miR-146b

↑

↔

20

20

Yes

miR-148a

↔
↓
↓
↑
↑
↔
↑
↑
↑
↓

15
285
39
130
20
15
100
106
47
129

31
285
38
230
30
15
100
160
50
189

Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes

microRNA

let-7a

let-7c
let-7e
let-7f
let-7g
let-7i
miR-1
miR-100
miR-103
miR-106a

Changes Changes Controls
(n )
in
in
GC tissue
GC
↓
↓
↔
↔
↑
↔
↑
↔
↑
↑
↔
↑
↑
↔
↑
↑
↔
↑
↑

↓
↓

↑
↑

↑
miR-106b

miR-107

miR-10b-5p
miR-122
miR-1233
miR-130a

miR-142-3p
miR-143-3p
miR-144
miR-146a

miR-151-5p
miR-155
miR-15b-5p
miR-16

↑
↑
↑
↑
↓
↑
↑
↑
↔
↑

↑

↑

↑

↓

↓

↑
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ROC

0.7

Validation

Source
(Pl/Bl/Se)

qPCR

Normalization
(qPCR)

Ref.

Yes

Plasma
Serum
Plasma
Serum
Serum
Plasma
Serum
Serum
Serum
Serum
Plasma
Serum
Plasma
Plasma
Plasma
PBMC
Plasma
Serum
Serum

TaqMan
SYBR
TaqMan
SYBR
TaqMan
TaqMan
SYBR
SYBR
SYBR
TaqMan
SYBR
TaqMan
SYBR
SYBR
TaqMan
SYBR
SYBR
NA
TaqMan

[56]
[57]
[58]
[59]
[60]
[58]
[59]
[61]
[59]
[62]
[63]
[52]
[64]
[65]
[56]
[66]
[63]
[67]
[68]

Serum+
Exosomes
Plasma
Plasma
Serum
Plasma
Serum
Plasma
Serum
Serum
Plasma
Serum+
Exosomes
Plasma
Plasma
Serum
Serum

TaqMan

RNU6b
RNU6b
RNU6b
standard curve
cel-miR-39
RNU6b
standard curve
miR-16
standard curve
volume
cel-miR-39
RNU6b
Sp6
cel-miR-39
RNU6b
RNU6b
cel-miR-39
NA
cel-miR-39
miR-191-5p
cel-miR-39

[56]
[63]
[70]
[71]
[72]
[73]
[74]
[75]
[65]
[76]

SYBR

Yes
Yes

Serum+
Exosomes
Plasma
Plasma
Plasma
Plasma
Plasma
Serum
Serum
Serum
Serum
Serum

SYBR
SYBR
SYBR
SYBR
TaqMan
SYBR
SYBR
TaqMan
SYBR
TaqMan

Yes

Serum

TaqMan

Serum
Plasma
Plasma
Plasma
Plasma
Plasma
Plasma
Plasma
Serum
Plasma

TaqMan
TaqMan
TaqMan
TaqMan
TaqMan
TaqMan
SYBR
TaqMan
TaqMan
TaqMan

RNU6b
cel-miR-39
cel-miR-39
cel-miR-39 RNU6b
QuantoEC
RNU6b
5srRNA
RNU6b
cel-miR-39
cel-miR-39
miR-16
ath-miR-159a
RNU6b
RNU6B
cel-miR-39
miR-191-5p
cel-miR-39
miR-16
RNU6b
RNU6B
RNU6b
Sp6
cel-miR-39
RNU6b
RNU6b
cel-miR-39
RNU6b
cel-miR-39
miR-191-5p
cel-miR-39
miR-191-5p
cel-miR-39
cel-miR-39
miR-16-5p
RNU6b
RNU6b
RNU6b
RNU6b
cel-miR-39
RNU6b
cel-miR-39
miR-16-5p

Yes

0.71
0.548
Yes
0.684

Yes

0.856
0.898
0.63
0.563
0.627

Yes

0.905
Yes

0.839

Yes

Yes
Yes

0.821

0.842
0.349
0.625

Yes

0.768-0.925
0.90
0.772

Yes

3319

Yes
Yes

Yes

TaqMan
SYBR
TaqMan
TaqMan
SYBR
TaqMan
SYBR
TaqMan
SYBR
SYBR
SYBR
SYBR
SYBR
TaqMan

[69]

[77]
[78]
[79]
[68]
[76]
[80]
[81]
[78]
[64]
[47]
[82]
[83]
[70]
[82]
[68]
[68]
[70]
[47]
[26]
[58]
[84]
[85]
[86]
[51]
[52]
[53]
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miR-17

↑
↓
↑
↔
↔

Yes

PBMC
Serum
Plasma
Plasma
Serum+
Exosomes
Plasma
Serum
Plasma
Plasma
Serum+
Exosomes
Serum
Plasma
Plasma
Serum
Serum
Plasma
Plasma
Plasma
Plasma
Serum
Plasma
Serum+
Exosomes
Plasma
Plasma
Plasma
Plasma
Plasma
Plasma
Plasma
Serum

Yes

Serum

TaqMan

0.749

Yes

Plasma
Plasma

SYBR
TaqMan

No

0.769

Yes

TaqMan

17
52

no
Yes

0.715

Serum+
Exosomes
Plasma
Blood

100
89
22
40
150
127
90
30
109
28
167

98
92
130
115
150
164
90
30
133
28
203

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes

SYBR
SYBR
TaqMan
SYBR
TaqMan
TaqMan
SYBR
SYBR
SYBR
SYBR
SYBR

↑
↑
↑
↑
↑
↑

12
30
20
70
39
20

12
69
53
70
30
40

No
Yes
Yes
Yes
Yes
Yes

Serum
Serum
Serum
Serum
Serum
Serum
Plasma
Plasma
Plasma
Plasma
Serum+
Exosomes
Serum
Plasma
Blood
Plasma
Serum
Serum

SYBR
TaqMan
SYBR
TaqMan
SYBR
All-in-one

↔
↔
↔
↑
↑
↑
↑
↑

90
15
15
50
50
14
89
20

90
31
15
50
50
17
92
20

Yes
Yes
No
Yes
Yes
No
Yes
Yes

Plasma
Serum
Plasma
Serum
PBMC
Plasma
Serum
Serum

SYBR
TaqMan
TaqMan
SYBR
SYBR
SYBR
SYBR
TaqMan

miR-181a
miR-181b
miR-181c
miR-185

↑
↓
↑
↑
↑

miR-187-3p
miR-18a

↑
↑
↑
↑
↑
↔
↑
↔
↓
↓
↓
↑

miR-191
miR-192
miR-194
miR-195

mir-196a

↑
↑
↑
↔

↑

↓
↔

27
36
30
30
20

41
40
69
30
20

No
Yes
Yes
No
No

0.743
0.879

18
89
60
109
167

25
92
30
133
203

No
Yes
No
Yes
Yes

0.882

61
50
65
82
58
36
3
50
285
36
190
167

61
50
104
82
57
96
3
50
285
62
20
203

Yes
Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
No
Yes

17
98
98
30
80
230
50
20

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

↑
↑
↑

miR-19a

↓
↑
↑
↔
↑
↑
↑
↑

↑

14
126
126
30
70
130
50
20

miR-19b

↑

↔

20

20

Yes

↑
↓

3
129

3
189

No
Yes

↑

130

130

↓
↑

14
15

↑
↓
↓
↓
↓
↑
↑
↑
↑
↑
↑

miR-196b
miR-198
miR-199a-3p

miR-200b
miR-200c

miR-203
miR-204
miR-206
miR-20a

miR-21

↑
↑
↑
↔

↑
↑
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Yes

Yes
0.65
0.637

Yes
Yes
Yes

0.805
0.63
0.849

0.512
0.765

0.683

Yes

Yes
Yes
Yes

0.864
0.811
0.818
0.837

0.707

Yes
Yes

Yes
Yes
Yes

0.89
0.859

Yes

0.67

Yes

0.637

Yes

Yes
0.853
0.794
0.81

Yes

0.912
0.898
Yes
Yes

3320

SYBR
SYBR
TaqMan
SYBR
TaqMan

RNU6b
QuantoEC
RNU6b
cel-miR-39
cel-miR-39

[66]
[72]
[56]
[63]
[69]

SYBR
SYBR
SYBR
SYBR
SYBR

RNU6b
miR-16
RNU6b
cel-miR-39 RNU6b
cel-miR-39
miR-16
RNU6b
RNU6B
RNU6b
cel-miR-39
miR-16
ath-miR-159a
RNU6b
cel-miR-39
cel-miR-39
RNU6b
global mean
cel-miR-39
miR-16
Sp6
miR-16
miR-16
RNU6b
RNU6b
RNU6b
RNU6B
cel-miR-39
miR-191-5p
cel-miR-39
miR-191-5p
RNU6b
cel-miR-39,
miR-16-5p
cel-miR-39

[80]
[61]
[87]
[88]
[76]

Sp6
RNU6b
5SrRNA
RNU6b
miR-16
cel-miR-39
RNU6b
cel-miR-39
volume
cel-miR-39
RNU6b
cel-miR-39 RNU6b
RNU6b
cel-miR-39
miR-16
cel-miR-39
RNU6b
RNU6b
cel-miR-39
miR-16
Volume miR-16,
miR-93
cel-miR-39
cel-miR-39
RNU6b
RNU6b
RNU6b
Sp6
miR-16
cel-miR-39
miR-191-5p

[64]
[95]

SYBR
SYBR
TaqMan
TaqMan
TaqMan
SYBR
SYBR
SYBR
TaqMan
SYBR
(TaqMan)
SYBR
SYBR
SYBR
SYBR
TaqMan
TaqMan
TaqMan
SYBR
TaqMan

SYBR
SYBR

[89]
[81]
[90]
[60]
[49]
[77]
[78]
[65]
[47]
[91]
[92]
[76]
[64]
[93]
[93]
[58]
[94]
[58]
[81]
[68]
[68]
[78]
[53]
[69]

[96]
[61]
[97]
[98]
[99]
[62]
[63]
[100]
[88]
[101]
[76]
[102]
[56]
[103]
[104]
[105]
[48]
[63]
[70]
[85]
[106]
[106]
[64]
[61]
[68]
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miR-210
miR-212

↑
↑

miR-218

↓
↓
↑

miR-220
miR-221

miR-222
miR-223

miR-23a
miR-23b
miR-25

miR-26a
miR-26b
miR-27a

miR-27b
miR-296

↑
↔

109
20

133
20

Yes
Yes

0.75

Yes
Yes

Plasma
Serum

SYBR
TaqMan

70
68
20

Yes
Yes
Yes

0.743

Yes

↔

70
56
20

Plasma
Serum
Serum

TaqMan
SYBR
TaqMan

82
90
17
82
114
70
31
50
50
3
20

No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes

0.7
0.796

Yes
Yes

0.65
0.85
0.91

Yes

↑

82
90
14
82
56
70
15
47
50
3
20

Serum
Plasma
Plasma
Serum
Plasma
Plasma
Serum
Serum
Plasma
Plasma
Serum

TaqMan
SYBR
SYBR
TaqMan
TaqMan
TaqMan
TaqMan
TaqMan
SYBR
SYBR
TaqMan

↑

↑

20

15

Yes

Plasma

NCode

↑
↑
↑
↔
↑
↑

↑

↑

39
14
50
10
106
20

38
17
138
10
160
20

Yes
No
Yes
No
Yes
Yes

Plasma
Plasma
Plasma
Plasma
Plasma
Plasma

TaqMan
SYBR
SYBR
TaqMan
TaqMan
TaqMan

↑

↑

109

133

Yes

Plasma

SYBR

↔
↑
↑
↓
↔
↑
↑
↔
↔
↑
↑
↑

↑

↔

70
14
65
285
30
127
82
30
15
35
82
20

70
14
65
285
30
164
82
30
31
35
82
20

Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
Yes

Plasma
Serum
Plasma
Plasma
Plasma
Serum
Serum
Plasma
Serum
Plasma
Serum
Serum

TaqMan
TaqMan
TaqMan
TaqMan
TaqMan
TaqMan
TaqMan
SYBR
TaqMan
TaqMan
TaqMan
TaqMan

↑

↑

167

203

Yes

SYBR

20

20

No

Serum+
Exosomes
Serum+
Exosomes
Serum

TaqMan

SYBR
SYBR
TaqMan

↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑

↑

↑

Yes

Yes

0.85
0.81
Yes

0.671
0.80
0.694-0.925

Yes

0.65

Yes

0.817
0.882

Yes

0.67

Yes

0.70
0.66

Yes
Yes
Yes

0.652

Yes

miR-30a-5p

↔

miR-30c

↑

↔

20

20

Yes

Yes

miR-31
miR-32
miR-323-3p

↓
↑
↑

89
40
20

92
40
20

Yes
No
Yes

Yes

↑
↔

Yes

Serum
Plasma
Serum

miR-331

↑

↑

20

20

Yes

Yes

Serum

TaqMan

miR-335
miR-34
miR-346
miR-34a
miR-365

↓
↔
↓
↑
↑

↓

7
30
14
127
20

4
30
17
164
20

No
No
No
Yes
Yes

Yes

Plasma
Plasma
Plasma
Serum
Serum

TaqMan
SYBR
SYBR
TaqMan
TaqMan

miR-370
miR-371-5p
miR-374

↑
↑
↑

↑

12
61
20

40
61
20

Yes
Yes
Yes

0.79
Yes
Yes

Plasma
Serum
Serum

TaqMan
SYBR
TaqMan

miR-375

↓
↓
↔
↑
↔
↑

↓
↓
↑

20
39
108
82
30
108

20
38
65
82
30
65

No
Yes
Yes
No
No
Yes

0.835
0.32

serum
Plasma
Plasma
Serum
Plasma
Plasma

TaqMan
TaqMan
TaqMan
TaqMan
SYBR
TaqMan

miR-376a
miR-376c

↔

↑

↑
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0.71
0.77

3321

Yes

TaqMan

cel-miR-39 RNU6b
cel-miR-39
miR-191-5p
cel-miR-39
cel-miR-39
cel-miR-39
miR-191-5p
cel-miR-39
cel-miR-39
Sp6
cel-miR-39
RNU6b
cel-miR-39
cel-miR-39
RNU6b
RNU6b
RNU6b
cel-miR-39
miR-191-5p
cel-miR-39/-54/-238;
miR-16
miR-16-5p
Sp6
RNU6b
cel-miR-39
cel-miR-39
cel-miR-39;
RNU6b
cel-miR-39;
RNU6b
RNU6B
RNU6b
RNU6b
cel-miR-39
RNU6b
volume
cel-miR-39
cel-miR-39
cel-miR-39
RNU6b
cel-miR-39
cel-miR-39;
miR-191-5p
cel-miR-39
miR-16
cel-miR-39
cel-miR-39;
miR-191-5p
miR-16
RNU6b
cel-miR-39;
miR-191-5p
cel-miR-39;
miR-191-5p
RNU6b
cel-miR-39
Sp6
volume
cel-miR-39;
miR-191-5p
miR-16
RNU6b
cel-miR-39;
miR-191-5p
RNU6b
miR-16-5p
RNU6B
cel-miR-39
cel-miR-39
RNU6B

[88]
[68]
[104]
[107]
[68]
[60]
[63]
[64]
[60]
[108]
[104]
[70]
[52]
[109]
[78]
[68]
[110]
[26]
[64]
[111]
[104]
[51]
[71]
[88]
[112]
[75]
[73]
[47]
[58]
[62]
[60]
[63]
[70]
[85]
[60]
[68]
[76]
[69]
[68]
[61]
[113]
[68]
[68]
[114]
[63]
[64]
[62]
[68]
[115]
[89]
[68]
[116]
[26]
[117]
[60]
[63]
[117]
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miR-378

miR-421

miR-423-5p
miR-425
miR-433

miR-451

↑
↔
↓
↑
↑
↑
↑
↑
↔
↔
↔
↑
↑
↔
↑

↓

↔
↓
↔

61
30
14
17
50
90
90
127
30
58
15
20

61
30
17
40
50
90
90
164
30
57
31
20

Yes
No
No
Yes
No
No
No
Yes
No
Yes
Yes
Yes

0.861

30
90
20

56
90
20

Yes
Yes
Yes

0.96

160
206
17
56
30
160
17
206
20

Yes
Yes
No
Yes
No
Yes
No
Yes
Yes

0.790-0.850

Yes
Yes

0.92

Yes

0.779-0.863

Yes

miR-501-3p
miR-518d

↑
↔
↓
↑
↔
↑
↓
↔
↑

↔

106
73
14
30
30
106
14
73
20

miR-518f

↑

↔

20

20

Yes

miR-627
miR-629
miR-652
miR-720
miR-744

↑
↑
↑

miR-92b

↑
↑
↑
↔
↑
↔
↑
↓
↑

↑

111
111
111
30
82
30
106
89
109

123
123
123
30
82
30
160
92
133

Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes

miR-93

↑

↑

20

20

Yes

miR-940

↑
↓

↓

65
105

65
115

Yes
Yes

miR-484
miR-486

miR-92a

↓
↓

Yes

Serum
plasma
Plasma
PBMC
Serum (?)
Serum
PBMC
Serum
Plasma
Serum
Serum
Serum

SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
TaqMan
SYBR
TaqMan
TaqMan
TaqMan

Plasma
Plasma
Serum

TaqMan
SYBR
TaqMan

Yes
Yes

Plasma
Serum
Plasma
Plasma
Plasma
Plasma
Plasma
Serum
Serum

TaqMan
SYBR
SYBR
TaqMan
SYBR
TaqMan
SYBR
SYBR
TaqMan

Yes

Serum

TaqMan

0.937
0.912
0.918

Yes
Yes
Yes

0.74

Yes

0.732-0.913

Yes
Yes
Yes

Plasma
Plasma
Plasma
Plasma
Serum
Plasma
Plasma
Serum
Plasma

SYBR
SYBR
SYBR
TaqMan
TaqMan
SYBR
TaqMan
SYBR
SYBR

Plasma

TaqMan

Plasma
Plasma

TaqMan
SYBR

0.773
Yes
0.779
0.821

Yes
Yes
Yes

0.69

0.756
0.96

Yes

RNU6b
cel-miR-39
Sp6
RNU6b
RNU6b
RNU6b
RNU6b
volume
cel-miR-39
miR-16
cel-miR-39
cel-miR-39;
miR-191-5p
RNU6b
cel-miR-39
cel-miR-39;
miR-191-5p
cel-miR-39
RNU6b
Sp6
RNU6b
cel-miR-39
cel-miR-39
Sp6
RNU6b
cel-miR-39;
miR-191-5p
cel-miR-39;
miR-191-5p
RNU6B
RNU6B
RNU6B
RNU6b
cel-miR-39
cel-miR-39
cel-miR-39
miR-16
cel-miR-39;
RNU6b
cel-miR-39;
RNU6b
RNU6b
miR-16

[89]
[63]
[64]
[118]
[119]
[120]
[120]
[62]
[63]
[49]
[70]
[68]
[54]
[63]
[68]
[51]
[82]
[64]
[54]
[63]
[51]
[64]
[82]
[68]
[68]
[81]
[81]
[81]
[58]
[60]
[63]
[51]
[61]
[88]
[71]
[73]
[55]

GC: Gastric cancer; phen/chlor: Phenol-chloroform method; SYBR: SYBR Green; NA: Non available.

miRNAs is used. This has been implemented by multiple
studies and has been shown of potential diagnostic
benefit independently to its scientific objectivity and
validity. For instance, we analyzed miRNAs expression
in ascites and showed that miR-21 was upregulated in
patients with peritoneal carcinomatosis compared to
[31]
control group . However, also patients with peritonitis
demonstrated similar increase as patients with peritoneal
carcinomatosis. To overcome this limitation, we used
the proportion of miR-21 (cancer-associated) and
miR-223 (inflammation-associated) to differentiate the
[31]
groups . For miR-16, the very high values of miR-16
in erythrocytes strongly suggest that other factors such
as tumor anemia or hemolysis may have an additional
impact on the results. Nevertheless, this does not
necessarily mean that miR-16 is not suitable, but rather
that we need to know the influential factors and to know
exact biogenesis of miR-16 in circulation. Further studies
are needed to provide the comprehensive view on
patients-related factors.
An alternative normalization way has been proposed
WJG|www.wjgnet.com

where multiple miRNAs can be used simultaneously. For
instance, miRCURY LNA Universal RT microRNA PCR
System offers internal standard including miR-103a3p, miR-191-5p, miR-423-3p and -5p and miR-451.
However, we strongly doubt the usefulness of this me
thod, as every single of those selected miRNAs have
been reported as deregulated in cancer and in particular
GC (Table 1). Furthermore, miR-451 is highly dependent
on hemolysis and may provide some unexpected bias in
analysis. Thus, in similar way as addressed for miR-16,
additional studies are needed to confirm the usefulness,
biological suitability and stability of the methods.

DIFFERENTIALLY EXPRESSED
CIRCULATING MIRNAS IN GC PATIENTS
In the Table 1, we have summarized the miRNAs that
have been analyzed for the differential expression
between GC patients and controls. According to our
search, we identified 106 miRNAs that were studied in
different studies. Among those, 13 miRNAs such as let3322
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the potential biomarkers is the unbiased profiling of
the samples. This approach was applied in the pivotal
[45]
work by Chen et al
in 2008 in lung cancers, where
the authors used multiple pooled samples for profiling
and performed independent validation using qPCR. As
[47,51,53-55,58,60,62,64,68,76,78,81,82,88,92,121]
shown in the Table 2
,
this approach was very intensively used for miRNA-pro
filing in GC patients. Among the total eighteen miRNAprofiling studies, 50% (9/18) reported the use of the
pooled samples. Majority of studies used single technical
pooled profiling from 5-40 samples for GC and controls.
Although, this may be an appropriate way for proof-ofprinciple studies, it has several limitations where inap
propriate changes of miRNAs in few subjects may create
very strong deviation and bias and therefore independent
validation is mandatory. Among the 18 profiling studies
(Table 2), 11 reports studied miRNA in plasma, 6 in sera
and 1 in blood samples. From the technical perspective
there was substantial variation in use of extraction kits
and profiling platforms used for analysis. Similar to
the overall data in total cohort (Table 1), researches
from China with 12 profiling studies provided the most
overwhelming data. Remaining work comes from Poland,
Japan, Turkey, Hong-Kong and United States. The first
studies tend to use relatively small number of samples
while more recent studies provide increasing number of
samples and include an impressive number of samples
[68,76]
for validation analysis as well
.

  miR-106a
   miR-106b
    miR-107
miR-16
  miR-199a
     miR-19b
     miR-20a
miR-21
miR-221
miR-223
miR-25
    miR-27a
  miR-376c
     miR-421
   miR-451a
     miR-486
miR-7a
   miR-148a
     miR-195

Figure 3 Schematic presentation of most frequently deregulated
microRNAs in gastric cancer. Selection was made using following criteria: at
least 3 reports with at least 2 reports with either up or downregulation.

7c, let-7g, miR-143-3p, miR-122, miR-192, miR-198
etc. showed no significant changes. As shown in in Table
1, multiple miRNAs have conflicting results showing
differential expression in one cohort while no changes
found in another. In the Figure 3 we summarize the most
frequently deregulated miRNAs. Those were selected
using two criteria: (1) at least 3 publications and (2)
at least two with reproducible report on increased or
decreased expression. Among the most consistent
miRNAs are the miR-20a, miR-223 and miR-421. Among
the most studied is the miR-21 with total 13 reports.
Summarizing the data to miR-21 expression, three
reports showed no differences while 10 reports show
an upregulation of miR-21 both in sera and in plasma of
GC patients. As shown in the Table 1, multiple groups
used samples from independent cohorts to confirm the
results, which substantially contributes to the quality of
the reports.
To estimate the diagnostic potential of miRNAs as
biomarkers in GC, multiple studies provided receiver
[54]
operator curves (ROC) values. For instance, Konishi et al
reported the diagnostic accuracy for miR-451 reaching 0.96
with calculated sensitivity of 96% and specificity of 100%.
[55]
Liu et al studied miR-940 and reported the ROC value
of 0.96 although with slightly lower sensitivity 81.2% and
specificity 98.6%. Although those results are striking, we
need to keep in mind that validation of the results from
independent groups or cohorts in prospective studies are
still to come. We believe that the data from our summary
table will be helpful for the future search, validation and
discussion of the results.

FUTURE PERSPECTIVES AND
CONCLUDING REMARKS
In this review, we systematically summarized and ana
lyzed the existing data to miRNAs as non-invasive bio
markers for GC. There is no doubt that further studies
with an improved study design will follow and it is a mat
ter of time until the miRNA-based biomarkers will enter
the clinical studies either in oncologic patients or patients
with other diseases. However, following our critical review
of the existing papers we would like to provide several
cautionary notes for improvement.

Quality of reports

The era of proof-of-principle studies in GC has passed
and with 75 published data it is time to improve the
quality of the work. There are several ways that may
be considered: (1) description of patient’s cohort in
cluding Lauren’s Classification, TNM staging and precise
number of patients is necessary; (2) reporting of the
methodological steps (extraction kits, measurements,
reproducibility, validation etc.) need to be carefully
reviewed and reported; (3) for primary research an in
dependent cohort of samples need to be included; and (4)
reporting of ROC/AUC values, sensitivity and specificity
are currently used in quite biased way in proportion of
GC patients to controls mostly in 1:1; however, in reallife settings the proportion will be at least 100-1000:1.
Unless the prospective study is done it is clear that
the real-life settings are not possible to achieve and
additional effort is needed to increase the number of

PROFILING OF CIRCULATING MIRNAS IN
GC PATIENTS
It is well known that the most promising way to identify
WJG|www.wjgnet.com
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Table 2 Profiling of circulating microRNAs in gastric cancer
Controls
GC
(number of (number of
technical
technical
runs)
runs)

pooled
samples

Controls
GC
(number of (number of
pooled
pooled
samples)
samples)

Ref.

Year

Source

Extraction Kit

Platform

Sample
Origin

Liu et al[62]
Song et al[60]
Liu et al[89]
Konishi et al[54]
Gorur et al[92]

2011
2012
2012
2012
2013

Serum
Serum
Serum
Plasma
Plasma

Solexa
qPCR-array
Agilent
microarray
TaqMan Array

China
China
China
Japan
Turkey

1
1
7
3
1

1
1
10
3
1

Yes
Yes
No
No
Yes

20
14

20
14

20

190

Shah et al[121]
Li et al[58]
Zhu et al[51]
Zhang et al[53]
Zhou et al[88]
Shin et al[81]

2013
2013
2014
2015
2015
2015

Blood
Plasma
Plasma
Plasma
Plasma
Plasma

Geniom Biochip
Agilent
TaqMan Array
Agilent
Exiqon
miRCURY LNA

Poland
China
China
China
China
China

1
20
1
16
3
5

1
20
1
18
1
5

Yes
No
Yes
No
Yes
No

8

19

40

40

30

10

Zhang et al[78]
Liu et al[55]
Qiu et al[47]
Treece et al[64]

2015
2016
2016
2016

Plasma
Plasma
Plasma
Plasma

phen/chlor
miRNeasy
mirVana
mirVana
high-pure
miRNA
Isolation
miRNeasy
mirVana
miRNeasy
mirVana
mirVana
Trizol
miRNeasy
mirVana
miRNeasy
miRNeasy
miRCURY

3
5
1
17

3
5
1
14

No
No
Yes
No

5

5

Jiang et al[82]
Huang et al[76]
Sierzega et al[68]

2017
2017
2017

Serum
Serum
Serum

2
3
20

1
1
20

Yes
Yes
No

20
30

10
10

unknown
mirVana
miRNA ABC
Purification

Agilent
China
miRCURY LNA Hong-Kong
Agilent
China
GastroGenus
United
miR Panel
States
miSeq
China
Exiqon
China
TaqMan Array
Poland

GC: Gastric cancer; phen/chlor: Phenol-chloroform method.

control sample.

more effort needs to be done to characterize the miRNA
changes not only in GC but also in patients with preneo
plastic conditions or lesions. It would be extremely
interesting to know the cascade of changes in miRNA ex
pression in subjects with hereditary diffuse GC.

Technical comparison between the studies

In the present review of the studies, there is a substantial
technical heterogeneity among the studies: various
extraction kits, qPCR methods and most importantly
normalization. We have just recently published our data
showing the differences between various extraction kits
[31]
and miRNA expression in ascites . Those results need
to be taking to account and an independent validation of
the primary samples will be needed. As we have recently
[5]
reviewed , use of serum and plasma will probably
have an independent effect on recovery and stability of
miRNAs. Besides, contamination with various parts of
circulating cells (erythrocytes, thrombocytes) may also
provide an additional bias and caution in interpreting of
miRNA data is necessary. As reviewed above, one of the
larges differences among the studies is related to the
choice of reference genes for normalization of miRNAs.
Here we would like to caution the use of RNU6b for nor
malization of miRNAs and also probably reduce the use
of miR-16 for normalization of circulating miRNAs unless
additional studies provide the evidence for the objectivity
of measurements.

GC-heterogenic disease

In currently available studies, all GC subtypes are pooled
together and most effort is made to identify “all fits one”
biomarkers for GC. This is definitely the most desirable
way, where all GC patients could be diagnosed with the
same biomarkers; however, we need also keep in mind
that GC is a heterogenic disease with unique molecular
[17]
alterations . Since GC shows subtype-unique miRNA
alterations, it may be very likely that circulating miRNAs,
at least partly, may behave differently between intestinal
and diffuse types of GC. With the knowledge of TCGA
molecular classification, it would also very exciting to
see if different molecular subtypes have characteristic
circulating miRNA expression pattern.

Beyond miRNAs: Value of isomiR's in GC

High throughput genomic data sequencing showed
that conventional miRNAs may differ both in length of
[122,123]
the molecule and its’ sequence
. These variant
miRNA-sequences are now being referred to as isoforms
of miRNAs or isomiR’s. Up to date, the role of these
molecules in GC remains largely unexplored. Never
theless, increasing number of studies point out important
deregulation patterns of isomiR’s in cancer. For instance,
in a recent study, we identified 219 deregulated isomiR’

High-risk patients

Taking to account the unique biology of GC, further focus
should be made to identify the high-risk patients with the
highest risk of GC development. For instance, patients
with moderate to severe AG or IM are at increased risk
for development of intestinal type of GC. Here, much

WJG|www.wjgnet.com
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s between gastrointestinal stromal tissue and tumor
[124]
adjacent tissues . To our knowledge, the only study
that investigated isomiR’s in GC found that certain
isomiR-types preferentially occur in normal gastric tissue
[122]
but other types prefer GC tissue
. Although these
data may be available, no published data is available to
isomiR’s changes in blood samples of GC patients and
may be focus of future studies.

4
5
6

Circulating tumor cells and miRNA analysis

7

As discussed in above, multiple studies have shown that
circulating miRNAs may serve as diagnostic biomarkers
for GC; however, the origin of these molecules is not fully
clear. Using profiling data from sera and tumor tissues,
[68]
Sierzega et al
identified differences in expression
pattern in GC patients; however, miRNA expression data
analysis did not support the conclusion that circulating
miRNA originate primarily from the tumor tissue. Hence,
it remain open if exosomal miRNAs or even certain blood[27]
cells-related miRNAs may be more promising to study .
Furthermore, flow-cytometry or microfluidic-based
single-cell or cell-type specific sequencing analysis may
provide more specific transcription patterns with higher
[125]
diagnostic and prognostic value . Therefore, additional
studies employing single-cell based analysis from blood
samples of GC patients are needed in order to identify
more sensitive and specific biomarkers.

8

9

10

11
12
13

CONCLUSION
During the past 7 years, large amount of data has been
gathered to support the need for intensive research
on miRNA-based biomarkers in GC. In this review, we
systematically summarized the data to miRNAs as noninvasive diagnostic biomarkers in GC. Meticulous analysis
of the published work revealed relatively high level of
heterogeneity not only in methodological and technical
aspects, but also in reporting quality of the studies. At
present, no miRNA-based biomarkers are ready to be
implemented for GC-screening other than in research
studies; however, the provided data clearly highlight
the potential of miRNAs as diagnostic biomarkers and
also highlight the need for the further improvement.
We hope that this first of its kind comprehensive review
with critical points may lead to a “next wave” of “second
generation” comprehensive studies that take into account
not only technical aspects of miRNA research but also
unique aspects of GC biology.

14
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Obesity and metabolic syndrome are considered as re
sponsible for a condition known as the non-alcoholic
fatty liver disease that goes from simple accumulation of
triglycerides to hepatic inflammation and may progress to
cirrhosis. Patients with obesity also have an increased risk
of primary liver malignancies and increased body mass
index is a predictor of decompensation of liver cirrhosis.
Sarcopenic obesity confers a risk of physical impairment
and disability that is significantly higher than the risk
induced by each of the two conditions alone as it has
been shown to be an independent risk factor for chronic
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liver disease in patients with obesity and a prognostic
negative marker for the evolution of liver cirrhosis and
the results of liver transplantation. Cirrhotic patients with
obesity are at high risk for depletion of various fat-soluble,
water-soluble vitamins and trace elements and should
be supplemented appropriately. Diet, physical activity
and protein intake should be carefully monitored in these
fragile patients according to recent recommendations.
Bariatric surgery is sporadically used in patients with
morbid obesity and cirrhosis also in the setting of liver
transplantation. The risk of sarcopenia, micronutrient
status, and the recommended supplementation in
patients with obesity and cirrhosis are discussed in this
review. Furthermore, the indications and contraindications
of bariatric surgery-induced weight loss in the cirrhotic
patient with obesity are discussed.

(HCC) . However, the vast majority of patients with
NAFLD will not progress as only a minority of those
[5]
with NASH (3%-5%) are at a high risk of developing
chronic liver disease complications. In patients with
NASH, 11% develop cirrhosis and approximately 40%
of patients die within 15 years from any cause (of which
7.3% are due to liver-related complications, especially
[6]
in those with advanced fibrosis or cirrhosis) . Obesity
and the chronic inflammation associated with it also have
a negative effect on health. Excessive adipose tissue
leads to an increased production of adipokines (such as
IL-6, TNFa, monocyte chemoattracting protein-1, and
plasminogen activator inhibitor-1) with proinflammatory,
pro-fibrogenic, pro-angiogenic, and pro-oxidant effects
on several tissues. Few data exist regarding the epi
demiological and clinical impact of obesity in patients with
pre-existent liver disease, however, obesity is considered
an independent risk factor for the presence of severe
[7,8]
fibrosis, fibrosis progression, and cirrhosis . Several
population-based studies have identified obesity as an
independent risk factor for alcohol-induced liver damage.
Indeed, ethanol influences the adipose tissue production
of hormones and cytokines, and excess adiposity induces
an exacerbation of the proinflammatory state. However,
it is still unclear whether the hepatotoxic consequences of
obesity and ethanol ingestion are additive or synergistic.
The DIONYSOS study clearly showed a synergistic effect
between alcohol consumption and elevated body mass
index (BMI) on hepatic steatosis in a large cohort of
[9]
subjects in Northern Italy . The prevalence of hepatic
steatosis determined by ultrasonography was increased
to 46% in subjects with a daily intake of > 60 g of
alcohol and to 76% in patients with obesity compared to
lean controls who only revealed hepatic steatosis in 16%
of cases. Moreover, in individuals with obesity drinking >
60 g of alcohol per day, steatosis was found at an even
higher level of 95% and the relative risk of cirrhosis
increased more than six-fold in women with obesity and
alcohol consumption (> 150 g/wk) vs normal weight and
[10]
drinking < 70 g/wk women. Ekstedt et al
found an
accelerated progression of fibrosis in patients with NAFLD
who drank moderate amounts of alcohol (up to 140
[11]
g/wk). Liu et al analyzed more than 1 million middleaged women in the UK and reported that in women with
obesity who drank > 150 g of alcohol/week, the relative
risk of cirrhosis increased more than six fold.
In patients with chronic hepatitis C virus (HCV)-related
liver disease and severe liver fibrosis or compensated
cirrhosis, up to 43% had obesity, and 32% were over
weight. Each quartile increase in BMI is associated with
a 14% increase in the risk of clinical events in the followup (worsening of liver fibrosis or decompensation of
[12]
cirrhosis over 3.5 years of follow-up) . Among obesityrelated variables, the severity of insulin resistance and
the histological grade of steatosis appeared as the factors
more tightly associated with the progression of liver
disease. Contrarily, weight loss is indeed beneficial in pa
tients with advanced chronic liver disease, reducing the
[13,14]
progression of fibrosis and cirrhosis
.

Key words: obesity; cirrhosis; sarcopenia; malnutrition;
bariatric surgery
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Obesity is a frequent cause of chronic liver
disease that can progress to cirrhosis. Cirrhotic patients
with obesity frequently have alterations in specific aspects
of nutritional status, such as poor protein intake and micro
nutrient deficiencies. Diet, physical activity and protein
intake should be carefully monitored. Bariatric surgery
may be an option in the management of patients with
morbid obesity and cirrhosis also in the setting of liver
transplantation but scientific evidence is still scarce.
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INTRODUCTION
Liver cirrhosis and obesity: Definitions and epidemiology

Obesity is associated with many adverse consequences
for health and is closely related to insulin resistance,
dyslipidemia, and hypertension. Non-alcoholic fatty liver
disease (NAFLD) represents the hepatic manifestation
of metabolic syndrome and is intimately related to the
chronic intrahepatic inflammation that, in turn, is linked
to adiposity and insulin resistance. Defined as a fatty
infiltration of the liver exceeding 5% at histology in
the absence of previous or ongoing significant alcohol
[1]
consumption and/or drug and/or virus infection, NAFLD
includes a wide spectrum of histopathological alterations
ranging from simple steatosis (Figure 1A) to non-alcoholic
steatohepatitis (NASH) (Figure 1B) and cirrhosis (Figure
1C) with end-stage liver disease. Furthermore, NAFLD
has been also shown to increase the risk of primary
liver malignancies such as hepatocellular carcinoma
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A

B

C

Figure 1 Non-alcoholic fatty liver disease and hepatic histopathological alterations. NAFLD includes a wide spectrum of histopathological alterations ranging
from simple steatosis (A) to non-alcoholic steatohepatitis (B) and cirrhosis (C). NAFLD: Non-alcoholic fatty liver disease.
[13,14]

Berzigotti et al
demonstrate that increased BMI
is a strong predictor of decompensation in patients with
compensated cirrhosis of various etiologies, independent
of other previously described predictors such as albumin
and portal hypertension. More specifically, clinical de
compensation of cirrhosis (ascites, encephalopathy, or
jaundice) developed in 14% of patients with normal
weight, in 31% of overweight patients, and in 43% of
patients with obesity. Obesity also negatively impacts
portal hypertension. Indeed, when comparing the results
after a 1-year course of timolol or a placebo, portal hyper
tension was reduced only in patients who were of normal
weight or overweight, whereas patients with obesity
showed a significant increase.
Even in patients with end-stage liver disease and,
therefore, awaiting liver transplantation (LT), obesity
could worsen the prognosis. Recent data suggest that
in these patients, obesity increases substantially (HR =
13.1), independently and significantly (p = 0.016) the
[15]
risk of portal vein thrombosis , which may render the
transplantation technically more difficult and increase the
risk of portal thrombosis recurrence. Indeed, obesity is
considered as a risk factor for venous thromboembolism
[16]
as well as thrombosis of the hepatic artery . The
proinflammatory, prothrombotic, and hypofibrinolytic
milieu patients with obesity may be responsible for the
local thrombophilia that favors portal vein thrombosis.
Concerning perioperative LT complications, operative
time, blood product usage, length of stay in the inten
sive care unit, infectious complications, and biliary com
plications requiring intervention have been shown to be
[17]
higher in recipients with obesity . Despite the increased
technical operative challenges and medical complexities
associated with recipients with obesity, morbid obesity
in itself should not be an absolute contraindication to LT
as these patients have reasonable long-term outcomes.
Although the complex interplay between obesity and
cirrhosis is far from elucidated, undoubtedly alcohol,
viral hepatitis, and obesity appear to be a dangerous
combination. General impact of obesity on liver patho
physiology are summarized in Table 1.

and generalized loss of skeletal muscle mass and
strength with a risk of adverse outcomes such as physical
[18]
disability, poor quality of life, and death . The profound
negative clinical impact of low skeletal muscle mass
and function was originally described in the elderly, but
its role is now unequivocally emerging in many chronic
progressive diseases, such as chronic kidney disease,
chronic heart failure, chronic pulmonary insufficiency, and
[18]
type 2 diabetes . Recent evidence suggests that low
muscle mass and function may have a similar negative
impact in obesity despite the potential difficulties in identi
fying and defining muscle changes within the obese
[19]
phenotype . Whatever the definition, the coexistence
of sarcopenia and obesity in the same patient, now
indicated as “sarcopenic obesity”, confers a risk of phy
sical impairment and disability that is significantly higher
than the risk induced by each of the two conditions
[19-21]
alone
. The precise determination of body muscle
and body mass fat requires the use of dual energy X-ray
absorptiometry (DXA), but an estimation can be ob
tained at the clinical level with the use of bioimpedance
[18]
analysis (BIA) or anthropometric measurements . In
this section, the role of sarcopenic obesity as a prognostic
factor in patients with liver chronic disease will be briefly
elucidated. The problem will be analyzed according to
two different perspectives. First, the possible role played
by sarcopenia as an independent risk factor for the
occurrence of liver diseases in patients with obesity will
be discussed and, second, the significance of sarcopenia
as a negative prognostic marker for disease progression
and death in patients with obesity and advanced liver
disease will be addressed.

Sarcopenia as an independent risk factor for chronic
liver disease in patients with obesity

As already mentioned above, NAFLD is today the most
common liver disorder in Western countries and it is
becoming the leading cause of chronic liver disease and
[22]
cirrhosis . Visceral obesity and related metabolic dis
orders, insulin resistance, in particular, are considered
the most relevant risk factors for NAFLD occurrence and
[22]
progression . Recent evidence suggests, however,
that the prevalence of NAFLD and its severity could
be independently and negatively affected also by the
coexistence of sarcopenia in the clinical picture, with
sarcopenic obesity being both an independent risk factor
for NAFLD and a marker for its progression to the more

RISK OF SARCOPENIA IN PATIENTS
WITH OBESITY AND CIRRHOSIS
Sarcopenia is a syndrome characterized by progressive
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with normal muscle mass. Moreover, the association
between sarcopenia retained its significance also after
[24]
adjustment for all these potential confounding factors .
[25]
More recently, Lee et al tested the association between
sarcopenia and progression of NALFD by analyzing the
degree of liver fibrosis in the KNHANES population.
NAFLD was identiﬁed in 2761 (28.5%) of 9676 subjects
and sarcopenia was identiﬁed in 337 of the subjects with
NAFLD (12.2%). In subjects with NAFLD, sarcopenia
was signiﬁcantly and independently associated with
a higher level of liver ﬁbrosis. The authors concluded
that sarcopenia was associated with signiﬁcant liver
ﬁbrosis in subjects with NAFLD, and this association was
[25]
independent of obesity and insulin resistance .
The independent and additive role of reduced skel
etal muscle mass and increased visceral fat mass in
increasing the risk of the onset of NAFLD, and in serving
as important factors involved in the progression from
simple steatosis to liver ﬁbrosis, has been recently con
[26]
firmed in an independent Japanese sample . Taking
into consideration the limitation of these studies and the
caveats in extrapolating these data to the Caucasian
population, the association of sarcopenia with visceral
obesity and insulin resistance is now considered an
important risk factor for NAFLD, which further accelerates
its progression to more advanced life-threatening stages.

Table 1 Impact of obesity on liver pathophysiology
Pathologies

Obesity
[9]

Hepatic steatosis
Cirrhosis[11]
Hepatoxicity[9]
Liver primary tumors (as hepatocarcinoma)[2-4]
Chronic hepatitis C progression[12]
Decompensation of cirrhotic patients[13,14]
Portal hypertension[13,14]
3
Risk of post-operative complications after LT[15-17]

Increased1
Increased1
Increased1
Increased2
Increased
Increased
Increased
Increased

1

Mostly if associated to alcohol ingestion; 2Mostly if associated to nonalcoholic fatty liver disease (NAFLD); 3Thromboembolism, infectious and
biliary complications. LT: Liver transplantation.

Cirrhotic patient with obesity

Loss

Gain

Skeletal muscle

Adipose tissue
Sarcopenic obesity

Sarcopenia as a prognostic negative marker in the
cirrhotic patient with obesity

As shown in Figure 2, cirrhotic patients with obesity
frequently have a combined loss of skeletal muscle
and gain of adipose tissue, culminating in the condition
known as “sarcopenic obesity.” Sarcopenia in cirrhotic
patients has been associated with increased mortality,
sepsis complications, hyperammonemia, overt hepatic
encephalopathy (HE), and an increased length of hos
[27]
pital stay after LT . The prognostic impact of the co
existence of sarcopenia and obesity in patients with
chronic liver disease has been analyzed recently in a
[28]
few studies. Montano-Loza et al
evaluated the fre
quencies of sarcopenia and sarcopenic obesity in a
cohort of 457 cirrhotic patients evaluated for LT, aiming
to establish the impact of these muscular abnormalities
on the prognosis of cirrhotic patients. In this sample,
sarcopenia was present in 43% and sarcopenic obesity
in 20% of patients. Both patients with sarcopenia and
with sarcopenic obesity had worse median survival
[28]
than patients without muscular abnormalities . Hara
[29]
et al
evaluated the independent prognostic impact
of skeletal muscle mass and visceral fat accumulation
in 161 patients with cirrhosis. Patients with sarcopenia
or sarcopenic obesity both had a poor prognosis, and
this difference was pronounced in the subset of patients
classified as Child-Pugh class A. However, the group
with the worst prognosis was represented by patients
[29]
having sarcopenic obesity . This latter observation
seems to confirm that the coexistence of visceral obesity
and sarcopenia could be considered the worst clinical

Increased mortality
Sepsis complications
Hyperammonemia
Overt hepatic encephalopathy
Increased length of hospital stay after liver transplantation

Figure 2 Sarcopenia as a prognostic negative marker in the cirrhotic
patient with obesity. Cirrhotic patients with obesity frequently have a combined
loss of skeletal muscle and gain of adipose tissue, culminating in the condition
known as “sarcopenic obesity”. Sarcopenia in cirrhotic patients has been
associated with increased mortality, sepsis complications, hyperammonemia,
overt hepatic encephalopathy, and an increased length of hospital stay after
liver transplantation.
[23]

advanced stages and cirrhosis .
Significant information about the role of sarcopenia
in chronic liver disease was produced in an analysis
of data from the Korea National Health and Nutrition
Examination Survey (KNHANES). KNHANES includes a
nationwide cross-sectional cohort with a representative
sample of the Korean population and is conducted an
nually to assess health and nutritional status. Hong
[24]
et al , by analyzing 452 apparently healthy adults in
the Korean Obesity Sarcopenic Study, demonstrated a
higher risk of NAFLD in individuals with lower muscle
mass compared to a control group. Individuals with
sarcopenia had more body fat mass, more components
of the metabolic syndrome, and higher levels of low-grade
systemic inflammation compared with those of people
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situation for a patient with cirrhosis. Muscle wasting and
fatty muscle inﬁltration in cirrhotic patients are part of the
frailty complex present in these patients, characterized as
decreased reserve and resistance to stressors, resulting
from cumulative declines across multiple physiologic
[28]
systems and predisposition to poor outcomes .
The prognostic negative role of sarcopenia and obe
sity could have an impact also in LT. Sarcopenia and
sarcopenic obesity are seen in a significant number
of patients with cirrhosis undergoing liver transplant
[30]
evaluation, particularly in patients with NASH . Pretransplant sarcopenia is widely recognized as associated
[31]
with short-term survival after living donor LT . The
question of whether the coexistence of obesity and
sarcopenia could impose additional risk after LT over that
imposed by sarcopenia alone is still debated. Hammad
[32]
et al evaluated 200 patients undergoing adult-to-adult
living donor LT and classified them into four subgroups:
sarcopenic overweight, sarcopenic non-overweight,
non-sarcopenic overweight, and non-sarcopenic nonoverweight. Sarcopenic patients had a higher incidence
of postoperative bacteremia and major postoperative
complications, and poorer overall post-transplant sur
vival than non-sarcopenic patients. Overweight reci
pients had a significantly higher overall survival rate
than non-overweight patients. In contrast, sarcopenic
non-overweight subjects had a higher incidence of
postoperative bacteremia, and major postoperative com
plications compared with the sarcopenic overweight sub
group and possessed the poorest overall survival among
the four recipient subgroups. Thus, this study indicates
that a preoperative sarcopenic overweight status does
not confer additional significant morbidity or mortality
risks than the stand-alone sarcopenia in living donor LT.
The study was however mostly confined to patients who
were overweight and does not address specifically the
[32]
impact of obesity itself . On the other hand, obesity
presents important medical and surgical challenges
during and after a liver transplant. Specifically, obesity
is associated with an increased incidence of wound
infections, wound dehiscence, biliary complications, and
[33]
overall infection .
Sarcopenic obesity could represent an important
clinical problem also for long-term survival after LT.
[30,31]
Sarcopenia tends to persist after transplantation
,
possibly as the consequence of insufficient physical
exercise or use of immunosuppressive agents that
[30]
impair skeletal muscle growth and protein accretion ,
whereas body fat normally increased as a result of better
nutrition and the regression of the hypermetabolic state
[34]
related to the pre-transplant chronic disease state .
This double phenomenon paves the way to sarcopenic
[35]
obesity. Schütz et al
analyzed body composition
in patients after liver and kidney transplantation and
patients with liver cirrhosis or on chronic hemodialysis
and demonstrated that, despite excellent graft function,
many long-term liver or kidney transplant survivors
exhibit a phenotype of sarcopenic obesity with increased
[35]
[36]
fat but low muscle mass . Choudhary et al evaluated
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82 living donor liver transplant recipients with at least 12
mo of follow-up. Post-transplant sarcopenic obesity was
present in 88%, and metabolic syndrome was present in
52% of recipients with no significant difference among
liver failure etiologies. Patients with sarcopenic obesity
had a significantly higher BMI and significantly higher
prevalence of metabolic syndrome when compared to
[36]
patients without sarcopenic obesity . Thus, the weight
gain frequently observed after LT could contribute to
the creation of a novel group of patients with sarcopenic
obesity and associated metabolic derangements.

MICRONUTRIENT STATUS AND
RECOMMENDED SUPPLEMENTATION
IN PATIENTS WITH OBESITY AND
CIRRHOSIS
Micronutrient deficiencies of fat-soluble and watersoluble vitamins as well as minerals are highly common
in end-stage liver disease. Therefore, a periodical nutri
tional and clinical assessment should be performed to
test micronutrient serum levels, estimating adequate
nutritional intake and paying attention to clinical signs of
vitamins and minerals deficiencies. Fat-soluble vitamin
(A, D, E, and K) deficiencies and other free radical sca
vengers, such as carotenoids are likely to develop in
liver disease due to reduced oral intake, malabsorption,
and/or hepatic effects involving the reduced synthesis
of carrier and transfer proteins, cholestasis and bacterial
[37,38]
overgrowth
.
Deficiencies in water-soluble vitamins, leading to
neuropsychiatric symptoms, may stem from diminished
hepatic storage, inadequate diet, alcoholism, medications,
[37]
and chronic renal failure . The most prevalent and sig
nificant deficiencies are discussed below, beginning with
vitamin D deficiency, which is almost universal and also
related with obesity.
Vitamin D deficiency (VDD, < 50 nmol/L; < 20 ng/mL)
is a worldwide pandemic, reported in more than half of
[39-42]
the general adult population
. Specifically, VDD is
widespread among patients with chronic liver disease,
[40,43-49]
with prevalence described between 70%-90%
,
while the prevalence of vitamin D insufficiency (<
[49]
75 nmol/L; < 30 ng/mL) is almost universal . For
example, among 202 adults before LT, 84% were
25(OH)D deficient and 77% had low 1,25(OH)2D,
whereas 3 mo following transplantation, both increased
[50]
significantly but to a lesser extent for 1,25(OH)2D .
Moreover, the severity of VDD is positively correlated with
[44-47]
the severity of liver disease
. In cirrhotic patients,
significant correlations were found between vitamin
D levels and the degree of liver dysfunction, whether
expressed as Child-Pugh stages A-C, MELD score, or
[44,45]
liver stiffness evaluated by transient elastography
.
In epidemiologic studies, VDD has been demonstrated to
be a predictor of liver disease morbidity and mortality. In
a Danish population-based sample of over 2500 middle-
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[71]

aged subjects followed prospectively for a median followup period of 16.5 years, lower serum 25(OH)D levels
were independently associated with higher incidence
[51]
of fatal and non-fatal liver disease . Similarly, in
[52]
another prospective study with 22 years follow-up ,
those with a higher serum 25(OH) vitamin D had lower
chronic liver disease mortality. Among cirrhotic patients,
VDD was found to be an independent risk factor for
[43,45]
mortality
. With the increasing prevalence of obesity
and NAFLD-related cirrhosis, attention should be paid
to the cirrhotic patient with obesity. An association
between VDD and obesity has also been suggested.
Since vitamin D is a lipophilic molecule it is selectively
deposited in subcutaneous and visceral adipose tissue.
This sequestration leads to a reduction of its availability
[40,41,53,54]
for hydroxylation
. In addition, an independent
association was also observed between VDD and insulin
[55,56]
[57]
resistance
, the metabolic syndrome as a whole ,
and type 2 diabetes or prediabetes, after adjusting for
[55,56,58,59]
multiple confounders including BMI
. In contrast,
some studies failed to show such associations once
[60,61]
adiposity is adjusted for
or any significant association
between markers of insulin resistance and 25(OH)D
[62,63]
serum levels
. NAFLD by itself has been suggested
to be associated with VDD, but the independence of
this association from body fat mass is controversial. The
association between a diagnosis of NAFLD and lower
serum 25(OH)D levels compared to healthy controls was
[64-67]
demonstrated in several studies
, however, NAFLD
[64,65]
was biopsy-proven in only two of the studies
. In
addition, significantly higher levels of 25(OH)D were
observed among patients with steatosis compared to
[64,65]
patients with NASH
. In partial agreement, another
study, describing a sub-analysis of the NASH Clinical
Research Network (CRN) cohort, found that VDD was
independently associated with NASH and the presence
[68]
of fibrosis, but not with the degree of steatosis .
However, while most studies adjusted for BMI or waist
circumference, a study carefully adjusting for adiposity
(evaluated by dual-energy X-ray absorptiometry), sug
gests that there is no relationship between vitamin D
levels and the amount of liver fat (by Magnetic Reso
nance Spectroscopy and liver biopsy) or the severity of
[69]
NASH .
To summarize, a few possible mechanisms could
explain VDD among cirrhotic patients with obesity:
(1) NAFLD as the undelaying cause of cirrhosis; (2) Se
dentary lifestyle or long standing chronic illness leading
to reduced exposure to sunlight; (3) Consumption of
high-caloric “empty” foods, low in mineral and vita
min content; (4) Increased fat mass which enables
sequestration of vitamin D in the adipose tissue com
partment thus lowering plasma concentration; and (5)
Hepatocellular dysfunction in chronic liver disease which
may disturb the formation of the active metabolite of
vitamin D as well as vitamin D-binding proteins.
Due to the high prevalence of VDD among cirrhotic
patients, especially those with advanced disease, NAFLD,
[70]
or cholestatic liver diseases , it is reasonable to assess
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serum 25(OH)D levels . The main sources of vitamin
D are sunlight exposure, food naturally enriched or arti
ficially fortified with vitamin D, and oral supplements.
The adequate sunlight exposure is 5-15 min during
[40]
the daytime (10:00 AM-15:00 PM) on a daily basis .
However, after exposing healthy individuals with obesity
2
(BMI > 30 kg/m ) and matched lean control subjects
2
(BMI < 25 kg/m ) to whole-body ultraviolet radiation,
the subjects with obesity showed a 57% lower increase
in circulating concentrations of vitamin D3, 24 h after
[53]
irradiation . Vitamin D3 can be found abundantly in egg
yolk and oily fish (e.g. salmon, mackerel, tuna, sardines)
[40,49]
and vitamin D2 mainly in mushrooms
. Industrial
products such as bread, margarine, cereals, or milk may
be fortified with either vitamin D2 or vitamin D3. Oral
supplements may contain vitamin D2 or D3 depending
[40,49]
on the manufacturer and brand
. However, most
studies that have evaluated NAFLD and high-dose
vitamin D supplementation, failed to show improvement
[72,73]
in liver fat, NASH histology, or liver enzymes
. Oral
high-dose vitamin D supplementation administrated to
subjects with NAFLD and type-2 diabetes for 24 wk, did
not lead to significant change in hepatic steatosis, HOMA[74]
IR, or liver enzymes . Similarly, in a pilot prospective
study, administration of high-dose oral vitamin D3
supplementation (25000 IU/wk) for 24 wk to 12 noncirrhotic patients with biopsy-proven NASH resulted in
no significant impact on liver histology, liver enzymes,
[73]
insulin resistance, or adipocytokine profile . Conversely,
some studies, not specific for NAFLD but mostly prediabetic patients, demonstrated improvement in insulin
[75-77]
sensitivity with vitamin D supplementation
. Findings
are also conflicting with regard to the effect of vitamin D
supplementation in the case of advanced liver disease. In
a cohort of advanced decompensated cirrhotic patients
(Child-Pugh C, score of ≥ 10) randomly assigned to
vitamin D treatment or a control receiving standard care
and followed for 6 mo, the survival, as well as ChildPugh and MELD scores, were comparable between the
[48]
groups . Nevertheless, supplementation of high-dose
oral vitamin D resulted in several clinical improvements
such as an anti-depressant effect among patients with
[78]
chronic liver disease (mainly women) , and 60% risk
[79]
reduction for acute rejection among patients after LT .
In a Cochrane review of vitamin D supplementation for
chronic liver diseases in adults, including 15 randomized
[80]
clinical trials (RCT) with 1034 participants , vitamin D
supplementation had no beneficial or harmful effects on
all-cause mortality (OR = 0.69; 95%CI: 0.09 to 5.40),
and the authors concluded that there is no convincing
evidence that vitamin D supplementation has a thera
peutic impact in chronic liver disease.
There are no guidelines or clear recommendations
regarding vitamin D supplementation for cirrhotic pa
[49]
tients with obesity. One authoritative paper
recom
mended vitamin D status assessment in all patients with
chronic liver disease and initiation of supplementation
with 1000-4000 IU/d of vitamin D3 when 25(OH)D
levels are under < 50 nmol/L or < 20 ng/ml. The
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guidelines of a consensus workshop supported by the
British Association for the Study of the Liver and the
British Liver Trust, recommends supplementation of
1 g calcium and 800 IU/D vitamin D to patients with
chronic liver disease (especially patients with cirrhosis or
severe cholestasis) as a general preventive treatment for
[81]
osteoporosis along with adequate nutrition monitoring .
The European Association for the Study of the Liver
(EASL) recommendation includes supplementation with
calcium (1000-1200 mg/d) and vitamin D (400-800 IU/d)
in all patients with cholestatic liver disease for bone loss
[70]
reduction, although the evidence to support this is low .
Interestingly, in a small study of NAFLD patients, daily
supplementation with 2000 IU cholecalciferol for 6 mo did
not correct hypovitaminosis D in the majority of patients
with NASH compared to those with steatosis, thus a
higher dose may be needed in NASH or NASH-cirrhosis
[82]
patients but this finding needs further confirmation .
Vitamin E (tocopherol) is an inexpensive and welltolerated molecule with antioxidant properties. In vitro
and animal studies have shown that vitamin E amelio
[83]
rates liver necrosis and fibrosis , and prevents hepatic
[84]
stellate cell activation . Relevantly for patients with
obesity and liver disease, high-dose (800 IU/d) longterm (24 mo) vitamin E treatment among nondiabetic
NASH patients led to improvement in NASH versus
placebo but not fibrosis. However, cirrhotic patients were
[85]
excluded from this RCT , and thus vitamin E cannot
be recommended for NASH-cirrhosis or cryptogenic
[86]
cirrhosis patients . Vitamin E status, expressed as
serum vitamin E/total serum cholesterol ratio, is lower
among patients with primary biliary cholangitis and pri
mary sclerosing cholangitis compared to patients with
either cryptogenic or alcoholic cirrhosis, probably due to
[87]
reduced gastrointestinal absorption . Indeed, a reduced
concentration of vitamin E and low vitamin E/total cho
lesterol ratio has been demonstrated in 44% and 64%
of patients with primary biliary cholangitis and 32%
and 43% of patients with other chronic cholestatic liver
diseases, respectively. Serum vitamin E concentration
and vitamin E/total cholesterol ratio were restored to
normal by oral or intramuscular supplements of the vita
min, but not in patients with severe deficiency of vitamin
E (less than 5 μmol/l and less than 1 μmol/mmol
[88]
total cholesterol) . Generally, carotenoids, as well as
tocopherols, are major natural protective agents against
free radical-mediated liver damage. Interestingly, it
has been demonstrated that patients with cirrhosis (of
mixed etiologies) have extremely low hepatic levels of
carotenoids and tocopherols, compared with controls,
[89]
even in the presence of normal serum levels . Similarly,
retinol, a-tocopherol, and carotenoid plasma levels in
patients with chronic cholestatic liver disease (primary
biliary cholangitis and primary sclerosing cholangitis)
were demonstrated to be significantly lower compared
to the general population, despite comparable nutritional
intake, suggesting a role for the malabsorption of fat[38]
soluble vitamins . Clinical manifestations of vitamin
E deficiency may include increased platelet aggre
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gation, decreased red blood cell survival, hemolytic
anemia, decreased serum creatinine with creatinuria,
[37]
and neuronal degeneration , but these are not com
[38,87,88]
mon
.
Zinc is the second most prevalent trace element in
the body, playing a central role in several metabolic,
anti-inflammatory and immune response pathways,
with more than 300 enzymes having zinc ions within
[90]
their catalytic domains . Dietary zinc is prevalent in
foods which are rich in protein (i.e. red meat, lamb,
pork, oysters, etc.) and its absorption can be inhibited
by high consumption of foods rich in phytate, certain
[91,92]
dietary fibers, and calcium
. The recommended
dietary allowance (RDA) of zinc is 8 mg/d for women and
[93]
13 mg/d for men over 19 years old . The liver is the
main organ of zinc metabolism, however, in chronic liver
disease, metabolism is altered by inadequate dietary
intake, protein and amino acid metabolism alterations,
diminished hepatic extraction, portosystemic shunts,
impaired absorption (mostly in advanced liver disease),
[90,94]
and an increase in various inflammatory cytokines
.
Moreover, cirrhosis is a catabolic state resulting in muscle
catabolism leading to increased zinc loss in the urine.
This urinary loss of zinc is aggravated by the prevalent
[95]
use of diuretics in order to treat edema and ascites .
Zinc deficiency has many clinical implications in cirrhotic
patients. One of the major complications in cirrhotic
patients is HE, presented in 30%-40% of the patients as
overt encephalopathy (OHE) and in 60%-80% as mild
cognitive dysfunction (minimal hepatic encephalopathy,
[96]
MHE) . Zinc deficiency results in impaired nitrogen
metabolism due to the reduced enzymatic activity of
urea cycle enzymes and decreased muscle glutamine
synthesis. Furthermore, zinc levels were found to be
[97,98]
negatively correlated with ammonia serum levels
.
These impaired metabolic pathways can be corrected by
supplementing zinc. In a small preliminary double-blind,
placebo-controlled trial among patients with cirrhosis,
hyperammonemia, and hypozincemia, zinc acetate
preparation at a dose of 150 mg/d for 3 mo decreased
[99]
[100]
blood ammonia levels . Indeed, Marchesini et al
demonstrated in patients with advanced cirrhosis, that
long-term treatment with zinc supplementation ac
celerated and improved hepatic conversion of amino
acids to urea compared with matched controls receiving
standard treatment. This biochemical improvement was
associated with a clinical improvement measured by the
performance in psychometric tests and Child-Pugh score.
Similar results were observed in an RCT comparing
zinc supplementation on top of standard treatment
vs. standard treatment alone (protein-restricted diet,
branched-chain amino acids, and lactulose) for 6 mo.
Zinc supplementation improved the physical component
scale and neuropsychological tests and decreased HE
[101]
grade, Child-Pugh score and blood ammonia levels .
A significant improvement in neuropsychological tests
and Child-Pugh score along with ammonia was also
reported in patients with only MHE after 3 mo of lactu
lose, antioxidant and zinc therapy vs lactulose therapy
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[102]

alone . Additionally, zinc is a crucial co-factor in the
process of wound healing since it activates the synthesis
of collagen and metabolism of nucleic acids. Thus,
zinc is an essential factor in the restoration of liver par
enchyma after liver injury or resection and is required
[90,103]
in large amounts over a short period of time
. In
terms of clinical signs for zinc deficiency, skin lesions
are very prominent, usually an erythematous rash
or scaly plaques. A unique manifestation is necrolytic
acral erythema (NAE), associated with zinc deficiency
[104]
in patients with HCV infection
, expressed on the
dorsal aspects of the feet and extending to the toes.
The treatment of NAE must combine oral zinc supple
mentation and HCV eradication. For more than 70 years,
hypozincemia has also been associated with impaired
night vision, initially in alcoholic cirrhosis and later on
[103]
in various liver cirrhosis etiologies . Importantly, one
of the disturbing manifestations of zinc deficiency is
an alteration in taste and smell. This may further ex
acerbate malnutrition due to reduced intake in the
[37,105,106]
cirrhotic patient
. According to expert opinion,
zinc supplementation can be administrated as a longterm treatment or at least until zinc blood level is within
normal range with a recommended dose of 50 mg ele
mental zinc (220 mg zinc sulfate) once daily, in order to
[37,103]
avoid copper malabsorption
.
Magnesium is one of the most prevalent intracellular
cations, secondary only to potassium. It has been de
monstrated that chronic alcohol consumption impairs
magnesium homeostasis affecting the brain, skeletal
[107]
muscles, heart, and liver . In addition, alcohol abuse
can decrease nutritional intake and increase excretion
[107]
of magnesium by an indirect effect on renal tubules .
Other factors that might lead to hypomagnesemia in
cirrhotic patients are the poor absorption of magnesium
in the distal jejunum, exacerbation of magnesium urinary
excretion due to elevated aldosterone, growth hormone,
and glucagon blood levels, and chronic administration of
[108]
loop diuretics . The association between magnesium
serum levels and the presence of cirrhosis or its severity
is questionable. Two studies have found that magnesium
concentration was not significantly different between
patients with and without liver cirrhosis and no significant
[109,110]
correlation was found with the Child-Pugh score
.
One study found magnesium levels were significantly
lower in cirrhotic patients compared to controls, but
there was no difference between compensated and de
[111]
compensated patients
. Conversely, another study
demonstrated a negative correlation between serum
magnesium and Child-Pugh score, and lower levels of
magnesium among patients with cirrhosis compared
[112]
to controls . This disagreement can result from the
different disparity of etiologies for the liver disease.
[112]
Nangliya et al
reported that the prevalence of alcoholic
[110]
liver disease was over 40%, however, Agarwal et al
excluded chronic alcohol abuse. Another explanation is
that magnesium is a cellular cation and perhaps its serum
level does not reflect its true concentration. Koivisto et
[113]
al
argued that serum magnesium concentrations
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may be normal despite intracellular depletion and that
a true estimation of magnesium depletion is through a
magnesium loading test, since magnesium uptake is
increased in the condition of magnesium depletion. In
their study, 10 cirrhotic patients were compared to six
healthy controls. No difference was found between preloading magnesium levels, but the uptake of magnesium
(calculated as the delta between the IV administered
dose and the amount excreted in 24-h urine) was more
than four-fold higher among cirrhotics compared to
[113]
controls . Due to scarce data and conflicting evidence,
there are no clear clinical practice recommendations
regarding magnesium supplementation in cirrhotic
patients.
While all patients with chronic liver disease are at
risk for depletion of various fat-soluble, water-soluble
vitamins and trace elements, the most well-recognized
micronutrient deficiencies related to alcohol overuse
are vitamin B12 (cyanocobalamin), vitamin A, vitamin
D, thiamine (B1), folate (B9), pyridoxine (B6), and
[114,115]
zinc
. Following supplementation, when needed, an
annual check-up once stable levels are achieved may be
[116]
recommended . Administration of B-complex vitamins
such as thiamine, folate, and pyridoxine is needed
[114]
to prevent Wernicke encephalopathy
, Korsakoff’s
[116]
syndrome, megaloblastic anaemia and neuropathies .
Moreover, and regardless of the etiology of cirrhosis,
a consensus paper by the International Society for
Hepatic Encephalopathy and Nitrogen Metabolism
stated that since vitamin status is not easily assessed
and since multivitamin supplementation is cheap and
generally safe, use of short-term (2-wk course) oral
vitamin supplements could be justified in patients with
decompensated cirrhosis or at risk of malnutrition, and
clinically apparent vitamin deficiencies should be treated
[117]
specifically .

PROTEIN AND CALORIE INTAKE
IN PATIENTS WITH OBESITY AND
CIRRHOSIS
Decreased muscle mass and function are more pre
valent among cirrhotic patients with either MHE or
OHE compared to no HE, and protein malnutrition is
an independent risk factor for both OHE (OR = 3.4;
95%CI: 1.4-6.9; p < 0.001) and MHE (OR = 2.15;
[118]
95%CI: 1.1-4.1; p = 0.002) . In the late 90s, the
recommendations for caloric intake were near-normal
for patients with well-compensated liver cirrhosis
[25-35 kcal/(kg•d)] and up to 30-40 kcal/(kg•d) in
[119]
malnourished or critically ill cirrhotic patients . The
ESEPEN currently recommends a daily caloric intake of
35-40 kcal/(kg•d) for all cirrhotic patients regardless
of their liver disease etiology or degree of liver function
[120]
compensation , without a specific reference for cirrhotic
patients with obesity, which may still be malnourished.
However, weight loss should be encouraged in pa
tients with obesity and well-compensated cirrhosis,
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Table 2 Nutritional recommendations for cirrhotic patients with obesity
Nutrient

Recommendation

1

Daily energy intake[117]

2

Protein intake[119]
Micronutrients
Fiber
3

25-35 kcal/(kg•d) in patients with BMI 30-40 kg/m2
20-25 kcal/(kg•d) in patients with BMI > 40 kg/m2
1.2-1.5 g/(kg•d)
Identify and correct micronutrient deficiencies
25-45 g/d

1

The recommended dietary pattern is for small, frequent meals evenly distributed throughout the day (every 3-6 h) with a late evening snack containing at
least 50 g of complex carbohydrate. 2Vegetable-protein based diets can also be beneficial in terms of caloric and fiber intake among overweight patients with
cirrhosis who are attempting to lose weight. In addition, plant-based proteins are rich in branched-chain amino acids (BCAA)[117,127,128]. 3Cirrhotic patients
with obesity are at high risk for depletion of various fat-soluble, water-soluble vitamins and trace elements and should be supplemented appropriately.
BMI: Body mass index.

nevertheless, over-restriction will result in endogenous
muscle breakdown. Indeed, in later guidelines, Amodio et
[117]
al
recommend careful monitoring alongside increased
physical activity and caloric intake of 25-35 kcal/(kg•d) in
2
patients with obesity (30-40 kg/m ) and not less than
20-25 kcal/(kg•d) in patients with morbid obesity (>
2
40 kg/m ). The recommended dietary pattern is for
small, frequent meals evenly distributed throughout the
day (every 3-6 h) with a late evening snack containing at
[117]
least 50 g of complex carbohydrate .
The attitude toward daily protein intake has also
changed. In the past, the daily protein intake of cir
rhotic patients was tightly restricted to less than
0.8 g/(kg•d) due to concerns about the increased risk
for HE. However, the tolerance of proteins in cirrhotic
patients has been shown to be higher than previously
[117,121]
believed
, and the importance of substantial daily
protein intake for sustaining adequate muscle mass
[117]
is becoming more and more clear
. Córdoba et
[121]
al
showed that administration of a low-protein diet
[0.5 g/(kg•d)] worsened HE and exacerbated protein
breakdown compared to a daily protein intake of 1.2
g/(kg•d).
Currently, the recommended daily protein intake is
[120]
1.2-1.5 g/(kg•d) . For cirrhotic patients with obesity,
a moderately hypocaloric diet must include an adequate
amount of proteins [1.2-1.5 g/(kg•d)] in order to ac
complish weight loss without muscle or lean mass dep
[117]
letion . In cirrhotic patients, there is variable tolerance
to different dietary proteins according to their source.
Some uncontrolled studies have shown a better tolerance
to vegetable proteins over meat proteins and to dairy
[122-124]
proteins over mixed source proteins
. Interestingly,
a 14-d casein-vegetable, high-protein, high-calorie
diet was shown to improve mental performance and
to decrease ammonia levels in 150 patients with overt
[125]
HE . The advantages of vegetable proteins may stem
from the fact that they are rich in dietary fiber with
prebiotic properties, which result in decreased transit
time and intraluminal pH leading to increased fecal
ammonia excretion. Moreover, vegetable proteins are rich
in ornithine and arginine, that can facilitate clearance of
[126,127]
ammonia through the urea cycle
. Vegetable-protein
based diets can also be beneficial in terms of caloric and
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fiber intake among overweight patients with cirrhosis
who are attempting to lose weight. In addition, plantbased proteins are rich in branched-chain amino acids
[117,128,129]
(BCAA)
. In hepatic decompensation, there is a
shift toward aromatic amino acids (AAA) (phenylalanine,
tyrosine, and tryptophan) rather than BCAAs (isoleucine,
leucine, and valine), however, AAA are assumed to cross
the blood-brain barrier, act as false neurotransmitters,
[130,131]
and induce HE
. BCAA supplementation can induce
tolerability to meat protein and enable adequate protein
[132]
intake
. Moreover, substituting meat with dairy or
vegetable proteins along with BCAA supplements is
[117]
better than reducing total proteins intake
. In a
meta-analysis of 16 RCTs, BCAAs were found to have
a beneficial effect on HE compared to placebo or best
supportive care (diet, lactulose, or neomycin), however,
no conclusions could be drawn regarding nutritional
[133]
effects . General nutritional recommendations in the
cirrhotic patients with obesity are summarized in Table 2.

BARIATRIC SURGERY-INDUCED WEIGHT
LOSS IN PATIENTS WITH OBESITY
AND CIRRHOSIS: INDICATIONS AND
CONTRAINDICATIONS
In recent years, parallel to the rapid and sharp increase
[134]
in the prevalence of obesity
, bariatric surgery has
reached a rapid and deep penetration, as it is the
only therapeutic means leading to long-term weight
loss with consequent improvement of obesity-related
[135]
comorbidities and patients’ quality of life . NAFLD has
become an extremely frequent condition in recent years
[136]
due to the obesity epidemic . While NAFLD includes
a spectrum of histologic features ranging from simple
liver steatosis to steatohepatitis (NASH), liver fibrosis
has been shown to be the main determinant of mortality
[137,138]
linked to NASH in the long-term
. Obesity has been
shown to be associated with an increased risk of primary
liver cancer in several large epidemiological studies.
Potential mechanisms responsible for this increased risk
[139]
include the occurrence of NAFLD and type 2 diabetes .
Furthermore, there is evidence that the probability of
clinical decompensation of liver cirrhosis is significantly
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increased in the presence of obesity compared to
[140]
overweight and lean subjects .
As a consequence, LT surgeons are faced more and
more frequently with candidates for LT with morbid
[141]
obesity
. Traditionally obesity has been considered
a main risk factor for postoperative morbidity and mor
tality in the context of major and complex surgical pro
[142,143]
cedures
. However, obesity is a heterogeneous
disease including different conditions sharing a common
denominator represented by an increased BMI. Indeed,
there is clear epidemiological evidence that the presence
of obesity has a protective effect against postoperative
mortality and morbidity in the range of BMI below
2
35 kg/m . This phenomenon, known as the obesity
paradox, has been attributed to the increased reserve
of energy due to obesity that may confer an advantage
in a condition of stress such as that after a major sur
[144]
gical procedure . Furthermore, the presence of meta
bolic syndrome, which is associated with obesity but
not obesity alone, is significantly associated with an
increased risk of postoperative morbidity and mortality
after major abdominal surgery. In spite of this, in many
LT centers the presence of obesity, defined only on the
2
basis of a BMI above 35 or 40 kg/m , is considered as
[145]
a contraindication to LT
. Interestingly, the use of
simple diagnostic tools such as anthropometric measures
that include the psoas muscle diameter and visceral
fat measure coupled with the presence of metabolic co
morbidities may help to identify suitable candidates for
LT among individuals with obesity without the need for
[146,147]
massive weight loss
.
Losing weight before LT remains an important goal
but there is no consensus on how best to achieve it,
especially in patients with obesity and cirrhosis. Many
non-surgical methods can be used to allow patients
to reach the desired BMI and be finally listed for LT,
including increased physical activity, diet, and behavioral
[33]
therapy as well as intragastric balloon . Spengler et
[33]
al
recently suggested the use of diet and lifestyle
modifications in patients with compensated cirrhosis. For
patients with compensated cirrhosis, bariatric surgery
[145-147]
has also been proposed in preparation for LT
.
Although this strategy may seem legitimate, bariatric
surgery may lead to severe postoperative complications
that a patient with a compromised liver function may
not tolerate. Indeed, only patients with compensated
cirrhosis are potential candidates for bariatric surgery as
mortality in patients with decompensated cirrhosis would
[148]
be inacceptable . There is also evidence that bariatric
surgery is associated with a significantly lower morbidity
and mortality if an LT program is also present in the
same hospital. This underlines the complexity of the
patients that need multidisciplinary care from specialists
in both hepatology and bariatrics.

surgery-induced weight loss may increase the candidacy
for LT, only patients with compensated liver cirrhosis are
potential candidates to bariatric surgery because the risk
of mortality is too high in the setting of decompensated
[148]
cirrhosis
. The primary indication for LT in patients
with a conserved liver function is represented by HCC.
While international guidelines for access to bariatric
surgery include a disease-free interval of at least five
years after the radical treatment of any malignancy, a
different strategy to access a curative treatment such
as LT for this specific category of patients seems to be
legitimate. Only patients with the best chances of longterm survival should then be selected for this ambitious
therapeutic strategy, which includes bariatric surgery to
lose weight and control metabolic comorbidities followed
by LT. Endovascular and/or percutaneous interventional
radiology techniques should be concomitantly used to ob
tain temporary local control of HCC. Several preoperative
[149]
scores such as the alpha-fetoprotein score , the Milan
criteria, and Metroticket 2.0 may be useful tools to guide
the selection of patients in order to obtain long-term
survival rates after LT comparable to those obtained for
[150]
patients with non-tumoral disease .
The option of performing bariatric surgery after LT
offers several advantages including normal liver func
tion with normal prothrombin time, the restoration of
normal portal pressure, the possibility to optimize the
nutritional status and the choice of procedure in relation
to the presence or absence of metabolic syndrome. The
presence of adhesions linked to transplantation is not a
formal contraindication to the laparoscopic approach nor
[151]
is the use of immunosuppressive drugs .
As obesity recurs often after LT, affecting the
graft with NASH recurrence and patient survival with
metabolic comorbidities, some authors evoked the se
ducing possibility of performing a bariatric procedure,
namely sleeve gastrectomy (SG), at the same time as the
[152]
LT . However, a panel of argument still stands against
this policy, these include: the potentially disastrous
consequences of the most feared complication of SG,
a leak at the top of the staple line in the setting of im
munosuppressive treatment in a freshly transplanted
patient; the reduced amount of calories that the trans
planted patient would be able to assume with the diet
spontaneously for several months after surgery; the
impact of the two procedures on the body composition
with the risk of excessive fatty free mass loss.

The choice of procedure

The presence of portal hypertension may render any
bariatric procedure difficult and lead to life-threatening
bleeding. The choice of the procedure should then
take into account the risk of bleeding. A transjugular
intrahepatic portosystemic shunt (TIPS) may be con
sidered in patients with signs of portal hypertension such
as platelets below 100000, a large spleen on CT scan,
the presence of collateral circulation on the abdomen or
on CT scan and esophageal varices. In case of doubt,

The timing of surgery

The timing of bariatric surgery in LT candidates is im
perative. While it has been suggested that bariatric
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Table 3 Main factors involved in the choice of the bariatric procedure in the setting of liver transplantation
Factors to consider
Bleeding risk of bleeding1
Endoscopic access to the biliary tree
Risk of portal vein thrombosis
Risk of bariatric surgery induced liver failure
Absorption of immunosuppressive drugs
Etiology of liver cirrhosis (NASH vs others)

SG

RYGB

Increased
Conserved
Increased
Absent
Poorly affected
Effective

Low
Impossible
Not affected
Low
Decreased
Very Effective

1

Consider measuring of portal pressure and use of transjugular intrahepatic portosystemic shunt in case of bariatric surgery before liver transplantation.
SG: Sleeve gastrectomy; RYGP: Roux-en-Y gastric bypass; NASH: Non-alcoholic steato hepatitis.

a direct measure of the portal pressure should be ob
tained. It should be considered that in the case of large
spontaneous portosystemic shunts (larger than 1 cm),
the TIPS might be inefficacious. The possibility to access
the biliary tree endoscopically after LT should also be
considered. Procedures with an intestinal bypass definitely
limit the endoscopic access to the bile duct. Furthermore,
some patients may need a biliodigestive reconstruction
on a Roux-en-Y loop that should be then fashioned in
addition to the intestinal bypass of the bariatric pro
cedure. There is a risk of portal vein thrombosis in any
abdominal procedure and bariatric surgery has been
shown to increase this risk. The potential risk of liver
complications due to the intestinal bypass is another
point that needs attention. It is well recognized that
bariatric procedures including an intestinal bypass may
lead to liver failure. Although the mechanisms underlying
this complication have not been completely elucidated,
the abnormal intestinal microbiota derived from bacterial
overgrowth may cause intestinal permeability defects
that expose hosts to noxious gut-derived factors such
as bacterial lipopolysaccharide, other toll-like receptor
[153]
ligands, and toxic bile acids . Interestingly, most, if
not all, cases of liver failure reported in the literature
include patients with a biliopancreatic diversion, in which
the length of the bypassed intestine is very long, and
the jejuno-ileal bypass, whereas only a few cases of
liver failure in patients with Roux-en-Y gastric bypass
[154]
(RYGP) have been reported . The jejuno-ileal bypass
was proscribed several decades ago and nowadays the
Scopinaro’s procedure is rarely performed. This is in line
with the hypothesis that an altered microbiota may be
a major determinant of increased intestinal permeability
as the more distal is the bypass the more altered is the
intestinal flora.
The absorption of immunosuppressive drugs should
also be considered when choosing the most appropriate
bariatric procedure. The absorption of drugs may not
only be altered by the presence of an intestinal bypass
but also by the changes in the intestinal pH linked to the
[155]
suppression of hydrochloric acid secretion . Finally, the
etiology of liver disease (namely NASH vs viral infections
and alcohol abuse), the presence of metabolic syndrome,
and NASH recurrence on the graft in cases of patients
that have already been transplanted are key factors to
consider when choosing the type of bariatric procedure.
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The three most common bariatric procedures cur
rently performed worldwide are laparoscopic adjustable
gastric banding (LAGB), the SG, and RYGP. Several
factors are involved in the choice of the bariatric pro
cedure in the setting of LT (Table 3). Although the LAGB
has the advantage of being the easiest procedure with
the lowest risk of bleeding, it also has the worse results
in terms of weight loss with the highest rate of failure.
Furthermore, the presence of foreign material around
the mesogastric junction, especially in patients with
esophageal varices, may cause problems. The SG is
[156,157]
currently the most performed procedure
that
offers several advantages, including the fact that no
intestinal bypass is done, leaving the whole digestive
tract accessible to endoscopic exploration, avoiding
intestinal bypass related interference with the absorption
of immunosuppressive drugs, and leaving the possibility
to fashion a Roux-en-Y loop in the event of biliary com
plications after LT or in cases where a biliodigestive
reconstruction is indicated such as in primary biliary
cholangitis. However, in cases of portal hypertension,
the division of the greater curvature vessels may expose
to the risk of bleeding especially if portal pressure is
increased and no TIPS has been put in place. Bleeding
may be then difficult to control and should be feared as
a life-threatening complication. The use of buttressing
material for the division of the stomach may reduce
significantly the risk of bleeding in these patients and
[158]
should be used .
Of note is also the fact that the SG is followed by an
extreme decrease in hydrochloric acid secretion, resulting
in an altered pH, which may consequently interfere
[155]
with immunosuppressive drug absorption . Although
short and medium-term results of SG on weight loss
and control of metabolic syndrome indicate equivalent
[159]
efficacy between the SG and the RYGP
, long-term
results of SG are still too scarce to drive definite con
clusions on the equivalence of efficacy between the two
[160]
procedures, especially in a NASH setting .
The RYGP has the advantage of a reduced risk of
bleeding, as only the lesser curvature of the stomach,
where bleeding may occur, needs to be dissected before
gastric division. It is also more effective against metabolic
complications of obesity that may be either present
[161]
before or after LT . Strong evidence in support of the
preventive effect of RYGP against the occurrence of type
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[162,163]

2 diabetes has come from several studies
. Recently
[164]
Safwan et al
reported a series of 11 patients with
a previous history of bariatric surgery that underwent
LT and showed that biliary complications could be suc
cessfully addressed with a second Roux-en-Y loop in
patients with an RYGP. One additional technical point
concerns the use of the endoluminal tube to guide the
shaping of the gastric pouch or sleeve. If the preoperative
endoscopy has shown the presence of esophageal
varices, in spite of appropriate endoscopic eradication,
the orogastric tube may eventually injure the varices
causing bleeding. For this reason, it should be better
avoided as far as possible especially in patients with
a low prothrombin time and platelet count. SG is also
associated with an increased risk of portal thrombosis
[165]
compared to RYGP in non-cirrhotic patients . This may
be a further concern, as liver cirrhosis is a risk factor
for portal thrombosis in itself. The occurrence of portal
thrombosis may further complicate the access to LT.
The risk of dumping syndrome and hyperinsulinemic
hypoglycemia may be further concerns of the RYGP.
In conclusion, with all of the potential that bariatric
surgery has candidates to LT with morbid obesity, welldesigned studies are still necessary to gain widespread
acceptance from clinicians. Several points need to be
clarified, including the most appropriate methods for
accurate patient evaluation and selection, the optimal
surgical procedure and its timing to maximize the efficien
cy of bariatric surgery in liver recipients with obesity. Only
when this research is furthered to the point where the
effectiveness of bariatric surgery is no longer in doubt,
the latter will be included in the care of liver recipients
with obesity for mainstream use. In the meantime, the
policy of a case-by-case discussion involving a multi
disciplinary team, including hepatologists and both LT
and bariatric surgeons, seems to be justified.
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CONCLUSION
With the recent epidemic of obesity, the coexistence of
liver cirrhosis and obesity has become very frequent.
The complex interplay between obesity and the liver
especially in the setting of liver cirrhosis is a formidable
challenge for current medicine that goes from the
prevention of liver complications of obesity, screening
for these complications in patients at risk to the man
agement of patients with sarcopenia and end-stage liver
disease. Bariatric surgery has shown promising results
although evidence is still scarce.
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The clinical outcome of Hepatitis B Virus (HBV) infection
depends on the success or failure of the immune
responses to HBV, and varies widely among individuals,
ranging from asymptomatic self-limited infection, inactive
carrier state, chronic hepatitis, cirrhosis, hepatocellular
carcinoma, to liver failure. Genome-wide association
studies (GWAS) identified key genetic factors influencing
the pathogenesis of HBV-related traits. In this review,
we discuss GWAS for persistence of HBV infection,
antibody response to hepatitis B vaccine, and HBV-related
advanced liver diseases. HBV persistence is associated
with multiple genes with diverse roles in immune mecha
nisms. The strongest associations are found within the
classical human leukocyte antigen (HLA) genes, high
lighting the central role of antigen presentation in the
immune response to HBV. Associated variants affect
both epitope binding specificities and expression levels
of HLA molecules. Several other susceptibility genes
regulate the magnitude of adaptive immune responses,
determining immunity vs tolerance. HBV persistence and
nonresponse to vaccine share the same risk variants,
implying overlapping genetic bases. On the other hand,
the risk variants for HBV-related advanced liver diseases
are largely different, suggesting different host-virus
dynamics in acute vs chronic HBV infections. The findings
of these GWAS are likely to pave the way for developing
more effective preventive and therapeutic interventions by
personalizing the management of HBV infection.
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certain viral genotypes (e.g., genotype C in comparison
to genotype B), high viral load, early-life (perinatal and
childhood) infections, male sex, host genetic factors
(e.g., HLA class Ⅱ homozygosity), suppressed immune
status, co-existing metabolic diseases, and exposure
to hepatotoxic substances (e.g., aflatoxin, alcohol)
[7,10]
are associated with worse prognosis
. A complete
understanding of these factors is crucial for developing
more tailored and effective preventive and therapeutic
interventions to reduce the burden of HBV-related
complications.
The contribution of host genetic factors to the vari
ation in HBV infection outcomes was most notably eviden
[11]
ced by twin studies , which reported higher concordance
rates in monozygotic twins than in same-sex dizygotic
[12]
twins for HBV carrier status and for antibody titers in
[13,14]
response to hepatitis B vaccine
. The host genetic
factors were investigated in association studies whereby
the frequencies of genetic variants were compared be
tween case and control groups, using candidate gene and
[15-18]
whole genome approaches
. Candidate gene studies
focused on polymorphisms in immunologically relevant
genes, especially the classical human leukocyte antigen
[19-21]
(HLA) genes
. HLA genes encode the molecules that
present antigens to T lymphocytes, and polymorphisms
in these genes may alter the specificity and strength of
antigen binding, affecting the T cell-mediated immune
responses. In accordance with this paradigm, HLA typing
studies found an ample amount of HLA allelic variations
[15]
associated with the clinical outcomes of HBV infection .
However, the associations reported in these studies were
largely inconsistent, even within the same ethnicity,
with few exceptions. The validity of these studies were
undermined by inappropriately small sample sizes, lack
of replication in an independent cohort, ambiguous
allele assignments, genotyping confined to only one or
two exons that show the highest genetic variability, low
[11,15]
population coverage, and weak statistical evidences
.
The development of high-throughput genotyping
technologies (e.g., microarrays) and the construction of
a detailed map of common genetic polymorphisms in
humans enabled genome-wide investigation of genetic
variants for association to complex traits and diseases. In
contrast to candidate gene-based studies, genome-wide
association studies (GWAS) test hundreds of thousands
to millions of common SNPs across the genome, provi
ding an unbiased method to investigate genetic risk loci,
and allowing the discovery of novel disease-relevant
genes. Several GWAS were conducted to identify the
risk loci that predisposes to persistence of HBV infection,
non-response to hepatitis B vaccine, and progression of
liver disease in chronic HBV infections. In this review, we
discuss the findings of these GWAS, and we emphasize
how GWAS has driven the research on the genetic basis
of variability in HBV-related pathologies.

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

Core tip: Genome-wide association studies (GWAS) have
proven to be very useful in uncovering the host gene
tic factors that influence the clinical outcomes of hepa
titis B virus (HBV) infection. Both classⅠ and class Ⅱ
human leukocyte antigen (HLA) genes were implicated
in persistence of HBV infection; associated variants
affected antigen-binding specificities and expression
levels of HLA molecules. HBV persistence and vaccine
nonresponse were associated with the same HLA-DP allo
types, suggesting a critical role for the surface antigen
in HBV pathogenesis. These findings might be exploited
for development of potent vaccines based on alternative
epitopes. GWAS for HBV-related pathologies identified
many other immune-related genes, and provided genetic
markers to detect the individuals at high risk for HBVrelated diseases.
Akcay IM, Katrinli S, Ozdil K, Dinler Doganay G, Doganay L.
Host genetic factors affecting hepatitis B infection outcomes:
Insights from genome-wide association studies. World J
Gastroenterol 2018; 24(30): 3347-3360 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i30/3347.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i30.3347

INTRODUCTION
Hepatitis B virus (HBV) is the most common viral path
ogen of the human liver, and is a prominent cause of
acute and chronic hepatitis, liver failure, cirrhosis and
hepatocellular carcinoma (HCC). Around 257 million
people, or 3.5% of the global population, are estimated
[1]
to have chronic HBV infection , and more than 800 thou
sands people lose their life annually due to HBV-related
[2]
complications . Perinatal and childhood infections are
very common in regions with high endemicity, and mostly
result in life-long persistence, whereas infections at
[3]
adulthood are mostly self-limited . Chronic HBV carriers
are at a high risk of developing end-stage liver diseases,
[4]
such as cirrhosis and HCC . Indeed, HBV infection is
responsible for 27% of cirrhosis and 53% of HCC cases
[5]
worldwide . Hepatitis B vaccine effectively prevents new
infections, while antiviral medicines suppress progression
of HBV-related liver damage. However, vaccination, safe
healthcare practices, and access to treatment do not
have full population coverage, and HBV infection still
[6]
remains a major public health problem .
HBV is generally considered to be non-cytopathic
per se; the liver injury associated with HBV infection is
immune-driven. The clinical outcome of HBV infection
varies greatly among individuals, ranging from asymp
tomatic self-limited infection, inactive carrier state, chronic
hepatitis to end-stage liver diseases with life-threatening
[3,7-9]
complications
. Viral, host and environmental factors
affect these outcomes. Viral core/pre-core mutations,
WJG|www.wjgnet.com
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Figure 1 Associations within the human leukocyte antigen locus identified by genome-wide association studies for hepatitis B virus-related traits. GWAS
hits for HBV-related pathologies are concentrated on the HLA region. Top SNPs in each GWAS are demonstrated in rows in the chronological order of publication; red
for HBV persistence, green for Hepatitis B vaccine non-response, and blue for advanced HBV-related liver diseases. The nearest genes for the identified SNPs are
colored in red; HLA-A and HLA-B are also marked. GWAS: Genome-wide association studies; HLA: Human leukocyte antigen; HBV: Hepatitis B virus; SNPs: Single
nucleotide polymorphisms.

susceptibility to HBV infection persistence was performed
[22]
in a Japanese population, and published in 2009 .
Seven hundred and eighty-six chronic hepatitis B (CHB)
cases and 2201 HBsAg seronegative controls were used
in the discovery phase. This GWAS detected significantly
associated SNPs within the HLA-DP locus. rs3077 in HLADPA1 3’UTR and rs9277535 in HLA-DPB1 3’UTR were
selected, and further replicated in independent Japanese
[22]
and Thai samples . The same group employed a
second GWAS using additional Japanese case-control
samples where they confirmed the associations of
HLA-DP variants, and, additionally, detected significant
[23]
associations around the HLA-DQ locus . The HLADQ SNPs, rs2856718 and rs7453920, were not in LD
with the HLA-DP SNPs, and their associations remained
significant after adjusting for the effect of rs9277535.
These findings revealed that HLA-DP and HLA-DQ
variants were independently associated with chronic HBV
infection. rs2856718 tagged an LD block comprising
HLA-DQA1 and HLA-DQB1, which produce the functional
HLA-DQ molecules. rs7453920 was located in HLADQB2, which, along with HLA-DQA2, is thought to
be nonfunctional. The association of rs7453920 with
[24]
functional HLA-DQ alleles was shown later .
Additional GWAS for HBV persistence were performed
[25]
[26]
[27]
in Japanese , Korean , Han Taiwanese , and Han
[28-30]
Chinese populations
(Table 1, Figure 1). These GWAS
repeatedly mapped the strongest signals within the
HLA-DP and/or HLA-DQ loci, replicating the associations
of rs3077, rs9277535, rs7453920 and rs2856718.
Furthermore, independent studies genotyping the same
SNPs validated these associations with high consistency
[31-39]
in diverse Asian populations, including Chinese
,
[40]
[41]
[42]
Japanese , Thai , Indonesians , Tibetans and Uygurs
[43]
(Asian-Caucasian mix) . A meta-analysis of 62050
subjects from 29 case-control studies, mostly from
Asian populations, further validated the associations of
[44]
rs3077 and rs9277535 . Replication studies were also

WJG|www.wjgnet.com

conducted in non-Asian populations, including Caucasians
[45]
[46]
in Germany , European Americans, African Americans ,
[47]
Saudi Arabians population , and multiethnic Argentine
populations (Native American-European Caucasian
[48]
mix) . With few exceptions and inconsistencies, probably
due to different allele frequencies and LD structures in
these populations, the associations of HLA-DP (rs3077 and
rs9277535) and HLA-DQ (rs7453920 and rs2856718)
SNPs were validated in these populations, too.
Most of the subsequent GWAS also revealed addi
tional susceptibility loci for HBV persistence. To begin
with, a GWAS in Korean chronic HBV carriers and noninfected healthy individuals identified two novel loci within
[26]
the HLA region . These two loci, marked by rs652888
in EHMT2 and rs1419881 in TCF19, had independent
effects on HBV persistence. EHMT2 is a histone ly
sine methyltransferase involved in gene expression
regulation, and plays roles in immune cell development
[49]
and differentiation . TCF19 is a transcription factor
[50]
necessary for cell survival and proliferation . A previous
GWAS associated a non-synonymous SNP in TCF19 with
blood cell counts, including lymphocyte and monocyte
[51]
(macrophage precursor) cell counts , suggesting a
potential mechanism by which TCF19 variants affected
immune mechanisms. However, the associations of
rs652888 (EHMT2) and rs1419881 (TCF19) were not
replicated in Chinese and Thai populations, probably
[24,30,41]
due to different genetic structures
. Additional repli
cation studies are, therefore, necessary for both loci.
Another GWAS in Han Chinese used chronic HBV
carriers as cases and individuals who naturally cleared
HBV infection as controls, and revealed two additional
[28]
loci . The first locus was marked by the lead SNP
rs3130542, located near HLA-C within the HLA region.
Conditional analysis showed that the effect of rs3130542
was independent of HLA-DP and HLA-DQ variants.
Therefore, both classⅠ and class Ⅱ variants were
detected by GWAS for HBV persistence. The second
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Table 1 Results of genome-wide association studies for persistence of hepatitis B virus infection
Ref.
Kamatani
et al[22]
Mbarek
et al[23]

Nishida
et al[25]
Kim
et al[26]

Study
population

SNP
ID

Minor/major
alleles

Risk
allele

P

OR

Location

Nearest
gene

Functional
class

Japanese, Thai
(n = 6387)1
Japanese
(n = 9163)1

rs3077
rs9277535
rs3077
rs9277535
rs2856718

A/G
A/G
A/G
A/G
A/G

G
G
G
G
A

2.31 × 10-38
6.34 × 10-39
1.57 × 10-61
2.55 × 10-54
3.99 × 10-37

0.56
0.57
1.87
1.77
1.56

6p21.32
6p21.32
6p21.32
6p21.32
6p21.32

3'UTR
3'UTR
3'UTR
3'UTR
Intergenic

rs7453920
rs3077
rs9277542
rs3077
rs9277535
rs2856718

A/G
A/G
A/G
A/G
A/G
A/G

G
G
G
G
G
A

5.98 × 10-28
4.40 × 10-19
1.28 × 10-15
3.74 × 10-40
5.25 × 10-39
1.78 × 10-24

1.81
0.46
0.5
0.53
0.53
1.6

6p21.32
6p21.32
6p21.32
6p21.32
6p21.32
6p21.32

rs7453920
rs652888
rs1419881
rs7453920
rs3130542
rs4821116
rs3077
rs9277535
rs7453920
rs12614
rs422951
rs378352
rs2853953
rs1883832
rs2856718

A/G
G/A
G/A
A/G
A/G
A/G
A/G
A/G
A/G
T/C
G/A
T/C
A/G
T/C
G/A

G
G
A
G
A
G
G
G
G
C
A
T
G
T
A

6.71 × 10-26
7.07 × 10-13
1.26 × 10-18
4.93 × 10-37
9.49 × 10-14
1.71 × 10-12
6.50 × 10-14
4.87 × 10-14
6.66 × 10-15
1.28 × 10-34
5.33 × 10-16
1.04 × 10-23
5.06 × 10-20
2.95 × 10-15
7.35 × 10-28

0.5
1.38
0.73
0.53
1.33
0.82
0.75
1.59
2.31
1.89
1.27
1.26
1.47
1.19
1.28

6p21.32
6p21.33
6p21.33
6p21.32
6p21.33
22q11.21
6p21.32
6p21.32
6p21.32
6p21.33
6p21.32
6p21.32
6p21.33
20q13.12
6p21.32

rs7453920
rs9277535
rs3077
rs7000921
rs7453920
rs9277535

A/G
A/G
A/G
C/T
A/G
A/G

G
G
G
T
G
G

1.28 × 10-60
9.84 × 10-71
1.15 × 10-53
3.20 × 10-12

2
1.52
1.45
0.78

6p21.32
6p21.32
6p21.32
8p21.3
6p21.32
6p21.32

HLA-DPA1
HLA-DPB1
HLA-DPA1
HLA-DPB1
HLA-DQB1,
HLA-DQA2
HLA-DQB2
HLA-DPA1
HLA-DPB1
HLA-DPA1
HLA-DPB1
HLA-DQB1,
HLA-DQA2
HLA-DQB2
EHMT2
TCF19
HLA-DQB2
HLA-C
UBE2L3
HLA-DPA1
HLA-DPB1
HLA-DQB2
CFB
NOTCH4
HLA-DOA
HLA-C
CD40
HLA-DQB1,
HLA-DQA2
HLA-DQB2
HLA-DPB1
HLA-DPA1
INTS10
HLA-DQB2
HLA-DPB1

Japanese
(n = 1793)2
Korean
(n = 4309)2

Hu
et al[28]

Chinese
(n = 11791)3

Chang
et al[27]
Jiang
et al[29]

Han Taiwanese
(n = 2688)2
Chinese
(n = 18371)1

Li
et al[30]

Chinese
(n = 9569)3

Intron
3'UTR
Exon
3'UTR
3'UTR
Intergenic
Intron
Intron
3'UTR
Intron
Intergenic
Intron
3'UTR
3'UTR
Intron
Exon
Exon
Exon
Intergenic
5'UTR
Intergenic
Intron
3'UTR
3'UTR
Intergenic
Intron
3'UTR

Participant phenotypes: 1CHB vs Non-infected; 2Chronic HBV carriers vs Non-infected; 3Chronic HBV carriers vs Spontaneously recovered. OR: Odds ratio.

on chromosome 20. rs12614_T/C in CFB represents a
non-synonymous amino acid polymorphism (R32W) in
complement factor B. The complement system is part
of the innate immune response against viral infections,
and is also involved in enhancing adaptive immune
[54]
responses . Chronic HBV carriers and individuals with
the risk genotype CC for rs12614 had significantly lower
[29]
plasma CFB protein levels . rs422951 in NOTCH4 also
causes a non-synonymous amino acid change (T320A).
Notch signaling regulates immune cell development
[55]
and T-cell mediated immune responses . rs2853953
tagged HLA-C gene; however it was not in LD with the
previously reported HLA-C tagging SNP rs3130542.
Indeed, these two SNPs marked different HLA-C alleles;
rs2853953 marked HLA-C*06:02, whereas rs3130542
marked HLA-C*07:02. rs378352 is located in exon 4 of
HLA-DOA, causing a synonymous codon change. HLADOA encodes the α chain of the HLA-DO molecule,
which, along with HLA-DM, regulates peptide loading to
class Ⅱ molecules. Whether or how this polymorphism
affects HLA-DO function is currently unknown. Lastly,
rs1883832_T/C is located in the Kozak sequence of

locus was marked by the lead SNP rs4821116, located
in UBE2L3 on chromosome 22. UBE2L3 encodes an
ubiquitin-conjugating enzyme, which enhances NFκB
activation upon CD40 stimulation in B cells and TNF
[52]
stimulation in monocytes . The protective variant of
rs4821116 was associated with higher UBE2L3 mRNA
[53]
levels in peripheral blood monocytes . Moreover, UBE2L3
was implicated in multiple autoimmune diseases; the
risk variants correlated with higher UBE2L3 expression
in B cells and monocytes, enhanced NFκB activation,
[52]
enhanced B cell proliferation and activation . Thus,
hyperactivity of UBE2L3-related immune mechanisms
conferred protection from infections on the one hand, but
predisposed to autoimmunity on the other hand.
The GWAS with the largest sample size (2514 chronic
HBV carriers and 1130 healthy controls of Chinese
ethnicity in the discovery phase) was published in 2015,
revealing five new SNPs independently associated with
[29]
HBV persistence . Four of these SNPs, rs12614 in
CFB, rs422951 in NOTCH4, rs2853953 near HLA-C, and
rs378352 in HLA-DO were located within the HLA region,
whereas the other SNP, rs1883832, was located in CD40

WJG|www.wjgnet.com

3350

August 14, 2018|Volume 24|Issue 30|

Akcay IM et al . GWAS for HBV-related traits
Table 2 Human leukocyte antigen classical alleles associated with hepatitis B virus persistence in more than one study
HLA gene
HLA-C
HLA-DPA1
HLA-DPB1

HLA-DQA1
HLA-DQB1

HLA-DRB1

Associated alleles Effect on HBV
persistence
*07:02
*01:03
*02:02
*04:01
*04:02
*02:01
*05:01
*09:01
*06:01
*03:02
*03:01
*06:01
*13:02

Protective
Protective
Susceptible
Protective
Protective
Protective
Susceptible
Susceptible
Susceptible
Protective
Susceptible
Susceptible
Protective

Study population

Ref.

Chinese
Japanese, Korean, Chinese, Thai
Japanese, Korean, Chinese
Japanese, Chinese
Japanese, Korean
Chinese, Japanese
Japanese, Korean, Chinese
Japanese, Chinese
Chinese
Japanese, Chinese
African American, Chinese
Japanese
Japanese, Chinese, Gambian, Korean, Germany, European Americans

[24,28,29]
[22,24,58]
[22,24,58]
[22,28,58]
[22,58]
[28,58]
[22,24,58,59]
[22,24,58,59]
[24,28,30]
[24,28,30,59]
[18,28,30]
[23,59]
[24,59,68]

presenting immunodominant HBV epitopes to T cells.
Thus, in the next step after GWAS, the respective HLA
genes were typed by direct sequencing or imputation
(on the basis of typed SNPs from the study populations
and haplotypes from the genetic reference populations),
and classical HLA alleles with significant effects on
HBV persistence were determined (Table 2). HLA-DP
susceptible alleles (DPA1*02:02; DPB1*05:01, *09:01)
and protective alleles (DPA1*01:03; DPB1*02:01,
*04:01, *04:02) were identified with a high degree of
consistency in multiple Japanese, Korean and Chinese
[22,24,28,30,58,59]
populations
. Moreover, DPB1*01:01 and
DPB1*04:01 were identified as the most susceptible
and the most protective DPB1 allele, respectively, in
[46]
European Americans and African Americans . Alleles
with consistent effects in more than one population were
also found for HLA-DQ and HLA-C genes; DQB1*03:02
[24,28,30,59]
was revealed as a protective allele
, where
as DQA1*06:01, DQB1*03:01, DQB1*06:01,
and HLA-C*07:02 were revealed as susceptible al
[23,24,28-30,59]
leles
. Systematic epitope discovery studies are
warranted to identify the HBV-derived peptides efficiently
presented by protective allotypes, but not by susceptible
allotypes. The results of such studies might form the
basis for epitope-specific therapeutic interventions.
A major distinction between DPB1 protective alleles
(*02:01, *04:01, *04:02) and DPB1 susceptible alleles
(*01:01, *05:01, *09:01) was in their amino acid
residues at positions 84-87. Protective alleles encoded
Gly/Gly/Pro/Met (GGPM), while susceptible alleles
encoded Asn/Glu/Ala/Val (DEAV) at 84-87. These resi
dues corresponded to the pocket-1 of the antigenbinding groove, an anchor region that determines the
[60,61]
binding specificity of DP molecules
. Epitope binding
studies revealed that DP molecules with 84GGPM87
strongly bound aromatic and hydrophobic residues in
their hydrophobic pocket-1, whereas DP molecules with
84DEAV87 also preferred positively charged residues,
[61,62]
owing to the acidic residues at 84 and 85
. These
distinct binding motifs of DP allotypes likely form the
basis of HBV chronicity as multiple risk-associated DP
allotypes ineffectively present a common epitope motif

CD40, and was previously shown to affect its translational
[56]
efficiency . The risk genotype TT for rs1883832 cor
related with lower CD40 levels in the serum in both cases
[29]
and controls . CD40 is a co-stimulatory receptor protein
found on antigen-presenting cells. Its engagement with
CD40 ligand (CD40L) on T cells initiates and promotes
[57]
humoral and cellular adaptive immune responses .
Intriguingly, rs1883832_T was previously associated
[56]
with protection against multiple autoimmune diseases .
Thus, CD40 plays an important role in regulating the
magnitude of immune responses, and determining
immunity vs tolerance. So far, the associations of
rs12614 (CFB) and rs1883832 (CD40) were validated
[24,30]
by independent studies in Han Chinese
. Additional
validation and functional studies are required to establish
the roles of other genes and genetic variants in HBV
persistence.
The most recent GWAS identified another novel
locus (tagged by rs7000921) on chromosome 8
using persistently infected cases and spontaneously
[30]
recovered controls in a Chinese population .
rs7000921 was an eQTL for the nearby INTS10 gene;
the protective allele was associated with elevated
INTS10 expression in liver. INTS10 encodes a subunit
of the Integrator complex, which has multiple roles
in transcriptional regulation. Subsequent analysis
showed that INTS10 was involved in suppressing HBV
replication in hepatocyte cell lines, likely through an
[30]
interferon-dependent mechanism .
To sum up, GWAS for HBV infection persistence re
vealed many candidate genes with diverse functions
in immune responses, improving our understanding of
the molecular mechanisms leading to the success or
failure of HBV clearance.

CLASSICAL HLA GENE VARIANTS AT
THE INTERFACE OF HBV CLEARANCE
AND PERSISTENCE
GWAS association signals within the HLA-DP, HLADQ and HLA-C loci implicated variable efficiencies in
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and lead to the failure of viral elimination. The identities
of HBV peptides with this motif and their immunogenic
properties remain to be determined by further functional
assays.
It should be noted that the contribution of HLA-DP
allotypes to HBV chronicity might also involve previously
unprecedented mechanisms. It was recently shown that
Gly-84 residue in DP molecules prevents the binding of
the invariant chain via its CLIP region on the antigen[63]
binding groove . CLIP binding is necessary to block
endogenous peptide binding to class Ⅱ molecules till they
reach the MIIC compartment where exogenous peptide
84Gly
loading takes place. Therefore, DP
molecules are able
[63]
to present both intracellular and extracellular peptides .
Whether or how this contributes to immunity against
HBV needs to be examined in functional studies.
The HLA locus is characterized by high gene density,
high genetic diversity and extensive LD structure, limiting
[64]
the ability to pinpoint the causal variants . Some class
Ⅱ associations might not reflect primary effects given
the strong LD between DQ and DR loci, and the weak
LD between DQ-DR and DP loci. Hence, uncovering the
LD patterns between the DP, DQ and DR alleles in the
study population, rather than examining the alleles at a
single locus, would help detecting the alleles with primary
[59]
effects . Fine mapping studies in which associated loci
are interrogated with many more variants than in GWAS
prove to be useful in pinpointing the causal variants and
revealing potential mechanisms. An interrogation of
the entire HLA locus with 5375 variants, including 4356
SNPs, 849 amino acid polymorphisms and 170 classical
alleles, in 1888 Chinese case-control individuals (from
[28]
a previous HBV-persistence GWAS ) identified four
independently associated loci by stepwise conditional
[24]
analysis . HLA-DPβ1 amino acid polymorphisms at
positions 84-87 were the strongest association, whereas
HLA-C Leu-15 was the second strongest association,
conferring the effect of HLA-C*07:02. The two other
associated loci were novel; HLA-DRB*13 allele and
rs400488. HLA-DRB*13 was associated with protection
against HBV chronicity, and was in partial LD with the
CFB-tagging SNP rs12614. HLA-DRB*13 allele is distinct
from other DRB1 alleles by the presence of Glu-71 in
pocket-4, an anchor region for epitope binding of DR
molecules, implying a specific binding motif. Remarkably,
HLA-DRB*13 was one of the few classical HLA alleles
identified in the pre-GWAS era with highly reproducible
[65-68]
associations across different ethnicities
. On the other
hand, the biological relevance of rs400488, an eQTL for
[24]
the pseudogene HLA-J, is currently unknown .
The effects of associated SNPs on HLA gene ex
pression were also investigated. An eQTL analysis
showed that the risk alleles of rs3077 and rs9277535
were associated with lower HLA-DPA1 and HLA-DPB1
[69]
mRNA levels, respectively, in normal liver tissues . Fur
thermore, allelic expression imbalance assays for both
SNPs confirmed that the risk alleles were expressed less
abundantly than the protective alleles in liver and blood
[69]
monocyte samples from heterozygous individuals .
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Two separate genome-wide gene expression association
studies previously found similar trends for the HLA-DQ
SNP rs7453920 and the HLA-C SNP rs3130542. The
risk variant of rs7453920 was associated with lower
[53]
HLA-DQ mRNA levels in peripheral blood monocytes ,
while the risk variant of rs3130542 was associated with
lower HLA-C mRNA in lymphoblastoid cell lines derived
[70]
from European subjects . Moreover, the susceptible
HLA-C*07:02 allele, tagged by rs3130542, have an
intact mir-148a binding site, and a low expression due
[71]
to RNA interference . These results suggested that
reduced expression of HLA-DP and HLA-DQ molecules
in antigen-presenting cells, and reduced expression of
HLA-C molecule in hepatocytes might result in ineffective
antigen presentation to T cells, leading to inability to
clear HBV infection, and thus, HBV persistence. However,
a discrepant result was noted for rs9277534_A/G, the
most significant HLA-DPB1 SNP in European Americans
[46]
and African Americans . The risk allele rs9277534_G
correlated with higher HLA-DPB1 surface protein levels
in lymphoid cell lines and higher HLA-DPB1 mRNA levels
in B lymphocytes isolated from healthy donors. This
conflicting result can be reconciled with the previous
findings by taking into account that rs9277534_G was
also in strong LD with the most susceptible HLA-DPB1
allele (*01:01) in these populations. Thus, the riskconferring effect of HLA-DPB1*01:01 probably prevailed
over the protective effect of its increased expression.
To sum up, polymorphisms marking the classical
HLA genes influence immune responses by altering the
antigen-binding properties of HLA molecules and the
expression levels thereof. The relative contributions of
these effects to susceptibility to HBV persistence vary
among populations depending on the allele frequencies
of variants and LD relationships among them.

GWAS FOR IMMUNE RESPONSE TO
HEPATITIS B VACCINE
The standard 3 doses of hepatitis B vaccine (based on
recombinant HBs antigen) have been implemented as
part of the routine infantile vaccination program in more
than 160 countries, as a result of which substantial
declines in the prevalence of chronic HBV carriers and
in the incidence of childhood HBV-related liver diseases
[6,72]
have been observed
. However, there is a large natural
variation in the antibody response to hepatitis B vaccine.
Post-vaccination antibody titers range from undetectable
[73]
levels to higher than 2000 mIU/mL . Anti-HBs titers
above 100 mIU/mL are referred to as successful vac
cination, whereas anti-HBs titers below 10 mIU/mL
as non-protective. Individuals that mount an antibody
response below this threshold, i.e., non-responders, are
at a high risk of HBV infection. Booster vaccination can
trigger an antibody response at protective levels in a
[74]
subset of non-responders .
Three GWAS were implemented to date to identify
the genetic factors that underlie the variation in the
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Table 3 Results of genome-wide association studies for non-response to hepatitis B vaccine
Ref.

Study
population

SNP
ID

Minor/major
alleles

Risk
allele

P

OR

Location

Nearest gene

Functional class

Png et al[73]

Indonesian
(n = 3614)1

rs3135363

C/T

C

6.53 × 10-22

1.53

6p21.32

Intergenic

rs9277535
rs9267665
rs477515

A/G
T/C
T/C

G
T
T

2.91 × 10-12
1.24 × 10-17
2.63 × 10-19

0.72
2.05
2.05

6p21.32
6p21.33
6p21.32

BTNL2,
HLA-DRA
HLA-DPB1
STK19
HLA-DRB1

rs7770370

A/G

G

1.20 × 10-08

0.33

6p21.32

HLA-DPB1

Intergenic

Pan et al[76]
Wu et al[81]

Chinese
(n = 1944)2
Taiwanese
(n = 285)3

3'UTR
Intron
Intergenic

Participant phenotypes: 1Low, intermediate and high responders to primary vaccine (ordinal groups); 2High responders to primary vaccine vs nonresponders to booster vaccine; 3Non-responders vs responders to booster vaccine.

immune response to hepatitis B vaccine (Figure 1,
Table 3). The first GWAS was conducted in Indonesians
by grouping vaccine recipients into three classes (i.e.,
low, intermediate and high) on the basis of their post[73]
vaccination antibody titers . Stepwise conditional ana
lysis revealed three independently associated haplotype
blocks within the HLA region. The first haplotype block,
tagged by rs3135363, encompassed HLA-DRA and
BTNL2. HLA-DRA encodes the sole α chain for HLA-DR
molecules, and BTNL2 encodes a transmembrane protein
involved in the negative regulation of T cell activation.
BTNL2 was previously associated with autoimmune
[75]
diseases . The second haplotype block, tagged by
rs9277535, encompassed HLA-DPA1 and HLA-DPB1
genes, suggesting that HLA-DP variants contribute to
both HBV persistence and non-response to vaccine. A
shared genetic basis for these traits is conceivable given
that anti-HBs antibody production is a marker for both
successful immune response to vaccine and clearance of
[3]
HBV infection . Lastly, the third haplotype block, tagged
by rs9267665, was located within the class Ⅲ region,
consisting of many genes found in strong LD. Therefore,
further research is needed to pinpoint the causal ge
[73]
nes .
The second GWAS for vaccine nonresponse used
Chinese adults with marginal phenotypes: nonresponders (< 10 mIU/mL) after booster vaccination
vs high-responders (> 1000 mIU/mL) after primary
[76]
vaccination . The strongest associations (led by
rs477515) were detected within the HLA-DR locus, and
HLA-DRB1*07:01 was significantly associated with
[76]
nonresponse to hepatitis B vaccination . Numerous
studies previously associated DRB1*07:01 with both
vaccine non-response and persistent HBV infection in
[77-79]
multiple ethnic populations
. Furthermore, DRB1*07
was also associated with decreased risk of HBV[80]
related cirrhosis in a Turkish population , implicating a
DRB1*07-associated hypo-immune profile against HBV.
The third GWAS used subjects with detectable and
undetectable (> or < 1 mIU/mL, respectively) postbooster antibody titers from a cohort of booster vaccine
recipient Taiwanese adolescents who had not responded
[81]
to primary vaccination as infants . Significant asso
ciations were mapped to the HLA-DP locus. The lead
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SNP rs7770370 was in strong LD with rs9277535.
HLA-DPB1 alleles *02:01, *02:02, *03:01, *04:01
and *14:01 (encoding 84GGPM87) were associated
with vaccine response, whereas *05:01 and *09:01
(encoding 84DEAV87) were associated with vaccine
[74,81]
nonresponse
. These associations were further con
[82]
firmed in a Japanese population . Hence, HLA-DPB1
alleles influenced the outcome of vaccine response in
the same manner as of HBV persistence, corroborating
further that the ability to present the same HBs epitopes
is critical in both traits. In line with this, HLA-DP SNPs
(e.g., rs7770370, rs9277535 and rs3077) were also
associated with vaccine nonresponse in independent
[83]
replication studies in Korean infants
and Japanese
[84]
medical students ; and vaccine nonresponse-associated
rs477515 (HLA-DRB1) also correlated with HBV per
[30]
sistence in a Chinese population . However, HLA-DQ
SNPs (rs2856718 and rs7453920) were not associated
[84]
with vaccine responsiveness . Therefore, the genetic
bases of HBV persistence and nonresponse to hepatitis B
vaccine overlap considerably, but not completely.

GWAS FOR HBV-RELATED ADVANCED
LIVER DISEASES
Host genetic variation underlying the clinical hetero
geneity of chronic HBV infections has been the topic of
GWAS, too (Figure 1, Table 4). A GWAS used 648 HBVinfected Saudi Arabian subjects, comprising 343 inactive
carriers, 249 patients with CHB, and 76 patients with
end-stage liver diseases (i.e., cirrhosis and HCC), to study
[85]
liver disease progression in chronic HBV infection . The
strongest association, rs2724432, was obtained using
cases with end-stage liver diseases and controls with
inactive HBV infection. rs2724432 was located upstream
of FDX1, the product of which is involved in electron
transfer from NADH to cytochrome P450. FDX1 plays a
role in steroid and vitamin D synthesis in the adrenals,
[85]
and bile acid synthesis in the liver . Further functional
assays are necessary to confirm the association of
rs2724432 and the underlying molecular mechanisms.
Some of the GWAS for HBV persistence contained in
their case groups chronic HBV carriers with and without
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Table 4 Results of genome-wide association studies for hepatitis B virus-related advanced liver diseases
Ref.
Al-Qahtani
et al[85]

Study
population

Participant
phenotypes

SNP
ID

Minor/
major alleles

Risk
allele

P

OR

Location

Nearest
gene

Functional
class

Saudi Arabian
(n = 693)

LC/HCC
vs
Inactive1
HCC
vs
Non-HCC2
HCC
vs
Non-HCC2
HCC
vs
Non-HCC2
HCC
vs
Non-HCC2
ACLF
vs
Inactive3

rs2724432

T/C

T

4.29 × 10-08

3.01

11q22.3

FDX1

Intergenic

rs17401966

G/A

A

3.40 × 10-19

0.62

1p36.22

KIF1B

Intron

rs12682266

A/G

G

3.76 × 10-05

1.38

8p12

Expressed
sequenced tag

Intergenic

rs9272105

A/G

A

5.24 × 10-22

1.28

6p21.32

Intergenic

rs455804
rs7574865
rs9275319

A/C
T/G
G/A

C
G
A

5.24 × 10-10
2.48 × 10-10
2.72 × 10-17

0.84
1.21
1.49

21q21.3
2q32.2-2q32.3
6p21.32

rs3129859

C/G

C

2.64 × 10-20

1.83

6p21.32

HLA-DQA1,
HLA-DRB1
GRIK1
STAT4
HLA-DQB1,
HLA-DQA2
HLA-DQB1,
HLA-DRA

Zhang
et al[88]

Chinese
(n = 4107)

Chan
et al[91]

Chinese
(n = 1420)

Li
et al[89]

Chinese
(n = 12159)

Jiang
et al[90]

Chinese
(n = 11799)

Tan
et al[86]

Chinese
(n = 3387)

Intron
Intron
Intergenic
Intergenic

1

HBV carriers with LC or HCC vs inactive chronic carriers; 2Chronic HBV carriers with HCC vs chronic HBV carriers without HCC; 3Acute-on-chronic liver
failure vs inactive chronic HBV carriers. LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.

[89]

end-stage liver diseases. At least one GWAS employed
a secondary genome-wide analysis using these sub[25]
groups ; however, failed to identify any significant
association, possibly due to small sample size.
A GWAS in Han Chinese investigated the risk loci
for acute-on-chronic liver failure (ACLF) in chronic HBV
carriers, a life-threatening condition that develops as
a result of sudden acute exacerbation of chronic in
[86]
fection . rs3129859 within the HLA-DR locus was
associated with HBV-related ACLF. Subsequent in silico
genotyping of HLA alleles and conditional association
analysis showed that the effect of rs3129859 was de
[86]
pendent on the HLA-DRB1*12:02 allele . Concordant
with this finding, HLA-DRB1*12 was previously asso
ciated with the development of HBV-related cirrhosis and
[87]
HCC in Han Chinese .
To find the genetic risk loci for HBV-related HCC,
several GWAS were implemented using HBV carriers
with HCC as cases and HCC-free HBV carriers as con
[88-92]
trols
(Table 4). All of these GWAS used Chinese
cohorts, exploiting the facts that more than half of
HCC cases were found in China, and 80% of HCC inci
[93]
dences were attributable to HBV . The first GWAS
identified rs17401966, located in KIF1B on chromosome
[88]
1 . KIF1B encodes a kinesin protein involved in
organelle and vesicle transport, and is a putative tumor
[94]
suppressor . The protective variant of rs17401966
significantly correlated with higher KIF1B protein levels
[88]
in tumor-adjacent tissues, but not in HCC tissues .
The haplotype block tagged by rs17401966 also encom
passed the entire PGD gene and the 3’ end of UBE4B
gene. The products of these genes are involved in
pentose phosphate metabolism and multiubiquitin chain
assembly, respectively. Additional studies are necessary
to identify the causal gene in this locus. Another GWAS
identified rs9272105 within the HLA region and rs455804
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on chromosome 21 . rs9272105 was located in the
intergenic region between HLA-DQA1 and HLA-DRB1.
HLA-DRB1 alleles *04:05 and *09:01 only partially
accounted for the association of rs9272105, implying
additional risk variants in LD with this SNP. rs455804 was
located in intron 1 of GRIK1, which encodes an ionotropic
glutamate receptor, suggesting involvement of glutamate
signaling in hepatocarcinogenesis. Two additional risk
loci were revealed in another GWAS: rs7574865 and
[90]
rs9275319 . rs7574865 tagged STAT4 on chromosome
2. STAT4 is a transcription factor with important roles in
the regulation of antiviral immune responses; it induces
IFN-γ production in response to stimulation by inter
[95]
leukin-12 and typeⅠ interferons (IFN-α and IFN-β) .
HCC risk-associated variant of rs7574865 correlated with
lower STAT4 mRNA expression in both HCC and non[90]
tumor tissues . rs9275319 tagged HLA-DQB1 and
HLA-DQA2, and its effect on HCC risk was only partially
accounted for by DQB1*04:01 and DQA1*03:03 alleles,
indicating other risk variants in the associated locus.
SNPs identified in GWAS for HBV-related HCC
were further investigated in replication studies. Intri
guingly, no evidence was found for the association
of rs17401966 (KIF1B) with HCC risk in chronic HBV
carriers in subsequent GWAS and other replication
[36,96]
[97]
[97]
studies in Chinese
, Japanese , Korean , and
[98]
Thai populations . Moreover, rs17401966 was also not
[99]
associated with HBV infection persistence in Chinese ,
[23]
[100]
Japanese
and Saudi Arabian populations
. Com
parable allele frequencies were detected between dif
ferent subgroups of chronic carriers (namely, inactive
carriers, active carriers, cirrhosis and HCC) in Saudi
[100,101]
Arabian and Chinese populations
. These results
indicated that rs17401966 was a risk factor neither for
HBV infection persistence nor for advancement of liver
disease.
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Replication studies for rs7574865 (STAT4) produced
inconsistent results. The association of rs7574865
[102]
with HBV-related HCC was validated in Vietnamese
[103]
and Korean
populations, but not in two separate
[38,96]
Chinese populations
. The effect of rs7574865_T/G
on susceptibility to persistent HBV infection was also
examined. HCC risk allele rs7574865_G was significantly
[103]
associated with chronic HBV infection in Koreans
[104]
and Chinese
. However, this association was not
[38]
reproduced in another Chinese population . Lastly,
rs7574865_G was also significantly associated with the
[101]
risk of HBV-related cirrhosis in a Chinese population .
Overall, these results supported a role for STAT4 poly
morphisms in HBV infection outcomes in a population
specific manner.
The associations of the two HBV-related HCC risk
SNPs within the HLA-DQ/DR locus (rs9275319 and
rs9272105) were validated by an independent replication
[105]
study in Chinese subjects
, whereas two separate
[103]
[106]
studies in Koreans
and in Chinese
failed to repli
cate the association of rs9275319. rs9275319 was also
associated with susceptibility to HBV persistence in
[90]
the original GWAS , and in other replication studies
[103]
[30,106]
performed in Korean
and Chinese populations
.
Moreover, rs9275319 was associated with increased
[101]
risk of cirrhosis in Chinese HBV carriers . Therefore,
it might be speculated that rs9275319 was associated
with an ineffective immune profile against HBV that
is too weak to clear HBV infection, yet strong enough
to maintain a state of basal liver necroinflammation
leading to advanced liver diseases. On the other hand,
the effect of rs9272105 on HBV persistence is not
yet clear. HCC risk-associated variant of rs9272105
conferred susceptibility to chronic HBV infection in one
[30]
Chinese population , and protection against chronic
[89]
HBV infection in another Chinese population . These
conflicting results indicated that rs9272105 did not have
a primary effect on HBV persistence.
To fully explore whether the genetic bases of HBV
persistence and HBV-related liver diseases overlap,
SNPs identified in GWAS for HBV persistence were also
examined for possible effects on the development of
advanced liver diseases. Most studies showed that HLADP variants (rs3077 and rs9277535) were associated
neither with progression from inactive carrier state to
[35,37,39,45]
disease-active states
, nor with development
[31,35,38,39,47]
of end-stage liver diseases
. Similar results
were found for HLA-DQ variants (rs2856718 and
rs7453920) regarding the development of end-stage
[38,39,47]
liver diseases
. Only few studies reported significant
associations of these SNPs with HBV-related HCC
[36,89,107]
risk
. A meta-analysis with 4864 HBV-positive HCC
cases and 29790 HBV-infected controls also failed to
[44]
associate rs3077 and rs9277535 with HCC risk . Lastly,
none of the 13 HBV persistence risk SNPs that were
identified hitherto in GWAS were found to be associated
with HBV-related HCC in a population of 1161 cases and
[29]
1353 controls . Therefore, SNPs that were associated
with HBV persistence/clearance had minimal, if any, ef
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fects on progression of liver disease in chronic carriers.
These results implied that distinct immune mechanisms
might be critical at different stages of HBV infection,
probably reflecting the evolving dynamics between HBV
and the host immune system during chronic infections.

