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Abstract
Inflammasomes are multiprotein intracellular complexes which are responsible
for the activation of inflammatory responses. Among various subtypes of
inflammasomes, NLRP3 has been a subject of intensive investigation. NLRP3 is
considered to be a sensor of microbial and other danger signals and plays a
crucial role in mucosal immune responses, promoting the maturation of
proinflammatory cytokines interleukin 1β (IL-1β) and IL-18. NLRP3
inflammasome has been associated with a variety of inflammatory and
autoimmune conditions, including inflammatory bowel diseases (IBD). The role
of NLRP3 in IBD is not yet fully elucidated as it seems to demonstrate both
pathogenic and protective effects. Studies have shown a relationship between
genetic variants and mutations in NLRP3 gene with IBD pathogenesis. A
complex interaction between the NLRP3 inflammasome and the mucosal
immune response has been reported. Activation of the inflammasome is a key
function mediated by the innate immune response and in parallel the signaling
through IL-1β and IL-18 is implicated in adaptive immunity. Further research is
needed to delineate the precise mechanisms of NLRP3 function in regulating
immune responses. Targeting NLRP3 inflammasome and its downstream
signaling will provide new insights into the development of future therapeutic
strategies.
Key words: NLRP3 inflammasome; Inflammatory bowel diseases; Mucosal immune
system; Interleukin 1β; Interleukin 18; NLRP3 gene polymorphisms
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: NLRP3 inflammasome plays a major role in inflammatory bowel diseases
(IBD) pathogenesis through its contribution to chronic inflammatory processes.
Abnormal activation of NLRP3 inflammasome has been observed in inflamed tissue of
IBD murine models and patients, highlighting its possible pathogenic role in the disease.
However, protective effects of NLRP3 function have also been recorded. The pathogenic
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NLRP3 inflammasome activity in mucosal immune system may be implicated in the
aberrant immune responses and in the disruption of intestinal homeostasis that
characterizes IBD. Targeting NLRP3 inflammasome and its downstream signaling will
provide new insights into the development of future therapeutic strategies.
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INTRODUCTION
The innate immune system is the first-line host defense specified to recognize specific
microbial pathogens, named pathogen-associated molecular patterns and damageassociated molecular patterns, and to sense microbial and other danger signals. These
functions occur in macrophages, neutrophils, monocytes, dendritic cells (DCs), and
epithelial cells through host pattern recognition receptors, such as toll-like receptors
and nucleotide-binding domain leucine-rich repeat-containing receptors (NLRs)[1-4].
NLRs play a critical role in innate immune responses and intestinal tissue repair[1].
The NLRP (NOD-like receptor family, pyrin domain-containing) subfamily
comprises several subtypes and NLRP3 is one of the best-characterized. The
multiprotein complex of NLRP3, called the NLRP3 “inflammasome”, consists of three
major components—the sensor NLRP3 protein, the adaptor-apoptosis-associated
speck-like protein containing a N-terminal PYRIN-PAAD-DAPIN domain and a Cterminal caspase recruitment domain (CARD) (ASC) and the effector protein-caspase1[5,6]. Activation of NLRP3 occurs when the host is subjected to an exogenous or
endogenous stimulus, resulting in the recruitment of ASC and caspase 1. The
stimulated NLRP3 interacts with ASC and pro-caspase-1 binds to ASC via CARD to
assemble into a large cytosolic complex, which triggers activation of caspase-1. Active
caspase-1 cleaves the pro-inflammatory cytokines interleukin 1 β (IL-1β) and IL-18
from their precursors to their biologically active forms[7]. These cytokines induce
inflammation by promoting the production of proinflammatory cytokines,
chemokines and growth factors (Figure 1), as well as recruiting and activating other
immune cells. NLRP3 inflammasome has been associated with a variety of
inflammatory and autoimmune conditions including inflammatory bowel diseases
(IBD)[8,9]. Crohn’s disease (CD) and ulcerative colitis (UC) are the main types of IBD.
UC is usually limited to the colon and consists of diffuse mucosal inflammation,
whereas CD can involve inflammation at any part of the gastrointestinal tract (from
mouth to anus)[10,11]. Although the etiology of IBD pathogenesis is not fully elucidated,
it has been widely suggested that a genetic-environmental mediated dysregulation of
the mucosal immune response is implicated in these diseases. The NLRP3
inflammasome, acting as a sensor of microbial and other danger signals, plays a
fundamental role in host defense[12-14]. Recent data have demonstrated the function of
NLRP3 inflammasome, not only as a crucial mediator of host defense but also as a
critical regulator of intestinal homeostasis[15]. However, the studies on the role of
NLRP3 inflammasome in IBD have reported controversial findings.

NLRP3 INFLAMMASOME IN IBD PATHOGENESIS: DATA
FROM ANIMAL AND HUMAN STUDIES
Animal studies
The exact role of NLRP3 in IBD is not yet fully elucidated as it seems to demonstrate
both pathogenic and protective effects. The study by Bauer et al[16] was conducted in
two IBD models (dextran sulfate sodium and 2,4,6-trinitrobenzene sulfonic acid
induced colitis) and showed that mice with NLRP3 deficiency [NLRP3(-/-)] exhibited
attenuated colitis. This result was followed by increased numbers of
immunosuppressive CD103+ tolerogenic DCs[16]. An abnormal NLRP3 activation has
also been reported to play an important pathogenic role in IBD, in a study using a
murine IBD model[17]. In this report, NLRP3 and ASC protein levels were significantly
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Figure 1

Figure 1 NLRP3 inflammasome structure. NLRP3 inflammasome consists of three major components-the sensor NLRP3 protein, the adaptor-apoptosis-associated
speck-like protein (ASC) which contains a N-terminal PYRIN-PAAD-DAPIN domain (PYD) and a C-terminal caspase recruitment domain (CARD) and the effector
protein-caspase-1. Activation of NLRP3 occurs when the cell is subjected to pathogen-associated molecular patterns and damage-associated molecular patterns. The
stimulated NLRP3 interacts through PYD domain with ASC and pro-caspase-1 binds to ASC via CARD to assemble into a large cytosolic complex, which triggers
activation of caspase-1. Active caspase-1 cleaves the pro-inflammatory cytokines interleukin 1β (IL-1β) and IL-18 from their precursors to their biologically active forms
inducing inflammation. ASC: Adaptor-apoptosis-associated speck-like protein; CARD: C-terminal caspase recruitment domain; PYD: PYRIN-PAAD-DAPIN domain; IL:
Interleukin; PAMPs: Pathogen-associated molecular patterns; DAMPs: Damage-associated molecular patterns.

elevated in the colonic mucosa of deficient mice for anti-inflammatory cytokine IL-10
(IL-10-/-) before the onset of colitis compared to the wild type (WT) mice[17]. Other
studies using spontaneous colitis mice showed that the inhibition of caspase-1 activity
and the selected blockade of NLRP3 complex ameliorated colonic inflammation and
were associated with decreased colitis[18,19]. In contrast, a protective role of NLRP3
inflammasome was recorded in studies presenting that mice with NLRP3, ASC or
caspase-1 deficiency exhibited more severe experimental colitis and decreased
intestinal epithelial integrity[20,21]. The association of NLRP3 deficiency with IBD
severity was also highlighted in an oxazolone-induced colitis murine model, mediated
by T helper 2 (Th2) cytokines (IL-4, IL-13)[22]. Th2 cytokines, such as IL-4 and IL-13,
were increased at mRNA and protein level in NLRP3-/- mice compared to WT
mice[22]. NLRP3-/- and caspase 1-/- mice exhibited severe colitis after oxazolone
treatment compared to WT mice [22] . Administration of IL-1β or IL-18 prevented
progression of colitis in NLRP3-/- mice, but did not affect the severity of colitis in WT
mice[22].
Therapeutic strategies targeting NLRP3 activity are used in IBD murine models,
highlighting the potent clinical relevance of NLRP3 in the disease. A micro-RNA
(miR-223) has been shown to be an important therapeutic target for IBD[23]. It regulates
the NLRP3 inflammasome activity, by interfering and inhibiting mRNA expression of
NLRP3 gene [23] . Treatment of experimental colitis mice with nanoparticles for
overexpression of miR-223 ameliorated colitis symptoms and caused a decrease in
protein levels of NLRP3 and IL-1β[23]. The therapeutic potential of the blockade of IL1β and IL-18 cytokines has also been reported. Experimental colitis mice with genetic
and pharmacological deficiency of IL-1β and IL-18 exhibited attenuated colitis[24].
Lastly, in a murine colitis model, suppression of pyroptosis signaling through
Cholecalciterol Cholesterol Emulsion was associated with ameliorated disease[25].

Human studies
Human data have demonstrated that the NLRP3 inflammasome activity plays a key
part in IBD pathogenesis. Lazaridis et al [ 2 6 ] , presented that ex vivo NLRP3
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inflammasome was activated in CD patients whereas in UC patients NLRP3
activation occurred in late disease stage compared to controls. This finding was
combined with an in vitro increase in IL-1β concentrations in peripheral blood
mononuclear cells of CD patients compared to UC patients and controls[26]. A recent
study has displayed an upregulation of NLRP3 components in both CD and UC
patients as increased mRNA expression of NLRP3, IL-1β, ASC and Caspase-1 was
observed in their colonic biopsies; this result was associated with increased disease
activity[27]. Inhibition of NLRP3 inflammasome in CD patients resulted in suppressive
response of proinflammatory cytokines and chemokines, emphasizing the pathogenic
contribution of NLRP3 aberrant activation in the disease[17].
Moreover, IL-1β and IL-18 cytokines have been increased in plasma and colonic
mucosa of IBD patients [28,29] . Increased IL-1β secretion from colonic tissues and
macrophages in IBD patients has been correlated to the severity of the disease, by
promoting chronic intestinal inflammation[27,28]. In a study encompassing children
with IBD, the balance between IL-18 cytokine and its natural inhibitor IL-18-binding
protein (IL-18BP) has been involved in IBD pathogenesis[30]. Specific microRNAs have
been correlated to UC activity based on a high-throughput profiling of blood serum
microRNAs of UC patients [ 3 1 ] . A major involvement of microRNAs in IBD
development, through interfering NLRP3 activity, has been observed. NLRP3
deficiency in IBD patients, caused by a microRNA, called miR-223, which inhibits
NLRP3 gene expression, was associated with active inflammation state in IBD, as
increased miR-223 levels were observed in mucosal biopsies[23,32].
Clinical studies which target NLRP3 inflammasome activity are limited [33,34] .
Curcumin, an NLRP3 inhibitor acting by interfering the inflammasome-mediated
secretion of IL-1β and activation of caspase-1, has been proven to be a potential and
safe agent for the treatment of UC[35]. The use of curcumin combined with mesalamine
in UC patients was linked to clinical improvement and endoscopic remission[36,37].
The controversial data on the NLRP3 activity in IBD reveal the complicated and
probably diverse role of NLRP3 inflammasome in IBD. The NLRP3 activation seems
to be a major characteristic in inflamed tissue of IBD murine models and patients, as
high expression levels of its components have been observed. Activation of NLRP3
inflammasome constitutes a crucial step in the initiation of inflammatory processes,
which results in tissue damage and IBD clinical manifestations development. Thus,
NLRP3 pathogenic effect may be due to increased or aberrant activity of the complex.
The etiological factors of inflammasome abnormal activity remain to be clarified.
Furthermore, the possibility of the NLRP3 inflammasome exerting a protective
function during inflammation as a compensatory mechanism of maintaining intestinal
homeostasis, should be investigated. Study on molecular regulation of NLRP3
inflammasome activity during inflammation will provide useful knowledge in
development of therapeutic approaches in IBD. Activation of NLRP3 inflammasome
as well as endpoints of this process (IL-1β, IL-18, pyroptosis) seem to be promising
therapeutic options which need further research.

GENETIC STUDIES ON THE ROLE OF NLRP3
INFLAMMASOME IN IBD
Numerous genetic studies have been performed to explain the association of genetic
variants in NLRP3 inflammasome with IBD pathogenesis. These data suggest that
NLRP3 inflammasome dysregulation may have a prominent role in the pathogenesis
of IBD. Genetic variations could be responsible for NLRP3 enhanced or reduced
activity, affecting the microenvironment balance and inflammatory state in
pathological conditions such as IBD. Mutations or polymorphisms in NLRP3 have
been associated with inflammatory diseases[38-40].
Specific single nucleotide polymorphisms (SNPs), which are located in a regulatory
region downstream the NLRP3 gene, have been linked to CD susceptibility. These
SNPs have been related to hypoproduction of IL-1β and decreased NLRP3
expression[41]. However, a panel study showed no significant associations among
SNPs in the regulatory region of NLRP3 and CD pathogenesis [42] . Another SNP
analysis in CD and UC patients of Chinese Han population demonstrated an
association between two SNPs in NLRP3 gene, with susceptibility to UC but not to
CD[43].
A mutation affecting a component of NLRP3 inflammasome could also contribute
to susceptibility to IBD. A study in CD patients, who carry a loss-of-function mutation
of T60 CARD8, a negative regulator of inflammasome activation, has reported
increased NLRP3 inflammasome activity and excessive production of IL-1β and IL-18
by monocytes[44]. This mutation resulted in decreased overall CARD8 function, which
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normally regulates negatively NLRP3 activation by inhibiting its oligomerization[44]. A
combination of polymorphisms in NLRP3 and CARD8 genes has been linked to high
risk of developing CD in men[45].
Nevertheless, hyperactivation of NLRP3 inflammasome has been suggested to be a
protective mechanism against colitis in a murine model[46]. Particularly, genetically
modified mice carrying the NLRP3 R258W mutation, which induces hyperactivation
of NLRP3 inflammasome, were strongly resistant to experimental colitis[46]. This result
was due to an excess of local IL-1β production, but not IL-18, which causes the
intestinal microbiota to induce local regulatory T cells (Tregs) , maintaining intestinal
homeostasis[46].
Mutations or polymorphisms related to NLRP3 inflammasome genes contribute to
IBD susceptibility in various ways. It has been reported that an aberrant activity of
NLRP3 inflammasome in IBD may be due to a specific genetic background. Further
studies, which will elucidate the link among NLRP3 inflammasome associated genes,
genetic susceptibility and the molecular function and mechanisms of NLRP3
inflammasome, will provide new insights into the field of IBD pathogenesis.

ROLE OF NLRP3 INFLAMMASOME IN MUCOSAL IMMUNE
RESPONSES
There is a complex interaction among the NLRP3 inflammasome, the mucosal
immune response and the gut homeostasis. A disrupted inflammasome signaling may
result in dysbiosis and increased colonization of pathobionts. Intestinal microbiota
plays a crucial role in regulating gut homeostasis[47,48]. Alterations in the microbiota
composition initiate aberrant innate immune responses[49]. Microbiota infiltrates into
the lamina propria and recruits immune cells which secrete cytokines, chemokines
and antimicrobial agents promoting inflammation[49]. NLRP3 inflammasome may also
lead to death of innate cells such as macrophages and DCs by triggering a caspace-1dependent form of cell death, called pyroptosis[50]. Thus, NLRP3 inflammasome can
have a dual role in IBD pathogenesis, related to initiation and maintenance of
inflammation. Firstly, a disrupted NLRP3 signaling may alter the colonization of
intestinal microbiota, causing dysbiosis, a crucial condition for IBD development.
Secondly, NLRP3 inflammasome through pyroptosis may promote a vicious circle of
inflammation, leading to tissue destruction due to consecutive release of cellular
debris, which will reactivate immune cells.
Aberrant Th cell responses play a major role in IBD pathogenesis. In particular,
chronic inflammation in CD has been associated with Th1 immune responses. High
levels of Th1 cytokines and high expression of transcription factors and cytokine
receptors that promote Th1 cell development, have been reported[51]. Moreover, it has
been noted that dysfunction of immunosuppressive Th cells, such as Tregs and Th3
cells, may constitute a pathogenic factor for CD. Th17 cells have an important role in
IBD, and especially in CD, by stimulating intestinal inflammation and regulating the
integrity of epithelial cell barrier[52]. By contrast, UC is considered to be a Th2 driven
disease, as inflamed tissue in UC patients expresses high levels of Th2-associated
cytokines[53,54].
NLRP3 protein, which is crucial for NLRP3 inflammasome formation, has been
proven to be a key regulator in Th2 differentiation. Bruchard et al[55] supported that
NLRP3 expression in naïve CD4+ T cells induced a Th2 immune profile in a mouse
model. NLRP3 protein can act as a transcriptional factor, regulating the expression of
genes associated with the Th2 cells, independently of the inflammasome[55]. IL-1β,
which is produced as a result of activation of NLRP3 inflammasome, has been found
to contribute to differentiation of Th lymphocytes, such as Th17 and Th1 derived from
Th17 cells in vitro and in vivo[56], and to enhance the antigen-driven expansion of naive
and memory T cells[57].
The mechanism, by which NLRP3 inflammasome links innate to adaptive
immunity in IBD, has not been elucidated. Mak'Anyengo et al[58], using a T cell transfer
murine colitis model, examined the role of the NLRP3 inflammasome in DCs’
differentiation, T cell polarization and intestinal inflammation. Intestinal DCs have a
significant involvement in antigen presentation, T cell activity and Tregs
differentiation. Specifically, intestinal CD103+ DCs have immunosuppressive function
and promote Tregs activity [ 5 9 , 6 0 ] . Mak'Anyengo et al [ 5 8 ] showed that NLRP3
inflammasome-driven cytokine release of IL-1β led to the induction of Th17
inflammatory immune response[58]. NLRP3-deficient mice with decreased IL-1β levels
were protected from colitis due to accumulation of CD103+ DCs. This study suggested
that NLRP3 inflammasome acts as a checkpoint regulator of IL-1β and IL-18 in the
intestine, controlling the secretion of DC-expanding cytokines by T cells in vitro and in
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vivo[58].
NLRP3 inflammasome activation results in the maturation of proinflammatory
cytokines IL-1β and IL-18. IL-1β has a multifunctional role in immune responses,
inducing cytokine production, enhancing T cell activation and antigen recognition,
and directing innate immune cells to the site of infection[61,62]. Increased levels of IL-1β
have been recorded in IBD patients and mice models and have been associated with
severity of disease [28] . IL-1β signaling is required for the development of acute
inflammation in both T cell–independent and T cell–mediated colitis [28] . The
pathogenic activity of IL-1β in IBD has been shown to induce the accumulation of IL17A producing cells and Th17 inflammatory responses. However, the dominant role
of IL-1β in IBD development has not been fully determined[28,63]. IL-1β signaling
induces activation of nuclear factor kappa light chain enhancer of activated B cells
(NF-κB) and mitogen-activated protein kinase signaling cascades which results in the
transcriptional activation of genes encoding cytokines, chemokines and a variety of
pro-inflammatory mediators[64,65].
IL-18 is another cytokine which belongs to the IL-1 family of cytokines. Constant
expression of IL-18 has been proposed to be important for the maintenance of
epithelial integrity. IL-18 can promote barrier function in the intestine, controlling the
outgrowth of colitogenic bacteria[66]. The role of IL-18 in immune responses has also
been noted. It induces interferon gamma (IFN-γ) production by natural killer and T
cells in the presence of IL-12, whereas in the absence of IL-12, IL-18 promotes Th2
responses by inducing IL-4 production[67]. Although increased plasma levels of free IL18 have been reported in CD patients [29] , an immunomodulatory activity of this
cytokine has been demonstrated in chronic inflammation in IBD[68]. An in vitro analysis
of cells isolated from CD lesions showed that IL-18 affects IFN-γ and IL-10 production
and apoptosis. T cells isolated from inflamed tissue of CD patients in the presence of
IL-18 had increased IFN-γ and decreased IL-10 production compared to controls[68].
Inhibition of IL-18 with recombinant human IL-18 binding protein (rhIL-18BPa) in
experimental colitis model was associated with reduced apoptosis of lamina propria
CD4+ T cells[68]. Protective function of IL-18 in IBD has been suggested in a T-cell
driven colitis model[69]. IL-18R1 receptor expression on CD4+ T cells seems to be
crucial for suppression of IL-17 production and Th17 differentiation. In addition,
during intestinal inflammation, IL-18/IL-18R1 signaling has been shown to play a key
role in Tregs function, by promoting expression of their effector molecules[69].

PERSPECTIVE
NLRP3 inflammasome is probably a key point in inflammatory processes that
characterize IBD. The differential role of the inflammasome in IBD is supported by
controversial findings about its protective and pathogenic activity; NLRP3
inflammasome has either pathogenic activity, the etiological factors of which have not
been elucidated, or it acquires a protective function during the disease, being a
compensatory mechanism. Further animal and human studies are needed to examine
these hypotheses. Specific genetic background may be responsible for the aberrant
activity of NLRP3 inflammasome in IBD. Investigation of the link between genetic
susceptibility of NLRP3 inflammasome associated genes and molecular regulation of
NLRP3 inflammasome, is of particular importance. NLRP3 inflammasome acts as a
potent regulator of mucosal immune responses and intestinal homeostasis due to its
association with innate and adaptive immunity. Targeting activation of NLRP3
inflammasome and the related endpoints (IL-1β, IL-18, pyroptosis) will provide new
insights into the development of novel therapeutic options in IBD.
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Abstract
Obesity is a global health epidemic with considerable economic burden. Surgical
solutions have become increasingly popular following technical advances leading
to sustained efficacy and reduced risk. Sleeve gastrectomy accounts for almost
half of all bariatric surgeries worldwide but concerns regarding its relationship
with gastroesophageal reflux disease (GERD) has been a topic of debate. GERD,
including erosive esophagitis, is highly prevalent in the obese population. The
role of pre-operative endoscopy in bariatric surgery has been controversial. Two
schools of thought exist on the matter, one that believes routine upper endoscopy
before bariatric surgery is not warranted in the absence of symptoms and another
that believes that symptoms are poor predictors of underlying esophageal
pathology. This debate is particularly important considering the evidence for the
association of laparoscopic sleeve gastrectomy (LSG) with de novo and/or
worsening GERD compared to the less popular Roux-en-Y gastric bypass
procedure. In this paper, we try to address 3 burning questions regarding the
inter-relationship of obesity, GERD, and LSG: (1) What is the prevalence of GERD
and erosive esophagitis in obese patients considered for bariatric surgery? (2) Is it
necessary to perform an upper endoscopy in obese patients considered for
bariatric surgery? And (3) What are the long-term effects of sleeve gastrectomy
on GERD and should LSG be done in patients with pre-existing GERD?
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Core tip: The convenience and ease of sleeve gastrectomy comes at a risk of de novo or
worsening of pre-existing gastroesophageal reflux disease. Candidates for bariatric
surgery should have a thorough evaluation of reflux symptoms as well as esophageal
anatomy and pathology. This should be followed by an informed and open discussion
with the patient about risks and benefits of different bariatric surgical options leading to
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INTRODUCTION
Obesity is a modern-day global epidemic with significant health and economic
burden. According to the World Health Organization, 650 million adults (13% of all
adults) and over 340 million children and adolescents are overweight or obese[1]. In
light of the oft-disappointing long-term results of medical and behavioral
interventions, an increasingly larger number of obese patients are turning to
minimally invasive bariatric surgery. According to the American Society for
Metabolic and Bariatric Surgery, approximately 216000 individuals underwent
bariatric surgery in 2016 in the United States, a net increase of 36.7% over a five-year
period starting in 2011[2]. Laparoscopic sleeve gastrectomy (LSG) is currently the most
popular procedure accounting for more than 50% to 60% of bariatric surgeries
worldwide[2,3]. Two recent large randomized trials have confirmed that there is no
significant difference in excess weight loss between LSG and laparoscopic Roux-en-Y
gastric bypass (RYGB) at 5 years of follow-up [4,5] . However, enthusiasm for this
relatively simple procedure has been curtailed by concerns of post-operative
gastroesophageal reflux disease (GERD), as a result of either persistent or de novo
reflux[2]. This remains an issue of significant controversy and active debate in clinical
practice. At the Fifth International Consensus Conference on LSG, 52.5% of general
surgeons and 23.3% of bariatric experts considered GERD a contraindication to LSG[6].
This article will address 3 burning questions concerning the inter-relationship
between obesity, GERD, and LSG.

WHAT IS THE PREVALENCE OF GERD AND EROSIVE
ESOPHAGITIS IN OBESE PATIENTS CONSIDERED FOR
BARIATRIC SURGERY?
Obesity is an important risk factor for GERD and is associated with esophageal
complications such as erosive esophagitis (EE), Barrett's esophagus, and esophageal
adenocarcinoma[7,8]. GERD has been reported in as many as 62.4% to 73% of bariatric
surgery candidates[9,10]. The pathophysiological mechanisms predisposing to GERD in
obesity include increased intra-abdominal pressure[11], impaired gastric emptying[12],
decreased lower esophageal sphincter (LES) pressure, and higher frequency of
transient LES relaxation[13,14]. In addition, a higher prevalence of hiatal hernia has been
described in obese individuals[15]. Central obesity, rather than body mass index (BMI),
is more closely associated with GERD[7,16]. High-resolution manometry suggests that
both intragastric pressure and gastroesophageal pressure gradient correlate primarily
with waist circumference[10].
Overweight and obesity (especially abdominal visceral obesity) are also risk factors
for EE. EE is associated with higher distal acid exposure time (percentage time with
pH < 4) and higher percentage of reflux episodes reaching the proximal esophagus[17].
El-Serag et al[7] showed that patients with a BMI > 30 are 2.5 times more likely to have
reflux symptoms and EE than those with a normal BMI. A meta-analysis of 6 studies
showed that the adjusted risk ratio for EE was 1.76 in patients with BMI > 25
compared to those with BMI < 25 [18] . Prospective endoscopic studies in bariatric
surgery candidates have documented a high prevalence of EE in obese individuals
ranging from 4.2% to 33.9% (Table 1)[9-11,19-25]. Risk factors for EE varied between
studies and included increased waist circumference, insulin resistance, and presence
of reflux symptoms[11]. It is important to note that the absence of symptoms does not
exclude erosive disease. In one study, 12.3% of obese patients with low probability of
reflux symptoms (low GERDQ score < 8) had EE[9]. The literature is conclusive on the
matter: Obesity is associated with higher prevalence of GERD and erosive esophagitis.
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Table 1 Prospective studies on the prevalence of erosive esophagitis in obese patients
Publication

Year

Number of subjects

Prevalence of EE (%)

Comments

Verset et al[18]

1997

147

30.6

High incidence of peptic
lesions that were mainly
asymptomatic

Ortiz et al[9]

2006

138

18.8

Sensitivity of heartburn as
diagnostic criterion of GERD
was 29.3%, with a specificity
of 85.7%
Asymptomatic GER
(abnormal esophageal acid
exposure and/or EE) more
common than symptomatic
GER

Csendes et al[10]

2007

426

26.3

Out of the 112 EE patients, 77
(68.7%) reported GERD
symptoms

Merrouche et al[11]

2007

94

6.4

46% of patients had abnormal
24-pH study

Dutta et al[19]

2009

101

8.9

6.9% EE in age- and sexmatched non-obese control
subjects

Tai et al[20]

2010

260

32.3

Increased waist
circumference, insulin
resistance, and presence of
reflux symptoms
independent risk factors for
EE

Martin-Perez et al[21]

2014

88

4.5

Esophageal pH monitoring
tests positive in 65% of
patients
Absence of symptoms did not
rule out abnormal esophageal
function tests

Carabotti et al[24]

2015

142

4.2

Majority of endoscopic
lesions were asymptomatic

Mora et al[23]

2016

196

17.3

Esophageal pH-metry
abnormal in 54.2% of patients
Symptoms not enough to
diagnose underlying GERD
or EE

Sharara et al[24]

2019

242

33.9

Anthropometric data and
GERD questionnaires have
limited accuracy for EE
12.3% of patients with low
GERDQ (< 8) had EE

GERD: Gastroesophageal reflux disease; EE: Erosive esophagitis.

IS IT NECESSARY TO DO AN UPPER ENDOSCOPY IN
OBESE PATIENTS CONSIDERED FOR BARIATRIC
SURGERY?
Clinical practice guidelines published in 2013 by the American Association of Clinical
Endocrinologists, The Obesity Society, and American Society for Metabolic and
Bariatric Surgery recommend preoperative endoscopy only when clinically
indicated [26] . This is in line with the Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) 2008 guidelines and the 2014 interdisciplinary
European guidelines endorsed by the International Federation for the Surgery of
Obesity and Metabolic Disorders-European Chapter and European Association for the
Study of Obesity[27]. On the other hand, the 2015 ASGE guidelines recommend that the
decision be individualized[28] while the European Association of Endoscopic Surgeons
advises that all patients be evaluated by either endoscopy or upper gastrointestinal
series prior to their bariatric surgery[29]. In short, the jury is still out on the matter and
a consensus between international and national societies seems unlikely. In a recent
series of 1555 patients, asymptomatic patients with significant findings on endoscopy

WJG

https://www.wjgnet.com

4807

September 7, 2019

Volume 25

Issue 33

Bou Daher H et al. GERD, obesity and sleeve gastrectomy

did not require a change in management or surgery [30] . The authors went on to
conclude that routine upper endoscopy requires further justifications for
asymptomatic patients. On the other hand, several recent studies emphasized the
importance of doing an upper endoscopy preoperatively[23-25]. Carabotti et al[24] showed
that the incidence of endoscopic lesions was the same between patients who reported
symptoms and those who did not; the study also concluded that with the current
adopted approach to preoperative endoscopy, 87% of EE cases would have been
missed. In our experience, we had similar outcomes when we administered the
GERD-Q and the Nocturnal GERD Symptom Severity and Impact Questionnaire (NGSSIQ) to more than 240 consecutive unselected patients scheduled for bariatric
surgery. These validated scores were poorly predictive of endoscopically-proven EE
in these patients, even when combined with clinical assessment as part of a composite
score[9]. As mentioned earlier, the absence of symptoms does not rule out the presence
of GERD[9,23]. A recent survey conducted in the United Kingdom showed that 90% of
bariatric units perform preoperative upper endoscopy either routinely or
selectively[31]. However, there is also no clear consensus on the indications amongst
those who do it selectively. This is particularly important in patients considered for
LSG given the evidence linking it to worsening GERD and PPI dependence[32-34]. The
reason so much debate surrounds the issue is because significant GERD plays a major
role in the choice of the bariatric procedure and the presence of per-operative reflux
symptoms appears to be associated with post-operative GERD[35]. In the absence of
proper randomized trials and dedicated large long-term follow-up studies, the impact
of baseline GERD as well as its post-operative risk should be thoroughly discussed
with the patient to help guide the choice of the bariatric procedure. We recommend
routine upper endoscopy for all patients scheduled to undergo bariatric surgery to
assist with this shared decision process.

WHAT ARE THE LONG-TERM EFFECTS OF SLEEVE
GASTRECTOMY ON GERD? AND SHOULD LSG BE DONE IN
PATIENTS WITH PRE-EXISTING GERD?
Several short-term (less than 2 years) follow-up studies have looked at the effect of
sleeve gastrectomy on GERD. Some have shown improvement of GERD symptoms
after LSG[36-40] while others reported worsening and de novo GERD[41-45]. Few studies
have objectively evaluated the presence of pathologic reflux by 24-h multichannel
intraluminal impedance pH monitoring at ≥ 12 mo after LSG reporting conflicting
results[46-50]. A systematic review and meta-analysis was inconclusive reporting “high
heterogeneity among available studies and paradoxical outcomes of objective
esophageal function tests”[32]. Recently, two large randomized controlled trials were
published comparing the 5-year follow-up outcome of LSG and RYGB[4,5]. The SMBOSS trial reported 5-year postoperative GERD remission in 25% in the LSG group
compared to 60.4% in RYGB (P = 0.002) with de novo GERD in 31.6% of LSG patients
compared to 10.7% in RYGB patients (P = 0.01). The study also reported that 9% of
LSG patients had to undergo conversion to RYGB because of GERD (highest reason
for conversion in the study population). The SLEEVEPASS trial reported RYGB
conversion in 6% due to reflux (the study excluded patients with “severe
gastroesophageal reflux with a large hiatal hernia”). These figures are consistent with
previous literature that showed a 5%-10% conversion rate from LSG to RYGB due to
GERD[35,51]. A systematic review published in 2016 demonstrated that 8 out of 10
studies showed new onset GERD at long-term follow up after LSG with a range of
10% to 23%[52]. A prospective study by Genco et al. of 110 LSG patients followed over a
mean of 58 months showed that the incidence of GERD symptoms, EE and PPI intake
increased significantly post-operatively. Upward migration of the GEJ Z-line was
found in 73.6% of cases on follow-up endoscopy. What was most alarming in this
study was the fact that non-dysplastic Barrett's esophagus was newly diagnosed in
17.2% of patients. This finding has been duplicated in another recent small
multicenter study from Italy[53].
The lines of evidence supporting that LSG is a refluxogenic procedure are multiple
and include the observation of increased intragastric pressure and impedance reflux
episodes on high-resolution impedance manometry after LSG[54], significant increase
in non-acidic reflux with stasis and acidification in esophagus, and the higher rate of
de novo reflux in cohort studies and in randomized controlled studies compared to
RYGB. In a rat model, LSG was independently associated with histopathologic
changes of severe esophagitis compared to high-fat diet fed and to sham-operated
rats[55]. The putative pathophysiological mechanisms underlying GERD after LSG are
summarized in Table 2[49,56-62]. They include a hypotensive LES, loss of angle of His flap
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valve, increased gastroesophageal pressure gradient with intra-thoracic migration of
the remnant stomach, reduction in the compliance of the gastric remnant provoking
an increase in transient LES relaxations, relative gastric stasis in the proximal remnant
and increased emptying from the antrum, stasis and acidification in the esophagus, as
well as higher intragastric pressure and increased impedance reflux episodes. Figure 1
showcases some of the endoscopic and radiologic findings of GERD post LSG.
Given the evidence for long-term GERD burden post LSG, the 2015 joint statement
by the ASMBS, SAGES and ASGE considered EE as a relative contraindication to the
surgery[28]. A recent prospective study showed that the presence of pre-operative
GERD symptoms and EE at baseline were independently associated with a higher
need of postoperative PPI use at 6 mo after LSG [34] . The totality of the evidence
suggests that LSG is associated with an increased incidence of GERD. While some
obese patients with mild non-erosive reflux disease may benefit from LSG with
resolution of GERD symptoms after weight loss, those with severe reflux and erosive
disease appear to have a high probability of persistent GERD. The opportunity to save
such patients from persistent gastroesophageal reflux, PPI dependence, and possible
revisional surgery should be seized and the available evidence openly discussed with
the patient.

CONCLUSION
The popularity of sleeve gastrectomy derives mainly from its relative ease, safety and
efficacy. The “Achilles heel” of this procedure appears to be gastroesophageal reflux
and its complications. This is an issue of concern particularly for patients with preexisting GERD or EE. As physicians, we have a duty not to cause harm. We believe
that a thorough evaluation of reflux symptoms as well as esophageal anatomy and
pathology should be systematically undertaken in all patients considered for bariatric
surgery. This should be followed by an informed and open discussion with the
patient about risks and benefits of different bariatric surgical options leading to
optimal shared decision making.
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Table 2 Putative pathophysiological mechanisms of gastroesophageal reflux disease post laparoscopic sleeve gastrectomy
Hypotensive lower esophageal sphincter[48]
Loss of angle of His flap valve[55]
Increased gastro-esophageal pressure gradient and intra-thoracic migration of the remnant stomach[56]
Reduction in the compliance of the gastric remnant provoking an increase in transient lower esophageal sphincter relaxations[57]
Lack of gastric compliance and emptying during the first postoperative year[58]
Relative gastric stasis in the proximal remnant and increased emptying from the antrum (suggested on time-resolved MRI studies)[59]
Excessively large or dilated sleeve retaining increased acid production capacity leading to reflux[60]
Overly narrowed or strictured sleeve resulting in reflux and decreased esophageal acid clearance[61]

MRI: Magnetic resonance imaging.

Figure 1

Figure 1 Erosive esophagitis and gastroesophageal reflux. A: Erosive esophagitis in a patient with de novo reflux symptoms post laparoscopic sleeve
gastrectomy; B: Barium upper gastrointestinal series demonstrating gastroesophageal reflux in a patient post laparoscopic sleeve gastrectomy.
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Abstract
The intimate connection and the strict mutual cooperation between the gut and
the liver realizes a functional entity called gut-liver axis. The integrity of
intestinal barrier is crucial for the maintenance of liver homeostasis. In this
mutual relationship, the liver acts as a second firewall towards potentially
harmful substances translocated from the gut, and is, in turn, is implicated in the
regulation of the barrier. Increasing evidence has highlighted the relevance of
increased intestinal permeability and consequent bacterial translocation in the
development of liver damage. In particular, in patients with non-alcoholic fatty
liver disease recent hypotheses are considering intestinal permeability
impairment, diet and gut dysbiosis as the primary pathogenic trigger. In
advanced liver disease, intestinal permeability is enhanced by portal
hypertension. The clinical consequence is an increased bacterial translocation that
further worsens liver damage. Furthermore, this pathogenic mechanism is
implicated in most of liver cirrhosis complications, such as spontaneous bacterial
peritonitis, hepatorenal syndrome, portal vein thrombosis, hepatic
encephalopathy, and hepatocellular carcinoma. After liver transplantation, the
decrease in portal pressure should determine beneficial effects on the gut-liver
axis, although are incompletely understood data on the modifications of the
intestinal permeability and gut microbiota composition are still lacking. How the
modulation of the intestinal permeability could prevent the initiation and
progression of liver disease is still an uncovered area, which deserves further
attention.
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Core tip: The integrity of the gut-liver axis is crucial for the maintenance of the
homestasis of the organism. The disruption of the intestinal barrier and consequent
increased intestinal permeability has been recently associated with the development of
liver damage. This review summarizes present evidence on the relevance of the
derangement of the gut-liver axis in the pathogenesis of liver damage and non-alcoholic
fatty liver disease, the development of the complications of liver cirrhosis and its
modifications after liver transplantation.
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INTRODUCTION
The gut is one of the largest mucosal surfaces of the human body. Besides being
involved in the absorption of nutrients and water introduced with ingested food, it
acts as a barrier that guarantees protection against pathogenic microorganisms and
potentially harmful substances, such as toxins and pollutants [1] . In addition, the
interaction that occurs between the gut microbiota and immunological cells at this
level is crucial for the development and maintenance of the immune system[2,3].
The gut and the liver are anatomically connected by portal circulation, and their
functional unit realizes the gut-liver axis[4]. Thus, any type of substance that goes
beyond the gut barrier can reach the liver where is processed into metabolic pathways
or interacts with the immune system cells or resident cells.
Liver disease affects gut homeostasis, altering intestinal permeability (IP) and the
gut microbiota composition, proportionally to the degree of liver function
impairment. Indeed, once portal hypertension (PHT) is established, the intestinal
barrier functions are altered, causing the passage of substances that are normally kept
in the intestinal lumen[5]. In particular, the translocation of bacterial fragments or
products into the bloodstream activates the immune system, stimulating
inflammation. This process not only could further worsen liver function, but it is
implicated in a series of chain reactions involving the whole organism, realizing a
systemic inflammatory condition typical of advanced liver cirrhosis[5].

PHYSIOLOGICAL GUT BARRIER
Normally, the gut constitutes a complex physical, chemical, functional and
immunological barrier. In order to perform its tasks, different components are
necessary[1,6]. Proceeding from the lumen inwards, they can be classified into the
following levels: The microbiota, the extracellular elements, the epithelial cells, the
immune system, the vascular structure (Figure 1).

The microbial barrier
The human gut microbiota harbors one hundred trillions of microorganisms, about
ten times the number of eukaryotic cells. It has about ten times the genes of the
human genome and has a mass of about 1-2 kg[7].
Several factors, such as birth mode, age, diet and lifestyle, influence the human gut
microbiota. In physiological conditions, its compositional and functional armony is
quite stable over time. However, the onset of disease and/or the use of certain drugs
(e.g., antibiotics) can break this balance, resulting in dysbiosis with significant
consequences on human homeostasis. Indeed, the gut microbiota integrates the
metabolism of the organism providing crucial pathways to process nutrients, vitamins
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Figure 1

Figure 1 Physiological gut barrier.

and endogenous substances[8]. Microorganisms host in the lumen interact with the
intestinal mucosa, shaping the mucus[9], exerting a trophic and protective function
towards enterocytes. Moreover, it plays a pivotal role in the development, maturation
and maintenance of the immune system [10-15] and induces local production of
antimicrobial peptides and immunoglobulins[8,12].

Extracellular barrier
Intestinal mucus is a gel formed by glycosylated proteins secreted by intestinal goblet
cells called mucins [16] . It covers the whole gut and its thickness depends on the
location, being almost absent in the stomach and maximum in the colon[17]. Mucus
prevents harmful substances and bacteria from directly contacting cell surface,
causing inflammation [18-20] . Thus, a proper structure of mucins is crucial for the
maintenance of the gut barrier, and alterations could facilitate the absorption of
harmful substances, leading to inflammation[20]. Indeed, quantitative or qualitative
alterations of the mucus layer has been documented in several diseases, such as cystic
fibrosis [21] and inflammatory bowel disease (IBD) [22] . In addition, it has been
demonstrated in mice models that a high MUC2 mucin production increases the
susceptibility of goblet cells to apoptosis and endoplasmic reticulum stress[23]. An
increased mucus thickness has been related to alcohol intake and cirrhosis [24] .
Conversely, an incorrect assembly of MUC2 inside the epithelial cells leads to the
development of an inflammatory disease resembling ulcerative colitis in mice[23,25].
This process may be responsible of the depletion of goblet cells documented in IBD[16].
The inner side of the intestinal mucus is made of a fluid, which is not reached by
the mixing forces of the luminal flow and peristalsis, called unstirred layer. The inner
face of the mucin layer is devoid of bacteria[18] and directly contacts the intestinal
epithelial cells, modulating the absorption of water and nutrients due to its static
nature. A thicker unstirred layer has been observed in patients with coeliac disease
and has been related to malabsorption[26].

Functional barrier
To make the picture more complex, it has to be considered that this system is dynamic
and subject to regulation by gastrointestinal motility and secretions. The outer part of
the mucus layer is continuously moved forward by peristalsis. The luminal flow
prevents the proliferations of microorganism and a prompt clearance of detrimental
elements. This is crucial in the protection against pathogens[1,27]. Gastric acid decreases
microbial colonization of the small intestine. Only acid resistant microorganism, such
as Helicobacter pylori and Lactobacilli are able to survive at low pH[28]. Bile acids, the
main constituents of bile, have direct antimicrobial properties interfering with
membrane and protein production and integrity[29-32]. Thus, alterations of the bile and
gastric fluid and impairment of the peristalsis cause both qualitative and quantitative
modifications of the gut microbiota composition up to the derangement of intestinal
homeostasis and the development of pathology[28,33].