CONCLUSION
It is important to have a comprehensive understanding
of the mechanisms of failure to clear HBV infection,
and translate this knowledge into effective therapies to
prevent the development of chronicity and other adverse
outcomes. With this motive, many GWAS were performed
to dissect the genetic basis of HBV-related traits. These
GWAS provided novel insights into the pathogenesis of
HBV persistence and non-response to hepatitis B vaccine.
For instance, the association of HLA-DPB1 with HBV
persistence was unknown before GWAS. DPB1 gene was
neglected in previous candidate gene-based association
studies, mainly because it was less polymorphic than
[46]
DQB1 and DRB genes . In addition to the classical
HLA genes HLA-DP, HLA-DQ and HLA-C, GWAS for HBV
persistence provided candidate genes including nonclassical HLA genes (EHMT2, TCF19, CFB, NOTCH4) and
non-HLA genes (UBE2L3, CD40, INTS10), indicating that
genetic susceptibility to HBV persistence is determined by
regulation of immune responses at multiple levels. Many
of these candidate genes had known roles in immune
responses, whereas some were novel. Besides improving
our understanding of the molecular mechanisms
underlying HBV-related pathologies, GWAS findings are
likely to have other immediate and long-running clinical
implications. For instance, genetic markers provided
by GWAS can be used to predict the individuals that
are at a higher risk for worse prognosis, demanding a
closer medical surveillance. Furthermore, identification
of novel protective HLA allotypes might be exploited for
the development of more effective vaccines based on
alternative epitopes.
Despite their initial success, some of these GWAS
also had certain limitations, including small sample sizes,
lack of information on age at first infection, transmission
route, maternal status and HBV genotype, unknown
infection history of controls, unknown infection status
for HCV and HIV, and imperfect match of age, gender
and genetic background among some case-control
groups. GWAS for HBV-related advanced liver diseases
additionally suffered from the stochasticity of disease
pathogenesis. For instance, the randomness of HBV
DNA integration events in the host genome adds to the
[108]
heterogeneity of HBV-related HCC
. Cirrhosis and
HCC typically occur more than 20 years after the initial
[109]
infection
. Smoking, alcohol consumption, aflatoxin
exposure, obesity, diabetes, and treatment interventions
during this period are strong confounders that also
[110]
lead to clinical heterogeneity . The lack of consistent
associations in GWAS for HBV-related advanced liver
diseases might be due to these confounders. Hence,
these GWAS must be designed in a better way to ac
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[111,112]

count for each of these factors
.
Interestingly, the susceptible alleles in the HLA-DP/
DQ locus are more frequent in Asian populations than
in Caucasians, which might be one of the causes for
[22,113]
higher prevalence of chronic HBV infections in Asia
.
However, most of these susceptible alleles are not
frequent in Africa, too, even though chronic hepatitis
B is as prevalent in Africa as in Asia. Given that the
predominant mode of transmission and HBV genotypes
are different in Asia and Africa (vertical vs horizontal;
B, C vs A, D, E; respectively), the genetic architecture
for predisposition to chronic HBV infection also varies
[7,113]
among these populations
. Hence, allele frequency
distributions across human populations might give impor
tant insights into human-HBV co-evolution.
GWAS for HBV-related traits have almost exclusively
been implemented in Asian populations. So far, there
is no GWAS in Africans, and only one GWAS in Saudi
[7]
Arabians, where the dominant HBV genotype is D .
Populations with different ancestries harbor different
haplotype structures and allele frequencies; therefore,
implementing GWAS in other populations might also
help narrow down the associated loci. This is especially
desirable for fine mapping studies. Fine mapping studies
on the HLA locus, where extensive LD structure hampers
the detection of causal variants, are of utmost importance
since immune-related genes are concentrated in this
region. The findings of such studies would reveal novel
insights into the pathogenesis of HBV-related traits.
Therefore, additional GWAS and fine mapping studies,
implemented with more refined case-control designs,
larger samples, and in other ethnic populations, would
further improve our understanding of HBV infection patho
physiology.
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Abstract
The current epidemic of non-alcoholic fatty liver disease
(NAFLD) is reshaping the field of hepatology all around
the world. The widespread diffusion of metabolic risk
factors such as obesity, type2-diabetes mellitus, and
dyslipidemia has led to a worldwide diffusion of NAFLD. In
parallel to the increased availability of effective anti-viral
agents, NAFLD is rapidly becoming the most common
cause of chronic liver disease in Western Countries, and
a similar trend is expected in Eastern Countries in the
next years. This epidemic and its consequences have
prompted experts from all over the word in identifying
effective strategies for the diagnosis, management,
and treatment of NAFLD. Different scientific societies
from Europe, America, and Asia-Pacific regions have
proposed guidelines based on the most recent evidence
about NAFLD. These guidelines are consistent with the
key elements in the management of NAFLD, but still,
show significant difference about some critical points.
We reviewed the current literature in English language
to identify the most recent scientific guidelines about
NAFLD with the aim to find and critically analyse the
main differences. We distinguished guidelines from 5
different scientific societies whose reputation is worldwide
recognised and who are representative of the clinical
practice in different geographical regions. Differences
were noted in: the definition of NAFLD, the opportunity
of NAFLD screening in high-risk patients, the noninvasive test proposed for the diagnosis of NAFLD and the
identification of NAFLD patients with advanced fibrosis,
in the follow-up protocols and, finally, in the treatment
strategy (especially in the proposed pharmacological
management). These difference have been discussed
in the light of the possible evolution of the scenario of
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NAFLD in the next years.

papers published between January 2016 and January
2018 in the English language. The following keywords
and terms were considered: (1) Fatty liver disease
((“fatty liver”[MeSH Terms] OR (“fatty”[All Fields]
AND “liver”[All Fields]) OR “fatty liver”[All Fields]) AND
(“disease”[MeSH Terms] OR “disease”[All Fields])) AND
guideline (“guideline”[Publication Type] OR “guidelines
as topic”[MeSH Terms] OR “guideline”[All Fields])
AND management (“organization and administration”
[MeSH Terms] OR (“organization”[All Fields] AND
“administration”[All Fields]) OR “organization and
administration”[All Fields] OR “management”[All Fields]
OR “disease management”[MeSH Terms] OR (“disease”
[All Fields] AND “management”[All Fields]) OR “disease
management”[All Fields]); (2) Fatty liver disease AND
recommendation ((“fatty liver”[MeSH Terms] OR (“fatty”
[All Fields] AND “liver”[All Fields]) OR “fatty liver”[All
Fields]) AND (“disease”[MeSH Terms] OR “disease”[All
Fields])) AND recommendation[All Fields]; (3) Fatty
liver disease and position paper ((“fatty liver”[MeSH
Terms] OR (“fatty”[All Fields] AND “liver”[All Fields]) OR
“fatty liver”[All Fields]) AND (“disease”[MeSH Terms]
OR “disease”[All Fields])) AND (position[All Fields] AND
(“paper”[MeSH Terms] OR “paper”[All Fields])).
According to this criteria, 119 papers were identified.
As a second step, we excluded papers which were not
pertinent to any of the following criteria: (1) Clinical
Guidelines related to diagnosis and management of
NAFLD in the adult population; (2) clinical Guidelines
published by Governmental agencies and Scientific Asso
ciations.
According to the selection criteria, out of 119 results
of PubMed research, 5 Guidelines were finally included in
this analysis. These guidelines are strictly focused on the
topic of diagnosis and management of NAFLD in adult,
excluding pediatric populations and special groups. In
detail, the five selected papers included (from the oldest
to the newest date of publication): (1) “EASL-EASDEASO Clinical Practice Guidelines for the management
of non-alcoholic fatty liver disease” by the European
Association for the Study of The Liver (EASL), published
[3]
in 2016 ; (2) “Nonalcoholic fatty liver disease (NAFLD):
Assessment and management” by the National Institute
for Health and Care Excellence (NICE), published in
[4]
2016 ; (3)“Asia-Pacific Working Party on Non-Alcoholic
[5,6]
Fatty Liver Disease guidelines” published in 2017 ; (4)
Italian Association for the Study of the Liver (AISF). AISF
position paper on nonalcoholic fatty liver disease (NAFLD):
[7]
Updates and future directions, published in 2017 ; (5)
“The diagnosis and Management of Nonalcoholic Fatty
Liver Disease: Practice Guidance From the American
Association for the Study of Liver Diseases” published in
[8]
2018 .

Key words: Non-alcoholic fatty liver disease; Metformin;
Liver steatosis; Liver biopsy; Non-invasive diagnosis;
Pioglitazone; Clinical guidelines
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD) is
becoming the most common cause of chronic liver dis
ease. As such, an increasing number of scientific reports
are investing this condition. To translate these evidence
into clinical practice, international scientific societies have
proposed guidelines for the management of NAFLD. In
this review, we will critically analyse both the converging
and diverging points in the current clinical guidelines of
NAFLD, with a particular focus on the diagnostic and
therapeutic aspects.
Leoni S, Tovoli F, Napoli L, Serio I, Ferri S, Bolondi L. Current
guidelines for the management of non-alcoholic fatty liver
disease: A systematic review with comparative analysis. World J
Gastroenterol 2018; 24(30): 3361-3373 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i30/3361.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i30.3361

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) includes a
spectrum of disorders ranging from the simple fatty
liver to non-alcoholic steatohepatitis, with increasing
[1]
fibrosis leading to cirrhosis . The prevalence of NAFLD
is alarmingly growing worldwide in adult and children/
adolescent populations, with a bidirectional association
[2]
between NAFLD and metabolic syndrome . Obesity,
insulin resistance, type 2 diabetes mellitus, and dyslipi
demia are the most relevant metabolic conditions related
[1,2]
to this spectrum of diseases .
Clinicians and researchers from several scientific
Associations worldwide put significant efforts into
increasing knowledge and developing high-quality In
ternational Guidelines to improve the management
of NAFLD patients in clinical practice. Multidisciplinary
panels of experts in different continents have performed
systematic analysis and review of the literature on
specified topics in the last years. These efforts have led
to the creation and publication of various Guidelines.
This paper aims to review and compare the most
recently published International Guidelines for the diag
nosis and the management of NAFLD in adult popu
lations, to critically evaluate similarities and discrepancies.
In particular, we tried to analyse some critical questions
and challenges for clinicians in real life.

OPEN QUESTIONS
Definition, classification, and diagnostic criteria of
NAFLD

LITERATURE SEARCH
We performed a database search on PubMed selecting
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Table 1 Diagnostic criteria for non-alcoholic fatty liver disease according to the various guidelines
EASL
Required criteria

Alcohol
consumption
threshold (men)
Alcohol
consumption
threshold (women)

Steatosis in > 5% of
hepatocytes by either
imaging or histology
No other causes of
steatosis
Insulin resistance

NICE

Asia-Pacific

Excessive fat in the liver Hepatic steatosis by either
imaging or histology

AISF

AASLD

Hepatic steatosis on
either imaging or
histology
No other causes of
steatosis
No significant alcohol
consumption

Evidence of hepatic
steatosis either by
imaging or histology
No other causes of
steatosis
No significant alcohol
consumption
No coexisting chronic
liver disease
21 standard drink/wk
294 g/wk

No other causes of
steatosis
No significant alcohol
consumption

No other causes of
steatosis
No significant alcohol
consumption

30 g/d

30 g/d

2 standard drink/d
140 g/wk

30 g/d

20 g/d

20 g/d

1 standard drink/d
70 g/wk

20 g/d

14 standard drink/wk
196 g/wk

EASL: European Association for the Study of the Liver; NICE: National Institute for Health and Care Excellence; AISF: Italian Association for the study of
the Liver; AASLD: American Association for the Study of Liver Diseases; MRI: Magnetic resonance imaging.
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Figure 1 Main difference between non-alcoholic fatty liver and non-alcoholic steatohepatitis. A: Non-alcoholic fatty liver; B: Non-alcoholic steatohepatitis.
NAFL is characterized by minimal inflammatory infiltrate without hepatocyte ballooning (arrow). Instead, NASH is associated with lobular inflammatory infiltrate and
hepatocyte degeneration (arrow). NAFL: Non-alcoholic fatty liver; NASH: Non-alcoholic steatohepatitis.

is reported in all Guidelines (Table 1). The characteristic
points of NAFLD definition include (1) the evidence
of excessive hepatic fat accumulation in the liver par
enchyma (detected by imaging techniques or histology);
(2) the absence of other secondary causes of hepatic
fat. Out of them, to strictly define NAFLD patients a
significant ongoing or recent alcohol consumption have
[3-8]
to be excluded in all recommendation .
All recommendations identify some different clinicalpathological entities, according to the progression of
hepatic histological changes. Simple steatosis and
non-alcoholic steatohepatitis (NASH) are defined in
[3-8]
all guidelines . In detail simple steatosis, also called
non-alcoholic fatty liver (NAFL) includes all of the case
characterized by steatosis with minimal or absent lobular
inflammation. On the contrary, NASH is characterized
by hepatocyte ballooning degeneration, diffused lobular
inflammation and fibrosis (Figure 1)
Additionally, EASL Asia-Pacific Guidelines and AISF
position paper also underline the problem of NAFLDrelated HCC, potentially occurring in patients with NAFLD
[9,10]
but without cirrhosis
.
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Diagnostic criteria: The role of alcohol: The
agreement between the different guidelines is not
complete when defining the threshold dose of alcohol
[3]
consumption. As shown in Table 1, EASL , NICE, and
[3,4,7]
AISF guidelines
consider as significant an alcohol
consumption > 30 g/d in men and > 20 g/d in women.
[8]
The AASLD guidance indicate the reasonable threshold
for significant alcohol consumption > 21 standard drink
on average per week in men and > 14 in women. For
[5]
Asia-Pacific Guidelines a significant alcohol intake was
considered > 7 standard alcoholic drinks/week (70 g
ethanol) in women and > 14 (140 g) in men.

Who should be screened for NAFLD?

According to the screening programs adopted for other
diseases, systematic screening has to be performed
for significant health problem with available diagnostic
facilities and accepted treatment. Also, there should be
recognisable latent or early symptomatic stage, identi
fiable with sensitive tests. To adequately perform a
screening program, the natural history of the disease
should be understood, and the economic burden should
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Table 2 Comparative analysis of the recommendations regarding the screening for non-alcoholic fatty liver disease

Systematic
screening
Screening
in high-risk
groups
Screening
modality

1

EASL

NICE

Asia-Pacific

AISF

AASLD

No

No

No

No

No

Yes
Obesity
Metabolic syndrome
Abnormal liver enzymes
Yes liver enzymes

Yes
Obesity
Type Ⅱ Diabetes

Yes
Obesity
Type Ⅱ Diabetes

Not mentioned

No1

No liver enzymes
Yes ultrasonography

No liver enzymes
Yes ultrasonography
Yes transient elastography

"Active surveillance" (but not screening) suggested for patients with type Ⅱ diabetes mellitus. EASL: European Association for the Study of the Liver;

NICE: National Institute for Health and Care Excellence; AISF: Italian Association for the Study of the Liver; AASLD: American Association for the Study
of Liver Diseases.
[15]

er dependency remains . NICE guidelines propose
to use liver ultrasound to detect hepatic steatosis for
children with metabolic syndrome and type 2 diabetes
and to retest it every three years if the first examination
[4]
is negative .
On the other hand, magnetic resonance imaging
1
(MRI), either by proton density fat fraction ( H-MRS) or
spectroscopy, remains the gold standard to assess and
quantify hepatic steatosis, detecting the amount of liver
fat as low as 5%-10%, its use in the clinical practice is
still limited. In fact, despite its robust accuracy, its limited
availability, high costs and a long time of execution,
make the procedure not recommended in the daily
[17]
clinical setting . Asia-Pacific guidelines specify that
1
H-MRS is the best option to quantify even moderate
changes in liver fat content in clinical trials, considering
its high sensitivity compared to histological-proven liver
fat reversal. Similarly, EASL guidelines highlight its role,
primarily as screening imaging examination for clinical
[3]
trials and experimental studies .
Another imaging technique used to quantify liver fat
content is the ultrasonography-based transient elasto
graphy (TE) using continuous attenuation parameter
(CAP). This promising tool has shown a good sensitivity,
measuring simultaneously liver stiffness, potentially
[13]
evaluating NAFLD severity at the same setting . How
ever, despite its low cost and rapidity of execution, its
role in the clinical practice has still to be defined. In
fact, EASL guidelines specify that TE has never been
1
compared with hepatic steatosis measured by H-MRS
and there are limited data about its ability to discriminate
[3]
different histological patterns . On the other hand, AsiaPacific guidelines propose CAP as a useful screening
tool for NAFLD diagnosis, as well as for demonstrating
improvement in hepatic steatosis after lifestyle inter
[5]
vention and body weight reduction .

be suitable.
The international guidelines partially diverge about
this topic. This disagreement derives from essential con
siderations regarding natural history, special groups,
diagnosis, and therapy: (1) NAFLD in a common cause
of chronic liver disease in general population but cause
severe liver disease in a small proportion of affected
[1]
people ; (2)Type Ⅱ diabetes patients have higher preva
[11-13]
lence of NAFLD, NASH and advanced fibrosis
; (3)
There is a current lack of effective drug treatment; (4)
Liver biopsy is a procedure with related risks; (6) Few
[14]
cost-effective analysis are available .
All these considerations imply a different approach
to screening in NAFLD by the Scientific Societies. Only
[3-5]
EASL, NICE Asia-Pacific Guidelines
recommend
screening respectively in particular, “high-risk” groups
(Table 2). On the contrary, AASLD guidelines emphasise
that, to date, there is no evidence of cost-effectiveness
to support a NAFLD screening in adults even if they
have several metabolic risk factors, instead suggesting a
[8]
concept of “vigilance” in these populations .

Which noninvasive test(s) should be used to diagnose
NAFLD?

Worldwide guidelines agree that, whenever NAFLD is
suspected, the initial diagnostic workup should include
a noninvasive imaging examination to confirm the pre
[3-8]
sence of steatosis and general liver biochemistry .
Non-invasive assessment should aim first of all to identify
NAFLD among patients with metabolic risk factors, and
then to monitor disease progression and treatment
[3]
response, identifying patients with the worst prognosis .
Imaging: There is a consensus for using abdominal
ultrasound (US) as the first-line examination to identify
liver steatosis in patients with increased liver blood
exams or suspected NAFLD, in daily clinical practice
(Figure 2). The main advantages of US derive from its
broad availability and low cost. However, its sensitivity
2
among morbidly obese patients (BMI > 40 kg/m ) is low,
and it may miss the diagnosis when the liver hepatic fat
[15,16]
content is < 20%
. Despite these limitations, EASL
and AISF underline how ultrasound can significantly
assess moderate and severe steatosis, even if an observ
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Conventional liver biochemistry: Although NAFLD
may present by standard laboratory liver tests, frequently
a slight increase of aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) or gamma-glutamyl
transpeptidase (GammaGT) is observed. However, all
the guidelines agree that normal levels of liver enzymes
may not exclude NAFLD, being a not sensitive screening
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A1

A2

B1

B2

C1

C2

Figure 2 Aspects of liver steatosis according to the different imaging techniques. In normal ultrasound examination liver parenchyma is isoechoic to the renal
parenchyma in normal conditions (A1), becoming hyperechoic in presence of liver steatosis (A2). In comparison to a normal liver (B1), a fatty liver appears hypodense
compared to the spleen and to the hepatic veins (B2) in computed tomography scans. Finally, in the setting of a severe steatosis, the magnetic resonance signal has
a clear fall from in phase (C1) to out phase sequencings (C2).
[3-8]

test .
Moreover, laboratory alterations may hide another
cause of liver disease, in which steatosis is a coexisting
condition. On the other hand, detection of abnormalities
of laboratory exams (such as ferritin or autoantibodies)
not always reflects the presence of another liver disease,
but could be an epiphenomenon of NAFLD with no
further clinical significance.
In particular, AASLD guidelines underline that ele
vate serum ferritin and low titers of autoimmune anti
bodies (especially antinuclear and anti-smooth muscle
antibodies) are common features among NAFLD
[18,19]
, and may not automatically indicate the
patients
presence of hemochromatosis or autoimmune liver dis
[8]
ease .

predicting inflammation and fibrosis is leading to a
considerable interest in the identification of new markers
of disease progression and to the development of clinical
scores of disease severity.
To assess the presence of steatosis, EASL, AsiaPacific, and Italian guidelines mention the Fatty Liver
[20]
[21]
Index (FLI) and the NAFLD liver fat score . Both of
these scores are easily calculated using common blood
exams and simple clinical information. In detail, FLI is
calculated from serum triglyceride, body mass index,
[20]
waist circumference, and gamma-glutamyltransferase ,
while NAFLD liver fat score is calculated evaluating the
presence/absence of metabolic syndrome and type 2
[21]
diabetes, fasting serum insulin, and aminotransferases .
They have been validated in a cohort of severely obese
patients and the general population, reliably predicting
[22]
the presence of steatosis, but not its severity . On
the contrary, the AASLD guidelines underline that only
inflammation and fibrosis dictate the prognosis of NAFLD
patients and, consequently, highlight the lack of evidence

Which is the role of diagnostic and prognostic scores?

Noninvasive predictor biomarkers and scores of
steatosis and steatohepatitis: The current absence
of a highly specific and sensitive noninvasive marker

WJG|www.wjgnet.com
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of the usefulness of quantifying hepatic steatosis in
the routine clinical setting. Instead, AASLD guidelines
underline that the simultaneous presence of several
metabolic diseases is the most potent predictor of hepatic
inflammation and adverse outcome in patients with
NAFLD.
The cytokeratin-18 fragment is currently the most stud
ied biomarker to assess the presence of inflammation.
Its circulating levels have been largely investigated as a
signal of hepatocellular apoptotic activity and therefore as
[23]
a characteristic feature of NASH . Its role is addressed
both by Asia-Pacific and EASL guidelines, which agree
that the current evidence does not support its use in
[3,5]
clinical practice and that more studies are needed . In
particular, Asia-Pacific guidelines highlight how increased
levels of cytokeratin-18 have good predictive value for
NASH vs normal livers but do not differentiate NASH vs
[24,25]
simple steatosis
. On the other hand, EASL guidelines
specify that has been demonstrated that cytokeratin-18
serum levels decrease parallel with histological improve
ment, but its predictive value is not better than ALT in
[26]
identifying histological responders .
To conclude, guidelines agree that noninvasive tests
for detecting NASH and distinguishing it from simple
steatosis are not currently available and that liver biopsy
remains necessary to detect hepatocyte ballooning and
[3-8]
lobular inflammation .

histological proven NAFLD patients in comparison with
[28]
other scores . EASL guidelines underline that NFS has
a stronger negative predictive value for advanced fibrosis
[30]
than the corresponding positive predictive value .
Hence, it should be used for excluding the presence of
advanced fibrosis better than stratifying NAFLD patients
[3]
on different fibrosis stages .
Transient elastography has been recently approved
by US Food and Drug Administration to investigate adult
and pediatric patients with liver disease. Its cut-off value
for advanced fibrosis for adults with NAFLD has been
established to 9.9 KpA with 95% sensitivity and 77%
[31]
specificity . In particular, elastography score has been
shown to have good diagnostic accuracy for the presence
of clinically significant fibrosis, with an AUROC of 0.93
(95%CI: 0.89-0.096) for advanced fibrosis (≥ F3) and
cirrhosis, and with a negative predictive value of 90%
in ruling out cirrhosis when using a cut-off of 7.9 kPa.
However, the ability in differentiating between F2 and F3
fibrosis seems less robust. Because of this high rate of
false-positive results, EASL and Asia-Pacific guidelines
point out that its low specificity limits its use in daily
practice in diagnosing advanced grade of fibrosis and
[5]
cirrhosis, as well as by a high failure rate . Moreover
considering the unreliable results among patients with
high BMI and thoracic fold thickness, EASL guidelines
highlight that it should not be used alone as first-line
[3]
detection tool to identify advanced fibrosis or cirrhosis .
In this setting, its poor performance can be improved by
[32,33]
using M or XL-probe, increasing the success rate
.
American guidelines underline the vital role of magnet
ic resonance elastography (MRE) in identifying different
degrees of fibrosis in patients with NAFLD, performing
better than transient elastography for recognising inter
mediate stage of fibrosis, but showing a same predictive
[34]
value for advanced fibrosis stages . Therefore AASLD
guidelines conclude that MRE and transient elastography
are both useful tools for identifying NAFLD patients with
advanced liver fibrosis.
On the other hand, shear wave elastography, in the
same way as transient elastography, seems to be inap
propriate to discriminate between intermediate stages
of fibrosis and provide reliable results only in 73% of
2[35]
patients with BMI ≥ 30 kg/m .

Noninvasive assessment of advanced fibrosis: Liver
fibrosis is considered the leading prognostic factor among
patients with NAFLD because of its strong correlation with
[27]
survival rate and liver-related outcomes . Therefore,
NAFLD patients with advanced fibrosis need a closer
monitoring and a rigorous adherence to treatment.
However, to date, no methods easily performed in daily
clinical practice and with a high predictive value for dif
ferentiating grades of liver fibrosis have been identified.
Different tools have been investigated at this pur
pose, including noninvasive scores (NAFLD fibrosis score,
Fibrosis 4 calculator, AST/ALT ratio index), serum bio
markers (ELF panel, Fibrometer, Fibrotest, Hepascore)
and imaging techniques, such as transient elastography,
magnetic resonance elastography (MRE) and shear wave
[28]
elastography .
According to the NICE guideline, the enhanced
liver fibrosis (ELF) blood test has shown the best costeffectiveness in identifying patients with advanced fi
[29]
brosis stages
and therefore should be offered to all
[4]
patients with an incidental diagnosis of NAFLD . On
the other hand, EASL and Italian guidelines suggest the
use of NAFLD fibrosis score (NFS) and Fibrosis 4 calcu
lator (FIB-4) as noninvasive scores to identify patients
[3,7]
with different risk of advanced fibrosis . These two
scores have been validated in various ethnically NAFLD
patients, predicting liver and cardiovascular-related
[30]
mortality . Moreover AASLD guidelines highlight that
in a recent study both NFS and FIB-4 have shown
the best predictive value for advanced fibrosis among
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Which are the best diagnostic algorithms and follow-up
strategies?

The optimal strategy for stratifying NAFLD patients
and follow disease progression has not been yet estab
lished. According to EASL and Italian guidelines, the
combination of noninvasive scores (NFS and FIB-4)
and transient elastography should be used to identify
patients at low risk of advanced liver disease and for
clinical decision-making. Moreover, this combination
may instead identify patients who should undergo a
liver biopsy to confirm advanced fibrosis, and in whom
[3,7]
a more intensive approach is needed) . Noninvasive
serum scores should be calculated for every patient with
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NAFLD to exclude the presence of significant fibrosis. If it
cannot be ruled out, then transient elastography should
be performed. Hence, if advanced fibrosis is suspected,
[3,7]
liver biopsy should be performed for final diagnosis .
Moreover, a clinical, laboratory and instrumental followup for noninvasive monitoring of fibrosis, is suggested
every two years for NAFLD patients with normal liver
enzymes and low risk of advanced fibrosis. Patients with
evidence of NASH or fibrosis should be screened annually
and those with cirrhosis every six months, to perform
[3,7]
HCC surveillance .
Similarly, the AASLD guidelines consider NFS,
FIB-4, transient elastography, and MRE as the firstline examination to detect patients with advanced fi
[8]
brosis . Differently from the EASL guidance, however,
no diagnostic algorithms or follow up strategies are
provided.
The Asia-Pacific guidelines also agree that combined
use of serum tests and imaging tools may offer more
[6]
reliable information than using either method alone .
However, they do not specify which noninvasive test is
best.
According to the NICE guidelines, every patient with
an incidental finding of NAFLD should be screened for
advanced fibrosis by ELF blood test. If negative, it should
be repeated every three years for adults and two years
for children. Moreover, children and young people with
type 2 diabetes mellitus or metabolic syndrome, but
without steatosis at ultrasound examination, should be
[4]
reevaluated every three years .

advanced liver fibrosis. Furthermore, they underline
that in selected NAFLD patients at high risk of disease
progression, the repetition of liver biopsy should be con
[3,7]
sidered case-by-case every five years . On the other
hand, the Asia-Pacific guidelines recommend biopsy
only when a competing aetiology of chronic liver disease
cannot be excluded just by laboratory exams and per
sonal anamnesis, or results of noninvasive tests are
[5,6]
inconclusive .

How to treat NAFLD?

Lifestyle changes: Lifestyle modification consisting of
diet, exercise, and weight loss has been advocated to
treat patients with NAFLD in all guidelines (Tables 3 and
4). Indeed, weight loss has been reported as a keystone
[39,40]
element in improving the histology features of NASH
.
[7]
According to the AISF position paper , the best
therapeutic approach is an adequate lifestyle change
focused on weight loss and achieved by physical activity
(aerobic activities and resistance training) and healthy
diet. In particular, an energy restriction obtained with
a low calorie (1200-1600 kcal/d), low fat (less than
10% of saturated fatty acid), low carbohydrate diet (<
50% of total kcal) is suggested. A Mediterranean diet
is recommended as the most effective dietary option to
induce a weight loss together with beneficial effects on all
[7]
cardio-metabolic risk factors associated with NAFLD .
The Asia-Pacific guidelines agree with a lifestyle
intervention strategy for the treatment of NAFLD, focu
sing the attention on the timing of weight loss that should
be gradual because of the deleterious effect of crash
diets on NASH. Very low-calorie diets are considered
unsustainable, and any specific regimen is preferred over
[6]
the others .
[3]
[4]
[8]
Also, the EASL , NICE , and AASLD guidelines
recommend structured programmes aimed at lifestyle
changes towards a healthy diet and habitual physical
activity. According to all of these guidelines, a 7%-10%
weight loss is the target of most lifestyle interventions.

Who should undergo liver biopsy?

To date, liver biopsy is the gold standard for diagnosing
NASH and staging liver fibrosis, despite several limi
tations such as sampling error, variability in interpretation
[36]
by pathologists, high cost and patient discomfort .
[37]
The “NAFLD Activity Score” (NAS)
and the “Stea
[38]
tosis Activity Fibrosis” (SAF) scoring system
are
[8]
recommended to assess disease activity .
Except for the NICE guidelines (which do not provide
specific indications about which patients should undergo
liver biopsy), all of the remaining guidelines substantially
agree that confirmatory liver biopsy should not be per
formed in every NAFLD patients. Instead, it should be
reserved for the following two situations: (1) Uncertain
diagnosis; (2) suspect of NAFLD-related advanced liver
disease.
The AASLD guidelines suggest to perform liver bi
opsy in patients with metabolic syndrome who are at
increased risk of liver inflammation, or when NFS, FIB-4
or liver stiffness measured by transient elastography or
MRE suggest the presence of advanced liver fibrosis.
In that case, patients would benefit the most from diag
[8]
nosis, obtaining crucial prognostic information .
Similarly, EASL and Italian guidelines recommend
performing a liver biopsy when both serum and imaging
noninvasive tools show a medium/high risk of advanced
liver disease, with the aim to confirm the presence of
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Pharmacological treatment: (1) Who to treat:
[3]
According to the EASL guidelines , pharmacological
therapy should be reserved for: Progressive NASH (brid
ging fibrosis and cirrhosis); early-stage NASH at high
risk for disease progression (age > 50 years, metabolic
[41]
syndrome, diabetes mellitus or increased ALT) ;
[42]
active NASH with high necroinflammatory activities .
Similarly, in the AASLD and Asia-Pacific guidelines, a
pharmacological approach is recommended only for
[8]
patients with NASH and fibrosis . In the NICE guidance,
just people with an advanced liver fibrosis (ELF test >
[4]
10.51) are proposed for pharmacological treatment .
In the AISF position paper, drug therapy is suggested for
[7]
patients who are at high risk for disease progression . (2)
Pharmacologic treatment: Currently, no drugs have been
approved for the treatment of NASH by the US Food
and Drug Administration or by the European Medicines
Agency. All guidelines acknowledge that any medicines
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Table 3 Comparison of recommendations about non-invasive evaluation of fibrosis and follow up strategies

Non-invasive
evaluation

Follow up

EASL

NICE

NFS and FIB-4 upon
diagnosis. If inconclusive,
perform transient
elastography
Negative markers >
reassess every 2 yr;
Fibrosis or abnormal
liver enzymes > reassess
every year; Cirrhosis->
surveillance every 6 mo

ELF blood test

Negative ELF test, >
reassess every 3 yr;
Positive ELF test > liver
biopsy

Asia-Pacific

AISF

AASLD

Combination of serum
NFS + FIB-4 upon
NFS, FIB-4 and transient
tests and imaging tools diagnosis. If inconclusive, elastography (or MRE)
(no specification about the
perform transient
upon diagnosis
preferred tests)
elastography
No information provided
Negative markers >
No information provided
reassess every 2 yr;
Fibrosis or abnormal
liver enzymes > reassess
every year; Cirrhosis >
surveillance every 6 mo

EASL: European Association for the Study of the Liver; NICE: National Institute for Health and Care Excellence; AISF: Italian Association for the study of
the Liver; AASLD: American Association for the Study of Liver Diseases; NFS: NAFLD fibrosis score; FIB-4: Fibrosis-4; ELF: Enhanced Liver Fibrosis; MRE:
Magnetic resonance elastography.

Table 4 Guidance statements about lifestyle interventions
EASL
Dietary
restrictions

NICE

500-1000 kcal deficit;
Main recommendations on
weight loss of 500-1000 g/wk diet of NICE’s obesity and
with a 7%-10% total weight
preventing excess weight
loss
gain guidelines

Physical
activity

Aerobic and resistance training
(150-200 min/wk in 3-5
sessions)

Gold
standard
diet

Low-to-moderate fat and
moderate-to-high carbohydrate
intake
Low-carbohydrate ketogenic
diets or high-protein
Mediterranean diet

Main recommendation
of on physical activity
of NICE’s obesity and
preventing excess weight
gain guidelines
No specific suggestions

Asia-Pacific
500-1000 kcal deficit

Aerobic and resistance
training

All, excluding very lowcalorie diets

AISF

AASLD

1200-1600 kcal/d;
500-1000 kcal deficit
fat-low (< 30% of total
calories);
carbohydrate-low (< 50%
of total calories)
Aerobic and resistance
Aerobic and resistance
training
training (> 150 min/wk)

Mediterranean diet

No specific suggestions

EASL: European Association for the Study of the Liver; NICE: National Institute for Health and Care Excellence; AISF: Italian Association for the Study of
the Liver; AASLD: American Association for the Study of Liver Diseases.

prescribed explicitly for NAFLD should be considered
as an off-label treatment and that the decision should
be discussed with the patient, carefully balancing the
benefits and the safety. However, the guidelines are
widely discordant about possibly helpful drugs (Table 5).
Metformin: Due to the evidence of its limited efficacy
[43-45]
in improving the histological features of NAFLD
,
metformin is not recommended by any guidelines to
[3-8]
specifically treat NAFLD .
Pioglitazone: Pioglitazone, a thiazolidinedione, is
a peroxisome proliferator-activated receptor (PPAR)
gamma agonist with insulin-sensitising effects. Treat
ment with pioglitazone improves insulin sensitivity, amino
transferases, steatosis, inflammation, and ballooning in
[46]
patients with NASH and prediabetes or T2DM . The
PIVENS trial (a large multicenter RCT) compared low
dose pioglitazone (30 mg/d) vs vitamin E (800 UI/d) vs
placebo for two years in patients without overt diabetes.
Pioglitazone improved all histological features (except
for fibrosis) and achieved resolution of NASH more
[47]
often than placebo . The histological benefit occurred
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together with ALT improvement and partial correction
of insulin resistance. The main side effects of glitazones
[48-51]
[52]
are weight gain
, and bone fractures in women .
The use of pioglitazone for the treatment of NAFLD is
endorsed both by the NICE and AASLD guidelines, with
significant limitations. In the first case, pioglitazone
should be prescribed only in second and third level
[4]
centres, after a careful evaluation . In the latter case,
pioglitazone is reserved for patients with biopsy-proven
[8]
NASH . The EASL guidelines are more cautious,
generically suggesting to consider pioglitazone for the
treatment of diabetes in patients with a concurrent
[3]
NAFLD . Even the Asia-Pacific and the Italian guidelines
acknowledge the potential benefits of pioglitazone, how
ever, suggest that more evidence should be available
[6,7]
before a firm recommendation can be made .
Vitamin E: Vitamin E is an anti-oxidant and has been
investigated to treat NASH. In the PIVENS trial, vitamin
E at a dose of 800 IU/d of α-tocopherol for 96 wk was
associated with a decrease in serum aminotransferases
and histological improvement in steatosis, inflammation,
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Table 5 Recommendations about pharmacological treatment of non-alcoholic fatty liver disease

Metformin
Vitamin E

EASL

NICE

ASIA-PACIFIC

AISF

AASLD

Insufficient evidence
Insufficient evidence

Not beneficial
Consider use regardless of
diabetes

Not beneficial
Not beneficial

Not mentioned
Insufficient evidence

Consider pioglitazone
in adults regardless of
diabetes
Insufficient evidence
Not mentioned
Insufficient evidence

Insufficient evidence in
Asian

Insufficient evidence,
potentially useful

Not beneficial
Not beneficial
Insufficient evidence in
Asian patients
Not mentioned
waiting for ongoing RCT
results
insufficient evidence,
potentially useful
Safe but not beneficial

Not mentioned
Not mentioned
Insufficient evidence,
potentially useful
Not mentioned
Waiting for ongoing RCT
results
Not mentioned

Not beneficial
Consider use in nondiabetic, biopsy-proven
NASH
Pioglitazone indicated
in biopsy-proven NASH
(regardless of diabetes)
Not beneficial
Not mentioned
Insufficient evidence

PPAR-gamma Consider use in selected
agonists
diabetic patients
PUFA
Pentoxifylline
GLP-1
analogues
UDCA
Obetycolic
acid
Silymarin

Not beneficial
Insufficient evidence
Insufficient evidence,
potentially useful
Not beneficial
Scarce evidence
Not mentioned

Not mentioned

Statins

Safe but not beneficial

Safe but not beneficial

Not beneficial
Not mentioned

Safe but not beneficial

Not beneficial
Insufficient evidence
Not mentioned
Safe but not beneficial

EASL: European Association for the Study of the Liver; NICE: National Institute for Health and Care Excellence; AISF: Italian Association for the Study of
the Liver; AASLD: American Association for the Study of Liver Diseases; PPAR: Peroxisome proliferator-activated receptors; PUFA: Poly-unsaturated fatty
acids; GLP-1: Glucagon-like peptide-1.

and ballooning and resolution of steatohepatitis in adults
[47]
with NASH . Long-term safety of vitamin E is under
dispute, with two different meta-analyses leading to
conflicting results when analysing the all-cause mortality
[51,52]
in patients treated with t doses of > 800 IU/d
.
Similarly to pioglitazone, vitamin E is recommended by
the NICE and AASLD guidelines (limited to biopsy-proven
[4,8]
NASH in the latter case) . EASL and AISF guidelines
[3,7]
call for more evidence before any recommendation ,
while Asia-Pacific guidelines advice against the use of
vitamin E which is described as not beneficial by the
[6]
current evidence .
Glucagon-like peptide-1 (GLP-1) analogues: Incretinmimetics, acting on the glucose-insulin interplay have
shown favourable results in pre-marketing studies on
[53]
liver enzymes . Also, in a published randomised,
placebo-controlled trial consisting of 52 patients with
biopsy-proven NASH, liraglutide administered sub
cutaneously once-daily for 48 wk was associated with
greater resolution of NASH and less progression of
[54]
fibrosis . Both the AASLD and NICE recommendations
state that there is still too few evidence to support the
use of GLP-1 analogues to specifically treat liver disease
[4,8]
in patients with NAFLD . The remaining guidelines
also agree on this point, however also state that further
evidence may prove the efficacy of these drugs. In
particular, the APASL guidelines consider some more
elements in their recommendations. On the one hand,
GLP-1 agonists appeared to reduce glycated haemoglobin
more efficiently in Asian patients with type 2 diabetes
[55]
mellitus . On the other hand, there has been no study
on Asian NASH patients, even if the pharmacokinetics
of GLP-1 agonists do not appear to differ between
Asian and non-Asian patients according to preliminary
[56,57]
evidence
.
Statins: Historically, the use of statins in patients with
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chronic liver diseases has been considered as potentially
troublesome due to the risk of hepatotoxicity. At the same
time, a considerable portion of NAFLD patients usually
receives statins because of their multiple cardiovascular
risk factors. Consequently, the primary concern of the
guidelines is the safety of statins. In this regard, a recent
review underlined the safety of statin and their efficacy
in reducing the associated cardiovascular morbidity
in patients with NAFLD, including those with slightly
elevated alanine transaminases (up to 3 × reference upper
[58]
limit) . All of the guidelines agree about the safety
of prescribing statins (or continuing an ongoing statin
therapy) in patients with NAFLD, even with compensated
cirrhosis. However, routine prescription of a statin is not
recommended in patients with decompensated cirrhosis
[59,60]
and acute liver failure
.
Silymarin: Silymarinis a complex mixture of six major
flavonolignans (silybins A and B, isosilybins A and B,
silychristin, and silydianin), as well as other minor poly
[61]
phenolic compounds .In a randomised, double-blinded,
placebo-controlled study on patients with biopsy-proven
NASH, silymarin dosage of 700 mg three times daily
for 48 wk resulted in a significantly higher percentage
of fibrosis reduction compared with placebo (22.4%
[62]
vs 6.0%, P = 0.023) . The dosage was safe and well
[62]
tolerated . Silymarin is mentioned as a potentially use
ful treatment for NASH in Asia-Pacific guidelines only.
However, optimal dose and duration still require further
[6]
studies before a full recommendation .
Bariatric surgery: In patients unresponsive to lifestyle
changes and pharmacotherapy, bariatric surgery is an
option for reducing weight and metabolic complications,
[63]
with stable results in the long-term . Bariatric surgery
can also improve liver histology, both regarding steatosis
[64,65]
[65]
and ballooning
and fibrosis . However, the presence
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of established cirrhosis is associated with peri-operative
risks. In particular, in the analysis performed from the
Nationwide Inpatient Sample (1998-2007), mortality
was higher in patients with compensated cirrhosis (0.9%)
and much higher in those with decompensated cirrhosis
[66]
(16.3%) . No robust data on the comparative effects of
different bariatric procedures on liver fat are available in
the literature.
Based on the evidence as mentioned earlier, the EASL
guidelines consider bariatric surgery an option in patients
unresponsive to lifestyle changes and pharmacotherapy,
[3]
for reducing weight and metabolic complications .
Guidance statements by the AASLD also consider a role
of foregut bariatric surgery in otherwise eligible obese
[8]
individuals with NAFLD or NASH .
The Asia-Pacific recommendation limits the role of
bariatric surgery only to patients with class Ⅱ obesity (BMI
2
2
[6]
> 32.5 kg/m in Asians and 35 kg/m in Caucasians) .
AISF and NICE guidelines do not mention bariatric
surgery.

the next years, we might see a trend toward more
homogenous guidelines thanks to the increasing body
of evidence. In particular, the advancements in the
imaging technologies could lead to new and widely ac
cepted noninvasive methods to assess advanced liver
fibrosis. Moreover, some clinical trials are investigating
potentially effective drugs. If positive, the currently
diverging pharmacological recommendations may reach
a higher concordance. NAFLD is becoming a leading field
of research in hepatology: new evidence is destined to
change the current landscape of knowledge, prompting
greater benefits to the patients as well as changes in the
recommendations for clinical practice.

REFERENCES
1

2

Liver transplantation: NASH is becoming the most
common indication to liver transplantation in Western
[67]
Countries . Because of the high prevalence of obe
sity, sarcopenia, cardiovascular disease and chronic
kidney disease among patients with NASH, there is a
higher frequency of post-transplant complications and
[68,69]
increased graft loss
. Because of the risk of pro
longed ventilation, poor wound healing, higher rate of
primary graft non-function, and increased infectious
complications, patients with severe obesity (BMI > 40
2
kg/m ) may even be considered unﬁt for liver trans
plantation, unless efforts are made preoperatively to
reduce body weight with individualized plans of lifestyle
[70]
modiﬁcations .
AISF and NICE guidance do not mention liver trans
plantation. All of the remaining guidelines agree that
liver transplantation is an acceptable procedure in NASH
patients with an end-stage liver disease, with the same
[3-8]
indications adopted for other etiologies of liver disease .

3

4
5

6

CONCLUSION

7

The comparative analysis of the most recent international
guidelines for the management of NAFLD showed some
common orientation between the different recommen
dations, as well as diverging points. The most notable
differences involved: the identification of the alcohol
threshold defining NAFLD, the screening strategies in
high-risk populations, the preferred non-invasive bio
markers for the assessment of advanced fibrosis, and
the pharmacological treatment. These differences should
not be necessarily seen as a limitation, but rather an
expression of the geographical differences in genetic
predisposition to NAFLD, lifestyle habits, healthcare
systems. Arguably, the similarity in the recommendations
could greatly help in ensuring homogenous management
of NALFD all over the world, with favourable repercus
sions both in clinical practice and in clinical trials. In

WJG|www.wjgnet.com

8

9

10

11

3370

De Minicis S, Day C, Svegliati-Baroni G. From NAFLD to NASH
and HCC: pathogenetic mechanisms and therapeutic insights. Curr
Pharm Des 2013; 19: 5239-5249 [PMID: 23394093 DOI: 10.2174/1
381612811319290006]
Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C,
Behling C. Prevalence of fatty liver in children and adolescents.
Pediatrics 2006; 118: 1388-1393 [PMID: 17015527 DOI: 10.1542/
peds.2006-1212]
European Association for the Study of the Liver (EASL).
European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO
Clinical Practice Guidelines for the management of non-alcoholic
fatty liver disease. J Hepatol 2016; 64: 1388-1402 [PMID: 27062661
DOI: 10.1016/j.jhep.2015.11.004]
National Institute for Health and Care Excellence (UK). NonAlcoholic Fatty Liver Disease: Assessment and Management.
Available from: URL: http//www.niceorg.uk\guidance\ng49
Wong VW, Chan WK, Chitturi S, Chawla Y, Dan YY, Duseja A,
Fan J, Goh KL, Hamaguchi M, Hashimoto E, Kim SU, Lesmana
LA, Lin YC, Liu CJ, Ni YH, Sollano J, Wong SK, Wong GL, Chan
HL, Farrell G. Asia-Pacific Working Party on Non-alcoholic Fatty
Liver Disease guidelines 2017-Part 1: Definition, risk factors and
assessment. J Gastroenterol Hepatol 2018; 33: 70-85 [PMID:
28670712 DOI: 10.1111/jgh.13857]
Chitturi S, Wong VW, Chan WK, Wong GL, Wong SK, Sollano
J, Ni YH, Liu CJ, Lin YC, Lesmana LA, Kim SU, Hashimoto E,
Hamaguchi M, Goh KL, Fan J, Duseja A, Dan YY, Chawla Y, Farrell
G, Chan HL. The Asia-Pacific Working Party on Non-alcoholic
Fatty Liver Disease guidelines 2017-Part 2: Management and special
groups. J Gastroenterol Hepatol 2018; 33: 86-98 [PMID: 28692197
DOI: 10.1111/jgh.13856]
Italian Association for the Study of the Liver (AISF). AISF
position paper on nonalcoholic fatty liver disease (NAFLD): Updates
and future directions. Dig Liver Dis 2017; 49: 471-483 [PMID:
28215516 DOI: 10.1016/j.dld.2017.01.147]
Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M,
Harrison SA, Brunt EM, Sanyal AJ. The diagnosis and management
of nonalcoholic fatty liver disease: Practice guidance from the
American Association for the Study of Liver Diseases. Hepatology
2018; 67: 328-357 [PMID: 28714183 DOI: 10.1002/hep.29367]
Paradis V, Zalinski S, Chelbi E, Guedj N, Degos F, Vilgrain V,
Bedossa P, Belghiti J. Hepatocellular carcinomas in patients with
metabolic syndrome often develop without significant liver fibrosis:
a pathological analysis. Hepatology 2009; 49: 851-859 [PMID:
19115377 DOI: 10.1002/hep.22734]
Piscaglia F, Svegliati-Baroni G, Barchetti A, Pecorelli A, Marinelli
S, Tiribelli C, Bellentani S; HCC-NAFLD Italian Study Group.
Clinical patterns of hepatocellular carcinoma in nonalcoholic fatty
liver disease: A multicenter prospective study. Hepatology 2016; 63:
827-838 [PMID: 26599351 DOI: 10.1002/hep.28368]
Portillo-Sanchez P, Bril F, Maximos M, Lomonaco R, Biernacki D,

August 14, 2018|Volume 24|Issue 30|

Leoni S et al . NAFLD guidelines

12

13

14

15

16

17

18

19

20

21

22

23

24

Orsak B, Subbarayan S, Webb A, Hecht J, Cusi K. High Prevalence
of Nonalcoholic Fatty Liver Disease in Patients With Type 2
Diabetes Mellitus and Normal Plasma Aminotransferase Levels. J
Clin Endocrinol Metab 2015; 100: 2231-2238 [PMID: 25885947
DOI: 10.1210/jc.2015-1966]
Koehler EM, Plompen EP, Schouten JN, Hansen BE, Darwish
Murad S, Taimr P, Leebeek FW, Hofman A, Stricker BH, Castera L,
Janssen HL. Presence of diabetes mellitus and steatosis is associated
with liver stiffness in a general population: The Rotterdam study.
Hepatology 2016; 63: 138-147 [PMID: 26171685 DOI: 10.1002/
hep.27981]
Kwok R, Choi KC, Wong GL, Zhang Y, Chan HL, Luk AO, Shu SS,
Chan AW, Yeung MW, Chan JC, Kong AP, Wong VW. Screening
diabetic patients for non-alcoholic fatty liver disease with controlled
attenuation parameter and liver stiffness measurements: a prospective
cohort study. Gut 2016; 65: 1359-1368 [PMID: 25873639 DOI:
10.1136/gutjnl-2015-309265]
Klebanoff MJ, Corey KE, Chhatwal J, Kaplan LM, Chung RT, Hur
C. Bariatric surgery for nonalcoholic steatohepatitis: A clinical and
cost-effectiveness analysis. Hepatology 2017; 65: 1156-1164 [PMID:
27880977 DOI: 10.1002/hep.28958]
Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley
M, Mullen KD, Cooper JN, Sheridan MJ. The utility of radiological
imaging in nonalcoholic fatty liver disease. Gastroenterology 2002;
123: 745-750 [PMID: 12198701 DOI: 10.1053/gast.2002.35354]
Ryan CK, Johnson LA, Germin BI, Marcos A. One hundred
consecutive hepatic biopsies in the workup of living donors for right
lobe liver transplantation. Liver Transpl 2002; 8: 1114-1122 [PMID:
12474149 DOI: 10.1053/jlts.2002.36740]
Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold
JS, Grundy S, Hobbs HH, Dobbins RL. Magnetic resonance
spectroscopy to measure hepatic triglyceride content: prevalence of
hepatic steatosis in the general population. Am J Physiol Endocrinol
Metab 2005; 288: E462-E468 [PMID: 15339742 DOI: 10.1152/
ajpendo.00064.2004]
Valenti L, Fracanzani AL, Bugianesi E, Dongiovanni P, Galmozzi
E, Vanni E, Canavesi E, Lattuada E, Roviaro G, Marchesini G,
Fargion S. HFE genotype, parenchymal iron accumulation, and
liver fibrosis in patients with nonalcoholic fatty liver disease.
Gastroenterology 2010; 138: 905-912 [PMID: 19931264 DOI:
10.1053/j.gastro.2009.11.013]
Vuppalanchi R, Gould RJ, Wilson LA, Unalp-Arida A, Cummings
OW, Chalasani N, Kowdley KV; Nonalcoholic Steatohepatitis Clinical
Research Network (NASH CRN). Clinical significance of serum
autoantibodies in patients with NAFLD: results from the nonalcoholic
steatohepatitis clinical research network. Hepatol Int 2012; 6: 379-385
[PMID: 21557024 DOI: 10.1007/s12072-011-9277-8]
Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M,
Castiglione A, Tiribelli C. The Fatty Liver Index: a simple and
accurate predictor of hepatic steatosis in the general population.
BMC Gastroenterol 2006; 6: 33 [PMID: 17081293 DOI:
10.1186/1471-230X-6-33]
Kotronen A, Peltonen M, Hakkarainen A, Sevastianova K,
Bergholm R, Johansson LM, Lundbom N, Rissanen A, Ridderstråle
M, Groop L, Orho-Melander M, Yki-Järvinen H. Prediction of nonalcoholic fatty liver disease and liver fat using metabolic and genetic
factors. Gastroenterology 2009; 137: 865-872 [PMID: 19524579
DOI: 10.1053/j.gastro.2009.06.005]
Fedchuk L, Nascimbeni F, Pais R, Charlotte F, Housset C, Ratziu
V; LIDO Study Group. Performance and limitations of steatosis
biomarkers in patients with nonalcoholic fatty liver disease. Aliment
Pharmacol Ther 2014; 40: 1209-1222 [PMID: 25267215 DOI:
10.1111/apt.12963]
Feldstein AE, Wieckowska A, Lopez AR, Liu YC, Zein NN,
McCullough AJ. Cytokeratin-18 fragment levels as noninvasive
biomarkers for nonalcoholic steatohepatitis: a multicenter validation
study. Hepatology 2009; 50: 1072-1078 [PMID: 19585618 DOI:
10.1002/hep.23050]
Shen J, Chan HL, Wong GL, Chan AW, Choi PC, Chan HY,
Chim AM, Yeung DK, Yu J, Chu WC, Wong VW. Assessment of

WJG|www.wjgnet.com

25

26

27

28

29

30

31

32

33

34

35

36
37

3371

non-alcoholic fatty liver disease using serum total cell death and
apoptosis markers. Aliment Pharmacol Ther 2012; 36: 1057-1066
[PMID: 23066946 DOI: 10.1111/apt.12091]
Chan WK, Sthaneshwar P, Nik Mustapha NR, Mahadeva S. Limited
utility of plasma M30 in discriminating non-alcoholic steatohepatitis
from steatosis--a comparison with routine biochemical markers.
PLoS One 2014; 9: e105903 [PMID: 25184298 DOI: 10.1371/
journal.pone.0105903]
Vuppalanchi R, Jain AK, Deppe R, Yates K, Comerford M, Masuoka
HC, Neuschwander-Tetri BA, Loomba R, Brunt EM, Kleiner DE,
Molleston JP, Schwimmer JB, Lavine JE, Tonascia J, Chalasani N.
Relationship between changes in serum levels of keratin 18 and
changes in liver histology in children and adults with nonalcoholic
fatty liver disease. Clin Gastroenterol Hepatol 2014; 12: 2121-2130.
e1-2 [PMID: 24846279 DOI: 10.1016/j.cgh.2014.05.010]
Ekstedt M, Hagström H, Nasr P, Fredrikson M, Stål P, Kechagias
S, Hultcrantz R. Fibrosis stage is the strongest predictor for diseasespecific mortality in NAFLD after up to 33 years of follow-up.
Hepatology 2015; 61: 1547-1554 [PMID: 25125077 DOI: 10.1002/
hep.27368]
Kaswala DH, Lai M, Afdhal NH. Fibrosis Assessment in
Nonalcoholic Fatty Liver Disease (NAFLD) in 2016. Dig Dis
Sci 2016; 61: 1356-1364 [PMID: 27017224 DOI: 10.1007/
s10620-016-4079-4]
Fagan KJ, Pretorius CJ, Horsfall LU, Irvine KM, Wilgen U, Choi
K, Fletcher LM, Tate J, Melino M, Nusrat S, Miller GC, Clouston
AD, Ballard E, O’Rourke P, Lampe G, Ungerer JP, Powell EE. ELF
score ≥9.8 indicates advanced hepatic fibrosis and is influenced by
age, steatosis and histological activity. Liver Int 2015; 35: 1673-1681
[PMID: 25495373 DOI: 10.1111/liv.12760]
Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross R, Harris
S, Kaye P, Burt AD, Ryder SD, Aithal GP, Day CP, Rosenberg WM.
Noninvasive markers of fibrosis in nonalcoholic fatty liver disease:
Validating the European Liver Fibrosis Panel and exploring simple
markers. Hepatology 2008; 47: 455-460 [PMID: 18038452 DOI:
10.1002/hep.21984]
Tapper EB, Challies T, Nasser I, Afdhal NH, Lai M. The
Performance of Vibration Controlled Transient Elastography in a
US Cohort of Patients With Nonalcoholic Fatty Liver Disease. Am J
Gastroenterol 2016; 111: 677-684 [PMID: 26977758 DOI: 10.1038/
ajg.2016.49]
Wong VW, Vergniol J, Wong GL, Foucher J, Chan AW, Chermak F,
Choi PC, Merrouche W, Chu SH, Pesque S, Chan HL, de Lédinghen
V. Liver stiffness measurement using XL probe in patients with
nonalcoholic fatty liver disease. Am J Gastroenterol 2012; 107:
1862-1871 [PMID: 23032979 DOI: 10.1038/ajg.2012.331]
Wong VW, Vergniol J, Wong GL, Foucher J, Chan HL, Le Bail
B, Choi PC, Kowo M, Chan AW, Merrouche W, Sung JJ, de
Lédinghen V. Diagnosis of fibrosis and cirrhosis using liver stiffness
measurement in nonalcoholic fatty liver disease. Hepatology 2010;
51: 454-462 [PMID: 20101745 DOI: 10.1002/hep.23312]
Imajo K, Kessoku T, Honda Y, Tomeno W, Ogawa Y, Mawatari
H, Fujita K, Yoneda M, Taguri M, Hyogo H, Sumida Y, Ono M,
Eguchi Y, Inoue T, Yamanaka T, Wada K, Saito S, Nakajima A.
Magnetic Resonance Imaging More Accurately Classifies Steatosis
and Fibrosis in Patients With Nonalcoholic Fatty Liver Disease Than
Transient Elastography. Gastroenterology 2016; 150: 626-637.e7
[PMID: 26677985 DOI: 10.1053/j.gastro.2015.11.048]
Cheah MC, McCullough AJ, Goh GB. Current Modalities of
Fibrosis Assessment in Non-alcoholic Fatty Liver Disease. J Clin
Transl Hepatol 2017; 5: 261-271 [PMID: 28936407 DOI: 10.14218/
JCTH.2017.00009]
Kleiner DE, Brunt EM. Nonalcoholic fatty liver disease: pathologic
patterns and biopsy evaluation in clinical research. Semin Liver Dis
2012; 32: 3-13 [PMID: 22418883 DOI: 10.1055/s-0032-1306421]
Bedossa P, Poitou C, Veyrie N, Bouillot JL, Basdevant A, Paradis
V, Tordjman J, Clement K. Histopathological algorithm and scoring
system for evaluation of liver lesions in morbidly obese patients.
Hepatology 2012; 56: 1751-1759 [PMID: 22707395 DOI: 10.1002/
hep.25889]

August 14, 2018|Volume 24|Issue 30|

Leoni S et al . NAFLD guidelines
38

39

40
41

42

43

44

45

46

47

48

49

50

Bedossa P; FLIP Pathology Consortium. Utility and appropriateness
of the fatty liver inhibition of progression (FLIP) algorithm and
steatosis, activity, and fibrosis (SAF) score in the evaluation of
biopsies of nonalcoholic fatty liver disease. Hepatology 2014; 60:
565-575 [PMID: 24753132 DOI: 10.1002/hep.27173]
Haufe S, Engeli S, Kast P, Böhnke J, Utz W, Haas V, Hermsdorf
M, Mähler A, Wiesner S, Birkenfeld AL, Sell H, Otto C, Mehling
H, Luft FC, Eckel J, Schulz-Menger J, Boschmann M, Jordan J.
Randomized comparison of reduced fat and reduced carbohydrate
hypocaloric diets on intrahepatic fat in overweight and obese human
subjects. Hepatology 2011; 53: 1504-1514 [PMID: 21400557 DOI:
10.1002/hep.24242]
Asrih M, Jornayvaz FR. Diets and nonalcoholic fatty liver disease:
the good and the bad. Clin Nutr 2014; 33: 186-190 [PMID:
24262589 DOI: 10.1016/j.clnu.2013.11.003]
Adams LA, Sanderson S, Lindor KD, Angulo P. The histological
course of nonalcoholic fatty liver disease: a longitudinal study of 103
patients with sequential liver biopsies. J Hepatol 2005; 42: 132-138
[PMID: 15629518 DOI: 10.1016/j.jhep.2004.09.012]
Sanyal AJ, Friedman SL, McCullough AJ, Dimick-Santos L;
American Association for the Study of Liver Diseases; United States
Food and Drug Administration. Challenges and opportunities in
drug and biomarker development for nonalcoholic steatohepatitis:
findings and recommendations from an American Association for the
Study of Liver Diseases-U.S. Food and Drug Administration Joint
Workshop. Hepatology 2015; 61: 1392-1405 [PMID: 25557690
DOI: 10.1002/hep.27678]
Bugianesi E, Gentilcore E, Manini R, Natale S, Vanni E, Villanova N,
David E, Rizzetto M, Marchesini G. A randomized controlled trial
of metformin versus vitamin E or prescriptive diet in nonalcoholic
fatty liver disease. Am J Gastroenterol 2005; 100: 1082-1090 [PMID:
15842582 DOI: 10.1111/j.1572-0241.2005.41583.x]
Haukeland JW, Konopski Z, Eggesbø HB, von Volkmann HL,
Raschpichler G, Bjøro K, Haaland T, Løberg EM, Birkeland K.
Metformin in patients with non-alcoholic fatty liver disease: a
randomized, controlled trial. Scand J Gastroenterol 2009; 44:
853-860 [PMID: 19811343 DOI: 10.1080/00365520902845268]
Shields WW, Thompson KE, Grice GA, Harrison SA, Coyle WJ.
The Effect of Metformin and Standard Therapy versus Standard
Therapy alone in Nondiabetic Patients with Insulin Resistance and
Nonalcoholic Steatohepatitis (NASH): A Pilot Trial. Therap Adv
Gastroenterol 2009; 2: 157-163 [PMID: 21180541 DOI: 10.1177/17
56283X09105462]
Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J,
Balas B, Gastaldelli A, Tio F, Pulcini J, Berria R, Ma JZ, Dwivedi
S, Havranek R, Fincke C, DeFronzo R, Bannayan GA, Schenker S,
Cusi K. A placebo-controlled trial of pioglitazone in subjects with
nonalcoholic steatohepatitis. N Engl J Med 2006; 355: 2297-2307
[PMID: 17135584 DOI: 10.1056/NEJMoa060326]
Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM,
Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp
A, Van Natta M, Clark J, Brunt EM, Kleiner DE, Hoofnagle JH,
Robuck PR; NASH CRN. Pioglitazone, vitamin E, or placebo for
nonalcoholic steatohepatitis. N Engl J Med 2010; 362: 1675-1685
[PMID: 20427778 DOI: 10.1056/NEJMoa0907929]
Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-Lopez C,
Tio F, Hardies J, Darland C, Musi N, Webb A, Portillo-Sanchez P.
Long-Term Pioglitazone Treatment for Patients With Nonalcoholic
Steatohepatitis and Prediabetes or Type 2 Diabetes Mellitus: A
Randomized Trial. Ann Intern Med 2016; 165: 305-315 [PMID:
27322798 DOI: 10.7326/M15-1774]
Aithal GP, Thomas JA, Kaye PV, Lawson A, Ryder SD, Spendlove
I, Austin AS, Freeman JG, Morgan L, Webber J. Randomized,
placebo-controlled trial of pioglitazone in nondiabetic subjects with
nonalcoholic steatohepatitis. Gastroenterology 2008; 135: 1176-1184
[PMID: 18718471 DOI: 10.1053/j.gastro.2008.06.047]
Yau H, Rivera K, Lomonaco R, Cusi K. The future of
thiazolidinedione therapy in the management of type 2 diabetes
mellitus. Curr Diab Rep 2013; 13: 329-341 [PMID: 23625197 DOI:
10.1007/s11892-013-0378-8]

WJG|www.wjgnet.com

51

52

53

54

55

56

57

58

59
60

61

62

63

3372

Miller ER 3rd, Pastor-Barriuso R, Dalal D, Riemersma RA,
Appel LJ, Guallar E. Meta-analysis: high-dosage vitamin E
supplementation may increase all-cause mortality. Ann Intern Med
2005; 142: 37-46 [PMID: 15537682 DOI: 10.7326/0003-4819-1421-200501040-00110]
Abner EL, Schmitt FA, Mendiondo MS, Marcum JL, Kryscio RJ.
Vitamin E and all-cause mortality: a meta-analysis. Curr Aging Sci
2011; 4: 158-170 [PMID: 21235492 DOI: 10.2174/18746098111040
20158]
Vilsbøll T, Christensen M, Junker AE, Knop FK, Gluud LL.
Effects of glucagon-like peptide-1 receptor agonists on weight loss:
systematic review and meta-analyses of randomised controlled trials.
BMJ 2012; 344: d7771 [PMID: 22236411 DOI: 10.1136/bmj.d7771]
Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R,
Hazlehurst JM, Guo K; LEAN trial team, Abouda G, Aldersley
MA, Stocken D, Gough SC, Tomlinson JW, Brown RM, Hübscher
SG, Newsome PN. Liraglutide safety and efficacy in patients with
non-alcoholic steatohepatitis (LEAN): a multicentre, double-blind,
randomised, placebo-controlled phase 2 study. Lancet 2016; 387:
679-690 [PMID: 26608256 DOI: 10.1016/S0140-6736(15)00803-X]
Kim YG, Hahn S, Oh TJ, Park KS, Cho YM. Differences in the
HbA1c-lowering efficacy of glucagon-like peptide-1 analogues
between Asians and non-Asians: a systematic review and metaanalysis. Diabetes Obes Metab 2014; 16: 900-909 [PMID: 24655583
DOI: 10.1111/dom.12293]
Cui YM, Guo XH, Zhang DM, Tham LS, Tang CC, Mace K,
Linnebjerg H. Pharmacokinetics, safety, and tolerability of singleand multiple-dose exenatide once weekly in Chinese patients with
type 2 diabetes mellitus. J Diabetes 2013; 5: 127-135 [PMID:
23332026 DOI: 10.1111/1753-0407.12020]
Ingwersen SH, Petri KC, Tandon N, Yoon KH, Chen L, Vora J,
Yang W. Liraglutide pharmacokinetics and dose-exposure response
in Asian subjects with Type 2 diabetes from China, India and
South Korea. Diabetes Res Clin Pract 2015; 108: 113-119 [PMID:
25684604 DOI: 10.1016/j.diabres.2015.01.001]
Cohen DE, Anania FA, Chalasani N; National Lipid Association
Statin Safety Task Force Liver Expert Panel. An assessment of statin
safety by hepatologists. Am J Cardiol 2006; 97: 77C-81C [PMID:
16581333 DOI: 10.1016/j.amjcard.2005.12.014]
Kumar S, Grace ND, Qamar AA. Statin use in patients with
cirrhosis: a retrospective cohort study. Dig Dis Sci 2014; 59:
1958-1965 [PMID: 24838495 DOI: 10.1007/s10620-014-3179-2]
Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum
CB, Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-Jones
DM, McBride P, Schwartz JS, Shero ST, Smith SC Jr, Watson
K, Wilson PW, Eddleman KM, Jarrett NM, LaBresh K, Nevo L,
Wnek J, Anderson JL, Halperin JL, Albert NM, Bozkurt B, Brindis
RG, Curtis LH, DeMets D, Hochman JS, Kovacs RJ, Ohman EM,
Pressler SJ, Sellke FW, Shen WK, Smith SC Jr, Tomaselli GF;
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. 2013 ACC/AHA guideline
on the treatment of blood cholesterol to reduce atherosclerotic
cardiovascular risk in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation 2014; 129: S1-S45 [PMID: 24222016 DOI:
10.1161/01.cir.0000437738.63853.7a]
Flora K, Hahn M, Rosen H, Benner K. Milk thistle (Silybum
marianum) for the therapy of liver disease. Am J Gastroenterol 1998;
93: 139-143 [PMID: 9468229 DOI: 10.1111/j.1572-0241.1998.00139.
x]
Wah Kheong C, Nik Mustapha NR, Mahadeva S. A Randomized
Trial of Silymarin for the Treatment of Nonalcoholic Steatohepatitis.
Clin Gastroenterol Hepatol 2017; 15: 1940-1949 [PMID: 28419855
DOI: 10.1016/j.cgh.2017.04.016]
Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Brethauer SA,
Navaneethan SD, Aminian A, Pothier CE, Kim ES, Nissen SE,
Kashyap SR; STAMPEDE Investigators. Bariatric surgery versus
intensive medical therapy for diabetes--3-year outcomes. N Engl
J Med 2014; 370: 2002-2013 [PMID: 24679060 DOI: 10.1056/
NEJMoa1401329]

August 14, 2018|Volume 24|Issue 30|

Leoni S et al . NAFLD guidelines
64

65

66

67

Mathurin P, Hollebecque A, Arnalsteen L, Buob D, Leteurtre E,
Caiazzo R, Pigeyre M, Verkindt H, Dharancy S, Louvet A, Romon
M, Pattou F. Prospective study of the long-term effects of bariatric
surgery on liver injury in patients without advanced disease.
Gastroenterology 2009; 137: 532-540 [PMID: 19409898 DOI:
10.1053/j.gastro.2009.04.052]
Lassailly G, Caiazzo R, Buob D, Pigeyre M, Verkindt H, Labreuche
J, Raverdy V, Leteurtre E, Dharancy S, Louvet A, Romon M,
Duhamel A, Pattou F, Mathurin P. Bariatric Surgery Reduces
Features of Nonalcoholic Steatohepatitis in Morbidly Obese
Patients. Gastroenterology 2015; 149: 379-388; quiz e15-16 [PMID:
25917783 DOI: 10.1053/j.gastro.2015.04.014]
Bower G, Toma T, Harling L, Jiao LR, Efthimiou E, Darzi A,
Athanasiou T, Ashrafian H. Bariatric Surgery and Non-Alcoholic
Fatty Liver Disease: a Systematic Review of Liver Biochemistry and
Histology. Obes Surg 2015; 25: 2280-2289 [PMID: 25917981 DOI:
10.1007/s11695-015-1691-x]
Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK,

68

69

70

Dierkhising RA. Frequency and outcomes of liver transplantation for
nonalcoholic steatohepatitis in the United States. Gastroenterology
2011; 141: 1249-1253 [PMID: 21726509 DOI: 10.1053/
j.gastro.2011.06.061]
Nair S, Verma S, Thuluvath PJ. Obesity and its effect on survival
in patients undergoing orthotopic liver transplantation in the United
States. Hepatology 2002; 35: 105-109 [PMID: 11786965 DOI:
10.1053/jhep.2002.30318]
Tandon P, Ney M, Irwin I, Ma MM, Gramlich L, Bain VG,
Esfandiari N, Baracos V, Montano-Loza AJ, Myers RP. Severe
muscle depletion in patients on the liver transplant wait list: its
prevalence and independent prognostic value. Liver Transpl 2012;
18: 1209-1216 [PMID: 22740290 DOI: 10.1002/lt.23495]
Hakeem AR, Cockbain AJ, Raza SS, Pollard SG, Toogood GJ,
Attia MA, Ahmad N, Hidalgo EL, Prasad KR, Menon KV. Increased
morbidity in overweight and obese liver transplant recipients: a singlecenter experience of 1325 patients from the United Kingdom. Liver
Transpl 2013; 19: 551-562 [PMID: 23408499 DOI: 10.1002/lt.23618]
P- Reviewer: Jamali B, Lee HC, Jamali R, Yoshioka K
S- Editor: Wang XJ L- Editor: A E- Editor: Yin SY

WJG|www.wjgnet.com

3373

August 14, 2018|Volume 24|Issue 30|

World J Gastroenterol 2018 August 14; 24(30): 3374-3383

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i30.3374

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS
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Abstract
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At the 3’ end of genomic hepatitis C virus (HCV) RNA
there is a highly conserved untranslated region, the 3’
X-tail, which forms part of the 3’UTR. This region plays
key functions in regulation of critical processes of the viral
life cycle. The 3’X region is essential for viral replication
and infectivity. It is also responsible for regulation of
switching between translation and transcription of the
viral RNA. There is some evidence indicating the con
tribution of the 3’X region to the translation efficiency of
the viral polyprotein and to the encapsidation process.
Several different secondary structure models of the 3’X
region, based on computer predictions and experimental
structure probing, have been proposed. It is likely that
the 3’X region adopts more than one structural form in
infected cells and that a specific equilibrium between the
various forms regulates several aspects of the viral life
cycle. The most intriguing explanations of the structural
heterogeneity problem of the 3’X region came with the
discovery of its involvement in long-range RNA-RNA
interactions and the potential for homodimer formation.
This article summarizes current knowledge on the struc
ture and function of the 3’X region of hepatitis C genomic
RNA, reviews previous opinions, presents new hypotheses
and summarizes the questions that still remain unan
swered.

ORCID number: Mariola Dutkiewicz (0000-0003-1098-0308);
Jerzy Ciesiołka (0000-0001-7274-0751).
Author contributions: All authors equally contributed to this
paper with conception and design of the study, literature review
and analysis, drafting and critical revision and editing, and final
approval of the final version.
Supported by the Polish Ministry of Science and Higher Education
under the KNOW program and Foundation for Polish Science, No.
POMOST/2013-8/5.
Conflict-of-interest statement: No potential conflicts of interest.
No financial support.
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

Key words: Hepatitis C virus; 3’UTR; 3’X-tail; 3’X region;
3’X RNA; RNA structure

Correspondence to: Mariola Dutkiewicz, PhD, Associate
Professor, Institute of Bioorganic Chemistry, Polish Academy of
Sciences, Noskowskiego 12/14, Poznan 61-704,
Poland. mariolad@ibch.poznan.pl
Telephone: +48-61-8528503
Fax: +48-61-8528532

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

Core tip: Several different secondary structure models of
the 3’X region have been proposed. It is likely that the 3’
X region adopts more than one structural form in infected
cells and that a specific equilibrium between the various
forms regulates several aspects of the viral life cycle. This
article summarizes current knowledge of the structure
and function of the 3’X region of hepatitis C genomic RNA,
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reviews previous opinions, presents new hypotheses and
summarizes the questions that still remain unanswered.

synthesis of progeny genomes. The HCV genome has
one very long open reading frame (ORF). It encodes a
precursor polyprotein, which is digested in a series of
cleavage processes to finally produce proteins: C, E1,
[13]
E2, p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B . The
coding sequence of the HCV genome is flanked by two
untranslated regions: the 5’UTR and the 3’UTR (5’ and
3’ untranslated regions). Both these regions play key
functions in regulating HCV life cycle and determine its
expression level. The 5’UTR contains a highly structured
regulatory element, an IRES (internal ribosome entry
site), that enables cap-independent translation. The 3’
UTR is engaged in the replication process and in the
regulation of translation. In addition, control of other pro
cesses as, for example, assembly of virions and switching
between different developmental phases takes place with
the participation of the structural RNA elements present
at the very 3’ end of the HCV genome.
This article presents the current state of knowledge
about the structure and functions of the most terminal
section of the 3’UTR of hepatitis C virus, the 3’X-tail.

Dutkiewicz M, Ciesiołka J. Form confers function: Case of the 3’
X region of the hepatitis C virus genome. World J Gastroenterol
2018; 24(30): 3374-3383 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i30/3374.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3374

INTRODUCTION
Hepatitis C virus (HCV) belongs to the family Flaviviridae,
a member of the genus hepaciviruses. HCV was identified
in 1989 as one of the viruses capable of causing viral
hepatitis, in addition to the previously known hepatitis A
[1]
and B viruses (HAV, HBV) . There are seven major HCV
genotypes that differ in virulence and their geographic
[2]
distribution . Currently, it is estimated that worldwide
more than 185 million people are infected with HCV,
[3]
which represents 2.8% of the world’s population . In
fection usually takes place in the absence of obvious
clinical symptoms, and the resulting inflammation of
the liver often progresses to become chronic, usually
lasting for years. In time, the chronic inflammation can
lead to cirrhosis of the liver and ultimately liver failure or
[4]
to the development of primary liver cancer . Although
the virus replicates mainly in hepatocytes, it also occurs
in peripheral blood mononuclear and central nervous
[5,6]
system microglia . In people with simultaneous infec
tion with HIV (human immunodeficiency virus), HCV repli
[7]
cation was also observed in other tissues . Sometimes
HCV enters cells of the immune system, leading to very
long-lasting effects which are extremely difficult to treat
[8]
effectively .
While progress has been made in the treatment of
some other common viral infections, HCV infection re
mains an important health problem in the world. Current
standard treatment methods have the desired thera
[4]
peutic effect on 40%-60% of patients . The new highly
effective drug, grazoprevir, is able to cure patients with
[9]
93% effectivity , unfortunately, the treatment is still
very expensive and out of reach for the majority of the
infected individuals, many of whom live in Third World
countries. So far, no HCV vaccine has been developed,
which is due to the high genetic variability of the virus,
comparable to the genetic variability of HIV. In the
absence of widely accessible conventional drugs and vac
cines, numerous attempts have been made to design
inhibitors of viral proteins, inhibitory oligomers of the
antisense and ribozyme type, and more recently also of
[4,10,11]
RNA interference tools directed against viral RNA
.
HCV is a small, enveloped virus with a diameter of
40-60 nm, whose genome is a single-stranded, positive[6,10,12]
sense RNA of about 9.6 kb in length
. In the viral
replication process, the positive-sense RNA strand is tran
scribed into negative-sense counterpart, the replication
intermediate, which serves as the template for the RNA

WJG|www.wjgnet.com

STRUCTURE OF THE 3’UTR REGION
HCV 3’UTR has a variable length of 170 to 250 nucleo
tides (Figure 1). Three characteristic sections have been
recognized in this region: immediately after the stop co
don there is a variable region about 25-130 nucleotides
in length, characterized by high sequence heterogeneity
between various genotypes, but conserved within the
same genotype of the virus. Next there is a poly-pyri
midine segment of varying length, independent of the
type, or even a subtype of virus, ranging from about
30 to 130 nucleotides. At the very end of the genome,
there is an 3’X region, discovered 6 years after cloning of
the virus, which is 98 nucleotides long and is an almost
[6]
absolutely conserved sequence .
Within the first, variable region of 3’UTR, two se
quence motifs are present that are found in all geno
types of HCV. These are: the ACACUCC section, which
[14]
represents a seed-region for miR-122 , and the UG
dinucleotide located at the very end of the region, di
[6]
rectly upstream the poly (U/UC) section . The stop
codon is located in the apical loop of the stem-loop motif,
named 5BSL3.4 or SL9360, which is created partly from
the terminal nucleotides of the ORF encoding the NS5B
protein and partly from non-coding nucleotides. The
poly-pyrimidine section can be divided into a two poly
(UC) parts uneven in length, which are separated by
the one poly (U) region. The poly-pyrimidine segment
is heterogeneous, not only in terms of length, but also
in nucleotide sequence. In genotypes 2a, 3a, 3b there
are several conserved adenosine residues in this region
[6]
that are missing in genotypes 1b and 2b . Individual
guanosine residues are also observed on rare occasions.

3'X-tail

Initially, it was suspected that at the 3' terminus of
the HCV genome a poly (U) or poly (A) sequence was
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Figure 1 Secondary structure model of the 3'UTR of hepatitis C virus genome with adjacent 3' terminal sequence of the coding region. The stop codon is
indicated by a gray ellipse. The regions involved in the kissing-interactions are marked with blue lines; the region involved in dimerization is indicated by a red line; the
seed region for miR122 is highlighted in bold.
[17-21]

present. The existence of the 98-nt long 3'X region was
[15]
discovered by Tanaka and colleagues in 1995 . Almost
simultanously the presence of the 3'X at the end of the
[16]
HCV genome identified Kolykhalov et al . Comparison
of the sequence of this RNA segment in different viral
isolates indicated 96%-100% sequence conservation
of the 3'X region, with only single substitutions in the 3'
[6]
terminal 46-nt sequence . This is an unusual feature
for this dynamically changing virus, that suggests its
extremely important function.
Several different secondary structure models of the 3'X
region were proposed, based on computer predictions
and experimental structure probing by chemical modi
fication, enzyme digestion, RNA cleavage induced by
2+
Pb ions, NMR (nuclear magnetic resonance) and SAXS
(small angle X-ray scattering). A stable structure of the
SL1 hairpin was proposed for the 3' part of the 3'X RNA,
which is common to different structural models (Figure

WJG|www.wjgnet.com

2)
. The 52-nucleotide segment making up the 5' part
of the 3'X region could not be assigned an unambiguous
structure based on the experimental results obtained.
The proposed models were only partially confirmed by
[6,17,18]
the results of experimental studies
. Poor ordering
of this fragment or formation of more than one structural
[17,18,20]
form have been suggested
.
One of the first structural models of the 3'X region
suggested the presence of three hairpin motifs: SL1,
[17,18]
SL2, and SL3 (Figure 2A)
. Another structural model
suggested a set of four hairpins: SL1, SL2a, SL2b
and SL3, where SL1 and SL3 did not differ from the
first model, but two shorter hairpins replaced the SL2
[20]
motif . The main reason for the proposed change was
the observation of strong DMS modifications, as well
2+
as Pb ion-induced cleavages, in the middle of the SL2
double-stranded stem (C44-C45), which indicated a
single-stranded or highly flexible region there. In this four
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Figure 2 Diverse secondary structure models proposed for the 3'X region of hepatitis C virus genome. A: The 3xSL model[17,18]; B: The 4xSL model[20]; C: The
2xSL model[21]. The region involved in the kissing-interactions is indicated with blue line, the region involved in dimerization is marked with red line; possible alternative
folding of separate fragments are displayed as gray rectangles.

genome, while the open conformation, SL1' with the 3'
overhang is associated with dimerization (described in
the next section).
The role of selected metal ions was investigated
regarding its influence on the structure of the 3'X-tail
but it seems that neither magnesium, nor sodium ion
concentration determine its folding, within the range of
[26]
normal physiological conditions . However, at higher
ionic strength, extended homodimers are preferentially
[24]
formed over 2xSL monomers . A chaperone role of
the viral C protein (core protein), has also been sug
[23,27]
gested
. Long-range RNA-RNA interactions with 5’
sequences in the genome or with a second genomic RNA
molecule seems to influence the structure of the 3'X
region more than the presence of specific metal ions.
It is very likely that the 3'X region can adopt more
than one structural form in infected cells and that a spe
cific equilibrium between these forms regulates several
processes of the viral life cycle. These different structural
forms may be favored by distinct viral genotypes what
can help to explain their differential virulence and drug
[28,29]
resistance
.

stem-loop model (4xSL), the reactive cytidine residues
are located in the apical loop of the short SL2b motif
(Figure 2B). In addition, it was noted that the SL2a and
SL2b hairpins have the potential to create a pseudoknot
[20]
after rearrangement of their base pairing . However,
discovery of functionally important long-range kissing
interactions between a sequence located in the apical
loop of the SL2 hairpin and the upstream sequence in the
[22]
region encoding NS5B (see next section), seemed to
support the three- (3xSL), but not the four- (4xSL) stemloop model for the 3'X region. Thus, the 3xSL structure
model of the 3'X-tail became the favored idea during the
following decade.
Recently, based on NMR and SAXS studies, a twohairpin model (2xSL) has been proposed for the 3'X
region, consisting of the SL1 and SL2' (named elsewhere
[21,23,24]
also SL2/3) (Figure 2C)
. In addition, in this model
the SL1 hairpin may fold in two different ways: the
closed structure - SL1 or the open one - SL1', differing by
the three terminal base-pairs of the hairpin being paired
[21,23,25]
or unpaired, respectively (Figure 2C)
. In the 2xSL
model the previously identified flexible cytosine residues
(C44-C45) are located within the internal loop of the SL2'
motif. The closed conformation of SL1 is associated with
long-range kissing interactions with another part of the
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Long range RNA-RNA interactions

Previous investigation of genomic HCV RNA and a con
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[36]

struct containing only 5'UTR and 3'UTR did not show
any interaction of the X region with other regions of
the molecules studied. This suggested the structural
independence of these two regions of viral RNA from
[17]
[30-32]
each other . Later tertiary
interactions at the
3' end of the HCV genomic strand were proposed by
[22]
Friebe et al . The kissing interactions between the
absolutely conserved “k” segment of the X region:
X
X
32 -GCUGUGA-38 and the “k′” segment of the NS5B
coding sequence: 9281-UCACAGC-9287 do not require
a protein chaperone. These sequence stretches are lo
cated within apical parts of SL elements called SL2 or
SL2' and 5BSL3.2, which is one of the domains in the
[22,28,31,33]
CRE (cis-acting replication element) (Figure 1)
.
It is easy to imagine that kissing interactions could be
initiated by any complementary stretch of nucleotides
located within two apical loops of RNA hairpins. This
scenario was previously suggested for the 3xSL model of
[22,28,31,33]
. However, recent studies with the use
the 3'X-tail
of mutagenesis, NMR and SAXS methods, indicate that
before kissing-interactions are formed, the “k”- sequence
in the X region is involved in base pairing within the SL2'
[21,24]
element
. How the 5BSL3.2 element is able to induce
the conformational transition from SL2' to SL2, or more
globally: from 2xSL to 3xSL form of the 3'X, remains
unclear. The next great challenge is to elucidate step by
step how this transition occurs.
Two replicon systems, Con1b and JF-H1, have been
investigated with a SHAPE method, which is based on
a chemical modification of single-stranded RNA resi
dues. The replicons are constructed on the basis of
two different viral genotypes 1b and 2a, respectively.
The experimental results showed that the proposed
kissing interactions were detectable only for replicon
JF-H1 (genotype 2a). The results obtained for replicon
Con1b were in agreement with data obtained for the
genotype 1a (strain H) of the virus and favors the open
conformation of SL1'. In this open conformation the
very 3' end of the SL' remains single-stranded, and that
is associated with an increase in the efficiency of RNA
synthesis initiation. In fact, subtype 1b is more virulent
and resistant to interferon-based therapy than other
[29,34]
genotypes, including subtype 2a
. This suggests
how virus virulence and drug response is significantly
influenced by the long-range kissing interactions, which
likely cause changes in the base-pairing character of the
very 3’ terminal nucleotides.

HCV genotypes . The homodimer, consisting of two
isolated 3’X-RNA molecules, was characterized in vitro
by NMR and SAXS. It was proposed that the resulting
homoduplex could involve shorter (SL2) or extended
[21,23-25,35]
(SL2’) sequence fragments (Figure 3)
. The
core protein supports the formation and stabilizes the
[24]
extended homodimer .
The dimerization of the HCV genome still remains
unproved in vivo and its function remains to be eluci
dated. It was suggested that the dimerization could be
helpful in ensuring that only full-length progeny RNA
[24]
molecules are encapsidated . Moreover, the unwinding
of the 3’-end of the genome, could greatly facilitate the
[37]
[38]
minus RNA synthesis . Masante et al
suggested
that the homodimeric genome operates as a preferred
template for the HCV polymerase (NS5B). Additionally,
dimerization might enhance the rate of RNA recom
bination between two homologue RNA strands (resumed
[39]
in ). The equilibrium between 2xSL monomers and
dimers would likely also be tuned by the local con
[24]
centration of RNA and the presence of core protein .

FUNCTIONS OF THE 3’UTR REGION
Hepatitis C virus can only infect humans and chim
panzees; there is no experimental model of its infectivity
among small animals. For this reason, very few studies
on the spread of the virus have been carried out in
[40]
vivo. An experiment was carried out by Yanagi et al ,
in which a number of viral constructs containing dele
tions within the 3’UTR were injected into the liver of
the chimpanzee at time intervals, and then the animal
was examined for the presence of HCV RNA, anti-HCV
antibodies and liver enzymes in its serum. Viral mutants
lacking the entire 3’X region or parts thereof (nt: 1-50
and 57-98) were not able to replicate. Also viral infection
was not observed when a mutant containing no poly
(U/UC) segment was used. Only the construct devoid
of 24 nucleotides within the variable region turned out
to be infectious, indicating that this region is not essen
[40]
tial for the viral life cycle under these conditions . A
similar experiment was carried out by Kolykhalov et
[41]
al , and the obtained results were in line with previous
[40]
observations of Yanagi et al .
One of the possible explanations of 3’X region func
tion was its influence on genomic RNA stability. This has
been shown in vitro but is not equally important for all
[42]
genotypes of the virus .

Dimerization

Replication process

Another intriguing set of tertiary interactions were pro
posed for the 3’X region of HCV genome by Ivanyi[23]
Nagy et al . Primarily in vitro investigations showed
that the apical part of the SL2 hairpin in the 3xSL model,
X
X
29 -CUAG-32 , is able to interact with the respective
palindromic sequence in the second 3’X RNA molecule
[35]
thus inducing the formation of a homodimer . The
16-nt palindromic sequence, called also DLS (dimerization
leading stretch) is absolutely conserved among all
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The information on the involvement of individual parts
of the 3’UTR in the life cycle of the virus presented in
the previous section was confirmed in research with the
[19,22,42,43]
replicating Huh7 and HeLa cell systems
. Namely,
constructs devoid of the entire poly (U/UC) section, were
[42,43]
not able to replicate
, and the minimum length of the
[43]
polypyrimidine segment was 50 nt in one study , and
[42]
only 26 nt in the other . In contrast, the deletion of the
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Figure 3 Long-range RNA-RNA interactions proposed for the 3'X region of hepatitis C virus genome. A: The homodimeric interactions between two 3'X regions
embedded into two RNA molecules, model according to Cantero-Camacho et al[24]; B: The kissing-interactions with SL5B3.2[22,28,31,33]. Nucleotide sequence involved in
dimerization is additionally indicated with red line, while those involved in the kissing-interactions are marked with blue lines.

3’X region or any one of its parts, SL1, SL2 or SL3, led
[42,43]
to a complete failure to replicate
and only few point
[19,43]
mutations in this region were tolerated
. In turn, the
removal of the variable region from the 3’UTR of the
viral genome only reduced the efficiency of the process
[22,42,43]
leading to decrease in the rate of replication
. In
addition, it has been shown that the region directly
upstream the stop codon plays a key role in viral repli
[22]
cation .
The site of the NS5B polymerase attachment within
region 3’X has been mapped to be within the SL2
[44]
sequence and within the SL1 . They are protected
against digestion with RNase T1 at guanosine residues
at positions 41, 42, 50 and 53. The direct interaction of
the 3’X RNA with the NS5B protein has been found in
[6,12,44-46]
studies conducted in vitro
. The specificity of the
viral polymerase to the model RNA template is relatively
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low and the presence of the 3’X region is not always
[6,12,37,45]
necessary for RNA synthesis
. However, in the
case of matrices containing genomic or subgenomic
RNA, the presence of the 3’X region is necessary for the
efficiency and the specificity of the process. It has been
shown that the lack of this sequence, or a part thereof,
almost completely inhibits replication, and in the case of
deletion of nucleotides in positions 31-40, the product is
[12,44]
too long
.
The NS5B polymerase catalytic center probably only
interacts with a single-stranded RNA fragment. The
initiation of replication seems to take place in the SL1
[12]
loop, 21 nucleotides from the 3’ end of the 3’X RNA .
[46]
However, another research group, Kim et al indicates
that the process begins near the 3’ terminus, in a region
rich in purines. However, in studies carried out in a
cellular system, it has been shown that the presence
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[57]

of the 3’ terminal GU dinucleotide is preferred in the
[19]
reaction . Similar preferences of the replicase for the
U at the 3’-end of the template RNA were observed by
[47]
[37]
Shimm et al in the in vitro system. Also, Kao et al
postulate that the enzyme requires a stable secondary
template structure and at least one unpaired cytidine
residue at its 3’ end to initiate RNA synthesis. Butcher
[48]
et al
proposed a replication initiation scenario, one
common to various polymerases, in which the synthesis
of a new strand of RNA begins with a nucleotide com
plementary to the penultimate of the 3’ end of the
nucleotide of the template molecule. Secondly, a
complementary nucleotide is added to the remainder of
the template at the 3' end, and only after the synthesis
of this dinucleotide-primer is the complementary strand
of viral RNA synthesized. Many observations suggest
that NS5B is a non-specific enzyme, i.e. it can recognize
more than one nucleotide sequence. The presence of
specificⅠ-, Ⅱ- and tertiary structures at the 3’-end of
the template RNA may allow modulation of the specificity
of the enzyme for better yield and/or greater precision in
the selection of the origin. In addition, both viral and host
[6,49]
proteins can be involved in the replication process
.
In summary, it should be noted that this replication
phase of the life cycle of the virus has not yet been pre
cisely understood. In addition to interacting with the
viral polymerase, the 3’X region also interacts with other
[49]
proteins one of them being the NS3 viral protein .
Acting as a helicase, it is probably a very important com
ponent of the replication complex, because the NS5B
polymerase tends to detach from the RNA template when
[50]
it encounters very stable RNA secondary structures .
The specific interaction between NS3 and the HCV 3’UTR
probably involves a large part of this region containing
the sequence 3’X and the poly (U/UC) section, since
none of these elements alone is sufficient to form a
[49]
stable complex with this protein .

protein . The effect of enhancing translation through
[58]
genome cyclization is observed in many viruses .
However, not all results indicate PTB enhances HCV
translation, sometimes the protein seems to be even
[59]
inhibitory . There is also no consensus on the impact of
the 3’UTR on the efficiency of translation. For example,
[59]
Murakami et al
observed that in an in vitro system,
deletion of SL3 in the 3’X region and/or the poly (U/UC)
section resulted in an increase in the amount of protein
produced. A possible explanation for this observation
would be that these sequence fragments, by interacting
with other protein factors, inhibit the translation process.
In other studies, however, it was observed that the
presence of 3’UTR had no effect on the increase of the
product amount and the efficiency of the polyprotein
[43,60]
cleavage process
. It appears the choice of the
experimental model plays a key role in this kind of re
search. For example, while in the lysate from rabbit
reticulocytes no effect of 3’UTR on translation efficiency
[42,53]
is observed
, in HeLa cells, hepatocytes and in an in
vivo mouse model the presence of the 3’UTR stimulates
[53]
this process . Recently, the role of 3’UTR in enhancing
translational efficiency has been reported both in the
[61]
rabbit reticulocyte lysate and in Huh7 cells .
Finally, it has been shown that the region X interacts
[62]
with the ribosomal proteins L22, L3, S3 and mL3 .
Similar viral RNA - L22 protein interactions have been
observed for EBV (Epstein-Barr virus) and HPV-1 (human
type 1 papilloma virus), showing a positive effect of L22
[62]
on translational efficiency . Meanwhile, in the case of
Qβ virus, ribosomal host proteins are involved in the
[62]
formation of the viral replication complex . It is unclear
whether the interaction of ribosomal proteins with the
HCV X region is related to the replication or translation
process, or to both of these processes. The demonstrated
[63]
ability of HCV protein NS5B to bind to the ribosome is
reminiscent of the strategy used by the Qβ virus, which
uses ribosomal proteins to build its replication complex.

Translation process

One of the earliest known cellular proteins interacting
with HCV 3’UTR was the PTB protein. The interaction
of PTB with the 3’X region may be related to the regu
lation of the translation process. The proposed site of
PTB binding is 21 nucleotides from the 5’ end of the
3’X region (SL3), containing a part of the consensus
[18]
sequence recognized by this protein . Similar results
[51]
are presented by Tsuchihara et al
suggesting that
the region involved in the interaction with PTB is 19 nuc
leotides from the 5’ end of the 3’X region and extends 7
nucleotides upstream this sequence. The mutagenesis
data showed that both secondary structure and the
nucleotide sequence in the SL2 and SL3 regions are im
[18,51]
portant for this interaction
.
The 3’UTR has been ascribed as a translation en
[52-56]
hancer
. One of mechanisms proposed by which
enhancing the process is achieved, is the interaction
between the 5’ and 3’ ends of the HCV genome, me
diated by the PTB protein and another, hypothetical Y
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CONCLUSION
The most intriguing feature of the 3’X region is its ex
tremely high sequence conservation. The maintenance
of a 98-nt long stretch of RNA at over 95% conservation
places severe constraints on such a fast-mutating RNA
virus. Apparently almost any change to this stretch
result in progeny incapable of reproducing which rapidly
disappear from the population.
The high sequence conservation might be explained
by existence of different structural forms of the 3’X
region. Within one structure there is usually a way to
neutralize point mutations by adaptive mutations in
another structure, thus restoring important base-pairing.
Simultaneous compensation of mutations in two (or
more) different structures/forms is much less probable.
However, instead of several different structural forms
of the X-region, the long-range RNA-RNA interactions
with the involvement of that region could explain its high
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sequence conservation.
Evidence indicates the 3’X region is involved in a
number of interactions including kissing 5BSL3.2 (re
quired for replication), an interaction with the second
RNA molecule carrying the X-region sequence (homo
dimerization), binding of the NS5B protein (for initiation
of RNA synthesis), an interaction with NS3 helicase
(for elongation of RNA synthesis), binding of PTB (for
proposed translation regulation). Is it possible that one
structural form of the 3’X region supports such different
interactions? The answer is: yes, it is possible, but un
likely. On the other hand, it is easy to imagine that
different structural forms of this region are responsible for
different processes and interactions. For instance: 2xSL structure for dimerization and enhanced RNA synthesis,
3xSL - structure for kissing interactions that supports
translation.
Hopefully in-depth in vivo structure mapping of the
3’X-region at the various replication stages, in different
cellular compartments will answer these questions to
give us a better understanding of the virus and lead to
additional means to control it.
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Abstract

shown to be effective in treating ulcerative colitis (UC)
in recent years as a non-drug external therapy. In this
study, we observed its effect on the expression profile of
cytokines in UC rat colon. By protein functional cluster
analysis and KEGG pathway analysis, we can conclude
that the effect of HPM in promoting the repair of colon
injuries of UC rats is plausibly related to the regulation
of multiple abnormally-expressed cytokines, and the
regulation of the signal pathways interacting between
the cytokines and their receptors may be its significant
immunological mechanism.

AIM
To observe the effect of herb-partitioned moxibustion
(HPM) on expression of colonic cytokines in ulcerative
colitis (UC) rats.
METHODS
A UC rat model was established by protein immunization
in combination with topical chemical stimulation. Rats
in the HPM group (n = 8) received HPM at bilateral
Tianshu (ST25) points. The gross injury and pathological
scores of the colon were recorded. The expression pro
file of colonic cytokines was assayed using the protein
microarray technique. Specific differential cytokines were
selected and verified by ELISA. The corresponding UniProt
Accessions of the differentially expressed cytokines were
retrieved in the UniProt database. The pathways involved
were analyzed with the help of the KEGG PATHWAY data
base. The DAVID database was used for functional cluster
and pathway analysis.

Zhang D, Ren YB, Wei K, Hong J, Yang YT, Wu LJ, Zhang J,
Shi Z, Wu HG, Ma XP. Herb-partitioned moxibustion alleviates
colon injuries in ulcerative colitis rats. World J Gastroenterol
2018; 24(30): 3384-3397 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i30/3384.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3384

RESULTS
HPM improved colon injuries in UC rats, manifested by
accelerated repair of ulcers and alleviation of inflam
mation, and the gross injury and pathological scores both
significantly decreased (P < 0.01). Fold change > 1.3
or < 0.77 was taken as the screening standard. There
were 77 down-regulated and 9 up-regulated differentially
expressed colonic cytokines in the HPM group compared
with the model group, and expression of 20 differed
significantly (P < 0.05). Twelve of the 20 significantly
differentially expressed cytokines [β-catenin, interleukin-1
receptor 6 (IL-1R6), IL-1β, B7-1, nerve growth factor
receptor, AMP-activated protein kinase-α1, neuropilin-2,
orexin A, adipocyte differentiation-related protein, IL-2,
Fas and FasL] were up-regulated in the model group
(n = 3, compared with the normal group) but downregulated in the HPM group (n = 3, compared with the
model group). Functional cluster analysis showed that
the differentially expressed colonic cytokines in the HPM
group regulated apoptosis and protein phosphorylation.
KEGG pathway analysis showed that 52 down-regulated
and 7 up-regulated differentially expressed colonic cyto
kines in the HPM group had pathways. The pathways
that interacted between the cytokines and their receptors
accounted for the largest proportion (28 of the downregulated and 5 of the up-regulated cytokines).

INTRODUCTION
As two major types of inflammatory bowel disease
(IBD), ulcerative colitis (UC) and Crohn’s disease (CD)
are both mainly characterized by chronic nonspecific
inflammation of the colon. The incidence of UC is higher
than that of CD, and it is increasing annually, with an
incidence of 24.3/100000 in Europe and America, and
2.22/100000 in Guangzhou, which is the highest in
[1-3]
China . As a commonly encountered digestive dis
order, UC is often recurrent and persistent, manifested
by abdominal pain, diarrhea and bloody or purulent
stools, and has an adverse effect on quality of life. Long[4-8]
term medical treatment may also incur a high cost .
Immune dysfunction in the intestinal lining is recognized
as the biological mechanism in the development of UC.
In patients with UC, a large number of immunocytes
(T cells, B cells, macrophages and dendritic cells) and
cytokines [proinflammatory cytokines such as tumor
necrosis factor (TNF)-α, interferon (IFN)-γ, interleukin
(IL)-6, IL-12, IL-17, IL-21, IL-23, and integrin; antiinflammatory cytokines such as IL-10, transforming
growth factor (TGF)-β and IL-35] are abnormally expres
[9]
sed in the colon . The imbalance of cytokines modulated
by activated immunocytes should be the initial factor
that causes diffuse superficial inflammatory injuries in
[10,11]
UC
. Regulation of the activity of immune cells and
expression of cytokines is beneficial to healing the colonic
[12,13]
lining and alleviation of inflammation in UC patients
.
During recent years, acupuncture-moxibustion at
Qihai (CV6) and bilateral Tianshu (ST25) has been shown
to significantly improve symptoms, quality of life and
[14-16]
immune homeostasis in the colon of UC patients
.
Acupuncture-moxibustion is characterized by moderate
therapeutic effect, content treatment perception and
rapid action, and is especially effective in mitigating
[17]
abdominal pain and diarrhea in UC patients . Compared
with oral medications, acupuncture-moxibustion, as a

CONCLUSION
HPM promotes the repair of colon injuries in UC rats,
which is related to the regulation of several abnormally
expressed cytokines.
Key words: Cytokine expression profile; Ulcerative colitis;
Protein microarray; Rats; Herb-partitioned moxibustion
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Herb-partitioned moxibustion (HPM) has been
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started. All procedures for animal experiments were
conducted in accordance with the International Guiding
Principles for Biomedical Research Involving Animals
recommended by the World Health Organization and
were approved by the Animal Care and Use Committee
of Shanghai University of Traditional Chinese Medicine.
All rats were randomly divided into three groups as
normal group, model group and HPM group, with nine
rats per group.

0.4 cm
0.4 cm
Moxa cone

Tianshu
(ST 25)

0.6 cm
0.3 cm
Herbal cake

Reagents and equipment

The following reagents and equipment were used:
Freund’s adjuvant (Sigma, St Louis, MO, United States),
refined moxa wool (Nanyang Hanyi Moxa Co. Ltd., He’
nan, China), Fugui formula 1 (Huaji Pharmaceutical Co.
Ltd., Shanghai, China), hematoxylin and eosin (HE)
staining kit (Nanjing Jiancheng Technology Co. Ltd.,
Nanjing, China), self-made cone-like copper moxa-cone
mold, self-made columnar copper herbal cake mold,
biotin label-based rat antibody array (90 rat proteins,
RayBiotech, Norcross, GA, United States), ELISA kits
for rat Fas/TNFRSF6, FasL/TNFSF6, IL-1R6 (IL-1Rrp2)
and IL-1β (Bio-Techne, Minneapolis, MN, United States),
phosphatase/protease inhibitor cocktail (Roche, Basel,
Switzerland), RIPA lysis buffer, phenylmethanesulfonyl
fluoride (PMSF) (Beyotime, Jiangsu, China), microplate
reader (Thermo Fisher Scientific, Waltham, MA, United
States), scanner (Qinghua Ziguang, Beijing, China),
ScanAlyze image analysis software (Stanford University,
CA, United States), pathological analysis system (Leica,
Wetzlar, Germany), and light microscope and imaging
system (Olympus, Tokyo, Japan).

Figure 1 Illustration of herb-partitioned moxibustion. An herbal cake was
placed on Tianshu (ST25) point with a moxa cone on the top to ignite. This
point is located at the lower 1/3 between the xiphoid process and the midpoint
of the pubic symphysis, 0.5 cm away.

nondrug external therapy, can also promote colonic blood
circulation and intestinal peristalsis, heal damaged colonic
lining, regulate colonic immune reactions, enhance self[18]
healing and reduce relapse . Although the efficacy
of acupuncture-moxibustion in treating UC in both the
short- and long-term is well recognized, their mechanism
of action is still vague. Therefore, it is important to
discover how acupuncture-moxibustion works in treating
UC, and this will boost its application in the treatment of
UC.
Protein microarray is an important tool in profiling
the protein expression in IBD and screening new drugs.
This technique is known for its high throughput, high
sensitivity and high precision, and thoroughly and quan
titatively analyzes the genre, number and correlation
of proteins, by which complicated network and possible
[19-21]
regulatory mechanisms are investigated
. Protein
microarray has been gradually applied to research
into traditional Chinese medicine (TCM), such as
pharmacodynamics and toxicology of Chinese medi
[22-24]
cations
, yet it has rarely been used in the study of
acupuncture-moxibustion therapy.
The present study established experimental UC rats
and adopted the protein microarray technique to investi
gate the effect of herb-partitioned moxibustion (HPM) on
the expression profile of colonic cytokines, to select those
most associated with the therapeutic action of HPM. We
used the UniProt and KEGG PATHWAY databases, as
well as DAVID pathway and functional cluster analysis
to study the immunopathogenesis of experimental UC
and its treatment with HPM from the angle of cytokine
expression profile.

Rat model of UC

The rat model of UC was established using immunization
[25,26]
plus topical stimulation with formalin
. After modeling,
each group contributed one rat for histopathological
observation to verify the success of the UC model.

HPM

Rats in the HPM group were treated with HPM at bilateral
Tianshu (ST25) points (Figure 1) by using a rat fixator.
An herbal cake was placed on each point with a moxa
cone on the top. The moxa cone was ignited, with two
cones for each point as one session. The intervention was
conducted once every other day, for four sessions and
8 d in total. Rats in the model group did not receive any
interventions except the same grasping and fixing as in
the HPM group. Rats in the normal group did not receive
any modeling operation or interventions except for the
same grasping and fixing.
Each moxa cone was made of 90 mg refined moxa
wool by a copper mold, 0.4 cm in diameter and 0.4 cm in
height. Guifu formula 1 was used to make herbal cakes,
consisting of Radix aconiti laterails preparata, Cortex
cinnamon, Radix salvia miltiorrhizae, Flos carthami
and Radix aucklandiae (ratio: 10:2:3:3:1). The herbal
powder was mixed with yellow rice wine immediately

MATERIALS AND METHODS
Experimental animals

Twenty-seven male Sprague-Dawley rats weighing
160 ± 20 g were provided by the Experimental
Animal Center of Shanghai University of Traditional
Chinese Medicine (SCXK (Hu) 2007-0005). The rats
were housed for 3 d under controlled conditions (22
± 2 ℃, relative humidity 64%) before the experiment
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before HPM treatment and then made into cakes of the
same size using a specific mold (0.6 cm in diameter and
0.3 cm thickness).

ScanAlyze was used to transform the images into data
that were then input into Microsoft Excel for normalization
and analysis. Normalized result = [Original value Blank (average)]/Positive (average). First, the protein
abundance of rat colonic cytokines in each group was
described. Second, intergroup fold change in normalized
protein abundance was calculated. Fold change > 1.3 or
< 0.77 were taken as the standard to define upregulation
and downregulation of a cytokine, respectively.

Colon sample preparation

After the treatment, the rats were euthanized by an
intraperitoneal injection of pentobarbital sodium (150
mg/kg). Colons (6-8 cm, cut at 2 cm away from the
anus) were collected and opened longitudinally to ob
serve and score gross injuries under a microscope. The
scoring standard is shown in Supplementary Table 1. The
colons were then cut into 2 pieces. The proximal part
was stored at -80 ℃ and the distal part was fixed in 10%
neutral-buffered formalin.

UniProt accession and KEGG pathway analysis

Accessions of the differentially expressed cytokines were
retrieved in the UniProt database to understand their
protein structure and physicochemical properties. The
corresponding pathways of the cytokines were sought
in the KEGG PATHWAY database and then underwent
functional cluster and pathway analysis with DAVID.

Morphological observation of the colon

After fixation in 10% neutral-buffered formalin overnight,
colons were dehydrated, embedded in paraffin, sliced
(3-5 μm) and baked (60 ℃) using the Leica pathological
analysis system, followed by dewaxing and dehydration
by dimethylbenzene and graded ethanol. The specimens
were stained with hematoxylin for 10 min, differentiated
by 1% HCl and ethanol, stained blue by 1% ammonia
solution, stained by 0.5% eosin for 3 min, dehydrated
through 70%, 85%, 95% and 100% ethanol, made
transparent by dimethylbenzene, and sealed in neutral
resin. Finally, the colon tissues were observed under a
light microscope and scored. The scoring standard is
shown in Supplementary Table 2.

Validation of differentially expressed proteins in the
colon

ELISA was used to verify the specific differentially
expressed colonic cytokines. The appropriate amount of
diluent samples, standard products and 10 μL avidin and
50 μL enzyme-labeled reagent were added to a 96-well
dish and incubated at 37 ℃ for 30 min. When the above
solutions were washed off, 50 μL chromogenic reagents A
and B were added successively and mixed. The dish was
kept at 37 ℃ for 15 min in the dark to allow developing.
Finally, 50 μL stop solution was added to terminate the
reaction. A microplate reader from Thermo Fisher was
used to determine OD450. The protein concentration was
positively correlated with the OD value. The standard
curve was drawn to reflect the cytokine concentration.

Total protein extraction in the colon

Three colon samples were selected from each of the
three groups to extract total protein. Lysis buffer
containing protease inhibitor was added at 1 mL/250
mg (1 mL RIPA was mixed with 5 μL protease inhibitor
solution, 5 μL PMSF and 5 μL phosphatase/protease
inhibitor cocktail), and homogenized at a low speed (3000
rpm) for complete lysis of colon tissues. The colonic
lysate was centrifuged at 14000 rpm for 15 min. The
supernatant was collected to determine the concentration
of total protein by bicinchoninic acid method.

Statistical analysis

SPSS version 18.0 (IBM, Armonk, NY, United States) was
used for statistical analysis. Measurement data including
body weight, gross colon injury score, histopathological
score, and expression of the 90 cytokines and diffe
rentially expressed cytokines, which completely or
substantially conformed to a normal distribution and
homogeneity of variance, were expressed as means ±
SD. Body weight, gross colon injury score, histopatho
logical score and expression of colonic differentially
expressed cytokines were analyzed by one-way
ANOVA followed by least significant difference test. An
independent t-test was used for the between-group com
parison of the expression of the 90 cytokines. P < 0.05
was considered to indicate statistical significance.

Cytokine detection in colon

The protein chips were put into the reaction chamber
of the chemiluminescent protein microarray kit from
RayBiotech. A total of 2 mL blocking buffer was added
into the reaction chamber, interacting for 30 min at room
temperature. The protein chips were incubated with 1 mL
sample supernatant (content of total proteins 50-500 μg),
streptavidin antibody and horseradish-peroxidase-labeled
anti-streptavidin antibody in sequence for 2 h at each
step. After thorough washing, 500 μL chemiluminescent
solution was added to the reaction chamber, which was
incubated for 2 min at room temperature. The solution
was then removed, and the protein chips were taken
for imaging. Ninety kinds of cytokines are detailed in
Supplementary Table 3.

RESULTS
General condition

Rats in the normal group were vigorous and had normal
intake of food, defecation, ruddy anus and steady in
crease of body weight. On the contrary, rats in the
model group were weak and irritable, with reduced food
intake, soft or loose stool sometimes with blood or pus,
stained anus, and slower increase of body weight (P <
0.01). Compared with the model group, rats in the HPM

Image and data analysis

The images were scanned and saved in .tiff format.
WJG|www.wjgnet.com
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Figure 2 General condition, morphological observation and injury score of colon tissues in each group. A: Weight change of rats in each group; B: Gross
injury score of rat colon in each group; C: Histological score of rat colon in each group; D: Histological and morphological structure under microscope by hematoxylineosin staining (Amplification × 100). NG (Ⅰ): Normal group, MG (Ⅱ): Model group; HPMG (Ⅲ): Herb-partitioned moxibustion group. Data are presented as the
mean ± SD, n = 8 per group. bP < 0.01 (vs normal group); cP < 0.01 (vs model group).

Analysis of cytokine expression profiles

group showed improvements in dieting, stool pattern
and spiritual state, and body weight increased more
significantly (P < 0.01) (Figure 2A).

Compared with the normal group, 30 cytokines in
colon tissues (n = 3) showed > 1.3 fold change in the
model group (Table 1 and Figure 3A), among which
22 cytokines were significantly differentially expressed
(P < 0.05); 34 cytokines showed < 0.77 fold change
(Table 2, Figure 3A, and Figure 4), and 4 of them were
significantly differentially expressed (P < 0.05).
Compared with the model group, 77 colonic cyto
kines showed < 0.77 fold change in the HPM group
(Table 3, Figure 3B, and Figure 4), and 14 of them
were significantly differentially expressed (P < 0.05);
9 cytokines showed > 1.3 fold change (Table 4 and
Figure 3B), and 6 of them were significantly differentially
expressed (P < 0.05).
Further analysis discovered that 12 cytokines that
were upregulated (> 1.3 fold change) in the model
group compared with those in the normal group were
downregulated (< 0.77 fold change) after HPM inter
vention (Figure 5): e.g., β-catenin, IL-1 receptor 6 (IL1R6), B7-1, IL-1β, nerve growth factor receptor, AMPactivated protein kinase-α1, neuropilin-2, orexin A,
adipocyte differentiation-related protein, IL-2, Fas and
FasL. However, no cytokines that were downregulated
(< 0.77 fold change) in the model group compared with
those in the normal group were upregulated (> 1.3 fold
change) after the intervention with HPM.

Gross colon injury score

Compared with the normal group, colons in the model
group were harder and darker, with thickened intestinal
walls, less smooth lining with significant congestion
and scattered ulcers covered by discharge, and the
gross injury score was significantly higher (P < 0.01).
Compared with the model group, colons in the HPM
group showed notable improvement in colon injuries,
presenting with soft pink intestines, slightly thickened
intestinal walls, smooth and complete lining without
visible ulcers, and the gross injury score was significantly
lower (P < 0.01) (Figure 2B).

Morphological changes in the colon

Compared with the normal group, the model group had
a significantly higher histopathological score for colon
injuries (P < 0.01) and presented with disconnected
colon lining, colonic gland necrosis or missing, disorga
nized crypts, atrophy in some colonic glands, and infil
tration of the lamina propria and submucosa by many
inflammatory cells such as neutrophils, eosinophils and
mononuclear cells. Compared with the model group, rats
in the HPM group showed significant improvements in
colon injuries, manifested by substantially complete lining
without noticeable ulcers but obvious growth of wellstructured colonic glands, coupled with inflammatory
polyps, alleviated inflammation in the lamina propria and
submucosa, and a significantly lower histopathological
score (P < 0.01), (Figure 2C and D).

WJG|www.wjgnet.com

Functional cluster of the differentially expressed
cytokines

Compared with the normal group, the differentially
expressed cytokines in the model group regulated
apoptosis, protein phosphorylation and modification,
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Table 1 Cytokines associated with the development of ulcerative colitis (up-regulated)
Cytokine (up)
FGF-BP
IL-5
MIG-6
IL-10
Fractalkine
PDGF-AA
β-Catenin
FSL1
AMPKα1
RAGE
BDNF
IC-1
Insulin
ACTH
PK1

FC (M/N)

P value

Cytokine (up)

FC (M/N)

P value

1.362082
1.383255
1.502947
1.538953
1.562316
1.621171
1.63583
1.645565
1.747397
1.778351
1.800268
1.812053
1.917783
1.919645
1.956145

0.02
0.12
0.01
0.04
0.01
0.05
< 0.000
0.004
0.001
0.02
< 0.00
0.39
0.03
0.15
0.08

FADD
B7-1
Fas
E-Selectin
SPP1
IL-2
Activin A
IL-3
ADFP
Fas Ligand
Neuropilin-2
NGFR
IL-1Rrp2/IL-1R6
Orexin A
IL-1β

2.012878
2.121888
2.133077
2.193775
2.286921
2.298734
2.328823
2.356267
2.429592
2.476364
2.742889
3.519845
3.668512
4.768017
5.017418

0.15
< 0.00
0.03
0.35
0.02
0.01
0.01
0.08
< 0.00
0.02
0.02
< 0.00
< 0.00
0.01
< 0.000

FC: Fold change; M/N: Average of normalized result in the model group/average of normalized result in the normal group.
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Figure 3 Protein abundances of colonic cytokines in each group. A: MG vs NG in comparing the change in mean protein abundance, and the cytokines with an
obvious change are shown in the figure; B: HPMG vs MG in comparing the change in mean protein abundance, and the cytokines with an obvious change are shown
in the figure. The significantly down-regulated proteins are marked in red (the focus of this study). NG: Normal group; MG: Model group; HPMG: Herb-partitioned
moxibustion group.
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Table 2 Cytokines associated with the development of ulcerative colitis (down-regulated)
Cytokine (down)
MuSK
MMP-13
ICK
IFN-γ
TNF-α
IL-1α
MIP-3α
EGFR
MMP-2
MIF
MIP-1α
Ubiquitin
TIMP-3
MIP-2
TIE-2
TGF-β3
Growth hormone R

FC (M/N)

P value

Cytokine (down)

FC (M/N)

P value

0.025485
0.191098
0.206558
0.210272
0.232403
0.283395
0.297499
0.362763
0.366125
0.441963
0.446228
0.485159
0.489656
0.513305
0.528072
0.550782
0.553239

0.26
0.50
0.99
0.60
0.54
0.64
0.82
0.82
0.94
0.52
0.69
0.59
0.65
0.68
0.81
0.08
0.50

GM-CSF
TRAIL
GH
TLR4
CCR4
VEGF
TIMP-2
TGF-β1
CD106
ICAM-1
Thrombospondin
IDE
β-NGF
IC-3
MDC
VEGF-C
CNTF

0.558641
0.561294
0.583295
0.605775
0.614899
0.630412
0.636711
0.644985
0.6635
0.701176
0.708378
0.711151
0.727731
0.748519
0.749424
0.768934
0.769193

0.01
0.73
0.11
0.09
0.15
0.62
0.48
0.19
0.04
0.3
0.09
0.27
0.13
0.66
0.13
0.42
0.02

FC: Fold change; M/N: Average of normalized result in the model group/average of normalized result in the normal group.

proliferation of white blood cells, lymphocytes and
mononuclear cells, migration of white blood cells and
vascular endothelial cells, activation of chemokines, and
modulation of transcription factors of nuclear factorκB and angiogenesis (Supplementary Tables 4 and
5). Compared with the model group, the differentially
expressed cytokines in the HPM group regulated apop
tosis, protein phosphorylation, cell migration, protein
metabolism, activation and chemotaxis of neutrophils,
activation of lymphocytes and transcription factors,
migration of vascular endothelial cells, and secretion of
cytokines (Supplementary Tables 6 and 7).

signaling pathway, immunological rejection, TLR signaling
pathway, chemokine signaling pathway, apoptosis, inter
cellular adhesion, graft vs host reaction, FcεRI and TGF-β
signaling pathways, T-cell receptor pathways, mam
malian target of rapamycin signaling pathway, NODlike receptors and NK-cell-mediated cytotoxicity (Figure
7). There were ten pathways associated with the upregulated cytokines that were differentially expressed in
the HPM group compared with the model group (seven
of the nine differentially expressed cytokines involved ten
pathways). Five of them were for interactions between
cytokines and receptors. The rest were mainly involved
in the MAPK signaling pathway, graft vs host reaction,
transplantation rejection, apoptosis, and TGF-β and TLR
signaling pathways (Figure 7).

KEGG pathway analysis

Compared with the normal group, 18 of the up-regu
lated differentially expressed cytokines in the model
group involved 18 signaling pathways. Eleven of them
were pathways that interacted between cytokines and
their receptors. The rest were pathways mainly involved
in allotransplantation reactions, autoimmune thyroid
disorders, type 1 diabetes, network of intestinal immuno
globulins, apoptosis, mitogen-activated protein kinase
(MAPK) signaling pathway, graft vs host reaction, Janus
kinase/signal transducer and activator of transcription
(JAK/STAT) signaling pathway and Toll-like receptor (TLR)
signaling pathway (Figure 6). Twenty-seven of the downregulated differentially expressed cytokines in the model
group involved 21 signaling pathways. Thirteen of them
were pathways for the interaction between cytokines and
their receptors. The rest were pathways mainly involved
in the MAPK signaling pathway, TGF-β signaling pathway,
natural killer (NK)-cell-mediated cytotoxicity, JAK/STAT
signaling pathway, and apoptosis (Figure 6).
Compared with the model group, 52 of the 77 downregulated differentially expressed cytokines in the HPM
group were involved in 28 signaling pathways. The
rest were involved in the JAK/STAT signaling pathway,
cancer pathways, network of immunoglobulin A, MAPK
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Verification of specific differential cytokines IL-1β, IL1R6, Fas and FasL

Based on the protein microarray and functional cluster
and pathway analysis, specific differential cytokines IL-1β,
IL-1R6, Fas and FasL were selected for further verification
by ELISA. Compared with the normal group, there were
significant increases in expression of IL-1β, IL-1R6, Fas
and FasL in the colon tissues of model group rats (P
< 0.01, Figure 8). Compared with the model group,
expression of IL-1β, IL-1R6, Fas and FasL decreased
significantly in the HPM group (P < 0.01, Figure 8).

DISCUSSION
Although the development and application of oral medi
cations or biological agents for UC have progressed,
the treatment results have differed individually, not to
mention that adverse effects have often been reported.
Some research has proposed the use of more than two
drugs together as a multitarget treatment to boost the
[27]
efficacy, but more research is needed . Conventional
acupuncture-moxibustion therapy can produce a multi
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mostly regulated apoptosis, protein phosphorylation,
lymphocyte activation and chemotaxis, protein meta
bolism, and activation of transcription factors. This
indicates that the effect of HPM in promoting the repair
of colon injuries in UC rats is possibly linked to the ef
fective regulation of several abnormal cytokines. Accor
ding to KEGG pathway analysis, 38 pathways were
related to these differentially expressed cytokines. The
high number suggests a plausible relationship between
the immunological action of HPM and the regulation of
cytokines, their receptors and the involved pathways in
treating UC.
Despite the unclear picture of the pathogenesis
of UC, it is widely accepted that chronic nonspecific
inflammation in the colon is its cardinal feature. A large
number of immunocompetent cells presenting with ex
cessive chemotaxis and abnormally expressed cytokines
have been found in the colon of UC patients. Cytokines
and their receptors, as well as the factors regulating
signaling pathways, mainly serve to regulate the
molecular network of colonic epithelial cells, immunocytes
in lamina propria, and bacteria. Therefore, abnormal
cytokines are possibly a crucial factor in causing immune
[28,29]
disorders and colon injuries in UC
. Cytokines form a
complicated network, interacting with immunocytes both
as cause and effect, but their mechanism of action is
still unclear. According to previous studies, the cytokines
related to UC are comparatively precise, mainly focused
on inflammatory factors, anti-inflammatory factors, che
mokines and lymphocyte-activating factors, with a limi
ted quantity for measurement. The present study has
made up for the previous studies in genre and quantity
of cytokines by examining important factors involved in
apoptosis, cell proliferation, signaling pathway regulation,
protein modification, tumor, and intestinal immune net
work. Besides the focus on inflammation, this study also
used UniProt and KEGG pathway databases to further
explore the possible pathogenesis of UC, providing new
insights and foundations for UC and clinical intervention
studies in the future.
HPM integrates moxibustion and Chinese herbal
medicine and produces both pharmaceutical effects on
the skin and physical thermal effects. It has been shown
that HPM can exert definite effects in treating mild-tomoderate UC, by boosting colon healing and relief of
[17]
inflammation; thus it is well accepted by patients .
Compared with oral medication and surgery, HPM is
simple to operate, gentle in action, consistent in efficacy
and extensive in regulation. It can significantly improve
[30-32]
quality of life and restore intestinal function
. More
and more cytokine antibodies have been approved for
treatment of IBD, such as anti-TNF (e.g., infliximab,
etanercept and adalimumab) and anti-IL-12/23 p40 (e.g.,
ustekinumab), indicating that regulation of cytokines is
[33]
practical and essential in treating colitis . How does
HPM exert its effect on UC? Is it also related to the regu
lation of cytokines, and what else is involved? In this
study, protein microarrays revealed that 12 cytokines

HPM3

HPM2

HPM1

       0.2623677
M3

M2

M1

N3

     0.15423594
N2

N1

0.0

Acticin A
ACTH
ADFP
Adiponectin/Acrp30
AMPK alpha 1
B7-1/CD80
BDNF
beta-Catenin
basic-FGF
beta-NGF
CCR4
CD108
CINC-2 alpha/beta
CINC-3
CNTF
CNTF R alpha
CSK
CXCR4
EGFR
IC-3
IC-2
IC-1
EG-VEGF/PK1
E-Selectin
FADD
Fas Ligand/TNFSF6
Fas/TNFRSF6
FGF-BP
Follostatin-like-1 (FSL1)
Fractalkine
GFR alpha-1
GFR alpha-2
GM-CSF
Growth Hormone
Growth Hormone R
Hepassocin
ICAM-1/CD54
ICK
Insulin Degrading Enzyme
IFN-gamma
IL-1 alpha
IL-1 beta
IL-1 R6/IL-1 Rrp2
IL-2
IL-3
IL-4
IL-5
IL-6
IL-10
IL-12/IL-23 p40
IL-13
Integrin alpha M beta 2
Insulin
IP-10
Leptin (OB)
LIX
L-Selectin/CD62L
MCP-1
MDC
MIF
MIP-1 alpha
MIP-2
MIP-3 alpha
MMP-13
MMP-2
MMP-8
MuSK
Neuropilin-2
NGFR
Orexin A
Osteopotin/SPP1
PDGF-AA
Prolactin R
Rage
RALT/MIG-6
RELM beta
Resistin
TAL1A
TGF-beta1
TGF-beta2
TGF-beta3
Thrombospondin
TIE-2
TIMP-1
TIMP-2
TIMP-3
TLR4
TNF-alpha
TRAIL
TROY
Ubiquitin
VEGF
VEGF-C

Figure 4 Clustering heatmap of colonic cytokines in each group. Red
stands for those higher than the average density (marked in dark); green for
those lower than the average density. n = 3 rats per group. N: Normal group; M:
Model group; HPM: Herb-partitioned moxibustion group.

system, multitarget and multidirectional effect, without
causing notable adverse reactions. For all these merits,
it is recommended as an effective therapeutic approach
for UC. Establishment of the mechanism of action of
HPM in treating UC could provide important evidence to
promote its application in treating IBD. The present study
was a pilot study that used high-throughput protein
microarray to elucidate the mechanism of action of HPM
in the treatment of UC. Here, 86 differentially expressed
cytokines in the colon were triggered by HPM. They
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Table 3 Cytokines associated with the action of herb-partitioned moxibustion (down-regulated)
Cytokine (down)

FC (H/M)

P value

Cytokine (down)

FC (H/M)

P value

basic-FGF
β-Catenin
IL-1Rrp2/IL-1R6
Resistin
B7-1/CD80
Activin A
IL-1β
NGFR
β-NGF
ACTH
AMPKα1
CSK
GFRα-2
CCR4
MIG-6
Neuropilin-2
Fractalkine
CD106
GFRα-1
Orexin A
GM-CSF
TGF-β2
LIX
BDNF
RAGE
Leptin (OB)
SPP1
TIMP-1
L-Selectin
Fas
RELMβ
ADFP
Acrp30
IP-10
IL-2
Insulin
CNTF
Fas Ligand
Thrombospondin

0.0978
0.099918
0.157933
0.165169
0.165526
0.169884
0.181118
0.205767
0.206263
0.206715
0.218363
0.220766
0.222922
0.229987
0.234297
0.23433
0.238117
0.238859
0.248202
0.256555
0.259198
0.261203
0.270135
0.270917
0.27422
0.276614
0.278682
0.280948
0.283725
0.289612
0.290633
0.290674
0.291541
0.295663
0.298121
0.305481
0.310717
0.319733
0.322261

0.70
0.03
0.03
0.45
0.02
0.23
0.01
0.02
0.52
0.50
0.01
0.54
0.65
0.26
0.22
0.04
0.39
0.32
0.66
0.01
0.16
0.58
0.91
0.06
0.24
0.79
0.07
0.88
0.91
0.06
0.47
0.01
0.81
0.88
0.03
0.09
0.10
< 0.05
0.55

MCP-1
PDGF-AA
TGF-β3
FADD
Prolactin R
IL-10
IL-3
FSL1
PK1
CINC-2 α/β
FGF-BP
ICAM-1
TAL1A
CNTF Rα
IL-13
IL-12
CXCR4
IL-4
CINC-3
MDC
IL-5
E-Selectin
Hepassocin
GH
Integrin αMβ2
IL-6
TGF-β1
MMP-8
GH R
TIMP-2
VEGF-C
IC-1
IDE
TIMP-3
MIP-2
MIF
Ubiquitin
MIP-1α
VEGF

0.322376
0.329641
0.335626
0.338264
0.352073
0.353484
0.354765
0.374421
0.374728
0.375162
0.378172
0.379167
0.379464
0.380412
0.381048
0.395678
0.397749
0.400025
0.404805
0.417278
0.41803
0.424327
0.428314
0.441903
0.458492
0.47843
0.511556
0.525606
0.581019
0.581976
0.610166
0.639561
0.678174
0.69365
0.713848
0.725496
0.73656
0.761068
0.765926

0.71
0.13
0.50
0.33
0.57
0.23
0.15
0.06
0.22
0.76
0.21
0.45
0.52
0.57
0.52
0.55
0.92
0.30
0.89
0.50
0.33
0.43
0.61
0.02
0.03
0.60
0.12
0.65
0.17
0.31
0.54
0.12
0.01
0.16
0.13
0.18
0.09
0.09
0.13

FC: Fold change; H/M: Average of normalized result in the herb-partitioned moxibustion group/average of normalized result in the model group.

Table 4 Cytokines associated with the action of herb-partitioned moxibustion (up-regulated)
Cytokine (up)
EGFR
TROY
TLR4
IC-3
IL-1α

FC (H/M)

P value

Cytokine (up)

FC (H/M)

P value

1.335106
1.34044
1.511846
1.664604
1.845212

0.13
0.31
0.04
0.74
0.01

TNF-α
IFN-γ
MMP-13
MuSK

1.937065
2.000647
2.19335
12.24563

0.04
0.01
0.04
0.02

FC: Fold change; H/M: Average of normalized result in the herb-partitioned moxibustion group/average of normalized result in the model group.

upregulated (fold change > 1.3) in the model group
compared with the normal group were downregulated
(fold change < 0.77) after HPM intervention. These
cytokines are involved in the modulation of inflammation,
apoptosis, adhesion, activation of co-stimulatory signals,
metabolism, and nervous regulation. The pathway ana
lysis also suggested an association between the effect
of HPM in healing colon injuries of UC and the down
regulation of several abnormally expressed cytokines.
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Hence, regulation of signaling pathways of cytokines and
their receptors is possibly an important immunological
mechanism. So far, we have seen that HPM has several
regulatory effects on colonic cytokines. However, it re
mains a question whether this non-drug therapy can
compare with oral or venous application of antibodies,
immunosuppressive agents, steroidal and anti-in
flammatory drugs.
We showed that HPM significantly downregulated

3392

August 14, 2018|Volume 24|Issue 30|

Zhang D et al . Cytokine expression profiling

HPM3

HPM2

M3

HPM1

0.32809615

M2

M1

N3

N2

0.14811642

N1

0.0

IL-1 R6/IL-1 Rrp2
B7-1/CD80
IL-1 beta
NGFR
AMPK alpha 1
Neuropilin-2
Orexin A
Fas/TNFRSF6
ADFP
IL-2
Fas Ligand/TNFSF6
beta-Catenin

Figure 5 Clustering heatmap of the specific differential cytokines in each group. Red stands for those higher than the average density (marked in dark); green
for those lower than the average density. n = 3 rats per group. N: Normal group; M: Model group; HPM: Herb-partitioned moxibustion group.
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Figure 6 KEGG pathway analysis of the cytokines related to the development of ulcerative colitis. A: Eleven of all the major signaling pathways of the upregulated cytokines in the model group (compared with the normal group) are involved in the interaction between cytokines and their receptors (36.7%); B: Of the
major signaling pathways of the down-regulated cytokines in the model group (compared with the normal group), 13 pathways regulate the interaction between
cytokines and their receptors (39.4%) (Supplementary Tables 4 and 5).

that inflammatory infiltration and apoptosis in the colonic
epithelium, controlled by cytokines and their network,

the expression of IL-1β, IL-1R6, Fas and FasL, which
[16,34-40]
agreed with previous studies
. We demonstrated
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Figure 7 KEGG pathway analysis of the cytokines related to the action of herb-partitioned moxibustion. A: Among the major signaling pathways related to the
up-regulated cytokines in the herb-partitioned moxibustion group (compared with the model group), five pathways were involved in the interaction between cytokines
and their receptors (55.6%); B: Of the major signaling pathways related to the down-regulated cytokines in the herb-partitioned moxibustion group (compared with the
model group), 27 pathways were involved in the interaction between cytokines and their receptors (38%) (Supplementary Tables 6 and 7).

are crucial factors in the pathogenesis of UC. We also
discovered that the proinflammatory factor IL-1β was
significantly upregulated, while the immunoregulatory
factor TGF-β was down-regulated in UC. This caused an
imbalance between proinflammatory and anti-inflam
matory factors, which also agreed with previous studies.
However, in our study, the proinflammatory factors
TNF-α and IFN-γ were downregulated, although without
significance, which differed from the previous results.
The UC modeling method could have accounted for this
difference. IL-1β originates from the innate intestinal
immune system, while TNF-α and IFN-γ are produced
by T helper cells of the acquired immune system. Our
study used immunological and chemical stimulation
to establish the UC model, which may have a different
[41,42]
mechanism of injury from that induced by bacteria
.
By using protein microarray, we systematically discussed
the pathogenesis of UC and possible action mechanism
of HPM and hope to inspire more studies to further verify
the findings.

WJG|www.wjgnet.com

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The imbalance of cytokines modulated by activated immunocytes has been
verified as an initial factor inducing inflammatory injuries in ulcerative colitis (UC).
Herb-partitioned moxibustion (HPM), a non-drug external therapy, produces
valid efficacy in treating UC, but its potential mechanism is still unclear.

Research motivation

The action mechanism of HPM was explored by using high throughout analysis
of cytokine expression profiles in the colon and their network effects in our
research.

Research objectives

By identifying the key cytokines in the action of HPM and analyzing their signal
pathways, our research aimed to provide research ideas and crucial targets for
further elaboration of the anti-inflammation mechanism of HPM in treating UC.

Research methods

A UC rat model was established by protein immunization in combination with
topical chemical stimulation. Rats in the HPM group received HPM at bilateral
Tianshu (ST25) points. The expression profile of colonic cytokines was assayed
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Figure 8 Validation of the specific differential cytokines. A: Expression of IL-1β protein in colon; B: Expression of IL-1Rrp2/IL-1R6 protein in colon; C: Expression
of Fas protein in colon; D: Expression of FasL protein in colon. Data are presented as the mean ± SD, n = 8 rats per group. bP < 0.01, aP < 0.05, (vs normal group); cP
< 0.01 (vs model group). NG: Normal group; MG: Model group; HPMG: Herb-partitioned moxibustion group.
using the protein microarray technique.
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Abstract
AIM
To develop a novel hepatocyte serum-free medium based
on sericin, and to explore the effect of sericin on the hepa
tocyte transcriptome.

Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.

METHODS
A controlled trial comparing novel serum-free medium
and other media: C3A cells were cultured in our novel
serum-free medium, HepatoZYME, complete medium
(DMEM/F12 with 100 mL/L FBS), and DMEM/F12, and

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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then cell attachment, proliferation, and function as well
as the biocompatibility of the media were assessed. A
comparative study of serum-free media with or without
2 mg/mL sericin: the effect of sericin on C3A growth was
assessed by cell viability and proliferation, the effect of
sericin on C3A cell cycle distribution was determined by
flow cytometry, and the effect of sericin on the C3A tran
scriptome was assessed by gene-chip array and RT-qPCR.

i30/3398.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i30.3398

INTRODUCTION
The bioartificial liver support system (BALSS) is a novel
and ideal therapy for hepatic insufficiency, which can
provide additional liver function for patients with acute
[1]
liver injury and end-stage liver failure . During the
BALSS operation, hepatocytes in the bioreactor perform
various functions such as albumin synthesis, ammonia
elimination, and bilirubin metabolism, which can decrease
[2]
the symptoms of liver failure .
The BALSS is mainly composed of a hepatocyte cul
[3]
ture module and an extracorporeal circulation device .
At the present time, the cells used in BALSS are mainly
[4]
primary porcine hepatocytes and immortalized cells,
[5]
such as HepG2 and C3A . C3A is a human hepatocellular
carcinoma cell line, with high albumin production and
excellent ability of ammonia elimination. Therefore, C3A
is selected as the hepatocyte in the extracorporeal liver
assist device (ELAD), which has proven to be effective
in liver support and biocompatible in patients in clinical
[6]
trials .
Normally, in vitro culture of hepatocytes requires
serum of animal-origin. However, the serum possesses
several shortcomings, including immunogenicity, aller
[7]
genicity and exposure to microorganisms . During the
operation of the BALSS, the hepatocyte culture medium
is in contact with the patient’s plasma in the bioreactor,
resulting in the potential for a variety of adverse reactions
such as anaphylaxis and bacteremia. Therefore, serumfree medium suitable for hepatocyte culture in the BALSS
has been needed within recent decades. However, few
studies have focused on this topic.
HepatoZYME-SFM, the most popular of all hepatocyte
serum-free media, is a serum-free medium for the longterm maintenance of hepatocyte phenotypic expression
including the active and inducible forms of cytochrome
[8]
P450 and active phase Ⅱ enzymes . However, it is main
ly used for serum-free primary hepatocyte culture, and
serum is required for the adherence of hepatocytes at
the early stage of serum-free culture with HepatoZYME.
Generally, serum-free medium comprises nutrients,
growth factors, adherence-promoting factors, hormones,
and trace elements. Advanced DMEM/F-12 (Dulbecco’s
Modified Eagle Medium/Ham’s F-12) is a widely used
basal medium that allows the culture of mammalian cells
with reduced (10-50 mL/L) fetal bovine serum (FBS)
supplementation, so it is often selected as the basal
medium of the serum-free medium. Growth factor is
the key component of serum-free culture medium, as it
promotes cell growth. Hepatocyte growth factor (HGF)
is a key ligand that elicits G1/S progression of epithelial
cells, including hepatocytes, by up-regulating cyclin-E1
[9]
via the proline-mTOR pathway . Epidermal growth factor
(EGF) is not only a promoter of the growth of epithelial
cells but also an important regulator that promotes

RESULTS
More C3A cells attached to the plate containing our
serum-free medium than to those containing HepatoZYME
and DMEM/F12 at 24 h post-seeding. Both the viability
and proliferation rate of C3A cells in sericin-based
serum-free medium were superior to those of cells in
HepatoZYME and DMEM/F12 (P < 0.001). The content
of albumin and urea in our serum-free medium was sig
nificantly higher than that in HepatoZYME and DMEM/F12
throughout the whole culture period (P < 0.001) and
was similar to that in complete medium at day 3, 4, and
5. In part 2, cell viability and proliferation were greater
in the presence of 2 mg/mL sericin (P < 0.001), as was
the proportion of cells in S phase (16.21% ± 0.98% vs
12.61% ± 0.90%, P < 0.01). Gene-chip array analysis
indicated that the expression of CCR6 , EGFR , and FOS
were up-regulated by 2 mg/mL sericin, and RT-qPCR re
vealed that the expression of CCR6 , EGFR , FOS , AKT1 ,
JNK1 , NFkB1 , MMP-9 , MEK2 , ERK1/2 and MYC was upregulated by 2 mg/mL sericin (P < 0.05).
CONCLUSION
We developed a novel hepatocyte serum-free medium.
Sericin probably enhances cell attachment through the
CCR6-Akt-JNK-NF-κB pathway and promotes cell prolife
ration through CCR6-mediated activation of the ERK1/2MAPK pathway.
Key words: Sericin; Serum-free medium; MAPK pathway;
Bioartificial liver support system; CCR6
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In recent decades, few studies have focused
on the development of hepatocyte serum-free medium.
In this study, we developed a novel hepatocyte serumfree medium suitable for in vitro culture of C3A cells and
applied an advanced method, gene-chip array, to explore
the effect of sericin on the hepatocyte transcriptome. We
found that sericin probably enhanced cell attachment
through the CCR6-Akt-JNK-NF-κB pathway and promoted
cell proliferation through CCR6-mediated activation of the
ERK1/2-MAPK pathway. These findings inspired the fol
lowing study on the mechanism by which sericin promotes
cell attachment and proliferation.
Huang Y, Peng Q, Li HY, Jia ZD, Li Y, Gao Y. novel sericin-based
hepatocyte serum-free medium and sericin’s effect on hepatocyte
transcriptome. World J Gastroenterol 2018; 24(30): 3398-3413
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
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[10]

CYP3A4 expression in hepatocytes . Dexamethasone
affects the growth of hepatocytes in a dose-dependent
manner. HGF-induced DNA synthesis and proliferation in
primary cultures of adult rat hepatocytes are promoted
-10
by dexamethasone at the concentration of 10 mol/L,
-8
[11]
but are inhibited at the concentration of 10 mol/L .
Furthermore, dexamethasone effectively induces gluco
neogenesis in malignant hepatocytes both in vitro and in
[12]
vivo by up-regulating PEPCK and G6Pase expression .
Sericin, a silk-derived protein that constitutes
20%-30% of silk, is soluble in the water and envelops the
fibroin fibers on the surface of silk. Sericin is widely used
in the garment industry, cosmetics, pharmaceuticals, and
biomedical engineering because of its moisture-regulating
ability, ultraviolet (UV) resistance, and antibacterial,
[13-15]
anticancer, and anticoagulant properties
. It is well
known that sericin has the ability to promote the attach
[16]
ment and proliferation of several mammalian cells ,
and as a consequence, sericin has been widely used in
cell cultures. In DMEM containing 100 mL/L FBS, cell
viability and proliferation of normal animal cells, tumor
cells, hybridoma cells and normal mouse fibroblast L929
cells were improved by adding sericin at a certain concen
[17]
tration .
Along with the development of culture technology,
sericin has also been used for 3D cell culture. Mandal
[18]
et al reported that a novel biopolymeric matrix fabri
cated by chemically cross-linking polyvinyl alcohol (PVA)
with silk sericin was superior to PVA with respect to swel
lability, mechanical strength and flexibility, and cell attach
ment and viability. In another study, a silk sericin/gelatin
3-D scaffold showed enhanced mechanical strength,
and higher compressibility, swellability, and porosity than
a 2-D film. Moreover, improved cell attachment and
viability, and low immunogenicity have suggested that a
sericin/gelatin 3-D scaffold may be an ideal biomedical
[19]
material . Sericin has also been used for hepatocyte
culture and cryopreservation, the glucose consumption,
urea secretion rate, and intracellular albumin content of
HepG2 cells were increased in sericin-alginate-chitosan
[20]
[21]
microcapsules . Miyamoto et al
demonstrated that
a serum-free solution containing sericin and maltose
improved the attachment capability of cryopreserved pri
mary hepatocytes.
Although sericin has been shown to promote cell
attachment, viability, and proliferation, the mechanism
has been clarified. It is probably that the promotion
of viability and proliferation is based on enhanced cell
[22]
attachment. Aramwit et al showed that sericin had the
capability to improve the production of type-Ⅰ collagen
in the mouse fibroblast cell line L929 and that sericin
increased the production of collagen in a dose-dependent
manner within the range of 0.2-1.0 mg/mL.
Despite the advantages of sericin, it has not been
used in the development of serum-free medium. The
purpose of this study was to develop a novel serumfree medium suitable for in vitro hepatocyte culture
based on sericin, growth factors, and other additives. In
addition, the effects of sericin on the gene expression of

WJG|www.wjgnet.com

hepatocytes were also investigated using a gene-chip
array in order to explore the mechanism by which sericin
promotes cell viability and proliferation.

MATERIALS AND METHODS
There were two parts to this study. Part 1 was a con
trolled trial comparing the novel serum-free medium to
other media. Part 2 was a comparative study between
serum-free medium with or without sericin.

Materials

Sericin, insulin-transferrin-sodium selenite liquid media
supplement (ITS), and 3-(4,5-dimethylthiazol-2)-2,5diphenyltetrazolium bromide (MTT) were purchased
from Sigma-Aldrich. Advanced DMEM/F12, HepatoZYME,
L-glutamine, FBS, and phosphate-buffered saline (PBS)
were purchased from Thermo Fisher Scientific. Penicillinstreptomycin and 2.5 g/L trypsin-EDTA solution were
purchased from Leagene. HGF, EGF, and dexamethasone
were purchased from R&D Systems. Dimethyl sulfoxide
(DMSO) was purchased from MP Biomedicals. A Live/
Dead kit (calcein AM/PI) was purchased from Dojindo.
SYBR Green qPCR SuperMix (a qPCR kit) was purchased
from Invitrogen. TRIzol reagent and the RNeasy Plus
Mini kit (reagents for extracting RNA from cells) were
purchased from Ambion and Qiagen, respectively. An
Olympus phase-contrast microscope and fluorescence
microscope were used for cell observation. A Bio-Tek
ELx800 absorbance reader was used for the MTT as
say. An Aeroset automated biochemistry analyzer was
used for the measurement of albumin and urea. A Bio
Photometer plus (Eppendorf) and an ABI PRISM®7500
Sequence Detection System (Thermo Fisher Scientific)
were used for RT-qPCR. A BD FACSVerse was used for
flow cytometry.

Preparation of medium

Sericin, HGF, and EGF were dissolved into PBS, and dexa
methasone (Dex) was dissolved into DMSO at a certain
concentration to create stock solutions, respectively.
DMEM/F12 and HepatoZYME were employed as the basal
medium for their corresponding group. The medium for
each group in part 1 of the study was prepared by ad
ding the supplements into the basal medium as shown
in Table 1. In part 2, the medium used for group A was
the same medium used for group A in part 1, while the
medium used for group B was sericin knock-out (Table 2).

Cell lines and culture

The human hepatocellular carcinoma cell line C3A was
obtained from ATCC (ATCC® CRL-10741). C3A cells were
2
inoculated into 25 cm flasks after thawing and cultured
in DMEM containing FBS (100 mL/L) and penicillin-strep
tomycin (100 U/mL) under 50 mL/L CO2 at 37 ℃. The
medium was changed every two days. Once the cells
reached confluence, they were harvested using 2.5 g/L
trypsin-EDTA, followed by the addition of fresh culture
medium to create a new single-cell suspension for further
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Table 1 Medium formula of each group in part 1
Group A
DMEM/F12
ITS 10 mL/L
HGF 20 ng/mL
EGF 10 ng/mL
Dex 1 nmol/mL
Sericin 2 mg/mL
PEN-SM 100 U/mL

Group B

Group C

Group D

HepatoZYME
L-Glutamine 2 μmol/mL
PEN-SM 100 U/mL

DMEM/F12
FBS 100 mL/L
PEN-SM 100 U/mL

DMEM/F12
PEN-SM 100 U/mL

ITS: Insulin-transferrin-sodium; HGF: Hepatocyte growth factor; EGF: Epidermal growth factor; Dex: Dexamethasone; PEN-SM: Penicillin-streptomycin;
FBS: Fetal bovine serum.
5
at a density of 1 × 10 cells/well, and cultured in the
respective medium under 50 mL/L CO2 at 37 ℃. Every
24 h, the medium was changed, and the cells in each
group were counted using a phase-contrast microscope
in triplicate.

Table 2 Medium formula of each group in part 2
Group A (sericin)

Group B (control)

DMEM/F12
ITS 10 mL/L
HGF 20 ng/mL
EGF 10 ng/mL
Dex 1 nmol/mL
Sericin 2 mg/mL
PEN-SM 100 U/mL

DMEM/F12
ITS 10 mL/L
HGF 20 ng/mL
EGF 10 ng/mL
Dex 1 nmol/mL
PEN-SM 100 U/mL

Cell viability and proliferation assessment

The viability and the proliferation capacity of the cells
were quantitatively assessed by MTT assay. This assay
is based on the reduction of MTT (a tetrazolium salt solu
tion) to purple formazan by metabolically active cells.
3
For this analysis, 5 × 10 cells were inoculated into each
well of 96-well plates, and subsequently cultured in the
respective medium under 50 mL/L CO2 at 37 ℃ for seven
days. Every 24 h, the cells were incubated with 1 mg/
mL MTT for 4 h. After solubilization in DMSO for 10 min,
the concentration of the formazan produced by the
metabolically active cells was quantified at 490 nm with
a Bio-Tek ELx800 absorbance reader in quintuplicate.

ITS: Insulin-transferrin-sodium; HGF: Hepatocyte growth factor; EGF:
Epidermal growth factor; Dex: Dexamethasone; PEN-SM: Penicillinstreptomycin; FBS: Fetal bovine serum.

incubation. The concentration of FBS was gradually
reduced from 100 mL/L to 50 mL/L, then to 20 mL/L,
and finally to 10 mL/L. After stable growth was achieved
in DMEM containing 10 mL/L FBS, the cells were cultured
in the corresponding medium for each group.

Cell function assessment

Live/dead fluorescence microscopy assay

Cell function was assessed by the amount of albumin
and urea produced by metabolically active cells. The
cells were inoculated into 24-well plates at a density
5
of 1 × 10 cells/well and cultured in the respective
medium under 50 mL/L CO2 at 37 ℃ for seven days. The
supernatant was collected every 24 h for quantitative
testing of albumin and urea using an Aeroset automated
biochemistry analyzer in triplicate.

Cell attachment after inoculation was evaluated by fluo
rescence microscopy using a Live/Dead kit. This method
allows the simultaneous detection of both live and dead
cells with calcein acetoxymethyl (calcein AM) and pro
pidium iodide (PI) dyes. Calcein AM is a nonfluorescent
and permeable reagent, which is converted by intracel
lular esterases to the intensely green fluorescent calcein.
Propidium iodide enters dead cells through damaged
membranes and produces a bright red fluorescence
when bound to nucleic acids.
The cells were inoculated into 24-well plates at a
5
density of 1 × 10 cells/well, and then cultured in the
respective medium. Twenty-four hours later, the medium
was discarded, and the cells were washed three times
with PBS and incubated with calcein AM and PI under
50 mL/L CO2 at 37 ℃ for 15 min. The morphology and
quantity of the cells were observed using a fluorescence
microscope at the wavelengths of 490 nm and 545 nm,
respectively. The number of live cells in each photo was
counted using the ImageJ software.

Biocompatibility assessment for mediums

The biocompatibility of the media was evaluated by
aspartate transaminase (AST) and lactate dehydrogenase
(LDH), which were released into the culture medium by
the cells through damaged membranes after suffering
an acute injury. Their concentrations in the culture media
are correlated with membrane damage and the bioco
mpatibility of the medium.
Every 24 h post-seeding, the supernatant was har
vested for quantitative testing of AST and LDH using an
Aeroset automated biochemistry analyzer in triplicate for
seven days.

Cell growth curves

Cell cycle analysis

Cell growth was investigated every 24 h for seven days.
Briefly, the cells were inoculated into 12-well plates
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Cells were inoculated into 6-well plates at a density of
5
5 × 10 cells/well, and cultured in the respective medium
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were performed using one-way ANOVA and a t-test, re
spectively, with SPSS version 20.0 software. The results
were expressed as the mean ± standard deviation (SD)
using GraphPad Prism Software. Differences between
samples were considered statistically significant at a
value of P < 0.05.

under 50 mL/L CO2 at 37 ℃. Seventy-two hours later, the
cells were detached by trypsinization, centrifuged, and
the pellet of cells was immediately fixed with ice-cold
700 mL/L ethanol. Afterwards, cells were washed three
times with cold PBS to remove the ethanol, and finally
[23]
stained with PI using a standard method . Cells were
analyzed by flow cytometry using BD FACSVerse.

RESULTS

Gene chip array

The differences in the transcriptomes of the cells cul
tured in the presence of sericin were quantitatively
assessed using the GeneChip® PrimeView™ Human
Gene Expression Array. The cells were inoculated into
6
6-well plates at a density of 1.5 × 10 cells/well, and
subsequently cultured in the respective medium under
50 mL/L CO2 at 37 ℃. Seventy-two hours post seeding,
the cells were harvested and total RNA was extracted
using a Qiagen RNeasy Plus Mini kit. After the quality
was verified using a Thermo Nanodrop 2000 and Agilent
2100 Bioanalyzer, the RNA was analyzed using GeneChip®
PrimeView™ to reveal the differentially expressed genes
related to proliferation. The expression differences of upregulated genes were presented as fold-change (group
A/group B ratio), and differences between samples were
considered statistically significant at a value of foldchange > 1.5.

Part 1

Real time quantification of gene expression

Cell growth curves: Cell growth was directly measured
by counting the cell number in each group with standard
hemocytometry every 24 h. During the seven days
post-seeding, the cell number in each group increased
gradually at different rates (Figure 2A). Within three days
post-seeding, the difference in the cell numbers among
groups A, B and C were not significant. Beginning on
the fourth day post-seeding, the cell number in group A
was significantly higher than those in group B and group
D at each time point (P < 0.001). Although the daily
cell number in group A was lower than that in group C
starting on the fifth day post-seeding (P < 0.001), they
were close in number during the first four days of culture.

In part 1, group A is our novel serum-free medium,
group B is HepatoZYME, group C is the complete medium
(DMEM/F12 with 100 mL/L FBS), and group D is DMEM/
F12 (Table 1).
Live/dead fluorescence microscopy assay: Cell
behavior in terms of attachment and viability was quali
tatively investigated after 24 h of culture under standard
conditions by fluorescence microscopy, based on the
simultaneous staining of live (green-labeled) and dead
(red-labeled) cells (Figure 1).
The density of attached living cells in group A was
obviously higher than those in group B and group D, and
almost approached that of group C. C3A cells in group A
possessed a greater attachment capability than those in
group B and group D (P < 0.01).

RT-qPCR was used to distinguish the differences of genes
related to hepatocyte function in each group of part 1,
and to verify the differentially expressed genes in the
gene chip array of part 2. The cells were inoculated
6
into 6-well plates at a density of 1.5 × 10 cells/well,
and subsequently cultured in the respective medium
under 50 mL/L CO2 at 37 ℃. At each set time point,
the cells were harvested and total RNA was extracted
using a Qiagen RNeasy Plus Mini kit. After RNA quality
verification, RT-qPCR was performed using an ABI
PRISM®7500 Sequence Detection System and SYBR
Green qPCR SuperMix. The genes related to hepatocyte
function were assessed two, four, and six days after
seeding, and included uridinediphosphate-glucuronosyl
transferase (UGT: The enzyme catalyzing the conversion
of unconjugated bilirubin into conjugated bilirubin), glu
tathione S-transferase (GST: The enzyme catalyzing
the conjugation of the reduced form of glutathione to
xenobiotic substrates for the purpose of detoxification),
glutamate-ammonia ligase (GLUL: The key enzyme in
glutamine synthesis), glucose-6-phosphatase (G6P: The
key enzyme in gluconeogenesis and glycogenolysis),
albumin, carbamoyl phosphate synthetaseⅠ (CPS1: The
key enzyme in the production of urea), and cytochrome
P-450 (CYP3A4, CYP2D6: the oxidizing enzymes in
drug metabolism). The genes screened by the gene
chip array were assessed one, two, three, and four days
after seeding. The relative expression of each gene was
-ΔΔCt
presented as the value of 2 .

Cell viability and proliferation assessment: To
examine cell viability and the proliferation rate, the
MTT assay was employed in which the number of meta
bolically active cells is linearly associated with the ab
sorbance at 490 nm within a certain range. During the
whole culture period, the curve of each group rose gra
dually at different rates (Figure 2B). Within three days
post-seeding, the cell viability and proliferation of group
A were similar to group C. Afterwards, the number of
metabolically active cells in group A was less than that in
group C (P < 0.001), and reached the maximum at day
5. The viabilities of groups A, B and D declined after day
5. Nevertheless, the daily number of metabolically active
cells in group A was significantly greater than those in
group B and group D during the whole culture period (P
< 0.001).

Statistical analysis

Cell function assessment: Cell function was assessed
by the quantity of albumin and urea produced by C3A

The statistical analyses of the data in parts 1 and 2
WJG|www.wjgnet.com
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Figure 1 Fluorescence microscopy assessment of live (green-labeled) and dead (red-labeled) C3A cells at 24 h post-seeding in each group. A: Serumfree medium; B: HepatoZYME; C: DMEM/F12 with 100 mL/L FBS; D: DMEM/F12; and E: comparison of cell number from photos in each group: (group A) serum-free
medium, (group B) HepatoZYME, (group C) DMEM/F12 with 100 mL/L FBS, and (group D) DMEM/F12. Data are expressed as mean ± SD (n = 3). aP < 0.05. FBS:
Fetal bovine serum.

cells. With respect to albumin (Figure 2C), the curves of
group A and group C showed a slightly declining trend
throughout the whole culture period. On days 1, 2, 6,
and 7, the albumin in the supernatant of group A was
lower than that in group C (P < 0.001), but there was no
significant difference on days 3, 4, and 5. Throughout the
culture process, the quantity of albumin secreted by C3A
cells in group A was greater than that in group B and
group D at each time point (P < 0.001). With respect to
urea (Figure 2D), the content of urea in the supernatant
of each group decreased gradually during the culture
period. At each time point, the urea synthesized by the
C3A cells in group A was lower than that in group C (P <
0.001), but it was significantly greater than that in group
B and group D (P < 0.001).

WJG|www.wjgnet.com

Biocompatibility assessment for media: As they
reflect hepatocyte injury, AST and LDH were selected
to assess the biocompatibility of each medium with C3A
cells. With respect to AST leakage (Figure 2E), there
were no differences among the groups during the first
24 h. Beginning on day 2, AST leakage in groups A, C,
and D was similar until day 6, and significantly lower
than that in group B at each time point (P < 0.001).
AST leakage in group A was lower than that in all the
other groups on day 7 (P < 0.001). With respect to LDH
leakage (Figure 2F), on days 1, 2, 5, and 6, LDH leakage
in group A was greater than that in group C, but they
shared a similar level at the other time points. During
the whole culture period, LDH leakage in group B was
significantly greater than that in group A and group C (P
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Figure 2 Comparison on (A) cell growth, (B) cell viability, (C) ALB secretion, (D) urea production, (E) AST leakage and (F) LDH leakage in each group.
(group a) Serum-free medium, (group b) HepatoZYME, (group c) DMEM/F12 with 100 mL/L FBS, (group d) DMEM/F12. Data are expressed as mean ± SD (n = 5 in
B and 3 in the others). e: Significant difference between group A and group B at the same incubation time. f: Significant difference between group A and group C at
the same incubation time. α: Significant difference between group A and group D at the same incubation time. P < 0.05. AST: Aspartate transaminase; LDH: Lactate
dehydrogenase; FBS: Fetal bovine serum.

< 0.001). In the early stage of culture, the LDH content
in the supernatant of group D was greater than that in
group A and group C, and unexpectedly, LDH levels in
group D was the lowest from day 4 to day 6 (P < 0.001).

group C, but still higher than that of group D (P < 0.001).
Glutathione S-transferase (GST) (Figure 3B): At each
time point, the relative expression of group A was lower
than that of group B and group C, but greater than that
of group D (P < 0.001). Glutamate-ammonia ligase
(GLUL) (Figure 3C): The relative expression in group
C was higher than that in the other groups at all time
points. The relative expression in group A was lower than
that in group B at day 2 and 4, but significantly higher at
day 6 (P < 0.002). Glucose-6-Phosphatase (G6P) (Figure
3D): At each time point, the expression in group A was
lower than that in group B and group C, but higher than
that in group D (P < 0.001). Albumin (Figure 3E): The
relative expression in group A was lower than that in
group C, but significantly higher than that in the other

Expression of genes related to hepatocyte
functions: The differences in gene expression related
to hepatocyte functions were estimated by using RTqPCR, a highly sensitive and effective method to detect
the expression of specific genes. Uridinediphosphateglucuronosyl transferase (UGT) (Figure 3A): On day 2
and day 6, the relative expression in group A was lower
than that in group C, but higher than that in group B and
group D (P < 0.001). On day 4, the relative expression
in group A was slightly lower than that in group B and

WJG|www.wjgnet.com
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Figure 3 Relative expression of genes related to hepatocyte function. A: UGT; B: GST; C: GLUL; D: G6P; E: albumin; F: CPS1; G: CYP3A4; and H: CYP2D6 in
each group. (group a) Serum-free medium, (group b) HepatoZYME, (group c) DMEM/F12 with 100 mL/L FBS, (group d) DMEM/F12. Data are expressed as mean ±
SD (n = 3). eP < 0.05, significant difference from group a at the same incubation time. UGT: Uridinediphosphate-glucuronosyl transferase; GLUL: Glutamate-ammonia
ligase; CPS1: Carbamoyl phosphate synthetase I; G6P: Glucose-6-phosphatase; CYP3A4: Cytochrome P3A4; CYP2D: Cytochrome P2D6; FBS: Fetal bovine serum.

groups (P < 0.001). Carbamoyl phosphate synthetase
1 (CPS1) (Figure 3F): The expression in group A was
greater than that in group B and group D, although lower
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than that in group C (P < 0.001). Cytochrome P 3A4
(CYP3A4) (Figure 3G): At each time point, the expression
in group A was greater than that in group B and group D (P
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Figure 4 Fluorescence microscopy assessment of live (green-labeled) and dead (red-labeled) C3A cells 24 h post-seeding in each group. (A) serum-free
medium containing 2 mg/mL sericin, (B) serum-free medium without sericin, (C) Comparison of cell number from photos in each group: (group A) Serum-free medium
containing 2 mg/mL sericin, (group B) serum-free medium without sericin. Data are expressed as mean ± SD (n = 3). aP < 0.05, significant difference between group
A and group B at the same incubation time.

< 0.001). The expression in group A was lower than that
in group C on days 2 and 4, but higher than that in the
other groups on day 6 (P < 0.001). Cytochrome P 2D6
(CYP2D6) (Figure 3H): On day 2 and 6, the expression
in group A was significantly higher than that in the other
groups (P < 0.001); however, there were no significant
differences on day 4.

declined slightly, while that of group B reached a plateau.
Over the whole culture period, there were more meta
bolically active cells in group A than in group B (P <
0.001).
Cell cycle analysis: The cell cycle was divided as
G0/G1, S, and G2/M phase, and S phase was the DNA
synthesis period. Therefore, the percentage of cells in S
phase of the whole cell population was used to evaluate
cell proliferation. The cell cycle analysis indicated that the
proportion of cells in S phase in group A was 16.21% ±
0.98%, while that in group B was 12.61% ± 0.90% (P =
0.009) (Figure 6). These results indicated that the cells in
group A possessed a stronger proliferative capability than
those in group B.

Part 2

Live/dead fluorescence microscopy assay: The
attachment capability of C3A cells was evaluated by the
amount of live cells adhering to the plate (green-labeled)
24 h post-seeding. In the presence of sericin, a larger
number of cells adhered to the surface (P < 0.01), and
afterwards proceeded with proliferation as well as normal
physiological functions (Figure 4).

Gene chip array: Since the previous experiments
verified that the attachment and proliferative capabilities
of C3A cells were significantly enhanced by 2 mg/mL
sericin, we decided to proceed with exploring the impact
of sericin on the C3A transcriptome. The differential gene
expression profile between the two groups was analyzed
by gene chip array, and the expression differences in upregulated genes were presented as fold-change (group
A/group B ratio). A cut-off of > 1.5-fold increase was
applied, and the results revealed that a total of 250
genes were significantly up-regulated by sericin.

Cell growth curves: Daily cell counting revealed that
the cell growth curves of both groups rose gradually in
the early stage of culture, then reached a plateau at day
5 (Figure 5A). At every time point, the cell growth in
group A was superior to that in group B (P < 0.001).
Cell viability and proliferation assessment: The
absorbance curves in both groups rose gradually wi
thin four days post-seeding (Figure 5B). On day 5,
the viability of group A reached a peak value and then
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Figure 5 Comparison of (A) cell growth curve and (B) cell viability curve of each group. (group a) Serum-free medium containing 2 mg/mL sericin, (group b)
serum-free medium without sericin. Data are expressed as mean ± SD (n = 3 and 5, respectively). cP < 0.05, significant difference between group a and group b at
the same incubation time.
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mRNA expression of CCR6 and the MAPK pathway:
The early stage is the key period for attachment and
proliferation, so RT-qPCR was performed on the samples
at days 1, 2, 3, and 4 post-seeding. The expression
difference at each time point was presented as fold-(ΔCt groupA - ΔCt groupB)
change [fold-change = 2
] in Table 4.
CCR6: The expression of CCR6 in group A was greater
than that in group B from inoculation until day 3 (P <
0.02), and CCR6 showed a 2.36-fold increase in group
A compared to group B on day 3. EGFR: The expression
in group A was greater at all time points (P < 0.01),
and the increases of EGFR in group A were 7.71and 2.34-fold compared to group B on days 2 and 4,
respectively. FOS: On day 1 and day 3, the expression
in group A was higher than that in group B (P < 0.001).
Src: Beginning on day 2, the mRNA expression in group
A was significantly higher than that in group B (P <
0.001), and the increases of Src in group A were 2.44and 3.67-fold compared to group B on days 2 and 4,
respectively. PI3K: The significant increases in expression
in group A ranged from 3.00- to 3.10-fold compared to
group B on days 1, 2 and 4 (P < 0.001). AKT1: At each
time point, the expression in group A was greater than
that in group B (P < 0.01), and the increase of AKT1 in
group A was 2.04-fold compared to group B on day 3.
JNK1: In the early stage of culture, the expression of
the two groups was similar, but the expression in group
A significantly increased 2.69- and 2.09-fold compared
to group B on days 3 and 4 (P < 0.001). NFkB1: The
expression in group A was greater than that in group B
on days 2 and 3 (P < 0.001). MMP-9: The expression
was greater in group A at all time points except on day 2
(P < 0.006). GRB2: On days 2 and day 3 the expression
was significantly greater in the presence of sericin (P <
0.001). SHC2: Beginning on day 3, the expression was
greater in group A (P < 0.001). K-RAS: The expression
in group A was higher than that in group B at each time
point except on day 1 (P < 0.01). RAF1: Beginning on
day 2, the expression in group A was greater than that

60
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B

Figure 6 Cell cycle distribution of each group. (group A) Serum-free
medium containing 2 mg/mL sericin and (group B) serum-free medium without
sericin. Data are expressed as mean ± SD (n = 3). The portion of cells in S
phase in group A (16.21% ± 0.98%) was significantly higher than that in group
B (12.61% ± 0.90%) (P = 0.009).

To characterize the signaling pathways modulated
by sericin in C3A cells, a pathway enrichment analysis
was conducted using Ingenuity Pathway Analysis (IPA)
according to the KEGG and BIOCARTA databases. The
top significantly enriched pathways modulated by sericin
were determined (Figure 7), among which KEGGpathways in cancer and the MAPK signaling pathway
were associated with cell proliferation. The genes related
to cell proliferation were COL4A6, MAX, EGFR, FOS,
CDC42, FGF12, and SLC2A1 within the pathways in
cancer, and EGFR, FOS, and MAPK13 within the MAPK
signaling pathway. The classic MAPK signaling pathway is
included in the pathways in cancer, so the genes included
in both pathways, EGFR and FOS (Table 3), were con
sidered to be the genes affecting the proliferation of C3A
cells with the most potential.
Subsequently, the other significantly up-regulated
genes in group A in comparison with group B were scre
ened by literature review to determine the genes related
to proliferation. It has been demonstrated that CCR6 and
the MAPK pathway are associated with the migration and
proliferation of breast epithelial cells. Thus, RT-qPCR was
used to verify the gene expressions of CCR6, EGFR, and
c-FOS, as well as the molecules in the MAPK pathway,
including Src, PI3K, AKT1, JNK1, NFkB1, MMP-9, GRB2,
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Table 3 Up-regulated genes associated with cell proliferation
Up-regulated genes
CCR6
EGFR
FOS

Pathways involved

Fold change

Cytokine-cytokine receptor interaction
Pathways in cancer, MAPK signaling pathway
Pathways in cancer, MAPK signaling pathway

1.99
1.55
1.59

Table 4 Comparison of CCR6 expression and genes in the MAPK pathway
Genes
CCR6
EGFR
FOS
Src
PI3K
AKT1
JNK1
NFκB1
MMP-9
GRB2
SHC2
K-RAS
RAF1
MEK2
ERK1
ERK2
c-myc
cyclinE1

FC in gene chip

FC1

FC2

FC3

FC4

1.99
1.55
1.59
1.15
1.24
1.13
1.09
1.03
1.22
1.05
1.30
1.09
1.01
1.02
1.07
1.18
1.17
1.04

1.36 ± 0.091
1.76 ± 0.041
1.22 ± 0.091
0.84 ± 0.161
3.00 ± 0.271
1.22 ± 0.041
0.98 ± 0.07
0.97 ± 0.07
1.38 ± 0.151
1.04 ± 0.10
0.98 ± 0.03
1.16 ± 0.05
1.09 ± 0.10
5.86 ± 1.221
1.80 ± 0.621
2.58 ± 0.211
2.32 ± 0.211
1.04 ± 0.13

1.40 ± 0.01
7.71 ± 0.491
0.96 ± 0.07
2.44 ± 0.081
3.01 ± 0.391
1.21 ± 0.051
1.07 ± 0.11
1.51 ± 0.021
1.10 ± 0.06
1.48 ± 0.031
1.13 ± 0.06
1.21 ± 0.081
1.24 ± 0.021
4.61 ± 1.111
1.29 ± 0.031
2.52 ± 0.621
1.67 ± 0.271
1.52 ± 0.031

2.36 ± 0.041
1.46 ± 0.131
1.77 ± 0.051
1.93 ± 0.701
1.43 ± 0.15
2.04 ± 0.101
2.69 ± 0.091
1.77 ± 0.041
1.51 ± 0.041
1.34 ± 0.011
1.39 ± 0.211
1.42 ± 0.041
1.48 ± 0.021
2.38 ± 1.051
1.02 ± 0.26
5.15 ± 0.261
1.41 ± 0.301
2.21 ± 0.021

0.75 ± 0.01
2.34 ± 0.241
0.96 ± 0.01
3.67 ± 0.401
3.10 ± 0.141
1.59 ± 0.061
2.09 ± 0.041
0.84 ± 0.02
1.56 ± 0.041
1.06 ± 0.05
1.47 ± 0.171
1.53 ± 0.011
1.22 ± 0.031
8.45 ± 1.001
1.19 ± 0.02
1.63 ± 0.061
0.06 ± 0.011
1.48 ± 0.011

1

Significant difference between group A and group B at the same incubation time (P < 0.05). FC1, FC2, FC3, FC4 was the fold change (group A/group B) of
gene expression measured by RT-qPCR on days 1, 2, 3, 4, respectively. Data are expressed as mean ± SD (n = 3).
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Figure 7 Pathway enrichment in the gene chip array.

in group B (P < 0.001). MEK2: The significant increase
in expression in group A ranged from 2.38- to 8.45-fold
compared to group B (P < 0.001). ERK1: The expression
of ERK1 in group A was greater than that in group B on
the first two days (P < 0.001). ERK2: The expression
was greater in group A at every time point (P < 0.001),
and the fold change ranged from 1.63 to 5.15. c-myc: In
the first three days, the mRNA expression of c-myc was
higher in the presence of sericin (P < 0.001), and the
fold change on day 1 was 2.32. cyclinE1: The expression
in group A was greater except on day 1 (P < 0.001), and
the fold change on day 3 was 2.21.
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DISCUSSION
Serum is a necessary supplement for the in vitro culture
of mammalian cells, because of its capability to simulate
a suitable microenvironment similar to that of in vivo
culture. However, serum is always removed from the
culture for certain purposes, such as avoiding the impacts
of serum on the experiment results and immunological
rejection in heterogeneous animal in vivo experiments.
To maintain normal attachment, proliferation, synthesis,
and other cellular physiological processes, serum-free
medium needs to contain a number of essential factors
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including basic nutrients, attachment promoters, growth
[24,25]
factors, trace elements, and hormones
.
In previous experiments, we selected several bioma
terials including sericin, HGF, EGF, and dexamethasone
as supplements in serum-free medium, followed by
exploring their optimal concentrations in the serum-free
medium. Finally, the most suitable serum-free medium
was successfully prepared for subsequent controlled
trials, and included HepatoZYME, DMEM/F12 and
DMEM/F12 supplemented with 100 mL/L FBS (complete
medium).
Sericin, the “glue” on the surface of the silk fibers,
has been proven to be one of the perfect substitutes
[26]
for serum . Sericin has the ability to promote the
[27]
attachment and proliferation of mammalian cells . Our
experiment exploring the best concentration of sericin
in serum-free culture medium indicated that C3A cells
proliferated at the highest rate in the medium containing
2 mg/mL sericin. In contrast, the C3A cells in the me
dium containing 5 mg/mL sericin exhibited growth arrest.
This result corresponded to that reported by Terada et
[16]
al , which demonstrated that an overload of sericin was
harmful to the cells.
In this study, cell attachment, cell viability and pro
liferation, hepatocyte function, biocompatibility of the
medium with the cells, and the expression of genes
related to hepatocyte functions were examined in the
different media. For hepatocytes, attachment to a carrier
is necessary for biological processes. During the first 24
h after inoculation, a larger number of C3A cells adhered
to the surface of the plate in our serum-free medium
compared with HepatoZYME and DMEM/F12. In addition,
the adherence approached that observed for a complete
medium. The excellent adherence of C3A cells in our
serum-free medium can be mostly attributed to the
attachment-promoting capability of sericin, which has
[28]
been shown in a number of other studies. Akturk et al
demonstrated that a sericin/collagen membrane had the
ability to enhance the initial attachment of keratinocytes
24 h post-seeding, and adhesion proteins such as col
lagen, laminin, and fibronectin were also present in their
sericin/collagen membrane, which even contained the
arginine-glycine-aspartic (RGD) acid sequence recognized
by the cell surface receptors integrins.
During the culture period, the daily cell number in our
serum-free medium was similar to that in the complete
medium in the early period, and greater than that in
HepatoZYME and DMEM/F12 during the whole culture
period. Furthermore, this result was consistent with the
cell viability and proliferation assessment. As previously
mentioned, sericin promotes cell proliferation, making
our serum-free medium superior to other media with
respect to cell growth. Although HGF and EGF are also
mitogens for hepatocytes, the results of the experiments
in part 2 indicated that sericin was the dominant growth
promoter in our serum-free medium. However, in the
later stage of culture, the viability of hepatocytes in the
serum-free medium declined slightly, indicating that the
promotion of proliferation by the serum-free medium on
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hepatocytes was a short-term (within the first four-five
days of culture) effect.
Biocompatibility with the cells, tissues, and organs is
an important evaluation standard for biomaterials. Sericin
has been proven to be a biocompatible material for a
variety of cells, as it does not cause cell cycle arrest and
[19,29]
it releases few inflammatory mediators
. AST and
LDH concentrations in the supernatant are commonly
employed as indicators of acute hepatocyte damage
because of their leakage from hepatocytes after injury.
In this study, the AST concentration in our serum-free
medium and the complete medium were similar during
almost the whole culture period, and significantly lower
than that in HepatoZYME at each time point. Similarly,
LDH leakage in the serum-free medium was less than
that in HepatoZYME. These results indicated that there
was excellent biocompatibility of our serum-free medium
with hepatocytes. However, low AST leakage should be
attributed to not only the excellent biocompatibility of
[30]
sericin but also the protection of HGF. Glanemann et al
demonstrated that pretreatment with HGF significantly
reduced AST leakage in rat hepatocytes and reactive
oxygen intermediate formation by increasing glutathione
synthesis during inflammation.
As the core of the BALSS, the hepatocyte functions
attract the most attention. In this study, biochemical
assays and RT-qPCR were employed to evaluate hepato
cyte functions. The albumin synthesis in the serum-free
medium was similar to that in the complete medium in
the middle of the culture period, and greater than that
in HepatoZYME and DMEM/F12 at every time point.
This result was consistent with the mRNA expression of
albumin assessed by RT-qPCR. However, during longterm culture, the albumin synthesized by C3A cells was
on a downward trend. In other words, the hepatocytes
used in BALSS should be replaced every four-five days
in order to ensure persistent albumin synthesis. The
eximious ALB synthesis was associated with HGF in our
[31]
serum-free medium, as shown by Hou et al . Hou et
[31]
al manufactured a HGF/heparin-immobilized collagen
system as a synthetic extracellular matrix for hepatocyte
culture, in which albumin synthesis was greater than
that in heparin-immobilized collagen, revealing that HGF
promotes albumin synthesis in hepatocytes.
Though lower than that in complete medium, urea
production in our serum-free medium was significantly
greater than that in HepatoZYME and DMEM/F12, as
indicated by both the quantitative detection of urea and
the mRNA expression of CPS1.
UGT is the primary phase Ⅱ enzyme catalyzing the
conjugation of glucuronic acid to the xenobiotics, with
[32]
polar groups facilitating their clearance . The UGT
expression in our serum-free medium was greater than
that in HepatoZYME and DMEM/F12, and approached
that in complete medium. CYP450 are phaseⅠ
enzymes responsible for the metabolism of at least
[33]
90% of drugs , among which CYP3A4 and CYP2D6
are the most important. Our study showed excellent
CYP450 expression in the serum-free medium, close to
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[42]

and even sometimes superior to that in the complete
medium. Dexamethasone is considered an inducer of
[34]
CYP3A4 . In sheep small intestine, dexamethasone
caused a significant enhancement of CYP3A apoprotein
[35]
level in the duodenal mucosa . Thus, we suggest that
dexamethasone played an important role in the excellent
CYP450 expression in the serum-free medium. Although
it was shown that dexamethasone could effectively up[12]
regulate G6Pase expression , the result in our study
was the opposite, probably because of the different
concentration of dexamethasone used in the studies.
Compared with HepatoZYME and DMEM/F12, our
serum-free medium exhibited advantages in C3A cell
attachment, proliferation, functions, and biocompatibility,
making it a perfect medium for serum-free hepatocyte
culture.
Since the C3A cells exhibited excellent proliferation
in our serum-free medium, the key factor, sericin, be
came the focus of the study. In part 2, we designed
a controlled trial with two groups: the serum-free me
dium with or without sericin. Twenty-four hours after
inoculation, more C3A cells were attached to the surface
of the plate in the presence of 2 mg/mL sericin, followed
by better proliferation and viability during the whole
culture period, which corroborated the conclusions of
[19,20,36]
other studies
. Based on its positive effects on
cell proliferation, sericin has been added to antimicrobial
creams and wound dressings to ameliorate wound hea
[28,37]
ling
.
Considering that sericin promotes cell proliferation,
the experiments in part 2 were designed to explore
the underlying mechanisms. As a key cyclin for liver
[38]
regeneration , cyclinE1 is an important regulator of
G1/S progression in hepatocytes. Up-regulated cyclinE1
could prompt cells to proceed from G1 phase to S phase,
when DNA is synthesized in a large amount for the
[9]
subsequent mitosis . Our study clarified that the per
centage of S phase cells was elevated in the presence of
sericin, while that of cells in G0/G1 phase was reduced
accordingly. In addition, the expression of cyclinE1 was
significantly higher in the presence of sericin, indicating
that the promotion of sericin for cell proliferation might
result from active G1/S progression mediated by cyclinE1.
To explore the mechanism by which sericin promotes
cell proliferation, we performed gene chip array analysis
to distinguish the differences in the transcriptome be
tween the two groups. Among the most significantly upregulated genes, CCR6, EGFR, and FOS were implicated
in cell proliferation.
Chemokine receptor 6 (CCR6) is the unique recep
tor of chemokine (C-C motif) ligand 20 (CCL20), which
has been proven to promote the proliferation of malig
[39]
nant cells . The up-regulation of CCR6 promotes
[40]
[41]
spontaneous intestinal tumorigenesis . Brand et al
demonstrated that CCR6 mediated the activation of
Akt, ERK-1/2, and SAPK/JNK MAP kinases, resulting
in increased intestinal epithelial cell migration and pro
liferation. In breast epithelial cells, CCL20/CCR6 binding
promotes cell migration and proliferation by activating the
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[43]

MAPK pathway . Fujii et al also reported that CCL20
enhanced the growth of HuH7 cells via phosphorylation
of p44/42 MAPK in vitro. As signaling molecules in the
MAPK pathway, up-regulated EGFR and c-FOS have been
demonstrated to be promotors of proliferation. EGFR is
the receptor for EGF, the phosphorylation and activation
[44,45]
of which induces proliferation of several cells
. Mito
genic effects of many substances are mediated by
[46]
c-FOS , and its overexpression could increase the pro
liferation of human hepatocytes by stabilizing nuclear
[47]
Cyclin D1 , while its blockage inhibits the proliferation
[48]
and invasion of cancer cells .
Based on the gene chip array results and conclusion
of the other studies, we assessed CCR6 and molecules
in the MAPK pathway by RT-qPCR to identify differential
expression between the two groups. As a transmem
brane receptor, the expression of CCR6 was up-regulated
in the early post-seeding period, resulting in increased
expression of molecules in the MAPK pathway at different
time points. At the transcription level, it was speculated
that sericin promoted attachment and proliferation by
two pathways: CCR6 on the C3A cell membrane was
activated in the presence of sericin; subsequently the
signal was transduced through the activation of Src,
PI3K, AKT1, JNK1 and NFkB1, and finally MMP-9 was
up-regulated. MMP-9 is associated with cell migration
because of its capability to remodel the extracellular
[49]
matrix . MMP-9 up-regulation through a Src-dependent
pathway is consistent with previous studies showing
that oleic acid and denatured type-IV collagen induced
[50,51]
MMP-9 secretion and invasion in breast cancer cells
.
The enhanced attachment of C3A cells by sericin was
supposed to result from the increased migration. On the
other hand, the CCL20/CCR6 binding transactivated the
EGFR on the membrane, leading to a chain up-regulation
of GRB2, SHC2, K-RAS, RAF1, MEK2 and ERK1/2.
Furthermore, ERK1/2 translocates into the nucleus and
enhances transcription of early-response genes including
[52]
c-myc and c-FOS . Subsequently, the up-regulation of
c-myc and c-FOS increased the expression of cyclinE1,
promoting the G1/S progression and proliferation of C3A
cells. However, this inference has not been proven by
protein expression, so more effort should be made to
clarify the mitogenic mechanism of sericin.
There are some limitations in this study. Although
it is proven that our serum-free medium is suitable for
in vitro culture of C3A cells, and sericin promotes the
attachment and proliferation of C3A cells, it is still not
clear whether the results obtained are restricted to C3A
cells. In the further study, we are going to verify whether
this serum-free medium is suitable for other hepatocytes,
and determine the effect of sericin on other hepatocytes,
such as HepG2, HuH7 and primary porcine hepatocytes.
Hyperammonemia and hyperbilirubinemia are the clinical
features of patients with liver failure. However, the urea
+
production under an overload of NH4 and the ability to
convert non-conjugated bilirubin into conjugated bilirubin
of hepatocytes were not assessed in this study. These
functions of hepatocytes will be assessed in the further
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CCR6-Akt-JNK-NF-kB pathway and promotes cell proliferation through CCR6mediated activation of the ERK1/2-MAPK pathway.

study.
In summary, a novel serum-free medium for hepato
cytes was developed in this study, and it exhibits excel
lent biocompatibility, and an enhanced capability of pro
moting cell attachment and proliferation, and provides a
suitable microenvironment for hepatocyte functioning. It
raises the possibility of large-scale serum-free culture of
hepatocytes in the BALSS. In addition, the mechanism
by which sericin promotes cell proliferation was explored,
and it is speculated that sericin enhances cell attach
ment through the CCR6-Akt-JNK-NF-κB pathway, and
promotes cell proliferation through CCR6-mediated acti
vation of the ERK1/2-MAPK pathway.

Research perspectives

In future studies, we will use the novel serum-free hepatocyte medium in
large scale hepatocyte culture in the BALSS and assess the biocompatibility,
immunogenicity and allergenicity in animal and clinical experiments. To clarify
the mechanism of promotion of sericin on cell attachment and proliferation,
we are going to study the protein level expression of CCR6-Akt-JNK-NF-kB
pathway and ERK1/2-MAPK pathway components.
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proven to promote cell attachment and proliferation, but the mechanism is not
clarified.
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AIM
To explore the role and mechanism of total flavone of
Abelmoschus manihot (TFA) on epithelial-mesenchymal
transition (EMT) progress of Crohn’s disease (CD) intes
tinal fibrosis.
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METHODS
First, CCK-8 assay was performed to assess TFA on the
viability of intestinal epithelial (IEC-6) cells and select the
optimal concentrations of TFA for our further studies.
Then cell morphology, wound healing and transwell as
says were performed to examine the effect of TFA on
morphology, migration and invasion of IEC-6 cells treated
with TGF-β1. In addition, immunofluorescence, real-time
PCR analysis (qRT-PCR) and western blotting assays were
carried out to detect the impact of TFA on EMT progress.
Moreover, western blotting assay was performed to eval
uate the function of TFA on the Smad and MAPK signaling
pathways. Further, the role of co-treatment of TFA and
si-Smad or MAPK inhibitors has been examined by qRTPCR, western blotting, morphology, wound healing and
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transwell assays.

pathologic progress of CD are different, fibrosis of intes
tinal organization and strictures induced by transmural
inflammation will eventually cause intestinal obstruction,
[3-5]
which is the characteristic clinical manifestation . In
addition, more than 1/3 of CD patients need at least one
intestinal operation in their lives, while 70% of the CD
patients with fibrosis strictures need partial resection of
the intestinal tract within 10 years of disease progression,
and 70%-90% patients will have a recurrence of anas
tomotic strictures and over 50% patients will form new
[6,7]
strictures . Moreover, a large number of clinical and
experimental results have confirmed that the main drugs
for treatment of CD, such as glucocorticoids, immune
agents and biological agents, can effectively inhibit
intestinal inflammation, but do not have positive activity
[8,9]
in preventing the further progress of intestinal fibrosis .
Thus, there is still a lack of drugs that can effectively
inhibit or reverse CD intestinal fibrosis.
The process of intestinal fibrosis in CD patients involves
a variety of cells and multiple molecular signaling path
[10,11]
ways
. Due to the continuous role of chronic intestinal
inflammation, activated T and B cells will produce large
amounts of pro-inflammatory cytokines and pro-fibro
genic factors, and induce fibroblast, epithelial cells, en
dothelial cells and stellate cells to migrate, proliferate,
activate and differentiate into myofibroblasts, which
finally results in excessive proliferation of myofibroblasts
and excessive deposition of extracellular matrix (ECM),
[12-14]
leading to the formation of intestinal fibrosis
. Studies
have shown that even if inflammation of the intestinal
tract is effectively controlled, the process of fibrosis will
[15]
continue and eventually lead to intestinal stenosis .
Epithelial to mesenchymal transition (EMT) plays an
[16]
important role in the activation of fibroblasts . Epithelial
cells will lose epithelial polarity and epithelial phenotype
contacted with basement membrane and produce fibro
blasts to repair tissue injury caused by trauma and in
[17]
flammatory reactions through the EMT progress . In
physiological states, when the inflammatory reaction
is relieved, the transformation process stops sponta
neously. However, in the case of continuous activation
of the inflammatory reaction, the EMT process will also
continue to exist, and eventually cause organ fibrosis.
Under pathophysiologic conditions, when the inflamma
tory reaction is relieved, the transformation process will
stop spontaneously. However, in the case of continuous
activation of inflammatory response, the EMT process
will also exist continuously, and eventually cause organ
[18,19]
fibrosis
. Nowadays, although the role and regu
lation mechanism of EMT in CD intestinal fibrosis has
not been fully understood, the transforming growth
factor-β (TGF-β)/Smad/MAPK signaling pathway has
been confirmed to play an important role in regulating
[20-22]
EMT in organs such as lung, liver, kidney and so on
.
Therefore, studying the role of EMT in the formation
of intestinal fibrosis based on the TGF-β/Smad/MAPK
signaling pathway, may provide a new target for the
treatment of CD intestinal fibrosis.

RESULTS
In this study, TFA promoted transforming growth factor-β1
(TGF-β1)-induced (IEC-6) morphological change, migra
tion and invasion, and increased the expression of epithe
lial markers and reduced the levels of mesenchymal
markers, along with the inactivation of Smad and MAPK
signaling pathways. Moreover, we revealed that si-Smad
and MAPK inhibitors effectively attenuated TGF-β1induced EMT in IEC-6 cells. Importantly, co-treatment of
TFA and si-Smad or MAPK inhibitors had better inhibitory
effects on TGF-β1-induced EMT in IEC-6 cells than either
one of them.
CONCLUSION
These findings could provide new insight into the mole
cular mechanisms of TFA on TGF-β1-induced EMT in
IEC-6 cells and TFA is expected to advance as a new
therapy to treat CD intestinal fibrosis.
Key words: Crohn’s disease; Intestinal fibrosis; Epithelialto-mesenchymal transition; Total flavone of Abelmoschus
manihot ; Transforming growth factor-β1/Smad signaling;
Transforming growth factor-β1/non-Smad signaling
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Regulating transforming growth factor-β (TGF-β)
and its downstream signaling pathways, mediating the
epithelial-mesenchymal transition (EMT) process and re
storing the biological function of abnormally activated intes
tinal fibroblasts, may be an important way to seek drug
therapy for Crohn’s disease (CD) intestinal fibrosis. Total
flavone of Abelmoschus manihot (TFA) can inhibit TGF-β1induced morphological change, migration, invasion of rat
intestinal epithelial cells, and promote induction of EMT
partially by inhibiting TGF-β1-activated Smad and nonSmad signaling pathways. Therefore, TFA is expected to
advance as a new therapy to treat CD intestinal fibrosis,
and its continued advancement may open the door to a
new class of treatment for CD intestinal fibrosis.
Yang BL, Zhu P, Li YR, Xu MM, Wang H, Qiao LC, Xu HX,
Chen HJ. Total flavone of Abelmoschus manihot suppresses
epithelial-mesenchymal transition via interfering transforming
growth factor-β1 signaling in Crohn’s disease intestinal fibrosis.
World J Gastroenterol 2018; 24(30): 3414-3425 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i30/3414.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i30.3414

INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing inflammation
of the gut, which causes significant impairment of quality
of life with a rising incidence and prevalence during recent
[1,2]
decades . Although the clinical manifestations and
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for 1 h at 90 ℃ and filtered by analytical filter paper.
The extracts were evaporated by rotary evaporation
[27]
under vacuum at 60 ℃ . For cell experiments, TFA was
dissolved in dimethyl sulfoxide.
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Cell culture
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Rat intestinal epithelial (IEC-6) cells were obtained
from the American Type Culture Collection (Manassas,
VA, United States). Cells were cultured in Dulbecco’s
modified eagle’s medium (DMEM, Gibco, United States)
supplemented with 10% fetal bovine serum (FBS,
Invitrogen, CA, United States), 2 mmol/L GlutaMAX-I
(Invitrogen, CA, United States), 100 U/mL penicillin,
and 100 μg/mL streptomycin (Invitrogen) in 5% CO2
atmosphere at 37 ℃.
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Figure 1 Effect of total flavone of Abelmoschus manihot at different
concentrations on IEC-6 cell viability. IEC-6 cell viability after treatment with
TFA at increasing concentrations was examined by CCK-8 at 24, 48 and 72 h.
The results were expressed as the mean ± SD of three independent experiments,
and each was performed in triplicate. aP < 0.05, bP < 0.01 compared with that of
non-TFA treated group. TFA: Total flavone of Abelmoschus manihot.

TFA working concentration

The concentration of TFA for further study was evaluated
based on cell viability. Cell viability was determined by
Cell Counting Kit-8 assay (CCK-8, Sigma Chemical Co,
St Louis, MO, United States). Briefly, IEC-6 cells with a
4
density of 1 × 10 cells/well in 100 μL of complete culture
medium were seeded in 96-well plates. After culturing for
24 h, the medium was replaced with serum-free media
or serum-free media containing TFA at concentrations
ranging from 0.1 μg/mL to 50 μg/mL, and incubated in
a humidified incubator at 37 ℃ for 24, 48 or 72 h. After
incubation, 10 μL CCK-8 was added to each well for 2
h at 37 ℃. The optical density (OD) was recorded at
450 nm using a microplate reader (Dojindo Molecular
Technology, Rockville, MD, United States).
Based on the results in Figure 1A, 5, 10, and 15 μg/
mL TFA represented the optimal working concentrations
and were used in our subsequent experiments.

Total flavone of Abelmoschus manihot L. Medic
(TFA), as the main components of the water extract
of traditional Chinese medicine Abelmoschus manihot
(L.), has been reported to play an important role in the
improvement of renal inflammation, nephrotic syndrome,
purpura nephritis, IgA nephropathy, membranous ne
phropathy and diabetic nephropathy (DN) effectively
[23-26]
in the clinical trial
. Further, our previous research
has shown that TFA could significantly inhibit the re
lease of the intestinal inflammatory cytokines tumor
necrosis factor (TNF)-α and interferon (IFN)-γ in a CD
rat model induced by 2,4,6-trinitrobenzene sulfonic
acid (TNBS), improve the model animal survival rate,
and effectively improve intestinal inflammation. More
over, immunohistochemical staining showed that the
expression of TGF-β, alpha-smooth muscle actin (α-SMA)
and matrix metalloproteinase-2 (MMP-2) were obviously
reduced after intervention of TFA. Further, Masson
staining confirmed that collagen fibrils of the mucosa and
lamina propria of the colon were markedly decreased,
indicating that TFA had positive inhibitory effects on
CD intestinal fibrosis, which may be related to the EMT
mechanism mediated by TGF-β. Thus, we hypothesized
that TFA could inhibit or reverse the CD intestinal fibrosis
via regulation of EMT based on TGF-β and its downstream
Smad and MAPK signaling pathways. Therefore, this
study was designed to focus on the influence of EMT
on CD intestinal fibrosis and to further explore the role
and mechanism of TFA on the progress of CD intestinal
fibrosis.

Gene silencing with siRNAs

Cells were transfected with non-targeting negative con
trol siRNA (Dharmacon, Lafayette, CO, United States)
or Smad2/3 (Dharmacon, Lafayette, CO, United States)
using LipoRNAiMax according to the manufacturer’s
protocol. The cells were maintained for 72 h and then
subjected to protein extraction. The antisense and sense
oligo template sequences for these siRNAs were: Smad2
siRNA antisense: AAGAGGAGTGCGCTTATATTACCTGTCTC,
sense: AATAATATAAGCGCACTCCTCCCTGTCTC; Smad3
siRNA antisense: AATATTCCAGAAACCCCACCCCCTGTCTC,
sense: AAGGGTGGGGTT TCTGGAATACCTGTCTC.

Wound healing assay

IEC-6 cells were seeded into 6-well plates at a density of
5
6 × 10 cells per well, and were cultured in fresh culture
media to full confluence. After that, we created a wound
using a plastic scraper. After being washed with PBS,
[14]
the medium was replaced with 10 ng/mL TGF-β1 and
TFA, and incubated at 37 ℃ for 48 h. The cell migration
images were photographed at 0 and 48 h following
scraping. Three to four different fields were visualized
and photographed under a microscope (Nikon, Tokyo,

MATERIALS AND METHODS
Preparation of TFA

Abelmoschus Manihot L. Medic was collected from
Jiangyan of Jiangsu province, China. TFA was extracted
from the flowers of Abelmoschus Manihot by the Jiangsu
Province Hospital of TCM, Nanjing, China. A total of 500
g of Abelmoschus Manihot flowers was immersed in
8000 mL 75% ethanol for 1 h. The mixture was refluxed
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Japan).

were incubated overnight at 4 ℃ with the indicated
antibodies. After incubation for 24 h, membranes were
washed and incubated for 2 h at room temperature
with corresponding secondary antibodies. For protein
detection, membranes were developed with SuperSignal
west femto maximum sensitivity substrate (Pierce,
Rockford, IL, United States) and the Gel-Pro Analyzer
6.0 software was applied for image analysis. E-cadherin
(1:500), ZO-1 (1:500), Vimentin (1:500), N-cadherin
(1:500), p-ERK (1:500), ERK (1:500), p-p38 (1:500),
p38 (1:500), p-JNK (1:500), JNK (1:500) and GAPDH
(1:1000) antibodies were purchased from Sigma-Aldrich,
and anti-mouse secondary antibodies were obtained
from Proteintech (Chicago, IL, United States).

Trans-well invasion assay

The cell invasion assay was performed using Trans-well
chambers (8 μm pore-size, Corning, United States).
Matrigel was purchased from BD Biosciences and
stored at -20 ℃. After thawing at 4 ℃ overnight, the
matrigel was diluted in serum-free medium, and 30 μL
of the diluted matrigel were evenly inoculated into the
5
upper chamber to form a gel at 37 ℃. Cells (1 × 10 )
suspended in 300 μL of serum-free medium were seeded
into the upper compartments and treated with 10 ng/mL
TGF-β1 and TFA for 48 h, and the lower compartments
were filled with 600 μL of medium with 20% FBS. After
incubation, the non-invasive cells were removed from the
upper surface of the membrane by scrubbing. The cells
that invaded to the lower surface of the membrane were
fixed with 4% paraformaldehyde and stained in 10%
crystal violet. Cells were counted under a microscope
(Olympus, Tokyo, Japan).

Immunofluorescence assay

IEC-6 cells were plated into 6-well plates at a density of
5
3 × 10 cells/mL. When cells reached 60% confluence,
10 ng/mL TGF-β1 and TFA (0, 5, 10 and 15 μg/mL) were
added to the plates and incubated for 48 h. After that,
IEC-6 cells were fixed with 4% paraformaldehyde. After
blocking cells with 3% BSA for 2 h at room temperature,
the cells were incubated with the anti-E-cadherin (1:50)
antibody or anti-Vimentin (1:50) antibody at room
temperature for 2 h. After washing three times with PBS,
the second antibody conjugated with FITC was incubated
on these cells for 1 h at room temperature. The nuclei
were counterstained with DAPI for 5 min. Cells were
imaged using a Nikon Eclipse TE2000-U fluorescence
microscope.

Real-time PCR analysis (qRT-PCR)

IEC-6 cells were incubated in a 6-well plate with a
5
density of 6 × 10 cell per well. When cells reached
60% confluence, 10 ng/mL TGF-β1 and TFA (0, 5, 10
and 15 μg/mL) were added to the plates and incubated
for 48 h. Total RNA was extracted from the cultured
cells using Trizol reagent (Invitrogen) according to the
manufacturer’s instructions and reversed transcribed into
cDNA using the TaqMan microRNA Reverse Transcription
Kit (Applied Biosystems, United States). The qRT-PCR
reactions were performed using the Fast Start Universal
SYBR Green Master (Rox) (Roche Applied Science) on
a 7500 Real-time system (Applied Biosystems, United
States) according to the manufacturer’s protocols.
Primer sequences used were designed as follows:
E-cadherin forward, 5’-GAGGTCTACATTCCTGGTG-3’,
E-cadherin reverse, 5’-TCTGTAGACATTTGAATCGG-3’,
ZO-1 forward, 5’-CCATCTTGGACCGATTGCTG-3’, ZO-1
reverse, TAATGCCCGAGCTCCGATG-3’, Vimentin forward,
5’-CCGACACTCCT ACAAGATTTAGA-3’, Vimentin reverse,
5’-CAAAGATTTATTGAAGCAGAACC-3’, N-cadherin
forward, 5’-ATCCTACTGGACGGTTCG-3’, N-cadherin
reverse, 5’-TTGGCTAATGGCACTTGA-3’, GAPDH forward,
5’ -GGACCTGACCTGCCGTCTAG-3’, GAPDH reverse,
5’-GTAGCCCAGGATG CCCTTGA-3’. GAPDH was used as
an internal standard.

Statistical analysis

Graph Pad Prism 5.0 statistical software was utilized to
analyze the above experimental data. Measurement data
were represented as X ± SD (n = 3); One-way analysis
of variance was applied to compare differences between
multiple groups. When only two groups were compared,
Student’s t-test was conducted. A value of P < 0.05
indicated that the difference was statistically significant.

RESULTS
Effect of TFA on IEC-6 cell viability

In order to observe the effect of TFA on the EMT progress
of IEC-6 cells mediated by TGF-β1, a CCK-8 assay was
performed to assess the effect of TFA on the viability
of IEC-6 cells and to select the optimal concentrations
of TFA for our further studies. IEC-6 cells were treated
with increasing concentrations of TFA ranging from 0.1
to 50 μg/mL at different time points (24, 48 and 72 h).
From the results of Figure 1, we found that TFA had
the positive activities on viability of IEC-6 cells with the
concentrations of 5, 10 and 15 μg/mL compared to the
control group (TFA 0 μg/mL). Further, the TFA-treated
group at 10 μg/mL displayed the maximum proliferative
rate at 24, 48 and 72 h. Therefore, 5, 10 and 15 μg/mL
TFA were chosen to be the optimal concentrations for our
further studies.

Western blotting assay

IEC-6 cells were plated into 6-well plates at a density
5
of 3 × 10 cells/mL. When cells reached 60% con
fluence, 10 ng/mL TGF-β1 and TFA (0, 5, 10 and 15
μg/mL) were added to the plates and incubated for
48 h. Each concentration group was performed in
triplicate. Protein lysates were prepared using RIPA
lysis buffer. Lysates were then subjected to SDS-poly
acrylamide gel electrophoresis and transferred to PVDF
membranes. After blocking with non-fat milk, blots
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Figure 2 Total flavone of Abelmoschus manihot inhibited transforming growth factor-β1 induced migration and invasion of IEC-6 cells. A: The inhibitory
effect of TFA (5, 10 and 15 μg/mL) on TGF-β1-induced morphological changes at 48 h was observed by phase contrast microscopy; B: The representative image of
the wound healing assay; C: The representative image of transwell assay. The tendency is concomitant with the wound healing assay. TGF-β1 induced the migration
and invasion of IEC-6 cells, whereas TFA suppressed this phenomenon. TFA: Total flavone of Abelmoschus manihot; TGF: Transforming growth factor.

TFA inhibited TGF-β 1 induced migration and invasion of
IEC-6 cells

decreased the number of IEC-6 cells that passed though
the Matrigel (Figure 2C). The results indicated that TFA
could significantly suppress the morphological change,
migration and invasion of IEC-6 cells induced by TGF-β1.

The EMT process is characterized by alteration of cell
morphology, migration and invasion capacity, as well
as epithelial and mesenchymal markers expression.
In the morphology assay, 10 ng/mL TGF-β1 in the me
dium for 48 h led to significant morphological changes
from cuboidal epithelial cells to fibroblast-like spindleshaped cells when compared with the control group.
Interestingly, TFA effectively suppressed TGF-β1-induced
morphological changes of IEC-6 cells in a dose dependent
manner (Figure 2A). Moreover, for wound healing
assays, 10 ng/ml TGF-β1 could promote the migration
of IEC-6 cells compared with the control group, while
TFA obviously reduced the TGF-β1-induced migration
of IEC-6 cells in a dose dependent manner (Figure 2B).
In addition, we examined the effects of TFA on TGF-β1induced invasion, and we found that 10 ng/mL TGF-β1
in the medium for 48 h induced IEC-6 cells across the
membrane, and addition of 5, 10 and 15 μg/mL TFA

WJG|www.wjgnet.com

TFA inhibited TGF-β 1-induced EMT

To examine the alterations of EMT markers, as shown in
Figure 3A, the expression of epithelial marker E-cadherin
was decreased along with the increasing expression of
the mesenchymal marker Vimentin after treatment with
10 ng/mL TGF-β1. However, TFA effectively inhibited this
induction, especially at higher concentrations. Besides,
western blotting and qRT-PCR were carried out to exa
mine the alterations of EMT markers, and we found
that the protein levels of epithelial markers, including
E-cadherin and ZO-1, were markedly increased by TFA
treatment. On the contrary, TFA treatment obviously
decreased the expression levels of mesenchymal pro
teins, including Vimentin and N-cadherin (Figure 3B).
Likewise, similar changes were observed for mRNA
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Figure 3 Total flavone of Abelmoschus manihot inhibited transforming growth factor-β1-induced epithelial-mesenchymal transition. A and B: The EMTrelated label proteins were measured by immunocytochemistry (A) and western blotting (B) assays when IEC-6 cells were treated with TGF-β1 (10 ng/mL) alone or
in combination with TFA (5, 10 and 15 μg/mL) for 48 h; C: The inhibitory effect of TFA (5, 10 and 15 μg/mL) on TGF-β1-induced EMT-related mRNAs was detected
by qRT-PCR assay. aP < 0.05, bP < 0.01, cP < 0.001 compared with thef non-TFA treated group, dP < 0.05, eP < 0.01 compared with the TGF-β1 (10 ng/mL) treated
group. EMT: Epithelial-mesenchymal transition; TFA: Total flavone of Abelmoschus manihot; TGF: Transforming growth factor.

expression of epithelial and mesenchymal markers in
TFA-treated TGF-β1-induced IEC-6 cells (Figure 3C).
Together, these results demonstrated that TFA could
attenuate TGF-β1-induced EMT of IEC-6 cells.

bited the level of phosphorylated Smad 2/3 in a dose
dependent manner (Figure 4A). Next, we examined
the role of Smad in TGF-β1-mediated IEC-6 cells. In
IEC-6 cells, western blotting analysis demonstrated that
Smad2/3 expression was inhibited after transfection of
si-Smad2/3 (Figure 4B). Moreover, our results revealed
that si-Smad2/3 could diminish TGF-β1-triggered EMT
in IEC-6 cells and inhibit the TGF-β1-elicited changes
in the expression of EMT markers, as measured by
western blotting and qRT-PCR assays (Figure 4B and
C). Besides, si-Smad2/3 suppressed TGF-β1-mediated
mensenchymal-like morphological changes in IEC-6 cells
as shown in Figure 5A. Wound healing and trans-well

TFA inhibited TGF-β 1-induced activation of the Smad
signaling pathway

The activation of phosphorylated Smad2/3 plays an
[28]
important role in the TGF-β1-mediated EMT progress .
The status of the Smad pathways was determined in
TGF-β1-treated IEC-6 cells following TFA treatment
with the concentrations of 5, 10 and 15 μg/mL for 48 h,
and the results have shown that TFA remarkably inhi

WJG|www.wjgnet.com

3419

August 14, 2018|Volume 24|Issue 30|

Yang BL et al . TFA suppresses EMT in CD intestinal fibrosis

B
        

  0
+

   5
+

    10
    +

   15
     +

Control

p-Smad 2/3

p-Smad 2/3

Smad 2/3

Smad 2/3

GAPDH

GAPDH

Control TGF-β1

TFA

Smad2/3
TFA +
control si-Smad2/3 si-Smad2/3

E-cadherin
ZO-1

D

GAPDH
Vimentin

E-cadherin
1.5
1.0
0.5

d

a, d
c

e

c

0.0

Co
nt
r
TG ol
Sm
Fβ1
ad
2/
3 TF
TF s con A
A i-S tro
+ m
l
si- ad
Sm 2/3
ad
2/
3

TGF-β1

The relative expression of
E-cadherin mRNA

C

TGF-β1

TGF-β1
Smad2/3
control
si-Smad2/3

ZO-1
1.5
1.0
0.5

c

Sm

ad

Co

TGF-β1

a, e

2
0

2/
3 TF
TF s con A
A i-S tro
+ m
l
si- ad
Sm 2/3
ad
2/
3

0

b, d

ad

2

b, d

4

Sm

a, e

6

nt
r
TG ol
Fβ1

4

b, d

8

N-cadherin
c
c

Co

b, d

6

The relative expression of
N-cadherin mRNA

c

nt
r
TG ol
Fβ1

The relative expression of
Vimentin mRNA

GAPDH

c

8

c

TGF-β1

Vimentin
10

f

0.0

TGF-β1

N-cadherin

e

a, d

Co
nt
r
TG ol
FSm
β1
ad
2/
3 TF
TF s con A
A i-S tro
+ m
l
si- ad
Sm 2/3
ad
2/
3

0
   -

2/
3 TF
TF s con A
A i-S tro
+ m
l
si- ad
Sm 2/3
ad
2/
3

TFA (μg/mL)
TGF-β1

The relative expression of
ZO-1 mRNA

A

TGF-β1

Figure 4 Total flavone of Abelmoschus manihot inhibited transforming growth factor-β1-induced activation of the Smad signaling pathway. A: The effects
of TFA on TGF-β1-induced activation of Smad signaling were evaluated by western blotting; B: The expression of Smad signaling was examined by western blotting
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assays also showed that si-Smad2/3 suppressed the
migration and invasion capacities of IEC-6 cells triggered
by TGF-β1 (Figure 5B and C). Furthermore, 15 μg/mL
TFA combined with si-Smad2/3 could further restrain
TGF-β1-mediated EMT progress in IEC-6 cells. These
results suggested that TFA might reverse EMT induced
by TGF-β1 via Smad inactivation in IEC-6 cells.

activation of p38, JNK and ERK1/2 by western blotting,
and we found that TGF-β1 could significantly activate the
expressions of p-p38, p-JNK and p-ERK1/2, while TFA
at the concentrations of 5, 10 and 15 μg/mL obviously
suppressed the TGF-β1-induced increase in p-p38, p-JNK
and p-ERK1/2 levels in IEC-6 cells in a dose dependent
manner (Figure 6A). Thus, in order to further explore
the role of MAPKs in TGF-β1-treated IEC-6 cells, ERK1/2
inhibitor (PD98059, 5 μmol/L), p38 inhibitor (SB203580,
5 μmol/L) and JNK inhibitor (SP600125, 2 μmol/L) were
used to treat IEC-6 cells mediated by TGF-β1. From the
results in Figure 6A, we found that PD98059, SB203580
and SP600125 could significantly inhibit the activation of
p-p38, p-JNK and p-ERK, respectively. Besides, PD98059,
SB203580 and SP600125 could promote the changes in
EMT markers by western blotting and qRT-PCR assays
(Figure 6B and C). In addition, PD98059, SB203580
and SP600125 treatment inhibited TGF-β1-induced men

TFA inhibited TGF-β 1-induced activation of the nonSmad signaling pathway

In addition to the Smad2/3 signaling pathway, TGF-β
has been reported to activate other signaling molecules,
such as MAPKs, which include extracellular signalregulated kinase (ERK) 1/2, c-Jun NH2-terminal kinase
(JNK), and p38 mitogen-activated protein kinase (p38
[29]
MAPK) . To explore the involvement of non-Smad
signaling in the anti TGF-β1-induced EMT activity of TFA,
we tested whether TFA could inhibit the TGF-β1-induced
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pathological condition. The most important features of
EMT are the loss of epithelial cell phenotype and the
acquisition of interstitial properties, as reflected in the
down-regulation of E-cadherin and ZO-1, resulting in
loss of adhesion between cells or between cells and
matrix, over-expression of N-cadherin and vimentin,
leading to the acquisition of migration and invasion, and
[31,32]
over-expression of EMT transcription factors
. More
over, EMT plays a key role in tissue formation, organ
fibrosis and so on. Through EMT, epithelial cells lose cell
polarity and epithelial phenotypes, such as connection
to the basement membrane, while acquiring interstitial
cell phenotypes with the functions of fibroblasts and
[33-35]
myofibroblasts
. Moreover, in the case of continuous
activation of inflammatory response, the EMT process
will also continuously exist and eventually cause organ
fibrosis. Therefore, it will have a positive significance to
search for a method for the treatment of CD intestinal
fibrosis.
Our previous studies have found that TFA, a main
component of the water extract of traditional Chinese
medicine, could reduce the expression of TGF-β, α-SMA
and MMP-2 and decrease collagen fibrils, which indi

senchymal-like morphological changes in IEC-6 cells, as
shown in Figure 7A. Moreover, PD98059, SB203580 and
SP600125 inhibited the migration and invasion of IEC-6
cells mediated by TGF-β1 via wound healing and transwell assays (Figure 7B and C). Importantly, co-treatment
of TFA with PD98059, SB203580 or SP600125 had better
inhibitory effects on TGF-β1-induced EMT in IEC-6 cells
than either one of them. Taken together, these results
indicated that TFA might exert its role in reversing TGFβ1-mediated EMT via non-Smad inactivation in IEC-6
cells.

DISCUSSION
CD intestinal fibrosis is characterized by activation of
myofibroblasts, resulting in abnormal ECM deposition,
which eventually leads to tissue stiffness and progressive
[30]
intestinal dysfunction . In addition to interstitial cells
such as fibroblasts and smooth muscle cells, the diffe
rentiation of epithelial cells through EMT is a major
[18]
source of intestinal fibrotic cells . EMT refers to the
transformation of epithelial cells with polar cells to
the interstitial cells under a specific physiological and

WJG|www.wjgnet.com

3421

August 14, 2018|Volume 24|Issue 30|

Yang BL et al . TFA suppresses EMT in CD intestinal fibrosis

A
   15
     +

PD98059

TFA (μg/mL)
TGF-β1
p-p38

ERK

p38

GAPDH

GAPDH

0                   0
   -        
+

       

   5
      +

          10
            +

   15
     +

SP600125

p-JNK
JNK
GAPDH

B

05
TF 9
PD A +
98
SB 05
20 9
35
TF 80
SB A +
20
SP 358
60 0
01
TF 25
SP A +
60
01
25

98
PD

-β
1
TF
A

TG
F

Co

nt
ro

l

TGF-β1

E-cadherin
ZO-1
GAPDH

   5
      +

E-cadherin
1.5
a, d e a, d e a, d e
a, d

1.0
0.5

c

0.0

    10
               +

    15
     +

8
6
4
2

c
b, d
b, d

b, d
a, e a, e

N-cadherin
GAPDH

b, d
a, e

0

TGF-β1

SB25380

ZO-1
1.5
e
e
a, d e
a, d a, d
a, d

1.0
0.5

c

0.0

TGF-β1

Vimentin

Co
n
TG tro
F- l
TF
β
A PD T 1
+ 9 F
8
PD 0 A
TF
A SB 98 59
+ 2 05
SB 03 9
TF
2 5
A SP 03 80
+ 6 58
SP 00 0
60 12
01 5
25

Vimentin

       

TGF-β1
The relative expression of
Vimentin mRNA

TFA (μg/mL)
TGF-β1

The relative expression of
E-cadherin mRNA

p-ERK

0                      0
   -            +

Co
n
TG tro
F- l
TF
β
A PD T 1
+ 9 F
PD 80 A
TF
A SB 98 59
+ 2 05
SB 03 9
TF
2 5
A SP 03 80
+ 6 58
SP 00 0
60 12
01 5
25

          10
            +

N-cadherin
8
6
4
2

c
b, d
b, d b, d b, d
a, e a, e a, e

0

Co
n
TG tro
F- l
TF
β
A PD T 1
+ 9 F
A
8
P
TF
D 0
A SB 98 59
+ 2 05
SB 03 9
TF
2 5
A SP 03 80
+ 6 58
SP 00 0
60 12
01 5
25

   5
      +

The relative expression of
ZO-1 mRNA

       

The relative expression of
N-cadherin mRNA

0                   0
   -        
+

Co
n
TG tro
F- l
TF
β
A PD T 1
+ 9 F
PD 80 A
TF
A SB 98 59
+ 2 05
SB 03 9
TF
2 5
A SP 03 80
+ 6 58
SP 00 0
60 12
01 5
25

TFA (μg/mL)
TGF-β1

TGF-β1
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cated that TFA may inhibit or reverse EMT during CD
intestinal fibrosis. Firstly, we used TGF-β1 to induce EMT
of IEC-6 cells and chose the optimal concentrations of
TFA to disrupt TGF-β1 activity in IEC-6 cells. From the
results, we knew that TGF-β1 could obviously promote
the progression of EMT, such as changing morphology
from cuboidal epithelial cells to fibroblast-like spindleshaped cells, and enhancing the abilities of migration and
invasion. Despite this, TFA treatment could restrain the
changes caused by TGF-β1 in a dose dependent manner.
Effective inhibition of CD intestinal inflammation does
not play a positive role in preventing intestinal fibrosis
and inhibiting the pro-fibrosis signaling pathway, resulting
[36,37]
in persistence of the process of tissue fibrosis
.
Therefore, it is necessary to further study how to block
the fibrotic signaling pathway and promote ECM decom
position to inhibit or reverse the process of fibrosis.
TGF-β is the strongest inducer, playing an important
[38]
role in EMT . The Smad signaling pathway induced
by TGF-β can promote the expression of ECM and inhi
bit the transcriptional activity of matrix degradation
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genes, resulting in ECM deposition in interstitial cells and
[39]
leading to fibrosis . Actually, in our experiments, we
found that 10 ng/mL TGF-β1 could significantly inhibit
the expression of p-Smad2/3, while TFA remarkably
reversed the phenomenon in a dose dependent manner
in TGF-β1-treated IEC-6 cells. Blocking TGF-β/Smad
signaling has become a hot spot to inhibit or even re
verse fibrosis. It has been reported that silencing Smad
2/3 could block Smad signaling and reduce collagen
[40,41]
synthesis and proliferation of fibroblasts
. We silenced
the expression of p-Smad2/3 and explored the role
of Smad2/3 in TGF-β1-treated IEC-6 cells. We found
that silencing Smad2/3 could effectively improve the
EMT progression of IEC-6 cells induced by TGF-β1 no
matter morphology, migration, invasion or EMT markers.
Interestingly, when TFA was combined with si-Smad2/3,
it had better inhibitory activities on EMT progression
than either one of them alone, which suggested that TFA
might exert its effects in reversing TGF-β1-mediated EMT
via Smad inactivation in IEC-6 cells.
Recent researches have shown that the MAPK path
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way, including p38, JNK and ERK1/2, is closely related to
[42]
the regulation of TGF-β signaling pathway and fibrosis .
TGF-β can not only carry out signal transduction through
TGF-β/Smad, but can also activate p38, JNK and ERK
signaling pathways, which indicates that regulation of
MAPK signaling pathways can affect the TGF-β/Smad
signal transduction pathway and play a role in inhibiting
[43,44]
fibrosis
. In this experiment, we found that 10 ng/mL
TGF-β1 could significantly inhibit the expression of p-p38,
p-JNK and p-ERK1/2, while TFA obviously suppressed
the levels in a dose dependent manner in TGF-β1-treated
IEC-6 cells. In addition, we also investigated the role of
MAPK in TGF-β1-mediated EMT of IEC-6 cells. We used
an ERK1/2 inhibitor (PD98059), p38 inhibitor (SB203580)
and JNK inhibitor (SP600125) to inhibit the expression of
p-p38, p-JNK and p-ERK1/2 in IEC-6 cells, respectively.
We found that PD98059, SB203580 and SP600125
treatment could have positive inhibitory effects on EMT
progress, similar to the si-Smad. Moreover, co-treatment
of TFA combined with PD98059, SB203580 or SP600125
had better positive activities on inhibiting EMT progress
in TGF-β1-mediated IEC-6 cells than either one of them
alone, indicating that TFA might exert its role in reversing
EMT induced by TGF-β1 via MAPK inactivation in IEC-6
cells.
Stated thus, regulating TGF-β and its downstream
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Smad and MAPK signaling pathways, mediating the
EMT process and restoring the biological function of
abnormally activated intestinal fibroblasts, may be
an important way to seek drug therapy for CD intes
tinal fibrosis. TFA is able to inhibit TGF-β1-induced
morphological change, migration, invasion of IEC-6 cells.
TFA promoted the induction of EMT partly by inhibiting
TGF-β1-activated Smad signaling pathway and nonSmad signaling pathway. To conclude, TFA is expected to
advance as a new therapy to treat CD intestinal fibrosis,
and its continued advancement may open the door to a
new class of treatment for CD intestinal fibrosis.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Epithelial-mesenchymal transition (EMT) is a crucial process in Crohn’s disease
(CD) intestinal fibrosis. Total flavone of Abelmoschus manihot (TFA) has
been found as an effective component to reduce CD intestinal fibrosis in vivo.
However, the role and mechanism of TFA on EMT progress of CD intestinal
fibrosis have not been understood yet.

Research motivation

EMT is a crucial process in CD intestinal fibrosis. TFA has been found as an
effective component to reduce CD intestinal fibrosis in vivo. However, the role
and mechanism of TFA on EMT progress of CD intestinal fibrosis have not been
understood yet. In the present study, we performed CCK-8, morphology, wound
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healing, transwell, qRT-PCR, western blotting and immunofluorescence assays
to explore the role and the underlying mechanisms of TFA on CD intestinal
fibrosis, and the results indicated that TFA was expected to advance as a new
therapy to treat CD intestinal fibrosis.
7

Research objectives

To explore the role and mechanism of TFA on EMT progress of CD intestinal
fibrosis.

8

Research methods

First, a CCK-8 assay was performed to assess the effect of TFA on the viability
of IEC-6 cells and to select the optimal concentrations of TFA for our further
studies. Then cell morphology, wound healing and transwell assays were
performed to examine the effect of TFA on morphology, migration and invasion
of IEC-6 cells treated with transforming growth factor-β1 (TGF-β1). In addition,
immunofluorescence, qRT-PCR and western blotting assays were carried
out to detect the impact of TFA on EMT progress. Moreover, western blotting
assay was performed to evaluate the function of TFA on the Smad and MAPK
signaling pathways. Further, the role of co-treatment of TFA and si-Smad or
MAPK inhibitors was examined by qRT-PCR, western blotting, morphology,
wound healing and transwell assays.

9

10

11

Research results

In this study, TFA promoted TGF-β1-induced IEC-6 cell morphological change,
migration and invasion, and increased the expression of epithelial markers
and reduced the levels of mesenchymal markers, along with the inactivation of
Smad and MAPK signaling pathways. Moreover, we revealed that si-Smad and
MAPK inhibitors effectively attenuated TGF-β1-induced EMT in TEC-6 cells.
Importantly, co-treatment of TFA and si-Smad or MAPK inhibitors had better
inhibitory effects on TGF-β1-induced EMT in IEC-6 cells than either one of
them alone.

12

13

Research conclusions

These findings could provide new insight into the molecular mechanisms of TFA
on TGF-β1-induced EMT in IEC-6 cells, and TFA is expected to advance as a
new therapy to treat CD intestinal fibrosis.

14

Research perspectives

TFA promoted the induction of EMT partly by inhibiting TGF-β1-activated
Smad signaling pathway and non-Smad signaling pathway. TFA is expected
to advance as a new therapy to treat CD intestinal fibrosis, and its continued
advancement may open the door to a new class of treatment for CD intestinal
fibrosis.
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Abstract

Institutional review board statement: This studied mined
the TCGA database and doesn’t involve any experiments
with animals or human beings. Because the TCGA data are a
community resource project, additional ethical approval was not
acquired.

AIM
To construct a long non-coding RNA (lncRNA) signature
for predicting hepatocellular carcinoma (HCC) prognosis
with high efficiency.
METHODS
Differentially expressed lncRNAs (DELs) between
HCC specimens and peritumor liver specimens were
identified using the edgeR package to analyze The
Cancer Genome Atlas (TCGA) LIHC dataset. Univariate
Cox proportional hazards regression was performed
to obtain the DELs significantly associated with overall
survival (OS) in a training set. These OS-related DELs
were further analyzed using a stepwise multivariate
Cox regression model. Those lncRNAs fitted in the
multivariate Cox regression model and independently
associated with overall survival were chosen to build
a prognostic risk formula. The prognostic value of
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this formula was then validated in the test group
and the entire cohort and further compared with two
previously identified prognostic signatures for HCC.
Gene ontology and Kyoto Encyclopedia of Genes and
Genomes pathway analyses were performed to explore
the potential biological functions of the lncRNAs in the
signature.

wjgnet.com/1007-9327/full/v24/i30/3426.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3426

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
[1]
commonly diagnosed cancer in the world . According
to previous epidemiologic studies, the incidence of
HCC varies strikingly worldwide and is particularly high
in eastern Asian countries, including China, and sub[2,3]
Saharan Africa . The 5-year overall survival rate for
[4]
HCC is lower than 20% , and the ratio of its mortality
[1]
to morbidity is 0.95 . Because of its poor prognosis,
HCC ranks as the second leading cause of cancer-related
[1]
deaths worldwide . An estimated 782500 new liver
cancer cases and 745500 deaths occurred worldwide in
[3]
2012, among which 50% occurred in China . There are
multiple risk factors related to HCC, including hepatitis B
or C viral infection, chronic alcohol abuse, nonalcoholic
[5,6]
fatty liver disease and smoking . Although treatment
for HCC, including surgical resection, has improved
over the past decades, the overall survival rate for
this disease remains devastatingly high due to its high
[7-9]
recurrence rate (50%-70% at 5 years) . Because HCC
is a heterogeneous disease with substantially variable
clinical outcomes, the search for effective biomarkers
to predict recurrence and prognosis is indispensable.
To date, no widely accepted molecular biomarkers for
HCC aggressiveness are available. In the past 40 years,
serum alpha fetoprotein (AFP) levels have been utilized
for the diagnosis of HCC and for predicting its response
to therapy. However, AFP levels can be influenced by
tumor size and cancer stage, and they are not reliable
[10]
in clinical applications . In addition, the American
Association for the Study of Liver Diseases concluded
that the use of AFP levels lacks sufficient sensitivity and
[11]
specificity to effectively monitor or diagnose HCC .
With the development of high-throughput sequencing
technologies, it has become easy to acquire whole
genome profiles for specific cancers and develop
more reliable prognostic signatures. Long non-coding
RNAs (lncRNAs) are mRNA-like transcripts of more
than 200 nucleotides (nt) with little or no protein[12,13]
coding capacity
. In the past, they were previously
thought to be redundant segments of the genome, but
in recent decades, emerging studies have indicated
the importance of lncRNAs in cellular physiological
[14,15]
and pathological processes
. Increasing evidence
suggests that dysregulated lncRNAs are associated with
various human diseases, particularly the initiation and
[16,17]
progression of various human cancers
. Prognostic
lncRNA signatures have been examined in many cancer
types, including renal cancer, glioblastoma, colorectal
[18-21]
cancer, lymphoma, and others
. For HCC, most of
the published gene signatures associated with prognosis
[22-25]
have focused on mRNAs and microRNAs
. To the

RESULTS
Based on lncRNA expression profiling of 370 HCC
patients from the TCGA database, we constructed a
5-lncRNA signature (AC015908.3, AC091057.3, TMCC1AS1, DCST1-AS1 and FOXD2-AS1) that was significantly
associated with prognosis. HCC patients with high-risk
scores based on the expression of the 5 lncRNAs had
significantly shorter survival times compared to patients
with low-risk scores in both the training and test groups.
Multivariate Cox regression analysis demonstrated that
the prognostic value of the 5 lncRNAs was independent
of clinicopathological parameters. A comparison study
involving two previously identified prognostic signatures
for HCC demonstrated that this 5-lncRNA signature
showed improved prognostic power compared with the
other two signatures. Functional enrichment analysis
indicated that the 5 lncRNAs were potentially involved
in metabolic processes, fibrinolysis and complement
activation.
CONCLUSION
Our present study constructed a 5-lncRNA signature
that improves survival prediction and can be used as a
prognostic biomarker for HCC patients.
Key words: Long non-coding RNA; Hepatocellular
carcinoma; Prognosis; Survival prediction; Prognostic
biomarker
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we developed a 5-long
non-coding RNA (lncRNA) signature for predicting the
prognosis of hepatocellular carcinoma (HCC) patients
based on The Cancer Genome Atlas database. The
signature was reproducible and robust in another
independent large-scale HCC cohort, supporting its
utility and effectiveness. In addition, the prognostic
value of the 5-lncRNA signature was independent of
clinicopathological variables. When compared with
two previously identified signatures for HCC survival
prediction, this 5-lncRNA signature showed superior
prognostic power. Our study indicates that the 5-lncRNA
signature could improve survival prediction and could
be used as a prognostic biomarker for HCC patients.
Zhao QJ, Zhang J, Xu L, Liu FF. Identification of a five-long
non-coding RNA signature to improve the prognosis prediction
for patients with hepatocellular carcinoma. World J Gastroenterol
2018; 24(30): 3426-3439 Available from: URL: http://www.
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Table 1 Clinicopathological parameters of hepatocellular carcinoma patients in each cohort
Variables
Age, yr

Training group (n = 184)

Test group (n = 186)

Entire group (n = 370)

84
100
129
55
92
78
14
109
9
0
66
32
38
36
78
100
45
8
31
102
37
45
37
82
61
4
92
43
37
12

85
101
120
66
85
89
12
107
12
1
66
42
31
33
80
106
46
9
25
90
48
48
18
95
72
1
79
42
53
12

169
201
24
121
177
167
26
216
21
1
132
74
69
69
158
206
91
17
56
192
85
93
55
177
133
5
171
85
90
24

< 60
≥ 60

Sex
Weight, kg

Child-Pugh grade

Fibrosis ishak score

Vascular tumor invasion

Serum FAP level, ng/mL

Tumor grade

Pathologic stage

Male
Female
< 70
≥ 70
NA
A
B
C
NA
0
1-5
6
NA
None
Micro
Macro
NA
< 100
≥ 100
NA
1
2
3+4
NA
Ⅰ
Ⅱ
Ⅲ+Ⅳ

NA

best of our knowledge, very few lncRNA signatures have
[26]
been developed for HCC prognosis prediction . Thus, it
is necessary to identify a more effective lncRNA signature
for HCC prognosis. In the present study, we aimed to
construct a lncRNA signature capable of predicting HCC
prognosis with high efficiency.
In this work, we analyzed a cohort of 370 HCC
patients from The Cancer Genome Atlas (TCGA) to
identify a potential lncRNA signature for predicting the
survival of HCC patients. We identified a five-lncRNA
prognostic signature from the TCGA dataset and
determined that its prognostic value was independent
from clinical factors. The identification of prognostic
lncRNAs suggests the potential roles of lncRNAs in HCC
pathogenesis and progression.

patients with complete follow up data were enrolled in
our study and then randomly divided into a training set
(n = 184) and test set (n = 186) using SPSS software
(version 24.0). The clinicopathological parameters of
the HCC patients in each group are listed in Table 1.

LncRNA expression profile in the TCGA LIHC cohort

Only lncRNAs with a description in NCBI or Ensemble
were selected for further study in this paper. We
obtained the expression profiles of 6929 lncRNAs from
the RNA-seq data of the TCGA LIHC cohort. Differentially
expressed lncRNAs (DELs) between the HCC specimens
and peritumor liver specimens were identified with the
edgeR package, using an adjusted P < 0.05 and log2
|fold change| > 1. The expression level of each lncRNA
was log2 transformed for the downstream analyses.

MATERIALS AND METHODS

Identification of prognostic lncRNAs and construction
of the risk formula for overall survival prediction

Data and patients

Level 3 RNA-seq data (HTSeq-counts) from 374 HCC
tumor specimens and 50 peritumoral liver specimens
and their corresponding clinicopathological information
were downloaded from the TCGA project (https://
cancergenome.nih.gov/) on June 2, 2017. Because
TCGA data are a community resource project, additional
ethical approval was not acquired, and the present
study adhered to TCGA publication guidelines and
data access policies. After excluding the data without
complete survival information, a total of 370 HCC

WJG|www.wjgnet.com

Univariate Cox proportional hazards regression was
performed to obtain the DELs that were significantly
associated with the overall survival (OS) of HCC patients
in the training group. After acquiring survival-related
lncRNAs (P < 0.01), we excluded those not expressed
in at least 10% of the samples. The remaining OSrelated lncRNAs were then adjusted sing the stepwise
multivariate Cox regression model. Finally, those
lncRNAs fitted in the multivariate Cox regression model
and independently associated with OS were chosen. A
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3.3.1) for each of the five lncRNAs with protein-coding
genes based on the RNA-seq data of the TCGA LIHC
cohort. The protein-coding genes with a correlation
coefficient > 0.5 and a P < 0.01 were considered
to be significantly correlated genes. For functional
enrichment analysis, the correlated protein-coding
genes were subjected to gene ontology (GO) and Kyoto
Encyclopediaof Genes and Genomes (KEGG) pathway
analyses using DAVID Bioinformatics Resources (version
[27,28]
6.8)
. Significant functional categories were identified
and limited to GO terms in the “Biological Process”
(GOTERM-BP-DIRECT) and KEGG pathway categories,
using the human whole genome as the background.
Significantly enriched GO terms with similar functions
were visualized using the EnrichmentMap plugin in
[29]
Cytoscape (version 3.5.1) .
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Figure 1 Volcano plot of the differentially expressed long non-coding
RNAs between hepatocellular carcinoma tumor specimens and
peritumoral liver specimens. The X-axis represents the adjusted FDR, and
the Y-axis represents the value of the log2 fold change. Aberrantly expressed
long non-coding RNAs (lncRNAs) were calculated using the EdgeR package.
Red dots represent upregulated lncRNAs in the hepatocellular carcinoma (HCC)
tumor specimens, while green dots indicate downregulated lncRNAs compared
with the peritumoral liver specimens. Black dots show the lncRNAs without
significant differences between the HCC tumor and peritumoral liver specimens.
Altogether, 2240 upregulated and 353 downregulated lncRNAs were found.
This volcano plot was conducted using the ggplot2 package of R language.

RESULTS
Determining prognostic lncRNAs from the training set

Using the edgeR package, we identified a total of 2593
lncRNAs differentially expressed (log2|fold change| >
1 and adjusted P < 0.05) between 374 HCC tumor
specimens and 50 peritumor liver specimens, including
2240 upregulated and 353 downregulated lncRNAs
(Figure 1). A total of 370 HCC samples with complete
survival information were subjected to further analyses.
For the training set, univariate Cox proportional hazards
regression analyses revealed 82 lncRNAs significantly
correlated with OS (P < 0.01) among the 2593
differentially expressed lncRNAs. Among the 82 OSrelated lncRNAs, we further excluded those expressed in
less than 10% of the HCC specimens, and the remaining
30 lncRNAs were subjected to further selection.

prognostic risk formula was established based on a linear
combination of the expression level of these lncRNAs
multiplied by the regression coefficient derived from
the multivariate Cox regression model as previously
[18-21]
described
.The subjects in each dataset were
classified into a high-risk group and low-risk group
according to the median risk score of the risk formula
derived from the training set.

Construction of a lncRNA-based prognostic signature
and validation in the training group

Statistical analysis

Univariate Cox proportional hazards regression was
performed to obtain survival-related DELs, and the
stepwise multivariate Cox regression model was
performed for further selection. Overall survival analyses
in the high-risk and low-risk groups were performed
using Kaplan-Meier survival curves and a log-rank test.
Receiver operating curve analyses were performed to
assess the specificity and sensitivity of the prognosis
prediction. The above analyses were performed
using R (version 3.3.1). To verify the independence
of the prognostic value of the 5-lncRNA signature
and clinicopathological parameters, univariate and
multivariate Cox regression analyses were performed
using SPSS software (version 24.0). In the comparison
study, Kaplan-Meier survival analysis and receiver
operating curve (ROC) analysis were also performed
using SPSS (version 24.0).

Stepwise multivariable Cox proportional hazards re
gression analyses were performed to identify the
optimal prognostic lncRNAs among the 30 candidate
lncRNAs. Based on this model, a final 5 lncRNAs were
found to be significantly and independently related to
prognosis. We then constructed a prognostic signature
based on the expression levels of these 5 lncRNAs and
their coefficients derived from the multivariable Cox
model. The formula is as follows: risk score = (-0.1900
× the expression level of AC015908.3) + (0.1764 ×
the expression level of FOXD2-AS1) + (0.3588 × the
expression level of AC091057.3) + (0.5615 × the
expression level of TMCC1-AS1) + (0.4877 × the
expression level of DCST1-AS1). Detailed information
for the 5 lncRNAs is listed in Table 2. The risk score
for each patient in the training group was calculated
using the formula. The training set was then divided
into a high-risk group (n = 92) and a low-risk group
(n = 92) according to the median risk score. KaplanMeier analysis revealed that the high-risk group had
a significantly poorer prognosis than that of the low-

Functional enrichment analyses

To identify co-expressed lncRNA-mRNA pairs, we
performed Person correlation analyses with R (version
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Table 2 The 5 long non-coding RNAs significantly associated with overall survival of hepatocellular carcinoma patients
Gene ID

Gene symbol

Coefficient

Hazard ratio

P value

ENSG00000264016
ENSG00000237424
ENSG00000269974
ENSG00000271270
ENSG00000232093

AC015908.3
FOXD2-AS1
AC091057.3
TMCC1-AS1
DCST1-AS1

-0.1900
0.1764
0.3588
0.5615
0.4877

0.7792
1.2865
1.4682
1.5417
1.3909

0.000305
0.007317
0.000375
0.000287
0.001632

risk group (P = 1.3e-09, log-rank test, Figure 2A). The
median survival time for the high-risk group and the
low-risk group was 2.096 and 6.811 years, respectively.
Additionally, the 3- and 5-year survival rates of the
high-risk group were 40% and 23.5%, whereas the
corresponding survival rates were 90% and 71.8%,
respectively, in the low-risk group. To evaluate the
performance of the 5-lncRNA signature for predicting
the prognosis of HCC patients, a time-dependent ROC
analysis was conducted. The area under the ROC curve
(AUC) for the 5-lncRNA signature was 0.857, which
indicated good performance (Figure 2B). The risk scores
of patients in the training group were also ranked, and
survival status was plotted for each patient on a dot
plot (Figure 2C). The mortality for patients in the highrisk group was much higher than that in the low-risk
group. A heat map displays the expression profiles of
these five lncRNAs in the samples from the training
group; the expression profiles are ranked according
to risk score (Figure 2D). Among the 5 lncRNAs,
AC015908.3 showed a negative coefficient derived for
the multivariate Cox regression model and seemed to
be a protective factor, as its high expression predicts a
low risk. The other 4 lncRNAs with positive coefficients,
including FOXD2-AS1, AC091057.3, TMCC1-AS1 and
DCST1-AS1, seemed to be risk factors and all were
upregulated in the high-risk group compared to the lowrisk group within the training set.

the test group (Figure 3B) and the entire group (Figure
4B), respectively, with both showing robust utility. In
addition, ranked risk scores and survival status for each
subject were plotted for the test group (Figure 3C)
and the entire set (Figure 4C). Heatmaps display the
expression profiles of the five lncRNAs for each subject
in the test group (Figure 3D) and the entire cohort
(Figure 4D), which were ranked according to risk score.

The prognostic value of the 5-lncRNA signature was
independent of clinical characteristics

Univariate and multivariate Cox regression analyses
were performed with the 5-lncRNA-based risk score
and clinicopathological factors, including age, gender,
weight, Child-Pugh grading, fibrosis extent, vascular
tumor invasion, serum FAP levels, tumor grade and
pathological stage as explanatory variables and overall
survival as the dependent variable. The univariate Cox
regression demonstrated that the 5-lncRNA signaturebased risk score and pathologic stage were able to
effectively predict the prognosis of HCC patients. In
addition, in the training set and the entire set, patient
age seemed to be related to survival, although this did
not reach significance (Table 3). In contrast, none of the
other clinicopathological parameters were associated
with prognosis in either set. Multivariate Cox regression
analysis revealed that after adjusting for other factors,
age (only for the entire set), pathologic stage and the
5-lncRNAsignature were the only factors significantly
associated with overall survival (Table 2). Patients from
the entire cohort were then stratified by age (Figure
5A) and pathological stage (Figure 5B). Each subgroup
was then divided into a high-risk and low-risk group
based on the 5-lncRNA risk score median derived from
the training group. Kaplan-Meier analysis revealed
that for all of the subgroups, the high-risk group had
significantly poorer survival than the low-risk group. All
of these results strongly suggest that the prognostic
value of the 5-lncRNA-based risk score is independent
of clinicopathological factors.

Validation of the prognostic value of the 5-lncRNA
signature for the test set and the entire cohort

To further verify the prognostic value of the 5-lncRNA
signature for HCC patients, risk scores for patients
in the test group were calculated according to the
constructed formula based on the expression of the
5 lncRNAs. The test group was also divided into highrisk (n = 97) and low-risk (n = 89) groups using the
same cutoff as for the training group. Kaplan-Meier
analysis revealed that the survival rate of the high-risk
subgroup was much lower than that of the low-risk
subgroup in the test set (median OS: 2.293 years vs
8.562 years; log-rank P = 1.64e-05) (Figure 3A). For
the entire set, a similar result was obtained by KaplanMeier analysis. Among the entire cohort, the median
survival of the high-risk group (n = 189) was 2.197
years, which was significantly lower than the median
OS of 6.937 years for the low-risk group (n = 181) (P =
2.69e-13, Figure 4A). The AUC for the 5-lncRNA-based
risk score of overall survival was 0.709 and 0.769 for
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Comparison of the 5-lncRNA signature with existing
prognostic signatures for HCC

Two HCC-related prognostic signatures have recently
been developed and reported, including a 3-gene
signature by Binghua Li and a 4-lncRNA signature by
Zhonghao Wang that were both derived from the TCGA
[25,26]
dataset
. To compare the prognostic value of the
5-lncRNA signature developed in our present study
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Figure 2 The 5-long non-coding RNA signature-based risk score predicted the overall survival of patients with hepatocellular carcinoma in the training set
(n = 184). A: Kaplan-Meier analysis of patients’ overall survival in the high-risk (n = 92) and low-risk (n = 92) subgroups of the training set; B: The receiver operating
characteristic (ROC) analysis of the risk score for prediction the overall survival of the training set. The area under the curve was calculated for ROC curves; C: The
5-lncRNA-based risk score distribution, patient survival status; D: Heatmap of the 5-lncRNA expression profiles in the high-risk and low-risk subgroups for the training set.

(hereafter referred to as 5LncSig) with the existing
3-gene signature by Binghua Li (hereafter referred to
as 3GeneSig) and the 4-lncRNA signature by Zhonghao
Wang (hereafter referred to as ZhongSig), we calculated
the risk scores of each patient in the entire cohort based
on formulae derived from each of these signatures.
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The 3GeneSig and ZhongSig both successfully and
significantly predicted prognosis in the entire TCGA LIHC
cohort (Figure 6A and B). Furthermore, comparison
of the Kaplan-Meier curves revealed that patients in
the high-risk group predicted by 5LncSig showed a
dramatically poorer prognosis than those in the low-
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Table 3 Univariate and multivariate Cox regression analysis of overall survival
Variables

Univariate analysis

Training set (n = 184)
Risk score
Age
Sex (Male/Female)
Weight
Child-Pugh grade
Fibrosis ishak score
Vascular invasion (yes/no)
FAP
Tumor grade
(G1 + G2/G3 + G4)
Pathologic stage
Ⅰ/Ⅱ
Ⅰ/Ⅲ + Ⅳ
Test set (n = 186)
Risk score
Age
Sex (Male/Female)
Weight
Child-Pugh grade
Fibrosis ishak score
Vascular invasion (yes/no)
FAP
Tumor grade
(G1 + G2/G3 + G4)
Pathologic stage
Ⅰ/Ⅱ
Ⅰ/Ⅲ + Ⅳ
Entire set (n = 370)
Risk score
Age
Sex (Male/Female)
Weight
Child-Pugh grade (A/B + C)
Fibrosis ishak score
Vascular invasion
(yes/no)
Serum AFP level
Tumor grade
(G1 + G2/G3 + G4)
Pathologic stage
Ⅰ/Ⅱ
Ⅰ/Ⅲ + Ⅳ

Multivariate analysis

HR

95%CI of HR

P value

HR

95%CI of HR

P value

2.718
1.018
1.022
1.006
0.845
0.685
0.834
0.805

2.093-3.530
0.998-1.038
0.619-1.690
0.993-1.108
0.253-2.827
0.756-1.283
0.480-1.449
0.932-1.056

< 0.0001
0.073
0.931
0.397
0.195
0.910
0.519
0.805

2.830

2.091-3.831

< 0.0001

1.133

0.680-1.887

0.632
1.900

1.098-3.288

0.022

0.604
0.298

0.303-1.203
0.163-0.543

0.152
< 0.0001

1.603
1.006
1.420
1.000
0.475
1.640
1.069
1.035

1.270-2.024
0.987-1.026
0.856-2.356
0.984-1.105
0.195-1.157
0.706-3.813
0.613-1.866
0.981-1.093

< 0.0001
0.522
0.174
0.960
0.101
0.250
0.614
0.210

1.568

1.196-2.055

0.001

1.092

0.655-1.818

0.736
2.103

1.193-3.707

0.010

0.865
0.445

0.426-1.757
0.250-0.793

0.688
0.006

1.957
1.013
1.166
0.998
0.620
1.232
0.962

1.646-2.327
0.999-1.027
0.817-1.664
0.988-1.007
0.306-1.256
0.742-2.045
0.650-1.424

< 0.0001
0.068
0.396
0.615
0.184
0.365
0.846

2.011
1.016

1.638-2.469
1.000-1.032

< 0.0001
0.048

1.023

0.980-1.068

0.306

1.119

0.780-1.604

0.542
2.017

1.359-2.993

0.027

0.648
0.351

0.398-1.056
0.236-0.524

0.082
< 0.0001

risk groups predicted by the 3GeneSig and ZhongSig
(Figure 6A and B), and patients in the low-risk group
predicted by 5LncSig had a much better prognosis than
those in the high-risk group predicted by the other
two signatures (Figure 6A and B). To compare the
sensitivity and specificity of the 5LncSig for prognosis
prediction with the other two existing signatures, we
performed time-dependent ROC analysis. The AUC of
overall survival for the 3GeneSig and the ZhongSig was
0.701 and 0.721, respectively (Figure 6C), both lower
than that of the 5LncSig (0.769). Thus, the prognostic
power of 5LncSig, developed in the present study, was
superior to that of the previously developed 3-gene and
4-lncRNA signatures.

we performed Pearson correlation analyses between
the 5 lncRNAs and protein-coding genes based on their
expression levels in the TCGA LIHC cohort. The proteincoding genes that correlated with at least 1 of the 5
lncRNAs (Pearson coefficient > 0.5, P < 0.01) were
considered to be correlated genes. We chose the 200
correlated genes with the highest Pearson coefficients
for further analysis. Functional enrichment analysis
revealed that these genes were primarily enriched in 32
GO terms (Benjamin P value < 0.1, Figure 7A) and 23
KEGG pathways (P < 0.001, Figure 7B). Further analysis
revealed that these enriched GO functional terms are
mostly involved in metabolic processes, fibrinolysis and
complement activation (Figure 7A).

Functional characteristics of the five prognostic
lncRNAs

DISCUSSION
HCC is a heterogeneous disease with differential

To explore the functional implications of these 5 lncRNAs,
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Figure 3 Validation of the prognostic value of the 5-long non-coding RNA signature for the hepatocellular carcinoma patients in the test group. A: KaplanMeier analysis indicated that patients in the high-risk (n = 97) subgroup exhibited significantly poorer survival than the low-risk subgroup (n = 89) in the test group; B:
The receiver operating characteristic analysis of the risk score for predicting the overall survival of the test set; C: The 5-long non-coding RNA (lncRNA)-based risk
score distribution, patient survival status; D: Heatmap of the 5-lncRNA expression profiles in the high-risk and low-risk subgroups of the test set.
[13]

prognoses and a high mortality. Until now, no biomarkers
have been shown to effectively predict the survival of
HCC patients, and thus, finding effective biomarkers for
HCC is crucial.
Previous investigations of gene regulation and disease
pathogenesis have mainly focused on protein-coding
genes, which account for only a very small proportion
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(2%) of transcribed genes in eukaryotic species .
Recent developments in genome and transcriptome
sequencing technologies have profoundly expanded our
knowledge of non-coding RNAs, which are much more
[30,31]
abundant than canonical protein-coding mRNAs
.
Multiple studies indicate that lncRNAs act not only
as intermediaries between DNA and protein but also
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Figure 4 The prognostic value of the 5-long non-coding RNA signature for the hepatocellular carcinoma patients in the entire set (n = 370). A: Kaplan-Meier
analysis of patients’ overall survival in the high-risk (n = 189) and low-risk subgroups (n = 181) for the entire set; B: The receiver operating characteristic analysis
of the risk score for predicting the overall survival of the test set; C: The 5-long non-coding RNA (5-lncRNA)-based risk score distribution, patient survival status; D:
Heatmap of the 5-lncRNA expression profiles in the high-risk and low-risk subgroups for the entire set.

as important regulators of diverse cellular functions.
lncRNAs have been shown to regulate the expression
and function of protein-coding genes at the chromatin,
[31]
transcriptional and post-transcriptional levels . Many
studies have revealed the contribution of lncRNAs in
cancer development, indicating their potential as novel
[32-35]
biomarkers for cancer diagnosis and prognosis
.
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LncRNA signatures for prognostic prediction
prognoses have been developed for many cancers
including renal cancer, glioblastoma, and colorectal
[18-21]
cancer, among others
. Regarding HCC, the existing
gene signatures for survival prediction have focused
mostly on mRNAs and microRNAs. Several potential
lncRNA biomarkers associated with the progression and
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Figure 5 Stratification analyses of the prognostic value of the 5-long non-coding RNA signature-based risk score for all 370 hepatocellular carcinoma
patients in the entire set. A: Kaplan-Meier analysis of the overall survival of hepatocellular carcinoma patients < 60 or ≥ 60 years old; B: Kaplan-Meier analysis of
the overall survival of patients with different pathological stages.

prognosis of HCC have been identified, such as TSLNC8,
[36-38]
HOXD-AS1 and CACS2
. These lncRNAs are thought
to impact HCC progression through their regulation of
tumor cell proliferation, EMT, apoptosis and migration.
Although many of these lncRNAs are closely associated
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with the prognosis and survival of HCC patients, their
prognostic value has been tested only in small-scale
studies; they have not yet been validated in a large
clinical cohort. Until now, relatively few comprehensive
lncRNA signatures for the prediction of HCC survival
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Figure 6 Comparison of the sensitivity and specificity for hepatocellular carcinoma survival prediction by the 5-long non-coding RNA signature and two
existing signatures in the entire set. A: Kaplan-Meier analysis of patients’ overall survival in the high-risk (n = 185) and low-risk (n = 185) subgroups based on
the 3GeneSig in the entire set (left panel) and comparison of the survival difference based on the 5 long non-coding RNA (lncRNA) signature and the 3GeneSig by
Kaplan-Meier analysis (right panel); B: Kaplan-Meier analysis of patients’ overall survival in the high-risk (n = 186) and low-risk (n = 184) subgroups based on the
ZhongSig in the entire set (left panel) and comparison of the survival difference based on the 5 lncRNA signature and the ZhongSig (right panel); C: The ROC analysis
of overall survival for the 5-lncRNA signature, ZhongSig and 3GeneSig.
[26]

cohort and acquired lncRNA expression profiles for HCC
patients in the dataset. Using univariate and stepwise
multivariate Cox regression analyses, we developed a
prognostic formula for HCC based on the expression

have been constructed . TCGA is an open-access
database including samples from hundreds of patients
with various malignancies. In the present study, we
downloaded the RNA sequencing data of the TCGA LIHC
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Figure 7 Functional enrichment analysis of the 5-long non-coding RNA based on their correlated protein-coding genes. A: Functional enrichment map of
significantly enriched gene ontology terms; B: KEGG pathways significantly associated with the correlated protein-coding genes.

training set, HCC patients with high-risk scores based
on the 5-lncRNA signature had a significantly reduced

of 5 lncRNAs including AC015908.3, AC091057.3,
TMCC1-AS1, DCST1-AS1 and FOXD2-AS1. In the
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Research motivation

survival time compared to those with low-risk scores.
The prognostic value of the 5-lncRNA signature for HCC
patients was further validated in the test group and the
entire group, with robust and reproducible predictive
indices. The results of these analyses suggest that the
prognostic value of the 5-lncRNA-based risk model
is robust and reliable for predicting survival in HCC
patients.
In the present study, when adjusted using multi
variate Cox regression analyses, age (only for the entire
set), pathological stage and the 5-lncRNA signature
were shown to independently predict the survival of
HCC patients. The results of stratification analyses
demonstrated that the prognostic value of the 5-lncRNA
signature remained significant and robust in HCC
subgroups stratified by age and pathological stage. In an
attempt to further validate its prognostic value in other
HCC cohorts, we downloaded data from several GEO
datasets. Unfortunately, most of the 5 lncRNA probes
could not be found. There are many existing prognostic
signatures for HCC, and we therefore compared our
5-lncRNA signature with two recently developed
signatures: a 3-gene signature and a 4-lncRNA signature.
The results indicate that the predictive performance of
the 5-lncRNA signature was superior to that of the other
two signatures for HCC overall survival.
To the best of our knowledge, the functions of
these 5 lncRNAs have not been reported. Functional
enrichment analysis revealed that the protein-coding
genes that were significantly correlated with these
5lncRNAs are enriched for metabolic processes,
fibrinolysis and complement activation. KEGG pathway
analysis revealed that these genes are enriched in
pathways related to metabolism. These results suggest
that the 5 lncRNAs may participate in the initiation and
progression of HCC through these pathways. However,
further studies are needed to investigate and validate
the functions of these 5 lncRNAs.
In conclusion, our present study developed a
5-lncRNA signature for predicting the prognosis of HCC
patients. The signature was reproducible and robust in a
second independent large-scale HCC cohort, supporting
its value and effectiveness. In addition, the prognostic
value of the 5-lncRNA signature was independent
of clinicopathological variables. Our study indicates
that the 5-lncRNA signature could improve survival
prediction and could be used as a prognostic biomarker
for HCC patients.

Recent studies have demonstrated the importance of long non-coding RNAs
(lncRNAs) in physiological and pathological cellular processes. Increasing
evidence suggests that lncRNA dysregulation is associated with various human
diseases, particularly the initiation and progression of various human cancers.
For patients with HCC, most of the existing prognostic signatures have focused
on mRNAs or microRNAs, and only a few lncRNA signatures have been
developed. In the present study, we aimed to construct a lncRNA signature for
the prediction of HCC prognosis with high efficiency.

Research objectives

To construct a lncRNA signature for the prediction of HCC prognosis with high
efficiency.

Research methods

Differentially expressed lncRNAs (DELs) between HCC specimens and
peritumor liver specimens were acquired from the The Cancer Genome Atlas
(TCGA) LIHC dataset using the edgeR package. Univariate Cox proportional
hazards regression was performed to identify the DELs that were significantly
associated with overall survival for the training set. The stepwise multivariate
Cox regression model was applied. Those lncRNAs fitted in the multivariate
Cox regression model and independently associated with overall survival were
chosen to build a prognostic risk formula. The prognostic value of this formula
was validated in the test group and the full cohort and further compared with
two previously developed prognostic signatures for HCC.

Research results

We identified a five-lncRNA prognostic signature from the TCGA dataset and
determined that its prognostic value was independent from clinicopathological
factors. The signature was reproducible and robust in another independent
large-scale HCC cohort, supporting its utility and effectiveness.

Research conclusions

This study constructed a 5-lncRNA signature that improves survival prediction,
and can be used as a prognostic biomarker for HCC patients.
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Abstract
AIM
To introduce a novel, modified primary closure technique
of laparoscopic extralevator abdominal perineal excision
(LELAPE) for low rectal cancer.
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METHODS
We retrospectively analyzed data from 76 patients with
rectal cancer who underwent LELAPE from March 2013
to May 2016. Patients were classified into the modified
primary closure group (32 patients) and the biological
mesh closure group (44 patients). The total operating
time, reconstruction time, postoperative stay duration,
total cost, postoperative complications and tumor recur
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[5,6]

rence were compared.

benefits . However, the extended resection of ELAPE
may increase the risk of severe perineal wound compli
cations, including perineal hernia, with a reported inci
[7]
dence of 20%-26% . Thus, how to reconstruct the pelvic
floor and close the perineum after massive resection has
become a major concern and challenge in laparoscopic
ELAPE (LELAPE). The established reconstruction methods
include: primary perineal closure, omentoplasty, bio
logical or synthetic mesh placement, myocutaneous
[8-12]
flaps, and negative wound pressure therapy
. These
methods all have their own advantages as well as re
strictions, and no consensus has been reached so far. In
traditional abdominoperineal resection (APR), the pelvic
peritoneum is usually closed prior to reconstruction of
the pelvic floor, in order to separate the small intestine
from the presacral operating field, which is technically
challenging in LELAPE. We have recently modified the pri
mary closure technique by adding the laparoscopic pelvic
peritoneum suture procedure, and applied it to LELAPE.
In the present study, we compare this method with
biological mesh closure in the reconstruction of the pelvic
floor after LELAPE, and evaluate its feasibility, safety and
cost-effectiveness.

RESULTS
All surgery was successfully performed. The pelvic re
construction time was 14.6 ± 3.7 min for the modified
primary closure group, which was significantly longer than
that of the biological mesh closure group (7.2 ± 1.9 min,
P < 0.001). The total operating time was not different
between the two groups (236 ± 20 min vs 248 ± 43 min,
P = 0.143). The postoperative hospital stay duration was
8.1 ± 1.9 d, and the total cost was 9297 ± 1260 USD
for the modified primary closure group. Notably, both of
these categories were significantly lower in this group
than those of the biological mesh closure group (P = 0.001
and P = 0.003, respectively). There were no differences
observed between groups when comparing other
perioperative data, long-term complications or oncological
outcomes.
CONCLUSION
The modified primary closure method for reconstruction
of the pelvic floor in LELAPE for low rectal cancer is tech
nically feasible, safe and cost-effective.
Key words: Extralevator abdominoperineal excision; Rectal
cancer; Pelvic floor; Laparoscopy

MATERIALS AND METHODS

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

Study design

We retrospectively analyzed the data from 76 patients
with rectal cancer undergoing LELAPE from March 2013
to May 2016. Patients were classified into the modified
primary closure group (32 patients) and the biological
mesh closure group (44 patients). Total operating time,
reconstruction time, postoperative stay duration, total
cost, postoperative complications and tumor recurrence
were compared. The protocol was approved by the Ethics
Committee of Qilu Hospital, Shandong University, Jinan,
China.

Core tip: The modified primary closure approach requires
laparoscopic closure of the pelvic peritoneum and layered
closure of the perineal defect. By using this modified
approach, the length of hospital stay and the total cost
were decreased significantly, while other clinical outcomes
did not differ, except for a relatively longer time for pelvic
reconstruction (14.6 ± 3.7 min vs 7.2 ± 1.9 min). We
conclude that the modified primary closure method for
reconstruction of the pelvic floor in laparoscopic extra
levator abdominal perineal excision for low rectal cancer is
technically feasible, safe and cost-effective.

General procedure

We have described the LELAPE procedure in a previous
[13]
report . The abdominal procedure was performed with
the patient being placed in the Trendelenburg position,
and the port placement was set up as shown in Figure
1A. After laparoscopic exploration, dissection and divi
sion of the pedicle of the inferior mesenteric vessels
were performed. The sigmoid colon was mobilized
from medial to lateral, and the rectum was mobilized
following the total mesorectal excision principle. The
sigmoid mesentery was trimmed at the rectosigmoid
junction, where the rectum was transected with an en
doscopic linear stapler (Figure 1B). The distal rectum
and mesorectum were pushed down to the pelvic cavity
(Figure 1C).

Wang YL, Zhang X, Mao JJ, Zhang WQ, Dong H, Zhang FP,
Dong SH, Zhang WJ, Dai Y. Application of modified primary
closure of the pelvic floor in laparoscopic extralevator abdominal
perineal excision for low rectal cancer. World J Gastroenterol
2018; 24(30): 3440-3447 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i30/3440.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3440

INTRODUCTION
To improve the oncological outcome of patients with
low rectal cancer, extralevator abdominal perineal exci
sion (ELAPE) has been introduced to reduce the rate
of positive circumferential margin and intraoperative
[1-4]
perforation . Assisted by laparoscopy, ELAPE can
minimize physical invasion while ensuring oncological

WJG|www.wjgnet.com

Modified primary closure

For modified primary closure, the pelvic peritoneum was
closed with continuous suturing using a barbed suture
(Covidien, Shanghai, China) (Figure 1D and E) before
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A

B
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G
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I

Cranial
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Figure 1 Surgical procedures. A: Port placement; B: Transection of the rectum at the rectosigmoid junction with an ENDO-GIA; C: Distal rectum pushed down to the
pelvis; D: Closure of the pelvic peritoneum with a continuous suture using a barbed thread; E: Closure of the pelvic peritoneum; F: Tension reduction of the adjacent
peritoneum (the dotted line shows the incised peritoneum); G: Closure of the peritoneum after tension reduction (the dotted line shows the incised peritoneum); H:
Reconstruction of the pelvic floor with biological mesh; I: View of the closed peritoneum from the perineal wound in the prone position (the arrows show the presacral
veins, and the arrowheads show the closed peritoneum).

creation of a colostomy. For tension-free suturing, the
adjacent pelvic peritoneum was dissected to reduce
tension if necessary (Figure 1F and G). The patient
was turned over to the prone jackknife position. The
levator ani was transected at its origin, and a cylindrical
specimen was removed. The procedure was completed
with both the placement of one negative-pressure drai
nage tube in the presacral space, and the layered closure
of the ischiorectal fat and skin. The drainage tube was
removed when the drainage fluid was clear and < 10 mL
in volume. The coccyx was not routinely removed.

by the same surgical group.