Intestinal epithelial barrier
Underneath the intestinal mucus, there is a continuous monocellular layer of
enterocytes. Goblet cells, responsible for the production of the mucus, and Paneth
cells, which produce antimicrobial peptides, provide additional functions and support
to the homeostasis of the gut barrier. Enterocytes plasma membrane represents the
main mechanical element of the mucosal barrier. Because of its lipidic structure, it is
impermeable to most solutes that need a specific transporter to cross the barrier
(transcellular pathway)[1]. In order to limit the gut permeability, intercellular spaces
are sealed by the presence of a specific apical junctional complex, which is composed
by a tight junction (TJ) and an adherens junction. Overall, over 40 proteins form a TJ,
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being claudins, peripheral membrane proteins, such as zonula occludens (ZO) 1 and
2, and occludin the main components[34,35]. Both tight and adherens junctions are
connected to the cytoskeleton[36]. TJ are important elements for both active and passive
transport through the gut barrier[37]. They regulate the passive flow of the solutes and
water through the paracellular pathway, operating both as a size- and chargeselective filter[38]. The passive movement of substances across TJ occurs through two
different routes: The leak pathway, that allows the transport of larger substances (e.g.,
proteins, bacterial components), and a second pathway mediated by claudin proteins,
that is charge selective and limits the flow to molecules smaller than 4 Å[1,38-40].
As for active transport, an intact intestinal epithelial barrier, formed by TJ and the
plasma membrane of intestinal cell, realizes a gradient between the lumen and the
inner interstice. This condition prevents an uncontrolled translocation of substances
and allows an active transcellular transport through the enterocytes[1]. Moreover, the
complex system of TJ is finely regulated by the influence of cytokines, particularly
tumor necrosis factor-alfa (TNFα)[41] and interferon gamma (IFNγ)[42], and by signaling
kinases and cytoskeleton, like myosin light chain kinases (MLCK)[43,44]. Both qualitative
and quantitative alterations of TJ have been described in the context of liver
disease[45,46]. Finally, intestinal cells own another defensive element. In fact, apical
brush border microvilli are negatively charged, owing to the presence of polar
carbohydrates and charged transmembrane proteins, and cause an electrostatic
repulsive force towards bacterial cell wall, that is negatively charged as well[47].

Immunological barrier
In response to the exposure to bacteria and to their components, Paneth cells produce
antimicrobial peptides, such as defensins, cathelicidines, resistin-like molecules,
bactericidial-permeability-inducing proteins and lectins, and immunoglobulins,
particularly secretory IgA[5]. These elements are secreted into the gut lumen and are
host in the inner face of the mucin layer hosts[48]. Whenever microbial and pathogenassociated molecular patterns cross the intestinal barrier, they are identified through
the interaction between pattern-recognition receptors, such as Toll-like receptors
(TLRs) and nucleotide binding oligomerization domain-like receptors on the intestinal
epithelial cells. Then, recruited dendritic cells are responsible for the transport of the
captured antigens to the mesenteric lymph nodes (MLNs) for antigen presentation.
This mechanism allows the priming and maturation of B and T lymphocytes, that
become part of the adaptive immune response in the gut associated lymphoid
tissue[49-51]. Hence, immune response is compartmentalized in mucosal lymphatics in
healthy individuals.

Gut-vascular barrier
Since 2015, the knowledge about barrier mechanisms for the modulation of IP stopped
to the basocellular membrane of the enterocytes. Recent studies have successively
revealed that the intestinal defense mechanisms actually go further, and also include a
gut-vascular barrier[52]. Observing functional similarities between blood-brain barrier
and intestinal barrier, Spadoni et al[52,53] hypothesized that a parallel structure in the
gut could be responsible for the prevention of the translocation of bacteria and/or
microbial components passed through the extracellular and the intestinal epithelial
barrier.
The fundamental structure of this entity is the gut-vascular unit. It is composed by
the intestinal endothelium, which is anatomically and functionally associated with
pericytes and enteric glial cells that surround it. The barrier is completed by TJ and
adherens junctions, which are permeable to most of the small nutrients. Endothelial
plasma membrane provides isolation and is equipped with active and passive
transporters[53,54]. Glial cells play an important role in the homeostasis of the gut and in
the regulation of IP[52,53]. In fact, in murine models, it has been demonstrated that either
genetical or autoimmune targeting of glial cells determines the development of
fulminant enteritis with increased translocation of microbes and evidence of
bacteremia[55,56]. When the endothelium is intact, it allows the free diffusion of 4 kD
dextran, whereas 70 kD dextran is blocked. Infection with Salmonella enterica serovar
Typhimurium disrupts the gut-vascular barrier, allowing the translocation of larger
substances, and this happens independently of the increase in the blood flow
provoked by inflammation[52,53]. Furthermore, 70 kD dextran was only found in the
liver and not in the spleen, demonstrating that dissemination occurs through the
portal circulation rather than the lymphatic vessels. The increase in plasmalemma
vesicle-associated protein-1 (PV1), a marker of endothelial permeability, during
Salmonella infection confirms this evidence. Finally, the authors demonstrated that
bacteria with the ability to cross the intestinal epithelial barrier do not disseminate to
liver and spleen, blocked by a second barrier[52]. These experiments definitively prove
the existence of a gut-vascular barrier.
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ALTERED GUT BARRIER, INTESTINAL PERMEABILITY AND
BACTERIAL TRANSLOCATION IN THE PATHOGENESIS OF
LIVER DAMAGE
In liver diseases, increased IP is the consequence of multiple disorders that affect the
homeostasis of the barrier. Several studies in animal models and in human pathology
correlated liver damage and dysfunction to alterations of the gut microbiota
composition[57], mucus quality and quantity[24], gastrointestinal motility[33], intestinal
epithelial barrier and TJ[45], and the immune system[58].
Nevertheless, bacterial translocation (BT) is a physiological process that consists in
the passage of small amounts of microorganisms and their constituents from the
intestinal lumen to the MLNs[5]. At this site, microbial killing occurs without systemic
inflammatory response[59,60]. This process is crucial for the modulation of the immune
system and the development of immune tolerance[2,3]. Despite the fact that the liver is
usually devoid of bacteria[61], in healthy individuals it is physiologically exposed to
trace amounts of bacterial mRNAs and lipopolysaccharide (LPS)[4,62,63], mainly acting
as a firewall detoxifying bacterial components [61,64] . In healthy mice, it has been
demonstrated that the liver can act as a second firewall for microorganisms
penetrated after mucosal damage and escaped from MLNs surveillance activity[4,61,64].
This function is supposed to be mainly exerted by the hepatic sinusoids, where
Kupffer cells - representing over the 80% of all tissue macrophages - are able to
phagocytize and kill microbes derived from the bloodstream [4,61,65-67] . Several
experiments have demonstrated the importance of liver resident macrophages in the
clearance of microorganisms and microbial- and pathogen- associated molecular
patterns (MAMPs and PAMPs). In fact, 3H- and 14C-labelled endotoxin purified from
E. coli is actively processed by Kupffer cells[68]. Similarly, lipopolysaccharide binding
protein (LBP), an acute-phase protein synthesized in the liver and secreted after
interleukin-1 (IL-1), interleukin-6 (IL-6), and glucocorticoids stimulation, after binding
with LPS mediates the activation of liver mononuclear cells in a way that is dependent
on the presence of functional Toll-like receptor 4 (TLR4)[69,70]. CD14, either expressed
on myeloid cells (mCD14) or the isoform secreted into the bloodstream by monocytes
and hepatocytes (sCD14), acts as a co-receptor of TLR4 binding the LPS-LBP complex
and allowing its uptake by liver resident myeloid cells[71-73]. Moreover, an elegant
imaging-based study by Lee et al[65] documented the ability of Kupffer cells to perform
filtration of blood, phagocytosis and killing of green fluorescent protein expressing B.
burgdorferii and antigen presentation to natural killer (NK) cells. Finally, in Kupffer
cells depleted mice, the clearance of E. coli K-12 during bacteremia is delayed[61].
Yet, the “liver buffer” is exhaustible too. The disruption of the intestinal barrier at
any level leads to an increase inIP (Figure 2). Thus, harmful substances, such as
MAMPs and PAMPs (LPS, microbial DNA, peptidoglycans and lipopeptides),
metabolic products, and whole bacteria massively reach local MLNs, that are unable
to provide an adequate clearance [74-77] . Hence, a variable amount of detrimental
products is delivered to the liver through the mesenteric and portal circulation[4]. The
maintenance of a damaging insult triggers a systemic inflammatory response,
developing from the liver[78-81]. Kupffer cells play a pivotal role in orchestrating this
mechanism[67,80,82-84]. Indeed, the interaction between pathogen-associated molecular
patterns and TLRs activate intracellular molecular pathways, either MyD88dependent or MyD88-independent, resulting in the activation of NF-κB and the
expression of inflammatory cytokines (TNF-α, IL-1β, IL-6, IL-12, IL-18), chemokines
(CXCL1, CXCL2, CCL2, CCL5, CCL3, CCL4), vasoactive factors [nitric oxide (NO)]
and reactive oxygen species (ROS)[85]. This local inflammatory storm leads to the
recruitment of systemic leukocytes, such as neutrophils, CD4+ T cells and monocytes,
that perpetuate liver inflammation[80,82]. Net result of this process is the induction of
hepatocyte apoptosis and necrosis[86]. Both inflammatory cytokines and cell death
cause the activation and proliferation of hepatic stellate cells (HSC) and the
development of fibrosis under the stimulation of transforming growth factor-β
(TGFβ)[84,87].
As a consequence of inflammatory cytokines, HSCs and several other liver cells
upregulate the expression of matrix metalloproteinases (MMPs). The overexpression
and hyperactivation of MMPs result in the destruction of the hepatic tissue[88,89].
Tissue inhibitors of matrix metalloproteinases (TIMPs) are the main modulators of
the activity of MMPs. While a decrease in the levels of TIMPs have been associated
with liver damage in acute liver injury, an increase in their expression in chronic liver
diseases favor the accumulation of collagen and liver fibrogenesis, by inhibiting
degradation of collagen[88-91]. Furthermore, as proof of the relevance of these enzymes
in the pathogenesis of liver damage, TIMP-1 has been identified as a predictive
marker for the presence of non-alcoholic steatohepatitis (NASH)[92]
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Figure 2

Figure 2 Intestinal permeability in the pathogenesis of liver damage. Several disorders, such as gut dysbiosis and primary and secondary intestinal diseases,
can cause increased intestinal permeability. Consequently, viable bacteria and microbial- associated molecular patterns cross the intestinal epithelial barrier, a
process known as bacterial translocation. An efficient immunological barrier limits this process, promoting a local immune response in activated mesenteric lymph
nodes. When this primary firewall fails, microbes and microbial compounds reach the liver, where they activate Kupffer cells by binding Toll-like receptors. Kupffer cells
orchestrate several processes, such as the release of inflammatory cytokines and reactive oxygen species, the recruitment of innate immune cells, the activation of
hepatic stellate cells. The uncontrolled perpetuation of this pathogenic mechanism results in liver inflammation and damage, fibrogenesis and systemic inflammation.
See text for further details.

Oxidative stress plays a critical role in the development of liver damage[93]. The
production of reactive oxygen species is a physiological consequence of aerobic life.
Hence, organisms have developed antioxidant mechanisms in order to face the
harmful effects of these agents. The detrimental effect of these species depends on the
balance with antioxidant elements[94].
When this equilibrium is deranged, ROS can negatively affect both sides of the gutliver axis. On the one hand, oxidative stress is responsible for intestinal barrier
damage. Indeed, diet[95], alcohol[96], infectious[97] and primary inflammatory diseases[98],
and drugs[99] are able to cause an imbalance in the redox state in the gut, resulting in
increased IP. Furthermore, in advanced liver diseases PHT causes hypoperfusion of
the intestinal mucosa. Subsequent hypoxia enhances the activity of xanthine oxidase,
resulting in increased ROS release and oxidative damage[100]. On the other hand, the
liver is an important scavenger of free radicals, since it plays a crucial role in the
restoration of endogenous antioxidants and metabolism of exogenous ones[101,102]. A
significant increase in the level of oxidative stress has been observed in all chronic
liver diseases, irrespective of the etiology of the liver disorder. Moreover, all the liver
cells are sensitive to oxidative stress-related molecules[93,103,104]. The activation of TLR
causes the generation of ROS by Kupffer cells[105]. ROS signaling causes the activation
and proliferation of HSC[106]. Conversely, as a consequence to the exposure to ROS,
Kupffer cells produce cytokines and chemokines, which further stimulate HSCs[104].
Nevertheless, there are some protective mechanisms. IL-10 mediates remarkable
protective effects towards the intestinal mucosa and liver. At the intestinal level, the
release of IL-10 by macrophages modulates innate immune activation, preventing an
excessive response and consequent tissue damage[107]. Hence, adequate IL-10 levels
improve the integrity of the gut barrier, resulting in a decrease in endotoxin
absorption[108]. In the liver, IL-10 reduces liver inflammations and fibrosis, inhibiting
several Kupffer cells functions[109,110].
Similarly, NK cells regulate fibrogenetic mechanisms in the liver. Indeed, NK cells
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perform immunosurveillance activity by killing early activated and senescent HSCs,
thus limiting fibrogenesis[111,112]. Interestingly, TIMP-1-expressing HSCs are resistant to
NK cells activity[113].
Coeliac disease is the hallmark of the pathogenic mechanism linking increased IP
and liver inflammation[45]. Liver damage is a common disorder associated with coeliac
disease [ 1 1 4 - 1 1 9 ] . In a recent meta-analysis, the prevalence of cryptogenic
hypertransaminasaemia in newly diagnosed coeliac disease is 27%[120]. In coeliac
patients, increased permeability has been proved as well [ 1 2 1 ] . Although the
pathogenesis is poorly understood, the theory that liver involvement could be
secondary to increased IP and BT is widely accepted[114,115,118]. Bardella et al[115] reported
a normalization of transaminases levels in about 90% of patients with increased levels
at the time of coeliac disease diagnosis after six months of gluten free diet (GFD). In
the remaining 10% other possible causes of liver damage were proven by liver biopsy.
Another study demonstrated a significant correlation between serum transaminases
levels and IP, assessed with lactulose/mannitol test. The authors found similar
response to GFD (64/72 patients, 88.9%) and reported that IP index significantly
decreased in conjunction with the normalization of serum transaminases levels within
one year of diet. Conversely, in patients who were not compliant with GFD, liver
injury persisted and permeability tests remained altered[122]. Furthermore, histological
alterations in the liver of patients with newly diagnosed coeliac disease and
transaminases elevation suggest that increased IP could be responsible for liver
damage in this setting. As reported by Jacobsen et al[119], among 37 liver biopsies
performed in coeliac patients, 25 showed non-specific patterns, 7 were diagnostic for
other diseases, 5 were classified as normal. Liver histological features of the 25 nonspecific specimens documented an increased number of Kupffer cells (52.0%),
expanded portal tracts (48.0%) and parenchymal or portal mononuclear infiltration
(36% and 20% respectively). Interestingly, some of these alterations are comparable to
those observed in other experiments reproducing liver damage in context of increased
IP[123]. Thus, these results are consistent with the hypothesis that IP per se could trigger
the development of liver damage.
Also in the setting of primary liver disease, increasing evidence is linking IP to liver
damage. Occludin deficient (Ocln−/−) mice do not show intestinal TJ alteration[124], but
ethanol feeding induces a decrease in E-cadherin and β-catenin distribution, which
are other proteins involved in the maintenance of TJ integrity, causing gut barrier
dysfunction[125]. Although both ethanol fed Ocln−/− and wild type mice had increased
plasma transaminase levels, liver damage was worse in occludin deficient mice, and
histopathological examination of the liver confirmed the presence of inflammatory
lesions only in Ocln−/− mice[125]. As for human studies, Cariello et al[126] demonstrated
that plasma levels of inflammatory cytokines (TNF-α and IL-6) are higher in patients
with both liver disease and increased IP compared to those with normal IP. A positive
correlation between altered IP and liver inflammation and fibrosis was observed in a
population of children with non-alcoholic fatty liver disease (NAFLD)[127]. Finally, a
recent meta-analysis showed that patients with NAFLD, particularly those with
increased liver injury markers, more frequently exhibit altered IP[128]. Altogether, these
data suggest a pathogenic mechanism that determines liver damage through the
alteration of the gut barrier.

GUT-LIVER AXIS: ROLE IN THE PATHOGENESIS OF NAFLD
The pathogenesis of liver damage in patients with NAFLD is still incompletely
understood. However, a growing body of experimental and clinical data suggests a
primary role of the gut-liver axis dysfunction. Traditionally, a “double-hit”
pathogenetic model has been hypothesized for NAFLD development. Lipid
accumulation into the liver (steatosis) represents the first step. Then, a second insult is
needed to cause liver injury and inflammation [129,130] . The discovery of a linkage
between small intestinal bacterial overgrowth (SIBO) and NAFLD [131-133] and the
observation that endotoxin triggers liver inflammation in mice with steatosis [134]
brought to the formulation of this hypothesis[130]. Several experiments in animal and
human models confirmed the influence of increased IP both in the development of
liver steatosis and in the pathogenesis of liver inflammation and fibrosis.
Brun et al [62] reported gut barrier dysfunction, tested as higher epithelial
permeability to horseradish peroxidase in obese mice, both genetically deficient in
leptin (C57BL/6Job/ob) and functionally deficient for the long-form leptin receptor
(C57BL/6Jdb/db). Immunochemistry and Western blot confirmed important
alterations of TJ proteins (ZO-1 and Occludin) distribution in obese mice. Hence,
endotoxin in portal circulation and levels of circulating proinflammatory cytokines
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(IL-1, IL-6, INF-γ, and TNF-α) were significantly higher both in ob/ob and in db/db
mice compared to controls. Interestingly, HSC isolated from obese mice showed
enhanced sensitivity to LPS and produced higher levels of cytokines.
Junctional adhesion molecule A (JAM-A) is a constituent of the TJ encoded by the
murine gene F11r. It modulates the epithelial barrier function, regulating IP and
inflammation [135-138] . F11r −/− mice, fed a diet high in saturated fat, fructose and
cholesterol (HFCD) for 8 weeks, developed a severe steatohepatitis, assessed by the
presence of histological features of liver inflammation (hepatocyte ballooning and
inflammatory cells infiltration) and fibrogenesis and increase in serum transaminases
compared to controls[123].
In a recent study, male C57BL/6 mice were fed with dextran sulfate sodium (DSS),
a chemical compound able to determine gut inflammation, and a high-fat diet (HFD)
for 12 wk. Fat vacuoles and leukocyte infiltration in the liver were higher in DSS and
HFD-fed mice compared to HFD-fed mice. Concordantly, levels of hepatic mRNA
coding for inflammatory cytokines (IL-1, IL-6, TNF-α, MCP-1) were increased as well.
Moreover, DSS + HFD showed higher expression of collagen I and profibrogenic
factors mRNA (TGF-β, Actin α2, tissue inhibitor of metalloproteinase-1 and
plasminogen activator inhibitor-1). Although there were no significant differences in
the levels of serum endotoxin, an upregulation of TLR4 and TLR 9 was observed in
DSS HFD mice. Finally, the downregulation of ZO-1 and Claudin-1 and the increased
expression of PV1 confirmed both the intestinal and gut-vascular barrier dysfunction
after DSS treatment[139].
As for human models, the first strong evidence of increased IP in NAFLD patients
emerged from a study testing the intestinal absorption and urine excretion of orally
administered 51 Cr-EDTA [45] . Indeed, 51 Cr-EDTA is normally not metabolized and
poorly absorbed (1%-3%) from the gastrointestinal tract and it crosses the intestinal
barrier through the paracellular pathway in the presence of TJ disruption[27,140,141]. 51CrEDTA excretion levels were significantly higher than values of healthy volunteers in a
fashion that resulted proportional to the degree of liver steatosis. Furthermore,
duodenal histology showed reduced ZO-1 expression in patients with NAFLD. In this
population of patients, the prevalence of SIBO was about three times compared to
controls, an observation that confirmed findings of previous studies[142]. However,
increased IP was not associated with the severity of liver inflammation, fibrosis and
the presence of NASH[45]. Similarly, in children with NALFD liver damage has been
linked to alterations of the gut barrier. The ratio between urinary excretion of
lactulose and mannitol (L/M ratio) after oral administration was used to measure the
degree of IP[27,127,143]. L/M ratio was significantly higher in NAFLD children and further
increased in NASH patients. In order to ascertain the presence of BT, serum LPS was
quantified and resulted significantly higher in children with confirmed liver damage.
Interestingly, the extent of hepatic inflammation and fibrosis was proportional to the
degree of IP [127] . The association between SIBO and NAFLD and the finding of
increased endotoxemia across the studies underlines the role of the gut microbiota in
the initiation and development of metabolic liver disease[45,127,142,144]. Once increased IP
is established, dysbiosis affects liver homeostasis through different mechanisms. Gut
microorganisms directly cause liver damage either by means of MAMPs and PAMPs
(e.g., LPS) or by products of their metabolism (e.g., ethanol, short-chain fatty acids
(SCFAs) and trimethylamine)[145].
Proteobacteria, particularly Enterobacteriaceae, can ferment carbohydrates to
ethanol[146]. In the presence of adequate conditions, the amount produced can be
remarkable[147]; indeed, a significant correlation between ethanol-producing bacteria
abundance, blood ethanol concentration and liver inflammation has been
demonstrated[146]. Besides causing direct toxic effects to the liver, this overproduction
determine the activation of hepatic ethanol metabolic pathways and increases liver
oxidative stress[148]. These evidences have confirmed the relevance of endogenous
ethanol production in the pathogenesis of NASH.
Acetic, propionic and butyric acid are the main SCFAs produced by the gut
microbiota in physiological conditions as a result of carbohydrates fermentation[149].
Following the intestinal absorption, SCFAs reach the liver through the portal
circulation, where they serve as energy source and exert a relevant role in lipogenesis
and gluconeogenesis[145,150,151]. Interacting with Gprotein coupled receptors GPR41 and
GPR43 of intestinal enteroendocrine L cells, SCFAs stimulate the release of the
peptide YY (PYY), a hormone able to slow gastric emptying and intestinal transit and
favor energy absorption [152] . Another important consequence is the release of
glucagon-like peptide-1, which enhances glucose-dependent insulin release [153] .
Altogether, these effects may favor the development of NAFLD and NASH[145].
Furthermore, the intestinal microbiota inhibits the production and secretion of
fasting-induced adipocyte factor (FIAF) by the intestinal L cells and the enterocytes.
FIAF is an inhibitor of lipoprotein lipase (LPL), which determines, when suppressed,
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the activation of LPL and the increase in triglyceride accumulation in the liver and the
adipocytes[154]. Hence, increased hepatic lipid storage activates the carbohydrateresponsive element-binding protein and the sterol regulatory element-binding protein
1, perpetuating fat accumulation[155].
Finally, choline is implicated in the synthesis of very-low density lipoprotein
(VLDL). Hence, choline deficiency cause a decrease in the production and release of
VLDL and triglyceride accumulation in the liver[156]. Bacteria of the taxa Erysipelotrichia
are able to metabolize choline to methylamines, toxic compounds that have been
correlated to liver damage[157,158]. In NAFLD patients, augmented intestinal metabolism
of choline, choline deficiency and abundance of Erysipelotrichia taxa have been
observed[157].
Recent studies reported qualitative alterations of the gut microbiota composition in
patients with NAFLD. Particularly, Bacteroides genus is correlated with NASH and a
parallel decrease in Prevotella abundance was found[159,160]. In fact, diet enriched in fat,
proteins of animal origin and simple sugars, like Western one, promotes Bacteroides
abundance, whilst an increase in Prevotella abundance is favored by a diet rich in
fibers and vegetal carbohydrates [159,161] . Ruminococcus genus has been positively
associated with significant liver fibrosis (≥ F2) in humans [159] , and a correlation
between the abundance of this genus and the development of metabolic impairment
has been observed in animal models[162]. Alcohol production, due to the ability of
Ruminococcus to ferment complex carbohydrates, may be responsible for further liver
damage[163]. An increase in Proteobacteria/Enterobacteriaceae/Escherichia abundance has
been described in NASH and correlates with serum levels of alcohol[146].
Furthermore, NAFLD-related liver cirrhosis patients showed a low gut microbiota
diversity compared to healthy controls. At the genus level, an abundance in
Lactobacillus, Bacteroides, Ruminococcus, Klebsiella, Prevotella, Enterococcus, Haemophilus,
Pseudomonas, Parabacteroides, Phascolarctobacterium, Veillonella, Streptococcus, Atopobium,
Dialister, Christensenella, and decrease in Methanobrevibacter and Akkermansia was
observed[164].
It is well known that diet also is a key regulator of IP[165]. In animal models of
NAFLD, adaptation of a high-fat diet or high-fructose intake has been associated with
increased gut permeability[166,167]. Elevated concentrations of saturated fat or fructose
favors pro-inflammatory microbiota; on one hand, suppressing production of SCFAs
that are essential for intestinal barrier function, on the other hand recruiting
macrophages and leading to the release of TNF-α and other cytokines causing
mucosal inflammation[168,169]. The consequence is a decreased expression of TJ proteins
and a higher permeability of the gut barrier[170]. Diet-induced increases in blood LPS
levels are known as metabolic endotoxaemia and play an important role in the
activation of TLR-mediated low-grade liver inflammation, which are associated with
NAFLD and NASH[171]. Current evidence from animal studies suggests that a high-fat
diet or a high-fructose diet can induce metabolic endotoxaemia by altering the
intestinal TJ proteins, mainly ZO-1 and occluding[62,172-174]. In NAFLD adolescents,
postprandial endotoxin levels were increased compared to healthy subjects in
response to fructose, but not glucose, beverages (consumed with meals) in a 24-h
feeding challenge[175].
There are currently no data concerning diet modulation of IP in patients with
NAFLD, and it is plausible that a healthy diet can reduce IP in patients with NAFLD
by restoring the integrity of tight junctions. The Mediterranean diet contains a high
intake of mono- and polyunsaturated fatty acids, fibres, polyphenols, antioxidants
and phytochemicals; many of these components promote short-chain fatty acidproducing gut bacteria and have significant prebiotic effects [ 1 7 6 ] . As such,
Mediterranean diet was an attractive tool for reducing impaired IP in patients with
NAFLD. In a cross-over pilot study[177], twenty patients with NAFLD underwent 16
weeks of a Mediterranean diet and 16 weeks of a low-fat diet; although the majority of
patients presented at baseline, as expected, high IP evaluated according to 51CrEDTA, none of the two diets were sufficient to modulate it. Diet-modulation of IP in
humans is much more difficult to obtain than in animal models and further research is
needed.

GUT-LIVER AXIS: ROLE IN THE PATHOGENESIS OF
CIRRHOSIS
Increased IP and BT are hallmarks of liver cirrhosis[5,27]. As previously described, the
contribution of BT to liver damage could be crucial for the progression to liver
cirrhosis. On the other hand, the once liver cirrhosis is establishment it further
enhances IP. The magnitude of BT is proportional to the stage of the disease[5] and
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correlates with prognosis[178].
PHT can reasonably be considered the primary determinant of the onset of altered
IP in the setting of advanced liver disease. Indeed, increased splanchnic vasodilation
induces a decrease in the blood flow and venous congestion at the intestinal mucosa
level, leading to ischemia and edema, up to the disruption of the TJ and epithelial
barrier dysfunction[179,180]. Consequently, BT is enhanced and in most cases it becomes
clinically relevant, due to the large extent of the mucosa involved in the pathogenic
mechanism [181-184] . To confirm of the importance of PHT in the pathogenesis of
increased IP, the reduction of hepatic venous pressure gradient by non-selective betablocker therapy decreases IP[180].
Endotoxemia further worsens the hemodynamics of cirrhotic patients. In fact, the
systemic inflammatory response activated by bacteria and their products/fragments
leads to the release of cytokines and the consequent synthesis of (NO) by inducible
nitric oxide synthase (iNOS) [185-187] . The result is a decrease in systemic vascular
resistance and the secondary development of hyperdynamic circulation[74,75,188] that
further worsen IP and BT[189]. In fact, there is evidence that intestinal decontamination
improves the hyperdynamic state in liver cirrhosis[190,191].
Furthermore, increased IP and consequent BT are fundamental pathogenic steps in
the development of complications of chronic liver disease[74]. In cirrhotic patients,
impaired hemodynamics in advanced phases may negatively affect renal function,
causing the hepatorenal syndrome (HRS). LPS per se leads to renal vasoconstriction,
but it can worsen renal function via the increase of plasma levels of endothelin[192-194].
Furthermore, TLR4 may play a role in the pathogenesis of HRS via the consequent
activation of NF-κB and TNF-α pathways, since it is overexpressed in the kidney
during endotoxemia [195] . The importance of this pathogenic mechanism in the
development of HRS is highlighted by the fact that in both animal and human studies,
intestinal decontamination, achieved either by norfloxacin, paromomycin or
rifaximin, showed beneficial effects on renal function[195-197]. Similarly, among the
ancillary effects of albumin infusion, the scavenging of LPS is involved in the
amelioration of renal hemodynamics[198].
In the first clinical reports of spontaneous bacterial peritonitis (SBP) in the 1960s, a
pathogenetic mechanism involving BT from the gastrointestinal tract has already been
hypothesized[199-202]. However, clear scientific evidence was only produced in the
1990s. These experiments showed in murine models of liver cirrhosis a high
correspondence between the isolation of bacteria from cultures of MLNs and ascites.
Positive cultures were obtained from both mice with or without SBP, demonstrating
that BT is a frequent event in advanced liver disease[203-205]. Another evidence that
elucidates the causal association between intestinal dysbiosis, impaired IP, BT and
SBP is the decrease in the incidence of SBP (-72%) in patients with ascites treated with
rifaximin[206]. Similar results in SBP primary and secondary prophylaxis have been
obtained with norfloxacin[207,208].
In liver cirrhosis, the liver capacity to detoxify ammonia, neurotoxic substances and
false neurotransmitters, produced by the gut microbiota from the catabolism of
dietary proteins, is insufficient [ 2 0 9 , 2 1 0 ] . On the other hand, the formation of
portosystemic shunts further decrease the part of blood depurated[211]. Thus, entering
the bloodstream, these substances are delivered to the brain, where they have
detrimental effects, causing edema and altering neurotransmission, causing hepatic
encephalopathy (HE)[209,210].
A perturbation in the gut microbiota composition has been linked to the
development of HE. In particular, Alcaligeneceae, Porphyromonadaceae, Enterobacteriaceae
abundance has been correlated with cognitive impairment and neuroinflammation in
cirrhotic patients[212]. Moreover, the systemic inflammatory state resulting from the
perpetuation of BT independently affects brain functions and worsens cognitive
performance[213-217], and finally, inflammation secondarily extends to the brain, where a
self-maintaining process is then established[214,218-220]. Hence, the modulation of the gut
microbiota and its metabolism represents the basis for the treatment and prevention
of overt HE[221-223].
The pathogenesis of portal vein thrombosis (PVT) is incompletely understood.
However, besides reduced portal vein flow velocity and prothrombotic state, BT into
portal vein could favor the activation of the coagulative cascade[224,225]. Indeed, it is
known that endotoxin is able to increase thrombin generation via the increased
production of tissue factor (TF)[226]. Similarly, LPS stimulates the release of factor VIII
and von Willebrand factor release, in a way that could be mediated by TLR4
activation [227] . Since the liver acts as a firewall towards BT [61] , there is a gradient
between the concentration of LPS in the portal vein and in the systemic circulation[228].
Hence, this could be a significant pathogenic mechanism for the development of PVT
in cirrhotic patients[224,225]. Interestingly, endotoxin-induced prothrombotic state in the
portal system can cause microembolism to hepatic sinusoids, contributing to liver
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damage and inflammation[229].
Increasing evidence supports the involvement of the gut-liver axis in
hepatocarcinogenesis. As aforementioned, intestinal hyperpermeability and
consequent BT activate TLRs through the binding with LPS [85] . The subsequent
activation of NF-κB signaling initiates the inflammatory cascade that favors
carcinogenesis[230,231]. Indeed, in animal models, it has been demonstrated that the
infusion of LPS stimulates the development as well as the growth of liver tumors[232,233].
Conversely, the lack of IKK-b, a kinase that frees NF-κB from inhibitory proteins,
decreases hepatocarcinogenesis[234]. An inflammatory environment is crucial for the
development of hepatocellular carcinoma (HCC). Cytokines modify the microenviroment by recruiting innate immune cells and altering the extracellular
matrix[231,235]. Moreover, the production of ROS cause direct DNA damage[236] and
inflammation stimulate cell turnover and proliferation, favoring the accumulation of
DNA mutations[231,235].
Other MAMPs and PAMPs and microbial metabolites have also been proposed as
potential carcinogens[237,238]. Hence, recent studies have analyzed the gut microbiota of
patients with HCC in order to find a microbial fingerprint of the disease. Ponziani et
al[164] described the gut microbiota of NAFLD cirrhotic patients with HCC. At the
genus level, a significant increased abundance of the Phascolarctobacterium,
Enterococcus, Streptococcus, Gemella, Bilophila genera was observed. In another recent
study, the abundance of the Haemophilus, Eggerthella, Bifidobacterium, Butyricimonas,
Christensella, Odoribacter genera, an unknown genus from Tenericutes phylum and an
unknown genus from Firmicutes phylum was significantly increased by 2-3 fold in
the HCC group. Interestingly, the authors found a correlation between changes in the
gut microbiota and liver inflammation[239].
Finally, as regards the gut microbiome in liver cirrhosis, a decreased bacterial
diversity has been observed compared to healthy controls. At the phylum level, the
abundance of Bacteroidetes is reduced, whilst Proteobacteria and Fusobacteria are
increased. The increase in the abundance of potentially pathogenic bacteria, such as
Streptococcus, Veilonella, and Enterobacteriaceae, may explain the frequent involvement
of these bacteria in the pathogenesis of infectious complications in these patients[240,241].
A relocation in the distribution of microorganisms along the gastrointestinal tract has
been correlated with the onset of the complications of liver cirrhosis, as well[240]. In
particular, a higher abundance of Streptococcus salivarius has been correlated with the
minimal HE[242]. In parallel, a decrease in the abundance of potentially beneficial
Lachnospiraceae and Clostridium cluster XIVa has been reported[240,241].

GUT-LIVER AXIS AFTER LIVER TRANSPLANTATION
PHT, which is responsible for increased IP in the setting of liver cirrhosis, is reverted
by liver transplantation (LT)[243,244]. Accordingly, IP should decrease after LT. In a
study analyzing IP 2 to 3 years after LT in patients on immunosuppressant drugs
(tacrolimus and cyclosporine), Parrilli et al [245] reported an increase in lactulose
/rhamnose ratio (Lacl/L-Rh ratio) that was only due to a decrease in L-Rh excretion.
The authors concluded that IP was restored, in spite of the effects of antirejection
drugs on intestinal barrier function. Moreover, serum endotoxin levels were similar
between LT patients and controls. Another study soon after LT in patients receiving
tacrolimus therapy showed that IP, assessed with L/R ratio, was elevated compared
to healthy controls. Furthermore, about 50% of the patients had increased serum
levels of endotoxin[246]. Therefore, IP could still be impaired soon after LT and improve
later. However, further studies are needed to analyze the modification of IP in
patients with cirrhosis after LT.
Few studies analyzed the alterations of the gut microbiota after LT. In particular, a
decrease in Eubacteria, Bifidobacterium spp, Fecalibacterium prausnitzii and Lactobacillus
spp abundance and a decrease in Enterobacteriaceae and Enterococcus spp has been
observed [247] . Interestingly, in a recent study microbial diversity did not show
significant modification during the first week after LT. Instead, during postoperative
days 8 to 14 the influence of surgical operation, antibiotics and antirejection therapy
reduced microbial diversity[248]. Afterwards diversity was progressively restored[247,248].
No association was been found between intestinal dysbiosis and acute cellular
rejection, post-transplant bloodstream infections and/or the recurrence of liver
disease[248,249].
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CONCLUSION
Increased IP, BT and alterations of the gut microbiota composition are important
pathogenetic elements responsible for the development of liver damage, the initiation
of fibrosis changes up to the development of liver cirrhosis and its complications. At
present, there are very few evidences of the efficacy of the role of the gut microbiota
modulation in the modification of the natural course of liver disease. Further studies
are needed to investigate the efficacy of these strategies.
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Abstract
Liver fibrosis is the common pathological basis of all chronic liver diseases, and is
the necessary stage for the progression of chronic liver disease to cirrhosis. As
one of pathogenic factors, inflammation plays a predominant role in liver fibrosis
via communication and interaction between inflammatory cells, cytokines, and
the related signaling pathways. Damaged hepatocytes induce an increase in proinflammatory factors, thereby inducing the development of inflammation. In
addition, it has been reported that inflammatory response related signaling
pathway is the main signal transduction pathway for the development of liver
fibrosis. The crosstalk regulatory network leads to hepatic stellate cell activation
and proinflammatory cytokine production, which in turn initiate the fibrotic
response. Compared with the past, the research on the pathogenesis of liver
fibrosis has been greatly developed. However, the liver fibrosis mechanism is
complex and many pathways involved need to be further studied. This review
mainly focuses on the crosstalk regulatory network among inflammatory cells,
cytokines, and the related signaling pathways in the pathogenesis of chronic
inflammatory liver diseases. Moreover, we also summarize the recent studies on
the mechanisms underlying liver fibrosis and clinical efforts on the targeted
therapies against the fibrotic response.
Key words: Crosstalk network; Inflammatory cell; Cytokine signal pathway; Liver fibrosis
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Core tip: Liver fibrosis is a chronic liver lesion with inflammation. Reciprocally,
increased inflammatory response exacerbates the severity of liver disease. Clinical data
reveal that an aberrant increase of inflammatory cytokines is highly correlated with poor
outcome of patients with liver fibrosis. However, the mechanism underlying liver
fibrosis is not completely understood. It is urgently needed to enrich the knowledge of
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liver fibrosis. This review focuses on the role of inflammation in liver fibrosis and
discusses the crosstalk network involving immune cells, cytokines, and the related
signaling pathways.
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INTRODUCTION
Chronic inflammatory lesions results in extracellular matrix accumulation and hepatic
fibrosis, eventually leading to cirrhosis[1]. Liver cirrhosis is a life-threatening factor for
human health in the world. Sustained stimulations by a series of pathogenic
mediators impair the regeneration capacity of the liver and thus result in the
development of liver fibrosis. Among many pathogenic factors, inflammation is a key
inducer for liver fibrosis progression. Cross activation of hepatic stellate cells (HSCs),
Kupffer cells, and other immune cells is a hallmark for the pathogenesis of liver
fibrosis. Furthermore, critical cell signal pathway-related apoptosis, autophagy,
collagen and inflammatory cytokine production are involved in the development of
liver fibrosis by crosstalk with immune cells. Chronic pathogenic factors activated
abundant hepacytes to generate inflammatory cytokines and chemokine mediators,
which subsequently form a crosstalk network in liver fibrosis. Until now, liver fibrosis
is still a serious unsolved problem in chronic liver disease. This review focuses on this
crosstalk network in liver fibrosis and discusses the detailed mechanism by which the
process of liver fibrosis is modulated.

CELLS INVOLVED IN LIVER FIBROSIS
HSCs
As the precursor of myofibroblasts, HSCs differentiate into an activated
myofibroblastic phenotype with the assistance of Kupffer cells and cytokine-cytokine
receptor signaling pathways. HSCs comprise 15% of total resident cells in the normal
human liver. Through secretion of interleukins and chemokines, HSCs communicate
with Kupffer cells and other liver cells in quiescent conditions [2] . However,
deregulation of HSC activation can initiate inflammation and enhance the
susceptibility to liver fibrosis. Activated HSCs produce endothelin-1 to promote
fibrogenesis[3]. A homologous protein of YB1 (a negative mediator for liver fibrosis)
mediated anti-fibrotic activity by suppressing the expression of collagen type I in
HSCs[4]. Moreover, Wnt signaling can also enhance HSC activation and promote liver
fibrosis[5]. Some data showed that loss of interleukin (IL)-1Ra in mice decreased the
number of HSCs and Kupffer cells in the liver compared to the other groups, which
suggested that IL-1 signaling is also involved in this process[6]. Additionally, mature
HSCs have been reported to stimulate allogeneic regulatory T cell proliferation in a
cell-cell contact-dependent manner[7]. Mast cells might crosstalk with HSCs to inhibit
liver fibrosis via the HLA-G-mediated decrease of collagen I, and IL-10 also mediates
crosstalk between mast cells and HSCs[8]. Endothelial progenitor cells dramatically
inhibit the proliferation, adhesion, and migration of HSCs, promote the apoptosis of
HSCs, and down-regulate the mRNA and protein expression of collagen I and
collagen III in HSCs[9]. Epigenetic crosstalk between histone acetylation and miRNAs
inhibited HSC activation[10]. Researchers have explored drugs targeting HSCs. A
number of protein markers were found to be overexpressed in activated HSCs, and
their ligands have been utilized to specifically deliver various anti-fibrotic agents[11].
Natural killer (NK) cells are important in regulating hepatic fibrosis, and their
cytotoxic killing of HSCs has been reported. Activated NK cells lead HSCs to death in
a TRAIL-involved mechanism via the p38/PI3K/AKT pathway, which suggested that
the p38/PI3K/AKT pathway in NK cells may be a novel drug target to inhibit liver
fibrosis [12] . It has been confirmed that activation of HSCs could be inhibited by
reducing the production of transforming growth factor-β1 (TGF-β1) in HSCs via
inhibition of the NF-κB pathway through downregulation of the TGF-β1/Smad3
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pathway[13].