Statistical analysis

Numerical data were expressed as mean ± SD and
analyzed with Student’s t tests. Categorical data were
analyzed with the c test or Fisher’s exact test. Repeated
measures analysis of variance was performed for posto
perative drainage and temperature change. All analyses
were performed using SPSS 19.0 (SPSS Inc., Chicago,
IL, United States). P < 0.05 was considered to be statis
tically significant.

Biological mesh closure

RESULTS

For biological mesh closure, the patient was changed into
a prone position for perineal dissection after creation of
a colostomy. The levator ani was transected at its origin,
and a cylindrical specimen was removed. A human
acellular dermal matrix mesh (Ruinuo, Qingyuanweiye
Bio‑Tissue Engineering Ltd., Beijing, China) was im
planted and fixed to the tendinous arch by continuous
prolene sutures (Covidien) for reconstruction of the pelvic
floor (Figure 1H). The procedure was completed with
both the placement of one negative-pressure drainage
tube below the mesh, and the layered closure of the
ischiorectal fat and skin. All the operations were finished

WJG|www.wjgnet.com

The baseline characteristics, including male/female ratio,
age, body mass index, neoadjuvant therapy, distance
to anal verge, and postoperative TNM staging, were
comparable between the two groups (P > 0.05 each,
Table 1). All patients were successfully followed up
postoperatively for one year.
All operations were successfully performed without
serious intraoperative complications. The pelvic recon
struction time was 14.6 ± 3.7 min for the modified
primary closure group, which was significantly longer
than that of the biological mesh closure group (7.2 ±
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Table 1 Baseline characteristics.
Modified primary closure
(n = 32)

Biological mesh closure
(n = 44)

P value

24/8
52.8 ± 12.2
26.8 ± 3.2
8
2.6 ± 0.8

31/13
58.2 ± 12.5
25.7 ± 2.7
7
2.8 ± 0.9

0.662
0.137
0.097
0.326
0.278

23
9

29
15

0.581

Male/female
Age (yr)
BMI
Neoadjuvant therapy
Tumor location, Distance to anal verge (cm)
Postoperative TNM staging
Ⅱ
Ⅲ

BMI: Body mass index.

Table 2 Perioperative data.
Modified primary closure
(n = 32)

Biological mesh closure
(n = 44)

P value

14.6 ± 3.7
236 ± 20
165 ± 57
0
0
22.8 ± 4.7
0
6.6± 1.1
8.1 ± 1.9
9297 ± 1260

7.2 ± 1.9
248 ± 43
149 ± 52
0
1
23.6 ± 5.0
1
7.3 ± 2.0
10.1 ± 2.8
10719 ± 2360

< 0.001
0.143
0.242
N/A
1.000
0.475
1.000
0.094
0.001
0.003

Reconstruction time (min)
Total operative time (min)
Intraoperative blood loss (mL)
Positive CRM
Bowel perforation
Recovery of bowel function (h)
Intestinal obstruction
Drainage removal (days after surgery)
Postoperative hospital stay (d)
Cost (USD)

CRM: Circumferential margin; USD: United States Dollar.

B

Drainage

125
100
75
50

P (Time) < 0.01

25

P (Treatment) = 0.17
P (Interaction) = 0.72

0

Temperature
38.5

150
Temperature (Celsius)

Volume of drainage (mL)

A

0

     1

     2

   3

  4

     5

    6

    7

    8

Modified primary closure group
Biological mesh closure group

38.0
37.5
37.0

P (Time) < 0.01
P (Treatment) = 0.103
P (Interaction) = 0.334

36.5
36.0

0

     1

     2

Days after surgey

   3

  4

     5

    6

    7

    8

Days after surgey

Figure 2 Drainage and temperature changes. A: Postoperative drainage volumes in the two groups; B: Postoperative temperature changes in the two groups.

1.9 min, P < 0.001). The total operating time did not
differ between the two groups (236 ± 20 min vs 248 ±
43 min, P = 0.143). One patient in the biological mesh
closure group developed bowel perforation due to a
large tumor within the anterior wall of the rectum. No
positive circumferential margin was observed in either
group. Intraoperative blood loss and recovery of bowel
function were comparable between the two groups (both
P > 0.05) (Table 2). The drainage tube was removed
postoperatively at 6.6 ± 1.1 d in the modified primary
closure group, which was earlier than in the biological
mesh closure group (7.3 ± 2.0 d, P = 0.094). The volume
of drainage fluid peaked at 2 d postoperatively and then
decreased gradually, without any difference between the
two groups (P treatment > 0.05, P interaction > 0.05)
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(Figure 2A). The temperature changes after operation
showed a similar pattern to drainage volume, with no
difference between the groups (P treatment > 0.05, P
interaction > 0.05) (Figure 2B). Postoperative hospital
stay was 8.1 ± 1.9 d, and the total cost was 9297 ± 1260
USD for the modified primary closure group. Both of
these categories in this group were significantly less than
those of the biological mesh closure group (P = 0.001
and P = 0.003, respectively) (Table 2). One patient in the
biological mesh closure group developed postoperative
intestinal obstruction at 40 d. Conservative therapy did
not work, and a laparoscopic exploration was performed
at 42 d. The middle part of the ileum, approximately
100 cm to the ileocecal junction, adhered to the pelvic
floor, leading to dilation of the proximal small intestine
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Table 3 Follow-up data
Modified primary closure
(n = 32)

Biological mesh closure
(n = 44)

P value

29
27
32
5
3
1
1
0
4
23
7
0
2
0

39
41
44
5
1
2
2
0
2
28
14
1
3
0

0.546
0.270
1.000
0.734
0.304
1.000
1.000
N/A
0.233
0.330
0.339
1
1
N/A

Normal perineal wound healing1
10 d postoperatively
30 d postoperatively
60 d postoperatively
Perineal wound infection
Clear or haemoserous discharge
Pus/purulent discharge
Deep infection with or without tissue breakdown
Postoperative perineal hernia (12 mo)
Postoperative feeling of bulge (12 mo)
Postoperative chemotherapy
Postoperative radiotherapy
Postoperative local recurrence (12 mo)
Postoperative liver/lung metastasis (12 mo)
Postoperative death (12 mo)
1

Grade 0 or Grade Ⅰ by the Southampton Wound Scoring System.

A

B

Figure 3 Laparoscopy. Laparoscopic exploration of the abdominal cavity in the patient with intestinal obstruction (the arrow shows the proximal dilated small
intestine, and the arrowhead shows the distal normal small intestine).

biological mesh group experienced the feeling of bulging.
Computed tomography at 12 mo showed that in the
modified primary closure group, the small intestine
was kept in the pelvic cavity with a clear descent of the
pelvic peritoneum. In the biological mesh group, without
suturing the pelvic peritoneum, the small intestine
was also kept in the presacral space. No obvious post
operative differences were detected in the computed
tomography scans between the two groups at 12 mo
(Figure 4).
Postoperative chemotherapy (the XELOX or FOLFOX
regimen) and radiotherapy were given to 23 and seven
patients in the modified primary closure group, as well
as 28 and 14 patients in the biological mesh closure
group, respectively (P = 0.330 and P = 0.339). In
the biological mesh closure group, local recurrence
occurred in one patient, who received only postoperative
chemotherapy with the XELOX regimen, and the patient
was subsequently treated with radiotherapy. Three
patients had minor liver metastases and were cured with
local ablative treatment. In the modified primary closure
group, minor lung metastasis and minor liver metastases
were found in two patients, respectively. Both of these

(Figure 3). The patient was healed by decompression of
the small intestine and intestinal rearrangement under
laparotomy.
In the modified primary closure group, five patients
had perineal wound infection. Within the first 10 d
postoperatively, three patients had haemoserous dis
charge from the perineal wound, and were healed fol
lowing potassium permanganate hip bath after 1 mo.
At 12 d, one patient showed purulent discharge, which
was solved after daily dressing change and thermal
therapy. At 15 d, the perineal wound broke down in
one female patient with type 2 diabetes. Debridement
and secondary suturing were performed at 33 d after
daily dressing change. Likewise, in the biological mesh
closure group, five patients had perineal wound infection
within the first 10 d (Table 3), and recovered within 60
d after appropriate treatment. No difference in infection
rate or grade was found between the two groups (P >
0.05 each). Perineal hernia is theoretically expected to
be more frequent without the placement of meshes.
However, at 12 mo postoperatively, no perineal hernia
occurred in either of the groups. Notably, four patients
in the modified primary closure group and two in the
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A

B

C

D

[14]

site hernia) . Mesh repair has the advantage of
reducing operative duration, and is therefore more cost[21]
effective compared to myocutaneous flaps . However,
it should be noted that the inertness of biomesh might
[22]
be a reason for small bowel obstruction , and synthetic
[23]
mesh carries the potential for fistula formation . By
contrast, omentoplasty with perineal closure represents
a safer approach for the reconstruction of the pelvic floor.
Owing to its rich lymphovascular supply, the mobilized
omentum in the pelvic cavity inhibits regional fluid col
lection, and hence prevents small intestine adhesion
to the pelvic floor, thus dramatically reducing related
[24]
complications . For some patients, this technique may
not apply when it is not technically feasible to mobilize
the omentum to reach the pelvic cavity, or when the
omentum has been resected previously.
The major strength of the modified primary
closure method is the reconstruction of the pelvic
peritoneum, which keeps the small intestine in the
abdominal and pelvic cavities, thus avoiding adhesion to
extraperitoneal tissues. In the present study, one case
of intestinal obstruction in the biological mesh closure
group appeared, which was caused by adhesion of the
small intestine to the pelvic floor. However, the rate of
postoperative intestinal obstruction did not show any
difference between the two groups, which is likely due to
insufficient study power. Compared with biological mesh
closure, modified primary closure reduced postoperative
hospital stay duration and total cost.
The pelvic floor is usually left open after APR due to
the concern that incomplete closure of the pelvic floor
may cause pelvic floor hernias and intestinal obstruction.
However, APR is associated with clinically significant
[23]
perineal hernias, albeit < 1% of the incidence . ELAPE
requires extensive resection of the pelvic floor, and thus
contributes to the development of perineal hernias, with
an incidence of 2.8% vs 0.8% compared to traditional
[1]
APR . As to LELAPE, perineal hernias could occur in
nearly half of the patients without reconstruction of
[25]
the pelvic floor . In LELAPE, closure of the pelvic peri
toneum is more challenging because the distal rectum
has not been removed at that time. When mobilizing
the sigmoid and rectum, the peritoneum on both sides
should be intentionally preserved for re-approximation
of the pelvic peritoneum. One possible concern is that
the intentionally preserved peritoneum may lead to
compromised oncological outcomes. However, in the pre
sent study, the oncological outcomes did not show any
difference between the two groups. The rectum should
be transected at the sigmoidorectal junction area, or
even lower if possible. A continuous suture with barbed
thread is recommended to facilitate the procedure. In
obese patients, the peripheral peritoneum should be
dissected to reduce tension. The perineal wound was
directly sutured in layers. No pelvic floor hernias and
perineal hernias occurred in all of our patients, with a
mean followup of 12 mo. With regard to patients with
rigid peritoneums after neoadjuvant radiotherapy or
large pelvic peritoneum defects, this procedure may not

Figure 4 Postoperative magnetic resonance imaging. A: Twelve-month
postoperative Sagittal CT scan in the modified primary closure group; B:
Twelve-month postoperative Sagittal CT scan in the biological mesh closure
group; C: Twelve-month postoperative Coronal CT scan in the modified primary
closure group; D: Twelve-month postoperative Coronal CT scan in the biological
mesh closure group (the arrow shows the small intestine, and the arrowhead
shows the bladder). CT: Computed tomography.

patients received local ablative treatment. No patients
died in either of the two groups.

DISCUSSION
The necessity of reconstruction of the pelvic floor after
ELAPE has been widely accepted in order to avoid
[14,15]
postoperative perineal complications
. However, the
feasibility and superiority of various methods proposed
for this reconstruction remain to be investigated. In
the present study, we compared two methods, modi
fied primary closure and biological mesh closure, in 76
patients with lower rectal cancer undergoing LELAPE.
The major findings were that modified primary clo
sure required longer reconstruction time, shorter post
operative hospital stay and was more cost-effective when
compared to biological mesh closure. No difference in
other perioperative data, long-term complications or
oncological outcomes was observed.
Various methods have been developed for perineal
wound healing after ELAPE. Of these, perineal closure
with myocutaneous flaps, biological or synthetic mesh
placement, and omentoplasty with perineal closure are
[8-12]
currently the most widely performed
. Myocutaneous
flaps can be obtained by various approaches, including
[16]
gluteal rotation/advancement flaps , inferior gluteal
[17]
artery myocutaneous island transposition flaps (IGAM) ,
transverse rectus/vertical rectus abdominis (TRAM/
[18,19]
[20]
VRAM)
, and gracilis . Myocutaneous flaps have the
benefit of delivering good perfusion and oxygenation,
thus facilitating the healing process of large perineal
defects. However, this approach requires plastic surgeons
and may cause additional complications (e.g., a donor

WJG|www.wjgnet.com

3445

August 14, 2018|Volume 24|Issue 30|

Wang YL et al . Pelvic reconstruction in LELAPE
be eligible and other reconstructive methods should be
applied.
In conclusion, based on our preliminary experience,
the modified primary closure method for reconstruction
of the pelvic floor is technically feasible, safe and costeffective. However, as the present study was retro
spective, the safety and feasibility of this method still
warrants high evidence-level research.

4

5

6

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Laparoscopic extralevator abdominal perineal excision (LELAPE) was introduced
to reduce the rate of positive circumferential margins and intraoperative
perforation, however its extensive dissection requires reconstruction of the pelvic
floor.

7

8

Research motivation

To introduce a novel modified primary closure technique of LELAPE for low
rectal cancer.

9

Research objectives

To assess the feasibility, safety and cost-effectiveness of the newly introduced
technique by comparing it with the traditional method.

10

Research methods

Data from 76 patients with rectal cancer undergoing LELAPE from March 2013
to May 2016 were retrospectively analyzed. Patients were classified into the
modified primary closure group (32 patients) and the biological mesh closure
group (44 patients). Total operating time, reconstruction time, postoperative
stay duration, total cost, postoperative complications and tumor recurrence
were compared.

11

12

Research results

The modified primary closure of the pelvic floor requires longer reconstruction
time, but total operating time was not different compared with the biological
mesh closure group. The postoperative length of hospital stay and the total
cost were both less in the modified primary closure group. No differences in
other perioperative data, long-term complications or oncological outcomes were
observed.

13

14

Research conclusions

The modified primary closure method for reconstruction of the pelvic floor in
LELAPE for low rectal cancer is technically feasible, safe and cost-effective.

15

Research perspectives

Future multicentered randomized controlled trials should be performed to
confirm the conclusions made in the present study.
16
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AIM
To elucidate tongue coating microbiota and metabolic
differences in chronic hepatitis B (CHB) patients with
yellow or white tongue coatings.

STROBE statement: The authors have read the STROBE
Statement checklist of items, and the manuscript was prepared and

METHODS
Tongue coating samples were collected from 53 CHB
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patients (28 CHB yellow tongue coating patients and
25 CHB white tongue coating patients) and 22 healthy
controls. Microbial DNA was extracted from the tongue
samples, and the bacterial 16S ribosomal RNA gene V3
region was amplified from all samples and sequenced with
the Ion Torrent PGM™ sequencing platform according
to the standard protocols. The metabolites in the tongue
coatings were evaluated using a liquid chromatographymass spectrometry (LC-MS) platform. Statistical analyses
were then performed.

between different tongue coatings, which will promote our
understanding of the TCM tongue diagnosis and facilitate
therapeutic strategies for individualized treatment.
Zhao Y, Mao YF, Tang YS, Ni MZ, Liu QH, Wang Y, Feng Q,
Peng JH, Hu YY. Altered oral microbiota in chronic hepatitis B
patients with different tongue coatings. World J Gastroenterol
2018; 24(30): 3448-3461 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i30/3448.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3448

RESULTS
The relative compositions of the tongue coating micro
biotas and metabolites in the CHB patients were sig
nificantly different from those of the healthy controls, but
the tongue coating microbiota abundances and diversity
levels were not significantly different. Compared with
the CHB white tongue coating patients, the CHB yellow
tongue coating patients had higher hepatitis B viral DNA
(HBV-DNA) titers (median 21210 vs 500, respectively, P
= 0.03) and a significantly lower level of Bacteroidetes
(20.14% vs 27.93%, respectively, P = 0.013) and higher
level of Proteobacteria (25.99% vs 18.17%, respectively,
P = 0.045) in the microbial compositions at the phylum
level. The inferred metagenomic pathways enriched in the
CHB yellow tongue coating patients were mainly those
involved in amino acid metabolism, which was consistent
with the metabolic disorder. The abundances of bacteria
from Bacteroidales at the order level were higher in the
CHB white tongue coating patients (19.2% vs 27.22%,
respectively, P = 0.011), whereas Neisseriales were en
riched in the yellow tongue coating patients (21.85% vs
13.83%, respectively, P = 0.029). At the family level, the
abundance of Neisseriaceae in the yellow tongue patients
was positively correlated with the HBV-DNA level but
negatively correlated with the S-adenosyl-L-methionine
level.

INTRODUCTION
Tongue diagnosis is a characteristic diagnostic method of
traditional Chinese medicine (TCM) with a long history.
TCM believes that the tongue is an important window
for changes in the body, which are closely related to
the zang and fu (internal organs), meridians, qi and
xue (blood) and body fluids. Therefore, changes of the
tongue can help doctors distinguish syndromes and
guide diagnoses, which has great significance for clinical
treatment via TCM. Different tongue coating colors
in TCM have different treatment principles. Tongue
diagnosis has the advantages of convenience and in
tuitiveness and represents first-hand information for
TCM doctors that should not neglected. However, the
physiological and pathological changes that contribute
to the TCM tongue diagnosis have not been elucidated.
According to TCM theory, the formation of tongue coating
is closely related to wei-qi (spleen and stomach). Reports
have noted that micro-ecological changes in the local
flora are important manifestations of pathological tongue
[1]
images . As part of the human microbiome, the oral
microbiota can interfere with the gut microbiota and
[2]
is associated with multiple diseases . The microbiota
can produce metabolites and active ingredients that
participate in the regulation of host metabolism and
immunity and is closely related to the pathological pro
cesses of many diseases. Some reports have found
abnormalities in the microbiota or metabolites in patho
[3,4]
logical tongue coatings . However, integrated analyses
of the pathological tongue coating microbiotas and
metabolites have rarely been reported. As an important
diagnostic factor, elucidating the “intension” of the ma
terial basis of tongue coatings and providing the scientific
basis for individualized treatment and clinical syndrome
differentiation have great significance in TCM.
Chronic hepatitis B (CHB) is a major infectious di
sease that may lead to liver cirrhosis and hepatocellular
carcinoma (HCC). In China, CHB is a huge health bur
den, and 60% and 80% of China’s liver cirrhosis and
HCC patients, respectively, are infected with hepatitis
[5]
B virus (HBV) . Intestinal bacteria are widely involved
in the pathogenesis of chronic liver diseases, which can
affect liver homeostasis based on energy absorption
and storage, interfere with bile metabolism, participate
[6]
in immune regulation and affect other processes .

CONCLUSION
This research illustrates specific clinical features and
bacterial structures in CHB patients with different tongue
coatings, which facilitates understanding of the traditional
tongue diagnosis.
Key words: 16S rRNA gene sequencing; metabolomics;
chronic hepatitis B; tongue diagnosis; microbiota
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tongue diagnosis has important guiding signif
icance for clinical syndrome differentiation and drug use
in traditional Chinese medicine (TCM), but lacks scientific
explanations. This study illustrates the existence of spe
cific clinical features and bacterial structure in chronic
hepatitis B (CHB) patients with different tongue coatings.
Compared with the CHB white tongue coating patients,
the yellow tongue coating patients had higher viral titers
and a significantly lower level of Bacteroidetes and higher
level of Proteobacteria in their microbial compositions at
the phylum level. This study explores the micro-features
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Some studies have shown that dysbiosis of the oral
microbiota may be involved in the development of
HBV-induced chronic liver disease. Moreover, key oralderived phylotypes may invade the gut as opportunistic
pathogens and alter the composition of the gut micro
biota, and cirrhotic patients have a more limited sali
vary defenses and worse inflammation than healthy
[7]
patients . In China, many patients with chronic liver
disease are treated with TCM, which has been reported
to decrease the incidence of liver cancer in a recent
15-year follow-up study of 21020 newly diagnosed CHB
[8]
patients . Changes in the tongue are important for TCM
[9,10]
diagnoses
, and CHB patients have different tongue
coating phenotypes, which most commonly manifested
as a yellow or a white tongue coating. These tongue
coatings lead to different treatment strategies in TCM.
Therefore, we speculate that microbiota differences
may exist between CHB patients with different tongue
coatings.
In this study, we characterize the microbiota and
metabolic compositions of CHB patients with yellow or
white tongue coatings and investigate the association
between the tongue coating microbiotas, metabolites
and host physiological indices to elucidate the differences
between CHB patients with yellow and white tongue
coatings. These results will contribute to our under
standing of the relationship between the tongue coating
appearance and the microbiota and metabolic microfeatures differences.

collection on the same day in the morning before break
fast. For tongue coating collection, all participants were
required to rinse their mouth with physiological saline
and then were photographed with the tongue diagnostic
information acquisition system in a stable light source
(Daosh Co., Shanghai, China). Sterile spoons scraped the
fixed parts of the tongue surface twice to collect tongue
coating samples, which were dissolved in sanitized
[4]
Eppendorf tubes filled with 2 mL of physiological saline .
Spare samples were stored in a -80 ℃ freezer. Blood
samples were taken for clinical analyses after an over
night fast of at least 10 h.

Biochemical measurements

Clinical and biochemical indices were determined for
each patient, including the following: (1) liver and kidney
function, including serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), γ-glutamyl transpeptidase (GGT), total bilirubin
(TBIL), direct bilirubin (DBIL), albumin (ALB), globulin
(GLB), creatinine (Cr), blood urea nitrogen (BUN) and
uric acid (UA); (2) lipid profiles, including triglycerides
(TG), total cholesterol (TC), high-density lipoprotein
(HDL) and low-density lipoprotein (LDL); (3) clotting
function, including the prothrombin time (PT); and (4)
virological indicators, including hepatitis B surface antigen
(HBsAg), hepatitis B surface antibody (HBsAb), hepatitis
Be antigen (HBeAg), hepatitis Be antibody (HBeAb),
hepatitis B core antibody (HBcAb) and the HBV-DNA
titers were determined for each patient.

MATERIALS AND METHODS

Tongue coating microbial diversity analysis

Patients

DNA extraction and PCR amplification: Microbial
DNA was extracted from the tongue samples using a
QIAGEN QIAamp DNA Stool Mini Kit (50) according
to manufacturer’s protocols. The V3 region of the bac
terial 16S ribosomal RNA (rRNA) gene was amplified
by PCR (95 ℃ for 2 min, followed by 25 cycles at
95 ℃ for 30 s, 55 ℃ for 30 s and 72 ℃ for 30 s and a
final extension at 72 ℃ for 5 min) using the primers
341F (5’-CCTACGGGAGGCAGCAG-3’) and 518R
(5’-ATTACCGCGGCTGCTGG-3’), which included a barcode
that was an eight-base sequence unique to each sample.
The PCR reactions were performed in triplicate with a
20 μL mixture containing 4 μL of 5 × FastPfu buffer, 2 μL
of 2.5 mmol/L dNTPs, 0.8 μL of each primer (5 μmol/L),
0.4 μL of KAPA HiFi Polymerase, and 10 ng of template
DNA.

All samples from this study were collected at the
Shanghai University of TCM-affiliated Shuguang Hospital
in Shanghai, the Nanjing Second Hospital and the Huai’
an Fourth People’s Hospital in Jiangsu province, People’s
Republic of China, from 2013 to 2014. The criteria used
for the diagnosis of CHB were from the “The Guidelines
for the Prevention and Treatment of Chronic Hepatitis B
(2010 version)” issued by the Chinese Society of Liver
Diseases and the Chinese Society of Infectious Diseases.
Healthy age- and gender-matched control subjects were
recruited from the Shanghai University of TCM-affiliated
Shuguang Hospital Medical Center. We excluded patients
who had been on absorbable antibiotics within the past
3 mo; were undergoing periodontal disease treatment;
had other viral liver hepatitises, liver cirrhosis, or HCC;
were pregnant or lactating women; or had other severe
primary diseases. Informed written consent was obtained
before the participants’ enrollment. This project was
approved by the IRB of Shuguang Hospital, which was
affiliated with the Shanghai University of TCM (Permit
Number: 2012-206-22-01) and conformed to the ethical
guidelines of the Declaration of Helsinki (2008).

Ion Torrent PGM™ sequencing: Amplicons were ex
tracted from 2% agarose gels, purified using the AxyPrep
DNA Gel Extraction Kit (Axygen Biosciences, Union
City, CA, United States) according to the manufacturer’
s instructions and then quantified using the Qubit
2.0 Fluorometer (Invitrogen, United States). Purified
amplicons were pooled at equimolar concentrations and
sequenced on an Ion Torrent PGM™ platform according
to standard protocols. The raw reads were deposited

Sample collection

Each subject underwent serum and tongue coating
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into the NCBI Sequence Read Archive (SRA) database
(Accession Number: SRP127002).

format and then analyzed by the XCMS program in the
R statistical language (v3.1.1) for peak identification,
filtering and alignment. For the subsequent multivariate
linear regression analysis, the XCMS results were
ultimately converted into two-dimensional data matrices
that consisted of retention time (Rt)-m/z pairs and their
peak area. The data were normalized by their sum peak
areas, and 1043 positive ion mode variables and 540
negative ion mode variables were finally obtained for the
subsequent analysis.
Metabolites driving the differences among the 3
groups were filtered with a variable importance (VIP) > 1,
a correlation P(corr) > 0.4, and a threshold of 1 using the
7-fold cross-validated partial least squares-discriminant
analysis (PLS-DA) model. By using retention time-m/z
pairs as the identifiers for each ion, we examined and
optimized the parameters individually. The possible
identities of the metabolites were first confirmed based
on their exact molecular weights (molecular weight error
< 15 ppm), followed by the comparison of their exact
molecular weight and MS/MS fragmentation patterns
to entries in the Human Metabolome Database (HMDB)
(http://www.hmdb.ca) and the METLIN (https://metlin.
scripps.edu), MassBank (http://www.massbank.jp) and
mzCloud (https://www.mzcloud.org) databases.

Processing of sequencing data: Raw FASTQ files were
demultiplexed and quality-filtered using the fastx_Toolkit
(version 0.0.13.2) with the following criteria. The 200 bp
reads were truncated at any site receiving an average
quality score < 20, and truncated reads that were shorter
than 50 bp were discarded. Operational taxonomic
units (OTUs) were clustered with 97% similarity cutoff
using UCHIME (version 7.1 http://drive5.com/uparse/),
with also identified and removed chimeric sequences.
The taxonomy of each 16S rRNA gene sequence was
analyzed using the RDP Classifier (http://rdp.cme.msu.
edu/) against the SILVA (SSU123)16S rRNA database
[11]
with a confidence threshold of 70% .

Metabolomic profiling of human tongue coating samples

Sample preparations: The tongue coating samples
were thawed on ice, and quality control (QC) samples
were made by mixing and blending equal volumes
(20 μL) of each sample. A 100 μL aliquot of the samples
was added to 500 μL of 100% methanol, which was
vibrated for 30 s and centrifuged at 15000 g for 10 min.
The supernatant was dried in a vacuum centrifuge at
30 ℃. The dried samples were dissolved in 300 μL of
water/methanol (1:1, 4 ℃) and filtered through a 0.22
μm membrane. A 3 μL aliquot of tongue coating was
injected for LC-MS analysis, and another 100 μL was
sampled for subsequent MS/MS identification.

statistical analysis

We compared the clinical difference among the 3 groups
using the Kruskal-Wallis test and the Nemenyi test was
used for post-pairwise comparisons. The HBV-DNA
titers between the CHB yellow and white tongue coating
patients and the metabolites differences between the
CHB and the healthy controls were compared using
the standard non-parametric Mann-Whitney U test.
Unsupervised principal component analysis (PCA) and
supervised PLS-DA analysis were performed using
the Simca-P software (version 13.0, Umetrics, Umea,
Sweden). The microbiota results were analyzed using
Metastats analysis, the Kruskal-Wallis test and the linear
discriminant analysis (LDA) effect size (LEfSe) method
[12]
was implemented in LEfSe v1.0 . The functionality
[13]
of the microbiota was assessed using PiCRUST
and
compared among the groups. The metabolomics enrich
ment analysis was performed using MetaboAnalyst
[14]
3.0
(http://www.metaboanalyst.ca). We correlated
the microbiota with clinical index and metabolites and
visualized the results with a Spearman’s correlation co
efficient> 0.3 and p < 0.05 in Cytoscape (version 3.6.0).

LC-MS experiments: A Waters ACQUITY UPLC system
analysis was performed on an ACQUITY UPLC® HSS T3
column (150 mm × 2.1 mm, 1.8 μm particle size; Waters
Corporation, Milford, MA, United States) for separation
of samples using a binary gradient mode. The sample
was eluted with a gradient mobile phase composed of
0.1% (v/v) formic acid/water (A) and 0.1% (v/v) formic
acid/acetonitrile (B) as follows: 0-1 min, 2% B; 1-11
min, linear increase from 2 to 50% B; 11-17 min, linear
increase from 50 to 98% B; 17-18 min, 98% B; 18-19
min, linear decrease from 98 to 2% B and 19-20 min, 2%
B. The flow rate was set to 0.3 mL/min. The column and
sample-tray temperatures were maintained at 35 and
8 ℃, respectively.
A Thermo Scientific™ LTQ XL™ mass spectrometer
(Thermo Scientific, San Jose, CA, United States) was
combined with electrospray ionization (ESI) operating in
both the negative and positive ion modes. The positive
ionization mode was operated using a spray voltage
of 4.8 kV, and the negative ionization mode used a
spray voltage of 4.50 kV. The capillary temperature
was 325 ℃, and the sheath gas and auxiliary gas were
set at flow rates of 45 and 10 L/min, respectively. The
mass scanning range was set at 89-1000 m/z in positive
ionization mode and 87-1000 m/z in negative ionization
mode.

RESULTS
Physiological characteristics

A total of 75 subjects, including 22 healthy subjects and
53 CHB patients, were enrolled in this study. Twentyeight of the 53 CHB patients exhibited a yellow tongue
coating, and 25 CHB patients exhibited a white tongue
coating; their physiological characteristics are shown in
Table 1. The ages, genders and body mass indices (BMIs)
did not significantly differ among the groups. The CHB
group had a significantly higher level of liver function,

Data processing and metabolite identification: The
raw LC-MS data files were converted into the mzXML
WJG|www.wjgnet.com
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Table 1 Physiological characteristics of the subjects
Healthy
Age
Gender, male/female
BMI (kg/m2)
Antiviral drugs (%)
Chinese herbs (%)
TBIL (μmol/L)
DBIL (μmol/L)
IDBIL (μmol/L)
ALT (IU/L)
AST (IU/L)
ALP(IU/L)
GGT (IU/L)
ALB (g/L)
PT (s)
HBV-DNA (IU/mL)
BUN (mmol/L)
Gr (μmol/L)
UN (μmol/L)
FPG (mmol/L)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
APOA-A (g/L)

34.09 ± 7.16
13/9
21.22 (16.61-25.56)
/
/
14.87 (8.29-31.62)
3.065 (1.7-6.76)
11.6 (6.3-25.7)
15 (10-34)
17.5 (11-31)
15.28 (9-52)
70.5 (35-119)
44.97 (40.89-50.77)
12.55 (11.3-13.9)
/
4.39 (2.97-6.39)
72.355 (45.1-106.67)
305.5 (201-406)
5.2 (3.96-5.63)
4.04 (0.37-6.34)
0.84 (0.37-1.91)
1.14 (0.74-1.76)
2.205 (1.38-5.04)
1.175 (0.85-1.62)

P value

CHB patients
White tongue coating
34.46 ± 9.92
21/7
23.44 (18.42-31.64)
78.60%
17.90%
12.85 (7.9-27.7)
3.9 (1.64-9.2)
8.95 (5-18.7)
28.75 (8.5-170)b
27 (12-133)b
25.8 (10.01-98)
72.7 (37.1-131)
48.7 (43.1-56.3)ad
12.7 (11.1-16.4)
500 (500-44830000)d
4.96 (2.96-8.9)
70 (27.4-96.7)
325 (207-550)
5.2 (4.29-7.09)
4.55 (3.15-6.52)
1.17 (0.58-3.31)a
1.145 (0.72-1.86)
2.27 (1.47-3.8)
1.08 (0.76-1.91)c

Yellow tongue coating
38.08 ± 9.89
17/8
23.30 (18.37-45.67)
64%
28%
17.27 (6.4-45.6)
4.8 (2.05-34.7)b
10.2 (4.2-19.6)
47 (11.1-533)c
38 (14.8-543)c
38 (8.6-274)c
76.3 (41.7-202)
46 (36.6-50.1)
13.3 (11.3-16)
21210 (500-324100000)
4.2 (2.4-7.28)
69 (35.9-83)
294 (154-429)
5.215 (4.07-15.54)
4.36 (3.1-6.74)
1.11 (0.68-2.62)a
1.07 (0.58-2.02)
2.44 (1.12-3.73)
1.02 (0.71-1.42)c

0.255
0.488
0.077
0.24
0.378
0.27
0.006
0.282
< 0.001
< 0.001
< 0.001
0.62
0.003
0.032
0.03
0.074
0.449
0.204
0.532
0.102
0.008
0.779
0.647
0.013

Quantitative results are expressed as median with minimum and maximum into brackets. The P values indicate the significance of difference among
groups, and the Kruskal-Wallis test for 3 groups and Nemenyi test were used for post pairwise comparisons. The HBV-DNA titers between the chronic
hepatitis B (CHB) yellow and white tongue coating patients were compared using the standard non-parametric Mann-Whitney U test. The antiviral drugs
usage and the Chinese herbs usage were compared between CHB yellow and white tongue coating patients using the Chi-square test. aP < 0.05 vs healthy
controls, bP < 0.01 vs healthy controls, cP < 0.001 vs healthy controls, dP < 0.05 vs CHB yellow tongue coating patients.

CHB yellow tongue coating and white tongue coating
patients, respectively (Figure 1C). Most of the tongue
coating microbiota were assigned to the Firmicutes,
Bacteroidetes, Proteobacteria, Actinobacteria and
Fusobacteria phyla (relative abundance > 1% of the total
DNA sequences, Figure 2A). In total, 112 genera were
classified, and most of the genera were present in low
abundance in the oral microbiota samples.
A Metastats analysis was used to detect differentially
abundant features at different taxon levels. Compared
with the white tongue patients, the relative abundance
of Bacteroidetes was decreased in the CHB yellow
tongue coating patients, whereas the abundance of
Proteobacteria and Gracilibacteria were increased (Figure
2B). At the family level, Neisseriaceae and Gracilibact
eria_bacterium_oral_taxon_873 were dominant in the
CHB yellow tongue coating and had prevalent differences
compared with the abundances in the healthy controls
and CHB white tongue coating patients, whereas SR1_b
acterium_canine_oral_taxon_380 was decreased. At the
genus level, Neisseria and Gracilibacteria_bacterium_or
al_taxon_873 were enriched in the CHB yellow tongue
coating samples compared with the healthy controls
and the CHB white tongue coating patients. The relative
abundance of Actinomyces, Porphyromonas, Bergeyella,
Centipeda, Alysiella, Bulleidia, Candidatus_Saccharibacter
ia_bacterium_UB2523 and Pseudoramibacter in the CHB
white tongue coating samples were significantly different

including ALT, AST and GGT activity. The CHB yellow
tongue coating patients had a trend toward higher TBIL,
DBIL, ALT, AST, ALP, GGT and PT levels. Additionally, the
HBV viral titer was significantly higher in yellow tongue
coating patients than in the white coating patients (P =
0.03), whereas the ALB level was lower in the yellow
tongue coating patients (P = 0.003).

Overview of tongue coating microbial differences
among the patients

In this study, the qualified sequences were rarefied to
9300 sequences per sample for downstream analysis.
A summary is shown in supplementary Table 1, Good’s
coverage values were high in the three groups, indicating
that the sequencing depth was sufficient for investigation.
As shown in Figure 1A show, the oral microbiota abun
dance and diversity level did not significantly differ
between the CHB patients and the healthy controls. A
PCA plot based on the OTU distributions showed that the
overall compositions of the tongue coating microbiota
were not significantly shifted by age, gender, BMI and
antiviral treatment (supplementary Figure 1). However,
the PLS-DA plot showed a clear separation between
the CHB patients and the healthy groups, and the
CHB yellow tongue coating and white tongue coating
patients were also well separated (Figure 1B). A Venn
diagram showed that 1569 OTUs were common in all
samples and that 705 and 741 OTUs were unique to the
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Figure 1 Overview of the tongue coating microbiota among groups. A: Detailed characteristics of alpha diversity; B: PLS-DA discriminant analysis plot; C: Venn
diagram based on OTUs. PLS-DA: Partial least squares-discriminant analysis; OTUs: Operational taxonomic units.

from those of the healthy controls, but no differences
were found compared to the abundances of the CHB
yellow tongue coating patients (Figure 3A). We used
LEfSe to identify the specific OTUs associated with each
group. A cladogram representative of the structure of
the tongue coating microbiotas in the CHB yellow tongue
coating and CHB white tongue coating patients and the
healthy controls is shown in Figure 3B. According to the
LDA score
LDA values (log10
> 4), the tongue coating bacteria
with advantages in the CHB yellow tongue coating

WJG|www.wjgnet.com

were Betaproteobacteria, Neisseriales, Neisseriaceae,
Proteobacteria and Neisseria, the CHB white tongue
coating samples were dominated by Bacteroidia and
Bacteroidales, and the healthy controls were dominated
by Actinomycetaceae, Actinomycetales and Actinomyces
(Figure 3C).

Predicted microbial function

The gene functions in the tongue coating microbiotas
were predicted by PICRUSt, and the results were com
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Figure 2 Taxonomic classification of the tongue coating microbiota at the phylum level. A: Taxonomic classification of the tongue-coating microbiota at the
phylum level; B: Metastats analysis of differences in the relative proportions difference at the phylum level. aP < 0.05, bP < 0.01.

pared between groups (Figure 4). Microbes with greater
relative abundances in the healthy controls had functions
that were most related to carbohydrate metabolism (fruc
tose and mannose metabolism). The microbiotas in the
white tongue coatings were more likely than those in
the yellow tongue coatings and healthy controls to have
functionality related to renetic information processing,
including the level-2 functionality of replication and repair
(DNA replication proteins, homologous recombination
and mismatch repair) and transcription (transcription ma
chinery, ribosome and translation factors). In contrast,
the microbiotas in the yellow tongue coatings were
probably related to amino acid metabolism (alanine
aspartate and glutamate metabolism, arginine and
proline metabolism, cysteine and methionine meta
bolism, lysine biosynthesis, phenylalanine tyrosine and
tryptophan biosynthesis, phenylalanine metabolism,
tyrosine metabolism and valine leucine and isoleucine
biosynthesis), membrane transport (bacterial secretion
system and secretion system) and cell motility (bacterial
motility proteins).

the groups well, the supervised PLS-DA model was used
for further analysis and resulted in good separation
of the CHB patients and healthy volunteers, however,
the CHB yellow tongue coating and the white tongue
coating patients were not completely distinguished
(supplementary Figure 2B). A total of 21 endogenous
compounds were obtained with a VIP > 1 and P(corr)
> 0.4 in the PLS-DA model (Table 2). The presence of
6 compounds differed between the CHB patients and
healthy subjects (P < 0.05), and these compounds
were mainly involved in histidine metabolism and me
thylhistidine metabolism (P < 0.05, Supplementary
Figure 3). The metabolites were not significantly different
between the CHB yellow and white tongue coating
patients, but the number of amino acid metabolites was
greater in the CHB yellow tongue coating patients than in
the white tongue coating patients.

Associations of the tongue coating microbiotas with
metabolites and clinical indices

To better understand the relationships among the tongue
coating microbiota, metabolites and clinical indicators,
we performed a correlation analysis of the differential
microbiota at the family level with the metabolites and
clinical indicators and constructed the related network
(|correlation r| > 0.3, P < 0.05). The abundance of

Metabolites in the tongue coatings

The typical total ion chromatograms (TICs) of the
samples run in positive ion modes are shown in supple
mentary Figure 2A. Because the PCA did not distinguish
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Figure 3 The most differentially abundant taxa in the chronic hepatitis B yellow and white tongue coating patients. A: Comparison of the relative abundance
at the bacterial family and genus levels, the marks of significance from left to right in parentheses are the CHB yellow tongue coating patients vs the healthy controls,
the CHB yellow tongue coating patients vs the CHB white tongue coating patients and the CHB white tongue coating patients vs the healthy controls. aP < 0.05, bP < 0.01,
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WJG|www.wjgnet.com

3455

August 14, 2018|Volume 24|Issue 30|

Zhao Y et al . Microbiota and metabolites of tongue coatings
H

W

Y

level2 Amino Acid Metabolism
level3 Function unknown
level3 Secretion system
level3 Bacterial motility proteins
level2 Genetic Information Processing
level3 Oxidative phosphorylation
level3 Arginine and proline metabolism
level2 Neurodegenerative Diseases
level3 Inorganic ion transport and metabolism
level3 Ribosome Biogenesis
level3 Lipid biosynthesis proteins
level3 Valine leucine and isoleucine biosynthesis
level3 Bacterial secretion system
level3 Translation proteins
level3 Replication recombination and repair proteins
level1 Human Diseases
level3 Glutathione metabolism
level3 Glycerophospholipid metabolism
level3 Alanine aspartate and glutamate metabolism
level3 Cell division
level3 Other transporters
level3 Tyrosine metabolism
level2 Metabolism of Other Amino Acids
level3 Cysteine and methionine metabolism
level3 Metabolism of xenobiotics by cytochrome P450
level3 Drug metabolism cytochrome P450
level3 Lysine biosynthesis
level3 Phenylalanine metabolism
level3 C5 Branched dibasic acid metabolism
level3 Alzheimers disease
level3 Lipid metabolism
level3 Huntingtons disease
level3 Phenylalanine tyrosine and tryptophan biosynthesis
level3 Renal cell carcinoma
level3 Retinol metabolism
level1 Genetic Information Processing
level2 Replication and Repair
level2 Metabolism of Cofactors and Vitamins
level2 Translation
level3 Ribosome
level3 Energy metabolism
level3 Pyrimidine metabolism
level2 Enzyme Families
level2 Metabolism of Terpenoids and Polyketides
level3 DNA replication proteins
level3 Transcription machinery
level3 Mismatch repair
level3 Translation factors
level3 Terpenoid backbone biosynthesi
level3 Homologous recombination
level3 Cell cycle Caulobacter
level3 Peptidoglycan biosynthesis
level2 Cell Growth and Death
level3 Other glycan degradation
level3 Carbohydrate Metabolism
level3 Fructose and mannose metabolism
level3 Protein Kinases
level3 Drug metabolism other enzymes
level3 Selenocompound metabolism
level2 Infectious Diseases
level3 Carbohydrate meatbolism
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         0.5
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       1.5

2.0

   2.5

3.0

LDA SCORE (log10)

Figure 4 Linear discriminant analysis scores of the enriched microbial functions in the healthy-controls (Red), chronic hepatitis B white tongue coating
patients (Green) and chronic hepatitis B yellow tongue coating patients (Blue). LDA: Linear discriminant analysis.
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C5H9NO2
C5H11NO2
C6H13NO2
C6H13NO2
C5H4N4O
C6H6N2O2
C6H14N2O2
C5H9NO4
C5H11NO2S
C5H4N4O2
C9H11NO2
C7H14N2O3
C6H13N3O3
C9H11NO3
C13H10O
C11H12N2O2
C12H24O3
C8H15NO6
C7H14N2O4S
C15H22N6O5S
C10H13N5O5

Formula

83.3392
120.7915
194.3545
212.576
154.305
132.3225
64.124
76.6581
131.208
183.102
277.369
205.364
77.3246
204.441
882.111
338.856
906.316
82.3978
836.2685
66.1963
230.687

Rt
(min)
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]+
[M+H]-

Type

C00327
C00082
C06354
C00078
C08317
C03878
C02291
C00019
C00387

C00148
C00183
C00123
C00123
C00262
C00785
C00047
C00025
C00073
C00385
C00079

KEGG
compounds
1.04
1.07
1.15
1.07
1.07
1.00
1.01
1.04
1.16
1.01
1.17
1.07
1.16
1.17
1.19
1.03
1.12
1.02
1.10
1.02
1.01

VIP
-0.68
-0.76
-0.81
-0.81
-0.80
-0.78
-0.72
-0.75
-0.80
-0.73
-0.82
-0.70
-0.74
-0.81
0.81
-0.74
0.72
-0.39
0.67
0.79
0.02

P

(corr)
0.134
0.081
0.069
0.029
0.039
0.044
0.683
0.159
0.144
0.151
0.069
0.078
0.216
0.095
< 0.001
0.23
< 0.001
0.936
0.24
0.029
0.824

1.473
1.608
1.641
1.715
2.218
2.587
1.510
1.955
1.543
2.058
1.534
1.548
1.486
1.512
0.752
1.940
0.697
0.942
0.919
0.888
0.763

FC

CHB VS H

P value
1.01 (0.13-12)
2.92 (0.82-17.97)
5.55 (0.43-30.81)
8.9 (0.02-44.58)
0.42 (0.01-6.93)
0.62 (0.07-4.46)
0.08 (0.05-0.28)
0.14 (0.02-1.17)
1.08 (0.01-7.21)
0.09 (0-2.91)
6.72 (0.83-24.15)
0.07 (0-1.1)
0.12 (0-1.28)
2.63 (0.33-11.35)
0.25 (0.16-0.3)
0.57 (0.09-3.63)
10.81 (8.25-16.18)
0.04 (0-0.46)
0.48 (0.31-0.79)
9.98 (8.09-12.77)
3.02 (0.55-14.19)

Healthy
3 (0.16-20.14)
3.98 (1.13-38.65)
7.23 (1.23-58.36)
14.65 (2.89-84.8)
1.31 (0.05-17.87)
0.93 (0.08-12.84)
0.08 (0.03-0.81)
0.2 (0-2.99)
1.74 (0.13-10.21)
0.24 (0-4.93)
11.07 (1.84-51.35)
0.15 (0-0.84)
0.14 (0.01-1.7)
4.36 (0.71-22.15)
0.19 (0.1-0.3)
0.74 (0.07-12.67)
7.3 (0.08-12.49)
0.07 (0-0.34)
0.48 (0.2-0.81)
9.2 (4.71-12.09)
2.98 (0-10.27)

CHB
White tongue coating
3.88 (0.09-15.28)
7.44 (1.08-31.3)
13.28 (0.22-45.18)
21.6 (0.44-61.98)
2.46 (0.01-14.33)
1.93 (0.08-13.92)
0.08 (0.03-0.65)
0.39 (0-2.52)
2.26 (0-9.75)
0.47 (0-4.75)
13.1 (0.31-36.18)
0.19 (0-1.38)
0.3 (0-1.38)
5.67 (0.1-16.28)
0.18 (0.07-0.25)
1.11 (0.1-9.81)
7.61 (0.08-14.08)
0.07 (0-0.44)
0.43 (0.22-0.66)
8.58 (4.98-14.58)
3.52 (0-10.89)

CHB
Yellow tongue coating

Chinese medicine theory believes that tongue demonstration is a window of body change and that the oral microbiome is an integral part of the whole body’s microbiome.
[15]
[16]
[17]
[18]
Indeed, an increasing number of studies have found that many diseases, including atherosclerosis , rheumatoid arthritis , diabetes and liver cirrhosis , are accompanied
by disorder of the oral and intestinal microbiotas. Although the oral and gut communities share little taxonomic resemblance, the oral and intestinal microflora have general
[19]
[20]
[21]
dynamic characteristics , the oral bacterial populations seed the gut , and the observed bacterial structures in the oral cavity or intestine can predict each other . Because
tongue diagnosis has the advantages of intuition and simplicity, some scholars have recently discovered the importance of the tongue image for the diagnosis and prognostic
[22,23]
[24]
prediction of diseases
. The oral microbiota varies according to the different sampling sites with a high diversity , but as the tongue texture and tongue color form an
[25]
important basis for diagnosis and treatment in TCM . The treatments adopted for patients with white and yellow tongue coatings are different, thus, the tongue coating oral
microbiotas were selected for analysis in our study, and the samples were grouped by the color of the tongue coating.
The complex and dynamic interactions between microbes and hosts are very important for maintaining homeostasis because microbiome dysbiosis may interact with the
[26]
host’s immune system and influence the degree of hepatic steatosis, inflammation and fibrosis . Our recent study found that the gut microbiota was significantly altered in

DISCUSSION

Neisseriaceae, which was the dominant bacterial family in the CHB yellow tongue coating, was positively correlated with the serum HBV-DNA, TC, L-leucine, hypoxanthine,
urocanic acid and methionine levels but negatively correlated with thebenzophenone and S-adenosyl-L-methionine levels. Another relatively abundant member of the
microbiota in the CHB yellow tongue coating (Gracilibacteria_bacterium_oral_taxon_873) was positively correlated with the guanosine and BUN levels but negatively correlated
with the S-adenosyl-L-methionine level (Figure 5).

L-Proline
L-Valine
L-Isoleucine
L-Leucine
Hypoxanthine
Urocanic acid
L-Lysine
Glutamate
Methionine
Xanthine
L-Phenylalanine
Glycyl-Valine
Citrulline
L-Tyrosine
Benzophenone
L-Tryptophan
12-Hydroxylauric acid
N-Acetyl-D-glucosamine
L-cystathionine
S-adenosyl-L-methionine
Guanosine

Metabolites

Table 2 Metabolites detected in the tongue coatings
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L-cystathionine
L-Proline

L-Phenylalanine
L-Tryptophan

Glycyl-Valine
L-Isoleucine

benzophenone
Urocanic acid
HBV-DNA
Hypoxanthine
f Neisseriaceae

N-Acetyl-D-glucosamine
f Campylobacteraceae
L-valine
f Mycoplasmataceae
Xanthine

L-Leucine
L-Tyrosine Citrulline
Methionine

TC

Glutamate

S-adenosyl-L-methionine

f Gracilibacteria bacterium oral taxon 873
f Porphyromonadaceae
BUN
ALB

Guanosine

Figure 5 Associations of the tongue coating microbiotas with metabolites and clinical indices. Correlations were detected, and the indices with Spearman’s
correlation coefficients > 0.3 were visualized in Cytoscape. Triangles represent clinical indicators, arrows represent metabolites and dots represent oral microbial
families. If the correlations are negative, the connecting line is blue; if the correlation is positive, the connecting line is red. The line thickness represents the size of the
correlation coefficient.
[27]

CHB patients with low Child-Pugh scores . Evidence
is accumulating that the intestinal microbiome has
good clinical prospects as a target for the treatment
of chronic liver disease. Chinese scholars transplanted
the intestinal flora of healthy volunteers into HBeAgpositive CHB patients with long-term antiviral treatment,
and this approach showed a good effect on HBeAg
[28]
seroclearance . However, few studies have been
performed on the oral microbiotas in CHB patients. In one
[29]
of the limited reports, Ling et al noted the decreased
diversity of the oral microbiotas in supragingival plaque
samples from patients with HBV-induced chronic liver
disease. However, in this study, the richness and diversity
of the tongue coating did not differ between the CHB
[30]
patients and healthy controls. Ren et al used 16S rRNA
gene pyrosequencing and metagenomic sequencing to
examine oral microbial compositions and their functional
variations in children with halitosis. They found that the
tongue coatings of the subjects with halitosis had greater
bacterial richness than those of the healthy subjects, but
the number of OTUs and the Chao levels were slightly
lower in the saliva samples from the subjects with
halitosis than in the healthy subjects. The microbiotas
among individuals and habitats are highly personalized in
[31]
the oral cavity . Therefore, we concluded that the data
differences in data might be due to the use of different
sampling sites.
Taxonomic and predicted function differences were
found between the CHB yellow and white tongue coating
patients in the LEfSe analysis. The CHB yellow tongue
coating patients had specific clinical and microbiota cha
racteristics that were distinct from those of the white
coating patients. First, the CHB patients with yellow
tongue coatings had significantly higher viral titers but
lower ALB levels than the white coating patients (P <

WJG|www.wjgnet.com

0.05). The remaining indicators of liver function, including
TBIL, DBIL, ALT, AST, ALP, GGT and PT, exhibited
elevated trend in the CHB yellow tongue coating patients.
Because a yellow tongue is an important indicator for the
diagnosis of CHB damp heat syndrome, the results are
consistent with studies showing that the CHB damp-heat
[32]
syndrome patients have higher ALT and AST levels ,
which indicats that these patients have greater liver
damage. The correlation analysis between bacteria and
metabolites also confirmed this outcome. The relatively
dominant bacterial families in the CHB yellow tongue
coating (Neisseriaceae and Gracilibacteria_bacterium
_oral_taxon_873) were negatively correlated with the
S-adenosyl-L-methionine level. S-adenosyl-L-methionine,
which is also known as SAM or AdoMet, is a donor in
the methylation reactions of all mammalian cells but is
found most abundantly in the liver. Patients with chronic
liver disease have reduced AdoMet levels, and reduced
hepatic AdoMet levels can contribute to the development
of oxidative stress, steatohepatitis, and hepatocellular
[33]
carcinoma (HCC) . In addition, according to TCM, a
yellow tongue coating is a manifestation of TCM hot
Syndrome, which has been reported to be involved in
inflammation or an immune regulation imbalance in
[34,35]
[3]
the host
. Jiang et al compared the yellow and
white tongue coating microbiomes with those of gastritis
patients and found that yellow dense tongue coating
bacteria were associated with TCM hot syndromerelated inflammation such as halitosis, tonsil infection
and periodontal inflammation. Therefore, we therefore
hypothesized that the patients with CHB yellow tongue
coatings might have had more inflammation, although
this speculation requires further confirmation. Second,
the yellow tongue coating subjects showed similarities
at the phylum level with a gut disorder in patients
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has a wide range of applications in the treatment of CHB. Tongue diagnosis
has important guiding significance for clinical syndrome differentiation and
drug use in TCM, but lacks scientific explanations. Some reports have found
abnormalities in the microbiota or metabolites in pathological tongue coatings.
However, integrated analyses of the pathological tongue coating microbiotas
and metabolites have rarely been reported. Elucidating the tongue coatings
micro-features differences will promote our understanding of the TCM tongue
diagnosis and facilitate therapeutic strategies for individualized treatment.

with cirrhosis, which was manifested as a reduced
abundance of Bacteroidetes and increased Proteobac
[18,26,36]
teria content
. The LEfSe analysis suggested
that Neisseriaceae was enriched in the yellow tongue
coating patients and was positively correlated with the
serum HBV-DNA level. Ling’s research reported that
members of Neisseriaceae were significantly more
abundant in the oral microbiota of liver cirrhosis patients
[29]
[37]
than in those of CHB patients . Lv et al
found that
Neisseriaceae, which are opportunistic pathogens, were
enriched in primary biliary cirrhosis (PBC) patients. Third,
according to the LDA score, the inferred metagenomic
pathways that were enriched in the CHB yellow tongue
coating patients were mainly those involved in amino
acid metabolism, and the detected metabolites were
mainly essential amino acids, including L-proline,
L-valine, L-isoleucine, L-leucine, L-lysine, glutamate
and L-tryptophan, and were generally present in larger
amounts trend in the yellow tongue coatings. The re
lationship between amino acid metabolism and the CHB
patients with yellow tongue coatings is unclear, and
relevant literature reports are limited. However, one report
noted that people with the TCM damp-heat syndrome
people with HBV-related chronic liver diseases, whom
mainly manifested yellow greasy tongue coatings, had
increased leucine, phenylalanine and valine expression
[38]
in urinary metabolomic studies , which indirectly ex
plained the severe disordered amino acid metabolism in
CHB patients with the yellow coating. Finally, this study
found that membrane transport (secretion system) and
cell motility (bacterial motility proteins) were enriched in
the yellow coatings, which indicated that the CHB yellow
coating patients might be more susceptible to bacterial
colonization. The functional analysis of tongue coating
flora and metabolites in CHB white tongue coating
patients lacked correspondence, the underlying reason
might be the microbiotas functionality in the CHB white
tongue coating patients were most likely related to
genetic information processing, which association with
metabolites is relatively little.
Tongue diagnosis is a simple, non-invasive and valu
able procedure that has been repeatedly verified by
TCM clinical practitioners. We found that the yellow and
white tongue coatings of CHB patients had microbiota
compositional and functional differences in this study,
but the sample sizes were small. In the future, we will
expand the sample size to verify the results of this study.
In addition, we will focus on the relationship between
changes in the oral and intestinal microbiota in dif
ferent tongue coating patients and explore the effects
of oral microbiota variance on immunity and metabolic
alterations in the body to further explain the modern
theoretical mechanism of TCM tongue diagnosis. These
studies will facilitate the development of therapeutic
strategies for individualized treatment.

Research motivation

The motivation of this study was to explore the microfeatures of different tongue
coatings, which could promote our understanding of the TCM tongue diagnosis
from a modern perspective.

Research objectives

The objective of this research was to elucidate tongue coating microbiota and
metabolic differences in CHB patients with yellow or white tongue coatings.

Research methods

We collected tongue coating samples from 28 CHB yellow tongue coating
patients and 25 CHB white tongue coating patients, and an additional 22
samples were collected from healthy controls. The tongue coating bacterial
16S ribosomal RNA gene V3 region was amplified and sequenced with the Ion
Torrent PGM™ sequencing platform. The metabolites in the tongue coatings
were examined using a LC-MS platform. The microbiota results were analyzed
using Metastats analysis, the Kruskal-Wallis test and LEfSe analysis. The
functionality of the microbiota was assessed using PiCRUST and compared
among groups. The metabolomics enrichment analysis was performed with
MetaboAnalyst 3.0 (http://www.metaboanalyst.ca). We correlated the microbiota
with the clinical indices and metabolites and visualized the results with
Spearman’s correlation coefficients > 0.3 and P < 0.05 in Cytoscape.

Research results

This study found taxonomic and predicted function differences between the
CHB yellow and white tongue coating patients. Distinct from those of the white
coating patients, the CHB yellow tongue coating patients had specific clinical
and microbiota characteristics. The microbiota of the CHB patients with yellow
tongue coatings had similarities with a gut disorder in patients with cirrhosis at
the phylum level, which manifested as a reduced abundance of Bacteroidetes
and increased Proteobacteria content. Neisseriaceae, which is a dominant
bacterial family enriched in yellow tongue coating patients, was positively
correlated with the serum HBV-DNA level. The inferred metagenomic pathways
enriched in the CHB yellow tongue coating patients were mainly those involved
in amino acid metabolism, whereas the detected metabolites were mainly
essential amino acids and generally were present in larger amounts than in the
white tongue coatings.

Research conclusions

We found that the yellow and white tongue coatings of CHB patients had
microbiota compositional and functional differences in this study.

Research perspectives

The sample size in this study was small. In the future, we will expand the
sample size to further verify the results and focus on the relationship between
changes in the oral and intestinal microbiotas to explore the effects of oral
microbiota variance on immunity and metabolic alterations in the body. These
studies will further explain the modern theoretical mechanism of TCM tongue
diagnosis.
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Heterotopic gastric mucosa (HGM) in the rectum is an
extremely rare clinical entity which may be missed or
misdiagnosed due to a lack of knowledge. In the present
study, a 14-year-old girl visited our hospital due to a 5-year
history of repeated hematochezia. Colonoscopy showed
a solitary superficial depressed lesion approximately 5 cm
in size and a concomitant 1.5 cm deep diverticulum in the
rectum. Histological examination of the endoscopic biopsy
showed typical ectopic gastric mucosa in the depressed
lesion and inside the diverticulum. Narrow band imaging
further confirmed the histological results. Endoscopic
ultrasound indicated that the lesion originated from the
mucosal layer, and partially involved the submucosal layer.
Endoscopic submucosal dissection was performed in this
patient due to the large size and shape of the lesion.
No bleeding, perforation or other adverse events were
observed. The presence of HGM in the diverticular cavity
greatly increased the surgical difficulty. A literature review
was also carried out in our study.
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awareness. In addition, our therapeutic approach using
endoscopic submucosal dissection (ESD) which, to our
knowledge, has been rarely reported.

mucosa

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

CASE REPORT

Core tip: Heterotopic gastric mucosa (HGM) in the rec
tum is an extremely rare clinical entity with unclear
pathogenesis and no standard guidelines regarding op
timal treatment. We present a patient with HGM and
a concomitant diverticulum in the rectum, indicated its
endoscopic ultrasound and narrow band imaging cha
racteristics. Endoscopic submucosal dissection (ESD) was
performed in this patient due to the large size and shape
of the lesion. This is the first report of the resection of
HGM and a concomitant diverticulum by ESD. A literature
review was also carried out to investigate the clinical
characteristics, diagnosis and management of HGM in the
rectum.

A 14-year-old girl visited our hospital due to a 5-year
history of repeated hematochezia. The bleeding episodes
occurred intermittently without abdominal pain, mucous,
pus or other symptoms. Her medical and family history
was unremarkable. Carbohydrate antigen (CA) 19-9 was
61.2 U/mL (normal range 0-37 U/mL), hemoglobin was
116 g/L (normal range 113-151 g/L) and stool occult
blood examination was weakly positive. Other laboratory
examinations were normal. Abdominal computed tomo
graphy (CT), gastroscopy, and capsule endoscopy (CE)
revealed no obvious GI lesions. A technetium-99m (Tc99m) pertechnetate scan for Meckel’s diverticulum and
other sites of ectopic gastric mucosa was normal. On
rectal examination, the patient had no anal fissures,
hemorrhoids or fistulae.
At colonoscopy, a solitary superficial depressed le
sion, approximately 5 cm in size, with a diverticular
cavity was identified in the posterior wall of the lower
part of the rectum proximal to the dentate line of the
anal canal. The lesion was well-circumscribed, covering
1/3 of the circumference of the enteric cavity. Mucosa in
the lesion appeared hyperemia and erythematous, with
nodule changes. The tissue in the border of the lesion
was slightly raised. The diverticulum was located in the
anal side of the lesion, and was 1.5 cm deep and 2 cm
in diameter. The mucosa was similar to the surrounding
tissue. Histological examination of the endoscopic biopsy
showed typical ectopic gastric mucosa in the depressed
lesion and inside the diverticulum. Intestinal metaplasia,
dysplasia, malignancy and colonization by H. pylori
were not observed. Thus, the diagnosis of this rare
entity was made on the basis of histological findings.
Narrow band imaging (NBI) examination further con
firmed the histological results. By means of NBI-magni
fying endoscopy examination, it could visualize the
microsurface and microvascular architecture immediately.
In this case, the NBI result showed the major gastric
fundic-type mucosa (honey comb microvascular, small
round microsurface) and focal pyloric-type mucosa (coiled
microvascular, polygon microsurface) which lined the
rectal mucosa. Endoscopic ultrasound (EUS) showed that
the lesion originated from the mucosal layer, and partially
involved the submucosal layer. Thickening of the mucosal
layer with hypoechoic changes was observed in the
intestinal wall of the lesion.
Although treatment with proton pump inhibitors or
H2 receptor blockers may ameliorate the symptoms, we
decided to remove the lesion by endoscopic resection
due to repeated bleeding. As a result of its endoscopic
features, ESD was performed in order to ensure complete
resection. Unlike the routine ESD procedure used in a
lateral spreading tumor (LST), the presence of the diver

Chen WG, Zhu HT, Yang M , Xu GQ, Chen LH, Chen HT. Large
heterotopic gastric mucosa and a concomitant diverticulum in the
rectum: Clinical experience and endoscopic management. World
J Gastroenterol 2018; 24(30): 3462-3468 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i30/3462.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i30.3462

INTRODUCTION
Heterotopic gastric mucosa (HGM) is the most commonly
reported epithelial heterotopia and has been described
as heteroplasia in organogenesis or metaplasia during
[1]
the repair of damaged epithelium . Although HGM may
be congenital or acquired, the true pathogenesis of this
condition remains unclear. HGM has been reported to be
ubiquitous throughout the gastrointestinal (GI) tract from
the oral cavity to the anorectum and can also involve
the pancreas, biliary tract, gallbladder, scrotum, and
[2]
mediastinum . In the GI tract, HGM is predominantly
observed in the esophagus, duodenum, Meckel’s diver
[3]
ticulum, and in gastrointestinal duplication . HGM in the
rectum is an extremely rare clinical entity, which may be
missed or misdiagnosed due to a lack of knowledge. To
the best of our knowledge, only 50-100 cases of HGM
in the rectum have been reported in the literature since
[4]
the first description by Ewell and Jackson in 1939 . The
majority of these patients were from Europe and North
America.
In this report, we present the case of a young girl
with a large 5 cm HGM in the rectum. Interestingly, a
diverticular cavity 1.5 cm deep was found which was
also lined with HGM. We report our clinical experience of
this patient followed by a review of the recent literature
on this entity. The clinical characteristics, endoscopic
findings, diagnosis, treatment, and the relationship with
Helicobacter pylori (H. pylori) infection and neoplastic
transformation were analyzed to enhance physician
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Figure 1 Endoscopic imaging. A and B: The lesion was observed by colonoscopy in the normal/reverse position; C: The slightly raised border, hyperemia and
erythematous, nodule changed mucosa in the depressed lesion; D: Diverticulum in the heterotopic gastric mucosa lesion.

ticulum greatly increased the technical difficulties. After
the lesion was marked with a dual knife, a mixture of
glycerol fructose solution, indigo carmine and epinephrine
were injected into the submucosal layer. The lifting sign
was positive in this lesion which indicated that the muscu
laris propria was not involved. A circumferential incision
was then performed. The submucosal dissection was
started from the peripheral margin to the base of the
diverticulum. When the dissection reached the anal side
of the lesion near the anal canal, lidocaine was injected
into the submucosal layer to relieve anal pain. Due to
the narrow space in the diverticular cavity, ESD could
not be accomplished. At the base of the diverticulum,
piecemeal resection with snare was performed. In order
to reduce residual HGM in the diverticulum, argon plasma
coagulation (APC) was carried out in the interior of the
diverticulum. Due to the hypervascular characteristics
of the rectum, the full extent of the wound was carefully
inspected, and a hemostatic clamp was used to manage
the remnants of vessels. Finally, the lesion was resected
without bleeding, perforation or other adverse events.
Histological evaluation of the resected specimen revealed
ectopic gastric mucosa of the fundic-type.
This study was approved by the Ethics Committee
and Institutional Review Board of the First Affiliated
Hospital, College of Medicine, Zhejiang University, Hang
zhou, China. Informed consent was obtained from the
patient, and the record/information of the patient was
anonymized and de-identified prior to analysis (Figures
1-5).

WJG|www.wjgnet.com

DISCUSSION
HGM has been reported to occur throughout the ali
mentary tract, but is mainly detected in the upper eso
phageal sphincter and is easily ignored by endoscopists
if the gastroscope is withdrawn quickly without care.
The incidence of HGM in the esophagus varies widely
from 0.1% to 13.8% and HGM in the duodenum varies
[5]
from 0.5% to 8.9% in published series . HGM of the
large bowel is infrequent, and is mostly reported in the
rectum. Due to the limited number of patients, there is
a lack of epidemiological studies and published data on
HGM of the rectum. In a review of published reports,
males were more commonly affected, and patients were
[6,7]
predominantly children and adolescents . Several
hypotheses have been proposed to explain the origin
of HGM, and false differentiation of pluripotent primitive
endoderm stem cells is the most plausible and accepted
hypothesis. Errors during embryonic development or
metaplasia of rectal mucosa following mucosal injury are
[8]
other mechanisms for the development of HGM .
The clinical presentation of HGM varies and depends
on lesion size and location, and most are secondary to
hydrochloric acid secretion. More than 90% of reported
[9]
cases in the rectum were symptomatic . The most
common symptom was rectal bleeding, which also oc
curred in our case. Bleeding is usually painless, slight,
intermittent and of varying duration. Other common
symptoms include abdominal pain, diarrhea, tenesmus,
perianal ulceration, anal pruritus, fistula, and bowel
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Figure 2 Narrow band imaging examinations. NBI showed that the lesion mainly consisted of gastric fundic-type mucosa with focal pyloric-type mucosa (1: Pylorictype mucosa; 2: Fundic-type mucosa; 3: Rectal mucosa). NBI: Narrow band imaging.

In general, most lesions are found within the mucosal
layer, and may involve the submucosal layer. EUS images
have indicated a hypoechoic pattern change, and several
small anechoic areas may be detected due to dilated
[15]
gastric-type glands, which are characteristic of HGM .
Thickening of the mucosal layer can also be seen in EUS
images. NBI and NBI-magnifying endoscopy are useful
tools for the diagnosis of HGM and can differentiate
gastric-type glands from the intestinal mucosa. To our
knowledge, this case is also the first report of the use of
NBI in HGM of the rectum. NBI clearly showed gastric
fundic-type and pyloric-type mucosa lining the rectum
and helped us to make a definitive diagnosis.
For the diagnosis of HGM in the rectum, histopatho
logical examination is the gold standard and provides
fragments of rectal mucosa coexisting with gastric
mucosa. In a literature report, fundic-type mucosa was
the most common histologic type of HGM, and was
characterized by oxyntic features other than antral- or
[16]
transitional-type . Histopathology in our case also
mainly showed fundic-type mucosa. Tc-99m pertech
netate abdominal scintigraphy is important in the
diagnosis and localization of ectopic gastric mucosa,
especially in Meckel’s diverticulum. In the study by
[17]
Sciarra et al , the sensitivity of Tc-99m scintigraphy
ranged from 50% to 91%, which may have depended
on the location and size of the heterotopic tissue. Our
patient had a negative result with no increased uptake
of foci in the GI tract. In addition to NBI, confocal laser
endomicroscopy (CLE) is a new endoscopic tool that
allows magnification of 1000 times with the aid of a
miniaturized confocal microscope inserted into the
biopsy canal of a conventional endoscope. Through highresolution and high-magnification assessment, it can
provide images that can reliably predict histology without
[18]
the need for biopsies . Thus, HGM in the rectum may
be correctly detected using CLE.
No current guidelines regarding the optimal treatment
of HGM in the rectum are available due to reported
sporadic cases. By the inhibition of gastric acid secretion,
H2 receptor blockers or proton pump inhibitors may
ameliorate or eliminate symptoms caused by HGM in

Figure 3 Endoscopic ultrasound examinations. Endoscopic ultrasound
indicated that the lesion originated from the mucosal layer and partially involved
the submucosal layer.

perforation. The report by Federico Iacopini showed
that patients with specific anorectal symptoms were
significantly younger than asymptomatic patients or
patients with nonspecific abdominal symptoms and were
[10]
frequently pediatrics (≤ 18 years) .
Endoscopically, HGM usually appears as an inlet
patch in the proximal esophagus, a nodular mass in the
duodenum, or a line in the interior of Meckel’s diverti
[11]
culum . In the rectum, HGM lesions may be identified
as ulcers, polyps, diverticula, and flat or depression
lesions with a reddish-appearance. HGM mimicking a
[12]
rectal submucosal tumor has also been reported .
Our patient, who had a 5 cm superficial depressed
lesion and a concomitant 1.5 cm deep diverticulum, is
the first reported case with this condition. The lesion
was well-circumscribed with a slightly raised border
and hyperemia, erythematous, and nodule altered
mucosa. In most reported cases, the HGM lesion in the
large intestine was solitary. Murray described a girl with
repeated episodes of rectal bleeding due to HGM in the
[13]
rectum, sigmoid colon, ascending colon, and cecum .
HGM is generally localized in the right posterior wall of
[14]
the rectum and more than 5 cm above the anal verge .
EUS can provide valuable information for the diagnosis
of HGM and can indicate the appropriate management.
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Figure 4 Endoscopic submucosal dissection of heterotopic gastric mucosa. A: Lesion marker; B: Submucosal layer injection; C: Circumferential incision; D:
Dissection in the diverticular cavity; E: Piecemeal resection with a snare; F: Wound management.

A

B

Figure 5 Histological examinations. Histologically, the specimen resected by endoscopic submucosal dissection showed ectopic gastric mucosa of the fundic-type.

the rectum. In most reported cases, rectal bleeding was
successfully treated with proton pump inhibitor therapy
and ulcer healing was achieved. However, recurrence
can develop following the cessation of therapy and
medication has failed to resolve heterotopic mucosa. In
[19]
the surveillance report by Sauer et al , macroscopically
the size of the lesion was unchanged after 4 mo of acid
inhibition. Therefore, medical therapy relieves symp
toms only in the short-term and could be used, to some
extent, before definitive HGM excision. Endoscopic re
section or surgical excision is generally considered the
treatment of choice and has resulted in complete relief
following removal of the HGM. Conventional endoscopic
interventions such as endoscopic snare resection (poly
[20]
pectomy or endoscopic mucosal resection ) and ablation
with APC are indicated in HGM patients mimicking
polyps and small superficial lesions. ESD, enables en

WJG|www.wjgnet.com

bloc resection of superficial lesions especially in early GI
cancer and LST, and could also be used in the treatment
of HGM. To date, HGM in the rectum treated with ESD
[10,12]
has been reported in only 2 cases
. Surgery is
another definitive treatment and can achieve complete
resection of the lesion. However, given the concerns
related to this benign entity, excessive surgery should be
viewed with great caution, and would be the preferred
approach in HGM with rectal duplication or serious
complications such as major gastrointestinal bleeding,
perforation, abscess or fistula, and for lesions following
failed endoscopic resection.
In the present study, ESD was performed in our
patient due to the large size and shape of the lesion.
The presence of HGM in the diverticular cavity greatly
increased the surgical difficulty. In addition, gastric
acid secreted by HGM can induce chronic gastritis and
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ulcerative complications that may lead to submucosal
fibrosis and further influence the submucosal dissection.
Lesion marker and submucosal layer injection were
performed used a dual knife as in conventional ESD. We
attempted dissection from the oral side and anal side
separately to the base of the diverticulum to the best of
our ability. Based on our previous experience, lidocaine
was injected into the submucosal layer in order to relieve
anal pain during dissection of the rectum near the anal
canal due to its rich nerve supply. En bloc resection
could not be completed due to the narrow space in the
diverticulum, and piecemeal resection with a snare was
feasible. Finally, endoscopic ablation of the lesion with low
wattage APC was performed to manage possible residual
HGM in the interior of the diverticulum. The lesion should
be resected completely if possible as residual HGM
can produce gastric acid and induce repeated delayed
hemorrhage of the wound. This is the first reported case
of the resection of a large HGM lesion and a concomitant
diverticulum in the rectum treated by ESD. Histological
result revealed ectopic gastric mucosa of the fundictype. No pyloric-type gastric mucosa was detected which
was not in accordance with the results of NBI. This may
have been due to less focal tissue of pyloric-type gastric
mucosa in comparison with fundic-type gastric mucosa
in the piecemeal resected lesion, the sampling or cutting
site of the histological biopsy.
Recently, more and more new issues related to HGM
in the rectum have been addressed. Many studies have
reported the potential progression to malignancy in the
esophagus and gallbladder. The risk and possibility of
intestinal metaplasia, dysplasia and malignant progression
to adenocarcinoma in the rectum have been incompletely
[21]
evaluated. The study by Ko et al examined a case of
colonic adenocarcinoma arising from gastric heterotopia,
which was the first case report in the literature. The
colonization of H. pylori in rectal gastric heterotopic
mucosa has been noted. In the review by Jarosław
Swatek of 50 rectal gastric heterotopic mucosa patients,
[22]
H. pylori was present in six patients . It is of interest
to note that H. pylori passed through the whole GI tract
to the rectum. H. pylori infection may have resulted
in chronic active gastritis, ulceration or bleeding in
the rectum. Thus, in cases associated with H. pylori,
eradication treatment should be prescribed as the first
[23]
therapeutic option .
In summary, heterotopic gastric mucosa of the rec
tum is a very rare clinical entity which mainly presents as
chronic painless rectal bleeding. The pathogenesis of this
condition is unclear. The definitive diagnosis of HGM relies
on histopathological examination. Endoscopy techniques
such as NBI and CLE could help in the diagnosis of
HGM without the need for biopsies. Endoscopic re
section is thought to be the first-line treatment and
surgical excision may be preferred in some patients.
Further investigations on the pathogenesis, malignant
transformation, H. pylori infection, and optimal treatment
are necessary.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

A 14-year-old girl visited our hospital due to a 5-year history of repeated
hematochezia.

Clinical diagnosis

Heterotopic gastric mucosa (HGM) and a concomitant diverticulum in the
rectum found through colonoscopy examination.

Differential diagnosis
Ulcerative colitis.

Laboratory diagnosis

CA 19-9 was 61.2 U/mL, hemoglobin was 116 g/L, and stool occult blood
examination was weakly positive. Other laboratory results were close to normal.

Imaging diagnosis

At colonoscopy, a solitary superficial depressed lesion, approximately 5 cm in
size, with a diverticular cavity was identified in the rectum. Abdominal computed
tomography revealed no obvious gastrointestinal lesions.

Pathological diagnosis

The pathology test confirmed the diagnosis of HGM.

Treatment

Endoscopic submucosal dissection.

Related reports

To the best of our knowledge, this is the first report of large HGM lesion and
a concomitant diverticulum in the rectum treated by endoscopic submucosal
dissection (ESD).

Term explanation

HGM is the most commonly reported epithelial heterotopia and has been
described as heteroplasia in organogenesis or metaplasia during the repair of
damaged epithelium.

Experiences and lessons

ESD is thought to be the safe and efficient treatment for HGM.
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Locoregional treatments (LRT) represent a broad
strategy used for reducing the risk of drop-off and
contextually improving the survivals in patients with
hepatocellular cancer receiving a liver transplantation
(LT). However, it is not sufficiently clear if LRT are
only a surrogate of tumor aggressiveness or if they
consent a real benefit in terms of tumor stabilization. A
recent study by Pommergaard et al reported the results
from the European Liver Transplant Registry. Patients
receiving LRT before LT had better 5-year survival rates
respect to no-LRT cases (69.7% vs 65.8%; P < 0.001).
When the number of LRT was tested, one-to-two
treatments were connected with improved survivals
respect to no treatment [hazard ratio (HR) = 0.85
and 0.71, respectively]. The efficacy of LRT was also
reported in the presence of larger tumors (HR = 0.78)
and micro-macrovascular invasion (HR = 0.71). The
results observed in the present study are partially in
discordance with other analyses showing a detrimental
effect of LRT. The main problem in the interpretation
of these results is connected with the possible initial
selection biases present in the studies. The most
recent guidelines suggest to perform LRT before the
transplant, but the level of evidence is typically low due
to the absence of prospectively designed studies.
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(4 mo vs 1.7 mo; P < 0.001) and the median MELD
score was higher in the directly transplanted subjects
(12 vs 10; P < 0.001). Overall, patients receiving LRT
before LT had better 5-year survival rates respect to
no-LRT cases (69.7% vs 65.8%; P < 0.001). When
the different treatment types were investigated, the
use of radiofrequency ablation (RFA) had the strongest
association with an improved overall survival [hazard
ratio (HR) = 0.51]. The beneficial effect was also
observed in case of the combination of RFA and transarterial chemo-embolization (TACE) (HR = 0.74).
Several sub-analyses were also done. As for the number
of LRT performed, one-two treatments were connected
with improved survivals respect to no treatment (HR =
0.85 and 0.71, respectively). On the opposite, three or
more treatments showed no association (HR = 1.11).
When a subclass of HCCs being larger (> 3 cm) or
with more nodules (> 5 lesions) was examined, LRT
maintained their protective role for the risk of death (HR
= 0.78). In this context, RFA, TACE or combined RFA
+ TACE all were significantly associated with improved
survival (HR = 0.54, 0.81, and 0.60, respectively).
Stratifying the entire population according to the
underlying liver status (cirrhosis vs non-cirrhotic liver),
in case of HCC on cirrhosis LRT were also protective (HR
= 0.86).
In the presence of pathological micro-macrovascular
invasion, the effect of LRT was strong (HR = 0.71). Both
RFA and TACE (HR = 0.54 and 0.69, respectively) were
associated with improved survival.

Core tip: The role of locoregional treatments in the
setting of hepatocellular cancer and liver transplantation
is controversial. On one side, neoadjuvant approaches
should consent a selection of tumor aggressiveness. On
the other side, a real survival improvement thanks to the
tumor ablation should be achieved. Recent evidences
report an effective beneficial role of locoregional
strategies in terms of survival and recurrence. However,
several biases must be taken into account in these
studies, due to the heterogeneous characteristics of
treated vs untreated subjects. Further studies are need
with the intent to clarify this important topic.
Lai Q, Di Martino M, Lucatelli P, Mennini G. Locoregional
therapy response in patients with hepatocellular cancer waiting
for liver transplantation: Only selection or biological effect?
World J Gastroenterol 2018; 24(31): 3469-3471 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i31/3469.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i31.3469

INTRODUCTION
Liver transplantation (LT) represents the gold-standard
treatment in patients with unresectable hepatocellular
[1]
cancer (HCC) developed on underlying cirrhosis .
Unfortunately, LT represents a scarce resource, mainly
[2]
due to the limited number of available donors . Thus,
in patients awaiting LT, disease burden may progress
beyond the conventional LT criteria while on the waiting
[3]
list . Several strategies have been adopted with the
intent to alleviate the risk of drop-out due to tumor
progression: for example, Model for End-Stage Liver
Disease (MELD) exception points are routinely used in
[4]
several regions in the presence of T2 HCCs . Another
widespread strategy is the use of locoregional treatments
(LRTs) as a neo-adjuvant strategy with the intent to
[5]
bridge patients to LT or downstage patients initially
[6]
outside transplantation criteria .
Response to LRT has been correlated with improved
[7,8]
post-LT survival rates in several studies . However,
it is not sufficiently clear if LRTs are only a surrogate of
tumor aggressiveness, efficaciously selecting patients
with favorable tumor biology, or if they are beneficial
concerning tumor stabilization, mainly in case of complete
or partial response.

PERSPECTIVE
The role of LRT in the setting of HCC and LT has not been
fully clarified, mainly in light of the potential detrimental
effects of repetitive treatments. For example, a recent
meta-analysis performed on 1122 TACE patients showed
an increased risk of post-LT hepatic artery complications
[10]
(odds ratio = 1.57; P = 0.02) . Another study from
the US performed on 3601 patients all meeting the
Milan Criteria, showed that the increasing number of LRT
significantly predicted post-LT recurrence (3 LRTs: HR
[5]
= 2.1; P < 0.001; 4 + LRTs: HR = 2.5; P < 0.001) .
Interestingly, LRT patients achieving complete response
had superior 5-year recurrence-free survivals when
compared with untreated cases or LRT subjects not
achieving complete response (72% vs 69% vs 67%;
[5]
respectively) . The here described study performed
on a large population of European HCC cases showed
the beneficial role of LRT, mainly in case of RFA use.
Moreover, the repetitive number of treatments was
not connected with worse results. LRT maintained
their protective role for the risk of death even when
larger tumors or harmful clinical conditions like vascular
invasion were investigated. It is difficult to definitively
clarify if the LRT only select low-risk HCC, or if their
ability of tumor burden zeroing should also have some
impact regarding survival improvement. It is clear that

STUDY ANALYSIS
In a recent Issue on Transplant International, Pommergaard
[9]
et al reported the results of a multicentric study based
on the European Liver Transplant Registry (ELTR) and
focused on the use of LRT in HCC patients undergoing
LT. A total of 4978 patients (no LRT = 1406, 28.2%;
LRT = 3572, 71.8%) were enrolled. As expected,
the median waiting time was longer in the LRT group
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the response after LRT is a robust predictor of post-LT
course. A recent large multicentric European study based
on 2103 HCC patients identified the poor radiological
response after LRT as one of the most important
predictors for the risk of low intention-to-treat benefit
[11]
after transplant . Another multicentric European study
performed on 276 cases all treated with LRT showed that
an HCC-related remaining vital tissue in the main lesion
≥ 2 cm at pathological assessment after LT was a strong
independent risk factor for post-LT recurrence (HR = 5.6;
[12]
P < 0.001) . All of these results have been positively
recognized by the recent European Association for the
Study of the Liver (EASL) guidelines, in which it is stated
that “in LT candidates with HCC, the use of pre-transplant
(neoadjuvant) loco-regional therapies is recommended
if feasible, as it reduces the risk of pre-LT drop-out and
aims at lowering post-LT recurrence - particularly when
[13]
complete or partial tumour response are achieved” .
Unfortunately, although the strength of recommendation
for this statement is strong, the scientific evidence is low,
clearly underlining the lack of prospectively designed
studies. More researchers are needed, with the intent to
better explore the role of LRT concerning intention-totreat survivals.
Moreover, we should remember the critical impact
that local allocation rules and waiting time duration may
play on the role and the effect of LRT. As an example,
in the United States most HCC patients wait for at
least six months from the diagnosis before having
the opportunity to be transplanted. More studies also
focused on these aspects are surely needed.
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Helicobacter pylori : a foodborne pathogen?
Nicoletta C Quaglia, Angela Dambrosio
widespread in the human population and is sometimes
responsible for some of the most common chronic
clinical disorders of the upper gastrointestinal tract
in humans, such as chronic-active gastritis, duodenal
and gastric ulcer disease, low-grade B-cell mucosa
associated lymphoid tissue lymphoma of the stomach,
and gastric adenocarcinoma, which is the third leading
cause of cancer death worldwide. The routes of
infection have not yet been firmly established, and
different routes of transmission have been suggested,
although the most commonly accepted hypothesis is
that infection takes place through the faecal-oral route
and that contaminated water and foods might play an
important role in transmission of the microorganism to
humans. Furthermore, several authors have considered
H. pylori to be a foodborne pathogen because of
some of its microbiological and epidemiological
characteristics. H. pylori has been detected in drinking
water, seawater, vegetables and foods of animal origin.
H. pylori survives in complex foodstuffs such as milk,
vegetables and ready-to-eat foods. This review article
presents an overview of the present knowledge on
the microbiological aspects in terms of phenotypic
characteristics and growth requirements of H. pylori ,
focusing on the potential role that foodstuffs and water
may play in the transmission of the pathogen to humans
and the methods successfully used for the detection of
this microorganism in foodstuffs and water.
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Core tip: To date, the transmission routes and
reservoirs of Helicobacter pylori (H. pylori ) are topics of
debate. Epidemiological evidence and the occurrence
of H. pylori in foods of animal origin, vegetables
and water corroborate the hypothesis advanced by
numerous authors that H. pylori may be a foodborne
pathogen. The present review is focused on the

Abstract
Helicobacter pylori (H. pylori ) is an organism that is
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evidence supporting the role of foods and water in the
transmission of H. pylori to humans and on the methods
for detecting the pathogen in foodstuffs and water.

particularly its transmission pathways to humans and
reservoirs, are largely unknown, although multiple routes
[3,18-20]
of transmission have been suggested
. The current
literature suggests that the transmission of H. pylori
occurs from person to person via the oral-oral, faecaloral, and gastric-oral routes and that the infection dose
[6,21]
for humans is low
. H. pylori may be a sex-transmitted
[22,23]
pathogen
and may lead to fibrocystic breast
[24]
changes . The oral cavity can be primarily colonized
by H. pylori, and this can be linked to later gastric
[25]
infection . Faecal-oral transmission has more important
implications than oral-oral transmission because H. pylori
may occur in food and water supplies subsequent to
[26]
faecal contamination . Furthermore, several authors
have considered H. pylori to be a foodborne pathogen
because of its microbiological and epidemiological
[6,10,27-31]
characteristics
. Information on the distribution of
H. pylori in water, vegetables and foods of animal origin is
critical in determining its potential transmission in foods.
This review article presents a brief overview of the
present knowledge on the microbiological characteristics
of H. pylori in terms of its phenotypic characteristics and
growth requirements, focusing on the potential role that
foodstuffs and water may play in the transmission of this
pathogen to humans and the methods for isolating and
detecting this microorganism in foodstuffs and water.

Quaglia NC, Dambrosio A. Helicobacter pylori: A foodborne
pathogen? World J Gastroenterol 2018; 24(31): 3472-3487
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i31/3472.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i31.3472

INTRODUCTION
The first isolation of Helicobacter pylori (H. pylori) in
[1,2]
1982 by Marshall and Warren
marked a turning point
in understanding gastrointestinal microbial ecology and
[3]
disease . Following the initial scepticism regarding
the aetiologic importance of this organism, it is now
recognized that infections with H. pylori are linked to
some of the most common chronic clinical disorders of
[4]
the upper gastrointestinal tract in humans . In fact,
H. pylori has been acknowledged as a major cause of
chronic-active gastritis and is associated with duodenal
and gastric ulcer disease, low-grade B-cell mucosaassociated lymphoid tissue lymphoma of the stomach
[5]
(MALToma) , and gastric adenocarcinoma, which is
[4,6,7]
the third leading cause of cancer death worldwide
.
Furthermore, H. pylori has been linked to a variety of
extra-gastric disorders, including coronary heart disease,
dermatological disorders such as rosacea and idiopathic
urticaria, autoimmune thyroid disease, thrombocytopenic
[8]
purpura, and iron deficiency anaemia .
Human infection by H. pylori is a great public health
hazard because H. pylori colonizes the gastric mucosa
[9-12]
of approximately half of the world’s population
.
The infection is usually acquired in infancy and early
childhood, and it is long lasting, often remaining for the
[13]
entire lifespan . The prevalence of H. pylori shows
large geographical variation, with infection rates much
higher in developing countries (in some areas > 85%)
than in Europe and North America (approximately
[14,15]
30%-40%)
. In various developing countries,
more than 80% of the population is H. pylori positive,
[16]
even at young ages . The prevalence of H. pylori in
industrialized countries generally remains under 40%
and is considerably lower in children and adolescents
than in adults and elderly people. A comparison of
prevalence rates by age suggests that the acquisition
of H. pylori is decreasing in recent cohorts, and this
finding is most apparent in developed countries and
may be linked to improvements in hygiene practices.
Furthermore, it has been estimated that between two
and 20 percent of people infected with H. pylori develop
[17]
peptic ulcer disease .
Although H. pylori can cause severe illnesses with
a high rate of morbidity and mortality, the complex
interactions between this microbe and humans,

WJG|www.wjgnet.com

LITERATURE SEARCH
A PubMed search was conducted using the following
keywords and phrases: “Helicobacter pylori, Helicobacter
pylori and food, Helicobacter pylori and milk, Helicobacter
pylori and water, VBNC, survival of Helicobacter pylori”. In
addition, we performed a manual review of the reference
lists of the primary and review articles to ensure
identification of all relevant articles.

MICROBIOLOGICAL CHARACTERISTICS
Phenotypic characteristics

H. pylori was originally thought to be a species belonging
to the genus Campylobacter and was first named
Campylobacter pyloridis, which was later corrected
[32]
to Campylobacter pylori (C. pylori) . Because subse
quent 16S rRNA sequence analysis showed that the
distance between the species belonging to the genus
Campylobacter and C. pylori was sufficient to exclude C.
[33]
pylori from this genus , it was renamed Helicobacter
[34]
pylori , the first member of the new genus Helicobacter.
H. pylori organisms are spiral or curved bacilli
ranging from 0.3 to 1.0 μm in width and 1.5 to 10.0 μm
in length; they are gram-negative and assume a rod-like
[34]
shape when cultured on solid medium . Furthermore,
after prolonged in vitro culture and under adverse
environmental conditions, such as an insufficient supply
of nutrients, desiccation, lack of protection against
oxygen, and exposure to antimicrobial agents, H. pylori
can survive entering the viable but non-culturable
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(VBNC) state, changing its rod-like shape to a coccoid
[35-37]
shape
.
When this morphological change occurs, H. pylori
is unable to grow on agar plates using conventional
[38-40]
cultivation methods
.
Bacteria in the VBNC state maintain their metabolic
activity, pathogenicity and ability to return to active
[41,42]
regrowth conditions
. For H. pylori, the ability to
return to active regrowth conditions has not yet been
proven. Nevertheless, the aptitude of H. pylori to
overcome stressed conditions is very significant for public
[29]
health , even if the role of VBNC in the transmission of H.
pylori, especially by food and water, is still controversial.
H. pylori is motile and usually possesses four to six
unipolar-sheathed flagella, which may be an adaptation
[3,43]
to survive in gastric juices
.

characterized by strong urease activity and is negative
for hippurate and nitrate reduction, characteristics that
discriminate it from species belonging to the genus
[29]
Campylobacter .

EVIDENCE SUPPORTING THE ROLE OF
FOODS IN TRANSMISSION OF H. pylori
TO HUMANS
Since 1997, when the transmission of H. pylori through
water and foods was hypothesized for the first time,
several studies have evaluated the survival and the
presence of this microorganism in different foodstuffs
(tables 1 and 2).
One of the most important topics supporting this
thesis was the phylogenetic proximity of H. pylori to C.
jejuni, which led to the hypothesis that the transmission
pathways described for the latter could also be applied to
[27]
H. pylori . Several investigators have also considered
H. pylori a foodborne pathogen based on some of its
[27,28,30]
epidemiological characteristics
such as the high
prevalence of infection within closed family groups
[48]
and among individuals living in institutions . These
aspects suggest that in addition to direct transmission,
this bacterium may be transmitted indirectly through a
common source, such as through consumption of the
[26]
“same foods at the same table” . The finding that the
prevalence of H. pylori infection is greater in geographical
areas in which the hygienic conditions of life are poor also
[30,49]
supports this hypothesis
.
Additional indirect evidence of the transmission
of H. pylori to humans through foods of animal origin
has been provided by epidemiological studies on the
presence of antibodies in slaughterhouse workers and
in veterinary workers. The incidence rates in these
workers were positive and were greater than those in
[50,51]
workers who had no direct contact with carcasses
(figure 1).
Foods presenting intrinsic factors, such as aw higher
than 0.97 and pH ranging from 4.9 to 6.0, could
[30,52]
theoretically provide conditions for H. pylori survival
.
Therefore, data on survival ability may be more
important than concerns about the growth of the
microorganism in foods when determining the role of
[53]
foods in H. pylori transmission to humans .

Growth requirements

Since the discovery of H. pylori, bacterial culture has
been used as a routine diagnostic test and is considered
the gold standard. H. pylori culture is recommended
for performing antibiotic susceptibility testing if primary
resistance to clarithromycin is higher than 20% or after
[44]
failure of second-line treatment . Despite the long
use of bacterial culture, to date, there are no defined
media for the selective culture of H. pylori because of its
fastidious nature with particular growth requirements of
atmosphere, nutrient-rich media, high humidity (98%),
[3,44]
and long incubation time (5-7 d)
.
H. pylori is a capnophilic organism that requires
an atmosphere with a high level of CO2 (from 5% to
10%). It has been considered a microaerophile, but the
concentration of O2 required for its growth is still a topic
[44]
of discussion .
H. pylori requires a complex culture substrate (solid
or liquid) with some forms of supplementation, such
as whole sheep or horse blood, haemoglobin, serum,
[45,46]
coal, yeast, or yolk emulsion
, which may serve as
nutritional substrates. These supplements also detoxify
[7]
the medium and protect the microorganism .
Furthermore, if isolation is attempted from samples
with basic microbial flora, it is necessary to make the
media selective through supplementation of several
[47]
antibiotics .
Growth in liquid media is enhanced by agitation,
which allows gas dispersion and incubation in a CO2-rich
[31,47]
atmosphere
.
H. pylori grows within a temperature range of 30 ℃
to 37 ℃, with optimum growth at 37 ℃, but is not able
[43]
[29]
to grow at 25 ℃ . At 42 ℃, growth is variable .
Similar to C. jejuni, H. pylori survives longer at 4 ℃
than at room temperature, and it grows within a pH
range of 4.5 to 7.3, with optimum at pH 5.5. H. pylori
grows well in the presence of 0.5% and 1% NaCl but
not of 2% NaCl. The minimum water activity (aw) for
growth is between 0.96 and 0.98. These data suggest
that this microorganism is most likely not able to grow
[47]
in many types of food .
H. pylori is catalase and oxidase positive; it is also
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Survival of H. pylori in foodstuffs

Several studies have demonstrated the survival of H.
pylori in water, milk, ready-to-eat foods, vegetables,
pasteurized apple and orange juices, ground beef and
[26,53-60]
dry fermented sausages
(table 1).
H. pylori is able to survive in artificially contaminated
milk stored at 4 ℃ for several days (from 5 to 9 d in
pasteurized milk and from approximately 6 to 12 d in
[26,53,54,56]
sterile milk)
. These findings corroborate the
hypothesis that post-processed contaminated milk
may play a more effective role than other foods in the
transmission of H. pylori infection due to the intrinsic
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Table 1 Studies evaluating the survival of Helicobacter pylori in artificially contaminated foods
Year
1998
2001

2000

2002

2004

2007
2010
2011
2017

Food

Method

Observations

Ref.

10 d at 4 ℃
Fan et al[54]
3 d at 25 ℃
Pasteurized milk water tofu, tofu,
Bacterial count on tryptic soy agar, from 5 to 7 d in pasteurized milk, tofu
Poms et al[26]
yogurt, lettuce and chicken
non-selective Wilkins-Chalgren
and water tofu at 4 ℃
for up to 2 d in lettuce and raw
Anaerobe blood agar and selective
chicken at 4 ℃
Wilkins-Chalgren Anaerobe blood
for up to 1 d in yogurt at 4 ℃
agar
Ground beef packaged in vacuum and Bacterial count on H. pylori special
6 d in ground beef packaged in air at Stevenson et al[55]
air
peptone agar
4℃
3-6 d in ground beef packaged in
vacuum at 4 ℃
3 d in ground beef packaged in air and
in vacuum at -18 ℃
Ground beef, sterile milk, and apple Bacterial count on brain heart infusion
7 d in ground beef at 4 ℃
Jiang et al[56]
11 d in irradiated ground beef at 4 ℃
and orange juices
agar and horse serum
6 d in sterile milk at 4 ℃
1 d in apple and orange juice at 4 ℃
Sterilized milk

Bacterial count on chocolate agar

Bacterial count on Helicobacter special
peptone agar and Columbia blood
agar
Sterile milk and pasteurized milk
Bacterial count on Wilkins-Chalgren
anaerobe agar
Spinach
Bacterial count on brucella blood agar,
Wilkins-Chalgren anaerobe blood agar
Traditional Turkish fermented sausage Bacterial count on Wilkins-Chalgren
(sucuk)
anaerobe blood agar
Spring onion, cabbage, lettuce and Bacterial count on non-selective Blood
spinach
base agar with 5% horse blood
Lettuce and carrots

[53]

characteristics of this organism . It is well known that
H. pylori’s ability to survive in an acidic pH environment
[3]
is urea dependent , and because urea is present in
[61]
milk , the urea-dependent acid resistance of H. pylori
may account for the long-term survival of H. pylori in
[47]
this foodstuff . Moreover, the microorganism is able to
survive in milk for longer than the best-before date on
an open milk package, making milk a possible source
of transmission of this microorganism to humans. In
fact, although the H. pylori load contaminating milk
under natural conditions is unknown (although it is
presumably lower than that used in vitro), the infection
dose for humans is low; thus, even a small number of H.
pylori cells surviving in foods may represent a potential
[53]
health hazard for consumers .
Other studies have been conducted on the survival
of microorganisms in other more complex foodstuffs.
H. pylori survives for approximately 7 d in ground
[55,56]
beef at 4 ℃, up to 3 d at -18 ℃
and for only 2 d in
[26]
prepacked boneless, skinless chicken thighs . Vacuum
packaging has no impact on survival time. However,
if the high level of background bacteria present in the
ground beef is eliminated, survival time increases to
[55]
an undetectable level (< 10 cfu/g) within 11 d . The
fate of H. pylori during the fermentation process of
a traditional Turkish fermented sausage (sucuk) was
investigated. The results of this study showed that
the microorganism could survive and grow during the

WJG|www.wjgnet.com

and 25 ℃
3 d in lettuce at 8 ℃
5 d in sterilized carrot at 8 ℃
3 d in sanitized carrot at 8 ℃
12 d in sterile milk at 4 ℃
9 d in pasteurized milk at 4 ℃
6 d at 8 ℃

Gomes et al[57]

Quaglia et al[53]
Buck et al[58]

7d

Guner et al[59]

3 d in spring onion, lettuce and
spinach
4 d in cabbage stored at 4 ℃

Ng et al[60]

fermentation process of sucuk (22 ℃ for 7 d). A possible
explanation is that some fermentation products, such
as protein degradation compounds and CO2, might
have been used by this pathogen and that indigenous
bacteria might have created a microenvironment
[59]
suitable for H. pylori growth . In contrast, H. pylori
[26]
is not able to survive in yogurt
or pasteurized fruit
[56]
juice because its growth is hampered by the acidic pH
[62,63]
and organic acids from lactic acid bacteria growth
.
Survival time in vegetables is shorter: 3 d in sanitized
lettuce and carrot stored at 8 ℃, 4 d in sterilized carrot
[57]
and 5 d in carrot packaged in a modified atmosphere .
A possible explanation could be the not-robust nature
of this bacterium that on the surface of vegetables
is exposed to oxygen and desiccation as opposed to
what happens in liquid food and the presence of a high
load of natural bacterial flora. Moreover, H. pylori is
able to survive in contaminated vegetables despite the
abovementioned adverse conditions, as it is able to
[60]
form biofilms . However, a study on the survival of H.
pylori in artificially contaminated spinach showed that
this bacterium is able to survive for up to 6 d in VBNC
forms that are still viable and can maintain its virulence
[58]
factors despite its lack of cultivability .

Occurrence of H. pylori in foodstuffs

Based on these findings, several studies have attempted
to prove the occurrence of H. pylori in foodstuffs (table
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Phylogenetic proximity to Campylobacter jejuni

High prevalence of infection within close family
groups and among individuals living in institution

High level of anti H. pylori antibodies in
slaughterhouse workers and in veterinary workers

Helicobacter pylori

High prevalence of infection in geographical areas
in which the hygienic conditions of life are poor
and where there is lack of potable water

Survival in water and in the aquatic
system within a biofilem

Infected family members, improper food
handing and consumption of the "same
foods at the same table"

Contact with animal reservoirs

Living in a house with a lack of internal
water pipes, use of well or river water,
use of a latrine, less frequent boiling of
drinking water and little hand washing
after use of the bath and before meals

Occurence in foods and water
Improper food handling
Survival in foods of animal origin,
vegetables and ready-to-eat foods

Figure 1 Evidence supporting the role of foods and water in the transmission of Helicobacter pylori to humans. In light blue is the epidemiological evidence
supporting the hypothesis that H. pylori is a foodborne and/or a waterborne pathogen; in orange are the risks factors for H. pylori infection. H. pylori: Helicobacter
pylori.

failed to detect H. pylori in cow and sheep raw milk in
the United States, Turkey and Italy, respectively, by PCR
and bacteriological analysis.
The attempts to culture H. pylori from the majority
of PCR-positive samples may have been unsuccessful
for several reasons: the low number of contaminating
bacteria in milk samples, the presence of VBNC forms
that are not detectable by conventional microbiological
culture-based protocols, and the relatively long period
of storage before analysis, which could have affected
the vitality of the few H. pylori cells present in the
[37,67,71]
contaminated samples
.
Studies on the detection of H. pylori in food products
other than milk are quite rare. H. pylori was isolated
in 25%, 37%, 22%, 28% and 14% of cow, sheep,
[70]
goat, buffalo and camel meat samples and in 1.42%
and 12.5% of hamburger and minced beef samples,
[76]
respectively . H. pylori DNA was detected in 36% and
44% of raw chicken and ready-to-eat raw tuna meat
[77]
samples, respectively . Furthermore, Hemmatinezhad
[78]
et al
analysed 550 samples of ready-to-eat foods,
detecting H. pylori in 74% of samples; olive salad
(36%), restaurant salad (30%), fruit salad (28%) and
soup (22%) were the most commonly contaminated.
[79]
Additionally, Ghorbani et al recovered H. pylori in 60
out of 300 ready-to-eat food samples (20%), including
ready-to-eat fish (15%), ham (8.33%), chicken
sandwiches (5%), vegetable sandwiches (18%), meat
sandwiches (10%), and minced meat (32%).
Few reports have addressed the occurrence of
H. pylori in vegetables. In two surveys conducted in
Iran, many of the vegetables analysed were positive
[80]
for the presence of this microorganism: 13.72%

2). To the best of our knowledge, the first report about
the presence of H. pylori in sheep milk was prompted
by the observation that Sardinian shepherds with direct
animal contact had a higher prevalence of infection
[64]
than did their same-household siblings . H. pylori
was isolated in 1 out of 38 PCR-positive raw sheep milk
samples and in one out of 6 PCR-positive sheep gastric
[65]
tissue samples .
After these findings, H. pylori has rarely been
[66-69]
isolated from raw milk samples
. Bacteriological
isolation of H. pylori occurred in one sample of raw cow
milk out of 13 PCR-positive samples during a survey
[66]
conducted in Japan . It was also isolated in 4 samples
[67]
of raw cow milk out of 20 samples analysed in Greece
and in Iran in 2 samples of raw sheep milk out of 11
PCR-positive samples and in 1 raw buffalo milk out of
[68]
[69]
15 PCR-positive samples . Afterward, Mousavi et al
[70]
and Saedi et al
reported a higher prevalence of H.
pylori in raw cow, sheep, goat, buffalo and camel milks
in Iran than that previously mentioned.
Furthermore, only a few studies have been carried
out on the occurrence of H. pylori in dairy products
other than milk. For example, in the survey of Mousavi
[69]
et al , 30% of Iranian traditional cheese, 15% of
cream, 5% of butter and 27% of ice cream samples
all made from unpasteurized milk were positive for H.
pylori.
Compared to the few bacteriological isolations,
the prevalence of H. pylori DNA is higher depending
on the sensitivity of the method employed and the
[65,66,68,71-73]
target gene
. Conversely, these findings were
not confirmed in the studies conducted by Jiang and
[56]
[74]
[75]
Doyle , Turutoglu et al and Bianchini et al , which
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Table 2 Studies evaluating the occurrence of Helicobacter pylori in foods
Year

Food

Method

Number of samples n

2001

Raw sheep milk

Culture and PCR

63 raw sheep milk

2002

Raw and pasteurized
cow milk

2002
2008

Raw sheep milk
Raw goat, sheep, and
cow milks

2008

Raw chicken and readyto- eat raw tuna

2011
2012

Raw cow milk
Raw cow, sheep, goat,
buffalo and camel milks

2014

Milk and traditional
dairy products

2014

Vegetables and salad

2014

Washed and unwashed
vegetables
Raw cow, sheep, goat,
buffalo and camel milks

2015

2015
2015
2016

Raw cow milk
Raw cow milk
Raw cow, sheep, goat,
buffalo and camel milks
and meats
Ready-to-eat food

2016
2016

Ready-to-eat food and
minced meat

Culture and PCR

550 ready-to-eat food

Culture and PCR

60 ready-to-eat fish
60 ham
40 chicken sandwich
40 vegetable sandwich

2017

Hamburger and minced Culture and nested PCR
meat

[81]

and 9.56%
analysed.

50 meat sandwich
50 minced meat
80 hamburger
70 minced-meat

of the vegetables and traditional salads
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Observations

60% PCR positive samples
2.6% culture positive
samples
Semi nested PCR, culture
18 raw cow milk
Raw milk: 72.2% semi-nested
method and electron
PCR positive samples; 1
microscopy
culture positive sample
20 pasteurized milk
Pasteurized milk: 55% seminested PCR positive samples
Culture
440 raw sheep milk
0% positive samples
Nested-PCR
160 raw goat milk
25.6% positive goat milk
130 raw sheep milk
33% positive sheep milk
110 raw cow milk
50% positive cow milk
Multiplex PCR
11 raw chicken
36% positive raw chicken
18 ready-to-eat raw tuna
44% positive ready-to-eat
raw tuna
FISH
20
20% positive samples
PCR
75 raw cow milk
16.00% positive cow milk
58 raw sheep milk
13.79% positive sheep milk
42 raw goat milk
4.76% positive goat milk
20 raw buffalo milk
13.33% positive camel milk
15 raw camel milk
20.00% positive buffalo milk
Culture and PCR
120 raw cow milk
16.6% positive cow milk
100 raw goat milk
28% positive goat milk
100 raw sheep milk
35% positive sheep milk
80 raw buffalo milk
15% positive buffalo milk
60 raw camel milk
13.3% positive camel milk
60 raw donkey milk
0% positive donkey milk
100 cheese
30% positive cheese
100 butter
15% positive cream
100 cream
5% positive butter
100 ice cream
27% positive ice cream
Culture and PCR
60 salad
16.6% positive salad
40 basil
12.5% positive basil
40 radish
7.5% positive radish
40 leek
20% positive leek
80 spinach
6.25% positive spinach
80 lettuce
13.75% positive lettuce
120 parsley
6.6% positive parsley
Culture and PCR
430 washed and unwashed 13.72% positive vegetables
vegetable
and salads
PCR
75 raw cow milk
16.00% positive cow milk
58 raw sheep milk
13.79% positive sheep milk
42 raw goat milk
4.76% positive goat milk
20 raw buffalo milk
13.33% positive camel milk
15 raw camel milk
20.00% positive buffalo milk
Culture and nested PCR
50 raw cow milk
22% positive cow milk
Culture and nested PCR
163 raw cow milk
0% positive cow milk
Culture and PCR
420 raw milk
21.90% positive raw milk
400 raw meat
26.25% positive meat

Ref.
Dore et al[65]

Fujimura et al[66]

Turutoglu et al[74]
Quaglia et al[71]

Meng et al[77]

Angelidis et al[67]
Rahimi et al[68]

Mousavi et al[69]

Atapoor et al[81]

Yahaghi et al[80]
Talaei et al[72]

Osman et al[73]
Bianchini et al[75]
Saedi et al[70]

13.45% positive ready-to-eat Hemmatinezhad et al[78]
food
15% positive ready-to-eat
Ghorbani et al[79]
fish
8.33% positive ham
5% positive chicken
sandwich
45% positive vegetable
sandwich
20% positive meat sandwich
32% positive minced meat
1.42% positive hamburger
Gilani et al[76]
12.5% positive minced-meat

The high prevalence of H. pylori in ready-to-eat
foods, meats, milks and vegetables could be due to post-
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processing contamination. In fact, the high prevalence
[11]
of H. pylori in healthy human carriers
suggests
that foodstuff contamination due to poor hygiene
management during milking, chilling and storage and
during the handling, preparation and packaging of readyto-eat foods may occur. Furthermore, H. pylori strains
isolated from foods showed genotypes of vacA alleles
similar to those in isolates from human clinical samples,
endorsing the hypothesis that foods can be the source of
[76,78-80]
H. pylori transmission to humans
.
However, the existence of animal reservoirs of the
[65,66]
microorganism cannot be excluded
. In addition,
the histopathology of lesions by H. pylori in humans
differs from that of many other gastric helicobacters,
causing mild or absent inflammatory responses in their
[82]
natural hosts . These data suggest that H. pylori may
have not originally evolved as a human pathogen but
was likely introduced into the human population from a
[65]
mammalian reservoir sometime in the distant past .
This hypothesis is further supported by evidence of H.
[83]
pylori in the gastric mucosa of calves, pigs and horses
[65,84]
and its isolation from sheep gastric tissue and milk
.
[85]
Furthermore, in the studies of Papiez et al
and Dore
[65]
et al , H. pylori prevalence was higher in shepherds
with direct animal contact than in controls without
contact with sheep. Considering the 100% positive
13C-urea breath test in sheep, it may be reasonable to
assume that these animal species may act as reservoirs
[85,86]
and spreaders of H. pylori
. However, further
epidemiological and experimental studies are needed to
corroborate these few data.

may survive in water for a period before it is ingested as
drinking water, accidentally during bathing, or through
other pathways involving food. The infected person will
spread H. pylori through faeces; through direct faecaloral transmission, an infected person can infect another
person or contaminate water bodies through direct
contamination with faeces or indirectly with wastewater
that comes into contact with the water used to drink.
Animal contamination of water reserves may occur
by defecating directly in surface waters or by faeces
penetrating groundwater. The type of soil and heavy
rain events can play an important role because they can
facilitate the penetrability of manure containing bacteria
[92]
in groundwater .
Several epidemiological studies have been conducted
on the transmission of H. pylori through water, and
several risk factors have been highlighted, such as living
in a house with a lack of internal water pipes, the use
of well or river water, the use of a latrine, less frequent
boiling of drinking water and little hand washing after
[93-96]
use of the bath and before meals
(figure 1).
In 1991, a survey carried out on 407 Peruvian Lima
children aged 2 mo to 12 years from families with
different socioeconomic statuses showed an overall H.
pylori prevalence of 48%. The children underwent the
13C-urea breath test, and the results showed a higher
incidence among the children of low-income families
than among those of high-income families (56% vs
32%). An important risk factor was the water supply;
incidence increased three-fold when the water sources
were outside the home compared to those whose
homes had internal water sources. Furthermore, the
municipal water supply seemed to be an important
source of infection among Lima children from families
of both low and high socioeconomic status because
children from high-income families whose homes
had municipal water were 12 times more likely to be
infected than were those from high-income families
[97]
whose water supplies came from community wells .
The poor basic hygiene conditions and the lack
of potable water have been reported as the cause
of H. pylori infection in an epidemiological study of a
population in a rural area of the state of Mato Grosso
in Brazil. The survey was conducted on 40 children
and adolescents and 164 adults. H. pylori antibodies
were detected in 31 (77.5%) children and adolescents
and in 139 (84.7%) adults. The most important
identified risk factor is using untreated water that could
be contaminated by wastewater due to the lack of a
[98]
sewage system .
[49]
Nurgalieva et al
conducted a similar study on
233 adults and 55 children in Kazakhstan. The overall
prevalence of H. pylori was 86% among adults and 64%
among children. The prevalence of H. pylori infection
was inversely correlated with the index of clean water
(CWI) (boil water before consumption, frequency of
recovery and reuse of water and frequency of bath and
shower). Infection was significantly lower among those

EVIDENCE SUPPORTING THE ROLE OF
WATER IN THE TRANSMISSION OF H.
pylori TO HUMANS
In the last Joint Monitoring Report (JMP) of 2017,
“Progress on Drinking Water, Sanitation and Hygiene”
[87]
by WHO and UNICEF , the first global assessment
of safe drinking water and sanitation services was
reported. In 2015, approximately 2.1 billion people
did not manage water safely, and among them, 844
million did not even have basic drinking water services,
spending more than 30 min per trip to collect water
from external sources, and some of them still drank
untreated water from surface water sources such as
streams and lakes. Globally, at least 2 billion people
use a stool-contaminated source of drinking water.
Contaminated water can transmit diseases such as
[87]
diarrhoea, cholera, dysentery, typhoid and polio .
It has been estimated that H. pylori colonizes more
than half of the world’s population, and contaminated
[60,88-91]
water is mentioned as one of major causes
.
[92]
Bellack et al developed a conceptual model of the
role of water in H. pylori transmission. The hypothesis is
that both humans and animals are long-term hosts and
that water is a relatively short-term reservoir. H. pylori
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with a high CWI (56%) than those with a moderate
(79%) or low (95%) CWI. Moreover, the prevalence of
H. pylori was inversely related to socioeconomic status.
Those living in a family in which the levels of education
and study were low had a higher rate of H. pylori infection
(90%) than did those from a higher socioeconomic
[49]
group (69%) .
In another epidemiological survey conducted in
Germany on 3347 children from cities and rural areas,
179 children (119 from cities and 60 from rural areas)
were infected by H. pylori. Among the children from
rural areas, positivity significantly increased with the
[99]
consumption of water from non-municipal sources .
[100]
Fujimura et al
studied the presence of H. pylori
in 4 Japanese rivers and in 224 children who lived
near one river using the stool antigen test for H. pylori
prevalence.
The results of this study showed that H. pylori DNA
was frequently present in river water from the middle
and downstream reaches in which the human biosphere
is embedded. The author concluded that river water in
the natural environment could be a risk factor for H.
pylori transmission.

of this microorganism. Bacteriological isolation of H.
[106]
pylori occurred in the study of Lu et al , who analysed
untreated municipal wastewater samples using a series
of steps beginning with immunomagnetic separation
and cell culture.
In a survey carried out in Iraq, out of 198 samples of
treated municipal drinking water, 10 strains of H. pylori
were isolated and identified. The low concentration of
chlorine in the water samples and the ability to form
[107,108]
biofilms in water pipes
were the reasons that H.
[109]
pylori was isolated .
H. pylori was also isolated in tap water, dental
unit water, and bottled mineral water in Iran. Out of
200 water samples collected in Iran, 5 cultures were
positive. Two out of 50 tap water samples (4%), 2 out
of 35 dental unit water samples (5.8%), and 1 out of
40 samples (2.5%) from water coolers in public places
[110]
were found to be contaminated with H. pylori
.
[111]
Ranjbar et al
examined 450 bottled mineral water
samples and confirmed the presence of H. pylori in
bottled mineral water.
Survival studies in water samples showed that H.
pylori could be cultured from 48 h up to 20 d in auto
claved distilled water. An increase in survival occurs at
low temperatures; in fact, high temperature causes loss
[89,91,112-118]
[118]
of culturability
. Shahamat et al
used an
autoradiographic method to detect the metabolic activity
of H. pylori VBNC in water. Four H. pylori strains were
studied using 72-h cultures in water and incubated with
[3H] thymidine for 24-72 h. After being exposed to the
Kodak NTB2 emulsion for 3-28 d, the organism was vital
and culturable under these conditions for up to 48 h and,
in some cases, 20 to 30 d (table 3).
One factor in support of H. pylori infection being
waterborne or related to poor health practices is the
association, which some authors claim, of H. pylori with
free-living amoebae (FLA), such as Acanthamoeba,
Naegleria, Vermamoeba or Balamuthia, which are
[119-122]
ubiquitous protozoa commonly found in water
.
Several studies have also shown that H. pylori can be
present as a biofilm on the pipes of the drinking water
system with the ability to adhere to different hydraulic
[121,123,124]
materials, such as copper and stainless steel
. As
a result, H. pylori is likely to survive in an aquatic system
[39,125]
within a biofilm rather than in the planktonic state
.
H. pylori cells were able to survive for short periods
in chlorinated drinking water in the VBNC form, which
would allow them to reach final consumption points
and, at the same time, enable them to be undetectable
[115]
by culture methods .
Moreover, in biofilms, the resistance of H. pylori
[120,126]
to chlorine increases significantly
. Therefore, it
is possible that if the organism enters a distribution
system, it may survive disinfection treatment within the
[115]
biofilm matrix . This characteristic may be based on
the lack of isolation in some surveys of H. pylori. In fact,
in water samples treated with suitable potabilization

Occurrence of H. pylori in water

Despite the several epidemiological studies that support
the hypothesis that H. pylori is a waterborne pathogen,
the real role of water in the spread of the pathogen
remains a topic of discussion. As with foodstuffs, the
fastidious nature of the bacterium and the difficulties in
isolating it from environmental sources do not provide
unequivocal evidence about the role of water as a
source of transmission of this microorganism.
Culture methods, immunological methods and
molecular methods have been employed to detect H.
pylori in the aquatic environment.
Several studies on the occurrence of H. pylori in
sewage and drinking water samples have been carried
out worldwide using molecular methods. In many
of these surveys, it was not possible to isolate the
bacterium using culture methods (table 3).
Based on the findings that there is an association
between water sources and the prevalence of H. pylori
[97]
infection in Peruvian children , H. pylori DNA was
detected in drinking water samples from different
locations near Lima (Peru) in two different surveys using
molecular methods. These results provided evidence of
the presence of H. pylori DNA in drinking water in Peru
and were consistent with conclusions from a previous
[101,102]
epidemiological study of the same population
. In
addition, other studies have highlighted the presence
[103]
of H. pylori DNA in samples of tap water, well water ,
[104]
aquatic systems located in Mexico City
, trucks for
[105]
water transport and lake water , further supporting
the hypothesis of the transmissibility of H. pylori
through water.
Despite the high incidence of H. pylori DNA in water,
only a few studies have reported bacteriological isolation
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Table 3 Studies evaluating the occurrence and survival of Helicobacter pylori in water
Year
1993
1996

1997
1999
1999
2001

2001
2002

2002

2004

2004

2005

2005
2006

2007

2007

2007
2007

2009

2010
2011

Water and study type

Method

Observations

Ref.

Survival of H. pylori in artificially
Culture
Culture up to 48 h
Shahamat et al[118]
Autoradiography
contaminated sterile river water
Occurrence of H. pylori in 48 water
IMS and PCR
50% PCR positive samples
Hulten et al[101]
samples: 30 from municipal water
system, 14 from community taps, 4
from brick tanks or plastic barrels of
different households
Study on H. pylori resistance to
Culture
H. pylori were readily inactivated by
Johnson et al[117]
chlorination
free chlorine
Occurrence of H. pylori in water from
IMS and nested PCR
H. pylori-specific DNA was detected
Sasaki et al[103]
rivers and ponds
in samples
Occurrence of H. pylori in water from Nested PCR and Southern blot
PCR positive samples from truck
McKeown et al[105]
PCR positive samples from two lakes
delivery truck and two lakes
hybridization
Occurrence of H. pylori in 10 seawater IMS, real-time PCR and nested 2 PCR positive samples of well water
Horiuchi et al[127]
samples, 10 river water samples,
PCR
10 tap water samples, 6 well water
samples
Occurrence of H. pylori in 139 ground
PCR and Southern blot
69% positive samples
Mazari-Hiriart et al[104]
water samples
hybridization
Occurrence of H. pylori in raw
IMS, culture and PCR
23 out of 37 isolated strains were
Lu et al[106]
municipal wastewater
confirmed to be H. pylori
11 out of 23 strains of H. pylori
demonstrated vacA gene
heterogeneity
Study on the susceptibility of H. pylori
Culture
H. pylori was more resistant than E.
Baker et al[116]
to chlorine, monochloramine, and
coli to chlorine and ozone but not
ozone compared to that of Escherichia
monochloramine
coli
Occurrence of H. pylori in water
Culture, IMS and PCR
All cultures were negative 26% PCR
Watson et al[120]
and biofilms: 11 samples from
positive sample with the highest
domestic proprieties, 7 samples
frequency in biofilm
from educational properties and
from hydrants, and samples from
reservoirs and water meters of 3
water utilities
Occurrence of H. pylori in seawater
Nested-PCR
H. pylori DNA only detected in
Cellini et al[130]
fractionated water samples containing
zooplanktonic organisms
Occurrence of H. pylori in seawater
Filtration (200 mm, filter),
H. pylori was only isolated from
Cellini et al[131]
culture and PCR
fractionated water samples containing
large zooplanktonic organisms
Occurrence of H. pylori in 36 seawater
Culture and PCR
30 positive samples
Carbone et al[132]
samples
Study on the ability of H. pylori to
Scanning electron microscope
H. pylori was able to adhere to all
Azevedo et al[123]
adhere on different water-exposed
substrates tested
abiotic surfaces
Study on the ability of H. pylori
Epifluorescence microscopy
H. pylori was able to adhere to
Azevedo et al[124]
to adhere to stainless steel 304 in
stainless steel 304
different environmental conditions
Study on the resistance of H. pylori to Culture, FISH, PCR and RT-PCR
Culture until 5 min
Moreno et al[115]
FISH viable cells until 3 h
chlorination
PCR samples positive after 24 h
RT-PCR positive after 24 h
Survival of H. pylori in spiked bottled
Culture epifluorescence
Culture until 5 d
Queralt et al[114]
Cell viability until 14 d
mineral water (drinking water)
microscopy and PCR
Survival of H. pylori in spiked
Culture, FISH and PCR
Culture until 5 min
Monero-Mesonero et al[115]
FISH viable cells until 3 h
chlorinated filtered water (drinking
PCR positive after 24 h
water)
RT-PCR after 24 h
Occurrence of H. pylori in 75 drinking
Real-time PCR
0% positive samples
Janzon et al [129]
and environmental water samples
and 21 natural water biofilms samples
Occurrence of H. pylori in 198
Culture
10 out of 469 isolated strains were
Al-Sulami et al[109]
drinking water samples
confirmed H. pylori
Occurrence of H. pylori in 137
PCR
21% of the samples were positive for
Twing et al[134]
seawater samples
H. pylori
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2013

2013
2016
2018

Occurrence of H. pylori in 50 tap
water samples, 35 dental units’ water
samples, and 40 bottled mineral water
samples
Occurrence of H. pylori in 31 seawater
samples
Occurrence of H. pylori in 450 bottled
mineral water samples
Occurrence of H. pylori in 241
drinking water samples

Bahrami et al[110]

Culture and PCR

2 positive tap water samples
2 positive water from dental unit
samples
1 positive water coolers sample
4 positive samples

Culture and PCR

8 positive samples

Ranjbar et al[111]

PCR

49 positive samples

Boehnke et al[102]

Culture and PCR

Holman et al[135]

H. pylori: Helicobacter pylori.

systems, the lack of isolation can be caused by the
formation of the biofilm or by the conversion of H. pylori
[127-129]
in the form of VBNC
.
Some important clues have emerged from Italian
research on the presence of bacteria in seawater. Work
[130,131]
[132]
by Cellini et al
and subsequent investigations
suggest that a significant reservoir for the microorganism
is seawater, in which H. pylori can occur both in a freeliving form and in association with plankton. Planktonrelated H. pylori cells were detected in both summer and
winter months depending on the flowering of Copepods
and Cladocerans. The authors supposed that zooplankton
organisms represent a sort of protected niche for survival
of the microorganism. The finding of H. pylori attached
to planktonic organisms is particularly interesting for the
role of the latter in the seafood chain and its subsequent
[130-132]
potential role in the spread of H. pylori infection
.
More generally, the presence of H. pylori in seawater
could also be a health hazard for swimmers and others
[133]
using those waters for work or pleasure .
Moreover, H. pylori DNA has been isolated in 21% of
samples from freshwater, estuarine and beach sites in
[134]
Delaware (United States)
and in seawater sampled
from 31 locations in Georgia, Trinidad and Puerto
[135]
Rico
. In both reports, no correlation between the
occurrence of H. pylori and faecal indicator bacteria was
found, suggesting that standard water quality tests are
ineffective in predicting the presence of this pathogen in
natural waters, confirming the potential risk for H. pylori
presence in marine waters.

potential microbiological risk for consumers, especially as
[37,136,137]
a source of virulence factors
.
Several solid and liquid culture media for the
selective isolation of H. pylori from foods have been
tested. The culture media most suitable for H. pylori
growth often contain defibrinated horse or sheep
[29]
blood acting as a reducing agent . Furthermore, to
achieve replication of H. pylori in broth culture, agitation
is mandatory to provide good dispersion of gases
[31]
throughout the liquid .
Brain heart infusion broth (BHIB) with growth supple
[26,56]
ment and selective agents has been evaluated
. BHIB
with horse serum supplemented with porcine stomach
mucin (0.3%), ferrous sulphate and sodium pyruvate
(5%) or urea, along with the adjustment of the pH to
5.5 or 4.5, enhances the survival and possibly enables
the growth of H. pylori in enrichment medium with fresh
ground beef. In particular, pH 5.5 greatly enhances the
growth and detectability of H. pylori in foods and should
be considered an important factor for the detection of
[56]
[55]
H. pylori in enrichment culture . Stevenson et al
compared the growth of H. pylori in several liquid and
solid media. None of the media tested presented an
outstanding performance; only H. pylori special peptone
agar offered the advantage of allowing the formation
of the largest H. pylori colonies, and it was suitable for
recovering H. pylori from environmental samples likely
to be contaminated with large numbers of competing
[31,55]
microorganisms
.
[26]
Poms and Tatini
evaluated the efficacy for the
in vitro isolation of H. pylori from foods of two solid
media containing tryptic soy agar and Wilkins-Chalgren
anaerobe agar supplemented with 5% defibrinated horse
blood. The latter, to which several antibiotics (30 mg/L
colistinmethanesulphonate, 100 mg/L cycloheximide,
30 mg/L nalidixic acid, 30 mg/L trimethoprim, and 10
mg/L vancomycin) were added, was found to be highly
selective for the recovery of H. pylori from foods, but it
lacked sufficient sensitivity to detect very low numbers of
the bacterium.
Many authors have successfully used WilkinsChalgren anaerobe-agar or the broth developed by
[26]
Poms et al for the isolation of H. pylori in foods, both
[70,76,78-80]
supplemented as described above
.
However, there are still no standardized isolation
protocols that are able to isolate the few H. pylori cells

METHODS FOR THE DETECTION OF H.
PYLORI IN FOODS AND WATER
The isolation of H. pylori from food samples, particularly
when they present high loads of accompanying microflora,
is demanding and time consuming because it requires
the use of selective media with numerous antibiotics,
microaerophilic conditions and long incubation periods
[55,71]
(7 d)
. The detection of H. pylori in food samples
and water by means of conventional microbiological
techniques generally employed for clinical specimens,
which are unable to detect the VBNC, may yield false
negative results and thus underestimate the presence
of the bacterium in food; furthermore, the presence of
H. pylori in VBNC state in food and water represents a
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[58]

present in samples rich in microbial flora such as food.
Furthermore, the pathogen is able to enter a VBNC
state that remains metabolically active but fails to
[40]
develop into colonies when cultured on routine media .
Consequently, molecular assays have been conducted
to detect H. pylori DNA in water and foodstuffs.
Immuno-separation (IMS) followed by PCR has been
[138-140]
successfully used by several investigators
. The
advantage of using this protocol is that it offers excellent
specificity using the IMS able to concentrate the pathogen
from foods, followed by high sensitivity of the molecular
[29]
methods . Nevertheless, it appears expensive,
exacting and time consuming. Autoradiography and
ATP bioluminescence have been successfully used for
the detection of H. pylori from water, human stools and
[29,118]
pure cultures but have never been tested on food
.
In addition, the ATP bioluminescence assay does not
allow for distinguishing among ATP from different cell
sources when applied to a complex system such as a
[141]
foodstuff .
A multiplex touchdown PCR (MT-PCR) method for
the identification (16S rRNA gene) and genotyping
(vacA- s1/m1, s1/m2, and s2/m2- and cagA genes) of H.
pylori directly from artificially contaminated sheep milk
[142]
was developed
. The characterization of the genes
encoding virulence factors provides important information
with respect to the sanitary assessment of food items
because of the greater pathogenicity of certain H. pylori
genotypes. Hence, for public health purposes, the
evaluation of a food containing H. pylori will thus have to
include the genotyping of isolates. This rapid, sensitive
(15 cfu/mL) and specific molecular method presents
the advantage of detecting and genotyping H. pylori
from microbiologically complex foodstuffs in a single
[142]
step . A nested PCR approach has been employed for
the detection of the H. pylori glmM gene from seawater
[71,130,141]
and sheep, goat and cow milks
. The sensitivity
of the nested PCR technique was 3 cfu/mL in all types of
milk and 62 cfu/mL in seawater samples, and therefore,
compared to the previously described MT-PCR, it was
more sensitive for the detection of H. pylori from foods
[141]
(3 cfu/mL vs 15 cfu/mL) with the same specificity .
[73]
Osman et al
employed nested PCR in 50 cow milk
samples, and 22% were positive for the presence of the H.
pylori glmM gene.
H. pylori, as with many other bacteria, is able
to form biofilms within which it can survive due to
the different protection mechanisms that the biofilm
offers. Quantitative real-time PCR was developed for
the detection of H. pylori in drinking water biofilms of
different ages. The target gene was the ureA subunit of
the H. pylori urea gene, which showed high specificity
[143]
and sensitivity .
As is well known, the main limit of PCR assays is
their inability to distinguish live organisms from dead
organisms. PCR techniques can, however, be used to
screen water and foodstuffs, thus making it necessary
to use conventional isolation methods only on those
samples that test positive by PCR.
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In a study by Buck et al , mRNA of known
virulence factor (vacA) was detected in VBNC H.
pylori cells using RT-PCR. This method exploits the
unstable nature of bacterial mRNA to infer pathogenic
[144]
viability when H. pylori becomes non-cultivable
.
The half-life of mRNA of E. coli and Vibrio vulnificus
cells is approximately 3-8 min and less than 60 min,
[145,146]
respectively
. Thus, mRNA can be an excellent
indicator of viability when H. pylori occurs in the VBNC
state. Moreover, detection of transcripts from the vacA
virulence gene may deduce continued virulence activity
[58]
of H. pylori when present in the VBNC state . This
molecular technique offers significant promise for the
detection of microorganisms in water and foodstuff and
is a valid alternative to culture methods.
The fluorescence in situ hybridization (FISH) assay
with the rRNA-direct molecular method has been
applied for the specific detection of H. pylori in river
[147]
and wastewater samples
and in raw bulk tank
[67]
bovine milk and for the assessment of its survival in
[115,148]
chlorinated drinking water
. The authors concluded
that FISH was a rapid method for the direct detection
[67]
and specific identification of viable bacteria in food .

CONCLUSION
Several studies report the presence and survival of H.
pylori in foods and water, especially in milk and in readyto-eat products, suggesting that they can be sources of
infection for humans.
Although many of the findings reported in the
literature are based on indirect evidence of H. pylori in
food and water through molecular methods and there
are only in a few cases on the bacteriological isolation of
this microorganism, the possibility that food and water
can be routes of transmission among others cannot be
ruled out.
Most of the bacteriological isolations of the pathogen
in foods and water have been obtained in work
conducted in Iran; a possible explanation could be the
greater prevalence of the disease in this geographical
area than in other areas. Moreover, the discrepancy
in the prevalence of H. pylori in the different surveys
could be related to the type and number of samples
tested, sampling method, experimental methodology
and climate differences in the regions from which the
samples were collected.
However, to confirm a definite foodborne and
waterborne role of H. pylori transmission, more surveys
are needed on the presence of H. pylori in other foods
of animal origin, particularly in seafood, and on the
survival ability of this microorganism in dry fermented
sausages and dairy products. Further investigations
on the possible role of humans and animals as
reservoirs of the microorganism are also required to
clarify the faecal-oral route of transmission and the
method of food and water contamination. Finally, the
development of molecular biology methods and, above
all, bacteriological isolation methods of H. pylori from
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water and food would add provide data that could
confirm or deny the role of H. pylori as a foodborne and
waterborne pathogen.
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Hepatitis B virus (HBV) infection is a global public health
concern. HBV causes chronic infection in patients and
can lead to liver cirrhosis, hepatocellular carcinoma,
and other severe liver diseases. Thus, understanding
HBV-related pathogenesis is of particular importance
for prevention and clinical intervention. HBV surface
antigens are indispensable for HBV virion formation
and are useful viral markers for diagnosis and clinical
assessment. During chronic HBV infection, HBV
genomes may acquire and accumulate mutations
and deletions, leading to the expression of defective
HBV surface antigens. These defective HBV surface
antigens have been found to play important roles in
the progression of HBV-associated liver diseases. In
this review, we focus our discussion on the nature of
defective HBV surface antigen mutations and their
contribution to the pathogenesis of fulminant hepatitis B.
The relationship between defective surface antigens and
occult HBV infection are also discussed.
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investigators . Although HBV genome replication
involves a step of reverse transcription, which is similar
to retroviral replication, the complex HBV genome
structure with overlapping open reading frames and
regulatory sequences apparently limits the spectrum
[3,12]
and rate of mutations
. Nevertheless, this unique
replication strategy leads to the great diversity of HBV
genomes, thus resulting in the occurrence of various
genotypes, subtypes, mutants, recombinants, and even
viral quasi-species in the context of long-term HBV
[13,14]
evolution
. Several reports have suggested that the
emergence of HBV variants plays important roles in
[11,15-18]
the progression of HBV-associated liver diseases
.
Defective surface antigen mutation is a type of mutation
[11,15,19]
with great clinical relevance
. In this review, we
report the current information on HBV surface antigen
mutations. Further, we focus our discussion on the
contribution of defective surface antigen mutations on
the pathogenesis of HBV-associated liver diseases.

Core tip: Defective surface antigen mutation is a type
of mutation with great clinical relevance. Many previous
publications have explored the association of defective
surface antigen mutation with the development of
hepatitis B virus (HBV)-associated hepatocellular
carcinoma. However, there are no reviews available that
elaborate on the relationship between defective surface
antigen mutation and HBV-associated fulminant hepatitis
(FH), as well as occult hepatitis B virus infection (OBI).
This review will focus on these two aspects to discuss
the nature of defective HBV surface antigen mutations
and their contribution to the pathogenesis of FH. The
relationship between defective surface antigens and OBI
are also discussed.
Wu CC, Chen YS, Cao L, Chen XW, Lu MJ. Hepatitis B virus
infection: defective surface antigen expression and pathogenesis.
World J Gastroenterol 2018; 24(31): 3488-3499 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i31/3488.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i31.3488

Biology of HBV surface antigen
Three viral envelope/surface proteins - large surface
antigens (LHBs), middle surface antigens (MHBs), and
small surface antigens (SHBs) - are expressed from
[20,21]
a single open reading frame (S-ORF)
, but they
are translated from two different mRNAs. LHBs are
encoded by the 2.4 kb subgenomic RNA, and MHBs and
[3]
SHBs are encoded by the 2.1 kb subgenomic RNA .
Subgenomic RNAs of 2.4 kb and 2.1 kb are driven by
preS1 and preS2/S promoters, respectively, allowing
[3]
variable regulation of protein expression . The preS1
promoter is situated within the upstream region of the
S-ORF, whereas the preS2 promoter corresponds to
[21]
the preS1 domain . Therefore, the transcription of the
2.1 kb subgenomic RNA is also regulated by the preS1
[11]
domain (Figure 1).
The three surface proteins share the same carboxyterminal region and only differ in length due to
their amino-terminal regions. As a result, the LHBs
contain the preS1 + preS2 + S [389 or 400 amino
acid (aa) residues], MHBs contain the preS2 + S
(281 aa residues), and SHBs contain the S domain
[3,20,22]
(226 aa residues) alone
(Figure 1). Additionally,
a truncated and mutated preS2/S (the LHBs and
truncated MHBs) can be produced by integrated viral
[23,24]
sequences that are defective for replication
. LHBs,
MHBs, and SHBs are important for HBV structure
and life cycle. Besides mediating HBV entry through
binding to HBV receptors, the sodium taurocholate cotransporting polypeptide (NTCP) on hepatocytes, via the
preS1 2-48 aa domain (numbering for HBV-genotype
D) and subsequent infection, LHBs are indispensable for
[3,25-29]
the formation and budding of virions
. It has been
proposed that LHBs rearrange their structure during
the maturation of HBV virions and thereby regulate
[30-32]
the release and infectivity of virions
. The exact
role of MHBs in the HBV life cycle remains an enigma.

INTRODUCTION
Hepatitis B virus (HBV) is an important human pathogen
[1]
that has caused chronic infections worldwide . Recent
data obtained from a modeling study has shown that the
global prevalence of hepatitis B surface antigen (HBsAg)
was 3.9% in 2016, corresponding to an estimated
[2]
290 million infections worldwide . HBV mainly infects
hepatocytes and causes a wide spectrum of clinical
manifestations, ranging from an asymptomatic carrier
state to acute or chronic hepatitis, with progression to
liver cirrhosis, hepatocellular carcinoma (HCC), and
[3,4]
other severe liver diseases . Currently, interferon-α
and nucleotide analogs are used to treat chronic HBV
(CHB) infections; however, the outcome is far from
[5,6]
satisfactory . Prophylaxis using the current HBV
vaccines has no impact on existing infections. Therapeutic
vaccines of chronic HBV infection are under investigation,
[7]
but further development is still required . Therefore,
understanding the molecular pathogenesis of HBV
infection will provide opportunities for the development of
better therapies and vaccines.
HBV belongs to the family Hepadnaviridae and
is a small, enveloped virus with a partially double[8]
stranded DNA genome approximately 3.2 kb in size .
During the life cycle of HBV, pre-genomic RNA (pgRNA)
is transcribed from covalently closed circular DNA
(cccDNA) and serves as the template for HBV DNA
replication through a viral polymerase-mediated reverse
[9,10]
transcription
. Because viral polymerase lacks a
proof-reading function, the HBV genome evolves with
-3
an estimated rate of nucleotide substitutions of 1 × 10
-6
to 1 × 10 per replication cycle, according to various
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Figure 1 The transcription and expression of hepatitis B virus surface proteins. The three HBV surface proteins, LHBs, MHBs, and SHBs, are translated from
two different mRNAs: LHBs are encoded by the preS1 promoter-initiated 2.4 kb subgenomic RNA; MHBs and SHBs are encoded by the preS2 promoter-initiated 2.1
kb subgenomic RNA. The 2.4 and 2.1 kb subgenomic RNAs share the same 3’ end and only differ in length due to differences at the 5’ end, which lead to different
amino-terminal but identical carboxy-terminal regions of the three surface antigens. Therefore, LHBs contain preS1 + preS2 + S (389 or 400 aa residues), MHBs
contain preS2 + S (281 aa residues), and SHBs contain the S domain (226 aa residues) alone. For mature/infectious virions, LHBs, MHBs, and SHBs are present in
the envelopes at a ratio of approximately 1:1:4. In addition, the major fraction of SHBs forms subviral particles (filaments and spheres) together with the minor parts of
LHBs and/or MHBs. HBV: Hepatitis B virus; LHBs: Large surface antigens; MHBs: Middle surface antigens; SHBs: Small surface antigens.

Early reports indicated that MHBs might be dispensable
for HBV replication and virion formation; however,
our data and those of other groups have shown that
[33-36]
MHBs play a role in virion secretion
. Recently,
MHBs were found to interact with ceruloplasmin and
[34]
influence the production of extracellular virions . As
the predominant component of viral particles, including
infectious virions and noninfectious subviral particles,
SHBs are necessary for the production of virions and
[35]
subviral particles . For mature/infectious virions,
LHBs, MHBs, and SHBs are present in the envelopes
[20]
at a ratio of approximately 1:1:4 . Disturbance of
this proportion impairs the production and release
[33]
of virions . For subviral particles, their amount
outnumbers virions by 10000- to 1000000-fold, and the
[11,37]
particles are detected serologically as HBsAg
. The
secretion of subviral particles can also be suppressed by
[38-41]
LHBs in a dose-dependent manner
, thus promoting
the S protein toward virion formation.
In addition, preS1, preS2, and S domains contain
various B- and T-cell epitopes, which play an important
[42,43]
role in inducing the host immune response
. The
major hydrophilic region (MHR) between aa 100-169
of SHBs, especially the a-determinant located at aa
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124-147, serves as the most important antigenic
determinant in HBV surface proteins and is essential for
[44,45]
HBsAg detection and HBV vaccine development
.
Plasma-derived and recombinant HBsAg have been
used for vaccine preparations and have induced
strong specific and protective antibody responses in
[46-48]
vaccines
. The presence of anti-HBs antibodies is
considered to confer immunity against HBV infection.
In contrast, a high quantity of circulating HBsAg in
chronically HBV-infected patients is proposed as a factor
leading to immune disturbance. Defective peripheral
HBsAg-specific T cell responses in chronically infected
patients were found to be correlated with serum HBsAg
[49,50]
titers
, suggesting that HBsAg overproduction
influences the host’s immune system in a way that
is advantageous for the virus. In vitro, HBsAg can
interfere with Toll-like receptor functions and trigger
[51-54]
interleukin (IL)-10 production in Kuppfer cells
.
Recently, published data has suggested that HBsAg may
facilitate the induction of myeloid-derived suppressor
[55]
cells in chronically HBV-infected patients . HBsAg is
also associated with the induction of regulatory T cells,
[56,57]
as shown in HBV mouse models
. Thus, HBsAg is
not only a structural component of virions and subviral
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particles, but it also serves as an important immune
modulator.

5’ end of the preS2 may remove the N-terminal preS2
domain, including the start codon of preS2 in the MHBs
protein, leading to an impaired or complete loss of
[84]
MHBs expression . These changes may disrupt the
proper LHBs, MHBs, and SHBs ratio in the envelopes
of virions. In addition, the junction between the preS1
[32]
and preS2 domain is required for virion formation .
For these reasons, preS deletions may potentially affect
virion assembly, stability, or infectivity.
A large amount of evidence has demonstrated
that DHBV envelope proteins can regulate cccDNA
[85,86]
formation and amplification
. Infection of envelope
protein-deficient recombinant DHBV results in more
[85,87,88]
cccDNA accumulation
. Similarly, deficiencies
in HBV envelope proteins can modestly increase the
cccDNA level and result in a dramatic accumulation of
[89-91]
deproteinized rcDNA
. It has been demonstrated
that preS/S mutants with surface antigen secretion
deficiency isolated from patients can lead to an increased
[79]
accumulation of cccDNA molecules in the nuclei .
Therefore, defective surface antigen mutation may affect
cccDNA synthesis and amplification.

Defective surface antigen
mutation and HBV biology
HBsAg mutants were first identified in individuals
vaccinated against HBV but who were infected despite
[58]
the presence of protective anti-HBs antibodies .
Those “immune escape” mutants with aa substitutions
within a-determinants were found in different clinical
settings, including vaccines, transplant patients recei
ving hyperimmunoglobulins, and immunocompromised
[59-61]
patients with HBV reactivation
. Such mutant
HBsAg commonly showed reduced binding to anti-HBs
antibodies and decreased reactivity in established HBsAg
[59-65]
detection assays
. The most widely known mutation
is the sG145R mutation, which has been shown to be
replication competent, may persist stably over time,
[66-69]
and may be transmitted vertically or horizontally
.
The sG145R mutation induces a strongly impaired antiHBs antibody response, which could not efficiently
clear HBsAg in an HBV hydrodynamic injection mouse
[70]
model . A similar result was also observed for another
immune escape mutation, sK122I, indicating that such
a defective surface antigen mutation may impair HBsAg
neutralization and clearance during HBV infection. In
addition, sG145R, sK122I, and other immune escape
mutants occurring in the a-determinant of SHBs, such as
[70-73]
the sT123N mutation, could affect HBsAg secretion
.
Recently, chronically HBV-infected patients rou
tinely received antiviral therapy based on nucleotide
[74]
analogs . Treatment with first-generation drugs, such
as famciclovir and adeforvir, resulted in the emergence
of drug-resistant HBV mutants, with aa substitutions
[75]
within the HBV polymerase domain . Some drugresistant mutations occurring in the viral polymerase
may lead to a stop codon mutation in the overlapping
surface gene, cause intracellular retention of surface
proteins, and result in secretion defects of viral particles,
such as rtA181T/sW172*, rtM204I/sW196*, and
[76-78]
rtV191I/sW182*, as shown in previous reports
and in our unpublished data. The primary sW182*
mutation has also been identified in CHB patients.
It was found to induce retention of the truncated S
protein in the perinuclear endoplasmic reticulum (ER)
and was associated with lower HBV transcript levels
owing to decreased stability, but without impact on HBV
[79]
replication .
Defective surface antigen mutations have been
[16,71-73,80,81]
frequently detected in chronic HBV infection
,
in which deletions in the preS domains are the most
[80,81]
common mutations
. Deletions in the preS domains
are often clustered at the 3’ end of preS1 and the 5’
[11,19,81-83]
end of preS2
. Given that the preS2/S promoter
[11]
is situated within the preS1 domain , deletions at
the 3’ end of the preS1 may reduce MHBs and SHBs
expression at the transcriptional level. Deletions at the
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Defective surface antigen
mutations and the host
Defective surface antigen mutations have been found
in acute hepatitis B infection, chronic hepatitis B
infection, and occult HBV infection and are associated
with advanced liver disease, including liver cirrhosis,
[15,82,92-105]
fulminant hepatitis B, and HCC
. It has been
questioned whether HBV mutants arise due to viral
adaptation to inflammation and decreased liver
function or, alternatively, causally contribute to liver
pathogenesis. The mechanism of defective surface
antigen mutations to HCC development has been widely
[11,23,41,106-111]
elucidated
. Here, we will emphasize in our
discussion the relationship between defective surface
antigen mutations and fulminant hepatitis B, as well as
occult HBV infection.

Defective surface antigen expression and fulminant
hepatitis

There is increasing evidence that defective surface
antigen expression may play a role in the pathogenesis
of fulminant hepatitis (FH). preS deletions, particularly
those unable to synthesize the MHBs protein, have been
[16,71,112,113]
associated with cases of FH
, suggesting the
potential pathogenic role of preS deletions. A mutation
in the CAAT element of the S promoter has been found
in the HBV genome isolated from an FH patient. This
mutation led to excessive LHBs expression over MHBs
and SHBs proteins and resulted in virus retention and
[114-116]
misassembly
. Obviously, the accumulation of
LHBs may be due to hepatocyte injury, as shown in
[41]
transgenic mice with LHBs expression . One of our
previous studies also identified deletions within the preS
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regions from HBV strains isolated from a patient with
[84]
HBV-associated FH . In addition, a hepatitis B immune
globulin (HBIG)-escape mutant sG145R on the HBsAg,
causing 30% inhibition of virion secretion, has been
identified from a study on FH strains, suggesting the
potential role of defective surface antigen expression in
[71]
the fulminant clinical course of HBV infection .
Mechanistically, defective surface antigen expression,
such as specific mutations in the preS/S gene, may
lead to secretion defects of viral proteins and particles,
resulting in an accumulation of viral products in the ER
of hepatocytes and causing ER stress and hepatocyte
[16]
[117-125]
injury . Subsequently, autophagy may be triggered
[126,127]
and thus enhance HBV replication
. Consistent
with this speculation, it has been demonstrated that
defective surface antigen expression may increase
the replication capability of HBV, albeit the mechanism
[71,84]
is still undefined
. In addition, the deficiency of
hepadnavirus envelope proteins can result in accumulation
[85,87,88]
[89-91]
of cccDNA
or deproteinized rcDNA
and may
ultimately cause death of the infected hepatocytes by a
[85,87,88]
direct cytopathic effect
. Meanwhile, the increase of
the cccDNA level may facilitate HBV replication. Both the
defect in viral particle secretion and enhanced replication
competence may contribute to the severity of fulminant
[128]
hepatitis .
The adaptive immune response, particularly the
cytotoxic T lymphocyte (CTL) response, plays a crucial
role in viral clearance and disease pathogenesis of
[129-131]
HBV infection
. Intracellular retention of HBV
surface proteins was found to be associated with FH
in a transgenic mouse model showing panlobular
necrosis and hepatic failure by inducing the indirect
[132]
cytotoxic activity of CTLs . In this setting, intracellular
accumulation of viral products due to defective surface
antigen expression mutations may cause liver damage
through abnormal activation of the CTL response.
Consistently, we also observed significantly stronger
intrahepatic CTL responses and antibody responses
specific to secretion-deficient HBsAg due to preS
[84]
deletions . A preS deletion mutant was found in
a patient with acute exacerbation of liver diseases,
along with wild-type HBV genomes. The co-existence
of deletion mutants and wild-type HBV apparently
allows the complementation and enhancement of HBV
genome replication in hepatocytes. In an HBV mouse
model, co-replication of a deletion mutant and wild-type
HBV induced higher cellular and humoral immunity. Our
findings further suggested the proposed role of HBV
variants in the immunopathogenesis of HBV infection.
Moreover, the mutations associated with defective
surface antigen expression, such as deletion or missense
mutation of the preS2 ATG codon, can cause deletions
or alterations of B- and T-cell epitopes located in preS1
and preS2 proteins. Considering that M protein-specific
T- and B-cell immunities are important early events
[43]
in the host immune response to HBV infection ,
these mutations may lead to an immune evasion
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and thus likely favor a more severe clinical course
[14,133]
of infection
. In chronic HBV infection, high HBV
replication levels were found to be associated with lower
cellular immune responses to HBV; however, massive
infiltration of unspecific immune cells occurred within
[134-136]
the liver, accompanied by severe liver damage
.
Thus, the presence of these mutations, including aa
substitutions at the immunodominant epitopes for B
or T cell recognition, may contribute to the spread of
highly replicative escape mutants. It may also facilitate
the development of fulminant hepatitis in chronically
HBV-infected patients and heavily immunocompromised
patients, like those with human immunodeficiency virus
[137]
(HIV) co-infection
(Figure 2).

Defective surface antigen expression and occult
hepatitis B virus infection

Occult HBV infection (OBI) is characterized by the
presence of very low levels of HBV DNA in the plasma
and/or liver of individuals negative for HBV surface
antigen (HBsAg) and positive/negative for antibodies
[45,138,139]
to the hepatitis core antigen (anti-HBc)
.
OBI harbors the potential risk of HBV transmission
through blood transfusion, organ transplantation, and
hemodialysis as well as from occult infection or HBsAg[45]
positive mothers to newborns . The persistence of
OBI may lead to the development of cirrhosis and
[45,140-145]
HCC
. The reactivation of OBI can occur in
patients following chemotherapy, immunosuppressive
therapy, and after transplantation as well as in patients
[45,146,147]
co-infected with HIV or hepatitis C virus (HCV)
,
which can result in the development of fulminant
[139,148-153]
hepatitis and death
.
Defective surface antigen expression mutations
may be associated with OBI. Point mutations and
deletions as well as insertion mutations are commonly
encountered in OBI, in which mutations in the
[45]
preS/S gene are the most extensively studied .
High frequencies of MHR mutations, including those
mutations within and outside of the a-determinant,
[154-158]
have been observed in OBI strains of individuals
.
In vitro and in vivo experiments have demonstrated
that these MHR mutations can significantly decrease
the detection sensitivity of commercial HBsAg
immunoassays and impair virion and/or S protein
[156]
secretion . preS/S mutations with deletions covering
the preS1 and preS2/S promoters, preS1 region, and
preS2 region have been frequently reported in OBI. This
can alter the transcription of 2.4 kb and 2.1 kb HBV
RNAs, expression of three envelope proteins, and the
[45]
ratio of LHBs/MHBs/SHBs proteins . preS/S insertions,
such as 2-8 aa insertions between codons 121 and 124
located upstream of the a-determinant, have also been
[159]
observed in OBI patients .
On one hand, these mutations associated with
defective surface antigen expression can directly
decrease the levels of surface antigens. On the other
hand, these mutations can cause the retention and
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Figure 2 The proposed pathogenic role of mutated secretion-defective hepatitis B surface antigen in fulminant hepatitis. Defective surface antigens, such
as preS deletions and mutations within the “a” determinant, may lead to secretion deficiency of HBsAg. Defective HBsAg can promote covalently closed circular DNA
(cccDNA) synthesis and amplification, thus facilitating HBV replication. The intracellular accumulation of defective HBsAg can cause endoplasmic reticulum (ER)
stress, subsequently trigger autophagy, and may further enhance HBV replication. The enhanced HBV replication, in turn, leads to accumulation of more defective
HBsAg, possibly resulting in a positive feedback with unfavorable outcomes and hepatocyte damages. Inflammation may occur in the liver by recruiting immune cells.
Cytotoxic T lymphocyte (CTL) response may be abnormally activated and damage infected hepatocytes, contributing to the progression of fulminant hepatitis. HBsAg:
Hepatitis B surface antigen.

accumulation of HBsAg within cells and impair the
secretion of HBsAg by altering the ratio of LHBs/
[72,73,160,161]
MHBs/SHBs proteins
. Therefore, circulating
HBsAg levels are low in the peripheral blood. Moreover,
it is well documented that neutralizing antibodies
produced during natural infection, or following active
or passive immunization against HBV, are targeted to
[162]
the conformational epitopes of the a-determinant
.
Hence, single or multiple mutations occurring within
this region can lead to conformational changes with
[72,160]
impaired antigenicity
. A recent report has identified
novel SHBs mutations outside the MHR from untreated
CHB patients. These mutations impaired virion secretion
and caused lower binding affinity to antibodies used
[163]
for HBsAg immunoassays
. For these reasons, the
mutations can render HBsAg undetectable or poorly
detected by immunoassays based on monoclonal
[60,62,65,164]
antibodies against wild-type virus
, contributing
[165-170]
to some cases of OBI
(Figure 3).

needs to be clarified in future research, particularly,
using in vivo models and in patients. The exact
molecular mechanisms of how defective HBV surface
antigens cause damage to hepatocytes and induce
liver injury and subsequent pathogenic processes
should be investigated. A deep understanding of the
molecular mechanisms of HBV pathogenesis related to
defective surface antigens is crucial to designing future
therapeutic approaches. A critical question would be
whether currently used nucleotide analogues (NAs) and
interferon-based therapies can prevent such pathogenic
processes. NAs are able to efficiently inhibit HBV DNA
synthesis but not gene expression. Thus, HBV proteins,
including surface antigens, are continuously produced
under NA therapies. Another problem is the production
of mutated HBV proteins from integrated HBV DNA,
which are not controlled by NA therapies at all. Thus,
specific interventions may be required to block the
pathogenic potential of HBV proteins, besides efficient
inhibition of HBV DNA synthesis. RNA silencing may be
[5,6,171,172]
a suitable choice to achieve this goal
.
An additional issue to be addressed is whether
the defective surface antigen-related mutations may
represent novel biomarkers of OBI. With improvement
of HBV antigen and DNA detection assays, OBI will
likely be easier to diagnose in the future. However,

Perspectives
Defective surface antigen expression has been well
documented to be relevant for the progression of HBVassociated liver diseases, such as HCC. However, the
role of defective surface antigen expression in FH still
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9

the question remains whether OBI may be related to
significant HBV pathogenesis and require therapeutic
interventions, such as prophylaxis and antiviral therapy,
[173]
to prevent HBV reactivation .
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The initiation and progression of liver cancer,
including hepatocellular carcinoma and intrahepatic
cholangiocarcinoma, are dependent on its tumor
microenvironment. Immune cells are key players in the
liver cancer microenvironment and show complicated
crosstalk with cancer cells. Emerging evidence has
shown that the functions of immune cells are closely
related to cell metabolism. However, the effects of
metabolic changes of immune cells on liver cancer
progression are largely undefined. In this review, we
summarize the recent findings of immunometabolism
and relate these findings to liver cancer progression.
We also explore the translation of the understanding of
immunometabolism for clinical use.

Author contributions: Zhang Q and Lou Y contributed equally
to this work; Liang TB and Bai XL designed the research; Zhang
Q and Lou Y performed the research; Zhang Q and Lou Y wrote
the paper; Liang TB and Bai XL revised the paper.
Conflict-of-interest statement: The authors declare that they
have no competing interests.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Key words: Cholangiocarcinoma; Hepatocellular
carcinoma; Tumor microenvironment; Local immune
status; Metabolite
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Manuscript source: Invited manuscript
Correspondence to: Ting-Bo Liang, MD, PhD, Attending
Doctor, Chief Doctor, Doctor, Full Professor, Research
Fellow, Surgeon, Department of Hepatobiliary and Pancreatic
Surgery, the Second Affiliated Hospital, Zhejiang University
School of Medicine, No. 88 Jiefang Road, Hangzhou 310009,
Zhejiang Province, China. liangtingbo@zju.edu.cn
Telephone: +86-571-87783510
Fax: +86-571-87783510

Core tip: The liver microenvironment provides a special
place for initiation and progression of liver cancer,
in which immune cells play a vital role. On the one
hand, immunosuppression leads to tumor survival
and progression; on the other hand, the instigation
of tumor metabolites and signal molecules to immune
cells makes the state of immunosuppression further
strengthened. Intensive studies of the metabolic state
of immune cells in the tumor microenvironment is
beneficial to our understanding of the regulation of
pro-tumor patterns, and to provide theoretical basis
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and guidance for immunometabolic therapies for liver
cancer.

profoundly affected by the TME . Other molecules in
the TME, such as fatty acids and glucose, are able to
regulate the metabolism, phenotype and function of
[8,9]
immune cells . The term “immunometabolism” has
recently been proposed and indicates the functional
intracellular metabolic alterations that occur within
[10]
immune cells . These affected immune cells, in
turn, could have significant effects on adjacent tumor
cells. In this minireview, we collected evidence of TME
heterogeneity resulting from the different biological
features of cancer cells and functional changes of
immune cells resulting from an altered TME and how
the TME affects tumor progression via metabolically
regulated immune cells.

Zhang Q, Lou Y, Bai XL, Liang TB. Immunometabolism: A
novel perspective of liver cancer microenvironment and its
influence on tumor progression. World J Gastroenterol 2018;
24(31): 3500-3512 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i31/3500.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i31.3500

INTRODUCTION
Liver cancer is one of the most common malignancies
and has the third leading mortality rate and seventh
[1]
leading incidence rate worldwide . To date, with over
42000 cases diagnosed and 30000 deaths in the
United States per year, a continuous increase in both
[2]
morbidity and mortality is observed in liver cancer .
Unfortunately, the prognosis of advanced liver cancer
is still poor despite the many treatments that have
been developed in the past few decades. Thus, novel
approaches to treat liver cancer are urgently needed.
The tumor microenvironment (TME) plays critical
roles in tumor development and is characterized by
complicated components, including various types of
[3]
non-tumoral cells and non-cellular materials . TMEs
can be largely distinct among different types of cancers
and among different patients with the same type of
cancer. Within a patient, the TME can consistently
change as the tumor progresses and is influenced by
the physiopathological conditions of the patient. Thus,
it is theoretically impossible to identify the precise
state of the TME. However, under certain conditions,
the TME can be specialized to show typical traits, and
in particular, this specialized TME may affect tumor
progression. Understanding these particular TMEs, if
not all of them, can outline the crosstalk between the
TME and tumor cells and facilitate the development of
[4]
novel strategies for tumor treatment .
Pathologically, liver cancer mainly includes
hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (ICC). The two types of liver
cancers share a similar hepatic microenvironment, but
may have different TMEs due to the various biological
characteristics of the tumor cells. For instance, in a
considerable proportion of cases, ICC harbors isocitrate
[5]
dehydrogenase (IDH) 1 and IDH2 mutations , which
[6]
are rare in HCC . IDH1 and IDH2 are important
enzymes involved in cellular metabolism. Therefore,
IDH1/2 mutations can substantially influence the
metabolite profiles in cells and TMEs. In this case, the
roles of the TME in liver cancer progression may be
greatly altered. However, knowledge in this field is poor
and scattered.
Immune cells are key players in liver cancer
progression, and their recruitment and functions are

WJG|www.wjgnet.com

CHARACTERISTICS OF IMMUNE CELLS
IN LIVER CANCER MICROENVIRONMENT
With genetic and epigenetic changes, hepatoma cells
express specific tumor-associated antigens, such as
α-fetoprotein (AFP), glypican-3 (GPC3) and melanomaassociated gene-A1 (MAGE-A1), which can be taken up
by antigen-presenting cells and presented to T cells,
resulting in a cytotoxic reaction to eliminate cancerous
[11,12]
cells
. However, immunosuppressive factors and
immune-inhibitory checkpoint molecules inhibit antitumor reactions and create a special microenvironment
[12]
to facilitate tumor progression . Almost all types of
immune cells are deeply involved in the TME of liver
cancer (Figure 1), including macrophages, Kupffer cells,
neutrophils, T cells, B cells, innate lymphoid cells (ILCs),
dendritic cells (DCs), natural killer (NK) cells, natural
killer T (NKT) cells, and myeloid-derived suppressor
[13-18]
cells (MDSCs)
.

Macrophages and neutrophils

Macrophages display remarkable heterogeneity in
liver cancer for various reasons, such as the cell origin
(resident Kupffer cells and recruited monocyte-derived
macrophages), stimulating signals (i.e., microbes, cell
debris) and functional phenotype (i.e., inflammatory,
anti-inflammatory). Notably, macrophages can play
two or more contradictory roles in a particular TME.
As guardians, macrophages are normally activated by
+
inflammatory signals and together with CD4 T cells
[19]
eliminate precancerous senescent cells . Kupffer cells
[20-22]
directly show cytotoxicity against tumor cells
.
In addition, macrophage-derived interleukin (IL)-12
hampers tumor progression by activating NK and
[23,24]
NKT cells
. As an accomplice, however, tumorassociated macrophages (TAMs, most of which are M2polarized macrophages), induced by IL-4 and tumor
growth factor (TGF)-β, accumulate in liver cancer and
[25,26]
are correlated with the poor prognosis of patients
.
Importantly, these macrophages express the immune
checkpoint protein programmed cell death-ligand 1
+
(PD-L1, also known as B7-H1), which inactivates CD8
[13,27,28]
T cells
. Via other immunosuppressive signals,
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such as Toll-like receptor (TLR) 4 and CD48/2B4, M2polarized macrophages promote the recruitment of
regulatory T cells (Tregs) and suppress the activity of
[29-31]
NK cells
. Moreover, these macrophages can secrete
various tumor proliferation-promoting cytokines, such as
IL-1β, IL-6, TGF-β, C-X-C motif chemokine (CXCL) 10,
invasion and metastasis-promoting factors like tumor
necrosis factor (TNF)-α, osteopontin (OPN), matrix
metalloproteinases (MMPs), C-C Motif chemokine
ligand (CCL) 22, and proangiogenic growth factors,
like vascular endothelial growth factor (VEGF), platelet
derived growth factor (PDGF), fibroblast growth factor
(FGF), and TGF-β, to build a tumor-prone inflammatory
[3,26,32-35]
microenvironment
.
Similar to macrophages, neutrophils also have diverse
functions at different stages of liver cancer progression.
In the case of a hepatic infection or injury, neutrophils
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gather at the wound site together with macrophages to
eliminate pathogens and necrotic materials. Additionally,
neutrophils stimulate reactive oxygen species (ROS)
and telomere DNA damage in hepatocytes, mediating
[36]
neoplasia and progression . Mirroring macrophage
plasticity, a pro-tumoral phenotype of tumor-associated
[37,38]
neutrophils (TANs) is proposed
. Despite biomarkers
of this subtype, immunosuppression is the most central
function of TANs. The immunosuppressive molecule
[39]
PD-L1 is regularly displayed in TANs
and recruits
macrophages and Treg cells to the liver cancer TME
[14]
and induces impaired anti-tumoral immunity . The
infiltrating TAN density and neutrophil-lymphocyte ratio
is reported to be a predictor of outcome, chemotherapy
[40-42]
resistance, and recurrence risk
. Furthermore,
neutrophils promote tumor progression by secreting
cytokines and other functional molecules, such as CCL2
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for tumor growth, hepatocyte growth factor (HGF) and
oncostatin M (OSM) for metastasis, and MMP9 and VEGF
[38,43-47]
for angiogenesis
.

the survival of tumor cells seems to be in question.
However, the tumor is able to reprogram the cellular
metabolism for neoplastic proliferation. The abnormal
metabolism induced by cancer provides energy and
metabolites for cell activity and additionally modifies
many related pathways that influence various biological
[61]
processes .

T cells
+

CD8 T cells are the most important executors of
adaptive immunity against neoplasms, including
liver cancer. Unfortunately, the TME transforms these
‘warriors’ into ‘servants’. Compared with the normal
+
liver, tumor tissue has a lower density of CD8 T cells
+
and a higher density of Tregs. The ratio of CD8 T
[48-50]
cells to Tregs typically indicates a poor prognosis
.
Recent studies suggest that interferon (IFN)-γ, TNF and
+
granzyme secretion by CD8 cytotoxic T lymphocytes
(CTLs) represent a common cytotoxic reaction against
[51,52]
tumors
. Tregs, characterized by CD4, CD25,
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
and forkhead box P3 (FoxP3) expression, can eliminate
IL-2 via its receptor subunit CD25, downregulate CD80
and CD86 and conjugate to the co-stimulatory molecule
CD28 competitively with CTLA-4 to suppress immune
responses. In addition, Tregs secrete TGF-β and IL-10
[52]
into the TME to suppress T effector cells . Via a
complicated regulatory network, several subtypes of T
cells contribute to the immunosuppressive TME.

General alterations

The liver is a metabolic organ, and metabolic disruption
of the liver can lead to spontaneous hepatocarci
[62]
nogenesis . The principal metabolic alterations in the
liver cancer were profiled by metabolomics analysis,
which showed elevated glycolysis, gluconeogenesis
and β-oxidation, with reduced tricarboxylic acid cycle
[63,64]
(TCA cycle) activity
. Aerobic glycolysis, also known
as the “Warburg effect”, is frequently observed in
various tumors. This theory indicates that tumor cells
predominantly use glycolysis, even in the presence of
[65]
sufficient oxygen . For liver cancer, glycolysis also
[63]
plays a dominating role in glucose metabolism .
Accumulating studies have revealed that glycolysis
is associated with genetic and epigenetic changes.
Activated oncogenes and mutant tumor suppressors are
associated with glycolysis. Glucose transporters (GLUTs),
glycolysis-related enzyme hexokinase2 (HK2), pyruvate
kinase M2 (PKM2), and lactate dehydrogenase (LDH) A
are also overexpressed in liver cancer tissue, suggesting
[66]
an increased glycolysis activity . Moreover, the hypoxic
TME and overexpression of β-catenin in liver cancer
stabilize hypoxia inducible factor (HIF)-1α to activate
[67-70]
glycolytic enzymes
.
Fatty acid β-oxidation is enhanced in liver cancer
to overcome the energy shortage and reduce tumor
dependence on glucose. Metabolic alteration increases
FA biosynthesis and glycerolipid metabolism, leading
[71,72]
to fatty acid and lipid accumulation
. However,
the alterations of various types of fatty acids are
complicated. Additionally, almost all amino acids are
increased in liver cancer due to the reduction of amino
[63]
acid catabolism . Although these general changes
were identified, many other factors may influence the
levels of metabolites in TME.

ILCs

ILCs are recently identified innate immune cells that
lack a specific antigen receptor. These cells originate
from mucosal-associated lymphoid tissues and act as
a sentry of the rapid immune response and regulator
[53]
of immune homeostasis and inflammation . Mirroring
the classification of helper T cells (Th), ILCs are divided
into three classes. ILC1s produce Th1-associated
cytokines, ILC2s are associated with Th2-associated
cytokine release, and ILC3s secrete Th17-associated
[54]
cytokines . As these three components simultaneously
exist in the liver, they are likely to be involved in
hepatocarcinogenesis and progression. ILC1s produce
IFN-γ to activate NK cells and indirectly participate
in cancer immunosurveillance, while ILC3s release
IL-17 and IL-22, which may promote tumor growth
[16,55,56]
and angiogenesis
. Moreover, we observed an
increasing number of ILC2 in HCC tissue (unpublished
data) and an elevated level of IL-33 in both serum and
[57]
tumor tissue samples from HCC patients . IL-33 can
stimulate rapid growth and metastatic progression in
[58,59]
breast cancer and cholangiocarcinoma
. Therefore,
the initiation and growth of liver cancer promoted by
the ILC2-related IL-33/ST2 axis might be theoretically
[60]
tenable .

Involvement of specific mutations

Some specific mutations profoundly change the
metabolism of liver cancer. The Tumor Cell Genomic
Atlas (TCGA) project of HCC demonstrated that
IDH and fibroblast growth factor receptor (FGFR)
are meaningful mutations in HCC. IDHs are critical
enzymes for cell metabolism, particularly the TCA cycle.
IDH1/2 mutations convert α-ketogluterate (α-KG) into
[73]
2-hydrogluterate (2-HG) . The unusually decreased
ratio of α-KG/2-HG can significantly influence tumor
cell biology by competing with α-KG and regulating
[74]
epigenetic expression . However, overproduced
2-HG by tumor cells can also be released into the TME
since elevated serum and urinary levels of 2-HG can

ALTERED METABOLISM OF LIVER
CANCER AND ITS INFLUENCE ON THE
TUMOR MICROENVIRONMENT
With their rapid growth and limited nutrition supply,
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[96,97]

be detected in patients with IDH1/2-mutated solid
[75,76]
tumors
. Although 2-HG seems to be impermeable,
this enzyme acts on stromal cells within the bone
marrow microenvironment through an ROS/extracellular
[77]
signal-regulated kinase (ERK) signaling pathway ,
suggesting that 2-HG may influence immune cells in
the TME of liver cancer. This finding is important since
IDH-like HCCs (particularly those containing IDH1/2
mutations and those with IDH-like gene expression)
are indicative of worse clinical outcomes for undefined
[6]
reasons . In addition to 2-HG, IDH-like HCCs and
IDH1/2 mutated ICCs have other significant metabolic
alterations, such as gliomas due to pseudohypoxia, an
[78]
interrupted Krebs cycle, and epigenetic changes . In
addition, IDH gain-of-function mutations also induce
the reprogramming of pyruvate and lipid metabolism
[79,80]
to maintain cell proliferation and clonogenicity
.
Therefore, the TMEs of these tumors likely have distinct
features, and the immune cells within such TMEs may
be reprogrammed to have different functions.
FGFR genetic aberrations include mutations, ampli
fications, and gene fusions, which have been observed
[81-83]
in over 10% of liver cancer
. FGFR2 fusions are
[84]
active kinases with the highest incidence . These
genetic aberrations indirectly affect glucose and lipid
[85]
metabolism by activating the kinase network .
Additionally, the oncogenic FGFR3-transforming acidic
coiled-coil containing protein (TACC) 3 fusion activates
oxidative phosphorylation and mitochondrial biogenesis,
causing a mitochondrial respiration-dependent subtype
[86]
of tumor cell .

mechanisms
. For instance, HCV protein can induce
the overexpression of protein phosphatase 2A (PP2A),
which dysregulates hepatic glucose homeostasis by
[98]
inhibiting AKT and the dephosphorylation of FoxO1 .
However, the molecular mechanism of viral hepatitisrelated metabolic alternations is not well understood.
HBV integration into the tumor suppressor gene region
causes metabolic alterations. Signaling molecules, such
as TGF-β, mammalian target of rapamycin (mTOR),
Smad3, and c-Myc, are activated by HBV and HCV,
[87,96]
which is closely correlated with tumor progression
.

Participation of other concomitant diseases

Liver cancer has a higher incidence in people with
chronic non-infectious liver diseases. Therefore,
the metabolic changes of liver cancer are related to
cirrhosis and nonalcoholic fatty liver disease (NAFLD),
which typically includes lipid anomalies, particularly
[99]
dysregulated de novo lipogenesis . For instance,
peripheral insulin resistance together with enhanced
mitochondrial β-oxidation and oxidative stress are the
most prominent features of NAFLD and nonalcoholic
[100]
steatohepatitis (NASH)
. Thus, NAFLD-related liver
cancer is associated with elevated oxidative metabolism
[101]
and amplified anaplerosis/cataplerosis
. With the
increasing content of hepatic FFAs, liver cells may
endure a mild respiratory dysfunction. The increasing
import of FFAs into the mitochondria is accompanied
by an elevated rate of β-oxidation. The overloaded fatty
acid β-oxidation triggers the subsequent accumulation
of ROS, which further leads to lipid peroxidation and
[102,103]
severe mitochondrial oxidative damage
. These
strong oxidizing products promote inflammation, fibrosis,
and even carcinogenesis. Lipid metabolism shows
an alteration from β-oxidation to ω-oxidation during
[104]
liver cirrhosis . Intriguingly, a metabolic switch from
oxidative phosphorylation to glycolysis in hepatocytes
in early-stage cirrhosis may satisfy the extreme energy
[105]
requirements under such conditions . This evidence
demonstrates that concomitant liver diseases or even
systemic metabolic diseases, such as diabetes mellitus,
can influence the function of immune cells and their
functions in promoting tumor progression.

Influence of hepatic viruses

Hepatitis viruses, particularly HBV in eastern countries
and HCV in western countries, cause specific metabolic
alterations during hepatocarcinogenesis and tumor
progression. Hepatic virus infections activate many
abnormal signaling pathways, which cause aberrant
functions and expression of metabolism related
[87]
enzymes . As a consequence, HBV infection in
patients is associated with increased free fatty acids
(FFAs) and acyl-carnitines and decreased triglycerides,
[88]
phospholipids, and sphingomyelins . Thus, in the TME
of HBV-related liver cancer, the increased FFAs and
decreased glucose may result from increased β-oxidation
and glycolysis, respectively. HBV-related inflammation
can stimulate the expression of HIF-1α through the
PI3K/AKT and mitogen-activated protein kinase
(MAPK)-Ras-Raf pathways. The latter up-regulates
GLUT1 and glycolytic enzymes, increases the glycolytic
flow, and induces ROS accumulation. These alterations
eventually cause DNA oxidative damage and malig
[89-92]
nant transformation
. HBx activates the adenosine
5’-monophosphate-activated protein kinase (AMPK) and
fatty acid oxidation (FAO) pathways as well as the HBxLXRα-SREBP1/FAS pathway, which allows HCC cells to
[93-95]
survive under metabolic stress
. HCV establishes
an insulin-resistant TME in the liver through several
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Metabolic reprogramming of local immune cells in liver
cancer

The role of metabolism in regulating immune cells has
recently aroused general concerns. Evidence collected
in several types of solid tumors indicated the impor
tance of tumor immunometabolic reprogramming and
suggested a novel and crucial area for future research
[106]
of liver cancer . The complicated crosstalk between
metabolically reprogrammed immune cells and liver
cancer cells has been suggested, but the molecular
mechanisms need further exploration (Figure 2).
Because they exist at a considerable quantity,
macrophages play a leading role in the crosstalk
between liver cancer cells and immune cells. The
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phenotypes and functions of macrophages are hot
topics in the field of immunometabolism. Professor O’
Neill’s group and other investigations have conducted
several pioneering and important studies to decipher
macrophage immunometabolism. Recent evidence
has suggested that the energy source (e.g., glucose
and fatty acids) participates in the determination of
[107,108]
macrophage polarization
. However, the role of
FAO in the alternative activation of macrophages is still
[108]
under debate. Huang et al
initially demonstrated
an essential role for FAO in the alternative activation
of mouse macrophages, while two groups in Germany
and the United States subsequently provided convincing
evidence that FAO was indispensable for the M2
polarization of human and mouse macrophages,
[109,110]
respectively
. This discrepancy may partially reflect
differences between mouse and human macrophages
and the potential off-target effects of etomoxir (a
carnitine palmitoyltransferase I A, CPT1A inhibitor used
to inhibit FAO by some researchers). Although the
role of FAO in macrophage activation has not yet been
determined, FAO enhances the functions of M2 polarized
[111]
macrophages .
Generally, M2 polarized macrophages use oxidative
phosphorylation, FAO in particular, to obtain the
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required energy and exert pro-tumor function in various
[108,112,113]
scenarios, including liver cancer
. Mechanistically,
IL-4 induces the expression of peroxisome proliferatoractivated receptors (PPAR) and PPAR gamma coactivator
1-beta (PGC-1b), which orchestrate alteration of FAO
[114]
as well as mitochondrial respiration
. Similar to
liver cancer cells in a background of chronic fatty liver
disease, FFA accumulation attenuates mitochondrial
respiration and increases FFA uptake via CD36, resulting
[115,116]
in a predominant FAO mode in macrophages
.
In addition, IL-4 signaling also increases glucose
[117-119]
metabolism by the AKT/mTOR pathway
. Lactic
acid produced by liver cancer cells through glycolysis
is another non-negligible issue when considering the
metabolic reprogramming of liver cancer-associated
macrophages. The polarization of macrophages to an
immunosuppressive and pro-tumoral phenotype is
mediated by lactic acid via a different, as yet unidentified
[119-121]
pathway
in liver cancer. M2 polarized macrophages
also take up insulin growth factor 1 for a selfimmunometabolic reprogramming, leading to reduced
[122]
phagocytosis and lower energy expenditure , which
may consequently regulate liver cancer progression.
However, M1 polarized macrophages have enhanced
glycolytic metabolism and impaired oxidative phosph
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[123]

orylation through the AKT/mTOR/HIF-1α pathway . This
association is consistent with the fact that many glycolytic
enzymes facilitate inflammatory cytokine production. For
example, PKM2, which is critical for glycolysis, activates
[124]
HIF-1α and induces IL-1β production
. Although
under some conditions, FAO was also found to support
inflammasome activation in M1 polarized macrophages
[125,126]
by regulating CPT1A activity
.
Other metabolites in the TME can also influence the
phenotype and function of macrophages. Succinate is a
known inflammation inducer of macrophages. Succinate
enhances IL-1β secretion via succinate receptor 1
(SUCNR1, also known as GPR91)-mediated amplification
[127]
of TLR signaling . In addition, intracellular succinate,
derived from the γ-aminobutyric acid (GABA) shunt
and anerplerosis of α-KG upon stimulation of TLR4,
enhances IL-1β production through the repurposing
of mitochondrial function from ATP production to ROS
[128,129]
generation
.
Neutrophils are metabolically similar to M1 polarized
macrophages and rely on aerobic glycolysis and the
pentose phosphate pathway (PPP) as their principal
mode of energy metabolism, by which the formation
of neutrophil extracellular traps produces biological
[130]
effects .
During differentiation, a switch from FAO to glycolysis
and glutaminolysis triggers the maturation of T effector
[131]
cells . The rapid supply of ATP helps CTLs to meet their
[132]
increasing bioenergetic and biosynthetic requirements .
Nevertheless, glucose shortage and lactic acid abundance
limit the function of CTLs, and the enhancement of FAO
[133]
preserves the cytotoxicity of CTLs in tumors
. By
contrast, Treg cells favor FAO rather than glycolysis, by
which these cells survive in the persistent low-glucose
and hypoxic tumor microenvironment and suppress the
[131,134]
tumor-killing function of CTLs
. Moreover, Treg cells
rely on oxidative phosphorylation for energy supply, on
FAO for cell differentiation, and on glutaminolysis for cell
[134,135]
proliferation
. Taken together, these observations
demonstrate that environment-related metabolism
regulates the anti- and pro-tumor functions of tumorinfiltrating lymphocytes.

FGF2, etc.), and enhance tumor invasion and metastasis
[26,136]
(by MMP9, TGF-β, etc.)
. We further revealed that IL1β facilitated epithelial-to-mesenchymal transition and
subsequent metastasis in liver cancer, and this effect was
mediated by a group of pro-inflammatory M2-like TAMs
[137]
with an up-regulated level of glycolysis . Interestingly,
the function of TANs is opposite that of TAMs under
different circumstances. For instance, the absence of
TGF-β leads to a TANs-induced anti-tumor response by
CTLs, whereas this situation is completely different in the
[37]
presence of TGF-β .
The influence of metabolic reprogramming on
lymphocytes differs in the presence of high functional
heterogeneity. CTLs enhance glycolysis, glutaminolysis,
and even FAO to exert anti-tumoral cytotoxicity, while
+
CD4 T cells develop into two phenotypes with contrary
functions. With a similar switch characterized by upregulated glycolysis as well as increased glutaminolysis
and PPP, Th1 cells induce macrophage- and NK cellrelated anti-tumoral responses, whereas Th2 cells
[113]
induce immunosuppressive reactions .

PERSPECTIVES OF LIVER CANCER
THERAPY FROM IMMUNOMETABOLISM
Theoretically, it is feasible to target metabolic enzymes
or metabolites in immune cells for therapeutic purposes.
Indeed, several cancer-related immunometabolic
molecules are suitable as potential targets for drug
development (Table 1).
Considering carbohydrate metabolism, glycolysis is
important to activated immune cells. Inhibition of HIF1α can attenuate TAM/TAN-mediated IL-1β secretion,
reduce hypoxic adaptation of tumor cells, and regulate
[137,138]
the differentiation and function of lymphocytes
.
The regulation of PI3K signaling by PTEN in immune cells
may also show some effects on macrophage activation
and Treg cell function with a concurrent influence on
[139,140]
glycolysis
.
The mTOR pathway may be a suitable target to
regulate immune cells by manipulating cellular lipid
metabolism. Inhibition of mTOR by rapamycin can block
+
the development of macrophages and CD4 T cells in
[141,142]
several scenarios, including liver cancer
. Moreover,
FAO plays a predominant role in the metabolism of M2
polarized macrophages. Hence, inhibition of FAO by
etomoxir or other methods (e.g., targeted delivery of
CPT1A siRNA/shRNA) may limit the immunosuppressive
function of M2 macrophages. However, in a resourcedeficient microenvironment, CTLs also take up FFA and
exert cytotoxicity; thus, the selective increase of FFA
import to CTLs enhances the anti-tumoral capacity of
[133]
these cells . It is also feasible to target proteins that
play central roles in metabolic pathways (i.e., iNOS,
PKM2, Foxp3, etc.). The difficulty of this strategy is
that targeting should be cell specific because the same
metabolic pathway can have diverse effects on different

INFLUENCE OF REPROGRAMMED
IMMUNE CELLS ON LIVER CANCER
PROGRESSION
Immunometabolic reprogramming has a dual-function in
tumor progression. Typically, M1 polarized macrophages
facilitate inflammation and the antitumor response via
elevated glycolysis, while M2 polarized macrophages play
an FAO predominant role, secreting IL-10 to suppress the
immune reaction. The switch in the metabolism of TAMs
leads to an ample signaling transition by which these cells
suppress immune reactions (by presenting PD-1, etc.),
accelerate tumor proliferation (by releasing TNF, Wnt
signals, etc.), promote angiogenesis (by secreting VEGF,
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Table 1 Immunometabolic therapies for cancers
Targets
PKM2
HIF1α
PTEN
PDK
GLUT1
LDH
CPT1A
CTLA-4
PD-1/PD-L1

Agents

Mechanisms

Developments

DASA, TEPP46
PX-478, RO7070179, EZN-2968
VO-Ohpic, SF1670
Dichloroacetate
Ritonavir
Gossypol (AT-101), FX11, Galloflavin
Etomoxir
Ipilimumab
Nivolumab, Pembrolizumab, Atezolizumab

Inhibition of HIF1α
Inhibition of HIF1α
Inhibition of PI3K
Inhibition of glycolysis
Inhibition of glycolysis
Inhibition of glycolysis
Inhibition of FAO
Checkpoint blockade; Inhibition of FAO
Checkpoint blockade; Inhibition of FAO
Increased FAO; Inhibition of Complex I; Decreased
mitochondrial ROS
Inhibition of HIF-1α translation
Regulation of tryptophan metabolism; Inhibition of
mTORC1
Inhibition of 2-HG production
Inhibition multi-targeted kinase
Inhibition of NO production
suppress NF-κB and NFAT

Preclinical
Phase 1
Preclinical
Phase 2
FDA-Approved
Phase 3
Preclinical
FDA-Approved
FDA-Approved

AMPK

Metformin

mTOR

Temsirolimus, Everolimus

IDO

Epacadostat

IDH1/2 mutations
FGFR
iNOS
FOXP3

Ivosidenib (AG-120), IDH305, AG-881, DS-1001b
Regorafenib, Sunitinib, TAS120
L-NMMA, 1400W
P60

FDA-Approved
FDA-Approved
FDA-Approved
Phase 3
Phase 2
Phase 2
Preclinical

PKM2: Pyruvate kinase M2; HIF: Hypoxia inducible factor; LDH: Lactate dehydrogenase; FAO: Fatty acid oxidation; CTLA-4: Cytotoxic T-lymphocyteassociated protein 4; mTOR: Mammalian target of rapamycin; FGFR: Fibroblast growth factor receptor; FoxP3: Forkhead box P3; ROS: Reactive oxygen
species.

immune cells.
Furthermore, drugs targeting tumor specific meta
bolic changes can also regulate the function of immune
cells by altering the metabolites of the tumor. For
instance, IDH1/2 inhibitors specifically reduce 2-HG
production leading to destabilization of HIF-1α in immune
cells, which can cause reduction of IL-1β secretion by
macrophages.

3

4

5

CONCLUSION
Immunometabolism has increasingly become a
component of immunology in the past decade. The
current understanding suggests that a complicated
metabolic network regulates the various functions of
immune cells. This network can either be functionally
oriented or environmentally adapted, but together, these
complex interactions lead to immune microenvironment
homeostasis, which affects the progression of liver
cancer. However, numerous findings indicate that almost
all types of immune cells present a self-contradictory
function under different conditions, although the
mechanisms are still unknown. In the future, more
subtypes among immune cells will be defined as single
cell detection systems are further developed, which may
provide a key for functional heterogeneity. Therefore,
liver cancer therapy that targets immunometabolism is
a promising approach. Further work is urgently needed
to explore the utility of targeting specific immunometa
bolic events in the liver cancer microenvironment for
therapeutic gain.
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Abstract
Primary biliary cholangitis (PBC) is an autoimmune
cholestatic liver disease with multiple debilitating
complications. Osteoporosis is a common complication
of PBC resulting in frequent fractures and leading to
significant morbidity in this population, yet evidence for
effective therapy is lacking. We sought to summarize
our current understanding of the pathophysiology of
osteoporosis in PBC, as well as current and emerging
therapies in order to guide future research directions. A
complete search with a comprehensive literature review
was performed with studies from PubMed, EMBASE,
Web of Science, Cochrane database, and the Countway
Library. Osteoporosis in PBC is driven primarily by
decreased bone formation, which differs from the
increased bone resorption seen in postmenopausal
osteoporosis. Despite this fundamental difference,
current treatment recommendations are based primarily
on experience with postmenopausal osteoporosis.
Trials specific to PBC-related osteoporosis are small
and have not consistently demonstrated a benefit in
this population. As it stands, prevention of osteoporosis
in PBC relies on the mitigation of risk factors such as
smoking and alcohol use, as well as encouraging a
healthy diet and weight-bearing exercise. The primary
medical intervention for the treatment of osteoporosis in
PBC remains bisphosphonates though a benefit in terms
of fracture reduction has never been shown. This review
outlines what is known regarding the pathogenesis
of bone disease in PBC and summarizes current and
emerging therapies.
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pathophysiology behind bone disease in PBC as well as
the evidence behind current and emerging therapies for
osteoporosis in PBC.
The term hepatic osteodystrophy is sometimes used
to refer to all metabolic bone disease seen in chronic liver
disease. It refers to both osteomalacia, or decreased
bone mineralization, and osteoporosis, or decreased
bone mass, which can both be seen in advanced
liver disease. Osteomalacia was once thought to be
common in cholestatic liver disease; theoretically due
dietary vitamin D malabsorption in the setting of severe
[12,13]
cholestasis and impaired hepatic 25-hydroxylation
.
However, it appears osteomalacia is actually quite rare
in PBC and cholestatic liver disease and early studies
were plagued by selection bias and a loose definition
[14]
of osteomalacia . It is now widely accepted that
osteoporosis is the primary metabolic bone disease in
[15]
PBC and this review will focus on the management of
osteoporosis in PBC.

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

Core tip: This article reviews the available literature on
the pathophysiology and management of osteoporosis in
primary biliary cholangitis (PBC). PBC-related osteoporosis
is driven mainly by decreased bone formation as opposed
to the increased bone resorption seen in postmenopausal
osteoporosis. Despite this and a lack of evidence of
efficacy, bisphosphonates remain the cornerstone of
treatment. Future attention should be given to the use
of anabolic bone agents in the treatment of PBC-related
osteoporosis.
Danford CJ, Trivedi HD, Papamichael K, Tapper EB, Bonder
A. Osteoporosis in primary biliary cholangitis. World J
Gastroenterol 2018; 24(31): 3513-3520 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i31/3513.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i31.3513

Pathogenesis

The pathogenesis of osteoporosis in PBC appears
to be largely driven by decreased bone formation,
though increased bone resorption may play a role in
certain scenarios. Several studies evaluating bone
histomorphometry have shown decreased tetracycline
double-labeling, decreased bone formation rates,
decreased osteoblast numbers, and decreased serum
osteocalcin, a marker of bone formation, all pointing
towards osteoblast dysfunction and deficient bone
formation as central to the pathogenesis of PBC-related
[5,16-18]
osteoporosis
.
Osteoblast dysfunction is a multifactorial process
caused both by decreased osteoblast stimulation and
increased osteoblast inhibition. Serum levels of insulinlike growth factor-1 (IGF-1), an osteoblast trophic
[19]
factor, are lower in cirrhotics compared to controls .
Supplementation of IGF-1 in cirrhotic rats results in
[20]
improvement in bone mass and bone density . Vitamin K
is also involved in bone metabolism through carboxylation
of the non-collagenous bone protein, osteocalcin, and
has been shown to stimulate osteoblastogenesis and
[21,22]
inhibit osteoclastogenesis
. Vitamin K levels may
be decreased in patients with severe cholestasis and
impaired fatty-soluble vitamin absorption resulting in
impaired osteoblast function. Indeed a meta-analysis
does indicate some reduction in bone loss with vitamin K
supplementation, but was not performed exclusively in
[23]
patients with chronic liver disease .
Elevated levels of bilirubin, bile salts, and altered
fibronectin production may also play a role in decreased
bone formation through osteoblast inhibition in PBC.
In one study, plasma mitogenic activity of osteoblasts
was significantly lower in patients with cholestatic liver
[24]
disease compared to healthy controls . In addition,
removal of bilirubin by plasma photobleaching resulted
[24]
in improved plasma mitogenic activity . Similarly,
elevated lithocolic acid concentrations have been shown
to decrease osteoblast survival through impaired

INTRODUCTION
Primary biliary cholangitis (PBC) is a chronic, progressive
cholestatic liver disease associated with numerous
extrahepatic complications. Osteoporosis, a disease
of decreased bone density and strength, is a common
[1-3]
complication of PBC . The prevalence of osteoporosis
[1-3]
in patients with PBC is roughly 30%
and higher in
advanced stages of liver disease, up to 44% in those
[4]
awaiting liver transplantation . Osteoporosis is a major
[3,5,6]
risk factor for fractures
. The incidence of fractures in
[6-9]
PBC ranges from 0-14% over a two-year period . The
[3,5,6]
prevalence of fractures is reported to be 10%-20%
,
[4]
increasing to 22% in transplant waitlisted patients .
Serious injuries such as fractures are more difficult to
manage in patients with advanced liver disease with
perioperative morbidity and mortality approaching 80%
and 60% respectively in cirrhotics undergoing emergent
[10]
total hip arthroplasty . Patients would therefore benefit
from a timely diagnosis, effective risk factor modification,
and treatment of PBC-related osteoporosis.
While effective treatments exist for postmenopausal
osteoporosis, management of osteoporosis in PBC is
limited by an incomplete understanding of pathophy
siology specific to this disease process and a paucity
of studies evaluating potential treatment. The current
American Association for the Study of Liver Diseases
guidelines recommend vitamin D and calcium supple
mentation based on experience in postmenopausal
women as well as alendronate based on a single
[11]
RCT in PBC . An overreliance on postmenopausal
osteoporosis data may lead to relatively ineffective
treatment of PBC-related osteoporosis. To this end, we
aim to summarize our current understanding of the
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[25]

vitamin D stimulation of osteoblast gene transcription .
Patients with chronic liver disease also exhibit altered
hepatic fibronectin production, resulting in increased
production of a fibronectin isoform containing the
oncofetal domain, which inhibits osteoblast-mediated
[26]
mineralization in humans and mice .
Increased bone resorption may also play a role in
osteoporosis in PBC in certain populations such as post[5,14,16]
menopausal women and men with hypogonadism
.
One study showed increased osteoblast numbers and
increased eroded surface area indicative of increased
resorption, but only in female patients with cholestatic
[16]
liver disease . Estrogen promotes apoptosis of
osteoclasts and its absence results in a sharp decline
[27,28]
in bone mineral density (BMD) after menopause
.
Men with cholestatic liver disease show no signs of
increased bone resorption despite similar degrees of
[16]
osteopenia .
Theoretically, calcium and vitamin D deficiencies may
develop in those with cholestatic liver disease leading
to secondary hyperparathyroidism and increased bone
resorption. Data is conflicting, however. Some studies
have found decreased calcium absorption and serum
[5,29]
vitamin D levels in PBC patients compared to controls
,
but others have found normal vitamin D, calcium, and
PTH levels even among osteoporotic patients with
[16,17,26]
PBC
. In addition, vitamin D supplementation to
normal levels has not been shown to improve BMD in
[30,31]
PBC
. While vitamin D absorption may be impaired
in those taking cholestyramine, this is overcome by
[32]
increasing the oral dose of vitamin D .

extrapolated from osteoporosis risk factors in the
general population. Epidemiologic data suggests
lifestyle factors such as tobacco and alcohol use, low
dietary calcium intake, and low levels of exercise are
associated with decreased bone density and fracture
[33]
risk . Based on this, tobacco and alcohol cessation are
recommended in all PBC patients to reduce risk of bone
loss. A balanced diet with adequate levels of calcium
and vitamin D should also be encouraged. General
recommendations for daily dietary calcium and vitamin
D intake in at-risk populations (women older than 50)
[33]
are 1200 mg and 800 IU daily, respectively .
Evidence for routine weight-bearing exercise comes
from menopausal women. In a 16-year prospective
study of early-postmenopausal women with mild oste
openia, those who exercised regularly had significant
improvement in BMD compared to controls. This finding
was sustained and even greater at 16 years compared
[37]
to 4 .

Treatment

Timing of treatment is based on recommendations from
[36]
the postmenopausal osteoporosis literature . Treatment
should be initiated in all PBC patients with osteoporosis
(T score < -2.5). The ideal time to start treatment in
those with osteopenia (T score < -1 to -2.5) is less
well established. The National Osteoporosis Foundation
recommends treatment in individuals with a prior hip or
vertebral fracture or 10-year hip fracture risk ≥ 3% or
osteoporosis-related fracture risk ≥ 20% based on the
World Health Organization Fracture Risk Assessment
[36]
Tool in those with osteopenia . In PBC, patients with a
[3]
T score < 1.5 appear to be at increased risk of fracture
and initiation of specific treatment could be considered
at this point (Figure 1). A number of different therapeutic
approaches have been evaluated, however, most are
limited by small sample size and short follow-up (Tables
1 and 2). The duration of treatment is unclear even in
the postmenopausal population, though the National
Osteoporosis Foundation emphasizes that treatment
should not be indefinite and generally is continued for
anywhere from 2 to 5 years based on individual risk
[36]
assessment .

Diagnosis and monitoring

No data exists as to the optimal timing of screening and
monitoring for osteoporosis in PBC, however, expert
opinion recommends bone densitometry be performed
[11]
in all PBC patients at diagnosis . The World Health
Organization defines osteoporosis as BMD at the spine or
proximal femur less than 2.5 standard deviations (SDs)
below the mean of a young adult population (expressed
[33]
as a T score) . Osteopenia refers to those with a T
score between -1.0 and -2.5 SDs below the mean.
Patients who initially have normal bone densitometry
should be reassessed every 2-3 years with repeat bone
densitometry, while those with additional risk factors for
low bone density and fractures (i.e., severe cholestasis,
long-term corticosteroid use, postmenopausal women,
BMI < 19, menopause before age 45, alcohol abuse,
smoking) should be reassessed annually. Serum calcium,
phosphorus, 25-vitamin D, and parathyroid hormone
levels should also be checked at diagnosis of PBC and
[14,34,35]
yearly thereafter
. Patients in whom treatment has
been initiated should have repeat BMD measured every
[36]
1-2 years .

THERAPEUTIC OPTIONS
Vitamin D and calcium supplementation

In PBC patients with osteopenia or osteoporosis,
vitamin D and calcium supplementation has not been
shown to improve BMD or reduce fracture risk, though
given few side effects and potential for deficiency,
[14,34,35]
supplementation is generally recommended
.
The only randomized controlled trial (RCT) looking
at calcitriol supplementation did not find a significant
improvement in BMD from baseline at one year, though
BMD did significantly worsen in those who received no
[38]
treatment . Most studies use some combination of
calcium and vitamin D supplementation as standard of
care in both the intervention and control groups, though

MANAGEMENT
Prevention

General measures to prevent bone loss in PBC are
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Table 1 Summary of results in randomized-controlled trials of active agent vs placebo or no treatment
Agent

No. of patients (n ) BMD changes at 1 yr (%) BMD changes at 2 yr (%) Fractures (n )

Treatment

Etidronate
Wolfhagen et al[43], 1997
Lindor et al[6], 2000

400 mg/d (3 mo cycles)
400 mg/d (3 mo cycles)

Alendronate
70 mg/wk
Zein et al[44], 2005
HRT
50 mcg twice weekly TD
Ormarsdottir et al[51], 2004 estradiol + 2.5 mg/d progestin
Boone et al[9], 2006
0.05 mg/d TD estradiol + 0.25
mg/d TD progestin
Sodium fluoride
50 mg/d sodium fluoride
Guañabens et al[7], 1992
Calcitriol
0.5 mcg/d BID calcitriol
Shiomi et al[38], 1999
Vitamin K
45 mg/d vitamin K2
Nishiguchi et al[57], 2001

6 (etidronate)
6 (no treatment)3
29 (etidronate)
31 (placebo)
15 (alendronate)
13 (placebo)
8 (HRT)
9 (no treatment)3
8 (HRT)
14 (placebo)
8 (fluoride)
8 (placebo)
17 (calcitriol)
17 (no treatment)3
15 (vitamin K)
15 (no treatment)3

+1.0 (L), +0.2 (F)
-1.7 (L), +0.4 (F)
+0.7 (L), +1.3 (F)
-0.6 (L), +0.9 (F)
+10.4 (L)1,2, +1.4 (F)1
-0.1 (L)1, -2.1 (F)1
+3.1 (L)2, +1.7 (F)1,2
+1.0 (L), -0.6 (F)1
N/A
N/A
+0.1 (L)1
-3.1 (L)1
+0.3 (L)1
-3.5 (L)1

N/A
+1.0 (L), +0.5 (F)
+2.6 (L), +0.8 (F)
N/A
N/A
-0.6 (L), +0.2 (F)
-0.8 (L), -3.7 (F)2
+2.9 (L)1
-6.6 (L)1,2
N/A

0
0
4 (V)
4 (V)
1 (V), 0 (P)
0 (V), 1 (P)
0
0
0 (V)
2 (V)
0
0
N/A

-0.8 (L)1
-6.9 (L)1

N/A

1

Statistical significance (P < 0.05) between groups; 2Statistical difference (P < 0.05) from baseline; 3Patients in no treatment groups received vitamin D and
calcium supplementation. L: Lumbar; F: Femoral; V: Vertebral; P: Peripheral; BMD: Bone mineral density.

Prevention
T score > -1
(1) Check DEXA scan every 2-3 years
1
(yearly if risk factors )
2+
(2) Check serum Ca , PO4,
25-vitamin D, and PTH every 1-2 yr
(3) Ensure adequate dietary calcium
and vitamin D
(4) Routine weight-bearing exercise
(5) Smoking and alcohol cessation
(6) Treat hypogonadism if no
contraindication

Osteopenia
T score -1 to -2.5

(1) Continue preventive measures
(2) Vitamin D (800 IU daily)
and calcium (1200 mg daily)
supplementation
(3) Consider initiating
bisphosphonate if T score < -1.5

Osteoporosis
T score < -2.5

(1) Continue preventive measures
and calcium and vitamin D
supplementation
(2) Initiate bisphosphonate
(3) Consider clinical trial

Figure 1 Summary of prevention and treatment strategies for osteoporosis in Primary biliary cholangitis. 1Prolonged steroid use (> 3 mo), BMI < 19 kg/m2, heavy
alcohol or tobacco use.

[44]

notably, BMD continues to worsen in the control group
[9,39,40]
despite supplementation
.

comparing alendronate to placebo in PBC . In this
study, 34 patients were randomized to receive oral
alendronate or placebo. After 1 year, patients in the
alendronate arm experienced a 10.4% increase in
[44]
lumbar spine BMD compared to -0.12% for placebo .
However, there was no difference in fracture incidence
over a year and the study included only one male and
[44]
two post-menopausal females .
Several studies have also compared bisphosphonates
to one another. Alendronate was found to be superior to
etidronate in terms of BMD improvement in a small trial
of 32 women with PBC and osteopenia in which patients
were randomized to receive cyclical etidronate or weekly
[45]
alendronate . The alendronate group had significantly
higher lumbar BMD (5.8%) at the end of 2 years
compared to the etidronate group (1.9%). There was
no significant improvement in either lumbar or femoral
BMD in the etidronate group from baseline. However, 2
patients in the alendronate group experienced new nonvertebral fractures during the study period compared to
[45]
1 in the etidronate group .
Ibandronate was also compared to alendronate in

Bisphosphonates

Bisphosphonates reduce bone resorption and are
effective in increasing BMD while reducing fractures in
[41]
postmenopausal osteoporosis . Their effectiveness in
PBC is not as clear due to the small number of studies
with small study size and short follow-up. A 2011
Cochrane review of bisphosphonates in PBC concluded
there was insufficient data supporting improved BMD
[42]
and fracture risk . It appears etidronate is not effective
in improving BMD and preventing fractures in PBC.
In two RCTs comparing etidronate to calcium alone
or placebo, neither demonstrated an improvement in
[6,43]
BMD from baseline with etidronate
, though one did
show significantly less bone loss compared to calcium
[43]
alone . Neither showed a difference in fracture risk
[6,43]
over 1-2 years of follow-up
.
Alendronate, a nitrogen-containing bisphosphonate
as opposed to etidronate, has had more promising
results in PBC. Only one RCT has been performed
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Table 2 Summary of results in comparative randomized controlled trials of different agents for treatment of osteoporosis in primary
biliary cholangitis
Agent

Treatment

Guañabens et al[39], 1997
Etidronate
Sodium fluoride
Guañabens et al[45], 2003
Alendronate
Etidronate
Guañabens et al[2], 2005
Alendronate
Alendronate
Guañabens et al[46], 2013
Ibandronate
Alendronate

No. of patients (n ) BMD changes at 1 yr (%) BMD changes at 2 yr (%)

400 mg/d (3 mo cycles)
50 mg/d sodium fluoride

13 (etidronate)
10 (fluoride)

-0.1 (L), -0.4 (F)
-1.7 (L), -0.6 (F)

10 mg/d
400 mg/d (3 mo cycles)

13 (alendronate)
13 (etidronate)

10 mg/d
70 mg/wk

16 (alendronate)
10 (alendronate)

+3.3 (L)2, +1.2 (F)2
+1.2 (L), -0.3 (F)

150 mg/mo
70 mg/wk

14 (ibandronate)
19 (alendronate)

+3.8 (L), +1.0 (F)
+4.6 (L), +1.4 (F)

Fractures (n )

+0.5 (L)2, -0.2 (F)
-2.1 (L), -1.5 (F)

0 (V), 3 (P)
2 (V), 2 (P)

+5.8 (L)1,2, +3.9 (F)1,2
+1.9 (L)1, +0.4 (F)1

0 (V), 2 (P)
0 (V), 1 (P)

+5.7 (L)2, +1.1 (F)
+4.5 (L)2, +2.5 (F)

0 (V), 0 (P)
1 (V), 0 (P)

1

Statistical significance (P < 0.05) between groups; 2Statistical difference (P < 0.05) from baseline. L: Lumbar; F: Femoral; V: Vertebral; P: Peripheral; BMD:
Bone mineral density.

[9,51]

dropout
. Hormone replacement is also associated
with increased risk of venous thromboembolism,
stroke, ischemic heart disease, and breast cancer and
is not recommended in women older than age 60 or
[52]
greater than 10 years after menopause . Hormone
replacement may be effective in improving BMD in PBC,
though no improvement in fracture risk has been shown
and side effects limit their use.

a more recent study of 42 post-menopausal women
[46]
with PBC and osteoporosis . In this study, women
were randomized to receive IV ibandronate monthly
or weekly oral alendronate. There was no significant
difference in BMD between the 2 groups at the end of 2
years, however, compliance was significantly better in
[46]
the ibandronate group . One patient in the alendronate
group developed a new vertebral fracture. Another
advantage of IV administration is the avoidance of the
theoretical concern of esophagitis and variceal bleeding
with oral bisphosphonates in cirrhotics. However, none
of the studies with alendronate and etidronate noted
[6,40,43-46]
any esophagitis or variceal bleeds
.
Evidence for the use of bisphosphonates in PBC is
limited with only one small trial of alendronate showing
improvement in BMD compared to placebo, though this
occurred almost exclusively in postmenopausal women,
[6,43,44]
and none demonstrating fracture risk reduction
.
Similarly powered trials in postmenopausal osteoporosis
have shown improvement benefit in terms of both
[47]
fracture reduction and BMD improvement , and the
PBC-specific benefit of bisphosphonates remains unclear.

Calcitonin

Calcitonin has been shown to have some effect in
postmenopausal osteoporosis, however, data in PBC
is lacking. A crossover study of IV calcitonin for 6 mo
compared to oral calcium supplementation did not
find a significant difference between the two and BMD
[53]
ultimately fell in both groups . A 3-year study of
vitamin D, calcium, and IM calcitonin found significantly
less BMD loss in treatment patients compared to
[54,55]
controls who received no treatment
. However,
there was no significant improvement in the calcitonin
group and, since the control group received no therapy,
the stabilization of BMD may have been from calcium
[55]
and vitamin D supplementation .

Hormone replacement

Selective estrogen receptor modulators

Estrogens also have strong anti-resorptive effect
on bones and for a period of time were widely used
[48]
in postmenopausal osteoporosis . Concerns over
worsening of cholestasis initially limited their use in PBC.
However, several observational studies did not show
any significant worsening in liver disease with hormone
[49,50]
replacement therapy (HRT)
and subsequently two
[9,51]
RCTs similarly found no worsening in liver disease
. In
these RCTs, those randomized to transdermal estrogen
and progesterone had femoral and vertebral BMD
[9,51]
compared to controls after 1-2 years of treatment
,
though only one showed an improvement in BMD from
[51]
baseline
and neither showed a reduction in fracture
[9,51]
risk
. In addition, both studies noted an increase in
noncholestatic adverse events, such as vaginal bleeding
and headaches, in the HRT arm leading to increased
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Raloxifene is a selective estrogen receptor modulator
that maintains the antiresorptive effects of estrogen
in bone with anti-estrogen effects in the uterus and
breast. A single pilot study has examined the efficacy
of raloxifene in PBC. In this study, 9 women with
PBC treated with raloxifene were compared to 3 age[56]
matched controls . After 1 year, there was a small (0.02
2
2
g/cm vs 0.00 g/cm ) but significant improvement in
lumbar BMD compared to controls, though there was
no difference in femoral BMD and no data on fracture
[56]
risk .

Sodium fluoride

Sodium fluoride increases bone formation and has been
shown to be effective in postmenopausal osteoporosis,
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but is not as effective as anti-resorptive agents. One
randomized, controlled trial examined sodium fluoride
in PBC and found a significant increase in BMD (+2.9%)
compared to placebo (-6.6%) in 22 women with PBC
[7]
followed for 2 years . No fractures occurred in either
[7]
group . A subsequent trial comparing sodium fluoride
to etidronate, however, found etidronate to be superior
and actually observed a decrease in femoral BMD in the
[39]
sodium fluoride group after 2 years . In addition, 2
patients in the sodium fluoride group experienced new
vertebral fractures compared to none in the etidronate
[39]
group .

decreased in both groups at the lumbar spine as well
and, while there was a trend toward less decline in
the obeticholic acid groups, there was no significant
[62]
[62]
difference . There was no difference in fracture rates .
No data currently exists evaluating the effects of
fibrates on BMD when used to treat PBC.

Future therapies

Concerns over long-term efficacy and safety of
bisphosphonate use in postmenopausal osteoporosis
have led to ongoing development of new medications.
Abaloparatide, a parathyroid hormone-related peptide
analog, was recently approved by the Food and
Drug Administration for treatment of postmenopausal
osteoporosis and may avoid the pro-resorptive and
[63]
hypercalcemic effects of teriparatide . Along with
teriparatide, these recombinant human PTH agents differ
in that they promote bone formation, the primary deficit
in PBC, as opposed to decrease resorption, the driving
issue in postmenopausal osteoporosis and the current
target of most treatments. Based on our understanding
of the pathogenesis of osteoporosis in PBC, future studies
should include therapies that promote bone formation
and ample male and premenopausal female PBC patients
to decrease the likelihood that results reflect only
treatment of postmenopausal osteoporosis.

Vitamin K

Patients with severe cholestasis may have decreased
absorption of fat-soluble vitamins, such as vitamin K.
Vitamin K is involved in bone formation through stimul
[21,22]
ation of osteoblastogenesis
. One meta-analysis
did indicate some reduction in bone loss with vitamin
K supplementation, but did not focus on patients with
[23]
cholestatic liver disease . One small RCT in PBC
found significantly less bone loss in vitamin K patients
compared to controls, but was ultimately not effective in
[57]
improving BMD .

Parathyroid hormone

Human parathyroid hormone (PTH) improves BMD
and reduces fractures in postmenopausal osteoporosis
through stimulating bone formation, the major driver of
[58,59]
osteoporosis in PBC
. The recombinant form consisting
of the bioactive portion of the hormone (teriparatide) is
approved for treatment of postmenopausal osteoporosis,
but has not been studied in PBC. Recombinant human
PTH 1-34 (rhPTH 1-34) has been studied in rats that
[60]
have undergone biliary ductal ligation . In this study,
rats that underwent biliary ductal ligation had significant
worsening in BMD compared to rats that underwent a
sham operation. Biliary ductal ligation rats were then
administered rhPTH 1-34 at 40 and 80 µg/kg/d. Those
rats who received 40 µg/kg/d experienced significant
improvement in femoral and tibial BMD compared to
untreated rats and those who received 80 µg/kg/d (who
did not experience significant improvement compared
[60]
to untreated rats) . No trials have been undertaken in
humans with PBC.

CONCLUSION
Osteoporosis is a common complication of PBC resulting
in a significantly increased risk of fractures especially in
those with a T score < -1.5. Severity of bone disease
is related to the severity and duration of the underlying
liver disease as well as increasing age. The mechanism
of decreased bone density primarily involves decreased
bone formation resulting from decreased osteoblast
function. Increased bone resorption may also play a role
in postmenopausal women.
For prevention of osteoporosis, mitigation of risk
factors is recommended through smoking and alcohol
cessation as well as a balanced diet and regular weightbearing exercise. Treatment is recommended in patients
who have experienced fractures or have osteoporosis (T
score < -2.5), though may also be considered in those
with a T score < -1.5 in PBC. No treatment has been
adequately shown to reduce fractures in PBC, though the
bisphosphonates ibandronate and alendronate may be
effective in increasing BMD. HRT may also be effective in
improving BMD in PBC, though with more side effects.
Treatment of the underlying liver disease with UDCA
or OCA does not appear to effectively treat the bone
disease. Ultimately further research is required, with
special attention to anabolic bone agents, to identify
effective treatment in PBC-related osteoporosis.

PBC-specific therapies

Therapies directed at PBC itself have not been shown
to improve bone disease. Patients enrolled in a
randomized, controlled trial of ursodeoxycholic acid
(UDCA) were followed over a 3-year period with dualphoton densitometry annually. After 3 years, there was
no significant difference in lumbar BMD between UDCA
[61]
and placebo .
In the initial phase 3 trial of obeticholic acid, BMD was
[62]
measured at baseline and 12 mo . BMD continued to
decline in the obeticholic acid groups (both 5-10 mg and
10 mg groups), however, this decline was significantly
less at the femoral neck compared to placebo. BMD
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Abstract
A major issue in organ transplantation is the develop
ment of a protocol that can preserve organs under
optimal conditions. Damage to organs is commonly a
consequence of flow deprivation and oxygen starvation
following the restoration of blood flow and reoxygenation.
This is known as ischemia-reperfusion injury (IRI): a
complex multifactorial process that causes cell damage.
While the oxygen deprivation due to ischemia depletes
cell energy, subsequent tissue oxygenation due to
reperfusion induces many cascades, from reactive oxygen
species production to apoptosis initiation. Autophagy
has also been identified in the pathogenesis of IRI,
although such alterations and their subsequent functional
significance are controversial. Moreover, proteasome
activation may be a relevant pathophysiological
mechanism. Different strategies have been adopted
to limit IRI damage, including the supplementation of
commercial preservation media with pharmacological
agents or additives. In this review, we focus on novel
strategies related to the ubiquitin proteasome system
and oxidative stress inhibition, which have been used to
minimize damage in liver transplantation.
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Core tip: ischemia-reperfusion injury is a complex
multifactorial process that causes cell damage during
liver transplantation. The role of the ubiquitin proteasome
system during liver transplantation remains unclear. The
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use of proteasome inhibitors is a new strategy aimed at
improving organ preservation.

products, inflammatory mediators and cytokines),
adoption of a specific therapeutic strategy often results
in only limited improvements in organ transplantation.
Given these circumstances, it is worthwhile to focus
on the assessment of agents that can counteract the
damage induced by oxidative stress. As oxidative
stress is the result of an imbalance between the rate
of ROS generation and the capacity to detoxify these
[26-28]
reactive species
, interventions that could result
in ROS scavenging or the detoxifying of ROS products
could protect against IRI. Three lines of defence against
[29]
oxidative stress have been reported . Antioxidant
molecules (such as glutathione) represent the first line
of antioxidant defence; the second line incorporates
enzymatic antioxidants; and the third consists of repair
system proteins, including the proteolytic pathways. In
this third line, the ubiquitin-proteasome system (UPS) is
widely recognized as the main system for degradation
[30,31]
of cytosolic proteins
The purpose of this review is to present an update
of effects of oxidative stress while summarizing recent
findings on the role of the UPS in organ preservation
and liver transplantation. In this review we outline
the current data of the literature, previous search in
databases - PubMed, Web of Science and Scopus - that
support the hypothesis on the potential involvement
of UPS and oxidative stress in IRI. We will focus on
the new strategies used to minimize damage in liver
transplantation.

Alva N, Panisello-Roselló A, Flores M, Roselló-Catafau J,
Carbonell T. Ubiquitin-proteasome system and oxidative
stress in liver transplantation. World J Gastroenterol 2018;
24(31): 3521-3530 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i31/3521.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i31.3521

INTRODUCTION
The definitive treatment option for many liver diseases is
liver transplantation; and in these cases, one important
issue is the optimization of organ preservation.
During liver transplantation, damage is initiated by
vascular occlusion during hepatic resections. This is
aggravated by cold storage of the liver graft (usually
at 4 ℃) in the preservation solution; and finally by
warm reperfusion and subsequent implantation
into the recipient. During ischemia, a long period of
tissue hypoxia can result in tissue injury and organ
dysfunction; as the organ is deprived of oxygen,
ATP and energy becomes depleted. Paradoxically,
the reintroduction of oxygen during reperfusion
aggravates the damage. The whole process has a
plethora of consequences that are collectively known
[1-3]
as ischemia-reperfusion injury (IRI) . While oxygen
deprivation due to ischemia depletes cell energy,
subsequent reoxygenation due to reperfusion induces
many cascades, from induction of reactive oxygen
[4]
species (ROS) to initiation of apoptosis (Figure 1).
Such events are, in part, responsible for organ failure.
Variables related to the donor (age, steatosis) and
[5]
surgery (prolonged ischemia times) are the most
[6]
commonly reported risk factors for graft dysfunction .
[7]
Other factors such as shear stress and small graft size
have been recognized as important factors associated
with oxidative stress, lack of primary function, early
dysfunction allograft and biliary complications after liver
[8]
transplantation . Together with the immunological
mechanisms of graft rejection, IRI remains as one of the
main clinical problems following organ transplantation.
Current strategies to prevent and modulate IRI
[9-15]
[16]
include: ischemic preor post-conditioning
[17]
[18-20]
protocols ; static cold storage or machine perfusion
[21-23]
and the use of pharmacological agents
. The
most common methods applied in liver surgery have
[5,24]
recently been reviewed
. Conventional hypothermic
cold storage continues to be the main method for liver
preservation, largely because of its cost-effectiveness,
simplicity and logistics. However, hypothermia can have
multiple side effects, including the induction of oxidative
[25]
stress .
Because of the wide range of mechanisms that can
contribute to cell damage in IRI (involving ROS, oxidized
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STATIC COLD STORAGE, MACHINE
PERFUSION AND STORAGE SOLUTIONS
The strategy most commonly adopted to reduce
ischemic injury is the cooling of organs and the use of
a preservation solution to minimize enzymatic activity
and depletion of the energy substrate. Cold storage
[32,33]
slows down cellular metabolism
, but this can be
[34]
responsible for further ATP and energy depletion .
In addition, cold has adverse side effects due to the
induction of cellular inflammation, alterations of the
[35]
cytoskeleton , and oxidative stress.
Protective strategies to reduce hepatic IRI include
the use of the machine perfusion, which represents a
new line of research opposed to static cold storage.
Perfusion machine involves a pulsatile perfusion of
the liver with a cold (subnormothermic, hypothermic)
[18,36-40]
[41,42]
perfusate
; with normothermic perfusate
; or
[43]
with a gradual increase in of the perfusate temperature .
These references confirm that machine perfusion
protects against IRI damage in animal models. Livers
preserved by subnormothermic machine perfusion at
20 ℃ showed significantly less liver damage at the end
of reperfusion compared to cold storage. The release
of LDH was reduced while the production of bile, ATP
levels, glycogen and glutathione content increased in
preserved livers by subnormothermic machine perfusion
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Figure 1 Ischemia-reperfusion injury: A complex multifactorial process that causes cell damage during liver transplantation. While the oxygen deprivation
due to ischemia depletes cell energy, subsequent reoxygenation due to reperfusion induces many cascades, from production of reactive oxygen species to initiation of
apoptosis. UPS: Ubiquitin-proteasome system; mPTP: mitochondrial permeability transition pore.
[44]

than livers submitted to cold storage . Normothermic
machine perfusion has also been assessed in discarded
[45]
human liver grafts . The reported data demonstrate
the viability of normothermic perfusion, which results
in the continuous production of bile, the fall of lactate
levels and the preservation of hepatic morphology.
However, the safety and efficacy of machine perfusion
is yet to be assessed by randomized controlled clinical
trials.
Due to its cost-effectiveness and simplicity, cold
storage with conventional hypothermia remains the
main method for liver conservation. In fact, major
advances in the field of organ preservation have
included the development of new improved preservation
solutions capable of reducing cold-induced cellular
[46]
damage . Euro-Collins solution was first developed in
the 1970s; while more recently, University of Wisconsin
[47]
[48]
[49]
(UW)
Celsior , Histidine-Ketoglutarate (HTK)
[50]
and Institute Georges Lopez (IGL-1)
solutions
tend to be extensively used for liver transplantation.
Commercial preservation solutions include oncotic
agents, like hydroxy-ethyl starch (HES) in UW and
polyethylenglycol-35 (PEG-35) in IGL-1, which
confer high viscosity to the media. They also contain
metabolic precursors (adenosine and ketoglutarate)
and antioxidants (glutathione, allopurinol). Although the
use of commercial preservation solutions has improved
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conditions for liver graft preservation, with the urgent
need to expand the donor pool and the subsequent use
of suboptimal grafts, new additives have been proposed
to combat oxidant and apoptotic damage with the aim
of prolonging graft quality during cold storage.

THE ROLE OF OXIDATIVE STRESS IN IRI
ROS are highly reactive and capable of oxidizing lipids,
[51]
proteins and DNA , thereby leading to structural and
cellular changes that may cause oxidative stress and
cellular apoptosis. Abundant information has been
published demonstrating that increased ROS production
[28,50,52,53]
is involved in IRI pathology
. The involvement
of ROS was initially observed based on the detection of
enhanced production of chemical products generated
by the reaction of ROS with cellular components. Lipid
peroxidation products, such as malondialdehyde and
[13,36,54-56]
hydroxynonenal
have been widely used as a
biomarkers of oxidative stress in IRI. The accelerated
ROS production in post-ischemic tissues has been
attributed to enzymes capable of reducing molecular
[57-59]
oxygen and forming superoxide: xantine oxidase
,
[60]
[11]
NADPH oxidase
and nitric oxide synthase . The
contribution of each of these enzymes in IRI is assessed
[28]
in the excellent review by Granger and Kvietys . All
this indicates that radicals can be formed from different

3523

August 21, 2018|Volume 24|Issue 31|

Alva N et al . Proteasome in liver transplantation
sources, and consequently several protective strategies
to decrease liver IRI have targeted different sources
[59,61]
of ROS: xanthine oxidase (using allopurinol
) or
[62]
NADPH oxidase , for example. Other strategies have
included pharmacological interventions with antioxidants
[63-66]
resulting in the neutralization of ROS effects
.
[29]
As mentioned above, Jung et al
describe three
main lines of defence against oxidative stress. Thus,
to those molecules widely recognized as antioxidants,
such as glutathione, and enzymatic antioxidants, they
add a third line of defence: repair system proteins. This
system includes the proteolytic pathways, such as the
[30,31]
UPS
. The activity of the UPS is necessary so that
the cells can cope with oxidative stress, but in turn, the
activity of the UPS are also modulated by the redox
[67]
state .

activated ubiquitin moieties to the protein substrate
that is specifically bound to a unique ubiquitin ligase:
E3. Finally, an isopeptide bond is formed between the
C-terminal glycine residue of the ubiquitin (Gly76) and
the e-NH2 group of an internal lysine (Lys119) of the
protein substrate. Several protein families have been
discovered that are evolutionarily related to ubiquitin,
as they share the characteristics of the ubiquitin-fold
proteins and the capacity to become conjugated to
substrates through the action of related E1, E2, and E3
[79]
enzymes .
Target proteins can be modified by mono- or polyubiquitination. The seven lysines in ubiquitin contribute
to the assembly of various poly-ubiquitin chains that
[80]
may be involved in different cellular processes .
The K48-linked (Lys 48) poly-ubiquitin chain targets
proteins for proteasomal degradation, while the K11linked poly-ubiquitin chain is involved in endoplasmic
[81]
reticulum-associated degradation
and the K63linked poly-ubiquitin chain can act in non-proteolytic
events, including protein trafficking, DNA repair, and
[82]
inflammation . Furthermore, ubiquitination can be
reversed by the removal of ubiquitin from target proteins
by de-ubiquitinating enzymes (DUBs).

THE UBIQUITIN-PROTEASOME SYSTEM
In order to eliminate damaged proteins, cells have
highly regulated mechanisms, such as the autophagylysosome pathway and the UPS, which is recognized
as the principal system for degrading oxidized cytosolic
proteins. Proteasomes are protein complexes that, via
proteolysis, degrade unnecessary or damaged proteins.
It has always appeared that autophagy within lysosomes
is involved in the pathogenesis of hepatic IRI, although
the specific alterations it causes and their subsequent
[68]
functional significance are highly controversial . The
use of proteasome inhibitors has been demonstrated
[69,70]
to enhance myocardial viability
and protect liver
[4,71-73]
against IRI
, which suggests this may be a
promising strategy to reduce the damage inherent to
transplantation protocols.

Degradation of damaged proteins

The proteasome is a multicatalytic protease involved in
the degradation of intracellular proteins. The processing
of damaged proteins is mainly mediated by the 20S and
[76,77]
26S proteasomes
.
The 20S proteasome is a large complex, formed of
four stacked rings: two alpha and two beta rings, each
containing seven different subunits (from α1 to α7 or
from β1 to β7). Three of the beta subunits are responsible
for the proteolytic activity. β1 exhibits caspase-like
activity, while β2 exhibits trypsin-like activity, and β5,
chymotrypsin-like activity. Whereas the beta rings are
responsible for proteolytic degradation, the alpha rings
perform substrate recognition and regulate substrate
access to the proteolytic active centre.
The 26S proteasome is formed by the addition of
one or two regulatory 19S subunits to an alpha ring
in the 20S core proteasome in an ATP-dependent
manner. The binding to this regulator increases the
proteasomal activity and allows the proteasome to
degrade the substrate proteins that have been tagged
through the binding of a chain of ubiquitin, as explained
above. The ubiquitin chain acts as a labelled sequence
to direct proteins to the 26S proteasome where they
are degraded. The 19S subunits first remove the
poly-ubiquitin “tags” of the targeted proteins and
unfold those proteins. Then, the unfolded proteins are
degraded by the 20S core of the 26S proteasome. In
this way, while the 20S core proteasome can degrade
unfolded proteins in an ATP-independent manner, the
26S proteasome is only capable of degrading natively
folded and functional proteins in an ATP- and ubiquitin-

Ubiquitin

Ubiquitin is a highly conserved and small 76-aminoacid protein that acts as a post-translational protein
modifier and regulates protein lifespan. Ubiquitin was
[74]
isolated in the 1970s by Goldstein et al
and since
then has been identified in many cellular processes,
including proteasomal proteolysis and also DNA damage
repair. Ubiquitin can be attached covalently to a target
protein in a process known as ubiquitination. Ubiquitin
is conjugated to other proteins through a peptide
bond between its C-terminal glycine and a primary
amine on the substrate, most typically a lysine residue.
Conjugation is dependent on the successive activities
of enzymes named E1 (ubiquitin activating enzyme),
E2 (ubiquitin conjugating enzyme), and E3 (ubiquitin
[75]
ligase) . In the 1980s, biochemical studies elucidated
[76,77]
the chemical reactions catalysed by these enzymes
.
E1 activates ubiquitin as a thioester of the active site
[78]
cysteine residue at expenses of ATP . The activated
ubiquitin molecule is then transferred to an E2 enzyme
via the formation of a new thioester with the catalytic
cysteine residue of the E2 enzyme. E2 transfers the
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[83]

dependent manner

[88-90]

.

proteasome control
. In fact, we have previously
reported that phosphorylation of the 19S subunit Rpt6
[36]
increases in cold perfused rat livers .

ACTIVATION OF THE PROTEASOME
UBIQUITIN SYSTEM (UPS) AND
PROTEOLYSIS IN IRI

The combination of proteasome and oxidative stress in
IRI

ROS are capable of oxidatively modifying cell structures.
Due to the abundance of proteins, the presence
of oxidatively modified proteins and aggregates of
oxidized proteins has been reported in the cytosol.
There is a certain degree of consensus that proteasomal
activity degrades oxidized proteins, although the
attribution to 20S or 26S is yet to be elucidated. The
26S proteasome was found to be less active in the
[91]
degradation of oxidatively damaged proteins . A
growing body of evidence suggests that the degradation
of oxidatively damaged proteins does not require ATP
[92]
and polyubiquitination of the substrate . Alternatively,
oxidative proteins are removed independently of
[93]
ubiquitin by the ATP-independent 20S proteasome .
The proteasome is responsible for the selective
degradation of oxidatively damaged proteins. In this
sense it has been shown that certain oxidized proteins
[94]
degrade faster than their native counterparts , and,
furthermore, it has been shown that inhibition of the
[95]
proteasome stabilizes the oxidized proteins . During
oxidative stress, the ratio of oxidized to reduced
[36]
glutathione increases . and this redox status of
the cells can also modulate protein ubiquitination by
[96,67]
reversible S-thiolation
. This is concurrent with
a decrease in the ubiquitin-activating enzyme, E-1
and ubiquitin conjugates. According to some models,
glutathiolation of the E1 or E2 components of a ubi
quitinated protein protects it from unnecessary degra
dation. Thus, S-glutathiolation can be regarded as a
general mechanism of a redox signal controlling gene
expression. In addition, direct oxidative modifications of
the proteasome may also occur, including carbonylation,
glycoxidation and modification with lipid peroxidation
products. Although it is not clear to what extent these
modifications affect the proteasome, they could
modulate proteasomal activity. It should be noted that
an inefficient proteasomal system would result in an
accumulation of protein aggregates in the cytoplasm, as
has been reported in brain due to aging or Alzheimer’s
[97]
disease ; while excessive protein depletion activity may
have deleterious effects by affecting detoxifying systems,
[69,84]
membranes, or RNA stability
.

It has been well established that proteolysis is an
important regulatory mechanism that helps maintain
[77]
homeostasis . The proteasome and the UPS are
necessary for the control of protein concentrations,
to prevent abnormal accumulations and to modulate
regulatory proteins involved in cell metabolism.
However, proteolysis can have detrimental effects on
[84]
organs and tissues after transplantation . Free amino
acids in the effluent from human livers was used as a
marker to predict postoperative graft function. In fact,
the prevention of liver graft proteolysis and proteasome
activation can be modulated by the use of additives to
[85,86]
organ preservation solutions
. In this way, it has
been demonstrated that lactobionate, a component of
UW solution, prevents the release of metalloproteinases
[85]
during cold preservation . Moreover, the UPS is an
energy-dependent system and ATP levels affects 26S
[87]
proteasome assembly, stability, and function . The
following processes are dependent on ATP: The first
step in ubiquitin conjugation by E1, which is required
for the poly-ubiquitination of proteins; the assembly of
alpha and beta rings and ATP-dependent proteases;
and the degradation of poly-ubiquinated proteins by the
[79,87]
26S proteasome
. In addition, it is well known that
oxygen deprivation leads to a significant decrease in
[34]
ATP in liver grafts , which could affect liver outcomes.
Therefore, during cold storage of organs, and because
of the ATP decrease, the formation of 26S proteasomes
and poly-ubiquitin-dependent protein degradation are
expected to be impaired. However, it has been well
established that a subset of 26S proteasomes appears
[70]
to be activated as ATP levels decline . In that study,
[70]
Geng et al demonstrated that the activation of the 26S
proteasome is a pathophysiologically relevant mechanism
in cold ischemic myocardial injury. Such observations
imply that a subset of 26S is acting as a harmful
protease that is activated when the cellular energy supply
decreases. The finding that ATP negatively regulates
proteasome activity is consistent with previous results
concerning increased proteolysis during cold preservation
[84]
of human liver grafts . Moreover, hypothermia also
affects proteasome activity in isolated perfused rat liver,
[36]
increasing chymotrypsin-like activity .
Degradation of protein substrates by 26S prote
asomes requires the 19S regulatory cap to recognize
ubiquitin protein conjugates and to regulate the entry of
the substrate into the proteolytic cavity of the 20S core.
Covalent regulation via phosphorylation of a subunit in
the 19S regulatory cap of the proteasome allows for
a fast increase in the 26S proteasome activity, which
becomes an important regulatory mechanism for
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PROTEASOME INHIBITION IN LIVER IRI
The use of proteasome inhibitors has been shown to
offer protection and maintain the physiological ubiquitin[98]
protein conjugate pool during cold organ preservation .
Table 1 summarizes the protective effects of different
proteasome inhibitors against IRI during organ preser
vation. The potential pharmacological role of proteasome
[99]
inhibitors was first reported by Campbell et al . Those
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Table 1 Effect of different proteasome inhibitors on organ preservation
Inhibitor
PS-519

Epoxomicin

Organ and condition

Manifestations

Ref.

Heart after IRI (rat)

Improved cardiac contractility
Improved coronary flow
Reduced PMN infiltration
Reduced edema formation
Preserved ultrastructural integrity
Decreased LDH and ALT
Increased protein oxidation
Decreased antioxidant activities
Decreased AST and ALT
Reduced inflammation (IL1β and TNFα)
Decreased AST, ALT and mitochondrial damage
Increased bile production
Decreased lipid peroxidation
Decreased apoptosis (Cyt C and Caspase 3)

Campbell et al[99]

Heart after cold ischemia (rat)

MG132

Liver, warm IRI (rat)

MG132

Liver, cold IRI (rat)

Bortezomid

Liver, cold IRI (rat)

Geng et al[70]
Alexandrova et al[4]

Zaouali et al[71]
Zaouali et al[71]
Bejaoui et al[72]

IRI: Ischemia-reperfusion injury.

authors demonstrated that proteasome inhibition can
prevent loss of cardiac contractile function in isolated
perfused rat heart. The adherence of polymorphonuclear
leukocytes to the endothelium was also reduced.
However, controversy regarding whether inhibiting the
proteasome is beneficial or detrimental to cardiac function
[95]
continues . Few studies have examined the role of UPS
inhibitors as a strategy to reduce damage in liver IRI. In
rat liver subjected to warm IRI, the administration of the
proteasome inhibitor MG132 decreased LDH and AST
[4]
levels during ischemia and reperfusion . In addition, the
same authors studied whether MG132 can modulate the
prooxidant and antioxidant status of rat liver. The results
showed that MG132 did not significantly affect liver
lipid peroxidation. However, MG132 increased protein
carbonyls and decreased the main antioxidant enzyme
activities (catalase and superoxide dismutase).
In contrast to that modulation of oxidative stress, the
proteasome inhibitor Bortezomib, used at a non-toxic
low dose, up-regulates liver antioxidant enzymes in
[86]
chronic ethanol-fed rats . Exposure to the proteasome
inhibitor increased antioxidant defences by enhancing
the levels of mRNA and protein expression transcripts
of glutathione reductase, glutathione synthetase and
glutathione peroxidase, as well as superoxide dismutase
in rat liver. The increase in antioxidant defences was
concomitant with enhanced 26S proteasome activity.
As mentioned by those authors, the beneficial effects
of the proteasome inhibitor Bortezomib could be due to
the low dose used and to the reversibility of the drug.
In accordance with the previous research, we have
recently demonstrated that the addition of the reversible
UPS inhibitors Bortezomib and MG132 to UW solution
improved steatotic and non-steatotic rat liver preservation
[71]
in the face of cold IRI . Both inhibitors prevented liver
injury, decreasing AST and ALT, and prevented the
release of the inflammatory cytokines IL-1 beta and TNFalpha. The protective effect of Bortezomib was superior
to that of MG132. Bortezomib increased bile production,
decreased vascular resistance in fatty rat liver through
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an increase in nitric oxide generation, prevented lipid
peroxidation and mitochondrial damage, and increased
AMP-activated protein kinase (AMPK) phosphorylation.
It is well known that AMPK phosphorylation is a key
process in fatty liver graft preservation, as it can reduce
[9,44]
inflammation
.
The supplementation of IGL-1 preservation solution
with Bortezomib has also been shown to have protective
[72]
effects , reducing steatotic liver injury and decreasing
liver apoptosis (cytochrome c and caspase 3 release)
in the face of cold IRI. These effects were partially
mediated through the activation of the Akt/mTOR
signalling pathway, a key regulator in cell growth and
proliferation, and through the phosphorylation of AMPK.
Besides its role in preventing inflammation, AMPK
activation also keeps the liver in an energy-conserving
state during cold storage. AMPK triggers ATP-producing
pathways, balancing the metabolic process towards
increasing energy homeostasis in the cell. We have
recently found a correlation between AMPK activation,
ATP levels, lower proteasome activity and decreased
damage in fatty liver grafts preserved in different
[73]
solutions . As AMPK is regulated and degraded by the
UPS, the use of proteasome inhibitors in the preservation
solution could avoid AMPK depletion and may contribute
to maintaining the beneficial effects of proteasome
inhibition after IRI.

CONCLUSION
Remarkable progress has been made over the past
few decades regarding the role of the UPS in many
cellular processes. However, the function and regulation
of the proteasome in organ transplantation still
remains unclear. We have proposed that UPS inhibitors
reduce IRI in liver grafts via up-regulation of AMPK
phosphorylation and the consequent preservation of
the energy state. As some proteasome inhibitors have
been approved for the treatment of different diseases,
we propose to explore their use in liver. Well-designed
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randomized controlled trials will be needed to evaluate
the use of proteasome inhibitors in liver transplantation.
The supplementation of low and non-toxic doses of
proteasome inhibitors offers a new opportunity for the
improvement of organ preservation solutions.
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Abstract
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AIM
To image stomach wall blood vessels and tissue, layerby-layer.

Institutional review board statement: This study was
approved by the Laboratory Animal Ethics Committee of
Shanghai Tenth People’s Hospital. The design is reasonable and
in line with the animal requirement. The ethics committee agreed
to carry out a formal experiment.

METHODS
We built up the acoustic resolution photoacoustic
microscopy (AR-PAM) system for imaging layered
tissues, such as the stomach wall. A tunable dye laser
system was coupled to a fiber bundle. The fibers of the
bundle were placed in nine directions with an incident
angle of 45° around a high-frequency ultrasound
transducer attached to the acoustic lens. This structure
formed a dark field on the tissue surface under the
acoustic lens and the nine light beams from the fibers
to be combined near the focal point of the acoustic
lens. The sample piece was cut from a part of the
porcine stomach into a petri dish. In order to realize
photoacoustic depth imaging of tumor, we designed
a tumor model based on indocyanine green (ICG)
dye. The ICG solution (concentration of 129 μM/mL)
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was mixed into molten gel, and then a gel mixture of
ICG (concentration of 12.9 μM/mL) was injected into
the stomach submucosa. The injection quantity was
controlled by 0.1 mL to make a small tumor model.

tumors, standard optical stomach endoscopy, capsule
optical endoscopy and push-and-pull enteroscopy
together with barium contrast X-ray do not alone provide
sufficient information. Endoscopic ultrasound (EUS),
computed tomography (CT) and magnetic resonance
imaging (MRI) are recommended as supplementary
[2]
tools because CT and MRI often lack either sufficient
spatial resolution or satisfactory contrast (or both) to
[3]
be effective for early-stage tumor imaging . Optimal
EUS imaging of an SMT needs submersion of the tumor
under water. However, benign SMTs, for example the
submucosal inflammation, cannot be distinguished
[4]
endosonographically . Therefore, early-phase tumor
detection or in situ characterization of diseased tissue
is challenging for EUS. Because the mechanism of EUS
imaging is ultrasound imaging, this is based on tissue
bulk mechanical properties. Tumor tissue boundaries
and blood vessel structures are clinically relevant and
provide necessary information for assessing disease
stage and planning treatment therapies.
Recently, optical endoscopic imaging modalities,
[5]
like narrow band imaging endoscopy , endoscopic
[6]
optical coherent tomography and confocal laser
[7]
endomicroscopy have been developed. They can
detect tissue or tissue changes with high sensitivity and
high spatial resolution. Because of the strong optical
scattering properties of tissue, these techniques are
unable to image targets beyond a 1-2 mm depth.
Photoacoustic imaging has a lot of advantages, such
as, endogenous optical chromophore contrast enables
label-free imaging of the microvasculature with a high
[8]
resolution , and in vivo blood vessel photoacoustic
imaging can cover the length scale from a superficial
[9]
[10]
capillary to an abdominal aorta , demonstrating
the potential of photoacoustic imaging to bridge the
resolution and penetration gaps between microvascular
[11,12]
microscopy, clinical angiography and so on
. This
paper’s aim is to demonstrate that photoacoustic
imaging is able to image the layered tissue and blood
vessels under the surface of the tissue. In the future,
we can design and develop an photoacoustic endoscopic
imaging system to image deeper tissue with higher
resolution for diagnosis and treatment.

RESULTS
An acoustic resolution photoacoustic microscopy
based on fiber illumination was established and an
axial resolution of 25 μm and a lateral resolution of
50 μm in its focal zone range of 500 μm has been
accomplished. We tuned the laser wavelength to
600 nm. The photoacoustic probe was driven to do
B-scan imaging in tissue thickness of 200 μm. The
photoacoustic micro-image of mucosa and submucosa
of the tissue have been obtained and compared with
a pathological photograph of the tissue stained by
hematoxylin-eosin staining. We have observed more
detailed internal structure of the tissue. We also utilized
this photoacoustic microscopy to image blood vessels
inside the submucosa. High contrast imaging of the
submucosa tumor model was obtained using ICG dye.
CONCLUSION
This AR-PAM is able to image layer-by-layer construction
and some blood vessels under mucosa in the stomach
wall without any contrast agents.
Key words: Photoacoustic imaging; Stomach; Layered
tissue; Acoustic resolution; Fiber
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In order to image layered tissue and blood
vessels, acoustic resolution photoacoustic microscopy
based on fiber illumination was established and an axial
resolution of 25 μm and a lateral resolution of 50 μm
in its focal zone range of 500 μm was accomplished.
Layer-by-layer imaging of the stomach tissue and
stomach mucosa blood vessels were obtained. High
contrast imaging of the submucosa tumor model was
obtained using ICG dye.
Wang C, Lu YF, Cai CM, Xiang HZ, Zheng G. Stomach
wall structure and vessels imaging by acoustic resolution
photoacoustic microscopy. World J Gastroenterol 2018;
24(31): 3531-3537 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i31/3531.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i31.3531

MATERIALS AND METHODS
AR-PAM system

The acoustic resolution photoacoustic microscopy (ARPAM) system for stomach wall imaging was shown in
Figure 1A. A tunable dye laser system pumped by a
Q-switch Nd:YAG laser (ND6000, continuum) was used
to provide laser pulse with a pulse repetition of 10 Hz
and a pulse width of 5.5 ns. The tunable range of the
laser light was 415 nm to 940 nm. A pair of concave
and convex lenses expanded and collimated the light
beam to approximately 5 mm in diameter. Then coupling
to a fiber bundle that was composed by nine optical
fibers (FT400UMT, Thorlabs) which have a 400 μm core

INTRODUCTION
Stomach submucosal tumors (SMT) are any intramural
growth underneath the mucosa of the gastrointestinal
[1]
tract . These tumors are very hard to find because
they are usually asymptomatic and therefore most
often discovered as accidental findings during surgery,
autopsy, and so on. When examining submucosal
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Figure 1 Schematic of the acoustic resolution photoacoustic microscopy system (A) and photograph of the photoacoustic probe (B). P/R: Pulser/receiver; A:
Preamplifier; T: Transducer, PC: Personal computer.

diameter and numerical aperture of 0.39 were placed
in nine directions (40° intervals in 360°) around a highfrequency (50-MHz, bandwidth of 30 MHz) ultrasound
transducer attached with the acoustic lens (the f/# is 1.3
and focal length is 4 mm). The cross angle between the
fibers with the transducer axis direction were set to 45°,
so that it formed a dark field on the tissue surface under
the acoustic lens and the nine light beams from the
fibers were combined near the focal point of the acoustic
lens, i.e. it is then weakly focused into the tissue with
the focal region coaxially overlapping the ultrasonic focus
inside the tissue. In an optically transparent medium,
the optical focus is about 2 mm in diameter, which is
much wider than the ultrasonic focus. The focal acoustic
transducer and output end of the fibers were fastened
with a holder made by a 3D printer. We can refer to
it as a photoacoustic probe (Figure 1B). According to
the parameters of the ultrasonic transducer, an axial
resolution of 25 μm and a lateral resolution of 50 μm
in its focal zone range of 500 μm can be accomplished.
The photoacoustic probe is translated in a water bath.
A window at the bottom of the water container is
sealed with an optically and ultrasonically transparent
disposable polyethylene membrane (thickness: 0.04
mm). After commercial ultrasound gel is applied to the
region of interest on the sample for acoustic coupling,
the sample is placed between the sample supporter and

WJG|www.wjgnet.com

the water container for imaging. The photoacoustic wave
is recorded at each location of the ultrasonic transducer
and subsequently converted into a one-dimensional
(1D) depth-resolved image (A-scan) based on the
sound velocity in soft tissue (1.54 mm/us). Images
were generated by one dimension (B-Scan) in the X or
Y direction or two-dimensional (C-Scan) raster scanning
of the photoacoustic probe in the X-Y plane with a step
size of 30 μm. In addition to, we can also scan in the Z
direction with a step of 200 μm for producing an image of
the deeper tissue by utilizing deeply penetrable diffused
light to excite photoacoustic signals. At each scanning
position, signals were recorded by an 8 bits digitizer
card (DP1400, Agilent Tech, United States) after it was
amplified by a preamplifier (AU-2A-0150-BNC, MTEQ,
United States) and then amplified and filtered (high pass
1 MHz) by a pulser/receiver (5073PR, Olympus, Japan).
No signal averaging is performed. As shown in Figure
2, photoacoustic imaging of a hair with a diameter of
80 μm were obtained with this photoacoustic system
for verifying the imaging ability. Figure 2A was a B-scan
image and Figure 2B was a C-scan image of the hair.

Preparing a porcine stomach wall sample

A porcine stomach was received the day after the animal
was sacrificed for an unrelated study. The sample piece
was cut from a part of the porcine stomach into a petri
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Figure 2 Photoacoustic image of a hair with a diameter of 80 μm. A: B-scan imaging. B: C-scan imaging.
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Figure 3 Imaging of layer-by-layer structure of stomach wall.

dish with a diameter of 140 mm and a thickness of 22
mm. In order to obtain a photoacoustic depth image
of the tumor, we designed a tumor model based on
indocyanine green (ICG) dye, wherein the ICG solution
at a concentration of 129 μM/mL was mixed into molten
gel, and then the gel mixture of ICG at a concentration of
12.9 μM/mL was injected into the stomach submucosa at
a 2-3 mm position. The injection quantity was controlled
to 0.1 mL to make a small tumor model.

and compared with a pathological photograph of the
tissue stained by hematoxylin-eosin staining. We have
observed more detailed internal structure of the tissue by
the photoacoustic imaging.
In addition, we also utilized this photoacoustic micro
scopy to image blood vessels inside the submucosa. The
dissected stomach wall after imaging by photoacoustic
microscopy is shown in Figure 5A. The vessels under
submucosa after imaging by photoacoustic microscopy
is shown in Figure 5B. We very clearly saw the artery
vessels and vein vessels.
In order to realize the photoacoustic depth imaging
of the tumor, we designed a labeled tumor model based
on ICG dye, wherein 0.1 mL ICG gelatin solution with
a concentration of 129 μM/mL was injected into the
stomach submucosa at 2-3 mm deep. After the ICGgel mixture was injected into the tissue and coagulated
for 20 minutes, the C-scan imaging at different depths
was completed. When doing the scanning, the output
wavelength of the laser was tuned to 700 nm because
is the absorption peak of the ICG dye with molar
5
-1
extinction coefficient of 1.1 × 10 cm /M in water. This
will improve the signal: noise ratio of the image.
Some diffusion phenomena of the ICG resolution

RESULTS
In order to verify photoacoustic imaging can also be
used to implement stratified imaging of the stomach
wall, we tuned the laser wavelength to 600 nm. The
photoacoustic probe obtained many B-scan images at
tissue thickness direction with a lateral scanning step of
200 μm. Then, all of the B-scan images were combined
to complete an image of the layered structure of the
stomach wall (Figure 3). A particle with the diameter of
300 μm was placed on the surface of stomach tissue,
in order to indicate the surface position of the tissue. As
shown in Figure 4, the photoacoustic microimage of the
mucosa and submucosa of the tissue have been obtained
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Figure 4 Compared photoacoustic image with pathological photograph stained by hematoxylin-eosin staining for mucosa and submucosa of the tissue.
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Figure 5 Photograph of the dissected stomach wall after imaging by photoacoustic microscopy (A) and photoacoustic imaging under surface of the tissue
of 500 µm (red arrow indicate vessels) (B).
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Figure 6 Photoacoustic imaging with laser wavelength of 700 nm for contrast agent with concentration of 12.9 μM/mL in depth of 400 μm (A) and 2400 μm (B).

at the mucosal site of 400 μm was observed (Figure
6A). The ICG dye may have combined with blood in
the vessels, so some tubular structures were observed.
At a depth of 2400 μm, the ICG labeled tumor model
was still visible (Figure 6B). This indicated that we can
achieve deeper detection.

images of the organs and structures inside the body such
as ovaries, uterus, liver, gallbladder, pancreas, or aorta.
EUS combines endoscopy and ultrasound in order to
obtain images and information about the digestive tract
and the surrounding tissue and organs. EUS can obtain
information about the layers of the intestinal wall as well
as adjacent areas such as lymph nodes and the blood
vessels. EUS provides doctors with more information
than other imaging tests by providing detailed images
of the digestive tract. Although contrast-enhanced

DISCUSSION
Ultrasound uses high-frequency sound waves to produce
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[13,14]

[15]

of the stomach wall structure was compared to an HE pathology image to verify
the structure, vessels, and vessel direction.

ultrasonic techniques
such as Doppler ultrasound
are able to image blood vessels, the resolution of these
imaging techniques are much lower than that of PAM,
which has recently achieved lateral resolution up to 15
[16]
mm . Additionally, photoacoustic imaging provides
functional information with endogenous contrast and
with the aid of an exogenous contrast agent. Therefore,
photoacoustic endoscopy based on photoacoustic
tomography and EUS, which has achieved spatially
coincident photoacoustic and ultrasonic imaging, provides
unprecedented information and promotes morphologic
and functional understanding of the gastrointestinal tract
[17]
imaging . But the research on tissue structure based on
photoacoustic imaging technique has not been published
yet. This paper reported that utilizing AR-PAM to image
layered tissue in the stomach wall and blood vessels
under the mucosa in s without any contrasting agents.
In the next step, this acoustic resolution photoacoustic
microscopy will combine with endoscopy and minimize
the photoacoustic probe to make a micro-photoacoustic
endoscopy for obtaining morphologic and functional
information with higher resolution and depth in vivo.
In conclusion, we have presented a fiber illumination
based acoustic resolution photoacoustic microscopy
method. We have realized an axial resolution of 25
μm and a lateral resolution of 50 μm in its focal zone
range of 500 μm. This system was utilized to image
layered stomach wall tissue and blood vessels under
the mucosa without any contrasting agents. Using ICG
dye enhance a tumor model, the tumor model was
imaged to depths of 2400 μm with very high contrast.
The photoacoustic microscopy has the ability to image
layered tissue with high resolution and high contrast.

Research results

As a result, we have established a fiber illumination based acoustic resolution
photoacoustic microscopy method. The imaging ability has an axial resolution
of 25 μm and a lateral resolution of 50 μm in its focal zone range of 500 μm.
We have observed more detailed internal structure of the tissue from ARPAM imaging. We also utilized this photoacoustic microscopy to image blood
vessels inside the submucosa. By using ICG dye enhance a tumor model in the
submucosa, the images obtained at a depth of 2400 μm depth had very high
contrast.

Research conclusions

In this study, we have established a fiber illumination based acoustic resolution
photoacoustic microscopy. Layer-by-layer imaging of the stomach tissue and
blood vessels under stomach mucosa were obtained. By using ICG dye to
enhance the tumor model, high contrast images at a depth of 2400 μm tissue
were obtained. This proved that photoacoustic microscopy has the ability to
image layered tissue and deep tissue targets with high resolution and high
contrast. In the near future, this technique combined with endoscopy will supply
a simple tool for physicians to see differences in layered tissues and imaging of
tumor angiogenesis in submucosa.

Research perspectives

This technique combined with endoscopy will supply a simple tool to visualize
layered tissues and tumor angiogenesis in submucosa. Scientific research
should aim at solving practical problems in clinical practice. Innovative scientific
research is demonstrated in the ability to effectively solve the difficult problems
doctors encounter in clinical practice.
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AIM
To investigate the expression and clinical significance of
B7 homolog 3 (B7-H3) and β-1,3-galactosyltransferase-4
(B3GALT4) in colorectal cancer (CRC) patients.

Institutional review board statement: This study was
reviewed and approved by Affiliated Hospital of Jiangnan
University Institutional Review Board.

METHODS
Using tissue microarray, we identified the expression
of B7-H3 and B3GALT4 in 223 CRC patient samples
by immunohistochemistry and evaluated the possible
correlation between B7-H3 and B3GALT4 and clinical
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outcomes. Further, the mRNA and protein expression
were identified to establish the regulatory relationship
of B7-H3 with B3GALT4 in vitro .

have been declining over the recent decades, yet CRC
ranks third overall among other malignancies in men
[1]
and women . In China, there were approximately
376300 new cases and 191000 potential deaths for CRC
[2]
in 2015 . Despite several therapeutic advancements
including surgical resection, neoadjuvant chemoradi
otherapy, and targeted therapy, the prognosis of CRC
patients remains relatively poor. With unprecedented
survival benefits in selected patients, immunotherapy has
become a promising treatment strategy and continuous
progress has been made with immunomodulatory agents
that target immune system checkpoints such as antiprogrammed death 1 (PD-1) and cytotoxic T-lymphocyte
[3]
antigen 4 (CTLA-4) .
B7 homolog 3 (B7-H3), also known as CD276, is a
type I transmembrane glycoprotein that belongs to the
B7/CD28 immunoglobulin superfamily. B7-H3 mRNA
is widely expressed on many tissues and cell types.
However, B7-H3 protein is not constitutively expressed
on T-cells, natural killer cells and antigen-presenting
cells, and its expression can be induced on immune
cells. While limited expression has been noticed on
normal tissues, overexpression is observed in a majority
[4]
of human malignancies including CRC and has
[5]
been correlated with the poor prognosis of patients .
Moreover, B7-H3 has been suggested to promote
tumor growth, migration, invasion, and metastasis.
Thus, it may be a potential therapeutic target for active
immunotherapy.
The β-1,3-galactosyltransferase-4 (B3GALT4) gene
belongs to the β-1,3-galactosyltransferase (β3GalT)
gene family, which encodes type II membrane-bound
glycoproteins and is located in the centromeric segment
[6]
of the human MHC class II region . This gene is
abundantly expressed in human organs and tissues,
predominantly in the brain and involved in GM1/GD1
[7]
ganglioside synthesis . The β3GalT family plays an
essential role in the O-glycosylation process. The
surface of cancer cells express glycoproteins, which are
[8]
rich in O-glycosylation domains . Thus, the family may
[9]
be closely related to the tumor. Besides, Seko et al
had confirmed that B3GALT4 could be used as a novel
biomarker for the diagnosis of gynecological cancers.
However, there are insufficient reports about the
correlation between B3GALT4 and CRC.
Therefore, the present study aimed to investigate
the clinical correlation of B7-H3 and B3GALT4 with
CRC. Further, correlation between the expression of
B7-H3 and B3GALT4 was evaluated to determine their
prognostic significance in CRC.

RESULTS
A significant positive correlation between B7-H3 and
B3GALT4 was observed in CRC specimens (r = 0.219, P
= 0.001). High expression of B7-H3 was identified as a
significant independent predictor of poor overall survival
(OS) [hazard ratio (HR) = 1.781; 95%CI: 1.027-3.089;
P = 0.040]. Moreover, high expression of B3GALT4 was
also recognized as an independent predictor of inferior
OS (HR = 1.597; 95%CI: 1.007-2.533; P = 0.047).
Additionally, CRC patients expressing both high B7-H3
and high B3GALT4 contributed to a significant decrease
in OS (HR = 2.283; 95%CI: 1.289-4.042; P = 0.005).
In CRC cell lines with stable expression of high B7-H3,
the mRNA and protein expressions of B3GALT4 were
significantly upregulated. Similarly, the expression of
B3GALT4 was significantly reduced when expression of
B7-H3 was knocked down.
CONCLUSION
The expression of B3GALT4 in CRC is positively
correlated with B7-H3 expression in vitro . B7-H3/
B3GLAT4 may be used as dual prognostic biomarkers
for CRC.
Key words: B7 homolog 3; β-1,3-galactosyltransferase-4;
Colorectal cancer; Prognosis; Correlation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study for the first time revealed
the expression of β-1,3-galactosyltransferase-4
(B3GALT4) in colorectal cancer (CRC) and its correlation
with B7 homolog 3 (B7-H3) in vitro . Overall, the
findings of the present study suggest that B7-H3 and
B3GALT4 are novel prognostic biomarkers for CRC and
highlight the significance of both B7-H3 and B3GALT4
as promising therapeutic targets for CRC. Thus, here
we present our preliminary work on the relationship
of the immune function and glycosylation of tumorassociated protein in CRC.
Zhang T, Wang F, Wu JY, Qiu ZC, Wang Y, Liu F, Ge XS, Qi
XW, Mao Y, Hua D. Clinical correlation of B7-H3 and B3GALT4
with the prognosis of colorectal cancer. World J Gastroenterol
2018; 24(31): 3538-3546 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i31/3538.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i31.3538

MATERIALS AND METHODS
Patients and tissue samples

INTRODUCTION

The medical records of patients who received a
histopathological diagnosis and underwent surgery for
CRC at Affiliated Hospital of Jiangnan University between
June 2008 and December 2011 were retrieved. A total

Colorectal cancer (CRC) is the most prevalent gastroin
testinal tract malignancy worldwide among both men
and women. Overall CRC incidence and mortality rates

WJG|www.wjgnet.com

3539

August 21, 2018|Volume 24|Issue 31|

Zhang T et al . Correlation of B7-H3/B3GALT4 and CRC prognosis
of 223 formalin-fixed paraffin-embedded CRC tissue
samples were included in the study. These patients
did not receive radiotherapy or chemotherapy before
the surgery. Only histologically confirmed cases were
included in the study. However, patients who received
chemo- or radiotherapy before surgery and cases with
incomplete clinical data were excluded from the study.
The study was approved by the Medical Ethics Committee
of Affiliated Hospital of Jiangnan University, and written
informed consent was obtained from all patients. All the
patients were followed up by telephone up to October
31, 2017, to obtain the survival data. The median followup was 79 mo (range, 6-114 mo).

similarly, with 0 used for negative staining, 1 for weakly
positive, 2 for moderately positive and 3 for strongly
positive. The scores for the percentage of positive cells
and the staining intensity were multiplied to generate
an immune-reactive score for each specimen (0-12).
Based on the total score, scores of 0-3 were considered
as the low expression group, and scores of 4-12 were
defined as the high expression group.

Cell lines and culture

The two human CRC cell lines, SW480 and Caco-2,
which exhibited different expression levels of B7-H3
were maintained in our lab. We constructed SW480 cells
that expressed a high level of B7-H3 (SW480-B7-H3)
by transfection with an overexpression plasmid, and
Caco-2 cells were stably transfected with a B7-H3 shRNA
(Caco-2-shB7-H3). Cells transfected with a mock vector
were used as negative controls (SW480-NC and Caco2-shNC). SW480-NC and SW480-B7-H3 were cultured
in L-15 medium (HyClone GE Healthcare Life Sciences,
South Logan, UT, United States). Caco-2-NC and Caco2-shB7-H3 were maintained in RPMI-1640 medium (the
same as above). All the media were supplemented with
10% fetal bovine serum (Clark Bioscience, Houston, TX,
United States). The cells were incubated at 37 ℃ in a
humidified atmosphere with 5% CO2.