Kupffer cells
Kupffer cells as resident macrophages are one of important liver inflammatory cell
types, and account for 30% of sinusoidal cells[14]. Activated Kupffer cells secrete
abundant cytokines and signaling molecules, which enhance liver immunopathology.
Activated Kupffer cells participate in the initial injury/fibrogenic response to TGF-β1
and methotrexate, which results in upregulated production of cytokines, including IL10, IL-4, IL-6, and IL-13 [15] . CXCL6 stimulates the phosphorylation of epidermal
growth factor receptor (EGFR) and the expression of TGF-β in cultured Kupffer cells,
thereby resulting in activation of HSCs[16]. In response to liver injury induced by
endotoxin, IL-35 can promote Kupffer cells to secrete IL-10 and reduce acute liver
injury[17]. A crosstalk network including Ly6C+ monocytes, CCL2-CCR2, and Kupffer
cells determines HBV clearance/tolerance, and manipulation of these two cell types
may be a potential strategy for immunotherapy of HBV-related liver diseases[18].
Activation of Kupffer cells by pathogens and the CCL2/CCR2 axis can be the key
factor to recruit innate effector cells to the injured liver[19]. In alcoholic liver disease
mice, a crosstalk network including Kupffer cells, T cells, CCL2/CCR2, and
CCL5/CCR5 sensitizes hepatocytes[20]. NLRP3 inflammasome from Kupffer cells is
involved in the occurrence of schistosomiasis-induced liver fibrosis (SSLF) via NF-κB
signaling and IL-1β in serum increased strongly[21]. An effective method of isolating
Kupffer cells was explored to eliminate endothelial cell contamination, which could
be meaningful for illuminating Kupffer cell function and mechanism in diseases[22].
RAMP 1 in Kupffer cells mediates a crosstalk network involving infiltration of
immune cells and pro-inflammatory cytokines secreted by Kupffer cells and splenic T
cells, and such crosstalk network can regulate the immune response [23] . ATG5dependent autophagy involved in crosstalk between Kupffer cells and cytokines (IL-6
and IL-10) mediated acute liver injury response[24]. The cross communication of Sphk1
with HSCs and Kupffer cells regulated the CCL2-CCR2 axis in liver fibrosis[25]. Fas
ligand stimulated Fas-expressing Kupffer cells or macrophages to secrete active IL-18
in a caspase-1-independent manner and finally resulted in acute liver injury in mice[26].
Kupffer cells with high expression of CD1d only presented lipid antigen to NKT cells
for activation of the pro-inflammatory cytokine pathway [27] . Huangqi decoction
activated Kupffer cells to promote liver fibrosis [28] . The crosstalk between Th2
microenvironment and Kupffer cells promoted liver fibrodsis[29]. The interaction
between NK cells and Kupffer cells mediated by the CD205-TLR9-IL-12 axis promoted
liver injury [30] . MM9 from Kupffer cell can remodel the matrix and repair the
architecture during liver fibrosis regression[31]. Taken together, multiple functions of
Kupffer cells modified by different molecules, signal pathways, inflammatory
cytokines, and immune cells are essential in the development of liver fibrosis.

Other inflammation-related cells
NKT cells are activated in an NKG2D-dependent manner, and the crosstalk of IL-30
with NKG2D activates NKT cells to remove collagen-produced HSCs[32]. Regulatory
CD4 T cells modulate the crosstalk network between NK cells and HSCs [33] .
Neutrophils are the source of many inflammation cytokines and important
inflammatory cells for acute liver injury and chronic fibrosis. Neutrophil-tolymphocyte ratio is determined to be related with inflammatory activity and fibrosis
in non-alcohol fatty liver disease[34]. A latest report shows that Th22 cells are closely
associated with chronic liver fibrosis; moreover, the close crosstalk in the cell number
of CD4+ T cells and Th22 cells suggests that Th22 plays an important role in chronic
liver fibrosis[35]. One report demonstrates that NK cells migrate into the fibrosis scar
and play a role in immune surveillance by clearing senescent activated HSC cells[36].
However, the chemokine CXCL-10 reverses NK cell-mediated HSC inactivation
function and promotes liver fibrosis[37]. Therefore, liver fibrosis progresses in the
inflammatory mediator crosstalk network microenvironment.

Inflammatory cytokines
Proinflammatory cytokines: IL-17A in combination with TGF-βRI can phosphorylate
SMAD2/3 in HSCs to activate liver fibrosis[38]. A cross communication involving BMMSCs and IL-6/STAT3 can down-regulate IL-17 and affect liver fibrosis[39]. In a new
mouse model with a pre-injured liver (Abcb4/Mdr2-/-), IL-6-driven inflammatory
response may determine the outcome of acute liver injury [40] . IL-6 is a primary
regulator of both acute and chronic inflammation, which exhibits two contrasting
functions. It acts as a pro-inflammatory cytokine in models of chronic inflammatory
diseases[41], and contrarily shows anti-inflammatory effects in acute inflammation.
Therefore, as a classic pro-inflammatory cytokine biomarker, IL-6 is used to clinically
diagnose chronic liver fibrosis[42]. A crosstalk axis involving IL-6 and polymorphism of
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its gene (C174G) accelerates progression of chronic liver fibrosis [43] . As a potent
chemoattractant for neutrophils, IL-8 and its receptor CXCR1 are involved in
inflammation activation and liver fibrosis[44]. As potent predictors of liver injury, IL-8,
MCP-1, and OPN are associated with advanced liver fibrosis in nonalcoholic fatty
liver disease[45]. CXCL-6 can phosphorylate EGFR and activate the TGF-β pathway in
Kupffer cells in liver fibrosis[16]. A latest report shows that IL-9-derived interaction
between Raf/MEK/ERK and CXCL-10 can promote liver fibrosis [ 4 6 ] . As a
profibrogenic factor, IL-34 may become a diagnostic biomarker for liver fibrosis[47]. In
a mouse model, the crosstalk between IL-13 and STAT6 signaling pathways activates
schistosomiasis-induced liver fibrosis[48]. In non-alcoholic fatty liver disease, fibroblastderived marker IL-34 is developed as a feasible diagnostic marker[49]. IL-34, together
with macrophage colony-stimulating factor, activates HSCs to promote collagen
synthesis[50]. Plasma IL-18 in children with nonalcoholic fatty liver disease has been
proposed as a novel biomarker for liver fibrosis[51]. CCL2-dependent monocytes may
promote angiogenesis induced by inflammation in the progression of liver fibrosis[52].
The communication of TGF-β with JAK1-STAT3 may promote HSC proliferation as
well as collagen I and α-SMA up-regulation in CCL4-derived live fibrosis[53]. In fibrotic
liver, activated HSC-derived CTGF may respond to TGF-β stimulation in order to
form a crosstalk regulatory network, and this crosstalk contributes to extracellular
matrix production in a STAT3-dependent mode[54]. Alternatively, the interaction of
TGF-β with long non-coding RNA-21 may promote hepatocyte apoptosis in liver
fibrosis[55]. Neutralizing of IL-1α and IL-1 can inhibit the progression of liver fibrosis,
which suggests that IL-1α and IL-1β promote inflammatory liver fibrosis[56]. Higher IL9-derived Th9 cell expression was investigated in patients with HBV associated liver
cirrhosis, and the result suggested that IL-9 may relate closely to the liver fibrosis. IL-9
is reported to promote hepatic dysfunction in CCL4-mediated liver fibrosis[57].
Anti-fibrosis cytokines: As an autophagy inhibitor, IL-10 crosstalks with STAT3 to
exert an anti-fibrogenic function in liver injury[58]. IL-10 producing regulatory B cells
can enhance regulatory T cell function in chronic liver fibrosis mediated by HBV[59].
Through restriction fragment length polymorphism (RFLP) analysis, IL-10 gene
promoter (rs1800896) polymorphism was correlated with an increased risk of chronic
liver fibrosis, especially that mediated by HBV[60]. IL-22 belongs to the IL-10 family
and is produced by Th17 cells, Th22 cells, and NKT cells. IL-22 crosstalks with the
microRNA (miRNA) and inflammatory cytokine pathways to attenuate HSC
activation and inhibit liver fibrosis[61,62]. Crosstalk of IL-22 with p53-p21 in a STAT3
dependent way may induce the senescence of activated HSCs in liver fibrosis[63].
Crosstalk of IL-22 with Nrf2-keap1-ARE inhibits acetaldehyde-induced HSC
activation and proliferation[64]. As a liver protector, IL-22 may activate liver cell STAT3
to inhibit liver injury [65] . Moreover, IL-22 inhibits ConA-induced acute liver
inflammation[66]. Crosstalk of IL-22 with STAT3 exerts an anti-apoptotic and mitogenic
activity [67] . IL-22 is up-regulated strongly in patients with HCV infection, and
administration of IL-22 promotes α-SMA expression and collagen production from
HSCs[68]. However, crosstalk between IL-22 and HSC-derived IL-22-R1 may induce
up-regulation of HSC-derived chemokines (CXCL10 and CCL20) to recruit Th17 cells
to migrate into the inflammatory liver in response to chronic liver inflammation and
fibrosis mediated by HBV. Therefore, the ultimate effect of IL-22 in liver fibrosis needs
to be determined by the balance between induction of HSC apoptosis and promotion
of liver inflammation[69]. Crosstalk between IL-22 and the TGF-β1/Notch signaling
pathway may induce HSC inactivation and inhibit liver fibrosis[70]. Therefore, liver
fibrosis progresses gradually via a crosstalk regulatory network involving multiple
cytokines and their related downstream signaling pathways. IL-23 produced by Th2
cells down-regulates proinflammatory cytokines and inhibits liver fibrosis[71]. High
expression of IL-23R on the Th17 cell surface in acute-on-chronic liver injury patients
suggests that it strongly correlates with liver disease severity[72]. High expression of
IL-23 in monocyte-derived dendritic cells presents in a TRAF6/NF-κB dependent
manner and is closely associated with HBV-mediated acute-on-chronic liver injury[73].
Besides, IL-23 on the basis of IL-17A-producing γδT cells has a protective effect
against ConA-mediated liver injury[74].

SIGNALING PATHWAY CROSSTALK IN LIVER FIBROSIS
TGF-β signaling pathway
A crosstalk involving TGF-β and TGF-β R exerts a regulatory effect on cell plasticity
in liver fibrosis (Figure 1). In CCL4 induced acute liver injury mice, CCL2/CCR2
recruits monocytes to infiltrate to the injury liver, then monocytes differentiate

WJG

https://www.wjgnet.com

4838

September 7, 2019

Volume 25

Issue 33

Zhangdi HJ et al. Inflammatory mediator in liver fibrosis

preferentially into inducible nitric oxide synthase-producing macrophages exerting
pro-inflammatory and pro-fibrogenic actions, e.g., promoting HSC activation via the
TGF-β pathway[75]. Collagen triple helix repeat containing 1 (CTHRC1) promotes HSC
proliferation, migration, and contractility for supporting liver fibrosis via crosstalk
with the TGF-β signal pathway[76]. IL-13 activates the TGF-β signaling pathway to
promote HSC proliferation and cell viability[77]. M2 Kupffer cells produce TGF-β and
IL-10, which mediate immune tolerance in mouse liver injury by down-regulating the
production of TNF-α and IL-12. In addition, M2 polarization of Kupffer cells
contributes to the apoptosis of M1 Kupffer cells in fatty liver disease[78]. Therefore,
TGF-β is critical for the activation of HSCs to transdifferentiate into fibrogenic
myofibroblasts. Crosstalk between TGF-β and SMAD3 contributes to CCL4-induced
liver fibrosis[79]. Activated HSCs may impair NK cell-mediated anti-fibrosis function
through crosstalk with TGF-β in HBV-induced chronic liver fibrosis[80]. Some small
compounds may crosstalk with the TGF-β pathway and exert an effect on liver
fibrosis. Crosstalk of paeoniflorin with the TGF-β pathway may exert a protective role
in radiation-induced liver fibrosis[81]. Sauchinone also reduces activation of HSCs and
liver fibrosis through crosstalk with the TGF-β1 pathway[82]. Isorhamnetin may control
liver fibrosis progression through inhibitive crosstalk with TGF-β1 and relieving
oxidative stress[83]. Synthetic oligodeoxynucleotide may prevent fibrogenesis and
deposition of collagen by targeting the TGF-β1/Smad pathway[84]. Platelets are a rich
source of TGF-β1 and platelet TGF-β1 deficiency decreases liver fibrosis in a mouse
model of live injury[85]. TGF-β mediates the transformation of mesothelial cells to
myofibroblast[86].

MiRNA signaling pathways
MiRNAs as an important regulatory element are involved in liver fibrosis. Crosstalk
between miR-101 and the PI3K/Akt/mTOR signaling pathway presents an antifibrotic effect in a CCL4 induced mouse model [87] . MiRNA-29b can target the
PI3K/AKT pathway to prevent liver fibrosis by attenuating HSC activation and
inducing apoptosis[88]. MiRNA-29b and its crosstalk with the TGF-β1/Smad3 may
suppress HSC activation[89]. MiRNA-34a-5p inhibits liver fibrosis by regulating the
TGF-β1/Smad3 pathway in HSCs[90]. A cross-communication between miR-130a-3p
and its down-regulatory TGFBR1 and TGFBR2 induces HSC apoptosis[91]. MiR-19b can
down-regulate CCL2 in HSCs and further inhibit liver fibrosis [25] . A crosstalk
involving miRNA-21 and the NLRP3 inflammasome/IL-1β axis mediates angiotensin
II-induced liver fibrosis[92]. As a Wnt/β-catenin activator, miR-17-5p contributes to
progression of liver fibrosis via activating HSCs[93]. Much evidence suggests that miR17-5p promotes HSC proliferation and activation, on the contrary, down-regulation of
miR-17-5p expression contributes to the suppression of activated HSCs[94]. MiRNA142-3p inhibits TGF-β-induced fibrosis by targeting the TGF-RI pathway and was
found to decrease the plasma of chronic liver fibrosis patients[95]. A considerable
amount of evidence has shown that miRNA-200 participates in fibrosis [96] . As a
PI3K/Akt pathway activator, interaction of miR-200c with its related FOG2 results in
HSC activation and liver fibrosis[97]. MiRNA-181b-3p and its target importin α5 may
regulate sensitivity of TLR4 in Kupffer cells[98]. MiRNA-193a/b-3p relives liver fibrosis
by inhibiting the activation and proliferation of HSCs[99]. MiRNA-26b-5p inhibits
mouse liver fibrosis by targeting platelet-derived growth factor receptor-β [100] .
MiRNA-219 plays a protective role in liver fibrosis by targeting TGF-βRII[101]. MiRNA145 promotes HSC activation by targeting Krüppel-like factor 4[102]. The effects of
alcohol on DNA methylation in hepatocytes in liver fibrosis and miRNA regulation
have been elucidated[103]. Therefore, the core miRNAs and the related downstream
targets form a complicate regulatory miRNA-mRNA communication network in liver
fibrosis, and this provides a basis for the development of more effective therapy for
liver fibrosis.

TLR pathway in liver fibrosis
TLR has the ability to recognize pathogens and contains ten members: TLR1-10.
Among the TLR family, TLR3, 7, 8, 9, and 10 are located in the endolysosome[104,105],
and TLR1, 2, 4, 5, and 6 are located on the membrane. A crosstalk between TLR and
their ligands activates the liver fibrosis pathway (Figure 2). TLR2 and its ligand
stimulate Kupffer cells to secret IL-10 in HBV-dependent liver fibrosis[106,107]. In HBVinduced chronic liver fibrosis, TLR2 acts in a homodimer form or in a heterodimer
form with TLR1 or TLR6 and activates NF-kB in a MyD-88 dependent manner[108].
TLR3 silencing induces HSC and Kupffer cell activation, suggesting that TLR3 is
related closely to liver injury. This supports the basis for TLR3-targeted therapy of
liver disease [109] . Crosstalk between TLR3 and CCL5 plays a key role in HCVmediated liver fibrosis [110] . Exosome-mediated TLR3 promotes liver fibrosis by
enhancing IL-17A production from γδT cells[111]. In a non-alcoholic steatohepatitis rat
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Figure 1

Figure 1 Transforming growth factor-β mediated crosstalk network in liver fibrosis. TGF-β is primarily signaled
by intracellular Smads. TGF-β: Transforming growth factor-β; HSC: Hepatic stellate cell; NK: Natural killer.

model, TLR4-p38 MAPK signaling may induce Kupffer cell activation, suggesting that
TLR4 is closely associated with steatofibrosis[112]. Ethyl pyruvate may protect the liver
from CCL4-mediated fibrosis by inhibition of TLR4[113]. TLR5 promotes liver bacterial
clearance and protects from liver injury and fibrosis[114]. Bioactive compound luteolin
may protect the liver from fibrosis through up-regulation of TLR5, and knockdown of
TLR5 induces metabolic syndrome[115]. These data suggest that TLR5 is a possible key
transcription factor for preventing lipotoxicity. TLR2, together with the TLR9dependent myD88-dependent pathway, may activate HSCs to secret CXCL1, and the
CXCL1/CXCR2 axis recruits neutrophils to the liver, which contributes to the
development of alcohol-mediated liver injury[116]. TLR7 may activate dendritic cells to
secret type I interferon (IFN) to activate Kupffer cells to produce profibrogenic IL-1ra.
The TLR7/type I IFN/IL-1ra axis opens a selective target therapy for liver fibrosis[117].
Besides TLR3, other TLR family members are dependent on the MyD88 pathway.
Curcumin promotes apoptosis of activated HSCs by inhibiting the MyD-88
pathway[118].

Other signaling pathways
There are other signaling pathways, such as STAT-3, Wnt/β-catenin, and NF-кB
signaling pathways, involved in liver fibrosis (Figure 3). A crosstalk involving IL-17
and the STAT3 signaling pathway activates HSCs to produce collagen I[119]. A crosstalk
network involving IL-6 and IL-10 with STAT3 may protect the liver against alcoholmediated inflammation and injury [120] . STAT3/IL-10/IL-6 signaling regulates
hepatocyte proliferation and is a key factor associated with acute injury and chronic
liver fibrosis[121]. Moreover, crosstalk of IL-22 with STAT3 induces senescence of HSCs
in liver fibrosis[53]. STAT3 is required to for TGF-β-induced proliferation and fibrosis
in LX-2 cells, and this supports that there is a close crosstalk between the TGF-β and
STAT3 pathways[122]. STAT3-EGFR signaling promotes liver protective function in
cholestatic liver injury and fibrosis[123]. STAT3 and MAPK are necessary for IL-6mediated liver fibrosis[63]. STX-0119 reduces liver fibrosis by inhibition of STAT3 and
inactivation of HSCs in mice[124]. Crosstalk of FGF21 with the NF-кB and JNK signaling
pathways protects the liver from inflammation and fibrosis[125]. Crosstalk between NFκB and type I IFN signaling promotes liver inflammation and fibrosis, while crosstalk
of ADAR1 with this pathway restrains this function[126]. The Wnt/β-catenin pathway
exerts a function in HSC activation induced collagen I formation and liver fibrosis,
and crosstalk of hBM-MSC with this pathway may inhibit liver fibrosis[127]. HGF
activation promotes HSC apoptosis through the Rho pathway[128].
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Figure 2

Figure 2 Toll-like receptor mediated crosstalk network in liver fibrosis. Toll-like receptor is a member of DAMPs that recognize pathogen-associated molecules
and thereby transmit inflammatory signals that cause inflammatory responses. TLR: Toll-like receptor; MAPK: Mitogen-activated protein kinase; NF-кB: Nuclear factorкB; HSC: Hepatic stellate cell; DC: Dendritic cells; NK: Natural killer.

TARGETED THERAPIES FOR LIVER FIBROSIS
There are currently some drugs available for the therapy of liver fibrosis, however,
their efficacy is limited (Table 1). It is the time to explore promising drugs to improve
the treatment of liver fibrosis by developing promising therapeutic strategies, such as
inhibition of HSC activation and anti-inflammation. Following molecular targeted
therapy increasingly development, protein marker on HSC, signal pathway molecule
may be potential marker to be selected for improving liver fibrosis. Many anti-fibrotic
compounds are being on road. Tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) has been evaluated to improve liver fibrosis. TRAIL can reverse liver
fibrosis by promoting apoptosis of primary HSCs and inhibiting Kupffer cells in a
CCL4-mediated liver fibrosis model. Therefore, TRAIL-based therapy is a useful
direction for exploring new anti-fibrotic drugs[129]. Wnt/β-based ICG-001 has been
assessed to selectively induce target cell apoptosis, with encouraging results obtained
in terms of reversing fibrosis and improving survival rate of model animals[130]. 24nor-ursodeoxycholic acid (norUDCA) has been found to have anti-fibrotic effects and
improve inflammation-mediated liver fibrosis [131] . Cenicriviroc, an inhibitor of
CCR2/CCR5, is on a phase III clinical trial, which presents an anti-liver fibrosis
effect[132]. Accumulating experiments of tyrosine kinase inhibitors make it possible to
exploit their beneficial effects on fibrotic disease, although it should not also neglect
the side effects of TK inhibitors for liver fibrosis, such as rash and gastrointestinal
symptoms[133]. Taken together, these new drug therapies will provide a new avenue
for the treatment of liver fibrosis.

CONCLUSION
A better understanding of the crosstalk among inflammation-related cells, cytokines,
and signaling pathways in liver fibrosis could help clarify the pathogenesis of liver
fibrosis. The aim of this review is to describe the present knowledge about
inflammation-related crosstalk networks, which effectively perform regulatory
functions in HSC activation and liver fibrosis. Moreover, we discuss different
interactions among crosstalk-related members in liver fibrosis. The crosstalk-related
complex regulatory network modulates several important aspects of cell function,
including proliferation, activation, and differentiation (Table 1, Figure 4). Targeting
each node of the crosstalk network can be a promising direction for liver fibrosis
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Figure 3

Figure 3 STAT3-mediated inflammatory mediator crosstalk network in liver fibrosis. EGFR: Epidermal growth
factor receptor; HSC: Hepatic stellate cell; TGF-β: Transforming growth factor-β; MAPK: Mitogen-activated protein
kinase; IL: Interleukin.

treatment. Interaction of IL-34 with the PI3K/Akt signal pathway promotes the M2
polarization of Kupffer cells to inhibit acute rejection in rat liver transplantation[134].
IL-17 stimulates Kupffer cells to secret TGF-β and activates HSCs to form
myofibroblasts by stimulating collagen synthesis via the STAT3 signal pathway. In the
future, we will focus on the function of IL-22 in the crosstalk between Kupffer cells
and the CCL2-CCR2 pathway in order to enrich our knowledge on inflammatory
cytokines in liver fibrosis. This will provide a basis for the therapy of liver fibrosis[118].
In addition, it should be noted that impaired macroautophagy/autophagy is involved
in the pathogenesis of hepatic fibrosis.
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Table 1 Signal pathway-inflammatory mediator crosstalk network in liver fibrosis
Biological basis as therapeutic
target

Crosstalk family member

Mechanism

Function in liver fibrosis

TGF-β

Proliferation Migration Collagen
production Crosstalk with small
compounds Induces NK cell
tolerance

Fibrosis activator

Wnt/β-catenin

Promotes activation of HSC Collagen Fibrosis activator
I production

TLR-2 TLR1/2 TLR2/6

Activates NF-kB pathway Proinflammatory cytokines Activates
Kupffer cell and IL-10 production

Inducer or suppressor in liver fibrosis

TLR-3

Crosstalk with IL-17A and γδT cell
Crosstalk with CCL5

Inducer or suppressor in liver fibrosis Loss of TLR3 aggravates liver
inflammation

TLR-4

Pro-inflammatory cytokine
production

Fibrosis activator

Inhibition of TLR4 promotes liver
protection

TLR-5

Crosstalk other pathway Regulates
metabolism Anti-inflammatory
cytokine production

Fibrosis inhibitor

Activation of TLR5 reduces liver
fibrosis

TLR7

Pro-inflammatory cytokine
production Activates DCs Crosstalk
with IFN signaling pathway

Fibrosis inhibitor

TLR-9

CXCL1 production Neutrophil
infiltration

Fibrosis activator

STAT3

Crosstalk with IL-17, IL-10, and IL-6 Fibrosis activator or suppressor
Crosstalk with other signal pathways

miR-29b

Crosstalk with PI3K/AKT pathway
Crosstalk with TGF-β1/SMAD3
pathway Induces HSC apoptosis

Fibrosis inhibitor

miR-34a-5p

Crosstalk with TGF-β1/SMAD3

Fibrosis inhibitor

miR-130a-3p

Crosstalk with TGFBR1 and TGFBR2
Induces HSC apoptosis

Fibrosis inhibitor

miR-19b

Crosstalk with HSC CCL2

Fibrosis inhibitor

miR-21

Crosstalk with NLRP3
inflammasome/IL-1β axis

Fibrosis regulator

miR-17-5p

Crosstalk with Wnt/β-catenin
Activation of HSCs

Fibrosis promoter

miR-142-3p

Crosstalk with TGF-β

Fibrosis inhibitor

miR-200c

Crosstalk with PI3K/Akt

Fibrosis promoter

miR-181b-3p

Crosstalk with TLR4 Kupffer cells

Fibrosis regulator

miR-193a/b-3p

Inhibits activation of HSCs

Fibrosis regulator

miR-26b-5p

Crosstalk with platelet-derived
growth factor receptor-β

Fibrosis inhibition

miR-219

Crosstalk with TGF-βRII

Fibrosis inhibition

miR-145

Crosstalk with Krüppel-like factor 4
Promotes activation of HSCs

Fibrosis inhibition

Deficiency of TGF-β inhibits liver
fibrosis

Inhibition of STAT3 may inactivate
HSCs and prevent liver fibrosis

TGF-β: Transforming growth factor-β; TLR: Toll-like receptor; NF-кB: Nuclear factor-кB; HSC: Hepatic stellate cell; DCs: Dendritic cells; NK: Natural killer;
IL: Interleukin.
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Figure 4

Figure 4 Inflammatory mediator network between cytokines and signaling pathway in liver fibrosis. TGF-β: Transforming growth factor-β; IL: Interleukin.
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Abstract
Thirty per cent of all colorectal tumours develop in the rectum. The location of
the rectum within the bony pelvis and its proximity to vital structures presents
significant therapeutic challenges when considering neoadjuvant options and
surgical interventions. Most patients with early rectal cancer can be adequately
managed by surgery alone. However, a significant proportion of patients with
rectal cancer present with locally advanced disease and will potentially benefit
from down staging prior to surgery. Neoadjuvant therapy involves a variety of
options including radiotherapy, chemotherapy used alone or in combination.
Neoadjuvant radiotherapy in rectal cancer has been shown to be effective in
reducing tumour burden in advance of curative surgery. The gold standard
surgical rectal cancer management aims to achieve surgical removal of the
tumour and all draining lymph nodes, within an intact mesorectal package, in
order to minimise local recurrence. It is critically important that all rectal cancer
cases are discussed at a multidisciplinary meeting represented by all relevant
specialties. Pre-operative staging including CT thorax, abdomen, pelvis to assess
for distal disease and magnetic resonance imaging to assess local involvement is
essential. Staging radiology and MDT discussion are integral in identifying
patients who require neoadjuvant radiotherapy. While Neoadjuvant
radiotherapy is potentially beneficial it may also result in morbidity and thus
should be reserved for those patients who are at a high risk of local failure, which
includes patients with nodal involvement, extramural venous invasion and
threatened circumferential margin. The aim of this review is to discuss the role of
neoadjuvant radiotherapy in the management of rectal cancer.
Key words: Rectal cancer; Neoadjuvant therapy; Low anterior resection syndrome; Stoma;
Transanal endoscopic microsurgery; Trans-anal total mesorectal excision; Robotic
surgery; Watch and wait
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Core tip: Neoadjuvant radiotherapy aims to downstage tumours for a more effective
oncological resection. Studies have shown that both long and short course pre-operative
radiotherapy confers benefits to local recurrence. Some patients completely respond to
radiotherapy and have been enrolled in surveillance programmes without undergoing
surgery. It is essential to be aware of the disadvantages associated with radiotherapy.
Radiation therapy increases the risk of anorectal and genitourinary dysfunction which
have a deleterious impact on quality of life. Thus it is imperative to accurately identify
patients who are likely to benefit from neoadjuvant radiotherapy in order to minimise
morbidity and improve patient outcomes.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer diagnosed in both sexes in
the Western World. In 2019 there were approximately 44180 new cases of rectal cancer
diagnosed in the United States[1]. Several risk factors have been implicated in rectal
tumorigenesis including genetics, age, obesity, smoking, and diet. Cancers of the
rectum and rectosigmoid junction account for 30% of all CRC diagnosed. Rectal
cancer is defined as tumours arising within 15 cm of the anal verge. While
histologically similar to cancers occurring at other sites in the colon, rectal cancers,
given the anatomical confinements of the bony pelvis, blood supply, lymphatic
drainage and nervous innervation rectal cancer are considered a distinct entity,
specifically in regards to the invasive growth pattern, surgical approach, and
treatment outcomes[2,3]. The use of neoadjuvant chemoradiotherapy is recommended
for all newly diagnosed rectal adenocarcinoma with a clinical (c) stage T3 or T4 based
on transrectal endoscopic ultrasound (EUS) or pelvic magnetic resonance imaging
(MRI). Neoadjuvant therapy may comprise of either radiotherapy alone or in
combination with chemotherapy. Commonly prescribed chemotherapy agents include
5-Fluorouracil (5-FU) and Oxaliplatin. These agents act to limit tumour cell division in
several ways. Oxaliplatin acts via the formation of DNA-platinum adducts which
deprives tumour cells of the necessary building blocks for cell replication. Similarly, 5FU prevents the formation of nucleosides essential for tumour cell division. Following
the completion of neoadjuvant chemoradiotherapy, the patient proceeds to curative
surgery. The overarching aim of rectal cancer management is surgical removal of the
tumour and all draining lymph node basins, in an intact mesenteric package, in order
to achieve an R0 resection, with negative resection margins, with the aim of reducing
local recurrence rates. Radiotherapy plays an integral role, as it aids in downsizing or
downstaging large tumours (cT3/T4) in the neoadjuvant setting. It is important
however to note that not every patient responds favourably to radiotherapy and that
treatment-related toxicity can occur, which negatively impact patients’ overall and
health-related quality of life (QoL)[4]. Furthermore, neoadjuvant radiotherapy can
cause excessive tissue oedema, leading to a loss of surgical planes, thereby posing an
increased surgical challenge, especially in the narrow male pelvis[5].
The aim of this review is to discuss the role of radiotherapy for the management of
rectal cancer in the neoadjuvant setting.

EVOLUTION OF SURGERY IN MANAGEMENT OF RECTAL
CANCER
Surgery with curative intent provides the best chance of survival from rectal
adenocarcinoma. Due to the challenges posed by the confinement of the bony pelvis,
surgical approaches to rectal cancer have undergone several landmark technical
milestones, which have lead to improved local recurrence rates and reduced overall
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morbidity and mortality. Historically rectal tumours were excised via a perineal
approach, which was associated with poor mortality, morbidity, and local recurrence
rates[6]. The first successful rectal resection was performed in 1826 by Lisfranc, where
the rectum was everted and a minimal resection of the distal rectum was performed.
There was no consideration for resection of the mesorectum and draining lymph
nodes. As anaesthesia was still in the nascent stages, success was based primarily on
patients’ survival and fitness for discharge. These procedures were principally
performed with palliative intent. A review conducted by Vogel of 1500 cases
performed in the 19th century found an average operative mortality rate of 20% and a
local recurrence rate of 80%[6]. In 1908, the English surgeon William Ernest Miles
described the first radical procedure using an abdominal and perineal approach, i.e.
abdominoperineal resection (APR). This involved resection of the distal rectum and
anal canal. The proximal rectum was exteriorized as an end colostomy. Miles
published his case series between 1908 to 1923 and reported local recurrence in 5
patients of the 12 reported (41.6%)[7]. Miles influenced generations of future surgeons
who adopted his technique. Subsequent improvements to the technique included
performing a high-tie of the inferior mesenteric artery (IMA) [8] . This served to
maximise lymph node yield and reduce local recurrence.
In 1938, Henri Hartmann published a case series of 38 patients with sigmoid
tumours. Hartmann performed a sub-total colectomy and fashioned an endcolostomy, with oversewing of the rectal stump preserving anal anatomy. First
described in 1921, the case series quoted a mortality rate of 8.8% which was a
significant reduction, when compared to the 38% mortality rate associated with
APR[9]. Hartmann did not advocate for the restoration of bowel continuity in his case
series, as he felt the risk to the patient would be too high. This was challenged by the
American surgeon Claude Dixon in 1948 when he published a series of 426 patients
between 1930 and 1947 in which he performed an anterior resection. In this
procedure, upper rectal tumours were resected with bowel continuity restored during
the same procedure. A temporary diverting stoma may also be fashioned mitigating
the clinical severity of any potential anastomotic leak. Dixon reported a mortality rate
of 5.6% and a 5-year survival rate of 67.7% in 272 patients[10]. Dixon concluded that
anterior resection was a safe and efficacious procedure for the treatment of upper
rectal tumours.
In order to reduce local recurrence rates even further, Professor Richard J Heald
developed the technique that is now known as total mesorectal excision (TME)[11]. This
is a standardized and reproducible anatomical approach to pelvic dissection, which
interrogates surgical planes in order to completely excise the lymphovascular fatty
tissue surrounding the rectum and mesorectum under direct vision. Heald postulated
that local recurrence was a result of leaving residual mesorectal tissue within the
pelvis. In a case series performed at Basingstoke between 1978 and 1997, 519 patients
underwent TME for rectal cancer. Neoadjuvant radiotherapy was administered to 49
of the patients in the series. The predominant surgical procedure performed was an
anterior resection, although APR and Hartmann resections were also included. The
findings of the case series demonstrated a 5-year cancer-specific survival rate of 68%
for all patients. The local recurrence rate for curative resections, defined as diseasefree proximal, distal and circumferential margins, was 3%. Local recurrence had been,
on average, 20% before the publication of this study. Disease-free survival at 5 years
was calculated at 80% for those patients treated with curative intent [12] . TME
highlights the importance of utilizing natural anatomical planes and performing
meticulous dissection during the surgical approach. TME is associated with the lowest
rates of local recurrence and has become the surgical gold standard for the
management of rectal cancer. Moreover, Quirke et al [13] examined 1156 surgical
specimens from patients managed with TME. The authors graded the quality of the
resections as Good (52%), Poor (13%) or Intermediate (38%), based on the integrity of
the mesorectal envelope post-resection. The authors very elegantly demonstrated a
significant direct correlation between a positive circumferential resection margin and
rates of local recurrence thereby validating Heald’s embryological theory
underpinning TME.
Restoration of intestinal continuity posed new challenges to rectal cancer
management, principally the risk of anastomotic leakage. This feared complication
occurs due to failure in the integrity of the anastomosis leading to an abnormal
communication between the peritoneal cavity and the intraluminal contents of the
bowel. Studies investigating anastomotic leaks have quoted incidence rates of 15%20%[14,15]. To mitigate the severity of this event, a diverting stoma can be formed at the
time of surgery. The creation of a diverting stoma does not reduce the incidence of
anastomotic failure, however, it has been shown to minimize the risk of reoperation[14].
The fashioning of a stoma is not without risk. A meta-analysis comprising of 6 studies
and 1063 patients demonstrated a complication rate of 18.2% for loop ileostomy and
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30.6% for loop colostomy (P = 0.001) [16] . The authors found that rates of clinical
dehydration (3.1% vs 0%, P = 0.13) and post-operative ileus (5.2% vs 1.7%, P = 0.02)
were greater in those patients with a loop ileostomy. Emmanuel et al[14], published a
study in 2018 investigating outcomes for rectal cancer patients with diverting stomas.
The authors found that those with such stomas experienced a higher rate of postoperative complications (57.1% vs 34.9%, P = 0.003) and an increased average length
of hospital stay (13 d vs 6.9 d, P = 0.005).
For the majority of these patients, diverting stomas are intended as a temporary
measure. A prospective observational study of 275 patients with diverting stomas was
published in 2017. Following an average follow-up of 4.9 years, the rate of permanent
stoma formation was 16.7%[15]. A retrospective study in Sweden of 3564 patients with
loop ileostomies outlined a 9-mo reversal rate of 68.4%. Risk factors for prolonged
interval to reversal and for conversion to permanent stoma included, post-operative
complications (HR = 0.67, 0.62-0.73), adjuvant chemotherapy (0.63, 0.57-0.69) and
advanced cancer stage (Stage III 0.74, 0.66-0.83 and Stage IV 0.38, 0.32-0.46)[17] (Figure
1).

RADIOTHERAPY
Staging
Neoadjuvant therapy comprises a combination of radiotherapy and chemotherapy.
The European Society of Medical Oncology (ESMO) recommend neoadjuvant therapy
in cases of advanced disease (> T3), lymph node involvement on imaging and where
the adequacy of TME surgery is in question (circumferential resection margin)[18]. The
goal of neoadjuvant therapy is to downsize or downstage the tumour in anticipation
of surgical resection. In instances where there is involvement of the anal sphincters,
successful neoadjuvant therapy can potentially downsize a tumour, to allow for the
creation of a safe resection margin thereby preserving the anal sphincters and
maintaining anal continence. In certain cases, tumours may completely respond to
neoadjuvant therapy. Complete Response is defined as the replacement of tumour
with fibrous tissue post-radiotherapy. Analysis of the National Cancer Database in
2017 detailed a pathologic complete response (pCR) rate of 13% in an overall patient
cohort of 27532 [19] . The decision to treat a patient with neoadjuvant therapy is
dependent on the clinical tumour stage at presentation. This entails taking a full
medical history and clinical examination, including digital rectal examination (DRE),
and radiological examinations. Local staging is performed through MRI of the pelvis
and EUS of the rectal lesion. MRI provides detailed images of the pelvis allowing for
accurate staging of the tumour and facilitating pre-operative planning. Furthermore,
MRI aids in assessing the circumferential resection margin (CRM) status. In a
prospective observational study of 408 patients, 87% (95%CI: 83%-90%) had clear
margins on MRI. Surgical resection specimens of this cohort demonstrated clear
margins in 94% (95%CI: 93%-96%). Specificity was found to be 92% (95%CI: 90%95%)[20]. EUS is effective at measuring the depth of tumour invasion in early rectal
cancers[21]. Accuracy in assessing T stage for EUS has been quoted in the range of 85%90%[22]. Computed tomography (CT) of the Thorax, Abdomen, and Pelvis is useful for
both local and distant staging. CT has an accuracy rate of 85.1%, a positive predictive
value of 96.1% and a negative predictive value of 3.9% in detecting hepatic
metastases[23].

Short course vs long course neoadjuvant radiotherapy
The clear advantages of neoadjuvant radiotherapy were first recognised in 1997 by the
Swedish Rectal Cancer Study Group [24] . Between 1987 and 1990 1168 patients
diagnosed with rectal cancer were randomly assigned to an intervention arm, i.e.,
patients received neoadjuvant therapy prior to surgery and a control arm defined as
those patients who underwent surgery alone. The neoadjuvant regime involved 25 Gy
of radiotherapy in 5 fractions over the duration of one week. These patients were
operated one week after completing neoadjuvant therapy. This study found that there
was a significant reduction in local recurrence rates between intervention and control
(11% vs 27%, P < 0.001). The overall rate of local recurrence reduction in patients who
received radiotherapy was 58% (95%CI: 46%-69%). Even though neoadjuvant therapy
had no bearing on postoperative mortality the 5-year survival was significantly higher
in the radiotherapy group (58% vs 48%). This landmark study was the first to
demonstrate improved overall survival in those patients receiving radiotherapy prior
to undergoing curative surgery.
In 2001, The Dutch Rectal Cancer Study Group performed a randomized control
trial comparing the effects of pre-operative radiotherapy and TME surgery in 1861

WJG

https://www.wjgnet.com

4853

September 7, 2019

Volume 25

Issue 33

Feeney G et al. Neoadjuvant radiotherapy for rectal cancer management
Figure 1

Figure 1 Timeline of surgical innovations in the treatment of rectal cancer[81-87]. TME: Total mesorectal excision.

patients[25]. The protocol for neoadjuvant therapy involved 5 Gy of radiotherapy per
day for five days which was followed by TME surgery. Patients were regularly
followed up every three months for one year and annually thereafter for at least two
years. The overall rate of local recurrence was found to be 5.3%. The cohort treated
with radiotherapy and surgery exhibited local recurrence in 2.4% of cases vs 8.2% in
the surgery only group (P < 0.001). Unlike the Swedish trial, however, there was no
difference in overall survival between the two study arms.
Sebag-Montefiore et al [26] performed a multicentre, randomised, control trial
comparing preoperative radiotherapy vs selective postoperative chemoradiotherapy
in patients with rectal cancer. This study encompassed 80 centres spanning four
countries. A total of 1350 patients with locally advanced adenocarcinoma of the
rectum were randomly assigned to a short-course preoperative radiotherapy (25 Gy in
five fractions; n = 674) arm vs surgery with selective postoperative chemoradiotherapy
(45 Gy in 25 fractions with concurrent 5-FU) arm, restricted to patients with a positive
circumferential resection margin (n = 676). The primary outcome was local recurrence
and the median follow-up was 4 years. Ninety-nine patients had developed a local
recurrence (27 in the preoperative radiotherapy group vs 72 in the selective
postoperative chemoradiotherapy cohort). The authors noted a reduction of 61% in
the relative risk of local recurrence for patients receiving preoperative radiotherapy
(95%CI: 0.27-0.58, P < 0.0001), and an absolute difference at 3-years of 6.2% (95%CI:
5.3-7.1). Moreover, there was a relative improvement in disease-free survival of 24%
in patients who received preoperative radiotherapy (HR = 0.76, 95%CI: 0.62-0.94, P =
0.013), and an absolute difference at 3-years of 6.0% (95%CI: 5.3-6.8) (77.5% vs 71.5%).
Overall survival did not differ between the groups (HR 0.91, 95%CI: 0.73-1.13, P =
0.40). The authors were able to demonstrate an overall relative risk reduction of 61%
in local recurrence for patients receiving neoadjuvant therapy. The rate of anastomotic
leak in anterior resection patients was similar at one month (9% pre-op radiotherapy
vs 7% post-op chemotherapy). Patients undergoing pre-operative radiotherapy were
more likely to have poor perineal wound healing post-APR (35% vs 22%). Rates of
CRM involvement were also similar between groups (10% vs 12%). Taken with results
from other randomised trials, the MRC CR-07 findings provided convincing and
consistent evidence that short-course preoperative radiotherapy is an effective
treatment option for patients with locally advanced rectal cancer.
In 2004 Sauer et al[27] demonstrated favourable outcomes in relation to long-course
combination therapy of chemotherapy and radiotherapy in the neoadjuvant setting
(nCRT) for the management of rectal cancer. A total of 823 patients with T3/T4 rectal
adenocarcinoma were randomised to either a neoadjuvant long course
chemoradiotherapy arm or an adjuvant chemoradiotherapy arm. Neoadjuvant
therapy involved 28 fractions totalling 50.4 Gy. This was supplemented with
Fluorouracil (5-FU) infusions at weeks one and five. Surgery was performed 6-wk
followed by four cycles of 5-FU at one month post-operatively. Adjuvant patients
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underwent the same adjuvant regimen except for the addition of 540-cGy boost of
radiation. The results confirmed an improvement in 5-year local recurrence rates for
the pre-operative treatment (13% vs 6%) arm. Moreover, 5-year survival rates between
the two arms were not dissimilar (76% vs 74%, P = 0.8). Overall morbidity rates were
36% in the pre-operative arm and 34% in the post-operative arm (P = 0.68). Incidence
of anastomotic leak (11% vs 12%, P = 0.77), post-operative ileus (2% vs 1%, P = 0.26),
post-operative bleeding (3% vs 2%, P = 0.5) and sacral wound healing (10% vs 8%, P =
0.1) demonstrated no significant difference. This study utilised not only long-course
neoadjuvant therapy but also combined chemoradiotherapy in the neoadjuvant
phase. The benefits of combined chemoradiotherapy had been previously described
by Fryckholm et al[28] in 2001. In this study, 70 patients were divided into a combined
therapy group and a radiotherapy monotherapy group. Both groups underwent
surgery within 3-4 wk after completing neoadjuvant therapy. Combined therapy
consisted of 40Gy of radiotherapy over 7 wk with weekly infusions of chemotherapy.
The authors concluded that treatment with combined therapy resulted in improved
local control. Post radical resection surgery, local recurrence rates were 4% and 35%
for the combined group compared to the radiotherapy alone group respectively (P =
0.02). Even with this regimen, no significant difference was appreciated in 5-year
survival between the two cohorts. The combined cohort had a five-year survival rate
of 29% with the radiotherapy group at 18% (P = 0.3).
A recent meta-analysis comparing short-course with long-course preoperative
neoadjuvant therapy for rectal cancer included eight robust studies[29]. The qualifying
studies included a total of 1475 patients (short treatment: n = 665; long treatment: n =
810). No significant difference was detected in each outcome between the short- and
long-course preoperative treatments. Interestingly, subgroup analysis indicated that
the outcome of distant metastasis was significantly higher in long-course
radiotherapy, compared with short-course radiotherapy (OR = 2.65, 95%CI: 1.05-6.68).