Tissue microarray preparation

Two experienced pathologists examined the section
stained with hematoxylin and eosin and marked the
carcinoma sites in the corresponding paraffin block.
Using a manual tissue microarrayer (Quick-Ray, UNITMA,
Seoul, Korea), tissue cylinders with a 1.0 mm diameter
were punched from representative tissue areas of
each donor tissue block and implanted into the hole of
the premade recipient paraffin block (UNITMA, Seoul,
Korea). The tissue microarray paraffin block was then
constructed and cut into 4 μm thick continuous sections,
which were attached to anti-dewaxing slides and stored
at room temperature.

RNA extraction and cDNA synthesis

Immunochemistry

The tissue paraffin blocks were serially sectioned into a
4 μm thickness, dewaxed in xylene, and hydrated in an
ethanol gradient. Antigen retrieval was performed by
heating the tissue sections at 100 ℃ for 30 min in citrate
buffer. Moreover, endogenous peroxidase activity was
blocked by incubation in 3% hydrogen peroxide for 10
min. Subsequently, the sections were incubated in 5%
bovine serum albumin at room temperature for 30 min.
Primary antibodies, mouse anti-human B7-H3 monoclonal
antibody (1:200, Santa Cruz, Dallas, TX, United States)
and rabbit anti-human B3GALT4 monoclonal antibody
(1:50, Abcam, Cambridge, MA, United States) respectively
were added drop-wise followed by overnight incubation
at 4 ℃. The slides were washed and incubated with a
horseradish peroxidase-conjugated secondary antibody
for 30 min. The immunostaining was carried out by
staining with 3,3’-diaminobenzidine tetrahydrochloride
solution (GTVisionII Immunohistochemistry Detection Kit
for Rabbit/Mouse, Gene Tech, Shanghai, China), counterstained with hematoxylin, dehydrated, and mounted.
Sections were examined under a microscope.

Real-time quantitative polymerase chain reaction

The expression levels of B7-H3 and B3GALT4 were
TM
detected using the QuantiNova SYBR Green PCR
TM
Kit (QIAGEN, Hilden, Germany) on ViiA 7 RealTime PCR System (Applied Biosystems, Foster City,
CA, United States). β-actin was used as an internal
control for normalization of the expression data. The
first strand cDNA was amplified in a total 20 μL PCR
reaction mixture: 10 μL 2 x QuantiNova SYBR Green
PCR Master Mix, 0.1 μL QN ROX Reference Dye, 0.4
μL of each specific primer set, 2 μL cDNA and ddH2O
added to 20 μL. The sequences of primers were as
follows: β-actin 5’-CATGTACGTTGCTATCCAGGC-3’
(sense), 5’-CTCCTTAATGTCACGCACGAT-3’ (antisense);
B7-H3 5’-AGCACTGTGGTTCTGCCTCACA-3’ (sense),
5’-CACCAGCTGTTTGGTATCTGTCAG-3’ (antisense);
B3GALT4 5’-ACTCCTACCGCAACCTCA-3’ (sense), 5’CACATCATCGTCCGTCTT-3’ (antisense). Each sample
and internal control gene were run in triplicate, using
an amplification condition of denaturation at 95 ℃ for

Evaluation of immunochemistry staining

Two independent pathologists performed a blinded
manner review of the sections. Both the intensity and
extent of immunological staining were analyzed semiquantitatively. According to the percentage of positively
stained cells, the sections were graded by five levels: 0
(≤ 5%), 1 (6%-25%), 2 (26%-50%), 3 (51%-75%)
and 4 (> 76%). The staining intensity was scored

WJG|www.wjgnet.com
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Total RNA was extracted from 1 × 10 cells using TRIzol
(Invitrogen, Carlsbad, CA, United States), according
to the manufacturer’s protocol. A NanoDrop 2000
Spectrophotometer (Thermo Scientific, Waltham, MA,
United States) was used to estimate the purity and
concentration of total RNA by measuring the optical
density. The first strand cDNA was generated from 1 μg
RNA using the HiScript II 1st Strand cDNA Synthesis Kit
(Vazyme, Nanjing, China) following the manufacturer’s
instructions.
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2 min, followed by 40 cycles of 95 ℃ for 5 s and 60 ℃
-ΔΔCt
for 10 s. The 2
method was used to calculate the
relative expression level of the target genes.

using immunochemistry in CRC tissue. Positive staining
of B7-H3 was predominantly detected in the membrane
and cytoplasm (Figure 1C), and the location of B3GALT4
expression was identified in the cytoplasm (Figure
1D). The positive rates of the B7-H3 and B3GALT4
expressions were 70.4% (157/223) and 54.7%
(122/223), respectively. Further, a highly significant
correlation between the positive expression of B7-H3
with the depth of tumor invasion (P = 0.049), distant
metastasis (P = 0.034) and differentiation (P = 0.017)
was observed. However, the expression of B3GALT4
had no significant correlation with clinicopathological
parameters (Table 1).

Western blotting

6
Total proteins were extracted from 1 × 10 cells by using
ice-cold RIPA lysis buffer containing a cocktail of protease
inhibitors (KeyGEN BioTECH, China) for 30 min. The
concentrations of whole cell proteins were determined
using a BCA Protein Assay Kit (CWBio, Beijing, China)
and adjusted to the same concentration. For western
blotting assay, the proteins of equal quantity were
separated by 10% SDS-PAGE and then transferred
onto a PVDF membrane (Merck Millipore, Germany).
After blocking with 5% nonfat dry milk for 1 h at room
temperature, the membranes were incubated with the
primary antibodies at a concentration of 1:1000 at 4 ℃
overnight. The antibodies included rabbit anti-human
B7-H3 monoclonal antibody (Abcam, Cambridge, MA,
United States), rabbit anti-human B3GALT4 monoclonal
antibody (Abcam, Cambridge, MA, United States)
and mouse anti-human β-actin monoclonal antibody
(Beyotime, Nantong, China). After washing with TBST
(TBS with 0.1% Tween), the membranes were incubated
with a corresponding goat-anti-mouse or goat-antirabbit IgG-horseradish peroxidase secondary antibody
(1:1000, Beyotime, Nantong, China) for 1 h at room
temperature. The membranes were finally treated with
enhanced chemiluminescence (ECL) assay reagents
(absin, Shanghai, China) and the immunoreactive bands
TM
were visualized using the ChemiDoc XRS+ system
TM
with Image Lab Software (Bio-Rad, Hercules, CA,
United States). Quantitative analysis was carried out with
Quantity One (Bio-Rad, Hercules, CA, United States).

Correlation between B7-H3 and B3GALT4 expression in
CRC

Of the 223 CRC cases, 97 (43.5%) patients exhibited
higher expression of both B7-H3 and B3GALT4, and
41 (18.4%) showed lower expression of both. Also,
there were 85 (38.1%) cases with either B7-H3 low
or B3GALT4 low. Spearmen’s Correlation was used
to examine the association of B7-H3 expression with
B3GALT4 expression in CRC. The result showed that
there was a highly significant positive correlation
between B7-H3 and B3GALT4 expression (r = 0.219, P
= 0.001, Table 2).

High expression of B7-H3 and B3GALT4 in patients with
CRC is associated with poor OS

Notably, patients with high expression of B7-H3 had a
significantly worse OS as compared to patients with low
expression (P = 0.037) (Figure 2A). Similarly, the OS
in the high B3GALT4 expression group was significantly
inferior to that in the low expression group (P = 0.044)
(Figure 2B). Moreover, a subgroup of patients with high
expression of B7-H3 and high B3GALT4 exhibited a
significantly worse prognosis as compared to patients with
a low expression of B3GALT4 (P = 0.016) (Figure 2C).
However, in a subgroup of patients with low expression of
both B7-H3 and B3GALT4 prognosis of patients with CRC
was unaffected (P = 0.061) (Figure 2D).
Furthermore, the univariate Cox proportional hazard
model analysis was performed to evaluate the risk
factors related to the prognosis of patients with CRC.
As shown in Table 3, high expression of B7-H3, high
expression of B3GALT4, high expression of both B7-H3
and B3GALT4, depth of tumor invasion (T3/4), lymph
node metastasis (N1/2), distant metastasis, TNM stage
(III/IV), neural invasion, and vascular invasion were
correlated with the OS of patients with CRC. However,
there was no correlation of OS with gender, age, tumor
location, colon cancer site, mucinous adenocarcinoma,
differentiation, and B7-H3 low expression group (Table
3). Besides, the multivariate analysis revealed that
distant metastasis, TNM stage (III/IV), and vascular
invasion were significant independent prognostic factors
for OS of patients with CRC (Table 3).

Statistical analysis

Statistical analysis of clinical data was performed
using the software package SPSS 19.0 software (IBM,
Chicago, IL, United States). Chi-square test analyzed
the association between B7-H3 or B3GALT4 and the
clinicopathological data. The non-parametric Spearman
test evaluated the correlation of B7-H3 and B3GALT4
expression. Overall survival (OS) was plotted using the
Kaplan-Meier method and was compared using the logrank test. Multivariate survival analysis was performed
using the Cox proportional hazard model. All the in vitro
experiments were performed in triplicate. A non-paired
t-test analyzed differences in mean values between
groups. All data were analyzed using GraphPad Prism 6.0
(GraphPad Software Inc., La Jolla, CA, United States). A
P-value less than 0.05 indicated a statistically significant
difference.

RESULTS
Expression of B7-H3 and B3GALT4 and their relationship
with clinicopathological features of CRC

The expression of B7-H3 and B3GALT4 was analyzed
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Table 1 Expression of B7 homolog 3 and β-1,3-galactosyltransferase-4 in colorectal cancer patients and their correlation with
clinicopathological parameters
Clinicopathological parameter
Gender
Male
Female
Age (yr)
< 60
≥ 60
Tumor location
Colon
Rectum
Colon cancer site
Right-sided
Left-sided
Depth of tumor invasion
T1/2
T3/4
Lymph node metastasis
N0
N1/2
Distant metastasis
Yes
No
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Neural invasion
Yes
No
Vascular invasion
Yes
No
Mucinous adenocarcinoma
Yes
No
Differentiation
Poor
Moderate/well

Case (n )

B7-H3 expression
Low

High

124
99

35
31

89
68

87
136

22
44

65
92

88
135

23
43

65
92

37
186

7
59

30
127

64
159

25
41

39
118

116
107

37
29

79
78

16
207

1
65

15
142

113
110

37
29

76
81

32
191

6
60

26
131

35
188

6
60

29
128

20
203

7
59

13
144

73
150

14
52

59
98

P value

P value

B3GALT4 expression
Low

High

63
42

61
57

40
65

47
71

41
64

47
71

20
85

17
101

28
77

36
82

60
45

56
62

6
99

10
108

60
45

53
65

14
91

18
100

15
90

20
98

8
97

12
106

39
66

34
84

0.616

0.213

0.259

0.791

0.361

0.905

0.119

0.352

0.049

0.527

0.433

0.145

0.034

0.425

0.297

0.068

0.146

0.683

0.079

0.585

0.579

0.506

0.017

0.186

B7-H3: B7 homolog 3; B3GALT4: β-1,3-galactosyltransferase-4.

Table 2 Correlation between B7 homolog 3 and β-1,3-galactosyltransferase-4 expression in colorectal cancer
B3GALT4 expression
Low
High

B7-H3 expression
Low

High

41
25

60
97

r

P value

0.219

0.001

B7-H3: B7 homolog 3; B3GALT4: β-1,3-galactosyltransferase-4.

Correlation between B7-H3 and B3GALT4 in CRC cell
lines

Caco-2-shB7-H3 cell line with low expression of B7-H3
significantly downregulated the expression of B3GALT4.
Therefore, B7-H3 and B3GALT4 had a positive
correlation both in mRNA and protein expression in vitro
(Figure 3).

We further investigated the relationship between
expression of B7-H3 and B3GALT4 in vitro. The mRNA
and protein expression was detected in the CRC cell
lines with different B7-H3 expression levels, which were
maintained in our lab. Both the mRNA and protein
expression of B7-H3 and B3GALT4 were significantly
upregulated in SW480-B7-H3 cell line expressing a
high level of B7-H3 as compared to SW480-NC cell
line. Similarly, as compared to Caco-2-shNC cell line,
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CRC continues to be a major cause of cancer-related
morbidity and mortality with over 1200000 cases
diagnosed every year, and more than 600000 patients
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A

B

C

D

Figure 1 The representative immunohistochemical images of B7 homolog 3 and β-1,3-galactosyltransferase-4 expression in colorectal cancer tissues.
A: Low expression of B7 homolog 3 (B7-H3); B: Low expression of β-1,3-galactosyltransferase-4 (B3GALT4); C: High expression of B7-H3; D: High expression of
B3GALT4 (100 ×). The images below show the magnification of each zone (400 ×). A and B are from one patient; C and D are from another patient.
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Figure 2 Kaplan-Meier survival curves of the 223 patients with colorectal cancer expressing B7 homolog 3 and β-1,3-galactosyltransferase-4. A: Patients
with low expression of B7 homolog 3 (B7-H3) vs high expression of B7-H3; B: Patients with low expression of β-1,3-galactosyltransferase-4 (B3GALT4) vs high
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[10]

succumb to the disease worldwide. Moreover, fiveyear survival rates for stage I CRC was more than 90%
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where as for stage IV was 10% . Given the poor
prognosis of CRC, the search for novel diagnostic and
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Table 3 Univariate and multivariate Cox proportional hazards analyses of overall survival in patients with colorectal cancer
Clinical parameter
Gender (male vs female)
Age (≥ 60 vs < 60) (yr)
Tumor location (rectum vs colon)
Colon cancer site (left-sided vs right-sided)
Depth of tumor invasion (T3/4 vs T1/2)
Lymph node metastasis (N1/2 vs N0)
Distant metastasis (yes vs no)
TNM stage (Ⅲ/Ⅳ vs Ⅰ/Ⅱ)
Neural invasion (yes vs no)
Vascular invasion (yes vs no)
Mucinous adenocarcinoma (yes vs no)
Differentiation (poor vs moderate/well)
B7-H3 (high vs low)
B3GALT4 (high vs low)
B7-H3 and B3GALT4 (high vs low)
B7-H3 high (B3GALT4 high vs low)
B7-H3 low (B3GALT4 high vs low)

Univariate analysis

Multivariate analysis

HR (95%CI)

P value

0.999 (0.637-1.566)
0.951 (0.603-1.500)
1.351 (0.863-2.117)
0.970 (0.534-1.760)
2.522 (1.362-4.670)
2.922 (1.801-4.739)
9.353 (5.206-16.804)
3.497 (2.114-5.783)
2.240 (1.320-3.802)
2.531 (1.529-4.188)
1.063 (0.488-2.314)
0.799 (0.504-1.267)
1.781 (1.027-3.089)
1.597 (1.007-2.533)
0.737 (0.552-0.983)
2.283 (1.289-4.042)
0.321 (0.091-1.127)

0.995
0.829
0.188
0.919
0.003
0.000
0.000
0.000
0.003
0.000
0.877
0.340
0.040
0.047
0.038
0.005
0.076

HR (95%CI)

P value

1.807 (0.949-3.443)
0.322 (0.077-1.341)
4.635 (2.224-9.660)
7.490 (1.636-34.280)
0.800 (0.410-1.561)
1.962 (1.082-3.558)

0.072
0.119
0.000
0.009
0.514
0.026

1.289 (0.721-2.307)
1.209 (0.721-2.307)
1.153 (0.845-1.572)

0.392
0.392
0.369

B7-H3: B7 homolog 3; B3GALT4: β-1,3-galactosyltransferase-4.

prognostic biomarkers is highly desirable to prevent
CRC-related deaths.
Immune checkpoint signaling pathways are most
frequently modulated in cancer to inhibit the nascent
anti-tumor immune response. Checkpoint antibody
inhibitors, such as CTLA-4 and PD-1/PD-L1 are the most
extensively studied novel class of inhibitors. Currently,
drugs inhibiting these pathways are employed for a wide
variety of malignancies and have demonstrated durable
[11,12]
anti-tumor activities in a subset of cancer patients
.
Furthermore, investigations on new inhibitory pathways
are also undergoing, and drugs are being investigated
[13]
including those targeting B7-H3 . As an immune
checkpoint protein, B7-H3 has been recognized as
an immunoregulatory molecule for T cell activation,
[14]
proliferation, and cytokine production . Thus far,
overexpression of B7-H3 has been reported in several
different cancer types and the expression level of B7-H3
correlated with tumor growth, invasion, metastasis,
[15]
malignant stage, and recurrence rate . Furthermore,
several groups have generated anti-B7-H3 antibodies
and reported overall suppression of tumor growth in
[16]
vitro and in vivo . Therefore, it is expected that B7-H3
plays a crucial role in cancer diagnosis and treatment.
The present study revealed that B7-H3 was highly
expressed in CRC tissue (70.4%) and significantly
associated with the depth of tumor invasion (P = 0.049),
distant metastasis (P = 0.034) and differentiation (P
= 0.017). These results were consistent with previous
[17,18]
findings
.
Furthermore, B7-H3 is a type I transmembrane
glycoprotein and plays a role in immunosuppression.
[19]
Chen et al
demonstrated that glycoprotein B7-H3
was involved in the pathological process and tumor
growth of oral squamous cell carcinoma, and the glycans
of B7-H3 from oral cancer cells comprised of terminal
α-galactoses and more diverse N-glycan structures with
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higher fucosylation than that of healthy cells. In addition,
the presence of a carbohydrate-lectin receptor interaction
between the tumor-associated B7-H3 from oral cancer
[19]
cells and immune cells was detected . B3GALT4,
encoding a UDP-galactose: β-N-acetylgalactosamine
β-1,3-galactosyltransferase activity, belongs to the
[7]
human β-3-galactosyltransferase gene family .
Galactosyltransferase (GT) of the glycosyltransferase
family, is the most common Golgi “marker” enzyme,
catalyzes the transfer of galactose to glycoproteinbound acetylglucosamine. The enzyme is provided with
one N-linked oligosaccharide and palmitate residues
and plays a vital role in the process of O-glycosylation.
Moreover, in patients suffering from ovarian and breast
cancer, increased expression of GT enzyme activity has
[20]
been reported . Enzymatic activity of B3GALT4 and T5
in ovarian cancer tissues, and significant overexpression
of B3GALT4/T5 mainly in stage I uterine corpus cancers,
indicated that B3GALT4/T5 is a novel tumor marker for
[9]
uterine corpus cancer and other gynecological cancers .
Consequently, B7-H3 and B3GALT4 were both correlated
with glycosylation and tumor progession. However,
there was a paucity of literature on the expression and
association of B7-H3 and B3GALT4 in CRC. Therefore,
the association of B7-H3 and B3GALT4 expression in CRC
tissues and cell lines was investigated.
The present study revealed that high expression of
B7-H3 or B3GALT4 reduced the OS rate of CRC patients
independently (P = 0.037, P = 0.044, respectively).
Furthermore, overexpression of both B7-H3 and
B3GALT4 in CRC resulted in poorer prognosis (P = 0.016).
Besides, there was a significant positive correlation
between B7-H3 and B3GALT4 (r = 0.219, P = 0.001).
Taken together, B7-H3 and B3GALT4 could serve as a
novel, reliable prognostic marker for CRC. Furthermore,
we detected that the expression of B3GALT4 was
positively altered following B7-H3 expression in vitro.
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GM1/GD1 ganglioside synthesis. The β3GalT family may be closely related to
the tumor.

Combined with the results of clinical samples, this study
indicated that B7-H3 could positively regulate B3GALT4
at the mRNA as well as the protein level. However,
the underlying mechanism of regulation of B7-H3 and
B3GALT4 in CRC warrants further investigation.
In summary, the present study for the first time
revealed the expression of B3GALT4 in CRC and its
correlation with B7-H3 in vitro. Overall, the findings of the
present study suggested that B7-H3 and B3GALT4 are
novel prognostic biomarkers for CRC and highlight the
significance of both B7-H3 and B3GALT4 as promising
therapeutic targets for CRC. Thus, here we present our
preliminary work on the relationship of the immune
function and glycosylation of tumor-associated protein in
CRC.

Research motivation

There are insufficient reports about the correlation between B3GALT4 and
CRC.

Research objectives

The aim of the present study is to investigate the clinical correlation of B7-H3
and B3GALT4 with CRC, and the correlation between the expression of B7-H3
and B3GALT4 was evaluated to determine their prognostic significance in CRC.

Research methods

The authors identified the expression of B7-H3 and B3GALT4 in 223 CRC
patient samples by immunohistochemistry and evaluated the possible
correlation between B7-H3 and B3GALT4 and clinical outcomes. The mRNA
and protein expression were also identified to establish the regulatory
relationship of B7-H3 with B3GALT4 in vitro.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

Research results

Research background

A significant positive correlation between B7-H3 and B3GALT4 was observed
in CRC specimens. High expression of B7-H3 was identified as a significant
independent predictor of poor overall survival (OS). High expression of
B3GALT4 was also recognized as an independent predictor of inferior OS. In
CRC cell lines with the stable expression of high B7-H3, the mRNA and protein
expressions of B3GALT4 were significantly upregulated. The expression of
B3GALT4 was significantly reduced when expression of B7-H3 was knocked
down.

Colorectal cancer (CRC) is the most prevalent gastrointestinal tract malignancy
worldwide. The prognosis of CRC patients remains relatively poor. B7 homolog
3 (B7-H3) mRNA is widely expressed on many tissues and cell types. However,
B7-H3 protein is not constitutively expressed on T-cells, natural killer cells and
antigen-presenting cells. The β-1,3-galactosyltransferase-4 (B3GALT4), which
belongs to β-1,3-galactosyltransferase (β3GalT) gene family is abundantly
expressed in human organs and tissues, predominantly in brain and involved in
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Research conclusions

The expression of B3GALT4 in CRC and its positive correlation with B7-H3 in
vitro was revealed, as well as B7-H3/B3GLAT4 as dual prognostic biomarkers
for CRC.

9

Research perspectives

10

The present study suggested that B7-H3 and B3GALT4 are novel prognostic
biomarkers for CRC, and the significance of both B7-H3 and B3GALT4 as
promising therapeutic targets for CRC are highlighted.

11

12
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Core tip: Coronary artery disease (CAD) is less prevalent
and associated with a reduced risk of mortality in
nonalcoholic liver cirrhosis (LC) patients. Nonalcoholic LC
patients with CAD exhibit an increased six-year survival
rate compared to cirrhotic patients without CAD. The LC
complication rates did not differ between nonalcoholic
LC patients with and without CAD. Of note, nonalcoholic
LC patients with ascites or peritonitis exhibited the
highest risk of mortality among LC complications.
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Abstract
AIM
To elucidate the prevalence and risk of mortality of
nonalcoholic liver cirrhosis (LC) patients with coronary
artery disease (CAD).
METHODS
The study cohort included newly diagnosed nonalcoholic
LC patients age ≥ 40 years old without a diagnosis of
CAD from 2006 until 2011 from a longitudinal health
insurance database. The mean follow-up period for the
study cohort was 1152 ± 633 d. The control cohort was
matched by sex, age, residence, and index date. Hazard
ratios (HRs) were calculated using the Cox proportional
hazard model and the Kaplan-Meier method.

INTRODUCTION
th

Liver cirrhosis (LC) is the 14 leading cause of death
in adults and accounted for one million deaths in 2010
[1]
worldwide . In Taiwan, LC and chronic liver disease
th
constituted the 8 most common cause of death in
[2]
2011 . These conditions contribute to numerous lethal
complications and comorbidities that result in poor
clinical outcomes. Variceal bleeding, systemic infection,
hepatic encephalopathy, and hepatocellular carcinoma
(HCC) are the primary complications of LC and causes
[3,4]
of mortality . In addition, LC is associated with
systemic comorbidities, such as hemorrhagic stroke and
[5-7]
digestive tract malignancies .
Controversy has emerged regarding the association
between LC and coronary artery disease (CAD) in recent
[7-17]
decades
. Several comorbidities of cirrhotic patients
have been regarded as cardioprotective factors (e.g.,
low blood pressure, coagulopathy, thrombocytopenia,
[8,18-20]
malnutrition, and lower serum cholesterol levels)
.
However, case-controlled studies have revealed con
flicting results and an increased prevalence of CAD in LC
[7,9,17,21,22]
patients compared to the normal population
.
A different etiology with an increased proportion of
alcoholic and nonalcoholic steatohepatitis (NASH)related LC in Western populations may have contributed
to this result. Furthermore, the application of interferon
and nucleot(s)ide analogues for viral hepatitis aided in
[23,24]
prolonging survival in recent decades
. Age-related
risks associated with CAD also may have led to an
increased prevalence of CAD.
There is a paucity of available data regarding
the association between nonalcoholic LC and CAD.
Taiwan is an endemic area of viral hepatitis where the
majority of LC in patients is caused by hepatitis B (HBV)
[25]
and hepatitis C (HCV) viral infections . Hence, the
nonalcoholic LC population in Taiwan is an ideal cohort
in which the confounding effect of alcohol consumption

RESULTS
After exclusion, a total of 3409 newly diagnosed
nonalcoholic cirrhotic patients were identified from one
million samples from the health insurance database. We
found that CAD (5.1% vs 17.4%) and hyperlipidemia
(20.6% vs 24.1%) were less prevalent in nonalcoholic LC
patients than in normal subjects (all P < 0.001), whereas
other comorbidities exhibited an increased prevalence.
Among the comorbidities, chronic kidney disease
exhibited the highest risk for mortality (adjusted HR
(AHR) = 1.76; 95%CI: 1.55-2.00, P < 0.001). Ascites or
peritonitis exhibited the highest risk of mortality among
nonalcoholic cirrhotic patients (AHR = 2.34; 95%CI:
2.06-2.65, P < 0.001). Finally, a total of 170 patients
developed CAD after a diagnosis of nonalcoholic LC. The
AHR of CAD in nonalcoholic LC patients was 0.56 (95%CI:
0.43-0.74, P < 0.001). The six-year survival rates for
nonalcoholic LC patients with and without CAD were 52%
and 50%, respectively (P = 0.012).
CONCLUSION
We conclude that CAD was less prevalent and associ
ated with a reduced risk of mortality in nonalcoholic
cirrhotic patients.
Key words: Nonalcoholic liver cirrhosis; Coronary artery
disease; Population-based study
© The Author(s) 2018. Published by Baishideng Publishing
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Statistical analysis

is minimized.
The aim of our study was to elucidate the associ
ation between nonalcoholic LC and CAD using a national
population-based database in Taiwan. Additionally, we
analyzed the prevalence, hazard ratio (HR), and survival
for concomitant comorbidities and complications.

Microsoft SQL Server 2008 R2 (Microsoft Corporation,
Redmond, WA, United States) was used to perform data
processing. Statistical analyses were conducted using
SPSS software 19.0 (SPSS, Inc., Chicago, IL, United
States). Chi-square tests and analysis of variance
(ANOVA) were used to analyze the demographic
data, concomitant comorbidities, and complications
of cirrhosis. A Cox proportional hazards model was
developed to calculate the overall mortality HRs of all
comorbidities and complications in cirrhotic patients.
The results are expressed in unadjusted and adjusted
HRs (AHRs) with 95% confidence intervals (CI). The
six-year cumulative survival and survival curve were
calculated using the Cox regression method and KaplanMeier method. A two-tailed P value less than or equal to
0.05 was considered statistically significant.

MATERIALS AND METHODS
Study population and design

This study was a nationwide retrospective longitudinal
population-based cohort study based on the Taiwanese
National Health Insurance research database (NHIRD).
The National Health Insurance program has provided
compulsory medical insurance for greater than 99%
of the Taiwanese population since March 1, 1995. We
identified all LC patients with a first-time diagnosis
th
of LC using International Classification of Disease, 9
Revision, Clinical Modification (ICD-9-CM) codes (ICD9-CM code: 571.5) for the period from 2004 to 2011.
The following patients were excluded from the study:
patients who had LC or CAD before the end of 2005,
had LC after diagnosis of CAD from 2006 to 2011, were
younger than 40 years old, had a diagnosis of alcoholic
LC (ICD-9-CM code: 571.2) or biliary LC (ICD-9-CM
code: 571.6), and were outpatients with less than two
follow-up visits after the first visit. The control subjects
were matched with the patients in the study cohort at a
ratio of five to one (5 control subjects per case patient)
in terms of sex, age (40-49, 50-59, 60-69, and > 69
years), residence, and entry year.
Other comorbidity data and the ICD-9-CM codes
are summarized in Table Appendix 1. The diagnosis of
comorbidities was defined as having three outpatient
visits or one admission. Hyperlipidemia was defined
as having a lipid profile with any one of the following
factors: total cholesterol (TC) ≥ 2000 mg/L, lowdensity lipoprotein cholesterol (LDL-C) ≥ 1600 mg/L, or
a triglyceride (TG) level ≥ 1500 mg/L. Complications of
LC that occurred after enrollment included esophageal
varices (EV) (ICD-9-CM codes: 456-456.21), EV with
bleeding (ICD-9-CM codes: 456.0, 456.20) concomitant
with ICD-9 procedure codes for ligation of EV or
sclerotherapy, ascites (ICD-9-CM codes: 789.5 and
568.82) or peritonitis (ICD-9-CM codes: 567.xx), and
hepatic encephalopathy (ICD-9-CM code: 572.2).

RESULTS
Primary outcome: CAD was less prevalent in patients
with nonalcoholic LC

A total of 10142 cases of LC were retrieved from one
million random samples in the NHIRD from 2004 to
2011. To ensure that only newly diagnosed LC cases
were included, we excluded patients who met the
following criteria: LC diagnosed before the end of 2005,
CAD occurred before LC, alcoholic or biliary LC, and age
younger than 40 years old. Finally, a total of 3409 newly
diagnosed nonalcoholic LC patients between 2006 and
2011 were identified and included in the study (Figure 1).
To select age-, sex-, residence-, and entry year-matched
controls, we further excluded 173 cirrhotic patients to
achieve 100% randomization. A total of 3236 patients
with nonalcoholic LC and 16180 matched controls were
analyzed for all demographic characteristics (Table
1). Patients with nonalcoholic LC were more likely
to have comorbidities including hemorrhagic stroke,
hypertension, heart failure (HF), diabetes mellitus
(DM), chronic kidney disease (CKD), chronic obstructive
pulmonary disease (COPD) (all P < 0.001), and ischemic
stroke (P = 0.005). In contrast, hyperlipidemia was
less prevalent in nonalcoholic LC patients (P < 0.001).
During six years of follow-up, 165 (5.1%) patients in the
nonalcoholic LC cohort and 2814 (17.4%) subjects in the
control cohort developed CAD (P < 0.001).

Nonalcoholic LC patients with and without CAD

End point measurement

As shown in Table 2, we stratified nonalcoholic LC
patients (n = 3409) into two groups according to
the presence of CAD. Nonalcoholic LC patients with
CAD were older (≥ 60 years old), more likely female,
and exhibited increased concomitant comorbidities
of ischemic stroke, hypertension, HF, DM, CKD,
hyperlipidemia, and COPD (all P < 0.001). When we
compared the complications of liver cirrhosis between
the two groups, nonalcoholic LC patients with CAD
had fewer LC-related complications, including EV with
bleeding, ascites or peritonitis, and hepatic encephalo

We followed up all the subjects enrolled from the index
date to the end of 2011. The mean follow-up period
for the newly diagnosed nonalcoholic LC cohort (3409
patients) was 1152 ± 633 d with a median of 1169 d,
maximum of 2920 d, and minimum of 7 d. Patients with
newly diagnosed CAD (one inpatient or three outpatient
codes) were categorized based on the first incidence
of CAD. The first-time diagnosis of CAD was identified
as the primary end point, and the death of the subject
served as the secondary end point. All-cause mortality
was analyzed in both the study and control cohorts.
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One million random samples of
NHIRD
n = 1000000
Inclusion criteria:
Cases had a diagnosis of LC (3 outpatients and 1
inpatient) between 2004 to 2011
Cases of LC
Between 2004 to 2011
n = 10142

Exclusion
Step 1.
Step 2.
Step 3.
Step 4.

Cases of non-alcoholic-LC
Between 2006 to 2011
n = 3409

Cases of non-alcoholic-LC
w/ CAD
Between 2006 to 2011
n = 170

criteria:
Cases of LC before the end of 2005 (n = 4492)
Cases of alcoholic LC or biliary cirrhosis (n = 1039)
Cases of LC occurred after CAD (n = 930)
Cases younger than 40 years old (n = 272)

Cases of non-alcoholic-LC
w/o CAD
Between 2006 to 2011
n = 3239

Figure 1 Study design.

years, and six-year survival rates were 50% and 85%,
respectively (P < 0.001) (Figure 2A). When we compared
nonalcoholic LC patients with and without CAD, the sixyear survival rates were 52% and 50%, respectively (P
= 0.012) (Figure 2B). The Cox regression proportional
hazard model corresponding to each group also
demonstrated a better survival rate for the nonalcoholic
LC with CAD group than for those without CAD (AHR:
0.56; 95%CI: 0.43-0.74; P < 0.001) (Table 3).

Table 1 Characteristics of non-alcoholic liver cirrhosis cohort
and the matched control cohort n (%)
Variable

Non-alcoholic LC
Control,
patients, n = 3236 n = 16180

Sex
Male
Female
Age (yr)
40-49
50-59
60-69
> 69
Residence
Metropolis
General area
Remote areas
Coronary artery disease
Cerebrovascular disease
Hemorrhage
Ischemia
Hypertension
Heart failure
Diabetes mellitus
Chronic kidney disease
Hyperlipidemia
Chronic obstructive
pulmonary disease

P value
1.000

2083 (64.4)
1153 (35.6)

10415 (64.4)
5765 (35.6)

565 (17.5)
885 (27.3)
766 (23.7)
1020 (31.5)

2825 (17.5)
4425 (27.3)
3830 (23.7)
5100 (31.5)

1834 (56.7)
1362 (42.1)
40 (1.2)
165 (5.1)
413 (12.8)
110 (3.4)
333 (10.3)
1620 (50.1)
252 (7.8)
1075 (33.2)
616 (19.0)
668 (20.6)
534 (16.5)

9170 (56.7)
6810 (42.1)
200 (1.2)
2814 (17.4)
1580 (9.8)
283 (1.7)
1413 (8.7)
6672 (41.2)
972 (6.0)
3141 (19.4)
1216 (7.5)
3903 (24.1)
1976 (12.2)

1.000

HRs of mortality in LC patients with different comor
bidities and complications

1.000

Table 3 presents the HRs of mortality in LC patients with
different comorbidities. Increased HRs were observed
for males, older patients, cerebrovascular disease (CVD),
HF, DM, CKD and COPD. Among these factors, CKD
exhibited the highest AHR of mortality (AHR: 1.76;
95%CI: 1.55-2.00). The AHRs of CAD, hypertension,
and hyperlipidemia were reduced. Hyperlipidemia
exhibited the lowest AHR of 0.52 (95%CI: 0.44-0.62).
When we analyzed the HRs of LC complications that
occurred after enrollment, all complications exhibited
increased values for both unadjusted HRs and AHRs.
Ascites or peritonitis exhibited the highest AHR at 2.34
(95%CI: 2.06-2.65) (Supplementary Table 2).
Finally, we compared the effect of the number of
comorbidities and complications on the survival rate in
LC patients. Cirrhotic patients with one, two, or three
comorbidities had HRs of 1.35, 1.72, and 1.95 (95%CI:
1.19-1.55, 1.47-2.00, and 1.57-2.43), respectively
(Supplementary Table 3). However, the HRs for one,
two, or t three LC complications were 3.56, 4.63, and
5.15 (95%CI: 3.14-4.03, 3.94-5.44, and 3.82-6.94),
respectively (Supplementary Table 4).

< 0.001
< 0.001
< 0.001
0.005
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

LC: Liver cirrhosis.

pathy (Supplementary Table 1). However, no significant
differences were noted between the two groups.

Secondary outcome: Increased survival rate in the
nonalcoholic LC with CAD group

We analyzed 3409 nonalcoholic LC patients and 16180
control subjects with a mean follow-up period of six
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[8,18-20,22]

factors against CAD
. However, viral hepatitis per
se can influence vessel function and cause endothelial
dysfunction, which is correlated with atherosclerotic
[28]
disease progression . A retrospective cohort study
indicated that hepatitis C virus-infected subjects exhibited
an increased risk for CAD, although better blood pressure
[29,30]
and lipid profiles were observed in the population
.
Consistent with previous reports, we observed a reduced
prevalence of hyperlipidemia in cirrhotic patients. The
proportion of comorbidities, including CVD, hypertension,
HF, DM, CKD, hyperlipidemia, and COPD, was increased
[7]
in the nonalcoholic LC with CAD patients . The increase
in these age-related comorbidities may be attributed to
the older age in this study cohort. Third, CAD is an agerelated disease. We hypothesize that better liver function
may contribute to increased survival in the cirrhotic
patients with CAD cohort. When survival is prolonged,
[31]
age-related CAD risks also increase .
Ischemic stroke is a systemic thromboembolic
event. Compared to normal subjects, the prevalence of
[32]
ischemic stroke was reduced in cirrhotic patients . In
[7,33]
contrast, hemorrhagic events increased
. However,
in our study, both ischemic and hemorrhagic stroke
were significantly increased in nonalcoholic LC subjects.
Of note, the prevalence of hemorrhagic stroke in non
alcoholic LC patients was two-fold higher than that in
normal subjects (3.4% vs 1.7%, P < 0.001), which was
considerably increased compared to ischemic stroke
(10.3% vs 8.7%, P = 0.005). Older age and higher
proportions of concomitant hypertension, DM, and
COPD (as a result of smoking) in our nonalcoholic LC
cohort might explain this result. These comorbidities
have been reported as significant risk factors for all
[34]
types of stroke .
We analyzed the association among comorbidities,
complications, and HRs in LC patients. Consistent
with previous studies, cirrhosis concomitant with CVD,
HF, CKD, or COPD was regarded as a risk factor for
mortality in both the Charlson comorbidity index and
the Cirrhosis-specific Comorbidity Scoring System
[35-37]
(CirCom)
. In addition, CKD had the highest HR
in our study and exhibited increased risk scores in the
two prognostic scoring systems. All the complications
in LC patients were risk factors in our study. However,
CAD, hypertension, and hyperlipidemia were associated
with a lower HR and improved survival in this study.
Although acute myocardial infarction was found to be a
[36]
risk factor of mortality in nonalcoholic LC patients , the
relationship among chronic stable CAD, hypertension,
hyperlipidemia, and LC mortality remains unclear.
Among these factors, cirrhotic patients with greater
than three comorbidities exhibited the worst prognosis
with at least a 1.954-fold increased risk of mortality.

Table 2 Characteristics of non-alcoholic liver cirrhosis
patients with and without coronary artery disease n (%)
Non-alcoholic Non-alcoholic LC
LC with CAD, without CAD,
n = 3239
n = 170

Variable

Sex
Male
Female
Age (yr)
40-49
50-59
60-69
> 69
Residence
Metropolis
General area
Remote areas
Cerebrovascular disease
Hemorrhage
Ischemia
Hypertension
Heart failure
Diabetes mellitus
Chronic renal failure
Hyperlipidemia
Chronic obstructive
pulmonary disease

P value

0.094
99 (58.2)
71 (41.8)

2091 (64.6)
1148 (35.4)

18 (10.6)
25 (14.7)
46 (27.1)
81 (47.6)

554 (17.1)
877 (27.1)
751 (23.2)
1057 (32.6)

89 (52.4)
79 (46.5)
2 (1.2)
46 (27.1)
9 (5.2)
37 (21.8)
139 (81.8)
54 (31.8)
84 (49.4)
68 (40.0)
54 (31.8)
49 (28.8)

1830 (56.5)
1358 (41.9)
51 (1.6)
400 (12.3)
103 (3.2)
327 (10.1)
1594 (49.2)
215 (6.6)
1051 (32.4)
587 (18.1)
656 (20.3)
521 (16.1)

< 0.001

0.484

< 0.001
0.132
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

LC: Liver cirrhosis; CAD: Coronary artery disease.

DISCUSSION
In the present study, we observed a reduced prevalence
of CAD and an increased survival rate for concomitant
CAD in nonalcoholic LC patients. A lower prevalence
of atherosclerosis and CAD was first described in
[10]
an autopsy-based study in 1960 . A reduced
prevalence of ischemic events was also reported for
[8,26]
ischemic stroke
. However, conflicting data have
been reported in some retrospective cohort and case[8,9,13,16,17,21,22]
controlled studies
. First, the increased
prevalence of CAD found in LC patients might be
due to the different etiologies of LC in these Western
population-based cohorts. An increased proportion of
NASH and alcohol-related LC was noted compared to
[13,16,21,22]
cohorts in viral hepatitis endemic areas
. NASH
and alcohol consumption are generally associated with
increased CAD risk factors. Nonetheless, the prevalence
of CAD was reduced in end-stage liver disease patients
assessed for liver transplantation who had alcoholic
[27]
LC when compared to those with nonalcoholic LC .
Although moderate consumption of alcohol (< 30 g/d)
[12]
has been reported as a protective factor against CAD ,
controversy still exists regarding heavy drinkers. In
comparison, most subjects in our study had viral
hepatitis-related LC. Few metabolic disorders were
associated with steatohepatitis (such as hyperlipidemia),
and no alcohol consumption was reported in our study
cohort.
Second, lower blood pressure, better serum lipid
profiles (including lower LDL-C, TC, and TG), and co
agulopathy in LC patients were regarded as protective

WJG|www.wjgnet.com

Limitations

There were some limitations in our study. First, this is
a retrospective cohort study. Although nonalcoholic LC
and CAD subjects were retrieved from the Taiwanese
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A

B

Non-LC

0.8
0.6

Cumulative survival

Cumulative survival

1.0

LC

0.4
0.2

1.0
0.8
0.6

LC w/ CAD
LC w/o CAD

0.4
0.2
0.0

0.0
0.000

1.000

2.000

3.000

4.000

5.000

6.000

0.000 1.000 2.000 3.000 4.000 5.000 6.000

Follow-up (yr)
Survival rate/yr
0
Non-LC
0.97
LC
0.74

1
0.93
0.67

2
0.91
0.61

3
0.89
0.56

Follow-up (yr)
4
0.87
0.53

5
0.85
0.50

6
0.85
0.50

Survival rate/yr 0
LC w/ CAD
0.87
LC w/o CAD
0.73

1
0.76
0.66

2
0.70
0.60

3
0.66
0.56

4
0.59
0.52

5
0.52
0.50

6
0.52
0.50

Figure 2 Kaplan-Meier analysis of overall survival. A: Cumulative survival using the Kaplan-Meier method for nonalcoholic LC patients and controls during the
follow-up period; B: Cumulative survival using the Kaplan-Meier method for nonalcoholic LC patients with and without CAD during the follow-up period. LC: Liver
cirrhosis; CAD: Coronary artery disease.

Table 3 Hazard ratios of mortality in non-alcoholic liver cirrhosis patients with comorbidities using Cox regression model
Variable

Unadjusted hazard ratio

Sex
Male
Female (reference)
Age (yr)
40-49 (reference)
50-59
60-69
> 69
Coronary artery disease
No (reference)
Yes
Cerebrovascular disease
No (reference)
Yes
Hypertension
No (reference)
Yes
Heart failure
No (reference)
Yes
Diabetes mellitus
No (reference)
Yes
Chronic kidney disease
No (reference)
Yes
Hyperlipidemia
No (reference)
Yes
Chronic obstructive pulmonary disease
No (reference)
Yes

Adjusted hazard ratio

1

Risk ratio

95%CI

P value

Risk ratio

95%CI

P value

1.20

1.07-1.35

0.002

1.34

1.19-1.51

< 0.001

1.04
1.29
2.51

0.85-1.27
1.06-1.57
2.10-3.00

0.688
0.013
< 0.001

1.08
1.40
2.73

0.89-1.32
1.14-1.72
2.25-3.30

0.446
< 0.001
< 0.001

0.71

0.55-0.93

0.012

0.56

0.43-0.74

< 0.001

1.25

1.08-1.45

0.004

1.08

0.93-1.27

0.323

0.98

0.88-1.09

0.709

0.75

0.66-0.85

< 0.001

1.50

1.26-1.78

< 0.001

1.23

1.02-1.48

0.027

1.03

0.92-1.16

0.609

1.12

0.99-1.26

0.082

1.89

1.67-2.13

< 0.001

1.76

1.55-2.00

< 0.001

0.51

0.44-0.60

< 0.001

0.52

0.44-0.62

< 0.001

1.30

1.13-1.48

< 0.001

0.99

0.858-1.141

0.888

1

Adjustments were made for sex, age, coronary heart disease, cerebrovascular disease, hypertension, heart failure, diabetes mellitus, chronic kidney disease,
hyperlipidemia, and chronic obstructive pulmonary disease.

NHIRD database according to ICD-9 codes, data were
lacking regarding the severity of cirrhosis (e.g., ChildTurcotte-Pugh scores). In this study, we excluded
patients who had less than three outpatient visits
with the same diagnosis. Furthermore, we analyzed
the complications of cirrhosis to evaluate the severity.
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Second, the severity of concomitant comorbidities, such
as hypertension, DM, and hyperlipidemia, cannot be
evaluated. In addition, other known risk factors, such
as smoking status and family history of CAD, were not
recorded in the database. Third, the severity of CAD
was not recorded in the database. A prospective case-
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a reduced risk for mortality in nonalcoholic LC patients. This result confirms
previous studies regarding the lower risk for atherosclerotic events (i.e. ischemic
stroke and coronary artery disease) in alcohol-related and nonalcohol-related
LC cohorts. Although viral hepatitis can cause endothelial dysfunction, which
correlates with atherosclerotic disease progression, we propose that LC has
a more powerful protective effect against atherosclerotic events based on the
favorable cardiovascular risk profiles, such as thrombocytopenia, coagulopathy,
and low blood pressure. The strengths of the study include the large sample
size cohort and risk adjustments for comorbidities and complications. Finally, we
conclude that nonalcoholic LC patients with CAD exhibit a favorable outcome.

controlled study revealed an increased prevalence
of nonobstructive CAD (i.e., narrowing < 50%) in
cirrhotic patients compared to normal controls using
computerized coronary angiography. This feature may
contribute to the increased survival rates for LC patients
with CAD. The severity of CAD should be further
[17]
evaluated in future studies . Finally, the different
follow-up periods for each patient may impact the HRs
of mortality in nonalcoholic LC patients.
In conclusion, CAD was less prevalent in nonalcoholic
LC patients. Among cirrhotic patients, an increased
number of concomitant comorbidities was found in
cirrhotic patients with CAD. However, improved survival
was found in nonalcoholic LC patients with CAD when
compared to those without CAD.

Research perspectives

Future prospective research should focus on the advantages and dis
advantages of antiplatelet therapy in the prevention of CAD in nonalcoholic LC
patients. Additionally, it is advised that future studies should compare alcoholic
and nonalcoholic LC cohorts and evaluate the effect of viral treatment.
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were found predominantly in the right colon (86%) in
segments that were not reached by OC. Extracolonic
findings - such as reflux esophagitis, suspected Barrett
esophagus, upper GI-bleeding, gastric polyps, gastric
erosions and angiectasia - were detected in eight
patients. PillCamColon2 capsule was retained in the
ileum of one patient (1.4%) without symptoms and
removed during an uneventful resection for unknown
Crohn’s disease that was diagnosed as the cause of
anemia, which was the indication for colonoscopy. CCE
was well tolerated. One patient suffered from selflimiting vomiting after consuming the phospho-soda.
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CONCLUSION
Second-generation CCE using a low-volume preparation
is useful after incomplete OC, and it allows for the
detection of additional relevant findings, but cleansing
efficiency could be improved.
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Core tip: Colonoscopy is the gold standard for visua
lization of the colon, but it may be incomplete, not
reaching the cecum. Second-generation colon capsule
endoscopy (CCE) with low-volume preparations could
complement incomplete colonoscopies in 90% of cases,
and it could help to detect additional relevant colonic
and extracolonic findings. Protocols with either CCE
the day following an incomplete colonoscopy or within
30 d after a new low-volume preparation were both
feasible and well tolerated; however, the protocols
could be improved with respect to bowel cleanliness
and complete colon visualization.

Abstract
AIM
to evaluate the ability of PillCamColon2 to visualize
colonic segments missed by incomplete optical colo
noscopy (OC) and to assess the diagnostic yield.
METHODS
This prospective multicentre study included 81 patients
from nine centres who underwent second-generation
colon capsule endoscopy (CCE) following incomplete
OC performed by an experienced gastroenterologist
(> 1000 colonoscopies). Patients with stenosis were
excluded. According to patient preferences, CCE was
performed the following day (protocol A) after staying
on clear liquids and 0.75 L Moviprep in the morning or
within 30 d after new split-dose Moviprep (protocol B).
Boosts consisted of 0.75 L and 0.25 L Moviprep, and
phospho-soda was given as a rescue if the capsule was
not excreted after seven hours.

Baltes P, Bota M, Albert J, Philipper M, Hörster HG, Hagenmüller
F, Steinbrück I, Jakobs R, Bechtler M, Hartmann D, Neuhaus
H, Charton JP, Mayershofer R, Hohn H, Rösch T, Groth S,
Nowak T, Wohlmuth P, Keuchel M. PillCamColon2 after
incomplete colonoscopy - A prospective multicenter study. World
J Gastroenterol 2018; 24(31): 3556-3566 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i31/3556.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i31.3556

RESULTS
Seventy-four patients were analysed (51% of them
in group A; 49% in group B). Bowel cleansing was
adequate in 67% of cases, and CCE could visualize
colonic segments missed by incomplete colonoscopy in
90% of patients under protocol A and 97% of patients
under protocol B (p = 0.35, n.s.). Significant polyps
including adenocarcinoma were detected in 24% of
cases. Detection rates for all polyps and significant
polyps per patient were similar in both protocols. Polyps

WJG|www.wjgnet.com

INTRODUCTION
Flexible optical colonoscopy (OC) is the gold standard
to detect and treat colorectal diseases and proved to
be safe and effective in colorectal cancer screening
[1]
(CRC) . However, OC may be incomplete for various
reasons, with completion rates between 90% and
[2-5]
98%
for screening colonoscopy and 81%-94% in
[6-9]
mixed series . Risk factors for incomplete colonoscopy
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are female gender, elder patients, previous pelvic or
abdominal surgery, diverticulosis, redundant colon,
stenosing tumors, poor preparation, inflammatory
bowel disease; in contrast sedation, male gender and
higher body mass index were reported as protective
[4,6,7,10,11]
factors
. Of the patients with incomplete OC,
[5]
4.3% had advanced neoplasia in the right colon .
A five-year follow-up study showed a higher risk for
[12]
colorectal cancer in patients with failed colonoscopy ,
demonstrating the need for additional investigations in
these patients. PillCamColon has been cleared by the
US Food and Drug Administration (FDA) for detection
of colon polyps in patients after an incomplete optical
colonoscopy with adequate preparation. Later the
indication had been expanded to the detection of colon
polyps in patients with evidence of lower gastrointestinal
origin and major risks for colonoscopy or moderate
sedation.
First-generation PillCamColon1 with a constant
rate of two frames per second (fps) had limited
[13-15]
sensitivity compared to a colonoscopy
. Technical
improvements of the second-generation PillCamColon2
that was used in the present study included adaptive
frame rates (4 fps and 35 fps) and an increased viewing
angle. It also included automatic small bowel detection
with consecutive timing of boosters to shorten transit
[16]
times and to improve cleansing levels , which was
shown to have a significantly higher diagnostic yield for
[17]
polyps . A decisive factor for CCE accuracy is bowel
cleansing; recent data have shown that low-volume
Polyethylene glycol (PEG)-based protocols may be
[18,19]
feasible instead of high-volume preparations
.
Our study aimed to assess the impact of secondgeneration CCE after incomplete colonoscopies by
analyzing the complementation rates and incremental
diagnostic yields with two different low-volume
cleansing protocols. Patients were offered to either stay
on clear liquids with a CCE the next day or to start a
new bowel preparation procedure within 30 d.

tumours, other findings and adverse events. Patients
with stenosis, inadequate preparation, or exchange
of endoscope were excluded. Other exclusion criteria
[18]
for CCE have been described previously . Written
informed consent was obtained from all patients.

Study protocol

After an incomplete colonoscopy, patients were res
cheduled for the following day (protocol A) or they were
given a separate appointment within 30 d (protocol B),
according to their preference. CCE was performed with
PillCamColon2 (Given Imaging, Yoqneam, Israel) after
a low-volume cleansing regimen with PEG and ascorbic
acid (Moviprep, Norgine, Marburg/Lahn, Germany).
Following capsule ingestion, the boosts consisted of
0.75 L after small bowel detection and 0.25 L Moviprep
if the capsule had not been excreted five hours after
ingestion. 30 mL sodium picosulfate (NaP; Fleet,
Recordati, Ulm, Germany) was used as an additional
boost if the capsule was not excreted seven hours after
ingestion. In protocol A, patients stayed on clear liquids
after the colonoscopy, and they received an additional
cleansing of 0.75 L Moviprep the next morning (at the
latest, one hour before CCE). In protocol B, patients
were allowed to eat after the OC. A new bowel
cleansing procedure was performed within 30 d: splitdose 1 L of Moviprep was consumed in the evening and
1 L was consumed in the morning, each followed by 1 L
of water. Boosts with Moviprep or NaP were identical in
both protocols (Table 1).
CCE studies were read with Rapid7 or Rapid8
software in each centre by an experienced endoscopist
with additional experience in capsule endoscopy
(> 1000 colonoscopies, > 100 small bowel capsule
endoscopies (SBCE) and > 25 CCEs performed). All
readers had completed a dedicated two-day CCE
evaluation course. Polyp size was estimated with the
integrated software tool.
For both examination modalities, cleansing levels
[15]
were documented, as described previously , using
four grades: excellent, good (adequate), fair and poor
(inadequate). Each colon segment [that is, cecum,
ascending colon (AC), transverse colon (TC), left colon
(LC) and rectum, see Figure 1] and overall cleansing
status were evaluated.
For CCE, visualization of colonic segments, comple
mentation of previous colonoscopy, completeness of
CCE, and adverse events were recorded. Complete CCE
was defined as excretion of capsule during recording
time or by identification of the haemorrhoidal plexus.
Detection of polyps, significant polyps, tumours or
other relevant findings were documented for segments
reached and not reached by the previous standard
colonoscopy. According to previous studies, significant
polyps were defined by size (≥ 6 mm) or number (≥
[19-21]
3)
. Other findings were considered important if
they explained the indication for the colonoscopy or if
they had further diagnostic or therapeutic implications.

MATERIALS AND METHODS
Study design and population

This prospective, multicentre study including nine
centres (tertiary care hospitals or private endoscopy
offices) in Germany. It was approved by the ethics
committee of Hamburg Chamber of Physicians (PV3467,
20.05.2010). The www.clinicaltrials.gov identifier is
NCT01480635.
All patients included in the study were 18 years
or older who had incomplete colonoscopies that were
performed by an experienced endoscopist (> 1000
colonoscopies performed). Incomplete OC was defined
as a failure to reach the cecum or ileo-cecal anastomosis
due to looping, bowel angulation, adhesions, and
intolerance of sedation or inflammation. The presumed
area of the colon reached by OC was documented, as
were reasons for termination, detection of polyps and
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Table 1 Study protocols A and B for colon capsule endoscopy after incomplete optical colonoscopy
Time

Procedure

Evening and morning before colonoscopy
After incomplete colonoscopy
After incomplete colonoscopy
2 d before CCE
Day before CCE
Evening before CCE
Morning of CCE
Small bowel detection
5 h after ingestion
7 h after ingestion
11 h after ingestion

Standard bowel prep for colonoscopy
Incomplete colonoscopy (OC)
Patient´s choice of protocol A or B for colon capsule endoscopy (CCE)
Protocol A (CCE next day)
Protocol B (CCE within 30 d)
Patient stays on clear liquids
Patient can eat
Low residue diet
NA
Clear liquids only
1 L Moviprep + 1 L water
0.75 L Moviprep + water
1 l Moviprep + 1 L water
Colon capsule ingestion
0.75 L Moviprep + water (1st boost)
0.5 L Moviprep + water (2nd boost)1
30 mL NaP + water (´Rescue boost)1
Bisacodyl supp1
Removal of equipment1

1

If capsule is not excreted earlier. OC: Optical colonoscopy.

Follow-up took place via a telephone call one week after
the procedure. During the call, adverse events were
documented, and capsule excretion was confirmed. Any
adverse events were recorded, as well as the time of
capsule excretion.

authors (Peter Wohlmuth).

RESULTS
Demographics

Eighty-one consecutive patients were enrolled from
nine participating centres between 2010 and 2013.
Seven patients (four in the protocol A group and three
in the protocol B group) had to be excluded due to
technical failure (n = 1), protocol noncompliance as a
result of incorrect timing of CCE (n = 4), exchange of
colonoscope (n = 1) or early removal of recorder by the
patient (n = 1) (Figure 2). In total, data of 74 patients
were analysed per protocol. Demographics are shown in
Table 2.
Reasons for referral to colonoscopy were CRC
screening (22%), anemia (15%), hematochezia
(15%), irregular stool (12%), abdominal pain (12%),
B symptoms (7%), colitis (5%) and other reasons
(12%). Thirty-six patients (48.6%) had prior abdominal
surgery, while 14 patients (19%) had more than one
surgical intervention. Most common surgeries were
appendectomies (23%) and hysterectomies (19%).
Only three patients had colonic surgery (4%), one
patient had an ileocecal and one patient had a Billroth
Ⅱanastomosis.

Study endpoints

The primary outcome parameter was complementation
rate of CCE in patients with incomplete OC, which was
defined by visualization of colonic segments not reached
by OC. The secondary outcome parameters were as
follows: additional (incremental) diagnostic yield of
CCE compared to incomplete OC (all polyps, significant
polyps defined by size or number and other significant
findings) in segments not reached by OC; CCE findings
in the upper gastrointestinal (GI) tract and small bowel;
rate of complete CCE, as defined above; cleansing level
of the colon (overall and segments) following the lowvolume protocol for CCE; visualization of the Z-Line;
and adverse events (number, type and severity).

Statistical analysis

Continuous variables were reported as mean and
standard deviation, and categorical variables were
reported as percentage. The null hypothesis (H0) for
the primary endpoint (complementation of incomplete
colonoscopy) was constructed using data from a former
study that used PillCamColon1 and that showed a
[22]
complementation rate of 50% . Accordingly, H0 was
set to μ = 0.5 with an expectation for complementation
of OC by PillCamColon2 of 0.67. Using the Fisher exact
test with a power of 80% (which is equal to 1-β),
74 patients had to be recruited. Categorical values
2
were compared using a chi-squared test (χ ), while
continuous values with a normal distribution were
compared by a Student´s t-test. P values < 0.05 were
considered significant. An intention-to-treat (ITT)
analysis was performed for complementation rates,
cleansing levels, detection of significant polyps and
safety. Statistical review was performed by one of the
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Standard OC

An experienced endoscopist (> 1000 colonoscopies
performed) performed OC with a standard colonoscope.
The mean duration of the procedure was 45 ± 17
min (range: 15-101 min). Unfavourable anatomy
was the reason for termination in 92% of procedures.
OC reached the sigmoid colon in 27% of cases, the
descending colon (DC) in 4% of cases, the splenic
flexure in 12% of cases, the TC in 14% of cases, the
hepatic flexure in 35% of cases and the AC in 8%
of cases. Adequate cleansing was achieved in 76%
of procedures. In 12 of 74 patients (16%), polyps
were detected, with a mean size of 6 ± 4.2 mm. Six
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Figure 1 Landmarks at colon capsule endoscopy. A: Terminal ileum; B: IC valve; C: Appendix; D: Hemorrhoidal plexus, hepatic flexure - CCE image (E) with
corresponding localization trace (G), white circle showing actual capsule position, green colon already displayed, grey colon yet to be analyzed, orange small bowel,
blue stomach, outer pictogram the position to the colonic segment as manually defined by setting the landmarks; F and H: CCE image and localization trace of splenic
flexure in another patient. CCE: Colon capsule endoscopy.

patients had more than one polyp (range: 2-5 polyps).
Diverticula were found in 35 patients. Other findings
were diverticulitis, erosions, angiectasias and erythema.

be complemented by CCE in 69 of 74 patients (93%;
see Table 2). Complete CCE was achieved in 48 of
74 patients (65%). In four additional patients, the
capsule reached the rectum but did not visualize the
haemorrhoidal plexus (5%).
Complementation of OC could be achieved by CCE
with protocol A in 89.5% of procedures and with protocol

Colon capsule endoscopy

Primary endpoint: complementation of incom
plete colonoscopy: Incomplete colonoscopy could

WJG|www.wjgnet.com
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Table 2 Demographics, reasons for termination of optical colonoscopy, and results of colon capsule endoscopy for protocol A and
B n (%)

Demographics
Patients
Female
Age, mean ± SD
Body mass index
Reasons for termination of colonoscopy
Looping of colon
Angulation of colon
Susp. adhesions
Risk of perforation
Sedation problems
Results of CCE
Complete CCE
Complementation of colonoscopy
Adequate cleansing
Patients with significant colon polyps
Patients with other colon findings
Patients with small bowel findings
Patients with upper GI findings

Protocol A (CCE next day)

Protocol B ( CCE within 30 d)

38 (51.4)
20/38 (52.6)
68.0 ± 12.8 yr
26.0 ± 3.9

36 (48.6)
24/36 (66.7)
63.9 ± 13.0 yr
26.5 ± 4.9

23/38 (60.5)
6/38 (15.8)
5/38 (13.2)
2/38 (5.3)
2/38 (5.3)

23/36 (63.9)
5/36 (13.9)
6/36 (16.7)
0
2/36 (5.6)

24/38 (63.3)
34/38 (89.5)
25/36 (69.4)
10/38 (26.3)
0

24/36 (66.7)
35/36 (97.2)
23/36 (63.9)
11/36 (30.6)
Angiectasia (n = 3)
Diverticulitis (n = 1)
0

P = 0.560 (NS); χ 2 test
P = 0.350 (NS); χ 2 test
P = 0.820 (NS); χ 2 test
P = 0.500 (NS); χ 2 test
P = 0.045; χ 2 test

Reflux-esophagitis (n = 1)
Susp. Barrett esophagus (n = 1)
Gastric erosions (n = 1)

P = 0.949 (NS); χ 2 test

Angiectasia (n = 1)
Crohn’s disease (n = 1)
Reflux esophagitis (n = 1)
Upper GI-bleeding (n = 1)
Gastric polyps (n = 1)

Significance

P = 0.710 (NS); χ 2 test

P = 0.174 (NS); χ 2 test

CCE: Colon capsule endoscopy.

Incomplete colonoscopy
(n = 81)

Exclusion
n =4

A: CCE next day
(n = 42)

B: CCE with new prep
within 30 d
(n = 39)

Per protocol analysis
(n = 38)

Per protocol analysis
(n = 36)

Exclusion
n =3

Figure 2 Flow chart protocol A (colon capsule endoscopy the day after colonoscopy) and protocol B (colon capsule endoscopy within 30 d after
incomplete colonoscopy).

B in 97.2% of procedures (p = 0.35, not significant;
Table 2). There were no differences between the rates
of complementation using CCE for protocol A or B and
the diagnostic yield. In the patients with incomplete
visualization of the missing segments (n = 5), the
capsule was able to display the hepatic flexure in two
patients. One patient had a capsule retention in the small
bowel because of unknown stenosing Crohn’s disease.
In one patient, the capsule did not reach the colon
during recording time, and in one patient, visualization
of the colon was incomplete due to recording gaps. The
capsule was excreted within seven hours of ingestion and
before the need for an additional NaP booster in 17 of 38
patients (44.7%) following protocol A, and in 12 of 36
patients (33.3%; p = 0.25, not significant) in protocol B.

day after colonoscopy in 38 patients (protocol A;
51%) or within 30 d in 36 patients (protocol B; 49%).
Overall, cleansing was adequate in 48 of 72 (67%), and
cleansing was adequate in the cecum in 58% of cases,
in the AC in 65% of cases, in the TC in 77% of cases,
in the LC in 70% of cases and in the rectum in 63% of
cases (Figure 3); there were no differences between the
protocols. Two capsules did not allow for visualization
of the colon. Poor cleansing was rare (4 of 72 patients;
5.6%).
CCE detected 76 polyps in 35 of 74 patients (47%;
Figure 4). Twenty-one patients (28%) had significant
polyps (Table 3), and 14 patients had an insignificant
number of polyps. In 9 of 21 patients, polyp size was ≥ 6
mm; in 3 patients, the number of polyps was ≥ 3; and in
9 patients, both parameters were positive. A total of 59
polyps (mean size 8 ± 4.5 mm) were detected in the 21

Secondary endpoints: CCE was performed on the
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Cleansing levels
Incomplete colonoscopy
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(n = 41)
Poor

LC
Rectum
(n = 65) (n = 71)
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Figure 3 Cleansing levels for the colon segments: cecum, ascending colon, transverse colon, left colon, rectum and overall classification for all segments.
Absolute number of patients for each level (poor, fair, good, excellent) are shown A for CCE with protocol a (next day), B for CCE with protocol b (within 30 d), and C
for incomplete colonoscopy. AC: Ascending colon; CCE: Colon capsule endoscopy; LC: Left colon; TC: Transverse colon.

patients with significant polyps. Significant polyps were
predominantly found in the ascending colon in segments
that had not been reached by OC (86%). Incremental
diagnostic yield of CCE compared to previous incomplete
OC per patient for detecting significant polyps was
24%, and there were no differences between the two
protocols. A cecal polyp of 26 mm turned out to be an
adenocarcinoma, and hemicolectomy was performed in
this patient.
Z-line was visualized in 45 of 74 patients (60.8%).
CCE findings in the upper GI tract were reflux esopha
gitis (n = 2), suspected Barrett´s esophagus (n = 1),
hemorrhagic gastropathy (n = 1), gastric polyps (n = 1;
consecutive gastroscopy revealed foveolar hyperplasia
in previously undiagnosed atrophic gastritis with vitamin
B12 deficiency) and upper GI bleeding (n = 1).
In the small bowel, angiectasia and previously
unknown Crohn’s disease was detected in one patient
each. In colon segments missed by incomplete colono
scopy, angiectasias were detected in three patients and
diverticulitis was detected in one patient (all patients
were part of protocol B).
ITT analysis of all 81 patients found a complementation
rate of 89%, adequate cleansing in 65%, significant
polyps in 26% of patients, and no additional adverse
events. The low complementation rate that was observed
in this cohort is consistent with the exclusion criteria
[technical problems, n = 1, and noncompliance of study
protocol, n = 6 (for example, early removal of recorder
and incorrect CCE timing)].
In one patient (protocol A), the capsule was retained in
the small bowel without symptoms. Surgery was indicated
following a new diagnosis of stenosing and fistulating
Crohn’s disease with iron deficiency anemia (indication for
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colonoscopy). During an uneventful surgery, the capsule
was retrieved. Another patient (protocol B) complained of
self-limiting nausea and vomiting after the NaP boost.

DISCUSSION
In this prospective, multicentre study, secondgeneration CCE allowed for the visualization of colon
segments that were not reached by a previously
incomplete colonoscopy in 93% of 74 patients. Fiftyone percent of patients opted for protocol A, and 49%
for protocol B. The complementation rate following
incomplete OC was higher in group B (97%) compared
with group A (89%), but the results did not reach
statistical significance. There were no differences
between the rate of complete CCE, the cleansing level,
the diagnostic yield or the number of adverse events.
The complementation rate identified in the present
study corresponded well with results from recent
trials using a first-generation colon capsule. A Spanish
study found a complementation rate of incomplete
colonoscopies of 85.3% and a diagnostic yield of
[23]
45% . A French trial including patients as well with
contraindicated as incomplete OC, complete CCE was
achieved in 83% of patients. An Italian trial reported
a complete PillcamColon2 CCE after incomplete OC
in 98% of patients using a separate preparation with
Senna tablets, 4 L of PEG and two boosters with NaP
[24]
and gastrografin . This rate was higher than in our
low-volume protocol, but it was accompanied more
often by preparation-related complaints (28.0% vs
1.4%). Nevertheless, our primary aim to complement
colon visualization was achieved in 93% of patients,
which was similar to a Greek study that achieved results

3562

August 21, 2018|Volume 24|Issue 31|

Baltes P et al. PillCamColon2 after incomplete colonoscopy
07:22:56

04:11:16

A

B

4 mm

PillCam®COLON 2

PillCam®COLON 2

01:11:41

04:23:03

C

D

7 mm

PillCam®COLON 2

PillCam®COLON 2

05:07:04

00:00:14

E

F

PillCam®COLON 2

PillCam®COLON 2

00:00:23

00:01:41

G

H

8 mm

PillCam®COLON 2

PillCam®COLON 2

Figure 4 Examples of findings at colon capsule endoscopy. A: Biopsy tattoo after optical colonoscopy; B: One of three 4 mm polyps in the ascending colon,
confirmed at consecutive balloon enteroscopy as tubular adenoma; C: Significant (7 mm) polyp; D: Cecal adenocarcinoma (confirmed by surgery); E: Fistulating and
stenosing Crohn´s disease of the ileum (confirmed by enteroclysis, CT scan, and surgery); F: Irregular Z-line suggestive of Barrett´s esophagus (blue mode image); G:
Reflux esophagitis; H: Gastric polyp (consecutive gastroscopy found foveolar hyperplasia and autoimmune gastritis with vitamin B12 deficiency).
[14]

using PillCamColon1 in 91% of patients . In the pre
sent study, unfavourable anatomy was the reason
for terminating the colonoscopy, which was usually
performed under propofol sedation, in 92% of patients.
In contrast, pain was reported by 45% of patients as

WJG|www.wjgnet.com

the reason for incomplete colonoscopy in the Italian
trial. This selection bias toward unfavourable anatomy
might have also influenced the rate of complete
consecutive CCEs (65%) in the present study. It may
also be relevant when comparing our results to series
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Table 3 Details of the 21/74 patients in whom significant polyps/tumors were detected during colon capsule endoscopy
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
20
20
21

Significance based on Size of largest Number of
polyp (mm)
polyps
Size/number
Size
Size/number
Size/number
Size
Size
Size
Size/number
Size/number
Size
Size/number
Size
Size
Size
Number
Size/number
Number
Number
Size/number
Size
Size/number

6
8
8
8
14
26
6
10
10
10
9
6
8
7
5
12
4
5
10
9
12

5
2
3
3
1
1
2
3
3
1
3
1
2
1
4
4
3
5
7
2
3

Localization of polyps

Farest point
reached in OC

All segments with polyps in
CCE reached by colonoscopy

Rectum
Sigma
Sigma
2 × Cecum, 1 × AC
AC
AC
AC
2 × AC, 1 × TC
2 × LC, 1 × AC
AC
2 ×AC, 1 × LC
AC
1 × AC/1 × LC
HF
AC, TC, 2 × sigma
1 × Cecum, 1 × AC, 1 × LC, 1 × rectum
1 × Cecum, 2 × rectum
2 × AC, 1 × TC, 2 × LC
4 × AC, 3 × LC
2 × Cecum
AC

HF
SF
AC
TC
HF
SF
Sigma
SF
Sigma
SF
HF
Sigma
HF
Sigma
Sigma
Sigma
TC
HF
TC
LC
LC

Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

AC: Ascending colon; HF: Hepatic flexure; TC: Transverse colon; SF: Splenic flexure; LC: Left colon; OC: Optical colonoscopy.
[5]

with unselected patients without previously incomplete
colonoscopies. In these trials, complete CCE was
achieved in 76% of patients using a similar low-volume
[18]
[25]
preparation , in 88% of patients using PEG , in 76%
[14]
of patients using NaP and in 98% of patients using a
[24]
PEG-, NaP- or gastrografin-based regimen .
In the present study, colon cleansing using a lowvolume preparation was adequate in 67% of patients,
and the results were similar in both protocols. These
results are comparable to other studies that used
PillCamColon1 for incomplete colonoscopies with
[23]
PEG preparation and NaP boosts (65%) , and 60%
[14]
vs 63% in the right and left colon, respectively .
Adequate cleansing following use of the PillcamColon1
was observed in 76% of patients following consumption
of 1-2 L Moviprep and two NaP boosts in a mixed
cohort, including 28% of patients with contraindicated
[19]
colonoscopy without anatomical problems . A recent
Spanish multicentre trial found adequate cleansing
levels in 75% of patients using a standard 4 L PEG
preparation with a NaP booster for PillCamColon2 after
[26]
an incomplete colonoscopy . Even in a large trial in a
screening population without negative selection towards
unfavorable anatomy, CCE was technically insufficient
in 9% of patients due to inadequate cleansing or rapid
[27]
transit of the capsule .
Twenty-four percent of our patients (ITT 22%)
had additional relevant finding following the CCE,
which led to a recommendation for further diagnostics
or treatment. Similarly, PillCamColon1 was useful in
guiding management after failed OC in a Spanish
[23]
trial .
Most of the significant polyps (86%), including a
carcinoma, were found in the AC. Our data confirmed
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previous observations that CCE can identify relevant
lesions in segments not reached by incomplete OC
(Table 3).
Device-assisted colonoscopy with either spiral
endoscopy and double or single balloons have identical
rates, similar to CCE, of complementing incomplete
[28-31]
OC of about 90%
. These flexible endoscopic
techniques additionally provide the possibility to directly
treat detected lesions, but they require equipment and
expertise, and they are restricted to specialized centres.
A cap-assisted colonoscopy was also successful in 93%
of patients, and one perforation occurred with this
[32]
technique after failed OC .
Computed tomographic colonography (CTC) after
incomplete OC has a good diagnostic yield and may be
[33]
advantageous if extra-colonic findings are considered ,
for example, in the case of tumour. However, CTC
[24]
detected fewer small polyps than CCE . Furthermore,
radiation-free CCE could additionally be used to visualize
the Z-line in 60.8% of patients, as previously reported
[34]
for PillCamColon1 (60%) . In the present trial, eight
patients had relevant extra-colonic findings, seven of
which were presumably not detectable with CTC.
Capsule retention occurred in one patient, corres
ponding to a retention rate of 1.4%, which was similar
[35]
to the rate reported for SBCE . This capsule retention
resulted in a new diagnosis of Crohn´s disease and was
considered to be diagnostic rather than a complication.
However, possible retention must also be considered
when applying CCE to complement incomplete OC and
should be included as part of the informed consent
discussion. Although adhesions were supposed to be
the cause of incomplete OC in some patients, no related
clinical problems or capsule retention following CCE
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lesions, and is well tolerated. CCE is feasible the following day after staying on
clear liquids or after new prep within 30 d. Potential risk of capsule retention
must be considered.

were observed.
In conclusion, second-generation CCE using lowvolume bowel preparations is useful, well tolerated
and is able to detect additional relevant lesions. Risk of
retention is as low as in SBCE, but must be considered.
Similar results were found in the present study between
the two protocols for the complementation rate and
presence of significant polyps.

Research perspectives

Future studies should address improvement of colon cleansing levels and
completeness of CCE after incomplete OC. Cost-effectiveness of CCE after
incomplete OC should be addressed by future research in comparison with
other methods as CT colonoscopy, MR colonoscopy, and device assisted
colonoscopy.

Limitations
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Abstract
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The past decade has brought substantial advances in the
management of inflammatory bowel diseases (IBD). The
introduction of tumor necrosis factor (TNF) antagonists,
evidence for the value of combination therapy, the recog
nition of targeting lymphocyte trafficking and activation
as a viable treatment, and the need for early treatment of
high-risk patients are all fundamental concepts for current
modern IBD treatment algorithms. In this article, authors
review the existing data on approved biologicals and
small molecules as well as provide insight on the current
positioning of approved therapies. Patient stratification for
the selection of specific therapies, therapeutic targets and
patient monitoring will be discussed as well. The thera
peutic armamentarium for IBD is expanding as novel and
more targeted therapies become available. In the absence
of comparative trials, positioning these agents is becoming
difficult. Emerging concepts for the future will include an
emphasis on the development of algorithms which will
facilitate a greater understanding of the positioning of
novel biological drugs and small molecules in order to
best tailor therapy to the patient. In the interim, anti-TNF
therapy remains an important component of IBD therapy
with the most real-life evidence and should be considered
as first-line therapy in patients with complicated Crohn’s
disease and in acute-severe ulcerative colitis. The safety
and efficacy of these ‘older’ anti-TNF therapies can be
optimized by adhering to therapeutic algorithms which
combine clinical and objective markers of disease severity
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and response to therapy.

disease relapse . As steroid-refractory disease became
more prevalent, reports on the use of ciclosporin began
appearing and the first successful trials were conducted
in 1989 and 1994 for steroid resistant severe CD and UC,
[10,11]
respectively
. Due to ciclosporin’s narrow therapeutic
window, alternative steroid-sparing agents such as thio
purines were investigated. Although they have demon
strated fair efficacy in IBD, it may take up to 3-6 mo
for them to reach their full therapeutic effect thereby
[12]
limiting their potential as a strong induction agent .
Despite their slow onset of action and risks, thiopurines
may be used strategically to reduce immunogenicity
associated with biologic therapy and augment the rate
[13,14]
of remission
Budesonide, a corticosteroid which
undergoes significant first-pass metabolism in the liver
resulting in low systemic exposure, has also established
its position in the therapeutic armamentarium since
[15]
Rutgeerts et al ’s original study demonstrating its noninferiority to prednisolone therapy for CD patients in
1994. Budesonide has since repeatedly demonstrated
its efficacy and safety making it the preferred means of
[16]
inducing remission in patients with mild Crohn’s ileitis .
A newer formulation with a delayed release (budesonide©
[17]
MMX ) can be efficacious in moderate UC as well .
Alongside the advent of new biological therapies,
the therapeutic approach has evolved over the past
decade to include the use of objective markers of disease
severity and response to therapy in tandem with the
[18,19]
historical clinical scores
. In this article, authors re
view the existing data and provide a rationale for the
positioning of the ‘old’ and ‘new’ biologicals and small
molecules. Strategies for the use of available therapies
based on recent guidelines will be reviewed.

Key words: Inflammatory bowel disease; Small molecule;
Positioning; Biologic; Therapeutic
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Anti-tumor necrosis factor therapy should be
considered as first-line therapy in patients with com
plicated Crohn’s disease and in acute-severe ulcera
tive colitis. Beyond these specific circumstances, the
positioning of novel biologics and small molecules de
pends on the patient’s medical history, preference and
disease phenotype. The efficacy and safety of using
immunomodulatory therapy can be enhanced by ad
hering to therapeutic algorithms and using a ‘treat-totarget’ approach. The risks for adverse events due to
poor disease control outweigh the risks associated with
early aggressive therapy. In the setting of clinical and bio
chemical remission, following at least 6 mo of combined
immunosuppressive therapy, consideration can be made
to withdrawing thiopurine therapy in the correct patient
with close follow-up.
Reinglas J, Gonczi L, Kurt Z, Bessissow T, Lakatos PL. Positioning
of old and new biologicals and small molecules in the treatment
of inflammatory bowel diseases. World J Gastroenterol 2018;
24(32): 3567-3582 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i32/3567.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i32.3567

INTRODUCTION

CD

Therapeutic trials for inflammatory bowel disease
(IBD) began nearly 100 years after the first case re
port of IBD was published by Sir Samuel Wilks in
1859 who used the term “ulcerative colitis (UC)” to
describe a condition similar to what is understood as
[1]
UC today . Approximately 10 years following the ori
ginal study by Sir Sidney Truelove which revealed the
efficacy of corticosteroid therapy in UC, the first clinical
trial evaluating steroids in Crohn’s disease (CD) was
[2]
conducted in 1966 by Jones and Lennard-Jones . Prior
to these landmark trials, the treatment of IBD was
limited to supportive care and surgical intervention.
Knowledge regarding the adverse effects of chronic
steroid therapy in UC ultimately led to the first positive
double blind randomized controlled trial (RCT) evaluating
[3,4]
the efficacy of sulfasalazine in 1962 . Unfortunately,
many patients were unable to tolerate the side-effects
from sulfasalazine which prompted additional studies
[5]
to uncover the active ingredient, 5ASA . Since, 5ASA
has repeatedly demonstrated its efficacy and improved
safety profile as compared to sulfasalazine in mild to
[6-8]
moderate UC . In contrast, 5ASA therapy has been
abandoned in CD due to its inability to prevent quiescent

WJG|www.wjgnet.com

Anti-tumor necrosis factor

Infliximab: Four years after the FDA approved the
use of infliximab in CD, the first large RCT; ACCENT I,
was published in 2002 which evaluated infliximab main
tenance therapy in 573 patients with a CDAI of at least
220 whom had responded well to an initial infusion of
[20]
infliximab . At the 30 and 54 wk follow-up, patients
receiving infliximab maintenance therapy were more
likely to be in remission (CDAI < 150) as compared to
those without maintenance therapy (30 wk: OR = 2.7,
95%CI: 1.6-4.6) with a similar incidence of infection
[20]
across all groups . Besides demonstrating infliximab’s
efficacy, this study also provided a rationale for dose
[21]
escalation in patients losing response to therapy .
Although effective for luminal disease, it was unclear if
infliximab would also be effective for fistulising disease,
thus the ACCENT Ⅱ trial was published 2 years later
which included 306 patients with one or more draining
[22]
abdominal or perianal fistulas of at least 3 mo duration .
In this trial, the patients who were undergoing infliximab
maintenance therapy demonstrated a significant fis
tula response wherein 36% (vs 23%, P = 0.009) had
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[28]

complete resolution of fistula draining at 54 wk .
Additionally, ACCENT Ⅱ demonstrated a significant re
duction in the requirement for hospitalization and surgery
[23]
due to fistulising disease (8.6% vs 18.9%, P < 0.05) .
Early initiation of infliximab was further supported in
a large study conducted by the GETAID group which
evaluated the use of dual therapy vs monotherapy over
[13]
52 wk in 113 steroid-dependant CD patients . Both
GETAID and ACCENT-Ⅰ studies identified incongruence
amongst endoscopy and clinical scores, such as the
CDAI. In a sub-study of ACCENT-Ⅰ, 18% of moderate
to severe CD patients as determined by the CDAI score
[24]
had no active CD on endoscopy . This prompted a ratio
nale to include more objective end points and markers
of disease severity (e.g., CRP and mucosal healing) in
future studies, as was included in the Study of Biologic
and Immunomodulator Naive Patients in Crohn’s Disease
[14]
(SONIC) conducted in 2010 . In this landmark RCT
involving 508 biologic- and immunosuppressive-naïve
patients, the superiority of infliximab over azathioprine
as well as the therapeutic advantage of combining
therapies over monotherapy with either infliximab or
azathioprine alone at the 30 and 50 wk follow-ups was
[14]
demonstrated. .

respectively) . Additionally, although most patients
responded to therapy within the first week, some pa
[28]
tients only responded to therapy after week 12 .
This suggests that an observational period may need
to occur prior to modifying therapy in patients who do
not respond to induction following 1 wk. In the largest
open-label study, CHARM enrolled 854 patients in order
to evaluate the efficacy of adalimumab for induction
and maintenance in CD patients not responding to alter
native immunosuppressive therapy, including those
[29]
whom had failed infliximab . Although the induction
dose of adalimumab was half of that provided in the
CLASSIC trials, the response rate was similar. At week
56, biweekly and weekly dosing was equally effective at
maintaining remission as compared to placebo (36% and
41% vs 12%, respectively). Of note, a greater proportion
of patients receiving placebo discontinued treatment
due to adverse events as compared to those receiving
[29]
adalimumab . This suggests the risks of complications
associated with poorly controlled disease outweigh the
risks associated with therapy. To corroborate the find
ings from the previous studies demonstrating clinical
remission, the EXTEND trial conducted in 2012 which
involved 135 patients with moderate to severe ileocolonic
CD demonstrated a trend towards mucosal healing with
adalimumab at week 12 as compared to placebo (27%
vs 13%, respectively) as well as a significant difference
[30]
at week 52 (24% vs 0%, respectively (P < 0.001)) .
Again, this suggests 12 wk may not be sufficient in all
patients to determine response to therapy.

Adalimumab: In an attempt to possibly reduce the
immunogenic responses induced by chimeric anti
bodies, such as infliximab which contains 25% mouse
sequences, adalimumab was designed as the first fully
human monoclonal antibody against tumor necrosis
[25]
factor (TNF)-alpha . The results of three pivotal trials
(CLASSIC-Ⅰ, CHARM and GAIN) established regu
latory approval of adalimumab for the induction and
maintenance of remission of CD in 2007. CLASSIC-Ⅰ
was the first human trial to evaluate induction of remis
sion using adalimumab in 299 moderate to severe CD
[26]
patients naïve to anti-TNF therapy . A linear doseresponse curve was appreciated at the 4 wk follow-up,
with the greatest clinical remission rate associated with
the highest dose studied (160 mg and 80 mg at weeks
[25]
0 and 2, respectively) . As a ceiling effect was not
achieved, it is unclear if higher dosing would be more
efficacious, studies evaluating this are underway. The use
of adalimumab as a second line induction agent following
the failure of infliximab due to intolerance or poor re
sponse was evaluated in the GAIN trial which included
325 patients who had either lost response or become
[27]
intolerant to infliximab . At the 4 wk follow-up, 21% (34
of 159) of patients in the adalimumab group vs 7% (12
of 166) of those in the placebo group achieved clinical
remission.
The efficacy of adalimumab for maintenance therapy
was evaluated in the CLASSIC-Ⅱ and CHARM studies.
CLASSIC-Ⅱ followed up with 276 patients from the
CLASSIC-Ⅰ study at 56 wk after randomizing patients
to receive maintenance dosing or placebo. A greater
proportion of patients receiving adalimumab 40 mg
SC weekly or biweekly were in remission as compared
to those receiving placebo (83% and 79% vs 44%,
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Certolizumab: Certolizumab pegol is a pegylated
humanized monoclonal antibody Fab’ fragment linked
to polyethylene glycol that has a high affinity to tumor
[31]
necrosis factor alpha . Certolizumab was proposed as
a potential alternative to infliximab due to its ease of
delivery (SC as oppose to infusion) and longer half-life
which may reduce the need for frequent dosing and risk
[32,33]
for immunogenicity, theoretically
. The risks for side
effects were presumed to be lower due to the lack of an
Fc region which would be responsible for activating the
[32,33]
compliment pathway leading to cellular apoptosis
.
[33]
The largest phase Ⅱ trial in 2005 by Schreiber et al in
292 patients with moderate to severe CD demonstrated
a significant dose-response relationship with clinical
benefit demonstrated up until week 10, then lost signifi
cance at week 12 which was presumed to be secondary
to greater placebo rates in patients with lower CRP
[33]
values . The potential placebo effect was addressed
in the PRECISE-Ⅰ trial which stratified 662 patients
with moderate to severe CD based on their CRP prior
[31]
to randomization to treatment groups . Although
response rates at week 6 and 26 were found to be mo
destly significant, induction of remission rates were
not. However, in patients responding to certolizumab,
maintenance of remission was successfully demonstrated
in the PRECISE-Ⅱ and PRECISE-Ⅲ follow-up trials
[34,35]
through 5 years
. The MUSIC trial conducted in 2013
confirmed certolizumab’s efficacy with respect to mucosal
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healing following 54 wk of therapy after evaluating 89
patients with active endoscopic disease (ulceration in ≥
2 intestinal segments with a Crohn’s Disease Endoscopic
[36]
Index of Severity (CDEIS) score ≥ 8 points) . As early
as week 10, endoscopic remission was achieved in 37%
of patients.

Natalizumab: Natalizumab blocks the adhesion and
subsequent migration of leukocytes from circulation into
the gut by binding alpha-4 integrin which is expressed
on all circulating leukocytes except neutrophils. Origi
nally designed for multiple sclerosis patients, natali
zumab demonstrated good efficacy for induction and
maintenance of remission for CD in a large meta[37]
analysis which included 5 trials . The largest trials to
be performed were ENACT-Ⅰ, ENACT-Ⅱ and ENCORE.
ENACT-Ⅰ included 905 patients with CD randomized
[38]
to either placebo or natalizumab induction groups .
Although there was a subtle but significant difference
in the response rate favoring natalizumab (56 percent
and 49 percent, respectively), there was no difference in
remission rates between groups for induction. ENACTⅡ included 339 responders to natalizumab from ENACTⅠ and randomized them to maintenance therapy every
[38]
4 wk or placebo . In contrast to the first trial, signifi
cantly higher rates of remission occurred through 36
wk as compared to placebo (44% vs 26%). Induction
of remission was reassessed in the ENCORE study
which included 509 patients with CD evaluated through
3 induction doses over 8 wk. At week 12, a greater
proportion of patients on natalizumab were in remission
[39]
as compared to placebo, 28% vs 16% respectively .
Although natalizumab demonstrated good efficacy
in luminal CD, concerns related to serious infection sur
faced. In an open-label extension of the ENACT-Ⅱ trial,
one patient died from JC virus-associated progressive
[40]
multifocal leukoencephalopathy (PML) . The association
with PML and natalizumab was described in two other
case reports on patients receiving treatment for multiple
[41,42]
sclerosis
. Since the estimated risk for PML is 1
per 1000 patients, JC virus antibody testing should be
considered if natalizumab will be used in IBD.

(14.5% vs 6.8%, respectively), there was no significant
difference in CDAI scores greater than 100 (CDAI-100
score) or CRP levels between groups. However, nearly
twice as many patients in the vedolizumab maintenance
groups were in clinical remission as compared to the
placebo group (39% vs 21.6% respectively). Significant
differences in favor of maintenance therapy over placebo
were demonstrated in the CRP and the CDAI-100 score.
Fistulization also improved as compared to placebo in
the small group of patients on vedolizumab every 8 wk
(n = 17) but not in the small group taking vedolizumab
[44]
every 4 wk . Acknowledging that subjects recruited
for this study had likely more aggressive disease than
the aforementioned biologic-naïve anti-TNF studies
discussed, vedolizumab is efficacious for luminal and
possibly fistulising disease but may not provide as ef
fective and efficient induction as compared to anti-TNF
therapy. This has also been supported in network meta[45]
analyses . As such, if rapid induction is required then
physicians prescribing vedolizumab should be aware of
the potentially slower onset of action and consideration
for the concomitant use of faster-acting induction agents
(e.g., corticosteroids) to bridge the patient symptoma
tically.
A common reason for using vedolizumab as first
line treatment in IBD is the assumption of the re
duced risk for infection given the attenuation of the
immune response is localized to the gut. This has been
previously supported in a review which included six
trials evaluating the use of vedolizumab in UC and CD
(2380 patients with 4811 person-years of vedolizumab
[46]
exposure) . Within this study however, 16 patients
with CD in the vedolizumab group developed clostridium
difficile infection as compared to none in the placebo
group. Additionally, more patients on vedolizumab had
gastroenteritis and developed tuberculosis infection (de
spite negative tuberculosis screening at enrollment).
In the aforementioned GEMINI-Ⅱ trial, vedolizumab
also had a higher rate of infections (44.1% vs 40.2%),
and serious infections (5.5% vs 3.0%) as compared
[44]
to placebo . Head to head trials are needed to better
describe the risk for infection in patients taking vedoli
zumab as compared to other biologics.

Vedolizumab: Vedolizumab reduces lymphocyte mig
ration into the gut by antagonizing the α 4β 7 integrin
mediated reactions. In contrast to natalizumab it does
not act on α4β1 integrin, which is involved in brain lym
[43]
phocyte trafficking, thus may have lower risk for PML .
Efficacy for its use as an induction and maintenance
[44]
agent in CD was demonstrated in the GEMINI-Ⅱ trial .
In the induction component of the trial, 368 patients
were randomized to placebo or vedolizumab and 747
patients received open-label vedolizumab. Approximately
50% of all patients had failed at least one anti-TNF prior
to enrolling in the study. Although clinical remission was
achieved in a significantly greater proportion of patients
taking vedolizumab as compared to placebo at week 6

Ustekinumab: IL-12 p35-p40 and IL-23 p19-p40 are
two proinflammatory heterodimeric cytokines that are
[47,48]
induced in the inflamed mucosa of CD patients
.
Ustekinumab is a human monoclonal IgG1k antibody
which blocks the P40 sub-unit of IL-12 and IL-23 on T
[49]
cells, natural killer and antigen presenting cells . Origi
nally successful in the treatment for plaque psoriasis
and psoriatic arthritis, ustekinumab demonstrated its
efficacy for CD in the UNITI trials which included 1300
[50]
CD patients with moderate to severe disease . UNITI-Ⅰ
included 741 patients whom had failed anti-TNF therapy
due to non-response or intolerance. The induction com
ponent of the trial revealed a significantly better clinical
response in the ustekinumab treatment groups as com

Anti-integrin
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pared to placebo (34% vs 22%, respectively). UNITIⅡ included 628 patients whom were anti-TNF naïve but
failed conventional immunosuppressive therapy due
to poor response or intolerance. The UNITI-Ⅱ cohort
also had a significant improvement in their CDAI scores
for induction by approximately 25% as compared to
placebo. Patients receiving maintenance therapy every 8
wk and every 12 wk demonstrated a significantly greater
remission rate at week 44 as compared to placebo (53%
and 49% vs 36%, respectively). Of note, the secondary
analyses demonstrated a non-significant difference in
CDAI scores compared to placebo in the UNITI-Ⅰ group
as compared to the UNITI-Ⅱ group, albeit the trend still
[50]
favored ustekinumab therapy . Lack of significance is
most likely due to a lack of power to properly evaluate
the difference amongst sub-groups, however this trend
is expected; patients in UNITI-Ⅰ have more refractory
disease thus less likely to respond to ustekinumab as
compared to the biologic-naïve patients in UNITI-Ⅱ.
Significant improvements in fecal calprotectin and CRP
were also noted and able to be seen as early as 3 wk sup
porting its usefulness in acute severe flares.

significant difference in treatment failure or side effects
between the infliximab and the ciclosporin groups (54%
[52]
vs 60%, respectively) .
Adalimumab: Five years following the approval for
infliximab use in UC, adalimumab became the second
biologic approved for use in UC based on the results from
the ULTRA trials. ULTRA 1 utilized two different induction
regimens (160/80 mg vs 80/40 mg SC at weeks 0 and 2
followed by 40 mg every 2 wk) to evaluate if adalimumab
[53]
was effective in 186 moderate to severe UC patients .
At week 8, 19% vs 9% were in remission in the 160/80
mg group as compared to placebo, respectively. As
noted in the CD trials, a ceiling effect was not achieved
thus the optimal dose is still under investigation. ULTRA
2, which included 518 patients with moderate to severe
UC, was conducted to evaluate the long-term efficacy
[53]
of adalimumab as a maintenance agent . Following
1 year, remission was achieved in 17% of patients on
regular maintenance dosing as compared to 9% of pa
tients in the placebo group. Similarly, mucosal healing
was also higher in the adalimumab group as compared
to placebo at both week 8 and 52 follow-up intervals,
41% and 25% vs 32% and 15%, respectively. This study
also demonstrated that biologic naïve patients were
more likely to achieve clinical remission as compared
to patients previously on infliximab (Week 8: 21% vs
9% and Week 52: 22% vs 10%, respectively), which
highlights prior biologic use as a potential risk factor
for difficult to treat or aggressive disease. Long-term
maintenance therapy using adalimumab was further
evaluated over 4 years in ULTRA 1 and 2 trials as well
[54]
as in an open-label study (ULTRA 3) . With respect to
patients observed as nonresponder imputation (NRI),
25% and 28% of the 199 patients from ULTRA 1 and
2 whom were still on adalimumab at the 4 year followup maintained clinical remission and mucosal healing
respectively. In contrast, the ULTRA 3 open-label trial
demonstrated clinical remission and mucosal healing
rates to be considerably greater (64% and 60%, re
spectively), albeit difficult to compare in the absence of
randomization.

UC
Anti-TNF agents

Infliximab: The first two large-scale studies to assess
the therapeutic potential of infliximab were the ACT 1
and ACT 2 trials published in 2005, prior to this, biologic
[51]
therapy for UC was not established . ACT 1 evaluated
364 patients with moderate to severe UC following their
induction and maintenance dosing until 54 wk. ACT 2
evaluated the same number of patients and maintained
the same induction, maintenance and follow-up regimen
as ACT 1 except maintenance dosing ceased after
22 wk. Nearly 60% of patients in both cohorts were
steroid dependent. In both studies, a significant clinical
response was demonstrated with remission occurring
in approximately 35% and 31% of patients taking
infliximab as compared to 15% and 6% of patients
on placebo at week 8 in ACT 1 and ACT 2 studies,
respectively. Sustained remission was achieved over
the study period in approximately 20% of patients on
infliximab as compared to 5% of patients in the placebo
group. Additionally, a greater proportion of patients
were able to be weaned off their steroids following the
initiation of infliximab. Mucosal healing, considered to
be the greatest risk factor for malignancy, was markedly
improved throughout the study period and significantly
better than placebo as early as week 8, approximately
60% vs 30% respectively. No difference between the two
doses prescribed, 10 mg/kg and 5 mg/kg, was identified
[51]
with respect to efficacy .
Given the toxicity associated with cyclosporine and
limited therapies available, GETAID compared the ef
ficacy of infliximab against cyclosporine in an openlabel RCT involving 115 patients with severe ulcerative
colitis whom had failed high dose intravenous steroid
therapy. The results were positive for both agents with no
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Golimumab: Golimumab is a fully human monoclonal
immunoglobulin delivered subcutaneously which targets
a unique epitope on the TNF molecule as compared to
infliximab and adalimumab. The PURSUIT trials which
evaluated 1064 biologic naive patients with moderate to
severe UC were responsible for establishing regulatory
approval for it in 2014. The induction trial, PURSUIT-SC,
revealed a significantly greater proportion of patients in
clinical remission following 6 wk using 200/100 mg and
400/200 mg induction doses as compared to placebo,
[55]
51% and 55% vs 30% respectively . The extension of
this trial, PURSUIT-M, which included 464 patients with
moderate to severe UC whom had responded favorably
to golimumab in the induction trial also demonstrated
greater efficacy than placebo at maintaining clinical re
mission following 54 wk. At study end, 42% of patients
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taking golimumab 100 mg every 4 wk were found to
be in clinical remission as compared to 27% of patients
[56]
taking placebo . The rate of mucosal healing was signif
icantly greater for patients taking golimumab in both the
induction and maintenance studies, the differences were
able to be appreciated as early as 2 wk. Golimumab,
although not formally assessed in clinical trials, has been
reported to be efficacious as a second and third-line anti[57]
TNF agent in real life settings .

maintained in a similar proportion of patients. With re
spect to adverse events, serious infections occurred
more frequently in the induction but not maintenance
trial. However, herpes zoster infection did occur more
frequently in the tofacitinib 10mg maintenance group as
[59]
compared to placebo . Of note, tofacitinib received a
recommendation for the treatment of UC by the GIDACFDA in March 2018 a final decision is anticipated by June
[60]
2018 .

Anti-integrin agent

BIOSIMILARS

Vedolizumab: GEMINI-1 evaluated the efficacy of vedoli
zumab in a treatment resistant group of 895 moderate
to severe UC patients (approximately 40% of patients
[58]
failed ≥ 1 anti-TNF therapy) . In the induction phase
of the trial, 17% of patients taking vedolizumab were in
clinical remission as compared to 5% of patients taking
placebo by week 6. Mucosal healing was also nearly
twice as apparent in patients taking vedolizumab as
compared to placebo (41% vs 25% respectively). At 52
wk, clinical remission was maintained in approximately
44% of patients taking vedolizumab as compared to
16% of patients on placebo. No significant difference was
identified between treatment groups receiving every 4 or
8 wk dosing regimens. In contrast to GEMINI-Ⅱ for CD,
there was no difference in infection rates in the treatment
[44,58]
group as compared to placebo
.

According to the FDA, a biosimilar is defined as a bio
logical product that is highly similar to the reference
product notwithstanding minor differences in clinically
inactive components which result in no clinically mea
ningful differences in the purity, safety and efficacy of
[61]
the product . The use of biologic anti-inflammatory
medications is increasing and the cost has become a
significant economic burden on many national health
[62]
care systems around the world . In Canada, the
growth of Canadian sales of biologic anti-inflammatory
drugs has nearly doubled since 2010. The top-selling
biologic, remicade (infliximab), has cost the Canadian
Government $224 million in 2015 and $4.8 billion since
it was approved 10 years ago. Based on a Market Intel
ligence Report published by Health Canada, the use of a
biosimilar such as Inflectra could have resulted in a $41.7
[62]
million reduction in drug expenditures in 2015 . Several
biosimilars to remicade (flixabi, inflectra, remsima) and
adalimumab (cyltezo and imraldi) have already been
approved for use in IBD.
Infliximab-dyyb (or CT-P13), was the first biosimilar
for remicade (infliximab) to be approved and has the
greatest amount of ‘real world’ observational data eval
[63]
uating its efficacy and safety . Infliximab-dyyb was
first approved in South Korea and thereafter in Europe
in 2013 following the results of two large randomized
and double-blind clinical studies evaluating its safety
and efficacy in rheumatoid arthritis as compared to
[64,65]
remicade, PLANETRA and PLANETAS
. No significant
differences were found with respect to safety, efficacy
and immunogenicity thus it was approved for use in all
labelled indications remicade was approved for. However,
small retrospective studies in IBD have demonstrated
[66-68]
mixed results
. A larger prospective nationwide multi
center study performed in Hungary involving 126 CD and
[69]
84 UC patients reported excellent induction rates . At
week 14, 81% of patients with Crohn’s disease and 78%
of patients with ulcerative colitis had a clinical response
(CDAI reduction > 70) and 54% and 59% respectively,
were in clinical remission (CDAI < 150). Comparable
results were also seen in another large observational
[70]
cohort study including 313 CD and 234 UC patients .
Response rates at 8 wk were greater than 90% for all
patient groups, including patients whom switched from
remicade to infliximab-dyyb. At week 24, response
rates were 73.7%, 62.2% and 78.9% for biologic naïve,

SMALL MOLECULES
JAK inhibitors

Tofacitinib: Tofacitinib is a new oral medication which
suppresses cytokine signalling in mucosal immune cells
by inhibiting janus kinase’s 1 and 3 (JAK 1 and 3). The
oral route of administration and ability to target multiple
cytokine pathways makes JAK inhibitors an attractive
therapeutic option.
Although the efficacy for tofacitinib has not been
established in CD yet, it has been established in UC
[59]
as demonstrated by the OCTAVE trials . Of the 905
patients with moderate to severe UC randomized to treat
ment in the induction trials, approximately 18% achieved
clinical remission as compared to 6% of patients in the
placebo group at 8 wk. Onset to effect was rapid, with
improvements in their partial mayo score demonstrated
as early as 2 wk. Although over 50% of patients within
the induction groups had prior exposure to anti-TNF
therapy, the treatment effect was similar in comparison
to patients whom were biologic naïve despite OCTAVE’s
more stringent criteria for clinical remission as compared
to the aforementioned trials (i.e., partial mayo rectal
bleeding subscore of 0). The OCTAVE-Sustain extension
trial, which included 593 patients who had a clinical re
sponse to induction therapy, also demonstrated good
maintenance of remission after 52 wk in both 5 mg and
10 mg twice daily treatment groups as compared to
placebo (34% and 41% vs 11%, respectively). Mucosal
healing and steroid-free remission was achieved and
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Table 1 Currently approved biologic treatments for inflammatory bowel diseases

[16,117,118]

Medication

Route of administration (Ⅳ, SC, PO)

Approved dose

Infliximab

Ⅳ

Adalimumab

SC

Golimumab

SC

Certolizumab

SC

Vedolizumab

Ⅳ

Induction: 5-10 mg/kg (weeks 0, 2, and 6)
Maintenance: 5-10 mg/kg every 4-8 wk
Induction: 160 mg (week 0), 80 mg (week 2)
Maintenance: 40 mg every 7-14 d
Induction: 200 mg (week 0), 100 mg (week 2)
Maintenance: 100 mg every 4 wk
Induction: 400 mg (weeks 0, 2, and 4)
Maintenance: 400 mg every 4 wk
Induction: 300 mg (weeks 0, 2, and 6)
Maintenance: 300 mg every 4-8 wk
Induction:
< 55 kg: 260 mg
55-85 kg: 390 mg
> 85 kg: 520 mg
Maintenance: 90 mg every 8 wk

Ustekinumab

Ⅳ

SC

pre-exposed and switched respectively. The efficacy,
immunogenicity and safety profiles in both studies were
considered comparable to that of the originator drug
infliximab.
To date, studies which have evaluated switching from
[71,72]
originator to biosimilar have been largely positive
.
The longest evaluation period occurred over 52 wk in
the NOR-SWITCH study which was a randomised, noninferiority, double-blind, phase 4 trial involving 482
patients across 40 Norwegian centres with various infla
mmatory diseases maintained in remission on infliximab
for at least 6 mo. Of the 482 patients, 155 (32%) and
[73]
93 (19%) were CD and UC respectively . At study end,
there was no difference in disease worsening, safety or
immunogenicity amongst any of the groups. Although
switching therapies in the setting of controlled disease
would be a reasonable option and is supported by the
evidence as well as the European Crohns and Colitis
Organization; switching in the setting of failing the origi
[71]
[74]
nator drug would be ill-advised . Ben-Horin et al
studied the cross reactivity of antibodies to remicade and
infliximab-dyyb in 125 patients with IBD and healthy
individuals as negative controls. They demonstrated that
anti-remicade antibodies recognize and inhibit infliximabdyyb as well. These results suggested that there was
similar immunogenicity and shared immunodominant
epitopes. Although this supported the safety of biosimilars
and the use of the same assay as the originator drug to
detect antibodies, this study also supported not using the
[71,74,75]
biosimilar in the setting of originator failure
.

molecule trials become available, we can only speculate
the positioning of therapeutic agents based on the
current available literature as summarized in this section
(Table 1).

Positioning the ‘old’ biologics: Anti-TNFs first, alone or
in combination?

As newer and more targeted therapies in IBD become
available, questions related to maintaining anti-TNF
agents as first line therapy arise. Based on decades of
data, anti-TNFs currently provide the best long-term
evidence of efficacy in CD and UC, with a known safety
profile. They are effective for both induction and main
tenance therapy, decrease corticosteroid exposure and
[76,77]
promote sustained mucosal healing
. The most im
portant safety concern is the risk of serious infection.
However, in younger patients without co-existing medical
[78]
problems, this risk is fairly low .
Comparing efficacy of TNF inhibitors is difficult due
to the lack of high-quality, head-to-head trials (Table 2).
Network meta-analyses indirectly comparing anti-TNF
[45,79-81]
agents have reported mixed results
. Based on ‘real
world’ data, an analysis of retrospective and comparative
effectiveness database studies revealed subtle diffe
rences regarding hospitalisation and surgery rates as
well as the steroid sparing effect between infliximab
and adalimumab, favouring infliximab at currently re
commended doses. Of note, clinical trials of higher-dose
adalimumab for both UC and CD are currently under
[82,83]
way
.
Deciding between which anti-TNF agent to use de
pends on the clinical circumstances, treatment history
and patient preference. In the absence of head-to-head
comparisons, there exists few specific scenarios in which
the evidence supports the use of specific anti-TNF agents.
In the setting of a hospitalized patient with severe
UC, only infliximab has demonstrated its efficacy as a
[84]
‘rescue’ therapy . Patients with perianal disease can
benefit from either infliximab or adalimumab, albeit the
evidence is based on a post-hoc analysis for adalimumab
[23,85]
and lacking for other anti-TNF agents
. Golimumab

Evolution of treatment strategies of IBD and positioning
currently approved biologics and small molecules in
clinical practice

As the therapeutic armamentarium for IBD continues
to expand, so follows the complexity associated with
managing IBD patients in clinical practice. The needs
for algorithms are required in order to assist health care
practitioners determine the relative positioning of each
agent and their use in combination with other therapies.
Until the results of head to head biologic and small
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Table 2 Biologic agents which have demonstrated efficacy in inflammatory bowel diseases and rheumatology
Mechanism of action
Anti-TNF
1
Infliximab[20,22,51,119]
Chimeric monoclonal antibody
Adalimumab[26,28,54,120,121]
Fully human monoclonal antibody
Certolizumab[31,122,123]
Pegylated humanized monoclonal antibody Fab' fragment
Golimumab[57,122,124]
Fully human monoclonal antibody
Anti-integrin
4
Natalizumab[39]
Chimeric monoclonal antibody against α4 integrin
3
Vedolizumab[46,96]
Chimeric monoclonal antibody against α4β7 integrin
Ustekinumab[50,125,126]
Fully human monoclonal antibody against P40 sub-unit of
IL-12 and IL-23

2

UC

CD

Fistulization Ankylosing
Spondylitis

x
x

x
x
x

x
x
+/-

x
x
x

+/+/-

x

x

Psoriasis

x
x
x
x

x
x
x
x

x

x

Infliximab is the only biologic which has been evaluated to be an effective ‘rescue’ agent. Evidence is lacking for the remaining biologics; 2Improvement
in fistulizing disease was evaluated as a primary outcome only in infliximab. Efficacy was otherwise determined indirectly from secondary outcomes,
subgroup analyses and small scale studies for the remaining biologics; 3Consider the use of vedolizumab as a first-line biologic agent in patients at high risk
for infectious complications. Vedolizumab has a slower onset of action (approximately 6-8 wk) as compared to alternate biologics; 4Use of natalizumab is
contraindicated if the patient is JC virus antibody positive due to the risk of progressive multifocal leukoencephalopathy. UD: Ulcerative colitis; CD: Crohn’s
disease.
1

clinical dose escalation group received dose escalation as
compared to the TDM group, thus the benefit seen from
the clinical group may be over-inflated. Similarly, the
TAXIT study, which was a 1 year RCT involving 178 CD
and 85 UC patients performed at a single tertiary referral
center, did not find benefit in proactive vs reactive (i.e.,
[88]
symptom based) TDM . However, the results from the
TAXIT study should be interpreted with caution since
dose optimisation occurred in both groups at study start.
Prospective, multi-center studies are needed to further
investigate the positioning of TDM.
The decision to initiate combination therapy involves
balancing the benefits of improved efficacy and lower
immunogenicity of therapy against the heightened
risks for infection and malignancy. The SONIC trial re
vealed the steroid-free remission rate in CD patients at
week 26 was significantly greater in the combination
azathioprine and infliximab group as compared to in
fliximab or azathioprine alone (57% vs 44% vs 30%,
[14]
respectively) . The SUCCESS trial, which was a 16
week RCT involving 239 patients with moderate to se
vere UC, revealed similar results. Steroid-free remission
was achieved in 40% of patients on dual therapy as com
pared to 22% and 24% on infliximab and azathioprine
[90]
monotherapy, respectively . Supporting this strategy
was the open label prospective DIAMOND study which
evaluated 176 Japanese patients with CD over 52 wk.
This study demonstrated that the efficacy of using
dual therapy was not limited to only infliximab but
also to adalimumab. Mucosal healing was significantly
better in the combination group as compared to the
azathioprine monotherapy group at week 26 (84% vs
[91]
64%, respectively) . Although the difference in clinical
remission was not significant, likely due to a small
cohort and lower thiopurine dosing, a trend was main
tained in favor of combination therapy. The infection
and serious complication risks were not greater on dual
therapy as compared to monotherapy in either of the
aforementioned studies. In contrast, the SONIC trial

has demonstrated efficacy in UC as a second or third
line anti-TNF agent in small cohorts of patients but not
for CD. Similarly, certolizumab can be considered in the
same context for CD but lacks evidence for UC. Ease of
administration may influence one’s decision thus patients
who would rather less frequent dosing may prefer the
Ⅳ infusion infliximab as compared to the other anti-TNF
agents which are delivered SC by the patient.
The relatively high costs of anti-TNFs and the expi
ration of patents have triggered the development of
biosimilar monoclonal antibodies. Multiple regulatory
agencies have approved the use of biosimilars in IBD
based on extrapolation of data on safety and efficacy.
Since then, real-word data and randomised controlled
trials on switching from originator to biosimilar infliximab
has shown similar results in terms of efficacy and
[72]
safety . Following the introduction of vedoluzimab and
ustekinumab, anti-TNF therapy may not be the first-line
biologic agent in all IBD patients. However, the lower cost
of biosimilars probably makes the use of anti-TNF agents
still very attractive.
Optimizing the efficacy of the initial anti-TNF therapy
prior to switching to another biologic, either in or out of
class, is a critical principle when managing IBD patients.
Studies have repeatedly demonstrated that patients fai
ling their first biologic have poorer outcomes following
[50,58]
initiation of their second or third biologic
. The ability
to differentiate the cause for a loss of response to antiTNF therapy has been facilitated with therapeutic drug
[86]
monitoring (TDM) . Based on TDM results, an educated
decision regarding dose optimization and switching
[16,87]
in or out of class can now be determined
. How
ever, the frequency of TDM is still up for debate. Few
retrospective studies have demonstrated benefit with
[88,89]
proactive TDM
. The recent multicentre prospective
RCT involving 167 patients with active CD, TAILORIX,
demonstrated that there was no benefit in patients re
ceiving infliximab dose escalation based on TDM as com
[89]
pared to clinical scoring . Although more patients in the
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demonstrated the lowest risk for infection to be present
in the dual therapy group (3.9%) as compared to the
infliximab or azathioprine monotherapy groups (4.9%
and 5.6%, respectively). This suggests that poorly
controlled disease is a stronger risk factor for infection
instead of intensified immunosuppression. Ultimately,
the risk for hepatosplenic T-cell lymphoma (especially
in young/adolescent males after 2 years of therapy),
myelosuppression and opportunistic infections must be
[92,93]
weighted individually
. Consideration can be made to
initiating therapy with both combined thiopurine and antiTNF therapy than stopping thiopurine therapy after 6 mo
in the setting of clinical and biochemical remission and a
therapeutic drug level, which has been supported in the
[94,95]
literature
.

the disease course alongside objective patient moni
toring can modify the disease trajectory and reduce
morbidity. However, it is also important to recognize
that approximately 20% of patients with IBD may have
an indolent disease course, and available populationbased data suggests that approximately half of patients
with CD can be symptomatically controlled 10 years
[100,101]
after diagnosis
. Risk stratification can guide early
introduction of highly effective therapy in patients with
a poor prognosis and prevent overtreatment in lowrisk patients. Unfortunately, current patient stratification
relies on clinical factors. Most of these are indicators
rather than predictors of a complicated disease course
(e.g., presence of perianal disease, age < 40 years old at
[102]
diagnosis and need for steroids during the first flare) .
Molecular makers for predicting an aggressive phenotype
[103,104]
have yet to be identified but studies are ongoing
.
In the absence of objective predictors for disease
severity, studies have attempted to better elucidate
the risks and benefits of aggressive therapy. The TOPDOWN trial was the first to assess and compare dif
[105]
ferent treatment algorithms in IBD . Treatment-naïve
early CD patients were randomly assigned to receive
early aggressive therapy (‘top-down’) with an immu
nosuppressant and anti-TNF agent or less aggressive
(‘step-up’) therapy with steroids and a possible transition
to immunosuppressant and biologics if necessary. The
authors found that the ‘top-down’ strategy was more
effective than the conventional ‘step-up’ strategy for
achieving corticosteroid-free remission at week 52
(61.5% vs 42.2%, P = 0.027). Similar conclusions were
demonstrated in both the SONIC and UC-SUCCESS trials
whereby the efficacy of therapy was improved despite
comparable adverse events between groups.
The strengths of objective patient monitoring are
becoming more evident as study designs continue to
improve and include more objective markers of disease
severity and response to therapy. An example is the
[106]
cluster randomisation trial, REACT . In this trial, 1982
patients with CD were randomized to receive either
algorithm-based treatment optimization vs. conventional
management (therapeutic decisions based on community
physician assessment). The composite endpoint of hospi
talization, surgery and serious disease related compli
cations was lower in patients treated with the algorithmbased strategy at 24 mo (27.7% and 35.1%, hazard
ratio: 0.73, 95%CI: 0.62 to 0.86, P < 0.001), despite
no differences in serious drug-related adverse events
as compared to the conventional treatment group. In
UC, evidence is less straightforward on whether ‘topdown’ therapy alters the long-term disease outcomes.
Although several studies have shown that the severity
and extent of UC at diagnosis may have a major impact
on the subsequent course of the disease with elevated
risks of recurrent hospitalization, colectomy, cancer and
[101,107,108]
mortality
. In a population-based inception cohort
from Norway, the extent of disease, need for systemic
steroids and high CRP at diagnosis were independently
[109]
associated with colectomy . Consequently, patients pre
senting with extensive colitis and signs of severe disease

Positioning ‘new’ agents: First or second-line?

Vedolizumab has emerged as a first-line agent for induc
tion of remission for moderately active UC patients
[58]
failing conventional therapy . In CD, clinicians should
be aware of the potentially slower onset of action of
vedolizumab. Concomitant use of corticosteroids may be
necessary during the induction period. For these reasons,
anti-TNFs or ustekinumab may be more favourable first
line choices in CD patients with severe disease activity
at present. There is also no considerable data from RCTs
on the efficacy of vedolizumab in fistulizing CD and
acute severe UC. Ongoing phase Ⅳ trial will determine
[96]
its effectiveness . Vedolizumab is currently being posi
tioned in some jurisdictions as a second-line biologic
agent following anti-TNFs, although the ongoing LOVE
studies are evaluating the use of vedolizumab in early
[97,98]
vs. late UC and CD
. Given their effectiveness in the
medium to long term and the favourable safety profile,
it is expected that gut-selective anti-integrin agents will
increasingly be used as maintenance therapy or even as
part of a combination biological therapy. A clinical trial
evaluating the efficacy of adalimumab, methotrexate and
[99]
vedolizumab triple combination therapy is ongoing .
Ustekinumab is the most recently approved biologic
[50]
agent for CD . Presently, there is no data available
describing its efficacy in UC or fistulising CD. An indirect
comparison amongst the anti-TNF and UNITI trials sug
gests ustekinumab may be safer and have a lower rate of
immunogenicity which may make it the preferred biologic
[77]
for some CD patients . More comprehensive data on
efficacy in certain patient subgroups and mucosal healing
is needed.
Finally, tofacitinib is a small molecule awaiting final
[59,60]
approval for the treatment of UC
. Their oral route
of administration makes them particularly attractive.
Their safety profile has been suggested to be similar to
that of thiopurines. Due to their mechanism of action,
they are not limited by immunogenicity and subsequent
loss of response. Their positioning and use as mono- or
combination therapy has yet to be elucidated.

The evolution of treatment strategies and objective
monitoring: Early aggressive or tailored therapy?

The introduction of highly effective therapies early in
WJG|www.wjgnet.com
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Table 3 Recommendations for treating to target in Crohn’s disease by the International Organization for the Study of Inflammatory
[19]
Bowel Diseases
Crohn’s disease

Ulcerative colitis

The consensus target is a combination of:
Clinical/1PRO remission defined as resolution of abdominal pain and
Clinical/1PRO remission defined as resolution of rectal bleeding and
diarrhea or altered bowel habits which should be assessed every 3 mo until diarrhea or altered bowel habits which should be assessed every 3 mo until
resolution then 6-12 mo thereafter.
resolution then 6-12 mo thereafter.
and
and
Endoscopic remission2 defined as resolution of ulceration at ileocolonoscopy Endoscopic remission2 defined as resolution of friability and ulceration at
which should be assessed at 6-9 mo intervals during the active phase
flexible sigmoidoscopy or colonoscopy3 which should be assessed at 3 mo
intervals during the active phase
Adjunctive measures of disease activity that may be useful in the management of selected patients but are not a treatment target include:
•CRP
•Faecal calprotectin
•Faecal calprotectin
•Histology
Measures of disease activity that are not a target:
•Histology

•Cross-sectional imaging

•Cross-sectional imaging
1

Patient reported outcomes; 2When endoscopy cannot adequately evaluate inflammation, resolution of inflammation as assessed by cross-sectional imaging
can be substituted; 3While Mayo subscore of 0 may be defined as the target, there is currently insufficient evidence to recommend it in all patients; only
Mayo subscore of 0-1 can be systematically recommended in practice.

at diagnosis could benefit from top-down therapy.
‘Treat to target’, a strategy that uses objective clinical
and biochemical outcome measures to assist clinicians
in making decisions related to modifying therapy, has
been gaining popularity since the REACT study demon
strated that disease activity correlates relatively poorly
with objective measures of inflammation, and clinical
remission in the absence of mucosal healing may not
necessarily decrease the risk of future complications
[106]
in CD . The CALM study supported this logic as well
and demonstrated that early and stringent control of
disease using objective markers of inflammation (e.g.,
CRP and fecal calprotectin) was efficacious and safe
[18]
in their sample population of 244 patients with CD .
Their primary end-point, mucosal healing at 48 wk, was
achieved in 46% vs 30% of the patients in the ‘tight
control’ group as compared to the ‘clinical management’
group. Deep, biological and steroid-free remissions
were greater in the ‘tight control’ group as well, whilst
the adverse events not significantly different between
groups. The recent systematic review and expert opinion
of 28 IBD specialists on ‘Selecting Therapeutic Targets in
Inflammatory Bowel Disease’ (STRIDE) also suggested
the importance of using objective markers and recom
mends that therapeutic targets for CD and UC should
move away from composite disease activity indices
to separate patient-reported outcomes and objective
[19]
measurements of inflammation (Table 3) . However,
the open-label multicentre RCT ‘CALM’ suggested that
biomarkers such as fecal calprotectin be considered as ad
ditional targets to therapy in their cohort of 244 patients
with active CD. Besides acting as a treatment target,
biomarkers can facilitate the monitoring of a patient. For
example, elevated c-reactive protein or fecal calprotectin
should prompt further endoscopic and/or radiologic eval
uation irrespective of clinical scores. Although intensified
regimens are efficacious, they are also more likely to
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encounter difficulties with patient compliance. Additional
guidance regarding the use of endoscopic findings as
treatment targets will come following the completion of
the REACT-Ⅱ prospective trial.

FUTURE PERSPECTIVES
Data obtained from head to head biologic and small
molecule trials will eventually be applied to clinical prac
tice in order to better individualize and optimize therapy.
The determination of which therapies can be combined
best will be further elucidated as well. For instance,
combining anti-TNF therapy with vedolizumab is being
evaluated in studies for patients with refractory disease
because it combines a rapidly acting systemic agent with
a slower acting gut-specific therapy. The development
of oral medications with specific targets (e.g., filgotinib)
will open the door to a large range of potential thera
peutic combinations which will enable therapy to be
[110]
individualized further . Specific therapies such as antifibrotics, SMAD7 inhibitors, sphingosine 1-phosphate
receptor modulators and phosphodiesterase inhibitors are
quickly making their way through trial phases and can be
expected to hold a place in the IBD armamentarium in
[111-113]
the near future
. As in Oncology, omics will enable
us to determine which patients are at greatest risk for a
complicated disease course thus provide a rationale for
initiating intensified immunotherapy at diagnosis and
[114]
individualize therapy best . Molecular imaging and pretreatment genetic and biomarker analysis may be able to
predict response to a proposed therapy in the future and
[103,104,115,116]
are currently being investigated
.

CONCLUSION
As the quality of trial designs improved over the decades,
so followed our understanding of IBD. This has enabled
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us to tailor therapy and develop effective treatment
algorithms using clinical symptomps/PROS, biomarkers
and endoscopic indices to help guide therapy. Anti-TNF
therapy remains an important component of IBD therapy
with the most real-life evidence and should be considered
as first-line therapy in patients with complicated CD
and in acute-severe UC. Novel mono- and combination
therapies have only begun to be approved and offer
the ability to tailor therapy further. However, clinicians
will be faced with important challenges in defining the
optimal use of these new therapies and their relative
position in treatment algorithms. The next generation of
clinical trials will need to ascertain the answers to these
questions.
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Despite a decrease in gastric cancer incidence, the
development of novel biologic agents and combined
therapeutic strategies, the prognosis of gastric cancer
remains poor. Recently, the introduction of modern im
munotherapy, especially using immune checkpoint inhi
bitors, led to an improved prognosis in many cancers.
The use of immunotherapy was also associated with
manageable adverse event profiles and promising results
in the treatment of patients with gastric cancer, especially
in heavily pretreated patients. These data have led to
an accelerated approval of some checkpoint inhibitors
in this setting. Understanding the complex relationship
between the host immune microenvironment and tu
mor and the immune escape phenomenon leading to
cancer occurrence and progression will subsequently
lead to the identification of prognostic immune markers.
Furthermore, this understanding will result in the dis
covery of both new mechanisms for blocking tumor
immunosuppressive signals and pathways to stimulate
the local immune response by targeting and modulating
different subsets of immune cells. Due to the molecular
heterogeneity of gastric cancers associated with different
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clinico-biologic parameters, immune markers expression
and prognosis, novel immunotherapy algorithms should
be personalized and addressed to selected subsets of
gastric tumors, which have been proven to elicit the best
clinical responses. Future perspectives in the treatment
of gastric cancer include tailored dual immunotherapies
or a combination of immunotherapy with other targeted
agents with synergistic antitumor effects.

metastases during the outcome of the disease. Although
surgical resection remains the main treatment with
curative-intent in gastric cancer patients, there is a
poor associated 5-year survival rate of approximately
20%-25%. Therefore, additional treatments (neo
adjuvant/adjuvant), such as chemotherapy and radio
therapy where associated with tumor resection, unfortu
nately lead to only modest survival benefits. In advanced
stages, approximately 50% of cases present local/sys
temic recurrence after adjuvant treatment, and only
[2]
10%-15% of cases achieve a 5-year overall survival .
In the metastatic stage, the backbone of treatment is
represented by palliative chemotherapy, associated with
a poor median overall survival, of approximately 8-10
[3]
mo . Despite recent advances using novel biologic
therapeutic agents, with the exception of trastuzumab
[anti-human growth factor receptor 2 (HER2) monoclonal
antibody] and ramucirumab [fully humanized monoclonal
antibody receptor antagonist to bind vascular endothelial
growth factor receptor 2 (VEGFR-2)], showing beneficial
results by improving overall survival (OS), and therefore
approved in first-line (in association with standard
chemotherapeutic regimens) and second-line settings,
respectively (as monotherapy, or in association with
chemotherapy), in advanced and metastatic gastric
cancers, clinical trials assessing other targeted agents
[4-6]
showed disappointing results in gastric cancer .
Recently, the therapeutic algorithm and prognosis
of many tumors changed radically by introducing im
munotherapy, especially using immune checkpoint inhi
bitors, and the first drug of this class approved by the
United States Food and Drug Administration (FDA) was
ipilimumab, an anticytotoxic T lymphocyte antigen-4
(CTLA-4) antibody, used in the treatment of advanced
[7,8]
melanoma (2011) . Afterwards, immune checkpoint
inhibitors, which are antagonists of the programmed
death (PD)-1/PD-ligand 1 (PD-L1) pathway, were ap
proved by the FDA for the treatment of different tumors,
such as melanoma, non-small cell lung cancer (NSCLC),
urothelial/renal cell carcinoma, squamous cell carcinoma
of the head and neck, Merkel cell carcinoma and Hodgkin’s
[9]
lymphoma .

Key words: immunotherapy; prognostic significance;
tumor immune microenvironment; immune checkpoint
inhibitors; gastric cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The use of modern immunotherapy, including
adoptive cell therapy, vaccines, and especially immune
therapy using checkpoint inhibitors, has led to encour
aging results in clinical trials including gastric cancer
patients. This review analyzes the relationship between
immune microenvironment profile of the host and tumor
development, identification of the immune prognostic
markers and future perspectives of immunotherapeutic
strategies. The treatment algorithm should be adapted to
the specific molecular profile of the gastric cancer subtype
in order to obtain maximum clinical benefits.
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INTRODUCTION
Early estimates situated gastric cancer in the first place
as being the most frequent neoplasia (1975). Despite
a decrease in gastric cancer incidents during the last
decades, it remains a major health problem globally, with
almost one million new cases diagnosed in 2012 (6.8%
of the total), after tumors of the lung, breast, colorectum
and prostate. There is a high geographical variation in
gastric cancer incidence. Approximately 70% of cases
occur in developing countries; half of the total number
occurs in Eastern Asia, especially China; the incidence
rates are approximately twice in men vs women. Overall,
this type of tumor represents the third leading cause
of cancer death in both sexes, accounting for 723,000
deaths in 2012 (8.8% of the total number of cases). The
highest mortality rates are seen in Eastern Asia, whereas
the lowest rates occur in Northern America; also, high
mortality rates are encountered in Central and Eastern
[1]
Europe and in Central and South America, respectively .
Most gastric cancers are diagnosed at an advanced
stage, whereas another 25%-50% of cases will develop

WJG|www.wjgnet.com

MOLECULAR CLASSIFICATION OF
GASTRIC CANCER
The following main histological classifications of gastric
cancer have routinely been used: the World Health
[10]
Organization (WHO) classification that categorizes four
histological subtypes, namely, papillary, tubular, mucinous
and poorly cohesive, and Lauren’s classification, dividing
[11]
gastric cancers into intestinal, diffuse and mixed type .
Because these two classifications are not able to direct
specific therapeutic strategies and, additionally, because
the group of gastric cancers includes heterogeneity of
tumors, there was a need to elaborate new classifications
capable of stratifying patients regarding tumor behavior,
prognosis and response to specific treatments. For the
first time, the molecular assessment of gastric cancer
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patients was proven to add benefits in the context of the
TOGA trial in which a combined treatment with classical
chemotherapy and trastuzumab showed an improvement
of survival in the subgroup of patients overexpressing
[4]
HER2 . Moreover, the behavior of the tumor and the
outcome proved to be different in cases of Asian patients
[12]
vs Caucasians included in several clinical trials .
In 2013, Singapore researchers identified three diffe
rent molecular subtypes of gastric cancer: proliferative
(high genomic instability, TP53 mutation), metabolic (high
response to 5-FU chemotherapy), and mesenchymal
(stem cell-like cancers that are sensitive to PIK3CA[13]
mTOR inhibitors) .
The aim of “The Cancer Genome Atlas (TCGA)”
project (2014) was to develop a new molecular classifi
cation of gastric cancer with clinical impact and to identify
the main dysregulated pathways of each subtype of
gastric tumors. The TGCA research group divided gastric
cancer into four genomic subtypes:

of MSI and immunohistochemical testing are 77% to
89%, and 83%, respectively; specificities are 90% and
89%, respectively. Some patients may have MSI or
abnormal immunohistochemistry due to sporadic devel
opment of cancer, rather than an underlying genetic
(germline) mutation. MSI accounts for 15%-30% of
gastric cancers; most often includes tumors of intestinal
[18,19]
type, antral location, females and older patients
;
shows mutations in DNA mismatch repair genes, such
as MLH1 or MLH2, that lead to the dysfunction of DNA
[20]
mismatch repair enzymes ; is reported in a metaanalysis that demonstrated a 37% reduced mortality risk
and prolonged OS in gastric cancer patients with MSI[21]
high (MSI-H) vs MSI-low (MSI-L) ; is associated in noncolorectal cancer with an increased frequency of somatic
mutation and amplification of tumor antigens; therefore,
an increased sensitivity to treatment with PD-1 immune
[22,23]
checkpoint inhibitors
; has increased intratumor
[24]
infiltrate ; is reported in studies that show an in
[25]
creased activity of pembrolizumab in gastric cancer
and assess the efficacy of nivolumab ± ipilimumab in
[26]
MSI-H gastrointestinal cancers ; and is possibly being
considered in the development of a preventive vaccine
[27]
using neopeptides affecting MSI carcinogenesis .

Chromosomal instability (CIN): includes approxi
mately 50% of cases, most of the tumors are located at
[14]
the gastro-esophageal junction or cardia ; leads to a
loss or gain of some oncogenes and tumor suppressor
[15]
genes ; has a high frequency of TP53 gene and re
ceptor tyrosine kinase mutations and amplifications of
[16]
cell cycle genes ; and has amplifications in oncogene
[17]
pathways (HER2, BRAF, EGFR, MET, and RAS) .

Genomic stability: Accounts for approximately 20% of
gastric cancer cases; has an increased frequency of the
diffuse type; indicates main somatic genomic alterations:
CDH1, ARIDIA, RHOA; and presents a recurrent inter
[28]
chromosomal translocation involved in cellular motility .

Microsatellite instability: tumor testing methodo
logies include immunohistochemistry for abnormal ab
sence of MMR protein expression or polymerase chain
reaction (PCR) for Microsatellite instability analysis
(MSI), to evaluate for MSI-H on a tumor specimen. Im
munohistochemistry can predict which gene is most
likely to be mutated, the gene for the affected protein.
Interpretation of immunohistochemical reports can
sometimes be confusing, as “positive” should mean
the abnormal absence of MMR protein expression, in
contrast to normal presence of expression. MSI testing
panels may consist of mononucleotide and dincleotid
markers. For classifying MSI, a panel of five markers for
the analysis of MSI was recommended by the National
Cancer Institute, including two mononucleotide and two
dinucleotide repeats. In the case that ≥ 2 of the five
markers show instability, the genotypes are grouped
into high‑frequency (MSI‑H); when only one marker
shows instability, into low‑frequency (MSI‑L), and
when no marker shows instability, into microsatellite
stable (MSS). MSI‑H consists of 30%‑40% instability
markers, while MSI‑L of < 30%‑40%. Bethesda Guide
lines have stated that MSI‑H can be defined when
instability is present at mononucleotide loci and MSI‑L
when instability is limited at only dinucleotide loci;
mononucleotide repeats were demonstrated to be more
sensitive vs dinucleotide loci in detecting MSI. Some
studies have shown that both immunohistochemistry
and MSI are cost-effective and useful for selecting highrisk patients. A review showed that the sensitivities
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Epstein Barr virus-associated: Epstein Barr virus
(EBV) is detected by in situ hybridization or PCR in appro
[29]
ximately 10% of gastric cancer patients ; it seems
to increase ten times the gastric cancer risk, especially
[30]
in Far East Asian patients , and is more frequent
[29]
in younger patients ; it has a better response to
[31]
immunotherapy and better survival ; it shows that the
PD-L1 gene is frequently amplified; approximately 15%
+
of EBV tumors present amplification of chromosomal
[32]
+
region 9p24.1 (locus of PD-L1, PD-L2) ; EBV is
found in approximately 50% of tumor cells and 94% of
immune cells; therefore, PD-1 testing could predict a
[12]
response to immunotherapy in this subset of patients ;
and it shows PIK3CA mutations that could be targeted
using PI(3)-kinase inhibition, DNA hypermethylation and
[28]
JAK2 mutations .
Taking into account specific characteristics of the four
subtypes of gastric cancer, it was highlighted that EBVassociated and MSI categories are associated with the
best responses to immune therapeutic strategies.
The Asian Cancer Research Group (ACRG) proposed
a molecular classification of four molecular subtypes for
gastric cancer (2015): one subtype was related to the
epithelial-to-mesenchymal transition (MSS/EMT) phe
notype, which was associated with highest recurrence
frequency, and another subtype was related to the
phenotype of MSI, cytokine signaling, cell proliferation
and methylation signals, including hypermutated tumors,
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which was associated with the best overall prognosis. The
remaining of the non-EMT and non-MSI patients were
+
further divided into MSS/p53 and MSS/p53 molecular
subtypes and were associated with an intermediate
[33,34]
overall prognosis and recurrence
.
Comparing TCGA vs ACRG subtypes of gastric
cancers, one may notice a resemblance between MSI
tumors, GS and MSS/EMT subtypes, EBV and MSS/
+
TP53 subtypes, and CIN and MSS/TP53 tumors,
[13]
respectively .
The development of genotyping different subtypes of
gastric cancer will provide a guide to molecular targeted
drugs that should be investigated in large clinical trials on
specific subsets of gastric tumor patients in the future.

regulatory T cells (Tregs) and mesenchymal- or bone
marrow-derived stem cells (BM-MSCs). Tregs represent
+
+
+
CD4 CD25 FOXP3 T lymphocytes that determine
reduced activity of cytotoxic and helper T cells, and of
NK cells and are involved in the immunological tolerance
to self-antigen and the persistence of Helicobacter pylori
[38]
(H. pylori)-related inflammation . BM-MSCs migrate
to cancerous tissues and, in some animal models, were
shown to create an immunosuppressive environment in
chronic H. pylori infection and to represent a “seeding
[39-41]
point” for gastric carcinogenesis
. In this regard,
immunotherapeutic strategies directed against Tregs and
BM-MSCs and against immunosuppressive cytokines
seem to be promising.
Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4)
and programmed death-1 (PD-1) play essential roles
in the immune checkpoint modulation. Normally, these
molecules modulate the response of T lymphocytes
to antigens. CTLA-4 represents an inhibitory receptor
exhibited by T cells, whereas PD-1 represents a co-inhi
bitory receptor located on the cell surface, suppressing
T cell activity in peripheral tissues in the context of
inflammation. PD-1 is widely expressed on T and B lym
phocytes, monocytes, and natural killer cells; conversely
to CTLA-4, PD-1 is involved in subsequent phases of
[42]
immune responses . It has been shown that various
tumor cells upregulate PD-L1. In gastrointestinal cancers,
PD-L1 upregulation has been identified in pancreatic,
gastric, and colorectal cancers, correlating in several
[43,44]
studies with a poor prognosis
.

HOST IMMUNE RESPONSE IN GASTRIC
CANCER PATIENTS
Antitumor immune response of the host

The term “immunosurveillance” refers to the capacity of
the host immune system to identify the tumor cells as
[35]
“non self”, and subsequently to kill them . The immune
response includes both innate immunity (represented by
macrophages, dendritic cells, and natural killer cells), and
specific adaptive immunity (T and B lymphocytes).
The host protective response and the capacity of
the tumor to surpass the host immune response are
defined as “cancer immunoediting”, which is a process
comprising three progressive steps:
elimination phase: in this stage, natural killer (NK)
cells and T lymphocytes (helper and cytotoxic) secrete
interferon IFNγ, leading to a reduction of angiogenesis
and proliferation of cancerous cells; moreover, macro
phages and dendritic cells (DC) secrete cytokines that
activate immune cells to phagocytize dead tumor cells.

Significance and prognostic role of tumor-infiltrating
lymphocytes in gastric cancer

Tumor-infiltrating lymphocytes (TILs) comprise the pre
[45]
sence of T cells, B cells and NK cells . T cells include
+
+
cytotoxic lymphocytes (CD8 ), helper T cells (CD4 ),
+
memory T cells (CD45RO ) and T regulatory cells
+
(FOXP3 ). Specific cell membrane antigens of TILs bind
to specific cellular types: CD3, CD4, CD8 and FOXP3 bind
[46]
to T cells, CD20 to B cells and CD57 to NK cells .
In the complex relationship between the host immune
microenvironment and cancer occurrence and progres
sion, TILs seem to gain bidirectional regulation abilities.
In one way, tumor neoantigens captured by the DC are
presented on MHC molecules to the T cells, leading to the
activation of effector T cells, with subsequent infiltration
of the tumor and destruction of the cancerous cells. In
addition, these activated cells secrete inhibitory cytokines,
[47,48]
with the augmentation of antitumor effects
. On the
other hand, TILs may help cancer to proliferate, either by
creating an appropriate environment for tumor growth or
[49]
by protecting tumor cells to survive .
The stromal TILs represent the mononuclear inflam
matory cells infiltrating tumor stroma, whereas intra
tumor TILs define the intraepithelial lymphocytes/mono
nuclear cells within the tumor. Stromal TILs were shown
[50]
to predict disease-free survival (DFS) of patients .
The assessment of TILs as a prognostic biomarker
in gastric cancer patients has led to controversial con
clusions. The presence of various subsets of cells seems

equilibrium phase: residual cancerous cells remain
in a dormancy state because DC and cytotoxic T cells
secrete IFNγ and inhibitory cytokines (IL12), suppressing
them.
escape phase: tumor cells change their features
which will be transmitted to the daughter cells,
therefore escaping immunosuppression and prolife
rating, along with the apoptosis of the effector immu
[36]
nocytes . This process is illustrated in Figure 1.
The tumor mechanisms to evade suppression by the
immune system may include a reduced expression of
the tumor antigens and major histocompatibility class I
(MHC) antigen, Fas-L modulation, increased synthesis
of inhibitory cytokines such as TGFβ1, IL10, IL6, VEGF,
prostaglandin, and an increased number of T regulatory
lymphocytes (Treg) and myeloid-derived suppressor cells
[37]
(MDSC) .

Tumor immunosuppressive microenvironment

The most important components of the tumor immuno
suppressive microenvironment are represented by the
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A

Additionally, some data in the literature revealed that
+
an increased number of CD8 T cells, both intra- or
extra-tumor located, is associated with an improved
[54-57]
DFS and OS
; in contrast, the results of a recent
+
study showed that an increased number of CD8 cells
correlate with poor overall survival and increased ex
[58]
pression of programmed death ligand 1 (PD-L1) .
Other studies showed that a high density of intratumor
+
FOXP3 Treg is correlated with a poor OS, whereas an
extratumor high density of this cell type leads to an
[59-64]
+
increased OS
. The increased intratumor Treg/CD8
[65]
lymphocytes ratio is correlated with a decreased OS
and the presence of T helper 17 and T helper 22 with
[66]
tumor progression . Moreover, an increased T helper 1/
+
T helper 2 of CD4 T lymphocytes represents a favorable
[67]
prognostic factor . A better OS was associated with an
increased intratumor presence of various immunocytes,
+
[57,68]
[51,57,69,70]
+
such as CD3 T cells
, CD57 NK
, CD45RO
[71]
+
(memory T cells) , and T-bet (marker for T helper
[72]
1 lymphocytes) ; in addition, an increased DFS was
observed in the case of high intratumor density of CD20
[73]
(surface marker of B cells) . The data show a decrease
+
[74]
in CD3 TILs density along with tumor progression .
+
On the other hand, the subgroup of CD45RO T lym
phocytes seems to prevent peritoneal spreading of
[75]
gastric neoplasias . All the data from the literature
+
+
demonstrate that high densities of CD8 , CD3 , and
+
+
CD57 TILs and low densities of FOXP3 TILs represent
favorable prognostic factors in gastric neoplasia.
+
CD4 T cells secrete various cytokines, such as
IL-17, the role for which the data from the literature
reveal controversial results. Some of the studies showed
that this cytokine could stimulate tumor angiogenesis,
[76]
growth, and spreading , while other studies show that
IL-17 exhibits anticancer effects, either by stimulating
[77]
the cytotoxic activity of TIL
or by stimulating the
[78]
maturation of DC .
[79]
The study of Yuan et al
revealed that gastric
+
cancers present an increased percentage of CD4 T
+
lymphocytes and lower CD8 T cells (with an increased
+
+
CD4 /CD8 ratio) compared to blood and, further,
to paraneoplastic tissue. In addition, the number of
TILs of effector and memory T cell type is significantly
higher than in the case of circulating T cells. As we
have already mentioned, the involvement of Tregs in
antitumor immunity is controversial, and their role may
[80,81]
differ according to the type of cancer
. These authors
+
high
low
considered CD4 CD25
CD127 as being the most
specific marker to define the Treg population, with the
percentage of these cells being increased among TILs,
demonstrating the accumulation of immunosuppressive
[79]
Tregs at the site of a gastric tumor . Recent studies
+
+
show that the coexpression of PD-1 and Tim-3 de
[32,82]
fine the most hypo-functional T lymphocytes
. The
percentage of these cells among TILs was significantly
increased in gastric tumors, especially in patients with
advanced stages, suggesting that they may be impli
cated in a tumor immune escape phenomenon and
that TILs in gastric cancer show T cell dysfunction. The
combined blockade of these molecules seemed to have a
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to differently influence the patient’s prognosis. Studies
have shown that high density of intratumor TILs are
[51-53]
associated with better prognosis (HR = 0.55)
.
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+

synergistic effect on IFNγ production and, therefore, may
[79]
provide new promising immune modulating strategies .
Finally, the strategies of immunotherapy in gastric
cancer are directed on TILs and are based on augmenting
+
anticancer immunity by blocking the interaction of CD8
T lymphocyte-related receptors such as CTLA-4 and PD-1
and their ligands situated on tumor cells (PD-L2 and
PD-L1). Furthermore, it may include the stimulation of
the local immune response by targeting and modulating
+
different subsets of CD8 TILs.

Advanced TNM stages of EBV tumors were cor
+
+
related with a reduced density of CD4 , CD8 and
+
Foxp3 TILs and PD-1 expression. Additionally, PD-L1
expression was shown to predict a reduced survival in
EBV-associated cancers. Approximately two-thirds of
+
EBV gastric cancers were proved to present a typeⅠ or
Ⅳ microenvironment associated with a better prognosis
by inducing adaptive immune responses (type Ⅳ
showed the best 5-year OS), whereas more than 70%
of negative EBV tumors belong to the type Ⅱ and Ⅲ
microenvironment, showing an absence of an immune re
[87]
sponse and a poor prognosis .
All these results are indicating the possibility of dif
ferent subsets of TILs to be used as prognostic markers
in these specific categories of patients. Moreover, EBVassociated and MSI gastric cancer categories might
become potential targets of immunotherapy.

Significance of tumor infiltrating DCs in gastric cancer

Immunotherapy needs the activation of the cellular
immune responses following the presentation of the
[83]
tumor antigen peptides by DCs to T cells .
It has been demonstrated that the density of tumor
infiltrating DCs correlates with the staging and prognosis
in gastric neoplasias, and patients with a high amount
of DCs present an improved OS compared with patients
[69]
with a lower density of DCs . The study of Tsujitani
[84]
et al
showed that the use of postoperative adjuvant
immunotherapy exhibits beneficial results on the survival
of gastric cancer patients with reduced tumor DC infil
tration.

Significance of peripheral immune status

Myeloid-derived suppressor cells (MDSCs) represent
immune suppressive cells with the ability to inhibit T
+
+
cell (CD4 and CD8 ) activation and increase T cell
[89]
apoptosis . The data showed that high intratumor
density of MDSCs is related to a poor prognosis in gastric
[80,90]
cancer
. Peripheral blood granulocyte MDSCs are
[91]
significantly increased in cancerous patients . Shoji et
[92]
al
noted that an increased proportion of granulocyte
MDSCs prior to chemotherapy represents a negative
prognostic factor for PFS in advanced gastric cancer
patients receiving cisplatin-based chemotherapy and
tends to be associated with poor OS.
Several papers showed that IL-8 is involved in gastro
[93]
intestinal carcinogenesis by its ability to recruit MDSCs .
In addition, an increased number of circulating MDSCs
was associated with advanced tumor stages, increased
[94]
serum IL-8 levels, and dysfunction of T cells . In this
light, IL-8 seems to determine an adverse immune
[92]
status .
Currently, numerous papers target defining the host
inflammatory response to cancer. Due to a release of
cytokines, the systemic inflammatory response seems to
be responsible for the promotion of angiogenesis, DNA
[95]
alteration, and tumor proliferation .
Studies have demonstrated that the neutrophil to
lymphocyte ratio (NLR) has a prognostic value in patients
[96-98]
with solid cancers
. In oncologic patients, lympho
penia is a marker of deficient cell-mediated immunity,
while neutrophilia is a sign of response to systemic inflam
mation. Furthermore, malnutrition/ hypoalbuminemia
show correlation both with immune suppression and sys
temic inflammation, which are phenomena overexpressed
[99,100]
[101]
in advanced tumor stages
. Gonda et al
consider
that NLR might be a useful biomarker for assessing
tumor response to chemotherapy, immune suppression,
malnutrition and unfavorable prognosis in gastric cancer
patients. Moreover, it has been suggested that combining
anti-inflammatory agents with chemotherapy provides
an enhanced efficiency of the treatment.

Classification of the immune microenvironment of the
gastric cancer according to the presence of CD8+ TILs
and PD-L1 expression

Based on the existence of tumor-infiltrating lymphocytes
(TILs) and PD-L1 expression, it has been proposed to
[85]
categorize the tumors into four types as follows: typeⅠ
+
+
(TILs PD-L1 ), presenting adaptive immune resistance;
type Ⅱ (TILs PD-L1 ), revealing immune ignorance; type
+
Ⅲ (TILs PD-L1 ), showing intrinsic induction; and type Ⅳ
+
(TILs PD-L1 ) in which other suppressors have a role in
initiating immune tolerance. This stratification may have
a certain prognostic role and may guide efforts towards a
specific immunotherapeutic strategy.
Because tumor response to immunotherapy using
+
PD-1 blockade requires the presence of CD8 TILs that
[86]
are downregulated by PD-1/PD-L1 activity , this type
of therapeutic strategy in typeⅠ cancer might improve
prognosis. As tumors included in type Ⅱ and Ⅲ lack
TILs, the combination of immune checkpoint inhibitors
with a vaccine that is capable to induce T cell activation,
migration and infiltration at the tumor site might improve
[87]
the clinical outcome in these patients .

Correlation between TILs and gastric cancer subtypes

Among the four molecular subtypes of gastric cancer,
+
EBV and MSI tumors often show the activation of im
mune mechanisms, being associated with a high density
of TILs, which has been correlated with an improved
[88]
+
cancer-specific survival . An increased number of CD8
+
and FOXP3 TILs were associated with improved OS in
[55]
[87]
MSI-H gastric cancers and EBV-associated cancers .
In addition, another study showed that a high number of
+
+
CD3 and CD8 TILs in EBV-associated and MSI gastric
[56]
cancer subtypes are associated with better survival .
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therapy (ACT) using TILs- refers to the passive transfer
of antitumor T lymphocytes into a tumor-bearing host
followed subsequently by the direct destruction of this
[108]
cancer
. Current immunotherapeutic strategies are
presented in Figure 2.

HISTORY OF IMMUNOTHERAPY
The concept of immune modulating treatment was used
for the first time by Edward Jenner (1798), who de
monstrated that inoculating humans with cowpox could
prevent smallpox occurrence. Over time, this strategy
was implemented in developing serum and vaccinations.
The efficacy of immunotherapy in cancer treatment was
demonstrated by WB Coley (1891) who, by injecting
streptococcal germs into a patient with unresectable
[102]
cancer, determined the decrease of the tumor size .
Furthermore, Ehrlich (1909) has suggested that the host
immune system could suppress the tumor growth by
recognizing cancerous cells as non-self. Half a century
later, Burnett has proposed the theory of tumor immune
[35]
[49]
surveillance , recently completed by Schreiber et al
with the concept of cancer immunoediting.
In recent years, many immunotherapeutic strategies
have been developed, including treatments using
monoclonal antibodies, cytokines, cytotoxic cells, T
[36]
cells infusions and gene transferred vaccines , having
the aim of either increasing the host antitumoral re
sponse capacity or increasing the immunogenicity and
[103]
susceptibility to treatment of the tumor cells .

Cellular immunotherapies in gastric cancer

Currently, immunotherapy in gastric cancer patients
includes cell-based strategies aimed either to activate
cytotoxic T lymphocytes directed against cancer cells or
to bind molecules expressed by tumor cells.
ACT: This technique refers to injection of different tumorspecific T lymphocytes into a cancer patient, such as
cytokine- and anti-CD3 monoclonal antibody- induced
killer cells, as well as TILs.
(1) Cytotoxic T cell therapy
In a preclinical study, cytotoxic activity of peripheral
blood lymphocytes extracted from gastric tumor patients
or from healthy individuals was induced using different
HLA-A matched allogeneic gastric cancer cells, exhibiting
antitumor efficacy against HLA-A2 and HLA-A24
[109]
gastric cancer cell lines
. Furthermore, Kawamoto
[110]
et al
demonstrated the efficiency of peptide-based
immunotherapeutic strategies by proving that cytotoxic
T lymphocytes were able to kill HLA-A-0201/2402 colon
and gastric cancer cells, which were positive for mitotic
centromere-associated kinesin (MCAK) (a new cancer
antigen) in an HLA-Ⅰ restricted way. In addition, MHC-1
restricted T cells were obtained from primary tumors,
metastatic lymph nodes, and ascites of autologous
gastric cancer and were proved to detain different
recognition characteristics towards gastric cancer
[111]
antigens . Moreover, splenic MAGE-specific cytotoxic T
lymphocytes against HLA-A2 cancer cell antigen, existing
in testis and several neoplasias (including gastric cancer),
[112]
were successfully obtained and tested .
Another preclinical study has revealed that cytokineinduced killer (CIK) cells, mostly by stimulating IFN-γ
and tumor necrosis factor-alpha, exhibit antiproliferative
[113]
effects against the MGC-803 gastric cancer cell line . In
[114]
addition, Kim et al
demonstrated the benefits of using
ACT with CIK cells in gastric cancer patients. These CIK
cells, isolated from the human peripheral blood mono
nuclear cells and activated by IL-2 and anti-CD3 antibody,
were able to suppress the MKN74 human gastric cancer
cell line in vitro and inhibit tumor proliferation in a nude
mouse model.
As gastric cancers usually show paucity of stroma
infiltration, in vivo studies have suggested administration
of immunotherapy using ACT combined with chemo
[115]
therapy
. Furthermore, the chemotherapeutic drug
oxaliplatin, by stimulating high-mobility group box 1
protein to induce anticancerous T lymphocytes, is cap
[116]
able of producing an immunogenic cancer cell death .
In several in vitro and in vivo studies on drug-resis
tant gastric cancer, a high amount of cytokines was

CURRENT IMMUNOTHERAPEUTIC
STRATEGIES IN GASTRIC CANCER
The development of an effective immunotherapeutic
management for digestive cancers has evolved relatively
slowly, with the majority of these immune-modulating
approaches still under assessment in early phase cli
nical trials, mostly because of their well-known lack of
antitumor effector T lymphocyte responses and their
[104]
decreased immunogenicity
. Despite these specific
aspects, some immunotherapeutic approaches, such as
those using anti-PD/PD-L1 immune checkpoint inhibitors,
proved to also be effective in cancers defined by a poor
[105]
immunogenic nature .
Immunotherapeutic strategies may be classified
[42]
into :
Active immunization strategies, including: (1)
adoption of cytokines (e.g., IFNγ, IL-10, IL-2) to date,
[103]
leading to inconclusive results
. (2) vaccination
strategies that include: vaccines using peptides/proteins
+
+
recognized by CD8 and CD4 lymphocytes, such as
various tumor-rejection antigens (including melanoma[106]
associated antigen (MAGE-3) or HER-2/neu)
; new
vaccines using a compound formed by an immunogenic
protein fused with peptide (Z12) that determines a
[107]
persistent antitumor T cell response
; DC-based
vaccines; RNA-based vaccines, etc. (3) immune check
point inhibitors (anti-CTLA4, anti-PD/PD-L1). (4) com
bination of different immunotherapeutic strategies. (5)
Combination of immunotherapy with standard treatment.
Passive immunization strategies: Adoptive cell
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Figure 2 Current immunotherapeutic strategies in gastric cancer. NK: Natural killer cells; TILs: Tumor-infiltrating lymphocytes; CIK: Cytokine-induced killer
cells; ACT: Adoptive cell therapy; DCs: Dendritic cells; PD-1: Programmed death-1; PD-L1: Programmed death ligand-1; CTLA-4: Cytotoxic T-lymphocyte-associated
antigen 4; CI: Checkpoint inhibitors.
[117]

induced by combining this drug with CIK cells
. It
was suggested that chemotherapy associated with T
lymphocyte reduction would be capable of enhancing
the results of ACT therapy by stimulating the persistence
of endogenous T cells in circulation, while depleting
autoimmune reactions on healthy tissues. However,
these results unfortunately occurred at the expense of
[118]
severe infectious adverse events in these patients .
Moreover, the results obtained by combining ACT
treatment with an antibody directed against both antiepidermal growth factor receptor (EGFR) and antiepithelial cell adhesion molecule (EpCAM), that specifi
cally targets the simian virus 40 (SV40) T antigenspecific T cells (previously transduced with a truncated
human EGFR), showed a better tumor reduction and OS
[119]
than with ACT alone
.
[120]
Du et al
used a mouse model of gastric cancer and
concluded that ACT by peritoneal injection of CIK might
be both a beneficial and minimally invasive strategy for
treating this type of cancer.
The first clinical trial proving the beneficial results
of ACT in humans used lymphokine-activated killer
cells plus IL-2 in patients with metastatic melanoma,
leading to the approval of the treatment for this group
[121-123]
of patients
. Furthermore, this strategy determined
a significant tumor reduction in patients with different
[124]
tumors .
[125]
Zhang et al
showed that administration of ex
panded activated autologous lymphocytes, which were
stimulated by anti-CD3 monoclonal antibody (mAb) and

WJG|www.wjgnet.com

IL-2, to gastric neoplasia patients led to a prolonged
OS compared to the group that received only standard
chemotherapy.
The efficiency assessment of combined treatment
using CIK cells and chemotherapy as adjuvant therapy
in stage Ⅱ/Ⅲ of gastric neoplasia after curative gastric
resection revealed a significantly prolonged OS vs the
[126]
group using chemotherapy alone . In a similar con
text, a clinical trial analyzed the possible toxicities of
adjuvant ACT associated with chemotherapy (including
5-fluorouracil/capecitabine), showing an improvement
in both DFS and OS, without the development of severe
[127]
adverse reactions . Moreover, a clinical trial assessing
this type of combined adjuvant treatment in stage Ⅲ
/Ⅳ (M0) gastric cancer patients after R0/D2 resection
showed a significantly longer 5-year OS and DFS vs
[128]
adjuvant chemotherapy .
In cases of advanced gastric cancer, several clinical
studies have also proven an increased response rate,
better quality of life and even an increased OS in patients
treated with chemotherapy (FOLFOX4) plus CIK cells vs
[129,130]
chemotherapy alone
.
By assessing the administration of a chemothera
peutic regimen followed by autologous CIK cells, the
results highlighted an improved remission rate in gastric
cancer patients, associated with tolerable and reversible
side effects. Standard chemotherapy using XELOX plus
CIK cells administered intraperitoneally in gastric cancer
patients showed a marked decrease in ascites volume
[131]
and OS prolongation .
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In a pilot study, patients with advanced gastric cancer,
who received gamma delta T cells with zoledronate
intraperitoneally as a local treatment for carcinomatous
ascites, showed a significant reduction both in the
number of peritoneal tumor cells and ascetic volume with
[132]
no serious side effects .
Several clinical trials are currently investigating the
tumor responses after adjuvant administration of ACT
plus chemotherapy after surgical resection in advanced
[133]
gastric cancer patients . In a phase Ⅱ clinical study
involving gastric cancer patients in stagesⅠ-Ⅲ, the
adjuvant combination of autologous tumor lysate-pulsed
dendritic and CIK cells (Ag-D-CIK) plus chemotherapy is
[134]
currently being evaluated following curative resection .
A clinical trial is currently investigating the safety and
efficiency of infusing chimeric antigen receptor (CAR) T
cells specific for EpCAM into relapsed or refractory gastric
[135]
cancer patients .
A phaseⅠ/Ⅱ clinical trial is currently investigating the
benefits of infusing CAR T cells targeting mucin 1 (MUC1)
in several solid cancers (including gastric tumors), as its
overexpression leads to chemotherapeutic-refractory
[136]
tumors .
A phaseⅠb clinical trial on advanced gastric cancer
expressing CEA assesses the efficacy of injecting antiCEA CAR T cells into the hepatic artery targeting liver
[137]
metastasis .
+
Additionally, a phaseⅠ/Ⅱ clinical study on HER2
gastric cancer patients (defined as HER2 in immuno
histochemical tumor tissue greater than or equal to 2
levels) with liver metastasis is analyzing the cytotoxic
potency of engineered pluripotent stem cells and T
[138]
cells, which specifically bind to HER2
. In addition,
another phaseⅠ clinical trial assesses the safety profile
of administrating autologous T cells equipped with a bispecific antibody (HER2 Bi-Armed T cells) in gastric and
[139]
esophageal neoplasias .
Patients with metastatic gastric cancer are also investi
gated regarding a combination of S-1 plus dendritic cell
[140]
activated CIK (DC-CIK) (phaseⅠ/Ⅱ clinical trial) .

Moreover, TILs can sometimes stimulate proliferation
of tumor cells. Studies show that HP0175-specific TILs in
gastric cancer patients infected with H. pylori determine
gastric Th17 response, exhibiting a pro-inflammatory
low cytotoxic TIL response; Th17 cells promote tumor
progression through the promotion of inflammation
by secretion of IL-17 and other interleukins, which
could induce proliferation and migration of cancer cells;
therefore, TILs reveal a correlation between H. pylori
[145]
infection and gastric cancer development .
Because studies have demonstrated that a high
+
Tregs/CD8 ratio in the tumor areas represents an
independent factor for poor OS, a combination of the
deletion of Tregs plus the stimulation of effector T cells
may represent an effective immunotherapy in gastric
[65]
cancer patients .
ACT using TILs isolated from the patient’s tumor
[146]
was also assessed in cases with gastric neoplasia ;
the results of a clinical trial showed a longer OS using
a combined treatment of ACT using TILs and standard
[143]
chemotherapy vs chemotherapy alone .
(3) Adoptive immunotherapy using NK cells
The data show that NK cells exhibit cytotoxic activity
against allogeneic and autologous cancer cell lines,
[147]
including gastric cancer cells lines , and could prevent
[148,149]
tumor metastatic spreading
; additionally, intratumor infiltration of NK cells is associated with a longer
[150]
survival in neoplastic patients . Patients with advanced
gastric adenocarcinoma having a high density of NK cells
demonstrated a prolonged survival rate vs those with
[151]
the low density NK . The number of apoptotic NK cells
+
(Fas NK cells) is significantly higher in gastric neoplasia
patients vs normal controls and is correlated to the tumor
[152]
progression .
Clinical data revealed a favorable prognostic role of
NK cells in gastric cancer patients, with a high level of
CD57 antibody expression in gastric tumors correlated
with a reduced size of tumors, N0 tumors, more surgical
[51]
resections and prolonged 5-year OS .
By culturing autologous peripheral blood mononuclear
cells with K562 cells, researchers were able to obtain
[147]
cytotoxic NK cells from cancer patients , suggesting
a possible role of immunotherapy using autologous
expanded NK cells in clinical practice. In this regard,
a clinical study using a combination of cell-based im
munotherapy with autologous NK cells, γδ T cells, and CIK
cells plus chemotherapy showed a statistically significant
improvement of the 2-year progression-free survival and
quality of life, but without demonstrating a significantly
[153]
prolonged OS in gastric cancer patients .
The safety and efficacy of therapy with trastuzumab
and NK cells in the treatment of gastric cancer is cur
[154]
rently assessed in a clinical trial .
It has been demonstrated that lupeol, which exhibits
a curative effect on various diseases, has the ability
not only to stimulate the proliferation and the cytolytic
activity of NK cells against gastric tumor cells, but also
to inhibit the proliferation of some gastric cancer cell

(2) Adoptive immunotherapy using TILs
The use of ACT with TILs is not associated with an
immediate effect because this therapeutic protocol re
quires approximately six wks, as T cells must undergo
the following preparation steps before infusion: first,
they are isolated from tumor tissue; next, they are in
vitro expanded; and finally, tumor-specific T cells are
[141]
selected .
The immunotherapy using TILs has led to encou
[142]
raging results in preclinical models
, but not in all
[143,144]
clinical studies (except for melanoma)
.
In most gastric cancer patients, TILs exhibit a specific
type-1 T cell response to cancer antigens. It is important
to note that in order to obtain “in vivo” destruction of the
tumor cells, the efficacy of tumor-specific T cells usually
needs to be enhanced by combining vaccination using
specific cancer antigens/peptides or by injecting in vitro
[103]
expanded autologous cancer-specific T cells
.

WJG|www.wjgnet.com

3591

August 28, 2018|Volume 24|Issue 32|

Lazăr DC et al . Immunotherapy in gastric cancer
lines. Therefore, this agent might be included (either
alone or in combination with ACT) using NK cells in the
[155]
therapeutic strategies of gastric tumors .

clinical studies involving melanomas and renal cell carci
[167,168]
nomas
.
These RNA-based vaccines seem to present some
potential benefits over the classical vaccination tech
niques: they are pharmaceutically safer because of
the presence of transient and cytosolic active mRNA
(lack of genomic integration); they have the ability to
target multiple tumor-associated antigens; they are not
associated with severe adverse events; and they are not
[36]
MHC-restricted .
Because the clinical efficiency of DC vaccines is limited
because of the short survival of DCs, mostly due to the
+
[169]
cytolytic properties of DC-activated CD8 T cells , their
efficiency has been increased by using small interfering
RNA (siRNA)-targeting phosphatase and tensin homolog
(PTEN), which is involved in negative feedback in the
[170]
signal transduction of the PI3K/AKT pathway . This
technique has increased the number of cancer-specific
[171]
cytotoxic T cells and the antitumor immune response .
The results were improved by targeting the immuno
suppressive IL-10 receptor in association with the siRNA
[172]
[173]
DC vaccine , by using GM-CSF gene-modified DC ,
[174]
and by removing Tregs along with DC vaccination .

Cancer vaccines

Cancer vaccines have the aim of activating and in
creasing the number of effector T lymphocytes, leading
to the augmentation of existing immunity, development
of novel immunological response, and therefore an im
[36]
proved anticancer immunity .
Peptides derived from tumor-associated antigens
[156]
[157]
[HER2/neu-derived peptide
and MAGE
are cap
tured by antigen-presenting cells (such as DC)] and
presented by means of MHC typeⅠ for presentation
to cytotoxic T cells, and by means of MHC type Ⅱ for
presentation to T helper cells, determine their activation,
followed by the destruction of tumor cells.
There are several types of vaccinations that have
shown promising results in gastric cancer patients:
(1) HLA-A*2402-restricted URLC10-A24-177 and vas
cular epidermal growth factor receptor (VEGFR1-A12-9
1084) epitope peptide cancer vaccines in advanced
chemotherapy-resistant gastric cancer patients - these
are safe and induce enhanced specific cytotoxic T cell
[158]
immune responses .
(2) vaccination using survivin epitope peptide - a
recent study suggested an excellent efficiency in gastric
cancer patients upon inducing survivin-derived peptidespecific cytotoxic T lymphocytes from mononuclear cells
[159]
isolated from blood of healthy individuals .
(3) autologous gp96 vaccine in addition to chemo
therapy as an adjuvant treatment in patients with re
sected gastric cancer (phase Ⅱ study) - glycoprotein (gp)
96, belonging to the group of autologous tumor-derived
heat shock proteins (HSPs), binds tumor-associated
antigens, constituting the HSPs-peptide complexes that
promote the activation of APCs, as well as the release of
various cytokines, enhancing T cell antitumor immune
response; the vaccination seemed be well tolerated and
is associated with a potential for prevention of gastric
[160]
cancer recurrence .
(4) Trials using DC-based anticancer vaccines - ex
vivo expanded DCs were able to generate antigenspecific T lymphocytes responses both in animal mo
[161]
[162]
dels
and in clinical trials
: (1) vaccination using
dendritic cells pulsed with HER-2/neu peptide generated
[143]
tumor shrinkage (phaseⅠ study)
; (2) vaccination
using DC pulsed with nanoparticles MAGE-3 peptideloaded stopped tumors from proliferating in a mouse
[163]
model of gastric cancer (phaseⅠ study)
; and
(3) vaccination with cancer-loaded autologous DCs
(stimulated by autologous apoptotic gastric tumor cells)
[164]
determined the activation of memory T cells .

Strategies of combining vaccination with chemo
therapy: The combination of an adjuvant Bacille
Calmette-Guérin (BCG) vaccine with chemotherapy vs
chemotherapy alone resulted in a better OS in patients
[175]
with radically resected locally advanced gastric cancer .
Vaccination using gastrin-17 diphtheria toxoid
(G17DT)-targeting gastrin peptide combined with chemo
therapy (cisplatin plus fluorouracil) increased the OS of
patients with advanced gastric cancer (phase Ⅱ clinical
[176]
trial) .
Vaccination using peptides derived from human VEGF
receptors 1 and 2 combined with standard chemotherapy
(S1+ cisplatin) improved the OS in patients with ad
[177]
vanced gastric cancer .
Literature data show that vaccination is a safe and
tolerable strategy that is associated with better prognosis
in gastric cancer patients, especially when it is performed
in addition to classical chemotherapy.

Immunotherapy using checkpoint inhibitors

Immune checkpoints represent inhibitory pathways that
are critical for maintaining self-tolerance and physiological
homeostasis by controlling the intensity of physiological
immune responses to prevent tissue injury, particularly
when the immune system is fighting an infection. Addi
tionally, they may also allow immune escape of cancer
[36]
cells .
Immune checkpoint molecules, such as cytotoxic T
lymphocyte protein-4 (CTLA-4) and programmed cell
death protein-1 (PD-1), are involved in the inhibition of T
cell activation via different pathways.
CTLA-4 is a co-inhibitory molecule exhibited on
activated T lymphocytes and T regulatory cells, whose
receptor on T cells interacts with its B7-1/B7-2 ligands

RNA-based DC vaccines: By using stabilized mRNA,
DCs transfected with mRNA coding for tumor-associated
antigen/whole tumor RNA were able to generate potent
[165,166]
immune responses both in mouse models
and
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located on antigen-presenting cells (APCs), subsequently
suppressing the T cell stimulatory signal mediated by
[178]
CD28 . CTLA-4 expression is stimulated only in the
context of T cell activation; afterwards, it competes with
CD28 to bind to B7 molecules and decrease the immune
response. By inhibiting this interaction using an antiCTLA-4 antibody, T cell activation and proliferation is
promoted, along with a decrease in immunosuppressive
[179]
Treg cells among TILs .
PD-1 represents a co-inhibitory receptor that is
found on the surface of several types of cells, such
as activated T cells, Treg cells, and monocytes. It has
two ligands, PD-L1 and PD-L2. PD-L1 is expressed on
both immune and tumor cells, while PD-L2 is mostly
expressed on APCs. In tumors, PD-L1 that is expressed
on tumor cells binds to PD-1 on activated T cells that
reach the tumor and generates a suppression signal for
the activation of T cells, which become unable to destroy
tumor cells, leading to a decrease in both cellular and
[180,181]
humoral immune responses
. Unlike CTLA-4, which
is considered to be necessary for T cell activation, the
PD-1/PD-L1/2 pathway seems to protect tumor cells
from attack by T lymphocytes. It has been demonstrated
that by inducing antibody-mediated blockage of the
PD-1/PD-L pathway followed by the inhibition of this
checkpoint, treatment is able to enhance the anticancer
[22,182]
immune response of the host
.
Several genetic studies have shown a possible cor
relation between PD-1 or CTLA-4 polymorphisms and
[183-185]
the development of gastric cancer
. Additionally,
the role of CTLA-4 gene promoter hypermethylation has
been demonstrated as a risk factor for gastric tumor
development, with CTLA-4 expression being significantly
[186]
higher in gastric tumor samples vs normal tissue .

homeobox 1 (ZEB-1) axis, which is closely related to
epithelial-mesenchymal transition (EMT) conversion
[190-192]
[193]
and to IFN-γ produced by TILs
. Mimura et al
showed that membranous PD-L1 immunohistochemical
expression in gastric tumor cells was significantly cor
+
related with the number of CD8 TILs and IFN-γ positive
cells in the tumor. Additionally, an enhanced cytotoxic
effect of anti-PD-L1 monoclonal antibody treatment was
observed after prior IFN-γ exposure.
Literature data regarding the expression of PD-1/
PD-L1 as a prognostic in gastric cancer showed contro
[53]
versial results. Dai et al
reported an association
between PD-L1 expression and an increased density
of TILs; this increased density of TILs and higher levels
of PD-L1 mRNA in gastric cancer was signiﬁcantly cor
related with a better prognosis. Some studies showed a
significantly improved prognosis in patients with PD-L1
[194,195]
positive tumors
; conversely, others reported
an association between PD-1/PD-L1 expression in
cancer cells and TILs and advanced tumors, increased
tumor size, the presence of deep invasion, lymph node
metastasis, and perineural invasion and a significantly
[196-198]
worse prognosis in these patients
; and the third
group of papers found no influence of PD-L1 on the
[199]
prognosis of gastric cancer .
A few recent meta-analyses have shown a cor
relation between PD-L1 and gastric cancer prognosis,
demonstrating that PD-L1 overexpression is a worse
[200-202]
prognostic factor in these patients
. Additionally,
[203]
Zhang et al
performed a recent meta-analysis that
included ten studies with 1901 gastric cancer patients
and showed that PD-L1 expression was associated with a
shorter OS and a poor clinicopathological status.
[204]
Fang et al
highlighted that PD-L1 was expressed
both in tumor cells and in TILs. PD-L1 positivity in
tumor cells was associated with differentiation, while its
expression in TILs was correlated with a late stage of the
+
disease, no surgery and the OS. Patients with PD-L1
TILs had a significantly poorer 5-year OS than those
without PD-L1 expression (14.2 vs 18.3; p = 0.001).
[205]
A study by Gao et al
showed that PD-L1 and PD-L2
positivity in primary tumors and metastatic lymph nodes
+
decreased the number of CD8 T cells, and the amount
+
of PD-1 positive expression on CD8 T cells in primary
tumors were prognostic factors that were correlated with
a poor prognosis in stage Ⅱ/Ⅲ gastric cancer patients.
Again, the results of the meta-analysis by Gu and
[189]
collaborators , showed that gastric cancer patients with
deeper tumor infiltration, lymph node metastasis, venous
+
invasion, and EBV and MSI subtypes were more likely to
be PD-L1 positive. Moreover, for the subgroups of Asian
patients and patients with stage Ⅱ/Ⅲ gastric cancer,
cut-off values greater than 50% and cytoplasm/nuclear
PD-L1 expression within tumor cells were positively
associated with the OS. The results of this meta-analysis
demonstrated that PD-L1 overexpression represented a
significantly adverse prognostic factor in gastric cancer,
[47]
fitting the theory of the cancer immunity cycle .
[32,206]
Many other studies
have also demonstrated

Prognostic significance of PD-1/PD-L1 and CTLA-4
[187]
expression in gastric cancer: Saito et al
showed
+
+
that PD-1 expression in CD8 and CD4 T cells in gastric
tumors was significantly higher vs in normal gastric
[188]
mucosa. Wu et al
showed that PD-L1 expression was
encountered in 42% of gastric cancer tissues but not in
normal gastric mucosa.
[189]
A meta-analysis by Gu et al
that was based on 15
studies (most of them conducted in Asia) including 3291
patients, showed a high variability of PD-L1 immuno
histochemical expression among studies, ranging be
tween 14.3% and 69.4%, due to the differences in cutoff values (between > 1% and > 50%).
Unlike in other tumors, such as lung cancer or mela
noma, there is scattered PD-L1 expression in gastric
cancer cells, which mostly occurs in infiltrating myeloid
[25,58]
cells at the tumor invasive front
.
There are several papers suggesting that PD-L1
expression in tumor cells may be upregulated by geno
mic alterations and oncogenic signaling, either through
the phosphatidylinositol-3-kinase-protein kinase B
(PI3K-AKT) or signal transducers and activators of the
transcription (STAT) 3 pathway. Moreover, PD-L1 is up
regulated by the microRNA-200/zinc-finger E-box-binding
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that EBV and MSI gastric tumors tend to be positive
for PD-L1 expression. These subtypes have a rich infil
+
tration of lymphocytes, especially CD8 T cells, in the
tumor stroma; therefore, they may be categorized as
+
medullary carcinomas. Moreover, in this context, PD-L1
expression is associated with a significant increase
+
in the number of CD8 T cells at the tumor invasive
front and with the ability of immune cells to infiltrate
[32]
+
the center of the tumor . Both EBV gastric cancers
+
and MSI gastric cancers have IFN-γ response genes,
therefore, PD-1 pathway signaling seems to be a crucial
mechanism for controlling a previous cytotoxic anticancer
[189]
+
immune response . The EBV subtype is associated
with amplification of the 9p24.1 locus, which harbors
the PD-L1/PD-L2 genes; PD-L1 positivity is found in
50% of the cancer cells and 94% of immune cells in
[194,207]
this subgroup
. Additionally, approximately 33%
+
and 45% PD-L1 expression levels are encountered
on tumors cells and immune cells, respectively, in MSI
[208]
+
gastric tumors . These data suggest that EBV and
MSI gastric cancers may be preferred candidates for
PD-1 blockade immunotherapy. These types of neopla
sias that are associated with rich inflammatory infiltrates
are considered “hot” or inflamed tumors, while poorly
immunogenic cancers are termed “cold.” “Hot” tumors
are characterized by the expression of immune-inhibitory
signals, such as PD-L1, indoleamine-2,3-dioxygenase
[209,210]
(IDO), and Treg cells
, which counterbalance the
effects of cytotoxic T lymphocytes. Therefore, using
combined treatments to convert cold into hot tumors
may increase the proportion of patients who benefit from
[211]
immunotherapy .
While some data from non-small cell lung cancer
(NSCLC) and other cancers have revealed that PD-L1
immunohistochemical positivity in cancer and/or in im
mune cells (bioptic specimens) is correlated with bene
ficial results after checkpoint inhibitor immunotherapy
[212]
using monoclonal antibodies
, other studies have
shown tumor responses to PD-L1 therapies in tumors
[213]
with PD-L1- cancer cells .
The location of PD-L1 expression in TILs situated
at the invasive front or even at the tumor center may
negatively influence its use as a biomarker. Furthermore,
stromal rather than membranous expression of PD-L1
may be the cause for the slightly poorer responses to
single-agent PD-1 checkpoint inhibitors in gastric cancer
[208]
vs other tumor types .
Because there are variations in the techniques, the
antibody clones used, and the cutoff values for PD-L1
positivity that limit cross-trial comparisons of different
tumor types, including gastric cancer, some resear
chers have proposed harmonization of PD-L1 testing
[214]
to standardize the results. Recently, Jiang et al
ela
borated an immunohistochemical-based immunoscore
on a cohort of 879 Chinese gastric cancer patients and
demonstrated that a high immunoscore corresponded to
lower recurrence rates and improved OS after adjuvant
therapy.
Data suggest that there is racial and geographical
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variability in the tumor-immune microenvironment that
is related to different responses to immunotherapy; for
example, non-Asian gastric cancer patients have tumors
that are rich in TILs and are associated with high CTLA-4
[215]
signaling .
[198]
The study by Schlößer et al
found positive CTLA-4
expression in the tumor microenvironment of 86% of
gastric cancer patients that was correlated with poor OS.
Clinical trials using checkpoint inhibitors: Clinical
trials using CTLA-4 and PD/PD-L1 checkpoint inhibitors
are listed in Table 1.
(1) CTLA-4 checkpoint inhibitors
Tremelimumab
Tremelimumab (formerly ticilimumab, CP-675,206)
is a fully human monoclonal antibody against CTLA-4
that received FDA approval for the treatment of meso
thelioma. It was the first immune checkpoint inhibitor
that was investigated in patients with gastroesophageal
tumors.
[216]
A phase Ⅱ study
investigated tremelimumab
(at a dose of 15 mg/kg every 90 d, which is pre
sently considered sub-therapeutic) in 18 patients with
advanced esophageal, gastroesophageal junction or
gastric adenocarcinoma. Although the median time
to progression and OS were relatively short, at 2.83
and 4.83 mo, respectively, approximately one-third of
patients were alive at one year. Currently, there is an
ongoing clinical trial assessing whether tremelimumab is
associated with the anti-PD-L1 antibody durvalumab; the
dose of tremelimumab used as a monotherapy is 10 mg/
[9]
kg every 4 wk .
Ipilimumab
Ipilimumab (trade name Yervoy, previously known as
MDX-010 and MDX-101) was approved by FDA for the
treatment of patients with unresectable/metastatic
melanoma, after at least one line of systemic treatment
[217]
has been performed (2011) ; the indications for this
drug were recently extended to include pediatric patients
(12 years and older) (2017) and adjuvant treatment
of patients with cutaneous melanoma with pathologic
involvement of regional lymph nodes greater than 1 mm
in size who have undergone complete resection (including
total lymphadenectomy); in addition, it was recently
approved as the first-line treatment, in combination with
nivolumab, for patients with intermediate or poor risk
with advanced renal cell carcinoma (2018).
A randomized phase Ⅱ trial enrolled patients with
unresectable, locally advanced/metastatic gastric or
gastro-esophageal junction cancer with partial response/
stable disease after first-line chemotherapy with a
combined fluoropyrimidine plus platinum regimen to
receive either the best supportive care (consisting of
continuation of fluoropyrimidine) or ipilimumab. The
primary end-point of the study was immune-related
PFS. Unfortunately, the study was ended earlier due to
the lack of clinical efficiency of ipilimumab. The PFS was
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NCT02834013

NCT03126110

NCT03241173

Nivolumab,
Ipilimumab

Nivolumab,
Ipilimumab

Nivolumab,
Ipilimumab

NCT03409848
(INTEGA)

NCT03044613

Nivolumab,
Ipilimumab

Nivolumab,
Ipilimumab

NCT02935634
(FRACTION-GC)

Nivolumab,
Ipilimumab

NCT03443856
(VESTIGE)

NCT02872116
(CHECKMATE-649)

Nivolumab,
Ipilimumab

Nivolumab,
Ipilimumab

NCT03342417

Study number

Nivolumab,
Ipilimumab

Checkpoint
inhibitors

Ⅰ/Ⅱ

Ⅰ/II

Ⅱ

Ⅱ

Ⅱ

Ⅰb

Ⅱ

Ⅲ

Ⅱ

Phase

recruiting

Recruiting

Recruiting

Recruiting

Not yet
recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Status

-NIVO + INCAGN01876
-IPI + INCAGN01876
-NIVO + IPI + INCAGN01876
-NIVO + INCAGN0949
-IPI + INCAGN0949
-NIVO + IPI + INCAGN0949

-NIVO + IPI

-IPI/FOLFOX + NIVO and
TRAS

- NIVO + IPI

- NIVO + IPI
-NIVO + RELATLIMAB
-NIVO + BMS-986205
- NIVO/NIVO + IPI prior to
chemoradiation + NIVO

- NIVO + IPI/
-NIVO + chemo
vs chemotherapy (XELOX/
FOLFOX)

NIVO + IPI

Study design

Table 1 Clinical trials using CTLA-4 and PD/PD-L1 checkpoint inhibitors

-Advanced/ metastatic
malignancies, including GC

-Advanced/metastatic
malignancies, including GC

-Rare tumors, including
gastric NET, SqCC, GIST

-Adjuvant treatment GC/
GEJ adenocarcinoma stage Ⅰ
b-IVa, ↑risk of recurrence
(ypN1-3 + /R1) after
neoadjuvant treatment +
resection
-Advanced/metastatic GC
adenocarcinoma, previously
untreated

-Neoadjuvant treatment,
resectable stage Ⅱ/Ⅲ EC/
GEJ

-Advanced GC

-Neoadjuvant breast cancer
-Platinum-resistant
advanced ovarian/GC
-Naive advanced/metastatic
GC/GEJ

Study population

-Toxicities (%AE)
-ORR-RECIST

-Toxicities (%AE)
-ORR-RECIST

-ORR-RECIST

-OS

-DFS

-% AE

-DR, DDC, PFS, OS- RECIST

-OS NIVO + IPI vs chemo
-PFS NIVO + IPI/
NIVO + chemo vs chemo
(PD-L1+)
-ORR NIVO + chemo vs
chemo
-% AE, SAE,
discontinuation/death due
to treatment
-Feasibility of induction
treatment
-Path CR
-Quantity of NIVO bound to
PD1 receptor
-Changes in expression of
immune markers
-OS, RFS
-OS
-Relapse rate
-Loco-regional/distant
failure rates
-% AE, QOL, global health
status
-% AE
-PFS, RR, QOL
-Translational research
-Central imaging review
-Toxicities
-OS, PFS
-Clinical benefit rate
-ir-ORR/PFS
-DR, DDC, PFS, OS- RECIST

-OS NIVO + IPI vs chemo
(PD-L1 + tumors)
-OS NIVO + chemo vs chemo
-ORR, PFS nivo + chemo vs
chemo
-ORR, DOR, PFS

- DOR, OS, QOL, recurrence
rate

- % AE

651

450

707

97

240

32

300

1349

60

Primary outcome measures Secondary outcome measures No. of patients
(estimated
enrollment)

Pending

Pending

Pending

Pending

N/A

Pending

Pending

Pending

Pending
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Nivolumab

Nivolumab

Ⅰ

Ⅰ/Ⅱ

Ⅲ

Ⅱ/Ⅲ

Ⅲ

Ⅰ/Ⅱ

Ⅰ

Ⅱ

-Adjuvant treatment p stage Ⅲ
GC/GEJ (after D2 resection)

NIVO + chemo vs placebo +
chemo
-NIVO + RAMUCIRUMAB

-Preoperator treatment against
solid cancers, including GC

-Advanced/ recurrent
unresectable GC/GEJ

-Refractory, unresectable,
advanced/ recurrent GC/GEJ
-Ⅰst line therapy, unresectable
advanced/ recurrent GC/GEJ

NIVO + chemo

-ir-PFS (ir RECIST)
-% BOR

-ORR

-% AE
- FOXp3 + tumors by
immunohistochemistry
-PFS

-No. of pts with DLT
-6 mo PFS

-RFS

-PFS
-OS

-OS, PFS

-Ⅰst line locally advanced/
-Laboratory findings
metastatic solid tumor, including -%AE, safety, tolerability
GC/GEJ
-Tumor assessment (RECIST)
-Unresectable recurrent GC (3 rd
-DCR:
line)
-PD: on CT/ MRI/ PET-CT
-CR/PR/SD

-Unresectable/ metastatic
GC/GEJ adenocarcinoma
(following Ⅰst line treatment)

NIVO vs placebo

NIVO + radiotherapy

-TREME + DURVA + chemo
(platinum-based SOC)

-IPI vs BSC (5-FU)

Recruiting -NIVO + MOGAMULIMUMAB
(KW-0761 = anti-CCR4)

Recruiting

Recruiting

Active, not
recruiting
Recruiting

Recruiting

Recruiting

Completed

NCT02951091
Observational Recruiting
-NIVO/ AFATINIB/
-Advanced GC
(Biomarker
GSK2636771 + PACLITAXEL
-Different molecular cohorts:
– integrated
PD-L1+, MSI-H, EBV+ → NIVO
Umbrella)
Ⅱ
NCT02465060 (The
Recruiting -NIVO/ other agents (according -Advanced/ metastatic solid
MATCH screening
to genetic testing)
tumors (including GC),
trial)
lymphomas, multiple myelomas
→ mismatch repair deficiency
(loss of MLH1/ MLH2)

NCT02946671

NCT02999295

Nivolumab

Nivolumab

NCT03006705

Nivolumab

NCT02267343

Nivolumab

NCT02746796

NCT03453164
(CIRCUIT)

Nivolumab

Nivolumab

NCT02658214

NCT01585987

Tremelimumab,
Durvalumab

Ipilimumab

-OS, PFS
-TTP

-

-Mean survival
-% AE
-Local control rate
-% PL-L1+, MHCI- tumor
cells
-Cytokines serum
concentration
-% regT cells
-% Ag-specific CTL
-ORR, DOR, %AE, %SAE,
safety
-ORR, DOR, DCR
-TTR, BOR
-% AE, SAE, laboratory
abnormalities
-OS
-Safety- % AE, SAE,
laboratory abnormalities
-%AE
-ORR
-DCR
-OS, PFS
-ORR-RECIST
-% ↓Treg

-

-PFS (mWHO)
-OS

6452

400

18

44

700

680

480

40

42

143

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

-ir-PFS ↓ (2.92
vs 4.89
mo);
-mWHO-PFS↓
(2.72 vs 4.89)
(P = 0.03);
-OS at study
completion
12.68 vs
12.06 mo
Pending
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NCT03382600
(MK-3475-659/
KEYNOTE 659)

NCT02901301

NCT03342937

NCT02918161

NCT02689284

NCT03257163

NCT03064490
(PROCEED)
NCT02563548

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

3597

NCT02954536

NCT03221426
(MK-3475-585)
(KEYNOTE-585)

NCT03196232

NCT03019588
(MK-3475-063/
KEYNOTE-063)

NCT03488667

NCT03413397

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

NCT02862535

Nivolumab

Ⅱ

Ⅱ

Ⅲ

Ⅱ

Ⅲ

Ⅱ

Ⅰb

Ⅱ

Ⅱ

Ⅰ/Ⅱ

Ⅱ

Ⅱ

Ⅰ/Ⅱ

Ⅱ

Ⅰb

-PEMBRO + OXALIPLATIN +
TS-1 vs
-PEMBRO + CISPLATIN + TS-1

PEMBRO + MARGETUXIMAB

PEMBRO + chemo (SOC)

-HER2 + advanced,
metastatic GC/GEJ

-Ⅰst line advanced, GC
HER2+
-Ⅰst line metastatic GC
adenocarcinoma
-Perioperative setting GC/
GEJ

-Previously treated,
advanced GC/GEJ
adenocarcinoma (Japan)
-Advanced CG/GEJ
adenocarcinoma, HER2(-),
PD-L1+

Recruiting

Not yet
recruiting

Recruiting

Recruiting

PEMBRO + LENVATINIB
MESYLATE

PEMBRO + mFOLFOX

-PEMBRO vs chemo
(PACLITAXEL)

-PEMBRO + EPACADOSTAT

-OS
- EFS event-free survival)
-Pathol CR
-% AE + discontinuation of
treatment
-6-mo PFS

-PFS (RECIST)

-ORR

-Pathol CR

- Expansion phase dose of
Margetuximab
-Antitumor activity: RD,
ORR (RECIST, ir-RECIST)
-RFS

-2 years DFS

-Recommended dose
-ORR-RECIST
-PFS

-ORR-RECIST

-Safety (% AE)

-ORR (RECIST)
-OS
-RR
-ORR-RECIST
-% AE, % discontinuation
due to AE

-DFS

-

-DCR, DOR, PFS (RECIST, irRECIST)

-Toxicity (% AE)

-

- Serum concentration of
Andecaliximab
-% Ab-anti Andecaliximab
-ORR (i-RECIST)
-DCR, DOR, TTR, PFS
(RECIST, iRECIST)
-OS, % AE
-DOR
-TTR
-OS
- % AE
- Pathol CR
-OS, ORR (RECIST)
-DFS
-OS
-PFS

-Progression after Ⅰst line
-OS, PFS (RECIST)
platinum-fluoropyridine
chemo, advanced GC/GEJ
adenocarcinoma, PD-L1+
(Asia)
-Neoadjuvant treatment GEJ -yp RR (pathologic response)
-ORR, DFS, OS
adenocarcinoma
-toxicity (% AE)
-PET scan response rate
-adjuvant treatment GC
- % PD-L1 + in tumor cells
-Metastatic/ recurrent GC/
-ORR-RECIST
-PFS, OS
GEJ
-Characteristic immunologic
changes

-Metastatic/ unresectable
GEJ

Recruiting -PEMBRO + CAPECITABINE + -Mismatch repair deficient,
radiotherapy (perioperative)
EBV+, operable GC
Recruiting -PEMBRO + chemoradiotherapy -Neoadjuvant treatment,
locally advanced EG cancers
Recruiting
-PEMBRO + PEGPH2O
-Hyaluronan-high (HA-H)
(Pegylated Recombinant Human
patients with relapsed/
Hyaluronidase)
refractory cancers
(adenocarcinoma)
Recruiting -PEMBRO+TRASTUZUMAB+c
-Advanced, metastatic
hemo
HER2+, EG (Ist line)
Recruiting -PEMBRO + cemo vs placebo +
-Neoadjuvant/adjuvant
chemo
previously untreated GC/
GEJ adenocarcinoma

Recruiting

Recruiting

Recruiting -PEMBRO + TRASTUZUMAB +
chemo
Recruiting
PEMBRO + XELOX

Recruiting

Active, non- -ANDECALIXIMAB (GS-5745) ±
recruiting
NIVO/chemo

29

40

360

30

860

37

81

38

40

72

40

50

49

90

36

Pending

N/A

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

Pending

N/A
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NCT02318901

NCT03095781

NCT02346955

NCT02178722
(KEYNOTE-037/
ECHO-202)
NCT02903914

Pembrolizumab

Pembrolizumab

Pembrolizumab

Pembrolizumab

3598

NCT02494583

NCT02370498
(KEYNOTE-061)

NCT02335411
(KEYNOTE-059)

NCT03277352

Pembrolizumab

Pembrolizumab

Pembrolizumab

NCT02393248

Pembrolizumab

Pembrolizumab

NCT03122548

Pembrolizumab

Pembrolizumab

NCT02730546

Pembrolizumab

Ⅰ/Ⅱ

Ⅱ

Ⅲ

Ⅲ

Ⅰ/Ⅱ

Ⅱ

Ⅰ/Ⅱ

Ⅰ/Ⅱ

Ⅰ

Ⅰ

Ⅰb/Ⅱ

Ⅰ/Ⅱ

Recruiting

Active, not
recruiting

Active, not
recruiting

Active, not
recruiting

Recruiting

Active, not
recruiting

Recruiting

-PEMBRO or PEMBRO +
chemo (CISPLATIN + 5-FU/
CAPECITABINE)
-INCAGN01876 + PEMBRO +
EPACADOSTAT

-PEMBRO vs
-PEMBRO + chemo vs
-Placebo + chemo
-PEMBRO vs chemo
(PACLITAXEL)

-INCB054828 + PEMBRO/
chemo/ TRASTUZUMAB

PEMBRO + CRS-207

-PEMBRO + ARGINASE
INHIBITOR INCB001158

PEMBRO + XL888 (= Hsp90
inhibitor)

PEMBRO-TRASTUZUMAB/
ADO-TRASTUZUMABETAMSINE/CETUXIMAB

-Locally advanced,
operable, GEJ/gastric
cardia adenocarcinoma
(neoadjuvant setting)
-Unresectable HER2+,
advanced GC/GEJ
-Dose of mAb combined
with PEMBRO

-Path CR
-PFS

-Advanced GC/GEJ
adenocarcinoma,
Progressed after Ⅰ
st line (platinum +
fluoropyrimidine),
PD-L1+
-Recurrent/
metastatic GC/GEJ
adenocarcinoma
-Advanced/ metastatic
malignancies

-Advanced
malignancies (including
GC), progression after
prior treatment
-Ⅰst line treatment,
advanced GC/GEJ

-Recurrent/metastatic
GC/EG (1-2 prior lines
of systemic treatment)

- Advanced/metastatic
solid tumors (including
GC)

-% AE, discontinuation of
treatment due to AE
-ORR
-% AE
-ORR, CRR (RECIST)

-PFS, OS- in PD-L1+

-PFS (RECIST)
-OS

-Maximum tolerated dose,
pharmacodynamic of
INCB054828

-% AE

-% AE

-Advanced
-Recommended dose for
gastrointestinal cancer
combined treatment
(including GC)
Terminated -CM-24[MK-6018 = mAb against -Advanced/recurrent -% AE, discontinuation due
CEACAM1] ± PEMBRO
malignancies (including
to AE, DLT
GC)
Recruiting -PEMBRO + EPACADOSTAT
-Selected carcinomas
-% DTL
(including GC)
-ORR

Recruiting

Active, not
recruiting

Recruiting PEMBRO + chemoradiotherapy

-ORR, DCR, DOR, PFS, OS
(rECIST, mRECIST)

-

-PFS, OS
-TTP, ORR

PEMBRO
-Pharmacokinetic profile
-Antitumor activity of drugs
(RECIST, ir RECIST)
-Tumor response (RECIST)
-OS
-Characterization of immune
response
-Analysis of biomarker
expression
-ORR
-Maximum/minimum
plasma Concentration of
NCB054828
-ORR, DOR (RECIST)
-QOL

-Maximum drug
concentration, half-life
elimination, ORR, DOR
-PFS
-% AE
-OS
- Rrecommended dose
of arginase Inhibitor ±

-R0 resection, DSF
-Dose-limiting AE, %
surgical complications, OS,
PFS, time to relapse
-% grade 3-4 AE
-RR (RECIST, ir-RECIST)
-OS, PFS
-Circulating tumor DNA
-Imaging changes
-ORR, PFS, RS (RECIST)
-OS

166

316

592

764

280

79

346

508

27

50

90

68

Pending

Pending

Pending

N/A

Pending

N/A

Pending

Pending

Pending

Pending

N/A

Pending
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Durvalumab

NCT02734004
(MEDIOLA)

NCT02554812
(JAVELINE Medley)

NCT01943461
(JAVELIN SOLID
TUMOR JPN)

Avelumab

Avelumab

NCT02625610
(JAVELIN GASTRIC
100)

Avelumab

NCT03475953
(REGOMUNE)

NCT03399071
(ICONIC)

Avelumab

Avelumab

NCT02625623
(JAVELIN GASTRIC
300)

NCT02443324

Avelumab

Pembrolizumab

Ⅰ/Ⅱ

Ⅰb/Ⅱ

Ⅰ/Ⅱ

Ⅰ

Ⅲ

Ⅱ

Ⅲ

Ⅰ

Active, not
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Not yet
recruiting

Active, not
recruiting

Active, not
recruiting
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Active, not
recruiting

Active, not
recruiting

-DURVA + OLAPARIB (PARP
inhibitor)

-AVE + other immunotherapies
→ AVE + PD 0360324 (M-CSF
mAb) (gastric cancer)

-AVE + REGORAFENIB

-AVE maintenance vs Ⅰ
st line continuation of
chemo (OXALIPLATIN +
FLUOROPYRIMIDINE)
-AVE

-AVE + chemo (FLOT)

-AVE + BSC vs
-chemo+BSC/BSC

-PEMBRO + RAMUCIRUMAB

-Advanced solid tumors
(including GC)

-Locally advanced/
metastatic solid tumors
(including GC)

-Advanced/metastatic
digestive solid tumors
(including GC)

-Locally advanced/
metastatic solid tumors
(Japan) → expansion part
GC patients (Asia)

-Unresectable, locally
advanced/ metastatic GC/
GEJ adenocarcinoma

-Unresectable, recurrent,
locally advanced/ metastatic
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(3rd line)
-Perioperative setting,
operable EC/GC

-GC/GEJ (NSCLC,
transitional urothelial cancer,
biliary tract cancer)

-% grade 3-4 AE
-Radiologic response
(RECIST)
-median PFS, OS
-BOR (RECIST)
-QOL
-% AE

-% BOR of CR/PR, ORR
-% SD
-DOR, time to response
-PFS, OS
-Pharmacokinetics
-PFS, BOR
-QOL

-Concentration assessment,
elimination half-life
-% PD-L1
-BOR+ irBOR, PFS +irPFS
-OS
% Ab-anti AVE
-% AE
-Recommended doses
-Maximum tolerated dose
-Assessment of Regorafenib
-DLT
antitumor activity
-% AE
-Pharmacokinetics
-BOR, ORR, PFS, OS
-Blood/tumor growth
biomarkers
-% DLT
-Serum concentration of
-ORR
drugs
-Ab-anti drugs
-TTR, DOR, PFS, OS
-Tumor biomarkers
(PD-L1, CD8+T cells)
-DCR (at CT/MRI)
-% PD-L1
-% AE
-DCR (mRECIST)
-Safety- vital signs, blood
-Time to treatment
samples
discontinuation)
-OS
-% change in tumor size
(CT/MRI)
-Serum concentration of
Ab-anti drug
-Pharmacokinetics
-ORR, DOR, PFS
(mRECIST)

-DLT

-OS, PFS

-Pathol CR

-OS

-DTL
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560

212

57

499

40

37

155
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Pending
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Pending

Pending

Pending

Pending

Pending
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NCT02264678

Durvalumab

Ⅰ/Ⅱ

Ⅱ

Ⅰ

Recruiting

Recruiting

Active, not
recruiting

OLAPARIB/DURVA

-Advanced malignancies
(including GC)

-Maintenance treatment,
locally advanced/
metastatic HER2+/-EG,
adenocarcinoma (after Ⅰst
line chemo)

-DURVA vs. CAPECITABINE
vs. TRASTUZUMAB vs.
RUCAPARIB vs. surveillance

-AZD6738 ± Chemo/

-Locally advanced
unresectable/ metastatic
gastrointestinal (including
GC/GEJ adenocarcinoma)
and thoracic malignancies

DURVA + RAMUCIRUMAB

-Safety, tolerability (AE,
SAE)

-PFS (RECIST)

-% DLT

-ORR, DCR
-DOR, TTR
-PFS
-OS
-Pharmacokinetics
-% Ab-anti drug
-PFR
-OS, ORR (RECIST)
-% AE
-PFS, PFR, OS, ORR
according to PD-L1
immunohistochemical status
-Pharmacodynamics,
biomarker changes
-Serum concentration of
drug, half-life, etc.
-BOR, ORR, % change in
tumor size
250

770

114

Pending

Pending

Pending
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(2) PD-1 and PD-L1 checkpoint inhibitors
Anti-PD-1 antibodies - Nivolumab
Nivolumab is a humanized immunoglobulin G4 monoclonal antibody (mAb) that targets PD-1 and has shown efficacy in various cancer types. The FDA approved nivolumab
for the treatment of recurrent/metastatic melanoma, metastatic non-small cell lung carcinoma/recurrent or metastatic squamous cell carcinoma of the head and neck (after
progression on platinum-based chemotherapy), advanced renal cell carcinoma after antiangiogenic treatment, and Hodgkin lymphoma that has relapsed/progressed after
autologous hematopoietic stem cell transplantation.
The phaseⅠ/Ⅱ CheckMate-032 clinical trial analyzed the safety and efficacy of nivolumab as monotherapy or combined with ipilimumab in heavily pretreated patients
[219]
with advanced/metastatic solid cancers, including gastric tumors (NCT01928394) . The partial results assessing 160 patients included in three different arms [nivolumab 3
mg/kg (N3), nivolumab 1 mg/kg plus ipilimumab 3 mg/kg (N1+I3), and nivolumab 3 mg/kg + ipilimumab 1 mg/kg (N3+I1)] showed more frequent toxicities in the N1+I3
group. The most commonly encountered adverse events in all the subsets were fatigue, pruritus, nausea, diarrhea and loss of appetite; thyroid damage was more frequent
in the N1+I3 group. The overall objective response rate (ORR) was 16%, which was the highest in the N1+I3 group (26%); the disease control rate (DCR) was 38%. The
+
median OS was longest in the N1+I3 arm (6.9 mo), followed by the N3 (5.0 mo) and the N3+I1 arms (4.8 mo). The response rates for patients with PD-L1 tumors (> 1% of
immunohistochemically-positive cells), both in patients treated with nivolumab monotherapy and combined treatment N1+I3 and N3+I1, were superior compared to patients
with negative tumors (19% vs 12%, 40% vs 22% and 23% vs 0%, respectively).
Because of the promising results obtained using N1+I3 combination, the CheckMate-649 phase Ⅲ clinical trial (NCT02872116) was initiated. In this study, the clinicians
plan to investigate 1349 patients with naive advanced or metastatic gastric/gastroesophageal junction (GEJ) cancer, with both positive/negative PD-L1 expression to receive

shorter, and the toxicities were higher in the ipilimumab group, with similar OS for both groups

[218]

NIVO: Nivolumab; IPI: Ipilimumab; TREME: Tremelimumab; DURVA: Durvalumab; PEMBRO: Pembrolizumab; AVE: Avelumab, TRAS: Trastuzumab; Chemo: Chemotherapy; AE: Adverse events; SAE: Serious adverse events;
DLT: Dose limiting toxicities; DOR: Duration of response; OS: Overall survival; QOL: Quality of life; PFS: Progression free disease; ir-PFS: Immune-related progression free disease; PFR: Progression-free rate; ORR: Objective
response rate; RR: Response rate; pathCR: Pathologic complete response, RFS: Relapse-free survival; DR: Disease response; DDC: Duration disease control; BOR: Best objective response; DCR: Disease control rate; PD: Progressive
disease; CR: Complete response; PR: Partial response; SD: Stable disease; TTR: Time to response; NET: Neuroendocrine tumors; SqCC: Squamous cell carcinoma; GIST: Gastrointestinal stromal tumors; EBV: Epstein Barr virus; N/A:
Not applicable.

NCT02678182
(PLATFORM)

NCT02572687

Durvalumab

Durvalumab
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first line nivolumab plus ipilimumab or nivolumab plus
standard chemotherapy (XELOX or FOLFOX) vs standard
chemotherapy (XELOX or FOLFOX), having as a primary
+
[220]
endpoint the OS in patients with PD-L1 tumors . The
data from the double-blinded, randomized, multicentric
phase Ⅲ trial ONO-12 (ATTRACTION 2) were presented
at the ASCO Gastrointestinal Cancers Symposium 2017,
demonstrating the benefits of nivolumab as a salvage
treatment (third or later line) in patients with advanced
unresectable or recurrent gastric or gastroesophageal
junction cancer, either PD-1/L1+ or - vs placebo
(NCT022673430). It was the first time that a prolonged
OS was obtained for patients with heavily pretreated
[221]
tumors using PD-1 inhibition
. There were 493
patients randomly assigned (2:1) to receive nivolumab
(n = 330) or placebo (n = 163). The median OS was
significantly increased with nivolumab vs placebo (5.26
mo vs 4.14 mo with placebo). The risk of death was
lower in the nivolumab group vs placebo group (HR
= 0.63; p < 0.0001); 68.5% of the patients in the
nivolumab group died vs 86.5% in the placebo group.
Additionally, nivolumab treatment was associated with a
significantly better OS rates at 6 and 12 mo compared
to placebo (46.1% vs 34.7% and 26.2% vs 10.9%),
Nivolumab treatment led to a longer median PFS (1.61
mo vs 1.45 mo) and higher ORR than placebo (11.2%
with nivolumab vs 0%). Among the approximately 40%
(n = 192) of patients with tumor samples, 12.3% in the
nivolumab group and 16.1% in the placebo group had
PD-L1 positive tumors. The analysis of PD-L1 expression
+
status showed that median OS in patients with PD-L1
tumors was 5.22 mo in the nivolumab group and 3.83
mo in the placebo group (HR = 0.51). In patients
with PD-L1 tumors, median OS was 6.05 mo in the
nivolumab group, and 4.19 in the placebo group (HR =
0.72). Nivolumab resulted in an absolute survival benefit
of 1.1 mo in median OS vs placebo. Nivolumab led to
durable OS benefit that was sustained beyond one year
vs placebo in heavily pretreated gastric cancer patients,
[222]
regardless of PD-L1 expression status . Because of the
survival benefit demonstrated by the ATTRACTION-2 trial
in this subset of difficult-to-treat gastric cancer patients,
the approval of nivolumab in Japan was granted as a new
treatment option that is beneficial for heavily pretreated
advanced gastric cancer.

efficacy of pembrolizumab as monotherapy (administered
in a dose of 10 mg/kg every 2 wk or a 200 mg fixed
+
dose every 3 wk) in PD-L1 recurrent or metastatic
[25]
gastric or gastroesophageal cancer (NCT01848834) .
Of all the patients assessed, 39 patients (40%) had
+
PD-L1 tumors, most of them being heavily pretreated
patients. Treatment with single-agent pembrolizumab
determined partial response (PR) in 22% and sustained
disease (SD) in 13% of patients. The median PFS was
1.9 mo, with a 6 mo PFS of 26% and a median OS of
11.4 mo. The most common adverse events included
loss of appetite, fatigue, pruritus, arthralgia and hypo
thyroidism. Pembrolizumab was well-tolerated, with 13%
of patients developing grade 3-4 toxicity. It is important
to stress that approximately 60% of patients enrolled
in this trial have previously received more than three
lines of chemotherapy, representing a group of patients
without any therapeutic response demonstrated by
other studies. Almost two-thirds of the tumors revealed
genomic profiling of a microsatellite-instability high
(MSI-H) status. This genomic status correlates with
high tumor mutational burden, and patients with MSI-H
cancers, colorectal and non-colorectal, have developed
encouraging responses to anti-PD1 therapy in various
[23]
solid tumors . This aspect remains to be established
if present in gastroesophageal cancers. Additionally, in
this study, tumor response correlated with an increased
[223]
interferon-γ gene expression .
With the goal of improving immune treatment effi
cacy and having the knowledge that chemotherapy is
[224]
capable of promoting immunogenic cell death , PD-1
inhibitors were associated with standard chemotherapy,
which is a combined regimen proven to increase re
[225]
sponse rates in lung cancer . The KEYNOTE-059 phase
Ⅱ clinical trial included 259 patients with advanced
gastric or gastroesophageal cancer. Cohort 1 assessed
the efficacy and safety of pembrolizumab monotherapy
in patients with previously treated advanced gastric
cancer. Approximately half the patients who enrolled in
cohort 1 had received two or more prior treatments for
metastatic cancer, whereas others received three or more
prior therapies. Among 259 patients, 148 (57.1%) were
+
PD-L1 (by immunohistochemistry). Pembrolizumab
elicited sustained ORR in 30 of 259 patients (11.6%)
and complete response in 2.3%. These responses were
observed irrespective of PD-L1 expression. The ORR was
+
higher in patients with PD-L1 vs PD-L1 tumors, 23 of
148 (15.5%) vs 7 of 109 (6.4%), respectively. A T cellinflamed gene expression profiling score was developed
in this study, demonstrated to be significantly associated
with pembrolizumab response; also, a significant non
linear association was found between this score and
PD-L1 expression. Of 174 patients (67.2%) assessed
for MSI, seven patients (4.0%) had samples that were
MSI-high. It was observed a higher ORR in patients
with MSI-high tumors than in patients with non-MSIhigh tumors (57.1% vs 9.0%). However, prevalence of
MSI high tumors was very low in this population (4%),
and most responses were observed in non-MSI-high

Anti-PD-1 antibodies - Pembrolizumab
Pembrolizumab (formerly MK-3475, trade name Key
truda) is a humanized IgG4 isotype antibody that tar
gets the PD-1 receptors on lymphocytes. It has FDA
approval for the treatment of unresectable or metastatic
melanoma, metastatic non-small cell lung cancer (NSCLC)
(certain situations), metastatic non-squamous NSCLC
+ (PDL1 / ), as a second-line treatment for head and neck
squamous cell carcinoma (HNSCC), after platinum-based
chemotherapy, and for the treatment of adult/pediatric
patients with refractory classic Hodgkin’s lymphoma.
The large multi-cohort, multicenter, nonrandomized,
open-label phase Ib KEYNOTE-012 first demonstrated the
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patients. Thus, in cohort 1, pembrolizumab monotherapy
showed good responses and manageable toxicities
[226,227]
after ≥ 2 prior lines of treatment
; these results
led to an accelerated FDA approval of pembrolizumab
+
for PD-L1 advanced gastric cancer patients as thirdline treatment. In cohort 2, the enrollees were HER2
naïve patients with advanced gastric/gastroesophageal
junction adenocarcinoma, who receive pembrolizumab
associated with combined chemotherapy (5-fluorouracil/
capecitabine plus cisplatin) for six cycles, and subsequent
maintenance treatment with pembrolizumab plus 5-FU/
capecitabine for a maximum period of two years/until
[228]
disease progression . The preliminary data showed
that 94% of patients have experienced adverse events
(e.g., anorexia, nausea, neutropenia); of these patients,
two thirds developed grade 3-4 toxicities. The results of
the study proved manageable adverse event profiles for
patients receiving combined therapeutic schemes, with
none of the patients discontinuing the treatment. The
+
data showed an ORR was 60% and 68.8% in PD-L1
[229]
patients .
The KEYNOTE-028 phaseⅠ b study evaluated the
role of pembrolizumab, administered in up to two years
+
or until progression, in PD-L1 advanced solid tumors,
including esophageal and gastroesophageal junction
cancers (adenocarcinoma and squamous cell cancer),
with most of them having at least two prior lines of che
[230]
motherapy . The interim data on 23 patients showed
an ORR of 30%, with 6- and 12-mo PFS rates of 30.4%
and 21.7%, respectively. The response rates were better
for adenocarcinomas.
An ongoing phase Ⅱ study is assessing the efficiency
of pembrolizumab monotherapy, along with the analysis
of immune-related gene profiles and PD-L1 expression
as biomarkers for treatment response in patients with
advanced cancer of the esophagus or gastroesophageal
junction (adenocarcinoma or squamous cell carcinoma)
[231]
(KEYNOTE-180, NCT02559687)
, progressing on
standard chemotherapy.
KEYNOTE-061 is an ongoing phase Ⅲ open-label
clinical trial comparing pembrolizumab versus paclitaxel
in the second-line setting for patients with advanced
gastric or gastroesophageal cancer (progression after
first-line therapy with a platinum plus fluoropyrimidine
[232]
combination) (NCT02370498) . The treatment admini
stration continues until the disease progression or the
occurrence of severe toxicities; the primary endpoints
+
are PFS and OS in the PD-L1 population. The study
randomized 592 patients to receive pembrolizumab
or standard-dose paclitaxel. PD-L1 positivity was en
countered in 395/592 patients enrolled. Median OS was
9.1 mo with pembrolizumab vs 8.3 mo with paclitaxel (HR
= 0.82, p = 0.042); 12-mo OS rates in pembrolizumab
group compared with paclitaxel group were 39.8% vs
27.1%, and 18-mo rates were 25.7% vs 14.8%. There
was no difference in PFS or ORR, but pembrolizumab
responses proved more durable, and the treatment
effect was more prominent in patients with ECOG PS
0 (HR = 0.69), gastroesophageal junction tumors
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(HR 0.61) and with increasing PD-L1 expression. The
safety profile observed in KEYNOTE-061 was consistent
with that observed in previously reported studies of
pembrolizumab, this drug demonstrating a better safety
profile than paclitaxel. The agent reduced the risk of
death by 18% vs paclitaxel in patients with previously
+
treated gastric cancer and PD-L1 , although this dif
[233]
ference did not achieve statistical significance .
Furthermore, the ongoing phase Ⅲ KEYNOTE-062
+
study is randomizing PD-L1 /HER2 advanced, meta
static gastric/GEJ adenocarcinoma patients to receive
as a first-line regimen either pembrolizumab or pem
brolizumab, associated with fluorouracil and cisplatin
[234]
(NCT02494583) . The primary endpoints are repre
sented by OS and PFS.
A phase Ⅲ study (KEYNOTE-181) aims to include
approximately 600 patients with previously treated ad
vanced adenocarcinoma or squamous cell carcinoma of
the esophagus or gastroesophageal junction to receive
either pembrolizumab or monochemotherapy (paclitaxel,
[235]
docetaxel, or irinotecan) (NCT02564263) .
Anti-PD-L1 antibodies - Avelumab
Avelumab (MSB0010718C, trade name Bavencio) re
presents a fully human anti-PD-L1 IgG1 antibody which
is approved by the FDA for the treatment of metastatic
Merkel cell carcinoma (patients older than 12 years) and
locally advanced/metastatic urothelial carcinoma under
progression, after platinum-containing treatment (2017).
Avelumab is currently assessed in JAVELIN program
[236]
(NCT01772004)
. Patients received 10 mg/kg of
avelumab every two wks as second-line treatment. For
Japanese gastric cancer patients, the obtained ORR was
[237]
15%, with 43.3% of patients presenting PFS at 12 wk .
In this context, phaseⅠb trials are currently investigating
avelumab in patients with advanced gastric/gastro
esophageal junction cancers. The results, presented at
the American Society of Clinical Oncology (ASCO) 2016
meeting, showed that the most encountered adverse
events were infusion-related reactions and fatigue. In
the first context (patients who had at least one prior
therapy), the ORR, DCR, and median PFS were 9.7%,
29.0%, and 6.0 wk, respectively, whereas in the second
setting (patients who received avelumab as first-line
switch maintenance after chemotherapy), they were
9%, 57.3%, and 12.0 wk, respectively. ORR in the
+
PD-L1 tumors was higher vs PD-L1 tumors (18.2%
vs 9.1% for the third-line treatment group and 10%
vs 3.1% for the maintenance group). Starting from
these data, there are two phase Ⅲ ongoing studies
assessing avelumab in the treatment of gastric cancer
patients. One study is comparing avelumab as a thirdline of treatment to best supportive care (phase Ⅲ
JAVELIN Gastric 300 trial) (NCT02625623), while
another is assessing patients receiving avelumab as a
switch maintenance after chemotherapy with 5-FU or
capecitabine plus oxaliplatin (phase Ⅲ JAVELIN Gastric
[238]
100 study) (NCT02625610)
. The Javelin Gastric
300 trial enrolled 371 patients from 147 sites in Asia,
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Figure 3 Therapeutic algorithm in unresectable locally advanced, recurrent or metastatic gastric cancer. HER2: Human epidermal growth factor receptor
2; CX: Cisplatin and capecitabine; CF: Cisplatin and fluorouracil; MSI: Microsatellite instability; dMMR: Deficient mismatch repair gene; PD-L1: Programmed death
ligand-1.

ministering durvalumab in doses up to 10 mg/kg
intravenously every two weeks for up to one year in
patients with solid tumors, including gastric cancer
[239]
(NCT01693562) . Fatigue, nausea, vomiting, rash and
pyrexia were the most frequent adverse events. An ORR
of 25% was obtained in patients with gastric tumors. Ad
ditionally, two patients with heavily pretreated tumors sur
passed the current median PFS that was obtained with
standard treatments.
An ongoing phaseⅠB/Ⅱ study is investigating patients
with recurrent/metastatic gastric/gastroesophageal
junction adenocarcinomas for monotherapy with durvalu
mab, tremelimumab, or a combination of durvalumab
and tremelimumab (anti-CTLA-4) in second- or third-line
[240]
setting .
An algorithm of current treatment in unresectable
locally advanced, recurrent or metastatic gastric cancer is
presented in Figure 3.

Australia, Europe, North America and South America.
Recently, the companies stated that the pivotal phase
Ⅲ Javelin trial investigating avelumab as third-line
treatment for patients with unresectable, recurrent or
metastatic gastric cancer did not meet its pre-specified
primary endpoint of superior OS vs chemotherapy. It
represents the first trial of a checkpoint inhibitor vs an
active chemotherapy comparator rather than placebo in
this hard-to-treat patient population. The safety profile
was consistent with that observed in previously reported
studies of avelumab. The JAVELIN Gastric 300 data will
be further evaluated in an effort to better understand the
results.
Anti-PD-L1 antibodies - Durvalumab (MEDI4736)
Durvalumab represents an engineered human anti-PD-L1
IgG1 antibody that prevents PD-L1 binding to PD-1
and CD80. It has received FDA approval for previously
treated advanced bladder carcinoma and unresectable
stage Ⅲ NSCLC.
A phaseⅠ study assessed the efficiency of ad
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setting (stage Ⅱ or Ⅲ tumors): Because multiple
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lines of standard chemotherapy may harm the immune
system, and immune biomarkers may be stimulated
by previous chemoradiation, it was suggested that ad
dition of checkpoint inhibition in the adjuvant or even
neoadjuvant setting in earlier stages of the disease may
[241]
induce a significantly higher tumor response rate
.
It has been demonstrated that after chemoradiation
neoadjuvant therapy, there is a higher number of TILs
that are agglomerated in perivascular areas and arranged
in lymphoid-like structures; these are features that favor
[58]
the tumor response to immunotherapy .
A randomized phase Ⅲ study (CheckMate-577)
NCT02743494 is assessing the role of adjuvant nivolumab
for patients with resected esophageal/gastroesophageal
cancer. Investigators aim to enroll approximately 760
patients to receive either nivolumab or placebo. The pri
[242]
mary endpoints are OS and DFS . Moreover, a phaseⅠ
study is currently investigating nivolumab combined with
an anti-CCR4 (mogamulizumab) in the preoperative
[243]
setting (NCT02946671) .
The combination of nivolumab and ipilimumab is
going to be assessed in the adjuvant treatment of gastric/
gastroesophageal junction adenocarcinomas with a high
risk of recurrence - a phase Ⅱ study (NCT03443856)
[244]
(VESTIGE) .
Several ongoing phaseⅠ/Ⅱ clinical trials are assessing
the safety and efficacy of neoadjuvant treatment using
different PD-1/PD-L1 checkpoint inhibitors, administered
either concomitantly or sequentially with neoadjuvant
chemoradiation. For example, a phaseⅠ trial is assessing
neoadjuvant administration of nivolumab and ipilimumab
[245]
in stage Ⅱ/Ⅲ patients (NCT03044613)
; anotherⅠ
b phase clinical trial is assessing pembrolizumab and
chemoradiation in the neoadjuvant setting of locally ad
[246]
vanced esogastric tumors (NCT03064490/PROCEED) .
Several Ⅱ and Ⅲ phase ongoing studies are investigating
the efficacy of pembrolizumab in association with chemo
therapy as neoadjuvant/adjuvant treatment in gastric
[247-249]
cancer patients
. Additionally, a phase Ⅱ study is
evaluating the results of administering avelumab plus
[250]
chemotherapy (FLOT) in the perioperative setting .

infusion-related reaction, loss of appetite, pruritus, rash,
and hypertension; 25% of patients had severe toxicities.
Additionally, the efficacy of associating nivolumab
with ramucirumab in patients with advanced, unresec
table gastric/gastroesophageal junction cancers is
currently under investigation in a phaseⅠ/Ⅱ study
[255]
(NCT02999295) . The clinical trial of nivolumab with
paclitaxel and ramucirumab in patients with advanced,
unresectable gastric cancer is ongoing under investigation
[256]
in a phaseⅠ/Ⅱ study (UMIN000025947) .
A phase Ⅱ study is currently recruiting patients with
metastatic/recurrent gastric/gastroesophageal cancer to
receive pembrolizumab plus lenvatinib mesylate (anti[257]
VEGFR2 tyrosine kinase inhibitor) (NCT03413397) ,
whereas another phaseⅠ/Ⅱ study is planning to combine
avelumab with regorafenib (another anti-VEGFR2 ty
rosine kinase inhibitor) in advanced gastric tumors
[258]
(NCT03475953/REGOMUNE) .
+
Because HER2 tumors develop resistance to trastu
zumab, studies have been evaluating a combination
of PD-1 blockade plus anti-HER2 agents. Preclinical
studies indicate that the HER2 blockade stimulates T cell
activation and enhances interferon-γ secretion by NK cells
and antibody-dependent cellular toxicity; therefore, it
[259]
boosts the PD-1/L1 inhibitor efficacy .
The combination of pembrolizumab plus the antiHER2 monoclonal antibody margetuximab in patients
+
with advanced HER2 gastric cancers that are resistant to
classical trastuzumab-based chemotherapy is currently
under evaluation in a phaseⅠb/Ⅱ dose-escalation trial
[260]
(NCT02689284) .
Other promising options include dual immunothe
rapies, such as the administration of PD-1/PD-L1 check
point inhibitors combined with agents suppressing
other immune checkpoints (e.g., TIM3, LAG3) or T cell
costimulatory antibodies (e.g., GITR, OX40, and 4-1BB).
Additionally, other directions investigate the combination
of the PD-1/PD-L1 blockade with radiation and other
cytotoxic and targeted treatments (PARP inhibitors, ATR
serine/threonine protein kinase inhibitors, pegylated
recombinant human hyaluronidase, anti-CEACAM1,
arginase inhibitor INCB001158, FGFR inhibitors, immuno
therapy using Listeria bacteria to activate an immune
response against specific tumor-associated antigens,
claudiximab, etc.), and enzymatic inhibitors such as
[211]
IDO-1 .
Therapeutic intervention upon IDO1-mediated im
mune suppression involves inhibition of the catalytic
activity of IDO1. Preliminary data from the ongoing
studies investigating dual inhibition of both PD-1 and
IDO1 in solid tumors are promising, showing an in
[261,262]
creased efficiency of the checkpoint blockade
.
Currently, there are two studies of phaseⅠ / Ⅱ
[263]
(NCT02178722/KEYNOTE-037/ECHO-202)
and Ⅱ
[264]
(NCT03196232) , respectively investigating the IDO1
inhibitor epacadostat in combination with pembrolizumab
in gastric tumors.
Additionally, CDC20 encoding cell division cycle
[265]
protein 20 homologue
, as well as PLK1 and TTK,

FUTURE PERSPECTIVES
The synergistic action of the PD-1/PD-L1 checkpoint inhi
bitors and the vascular endothelial growth factor (VEGF)/
vascular endothelial growth factor receptor (VEGFR)
[251]
blockade was demonstrated by preclinical data
;
the combined treatment induced an improved tumor
response and better OS. This combination treatment
assessed in phaseⅠ/Ⅱ studies was associated with an
[252,253]
acceptable safety profile
.
[254]
A phaseⅠa/Ⅰb study (NCT02443324)
is investi
gating the safety and efficacy of combining anti-PD-L1
(durvalumab) and anti-VEGFR2 antibodies (ramuciru
mab) in patients with refractory gastric/gastroesophageal
junction tumors. The interim data of 40 patients showed
a 45% DCR and a median PFS of 2.60 mo. The most
frequently encountered toxicities included fatigue,
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which represent checkpoints in mitosis, may be used
[266]
as therapeutic targets
. PLK1 is upregulated in tu
mors, and data reported from both preclinical and
clinical studies suggest encouraging benefits from PLK-1
[267]
inhibition . Maternal embryonic leucine zipper kinase
(MELK) decreases the apoptosis of tumor cells; therefore,
+
additional MELK inhibition may also be offered in PD-L1
[268]
cancers .
The negative checkpoint regulator VISTA represents
a V-domain Ig suppressor of T cell activation (VISTA),
known as PD1 homolog, which belongs to the B7 family.
[269]
VISTA is mostly exhibited on hematopoietic cells . In
murine tumor models, anti-VISTA monoclonal antibodies
activated intratumoral T cells, enhancing antitumor
immunity. Moreover, the combined VISTA/PD-1 blockade
[270,271]
was proven efficient
. A phaseⅠ study, combining
VISTA and PD-L1/PD-L2 inhibition in solid tumors (CA-170
[272]
molecule; NCT02812875), has been initiated
.
[273]
Böger et al
, investigated VISTA expression in 464
gastric cancer patients, with an increased expression
associated with the intestinal type (VISTA is a regulator
of differentiation), proximal gastric tumors, and KRASand PIK3CA mutant cancers. Additionally, a significantly
higher VISTA expression in immune cells was noticed in
+
association with PD-L1 expression and in EBV tumors.
These observations might stress that a subset of tumors
may use multiple checkpoint pathways to escape
immunity and that the combined VISTA/PD-1 inhibition
may be a promising novel cancer approach.
Another study is investigating nivolumab plus a
matrix metalloproteinase 9 inhibitor (GS-5745 = ande
caliximab) in patients with unresectable/recurrent
gastric or gastroesophageal junction adenocarcinoma
[274]
(NCT02864381) .
Due to the permanent development of novel immuno
therapeutic agents, classical trials do not have the ability
to appropriately assess all possible drug combinations.
In this regard, FRACTION (Fast Real-time Assessment
of Combination Therapies in Immuno-Oncology) is a
new clinical trial program with a dynamic design that
provides the possibility both for the inclusion of new
immunotherapeutic combinations, as well as exclusion of
[275]
ineffective ones .
Cancer radiotherapy may seldom exhibit the clinical
phenomenon of the abscopal response, meaning that
no irradiated metastases diminish after radiation to the
primary tumor. Data from preclinical trials highlighted
that radiotherapy plus PD-1/PD-L1 blockade exhibited
synergistic anticancer effects. Currently, trials on gastric
cancer patients are investigating the efficiency of pem
brolizumab plus palliative radiotherapy (metastatic
tumors), and additional neoadjuvant chemoradiotherapy
[276]
(resectable tumors) (NCT02730546)
, respectively.
+
A phaseⅠ/Ⅱ trial is also investigating nivolumab radio
therapy in unresectable, recurrent gastric cancer (as
[277]
third-line treatment) (NCT03453164) (CIRCUIT) .

other types of immunotherapies, targeted agents, radioor chemotherapies, seems to generate promising results
against gastrointestinal cancers but at the expense of
the occurrence of immune-related side effects, some
[278,279]
of them potentially fatal
. Therefore, identification
of prognostic biomarkers and genetic profiles to define
subgroups of gastric cancer patients who are most likely
to respond to specific immunotherapeutic regimens is an
[280]
urgent need .
In this regard, an ongoing observational study
[281]
NCT02951091 (Biomarker - integrated Umbrella)
is investigating different molecular cohorts in oncologic
+
+
patients, the cases of PD-L1 , MSI-H, and EBV
advanced gastric cancers being assigned to receive either
nivolumab or other agents, such as AFATINIB (EGFR
tyrosine kinase inhibitor or GSK2636771 (PI3K beta
inhibitor) plus PACLITAXEL). A phase Ⅱ study compares
nivolumab with other novel agents, according to genetic
testing, in gastric cancer patients with mismatch repair
deficiency (loss of MLH1/ MLH2) (NCT02465060 - The
[282]
MATCH screening trial) .

CONCLUSION
because of the well-known heterogeneity of tumors, it
is essential to assess the particular molecular biology of
different subtypes of gastric cancers that are associated
with different clinico-biologic parameters and prognosis
to identify innovative treatment approaches that will
improve current results in gastric cancer. Modern treat
ments, such as the promising immunotherapy, should be
applied in this way to selected patients who have been
proven to have the best response to a specific therapy
(individualized treatment). In this context, it is also
mandatory to discover prognostic tumor markers and
predictive biomarkers for treatment response.
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Both Helicobacter pylori (H. pylori ) infection and liver
diseases, including nonalcoholic fatty liver disease
(NAFLD), viral hepatitis, and hepatocellular carcinoma
(HCC), have high prevalences worldwide, and the re
lationship between H. pylori infection and liver disease
has been discussed for many years. Although positive
correlations between H. pylori and NAFLD have been
identified in some clinical and experimental studies, nega
tive correlations have also been obtained in high-quality
clinical studies. Associations between H. pylori and the
pathogenesis of chronic viral hepatitis, mainly disease
progression with fibrosis, have also been suggested in
some clinical studies. Concerning HCC, a possible role
for H. pylori in hepatocarcinogenesis has been identified
since H. pylori genes have frequently been detected
in resected HCC specimens. However, no study has
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revealed the direct involvement of H. pylori in promoting
the development of HCC. Although findings regarding
the correlations between H. pylori and liver disease
pathogenesis have been accumulating, the existing data
do not completely lead to an unequivocal conclusion.
Further high-quality clinical and experimental analyses are
necessary to evaluate the efficacy of H. pylori eradication
in ameliorating the histopathological changes observed in
each liver disease.

[10]

remains controversial . Although the presence of H.
pylori or Helicobacter species has been observed in liver
[24-30]
samples from patients with various liver diseases
and findings regarding possible roles for H. pylori in the
pathogenesis of liver diseases have been accumulating,
few studies have reported a direct contribution of H.
pylori to the pathogenesis of liver diseases. Additionally,
negative correlations have been identified in high-quality
[31-34]
clinical studies
.
Currently, H. pylori is efficiently eradicated by various
[35]
short-term treatments with combinations of antibiotics .
On the other hand, despite the remarkable progress in
research and therapy, curative treatments have not yet
been established for almost all liver diseases. Therefore,
a discussion of whether H. pylori has a possible role in the
pathogenesis of liver diseases and a clarification of the
efficacy of H. pylori eradication in treating liver diseases
are important. In this review, we present current insights
into the relationship between H. pylori and liver diseases,
such as NAFLD, chronic viral hepatitis, and HCC.

Key words: Helicobacter pylori ; Nonalcoholic fatty liver
disease; Nonalcoholic steatohepatitis; Hepatitis C virus;
Hepatitis B virus; Viral hepatitis; Hepatocellular carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Both Helicobacter pylori (H. pylori ) infection
and liver diseases have high prevalences worldwide, and
their relationship has been discussed for a long time.
In this review, we comprehensively summarize positive
and negative correlations suggested in clinical and experi
mental studies, and conclude that existing data cannot
fully lead us to make a decision. We also point out the
necessity of further analyses evaluating the efficacy
of H. pylori eradication on histopathological changes
in each liver disease. We believe this paper would help
readers to gain a better understanding of the relationship
between H. pylori and liver diseases.

H. PYLORI AND NAFLD
NAFLD is an emerging liver disease worldwide, including
[31,36,37]
in Asian countries
. NAFLD is a spectrum of dis
eases ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH). The latter is progressive and con
sidered a causative factor of cirrhosis, HCC, and systemic
[38-40]
metabolic disorders
.
The initial description of NASH pathogenesis, which
was previously defined as the “two-hit” theory, was pre
[41]
sented by Day et al in 1998 and has been discussed
by other researchers. In addition to a “first-hit” of hepatic
steatosis, a “second-hit,” such as gut-derived endotoxins,
proinflammatory cytokines, dysregulation of adipokines,
oxidative stress, endoplasmic reticulum stress, and lipo
toxicity, is necessary for NASH development. Considering
the complicated mechanisms of NAFLD, however, the
“two-hit” theory had been thought to be insufficient,
and instead, the “multiple-parallel hits” hypothesis was
[42]
proposed by Tilg et al . According to this hypothesis,
inflammatory mediators derived from various tissues,
including the gut and adipose tissue, play a central role
in the inflammatory cascade. However, the detailed
pathogenesis largely remains unclear.
The relationship between H. pylori and NAFLD in
the context of gastrointestinal tract inflammation has
been long discussed but remains controversial (Table
[10,31-34,43-51]
1)
. Some cross-sectional or retrospective
studies have not identified correlations between NAFLD
[31-34]
and H. pylori
. Previously, we examined the asso
ciations of causative background factors with NAFLD
by analyzing 13737 subjects in a cross-sectional study
in Japan, but no correlations were observed between
[31]
NAFLD and H. pylori, regardless of gender . On
the other hand, opposite results have also been re
[45-48]
[49]
ported
. In a meta-analysis, Wijarnpreecha et al
found a significantly increased risk of NAFLD among
patients with H. pylori infection, with pooled odds ratios

Okushin K, Tsutsumi T, Ikeuchi K, Kado A, Enooku K, Fujinaga
H, Moriya K, Yotsuyanagi H, Koike K. Helicobacter pylori
infection and liver diseases: Epidemiology and insights into
pathogenesis. World J Gastroenterol 2018; 24(32): 3617-3625
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i32/3617.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i32.3617

INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most wellknown microbes in the world. Warren and Marshall
reported the possible virulence of H. pylori in patients
[1]
with gastritis, gastric ulcer, and duodenal ulcer in 1984 .
Approximately 50% of the global population is estimated
[2]
to be infected with H. pylori , and chronic infection
with H. pylori is one cause of chronic atrophic gastritis,
[3,4]
peptic ulcer diseases, and gastric cancer . Recently,
findings concerning the influence of H. pylori on various
[5-12]
extra-alimentary organs have accumulated
. Among
these putative extra-alimentary disorders caused by H.
pylori, the relationship with metabolic disorders remains
[13-23]
controversial
.
Liver diseases, including nonalcoholic fatty liver
disease (NAFLD), chronic viral hepatitis, and hepato
cellular carcinoma (HCC), also have high prevalences
worldwide. Consequently, the relationship between H.
pylori and liver diseases has been discussed and still
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Table 1 Summary of relevant studies between Helicobacter pylori and nonalcoholic fatty liver disease
Ref.
[31]

Okushin et al
Baeg et al[32]
Fan et al[33]
Cai et al[34]
Polyzos et al[45]
Doğan et al[46]
Kim et al[47]
Chen et al[48]
Wijarnpreecha et al[49]
Jamali et al[50]
Polyzos et al[51]

Year

Country

Study design

Number of subjects

Conclusion

2015
2016
2018
2018
2013
2013
2017
2017
2016
2013
2014

Japan
South Korea
China
China
Greece
Turkey
South Korea
China
Various countries
Iran
Greece

Cross-sectional study
Cross-sectional study
Cross-sectional study
Cross-sectional study
Cross-sectional study
Cross-sectional study
Retrospective study
Cross-sectional study
Meta-analysis
Prospective study (RCT)
Prospective study

13737
3663
21456
2051
53
174
17028
2263
38622
49
12

Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Negative

RCT: Randomized controlled trial.

of 1.21 (95%CI: 1.07-1.37).
To the best of our knowledge, only two randomized
prospective studies have attempted to reveal the direct
correlation between H. pylori eradication and NAFLD. As
[50]
shown in the study by Jamali et al , eradication does
not exert significant effects on the liver fat content, liver
function tests, lipid profiles, and homeostasis model
assessment of insulin resistance (HOMA-IR) index in
patients with NAFLD, although one limitation of this
study was that it was conducted on dyspeptic patients
[51]
with NAFLD. Polyzos et al
performed a small-scale
prospective study of H. pylori eradication in patients
with biopsy-proven NASH. In this study, eradication had
no long-term effect on hepatic steatosis but showed a
trend toward improving the noninvasive NAFLD fibrosis
[52]
score . Namely, in the H. pylori-eradicated group,
the fibrosis scores decreased from -0.34 at baseline
to -0.24 at month 12 (P = 0.116), whereas the scores
increased in the control group from -0.38 at baseline to
-0.56 at month 12 (P = 0.249). Larger-scale randomized
prospective studies focusing on H. pylori eradication are
needed.
NAFLD is closely related to metabolic syndrome. The
relationship between H. pylori and metabolic syndrome
has also been discussed for many years. Recently,
[53]
Refaeli et al analyzed 147936 individuals aged 25-95
years who performed the urea breath test during
2002-2012 using a large computerized database of a
health maintenance organization in Israel. In this study,
the prevalences of H. pylori infection and metabolic
syndrome were 52.0% and 11.4%, respectively. Com
pared to noninfected patients, H. pylori-infected patients
exhibited an increased likelihood of developing metabolic
syndrome (adjusted OR: 1.15, 95%CI: 1.10-1.19).
[54]
Similar results have been obtained in a meta-analysis ,
[55,56]
middle-sized community-based studies
, and hos
[17,57,58]
pital-based studies
. On the other hand, Takeoka
[59]
et al reported unique controversial results focusing on
the quantification of H. pylori-specific IgG concentrations.
Namely, the subjects were stratified into 4 groups according
to the concentration of H. pylori-specific IgG as follows:
H. pylori seronegative (< 10 U/mL), low H. pylori-specific
IgG levels (10-30 U/mL), moderate H. pylori-specific IgG
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levels (30-50 U/mL), or high H. pylori -specific IgG levels
(> 50 U/mL). After stratification, patients with low IgG
levels had the lowest risk of metabolic syndrome, after
adjusting for age, sex, smoking, drinking, and physical
activity status. Using patients with the low IgG levels as
the reference, patients with negative, moderate, and
high IgG levels had ORs (95%CIs) of 2.15 (1.06-4.16),
3.69 (1.12-16.7), and 4.05 (1.05-26.8), respectively.
Indeed, H. pylori-specific IgG levels do not always re
flect disease severity; further discussion is needed to
determine why the group with low IgG levels, but not
negative for IgG, exhibited the lowest risk of metabolic
syndrome. Another cross-sectional study in Japan,
which analyzed 7394 cases, evaluated the correlations
between H. pylori infection with the development of
[17]
metabolic syndrome and each parameter . In this study,
H. pylori seropositivity was a significant and independent
predictor of metabolic syndrome (OR: 1.39, 95%CI:
1.18-1.62, P < 0.001), as determined by a multivariate
logistic regression analysis. Furthermore, according
to the multivariate linear regression analysis, H. pylori
seropositivity was significantly correlated with metabolic
syndrome-related variables, such as higher systolic blood
pressure (β coefficient = 1.03, P = 0.014), a lower highdensity lipoprotein (HDL) cholesterol level (β coefficient
= -2.00, P < 0.001), and a higher LDL cholesterol level
(β coefficient = 2.21, P = 0.005). In addition, successful
eradication of H. pylori significantly improves disturbances
[60-63]
in these metabolic parameters
. However, some
reports contradict an association between H. pylori and
[64-68]
these metabolic risk factors
. Therefore, we are not
able to reach a definitive conclusion, and the effect of H.
pylori on metabolic factors may depend on the subjects
examined, due to differences in factors such as country
of residence, dietary habits, culture, and fitness habits.
Since obesity is closely linked to NAFLD, a relation
ship between H. pylori and obesity has also been hypo
[69]
thesized. A meta-analysis by Lender et al
concluded
that the rates of obesity and overweight were inversely
and significantly correlated with the prevalence of H.
pylori infection (r = 0.29, P < 0.001). However, this
meta-analysis only selected studies conducted in devel
oped countries [GDP > 25000 USD/(person∙year)].
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Contradictory results were obtained in rather large-scale
[70,71]
studies performed in other countries, such as China
.
The reason for this discrepancy remains to be eluci
dated, but the difference in dietary habits and culture is
probably responsible. In addition, the subjects’ appetites
and actual food intake levels will presumably be changed
after successful eradication of H. pylori and may affect
body weight. To determine whether the presence of H.
pylori itself triggers body weight gain, detailed studies
without exogenous factors are necessary to determine
whether an H. pylori infection itself triggers body weight
[72]
gain. Nwokolo et al
presented interesting data in a
study examining this point. In a small-scale pilot trial,
plasma ghrelin, leptin, and gastrin levels were measured
before and after the cure of H. pylori in 10 subjects.
After H. pylori cure, plasma ghrelin levels increased
significantly by 75% (P = 0.002). On the other hand,
leptin and gastrin levels have decreased by 11% and
30%, respectively, although the differences were not
significant. Ghrelin is known to stimulate appetite and
induce a positive energy balance, leading to body weight
[73]
gain ; therefore, an increase in plasma ghrelin levels
might be associated with the development of obesity
following the eradication of H. pylori.
One of the important manifestations of NAFLD is
[74]
insulin resistance (IR) . Higher HOMA-IR scores were
[55,75-78]
recorded for H. pylori-infected patients
, while oppo
[19,79]
site results have also been obtained in other studies
.
Cytokine production was suggested as a mechanism by
which H. pylori induced IR. H. pylori infection stimulates
the release of proinflammatory cytokines, including
tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6
[80,81]
and IL-8
. TNF-α induces IR by suppressing insulininduced tyrosine phosphorylation of insulin receptor and
its substrate, insulin receptor substrate (IRS)-1, in a
[82]
hepatoma cell line . In fact, neutralization of increased
TNF-α levels in obese fa/fa rats significantly increases
[83]
the peripheral uptake of glucose in response to insulin .
Adiponectin and fetuin-A are also regarded as key
factors contributing to IR. Adiponectin, an adipocytederived hormone, antagonizes excess lipid storage in the
[84]
liver and protects against inflammation and fibrosis .
[85]
According to Ando et al , successful eradication of H.
pylori significantly increases total adiponectin levels from
5.61 μg/mL to 6.16 μg /mL (P < 0.0001) as well as the
levels of each multimer form (high-, middle-, and lowmolecular-weight) of adiponectin. Fetuin-A, a glycoprotein
produced by the liver, is correlated with impaired
insulin sensitivity, glucose metabolism, and the onset of
[86,87]
diabetes mellitus
. H. pylori-positive subjects have
higher fetuin-A levels and HOMA-IR scores than H. pylorinegative subjects. In a cross-sectional study, the mean
fetuin-A values were 0.77 g/L and 0.58 g/L in H. pyloripositive and H. pylori-negative subjects, respectively.
Mean HOMA-IR scores were 3.1 and 2.2 in H. pyloripositive and H. pylori-negative subjects, respectively.
In addition, a significant positive correlation between
fetuin-A and HOMA-IR was observed after adjusting for
[88]
other factors (adjusted coefficient β = 0.23, P < 0.01) .
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Based on these results, levels of inflammatory cytokines,
adiponectin and fetuin-A may be associated with H. pylorirelated IR, although that relationship has not been com
pletely acknowledged.
Recently, the gut microbiota has been the focus of
studies on the pathogenesis of various diseases and has
also been suggested to play key roles in NAFLD patho
[89,90]
genesis
. Cytotoxin-associated gene A antigen (CagA),
the known virulence factor of H. pylori, has been reported
to alter the gut microbiota, resulting in the exacerbation
[91]
of cell proliferation and immune phenotypes . Fur
thermore, increased mucosal permeability of the intes
[92]
tine induced by H. pylori infection was reported . These
alterations in the gut environment, such as the micro
biota and mucosal barrier, by H. pylori may influence the
pathogenesis of NAFLD.
In summary, positive correlations between H. pylori
and NAFLD have been reported in some clinical and ex
perimental studies, but other studies have presented con
tradictory data. Further analyses focusing on the effect
of H. pylori eradication on histopathological changes in
patients with biopsy-proven NAFLD are necessary.

H. PYLORI AND CHRONIC VIRAL
HEPATITIS OR CIRRHOSIS
The involvement of H. pylori in the pathogenesis of chro
nic viral hepatitis has been speculated (Table 2). Esmat et
[30]
al evaluated the presence of the H. pylori CagA gene in
liver samples from patients with hepatitis C virus (HCV)related chronic hepatitis or cirrhosis by the polymerase
chain reaction (PCR). In this study, the H. pylori gene
was detected in 28.2% cases of late fibrosis (F3 + F4)
and 5.9% cases of early fibrosis (F1 + F2) (P = 0.0001)
by PCR. The influence of H. pylori on the progression
of HCV-related liver diseases has also been examined.
Anti-H. pylori antibody positivity was significantly and
independently associated with cirrhosis in patients with
HCV-related chronic hepatitis or cirrhosis in multivariate
[93]
analyses (OR: 2.42, 95%CI: 1.06-5.53, P = 0.037) .
[94]
Rocha et al . examined liver tissues from H. pyloriinfected patients and revealed that the Helicobacter 16S
rDNA was only detected in 4.2% of liver samples from
control patients and in 3.5% of samples from patients
with noncirrhotic chronic hepatitis C. The Helicobacter
16S rDNA was detected in 68.0% of liver samples from
patients with HCV-positive cirrhosis without HCC as well
as in 61.3% of patients with HCC. In a meta-analysis,
[95]
Wang et al analyzed the prevalence of H. pylori infec
tion in a total of 1449 patients with chronic hepatitis C
and 2377 control cases. The prevalence of H. pylori was
significantly higher in patients with chronic hepatitis C than
in those without chronic hepatitis C (pooled odds ratio
2.93). In a subgroup analysis, the odds ratios were 4.48
for HCV-related cirrhosis and 5.45 for HCC. These results
suggest an association between Helicobacter species
and HCV-related disease progression, but these findings
only show the presence of H. pylori, not its pathogenicity
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Table 2 Summary of relevant studies between Helicobacter pylori and chronic viral hepatitis, cirrhosis, and hepatocellular carcinoma
Ref.
HCV
Esmat et al[30]
Queiroz et al[93]
Rocha et al[94]
Wang et al[95]
HBV
Ponzetto et al[96]
Huang et al[97]
Mohamed et al[98]
Wang et al[99]
Wang et al[100]
HCC
Nilsson et al[24]
Pellicano et al[25]
Huang et al[26]
Xuan et al[27]
Xuan et al[101]

Year

Country

Study design

Number of subjects

Conclusion

2012
2006
2005
2016

Egypt
Argentina
France
Various countries

Cross-sectional study
Cross-sectional study
Cross-sectional study
Meta-analysis

85
106
109
3826

Positive
Positive
Positive
Positive

2000
2017
2018
2011
2016

Italy
China
Egypt
China
China

Case-control study
Cross-sectional study
Cross-sectional study
Cross-sectional study
Meta-analysis

355
608
170
1872
4645

Positive
Positive
Positive
Negative
Positive

2001
2004
2004
2006
2008

Sweden
Italy
China
China
Various countries

Cross-sectional study
Cross-sectional study
Cross-sectional study
Cross-sectional study
Meta-analysis

36
26
36
50
522

Positive
Positive
Positive
Positive
Positive

HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

in the liver. H. pylori may putatively flow into the liver
via the portal vein and be caught and eliminated by
intrahepatic immune cells such as Kupffer cells in the
normal liver. Since the number of these cells decreases
with the progression of fibrosis, H. pylori is speculated
to be present in the liver as a result of immune escape.
Accordingly, the prevalence of H. pylori might simply
be high in patients with cirrhosis compared with that
in control or noncirrhotic patients. Additional in-depth
studies are required to confirm the actual involvement of
H. pylori in the progression of liver fibrosis.
Clinical findings suggesting relationships between
H. pylori and hepatitis B virus (HBV)-related liver dis
[96-100]
eases have also been reported
. A higher prevalence
of H. pylori infection in HBV-infected patients has been
[96-98]
reported in several studies
, but these findings may
just reflect the hygienic environments in childhood.
[99]
Actually, Wang et al
reported that the prevalence of
H. pylori infection in asymptomatic HBV carriers was
38.67% in Shandong Province, China, which was not dif
ferent than that in the normal adult population recruited
from the same region (35.94%, P = 0.352). Possible
associations between the progression of HBV-related liver
disease and liver-related complications, such as variceal
bleeding, ascites, and encephalopathy, have also been
[97]
reported . In a meta-analysis of a Chinese population,
the prevalence of H. pylori infection among patients
with HBV-related liver diseases increased as the disease
[100]
severity increased
. Namely, the H. pylori-positive
rate in patients with chronic hepatitis B patients but not
cirrhosis or HCC was 2.44-fold higher than that in healthy
controls (pooled OR: 2.44, 95%CI: 1.85-3.24; P < 0.01).
Furthermore, the H. pylori-positive rate in patients with
HBV-induced cirrhosis was 4.28-fold higher (pooled
OR: 4.28, 95%CI: 2.99-6.13, P < 0.01) than that in
healthy controls, while it was 6.02-fold higher (pooled
OR: 6.02, 95%CI: 4.33-8.37, P = 0.821) in patients with
HBV-related HCC. Therefore, the presence of H. pylori
may accelerate the progression of HBV-related liver
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pathogenesis, but the precise pathogenicity in the liver
remains to be elucidated.
In summary, although H. pylori infection and chronic
viral hepatitis seem to be associated in limited situations,
further studies are necessary to obtain a final conclusion
since researchers have not yet clearly determined whe
ther H. pylori itself directly contributes to the progression
of viral hepatitis.

H. PYLORI AND
HEPATOCARCINOGENESIS
Several clinical studies have reported an association
between H. pylori and HCC (Table 2). H. pylori and
similar species were detected in liver samples from pa
[24-27]
tients with HCC
. Additionally, a positive association
between H. pylori and the risk of HCC was reported in a
[101]
meta-analysis . The overall prevalence of H. pylori in
the liver was 53.3% (129 of 242) in patients with HCC
and 10.4% (29 of 280) in controls, and the odds ratio
for the association between H. pylori infection and the
risk of HCC was 13.63 (95%CI: 7.90-23.49). These
observations, however, only showed the presence of H.
pylori in liver tissues. HCC is usually accompanied by
liver fibrosis, and in these circumstances, the intrahepatic
immune status and hemodynamics may be changed to
permit the inflow of H. pylori and escape from immunity
in the liver, as noted above. Therefore, the presence of
H. pylori only in HCC tissues does not provide strong
support for an association with HCC.
Some in vitro studies have presented the possible
mechanism underlying the association between H. pylori
and hepatocarcinogenesis. As shown in the study by
[102]
Zhang et al , H. pylori causes pathological effects on
HepG2 hepatoma cells by upregulating the expression
of some proteins related to gene transcription and signal
transduction. Virulent type H. pylori cause cell cycle
arrest and apoptosis of Huh7 cells, another hepatoma cell
[103]
[104]
line . According to Liu et al , histidine-rich protein
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(Hpn), a small histidine-rich cytoplasmic protein from
H. pylori, induces apoptosis by suppressing ubiquitinspecific peptidase 5 (USP5) expressions and activating
the P14-P53 signaling pathway. However, these data are
only indirect findings obtained from in vitro studies using
cancer cell lines. Indeed, to the best of our knowledge,
direct evidence for the tumorigenic effect of H. pylori on
[105]
the liver has not been obtained. Ki et al
postulated
that H. pylori infection might promote the transforming
growth factor (TGF)-β1-dependent oncogenic pathway,
disturbing the balance between hepatocyte apoptosis and
proliferation in a murine model of CCl4-induced fibrosis,
but in this study, the development of HCC itself was not
observed. Furthermore, in transgenic mice expressing
HCV proteins, H. pylori infection did not promote the
[106]
development of HCC
. Based on these findings, H.
pylori infection is currently presumed to be unlikely to
contribute to HCC development.
In summary, although H. pylori genes are frequently
detected in HCC samples, possible correlations between
H. pylori and hepatocarcinogenesis seem to be doubtful.
Further studies showing the direct contribution in vivo
using infectious animal models or mice transgenic for H.
pylori genes are necessary to confirm this relationship.

enterology, Graduate School of Medicine, The University
of Tokyo) for her kind advice on this research.
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Abstract
Milan criteria are currently the benchmark related to
liver transplantation (LT) for hepatocellular carcinoma.
However, several groups have proposed different ex
panded criteria with acceptable results. In this article, we
review the current status of LT beyond the Milan criteria in
three different scenarios-expanded criteria with cadaveric
LT, downstaging to Milan criteria before LT, and expansion
in the context of adult living donor LT. The review focuses
on three main questions: what would the impact of the
expansion beyond Milan criteria be on the patients on
the waiting list; whether the dichotomous criteria (yes/
no) currently used are appropriate for LT or continuous
survival estimations, such as the one of “Metroticket”
and whether it should enter into the clinical practice;
and, whether the use of living donor LT in the context of
expansion beyond Milan criteria is justified.
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Core tip: After more than 20 years since their first de
scription, the Milan criteria still represent the benchmark
in liver transplantation for hepatocellular carcinoma.
This review focuses on three unresolved issues, those
being: the impact of expansion beyond Milan criteria
for patients on the liver transplant waiting list; whether
the dichotomous criteria (yes/no) currently used are
appropriate for liver transplantation or continuous survival
estimations, such as the one of “Metroticket” and whether
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it should enter into the clinical practice; and, whether the
use of living donor liver transplantation in the context of
expansion beyond Milan criteria is justified.

patients initially Milan-out. Regarding the first of these
three scenarios, the definition of a “time 0” (the moment
when the patients with expanded criteria are included on
the waiting list) will be very important, allowing for study
of the expansion from an “intention-to-treat” point of
[20]
view .
Several important issues should be discussed in order
to evaluate the impact of the expansion beyond MC.
The first issue to be considered is what the effect
of transplanting Milan-out patients on the waiting list
[21]
for LT will be , by balancing the survival benefit for
the patients beyond MC against the harm caused by
delaying the LT for the other patients on the waiting list.
According to the data published by United Network for
Organ Sharing (known as UNOS) and the European Liver
Transplant Registry (known as ELTR), the most important
[3,4]
problem facing LT remains the scarcity of donors .
Theoretically, the expansion of criteria could lead to
an overload of an already-large waiting list by adding
patients that, until this moment, were deemed to not
benefit from this treatment. The decision on whether to
expand the criteria depends on what number would be
considered as acceptable lowest survival after LT by each
[22]
transplant community .
The second issue to be considered is if the decision
to transplant an HCC patient should only depend on rigid
criteria, like “size and number” or should be a dynamic
decision in which expansion beyond the MC could be
an option, depending on other characteristics such
as the waiting list times and donor availability in each
geographic region that performs LT.
The third issue to be considered is the strategy of
using LDLT in patients with HCC, which is still questioned
by some authors. Despite the advantage of transplanting
patients beyond MC without affecting the conventional
waiting list, at least two important problems have to be
analyzed. One of them is the risk to the donor, especially
in the context of expanding the criteria. The second one
is that there are reports that describe significantly worse
[23]
results with LDLT, as compared with conventional LT .
The objectives of this article are to review the current
literature related to the expansion beyond MC in the
three described scenarios and to evaluate the relevant
data linked to the issues presented above. We believe
that the transplant with deceased donor grafts and the
LDLT are marked by different characteristics, therefore
we will discuss each one separately.

Pavel MC, Fuster J. Expansion of the hepatocellular carcinoma
Milan criteria in liver transplantation: Future directions. World J
Gastroenterol 2018; 24(32): 3626-3636 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i32/3626.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i32.3626

INTRODUCTION
Nowadays, hepatocellular carcinoma (HCC) represents
[1]
the second cause of cancer-related death in the world .
Liver transplantation (LT) is an attractive option for
treatment of HCC, giving that it simultaneously ad
dresses the HCC and the cirrhotic liver, which is at risk for
development of new tumors.
Since the introduction of the so-called Milan criteria
(MC; single lesion ≤ 5 cm or up to three separate
[2]
lesions, none larger than 3 cm) into clinical use, survival
rates after LT for HCC have improved significantly.
Today, the 5-year overall survival (OS) of patients within
the MC reaches similar rates as those of nontumoral
[3,4]
indications (65%-70% for HCC patients) . As a result,
the MC have been included in the Barcelona-Clínic Liver
Cancer (BCLC) pretransplant staging, and the American
Association for the Study of Liver Diseases (AASLD)
and the European Association for the Study of the LiverEuropean Organisation for Research and Treatment of
[5-8]
Cancer (EASL-EORTC) practice guidelines .
However, the MC may seem too restrictive. Several
groups have proposed different expansions of these
classic criteria, with reasonable life expectancy after
[9-14]
LT
. The rationale behind the expansion is that ap
proximately 25% of the patients classified as Milanin before LT present a Milan-out HCC in the explant
[2,15,16]
histology
. The 5-year OS of these patients are
better than the minimum acceptable rate of 50% pro
[17,18]
posed by some authors
. Despite this, the majority
of the transplant centers are still using the MC. Currently,
the EASL-EORTC guidelines on management of the HCC
do not recommend the expansion of criteria outside of
[8]
prospective research studies .
The International Consensus Conference regarding
LT for HCC that was held in Zurich in 2010 states that
the MC represent the benchmark for selection of patients
for transplantation and the basis for comparison with
other suggested criteria. However, according to the
same group, modest expansion may be considered
[19]
giving the favorable results of several studies . Theo
retically speaking, at least three different scenarios
may be planned for the expansion of the HCC criteria transplantation with deceased donor grafts in Milan-out
HCC patients, living donor (LD)LT for patients beyond
MC, and successful downstaging to MC before LT in
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LT with deceased donor grafts in patients with HCC
beyond MC

In the last years, it has become evident that the con
ventional LT (with cadaveric donors) for HCC beyond
MC is not necessarily associated with worse results.
Several authors have described modest expansions of
the MC with acceptable OS and recurrence rates (see
[24]
Tables 1 and 2). Giving all these results, Mazzaferro
suggests that the tumor size and number used as criteria
for transplantation should be defined at a regional
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Table 1 Expanded criteria used for liver transplantation
Criteria
[9,27]

UCSF
Up-to-seven[10]

Type of donor

Detailed criteria

Cadaveric
Cadaveric/LDLT

Solitary tumor ≤ 6.5 cm or ≤ 3 tumors with the largest ≤ 4.5 cm
Seven: sum of tumor number and size of the
largest tumor without microvascular invasion
1 tumor ≤ 6 cm or ≤ 3 tumors with the largest ≤ 5 cm
Total tumor volume ≤ 115 cm3 and AFP ≤ 400 ng/mL
One of the following:
Total tumor diameter ≤ 8 cm

Clinica Universidad de Navara (CUN)[12]
Toso[29]
Hangzhou University[13]

Cadaveric
Cadaveric
Cadaveric

Onaca (ITR)[32]

Cadaveric

Total tumor diameter > 8 cm with histological grade Ⅰ or Ⅱ and AFP ≤ 400 ng/mL
Solitary tumor, ≤ 6 cm

LDLT
LDLT

2-4 tumors, ≤ 5 cm
Maximum 5 tumors ≤ 5 cm
≤ 10 tumors, ≤ 5 cm,

LDLT
LDLT
LDLT/cadaveric
LDLT

DCP§ ≤ 400 mAU/mL
Any number of tumors with diameter ≤ 5 cm or DCP§ ≤ 300 mAU/mL
≤ 6 tumors, diameter ≤ 5 cm
≤ 7 tumors, diameter ≤ 6 cm, AFP ≤ 1000 ng/mL
1 tumor, ≤ 7 cm

Tokyo (5-5 rule)[53]
Kyoto[55]
Kyushu University[57]
Asan[58]
Samsung[59]
BCLC[14]

3 tumors, ≤ 5 cm
5 tumors, ≤ 3 cm
Maintained response within Milan criteria during 6 mo after downstaging
AFP: Alpha-fetoprotein; BCLC: Barcelona-Clínic Liver Cancer; DCP: Des-gamma-carboxy prothrombin; LDLT: Living donor liver transplantation; LT: Liver
transplantation.

Table 2 Results after liver transplantation with expanded criteria
Ref.