Total neoadjuvant therapy
Intensified treatment has been proposed, in certain cases, for patients who present
with advanced local disease or those who are partial responders to neoadjuvant
radiation. Studies have investigated whether the addition of further cycles of
chemotherapy in the neoadjuvant phase, known as total neoadjuvant therapy (TNT),
had any impact on response rates or long-term outcomes such as local recurrence and
survival.
The GCR-3 trial was a Phase II randomised controlled trial incorporating 108
patients that were randomised to either receive neoadjuvant chemoradiotherapy and
4 cycles of adjuvant capecitabine/oxaliplatin (CAPOX) chemotherapy or receive 4
cycles of CAPOX in conjunction with radiation in the neoadjuvant phase. Both groups
demonstrated similar pCR rates (13% vs 14%), 5- year overall survival (62% vs 64%)
and 5-year disease free survival (77% vs 74%). Median follow-up was 69.5 months.
The authors noted a significant reduction in the incidence of treatment toxicity (19%
vs 54%, P = 0.004) and increased rate of therapy completion (91% vs 51%, P < 0.0001)
in the TNT cohort[30].

INTERVAL TO SURGERY
To date, there is no consensus regarding the interval between the end of neoadjuvant
chemoradiotherapy and time to surgery. In 1999, the Lyon R90-01 trial aimed to
identify any benefits between short intervals to surgery (< 2 wk) and long intervals to
surgery (6-8 wk) in 201 patients[31]. The trial demonstrated that a long interval was
associated with a greater treatment response rate (53.1% vs 71.7%, P = 0.007).
Furthermore, the long interval cohort had increased rates of downstaging relative to
the short interval cohort (26% vs 10.3%, P = 0.0054). Patients were routinely followed
up twice a year for 5 years. The median follow-up was 33.5 mo (range, 1-79 mo) The
overall local recurrence rate was 9%. Both study arms had similar rates of local
recurrence. There was no significant difference in overall survival between both study
arms. The 3-year survival was 78% and 73% for the short interval and long interval
group respectively. In 2016, patient outcomes in this cohort were reanalyzed post
follow-up of 15 years[32]. The long interval group demonstrated superior pathological
response rates (26% vs 10.3%, P = 0.015). Pathological response was related with
improved survival outcomes for patients (P-0.0048). No differences were noted
between both study arms in relation to local recurrence or survival. Of note, the
majority of local recurrences presented within 5 years of treatment (96%). In 2017, the
Stockholm III trial results were published in the Lancet [33] . This multicentre,
randomised, non-blinded, non-inferiority trial aimed to determine the optimal
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interval to surgery between neoadjuvant therapy and upfront surgery in 840 patients.
Furthermore, the study also sought to determine whether the short course or long
course neoadjuvant therapy had a stronger impact on local recurrence. The first study
arm received 5 fractions of 5Gy radiation followed by surgery within one week, i.e.,
the short course group. The second study arm received a similar dose of radiation
with surgery performed between 4-8 wk, the delayed short course group. The final
study group underwent 25 fractions of 2 Gy radiation with surgery carried out after 48 wk i.e., the delayed long course radiotherapy arm. The study demonstrated no
significant difference in local recurrence between the three study arms. Interestingly
there was an increased rate of post-operative complications in the short course cohort
when compared to the delayed short course group (53% vs 41%, P = 0.001) in a pooled
analysis. The overall complication rate was 50% for the Short Course Group, 38% for
the Short Course Delayed Group and 39% for the Long Course Group. Patients who
received short-course therapy had a reoperation rate of 11% vs 7% for the other
intervention arms. Surgical complications occurred in 31% of short course patients
with a rate of 26% and 23% for the short course delayed and long course groups,
respectively. Surgical complications were defined as surgical site infections (SSI),
post-operative bleeding, anastomotic leak, wound dehiscence, etc.
A comprehensive meta-analysis and systematic review was conducted by Donlin
Du et al[34] in 2018. This review sought to determine if an extended interval to surgery
(≥ 8 wk) influenced patient outcomes, in particular, pathological complete response
(pCR) rates (defined as the replacement of tumour cells with fibrous tissue on a
resected pathological specimen after neoadjuvant therapy). Thirteen studies involving
19652 patients were included. The meta-analysis demonstrated that pCR was
significantly increased in patients with locally advanced rectal cancer and a waiting
interval of ≥ 8 wk between preoperative nCRT and surgery compared to a waiting
interval of < 8 wk, or a waiting interval of > 8 wk compared to ≤ 8 wk (risk ratio ¼
1.25; 95%CI: 1.16-1.35; P < 0.0001). There were no significant differences in overall
survival, disease-free survival, operative time, or incidence of local recurrence,
postoperative complications, or sphincter-preserving surgery. This study revealed
that performing surgery after a waiting interval of 8 wk after the end of preoperative
nCRT is safe and efficacious for patients with locally advanced rectal cancer,
significantly improving pCR without increasing operative time or incidence of
postoperative complications when compared to a waiting interval of 8 wk.
Moreover in 2018 Kim et al[35] analysed outcomes for rectal cancer patients who
received differing intervals to surgery after completion of neoadjuvant therapy. The
primary outcomes measured were pCR and tumour downstaging. Overall 249
patients with differing intervals to surgery were included. The majority (45.4%)
underwent surgery within 7 to 9 wk. The shortest time to surgery was within 5 wk
whereas some patients’ surgery was performed over 11 wk after neoadjuvant therapy
was completed. The authors noted a higher rate of pCR in the 9 to 11-wk interval with
a pCR of 8.6% (P = 0.886). Downstaging occurred most frequently in the 7 to 9-wk
cohort with a downstaging rate of 52.9% (P = 0.087).
A meta-analysis incorporating 3584 patients examined the correlations between
interval to surgery and the rate of pCR[36]. The control for this study was patients
treated with surgery 6 to 8 wk after neoadjuvant therapy. There was a higher rate of
pCR in patients operated on after 8 wk (P < 0.0001). The rates of pCR were found to
increase from 13.7% to 19.5%. Other patient outcomes such as survival, local
recurrence, and post-operative complication rates were similar between both groups.
A further multicentre study investigated outcomes for rectal cancer patients treated
with surgery over 12 wk after completing neoadjuvant therapy[37]. Seventy-six patients
were enrolled in the long interval group, with 48 patients undergoing surgery within
12 wk. There was no statistically significant difference between both groups regarding
post-operative complications (P = 0.547), readmission rates post-operatively (P =
0.183) and 30-d mortality (0.148). Histopathological analysis of the resected surgical
specimens demonstrated a pCR rate of 8.3% for those undergoing surgery within 12
wk and 15.8% in those with an extended interval to surgery (P = 0.28). Similarly, there
were no significant differences found regarding morbidity and mortality in either
group.
Overall, debate still continues as to the benefit of long vs short interval to surgery
post neoadjuvant therapy. Patients who undergo prompt resection post neoadjuvant
therapy (< 6 wk) have a shorter duration of treatment yet are at a higher risk of postoperative complication and downstaging of the tumour. Alternatively, patients with
prolonged interval to surgery (> 8 wk) have a reduced rate of post-operative
complications with a higher incidence of treatment response and downstaging. If
rectal preservation is the aim of treatment, then long-course radiotherapy is essential
(Table 1).
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Table 1 Impact of radiotherapy on local recurrence and survival
Study

n

5-yr disease free
survival

Interventions

Local recurrence

Overall survival

Swedish Rectal Cancer 1168
Trial, NEJM, 1997[24]

25 Gy in 5 fractions in
one week surgery

27% 11% (P ≤ 0.001)

58% 48% (P = 0.004)

74% 65% (after nine
years) (P = 0.002)

Dutch Rectal Cancer
Trial, NEJM, 2001[25]

1861

25 Gy in one week TME 2.4% 8.2% (P ≤ 0.001)
surgery

82% 81.8% (P = 0.2)

N/A

MRC CR-07, Lancet,
2009[26]

1350

25 Gy in one week TME 27 (674) = 4% 72 (676) =
surgery and adjuvant
10.7%
therapy

70.3% 67.9% (P = 0.4)

73.6% 66.7% (P = 0.013)

Sauer et al[27], NEJM,
2004

850

50.4 Gy over 5 wk with
5-FU TME surgery

6% 13%

76% 74%

68% 65%

Fryckholm et al[28], 2001 70

40 Gy and 5-FU 40 Gy

4% 35% (P = 0.02)

66% 38% (P = 0.03)

29% 18% (P = 0.3)

Stockholm III trial,
2017[33]

840

Short course Short
course w/ delay Long
course w/ delay

2.24% 2.8% 5.5%

73% 76% 78%

65% 64% 65%

Bujko et al[88], 2016

515

5 × 5 Gy and FOLFOX
50.4 Gy in 28 fractions
w/ 5-FU

22% 21% (P = 0.82)

73% 64.5% (P = 0.055)

53% 52% (P = 0.74)

Trans-Tasman
Oncology Group,
2012[89]

326

5 × 5 Gy in 1 wk 50.4 Gy 7.5% 4.4% (P = 0.24)
in 5 wk

74% 70% (P = 0.62)

N/A

Wawok et al[90], 2018

51

5 × 5 Gy 50.4 Gy w/5FU

35% 5% (P = 0.036)

47% 86% (P = 0.009)

N/A

German
CAO/ARO/AIO-04
study, 2012[91]

1236

50.4 Gy w/ 5-FU
(Control) 50.4 Gy w/5FU and Oxaliplatin

4.6% 2.9%

88% 88.7%

71.2% 75.9%

TME: Total mesorectal excision; FU: Fluorouracil; FOLFOX: Folinic Acid, Fluorouracil, Oxaliplatin; 5-FU: 5-Fluorouracil.

COMPLICATIONS OF RADIOTHERAPY
The introduction of neoadjuvant radiotherapy to the management of rectal cancer has
resulted in improved outcomes for patients. This has now been demonstrated by
multiple studies, with all reporting reduced rates of local recurrence. It has been
suggested that patients who receive a complete pathological response to radiotherapy
could potentially avoid surgery and the morbidities associated with surgery or at the
very least the adjuvant chemotherapy limb of the current neoadjuvant protocols. The
survival outcome data from these studies are ambiguous, however. The potential
benefit of radiotherapy in treating a rectal tumour must also be balanced against the
risk of patients developing serious side effects secondary to radiation exposure.
Numerous side effects, complications, and toxicities from radiotherapy have been
reported, ranging from immediate complications such as wound dehiscence, surgical
site infection and anastomotic leak to long-term functional disorders such as low
anterior resection syndrome (LARS) and genitourinary dysfunction.

Radiotherapy toxicity
Radiation toxicity has been recognised since the discovery of radiation in the early
20th century. Symptoms of toxicity are manifold and of variable severity. In order to
accurately quantify and measure such adverse events, a grading system was devised
by the Radiation Therapy Oncology Group (RTOG) and the European Organisation
for the Research and Treatment of Cancer (EORTC). This grading system is specific to
each system or organ exposed to radiation (Table 2).
In 2004 Sauer et al[27] recorded all incidences of Grades 3 and 4 toxicity in their
patient cohort. In the acute phase, 27% of neoadjuvant patients experienced Grade 3-4
toxicity with 12% of neoadjuvant patients reporting diarrhoea. Long-term data on the
same cohort demonstrated an incidence rate of 14% for Grade 3-4 toxicity. This
included 4% of neoadjuvant patients developing a stricture at their anastomosis site.
Of note, the incidence of toxicity was greater in the adjuvant cohort (40% in acute vs
24% in long-term).
The Stockholm III trial reported on the frequency of post-operative complications
and found that the rate of complications was similar overall between patients who
received long-course therapy and those who received a short course[33]. The authors
did note, that in a pooled analysis, there was an increased risk of post-operative
complications in the cohort of patients who received short-course radiotherapy
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Table 2 RTOG/EORTC radiation toxicity grading system for lower gastrointestinal tract
Grade 1

Grade 2

Grade 3

Grade 4

Early radiation toxicity (< 6
mo post radiotherapy)

Increased frequency of bowel Increased frequency of bowel
movements not requiring
movements requiring
medical therapy
medication or causing
abdominal pain

Diarrhoea requiring IV
treatment, mucous or bloody
discharge PR, abdominal
distention

Acute/subacute bowel
obstruction, fistula formation,
GI bleed requiring
transfusion, abdominal pain
requiring tube
decompression

Late radiation toxicity (> 6
mo post radiotherapy)

Bowel movements of 5 per
day, mild abdominal
cramping, mild PR bleeding

Obstruction or bleeding
requiring operative
management

Necrosis, perforation, fistula
formation

Bowel movements > 5 per
day, increased mucous PR,
intermittent PR bleeding

PR: Per rectum; IV: Intravenous; GI: Gastrointestinal.

without a delay to surgery (53% vs 44%, P = 0.001).
Differences in immediate post-operative outcomes between short course and long
course neoadjuvant patients were analysed by the Trans-Tasman Oncology Group in
2017[38]. The findings of this study indicated increased rates of Grade 3 events in
patients who underwent short-course radiotherapy. These adverse events included
proctitis (0% vs 3.7%, P = 0.016) and diarrhoea (1.3% vs 14.2%, P < 0.001). Conversely,
patients who were administered radiotherapy over a longer course were at higher risk
of developing an anastomotic leak (7.1% vs 3.5%) and perineal wound breakdown
(50% vs 38.3%), however, neither of these were found to be statistically significant.

Anorectal dysfunction and LARS
As noted in the Sauer and Trans-Tasman studies above[27,38], one of the most frequent
and often most distressing side effects of radiotherapy for patients was diarrhoea.
Patients who receive neoadjuvant treatment and undergo anterior resection for distal
rectal tumours are at risk of developing LARS. LARS can present with a myriad of
symptoms including faecal incontinence, faecal urgency and abdominal bloating. The
prevalence of LARS was found to be 42%[39]. The pathophysiology of this syndrome is
attributed to impaired function of the anal sphincters, colonic dysmotility, and
dysfunction of the neorectal reservoir. The causes of this condition are thought to be
secondary to physical and neural factors. It is postulated that a reduction in the
volume of rectum post-resection contributes to reduced colonic transit times and
therefore increased the frequency of bowel motions. A systematic review in 2008
investigated bowel function outcomes after alternative rectal reconstructive
techniques. Only two studies included in this review investigated long-term bowel
function outcomes in patients post rectal surgery. The authors concluded that patients
who received a Colonic J Pouch (CJP) demonstrated better outcomes in bowel
function than their counterparts who received a Straight Coloanal Anastomosis (SCA)
(P < 0.05[40], P < 0.001)[41]. The authors noted, however, that these benefits were only
apparent for the first 18 mo post-operatively[42].
Neural factors also play a significant role in the development of LARS. Neural
dysfunction can occur post-treatment either as a result of denervation post-surgery or
as a consequence of radiotherapy. In a cross-sectional study on rectal cancer patients
published in 2013, 41% of the total patient cohort of 938 experienced LARS[43]. The
authors observed that those who received neoadjuvant therapy (long and short
course) and TME surgery demonstrated an increased risk of developing LARS.
In a 14-year follow up study of patients enrolled in the Dutch Rectal Cancer Trial,
the authors observed a 46% incidence of LARS in the 242 patients who responded to
questionnaires[44]. Neoadjuvant radiotherapy and age < 75 years were found to be
significant risk factors. Furthermore, LARS was also associated with a reduction in
Health-Related Quality of Life (HRQOL). In a recent study by Kupsch et al [45,46] ,
reported a significant reduction in HRQOL scores for patients reporting major LARS
using the standardised EORCT-30 and CR38 questionnaire. Patients with major LARS
scored 56 ± 19 compared to minor/no LARS who scored 67 ± 20 (P < 0.001).

Genitourinary dysfunction
Urinary and sexual dysfunction post-treatment for rectal cancer can be very
distressing for patients and greatly impacts on their HRQOL. Dysfunction is
secondary to autonomic nerve damage during surgery. The principal autonomic
nerves damaged are the superior and inferior hypogastric plexus, the nervi erigenti
and pudendal nerves. Nerve damage is attributed to several factors, including preoperative radiotherapy resulting in inflammation of the local tissues. This makes
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delineating surgical planes difficult at the time of surgery. A retrospective study of
288 rectal cancer patients treated laparoscopically was conducted in 2017 in order to
determine risk factors for prolonged pelvic pain post-treatment. Multivariate analysis
demonstrated that extended operating time (P < 0.001) and resection margins in
proximity to the anal verge (P < 0.001) were independent risk factors for prolonged
pelvic pain[47]. Patients with distal tumours are also more likely to suffer some degree
of genitourinary dysfunction post-operatively as the autonomic nerves are in close
proximity to the rectum.
In a study by Hendren et al[48], questionnaires were sent to living rectal cancer
patients who had been treated at Mount Sinai Hospital, Toronto, Canada between
1980 and 2003. The study found that 29% of women and 45% of men experienced
some degree of sexual dysfunction after treatment. The authors described how
radiation therapy had a strong association (P = 0.0001). The type of surgical procedure
was also related to worse outcomes (P = 0.005) with most patients treated with APR
reporting sexual dysfunction. Moreover, an observational retrospective study
performed by Costa et al[49] in 2018 found the presence of a stoma post-operatively to
be associated with sexual dysfunction. Attaallah et al[50] compared rates of sexual
dysfunction in patients treated with laparoscopic TME and those treated with open
TME in 187 patients and reported reduced rates of dysfunction in the laparoscopic
arm compared to open. The authors noted that post-operative radiotherapy and
chemotherapy was associated with male sexual dysfunction only on univariate
analysis (P = 0.003, P = 0.03) however failed to maintain significance on multivariate
analysis (P = 0.112, P = 0.818).
Urinary dysfunction encompasses a constellation of symptoms including urinary
incontinence, difficulty in initiating micturition, and urinary retention. Similar to
sexual dysfunction, urinary dysfunction most commonly occurs after neoadjuvant
radiotherapy and surgery for distal tumours. A retrospective observational study in
Sweden found that 36% of men and 57% of women reported urinary incontinence 3
years after undergoing APR[51].

Pelvic fractures
Insufficiency fractures in the pelvis are an underreported adverse event secondary to
neoadjuvant therapy for rectal cancer. Stress fractures are commonly due to loss of
mineralisation in the bone itself. This process is accentuated by radiotherapy which
serves to exacerbate osteopenia via small vessel ischaemia in the bone[52].
A prospective case-control study involving 403 rectal cancer patients was published
in 2018[53]. These patients underwent MRI pelvis imaging 3 years post resection of
their rectal tumour to assess for local recurrence and the presence of pelvic
insufficiency fractures. Fractures were identified in 49 patients with 39 of these
patients having received neoadjuvant treatment (P < 0.001). Multivariate analysis
demonstrated pre-operative CRT (OR: 14.2, 6.1-33.1), female gender (OR: 3.52, 1.7-7.5)
and age over 65 (OR: 3.2, 1.5-6.9) to be significantly associated with the development
of a pelvic fracture. Moreover, a retrospective review of 492 rectal cancer patients who
received adjuvant radiotherapy was conducted with a median follow-up of 3.5
years [54] . The incidence of sacral fracture in this cohort was 7.1% and identified
osteoporosis as a risk factor for the development of a sacral fracture (HR: 3.23, 1.238.5).

WATCH AND WAIT IN CLINICAL COMPLETE RESPONDERS
In those patients who receive neoadjuvant radiotherapy, there is a small cohort that
has been shown to develop a complete pathological response. This occurs when the
tumour cells are completely replaced with fibrous tissue. The relative extent of
tumour response is objectively measured using the Mandard Tumour Regression
Grade (TRG). Patients may also develop a Complete Clinical Response (cCR). cCR is
defined in accordance with the Response Evaluation Criteria of Solid Tumours
(RECIST)[55]. This defines cCR as the absence of tumour on clinical examination and
endoscopy at least 4 wk after completion of neoadjuvant therapy. In 1998, Habr Gama
et al [56] proposed that those patients who demonstrate a (cCR) to neoadjuvant
radiotherapy could be managed by observation alone. When investigating the
outcomes of combined neoadjuvant chemoradiotherapy on 118 patients, it was found
that 30.5% exhibited a (cCR) after a follow-up of approximately 36 mo. Furthermore,
26.2% of patients did not require surgical management and 38.1% underwent
sphincter-sparing management after diagnosis of low rectal cancer. In 2004, HabrGama published a controlled trial where complete clinical responders were followed
up by surveillance and incomplete responders proceeded to surgery. The surveillance
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protocol consisted of monthly clinical examinations (including digital rectal
examination), CEA levels and proctoscopy. Chest X-Rays in addition to CT imaging of
the abdomen and pelvis were performed every 6 mo for the first year. Clinical followup frequency was increased to between two and six monthly visits after year one of
surveillance. The long-term results of this study demonstrated local recurrence in 2
(cCR) patients (n = 99). Both patients underwent successful treatment with
comparable survival outcomes to the incomplete responder group. It was noted that
recurrence tended to occur after approximately 4-5 years indicating the need for
prolonged surveillance. Distant recurrence was found to be higher in the surgery
cohort (12.5% vs 6%). Finally, disease-specific mortality was found to be 8% in the
surveillance group and 17% in the surgery cohort[57].
Long-term outcomes of watch and wait patients from multiple countries
contributing to the International Watch and Wait Database (IWWD) were assessed in
2018[58]. Each patient included in the study had received neoadjuvant radiotherapy
and were enrolled in frequent surveillance programmes. A total of 880 patients were
included from 47 centres across 15 countries, 87% of which exhibited clinical complete
response (cCR). Two-year cumulative rates of local regrowth were noted in 25.2%.
Five-year overall survival was 85% with 5-year disease-free survival of 94%. The
OnCore Project, published in 2016, was a propensity score-matched cohort analysis
study [59] . Each patient underwent long course chemoradiotherapy. Patients who
demonstrated (cCR) were offered surgery or surveillance. Overall, 129 patients were
observed. Thirty-one patients were prospectively recruited with the remaining data
obtained from a retrospective database of surveillance patients. The authors found
that 34% of surveillance patients developed local regrowth with 88% requiring
salvage surgery. There was no significant difference in 3-year overall survival in the
matched analysis of the resection group and surveillance group (96% vs 87%, P =
0.024).
Innovative methods of delivering radiotherapy have demonstrated encouraging
results in cCR rates of rectal cancer patients. An example of such a method is
endocavitary irradiation. This involves the application of X-Ray radiation directly to
the primary tumour, via a proctoscope, in addition to standard external beam
radiotherapy (EBRT). In 1994, Gerard et al [60] , published the results of a study
investigating the outcomes of 414 patients with T2/T3 rectal cancers treated with this
method. This technique resulted in a 91% local control rate in patients who did not
undergo surgery with 90% local control in patients who went on to have curative
surgery. The authors noted that 60% of patients with low/middle rectal tumours
progressed to sphincter-sparing surgery. These results were replicated in a
retrospective 1996 study where 25 patients long-term outcomes were assessed[61].
Within this cohort, 20 patients were managed with curative intent with the remaining
5 patients palliative cases. Local control was accomplished in 18 of the 20 curative
patients and in 4 of the 5 palliative patients. In the curative study arm, 5-year local
control was quoted at 89% with a 5-year survival rate of 76%.
The benefits of endocavitary radiation were confirmed in a Phase III randomised
controlled trial in 2004[62]. Patients (n = 88) with low rectal tumours were randomised
into receiving EBRT (39 Gy over 17 d) or EBRT with Contact X-Ray Radiotherapy
boost (CXRT) of 85Gy in three fractions. Complete clinical response was greatly
increased in patients who received endocavitary treatment compared to EBRT alone
(24% vs 2%). There was also an increase in the rate of sphincter preserving surgeries
performed on patients post endocavitary treatment (76% vs 44%, P = 0.004). These
patients were followed up after a median follow-up of 132 mo[63] .
Local recurrence was lower in the CXRT group compared to EBRT (10% vs 15%, P =
0.69). Overall survival was similar between both study arms (53% vs 54%). Clinical
response data demonstrated that a greater proportion of CXRT patients remained in a
state of cCR after 10 years compared to EBRT (11 patients vs 1 patient). These studies
highlighted the association between endocavitary radiation and cCR in patients with
rectal cancer (Table 3).

Minimally invasive surgery
While radical resection provides the best chance for definitive management for rectal
cancer it may also carry a high risk of poor functional outcome and quality of life for
the patient. This is particularly pertinent for those rectal cancer patients diagnosed
with early-stage disease (cT1-T2). New surgical techniques and surgical tools have
been developed which aim to adequately resect and treat early rectal cancers whilst
minimising the risk of poor functional outcomes post-operatively. Traditional
transanal excision (TAE) is utilized for tumours that measure less than 3 cm or equal
to 2 cm in diameter and located within 6-8 cm from the anal verge. It entails accessing
the rectal lesion via the anal canal utilizing specialized laparoscopic equipment.
Difficulties with resecting early rectal tumours via TAE have been noted in the
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Table 3 Studies on watch and wait outcomes, n (%)
NA regime

Recurrence

Salvage therapy

Survival post
salvage therapy

Survival

Habr-Gama et al[57], 71
2004

Long-course
radiotherapy w/ 5FU

Local:2 Distant: 3

2 (100)

100%

OS: 100% DFS: 92%

Habr-Gama et al[92], 90
2014

Long course
radiotherapy w/ 5FU

Local: 28 (31%)

26 (92.8)

OS: 94%

OS: 91% DFS: 68%

OnCore Project,
2016[59]

129

45 Gy w/ 5-FU

Local: 44 (34%)

36 (88)

N/A

OS: 96% at 3 yr DFS:
88% at 3 yr

IWWD
Consortium,
2015[58]

880

Chemoradiotherapy: Local: 25.2%
91%

141 (69)

OS: 75.4% DFS: 84%

OS: 85% DFS: 94%

Appelt et al[93], 2015 40

Chemoradiotherapy Local: 25.9% at 2 yr

9

OS: 100% at 2 yr
DFS: 100% at 2 yr

OS: 100% at 2 years
DFS: 70% at 2 years

Smith et al[94], 2012

Long-course
chemoradiotherapy

Local: 6 (18.75)

6 (100)

OS: 100% at 17 mo

OS: 96% DFS: 88%
all at 17 mo

Local: 22 (19.5)

22 (100)

DFS: 91%

OS: 73% DFS: 75%

Local: 15% Distant:
5%

13

OS: 92.3%

OS: 96.6% DFS:
80.6% all after 3 yr

2

100%

OS: 100%

Study

n

32

Smith et al[95], 2019

113

Martens et al[96],
2016

100

Long-Course: 95%
Short Course: 5%

Lai et al[97], 2016

18

Chemoradiotherapy Local: 2

Rijkmans et al[98],
2017

38

External beam
radiotherapy and
brachytherapy
(iridium)

DFS: 42% OS: 63%

Vuong et al[99], 2007 100

External beam
radiotherapy with
brachytherapy
(iridium)

Local recurrence at 5
yr: 5%

Gerard et al[100],
2019

74

Contact X-ray
brachytherapy

10% at 3 yr

2

DFS: 88%

Sun Myint et al[101], 83
2018

Contact X-ray
brachytherapy

13.2% after 2.5 yr (n
= 7)

6

DFS: 83.1%

Ortholan et al[63],
2012

External beam
radiotherapy with
contact X-ray boost

45

DFS: 65% OS: 70%

DFS: 53% OS: 55%

DFS: Disease-free survival; OS: Overall survival.

literature [64,65] . TAE is only suitable for resection of distal tumours as access to
proximal rectal lesions is limited. Precision of TAE is reduced, thereby, increasing
rates of tumour fragmentation during resection. Tumour fragmentation during
surgery increases the risk of incomplete resection and consequently local recurrence.
In 1983 Professor Gerhard Buess described transanal endoscopic microsurgery
(TEMS) for resecting low rectal lesions[66]. The specialised equipment required for this
procedure allows access to tumours up to 24 cm from the anal verge, greater precision
in tumour resection and a magnified 3D view of the rectum. An endoscope is inserted
in the anal canal to the level of the rectal lesion. This lesion is subsequently resected
via electrocautery. In a single centre retrospective review, 92 TEMS patients were
followed up for approximately 5 years [67] . The study detailed a post-operative
complication rate of 10.9%, the most common being urinary retention and bleeding
(both 4.3%). The overall recurrence rate stood at 6.7% with disease-free survival of
98.6% and overall survival of 89.4%[67].
Promising patient outcomes have been reported in those treated with neoadjuvant
chemoradiotherapy preceding TEMS. The CARTS study (Chemoradiation Therapy for
Rectal Cancer in the Distal Rectum followed by organ-sparing Transanal Endoscopic
Microsurgery) followed neoadjuvant patients treated with TEMS for an average of 4.5
years[68]. Of the 55 patients enrolled in the study, 35 (74%) underwent TEMS with 16
patients receiving TME surgery. Local recurrence at 5 years was 7.7% with an overall
survival of 82.8% and disease-free survival of 81.6%. The authors found that TEMS
patients were more likely to gain improved QoL post-operatively. However, 78% of
TEMS patients did report a degree of LARS in the aftermath of their procedure (50%
major LARS, 28% minor LARS).
The outcomes of TEMS in incomplete responders to neoadjuvant therapy has also
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been studied. In a prospective single centre study, 53 patients who were restaged as
T1-T2 after completing neoadjuvant therapy were offered TEMS. This cohort of
patients was found to have a 3-year local recurrence rate of 23% (n = 12). Nine of these
patients exhibited local recurrence and 8 were subsequently managed with salvage
therapy[69] (Table 4).
The primary disadvantages of the TEMS procedure include the high cost of
specialised equipment, in addition to the risk of anorectal dysfunction as outlined
above. To mitigate this, a novel hybrid between single-port laparoscopy and TEM for
transanal excision was introduced. Transanal minimally invasive surgery (TAMIS)
involves access to the rectum via a single multichannel port with the use of ordinary
laparoscopic instruments. In the original case series describing TAMIS, in 6 patients,
with an average tumour location at 9.3 cm from the anal verge, were recruited[70].
When compared to TEM, the operative time for TAMIS was shorter compared to
TEMS (86 min vs 120-140 min). Three of the patients were discharged on the same
day. The longer length of hospital stay for some patients was primarily due to
technical difficulties encountered during the procedure such as an anterior lying
tumour and inadvertent violation of the peritoneum. There was no incidence of
morbidity or mortality observed in the TAMIS patients after an average follow-up
period of 6.2 wk.
A multi-institutional matched analysis study of both techniques was published in
2017 with the quality of excision examined[71]. Patients requiring excision of benign
and malignant rectal lesions were included. Overall, 428 patients were enrolled and
the quality of excision was assessed based on tumour fragmentation and positive
resection margins. Both TEMS and TAMIS demonstrated similar rates of poor excision
(8% vs 11%, P = 0.223). Post-operative complication rates were also similar between
both groups (11% vs 9%, P = 0.477). Local recurrence in both cohorts was 7% (P =
0.864). The authors noted that TAMIS did allow for shorter operating times and a
reduced length of hospital stay compared to TEMS. This study highlighted the noninferiority of TAMIS excision compared to TEMS[71].
Several studies were subsequently published examining the adequacy of TAMIS
excision. The primary determinant of excision quality was the presence of a positive
excision margin on histological examination of resected specimens. Studies also
examined the average distance of lesions from the anal verge, to analyse the extent of
access TAMIS could achieve within the rectum. A systematic review of 390 TAMIS
procedures conducted over three years was published in 2014[72]. The average distance
of the tumour from the anal verge was 7.6 cm (3-15 cm). Of studies that recorded
margin status, 4.36% of resected specimens demonstrated a positive margin on
pathological analysis. Recurrence rates were recorded for 259 patients. The average
rate of recurrence over a 7 mo period was 2.7%. Furthermore, a prospective
observational study of 50 TAMIS patients was published in 2013 [73] . Patients
underwent TAMIS for both benign (n = 25) and malignant (n = 25) rectal lesions.
Patients were recruited between 2009 and 2011 and received an average follow-up of
20 mo. The average distance of tumour to the anal verge was 8.1 cm (3-14 cm). The
rate of positive margins on histology was 6%. There was a 4% recurrence rate
documented after 20 mo of follow-up.
A larger study published in 2016 involved 75 patients[74]. The majority of lesions
excised via TAMIS were benign with 17 patients treated for malignant lesions via
TAMIS [59 benign (77.3%), 17 malignant (22.7%)]. The average distance from the anal
verge was 10 cm (6-16 cm). Of note, two patients required temporary ileostomies after
the peritoneal cavity was inadvertently entered. Average follow-up was over 39.5 mo.
Of the 17 patients treated for rectal cancer, 5 (29%) had positive margins on
pathology. Within this group, 2 patients went on to have a radical resection, 1 patient
was deemed too high risk for radical surgery whilst another declined further surgery
altogether. The fifth patient underwent a period of surveillance and was referred to
medical oncology. Only one patient treated for rectal cancer and with negative
margins on histology developed local recurrence and underwent an APR. This study
was unique relative to those described above as it detailed the frequency and severity
of post-operative complications from TAMIS. The common theme of the studies
outlined above is that rectal lesions, both benign and early malignant tumours, can be
safely and adequately resected via TAMIS. The average local recurrence rate for
TAMIS resections is similar to those resected via traditional TME. It is essential
however that appropriate patient selection is conducted in advance of any TAMIS
procedure in order to further minimise the incidence of local recurrence.
The description of techniques such as TAMIS, TEMS, and TAE is in keeping with
the global focus on minimally invasive surgery. The trials described above serve to
demonstrate that minimally invasive surgery is a safe and effective means of
surgically managing early, localised rectal cancer. Further advances in this field are
being achieved through the use of robotics and novel techniques such as transanal
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Table 4 Outcomes in transanal endoscopic microsurgery
Study

n

Post-op complications

Local recurrence

Survival

Lee et al[71], 2017

247

11%

7%

DFS: 80%

CARTS study, Stijns et al[68], 2019

47

N/A

7.7%

DFS: 81.6% OS: 82.8%

O’Neill et al[67], 2017

92

10.9%

6.7%

DFS: 98.6% OS: 89.4% (after 3 yr)

45

0

15.5%

DFS: 88.5% OS: 96.2%

86 (T1 patients)

N/A

11.6% (for T1 tumours)

OS: 92% (for T1 patients)

143

N/A

18%

DFS: 87% OS: 66%

53

40%

N/A

N/A

[102]

Jeong et al

, 2009

Stipa et al[103], 2012
Baatrup et al[104],2009
[105]

Van Den Eynde, 2019

DFS: Disease-free survival; OS: Overall survival.

total mesorectal excision (taTME). Robotic transanal surgery (RTS) involves multiple
robotic arms being utilised to resect a rectal lesion via a transanal approach. The
robotic arms are introduced transanally through a multichannel port. Robotic
Transanal Surgery was first described in 2011[75]. Initial studies were performed in a
dry lab setting, to assess feasibility. Later studies were performed on cadaveric
models. The first documented description of RTS on a human patient was performed
in 2012[76]. There were no immediate post-operative complications and the patient was
discharged home on day one. The patient was followed up for 6 wk. In 2019 Tomassi
et al performed a retrospective study of 58 patients who underwent RTS[77]. Within this
cohort, 28 patients were operated for early localised rectal cancer, 11 for rectal
carcinoid, 1 patient for rectal GI stromal tumour and the remainder for excision of
rectal polyps. Specimen fragmentation was recorded in 1.7% of cases and 94.8%
demonstrated negative margins on histopathology. After a mean follow-up of 11.5 mo
(range, 0.3-33.3 mo), 3 patients (5.5%) demonstrated local recurrence with all 3
patients proceeding to salvage surgery.
taTME involves resecting rectal tumours via a transanal and transabdominal
approach. The transabdominal approach involves an operating team mobilising the
sigmoid colon and resecting the rectum proximal to the tumour allowing for adequate
margins. A multichannel port is inserted into the anal canal by a second operating
team with dissection proceeding distal to the rectal tumour. The transanal dissection
proceeds proximally with simultaneous abdominal dissection distally[78]. A long-term
follow-up of 373 patients treated with taTME was performed in 2017[79]. The majority
of patients were treated for distal rectal tumours (91%) and received long-course
neoadjuvant therapy preceding resection (97.7%). Good quality TME was performed
in 96% of cases with a negative circumferential resection margin documented in 94%
of patients. Morbidity and mortality rates following the procedure were 13.4% and
0.3% respectively. Local recurrence rates in this cohort were 7.4% with a 5-year
survival rate of 90%. Furthermore, a systematic review and meta-analysis was
conducted comparing outcomes between rectal cancer patients treated with open,
laparoscopic, robotic and transanal excision of their tumours[80]. Overall, 29 studies
were included incorporating 6237 patients. Post-operative morbidity was decreased in
patients treated via laparoscopic and robotic surgery when compared to open. Similar
findings were demonstrated in regards to the length of hospital stay. Quality of TME
resection was found to be higher in open (OR = 1.52, 1.19-1.93) and transanal
resections compared to laparoscopy. No significant differences were described
regarding the incidence of anastomotic leaks, local recurrence rates and 5-year
survival among patients (Table 5).