Type

Patients,

Criteria
(findings)

Survival,
time (%)

Recurrence,
time (%)

Factors
for survival

Factors
for recurrence

UCSF
(Histol)
UCSF
(Radiol)

5 yr (84.6)

-

pT4, total tumor diameter

-

n (type)

Yao
et al[9], 2001
Yao
et al[27], 2007

R

14 (MO)

P

38 (MO)

Onaca
et al[32], 2007

R

129 (MO)

Onaca

Herrero
et al[28], 2008
Zheng
et al[13], 2008

P

26 (MO)

R

99 (MI and MO),
26 (MO)

CUN
(Radiol)
Hangzhou
(Histol)

5 yr (73)
5 yr I-to-T (68)
5 yr (70.7)

5 yr DFS (62.4)

Mazzaferro
et al[10], 2009
Toso
et al[29], 2015
Togashi
et al[54], 2016

R

283 (MI and MO)

5 yr (71.2)

-

P

38 (MO)

R

14 (MO)

Up-to-seven
(Histol)
Toso
(Radiol)
Tokyo

4 yr (74.6)
4 yr I-to-T (53.8)
-

Kaido
et al[56], 2013
Shirabe
et al[57], 2011
Lee et al[58],
2008

R

42 (MO)

Kyoto

5 yr (80)

5 yr (7)

R

48 (MI and MO)

R

174 (MI and MO)

Kyushu
(Histol)
Asan
(Histol)

Kim
et al[59], 2014

R

180 (in the whole
study, including
Samsung-out)

Samsung
(Histol)

22

BCLC
(Radiol)

Llovet
et al[14], 2018

P

5 yr DFS (93.6)

UCSF
Vascular invasion
AFP > 1000 ng/mL
Tumor > 6 cm
AFP > 200 ng/mL
Tumors > 4
Vascular invasion

5 yr DFS (63.9)

Macrovascular invasion
Tumor size > 8 cm
AFP > 400 ng/mL
Histological grading (Ⅲ)
-

4 yr DFS (68)

Macrovascular invasion
Tumor size > 8 cm
AFP > 400 ng/mL
Histological grading (Ⅲ)
Microvascular invasion
Tumor grade
-

5 yr (8)

-

Tokyo criteria
AFP ≥ 400 ng/mL
DCP ≥ 200 mAU/mL
Kyoto criteria
Pretreatment of the HCC
Kyushu criteria

5 yr DFS (80)
5 yr (81.6)

5 yr (15)

-

Largest tumor > 5 cm
Number > 6
Gross vascular invasion

5 yr DFS
-89.6

Largest tumor > 5 cm
Number > 6
Gross vascular invasion
Tumors ≤ 7
Diameter ≤ 6 cm
AFP ≤ 1000 ng/mL

5 yr (80.2)

5 yr (23.8)

MI after locoregional
therapies

AFP: Alpha-fetoprotein; BCLC: Barcelona-Clínic Liver Cancer; DFS: Disease-free survival; Histol: Histology; I-to-T: Intention-to-treat; LT: Liver
transplantation; MI: Milan-in; MO: Milan-out; P: Prospective; R: Retrospective; Radiol: Radiology; UCSF: University of California San Francisco.
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level depending on the dynamics of the waiting list,
the proportion of patients with and without HCC on the
waiting list, the harm to the patients remaining on the
waiting list, and the donor availability.
The San Francisco group published, in 2001, an ex
pansion based on explant histological characteristics
(solitary tumor ≤ 6.5 cm or up to three tumors ≤
[9]
4.5 cm) . The reported 5-year OS was 75.2% for all
the patients meeting the University of California San
Francisco (UCSF) criteria (including Milan-in) and was
84.6% for the 14 patients classified as Milan-out UCSFin. However, it is expected that the pretransplantation
radiological evaluation underestimates, with up to
25%-30% for the HCC stage, when it is compared to
[25,26]
posttransplant histology findings
. For this reason,
the same group published, 6 years later, the results of
a prospective study using the same criteria applied to
the pretransplant radiology exam. The 5-year diseasefree survival (DFS) was of 91.1% for Milan-in patients
[27]
vs 93.6% for Milan-out UCSF-in patients . However,
the application of these criteria was questioned by other
[20]
authors. Decaens et al
analyzed the results of the
UCSF criteria according to the intention-to-treat principle
in a group with a relatively reduced waiting list time, of
only 4 mo. When the UCSF criteria were applied at the
“time 0” of inclusion on the waiting list, the 5-year OS
of the Milan-out UCSF-in patients was 45.6% and of the
Milan-in patients was 60.1%.
[10]
In 2009, Mazzaferro et al published the results of
a large, multicentric, retrospective study and identified a
combination of tumor maximum size and number of no
dules as a predictive factor for survival. The “up-to-seven”
criteria (see Table 1) in patients without microvascular
invasion was found to be associated with 5-year OS rate
of 71.2%, which was comparable with that of the Milanin patients. However, when the up-to-seven criteria was
associated with microvascular invasion, the survival was
significantly worse (48.1%). It is important to mention
that the presence of microvascular invasion represents
a variable not possible to identify before LT and that
expansion beyond the MC is usually associated with
[20]
higher rates of microvascular invasion .
The group of Pamplona, Spain reported the results
of LT with the Clinic of Universidad of Navarra (CUN)
[12,28]
criteria
. The 5-year OS was 68% when the analysis
was performed from an intention-to-treat point of view,
being statistically comparable to that for the patients
with Milan-in tumors. Although none of the patients with
Milan-out CUN-in HCC developed tumor recurrence in
the posttransplant follow-up period, 12 of the patients
recruited for that study progressed beyond the CUN
criteria on the waiting list and were deemed to not ben
[28]
efit from LT .
[29]
Toso et al
published the results of a prospective
study with criteria which included total tumor volume
and alpha-fetoprotein (AFP). Survival and recurrence
rates of the Milan-out patients meeting the criteria
were acceptable, even though the “intention-to-treat
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analysis” showed statistically inferior results due to the
waiting list drop-out rates. The criteria of the University
[13]
of Hangzhou, China also took AFP levels into account .
Two conclusions could be drawn from that study: first,
the application of this criteria did not yield worse results
when compared with MC; second, even the patients
exceeding the MC but fulfilling the Hangzhou criteria
presented improved prognosis when compared with the
Hangzhou-out patients. It has to be mentioned that,
currently, the AFP level is included in the selection criteria
in France and Canada, where patients with values ≥
[30,31]
1000 ng/dL are excluded for LT
.
[32]
Onaca et al analyzed the results of the International
Registry of Hepatic Tumors in Liver Transplantation and
concluded, similarly, that a modest expansion beyond
MC could still offer favorable results (see Table 1). When
patients presented in the explant analysis with one tumor
of ≤ 6 cm or 2-4 tumors of ≤ 5 cm, the 5-year DFS was
64%.

Downstaging to Milan-in HCC before LT

In the context of HCC, there is a clear difference between
the “bridge treatments” (referring to patients already
on the waiting list for LT and submitted to locoregional
therapies in order to diminish the drop-out rates) and
the “downstaging” (defined as the treatment applied to
patients initially outside of the established criteria). The
latter is mainly used as a selection tool for the patients
[33]
with better prognosis that could benefit from LT .
The strategy of downstaging to MC before LT by using
locoregional therapies has been the subject of debate.
In this review we will only be referring to the prospective
studies related to the subject.
[11]
Roayaie et al describes the results of the protocol
of Mount Sinai Medical Center, which consisted of arterial
chemoembolization with mitomycin C, doxorubicin and
cisplatin at the time of diagnosis, LT with single sys
temic intraoperative dose of doxorubicin before revascu
larization of the new liver, and systemic doxorubicin for
a total of six cycles, beginning on the sixth postoperative
week. This protocol was applied to patients with un
resectable HCC larger than 5 cm. The 5-year DFS of a
subgroup of patients with tumors of 5-7 cm was con
sidered acceptable (55%).
[34]
Yao et al
published, in 2015, an intention-totreat study for a group of patients transplanted after
downstaging and compared their results with the ones of
Milan-in patients from an intention-to-treat point of view.
Even though the cumulative risk for drop-out was higher
in the downstage group (34.2% vs 25.6% at 2 years),
the 5-year OS and the 5-year intention-to-treat OS were
not statistically different between the groups. The factors
related to the probability of drop-out were AFP > 1000
ng/mL and cirrhosis of Child B grade.
The group of Bologna also compared the results
of downstaging and LT in 48 patients with those of
129 Milan-in patients, and concluded that the rates of
transplantation, DFS and intention-to-treat OS were

3629

August 28, 2018|Volume 24|Issue 32|

Pavel MC et al . Liver transplantation beyond Milan criteria
Table 3 Prospective studies of downstaging of hepatocellular carcinoma before liver transplantation
Ref.

Criteria

Downstaging
success rate (%)

Roayaie
et al[11], 2002

Mount Sinai protocol

Yao
et al[72], 2015

Beyond Milan:
single tumor ≤ 8 cm, 2–3 tumors (at least one > 3 and

LT rate
(%)

Survival,
time and rate (%)

53.75

5 yr OS (44)
5 yr DFS (48)
5 yr DFS,
tumors < 7 cm (55)
5 yr OS (77.8)
5 yr I-to-T (56.1)

HCC recurrence
(%)

To MC:
65.3

54.2

7.8

4–5 tumors each ≤ 3 cm and total diameter ≤ 8 cm
Beyond Milan:
1 lesion ≤ 6 cm, 2 lesions ≤ 5 cm, 3–5 lesions ≤ 4 cm

To MC:
72.9

66.7

3 yr DFS (71)
3 yr I-to-T (56.3)

18.8

and total diameter ≤ 12 cm
UCSF

RECIST

84.8

25

Partial response (> 50%
of tumor size)

66.6

5 yr CR (66.6);
PR (63.7);
NR (25)
4 yr OS (41);
5 yr I-to-T (31)

≤ 5 cm, total diameter ≤ 8 cm),

Bologna criteria Ravaioli
et al[35], 2008
Millonig
et al[73], 2007
Graziadei
et al[37], 2003

Beyond Milan, no upper limit

30

CR: Complete response; HCC: Hepatocellular carcinoma; I-to-T: Intention-to-treat; LT: Liver transplantation; NR: No response; PR: Partial response; UCSF:
University of California San Francisco.

Effect of expanding beyond the MC on the LT waiting list

[35]

comparable between the two groups . On the other
[36]
hand, Millonig et al
studied the effect of transarterial
chemoembolization (TACE) on Milan-in and Milan-out
UCSF-in patients. The response-to-treatment was eval
uated according to RECIST criteria. Better intentionto treat OS and OS rates were observed for the Milanin patients with complete or partial response to the
treatment. Interestingly, the association of good response
to TACE and good prognosis was not observed in the
Milan-out patients, who were also more likely to drop-out
or to present with recurrence after LT.
[37]
Graziadei et al published the results of a series of
HCC patients without pretreatment criteria, with the only
criteria for transplantability being a response of 50%
or more of the total tumoral volume. With this type of
protocol, the results were statistically inferior to those
of Milan-in patients submitted to the same therapy (see
Table 3).
Overall, the results of these studies and several other
retrospective studies are positive and offer the possibility
of identifying a group of patients that can obtain ac
ceptable survival rates after LT, despite presenting with a
tumoral stage beyond MC. The EASL-EORTC guidelines
of 2012 did not recommend the downstaging outside of
[8]
prospective trials , but the AASLD guidelines of 2018
not only recommend locoregional therapies for the Milanin patients on the waiting list but also suggest that the
patients beyond the MC should be considered for LT after
[38]
successful downstaging to Milan
when this status is
[39]
maintained at least 3 mo to 6 mo . However, the level
of evidence and the strength of the recommendation are
still very low, probably because of the lack of intention-to[39]
treat studies related to downstaging in the literature .
The same type of recommendation related to LT after
successful downstaging has been included in the EASL
[40]
Clinical Practice Guidelines of 2018 .
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The main problem facing LT remains the difference be
tween the availability of organs and the number of pa
tients on the waiting list. The last Organ Procurement
and Transplantation Network (commonly known as
[3]
OPTN) report , from 2012, describes an increase of the
median pretransplant waiting time from 12.9 mo in 2009
to 18.5 mo in 2011. Similar data have been published
[4]
by the European LT Registry . It seems clear that by
expanding the HCC transplant criteria, the number of
possible candidates on the waiting list will rise. The two
main questions related to expanding beyond the MC
are: what is the minimal acceptable OS after LT for HCC
patients; and, whether the expansion beyond MC would
have a positive or a negative effect on the posttransplant
survival of all the patients on the waiting list.
Initial reports suggested 50% as the minimal accep
[41]
table survival after LT for HCC patients , but the Inter
national Consensus Conference Report for LT for HCC
from Zurich 2012 reported that the expansion beyond
MC has to take into account the effect of delaying the
LT for all potential liver recipients on the waiting list,
[19]
including the ones with non-tumoral indications . There
fore, this report recommends to reserve LT for patients
who have an expected survival comparable to that of
non-HCC patients.
Using a theoretical Markov model, the group from
Michigan, United States compared the survival benefit
of transplanting a patient with an HCC beyond the MC
and the harm caused to the other patients on the waiting
[21]
list . The results of that study showed that the adoption
of more liberal criteria would lead to an increase in risk
of death (of 44%) among all patients on the waiting
list. The adverse effect caused by expanding the criteria
would outweigh its benefits when the expected 5-year
OS of the transplanted Milan-out patients would be of
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less than 61%. However, this result was very sensitive
to the characteristics of donation and waiting list times of
each geographical region, offering values between 25%
and 72%.
Ten years after that publication, the analysis could be
very different. Graft characteristics will have changed,
with increased use of expanded criteria donors, such as
aged donors, steatotic livers or donation after cardiac
[42]
death (DCD) grafts . On the other hand, factors related
with the recipient’s prognosis, like administration of
direct-acting antiviral (DAA) treatment with 90% rates of
hepatitis C virus (HCV) negativization, could change the
[43]
characteristics of the waiting list . In the last reports of
the United States’ transplant registry, the HCV was no
longer the principal indication for LT, being overcome by
[44]
HCC and alcohol intake . Furthermore, recent published
data have shown continuous improvement of the post
[44,45]
transplantation survival rates
.
Related to the use of expanded criteria donors in LT
for HCC, a theoretical model study from the University
of Chicago, United States, from 2012, compared the ef
fectiveness of DCD vs brain-dead donor LT in terms of
[46]
costs, quality of life and beyond 1-year survival . In
the context of HCC, the use of DCD livers for LT, when
compared with the alternative of waiting for a braindead donor liver, resulted in a survival benefit for patients
without model for end-stage liver disease (commonly
known as MELD) prioritization points. However, that
study only referred to Milan-in patients. The inclusion
of patients beyond the MC onto the waiting list could
change the results of this analysis.
As described above, modest expansion of the HCC
LT indications may offer results comparable to those
of Milan-in patients and of non-HCC recipients. Since
several expansion studies reported 5-year survival rates
of more than 70%, it seems that LT can be an option for
carefully selected patients beyond MC.
A different approach to separate the patients with
good or bad prognosis after LT, including those beyond
MC, would be the use of combined scores which take
into account tumor characteristics (total tumor volume,
rather than size and number) and AFP cut-off values
[29,40,47]
(see above)
. In this way, both large HCC and small
ones with potentially aggressive behavior as well as poor
post-LT outcomes could be identified.
Regarding the effect of expanding criteria for the
waiting list, the analysis is more complex, taking into
account not only the recipient prognosis but also cha
racteristics that depend of each geographic region that
performs LT, like the number of patients on the waiting
list, available donors, and their quality. Thus, the decision
on whether to expand the HCC transplantation criteria
should probably be made at a regional level after ana
lyzing the impact of all these items.

no criteria is the best strategy to decide which patients
should benefit from the transplant. Even inside the MC,
[48]
there is a 10%-15% risk of recurrence after LT
and,
as discussed above, several expanded criteria of LT are
associated with OS and recurrence rates comparable
[10,27,28,32]
to those of MC
. So, it is clear that not all the
patients accepted for LT have a good prognosis and not
all the patients discarded for LT based on MC have a
dismal one.
[10]
In 2009, Mazzaferro et al
proposed a prognostic
model, based on posttransplant estimation of survival
probabilities related to the histological stage. This model,
known as the “Metroticket”, was recently validated by
[49]
Raj et al . In that retrospective analysis of a group of
patients with a known 5-year OS of 74%, the model
estimated a survival of 70%, statistically not different
from the real one. By offering individualized survival
predictions, the Metroticket could play a role in the re
gional organ allocation process. As described, if the ex
pected survival of an individual is similar to that offered
to transplanted Milan-in patients, then the LT could
be justified depending on the characteristics of each
individual region.
However, there are authors who have criticized that
both dichotomous and continuous selection models
only predict the posttransplant outcome, without taking
into account the patient´s survival perspectives without
transplantation, geographical differences in terms of
donation or waiting list times, or the proportion of pa
[50,51]
tients with and without HCC on the waiting list
.

LDLT for expansion beyond MC

The strategy of LDLT in the context of HCC is different
from the LT with deceased donor grafts because of, at
least, two reasons. First of all, LDLT does not affect the
conventional waiting list, therefore an expansion of the
MC could be planned in this context without the fear of
affecting other patients waiting for an organ. Second of
all, LDLT is a complex procedure that involves not only
the recipient, but also a living donor who is a healthy
person submitted to a major surgery without a direct
benefit. For this reason, the benefit of the recipient
should always be evaluated in the context of the risk to
[52]
the donor, a concept known as “double equipoise” .
The majority of LDLT studies regarding CHC expan
sion criteria have come from Asia, where, for cultural and
religious reasons, the cadaveric donation is infrequent
(see Tables 1 and 2).
The University of Tokyo published the “5-5 rule
criteria” (see Table 1). Using these criteria, 5-year DFS
was found to be 94%, while in the patients beyond Tokyo
[53]
it was only 50% . Two years ago, that same group
published the results of their series after a large followup. The 5-year recurrence rates were 8% for Milanout Tokyo-in patients and 6% for Milan-in patients. The
OS and DFS rates were comparable between the two
[54]
groups .
The group from Kyoto included dex-gamma-

Dichotomous vs continuous selection criteria

Despite the success of the MC in LT for HCC, one of the
questions that has arisen is whether a dichotomous yes/
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carboxi prothrobine (DCP) in the criteria for LT (see
[55]
Table 1) . Applying these criteria, the 5-year OS and
recurrence rates were 80% and 7%, respectively, when
all the patients (Milan-out Kyoto-in and Milan-in) were
[56]
considered . The criteria of the University of Kyushu
also took into account the DCP, but did not impose a limit
[57]
on tumor number . By using the Kyushu criteria, the 3and 5-year DFS was 80%. In a multivariate analysis that
considered UCSF, up-to-seven, Tokyo and Kyoto criteria,
the Kyushu criteria was the only one statistically related
to the DFS.
Another LDLT expanded criteria is the one of Asan
Medical Center. The survival and recurrence rates of
patients within these criteria were comparable with MC
and UCSF survival rates, with the advantage that the
Asan criteria can select more patients that can benefit
[58]
from the transplant .
[59]
Kim et al defined a set of expanded criteria based
on reviewing the explant histology of 180 patients, the
major portion of this population being submitted to LDLT.
The results showed a DFS benefit when the number of
tumors was lower than 7, the maximum diameter was
smaller than 6 cm, and the AFP was less than or equal to
1000 ng/mL.
Our group also published, this year, the results of a
prospective study of 22 patients with BCLC expanded
[14]
criteria who had submitted to LDLT . The criteria were
related to the size and number of the tumors but also to
the successful downstaging after locoregional therapies.
The results were remarkable, with a 5-year OS of more
than 80%. One of the factors that influenced the OS
was a “Milan-in” status before the transplant and after
performing locoregional therapies as downstaging or
bridging therapy (see Table 1). As remarked by other
authors, the results of this study seem to favor down
staging over expansion in the context of LDLT, even
[60]
though the sample size is small .
All these studies demonstrate that the expansion
of the MC in the context of LDLT does not necessarily
associate with worse results. However, the majority
of these articles are retrospective analyses of patients
selected by the means of explant histological characte
ristics. Furthermore, some of them analyzed the survival
and recurrence rates in Milan-in patients and with ex
panded criteria all together, which could have biased the
results.
The report from the Vancouver Forum on the Care
of the Living Donor from 2005 established that LDLT
should be performed only if it offers an advantage to the
recipient when compared to the alternative of waiting
for a deceased donor graft and if the risk of the donor is
justified by the expectation of an acceptable outcome of
[61]
the recipient .
One of the main issues in LDLT is the safety of the
[62]
donor. Clavien’s group analyzed the results of several
important transplant centers throughout the world
and published benchmark values related to acceptable
complication rates for donors. That study described
acceptable complication rates at discharge values below
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26.9% for any complication and 6% for major com
[63]
plications (≥ Ⅲ A of Clavien-Dindo classification) .
Today, the reported donor mortality after LDLT is
[52]
0.15%-0.20% . In the particular scenario of LDLT for
HCC beyond MC, the concept of double-equipoise should
be taken into account, it being unacceptable that a
donor should take any risk if the benefit to the recipient
[52]
is expected to be very low . However, the living donor
studies presented above report survival rates comparable
to those of LT for MC and lead to optimism regarding the
possibility of using LDLT for expanding HCC criteria.
The other important issue related to LDLT for HCC
involves the reports of higher rates of recurrence than
[23,64]
are related to the conventional LT
. One possible
explanation of these results could be related to the
reduced waiting time before LDLT compared with the
usual waiting list time for conventional LT. It is possible
that this reduced time did not permit drop-out of patients
[64]
with aggressive HCC . Theoretically, this concept can
also apply to the expansion beyond MC. However, a
meta-analysis published in 2012 by the group from
Guangzhou, China showed no statistical differences
between living and cadaveric LT in terms of 5-year OS
[65]
or recurrence . Of note, in our experience with the ap
plication of BCLC expanded criteria for LDLT, the 5-year
recurrence rate was approximately 20%, but the OS rate
was comparable to that published for Milan-in patients
[3,4,14]
with cadaveric donors
.
We believe that as long as the results in terms of
survival of selected HCC patients beyond MC (i.e. up-toseven, UCSF, extended criteria BCLC) submitted to LDLT
are comparable to those obtained after conventional LT
for HCC Milan-in, the utilization of LDLT in this context
could be justified.

FUTURE DIRECTIONS
DAA treatment for HCV is one of the most important
medical breakthroughs of the last decade. Its impact is
already apparent on the United States’ liver waiting list,
[44]
where HCV is no longer the first indication for LT . The
liver grafts that are no longer needed for HCV patients
could be used to explore the expansion beyond MC. On
the other hand, since the association between HCV and
HCC is well documented, the DAA treatment is expected
[51]
to have an impact on the incidence of HCC as well .
However, further information is needed in order to
explore these scenarios.
Some of the most intriguing future directions of
research of HCC treatment are the molecular and ge
netic analyses and investigations into the relationship
of tumor biology and recurrence (see Table 4). It is
known today that complex genetic and epigenetic alte
rations, chromosomal mutations and changes in mole
[66-71]
cular pathways lead to HCC development
. Even
though these insights have shown much promise in
improving HCC treatments, one of their main issues is
the retrospective character of the results themselves. In
fact, the vast majority of the related studies analyzed
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Table 4 Impact of genetic and molecular factors in post-liver transplantation outcome
Ref.

Criteria

Survival, time and rate (%)

Schwartz et al[68], 2008
Dvorchick et al[69], 2008

FAI < 0.27
FAI and macrovascular invasion (Pittsburg criteria)

Stage Ⅰ (FAI ≤ 20% and no macrovascular

Miltiadous et al[67], 2015
Sugimachi et al[70], 2015
Barry et al[71], 2012
Liese et al[72], 2016

Progenitor cell markers (CK19 or S2 signature)
miR-718 and his target gene HOXB8
67 miRNA
miR-214, miR-3187 and MC

Recurrence, time
and rate (%)
5 yr (10)

invasion) - 5 yr DFS (92.8)
5 yr (67)
5 yr (≈ 80)

5 yr (19)

5 yr DFS (≈ 90)

DFS: Disease-free survival; FAI: Fractional allelic imbalance; MC: Milan criteria; miRNA: MicroRNA.

2

the molecular and genetic characteristics in tumor sam
ples of explanted tissues, which makes any kind of
pretransplant selection of these patients based on the
tumor biology virtually impossible. However, identification
and measurement of genetic markers in serum before
LT, like of microRNAs, could be a future direction of
[69]
investigation . However, more studies are necessary in
order to confirm these results.

3

4

CONCLUSION

5

The current medical literature seems to support that
modest expansions of HCC LT criteria beyond Milan
offer results comparable to those of MC. However, these
proposals require further prospective validation using
radiological findings collected before LT as a selection
tool. As summary, the three important questions cited
at the beginning of this article will be addressed in the
concluding remarks.
First of all, the effect of possible MC expansion on the
waiting list is a variable depending not only on the stage
of the HCC patients but also on regional characteristics
of the waiting list itself and donors. Thus, we believe
that the expansion of MC is a decision that will have
to be analyzed carefully in each transplant region and
according to the principle of survival benefit for all of the
patients on the waiting list.
Second of all, in the Metroticket era, the use of
a threshold of acceptable survival, rather than strict
dichotomous yes/no criteria, could offer a flexibility to
the HCC criteria and may help to expand LT indications
beyond the MC in regions where the waiting list pressure
permits.
Finally, in the real-life context of cadaveric donor shor
tage, the use of LDLT is generally accepted. As long as
the expansion beyond MC in the context of LDLT offers
survival rates comparable to those of accepted indications
for LT, its use seems justified.
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Abstract
The vascular diseases including aneurysm, occlusion, and
thromboses in the mesenteric lesions could cause severe
symptoms and appropriate diagnosis and treatment are
essential for managing patients. With the development
and improvement of imaging modalities, diagnostic fre
quency of these vascular diseases in abdominal lesions
is increasing even with the small changes in the vascu
latures. Among various vascular diseases, fibromuscular
dysplasia (FMD) and segmental arterial mediolysis (SAM)
are noninflammatory, nonatherosclerotic arterial diseases
which need to be diagnosed urgently because these
diseases could affect various organs and be lethal if
the appropriate management is not provided. However,
because FMD and SAM are rare, the cause, prevalence,
clinical characteristics including the symptoms, findings in
the imaging studies, pathological findings, management,
and prognoses have not been systematically summarized.
Therefore, there have been neither standard diagnostic
criteria nor therapeutic methodologies established, to
date. To systematically summarize the information and to
compare these disease entities, we have summarized the
characteristics of FMD and SAM in the gastroenterological
regions by reviewing the cases reported thus far. The
information summarized will be helpful for physicians
treating these patients in an emergency care unit and for
the differential diagnosis of other diseases showing severe
abdominal pain.
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The details of the disease have not yet been clarified;
however, it is typically found in the renal, extracranial,
[2]
carotid, and vertebral arteries .
The disease is rare, with a frequency of 0.02%,
predominantly occurring in women (91%) with a mean
age of 55.7 ± 13.1 years especially in the Caucasian
[2]
(95.4%) .
The mean patient age at first symptom or sign of
[2]
FMD was 47.2 years (range, 5-83 years) . The mecha
nisms underlying the pathogenesis of FMD are still poorly
understood; however, smoking, hormones, HLA-DRw6
polymorphism, and physiological stimulation have been
[3]
reported to be risk factors . For example, a significant
dose-response relationship between cigarette smoking
and the presence of FMD has been reported, with an
odds ratio of 8.6 when having smoked more than 10
[3]
pack-years of cigarettes . The risk of HLA-DRw6 was
reported with an odds ratio of 5.0, adjusted for the level
[3]
of smoking .
FMD can occur in any medium-sized arteries through
out the body, and dissection and aneurysm have been
identified in 19.7% and 17.0% of FMD patients, re
spectively. The three major sites affected with dissection
are the carotid arteries (14.8% of all patients enrolled),
followed by renal arteries (4.3%), and vertebral ar
[2,4]
teries (3.4%) . The three major sites affected with
aneurysm are the renal arteries (5.6% of all patients
enrolled), followed by carotid arteries (3.6%), and the
[2]
aorta (3.4%) . FMD in abdominal lesions, classified
as mesenteric FMD, which is caused by the celiac and
mesenteric arteries, is a rare condition and often presents
[2]
as an incidental diagnosis . On the basis of the US
Registry data, mesenteric ischemia was reported in only
1.3% of cases, with aneurysm and dissection in these
vessels accounting for 6.8% and 22.3% of all cases
[2]
reported, respectively .

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

Core tip: The vascular diseases in the abdominal lesions
needs to be appropriately diagnosed and treated
as it could be lethal if the appropriate management
is not provided. Mesenteric ischemia caused by the
atherosclerotic changes is rather famous however, fibro
muscular dysplasia (FMD) and segmental arterial medio
lysis (SAM) which are noninflammatory, nonatherosclerotic
arterial diseases are rare and the cause, prevalence,
clinical characteristics including the symptoms, findings in
the imaging studies, pathological findings, management,
and prognoses have not been systematically summarized.
Therefore, we have summarized the characteristics of
FMD and SAM in the gastroenterological regions and
review the cases reported thus far. The information sum
marized will be helpful for physicians treating these pa
tients in an emergency care unit and for the differential
diagnosis of other diseases showing severe abdominal
pain.
Ko M, Kamimura K, Ogawa K, Tominaga K, Sakamaki
A, Kamimura H, Abe S, Mizuno K, Terai S. Diagnosis and
management of fibromuscular dysplasia and segmental arterial
mediolysis in gastroenterology field: A mini-review. World J
Gastroenterol 2018; 24(32): 3637-3649 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i32/3637.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i32.3637

INTRODUCTION
A literature search was conducted using PubMed and
Ovid, with the term “fibromuscular dysplasia” or “seg
mental arterial mediolysis” and “mesenteric” to extract
studies published in the last 55 years for fibromuscular
dysplasia and in the last 21 years for segmental arterial
mediolysis. We summarized the available information
on demographics, clinical symptoms, image studies,
histological findings, treatment, and clinical course.

Symptoms and imaging

The clinical symptoms depend on the vessels involved.
When the renal arteries are affected, renovascular
hypertension can be observed. Thus, when the carotid
arteries are affected, headache, pulsatile tinnitus, and
[2]
dizziness are the major symptoms . Mesenteric FMD
involves the celiac and mesenteric arteries; therefore,
mesenteric ischemic symptoms occur, including unspecific
abdominal pain. We reviewed the literature describing the
[5-37]
cases and have presented the information in Table 1
.
Our literature review summarized a total of 39 cases of
mesenteric FMD, showing predominance in women, as
reported, and the median age was 45.2 years (range:
19-78 years). Regarding the risk factors, four patients
smoked (10%), two patients had smoking histories (5%),
and one patient had taken oral contraceptive pills (2.6%).
The most common presenting symptom was abdominal
pain (62%), followed by hypertension, diarrhea, nausea
or vomiting, and headache. Although approximately 80%
of cases showed symptom improvement, eight patients
(20%) died because of the severity of the intestinal

FIBROMUSCULAR DYSPLASIA
Clinical characteristics

The detailed clinical and pathological classification of fibro
muscular dysplasia (FMD) was first reported by Harrison
[1]
and McCormack in 1971 . Since then, several studies
regarding clinical course and histological data have been
published, and recently, data from the first 447 patients
from the United States Registry (US Registry) for FMD
[1]
have been reported . FMD is a noninflammatory, non
atherosclerotic arterial disease of the medium-sized
arteries throughout the body, which could lead to ar
[2]
terial stenosis, occlusion, aneurysm, and dissection .
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[7]
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[7]

7

14

[7]
[7]
[7]
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5
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13
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1

46

58

44

55

20

64
21

41

47

37

73
42
50

45
50
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Case Ref. Age (yr)
(n )

F

F

F

M

F

F
M

F

F

F

F
F
F

F
F

M

Gender
(Male/
Female)

None (nonsmoker)

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A

N/A

Risk factors

SMA

SMA, IMA, RA,
carotid

SMA, circle of Willis
Celiac, SMA, RA,
carotid

SMA, internal carotid,
RA, iliac

Celiac, SMA, RA

Celiac, SMA, RA

Celiac, SMA, iliac
SMA, RA
Celiac, SMA, RAl

SMA, RA
SMA, RA, iliac

Celiac, SMA, IMA,
RA

Vessels Involved

Asymptomatic bruit Celiac, SMA, RA, iliac
of the aortoiliac
system
Body weight loss
Celiac, SMA, IMA,
RA, iliac, aorta
Palpitations,
Celiac, SMA
headache,
hypertension

N/A

Hypertension

Unconsciousness
Hypertension

Visceral ischemic
symptoms
Hypertension,
abdominal pain
Hypertension

Upper
abdominal pain,
hemoperitoneum,
shock
Abdominal pain
Hypertension,
abdominal pain,
diarrhea
N/A
N/A
Hypertension

Symptoms

Table 1 Summary of mesenteric fibromuscular dysplasia reported to date

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A

N/A

CT

N/A

N/A
N/A
N/A

N/A
N/A

Intimal thickening in
the branches of the
SMA and IMA.

Pathology

Revascularization

N/A
N/A
N/A

Ileal resection
SMA revascularization

Laparotomy

Treatment

Defects in the SMA and
Medial hyperplasia
None
RA
Corkscrew and stringReplacement of
Thromboendarerectomy on
of-beads like appearance
the normal media
SMA
in the RA, carotid, iliac
with disorganized
artery
fibrous and muscular
hyperplasia
N/A
Medial hyperplasia
None
Stenosis of celiac, SMA,
Intimal fibroplasia
Anti-hypertensive drug;
RA
revascularization of carotid
artery; angioplasty of RA
Stenosis of carotid, renal, Intimal fibroplasia
Anti-hypertensive drug,
SMA. Total occlusion of
subclavian-carotid bypass;
the IMA.
vascular reconstruction of
the kidney
N/A
Intimal hyperplasia in
None
SMA
String-of-beads like
Intimal fibrosis with
Resection and
appearance of iliac artery;
development of
reconstruction
aneurysms of SMA, RA
fibrosis
Occlusion of celiac, SMA,
N/A
Open surgery
IMA.
Aneurysms in the right Muscle hypertrophy
Surgical ligation
RA, celiac; occlusion in
and disorganisation
the left gastric artery
of elastic tissue of the
media in celiac artery.

N/A
Stenosis and string-ofbeads like Appearance in
the SMA
N/A
N/A
Minimal defects in the
SMA and RA; stenosis of
celiac artery
N/A

N/A

Angiography

N/A

N/A

N/A

N/A

Yes, N/A

None
Yes, N/A

N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A

None

N/A

N/A

N/A

N/A

N/A

None
N/A

N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A

None

Improved

Improved

Improved

N/A

Improved

Died
Improved

Died

Died

Improved

Improved
Improved
Improved

Improved
Improved

Died

AntiAntiOutcome
hypertensive coagulants
drug
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[20]

22

[23]

[24]

[25]

25

26

27

[22]

[19]

21

24

[18]

20

[21]

[17]

19

23

[16]

[15]

18

17

38

48

57

48

43

78

33

23

39

54

60

M

F

F

F

M

F

M

M

M

F

M

Abdominal pain,
hemoperitoneum

No symptoms

Hypertension,
abdominal pain,
hemoperitoneum.

Abdominal pain

Hypertension

Melena, lower
abdominal pain

Hypertension,
headache, abdominal
pain

Left abdominal pain,
diarrhea

Smoking

Gastrointestinal
bleeding, anemia

Smoking (40
Abdominal pain,
packs/yr) weight loss, anorexia,
nausea, vomiting,
diarrhea.
Smoking (20
Abdominal pain
packs/yr)

None (nonsmoker)

None (nonsmoker)

N/A

N/A

N/A

N/A

Smoking

None (nonsmoker)

SMA, IMA

Celiac, SMA, IMA

Celiac, SMA

Celiac, SMA, RA

SMA, iliac

SMA, RA, colonary

SMA

Celiac, SMA, RA,
carotid, vertebral,
opthalmic, superficial
temporal, iliac,
lumber, intercostal

Jejunal, Sigmoid

SMA, RA, coronary

SMA

N/A

N/A

Nothing particular

N/A

SMA aneurysm

Dilated loop of
the small bowel
and fluid in the
peritoneal cavity.

N/A

Hematomasin
the paraduodenal
and right superior
gluteral lesion and
splenic infarction

N/A

Liver cyst

Irregular nodular
thickening in
transverse colon.

Intimal fibrosis and
Splenic flexure resection
N/A
focal replacement of
and angioplasty
medial smooth-muscle
fibers by fibrous tissue
.
Stenosis of the
Intimal hyperplasia in Anti-hypertensive drug α,β-blocker
coronary arteries
SMA, RA, coronary,
→ Ca
splenic, intrahepatic
blocker
artery
String-of-beads like Adventitia is thickened Resection of the jejunum
N/A
appearance in the
by fibroplasia
jejunal and sigmoid
arteries.
Multiple saccular
Mediolytic FMD with
Embolization of the
N/A
aneurysms in the
segmental dissection
gastroduodenal and
celiac, SMA, RA<
and thrombosis
right SMA to prevent
splenic, hepatic,
hemorrhage
iliac, lumber, and
intercostal arteries
String-of-beads like
Thickening of
Ileal resection
N/A
appearance in the
the media due to
SMA
hyperplasia in SMA
N/A
Medial and perimedial
None
None
fibrodysplasia, forms
the characteristic petallike appearance in
SMA.
Aneurysms in the
Medial fibrodysplasia Aneurysm resection and
N/A
SMA, hepatic artery,
in the arteral walls
arterial reconstruction
splenic artery, jejunal
artery, iliac arteries.
Multiple small
N/A
Surgical hemostasis and β-blocker
aneurysms in celiac,
anti-hypertensive drugs
SMA, RA
Stenosis of the celiac
Medial thickening,
Aortoiliac and aortoN/A
artery and SMA
smooth muscle
SMA bypass
hyperplasia in SMA
and celiac artery
Occlusion of the
Intimal fibroplasia
Reimplantation of the
N/A
celiac, SMA; enlarged
and an increased
SMA
hypertrophic IMA
deposition of fibrous
tissue in the vessel
wall media
Ectasia in IMA;
Thickening and
Ileal resection
N/A
string-of-beads like
hyalinization of
appearance in the
medium sized vessel
SMA
walls, with intimal
proliferation.

Stenoses of the SMA

N/A

N/A

N/A

N/A

N/A

None

N/A

N/A

N/A

N/A

N/A

Improved

Improved

Died

Improved

Improved

Died

Improved

Improved

Improved

Died

Improved
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[32]

[33]

34

35

[35]

[31]

33

37

[30]

32

[34]

[28]
[29]

30
31

36

[27]

[26]

29

28

52

19

47

47

30

44

38
43

43

M

F

F

F

M

F

M
F

F

Not
Not
provided provided

Smoking

N/A

None (nonsmoker)

N/A

Oral
contraceptive
pills
N/A

N/A
N/A

Smoking (10
cigarettes
daily for 20
yr)

None (nonsmoker)

Celiac, SMA, RA, iliac

SMA

N/A
SMA, RA

SMA, RA

SMA

N/A

Thick cuff (petal like)
of smooth muscle
proliferation with
normal intima and
media in mesenteric
artery.
N/A

Necrosis of the
mucosa; fibrosis of
the inima

N/A

N/A

Intimal and medial
proliferation

N/A

String-of-beads like
appearance in the
right RA and SMA;
stenosis and multiple
irregularities in the
left RA
N/A
N/A
N/A
Aneurysms in the
Aneurysms in the
Intimal fibroplasia,
left RA
left RA with sever
lost of internal
fibrodysplastic
elastic lamina, and
stenosis; string-ofmassive destruction
beads like appearance of the media in the
in the right RA;
aneurysm walls
stenosis in SMA
Stenosis of SMA and
stenosis in SMA
N/A
nonspecific colitis

N/A

N/A

Dissections of the
stenosis in the right
celiac, SMA, left RA,
RA
and external iliac
artery
Abdominal
All abdominal arteries A partial occlusion
N/A
pain, diarrhea,
of the celiac artery
hypertension
and a total occlusion
of the SMA
Nausea, early satiety,
Celiac, SMA
N/A
Stenosis of the SMA,
abdominal pain
hypertrophy of the
gastroduodenal
artery and
pancreaticoduodenal
arteries
Abdominal pain,
SMA, RA
N/A
Stenosis of the origin
vomiting
of the SMA and
multiple aneurysms
involving the
proximal SMA. Right
renal artery is mild
irregularity.
Abdominal pain
IMA
Stenosis of the IMA
N/A

Hypertension,
abdominal pain,
diarrhea, vomiting
Abdominal pain,
hypertension

N/A
Hypertension,
abdominal pain,
headache

Hypertension,
headache

Abdominal
pain, distension,
constipation

N/A

N/A
N/A

Yes, N/A

N/A

Left hemicolectomy

Resection of the
aneurysmal segment in
the SMA; aorto-SMA
interposition graft with
polytetrafluoroethylene

An aorto-superior
mesenteric artery and
an aorto-hepatic artery
bypass.

N/A

N/A

N/A

Anti-platelet and antiβ-blocker,
hypertensive therapy
Ca blocker
and angioplasty for right
renal artery.
Anti-hypertensive drug Yes, N/A

Angioplasty

N/A
Aneurysm resection
and aortorenal bypass
and percutaneous
transluminal angioplasty

Angioplasty and antihypertensive drugs

Right hemicolectomy

Improved

Improved
Improved

Improved

Improved

N/A

N/A

N/A

N/A

Improved

Improved

Improved

Died

warfarin, Improved
aspirin
(100mg)

N/A

N/A
N/A

N/A

N/A
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[37]

[36]

61

20

F

F

N/A

N/A

Abdominal pain

Abdominal pain,
hemorrhagic shock

SMA, IMA, RA

SMA, right
gastroepiploic, jejunal

Intraperitoneal
bleeding in the
omental bursa and
mesentery of the
transverse colon
N/A
Multiple aneurysms
and stenoses in SMA,
IMA, RA

String-of-beads like
appearance in the
jejunal artery

Multiple tears
and dissections of
the medial layer
and fibrointimal
thickening

N/A

WJG|www.wjgnet.com
Anti-coagulation

Transcatheter arterial
embolization

None

N/A

Improved

Yes, N/A Improved

N/A

3642

The long-term outcomes of this disease entity have not been clarified to date, and no randomized clinical trials have been conducted to develop a standard treatment for this
disease. Therapeutic options have been chosen on the basis of factors such as disease location, symptoms, prior history of symptoms, and the presence and size of aneurysms.
[44]
Given that FMD often shows ischemic changes causing hypertension and stroke, most patients are treated with anti-platelet, anti-thrombotic, and anti-hypertensive therapy .
Anti-hypertensive medications are administered to 71.7% of patients. The median number of medications patients received was one, and 21.5% of patients received three
or more anti-hypertensive medications. The most commonly used agents were beta-blockers (40.0%), diuretics (31.3%), and calcium channel antagonists (25.7%). A total
[44]
of 21.0% of patients received an angiotensin-converting enzyme inhibitor, 21.6% received an angiotensin receptor blocking agent, and 0.8% received both . The use of
[44]
anti-hypertensive agents is related to the history of hypertension medication, body mass index, and renal function . The use of anti-platelet treatment is associated with
[44]
cerebrovascular involvement ; however, for this entity of medicines, further studies are necessary to determine the clinically meaningful patient outcomes. In our case

Treatment

Histopathological findings are characteristics of the disease; thinned media and thickened fibromuscular ridges in which the arterial muscle is replaced by the fibroplasia can
be observed. Based on this, the characteristic classification of FMD is essentially based on the arterial layer in which the dysplasia is predominant: intimal fibroplasia, medial
[40-43]
fibroplasia, perimedial fibroplasia, medial hyperplasia, and adventitial fibroplasia
. Intimal fibroplasia, a relatively rare form of the disease, is characterized by focal eccentric
or circumferential protuberant intimal proliferation. Medial fibroplasia, the most common type, accounts for more than 70% of this disorder, and angiography shows a typical
“string of beads” appearance. Perimedial fibroplasia is the second-most common form of this disorder and is characterized by the accumulation of circumferential aggregations
of elastic tissue between the media and the adventitia. Medial hyperplasia is an uncommon form and is characterized by apparent hyperplasia of normal medial smooth
muscle with minimal architectural disorganization. Adventitial fibroplasia is characterized by collagenous fibroplasia encircling the adventitia and extending into the surrounding
[20]
periarterial fibroadipose tissue . In our case summary, fibromuscular change was confirmed histologically in the medial layer in 10 patients (26%), the intimal layer in 9
patients (23%), in both layers in 5 patients (13%), and in the adventitia layer in 1 patient (2.6%) (Table 1).

Histology

ischemia.
Reflecting the changes in stenosis, dissection, and aneurysm in the medium-sized arteries, FMD leads to the narrowing of the vasculature and shows a beaded
[38]
appearance . Therefore, catheter-based angiography has been considered to be the gold standard imaging modality; however, recent progress in imaging, such as computed
tomography (CT) with high resolution, could support the diagnoses by determining the vessels affected by the disease. With the information obtained from imaging, the
disease is classified into four types: multifocal, which comprises 62% of cases, showing multiple stenosis and string-of-beads; tubular, which comprises 14% of cases, showing
[39]
long concentric stenosis; focal, which comprises 7% of cases, showing short stenosis of less than 1 cm; and mixed . Our summary also showed aneurysms, stenosis,
dissection, and occlusions in the cases for which information was available.

M: Male; F: Female; N/A: Data not applicable; SMA: Superior mesenteric artery; IMA: Inferior mesenteric artery; RA: Renal artery; CT: Computed tomography.
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summary, insufficient information about medications
was provided; thus, the actual number treated with
antihypertensive therapy might be lower than 18%
(Table 1). Anti-coagulation therapy was attempted for
two patients (5%), including one patient each receiving
warfarin and aspirin.
Vascular intervention and surgery for revasculari
zation are considered with the appropriate clinical
symptoms and are rarely performed other than for the
[44]
renal artery . For the renal artery, endovascular revascu
larization using the percutaneous transluminal angio
plasty technique or surgical procedures are considered
when the patients show hypertension resistant to a
regimen of three anti-hypertension drugs, including
diuretics, or in cases of renal artery aneurysm or renal
[2,4,38]
artery dissection
. Thus far, no randomized clinical
trials of revascularization vs medication have been
conducted. For other arteries, including the carotid artery,
given that FMD is not an atherosclerotic disease, stenting
or surgical procedures are not the standard therapy, and
medication with anti-platelet, anti-coagulant, and antihypertensive agents are the main treatment. However,
when symptomatic, interventional radiology using the
percutaneous transluminal angioplasty technique can be
[38]
considered, although it is controversial . In our case
summary, open surgery was performed on 23 patients
(59%) and endovascular intervention was performed on
9 patients (23%).

is nonspecific abdominal and flank pain ; diarrhea,
nausea, back pain, headache, hypertension, loss of con
sciousness, and hemiparesis have also been known to
[47]
be symptoms, although not specific . We reviewed the
literature describing the cases and have summarized the
[47-71]
information in Table 2
. The studies reported a total
of 26 cases of mesenteric SAM, of which 17 were men
and 9 were women, with a slight predominance in men.
The median age was 53 years (range: 25-79 years).
The most common presenting symptom was abdominal
pain (78%), followed by various symptoms, including
shock, diarrhea, nausea, back pain, headache, anorexia,
hypertension, hemiparesis, and loss of consciousness
(Table 2).
With the development of various imaging modalities,
it has been reported that, in various combinations, SAM
typically affects splenic, celiac, hepatic, mesenteric, and
[47,72]
renal arteries in the abdominal lesion
. Because of the
involvement of the celiac artery, splenic arterial aneurysm
is frequently found, and its rupture could affect the
prognosis. Angiography reveals aneurysms, dissections,
occlusions, and stenosis; however, the findings could
overlap with those found in collagen vascular diseases
and FMD. Therefore, the differential diagnoses between
the vascular diseases are based on the histopathological
findings. SAM is difficult to distinguish from FMD, al
though FMD shows predominance in young women and
affects renal arteries causing hypertension, whereas
SAM commonly affects the celiac arteries. In addition,
the clinical course shows ischemic changes in FMD,
whereas SAM often causes profuse bleeding from the
intestinal arteries. However, these findings often overlap
each other; therefore, accumulation of more detailed
information is necessary.

Prognosis

Though the prognosis is basically good, when FMD af
fects the cerebrovascular system, there is a risk of cere
bral infarction and rupture. A larger number of cases
are necessary to accumulate the information useful to
conduct randomized clinical trials.

Histology

Although the suspicion of SAM is the basis of clinical and
radiological features, the gold standard for diagnosis is
a pathological finding involving injurious and reparative
phases in the arterial lesions of the surgical specimens.
These injurious states include mediolysis, separation of
the outer media, and formation of arterial gaps; key is
that there is no evidence of inflammation. These changes
reflect the vascular aneurysms frequently found as
angiographic features of this condition. Commonly, the
inflammatory markers are negative and genetic diag
nosis for collagen vascular disorders shows a normal
pattern.

SEGMENTAL ARTERIAL MEDIOLYSIS
Clinical characteristics

Segmental arterial mediolysis (SAM) was first reported
[45]
by Slavin and Gonzalez-Vitale in 1976
and is a
rare disease entity for which 50 cases have been
reported to date. It is defined as a nonatherosclerotic,
noninflammatory disruption of the arterial medial layer
of a medium- to large-sized artery. Histologically, it is
characterized as vacuolization and lysis of the outer
[45]
arterial media . Because of its rarity and difficulty in
differential diagnosis from the other vascular diseases,
clinical information is insufficient, and little is known to
date; however, no significant predominance of sex or
age has been reported. The mechanisms underlying
the pathogenesis of SAM that have been reported as
risk factors are hypoxia, shock, aging, hypertension,
circulatory disturbance, arteriospasm, and other vaso
[45-47]
constrictor stimuli
.

Treatment

The long-term prognosis is unclear, and no standard
therapeutic strategy has been proposed, to date; how
ever, given that some SAM cases showed sudden the
onset of aneurysm rupture, the condition could be
life threatening. Therefore, SAM treatment includes
embolization, bypass, and resection of the injured
[28]
arteries. In addition, anti-hypertensive therapy
could
prevent further worsening of the arterial lesions. Anti-

Symptoms and imaging

For the abdominal lesion, the most common symptom
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[55]

9

[58]

[54]

8

13

[54]

7

[47]

[53]

6

12

[52]

5

[57]

[51]

4

11

[50]

3

[56]

[49]

2

10

[48]

Ref.

1

Case
(n )

53

25

60

57

59

76

57

49

52

35

78

56

65

Age
(yr)

M

F

M

M

M

F

M

M

M

F

M

F

F

Gender
(Male/
Female)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Risk
factors

SMA, hepatic

None

Anorexia,
abdominal pain,
diarrhea

Abdominal pain,
diarrhea
N/A

Celiac, SMA, splenic

SMA, hepatic

SMA

SMA

Aneurysm in splenic,
celiac, SMA; dissection
in the celiac.

SMA dissection,
aneurysm in RA,
gastroepiploic, splenic
artery; rupture of the
splenic aneurysm
Ascites throughout the
abdomen
Rupture of the aneurysm
of the MCA
Ischemic colitis of the
splenic flexure

Large hematoma
surrounding a highdensity aneurysm
Small aneurysm at the
middle colic artery and
mesenteric hematoma
Mesenteric hematoma

Aneurysm in the celiac,
hepatic, SMA

Celiac, SMA, IMA
hepatic artery

SMA

Occlusion of the
mesenteric vein and
ischemic colitis

Intraabdominal
hemorrhage
N/A

N/A

CT

SMA

SMA

IMA

SMA

Vessels Involved

Abdominal pain,
IMA
nausea
Abdominal pain,
SMA, RA,
shock
gastroepiploic, splenic

Abdominal pain

Abdominal pain,
shock

Sudden
hemiparesis,
hypertension

Abdominal pain,
perforation on
transverse colon

Abdominal pain,
diarrhea, shock

Abdominal pain

Abdominal pain

Symptoms

Table 2 Summary of mesenteric segmental arterial mediolysis reported to date
Pathology

Treatment

Destruction of the tunica
interna and media in
MCA

Emergent surgery
(right hemicolectomy);
a large hematoma and
a ruptured aneurysm
upon the surgery
Resection of terminal
ileum

N/A

Medial island spared
from mediolysis

Transcatheter arterial
embolization
Surgical resection

Emergency embolization
of the splenic artery,
resection of aneurysm in
the gastroepiploic

Multiple beaded patters
N/A
and aneurysm in SMA
Occlusion of IMA;
Patchy, isolated
Partial colectomy of the
stenoses of the hepatic destruction of the arterial
splenic flexure
artery
media involving both
the internal and external
elastic laminae
Aneurysm in the celiac,
N/A
Embolization with coil
splenic, and SMA
and aortic stent graft

Aneurysm in SMA

Saccular aneurysms and
multiple stenotic region
in gastroepiploic artery

Segmental vacuolar
degeneration of smooth
muscle with areas of wall
thinning
Aneurysms in celiac,
Multiple segmental
Reconstruction of hepatic
SMA, ICA, hepatic;
mediolysis lesions of
and celiac artery using
stenoses in celiac and the muscular and elastic autologous saphenous
SMA
fibers of the media
vein graft
Beaded appearance in Multifocal fragmentation Right hemicolectomy
SMA
of the elastic fibers of the
media
Aneurysm and stenosis
N/A
Embolization with
of the celiac, SMA,
N-butyl cyanoacrylate
hepatic artery
for aneurysm in the SMA
Aneurysm in IMA
N/A
Embolization with coil

Unremarkable

N/A

Beaded appearance and Lysis and destruction in Resection of aneurysm in
stenosis of the MCA
the media and intima
MCA
Aneurysm in IMA
N/A
Left hemicolectomy

Angiography

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Improved

Improved

Improved

Improved

Improved

Died

Improved

Improved

Improved

Died

Improved

Improved

Improved

AntiAntiOutcome
hypertensive coagulants
drug
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[65]

20

[68]

[69]

[70]

23

24

25

[67]

[64]

19

22

[63]

18

[66]

[62]

17

21

[61]

[60]

15

16

[59]

14

58

32

40

79

47

36

60

64

56

55

29

51

M

M

M

M

M

M

F

F

M

F

F

M

N/A

N/A

N/A

N/A

N/A

N/A

Hypoxia

N/A

N/A

N/A

N/A

N/A

Abdominal pain

Abdominal pain

Abdominal pain

Abdominal pain,
hypotension

Loss of
consciousness,
headache,
abdominal pain

Hypoxia,
hypotension,
cardiopulmonary
arrest
Abdominal pain

Abdominal pain,
back pain, nausea

Abdominal pain,
shock

Abdominal pain

Hypertension

Abdominal pain,
shock
Renal cortical
nephrograms

Abdominal hemorrhage

Aneurysm in MCA, SMA
dissection

Scattered
microaneurysms in SMA,
RA, hepatic artery
Aneurysms in celiac,
SMA, hepatic, splenic
artery
Saccular aneurysms in
the MCA; dissections in
the SMA
Multiple aneurysms in
the SMA, IMA, hepatic
artery

Active bleeding from
SMA

N/A

Segmental lesions of
the media with loss of
smooth muscle cells
N/A

N/A

Embolization with coil

Anti-coagulants

Embolization and
ligation of the branches
of the SMA
Anti-coagulants

Hematoma in the
N/A
Conservative
anterior pararenal space
inferior to pancreatic tail;
bleeding from aneurysm
SMA
Large hematoma in
Aneurysms and beaded
N/A
Conservative
the retroperitoneal and appearance in the SMA
intraperitoneal space;
SMA aneurysm
Celiac, hepatic,
Stenosis and aneurysms Aneurysms and beaded
N/A
Embolization with coil
anterior inferior
in anterior inferior
like appearance in
pancreaticoduodenal
pancreatic duodenal
the anterior inferior
artery
artery
pancreaticoduodenal
artery
SMA
SAH, massive
Beaded like appearance
Medial islands and
Embolization with
intraperitoneal
in SMA; dissection in VA medial degenerations in coil for VA and SMA.
hematoma
SMA
Surgical resection of part
of middle colic artery
and descending colon.
IMA
Active bleeding from
N/A
Reduplication of the
Surgical resection of left
IMA and hemorrhage
internal elastic lamina
colic artery
with arterial dissection
within the tunica media
and thrombus at the site
of rupture
Celiac, SMA
Extensive dissection of
N/A
N/A
Conservative
SMA with the thrombotic
occlusion. stenosis and
dilation of celiac artery
IMA, RA
Aneurysm in renal and Stenosis and aneurysm
Media shows myxoid Surgical hemostasis and
IMA, massive amount of
in the RA
degeneration in the outer
left hemicolectomy
hemorrhage
one-third adjacent to the
adventitia
SMA
Mesenteric hematoma Beaded like appearance
N/A
Immunosuppressive
and right inguinal hernia
in SMA
therapy
with unremarkable small
bowel

SMA, IMA, hepatic

SMA

Celiac, SMA, hepatic, Unremarkable in vessels
splenic

SMA, RA, hepatic

SMA, IMA

N/A

Yes, N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Improved

Improved

Improved

Improved

Improved

Improved

Improved

Improved

Warfarin Improved
followed
by aspirin
N/A
Improved

Warfarin Improved

Warfarin Improved
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M

N/A

Hypertension,
abdominal pain

SMA

Arterial dissection with
luminal stenosis and
aneurysm formation at
the distal portion of the
SMA

Segmental dilatation,
aneurysm in the SMA

Vacuolization and
decrease in the number
of vascular smooth
muscles

Aneurysmectomy and
bowel resection

Ca-blocker

N/A

Improved
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The inner wall of a normal artery is smooth and in the normal condition, blood flows through it without difficulty. The major cause of decreasing the blood flow is atherosclerosis
which is due to the deposits of fatty materials, such as cholesterol, developing the thickened arterial walls and stenosis of the vasculatures. These changes cause ischemic
changes in the organs fed by the vasculatures and if it occurred in the abdominal mesenteric lesions, the symptoms of severe abdominal pain, ischemic changes of the intestine
could be observed leading to lethality. For other vascular diseases including aneurysm, occlusion, and thromboses in the mesenteric lesions could cause severe symptoms and
appropriate diagnosis and treatment are essential for managing patients. With the development and improvement of imaging modalities, including CT and magnetic resonance
imaging, the frequency of diagnosis of vascular disease in abdominal lesions is increasing. Among these, FMD and SAM are known as noninflammatory, nonatherosclerotic
arterial diseases, difficult to be differentially diagnosed from each other. Although various arteries are involved in these diseases, we have focused on the mesenteric areas,
reviewing cases in this study and summarizing the clinical characteristics of both disease entities (Table 3).
[74]
The histologic findings and the imaging findings of FMD and SAM are similar; for example, Lie proposed that SAM can represent a precursor of certain types of FMD .
[46]
Slavin and colleagues also proposed that SAM could represent a precursor of FMD, although a part of SAM might remain as unspecified aneurysms . Although these
similarities in radiological and histological diagnoses have been reported, the two entities exhibit a different clinical profile in terms of age of onset, sex, distribution of affected
[2,73]
arteries, and clinical symptoms. Although FMD affects middle-aged women, there is no predilection for age or sex in SAM
.
Considering the mesenteric lesions, as there are no specific symptoms, a greater knowledge and comprehensive understanding of these diseases are important for
appropriate diagnosis and treatment. For example, FMD rarely shows significant symptoms and is frequently associated with symptoms of occlusive disease such as
renovascular hypertension, headache, and pulsatile tinnitus. Although FMD does not rupture as often, SAM shows hemorrhages resulting from arterial rupture or dissection

DISCUSSION

Although the prognosis of the disease is reported to be good when managed appropriately , SAM can be fatal when ruptured
. Therefore, a careful diagnosis and
appropriate management are essential for this disease entity. Our case summary also showed that although 24 (92%) patients improved, 2 (7.7%) patients died, 1 having had
a large hematoma and a ruptured aneurysm in the mesenteric lesion that was revealed upon the emergent surgery.

Prognosis

coagulation therapy is uncommon, and only a few cases have been reported to date
. In addition, given it is a noninflammatory disorder, no evidence of efficacy in use of
anti-inflammatory agents or immunosuppressive agents has been reported. However, SAM has been treated with these agents when the differential diagnosis from the other
[70]
arteritis was difficult .
For patients presenting acutely with intra-abdominal hemorrhage, patients are treated with emergent catheter angiography, endovascular intervention, or surgical
[73]
treatment .
Shenouda reported that coil embolization was the most common endovascular intervention and was reported as successful in 88% of patients, with no mortality, whereas
[72]
the open surgical approach was associated with a 9% mortality rate . In our patient summary, open surgery was most commonly performed, and this was performed on 13
patients (50%). Endovascular intervention was performed on eight patients (31%), and anti-coagulation therapy was administered to two patients (7.7%), including warfarin
and aspirin administration. Anti-hypertensive therapy was administered to one patient with Ca-blocker.

[59-61]

M: Male; F: Female; N/A: Data not applicable; SMA: Superior mesenteric artery; IMA: Inferior mesenteric artery; RA: Renal artery; CT: Computed tomography; MCA: Middle cerebral artery.
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Table 3 Clinical characteristic of the fibromuscular dysplasia and segmental arterial mediolysis

Gender
Age of presentation
Laboratory findings
Risk factors
Vascular distribution
CT
Angiography
Pathology
Symptoms
Treatment

Fibromuscular dysplasia

Segmental arterial mediolysis

Female (9:1)[2]
Young to middle age[2]
No serological markers[74]
Smoking and extracranial arteries[4]
Renal and
extracranial arteries[4]
Alternating stenosis and aneurysms, less commonly
dissections[38]
Beaded aneurysmal appearance (string-of-beads)[38]
Fibrous or fibromuscular thickening of the arterial wall[38]
Renovascular hypertension, Headache, Pulsatile tinnitus[4]
Anti-platelet therapy and anti-hypertensive therapy. Balloon
angioplasty and stenting[45]

No presentation[74]
No preference[74]
No serological markers[74]
Hypoxia and shock or other vasoconstrictor stimuli[47]
Celiac and
mesenteric arteries[48]
Dissections with alternating stenosis and aneurysms, dissecting
aneurysms[48]
Beaded aneurysmal appearance (string-of-beads)[38]
Vecuolization and lysis of the outer media[47]
Acute abdominal pain, Intraperitoneal bleeding[47]
Anti-hypertensive therapy and endovascular management,
surgical management[74]

CT: Computed tomography.

[4,46]

from the weakened arterial wall
and is therefore
symptomatic with acute abdominal and flank pain.

CONCLUSION

5

Mesenteric vascular diseases are rare compared with
other disease entities in lesions; therefore, clinical infor
mation is insufficient and clinical trials to develop the
standard therapy are lacking. Therefore, an accumulation
of cases and a summary of the clinical characteristics
of reported cases are important. For this purpose,
we have summarized the characteristics of FMD and
SAM in abdominal lesions. This information could help
physicians to appropriately diagnose and treat cases,
including consultation with interventional radiologists and
surgeons.
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Abstract
AIM
To explore the relationship between dynamic expression
of high mobility group box-3 (HMGB3) and malignant
transformation of hepatocytes.

Institutional animal care and use committee statement:
The study protocol was approved by the Animal Medical Ethics
Committee of Affiliated Hospital of Nantong University.

METHODS
Expression of HMGB family proteins were observed in
rat hepatocarcinogenesis models induced with 2-acety
laminofluorene. Alterations of HMGB3 were analyzed
at the mRNA level by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) and at the protein
level by immunohistochemistry or Western blotting.
HMGB3 in human liver cancer tissues were evaluated
using bioinformatics databases from GEO, TCGA, and
Oncomine. A specific HMGB3-shRNA was used to knock

Conflict-of-interest statement: The authors declare no conflicts
of interest.
Data sharing statement: No additional unpublished data are
available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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down HMGB3 expression in order to investigate its effects
on proliferation and cell cycle in vitro and in vivo .

observed in therapeutic approaches, the prognosis of
HCC remains poor because of aggressive invasiveness,
frequent metastasis, and multi-drug resistance (MDR).
Given that multiple genes and signaling pathways
play crucial roles in the occurrence and development
of HCC, target therapy is a promising approach for
[4]
HCC treatment . The Food and Drug Administration
(FDA) has approved Sorafenib, a multi-kinase inhibitor,
as a first-line treatment for advanced HCC. However,
the overall effects are partially unsatisfying due to
its low response rate and high frequency of adverse
[5,6]
events . Thus, it is of great importance to identify novel
biomarkers for early diagnosis and potential targets
against the progression of HCC.
The high mobility group (HMG)-box (HMGB) family
[7]
[8]
belongs to the HMG protein superfamily (HMGA ,
[9]
[10]
HMGB , and HMGN ). HMGB consists of four mem
bers (HMGB1, HMGB2, HMGB3, and HMGB4) with
similar physiology and pathology features. It encodes
proteins containing one or more DNA-binding motifs
and participates in multiple cellular processes including
cell differentiation, migration, and inflammatoryrelated activities. The HMGB family plays a complex
role in carcinogenesis due to its diverse tumorigenic
bioactivities in tumors. HBV functionally binds to HMG
[11]
protein and activates it . Mitochondrial biogenesis
mediated by hypoxia promotes HCC growth through
[12]
interaction between HMGB1 and Toll-like receptor 9 .
HMGB1 secretion could be stimulated by HBX protein
[13]
and subsequently enhance HCC metastasis . HMGB1
signaling is also regulated by specific long noncoding
[14]
[15]
RNA
or microRNA
showing pro- or anti- effects
[16]
on invasion and metastasis of HCC . Moreover,
overexpression of HMGB2 is associated with aggres
[17]
siveness and prognosis of HCC . However, until now,
there is rather less known about the HMGB3 or HMGB4
expression in HCC progression.
HMGB3 is a multifunctional protein with various roles
in different cellular compartments and localized in the
nucleus, chromosomes, and cytoplasm. It contributes to
the balance between self-renewal and differentiation of
hematopoietic stem cells, and enhances DNA flexibility
[18]
to activate gene promoters . Recently, abnormal
HMGB3 has been characterized as pro-carcinogenic by
promoting tumor growth, proliferation, invasion, and
[19]
[20]
metastasis in several tumors including gastric , lung ,
[21]
[22]
[23]
esophageal , breast , colorectal , and urinary
[24]
bladder . However, the current knowledge concerning
the positive and negative effects of HMGB3 on HCC
development is not explicit. The aims of this study
were to investigate the dynamic HMGB3 expression in
hepatocarcinogenesis, bioinformatics databases, HCC
cell lines, and a xenograft model, as well as to validate
HMGB3 as a diagnostic marker or novel target gene for
HCC.

RESULTS
Elevated HMGB3 levels were first reported in hepato
carcinogenesis, with increasing expression from normal
liver to cancer. Bioinformatic databases showed that
HMGB3 expression in hepatocellular carcinoma tissues
was significantly higher than that in normal liver tissues.
Higher HMGB3 expression was discovered in liver cancer
cells compared with LO2 cells in vitro . According to gene
set enrichment analysis, HMGB3 mRNA levels were
correlated with cell cycle and DNA replication pathways.
Knocking down HMGB3 by specific shRNA significantly
inhibited proliferation of HepG2 cells by cell cycle arrest
and downregulating DNA replication related genes (cyclin
B1, FEN1, and PCNA) at the mRNA and protein level.
Furthermore, silencing HMGB3 significantly inhibited
xenograft tumor growth (measured by Ki67) in vivo .
CONCLUSION
HMGB3 is involved in malignant transformation of hepato
cytes and could be a useful biomarker for diagnosis and a
potential target for therapy of liver cancer.
Key words: Liver cancer; HMGB-3 ; hepatocarcinogenesis;
proliferation; tumor growth
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: high mobility group box (HMGB) family pro
teins were correlated with hepatocellular carcinoma
(HCC) development and progression. This current study
examined the effects of HMGB3 on HCC both in vitro and
in vivo . Overexpression of HMGB3 was observed in hepatic
malignant transformation and HCC tissues in bioinformatic
databases. Knockdown of HMGB3 significantly inhibited
proliferation, cell cycle, and tumor growth of HCC cells,
providing a novel insight for HCC research.
Zheng WJ, Yao M, Fang M, Wang L, Dong ZZ, Yao DF. Abnormal
expression of HMGB-3 is significantly associated with malignant
transformation of hepatocytes. World J Gastroenterol 2018;
24(32): 3650-3662 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i32/3650.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i32.3650

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common and highly aggressive cancers worldwide,
with the third most common cause of cancer related
[1]
death . Various factors can cause HCC, including cir
rhosis, infections with Hepatitis B virus (HBV) or HCV,
nonalcoholic fatty liver disease (NFALD), diabetes,
aﬂatoxin B1, tobacco, and excessive alcohol consum
ption. Among them, chronic infections with HBV and HCV
[2,3]
account for more than 60% of total HCC cases . In
past decades, although obvious improvement has been
WJG|www.wjgnet.com
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Rat hepatocarcinogenesis model

Forty Sprague-Dawley rats (4-6 wk old) were provided
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by the Experimental Animal Center of Nantong
University. Living conditions included a clean environ
ment, 12 h light/dark cycle, and 55% humidity as
[25]
previously described . The control group (n = 10) were
fed a normal diet, and the hepatocarcinogenesis group (n
= 30) were fed a diet with 0.05% 2-acetylaminofluorene
(2-AAF, Sigma, United States). The rats were sacrificed
at different times depending on their condition. Rat
livers were used for pathology, RNA extraction, and
quantitative analysis of HMGB expression. Following
the determination of morphological changes in the rat
livers and hematoxylin and eosin (H&E) staining, the
hepatocarcinogenesis group was divided into three subgroups: degeneration (n = 6), precancerous (n = 6),
and HCC (n = 6). All procedures in vivo were performed
according to the guidelines of Animal Care and Use
Committee of Nantong University, China.

databases were presented as log2 value.

Gene set enrichment analysis

Gene set enrichment analysis (GSEA v2.2) was per
formed to discover the differences in biological processes
and signaling pathways in transcript levels between high
and low HMGB3 expression in GSE-14520 and TCGA.
Gene sets were obtained from the Molecular Signatures
Database (MSigDB). Enrichment scores (ES) were
calculated to estimate genes from a pre-defined gene set.
The positive enrichment score indicated that the gene
set was considered upregulated while negative score
meant downregulated. The number of permutations was
set to 1000, and P < 0.05 was considered significantly
enriched.

MTT assay

Cell proliferation was detected with the MTT assays.
HepG2 cells transfected with shRNA-1 and NC-shRNA
were seeded in the 96-well plate at a concentration of
3000 cells/well. Then, MTT solution (0.5 mg/ml) was
st
nd
rd
th
added to the appropriate wells for the 1 ,2 , 3 , and 4
d. Following a four hour incubation, DMSO was added.
Then, the absorbance was detected at a wavelength of
490 nm.

Cell culture and transfection

Human HCC cells HepG2, SMMC7721, HCCLM3, Huh7,
BEL7404 and normal hepatocyte L02 were purchased
from Cell Bank of Chinese Academy of Science (Shanghai,
China). All cell lines were maintained in Dulbecco modified
Eagle medium or RPMI1640 medium supplemented
with 10% fetal bovine serum and antibiotics at 37 ℃ in
a humidified incubator with 5% CO2. Three candidate
shRNAs were designed by Genema (Shanghai,
China). Cell transfection was conducted according to
manufacturer’s instructions. Briefly, once cells reached
80% confluence, plasmids were gently transfected into
cells using a transfection regent kit. After incubation for
12 h, cells were treated with fresh complete medium. The
transfection efficiency was observed using a fluorescence
microscope after 24 h. shRNA sequences were as fol
lows: shRNA-1, 5’-GGAAAGTTTGATGGTGCAAAG-3’;
shRNA-2, 5’-CGATCATATTGTAGTCTCTCA-3’; shRNA-3,
5’-CCTCCCTATAAATGTGGTAGC-3’; and NC-shRNA,
5’-GGAAGACGATGTCCGGGAAAG-3’.

Cell cycle

Cells were collected by trypsin and fixed in 70% meth
anol for 30 min. Then cells were resuspended in PBS
containing 50 μg/mL propidium iodide (Invitrogen,
United States) for one hour at room temperature. After
that, samples were analyzed by a flow cytometer (BD
Biosciences, United States). Percentage of each cycle
phase was calculated by Modfit software.

Immunohistochemistry

Immunohistochemical analysis was performed as pre
[25]
viously described . In brief, tissue samples were fixed
with formalin, embedded in paraffin, and cut into 4 μm
thick sections. Following incubation at 70 ℃ for one hour,
slides were deparaffinized in xylene and rehydrated with
gradient ethanol. Antigen retrieval was conducted using
EDTA solution at pH 8.0. After being blocked for one hour,
slides were incubated with primary antibody overnight at
4 ℃ and then with the secondary antibody for two hours
at room temperature. After that, slides were visualized
by DAB, and counterstained by hematoxylin.

Histopathological examination

Sections of the formalin-fixed paraffin-embedded (FFPE)
tissues were deparaffinized in xylene and rehydrated
with a series of graded ethanol. After incubation in hema
toxylin solution for 15 min, sections were counterstained
in eosin solution using the Hematoxylin and Eosin
(H&E) Staining Kit (Solarbio, China) according to the
manufacturer’s instructions. Samples were viewed under
a light microscope.

Western blotting

Bioinformatics analysis

Total protein was extracted from cell lysates using RIPA
solution according to the manufacturers’ instructions and
separated by 10% SDS-PAGE. Then the samples were
transferred onto a PVDF membrane. After blocking with
PBS with 5% BSA, the membranes were incubated with
primary antibodies at 1:1000 dilution (HMGB3, R&D,
United States; Cyclin B1, FEN1, and PCNA, Abcam,
United States; GAPDH, CST, United States) at 4 ℃
overnight. After secondary antibody incubation, the

In order to analyze the mRNA expression of HMGB3 in
more HCC samples, gene expression profiling data from
the National Center for Biotechnology Information (NCBI)
Gene Expression Omnibus (GEO) database (GSE-14520,
GSE-5364, GSE-77314, and GSE-50579, United States),
The Cancer Genome Atlas (TCGA) database, and
Oncomine database (United States) were incorporated
in this study. All data extracted from bioinformatics
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Table 1 Primers for real-time polymerase chain reaction
Gene symbol

Species

Primer sequence (5’-3’)

Location

HMGB1

Rat

HMGB2

Rat

HMGB3

Rat

HMGB4

Rat

HMGB3

Human

CCNB1

Human

FEN1

Human

PCNA

Human

F: GCTGACAAGGCTCGTTATGAA
R: CCTTTGATTTTGGGGCGGTA
F: CGGGGCAAAATGTCCTCGTA
R: ATGGTCTTCCATCTCTCGGAG
F: AGGTGACCCCAAGAAACCAAA
R: TCAGCAAAATTGACGGGAACC
F: AGACCAGCTAAGGCCCAAG
R: CCTTTTCGTGCTTTGAGATGGAT
F: CCAAAGGGCAAGATGTCCG
R: TTGACAGGGACCTCTGGGTTT
F: AATAAGGCGAAGATCAACATGGC
R: TTTGTTACCAATGTCCCCAAGAG
F: ATGACATCAAGAGCTACTTTGGC
R: GGCGAACAGCAATCAGGAACT
F: CCTGCTGGGATATTAGCTCCA
R: CAGCGGTAGGTGTCGAAGC

186-205
381-361
28-47
155-135
9-29
119-99
12-30
172-150
25-43
110-90
43-65
153-131
62-84
142-122
77-97
185-167

HMGB: High mobility group box; FEN1: Flap structure-specific endonuclease 1; PCNA: Proliferating cell nuclear antigen; F: Forward primer; R: Reverse
primer.

samples were detected using the ECL detection system
(Bio-Rad, United States).

staining, rats were divided into four groups: normal,
degeneration, precancerous, and cancerous. The de
generation group was characterized as the granule-like
degeneration in the cytoplasm. The precancerous group
was characterized as dense nuclear chromatin and high
ratio of nucleus to cytoplasm. The cancerous group
showed denser nuclear chromatin, upper ratio of nucleus
to cytoplasm, and loss of hepatic structure (Figure 1A).
Then expression of the HMGB family (HMGB1, HMGB2,
HMGB3, and HMGB4) were detected in liver tissues of
each group above by RT-qPCR. No statistically significant
changes of HMGB1 (Figure 1B) or HMGB2 (Figure 1C)
were found among the four groups. Notably, hepatic
HMGB3 expression had a significant increase during the
transformation from normal hepatocytes to HCC (Figure
1D). HMGB4 expression was downregulated through
the progression to HCC (Figure 1E). The upregulation of
hepatic HMGB3 at protein level from normal to cancerous
group (Figure 1F) were confirmed by IHC staining.

Reverse transcription-quantitative polymerase chain
reaction

Total RNA was extracted from tissues using Trizol (Invi
trogen) according to the manufacturer’s instructions.
cDNA was synthesized by using a reverse transcription
kit (Invitrogen, CA, United States). Quantitative poly
merase chain reaction (qPCR) was conducted by using
SYBR Premix Ex Taq kit (Takara, Japan) according to
the manufacturer’s instructions. The relative mRNA
expression (normalized to GAPDH) was assessed using
-ΔΔCt
the 2
(ΔΔCt=ΔCt[target gene]-ΔCt[GAPDH]) analysis method.
The primers in this study were presented in Table 1.

Xenograft assay

Male BALB/c nude mice (4-6 wk old) were subcuta
6
neously injected with 2 × 10 HepG2 cells transfected
with shRNA-1 or NC-shRNA. Tumor size was measured
every four days and calculated according to the formula
2
(Volume= length × width × 1/2). Mice were sacrificed
th
at the 30 d after injection. Tumors were weighed and
fixed for further immunohistochemistry of HMGB3 and
Ki67 (1:50, Abcam, United States). All procedures
were approved by Animal care committee of Nantong
University.

Validation of HMGB3 mRNA by bioinformatics databases

To further verify the HMGB3 expression in human HCC
tissues, data from several bioinformatics databases
(GEO, TCGA, and Oncomine) of normal livers (n = 359)
and HCC tissues(n = 765) were analyzed. Compared
with normal livers, HMGB3 had higher expression in
HCC tissues according to the GSE14520 (fold change
= 1.896, t = 11.270, P < 0.001, Figure 2A), GSE5364
(fold change = 1.720, t = 4.161, P = 0.002, Figure 2B),
GSE77314 (fold change = 2.204, t = 4.473, P < 0.001,
Figure 2C), and TCGA database (fold change = 1.709, t
= 9.125, P < 0.001, Figure 2D). Meanwhile, GSE50597
presented upregulated HMGB3 expression at advance
stage of HCC in comparison with that at early stage
(fold change = 2.054, t = 3.046, P = 0.012, Figure 2E).
Besides, Oncomine database elucidated that higher
HMGB3 expression was detected in HCC tissues rather
than liver cancer precursor (fold change = 1.469, t =
2.948, P = 0.005) or normal livers (fold change = 1.795,
t = 3.380, P = 0.003, Figure 2F). Given the observation

Statistics

The data in this study are presented as means ±
standard deviation (SD) of at least three experiments.
Comparisons between groups were performed using
Two-tailed Student’s t-test. P values less than 0.05 were
considered statistically significant.

RESULTS
Upregulating expression of HMGB3 in
hepatocarcinogenesis

According to the morphological alteration and H&E
WJG|www.wjgnet.com
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Figure 1 Dynamic upregulation of HMGB3 in rat hepatocarcinogenesis. Rat hepatocarcinogenesis models were successfully made by consistent 2-AAF intake.
A: The dynamic alterations of liver morphology (upper panel) and H&E staining (lower panel) of liver tissues in rat hepatocarcinogenesis. The livers of the rat model,
according to the results of rat liver H&E staining, were divided into normal, degeneration, precancerous, and HCC group. B-E: the dynamic alterations of the HMGB
family at the mRNA level in models were detected by RT-qPCR. B: HMGB1 mRNA. C: HMGB2 mRNA. D: HMGB3 mRNA. E: HMGB4 mRNA. Each band was
presented as a relative value normalized to normal controls (n = 6). F: the immunohistochemical staining of rat HMGB3 expression in different groups. aP < 0.05. 2-AAF:
2-acetylaminofluorene; H&E: Hematoxylin and eosin; HMGB: High mobility group-box; RT-qPCR: Reverse transcription-quantitative polymerase chain reaction.
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Figure 2 HMGB3 mRNA expression related to hepatocellular carcinoma by bioinformatic databases. Comparative analysis of human normal livers (n = 359)
and HCC (n = 765) tissues from bioinformatics databases suggested that the upregulation of hepatic HMGB3 mRNA might be involved in HCC progression. The data
of HMGB3 mRNA in HCC or normal liver were extracted from A: GSE-14520, B: GSE-5364, C: GSE-77314, D: the HMGB3 mRNA in TCGA database, E: GSE-50579,
and F: the HMGB3 mRNA in Oncomine database. Values were presented as Log2 median centered intensity. aP < 0.05; bP < 0.01.GSE and GEO Series; TCGA: The
Cancer Genome Atlas; HCC: Hepatocellular carcinoma.

above, the data suggested that the upregulation of
liver HMGB3 mRNA expression might be related to HCC
progression.

the mRNA (Figure 3D) and protein levels (Figure 3E and
F).

Silencing HMGB3 inhibited proliferation and regulated
cell cycle of HCC cells

Knockdown of HMGB3 in HCC cell lines

To further determine the role of HMGB3 in HCC progres
sion, HMGB3 expression was detected and silenced in
HCC cell lines. In contrast to normal hepatocyte L02,
HMGB3 was overexpressed in HCC cell lines Huh7,
HepG2, HCCLM3, SMMC7721, and BEL7404 (Figure 3A
and 3B). HepG2 had the highest expression of HMGB3
and was chosen to conduct RNAi using three specific
shRNAs with GFP labeling (Figure 3C). Compared with
the control and NC-shRNA group, HMGB3 expression was
significantly (P < 0.001) downregulated with shRNA-1 at

WJG|www.wjgnet.com

Gene set enrichment analysis was performed to sort the
pathways enriched in distinct phenotype labels according
to HMGB3 levels. In both of GSE14520 and TCGA, high
expression of HMGB3 was correlated with cell cycle
and DNA replication (Figure 4A). Thus, the proliferation
activity and cell cycle were studied in HMGB3-knockdown
HepG2 cells. As shown in Figure 4B, knockdown of
HMGB3 using shRNA-1 significantly inhibited the prolif
eration of HepG2 cells. Furthermore, silencing HMGB3
could lead to an obvious arrest of HepG2 cells in the G1
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Figure 3 Silencing HMGB3 in hepatocellular carcinoma cell lines. A: The protein expression of HMGB3 was detected in different HCC cell lines (Huh7, HepG2,
HCCLM3, SMMC7721, and BEL7404), and normal hepatocytes L02 using western blotting. GAPDH was used as an internal reference. B: Each bar represents
the corresponding intensity in A normalized to GAPDH. C: Representative morphology of HepG2 cells transfected with GFP-labeling shRNA in bright light and
fluorescence. D: RT-qPCR was performed to detect HMGB3 mRNA levels in HepG2 cells transfected with different shRNAs and control. Relative value of HMGB3
was calculated according to the 2−ΔΔCt method. E: Western blotting was conducted to analyze the HMGB3 protein expression in cells of the shRNA-transfected group
and control group. F: Each bar represents the corresponding intensity in E normalized to GAPDH. aP < 0.05; bP < 0.01.

Silencing HMGB3 inhibited tumor growth

phase (Figure 4C and G). In addition, consistent with the
results of GSEA, HMGB3 knockdown also inhibited the
expression of cell cycle and DNA replication related genes
Cyclin B1, proliferating cell nuclear antigen (PCNA) and
flap structure-specific endonuclease 1 (FEN1), indicating
that HMGB3 might promote the proliferation of HCC cells
by regulating cell cycle and DNA replication pathway
(Figure 4D-F).
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Compared with the NC-shRNA group, significantly de
creased tumor volume and weight (P < 0.001) was
th
observed in the shRNA-1 group at the 30 d after
subcutaneous injection (Figure 5A and C). In addition,
silencing HMGB3 by shRNA-1 significantly impeded the
growth of xenograft tumors according to the growth
curves (Figure 5B). Furthermore, IHC results showed
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Figure 4 Knockdown HMGB3 inhibited cell cycle and proliferation of hepatocellular carcinoma cells. A: Gene set enrichment analysis (GSEA) was conducted
to sort the pathways according to HMGB3 expression in GSE14520 and TCGA. Cell cycle and DNA replication pathways were found to be significantly correlated with
HMGB3 expression. B: Proliferation of HepG2 cells transfected with shRNA-1 and NC-shRNA was detected using the MTT method. C: Cell cycle of HepG2 cells was
analyzed after transfection with shRNA using flow cytometry. D: According to the GSEA analysis, three genes (CCNB1, PCNA, and FEN1) involved in cell cycle and
DNA replication were detected after shRNA transfection using RT-qPCR. E: Western blotting was conducted to observe the protein expression of cyclin B1, PCNA,
and FEN1 in the NC-shRNA and shRNA-1 group. F: Each bar represents the corresponding intensity in E normalized to GAPDH. G: Percentage columns represent
the distribution of the cell cycle in corresponding groups. bP < 0.01.

that Ki67 expression in tumor tissues of the shRNA-1
group was significantly lower (P < 0.01) than that of
the NC-shRNA group, indicating that HMGB3 might
contribute to the proliferation of HCC cells in vivo (Figure
5D).

HMGB3 and HMGB4 expression were upregulated and
downregulated, respectively through the malignant trans
formation in vivo. To further verify the HMGB3 expression
in HCC, several HCC-related bioinformatics databases
were assessed. Interestingly, consistent with the results
of HCC model, analyses of normalized log2 transformed
microarray expression data sets clearly confirmed the
significant upregulation of HMGB3 mRNA in human
HCC tissues, and especially in advanced HCC tissues,
indicating that HMGB3 might be an oncogenic protein
involved in the malignant transformation of hepatocytes.
HMGB proteins can assist in either activating or
[27]
repressing transcription . In adult vertebrates, HMGB1
is found in all cell types, whereas HMGB3 mRNA was
[7,28]
reported to be absent in most adult tissues
. Indeed,
overexpression of HMGB3 has been discovered in
several cancer types and correlated with clinical features
of cancer patients, including advanced tumor-node-

DISCUSSION
The HMGB family has been recognized as an important
[18]
regulator in tumor progression . Although the HMGB
family with various physiological and pathological func
tions was previously associated with liver cancer, neither
HMGB1 nor HMGB2 was reported to exhibit dynamic
[26]
expression in tumorigenesis . In this study, the rat
hepatocarcinogenesis model was conducted to analyze
the expression characteristics from HMGB1, HMGB2,
HMGB3, and HMGB4. No statistical differences in
HMGB1 or HMGB2 expression were observed. However,
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Figure 5 Silencing HMGB3 suppressed growth of xenograft tumor. HepG2 cells transfected with NC-shRNA and shRNA-1 were subcutaneously injected into
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metastasis (TNM) stage, serosal invasion, and overall
[23,28]
survival
. The rat hepatocarcinogenesis model also
indicated the potential role of HMGB3 in HCC progression.
However, the expression features of HMGB3 and its
roles in HCC are still unclear. Thus, the current study
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further investigated HMGB3 expression in HCC cell lines.
Interestingly, overexpression of HMGB3 was observed
in HCC cells rather than normal hepatocytes, which was
consistent with the hepatocarcinogenesis model and
bioinformatic analysis.
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transformation of hepatocytes.

HMGB3 has been reported to play crucial roles in
tumor progression by contributing to malignant behaviors
and regulating oncogenic pathways. For instance, HMGB3
could enhance the migration and growth of gastric cancer
[23]
cells via activation of the Wnt pathway . It also could
increase the proliferation and invasion of breast cancer
[29]
cells as a target gene of miRNA-205 . However, for
HCC, the malignant behaviors and mechanism mediated
by HMGB3 still remain unclear. Thus, bioinformatic
analysis was conducted to explore the underlying
roles. Notably, GSEA based on GEO database and
TCGA jointly indicated that overexpression of HMGB3
might be associated with cell cycle and DNA replication
pathways. As expected, corresponding in vitro studies
showed that silencing HMGB3 could significantly inhibit
proliferation and induce cell cycle arrest in HCC cells. To
further confirm potential mechanisms responsible for
the anti-proliferation effects, we explored expression
of Cyclin B1, PCNA, and FEN1, which were cell cycle
and DNA replication related genes highly enriched in
high-HMGB3-mediated pathways in GSEA. Consistent
with this prediction, knockdown of HMGB3 obviously
downregulated the three genes at the mRNA and protein
levels, which have been reported to promote tumor pro
[30-32]
gression
. Collectively, HMGB3 might promote pro
liferation of HCC cells by regulating cell cycle and DNA
replication pathways.
Although HMGB3 has been correlated with prolife
ration, chemoresistance, and migration of cancer cells in
[23,33,34]
previous studies
, as far as we know, there was no
xenograft assays to evaluate HMGB3 as a regulator of
tumor growth in vivo. Given the interesting results from
the rat model and in vitro study, our current study further
evaluated HMGB3 as an important regulator of tumor
growth in vivo. Xenograft tumors derived from HMGB3silenced HCC cells grew slower than the control tumors,
with an obvious reduction in the proliferation marker
Ki67. It suggested that HMGB3 might contribute to the
tumor growth in vivo via regulating proliferation of HCC
cells.
In conclusion, to the best of our knowledge, this is the
first report to investigate HMGB3 expression and indicate
that it may be a novel diagnostic marker or therapeutic
target for HCC. Here, the findings are promising, and
the initial evidence confirmed that HMGB3 is one of
the key molecules in HCC progression. Future studies
should clarify the molecular mechanisms of the upregu
lation of HMGB3 expression and its important role in
hepatocarcinogenesis to elucidate how HMGB3 might
promote proliferation of HCC cells and tumor growth by
regulating cell cycle and DNA replication pathways.

Research motivation

Although serum alpha fetoprotein (AFP) level is a useful tumor marker for the
detection and monitoring of HCC, the false-negative rate with AFP level alone
may be as high as 40% for patients with early stage HCC. Even in patients with
advanced HCC, the AFP levels may remain normal in 15%-30% of the patients.
New specific markers, such as circulating HS-GGT, HS-AFP or AFP-L3, miRNA,
GPC-3, and GP73, have been developed to improve the sensitivity, specificity,
early detection, and prediction of prognosis. However, the overall results have
been unsatisfactory.

Research objectives

The most urgent needs are to find sensitive markers for early diagnosis or
monitor postoperative recurrence, and to give adequate treatment for HCC.
It has many characteristics, such as fast infiltrating growth, metastasis in
early stage, high-grade malignancy, and poorly therapeutic efficacy, thus the
prognosis is poor and early detection is of the utmost importance. The present
study focused on exploring the relationship between dynamic expression of
HMGB-3 and malignant transformation of hepatocytes.

Research methods

Dynamic models of rat hepatocarcinogenesis were made to investigate the
expression of the high mobility group box (HMGB) family. HMGB3 expression
was measured at the protein level by immunohistochemistry or Western blotting
and at the mRNA level by real time PCR. Human HMGB3 expression was
evaluated using bioinformatics databases and its mechanisms were analyzed in
vitro. Xenograft growth was also measured.

Research results

HMGB3 expression was upregulated through the malignant transformation of
liver cells in vivo.

Research conclusions

The upregulation of liver HMGB3 expression was found by dynamic model
of hepatocytes malignant transformation with the alterations of rat liver
histopathology. This was confirmed by mining HMGB3 expression in human
HCC tissues in bioinformatic databases. Further studies elucidating the role
HMGB3 plays in regulating HCC progression, suggests that HMGB3 could be a
novel marker for early diagnosis or a molecular therapy target.

Research perspectives

HMGB3 has been confirmed as one of the key molecules in the HMGB
family with HCC development. However, the molecular mechanisms
of the upregulation of HMGB3 expression and its important role in
hepatocarcinogenesis should be clarified in promoting proliferation of HCC cells
and tumor growth and regulating cell cycle and DNA replication pathways in the
future.
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Abstract
AIM
To determine whether fasting C-peptide is an independent
predictor for non-alcoholic fatty liver disease (NAFLD) in
United States population.

Institutional review board statement: This study uses
the publicly available data from the Third National Health
and Nutrition Examination Survey (NHANES III), which is
conducted by the National Center for Health Statistics (NCHS).
The NHANES protocol was approved by the NCHS Research
Ethics Review Board.

METHODS
Using the National Health and Nutrition Examination
Survey (NHANES) 1988-1994, NAFLD participants aged
20 or greater without any other liver diseases were
included in this study. Excessive alcohol intake is defined
as > 2 drinks per day for males and > 1 drink per day
for females. C-peptide and 27 other factors known to be
associated with NAFLD (e.g. , age, gender, body mass
index, waist circumference, race/ethnicity, liver che
mistries, and other diabetes tests) were tested in both
univariate and multivariate level using logistic regression
with a P -value 0.05.

Informed consent statement: In NHANES Ⅲ, the consent
form was signed by participants in the survey.
Conflict-of-interest statement: No conflict of interest exists.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Of 18825 participants aged ≥ 20, 3235 participants (n
= 3235) met inclusion criteria. There were 23 factors
associated with NAFLD by univariate analysis. 9 factors,
2
ranked by the highest change in pseudo R , were found
to be significant predictors of NAFLD in multivariate
model: waist circumference, fasting C-peptide, natural log
of alanine aminotransferase (ALT), total protein, being

Manuscript source: Unsolicited manuscript
Correspondence to: Amporn Atsawarungruangkit, BPharm,
MD, Doctor, Research Fellow, Department of Medicine,
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Mexican American, natural log of glycated hemoglobin,
triglyceride level, being non-Hispanic white, and ferritin
level.

of the association between NAFLD and C-peptide at the
[13,14]
multivariate level
.
Both C-peptide and insulin are produced and released
in equimolar amounts. C-peptide can therefore be used
to assess endogenous insulin secretion. However, the
level of C-peptide and insulin level in blood are typically
different deriving from the differences in clearance mecha
[15]
nisms and half-life . In addition to diabetes and insulin
resistance, C-peptide has been associated with many risk
factors for NAFLD including cardiovascular diseases and
[16-18]
metabolic syndrome
.
Therefore, our primary objective was to determine if
fasting C-peptide is independently associated with NAFLD
using multivariate analysis in the United States general
population.

CONCLUSION
Together with waist circumference and ALT, fasting
C-peptide is among three most important predictors of
NAFLD in United States population in the NHANES data
set. Further study is needed to validate the clinical utility
of fasting C-peptide in diagnosis or monitoring insulin
resistance in NAFLD patients.
Key words: Insulin resistance; Fatty liver; Hepatosteatosis;
Metabolic syndrome; C-peptide
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Non-alcoholic fatty liver disease (NAFLD) is
a growing global epidemic and associated with many
conditions and factors, including insulin resistance. How
ever, C-peptide has not been used in practice to assess
insulin resistance in NAFLD patients. Using a large national
dataset, we demonstrated that three most important
risk factors for NAFLD are waist circumference, fasting
C-peptide, and alanine aminotransferase, respectively.
Such results revealed that C-peptide superior to measure
ment of fasting insulin levels and can potentially be
used for screening or monitoring the degree of insulin
resistance in NAFLD.

Study population and study design

The Third National Health and Nutrition Examination
Survey (NHANES Ⅲ) is a probability sample of 39695
persons aged 2 mo and older representing the United
States population and conducted by the National Cen
ter for Health Statistics (NCHS) to evaluate health
[19]
and nutritional status . The survey collected multiple
data sets, including demographic, interviews, physical
examinations, and laboratory testing of biologic samples.
NHANES Ⅲ was conducted from 1988 to 1994. The
NHANES protocol was approved by the NCHS Research
Ethics Review Board.
There were 18825 persons aged 20 years or
older in NHANES Ⅲ that met inclusion criteria for this
study. The exclusion criteria included: (1) Ungradable
or missing ultrasound results for hepatic steatosis,
(2) excessive alcohol consumption, (3) hepatitis B or
hepatitis C infection (4) fasting period outside of 8-24 h
(5) incomplete or missing data on physical examination
and laboratory testing. Participants were divided into
two groups: NAFLD participants (study group) and nonNAFLD participants (control group).
As presented in Table 1, we included 28 factors
associated with NAFLD as independent variables in this
study: Demographic (i.e., age , gender, race/ethnicity),
body measurement (i.e., BMI and waist circumference),
general biochemistry tests [i.e., iron, total iron-binding
capacity (TIBC), transferrin saturation, ferritin, cholesterol,
triglyceride, HDL cholesterol, C-reactive protein, and
uric acid], liver chemistry [aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), gamma glutamyl
transferase (GGT), alkaline phosphatase (ALP), total
bilirubin, total protein, and albumin], and diabetes testing
profile [i.e., HbA1c, fasting plasma glucose (FPG), fasting
C-peptide, and fasting insulin]. Besides demographic
variables, the above variables were selected as the risk
factors based on the usage in clinical practice and the
supporting evidence that demonstrated the association
with NAFLD or its commonly accepted risk factors (i.e.,
obesity, insulin resistance, and liver fibrosis).

Atsawarungruangkit A, Chenbhanich J, Dickstein G. C-peptide
as a key risk factor for non-alcoholic fatty liver disease in
the United States population. World J Gastroenterol 2018;
24(32): 3663-3670 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i32/3663.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i32.3663

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a condition in
which hepatic steatosis exists in the absence of excessive
alcohol consumption. NAFLD is the most common
cause of chronic liver disease in the United States with
[1-3]
estimated prevalence around 30%-40% . Given the
epidemic of obesity, NAFLD is increasingly prevalent and
[4,5]
challenging . NAFLD can progress to more severe liver
diseases, such as non-alcoholic steatohepatitis (NASH),
cirrhosis, and hepatocellular carcinoma.
Obesity and insulin resistance are among important
[6,7]
risk factors for NAFLD . Many studies found that
indicators of obesity [i.e., body mass index (BMI)
and waist circumference] and insulin resistance [i.e.,
glycated hemoglobin (HbA1c), insulin level, fasting
glucose, and diabetes mellitus] are independently asso
ciated with NAFLD and/or severity of liver fibrosis in
[8-11]
NAFLD
. C-peptide levels can be used to measure
[12]
insulin secretion . However, there is limited evidence
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Table 1 Baseline characteristics of participants with non-alcoholic fatty liver disease and controls n (%)

Demographic
Age (yr)
Gender (male)
Race/ethnicity
White (non-Hispanic)
Black (non-Hispanic)
Mexican American
Others
Body measurement
Body mass index (kg/m2)
Waist circumference (cm)
Biochemistry tests
Iron (μg/dL)
TIBC (μg/dL)
Transferrin saturation (%)
Ferritin (ng/mL)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
C-reactive protein (mg/dL)1
Uric acid (mg/dL)
Liver chemistry
AST (U/L)1
ALT(U/L)1
GGT (U/L)1
ALP (U/L)1
Total bilirubin (mg/dL)
Total protein (g/dL)
Albumin (g/dL)
Diabetes testing profile
HbA1c (%)1
FPG (mg/dL)1
Fasting C-peptide (pmol/mL)
Fasting insulin (μU/mL)1

NAFLD, n = 817

Controls, n = 2418

48.47 ± 15.75
368 (45.04)

44.36 ± 16.20
1004 (41.52)

308 (37.70)
193 (23.62)
280 (34.27)
36 (4.41)

1046 (43.13)
705 (29.16)
550 (22.75)
120 (4.96)

30.38 ± 6.95
101.73 ± 16.32

26.56 ± 5.42
90.84 ± 13.45

75.35 ± 29.71
364.79 ± 58.05
21.13 ± 8.73
161.75 ± 152.55
212.23 ± 44.95
202.91 ± 137.97
46.72 ± 16.80
0.56 ± 0.80
5.62 ± 1.52

77.71 ± 32.75
359.86 ± 56.59
22.09 ± 9.65
110.16 ± 114.71
202.73 ± 42.19
136.58 ± 95.79
52.10 ± 15.61
0.45 ± 0.65
5.04 ± 1.42

24.76 ± 19.62
22.78 ± 17.86
42.87 ± 66.68
93.72 ± 33.61
0.55 ± 0.30
7.49 ± 0.46
4.11 ± 0.35

20.72 ± 14.71
15.96 ± 12.14
28.14 ± 41.69
86.04 ± 36.29
0.54 ± 0.28
7.37 ± 0.45
4.12 ± 0.36

6.02 ± 1.62
114.50 ± 65.84
1.11 ± 0.68
21.85 ± 27.82

5.50 ± 1.09
97.85 ± 35.68
0.69 ± 0.53
12.76 ± 19.24

1

The distribution is positively skewed with skewness > 3. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
FPG: Fasting plasma glucose; GGT: Gamma glutamyl transferase; HbA1c: Glycated hemoglobin; TIBC: Total iron-binding capacity.

Definitions

antibody HCP (anti-HCV).

In this study, NAFLD is defined as: (1) Diagnosed with
moderate to severe hepatic steatosis on ultrasound; (2)
no history of excessive alcohol intake in the past 12 mo;
(3) not infected with hepatitis B or hepatitis C.
To evaluate the presence and extent of hepatic
steatosis, readers used five main criteria: (1) Paren
chymal brightness, (2) liver to kidney contrast, (3) deep
beam attenuation, (4) bright vessel walls, and (5) gall
bladder wall definition. Based on the presence or absence
of these five criteria, a main finding was categorized as
[20]
normal, mild, moderate or severe . It is worth nothing
that participants aged above 74 were not eligible for
ultrasound study in NHANES Ⅲ For this reason, patients
age above 74 were excluded from this study.
Excessive alcohol intake is defined as more than 2
drinks per day for men or 1 drink per day for women in
the past 12 mo, in which one drink of alcoholic beverage
is equivalent to a 12 oz beer, a 5 oz glass of wine, or
1.5 oz of liquor. The average number of drinks per day
is calculated from number of drinking days × number
of drinks on drinking day/365 d. To qualify as hepatitis
viral infection, participants must have tested positive for
serum hepatitis B surface antigen or serum hepatitis C

WJG|www.wjgnet.com

Statistical analysis

Statistical analyses were performed using STATA Release
14 (StataCorp LP, TX, United States). Numbers are
presented in mean ± SD or number (%). All continuous
factors were first tested for skewness; if the distributions
were extremely skewed to the right (herein defined as
skewness > 3), the factors were log transformed before
using them as predictors in regression models. Since
the response variable is dichotomous variable (NAFLD
or non-NAFLD), logistic model is an appropriate model
for determining if predictors are significantly associated
with the response variable. As a result, logistic regression
was used to determine if NAFLD is associated with any
predictor in univariate level. Then, the significant factors
from univariate analysis were included as predictors in
step-wise logistic regression to determine the significant
predictors in multivariate level. The significance level is
0.05.

RESULTS
Out of 18825 participants aged ≥ 20, there were 3235
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factor for NAFLD in the United States population.
Insulin resistance is another well-known condition
[28,29]
commonly found in NAFLD patients
. Indeed, all dia
betes test profiles were positively correlated with NAFLD
by univariate analysis. In fact, type 2 diabetes can be
diagnosed directly from HbA1c level (≥ 6.5%) or FPG
[30]
(≥ 126 mg/dL) , while C-peptide and insulin are not
routinely used in clinical practice to diagnose type 2
diabetes. While there are situations where C-peptide or
[31]
insulin levels are useful-the diagnosis of insulinoma ,
[32]
surreptitious use of insulin , the diagnosis of type 2
[33]
diabetes in the young , and the diagnosis of latent
[34]
autoimmune diabetes in adults , direct measurement
of insulin levels and not of C-peptide has been used
to assess insulin resistance. Previous studies often
found that C-peptide levels are raised in patients with
[35-37]
NASH
. However, the application of C-peptide as a
biomarker for interventions designed to improve insulin
sensitivity remains to be determined. In case of NAFLD,
there is only limited evidence; C-peptide was found to be
associated with NAFLD in specific groups of population
(i.e., obese adolescents and adults, latent autoimmune
[13,14,38]
diabetes, and diabetes patients)
. Our results are
the first to show that C-peptide has a role not only as
an independent risk factor for NAFLD but can also be
useful for screening or monitoring the degree of insulin
resistance in NAFLD in the general population. Based on
2
∆R , we conclude that insulin resistance, as indicated by
fasting C-peptide, is the second most important condition
leading to NAFLD, second only to obesity as diagnosed
by waist circumference, and is superior to measurement
of fasting insulin levels.
Liver chemistries are used as an indicator of liver
inflammation or liver cell damage. Commonly used
liver chemistries include AST, ALT, ALP, GGT, total bili
rubin, total protein, and albumin. For example, pre
dominance of AST and ALT indicates hepatocellular
injury; predominance of ALP and total bilirubin indicates
cholestatic injury; an elevated ALP of hepatic origin may
[39-41]
be confirmed GGT
. As shown in Table 2, total protein
and the natural log of AST, ALT, ALP, and GGT were
positively associated with NAFLD in univariate analysis.
However, only total protein and natural log of ALT were
positively correlated with NAFLD in multivariate level.
AST and ALT are the most widely used liver chemistries.
The fact that ALT is included in multivariate model is not
unexpected since ALT is generally higher than AST level
[40]
in NAFLD . On the other hand, total protein is a nonspecific marker of health, nutrition and liver synthetic
capacity. Due to the fact that total protein consists
of albumin and multiple subtypes of globulin, further
investigation into the association between NAFLD and
each subtype of globulin may provide a clearer expla
nation of our findings.
Ferritin is a protein that mainly stores iron in the body
and serum ferritin level is the most accurate blood test
[42]
to diagnose iron deficiency anemia . Recently, the role
of ferritin as a biomarker in inflammatory diseases has
[43-45]
been increasingly recognized
. As an acute phase

18825 Participants
with age 20+
4969 participants had incomplete
ultrasound results
13856 participants with gradable
ultrasound results

12590 participants with gradable
ultrasound results

1266 participants excessively drank
alcohol or had missing data in
alcohol drinking

328 participants had hepatitis B or
hepatitis C
12262 participants with gradable
ultrasound results
8989 participants had incomplete
examination or lab results
3235 participants with gradable
ultrasound results
817 participants
with NAFLD

2418 participants
without NAFLD

Figure 1 Study design and study population.

participants (n = 3235) that passed the exclusion criteria
as shown in Figure 1. Based on ultrasound findings, 817
(25.26%) participants were classified as NAFLD. Baseline
characteristics of participants in study group and control
group are summarized in Table 1.
For continuous variables, there were 8 factors having
skewness greater than 3. Subsequently, the log transfor
mation was applied to these factors, including C-reactive
protein, AST, ALT, GGT, alkaline phosphatase, glycated
hemoglobin, plasma glucose, and insulin. As shown in
Table 2, there are 24 variables significantly associated
with NAFLD in univariate level; the P-value of these
significant factors mostly below 0.001.
As presented in Table 3, the number of significant
factors reduced from 24 to 9 in multivariate analysis. The
top three factors ranked by the highest change in pseudo
2
2
2
R (ΔR ) are waist circumference (OR = 1.03, ΔR =
2
2.13%, P < 0.001), C-peptide level (OR = 1.82, ΔR =
2
1.33%, P < 0.001), and loge of ALT (OR = 1.76, ΔR =
2
1.16%, P < 0.001). The pseudo R of the multivariate
model is 16.68%.

DISCUSSION
The most significant NAFLD risk factor in both univariate
and multivariate levels is waist circumference. Since waist
circumference and BMI are highly interrelated surrogate
[21]
markers of obesity , it is not surprising to see one factor
eliminated in multivariate level. Waist circumference-a
measure of excess abdominal adiposity-has been identi
fied as an independent risk factor for many obesityrelated conditions, such as cardiovascular disease, type
2 diabetes, dyslipidemia, and hypertension, metabolic
[22-27]
syndrome, polycystic ovary syndrome
. The results
from this study support that waist circumference is also
an independent and probably the most important risk
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Table 2 Univariate analysis for predictors of non-alcoholic fatty liver disease
Standard error

Odds ratio

P value

0.0157
0.1435

0.0025
0.0815

1.02
1.15

< 0.001a
0.078

-0.226
-0.2857
0.5715
-0.1248

0.0831
0.0937
0.0882
0.1945

0.80
0.75
1.77
0.88

0.007a
0.002a
< 0.001a
0.521

0.1004
0.0506

0.0069
0.003

1.11
1.05

< 0.001a
< 0.001a

-0.0024
0.0015
-0.0111
0.0029
0.005
0.0049
-0.0261
0.3398
0.2649

0.0013
0.0007
0.0044
0.0003
0.0009
0.0004
0.0031
0.0534
0.0277

1.00
1.00
0.99
1.00
1.01
1.00
0.97
1.40
1.30

0.069
0.032a
0.012a
< 0.001a
< 0.001a
< 0.001a
< 0.001a
< 0.001a
< 0.001a

1.004
1.0274
0.7441
0.9011
0.0914
0.581
-0.0871

0.1153
0.0777
0.0612
0.1303
0.1395
0.0896
0.1141

1.02
1.04
1.01
1.01
1.09
1.79
0.92

< 0.001a
< 0.001a
< 0.001a
< 0.001a
0.512
< 0.001a
0.445

2.2201
1.3125
1.1976
0.9646

0.2184
0.1428
0.0753
0.059

1.34
1.01
3.31
1.02

< 0.001a
< 0.001a
< 0.001a
< 0.001a

Beta
Demographic
Age (yr)
Gender (male)
Race/ethnicity
White (non-Hispanic)
Black (non-Hispanic)
Mexican American
Others
Body measurement
Body mass index (kg/m2)
Waist circumference (cm)
Biochemistry tests
Iron (μg/dL)
TIBC (μg/dL)
Transferrin saturation (%)
Ferritin (ng/mL)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
C-reactive protein (mg/dL)1
Uric acid (mg/dL)
Liver chemistry
AST (U/L)1
ALT (U/L)1
GGT (U/L)1
ALP (U/L)1
Total bilirubin (mg/dL)
Total protein (g/dL)
Albumin (g/dL)
Diabetes testing profile
HbA1c (%)1
FPG (mg/dL)1
Fasting C-peptide (pmol/mL)
Fasting insulin (μU/mL)1
1

Log transformation was applied to this factor before including in regression model. aP < 0.05. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; FPG: Fasting plasma glucose; GGT: Gamma glutamyl transferase; HbA1c: Glycated hemoglobin; TIBC: Total iron-binding
capacity. aP < 0.05.

Table 3 Risk factors of non-alcoholic fatty liver disease from step-wise logistic regression

Demographic
Race/ethnicity
White (non-Hispanic)
Mexican American
Body measurement
Waist circumference (cm)
Biochemistry tests
Ferritin (ng/mL)
Triglyceride (mg/dL)
Liver chemistry
ALT (U/L)1
Total protein (g/dL)
Diabetes testing profile
HbA1c (%)1
Fasting C-peptide (pmol/mL)

2

Beta

Standard error

Odds ratio

Change in pseudo R

P value

0.2969
0.5495

0.1162
0.1207

1.35
1.73

0.18%
0.57%

0.011
0.020

0.0308

0.0035

1.03

2.13%

< 0.001

0.0013
0.0008

0.0004
0.0004

1.00
1.00

0.15%
0.32%

< 0.001
< 0.001

0.5658
0.5319

0.0875
0.1045

1.76
1.70

1.16%
0.72%

< 0.001
< 0.001

0.9266
0.6009

0.2492
0.0877

2.53
1.82

0.38%
1.33%

< 0.001
< 0.001

Log transformation was applied to this factor before including in regression model. Note: Pseudo R2 = 16.68%; constant (Y-intercept) = 0.0000153; change
in Pseudo R2 is an incremental increase in Pseudo R2 resulting from adding variable to model last. ALT: Alanine aminotransferase; HbA1c: Glycated
hemoglobin.
1

[44]

response protein, ferritin concentrations increase during
inflammation and may not reflect the size of total body
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iron stores . Moreover, ferritin was found be associated
with histologic severity and advanced fibrosis in patients
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[46-48]

NAFLD. Twenty-four variables were significantly associated with NAFLD in
univariate level; the P-value of these significant factors mostly below 0.001.
Using multivariate analysis, we found 9 out of 24 factors to be significantly
associated with NAFLD. Ranked by ΔR2, the top three factors ranked are waist
circumference (OR = 1.03, ΔR2 = 2.13%, P < 0.001), C-peptide level (OR = 1.82,
ΔR2 = 1.33%, P < 0.001), and loge of ALT (OR = 1.76, ΔR2 = 1.16%, P < 0.001).
The pseudo R2 of the multivariate model is 16.68%.

with NAFLD
.
Other factors significantly associated with NAFLD
include race/ethnicity (non-Hispanic white and Mexican
American), and triglyceride level. Race/ethnicity were
often found associated with obesity-related diseases in
[49,50]
United States based population
Triglyceride is an
[51]
important biomarker of cardiovascular disease risk ,
another condition highly interrelated with NAFLD.
There are several limitations in this study. First, the
diagnosis of NAFLD in this study is based on the hepatic
ultrasound results although liver biopsy remains the
gold standard for the diagnosis of NAFLD. Second, the
statistical analysis used is logistic regression. Since the
relationship among these factors are complex, inter
related, and non-linear, linearity assumptions embedded
in logistic regression may not be able to address all
2
aspects of NAFLD. Furthermore, given a pseudo R of
16.68%, only 16.68% of variation can be explained by
multivariate model in Table 3.
In conclusion, NAFLD is associated with many con
ditions and factors. Three most important factors from
multivariate model in this study are waist circumference,
fasting C-peptide, and ALT. Further study is needed to
validate the clinical utility of C-peptide in diagnosis or
monitoring insulin resistance in NAFLD patients.

Research conclusions

C-peptide is the second most important predictor of NAFLD in United States
population after waist circumference.

Research perspectives

Further prospective research is needed to validate the clinical utility of fasting
C-peptide in diagnosis or monitoring insulin resistance in NAFLD patients.
Moreover, C-peptide should be considered as a potential factor for calculative
liver scores to evaluate the fibrosis level.
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Abstract

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

AIM
To investigate the vascular anatomy of inferior mesenteric
artery (IMA) in laparoscopic radical resection with the
preservation of left colic artery (LCA) for rectal cancer.

Conflict-of-interest statement: All authors declare there are no
competing interests in this study.

METHODS
A total of 110 patients with rectal cancer who underwent
laparoscopic surgical resection with preservation of the
LCA were retrospectively reviewed. A 3D vascular recon
struction was performed before each surgical procedure
to assess the branches of the IMA. During surgery, the
relationship among the IMA, LCA, sigmoid artery (SA) and

Data sharing statement: No additional data are available.
CONSORT 2010 statement: The experimental method of this
study was not a randomized controlled trial.
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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superior rectal artery (SRA) was evaluated, and the length
from the origin of the IMA to the point of branching into
the LCA or common trunk of LCA and SA was measured.
The relationship between inferior mesenteric vein (IMV)
and LCA was also evaluated.

of lymph node dissection from the origin of the IMA for
[1]
postoperative staging and prognosis . However, high tie
at the origin of the IMA may lead to postoperative poor
anastomotic perfusion, which increases the incidence of
[2,3]
anastomotic leakage . Many surgeons prefer a lowtie technique, which ligates the IMA while preserving the
left colic artery (LCA) after lymph nodes around the IMA
[4,5]
were dissected . A clear understanding of the vascular
anatomy of the IMA and inferior mesenteric vein (IMV)
is essential for this low-tie procedure. However, there
are multiple types of branch vessels originating from the
IMA that makes this surgical procedure technically de
[6]
manding . We studied the vascular anatomy of the IMA
to safely and effectively dissect the lymph nodes around
the IMA while preserving the LCA in a laparoscopic pro
cedure for rectal cancer.

RESULTS
Three vascular types were identified in this study. In type
A, LCA arose independently from IMA (46.4%, n = 51);
in type B, LCA and SA branched from a common trunk
of the IMA (23.6%, n = 26); and in type C, LCA, SA, and
SRA branched at the same location (30.0%, n = 33). The
difference in the length from the origin of IMA to LCA was
not statistically significant among the three types. LCA
was located under the IMV in 61 cases and above the IMV
in 49 cases.
CONCLUSION
The vascular anatomy of the IMA and IMV is essential for
laparoscopic radical resection with preservation of the LCA
for rectal cancer. To recognize different branches of the
IMA is necessary for the resection of lymph nodes and
dissection of vessels.

MATERIALS AND METHODS
Patient data

Following approval of the Ethics Committee on Scientific
Research of our hospital, the records of 110 patients,
who underwent laparoscopic surgical resection with pre
servation of the LCA for rectal cancer from March 2016
to November 2017 were retrospectively analyzed. The
research participants were recruited from the Department
of General Surgery of Qilu Hospital, a teaching hospital
of Shandong University in Shandong, China. The data of
patient age, sex ratio, BMI, and histopathological stage
were observed and compared.

Key words: Inferior mesenteric artery; Left colic artery;
Rectal cancer; Laparoscopic
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: one hundred and ten patients who underwent
laparoscopic surgical resection with preservation of left
colic artery (LCA) for rectal cancer were retrospectively
reviewed. The 3D reconstruction of the vasculature was
performed before surgical procedures. The types of
branch vessels of inferior mesenteric artery (IMA) were
classified. Furthermore, in the operations, relationships
between the IMA, sigmoid artery (SA), LCA and superior
rectal artery (SRA) were evaluated. The relationship
between LCA and inferior mesenteric vein (IMV) was also
evaluated. To recognize different branches of the IMA is
necessary for the resection of lymph nodes and dissection
of vessels during laparoscopic radical resection of rectal
cancer.

Preoperative assessment of vascular anatomy by 3D
reconstruction

The 3D reconstruction of the vascular anatomy was per
formed in all cases before surgery. The types of branch
vessels of the IMA as well as the length from the origin of
the IMA to the LCA were determined.

Surgical procedure

Laparoscopic surgery was performed by a single ope
rating team consisting of two senior surgeons and
three staff surgeons. During the operation, the pa
tients were placed in lithotomy position. Multi-incision
laparoscopic surgery was performed. That was, we
placed five ports including the optical port. There were
the first 10 mm trocar in the umbilicus as the optical
port, another 12-mm trocar, and three 5-mm trocars.
We established pneumoperitoneum and maintained
abdominal pneumoperitoneum pressure at 12 mmHg.
Sharp dissections were performed using a laparoscopic
ultrasound knife. First, the small intestine was pulled
on its cephalic side to allow for sufficient surgical space.
Second, the sigmoid colon mesentery was mobilized
with medial to lateral approach up to the origin of the
IMA. Lymphous and adipic tissues were resected along
the IMA down to the point of branching into the LCA
or common trunk of LCA and sigmoid artery (SA). The
dissection was then conducted from the LCA until the

Wang KX, Cheng ZQ, Liu Z, Wang XY, Bi DS. Vascular anatomy
of inferior mesenteric artery in laparoscopic radical resection
with the preservation of left colic artery for rectal cancer. World
J Gastroenterol 2018; 24(32): 3671-3676 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i32/3671.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i32.3671

INTRODUCTION
In laparoscopic radical resection for rectal cancer, hightie of the inferior mesenteric artery (IMA) at its origin
is essential for en bloc lymph node dissection. Some
researchers have demonstrated the clinical significance

WJG|www.wjgnet.com

3672

August 28, 2018|Volume 24|Issue 32|

Wang KX et al . Vascular anatomy of inferior mesenteric artery
Table 1 Patient characteristic data
Factors

Type A (n = 51)

Type B (n = 26)

Type C (n = 33)

Statistical value

P value

58.6 ± 14.1
31 (60.8)
25.3 ± 5.4

60.4 ± 15.0
15 (57.7)
24.8 ± 4.9

62.3 ± 12.9
18 (54.5)
25.1 ± 4.6

F = 2.881
2
Pearson χ = 0.324
F = 0.331
Fisher = 1.510

0.06
0.85
0.72
0.84

7
26
18

5
10
11

6
16
11

Age (yr, mean ± SD)
Male, n (%)
BMI (kg/m2)
Stage (UICC 8th)
Ⅰ
Ⅱ
Ⅲ

P < 0.05. BMI: Body mass index; UICC: Union for International Cancer Control.

A

B

IMA

IMA

IMA

LCA

LCA
SRA

lymph nodes and the incidence of metastasis to station
253 nodes were recorded. Furthermore, the incidence of
anastomotic bleeding and anastomotic leakage, and the
length of postoperative hospital stay were investigated.

C
LCA

SA

Statistical analysis

SA
SRA

All experimental data were analyzed using the SPSS
software version 17.0 (SPSS Inc., Chicago, IL, United
States). There were three groups of samples in this
study. The three groups were compared by single factor
analysis of variance (single factor ANOVA) and homo
geneity of variance. The comparison between the two
groups was used on the LSD method. The count data
were represented by the value/percentage (%), and the
three groups were compared with the chi square test and
Fisher accurate test. When the theoretical number T <
5, the Fisher test value was used, if not, the Pearson chi
square test was used.

SA

SRA

Figure 1 Preoperative 3D reconstruction of inferior mesenteric artery, left
colic artery, sigmoid artery and superior rectal artery. A: Type A, LCA arose
independently from IMA. B: type B, LCA and SA branched from a common
trunk from IMA. C: type C, LCA, SA, and SRA branched off at the same point.
IMA: Inferior mesenteric artery; LCA: Left colic artery; SA: Sigmoid artery; SRA:
Superior rectal artery.

A

B

IMA

C

RESULTS

IMA

LCA

Clinical characteristics of the patients

LCA
IMA
LCA

SA

SA

The data of patient age, sex ratio, BMI, and histo
pathological stage are shown in Table 1. There were no
statistically significant differences among the three types.

SA
SRA

SRA

Vascular study

SRA

IMA, LCA, SA, and SRA were studied in 110 cases by
preoperative 3D reconstruction of the vascular anatomy
(Figure 1A-C) and laparoscopic surgery (Figure 2A-C).
Three vascular types were identified in the study: type
A (Figures 1A, 2A, and 3A), LCA arose independently
from the IMA (46.4%, n = 51); type B (Figures 1B, 2B,
and 3B), LCA and SA branched from a common trunk
of the IMA (23.6%, n = 26); and type C (Figures 1C,
2C, and 3C), LCA, SA, and SRA branched at the same
location (30.0%, n = 33). The length from the origin of
the IMA to the LCA is displayed in Table 2. There was no
statistically significant difference among the three types.
In laparoscopic surgery, the relationship between
the location of LCA and IMV was observed. The LCA was
located under the IMV in 61 cases and above the IMV
in 49 cases. The ratio regarding the location of the LCA
under the IMV in the three types was similar (Table 2).

Figure 2 Inferior mesenteric artery, left colic artery, sigmoid artery and
superior rectal artery in laparoscopic operation. A: Type A, LCA arose
independently from IMA. B: type B, LCA and SA branched from a common
trunk from IMA. C: type C, LCA, SA, and SRA branched off at the same point.
IMA: Inferior mesenteric artery; LCA: Left colic artery; SA: Sigmoid artery; SRA:
Superior rectal artery.

IMV could be identified. The IMV was exposed to the
plane of the origin of the IMA. After the dissection, the
vessels were ligated and cut with the preservation of the
LCA. The superior hypogastric nerve and left ureter were
carefully preserved during the procedure.
During surgery, the relationship among the IMA,
LCA, SA, and superior rectal artery (SRA) was evaluated,
and the length from the origin of the IMA to the point of
branching into the LCA or common trunk of LCA and SA
was measured. In addition, the relationship between LCA
and IMV was also evaluated. The number of resected
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Surgical outcome

As shown in Table 3, the data of operating time, blood
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Table 2 Results of vascular anatomy
Type A (n = 51) Type B (n = 26) Type C (n = 33)

Factors
Length from the IMA to the LCA (mm) (mean ± SD)
No. of LCA under IMV

35.2 ± 8.7
27 (52.9%)

37.8 ± 9.4
14 (53.8%)

41.3 ± 11.5
20 (60.6%)

Statistical value

P value

F = 1.976
2
Pearson χ = 0.512

0.144
0.802

P < 0.05. IMA: Inferior mesenteric artery; IMV: Inferior mesenteric vein; LCA: Left colic artery.

Table 3 Surgical outcome of patients

Operation time (min)
Blood loss (g)
Lymph node numbers (n, mean ± SD)
Metastasis to station 253 lymph nodes (n)
Anastomotic bleeding
Anastomotic leakage
Postoperative hospitalized days

Type A (n = 51)

Type B (n = 26)

Type C (n = 33)

Statistical value

P value

153.4 ± 26.8
37.5 ± 18.4
15.7 ± 8.3
2
1
1
9 (7-21)

168.7 ± 31.6
42.1 ± 17.7
17.2 ± 8.1
1

161.4 ± 25.8
39.6 ± 20.1
16.8 ± 9.0
1
1

F = 1.618
F = 1.383
F = 0.620
Fisher = 0.368
Fisher = 0.930
Fisher = 1.407
2
χ = 0.863

0.20
0.26
0.54
1.00
0.10
0.72
0.65

1
9 (6-18)

9 (7-13)

P < 0.05.

A

B

C

[3]

the high-tie of the IMA . Consequently, postoperative
poor anastomotic perfusion increased the incidence of
[10,11]
anastomotic leakage
. LCA can increase the blood
supply of anastomotic and proximal colorectum. The
Riolan artery arch is an anastomotic branch between
ascending branches of the LCA and the left branches of
the middle colonic artery. It is vital to the blood supply
of the anastomotic and proximal colorectum. The Riolan
[12]
arch exists in about 7.6% of the Chinese population . In
patients with absence of the Riolan arch, left hemicolon
relies on blood supply from the IMA, and the hightie technique causes ischemic changes of anastomotic
stoma easily. Some Chinese surgeons have found that
the absence of the Riolan arch is an independent risk
factor for anastomotic leakage after laparoscopic radical
[13]
resection of rectal cancer . So the low-tie technique
with preservation of the LCA to maintain the blood supply
[14,15]
is recommended
. Furthermore, more and more re
search has indicated that the preservation of the LCA de
[2,14,15]
creases the rate of anastomotic leakage
.
A clear understanding of the vascular anatomy of
the IMA and IMV is the essential knowledge required to
conduct this surgical procedure. There are multiple types
of branch vessels of the IMA that makes this surgery
technically demanding. In our study, the branching pat
terns of the IMA can be divided into three groups by pre
operative 3D vascular reconstruction and laparoscopic
surgery (Figures 1 and 2). However, in other studies,
[6,16]
there is a fourth pattern with the absence of the LCA
.
Similarly, the relationship between the LCA and IMV was
also observed. In 61 of the 110 cases, the LCA ran under
the IMV. In these cases, during dissection of the LCA,
extreme caution should be taken, and ligation of the
SMV was performed first in order to avoid any damage
to the IMV. Although there is still uncertainty with regard
to the technical difficulty of the procedure, Sekimoto
[17]
et al
have demonstrated that compared to the hightie technique, the low-tie procedure did not prolong the

LCA
IMA

IMA

LCA

LCA

IMA
SA

SA
AA

SRA

AA

SRA

AA

SRA

SA

Figure 3 Vascular schematic diagram of inferior mesenteric artery, left
colic artery, sigmoid artery and superior rectal artery. A: Type A, LCA arose
independently from IMA. B: type B, LCA and SA branched from a common
trunk from IMA. C: type C, LCA, SA, and SRA branched off at the same point.
AA: Abdominal aorta; IMA: Inferior mesenteric artery; LCA: Left colic artery; SA:
Sigmoid artery; SRA: Superior rectal artery.

loss, and the length of postoperative hospital stay were
not statistically significant among the three groups. Addi
tionally, there were no statistically significant differences
in the dissected lymph node numbers. The incidence of
metastasis to station 253 nodes was 4.5% (5 of 110).
The postoperative complications included anastomotic
bleeding in two cases and anastomotic leakage in two
cases. No statistically significant difference was observed
among the three groups.

DISCUSSION
In laparoscopic radical resection for rectal cancer, ac
cording to the location of the tie of the IMA, it is divided
into the high-tie of the IMA at its origin and the low-tie of
the IMA below the branch into the LCA with preservation
of the LCA. Currently, there is still controversy regarding
[7-9]
the indications for high-tie or low-tie approaches .
In traditional rectal cancer surgery, a high tie of the
IMA is preferred. However, some anatomical studies
suggest that anastomotic perfusion is diminished after
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operating time and did not increase the amount of intra
operative bleeding. In the present study, compared with
other previous studies on high ligation, the operating
[17,18]
time was not prolonged significantly
. In addition, the
incidence of postoperative complications was relatively
low owing to the familiarity with anatomy and meticulous
operation. According to our results, low-tie of the IMA
with preservation of the LCA was safe and feasible.
Lymph node metastasis plays a crucial role in the
[18]
prognosis of rectal cancer . It was demonstrated that
lymph node dissection around the IMA prolonged the
survival of patients with lymph node metastasis. Low-tie
of the IMA with preservation of the LCA was suspected to
hinder the lymph nodes resection surrounding the IMA.
A prospective study showed that the low-tie group had
a similar number of lymph nodes dissected compared
[19]
to the high-tie group . Other studies compared the
prognosis between high-tie and low-tie, and found that
the overall survival (OS) and recurrence free survival
(RFS) were similar between the two treatments, even
[5]
in those with lymph node metastases . In the present
study, the number of lymph nodes dissected with the
low-tie technique for rectal cancer (Table 1) was similar to
[1,6]
other studies . Nonetheless, our study did not include
a high-tie control group, which is a major limitation to
the results and prevents an effective discussion to be
established to address these problems.
In conclusion, knowledge of the anatomy of the
branch vessels originating from the IMA and the relation
ship between the IMA and IMV are essential in order to
conduct a laparoscopic radical resection with preservation
of the LCA for rectal cancer. To recognize the different
branches of the IMA is necessary for the resection of
lymph nodes and dissection of vessels.

During surgery, the relationship among the IMA, LCA, sigmoid artery (SA) and
superior rectal artery (SRA) was evaluated.

Research results

IMA, LCA, SA, and SRA were studied in 110 cases by preoperative 3D
reconstruction of the vascular anatomy and laparoscopic surgery. Three
vascular types were identified in the study: type A, LCA arose independently
from the IMA (46.4%, n = 51); type B, LCA and SA branched from a common
trunk of the IMA (23.6%, n = 26); and type C, LCA, SA, and SRA branched
at the same location (30.0%, n = 33). There was no statistically significant
difference in the length from the origin of the IMA to the LCA among the three
types. In laparoscopic surgery, the LCA was located under the IMV in 61
cases and above the IMV in 49 cases. The ratio regarding the location of the
LCA under the IMV in the three types was similar. The data of operating time,
blood loss, and the length of postoperative hospital stay were not statistically
significant among the three types. Additionally, there were no statistically
significant differences in the dissected lymph node numbers. The incidence
of metastasis to station 253 nodes was 4.5% (5 of 110). The postoperative
complications included anastomotic bleeding in two cases and anastomotic
leakage in two cases.

Research conclusions

Knowledge of the anatomy of the branch vessels originating from the IMA and
the relationship between the IMA and IMV are essential in order to conduct a
laparoscopic radical resection with preservation of the LCA for rectal cancer.
To recognize the different branches of the IMA is necessary for the resection of
lymph nodes and dissection of vessels.

Research perspectives

We studied the vascular anatomy of the IMA to safely and effectively dissect
the lymph nodes around the IMA while preserving the LCA in a laparoscopic
procedure for rectal cancer. However, in the light of the limited evidence, the
clinical benefit needs more high-quality RCT studies.
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