CONCLUSION
Management of rectal cancer has evolved significantly over the course of the past
century. Local recurrence rates and overall survival have increased progressively as a
consequence of refinements in surgical techniques and instrumentation, culminating
with the description of the TME. Studies outlining novel minimally invasive
approaches to accessing rectal lesions are producing intriguing results. These newer
approaches require strict criteria for patient selection and are most effective for
treating early, localised rectal cancers. The advent of neoadjuvant therapy, and
neoadjuvant radiotherapy, in particular, has resulted in further improvements in local
recurrence. There have been numerous studies examining the benefit in enrolling
patients with a complete response to radiotherapy into surveillance programmes.
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Table 5 Transanal minimally invasive surgery studies
Pt numbers (n)

Average distance
Positive margins
from Anal Verge (cm)

Local recurrence

Average length of
follow-up

Atallah et al[70], 2010

6

9.3

0

N/A

N/A

Albert et al[73], 2013

50

8.1

6%

2 (4%)

N/A

Keller et al[74], 2016

75 17 (malignant) 58
(benign)

10

5

Garcia-Florez et al[106],
2017

32

5.6

1

10.3%

26 mo

Van den Eynde et
al[105], 2019

68

6

12%

N/A

30 d

Melin et al[107], 2016

29

6.79

3

1

Retrospective study

Study

Medical professionals must be mindful of the side effect profile of radiotherapy such
as long-term genitourinary and anorectal dysfunction. Therefore, it is essential that
the nomination of patients for neoadjuvant radiotherapy should occur only after
careful consideration and discussion by a multidisciplinary team of rectal cancer
specialists.
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Abstract
Helicobacter pylori (H. pylori) is one of the most important human pathogens,
infecting approximately half of the global population. Despite its high
prevalence, only a subset of H. pylori infected individuals develop serious
gastroduodenal pathology. The pathogenesis of H. pylori infection and disease
outcome is thus thought to be mediated by an intricate interplay between host,
environmental and bacterial virulence factors. H. pylori has adapted to the harsh
milieu of the human stomach through possession of various virulence genes that
enable survival of the bacteria in the acidic environment, movement towards the
gastric epithelium, and attachment to gastric epithelial cells. These virulence
factors enable successful colonization of the gastric mucosa and sustain persistent
H. pylori infection, causing chronic inflammation and tissue damage, which may
eventually lead to the development of peptic ulcers and gastric cancer. Numerous
studies have focused on the prevalence and role of putative H. pylori virulence
genes in disease pathogenesis. While several virulence factors with various
functions have been identified, disease associations appear to be less evident,
especially among different study populations. This review presents key findings
on the most important H. pylori virulence genes, including several bacterial
adhesins and toxins, in children and adults, and focuses on their prevalence,
clinical significance and potential relationships.
Key words:Helicobacter pylori; Virulence genes; Disease association; Children; Adults;
Outer membrane proteins; Bacterial toxins
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The assessment of pathogenicity of a plethora of Helicobacter pylori (H. pylori)
virulence genes appears to be relatively difficult. In specific, H. pylori isolates show a
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high degree of geographic variability, with certain H. pylori genotypes being associated
with a more severe clinical outcome in some regions, while presenting as virtually
harmless variants in other studied populations. To date, cagA and certain allelic variants
of vacA have been most consistently associated with severe gastroduodenal disease in
both children and adults, whereas the role of outer membrane proteins, such as babA2,
sabA, homB and oipA, is somewhat more ambiguous.
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INTRODUCTION
As one of the most common bacterial infections, Helicobacter pylori (H. pylori) infects
approximately half of the world’s population, although substantial regional variation
exists[1]. The infection is usually acquired in childhood and persists lifelong in the
absence of appropriate antibiotic treatment. In order to survive the harsh milieu of the
human stomach, H. pylori had to adapt by possessing various virulence genes.
However, the significance of these virulence genes extends beyond the pure survival
needs of the bacteria, making H. pylori one of the most well-adapted human
pathogens, capable of sustaining extremely efficient persistent infection. H. pylori has
in fact developed mechanisms to withstand gastric acidity through the possession of
urease and multiple sheathed flagella, which enable the bacteria to move toward
gastric epithelial cells. H. pylori then needs to establish permanent colonization of the
gastric mucosa, which is accomplished by the action of outer membrane proteins
(OMPs) and adhesins, which enable adherence to the gastric epithelial cells. Finally,
H. pylori possesses an arsenal of virulence genes that encode for effector proteins,
which directly impair the gastric epithelium[2,3]. Although infection with H. pylori
almost inevitably leads to chronic active gastritis, only approximately 10%-15% of
infected individuals develop severe gastroduodenal diseases, such as peptic ulcer
disease (PUD), gastric carcinoma (GC) and mucosa associated lymphoid tissue
(MALT) lymphoma [4,5] . Nevertheless, the high global prevalence of H. pylori is
considered an important public health issue, especially since H. pylori is classified as a
class I carcinogen. More than one million (1033701) new cases of GC were estimated to
occur worldwide in 2018, accounting for 6.1% of all new cancer cases, ranking GC as
the fifth most common malignancy among males and females on a global scale[6].
H. pylori infection in children and adults differs in several aspects. In children, it is
thought that environmental factors, such as smoking, are implicated in disease
development to a far lesser degree than in adults. Whereas several factors influence
the prevalence rates of H. pylori infection in children (e.g., gender, age, low
socioeconomic status and family education, poor hygiene, household crowding and
certain geographical regions), it has been shown that the infection is acquired in early
childhood in both industrialized and non-industrialized countries [7] . The most
frequent form of gastritis in children is nodular gastritis, while atrophic gastritis and
intestinal metaplasia, which occur more often in adults, are relatively rarely found in
children[7]. Because the degree of H. pylori colonization and repertoire of virulence
genes are comparable in both children and adults, it is thought that the lower levels of
gastric inflammation and lower rates of severe clinical outcome in children indicate
downregulation of immune responses[8].
Over the past few decades, inclusion of proteomic and transcriptomic methods, as
well as the availability of an increasing number of H. pylori partial and complete
genomes, have significantly improved knowledge of the intricate gene regulatory
networks of H. pylori. While the exact molecular mechanisms by which H. pylori
infection induces a severe clinical outcome have not yet been clearly elucidated, they
are thought to involve various elements, including host genetic and environmental
factors, as well as certain bacterial virulence genes. In this review, we present the most
important H. pylori virulence genes and discuss their prevalence and clinical
significance in children and adults.
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GENES ENCODING OUTER MEMBRANE PROTEINS
OMPs are a large group of proteins that confer durable colonization of H. pylori
through specific interactions with the host receptors. It has been estimated that
approximately 4% of the H. pylori genome encodes OMPs, suggesting that these
proteins are of vital importance to the bacterial lifecycle[3,9]. Several OMPs have been
described in detail to date, with most studies focusing on babA2, oipA, homB, and sabA
genes.

babA2
To date, three allelic types of bab have been identified: babA1, babA2 and babB. The
babA2 gene encodes a blood group antigen binding adhesin (BabA), a major adhesin
on the outer bacterial membrane that enables binding of H. pylori to the mucosal
Lewisb blood group antigens, thus facilitating colonization and determining bacterial
density. Strains carrying the babA2 gene can be classified based on protein production
as BabA high producers (BabA-H), which possess Lewisb binding activity, and BabA
low producers (BabA-L), which are not able to bind to Lewisb antigens, while strains
carrying the babA1 gene lack BabA. Unfortunately, PCR was used in most studies
evaluating the prevalence and clinical significance of babA2, although it has been
shown that this method does not accurately reflect the functional status of BabA as
determined by Lewisb binding activity or immunoblotting[10,11]. Moreover, expression
of BabA is generally regulated by phase variation and intragenomic recombination
events between the babA gene and its highly homologous gene babB[11,12].
Adults: The prevalence of the babA2 gene varies significantly among different
geographic regions, from moderate (44.0% and 44.6% in strains from Portugal and
Germany, respectively) to high (70.4% and 79.7% in strains from Iran and United
States, respectively) and even universal presence in strains from Japan, South Korea,
Taiwan and Brazil[13]. H. pylori strains from East Asia uniformly express the BabA
protein[10,14], whereas only 9.8% of Western strains were shown to lack the BabA[10].
A meta-analysis of 38 case-control studies evaluating the relationship between the
presence of the babA2 and clinical outcome showed that detection of the babA2 gene
significantly increases the risk of PUD [odds ratio (OR) = 2.069, 95% confidence
interval (CI): 1.532-2.794], especially in the duodenal ulcer subgroup (OR = 1.588,
95%CI: 1.141-2.209), with significant associations being more apparent in studies on
Western isolates. Namely, the presence of the babA2 gene substantially increased PUD
risk in Western populations (OR = 2.739, 95%CI: 1.860-4.032), whereas the association
with PUD was only marginal in Asian populations (OR = 1.370, 95%CI: 0.941-1.994),
due to the very high overall prevalence of the babA2 gene. Conversely, no significant
risk correlation was observed for GC among Western (OR = 1.303, 95%CI: 0.881-1.927)
or Asian populations (OR = 1.132, 95%CI: 0.763-1.680)[13]. The lack of association found
in this meta-analysis could be due to significant heterogeneity among the performed
studies, contradicting several reports that suggest babA2 is indeed an important
virulence factor in GC development, especially when co-expressed with other
virulence factors. For example, it has been shown that the “triple-positive” genotype,
simultaneously containing babA2, vacA s1 and cagA, serves as a better discriminative
factor for PUD and GC than the vacA s1 and cagA only genotype[15]. Moreover, a study
focusing on expression of the BabA protein has shown that patients from Western
countries with BabA-H and BabA-L had a 18.2- (95%CI: 1.7-198) and 33.9-fold (95%CI:
2.8-411) increased risk of GC compared to those who were babA2 negative [10] .
Interestingly, a recent genome-wide association study on 173 European H. pylori
isolates showed that, compared to strains obtained from gastritis patients, the GC
phenotype was associated with certain single nucleotide polymorphisms and a
specific array of genes, including the babA2 gene[16]. Although the majority of studies
on isolates from East Asia have failed to find an association between the babA2 gene
and disease status, a study from Taiwan highlighted the importance of the
recombinant babA/B genotype, which was found to be associated with both
precancerous lesions and GC[12].
Children: Data on the significance of the babA2 gene in children is less abundant. To
date, nine studies have evaluated the prevalence and clinical relevance of the babA2
gene in children[17-20]. The prevalence ranged from 17.2% in Portuguese[21,22] to 84.4% in
Brazilian strains [23] . Moreover, associations between the babA2 gene and clinical
outcome are inconsistent[17,24,25], with only two studies[17,22] correlating the presence of
the babA2 gene with a higher degree of gastric mucosal damage.
Associations with other virulence genes: The influence of the babA2 gene on clinical
outcome is generally associated with cagA, vacA s1, vacA m1 [17] and oipA “on”
status[26,27].

WJG

https://www.wjgnet.com

4872

September 7, 2019

Volume 25

Issue 33

Šterbenc A et al.Helicobacter pylori virulence genes

Comment: Unfortunately, despite a multitude of clinical and epidemiological studies
that have attempted to identify possible links between the presence of the babA2 gene
and disease outcome, definite conclusions are difficult to reach, due to several factors
that influence interpretation of the results. In addition to the distinct genotypic profile
of Western and Asian isolates, considerable performance differences in babA2 gene
detection methods[17], as well as poor correlation between the presence of the babA2
gene and actual expression and activity of the BabA2 protein[10], thus prevent simple
comparisons between studies.

Outer inflammatory protein A
Outer inflammatory protein A (OipA) is encoded by the oipA gene and its expression
is thought to be dependent on a slipped strand mispairing system. The proposed
mechanisms by which a functional OipA (e.g., oipA “on” status) promotes severe
gastric pathology include the capacity of the bacteria to attach to the gastric
epithelium, followed by subsequent apoptosis of host cells, toxicity and the induction
of inflammation through increased interleukin- 8 (IL-8) production[28-35].
Adults: The overall prevalence of oipA “on” status in adult patients was shown to be
remarkably consistent among certain geographical regions: Approximately 100%, 80%
and 60% of East Asian, Latin American and Western strains, respectively, contained
oipA “on” (Table 1). Unfortunately, the clinical significance of the oipA status remains
controversial, although numerous studies have investigated its relevance. It has been
proposed by some authors that OipA increases the risk for PUD and GC development
by disrupting the balance between apoptosis and cell proliferation during H. pylori
infection, causing PUD when apoptosis is promoted and metaplasia and GC when
gastric cell proliferation is increased[36-39]. A meta-analysis of PUD and GC risk, based
on oipA “on/off” status, showed increased overall risk of PUD (OR = 3.97, 95%CI:
2.89-5.45) and GC (OR = 2.43, 95%CI: 1.45-4.07) in individuals with oipA “on” status,
while the presence of the oipA gene alone did not reflect its specific functional status,
since it was not found to be associated with PUD or GC[40]. However, results from
some studies contradict the findings from this meta-analysis, since no correlation
between oipA and disease status or increased gastroduodenal damage was
identified[27,31,32,35]. Moreover, it seems that oipA status by itself is not a useful marker
for predicting the clinical outcome of H. pylori infection, especially in populations
with a high prevalence of infection with virulent strains[32].
Children: In children, the frequency of the oipA “on” status tends to be somewhat
lower than in adults (49.6%, 67.6% and 68.8% in children from Portugal, United States
and Brazil, respectively)[22,30,41], with higher frequencies among pediatric strains from
high risk populations in which the incidence of H. pylori infection and related disease
is significant. Moreover, the OR for PUD risk was shown to be higher in children
(OR= 7.03, 95%CI: 3.71-13.34) compared to that in adults, suggesting increased risk for
PUD in children with oipA “on” status [40,42] . However, the observed differences
between children and adults regarding the significance of oipA status were based on a
relatively small number of strains tested and thus need to be confirmed in future
studies.
Associations with other virulence genes: The oipA “on” status was found to be
closely associated with cagA positivity[26,27,33,38], although it has also been linked to the
presence of other H. pylori virulence genes, such as vacA s1[27,33,38], vacA m1[26,27,33], vacA
m2[33] and babA2[26,27].

homB
The hom family contains four OMPs, of which homA and homB are the most studied.
Strains can carry a single homA or homB gene, with one locus remaining empty, two
copies of each gene (homA/homA or homB/homB), a single copy of each gene
(homA/homB), or they can lack homA and homB genes, leaving both loci empty. HomB
enables adherence to host gastric epithelial cells and has been shown to increase
cellular IL-8 production in vitro [42] . The level of adherence and IL-8 secretion is
proportional to the number of homB copies with strains that carry two copies of the
homB gene, inducing more pronounced actions, leading to a higher degree of gastric
mucosal damage[42].
Adults: Studies have found a relatively comparable prevalence of the homB gene in
Western countries, with slightly more than half of the evaluated strains being homB
positive (Table 2). However, it seems that the homB gene is more common in East Asia
and West Africa than in the Middle East, where only approximately one third of
strains contain homB (Table 2). In addition, the distribution, location and copy number
of the homB gene seem to be dependent on geographical region, influencing potential
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Table 1 Prevalence of oipA “on” status among isolates from various geographical regions
Number of patients

Study population

North-Eastern Brazil[30]

95

Adults with gastritis, GC and 81.1%
their first degree relatives,
asymptomatic children

cagA and vacA s1 m1

Iran[31]

53

Adults and children with
chronic gastritis, PUD,
intestinal metaplasia and GC

79.0%

cagA, vacA s1 m1

113

Adults with chronic gastritis

83.0%

NA

Bulgaria

70

Symptomatic adults

81.0%

cagA, vacA s1, m1 and m2

Malaysia and Singapore[34]

159

Adults with functional
dyspepsia, GC and PUD

89.4%

vacA m1/m2

Italy[35]

90

Adults with chronic gastritis
and PUD

77.4%

babA2, hopQ

Colombia and United
States[36]

200

Patients with gastritis, PUD
and GC

79.3%

cagA, babA

Germany[26]

58

Patients with chronic gastritis 59.0%

cagA, vacA s1, babA

Netherlands[37]

96

Adults with chronic gastritis, 72.0%
PUD, GC and lymphoma

cag PAI+

Italy[27]

60

Adults with chronic gastritis, 60.0%
PUD and duodenitis

cagA, vacA s1 and m1, babA

East Asia and India[38]

54

Adults with gastritis and
PUD

100%

cagA, vacA s1

Western countries[38]

55

Adults with gastritis and
PUD

63.6%

cagA, vacA s1

Venezuela[32]
[33]

oipA “on” prevalence

Association with other
virulence genes

Country

NA: Not available; PUD: Peptic ulcer disease; GC: Gastric cancer.

differences in disease outcome[42,43]. Whereas Western strains carry a single hom gene at
locus A, East Asian strains only carry a single hom gene at locus B[42,44]. Interestingly,
strains from Iran were shown to carry only one of the hom genes, homA and homB
were not detected simultaneously in any of the 138 evaluated strains[45].
Whereas the two genes exhibit 90% sequence identity, they are correlated with
different spectra of the disease [46-51] ; homA has been associated with non-ulcer
dyspepsia (NUD), whereas homB is presumed to be implicated in the development of
PUD and GC, although this association is geographically dependent (Table 2).
Moreover, strains carrying two copies of the homB gene were found to be most
strongly correlated with PUD (OR = 4.91, 95%CI: 1.77-14.02)[42].
Children: Only three studies[22,42,50] have specifically focused on the prevalence and
clinical significance of the homB gene in children. Whereas two studies from Portugal
found a strong association between homB and PUD[22,42], homB was not considered to
be an important individual virulence factor in Slovenian children and was only
associated with a higher degree of mucosal damage when co-present with other
virulence genes (i.e., cagA, vacA and babA2)[50].

sabA
In addition to Lewisb blood group antigens, sialyl-Lewisx and sialyl-Lewisa antigens
are considered to be functional receptors, enabling H. pylori adherence. They are
recognized by the corresponding sialic acid binding adhesin SabA, encoded by the
sabA gene. In contrast to SabA, its homologue SabB does not seem to be able to bind to
sialyl-Lewisx and sialyl-Lewisa receptors. Similar to oipA, the expression of SabA is
regulated by phase variation, meaning only certain strains are capable of producing
functional proteins[52,53]. The level of expression of SabA can rapidly adjust to the
changing environment of the human stomach by switching “on” or “off”. The sialylLewisx and sialyl-Lewisa antigens are otherwise rarely present in normal gastric
mucosa, and only after persistent H. pylori infection induces chronic inflammation of
the gastric mucosa does replacement of naturally produced Lewis antigens occur[53].
Moreover, the sabA “on” status inversely correlates with the degree of gastric acid
secretion, suggesting that differences in pH and/or antigen expression on atrophic
mucosa can influence SabA expression[53].
Adults: In adults, sabA “on” was found in 63.2%, 49.0% and 35.5% of strains from
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Table 2 Overview of studies on homB prevalence and clinical significance in adults and children
Country

Study population

Number of patients

homB prevalence

Clinical relevance of
homB

Association with
other virulence genes

Western countries[43]

Adults

234

53.8

Significant, PUD

vacA s1, cagA+

East Asian countries[43] Adults

138

86.8

NS

NS

Western countries[46]

Adults

300

56.0

NA

NA

East Asian countries

Adults

138

86.6

NA

NA

Burkina Faso[46]

Adults

11

90.9

NA

NA

Colombia, United
States[47]

Adults

286

61.2

Significant, GC

cagA+

Iran[45]

Adults

138

43.5

Significant, GC

cagA+

Iraq[48]

NA

70

29.9

NS

NS

Turkey[48]

NA

64

33.9

NS

NS
vacA

[46]

[44]

South Korea

Children and adults

260

69.2

NS

Portugal[49]

Children

45

58.4

Significant, PUD

NA

Adults

90

57.7

NS

NA

Children

84

57.3

Significant, PUD

cagA+, vacA s1, babA2+,
hopQI, oipA “on”

Adults

106

56.8

Significant only in ≤ 40
yr of age, PUD

Portugal[22]

Children

117

53.5

Significant, PUD

jhp0562

[50]

Children

285

40.7

NS

NS

Portugal[42]

Slovenia

NS: Non-significant; NA: Not available; PUD: Peptic ulcer disease; NUD: Non-ulcer dyspepsia; GC: Gastric cancer.

Portugal[42], the Netherlands[37] and Italy[35], respectively. The rates are higher in Iran,
with sabA “on” being detected in 85.3% of strains[31]. Similarly, functional sabA was
found to be highly prevalent in Japan, it was present in 81.5% of patients with chronic
gastritis, PUD and GC[54]. Interestingly, an analysis of strains from Taiwan showed
that the sabA gene was present in 80.0% (116/145) of strains, whereas only 31.0%
(45/145) actually expressed SabA[14].
In a study on 200 patients from Colombia and the United States, sabA “on” status
was shown to be associated with the presence of pre-neoplastic lesions (e.g., gastric
atrophy and severe intestinal metaplasia) and GC. Moreover, sabA “on” was the only
predictor of GC versus duodenal ulcer (OR = 2.8, 95%CI: 1.2-6.7) among several
investigated OMPs in this study[36]. However, there were no statistically significant
differences among Taiwanese patients with sabA “on” and sabA “off” in terms of the
prevalence of gastric atrophy or intestinal metaplasia[14]. Although all H. pylori isolates
from Iranian patients with GC were found to be sabA “on” (5/5, 100%), the link did
not appear to be statistically significant[31]. Similarly, there was no correlation between
sabA “on” and clinical outcome among Italian and Japanese patients[35,54], although
sabA “on” was associated with atrophy and severe neutrophil infiltration in patients
from Japan[54].
Children: In children, the prevalence of the sabA “on” genotype was found to be
44.0% among strains from Portugal and the sabA “on” status significantly correlated
with NUD (P = 0.028, OR = 0.298)[42]. Similarly, a low rate of SabA producing strains
(38.0%) was detected in a collection of gastric biopsies from children and young
adults[55]. Interestingly, it has recently been proposed that high expression of sabA may
be responsible for iron deficiency anemia in children and young adults[56].
Associations with other virulence genes: Studies evaluating associations between
sabA and other virulence genes are somewhat contradictory. Whereas sabA was
closely related to cagA and babA2 positivity in European strains[52], subsequent studies
could not confirm these findings[36,37].
Comment: Again, identification of the sabA “on” status by using PCR and sequencing
may not reliably reflect the actual production of SabA, thus affecting the result
interpretation of studies on sabA clinical relevance, which have primarily used
sequencing-based methods[3,14].
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VIRULENCE GENES THAT PRODUCE TOXINS AND CAUSE
HOST TISSUE DAMAGE
cagA, cagPAI and EPIYA motifs
It has been previously shown that highly virulent H. pylori strains harbor the
cytotoxin-associated genes pathogenicity island (cagPAI), which is a 40 kb region
containing 31 genes that encode for components of a type IV secretion system,
involved in CagA translocation and the host’s inflammatory response [4] . cagA is
arguably the most extensively studied H. pylori virulence gene to date. It is located at
the end of the cagPAI and encodes a 120-145 kDa immunodominant protein, CagA[57].
Based on CagA production, H. pylori isolates can be divided into two groups: cagA
negative and cagA positive. During infection, CagA is localized on the plasma
membrane, where it is phosphorylated at specific Glu-Pro-Ile-Tyr-Ala (EPIYA)-motifs
by host Src and Abl kinases. Four distinct segments harboring EPIYA-motifs have
been described so far, designated as segments A, B, C, and D[11,57,58]. The biological
activity of CagA depends on the number and types of the EPIYA-motifs at the Cterminal region. Following translocation, CagA interacts with multiple host cell
molecules and is responsible for dysregulation of homeostatic signal transduction of
gastric epithelial cells, induction of pro-inflammatory responses that lead to chronic
inflammation of gastric mucosa, and induction of carcinogenesis through the
modulation of apoptosis, disruption of cell polarity and promotion of genetic
instability. Hence, due to its cancer-inducing traits, CagA was designated as the first
bacterial oncoprotein[57,59].
Adults: An analysis of a global collection of H. pylori strains from 53 different
geographical/ethnic sources showed the presence of cagPAI in more than 95% of
strains from Western and South Africa and East and Central Asia, whereas the
presence of cagPAI in other regions ranged from 81% (Northeastern Africa) to only
28% (Latin America). The prevalence of cagPAI in Europe was shown to be
intermediate, with approximately 58% of strains harboring cagPAI[60]. The prevalence
of cagA positive strains is approximately 60% and > 90% in Western and Asian
countries, respectively[2]. In the Middle East, cagA is detected in nearly half of the
strains[61].
Since the majority of East Asian strains harbor cagA irrespective of the disease
status, it cannot be considered a useful marker of the disease. Nevertheless, based on
mosaicism within the EPIYA-motifs, cagA positive strains can be further divided into
Western (EPIYA-ABC, EPIYA-ABCC and EPIYA-ABCCC) and East Asian strains
(EPIYA-ABD)[5,62]. Although very rarely, a subset of East Asian strains can possess a
Western type EPIYA motif, whereas the reverse is not true for Western strains[32,58]. In
Latin America, EPIYA-ABC is the most common motif, detected in approximately
51.6%-73.6% of strains, although strains with multiple EPIYA-C segments were found
to be rare (2.7%) in a Venezuelan population[32].
When assessing the risk of infection with cagA positive strains for the development
of GC, one must be aware of the considerable global variation, not only in the
prevalence of cagA positive strains but also in the incidence of GC[60,63]. In Western
countries, the presence of cagA is associated with a higher risk of GC and PUD
development, whereas in East Asia, where almost all H. pylori strains contain cagA,
this association is evident but less prominent[5]. Specifically, patients infected with H.
pylori who had CagA antibodies were shown to have a 5.8-fold (95%CI: 2.6-13.0)
increase in the likelihood of developing GC compared to uninfected individuals,
whereas those who were CagA seronegative only had a slightly but not statistically
significantly (OR 2.2, 95%CI: 0.9-5.4) increased risk of GC [64] . Moreover, a metaanalysis of CagA serostatus performed on 10 non-cardia gastric cancer case–control
studies from Western populations showed marked differences in CagA seropositivity
in H. pylori infected cases (62.8%, n = 1707) and controls (37.5%, n = 2124), with CagA
seropositive status associated with a higher risk of GC development (OR = 2.87,
95%CI: 1.95-4.22) compared to the risk of being infected with H. pylori only (OR = 2.31,
95%CI: 1.58-3.39)[65]. Similarly, a meta-analysis of 10 gastric cancer case–control studies
from East Asia also identified an association between CagA seropositivity and
increased risk of GC [66] , although OR (OR = 1.81, 95%CI: 1.30-2.11) was lower
compared to that of Western populations[65,66]. In addition, a large meta-analysis on
more than 17000 individuals identified a 1.69-fold risk (95%CI: 1.12-2.55) of PUD
among cagA positive Western and Asian populations, with an even higher risk of GC
(OR = 2.09, 95%CI: 1.48-2.94) [67] . CagA is also one of the few virulence factors
associated with the development of gastric high-grade B cell lymphoma[11].
Different diagnostic approaches should be applied in different geographical
regions—due to the almost universal presence of the cagA gene in East Asian strains,
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the sensitivity of cagA gene detection is suboptimal, rendering cagA subtyping in
order to identify those with high risk infections[11]. The number of EPIYA segments in
the second repeat region is thought to be associated with GC. Namely, initial trials
showed that the incidence of GC was considerably higher if patients were infected
with strains harboring multiple EPIYA-C segments (EPIYA-ABCCC) than if patients
were infected with strains harboring only one EPIYA-C segment (EPIYA-C).
Unfortunately, because East Asian strains only harbor a single EPIYA-D segment,
differentiation between chronic gastritis and GC using only the number of repeat
regions has proved to be somewhat problematic[5,62]. To clarify this issue, a recent
meta-analysis evaluated the differences in PUD and GC risk among strains carrying
one EPIYA-D motif or multiple EPIYA-C motifs. In Asian strains, the presence of one
EPIYA-D motif was significantly associated with increased GC risk (OR = 1.91, 95%CI:
1.19-3.07) compared with the presence of one EPIYA-C motif, whereas it was not
significantly associated with PUD (OR = 0.90, 95%CI: 0.46-1.76). Moreover, multiple
EPIYA-C motifs were associated with increased PUD risk (OR = 2.33, 95%CI: 1.294.20) in Asian countries and with increased GC risk (OR = 3.28, 95%CI: 2.32-4.64) in
Western countries[68].
Children: In children, cagA is the best characterized among all virulence genes.
Similar to adults, the prevalence of cagA in children varies among different
countries/regions. The cagA gene can be found in more than half of H. pylori isolates
obtained from symptomatic children from Western countries, namely 60.8% in
Poland[18], 59.6% in Slovenia[69] and 70.0% in United States[41]. A surprisingly low
prevalence of cagA was found in Portuguese children (22.4%)[21]. In Iran, the reported
prevalence of cagA in symptomatic children ranges between 60.0 and 72.7%[70,71] and is
similar to that in Turkish children (55.6%-61.0%)[25,72]. A high prevalence of cagA
(73.0%) was also observed in symptomatic Venezuelan children with recurrent
abdominal pain[73]. In Mexican children, cagA and cagPAI were detected in 63.3% and
71.4% of strains, respectively[74]. Similar to adults, strains from Korean and Japanese
children almost exclusively carry the cagA gene (94.0% and 100%, respectively)[75,76].
Interestingly, it has previously been shown that the prevalence of cagA can be
surprisingly high (66.1% and 75.0% in Colombia and Brazil, respectively) in
asymptomatic children from high-risk populations, with rates that are comparable or
even higher than those in symptomatic children from other regions[30,77]. It is thus
possible that the high prevalence of virulent H. pylori variants in Colombian and
Brazilian children contributes to the increased GC incidence in adults from the same
region[77]. The high proportion (40.0%) of strains with multiple EPIYA-C motifs further
confirms previous observations that this population may already be exposed to the
most virulent variants of H. pylori at a young age[30]. The fact that infection with H.
pylori is a risk factor for GC highlights the importance of early detection of H. pylori
virulence factors in children, especially those residing in areas with a high prevalence
of GC[77].
In China, the rates of cagA positivity in the pediatric population closely resemble
those in adults, with the prevalence of cagA among children with symptomatic
gastroduodenal disease being 94.4%, with no clinical relevance[78]. Similarly, because
the cagA positive genotype is present in virtually all Korean and Japanese pediatric
strains, no associations with severity of gastritis or PUD were found[75,76]. In contrast,
cagA was significantly associated with PUD (OR = 14.06, 95%CI: 4.78-41.29)[42], higher
H. pylori density score, and the degree of chronic and acute inflammation [69] in
European children.
Associations with other virulence genes: Interestingly, almost all vacA s1 strains also
carry cagA, whereas almost all cagA negative strains harbor the less virulent genotype
vacA s2/m2[69,79]. In addition, cagA is also more commonly detected in babA2 positive
strains[77].

Vacuolating cytotoxin A
The vacuolating cytotoxin A (VacA) derives its name from its capacity to induce the
formation of vacuoles in eukaryotic cells. Several other cellular functions of VacA
with a potential influence on host cell death have been described thus far, including
disruption of endocytic trafficking, release of organic anions and HCO3, promotion of
immune tolerance and chronic infection through inhibition of various immune cells,
activation of mitogen-activated protein kinases, and modulation of autophagy[80,81]. All
H. pylori strains carry the vacA gene, although with different vacuolating ability,
which is conferred by variations in five vacA regions: s-region (s1 and s2), i-region (i1,
i2, i3), m-region (m1 and m2), d-region (d1 and d2), and the recently identified cregion (c1 and c2). The vacA s2 variant is considered less pathogenic than the s1, since
VacA s2 toxins are produced and secreted at lower rates and are also unable to form
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membrane channels through which VacA s1 induces vacuolation of cells[3,79,81]. VacA i1
is also associated with increased activity compared to VacA i2. Unlike VacA m2, VacA
m1 induces a decrease in intracellular levels of glutathione and an increase in
oxidative stress, leading to autophagy and apoptosis of host cells[81,82].
Adults: The distribution of vacA alleles is geographically dependent, with s1c being
the most prevalent allele in East Asia, while the vacA s1a allele is detected more often
in Northern Europe and vacA s1b in Portugal and Spain. In Northern America, vacA
s1a and vacA s1b are relatively evenly distributed, whereas virtually all strains from
Latin America carry vacA s1b. The vacA s1 allele prevalence ranges from 36.0% in
North Africa to 95.0% in East Asia. vacA m1 and m2 are equally distributed, except in
Portugal, Spain and Latin America, where vacA m1 is more prevalent (86.2%). The
vacA m2b allele is found solely in East Asian strains carrying vacA s1c[83]. Interestingly,
mixed vacA s1a/s1b/m2 was found to be the most common genotype in Saudi
Arabia[61].
Several studies have intensely focused on potential associations between vacA
alleles and risk of PUD and GC. Results were relatively consistent, since most studies
identified vacA s1, vacA i1 and vacA m1 alleles as being associated with a higher risk
of precancerous lesions and GC[67,84]. Interestingly, vacA i1 and d1 were shown to be
significantly associated with non-cardia GC (OR = 37.52, 95%CI: 3.04-462.17 and OR =
7.17, 95%CI: 1.43-35.94, respectively), but not with cardia GC. The presence of these
alleles may also predict the risk according to the GC type, as vacA i1 was linked to
intestinal-type adenocarcinoma (OR = 14.04, 95%CI: 2.15-91.77) and vacA d1 to
diffuse-type adenocarcinoma (OR = 7.71, 95%CI: 1.13-52.28)[85]. Furthermore, strains
harboring vacA s1 and vacA m1 genotypes were also more commonly detected in
patients with severe inflammation and gastric epithelial damage and PUD than in
those who were vacA s2/m2 positive. In Western countries and the Middle East, the
presence of vacA s1/m1 is associated with an increased risk of PUD, whereas in East
Asia, the vacA s1/i1/m1 genotype is not a useful differentiating factor since most
strains harbor this genotype[11,34,61]. Moreover, a meta-analysis showed that vacA i1
confers higher risk of GC (OR = 5.12, 95%CI: 2.66-9.85), especially among the Central
Asian population (OR = 10.89, 95%CI: 4.11-20.88). Conversely, vacA i1 was not
associated with increased risk of PUD (OR = 1.38, 95%CI: 0.87-2.17)[86]. As shown by
Van Doorn et al[83], the vacA s1/cagA+ genotype is associated with PUD in all regions
of the world.
Children: Genotype vacA s1/m2 is the most common genotype in children from Iran
(45.5%) and Turkey (57.1%) [25,70] . In Venezuela, 85.0% of strains obtained from
symptomatic children harbored vacA s1/m1[73]. In Slovenia, pediatric H. pylori strains
more commonly contain vacA s1 and m2 than vacA s2 and m1, with most strains
harboring the vacA s1/m1 genotype[17,50,69]. In asymptomatic Brazilian children, vacA s1
(82.5%) and vacA i1 (75.0%) were the most common alleles, whereas m1 and m2 were
found to be equally distributed (48.2% each)[30]. Using stool samples, the prevalence of
the vacA s1 gene in asymptomatic Colombian children was shown to be very high
(91.7%) and similar to that in the adult population (93.2%)[77]. Results from Brazil, a
high-risk region for GC, also suggest that asymptomatic children from this area are
more often colonized with strains harboring the toxigenic vacA s1 allele[87].
In Iranian children, nodular gastritis was commonly found and was significantly
associated with the presence of vacA m1[70]. Similar to cagA, vacA s1 has been strongly
associated with PUD risk (OR = 14.13, 95%CI: 4.75-42.04) among Portuguese
children[42], whereas there were no significant correlations between vacA status and
PUD in Iranian children [71] . Moreover, studies on Korean, Japanese and North
American children found no associations between the vacA genotype and clinical
outcome or severity of inflammation[75,76,88,89].
Associations with other virulence genes: Compared to vacA s2, strains that harbor
vacA s1 more commonly contain cagPAI, babA2, homB and oipA “on”[81]. vacA i1 is
strongly associated with vacA s1 and vacA m1 and cagA[30,84].

VIRULENCE GENES WITH OTHER FUNCTIONS
Duodenal ulcer promoting gene
The duodenal ulcer promoting (dupA) gene encompasses jhp0917 and jhp0918, located
in the plasticity region of the H. pylori genome. Due to its high homology with the
virB4 factor, dupA presumably forms a type IV secretion system together with vir
genes, although its exact functions are not yet fully understood. The detection of the
dupA gene correlates with increased IL-8 production from gastric epithelial cells, both
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in vivo and in vitro. Increased IL-8 secretion from the gastric antrum thus leads to the
development of predominantly antral gastritis, a well-known characteristic of
duodenal ulcer disease[90].
Adults: Worldwide, approximately 48.0% of strains carry dupA[91], with the highest
rates in Brazil (89.5%) and South Africa (84.8%) [92,93] and lowest in East Asian
countries [91] . A study on 500 isolates from patients with gastritis, PUD and GC
originating in Japan, Korea and Colombia showed an overall prevalence of dupA of
26.3% [94] . Surprisingly, the prevalence of the dupA gene was higher in Colombia
(36.5%) than in Korea (16.8%), regardless of the clinical outcome[94]. In relation to the
prevalence in strains from patients with functional dyspepsia, dupA was detected in
65.0%, 37.8%, 35.7%, 28.9% and 7.1% of strains from Swedish, Australian, Malay,
Chinese and Indian patients, respectively[95].
Interestingly, in contrast to other virulence factors, such as cagPAI, vacA, oipA and
babA2, which are reportedly associated with an increased risk of both PUD and GC,
dupA was the first H. pylori virulence factor to be correlated with a differential
susceptibility to PUD and GC, with protection against pre-neoplastic lesions and GC
(OR for GC = 0.42, 95%CI: 0.2-0.9, compared with gastritis) [94] . However, some
subsequent studies failed to reproduce these results. A meta-analysis on the
relationship between the dupA gene and clinical outcomes was therefore performed
and it showed that infection with H. pylori strains carrying dupA had a 1.41-fold
(95%CI: 1.12-1.76) increased overall risk of duodenal ulcer. A subgroup analysis
identified higher ORs in Asian countries (OR 1.57, 95%CI: 1.19-2.06) than in Western
countries (OR 1.09, 95%CI: 0.73-1.62), suggesting that dupA can be considered a
disease-specific virulence factor, especially in Asian countries. No associations
between the presence of dupA and GC or gastric ulcer were found[66]. In addition, the
same authors reported that the presence of dupA may also be an independent risk
factor (OR = 3.71, 95%CI: 1.07-12.38) for H. pylori eradication failure[90]. Interestingly, a
recent study showed protective effects of the dupA gene against severe outcome in
infected females (OR = 0.05, 95%CI: 0.01-0.42). Moreover, whereas the sole presence of
vacA i1 carried the highest risk for a severe clinical outcome, the simultaneous
presence of the dupA gene resulted in a delay of severe disease outcome by almost 20
years[96].
Children: The prevalence of dupA was found to be 37.5% in Mexican children with
recurrent abdominal pain[74]. In contrast, all H. pylori strains from Brazilian children
were found to be dupA positive, with a significantly higher prevalence than in adults
from the same region[92]. However, despite using the same primers for detecting the
dupA gene as Gomes et al[92], another study analyzing Brazilian children showed a
much lower (37.0%) prevalence of this gene[97]. These discrepancies may be due to the
presence of significant geographic differences even within the same country/region,
variations in studied populations or rearrangements within the plasticity zone, which
is prone to frequent change[92,97].
Associations with other virulence genes: The dupA gene has previously been
associated with cagA[74,92,97] and cagPAI[74].

COMBINATIONS OF VIRULENCE GENES
Since some genes are almost exclusively associated with one another (e.g., vacA
s1/i1/m1 and cagA), it is impossible to consider each of these virulence genes
separately as independent markers for disease outcome. For example, the presence of
oipA “on” is tightly linked to the presence of cagPAI and some studies even suggest
that cagPAI and OipA act synergistically by regulating the signaling pathways that
induce inflammation and actin dynamics[29]. Here, we briefly summarize some of the
most intriguing combinations of H. pylori virulence genes.
As expected, the risk of a severe clinical outcome increases if multiple virulence
genes are simultaneously detected. It has been shown that strains harboring the vacA
s1/m1/cagA+ genotype carry a 4.8-fold (95%CI: 1.71-13.5) increased risk of
progression of pre-cancerous lesions in comparison to the strains carrying vacA
s2/m2/cagA-, with higher ORs than if each of these virulence genes was evaluated
individually[98]. In addition, strains carrying cagA, vacA s1 and babA2 were associated
with duodenal ulcer and adenocarcinoma[15], whereas cagA, vacA s1/m1 and babA2
were found to work synergistically in causing intestinal metaplasia[27]. Furthermore, a
study from Portugal identified an increased risk of PUD in strains that simultaneously
harbored homB, cagA and vacA[43]. Using binary logistic regression, cagA+/homB+ and
cagA+/vacAs1 genotypes were found to have the highest discriminatory capacity to
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distinguish PUD from NUD in children, among the evaluated combinations of
virulence factors [42] . Another study on pediatric strains showed that quadruplepositive strains (vacA s1/m1/cagA+/babA2+) had the highest discriminating value for
detecting the severity of gastritis compared to other groups evaluated[17]. Interestingly,
whereas homB was not associated with a severe finding on gastric histology when
considered as an individual marker of the disease, a correlation between the vacA
s2/m2/cagA−/babA2−/homB+ genotype and the presence of atrophic changes in
Slovenian children was found[50]. Moreover, a study evaluating the prevalence and
relevance of various H. pylori virulence factors in the pathogenesis of low-grade
gastric MALT lymphoma was unable to identify correlations between any of the
putative virulence genes and MALT lymphoma when evaluated individually.
However, when using multiple correspondence analysis, patients infected with
strains carrying iceA1, sabA “on” and hopZ “off” had 10-fold higher odds (OR = 10.3,
95%CI: 1.2-86.0) of developing MALT lymphoma than age-matched patients with
gastritis[99].

CONCLUSION
H. pylori isolates show a high degree of geographic variability. It is thus possible that
certain H. pylori genotypes are associated with a more severe clinical outcome in some
regions, while presenting as virtually harmless variants in other studied populations.
The observed discrepancies in several studies on H. pylori virulence genes may be due
to various factors: different definitions or diagnoses of gastroduodenal disease,
limitations of PCR and sequencing methods for detecting virulence genes (e.g.,
inadequate PCR primer design, disregarding frameshift mutations that could have a
considerable influence on protein expression and/or function, and poor correlation of
the genotypic methods with the actual expression profile of the protein), and inability
to detect mixed infections with more than one strain at a time. Moreover, differences
between East Asian and Western strains confirm the hypothesis that the degree of
gastroduodenal pathology depends on complex relationships between host genetics,
environmental factors and the presence, as well as combinations, of various H. pylori
virulence genes. Although the importance of the majority of H. pylori virulence genes
has not yet been uniformly clarified, knowledge on their role in pathogenesis, as well
as disease outcome, has substantially improved in the last two decades. Careful
monitoring and continuous refining of their roles will not only contribute to novel
strategies for H. pylori vaccine development but also impact potential alternative
therapies and facilitate the discovery of novel virulence genes. Although sequencing
methods have dramatically improved over the years, enabling better and in-depth
information on H. pylori genome structure, future studies should not only focus on
these methods but also account for differences in protein expression profiles.
Nevertheless, enriched knowledge on the pathogenicity of H. pylori virulence genes
may be of clinical significance, since the detection of more virulent variants of strains,
such as those with an increased number of CagA EPIYA-motifs, could be used to
improve clinical prediction of the disease risk and identify those who need more
intensive surveillance and eradication of the infection to prevent serious healthrelated consequences. In addition, focusing on a single virulence factor is probably too
restrictive, since clear linkages between various virulence factors with different
biological roles and significances exist, which may act synergistically to induce
serious gastroduodenal pathology. Moreover, in the light of recent studies
demonstrating that early exposure to H. pylori provides some protection against
subsequent atopy and allergic conditions in childhood[100], identification of reliable
discriminative virulence factors of bacterial strains could be extremely helpful in the
event that triaging of H. pylori infection is applied in the future.
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Abstract
Portal hypertension, liver fibrosis, and angiosarcoma of the liver (ASL) have been
reported among workers exposed to vinyl chloride monomer (VCM) since the
1970s. In 2007, the International Agency for Research on Cancer established the
association of VCM with hepatocellular carcinoma (HCC), though only on the
basis of the few cases available. Thereafter, recent reports from the United States
cohort and a European sub-cohort of vinyl chloride workers provided compelling
evidence of a strong association between cumulative VCM exposure and HCC
risk. Further areas of research include the risk of liver cancer at lower levels of
exposure and different patterns of risk of ASL and HCC with the time since
exposure. The evidence of interaction between VCM exposure and other known
liver carcinogens such as alcohol and chronic viral infection provides clues for the
health surveillance of exposed workers. Notably, also the risk of VCM-associated
chronic liver disease is modulated by alcohol consumption, viral infection, and
genetic polymorphism. A counter-intuitive finding from cohort studies of
exposed workers is the lower mortality from liver cirrhosis with respect to the
general population; this can be attributed to the healthy worker effect and to the
selection of liver cancer as the cause of death in the presence of concomitant
chronic liver disease. Studies designed to overcome these intricacies confirmed an
association between cumulative VCM exposure and the risk of liver cirrhosis.
Key words: Vinyl chloride; Occupational exposure; Epidemiology; Liver cancer;
Angiosarcoma; Hepatocellular carcinoma; Liver cirrhosis
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Core tip: Occupational exposure to vinyl chloride monomer (VCM) causes chronic liver
disease, liver angiosarcoma, and hepatocellular carcinoma. VCM exposure has a
synergistic effect with other known risk factors of liver diseases such as alcohol
consumption and chronic viral infection. Further research is warranted to assess the risk
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of liver cancer at low levels of exposure and to investigate the patterns of risk with time
since exposure.

Citation: Fedeli U, Girardi P, Mastrangelo G. Occupational exposure to vinyl chloride and
liver diseases. World J Gastroenterol 2019; 25(33): 4885-4891
URL: https://www.wjgnet.com/1007-9327/full/v25/i33/4885.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i33.4885

INTRODUCTION
Vinyl chloride monomer (VCM) is a synthetic gas mostly used in the manufacture of
polyvinyl chloride (PVC), a widely used plastic material. Occupational exposure to
VCM primarily occurs in the VCM/PVC production and processing industry[1]. The
role of occupational exposure to VCM in the development of angiosarcoma of the
liver (ASL) is well known since the mid-1970s. In 2007, the International Agency for
Research on Cancer (IARC) established that exposure to VCM causes both ASL and
hepatocellular carcinoma (HCC)[2]. The evidence on HCC was mainly derived from
studies carried out in the early 2000s, demonstrating a relationship between HCC
incidence and cumulative VCM exposure, as well as an association of VCM exposure
with liver cirrhosis[3-5].
However, some controversy remained because findings on HCC were based only
on a limited number of confirmed cases. Such controversy was fueled by reviews
issued by VCM industry consultants, claiming that the results about HCC might have
been biased due to misclassification between HCC and ASL, and underlining the fact
that overall among VCM workers mortality from liver cirrhosis was lower with
respect to the general population[6-8]. Notably, one of these reviews deduced that a
firm conclusion about the role of VCM in the development of liver diseases other than
ASL is unlikely to be reached in the future, because of the contrasting personal views
given by experts[8]. The statements regarding irresolvable controversies might be used
in the legal setting, yet the scientific evidence usually proceeds by slowly accumulating new original studies that shed light on gray areas of the available
knowledge.
In fact, after the IARC assessment, new epidemiological studies updating previous
results from cohorts of workers employed in VCM/PVC production in the United
States[9], Europe[10,11], and Taiwan[12] have been published. Aim of this review is to
summarize such new findings within the frame of the previous evidence.

HEPATOCELLULAR CARCINOMA
An increase in mortality from liver cancer among vinyl chloride workers has been
reported by several studies carried out in the past decades, especially two large
multicentric cohort studies from the United States[9,13-15] and Europe[3,16]. However, the
association between VCM exposure and HCC is difficult to investigate because most
studies did not collect histological or clinical information distinguishing HCC from
ASL or other primary/secondary neoplasms[1]. The IARC assessment carried out in
2007 relied mostly on the results from the European cohort of workers employed in
the vinyl chloride industry[3], from an Italian sub-cohort[4], and a case-control study
nested in the latter sub-cohort [5] . Overall, a clear association of HCC risk with
cumulative exposure was found, although based only on a few confirmed cases
(ranging from 10 to 13).
Two studies have recently confirmed the IARC assessment. For the first time in
2017, data were published from the US cohort of vinyl chloride workers specifically
addressing HCC risk, with the diagnosis based on information reported in death
certificates. The risk of HCC steeply increased with increasing duration of
employment and VCM cumulative exposure. The authors warned that in the absence
of histopathological confirmation, such figures might have been influenced by
misclassification of ASL and HCC in the earlier decades [9] . However, such misclassification did not probably affect the main results since findings were confirmed
after exposures were lagged by 10-40 years. More recently, an update of an Italian
cohort of vinyl chloride workers found a strong association with VCM cumulative
exposure in a large series of HCC confirmed by histology and/or clinical records[11]. In
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summary, all the original studies available provide compelling evidence of the causal
role of occupational VCM exposure in the development of HCC (Table 1).
It must be remarked that vinyl chloride is mutagenic, being associated to
chromosomal aberrations, micronucleus formation, sister chromatid exchange, Ki-ras
and p53 gene mutations[2]; furthermore, the development of liver cirrhosis per se
increases the risk of HCC through multiple mechanism, including chromosomal
instability[17]. Within this framework, specific aspects of the association between VCM
and HCC, namely, the absence of risk below a threshold of exposure, a decrease in the
rates of liver cancer in historical cohorts through the more recent decades of followup, and interactions with other known risk factors for HCC, need further clarification.
Analyses on the risk of HCC at low levels of cumulative VCM exposure are
hampered by the limited number of available cases. In the United States cohort, based
on 32 cases of HCC as identified from death certificates, mortality rates did not
increase except for the highest quintile of cumulative exposure (≥ 2271 ppm-years).
However, after exposures were lagged by 30 years, HCC mortality significantly
increased already in the 865-2271 ppm-years class (or in the 1021-3301 ppm-years
class using high cut-points based on quintiles for all liver cancers, see also Table 1).
The authors suggested a possible threshold at about 1000 ppm-years cumulative
exposure[9]. In the European cohort of vinyl chloride workers, an increase in liver
cancer risk (all types) with increasing exposure was confirmed in analyses restricted
to subjects with cumulative exposure < 1500 ppm-years[3]. In an Italian cohort, an
approach based on a non-parametric regression was adopted to model in continuous
form the relationship between exposure and mortality considering 31 confirmed HCC
cases; HCC mortality rates were found to increase with cumulative VCM exposure
already in the range below 2000 ppm-years[11]. In view of the above data, the risk of
HCC seems not to be confined only to a few subjects in the highest exposure
categories, but probably involves most workers from the United States and Europe,
who had relevant exposures to VCM before the major improvements in working
conditions achieved in the mid-1970s.
The second issue is represented by the possible decline in liver cancer risk among
previously exposed workers decades after the large decrease in the VCM exposure
levels that were achieved in the chemical industry. According to the last update of the
cohort of vinyl chloride workers in Taiwan[12], liver cancer mortality reached a peak
during 1991–1996, and thereafter showed a decline. Although information on
histological type was missing for most patients who died of liver cancer, the limited
number of cases with available medical records were all confirmed HCC, with no case
of ASL identified[18]. In the United States cohort, the peak of standardized mortality
ratios (SMR) for liver cancer (all types) was observed during the 1970s; however, in
subsequent decades a more than two-fold excess risk for liver cancer was still
observed[15]. Among the confirmed cases, the median latency for HCC (48 years) was
found to be considerably longer than that for ASL (36 years)[9]. In an Italian cohort of
vinyl chloride workers, SMRs for liver cancer remained increased through the most
recent period of follow-up[11]; analyses by latency showed that the highest SMR was
reached after more than 40 years from the first exposure[10,11]. Once again among the
confirmed cases, latency was observed to be longer for HCC as compared to ASL,
being mean latency 39 and 32 years, respectively[11]. The overall picture from the
historical cohorts is consistent with a first major peak of liver cancer deaths, mostly
represented by ASL; in the more recent decades, mortality for liver cancer remained
significantly increased, mainly sustained by the occurrence of HCC.
A common criticism of cohort studies is the lack of adjustment for known risk
factors such as alcohol consumption and hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection. Two nested case-control studies, already included in the IARC
review, investigated such an issue. A multiplicative effect between employment in
jobs with high VCM exposure and HBsAg carrier status was reported for liver cancer
(mostly HCC) in the Taiwanese cohort[19]. Furthermore, a study from Italy reported
that cumulative VCM exposure was an independent risk factor for HCC, interacting
synergistically with alcohol consumption and additively with viral infection[5]. Such
studies provide useful clues for the health surveillance and disease prevention in
previously exposed workers, as the interaction between multiple exposures further
increases the risk for HCC. Therefore, cessation of alcohol consumption and treatment
of chronic viral infection should be prioritized among vinyl chloride workers,
especially in the view of the recent availability of directly acting antivirals for HCV
treatment.
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Table 1 Studies investigating the association between occupational exposure and hepatocellular carcinoma in vinyl chloride workers
Ref. location

Study
description

Ward et al[3]
Cohort study,
(2001), European 12700 workers
cohort

Mundt et al[9]
(2017), United
States cohort

Fedeli et al[11]
(2019), Italian
plant

Cohort study,
9951 workers

Cohort study,
1685 workers

Disease
assessment

Exposure
assessment

Exposure
categories

HCC, best
evidence

Job exposure
matrix:
Cumulative
exposure (ppmyears)

HCC, death
certificates

Job exposure
matrix:
Cumulative
exposure (ppmyears)

Nested caseLiver cancer: 10
control study: 18 confirmed HCC,
cases, 68 referents no angiosarcoma

Mastrangelo et
al[5] (2004),
Italian plant

Nested casecontrol study: 13
cases, 139
referents

Job title based on
job history

HCC, histology or Job exposure
clinical records
matrix:
Cumulative
exposure (ppmyears)

Relative risk
(95%CI)

Notes

0-734

3

1.0

Trend test

735-2379

2

3.02 (0.50-1.81)

P = 0.004

2380-5188

1

2.47 (0.26-23.9)

5189-7531

1

5.33 (0.54-52.8)

≥ 7532

2

20.3 (2.98-138)

< 1021

8

1.0

1.0

1021-3300

4

1.2 (0.4-3.8)

3.8 (1.4-10.4)

3301-5685

7

7.2 (2.6-20.0)

8.9 (2.8-28.5)

5686-10551

6

7.3 (2.5-21.1)

14.6 (4.7-45.1)

≥ 10551

7

18.8 (6.8-51.9)

34.6 (10.3-115.8)

0-734

12

1.00

735-2379

4

1.72 (0.55-5.32)

2380-5188

9

5.24 (2.20-12.5)

high cut-points:

HCC, histology or Job exposure
clinical records
matrix:
cumulative
exposure (ppmyears)

Wong et al[19]
(2003),
Taiwanese
cohort

Number of
cases

30-yr lagged exp

≥ 5189

6

5.52 (2.03-14.9)

Tank cleaning

18 liver cancers

3.6 (1.4-9.2)

High exposure
jobs
Each 1000 ppmyears increase

2.9 (1.1-7.3)

13

1.71 (1.29-2.44)
alcohol/virus
adjusted

Additional
analyses on joint
effects
Additional
analyses on joint
effects

HCC: Hepatocellular carcinoma; CI: Confidence interval.

CHRONIC LIVER DISEASE
Portal hypertension and fibrosis at liver biopsy have been reported among VCM
production workers since the 1970s[20]. Thereafter, multiple studies adopting different
approaches have investigated the association between occupational exposure to VCM
and chronic liver disease: Prevalence surveys among active workers, cohort mortality
studies, nested case-control studies. Ultrasonography was advocated as the preferred
method for health surveillance of workers exposed to VCM since the mid-1970s:
Enlarged portal vein, splenomegaly, and changes in hepatic structure were the most
commonly observed abnormalities; by contrast, liver function tests were reported to
be unsuitable for the detection of VCM-associated liver diseases[21]. Subsequent studies
reported contrasting results for liver function tests, and a possible role for cholestasis
indices was suggested for the surveillance of exposed workers[22]. In spite of the early
recognition of the role of liver ultrasonography, only a few studies describing the
findings associated with VCM exposure have been published. An increased
prevalence of periportal liver fibrosis among workers with past high VCM exposure
was reported among 757 Italian workers, whereas no association with steatosis and
changes in liver function tests was observed[23,24]. Among 347 male workers in Taiwan,
those with a history of high VCM-exposure jobs were at a higher risk of liver fibrosis
(a category combining cirrhotic and pre-cirrhotic sonographic changes of the liver).
Other risk factors for liver fibrosis included overweight/obesity and HBV/HCV
infection; workers with both viral infection and high exposure were at the highest risk
of liver fibrosis[25]. A possible role of genetic polymorphism of Cytochrome P450 2E1
(CYP2E1) in the development of VCM-induced liver fibrosis was suggested[26]. Among
Taiwanese workers, a synergistic effect between high VCM exposure and hepatitis
viral infection was also found responsible for increased transaminase levels[27]. The
association between occupational VCM exposure and chronic liver disease was
confirmed by higher rates of hospital admissions for cirrhosis with respect to nonexposed reference workers[28]. Lastly, an increasing prevalence of abnormalities (all
types) was detected at liver ultrasonography across workers with no, low, and high
VCM exposures in China; once again, a joint effect with CYP2E1 polymorphism was
reported[29].
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The studies investigating ultrasonography findings among VCM workers still
employed in Western countries and Taiwan were carried out about twenty years after
the end of high exposure periods, with a possible underestimation of risks due to
workers quitting job as a consequence of liver diseases[25]. More recently, Cave and
colleagues reviewed slides from liver biopsies and analyzed frozen sera obtained
during 1974-1977 from 25 United States workers with extremely high exposure
submitted to intensive medical surveillance (four had concomitant ASL, with a fifth
case developing ASL in subsequent years)[30]. Steatohepatitis was observed in 20 (80%)
biopsies, among which, liver fibrosis was present in 11. Notably, among these cases,
called “Toxicant Associated Steatohepatitis” (TASH), serum transaminases were not
altered with respect to healthy chemical workers. TASH, the consequence of current
high VCM exposures, may not always be reversible after exposure has been
withdrawn and may further evolve into progressive liver injury and fibrosis[30].
The role of VCM exposure in the development of chronic liver disease has been
confirmed by a case-control study carried out within an Italian cohort of VCM
workers [5] . The case group comprising 40 patients with cirrhosis diagnosed at
histology or on a clinical basis was compared to 139 reference workers without any
liver disease. Cumulative VCM exposure was an independent risk factor for cirrhosis,
interacting with both alcohol consumption and viral infection.
By contrast, cohort studies on vinyl chloride workers usually report a risk of
mortality from liver cirrhosis/chronic liver disease lower than the expected based on
rates registered in the general population; this finding can be attributed to the healthy
worker effect[7]. Within-cohort analyses avoiding bias derived from comparison with
an external reference have been performed in the European and the United States
cohorts. In both cohorts, increased mortality rates were observed in highly exposed
groups with respect to the reference group having the lowest exposure (Table 2),
although a linear trend across the categories of cumulative exposure could not be
demonstrated [ 3 , 9 ] . It must be remarked that mortality from cirrhosis can be
underestimated especially among highly exposed workers. In the presence of ASL or
HCC, liver cancer will be selected as the underlying cause of death, whereas the coexisting chronic liver disease will be mentioned only as a concomitant cause (or even
omitted) [11,31] . To overcome this limit, deaths from liver cirrhosis were analyzed
together with the deaths of patients with histologically or clinically evident cirrhosis,
yet having liver cancer as the underlying cause: A strong association with cumulative
VCM exposure was demonstrated[11].

CONCLUSION
Occupational exposure to VCM causes a substantial burden of liver diseases; in the
last update of an Italian cohort, as much as 29% of overall deaths among workers in
the highest exposure category were from liver cancer (all types) or liver cirrhosis[11].
Available original studies reviewed by IARC and published after the IARC
assessment confirm the association between occupational VCM exposure and chronic
liver disease as well as HCC. Further research is warranted to assess the disease risk
in the lower range of cumulative exposure and to investigate the pattern of risk with
the time elapsed since exposure. The evidence of additive or multiplicative
interactions with other known risk factors should prompt health surveillance and
promotion programs among exposed workers, aimed at reduction of alcohol
consumption and body weight, and identification and treatment of chronic viral
infection.
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Table 2 Studies investigating the association between occupational exposure and liver fibrosis/liver cirrhosis in vinyl chloride workers
Ref. location

Study
description

Maroni et al[23]
Survey of 757
(2003), Italy, four active workers
VC plants

Disease
assessment

Exposure
assessment

Liver
Job exposure
ultrasonography: matrix: Max
Periportal fibrosis Exposure (ppm)

Exposure
categories

Number of
cases

Relative risk
(95%CI)

0

Overall
prevalence 16.0%

1.0

1-10
50

1.54 (P = 0.405)

200

4.12 (P = 0.005)

500
Hsiao et al[25]
(2003), Taiwan,
five VC plants

Mastrangelo et
al[5] (2004),
Italian plant

Survey of 347
active workers

Nested casecontrol study: 40
Cases and 139
controls

Ward et al[3]
Cohort study,
(2001), European 12700 workers
cohort

Mundt et al[9]
(2017), United
States cohort

Fedeli et al[11]
(2019), Italian
plant

Cohort study,
9951 workers

Cohort study,
1685 workers

1.55 (P = 0.276)

Job exposure
matrix:
Cumulative
exposure (ppmyears)

Low

3

1.0

Moderate

5

4.6 (1.0–25.5)

High (> 2400)

12

5.9 (1.7–28.2)

Cirrhosis at
histology and/or
clinical records

Job exposure
matrix:
Cumulative
exposure (ppmyears)

Each 1000 ppmyears increase

40

1.37 (1.13-1.69)
alcohol/virus
adjusted

Cause of death
from death
certificates

Job exposure
matrix:
Cumulative
exposure (ppmyears)

< 524

8

1.0

524-998

8

9.38 (3.52-25.0)

999-3428

9

4.01 (1.55-10.4)

3430-5148

8

9.77 (3.66-26.1)

5149+

9

8.28 (3.15-21.8)

< 63

11

1.0

63-286

19

1.8 (0.9-3.8)

287-864

22

2.0 (1.0-4.1)

865-2270

24

2.1 (1.0-4.3)

2271+

21

1.7 (0.9-3.7)

< 734

35

1.0

734-2378

8

1.18 (0.55-2.55)

2379-5187

12

2.43 (1.26-4.70)

≥ 5188

8

2.60 (1.19-5.67)

Deaths from
cirrhosis + deaths
from liver cancer
with
histological/clinic
al evidence of
cirrhosis

Job exposure
matrix:
Cumulative
exposure (ppmyears)

Job exposure
matrix:
Cumulative
exposure (ppmyears)

Adjusted for age,
alcohol, body
mass index, viral
hepatitis

2.47 (P = 0.064)

Liver
ultrasonography:
Liver fibrosis
including precirrhosis and
cirrhosis

Cause of death
from death
certificates

Notes

Adjusted for age,
alcohol, body
mass index

Additional
analyses on joint
effects

VC: Vinyl chloride; CI: Confidence interval.
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Abstract
BACKGROUND
Mesenchymal stromal cell (MSC)-based therapy is currently under study to treat
inflammatory bowel diseases. MSC bioactive products could represent a valid
alternative to overcome issues associated with systemic whole-cell therapies.
However, MSC anti-inflammatory mechanisms differ between rodents and
humans, impairing the reliability of preclinical models.
AIM
To evaluate the effect of conditioned medium (CM) derived from porcine
vascular wall MSCs (pVW-MSCs) on survival and differentiation of porcine and
guinea pig enteric ganglia exposed to lipopolysaccharide (LPS).
METHODS
Primary cultures of enteric ganglia were obtained by mechanic and enzymatic
digestion of ileum resections from guinea pigs (Cavia porcellus) (GPEG) and pigs
(Suus scrofa) (PEG). pVW-MSCs were derived by enzymatic digestion from
vascular wall resections of porcine aorta and tested by immunoflowcytometry for
MSC immune profile. Enteric ganglia were treated with increasing concentrations
of LPS, CM derived by pVW-MSCs or a combination of CM and LPS 1 µg/mL.
Cell count and morphometric analysis of HuD positive neurons and glial
fibrillary acidic protein positive glial cells were performed by immunofluorecent
staining of cultured ganglia.
RESULTS
PEG showed a higher number of neurons compared to GPEG. Overall, CM
exerted a protective role on LPS-treated enteric ganglia. CM in combination with
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LPS increased the number of glial cells per ganglion in both cultures evoking glial
cells differentiation in porcine cultures.
CONCLUSION
These findings suggest an immunomodulating activity of pVW-MSCs mediators
on the enteric nervous system in inflammatory conditions.
Key words: Enteric nervous system; Mesenchymal stromal cells; Inflammatory bowel
disease; Ganglia; Translational models
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Secretome of porcine vascular wall mesenchymal stromal cells (pVW-MSCs)
induced an increase of glial cell number in swine and guinea pig-derived enteric ganglia.
Co-treatment of enteric ganglia with lipopolysaccharide and conditioned medium
promoted glial cell differentiation only in pigs. These data indicate an immune activation
promoted by pVW-MSCs which could be more specific in higher mammals, suggesting
a careful consideration of the animal models used in research studies on cell-based
therapies.
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Inflammatory bowel diseases (IBDs), encompassing the two major forms Crohn’s
disease (CD) and ulcerative colitis (UC), are characterized by an overactive immune
response to unknown environmental triggers associated with specific genetic traits[1].
Genome-wide association studies advanced previous knowledge of genetic variants
associated with innate and adaptive immunity (e.g., NOD2, IL23R) revealing novel
pathophysiological mechanisms linked to autophagy and loss of epithelial barrier
function [2,3] . In IBD, chronic intestinal inflammation induces several morphofunctional changes of the enteric nervous system (ENS), including swallowing of
enteric nerve bundles and higher expression of several neurotransmitters[4].
Mesenchymal stromal cells (MSCs) are currently under study as a therapeutic
option in regenerative medicine and as a novel treatment for autoimmune and chronic
inflammatory disorders including IBDs[5]. Although the mechanism underlying the
immunoregulatory effect of MSCs is still to be clarified, their role in balancing
immune homeostasis has been acknowledged[6]. Notably, pro- or anti-inflammatory
activity[7] along with other MSC biomolecules is settled by toll-like receptors 3 and 4,
the latter being one of the main sensors of bacterial lipopolysaccharide (LPS)[8,9].
MSCs respond to an inflammatory environment releasing CC chemokine ligand 2
and IL-10, which inhibits CD4 Th17 cells proliferation and IL-17 production[10] and
polarizes naïve T-cells to the regulatory Foxp3-positive phenotype (T-reg)[6]. These
pleiotropic, anti-inflammatory properties justify a proof of concept study for a
possible application of MSCs in IBDs, where Th-17 and Th-4/5 lymphocytes drive the
aberrant immune reaction of CD and UC, respectively. A phase III clinical trial of CD
with a systemic infusion of MSCs is currently ongoing[11], while local treatment of the
severe fistulizing form of CD was recently approved by EMA[12].
One of the main drawbacks of cell-based therapy regards uncertainty about
biodistribution and homing of cells to the target site of action. In particular, MSCs
tend to remain trapped in the microcirculation of pulmonary alveoli, allegedly for an
increased diameter acquired during in vitro expansion[13]. For these reasons, MSCderived exosomes as well as MSC secretome are gaining attention in current
research[14-17]. Furthermore, a recent study showed that a vascular wall mesenchymal
stem cells isolated by porcine aortic tissue (pVW-MSCs) showed mesenchymal
features[18] and the ability to differentiate in all the cellular components of a mature
vessel[19]. A deeper characterization demonstrated their metabolic properties[20] and
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their intrinsic attitude to promote angiogenesis also by paracrine action[21].
Interestingly, the key factor responsible for MSC anti-inflammatory action varies
among species and is related to a specific phylogenetic tree[22]. On this basis, this study
aims at investigating a possible gap between rodent and swine neuro-immune
response to MSC-derived bioactive products assuming pVW-MSC secretome as a
closer model from a translational point of view. To this purpose, we first compared
the effect of LPS on cell survival and differentiation in primary enteric ganglia derived
from guinea pig and pig myenteric plexus (MP) (GPEG and PEG, respectively);
thereafter, we evaluated the effect of pVW-MSC secretome in these two ex-vivo
models of ENS.

MATERIALS AND METHODS
Animals
Animals were used after approval of the protocol by the local ethics committee and
following the guidelines of 3Rs implied in the EU directive 2010/63/EU for the use of
animal for experimental purposes and in accordance with the national legislation
(Decree 116/1992). In accordance with the 3Rs principle of Reduction[23] the animals
used in the present study served as controls in other experimental protocols carried
out in our facility.
Swine (Protocol number n.43-IX/9 all.37; 20/11/2012): Young commercial hybrids of
Sus scrofa (4 males–aged 4-5 wk, 7 ± 0.5 Kg live weight), born at the ASA Unit
(DIMEVET, University of Bologna), were enrolled in the study. Piglets were bred
under the lactating sow till 28 d, then weaned and kept in a multiple box for young
piglets, temperature was kept at 28 ± 1 °C with adequate ventilation and humidity in
relation to the young age. Surgical procedures were carried out during the morning in
the surgical theatre of the DIMEVET facilities. Animal received an i.m. bolus of
tiletamine-zolazepam (5 mg/kg) 10 min before induction; general anesthesia was
achieved using sevoflurane with an induction mask[24]. Animals were then sacrificed
with a single bolus (0.3 mL/kg) of Tanax (embutramide/mebezonium
iodide/tetracaine hydrochloride; Msd Animal Health Srl) and the abdomen was
opened to remove the small intestine.
Guinea pigs (Protocol number 18/79/14): Male Dunkin-Hartley guinea pigs (Cavia
porcellus, 8 males–aged 3-5 wk, weight 200-280 g, Harlan Italy, Udine, IT) were kept in
home cages with a controlled environment (12 h dark/light cycle, 20-24 °C
temperature, 40%-70% humidity) with unlimited access to water and chow. The day
of the experiment, animals were sacrificed through isoflurane inhalation followed by
exsanguination through jugular excision. All the procedures were carried out in the
operating room of Medical and Surgical Department.

Isolation and culture of ganglia by pig and guinea pig myenteric plexus
Isolation of MP from 8 guinea pigs (3-5 wk) and 4 pigs (4-5 wk) was performed as
previously described [25,26] . Briefly, the small intestine was washed with sterile,
oxygenated Krebs solution containing (mM) NaCl 120.9, KCl 5, MgCl2 1.2, CaCl2 2.5,
glucose 11.5, NaHCO3 14.4, NaH2PO4 1.2 additioned with fungizone and penicillinstreptomycin 10 ml/L (Sigma Aldrich-Merck, Darmstadt, Germany). MP was peeled
by 2-cm traits of small intestine cut in 1 mm × 1 mm fragments and digested in T25
plastic flasks with an enzymatic solution containing 1.25 mg/mL collagenase IV from
Clostridium histolyticum, 1 mg/mL dispase II from Bacillus polymyxa and 1 mg/mL
bovine serum albumin (Sigma Aldrich-Merck) in gentle agitation 30 min (guinea pig
tissues) or 45 min (pig tissues) at 37 °C. Reaction was stopped by placing flasks in ice
for 3 min. Digested tissues were washed with cold Krebs solution and collected in
DMEM. Fragmented neuronal fibers were selected over muscle bundles with a
stereomicroscope (Nikon C-PSCN - Nikon, Tokyo, Japan) and seeded on
polyornithine-covered coverslips in 24-well plates with M199 medium enriched with
5% fetal bovine serum, 10 mL/L penicillin-streptomycin and 5% glucose (complete
M199-cM199). Plates were kept 24 h in a humidified chamber at 37 °C with 5% CO2.

Immune profiling and collection of media conditioned by porcine vascular wall
mesenchymal stromal cells
pVW-MSCs were isolated, characterized and maintained as previously described[27]. In
order to confirm the mesenchymal immunophenotype after cryopreservation, flow
cytometry analysis was performed before media collection. Briefly, 2 × 105 cells were
resuspended in 100 µL of phosphate buffered saline (PBS) and incubated for 1 h at 4
°C in the dark with appropriate fluorochrome-conjugated antibodies at the titers
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reported in Table 1. Unstained controls to evaluate inherent background or
autofluorescence were obtained omitting primary antibodies. After incubation, cells
were washed twice and resuspended in 200 µl of PBS then analyzed with MacsQuant
Analyzer10 (Miltenyi Biotec, Bergisch Gladbach, Germany). For CD34 staining, after
the first incubation with the primary antibody, cells were washed and incubated with
PE-conjugated secondary antibody (Table 1) for 40 min at 4 °C in the dark. Data were
analyzed using the Flowlogic™ software (Miltenyi Biotec).
After thawing cellular suspensions were plated in a 24-multi well plate at a
concentration of 3 × 10 4 cells/well in PGM medium (Promocell, Heidelberg,
Germany), the day after, cells were washed with PBS and cultured for additional 24 h
in PGM, then media were collected, centrifuged at 800 × g for 10 min, filtered through
a 0.20-μm syringe filter, immediately frozen in liquid nitrogen and stored at -80 °C
until use.

Treatments
Enteric ganglia derived from each animal were seeded in 24 wells plates, a pool of 35
ganglia per well from 3 wells (triplicates) were considered for the analysis. After 2 d,
ganglia were incubated for 24 h with cM199 (CRTL) or one of the followings: cM199 +
0-0.1-1-10 µg/mL LPS (LPS from Escherichia coli O111:B4, Sigma Aldrich-Merck);
conditioned medium (CM) derived by culture flasks containing adherent pVW-MSCs
(10% in M199) or CM combined with LPS 1 µg/mL. Treatments were coded arbitrary
so that a second operator could carry on the operation blindly.

Immunocytochemistry analysis of enteric ganglia
At the end of 24-h treatment, cells were washed twice in cold PBS and fixed in 4%
paraformaldehyde for 1 h. After three washes with cold PBS, unspecific epitopes were
blocked by incubating fixed ganglia with a blocking solution of 0.5% Triton and
donkey serum 5% for 1 h. Ganglia were double-stained by overnight incubation at
4°C with a mix containing antibodies directed to the pan-neuronal marker HuD and
to the glial fibrillary acidic protein (GFAP). The following day, cells were washed
three times with PBS and incubated 2 h at room temperature with appropriate
fluorescent anti-antibodies (Table 1). Negative controls included a pre-adsorption step
for 2 h with the specific blocking peptides in the preliminary tests and the omission of
the primary antibody in every run experiment. At the end of the procedure, coverslips
were mounted on slides with an anti-fade solution (10% Mowiol 4-88, Sigma AldrichMerck) containing 0.1 µg/mL DAPI. Photomicrographs of single ganglion were
obtained with a Zeiss Imager M1 microscope with dedicated software (AxioVision,
Carl Zeiss, Jena, Germany).

Imaging analysis of cultured ganglia
Cell count and morphometric analysis of photomicrographs were carried out blindly
with Image J software on the basis of a previously applied method[28]. Briefly, two axis
intersecting at a 90° angle were traced from the furthest ends of the cluster of cell
bodies. A first circle representing the core area was traced considering the intersection
of the two axis as the center and the longest axis as the diameter. Likewise, an outer
circle, having the same center as the former and the diameter extending to the furthest
fillopodium, was considered as the total area. The percentage of ganglion expansion
(Gang. Exp. %) on total area was calculated as follows: Gang.Exp.% = [(total area-core
area)]%100/(total area).

Statistical analysis
Results are reported as Tukey box-plots (middle lines-median values; lower and
upper sides of the rectangles - 1st and 3rd percentile, whiskers - confidence intervals;
black dots - outliers). Statistical analysis was performed through GraphPad Prism
software (GraphPad, La Jolla, CA, United States) on data retrieved from 35
ganglia/well analyzed in triplicates for each experimental group. Normal distribution
was confirmed by Shapiro-Wilk test and Student t test was used to determine
statistical significance of the differences observed. Data significance was considered
when P < 0.05 or as reported in text.

RESULTS
Comparison of ganglia derived by pig and guinea pig myenteric plexa
After 2 d of culture in vitro, GPEG showed a more consistent morphology and cell
composition in comparison with PEG. GPEG showed a globular or bean-like shapes
with a core of cell bodies and glial cells radially protruding outward (Figure 1A).
Conversely, PEG were characterized by larger globular, bi- or tri-lobed shapes (Figure
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Table 1 Antibody reporting

Name

Target

Clonality

Research
Conjugation resource
identifiers

Species

Supplier

Anti-HuD

Hu Nterminus of
human HuD

Poly

-

AB_2101223

Gt

Anti-GFAP

Hu Glial
Mono
Fibrillary
Acidic Protein

-

AB_10689630

Alexa 488

Gt IgM heavy Poly
and light
chains

Alexa Fluor®
488

Alexa 555

Ms IgM
heavy and
light chains

Application

Concentrati
-on used

Santa Cruz
sc-5977
Biotechnologi
es

IC

5 µg/mL

Ms

BD
Biosciences

561483

IC

1 µg/mL

AB_2535792

Dk

Thermo
Fisher
Scientific

A-21206

IC

0.5 µg/mL

Alexa Fluor®
555

AB_2535853

Dk

Thermo
Fisher
Scientific

A-21432

IC

0.5 µg/mL

Anti-CD 105 Hu CD105 (L- Mono
isoform) cell
surface
antigen

FITC

AB_868768

Ms

Abcam

Ab53318

FC

2 µL/105
cells/100 µL

Anti-CD90

Hu
CD90/Thy-1
cell surface
antigen

Mono

APC

AB_10677422

Ms

Abcam

Ab139364

FC

1 µL/105
cells/100 µL

PE antihuman
CD56

Hu CD56 cell
surface
antigen

Mono

PE

AB_314448

Ms

Biolegend

304606

FC

2 µL/105
cells/100 µL

Human
CD44
antibody

Hu CD44
isoforms, 8095 Kd cell
surface
antigen

Mono

PerCP

AB_10645506

Rt

Biolegend

103036

FC

0.5 µL/105
cells/100 µL

CD34
antibody
[EP373Y]

Hu CD34 cell
surface
antigen

Mono

-

AB_1640331

Rb

Abcam

Ab81289

FC

0.8 µL/105
cells/100 µL

Rabbit-PE

Rb IgG heavy Poly
and light
chains

PE

AB_10680576

Gt

Abcam

Ab97070

FC

0.5 µL/105
cells/100 µL

Poly

Catalog
number

FITC: Fluorescein isothiocyanate; APC: Allophycocyanin; PE: Phycoerythrin; PerCP: Peridinin-chlorophyll-protein; Ms: Mouse; Rt: Rat; Gt: Goat; Dk:
Donkey; Hu: Human; GFAP: Glial fibrillary acidic protein IC: Immunocitochemistry; FC: Flowcitometry.

1E) with a number of total cells per ganglion about 4-fold higher when compared to
GPEG (213.7 ± 50.4/PEG vs 53.3 ± 5.2 cells/GPEG, P < 0.001, Figure 1B) and a higher
number of HuD-immunoreactive (HuD-IR) neurons per ganglion (+13.7%, Figure 1C).
Frequency analysis in Figure 1F and Figure 1G describes differences between GPEG
and PEG in terms of number of ganglia presenting 5 to 205 neurons. Moreover, PEG
showed a different proportion of HuD-IR neurons and GFAP-immunoreactive
(GFAP-IR) glial cells (+12.7%, P < 0.05), whereas GPEG presented a more
homogenous distribution of both cell types. Notably, a higher number of
neurons/ganglion (+12.7%, P < 0.05) and a lower number of glial cells/ganglion (15.7%, P < 0.05) were detected in PEG compared to GPEG (Figure 1D).

Effect of LPS on the number of cells in pig and guinea pig enteric ganglia
GPEG exposed to increasing concentrations of LPS displayed a trend towards a
decreased number of neurons/ganglion, which was statistically significant only at the
concentration of 10 µg/ml (-22.3%, P < 0.05, Figure 2A). This effect was paralleled by
an increased number of glial cells/ganglion (+22.2%, P < 0.05, Figure 2A). Conversely,
no effect of LPS was detected on cell number in PEG cultures at any of the
concentrations tested. Notably, the observed lower number of GFAP-IR glial cells
compared with HuD-IR neurons was similar in all the experimental groups (P < 0.05,
Figure 2B).

Characterization of pVW-MSCs phenotype
Flowcytometric analysis confirmed an unvaried immunophenotype of pVW-MSCs at
the third passage after cryopreservation, displaying MSC profile. In line with the
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Figure 1

Figure 1 Descriptive analysis of the morphology and cellular composition of guinea pig and pig enteric ganglia after 2 d in vitro. A and E: Representative
photomicrographs of guinea pig enteric ganglia (GPEG) and pig enteric ganglia (PEG) stained with HuD (red) and glial fibrillary acidic protein (GFAP) (green)
antibodies directed to neurons and glial cells respectively (scale bar: 100 µm); B: Total number of cells per ganglion in GPEG, left gray box plot, and PEG, right white
bars, cultures (53.3 ± 5.2 vs 213.7 ± 50.4 neurons per ganglion, bP < 0.001 vs GPEG); C: PEG showed a higher number of HuD-immunoreactive (HuD-IR) neurons
compared to GPEG (+13.7%, aP < 0.05); D: PEG and GPEG comparison of HuD-IR neurons and GFAP-immunoreactive (GFAP-IR) glial cells: PEG presented a
higher number of HuD-IR neurons compared to GFAP-IR glial cells (+28.4%, aP < 0.05). In comparison to GPEG, PEG showed a higher number of neurons (+12.7%,
c
P < 0.05) and a lower number of GFAP-IR glial cells (-15.7%, fP < 0.01); B-D: Values reported as Tukey box-plots were obtained by three independent experiments.
F and G: Frequency analysis indicating the number of GPEG (F) and PEG (G) presenting 5 to 205 neurons. GPEG: Guinea pig enteric ganglia; PEG: Pig enteric
ganglia; GFAP: Glial fibrillary acidic protein; GFAP-IR: Glial fibrillary acidic protein-immunoreactive; HuD-IR: HuD-immunoreactive.

criteria for MSC characterization[18] more than 96% of the cell population analyzed was
positive for the markers of mesenchymal stemness, CD105, CD90, CD56, CD44, and
less than 2.5% was positive for the hematopoietic markers CD45 and CD34 (Figure 3).

Effect of pVW-MSCs mediators on GPEG and PEG exposed to LPS
Thereafter, we tested the effect of medium conditioned by pVW-MSCs (CM) on GPEG
and PEG cultured with LPS 1 µg/mL (LPS1). The concentration of 1 µg/mL was
chosen in order to resemble a plausible pathophysiological condition of a high
bacterial overload. Both guinea pig and pig cultures did not show any significant
change in the number of HuD+ neurons after treatments (Figure 4A and B, white
columns), whereas glial cell number varied significantly (Figure 4A and B, gray
columns). In particular, GPEG cultures showed a higher number of glial cells as a
result of co-treatment with CM+LPS1, compared to control and LPS1 groups (+13.9%,
P < 0.001; +16.5%, P < 0.01, respectively). As for PEG cultures an increased number of
GFAP+ glial cells was observed in CM group compared to control (+13.6%, P < 0.05)
and LPS1 groups (+20.2%, P < 0.05). In addition, number of glial cells was higher in
GPEG treated with CM+LPS1 compared to LPS1 (+14.2%, P < 0.05). The main
interspecies difference was the variation of number of glial cells exposed to CM,
which increased in PEG but not in GPEG cultures compared to the relative control
(Figure 4A and B, third gray columns).

Morphometric analysis of ganglia upon treatment with pVW-MSC-conditioned
medium
As most of the observed differences regarded glial rather than neuronal cells, we
proceeded with a morphometric analysis of glial processes protruding outward the
ganglion center area measuring the extent of the ganglion expanded area (Gang.
Exp.%, Figure 5A). PEG morphology underwent more substantial changes in
comparison to GPEG cultures which did not show any significant change following
treatments showing a trend towards decreased Neur.Exp. (not statistically significant)
after LPS1 treatment compared to control and CM groups. Furthermore, CM+LPS1
induced a marked increase of Gang.Exp. which was approximately 2 fold higher
compared to both LPS1 and control groups (+43.2% vs CTRL, P < 0.01, Figure 5B).
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Figure 2

Figure 2 Effect of increasing concentration of lipopolysaccharide on enteric ganglia’ HUD+ neurons and
GFAP+ glial cells. A: In guinea pig-derived enteric ganglia - lipopolysaccharide (LPS) at 10 µg/mL decreased
number of HuD-immunoreactive (HuD-IR) neurons (left columns) and increased proliferation of glial fibrillary acidic
protein-immunoreactive (GFAP-IR) glial cells (right columns - HuD-IR neurons LPS10 vs CTRL, 22.3%, aP < 0.05;
GFAP-IR glial cells LPS10 vs CTRL, +22.2%, dP < 0.01); B: Conversely, in pig enteric ganglia the number of glial
cells at every LPS concentration tested did not change and was significatively lower compared to ganglionic neurons.
a
P < 0.05. LPS: lipopolysaccharide; GFAP-IR: Glial fibrillary acidic protein-immunoreactive; HuD-IR: HuDimmunoreactive.

DISCUSSION
The present study shows higher reactivity to MSC mediators of glial cells in pig
compared to guinea pig myenteric ganglia. In particular, we tested the effect of CM
derived by pVW-MSCs cultures on myenteric ganglia isolated from ileal tissue of
GPEG and PEG. These primary cultures exposed to LPS combined with pVW-MSCs
medium showed a more pronounced proliferation and differentiation in PEG
compared to GPEG. This finding suggests a different and higher response of
neuroimmune cells in higher mammals, which could impact on translational aspects
of current research on cell-based therapies.
In the present study, we reported interspecies differences in the cellular
composition of GPEG and PEG, with a higher neuronal/glial cells ratio in the latter,
which is in line with previous findings[29]. Furthermore, we described a slight decrease
in the number of neurons with a correspondent increase of glial cells as a result of
increasing micromolar concentrations of LPS in GPEG, but not in PEG. Finally, we
detected a marked modification of glial cell number and morphological modifications
of PEG in response to CM derived by pVW-MSCs cultures.
The higher number of neurons detected in PEG is in line with previous findings
describing an anatomical correlation in the size of myenteric ganglia and number of
cells per ganglion in large mammals[30]. Moreover, PEG size and number of cells were
more variable compared to GPEG, partially reflecting ganglia composition observed
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Figure 3

Figure 3 Flowcytometric analysis of cell-surface markers in porcine vascular wall mesenchymal stromal cells. Each graph shows the percentage of cells
expressing the specific marker reported [white area under the curve (AUC)] and the relative negative control (gray AUC, cells not incubated with any antibodies). This
analysis confirmed the mesenchymal stromal cell-like immune profile of porcine vascular wall mesenchymal stromal cells: CD105, CD90, CD56, CD44 were highly
expressed (> 96%) while the hematopoietic markers CD45 and CD43 were nearly absent (< 2.5%). AUC: Area under the curve.

in larger mammals, including humans[31]. Our findings show a low glial cells/neurons
ratio, particularly in PEG, which is in line with previous published data[29]. This
disproportion is easily filled within 48 h of culture, due to the rapid proliferation of
glial cells. In order to avoid a possible confounder, we chose a shorter time (24 h) to
limit the proliferation of glial cells, so as to detect small variations in number and
morphology of ganglia resulting after treatment.
Notably, our data of cell count analysis correspond to micromolar LPS
concentrations as a result of previous tests performed with nanomolar concentrations.
This analysis did not provide any measurable difference between groups (10-100 nM,
data not shown). Moreover, the scarce decrease of cell number in GPEG and the
absence of any effect in PEG cultures even with LPS at the highest concentrations (10
µM) reflects a remarkable resilience of myenteric neurons, already reported in
previous works[32]. The slight decrease of neuronal cells at 10 µM of LPS in GPEG
could be ascribed to a lower sensitivity of guinea pigs to LPS compared to pigs, which
was tested in previous studies on LPS-induced endotoxic shock [33,34] . However,
Schuster and colleagues described a counterintuitive effect of LPS promoting
neuronal viability and stemness in myenteric ganglia derived by MP of newborn
mice[32]. Differently from this work, our data did not show a higher neuron number as
a result of LPS treatment. Rather, most of the variations observed, as probably due to
age-related features of the animals used (young animals rather than newborns),
regarded glial cell number, which markedly varied upon treatment with pVW-MSCs
supernatants, while it did not evoke any measurable change on the neuronal
component in either pig or guinea pig cultures. Indeed, CM derived by pVW-MSCs
alone or combined with 1 µg/mL LPS induced a higher number of glial cells in PEG,
while in GPEG-treated samples an akin effect was found only after the co-treatment,
suggesting a synergic activity of pVW-MSC-secreted molecules and LPS in promoting
glial cells mitosis in both models. This observation is in accordance with the
properties showed by brain vascular pericytes which favor glial cells’ phenotype,
being also spatially in close relation with this cell type in brain vessels[35,36]. Indeed,
pVW-MSCs, along with a MSC-like immune profile, exhibited an intrinsic proangiogenic features in previous studies[19,27]. In addition, both LPS and MSCs promote
the activation of glial cells in brain-derived ganglia. In particular, a recent study in
vitro described the induction of glia proliferation induced by Wharton-jelly-derived
MSCs[37], while in vivo injection of LPS induced an overexpression of the glial marker
GFAP in brain tissue[38]. Interestingly, we observed a substantial variation of this cell
population in swine but not in guinea pig primary cultures. Allegedly, this might be
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Figure 4 Effect of porcine vascular wall mesenchymal stromal cells supernatants on the number of neurons
(left white bars) and glial cells (gray right bars) exposed to lipopolysaccharide 1 µg/mL. A: The number of
neurons in guinea pig enteric ganglia did not change significantly upon any of the treatment tested, whereas cotreatment with conditioned medium (CM) and lipopolysaccharide 1 µg/mL (LPS1) (CM+LPS1) increased the number
of glial cells compared to control (CTRL) and LPS1-treated ganglia (+13.9%, bP < 0.001; +16.5%, dP < 0.01,
respectively); B: The number of neurons in pig enteric ganglia did not change as a result of any of the treatment
tested. Conversely glial cell number was higher in the CM group compared to control (+13.6%, aP < 0.05) and LPS1
(+20.2%, cP < 0.05). CM+LPS1 co-treatment increased the number of glial cells compared to LPS1-treated ganglia
(+14.2, eP < 0.05). LPS1: Lipopolysaccharide 1 µg/mL; CM: Conditioned medium. GFAP: Glial fibrillary acidic protein.

due to the species correspondence of porcine enteric glia with pVW-MSCs, which
would reflect the phylogenetic differences previously reported in signaling modalities
for MSC immunomodulation[39]. Indeed, in humans, non-human primates and pigs,
immunomodulation is a mechanism dependent by indoleamine 2,3-dioxygenase
secretion whereas in rodents the same mechanism is associated with inducible nitric
oxide synthase expression and nitric oxide production[21,39]. Whether the observed
increase in number and shape of glial cells should be associated with a
compensative/therapeutic rather than a noxious stimulus should be addressed by
further investigations on cytokine expression patterns. In this sense, an exhaustive
characterization of molecular mechanisms activated by MSC-derived bioactive
molecules was beyond the scope of our analysis.
Taken together, these lines of evidence suggest an effect of pVW-MSCs mediators
on glial cells promoting neuronal remodeling and confirm the paramount role of this
cell type in modulating immune-mediated changes of the ENS. A further
characterization of the type of glial cells involved in these changes is warranted.
Moreover, the observed interspecies differences should be taken into consideration in
future investigations of immune-mediated response to MSCs secretome in rodents
models.
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Figure 5 Effect of porcine vascular wall mesenchymal stromal cells supernatants on ganglion expansion. A: Representative photo of the morphometric
analysis performed to compare glial cells processes elongating from ganglion’s cores under different experimental conditions (scale bar: 100 µm); B: Relative area
occupied by glial processes of guinea pig (left, gray bars) and pig enteric ganglia (right white bars). Guinea pig enteric ganglia did not show any significant difference
between the different treatment groups. Conversely, pig enteric ganglia were more subjected to morphological changes: There was a decrease of the expanded area
in the group treated with lipopolysaccharide 1 µg/mL (LPS1) compared to control (-42.88%, aP < 0.05). Moreover, conditioned medium (CM) derived by porcine
vascular wall mesenchymal stromal cells evoked a higher protrusion of glial processes than LPS1 alone (+36.8%, cP < 0.05) which was remarkably higher in
combination with LPS1 (CM+LPS1, +43.2% vs CTRL, fP < 0.01; +60.9% vs LPS1, hP < 0.01). LPS1: Lipopolysaccharide 1 µg/mL; CM: Conditioned medium; GPEG:
Guinea pig enteric ganglia; PEG: Pig enteric ganglia.

ARTICLE HIGHLIGHTS
Research background
There is growing interest on mesenchymal stromal cells (MSC) as a novel therapeutic strategy to
treat auto-immune and inflammatory diseases. However, identifying optimal MSC sources and
limited reliability of current experimental models still represent a challenge in this field. Pigs
represent more closely human physiology and an accessible resource for ex vivo procedures.
Recently, our group isolated a population of pericytes from porcine aortic wall with an MSC
profile, currently cited as porcine vascular wall-MSC (pVW-MSC).

Research motivation
Inflammatory bowel diseases (IBDs), comprising the two major forms ulcerative colitis and
Crohn’s disease, are characterized by an aberrant immune response leading to severe damage of
the intestinal wall and functioning. Current trials are evaluating the application of cell-based
therapies for the treatment of IBDs. The present study describes the effect of pVW-MSCconditioned medium (CM) on enteric ganglia in two ex vivo models of IBDs in order to
investigate a potential development of MSC-based treatment of IBDs.

Research objective
To evaluate the effect of pVW-MSC secretome on survival and differentiation of enteric
ganglionic cells isolated by guinea pigs (GPEG) and pigs (PEG) and exposed to
lipopolysaccharide (LPS).

Research methods
The expression of standard MSC markers in pVW-MSC were assessed by flow cytometry.
Increasing concentration of LPS were tested in both GPEG and PEG cultures. CM derived by
pVW-MSC cultures were added alone or in combination with 1µg of LPS in GPEG and PEG
cultures. Ganglionic cells were double-stained with antibodies directed to the pan-neuronal
marker, HuD and the glial fibrillary acidic protein, GFAP. Cell count and morphometric analysis
were performed to determine changes of neuronal and glial population.

Research results
Guinea-pig neurons and glial cells decreased and increased respectively in response to high
concentrations of LPS. These changes were not observed in pig primary cultures. pVW-MSC
secretome increased the number and differentiation of glial cells compared to neurons with a
more pronounced effect in PEG and in combination with LPS.

Research conclusions
These data showed a higher resilience of pig enteric ganglia to the main bacterial product LPS
compared to guinea pig and a higher responsiveness of glial cells to pVW-MSC secreted
mediators.
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Research perspectives
Neuro-immune changes induced by pVW-MSC represent an essential aspect in the development
of cell-based therapies. Further studies are warranted to investigate inter-species differences of
pVW-MSC secretome.
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Abstract
BACKGROUND
The trans-fat containing AMLN (amylin liver non-alcoholic steatohepatitis,
NASH) diet has been extensively validated in C57BL/6J mice with or without the
Lepob/Lepob (ob/ob) mutation in the leptin gene for reliably inducing metabolic
and liver histopathological changes recapitulating hallmarks of NASH. Due to a
recent ban on trans-fats as food additive, there is a marked need for developing a
new diet capable of promoting a compatible level of disease in ob/ob and
C57BL/6J mice.
AIM
To develop a biopsy-confirmed mouse model of NASH based on an obesogenic
diet with trans-fat substituted by saturated fat.
METHODS
Male ob/ob mice were fed AMLN diet or a modified AMLN diet with trans-fat
(Primex shortening) substituted by equivalent amounts of palm oil [Gubra
amylin NASH, (GAN) diet] for 8, 12 and 16 wk. C57BL/6J mice were fed the
same diets for 28 wk. AMLN and GAN diets had similar caloric content (40% fat
kcal), fructose (22%) and cholesterol (2%) level.
RESULTS
The GAN diet was more obesogenic compared to the AMLN diet and impaired
glucose tolerance. Biopsy-confirmed steatosis, lobular inflammation, hepatocyte
ballooning, fibrotic liver lesions and hepatic transcriptome changes were similar
in ob/ob mice fed the GAN or AMLN diet. C57BL/6J mice developed a mild to
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moderate fibrotic NASH phenotype when fed the same diets.
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INTRODUCTION
Liver-related complications have in recent years become widely recognized as among
the most prevalent co-morbidities in obesity and diabetes. Non-alcoholic
steatohepatitis (NASH) is the most severe form of non-alcoholic fatty liver disease
(NAFLD), an umbrella term for a range of medical conditions with hepatic steatosis
unrelated to significant alcohol consumption, use of steatogenic medication or
hereditary disorders[1]. Notably, presence of obesity, dyslipidemia and type 2 diabetes
constitutes the strongest risk factors for NASH[2,3], which has led to the concept that
NASH represents the hepatic manifestation of the metabolic syndrome[4,5]. Liver
biopsy represents the gold standard method for diagnosing and grading of NASH[6].
In NASH, lobular inflammation and liver cell damage (hepatocyte ballooning) are
mandatory histopathological features in addition to steatosis[7]. Notably, the vast
majority of patients with NAFLD across the disease spectrum is asymptomatic with
an unpredictable onset of NASH and with rates of fibrosis progression not linear with
time. As a result, disease severity varies considerably among affected NASH patients
and may progress to cirrhosis undiagnosed[8,9]. Among the various histology-based
scoring systems applied, the NAFLD activity scoring (NAS) system is the most
prevalent diagnostic tool for defining NASH and assess disease activity[10]. While not
initially designed for the specific purpose of assessing therapeutic drug efficacy, the
NAS system is now the most widely used scoring system in clinical trials for NASH.
The conspicuous clustering of obesity, diabetes and metabolic comorbidities in
NASH patients underscores that overnutrition and dietary factors play an important
role in the transition from mild NAFLD to manifest NASH. The pathogenesis of
NASH is complex and multifactorial, implicating multiple parallel and converging
signaling pathways. Current “multiple-hit” hypotheses consider several insults acting
sequentially or together on a background of genetical predisposition to promote
NAFLD and transition to NASH. Early pathogenic events are associated with hepatic
triglyceride accumulation as result of excessive caloric intake, stimulation of hepatic
de novo lipogenesis secondary to insulin resistance, and impaired free fatty acid
clearance. Increasing triglyceride levels in hepatocytes can lead to overproduction of
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reactive lipid metabolites (lipotoxicity) that eventually override hepatic adaptive and
regenerative mechanisms[11-13], triggering detrimental immune cell responses with
downstream activation of resident fibrogenic myofibroblasts that produce and secrete
collagens [13-15] . In the event of continuing insufficient regenerative responses,
progressive extracellular matrix deposition may result in excessive fibrotic liver
damage and hepatocellular cancer.
The emergence of these theories has played an important role in the development
of animal models of NASH with more reproducible and robust liver histopathology.
Diet-induced obese (DIO) mice fed Western diets are attractive as they recapitulate
the natural history of NASH[16]. In addition, the human NAS system largely correlates
with similar histopathologic lesions in these models[17], which makes obese mouse
models of NASH increasingly employed in preclinical NASH research. Conventional
obesogenic high-fat diets promote dyslipidemia, fatty liver, and mild-stage NASH
without appreciable fibrosis in rodents[16]. Hence, additional dietary stimuli (“hits”)
are therefore applied to enhance the pro-fibrogenic properties of the high-fat diets
employed in preclinical NASH research. Among the various dietary approaches,
specific modifications in Western-type obesogenic diets have consistently been
reported to promote fibrotic NASH in mice. Accordingly, C57BL/6J mice fed a highfat/fructose diet supplemented with trans-fat and cholesterol (amylin liver NASH
diet, i.e., AMLN diet[18]) develop manifest NASH, characterized by steatosis, lobular
inﬂammation and hepatocyte ballooning. Notably, a significant proportion of
C57BL/6J mice fed the AMLN diet (AMLN DIO-NASH mice) develop mild to
moderate fibrosis following ≥ 26 wk of feeding[18-23]. The hepatopathology is similar,
but accentuated, in leptin-deficient C57BL6J-Lepob/Lepob (ob/ob) mice fed the AMLN
diet, demonstrating a fibrotic NASH phenotype after ≥ 12 wk of feeding[22,24-26]. The
two AMLN DOI models of NASH have been extensively characterized in
pharmacology studies with employment of biopsy-confirmed histopathology for
grading and staging of baseline liver pathology[23,24,27]. As in the clinic, DIO mouse
models of NASH have unpredictable onset of disease with varying rates of
progression. Consequently, any given cohort of DIO mice may represent all stages of
NAFLD following long-term high-fat feeding[18,22,28,29]. This makes it imperative to
control for inherently variable dynamics in NAFLD progression that could otherwise
lead to misinterpretation of data obtained in longitudinal studies. Liver biopsy
procedures have therefore recently been introduced to prevent bias and enable
stringent within-subject analyses in both mice[18,22,23,27] and rats[30].
Addition of dietary trans-fats (also called trans-unsaturated fatty acids or trans
fatty acids) has been reported to enhance the steatogenic and pro-fibrotic properties of
obesogenic diets in mice, including the AMLN diet[24] and variants thereof[21,31-33]. The
underlying molecular mechanisms are not fully understood, but trans-fats may likely
sensitize to the hepatotoxic effects of high-fat/carbohydrate diets by increasing
insulin resistance, hepatic lipogenesis and oxidative stress[24,32,34-36]. A recent FDA ban
on trans-fats as food additive[37], however, has prompted the development of a nontrans-fat Western diet capable of promoting metabolic and liver histopathological
changes comparable to that afforded by the AMLN diet. The present study therefore
aimed to develop and characterize a compatible biopsy-confirmed obese mouse
model of NASH based on an isocaloric palmitic acid-enriched diet with a nutrient
composition similar to the AMLN diet.

MATERIALS AND METHODS
Animals
Male ob/ob and C57BL/6J (C57) mice were from Jackson Laboratory (Bar Harbor, ME,
United States) or Janvier Labs (Le Genest Saint Isle, France), arrived at 5-8 wk of age
and housed in a controlled environment (12 h light/dark cycle, 21 ± 2 °C, humidity 50
± 10%). Mice were stratified and randomized to individual diet groups according to
baseline body weight and had ad libitum access to tap water and chow (2018 Teklad
Rodent Diet, Envigo, Madison, WI, United States; Altromin 1324, Brogaarden,
Hoersholm, Denmark), AMLN diet (40 kcal-% fat (of these 22% trans-fat and 26%
saturated fatty acids by weight), 22% fructose, 10% sucrose, 2% cholesterol;
D09100301, Research Diets, New Brunswick, NJ, United States)[22,24] or Gubra amylin
NASH diet [GAN diet; 40 kcal-% fat (of these 0% trans-fat and 46% saturated fatty
acids by weight), 22% fructose, 10% sucrose, 2% cholesterol; D09100310, Research
Diets]. Mice were fed chow, AMLN or GAN diet for 8, 12 or 16 wk (ob/ob) and 28 wk
(C57BL/6J), respectively. The study was approved by The Institutional Animal Care
and Use Committee at MedImmune (Gaitherburg, MD, United States) and The Danish
Animal Experiments Inspectorate (license 2013-15-2934-00784) in accordance with
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internationally accepted principles for the use of laboratory animals.

Body weight, body composition and liver fat mass
Body weight was monitored weekly. Whole-body fat mass was analyzed at week 8, 12
and 16 of the feeding period by non-invasive EchoMRI scanning using EchoMRI-900
(EchoMRI, Houston, TX, United States). During the scanning procedure, mice were
placed in a restrainer for 90-120 s.

Intraperitoneal glucose tolerance test
An intraperitoneal glucose tolerance test (ipGTT) was performed in week 7 of the
feeding period. Animals were fasted for 4 h prior to administration of the glucose
bolus (1.5 g/kg). Cages were changed at the time of fasting. At t = 0, C57 and ob/ob
mice received a bolus of glucose by intraperitoneal injection (5 mL/kg). Blood
samples were collected from the tail vein and blood glucose was measured at time
points t = 0, 15, 30, 45, 60, 90 and 120 min after the glucose bolus. Mice were re-fed
after the last blood sampling.

Biochemical analyses
Biochemical analyses were performed as reported previously[22,26]. Terminal plasma
samples from fed animals were assayed for alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total triglycerides (TG) and total cholesterol. Total liver lipid
mass was determined using a Bruker LF-90 minispec system (Bruker Biospin
Corporation, Billerica, MA, United States) and expressed relative (%) to total liver
weight.

Liver biopsy
A separate cohort of ob/ob mice were fed AMLN or GAN diet for 9 wk before a liver
biopsy procedure was applied as described in detail previously[22]. On the surgery
day, mice were anesthetized with isoflurane (2%-3%, in 100% oxygen), a small
abdominal incision in the midline was made, and the left lateral lobe of the liver was
exposed. A cone-shaped wedge of liver tissue (50-100 mg) was excised from the distal
part of the lobe. The cut surface of the liver was closed by electrosurgical bipolar
coagulation using an electrosurgical unit (ERBE VIO 100C, ERBE, Marietta, GA,
United States). The liver was returned to the abdominal cavity, the abdominal wall
was sutured and skin stapled. Carprofen (5 mg/kg, i.p.) was administered at the time
of surgery and at post-operative day one and two. After the procedure, animals were
single-housed and kept on the respective diet for a total period of 16 wk.

Liver histology and digital image analysis
Biopsy and terminal liver samples (both from the left lateral lobe) were fixed
overnight in 4% paraformaldehyde. Liver tissue was paraffin-embedded and
sectioned (3 µm thickness). Sections were stained with hematoxylin-eosin (HE, Dako,
Glostrup, Denmark), Picro-Sirius red (Sigma-Aldrich, Broendby, Denmark), antigalectin-3 (cat. 125402, Biolegend, San Diego, CA, United States), or anti-type I
collagen (Col1a1; cat. 1310-01, Southern Biotech, Birmingham, AL, United States)
using standard procedures[22,23]. The NAS and fibrosis staging system was applied to
liver pre-biopsies and terminal samples for scoring of steatosis, lobular inflammation,
hepatocyte ballooning, and fibrosis outlined by Kleiner et al [10] . Quantitative
histomorphometry was analyzed using digital imaging software (VIS Software,
Visiopharm, Hørsholm, Denmark)[22,23]. Proportional (fractional) areas of liver fat (HEstaining), galectin-3 and Col1a1 were expressed relative to total sectional area. All
histological assessments were performed by histologists blinded to the experimental
groups.

RNA sequencing
Liver transcriptome analysis was performed by RNA sequencing on RNA extracts
from terminal liver samples (15 mg fresh tissue), as described in detail elsewhere[22,23].
The RNA quantity was measured using Qubit ® (Thermo Scientific, Eugene, OR,
United States). The RNA quality was determined using a bioanalyzer with RNA 6000
Nano kit (Agilent, Waldbronn, Germany). RNA sequence libraries were prepared
with NeoPrep (Illumina, San Diego, CA, United States) using Illumina TruSeq
stranded mRNA Library kit for NeoPrep (Illumina, San Diego, CA, United States) and
sequenced on the NextSeq 500 (Illumina, San Diego, CA, United States) with NSQ 500
hi-Output KT v2 (75 CYS, Illumina, San Diego, CA, United States). Reads were
aligned to the GRCm38 v84 Ensembl Mus musculus genome using STAR v.2.5.2a with
default parameters[38]. Differential gene expression analysis was performed with
DEseq237. Genes with a Benjamini and Hochberg adjusted P ≤ 0.05 (5% false
discovery rate, FDR) were regarded as statistically significantly regulated. The
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Reactome pathway database[39] was used as gene annotation in a gene set analysis
using the R package PIANO v.1.18.1[40], with the Stouffer method and BenjaminiHochberg adjusted P values (FDR < 0.01).

Statistical analyses
Except for RNA sequencing, data were analyzed using GraphPad Prism v7.03
software (GraphPad, La Jolla, CA, United States). All results are shown as mean ±
standard error of mean. A two-way ANOVA with Tukey's multiple comparisons test
was performed for body weight and quantitative histological analyses. A one-way
ANOVA with Dunnett’s post-hoc test was used for all other parameters. A P value <
0.05 was considered statistically significant.

RESULTS
Metabolic changes in ob/ob mice fed GAN or AMLN diet for up to 16 wk
The temporal progression of metabolic deficits was determined in ob/ob mice fed the
GAN (GAN ob/ob-NASH) or AMLN (AMLN ob/ob-NASH) diet for up to 16 wk. Body
weight curves were significantly different in GAN and AMLN ob/ob-NASH mice
(overall P < 0.001, two-way ANOVA). Compared to the AMLN diet, the GAN diet
induced greater body weight gain in ob/ob mice from diet week 7 and onwards (Figure
1A). Relative body weight gain over the 16-week feeding period was 141.6 ± 2.9%
(GAN ob/ob-NASH) and 125.2 ± 3.6% (AMLN ob/ob-NASH). GAN-ob/ob mice
displayed more pronounced increases in whole-body fat mass at all time points
measured (Figure 1B). The GAN and AMLN diets promoted similar degree of
hepatomegaly in ob/ob mice (Figure 1C). An ipGTT was performed in diet week 7 and
demonstrated impaired glucose tolerance in GAN, but not AMLN, ob/ob-NASH mice
compared to chow-fed C57 controls (Figure 1D and E). During the ipGTT, plasma
insulin levels were equally elevated in GAN and AMLN ob/ob-NASH mice (Figure
1F). Plasma ALT and AST levels were significantly increased in GAN and AMLN
ob/ob-NASH mice after 8 wk on the diet and did not change further during the 16-wk
feeding period. The GAN and AMLN diets promoted a similar degree of
hypercholesterolemia (diet week 8-16, P < 0.05) in ob/ob mice with slightly reduced TG
levels (diet week 16, P < 0.05), as compared to chow-fed C57 mice (Table 1).
Terminal liver lipid levels in GAN and AMLN ob/ob-NASH mice were
approximately 10-fold higher than that of age-matched C57 mice and were maximally
elevated after 8 weeks of feeding (Table 1).

Gut microbiome changes in ob/ob mice fed GAN or AMLN diet for up to 16 wk
In addition to metabolic changes, the gut microbiome composition in GAN and
AMLN ob/ob mice was characterized by bacterial 16S rDNA gene sequencing
performed on serial fecal samples. The GAN and AMLN diets promoted similar
taxonomic shifts compared to baseline (chow feeding). The structural modulation of
the gut microbiota was largely manifest two weeks after the change to GAN or AMLN
diet, being slightly more accentuated following 16 wk of feeding (Supplemental
Figure 1). Compared to baseline, the changes in microbiome composition in GAN and
AMLN ob/ob mice was mainly driven by increases in the relative abundance of
Akkermansia, Bacteroides and Parasutterella with reciprocal decreases in Clostridiales and
Porphyromonadaceae. Consistently lowered relative abundance of Lactobacillus was also
observed in GAN ob/ob-NASH mice.

Biopsy-confirmed progression of liver histopathology in ob/ob mice fed GAN or
AMLN diet for 16 wk
Liver histopathological changes in GAN ob/ob mice were assessed in ob/ob mice fed
GAN or AMLN diet for 16 wk (n = 8-10 per group). A liver biopsy was sampled after
9 wk on the respective diet for within-subject analysis of disease progression.
Representative histological stainings are shown in Figure 2A. Comparable changes in
composite NAS and fibrosis scores from feeding week 9 to 16 were observed in GAN
ob/ob and AMLN ob/ob mice (Figure 2B). At feeding week 9, GAN ob/ob and AMLN
ob/ob mice showed mild-to-moderate fibrosis (F1-F2) with an equal distribution of
mice progressing in fibrosis severity. A major proportion of GAN or AMLN diet fed
ob/ob mice demonstrated moderate fibrosis after 16 weeks of feeding (Figure 2C).
Individual pre-biopsy and terminal histopathological scores on steatosis, lobular
inflammation and hepatocyte ballooning are indicated in Supplemental Figure 2.
Steatosis severity was severe (score 3) and sustained after 9 weeks of feeding in both
GAN and AMLN ob/ob-NASH mice. Both diets induced moderate-grade (score 2)
lobular inflammation in almost all ob/ob mice without significant changes from
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Table 1 Plasma and liver biomarkers in ob/ob mice fed amylin liver non-alcoholic steatohepatitis (AMLN) or Gubra amylin non-alcoholic
steatohepatitis (GAN) diet for 8-16 wk
Group

Weeks on diet n

ALT (U/L) AST (U/L)

Plasma TG
(mmol/L)

Plasma
TC(mmol/L)

Liver lipid mass (% of liver
weight)

Chow C57

8

6

115 ± 60

192 ± 77

1.7 ± 0.2

3.8 ± 0.2

3.5 ± 0.4

12

6

67 ± 10

93 ± 16

1.7 ± 0.1

3.5 ± 0.1

4.9 ± 0.7

16

6

61 ± 18

82 ± 18

2.2 ± 0.2

3.8 ± 0.3

3.6 ± 0.4

8

4

913 ± 113a

663 ± 37a

1.2 ± 0.2

11.8 ± 0.9a

31.6 ± 1.3a

1.4 ± 0.1

a

33.3 ± 0.7a

ad

28.4 ± 1.4ad

a

35.4 ± 0.8ad

GAN ob/ob

12
16
AMLN ob/ob 16

5

a

a

959 ± 93

660 ± 52
a

5

868 ± 102

6

a

654 ± 39

ad

674 ± 25
399 ± 23

a

12.4 ± 1.3
a

1.5 ± 0.2

a

1.0 ± 0.1

14.3 ± 0.8
11.0 ± 0.4

a

P < 0.05 vs corresponding feeding period in chow-fed C57BL/6J (Chow C57) mice,
P < 0.05 vs corresponding feeding period in amylin liver non-alcoholic steatohepatitis (AMLN) ob/ob mice. TC: Total cholesterol; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; TG: Total triglycerides; AMLN: Amylin liver non-alcoholic steatohepatitis diet; GAN: Gubra amylin
non-alcoholic steatohepatitis diet; NASH: Non-alcoholic steatohepatitis.
d

feeding week 9 to 16. The rate of hepatocyte ballooning was low in ob/ob mice fed the
GAN or AMLN diet for 9 weeks, however, increased during the remainder of the
feeding period. Hepatocyte ballooning did not progress beyond grade 1 in ob/ob mice.
Terminal quantitative histopathological changes were also similar in ob/ob mice fed
the GAN or AMLN diet, as indicated by morphometric analyses of steatosis,
inflammation and Col1a1 (Figure 3).

Liver transcriptome changes in ob/ob mice fed AMLN or GAN diet for 16 wk
To characterize the effect of 16-week feeding on global liver gene expression, the
transcriptome of GAN and AMLN ob/ob-NASH mice vs. chow-fed C57 mice were
analyzed by RNA sequencing. To assess the overall similarity of the individual
transcriptome samples, a principal component analysis (PCA) was performed. The
primary PCA, accounting for the major variability in the data set, yielded conspicuous
clustering of transcriptome samples from GAN and AMLN ob/ob-NASH mice, being
clearly separated from chow-fed C57 controls (Figure 4A), indicating that the two
NASH-promoting diets overall promoted substantial, however highly similar,
alterations in liver global gene signatures of ob/ob mice. In accordance, a total pool of
9725 and 9760 differentially expressed genes (DEGs) were identified in GAN and
AMLN ob/ob-NASH mice, respectively, with virtually all regulated genes being shared
in the two ob/ob-NASH groups (Figure 4B). For initial evaluation of the DEGs
identified, we probed for candidate gene transcripts associated with NASH and
fibrosis (see Supplemental Table 1). GAN and AMLN ob/ob-NASH mice showed
significant and overlapping regulations of candidate genes (Figure 4C), particularly
associated to modulated fatty acid synthesis (Fasn, Scd1), reduced fatty acid βoxidation (Cpt-1), lowered triglyceride synthesis (Gpat4), reduced cholesterol
synthesis (Hmgcr, Hmgcs1) and transport (ApoCIII, Ldlr, Lrp1, Scarb1); impaired insulin
(Akt, Irs1, Irs2) and FXR (Cyp7a1, Cyp8b1, Ostb) signaling; enhanced monocyte
differentiation/recruitment (Ccr1, Ccr2, Cd14, Cd68, Cd86, Il1a, Il1a, Mac-2, Mcp-1),
pro-inflammatory signaling (Nfkb, P38, Tgfbr, Tnfa); inflammasome (Ipaf, Nlrp1b,
Nlrp3, Tlr4) and pro-apoptotic activity (Casp-8, Rip-1, Rip-3), and enhanced
extracellular matrix (ECM) reorganization (a-Sma, Col1a1, Col1a2, Col3a1, Col5a1/2/3,
Col6a1/2/3, Mmp2, Mmp13, Timp1/2/3). When performing a group-wise comparison of
global gene expression profiles in GAN vs. AMLN ob/ob mice, liver transcriptome
signatures were distinguished by only nine DEGs (Ces3b, Cfhr1, Cyp1a1, Cyp2f2,
Gm4788, Keg1, Serpina3k, Ugt1a9, Ugt2a3). To obtain further resolution of the liver
transcriptome changes in GAN and AMLN ob/ob-NASH mice vs. chow-fed C57
controls, a gene set enrichment analysis was subsequently conducted. The Reactome
gene annotation analysis identified several disease-relevant biological pathways
significantly enriched in both GAN and AMLN ob/ob-NASH mice. Notably, all
significantly enriched pathways were completely overlapping between GAN and
AMLN ob/ob-NASH mice (Figure 4D).

Liver histopathology in C57 mice fed GAN or AMLN diet for 28 wk
To investigate liver histological changes in wild-type mice, C57 mice were fed chow (n
= 15), GAN (n = 30) or AMLN (n = 30) diet for 28 wk. Histopathological scores and
proportionate area of Col1a1 are shown in Figure 5. GAN and AMLN diets were both
highly obesogenic in C57 mice. GAN DIO-NASH mice showed significantly higher
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Figure 1

Figure 1 Metabolic parameters in ob/ob mice fed amylin liver non-alcoholic steatohepatitis (AMLN) or Gubra amylin non-alcoholic steatohepatitis (GAN)
diet for 8-16 wk. A: Body weight; B: Body composition; C: Terminal liver weight (week 16); D: An intraperitoneal glucose tolerance test (ipGTT) was performed in
week 7 of the feeding period, glucose excursion curves; E: Glucose area under the curve (AUC, 0-180 min); F: Plasma insulin (0, 15, 30 min). aP < 0.05, bP < 0.01, cP
< 0.001 vs chow-fed C57BL/6J (Chow C57) controls; dP < 0.001 vs amylin liver non-alcoholic steatohepatitis (AMLN) diet (n = 5-6 mice per group). AMLN: Amylin liver
non-alcoholic steatohepatitis diet; GAN: Gubra amylin non-alcoholic steatohepatitis diet; iPGTT: Intraperitoneal glucose tolerance test.

endpoint body weight (46.0 ± 0.8 g) compared to AMLN DIO-NASH (40.6 ± 0.6 g, P <
0.001) and chow-fed C57 mice (30.7 ± 0.4 g, P < 0.001 vs GAN DIO-NASH and AMLNDIO NASH mice). While age-matched chow-fed C57 mice displayed normal liver
histology, GAN DIO-NASH mice developed severe steatosis (score 3, 30/30 mice) and
moderate-to-severe lobular inflammation (score 0, 1/30 mice; score 1, 3/30 mice; score
2, 19/30 mice; score 3, 7/30 mice) upon 28 wk of feeding (Figure 5A and B).
Hepatocyte ballooning was largely absent in GAN DIO-NASH mice (score 0, 26/30
mice; score 1, 4/30 mice, Figure 5C). Generally, a NAS of 5-6 was observed in GAN
DIO-NASH mice (score 3, 1/30 mice; score 4, 3/30 mice; score 5, 17/30 mice; score 6,
7/30 mice; score 7, 2/30 mice, Figure 5D). Fibrosis was typically mild to moderate in
GAN DIO-NASH mice (F0, 1/30 mice; F1, 10/30 mice; F2, 18/30 mice; F3, 1/30 mice),
see Figure 5E. AMLN DIO-NASH mice showed a liver histological phenotype very
similar to GAN DIO-NASH mice, as indicated by severe steatosis (score 3, 30/30
mice), moderate to severe lobular inflammation (score 0, 1/30 mice; score 1, 3/30
mice; score 2, 19/30 mice; score 3, 7/30 mice), inconsistent hepatocyte ballooning
(score 0, 17/30 mice; score 1, 13/30 mice), and mild-to-moderate fibrosis (F0, 3/30
mice; F1, 4/30 mice; F2, 23/30 mice; F3, 0/30 mice). In addition, Col1a1 proportionate
areas were increased to a similar degree in GAN and AMLN DIO-NASH mice, as
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Figure 2

Figure 2 Liver biopsy-confirmed non-alcoholic fatty liver disease activity score and fibrosis scores in ob/ob mice fed amylin liver non-alcoholic
steatohepatitis (AMLN) or Gubra amylin non-alcoholic steatohepatitis (GAN) diet for 16 wk. A: Representative images of terminal liver morphology (upper panel:
hematoxylin-eosin staining, lower panel: Picro-Sirus red staining, 20× magnification, scale bar 100 µm); B: Number of animals with higher, same or lower post-biopsy
histopathology score compared to corresponding pre-biopsy score (n = 8-10 mice per group). Left panel: Non-alcoholic fatty liver disease activity score (NAS); right
panel: Fibrosis score; C: Individual pre-biopsy and terminal NAS and fibrosis scores. AMLN: Amylin liver non-alcoholic steatohepatitis diet; GAN: Gubra amylin nonalcoholic steatohepatitis diet; NAFLD: Non-alcoholic fatty liver disease; NAS: Non-alcoholic fatty liver disease activity score.

compared to chow-fed C57 mice, see Figure 5F.

DISCUSSION
The AMLN DIO-NASH and ob/ob-NASH mouse models have been extensively
validated and characterized in an increasing number of pharmacology studies. Here,
we compared the metabolic and liver histological phenotype in ob/ob mice fed the
AMLN diet or a modified AMLN diet (GAN diet) with Primex shortening, a trans-fat
containing food additive, substituted with equivalent amounts of palm oil. The GAN
and AMLN diets promoted similar biopsy-confirmed liver lesions with hallmarks of
fibrotic NASH in both ob/ob and C57 mice. Hence, the maintained NASH phenotype
in both ob/ob and C57 mice indicates the utility of GAN DIO mouse models of biopsyconfirmed NASH for the preclinical characterization of novel drug therapies for
NASH.
The composition of the AMLN diet, containing high levels of saturated fat, fructose,
trans-fat and cholesterol, reflects dietary factors considered important in the
pathogenesis of NAFLD/NASH. Accordingly, excess energy intake from dietary fat
and simple sugars (Western diets) has been strongly linked to NAFLD/NASH[41,42]. In
particular, increased consumption of saturated fats and fructose has been associated
with the deleterious effects of intrahepatic lipid accumulation, enhanced lipogenesis,
insulin resistance, hepatocyte oxidative stress and inflammation in
NAFLD/NASH[43-47]. Although less well-characterized in NASH, trans-unsaturated fat
consumption and dietary cholesterol may sensitize to the hepatotoxic effects of
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Figure 3

Figure 3 Quantitative histopathological changes in ob/ob mice fed amylin liver non-alcoholic steatohepatitis (AMLN) or Gubra amylin non-alcoholic
steatohepatitis (GAN) diet for 16 wk. Fractional (%) area of steatosis (hematoxylin-eosin staining), inflammation [galectin-3 immunostaining and fibrosis (collagen1a1) immunostaining] determined by imaging-based morphometry (n = 8-10 mice per group). A: Steatosis; Galectin-3; C: Collagen-1a1. Scale bar 100 µm. AMLN:
Amylin liver non-alcoholic steatohepatitis diet; GAN: Gubra amylin non-alcoholic steatohepatitis diet; Col1a1: Collagen-1a1.

excessive fat and fructose intake[31,32,48,49]. Because the FDA has recently imposed a ban
on the use of trans-fat additives in foods, this prompted us to develop a compatible
mouse model of NASH based on an obesogenic diet high in saturated fat and with a
nutrient composition and caloric density similar to the AMLN diet.
The GAN and AMLN diets were both highly obesogenic in ob/ob mice. Notably,
weight gain and adiposity were even more pronounced in mice fed the GAN diet.
Other high-fat/trans-fat diets have been reported inducing slightly less weight gain in
wild-type mice compared to trans-fat-free hypercaloric diets [36] . Although not
specifically addressed in the present study, it may be speculated that substitution of
trans-fat with palm oil led to improved diet palatability and/or fat absorption rates.
This is also indirectly supported by the observation that hyperphagic ob/ob mice fed
the AMLN diet attain slightly less weight gain compared to chow feeding [22,23] .
Consistent with previous reports[22,24,27], the AMLN diet did not influence glucose
homeostasis in ob/ob mice which contrasts findings of mild glucose intolerance in
obese wild-type mice fed other high-fat/trans-fat diet types[31,36,50]. The AMLN diet has
been reported to elevate endogenous glucose production in C57 mice[51], suggesting
development of peripheral insulin resistance. As also C57 mice fed the AMLN diet
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Figure 4

Figure 4 Liver transcriptome changes in ob/ob mice fed amylin liver non-alcoholic steatohepatitis (AMLN) or Gubra amylin non-alcoholic steatohepatitis
(GAN) diet for 16 wk. Overview of hepatic gene expression profiles in ob/ob mice fed amylin liver non-alcoholic steatohepatitis (AMLN) or Gubra amylin non-alcoholic
steatohepatitis (GAN) diet compared to age-matched chow-fed ob/ob mice (n = 8-10 mice per group). A: Principal component analysis of samples based on top 500
most variable gene expression levels; B: Group-wise comparison of total number of differentially expressed genes (false discovery rate < 0.05) between ob/ob mice
fed AMLN or GAN diet for 16 wk vs chow-fed C57BL/6J (Chow C57) mice; C: Relative gene expression levels (z-scores) of differentially regulated candidate genes
associated with NASH and fibrosis. In-house gene panel on candidate genes is indicated in Supplemental Table 1; D: Group-wise comparison of global liver
transcriptome changes according to enrichment of individual gene sets in the Reactome pathway database. Regulated pathways are ranked according to level of
statistical significance (P value). AMLN: Amylin liver non-alcoholic steatohepatitis diet; GAN: Gubra amylin non-alcoholic steatohepatitis diet; NASH: Non-alcoholic
steatohepatitis.
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Figure 5

Figure 5 Liver histopathological scores and collagen 1a1 deposition in C57BL/6J mice fed chow, amylin liver non-alcoholic steatohepatitis (AMLN) or
Gubra amylin non-alcoholic steatohepatitis (GAN) diet for 28 wk. A: Steatosis; B: Lobular inflammation; C: Hepatocyte ballooning; D: Non-alcoholic fatty liver
disease activity score (NAS); E: Fibrosis score; F: Collagen-1a1 fractional area (mean ± SEM). cP < 0.001 vs chow-fed C57BL/6J (Chow C57) mice. AMLN: Amylin
liver non-alcoholic steatohepatitis diet; GAN: Gubra amylin non-alcoholic steatohepatitis diet; NASH: Non-alcoholic steatohepatitis.

maintain normal oral glucose tolerance[22,24], it may be speculated that glucoregulatory
effects of trans-fats depend on the composition of trans-fat species in obesogenic diets.
In contrast, GAN ob/ob-NASH mice displayed significantly impaired glucose tolerance
compared to chow-fed C57 mice, indicating a more robust insulin-resistant phenotype
in GAN ob/ob-NASH mice. Because insulin resistance is closely associated with
NAFLD and is recognized as an important pathophysiological factor in the
progression to NASH[52-54], this lends further support to the translatability of the GAN
ob/ob-NASH mouse model. It should be noted that GAN and AMLN ob/ob-NASH mice
both showed suppressed expression of hepatic genes related to lipid and glucose
handling. This points to the possibility that extrahepatic mechanisms contribute to
impaired glucose handling in GAN ob/ob-NASH mice. GAN and AMLN ob/ob-NASH
mice demonstrated similarly profound hyperinsulinemia, which argues for sustained
pancreatic β-cell compensation in both models. Importantly, however, glucose
intolerance in leptin-deficient ob/ob mice has been attributed to failure to suppress
hepatic glucose production in conjunction with impaired muscle glucose uptake,
likely precipitated by defective triglyceride handling in these tissues[55-57]. ob/ob mice
also demonstrate impaired glucose uptake in adipose tissues [58,59] , suggesting a
contributory role of adipose tissue insulin resistance. Although the present study did
not specifically determine insulin sensitivity by hyperinsulinemic-euglycemic clamp
techniques, the marked adipogenic properties of the GAN diet may therefore promote
insulin resistance at both the hepatic and extrahepatic level to facilitate manifest
glucose intolerance in GAN ob/ob-NASH mice.
Consistent with the obese phenotype in GAN and AMLN ob/ob-NASH mice, the
two models demonstrated pronounced hepatomegaly and intrahepatic lipid
accumulation. Development of hypercholesterolemia, but not hypertriglyceridemia,
was also a shared feature in GAN and AMLN ob/ob-NASH mice, possibly attributed
to suppressed hepatic triglyceride secretion, as high dietary cholesterol intake can
downregulate hepatic cholesterol ester and lipoprotein synthesis [60,61] . This is
supported by our finding of reduced expression of several hepatic genes involved in
cholesterol synthesis and transport. Enhanced hepatic fat uptake combined with
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impaired capacity to secrete fatty acids may thus be important mechanisms leading to
marked steatosis in GAN and AMLN ob/ob mice. Hepatic injury was suggested by
increased levels of plasma transaminases in GAN and AMLN ob/ob mice,
subsequently confirmed by liver histology. We have previously reported that ob/ob
mice develop reliably manifest NASH when maintained on AMLN diet for a
relatively short feeding period (≥ 12 wk). The AMLN ob/ob-NASH model is
characterized by biopsy-confirmed severe hepatic steatosis, moderate to severe
lobular inﬂammation, mild hepatocyte ballooning and fibrotic lesions increasing in
severity with prolonged feeding periods[22,24-26], recapitulating clinical histopathological
criteria for the diagnosis of fibrosing NASH[7,62]. Also, the AMLN ob/ob-NASH model
has been extensively characterized in pharmacology studies[23-25,27]. Notably, ob/ob mice
fed the GAN and AMLN diet, respectively, developed a highly similar fibrotic NASH
phenotype with comparable within-subject disease progression rates during the
feeding period. Accordingly, GAN and AMLN-ob/ob-NASH mice demonstrated
similar liver histopathology, as determined by both standard clinical histopathological
scoring and imaging-based quantitative histological assessment of steatosis,
inflammation and fibrosis.
The GAN and AMLN diets induced virtually identical hepatic transcriptome
signatures with marked alterations in candidate genes associated with
NAFLD/NASH. An unsupervised analysis for full-scale mapping and functional
annotation of liver transcriptome signatures confirmed completely overlapping GAN
and AMLN diet-induced hepatic signaling pathway perturbations with signatures of
inefficient intrahepatic lipid and carbohydrate handling, stimulated immune cell
activity, increased apoptotic activity, ECM remodeling and cell cycle modulation. In
addition to suppressed transcription of genes associated with cholesterol metabolism
(discussed above), a subset of genes involved in fatty acid catabolism (β-oxidation)
and storage (triglyceride synthesis) were also downregulated. This could indirectly
suggest free fatty acid overload and defective lipid compartmentation, which has
been associated with hepatocyte cytotoxicity (lipotoxicity), inflammation and
apoptosis in NASH[11-13]. Also, increased immune activity and hepatocyte damage was
supported by upregulation of genes involved in monocyte differentiation
/recruitment, pro-inflammatory cytokine production, inflammasome activation and
pro-apoptotic signaling. The significant upregulation of a-Sma, multiple collagen
isoforms (Col1a1, Col1a2, Col3a1, Col5a1/2/3, Col6a1/2/3) and molecules involved
in ECM reorganization (Mmp2, Mmp13, Timp1/2/3), suggests that hepatic collagen
accumulation in GAN and AMLN ob/ob-NASH mice is a combined effect of
stimulated fibrogenesis and altered balance between the activity of collagendegrading matrix metalloproteinases and tissue inhibitors of meta-lloproteinases.
The observation that the GAN and AMLN diets both promoted consistent fibrotic
NASH in ob/ob mice indicates that palm oil supplementation fully compensated for
the lack of trans-fat in the GAN diet. The extent of hepatic saturated fatty acid
accumulation parallels disease severity in NAFLD/NASH patients[63], and inefficient
disposal of saturated free fatty acids is considered hepatotoxic[64,65]. Specifically, the
particularly high levels of palmitic acid in the GAN diet (37% of total fat by weight)
compared to the AMLN diet (17% of total fat by weight) invites the possibility that
this nutritional component played an integral role in the development and
progression of liver pathology in GAN ob/ob-NASH mice. In support of this view,
high palmitic acid (palmitate at physiological pH) levels in hepatocytes and nonparenchymal liver cells can trigger substantial lipotoxic damage through various
mechanism associated with NASH pathology, including oxidative stress [ 6 6 ] ,
endoplasmic reticulum stress[67], pro-apoptotic signaling[68] as well as Kupffer cell[69]
and hepatic stellate cell activation [70] . In addition to direct cytotoxicity, hepatic
palmitic acid overload can also promote hepatotoxic effects via increased formation
palmitate-derived complex lipids, including ceramides[71]. Interestingly, long-term
AMLN diet feeding has been reported to elevate hepatic levels of palmitatecontaining ceramides in C57 mice, most likely due to incomplete mitochondrial fatty
acid oxidation nutritional as result of nutritional overload[20].
Compared to AMLN ob/ob-NASH mice, longer AMLN diet feeding periods (≥ 26
wk) are required for inducing consistent fibrotic NASH in C57 mice[18,19,22,23], which is
likely explained by hyperphagia-driven excessive AMLN diet intake in leptindeficient ob/ob-NASH mice. A comparative study was therefore also performed in C57
mice fed the GAN or AMLN diet for 28 wk (DIO-NASH mice). Similar to ob/ob mice,
C57 mice showed significantly greater weight gain when fed the GAN diet compared
to AMLN diet. Histological assessments of biopsied liver specimens revealed highly
compatible liver lesions in GAN and AMLN DIO-NASH mice. Both models presented
with manifest NASH (NAS ≥ 4), characterized by severe steatosis and moderate-tosevere lobular inflammation. In GAN DIO-NASH mice, fibrosis stage was mild to
moderate with significantly increased proportionate area of Col1a1 compared to
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chow-fed C57 mice showing normal liver histology. Consistent with previously
reported studies in AMLN DIO-NASH mice[23,72], hepatocyte ballooning was only
detected in a subset of GAN and AMLN DIO-NASH mice. In addition to the GAN
diet, we tested other isocaloric variants of the AMLN diet for the ability to induce a
metabolic and NASH phenotype comparable to the AMLN diet. Compared to the
GAN diet, ob/ob and C57 mice did not consistently develop fibrotic NASH when fed
these diets, including diets supplemented with trans-fat from partially hydrogenated
corn oil (Supplemental Table 2). As the trans-fatty acids (largely trans-oleic acid) in the
AMLN diet are derived from partially hydrogenated soybean and palm oils, the
differences in liver histopathology may therefore relate to the source of dietary fat
used to prepare the partially hydrogenated vegetable oil.
We also characterized the gut microbiome composition in ob/ob mice fed the GAN
and AMLN diet. GAN and AMLN ob/ob-NASH mice exhibited a similar gut
microbiome signature, which further emphasizes the comparable phenotype in GAN
and AMLN ob/ob-NASH mice. Both high-fat diets promoted sustained bacterial
taxonomic shifts which were evident only two weeks after switching from chow
feeding. Other high-fat diet feeding regimens have been reported to induce rapid gut
microbiome structural changes in mice[73-75], suggesting that dietary fat played a major
role in modulating gut bacterial communities in GAN and AMLN ob/ob-NASH mice.
At the genus level, the microbiome signature in GAN and AMLN ob/ob-NASH mice
was dominated by increased abundance of Bacteroides and Akkermansia paralleled by
reductions in unclassified Porphyromonadaceae. Although various fecal microbiome
profiles have been associated with NASH[76], recent studies have indicated increased
Bacteroides [77-79] and reduced Porphyromonadaceae [80] abundance in NASH patients
compared to healthy control subjects. Bacteroides have a large number and diversity of
genes encoding enzymes converting complex polysaccharides to short-chain fatty
acids that serve as energy substrates and signaling molecules[81,82]. Increased energy
harvest from bacterial degradation of dietary polysaccharides has been suggested to
contribute to adiposity in ob/ob mice [83] . In addition, Bacteroides and Akkermansia
include prominent mucosa-degrading species [84] , which have been linked to
modulation of gut barrier integrity and immune responses in obesity-associated
diseases, including NASH[85,86]. It should be considered that high-fat diet feeding has
been reported to promote similar gut microbiome signatures in obesity-prone and
obesity-resistant mice, which signifies efficient gut ecosystem adaptations to dietary
changes independent of the metabolic phenotype [87] . Given the early and stable
changes in dominant gut bacterial genera following the shift from chow to
GAN/AMLN diet feeding, it cannot be ruled out that microbial adaptive responses
secondary to altered nutrient intake played a role in shaping the gut microbiome in
GAN and AMLN ob/ob mice.
In conclusion, modification of the AMLN diet by substitution of Primex shortening
with palm oil (GAN diet) resulted in a maintained NASH phenotype in both ob/ob and
C57 mice. The GAN diet was more obesogenic than the AMLN diet in both ob/ob and
C57 mice and impaired glucose intolerance in ob/ob mice. Hence, the clear metabolic
and histopathological hallmarks of NASH in ob/ob and C57 mice fed the GAN diet
highlights the suitability of these mouse model for characterizing novel drug
therapies for NASH.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic steatohepatitis (NASH) is an obesity-associated liver disease with marked unmet
medical need. Various diet-induced obese animal models of NASH have been employed in
preclinical research, target discovery and drug development. The trans-fat containing amylin
liver NASH (AMLN) diet, high in fat, fructose and cholesterol, has been widely used in ob/ob and
C57BL/6J mice for reliably inducing metabolic and liver histopathological changes
recapitulating hallmarks of NASH.

Research motivation
A recent ban on trans-fats as food additive has prompted the development of a trans-fat free
high-fat diet capable of promoting a compatible level of disease in ob/ob and C57BL/6J mice.

Research objectives
The present study aimed to develop and characterize a liver biopsy-confirmed obese mouse
model of NASH based on an isocaloric palmitic acid-enriched diet with a nutrient composition
similar to the AMLN diet.

Research methods
Male ob/ob mice were fed AMLN diet or a modified AMLN diet with trans-fat (Primex
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shortening) substituted by equivalent amounts of palm oil [Gubra Amylin NASH, (GAN) diet]
for 8, 12 and 16 wk. In addition, C57BL/6J mice were fed AMLN or GAN diet for 28 wk. AMLN
and GAN diets were isocaloric (40% fat kcal; 10% sucrose, 22% fructose, 2% cholesterol). Disease
phenotyping included metabolic, liver biochemical/histopathological/transcriptomics as well as
gut microbiome analyses.

Research results
In ob/ob mice, the GAN diet was more obesogenic and adipogenic compared to the AMLN diet.
Whereas the GAN diet promoted impaired oral glucose tolerance in ob/ob mice, the AMLN diet
had no effect on glucose regulation. The GAN and AMLN diets induced similar severity of liver
biopsy-confirmed steatosis, lobular inflammation, hepatocyte ballooning and fibrotic lesions. In
addition, hepatic transcriptome and gut microbiome changes were similar in ob/ob mice fed the
GAN and AMLN diet. Also, C57BL/6J mice fed the GAN and AMLN developed a similar
histological phenotype of mild to moderate fibrotic NASH.

Research conclusions
Substitution of trans-fat (Primex in the AMLN diet) with saturated fat (palm oil in the GAN diet)
promotes a consistent phenotype of biopsy-confirmed fibrotic NASH in both ob/ob and C57BL/6J
mice.

Research perspectives
GAN diet-based ob/ob and C57BL/6J mouse models of biopsy-confirmed NASH are applicable
for preclinical characterization of novel NASH treatments.
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Abstract
BACKGROUND
The potential role of chronic inflammation in the development of cancer has been
widely recognized. However, there has been little research fully and thoroughly
exploring the molecular link between hepatitis B virus (HBV) and hepatocellular
carcinoma (HCC).
AIM
To elucidate the molecular links between HBV and HCC through analyzing the
molecular processes of HBV-HCC using a multidimensional approach.
METHODS
First, maladjusted genes shared between HBV and HCC were identified by
disease-related differentially expressed genes. Second, the protein-protein
interaction network based on dysfunctional genes identified a series of
dysfunctional modules and significant crosstalk between modules based on the
hypergeometric test. In addition, key regulators were detected by pivot analysis.
Finally, targeted drugs that have regulatory effects on diseases were predicted by
modular methods and drug target information.
RESULTS
The study found that 67 genes continued to increase in the HBV-HCC process.
Moreover, 366 overlapping genes in the module network participated in multiple
functional blocks. It could be presumed that these genes and their interactions
play an important role in the relationship between inflammation and cancer.
Correspondingly, significant crosstalk constructed a module level bridge for
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HBV-HCC molecular processes. On the other hand, a series of non-coding RNAs
and transcription factors that have potential pivot regulatory effects on HBV and
HCC were identified. Among them, some of the regulators also had persistent
disorders in the process of HBV-HCC including microRNA-192, microRNA-215,
and microRNA-874, and early growth response 2, FOS, and Kruppel-like factor 4.
Therefore, the study concluded that these pivots are the key bridge molecules
outside the module. Last but not least, a variety of drugs that may have some
potential pharmacological or toxic side effects on HBV-induced HCC were
predicted, but their mechanisms still need to be further explored.
CONCLUSION
The results suggest that the persistent inflammatory environment of HBV can be
utilized as an important risk factor to induce the occurrence of HCC, which is
supported by molecular evidence.
Key words: Hepatitis B virus; Hepatocellular carcinoma; Molecular linkage; Transcription
factors; non-coding RNA
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The potential role of chronic inflammation in the development of cancer has
been widely recognized. However, the molecular link between hepatitis B virus (HBV)
and hepatocellular carcinoma (HCC) has not been fully and thoroughly explored.
Therefore, this study analyzed the molecular processes of HBV-HCC using a
multidimensional approach to elucidate the molecular links between the two groups. The
results suggest that the persistent inflammatory environment of HBV can be used as an
important risk factor to induce the occurrence of HCC, which is supported by molecular
evidence.
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INTRODUCTION
Epidemiological research has shown that chronic low levels of inflammation can
significantly increase the risk of cancer[1]. A series of genes including inflammatory
molecules and transcription factors (TFs), adhesion molecules, AP-1, chemokines, Creactive protein and enzymes are involved in inflammation, which have crucial
impacts on inflammatory-mediated tumors[2]. In the process of chronic inflammation
caused by virus infection, abnormal long-term expression of related proteins may
induce physiological disorders such as oxidative stress and inflammation in tissues
and organs. Thereby, a potential carcinogenic microenvironment has been formed
within it, and different functions are exerted in different stages of cancer
development[3]. On the other hand, the occurrence and development of tumors also
affect inflammatory response processes. Many types of cancer can change the
secretion levels of chemokines and inflammatory cytokines in the microenvironment,
which is conducive to promoting immune escape in cancer[4,5]. Specifically, chronic
hepatitis B virus (HBV) infection seriously threatens human health, which is one of
the most common infectious diseases in the world, and has become a public health
problem worldwide[6]. Long-term infection of HBV has the possibility of inducing
liver failure, cirrhosis, and liver cancer[7]. The key mechanism is that viral DNA is
integrated into the genome of host cells to alter the genetic mechanism and gene
expression of host cells[8]. Studies have shown that the large surface of HBV surface
antigen can induce DNA damage and polo-like kinase 1-mediated cell cycle G2/M
cell division failure, which leads to unstable reproductive cycle of chromatin to drive
the development of hepatocellular carcinoma (HCC)[9]. In addition, protein 4 (VSIG4)
with immunoglobulin domain contains VSIG4 has poor prognosis in patients with
HBV-positive HCC, but has no predictive significance in patients with HBV-negative
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HCC[10]. This indicates that HBV infection not only affects the occurrence of HCC, but
also affects its development, and has a negative effect on the prognosis of patients.
Therefore, a systematic and in-depth understanding of the potential molecular links
between HBV and HCC is essential for the exploration of the mechanism of HBVinduced HCC process and the development of targeted therapies. On the other hand,
HCC is one of the most common cancers and has a higher mortality. Although the
treatment of HCC has improved in the past few decades, the survival rate of patients
is still very low[11]. Accumulating evidence has indicated that liver cancer is a complex
disease with multiple factors and steps. In terms of risk factors, chronic persistent
infection of hepatitis C virus or HBV, chronic untreated hepatitis inflammation with
different etiologies, oxidative stress, and fatty liver disease may lead to the occurrence
of HCC[12]. From the molecular mechanism, the increased expression of A-Raf and
fatty acid 2-hydrolase (FA2H) in HCC cells leads to lipid metabolism disorder and
promotes the development of cancer [ 1 3 ] . However, in drug sensitivity tests,
overexpression of FA2H also increases the drug sensitivity of human colorectal and
cervical cancer cells, while silencing FA2H makes the cells resistant to the drug[14].
Furthermore, studies have suggested that arginase 1 (ARG1) can participate in the
proliferation of HBV-specific CD8 (+) T cells and regulate the occurrence of HBV[15]. At
the same time, ARG1 may also promote the epithelial to mesenchymal transition
process by upregulating Vimentin, N-cadherin, and beta-catenin, thus mediating the
development and invasion of HCC[16]. Therefore, it is speculated that it is the key
molecule in the HBV-HCC process, which needs further exploration. On the other
hand, NOP7 interacts with beta-catenin to activate the inflammatory signaling
pathway of beta-catenin/TCF, and its upregulation promotes the proliferation and
migration of HCC cancer cells[17]. To some extent, these results indicate that HBV may
mediate the occurrence and development of HCC, and guide a comprehensive and indepth discussion on the bridge mechanism between them.
The study explored the co-imbalance bridging molecules between HBV and HCC
and their potential drugs based on the dysfunction module. The results not only help
to clarify the potential molecular links between HBV and HCC, but also provide
biologists with abundant candidate resources for further research.

MATERIALS AND METHODS
Data resource
The National Center for Biotechnology Information Gene contains numerous
published results on HBV. To systematically analyze the molecular links between
HBV and HCC, 128 expression profiles of HBV-related RNA (GSE83148) and 16
microRNAs (miRNAs) (GSE33857) were collected from the Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/). All of these were assessed using Affymetrix
Human Genome U133 Plus 2.0 Array, including normal and disease samples.
Subsequently, 424 RNA-seq data (original count) and 850 miRNA expression profile
data of HCC-related genes were collected from The Cancer Genome Atlas (TCGA)
database.

Identification of differentially expressed genes
In this study, differences in the expression of RNA and miRNAs in both disease and
normal samples were calculated using the R-language limma package. For chip data,
we first used the background correct function for background correction and
standardization. Then the control probes and low-expression probes were filtered out
to obtain high-quality standardized data based on the quantile normalization method
of normalizing Between Array function. For RNA-seq gene expression data, the voom
function was utilized to standardize reads counts. Finally, these standardized chips
and RNA-seq data were analyzed by using lmFit and eBayes functions with default
parameters, and the differentially expressed genes (DEGs) of HBV and HCC were
screened by R language limma package, with a screening threshold P value < 0.01.
The DEGs of hepatitis B and HCC were screened for logFC > 1 and logFC < 1,
respectively.

Generating inflammatory and cancer-related functional modules
The database STRING (a search tool for retrieving interacting genes/proteins) is
specially designed for protein-protein interaction (PPI). It provides the most
comprehensive view of the current most complete PPI, so it can be used as a metadata
base for extensive PPI analysis. All human protein interaction data in this study were
derived from STRING data, involving 405916 interaction pairs of 10514 proteins. Then
the inflammation and cancer DEGs were mapped onto the PPI network, and the
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maximum connected component was obtained. Based on the maximum connected
component generated above, we used the perfect MCODE method with default
parameters to identify the functional modules related to inflammation and cancer.
Cytoscape 3.6.1 network visualization software and ClusterONE algorithm were used
to select modules with node degree > 50, and 16 modules were obtained

Crosstalk analysis to build a module level bridge
The roles of HBV- and HCC-related genes in the pathogenesis of HBV and HCC are
intricate, and there are innumerable links between them. Correspondingly, the
functions of the modules are also rich and colorful, and the interactions between
modules are intricate as well. In order to clarify the interactions between modules and
build a bridge between HBV and HCC at the module level, we used human PPI
information as a background set to conduct comprehensive crosstalk analysis of all
modules to further understand the interaction mechanism of co-expression modules
between HBV and HCC diseases. First, based on the hypothesis that the crosstalk
between functional modules is significant when the number of interactions is
significantly greater than the random distribution, we constructed 1000 random PPI
networks with a network size and degree of each node unchanged. Subsequently, for
each pair of modules between HBV and HCC, we compared the actual number of
interactions with the random distribution extracted from 1000 random PPI networks.
According to the computational rules, the number of interaction pairs between
modules is larger than the interaction pairs under random background. These
interactions are called crosstalk. The method of calculating significant crosstalk was as
follows: First, under the background of random network, the number of interaction
pairs between modules in N random networks was larger than that in real networks,
and the number of interaction pairs between modules was counted as n. Then the
formula for calculating p value was P = n/N (in this study, N = 1000). When P ≤ 0.05,
it can be considered that these crosstalk modules are more significant than random
ones. Finally, Cytoscape was utilized to elucidate the significant crosstalk to
intuitively observe the complex regulatory relationship between co-expression
modules.

Functional and pathway enrichment analysis
Functions and signaling pathways are often important mediators of genes and
diseases, and the study of them is often an effective means to explore the molecular
pathways and potential mechanisms of diseases. Therefore, enrichment analysis of
Gene Ontology (GO) function (P value cutoff = 0.01, q value cutoff = 0.01) and KEGG
pathway (P value cutoff = 0.01, q value cutoff = 0.01) was carried out for all modules
related to HBV and HCC using R language Cluster profiler package, respectively.
Subsequently, we extracted the functions and pathways involved in both HBV and
HCC, and considered them to be the molecular bridges between the two diseases at
the levels of function and pathway.

Pivot analysis predicts module transcriptional regulators and potential drugs
Pivot node is a node that not only interacts with two modules but also has at least two
pairs of interactions with each module. The hypergeometric test significance analysis
of the interaction between the node and each module is P ≤ 0.05. Python program was
written to find the pivot node of the interaction module for further analysis. Gene
transcription and post-transcriptional regulation are often driven by non-coding RNA
(ncRNA) and TFs. Hence, we scientifically predicted and detected their role in HBVand HCC-related dysfunction modules. Pivot is defined as a regulator that has
significant regulatory effects on modules in the pathogenesis of HBV and HCC
including ncRNA, TFs, and potential drugs. More than two control links between
each regulator and each module were required, and the significance of enriched
targets in each module based on the hypergeometric test calculation was P < 0.01. In
addition, we examined the overlap of DEGs between HBV and HCC in these
significant pivot regulators.

RESULTS
Identification of liver functional inflammation and cancer-related modules
Biologists have conducted many experiments and studies on the relationship between
HBV and HCC, and determined that HBV infection is a key factor that induces HCC.
However, the complex interaction mechanism between them remains unclear.
Therefore, molecular links and functional effects of HBV and HCC were explored
during the course of disease. We integrated related genes of the samples and screened
the DEGs of HBV and HCC. Through significant screening of DEG, 394 HBV
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significant DEGs and 4185 HCC significant DEGs were obtained. After screening of
HBV- and HCC-related DEGs, 135 common genes were obtained (Figure 1).
In order to determine the functional clusters of hepatitis B and HCC DEGs, we
searched 4444 differential gene interactions based on the PPI network. In our results,
16 dysfunction modules were obtained including 1585 nodes and 145616 edges. As
shown in the table, inflammation and cancer DEGs were closely clustered together in
the modules. We also observed that butyrylcholinesterase had the largest connectivity
(16) in the modular network among the common genes of HBV and HCC, while
lipoprotein metabolism and fatty acid-binding protein 5 were linked to 15 other genes
respectively, which means that the 3 genes played a central role in their modules. At
the same time, their modules were significantly involved in hepatitis B and HCC,
which could be a bridge molecule between HBV and HCC. Therefore, we inferred that
HBV and HCC may promote their own proliferation through some common function
module-related genes, and are closely related to the microenvironment of liver
diseases.

Key bridge molecules between HBV and HCC
The expression level of the same gene in two related diseases is different, which may
represent the progressive bridge between diseases. Therefore, to identify key bridge
molecules between HBV and HCC, we screened 135 common DEGs of diseases to
identify key molecules that could characterize the process of HBV to HCC. Sixtyseven persistent dysregulated genes were obtained. Interestingly, these genes were
upregulated, and most of the genes in HCC were significantly higher than those in
HBV. Thus, these significantly elevated genes could characterize the progression of
disease from HBV to HCC and are key genes for bridging the two diseases. On the
other hand, overlapping screening of pathogenic module genes clustered by DEGs
clarified that the same genes existed among multiple modules. A total of 366
overlapping genes were screened, which indicated that these genes could be
associated with the disease process of HBV-related HCC at the same time.
Subsequently, the connectivity of module genes was calculated and analyzed. The
results suggested that the highest connectivity of PIK3CD was 670, and there were 15
genes larger than 600. The higher the connectivity, the more significant the role of the
gene in the whole regulatory network, and the more important influence it has in the
process of two diseases.

Significant crosstalk and shared signal pathway between common modules of HBV
and HCC
A total of 54% of all HCC cases are associated with HBV, making it the most common
cause of cancer worldwide[18]. In addition to directly overlapping nodes as the most
direct bridge between HBV and HCC, we also analyzed other possible links between
inflammation and cancer. In other words, PPI was used to find the crosstalk
interaction among modules, and 40 significant crosstalk connections were obtained by
screening the significant crosstalk. Because Module 7 had the highest connectivity
among them, focusing on the genes of Module 7 allowed us to further understand the
bridge mechanism. Inflammatory mediators play an important role in the
microenvironment of tumors, which can affect all stages of tumorigenesis and
development, especially the initial stage of formation. Based on GO functional
analysis, we found that DEGs of the central dysfunction module tended to
significantly enrich multiple disease functions (Figure 2). These pathways included
positive regulation of lipid kinase activity, protein kinase B signal transduction,
phosphorylation of phosphatidylinositol, acute inflammatory response, and myocyte
proliferation. The modules not only shared some DEGs, but also participated in the
same or similar functions and paths through crosstalk interaction. In conclusion,
exploration of bridge mechanism at the module level suggested that the connections
of HBV and HCC could communicate and transit through module bridging to a
certain extent, demonstrating the process of disease under the global effect. Therefore,
exploring the potential processes of crosstalk and molecular linkage through crosstalk
may further our understanding of the detailed pathogenesis of HBV-related HCC.

TF and ncRNA driving liver inflammation and cancer progression
Although the regulation of HBV-related HCC by single or several TFs and ncRNA has
been extensively studied, little attention has been paid to their comprehensive
regulation of dysfunctional modules. Therefore, in order to explore these
transcriptional regulators, we applied the predictive analysis of regulators to the
dysfunction module based on the relationship between transcription and posttranscriptional regulation. We obtained 496 ncRNAs and 158 TFs involving 739
ncRNA-Module interaction pairs and 213 TF-Module interaction pairs. Statistical
analysis of the predicted results showed that there were five regulatory modules,
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Figure 1

Figure 1 Common differentially expressed genes between HBV and HCC. Veen map shows the same and
different genes between HBV-differentially expressed genes and HCC-differentially expressed genes. A total of 135
identical genes were obtained. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

which were targeted by long-chain ncRNA MALAT1, and three modules were
targeted by mi410-3p. Other ncRNAs also regulated multiple dysfunction modules to
varying degrees, and had potential regulatory effects on HBV and HCC. According to
statistics, TF PPARA could regulate five modules, and NFKB1 and RELA also had
significant regulatory effect on the four modules. These TFs may mediate the
occurrence and development of HBV-related HCC and play a crucial role in the
process of disease.
Three of the same miRNAs in HBV and HCC were identical to the predicted
ncRNA including miR-192, miR-215, and miR-874. At the same time, it was predicted
that three genes in the TFs of the regulatory module were identical to those of the
persistent disorder including EGR2, FOS, and KLF4 involved in modules 1 and 9.
According to the analysis of GO function, these two modules mainly play a role in
regulating the JAK-STAT and MAPK signaling pathways. Therefore, we presume that
these six TFs and ncRNAs are key regulatory factors and key components of
connecting HBV and HCC bridges. Generally speaking, it is convenient for us to
understand the potential mechanism of disease by exploring the regulatory role of
pivot regulators in dysfunction modules. The pivot regulators can also be used as
candidates for further experimental studies by other biologists.

Prediction of potential drugs and targets for effective inhibition of HBV-HCC
process based on bridge mechanism
Potential drug prediction was made based on the bridge mechanism and drug target
information between HBV and HCC explored previously. The results reported that
1,633 drug-module drug target pairs of 953 drugs may represent the potential
therapeutic mechanism of the disease. In the statistical results, Sarilumab had
significant pharmacological effects on six modules, while Capsaicin, Imipramine, and
Mirtazapine had potential therapeutic or side effects on five modules. Other drugs
also had different degree of targeting dysfunction modules, which had a certain
regulatory effect on HBV and HCC. After screening the same DEGs of the two
diseases, 21 drug target genes were found, and each gene corresponded to multiple
drugs (Figure 3). In conclusion, these targeted drug predictions of bridge molecules
and functional dysfunction modules provide references and inspirations for biologists
in the treatment of diseases and the analysis of pharmacodynamics, and it can be used
as candidate drugs as well. Potential target drug prediction based on dysfunction
module has become an important research method for personalized treatment and
drug use.

DISCUSSION
HCC is the most difficult end-stage liver disease to cure. A total of 60%-80% of HCC
patients worldwide are potential liver diseases caused by HCV or HBV[19]. Although
scientists have done extensive research on the close relationship between hepatitis
and HCC, there has been a lack of exploration of molecular bridges based on
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Figure 2

Figure 2 Module path enrichment. The larger the node, the more genes involved in the pathway. The connections between nodes reflect the correlation between
signaling pathways.

functional modules of HBV and HCC. Therefore, resources from several databases
were integrated including gene transcription and miRNA level changes in normal and
disease patients, PPI network, transcriptional and post-transcriptional regulation, and
other related data to study the potential molecular bridge of HBV-mediated HCC. The
combination of PPI and crosstalk analysis showed that the functional module-based
method can provide abundant resources for potential candidate genes, interactions,
ncRNA, and TFs of molecular bridges between the two diseases.
In our analysis, there were 135 identical genes in the DEGs of HBV and HCC and
67 genes were assumed to be persistent dysfunctional genes among them with the
increased expression of TOP5, GRHL2, VIPR1, CHST4, SLC25A47, and FXYD1 from
hepatitis to HCC. We postulate that these genes play an important role in the
occurrence and development of HCC induced by HBV, which has been confirmed in
some previous studies. GRHL2 levels in alcoholic liver patients and model mice
increased significantly among them, which seems to increase the level of hepatic
inflammation by targeting the inhibition of the transcription of microRNA122, while
HIF1 alpha can promote the metastasis of cancer cells and angiogenesis[20,21]. Inhibitory
effect on miRNA 122 can also affect the differentiation potential of hepatic
stem/progenitor cells and aggravate the occurrence of liver diseases[22]. GRHL2 can
also promote cell proliferation in a variety of HCC cell lines and is significantly
associated with early recurrence of HCC [23] . In addition, the binding of VIP to
receptors can participate in neutrophil recruitment, adhesion molecule expression,
and fibrinogen synthesis in different target organs to regulate inflammation[24]. VIPR1
is expressed in the majority of most common human tumors including breast cancer,
prostate cancer, pancreatic cancer, lung cancer, colon cancer, gastric cancer, liver and
bladder cancers, lymphoma, and meningioma [25] . In addition, Jinawath et al [26]
identified a significant increase in CHST4 expression in intrahepatic cholangiocarcinoma disease samples by gene expression profile. As an organ with
metabolic function, the liver plays a major role in metabolism-related proteins in
tissues and cells, and the imbalance of metabolism-related proteins may cause liver
dysfunction, even the occurrence of diseases. SLC transporters, as the "metabolic
gates" of cells, mediate the transport of many essential nutrients and metabolites.
Human genome studies have identified SLC transporters as susceptible or pathogenic
genes in various diseases such as cancer, cardiovascular disease, metabolic disorders,
autoimmune diseases, and neurological dysfunction[27]. Finally, FXYD proteins can act
as Na, K-ATPase functional regulators by reducing the affinity of the system to
potassium and sodium. The expression level of FXYD proteins in normal liver tissues
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Figure 3

Figure 3 Potential drugs with significant effects on common gene. Yellow nodes represent common genes, and green nodes represent potential drugs.

is low, but it has a significant increase in the detection data in this study, demonstrating that FXYD is also a key gene causing liver diseases[28].
Through in-depth analysis of HBV-related HCC dysfunction module, it was found
that overlapping genes existed among multiple modules, including a variety of
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chemokines that have the ability to chemoattract white blood cells to the site of
infection, thereby regulating the inflammatory response. CCL21 also participated in
five modules. CCL21 chemokines bind to CR7 receptors and T cells of mature DCs
regulated DC migration to the white pulp of the spleen, where physical contacts with
lymphocytes triggers immune cell responses and regulates tumor-mediated
immunosuppression[29,30]. Another chemokine CCL20 participated in four modules
simultaneously, and its expression level in HBV-infected cells was markedly
increased. CCL20/CCR6 chemokine/receptor axis is able to recruit CCR6-positive
white blood cells into the tumor microenvironment and promote the initiation and
progression of HCC[31,32]. While some chemokine receptors also existed in several
modules. The knockdown of CCR1 results in the reduction of HCC metastasis
promoter osteopontin in vitro and in vivo induced liver cancer migration, invasion,
and lung metastasis[33]. In addition, PIK3CD had the highest 670 connectivity among
all modules, which is a key regulatory gene with one-stop and whole-body effects.
The high expression of PIK3CD can promote the proliferation and migration of HCC
cells, and also participates in acute liver injury model in mice. Long-term
inflammation of liver injury is an important factor leading to liver fibrosis and even
cirrhosis and HCC[34,35]. Later, interesting module pairs were observed and module 4
and module 6 showed significant crosstalk, including the most common DEGs of
which most were related to chemokines and receptors. Functional analysis showed
that they may regulate pivot regulators by regulating inflammation, cell cycle
regulation, and cell adhesion, thus completing the potential relationship between
HBV and HCC.
Transcriptional and post-transcriptional regulation are regarded as key factors in
the occurrence and development of diseases. Evaluating the transcriptional regulation
of dysfunction module has become an important means to explore the bridge
molecules of HBV-mediated HCC pathogenesis in a comprehensive manner. To
elucidate the transcriptional regulatory factors associated with the molecular links
between the two diseases, pivot regulators were analyzed based on transcriptional
and post-transcriptional regulatory relationships. The results showed that MALAT1,
ANCR, and BANCR were the main long-chain ncRNAs, miRNAs dominated by
miRNA-410-3p, TFs dominated by PPARA, NFKB1, and RELA had significant
regulatory effects on dysfunction modules. For common DEGs of HBV and HCC
persistent disorder genes and miRNAs, the same genes were found with these pivot
regulators including EGR2, FOS, and KLF4, as well as miR-192, miR-215, and miR874. These genes exist in two disease-related modules and play a regulatory role in
these modules, so they can be presumed to be key bridge molecules between diseases.
These genes regulated activation of T cell, production of cytokine, change of cell cycle,
activation of inflammatory and cancer-related signaling pathways by targeting
multiple genes in the module. EGR plays a crucial role in the expression of FasL
mediated by HBx, thus affecting the occurrence of HBV-related HCC[36]. Inhibition of
EGR2 in HCC cell lines reduces the expression of SOCS-1 and the phosphorylation of
JAK2 and STAT3, thus affecting cell proliferation [37] . FOS signal transduction is
associated with TLR9-mediated IFN production in plasma-like dendritic cells, and the
gene expression level of it is also significantly changed in HCC[38,39]. KLF4 affects
inflammation by regulating M1/M2 macrophage polarization, and can also be used as
a candidate marker for HCC development[40,41]. The regulation of small RNA is the
focus of biological mechanism research. Among them, miRNA-192 not only affects the
replication of HBV, but also affects the proliferation of HCC cell lines through the
regulation of apoptotic proteins and ER stress [42] . MiRNA-215 is significantly
correlated with hepatitis grade, fibrosis stage, and tumor tissue differentiation[43].
MiRNA-874 can inhibit the angiogenesis of endothelial cells derived from tumors.
Overexpression of miRNA-874-3p in HCC cell lines can significantly inhibit cell
growth and colony formation, and promote cell apoptosis[44,45]. Based on the functions
of these transcriptional and post-transcriptional regulators, it is believed that they
may represent key linkages in the development of HBV to HCC. TFs mediated
modules 1 and 9, which is an important mechanism of dysfunction. All pivot
regulators mediated dysfunction modules and played an overall regulatory role
including the recombinant genes, indicating the potential pathogenesis of HBVrelated HCC.
Drug prediction results based on multi-regulator-driven dysfunction module and
drug target information showed that Sarilumab had significant regulatory effects on
six dysfunction modules. Sarilumab is a human monoclonal antibody against IL-6
receptor-alpha, which has the ability to reduce neutrophils, showing that the drug has
a certain effect on inflammation [46] . 26 DEGs results were obtained with DEGs
targeting HBV and HCC. Among them, butyrylcholinesterase targeted predictive
drug Mefloquine acts on the beta-catenin pathway and plays a role in the treatment of
HCC[47]. Sulpiride induces fatty liver in rats by phosphorylating IRS-1 in Ser 307-
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mediated adipose tissue insulin resistance, so the drug may have potential toxic side
effects on the liver[48]. Many drugs need to be further explored for their treatment or
side effects. However, this study provides a new method for choosing common drugs
for HBV and HCC. This is not just helpful for drug research and development
personnel to conduct drug screening, but also provides theoretical guidance for
clinical medical personnel to conduct personalized treatment. Generally speaking, the
functional module-based approach can not only comprehensively and thoroughly
explore the mechanism of the occurrence and development of disease, but also predict
its potential therapeutic methods and mechanisms.

ARTICLE HIGHLIGHTS
Research background
The potential role of chronic inflammation in the development of cancer has been widely
recognized. However, there has been little research fully and thoroughly exploring the molecular
link between hepatitis B virus (HBV) and hepatocellular carcinoma (HCC).

Research motivation
To conduct a comprehensive and in-depth discussion on the bridge mechanism between HBV
and HCC.

Research objectives
The purpose of this study was to explore the co-imbalance bridging molecules between HBV and
HCC and their potential drugs based on the dysfunction module.

Research methods
First, maladjusted genes shared between HBV and HCC were identified by disease-related
DEGs. Second, the PPI network based on dysfunctional genes identified a series of dysfunctional
modules and significant crosstalk between modules based on the hypergeometric test. In
addition, key regulators were detected by pivot analysis. Finally, targeted drugs that have
regulatory effects on diseases were predicted by modular methods and drug target information.

Research results
The study found that 67 genes continued to increase in the HBV-HCC process. Moreover, 366
overlapping genes in the module network participated in multiple functional blocks. It could be
presumed that these genes and their interactions play an important role in the relationship
between inflammation and cancer. Correspondingly, significant crosstalk constructed a module
level bridge for HBV-HCC molecular processes. On the other hand, a series of ncRNAs and TFs
that have potential pivot regulatory effects on HBV and HCC were identified. Among them,
some of the regulators also had persistent disorders in the process of HBV-HCC including
miRNA-192, miRNA-215, and miRNA-874, and EGR2, FOS, and KLF4. Therefore, the study
concluded that these pivots are the key bridge molecules outside the module. Last but not least,
a variety of drugs that may have some potential pharmacological or toxic side effects on HBVinduced HCC were predicted, but their mechanisms need to be further explored.

Research conclusions
The results suggest that the persistent inflammatory environment of HBV can be utilized as an
important risk factor to induce the occurrence of HCC, which is supported by molecular
evidence.

Research perspectives
In the future, research may comprehensively and thoroughly explore the mechanism of HCC
occurrence and development and predict the potential therapeutic methods and mechanisms.
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Abstract
BACKGROUND
Proton pump inhibitors (PPIs) are widely prescribed, often without clear
indications. There are conflicting data on its association with mortality risk and
hepatic decompensation in cirrhotic patients. Furthermore, PPI users and PPI
exposure in some studies have been poorly defined with many confounding
factors.
AIM
To examine if PPI use increases mortality and hepatic decompensation and the
impact of cumulative PPI dose exposure.
METHODS
Data from patients with decompensated liver cirrhosis were extracted from a
hospital database between 2013 to 2017. PPI users were defined as cumulative
defined daily dose (cDDD) ≥ 28 within a landmark period, after hospitalisation
for hepatic decompensation. Cox regression analysis for comparison was done
after propensity score adjustment. Further risk of hepatic decompensation was
analysed by Poisson regression.
RESULTS
Among 295 decompensated cirrhosis patients, 238 were PPI users and 57 were
non-users. PPI users had higher mortality compared to non-users [adjusted HR =
2.10, (1.20-3.67); P = 0.009]. Longer PPI use with cDDD > 90 was associated with
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higher mortality, compared to non-users [aHR = 2.27, (1.10-5.14); P = 0.038]. PPI
users had a higher incidence of hospitalization for hepatic decompensation [aRR
= 1.61, (1.30-2.11); P < 0.001].
CONCLUSION
PPI use in decompensated cirrhosis is associated with increased risk of mortality
and hepatic decompensation. Longer PPI exposure with cDDD > 90 increases the
risk of mortality.
Key words: Proton pump inhibitor; Liver cirrhosis; Mortality; Hospitalisation;
Complications; Portal hypertension; Variceal bleeding; Ascites; Spontaneous bacterial
peritonitis; Hepatic encephalopathy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Most proton pump inhibitor (PPI) studies have issues with poorly defining PPI
users and having baseline confounders. Also, studies on PPI use in liver cirrhosis have
not been focused on decompensated cirrhosis. Using propensity score analysis, we
adjusted for 43 variables including baseline characteristics, comorbidities, PPI
indication, and medications (including antiplatelets). Landmark analysis was used to
define PPI users to reduce bias. PPI use in patients with decompensated liver cirrhosis
was associated with higher mortality and increased risk of hepatic decompensation
requiring hospital admissions. Longer PPI exposure with > 90 defined daily doses further
increased mortality risk.
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INTRODUCTION
Liver cirrhosis is associated with significant morbidity and mortality[1], especially
when portal hypertension-related complications or hepatocellular carcinoma (HCC)
develop. Several host factors are associated with increased risk of morbidity and
mortality in cirrhotic patients including type 2 diabetes[2,3], older age, obesity, and
alcohol consumption[4]. Recent studies have shed light on abnormal gut microbiota
composition and dysbiosis playing an important role in the pathophysiology of
cirrhosis complications such as hepatic encephalopathy (HE), spontaneous bacterial
peritonitis (SBP) and acute on chronic liver failure[5,6].
Proton pump inhibitors (PPIs), a frequently prescribed medication worldwide, has
been shown to promote alterations in gut microbiota[7,8], leading to dysbiosis and
impaired gut barrier function [9] . Its use in cirrhosis patients is associated with
increased risk of SBP and HE[9-11]. In addition, Bajaj et al[12] showed that gut microbiota
is modulated by PPI and results in increased oral origin microbiota, which can reduce
upon PPI withdrawal. They also showed that initiation of PPI was an independent
risk factor for hospital readmissions among cirrhotic patients; the 30-d readmission
for those discharged with PPI was 50% compared to 32% for those who were not on
PPI (P = 0.02).
Despite the increasing concerns of PPI use, it is still widely prescribed in liver
cirrhosis patients. One study showed 62.7% of hospitalised cirrhosis patients were
prescribed PPIs with unclear indications[13]. It is particularly concerning as PPIs are
metabolised in the liver by cytochrome CYP450[11,14], and as a result, their half-life
increases by 4-8 h in cirrhotic patients[15]. There have been concerns that PPI use
increases the risk of mortality in patients with decompensated liver disease[16], and
those with HE[17], but other studies dispute the association of mortality with PPI use in
decompensated cirrhosis or cirrhotic patients with SBP[13,18]. Of the published data on
PPI use and mortality in cirrhotic patients[13,16,17], “PPI users” are often defined as
patients with PPI prescriptions at the study inclusion, and PPI dose duration is not
measured. These could potentially lead to guarantee-time bias and exposure
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classification bias [ 1 9 , 2 0 ] . Furthermore, given that PPI is widely used as a
gastroprotective agent in patients with cardiovascular disease taking aspirin and
antithrombotic agents, these should be adjusted as confounders.
Currently, the evidence supporting PPI exposure and increased mortality in
cirrhosis patients is still not clear, with potential biases as PPI user status and dose
exposure not well defined. Furthermore, data are lacking on the dose-dependent
effect of PPI on mortality risk and further hepatic decompensation among cirrhotic
patients, especially when PPI metabolism is affected in this population[15]. Therefore,
we assessed if long-term PPI use in decompensated liver cirrhosis patients would
increase the risk of mortality after adjusting for potential biases and defining true
dosage exposure. The secondary aim was to determine if PPI use increases the risk of
hospital admissions for further hepatic decompensation in patients with
decompensated liver cirrhosis.

MATERIALS AND METHODS
Patient selection
Patients with liver cirrhosis using ICD10 coding (Supplemental Table 1) were
extracted from January 2013 to June 2017 from the Changi General Hospital electronic
database. Patient demographics, medical comorbidities (based on ICD codings
forming Charlson’s comorbidity index; Supplementary Table 1), biochemical profile,
baseline medication use (Supplementary Table 2), and history of prior hepatic
decompensation were reviewed and verified by three investigators. Clinical ICD
codings of United States Food and Drug Administration (FDA)-approved PPI
indications were also extracted such as gastroesophageal reflux disease (GERD),
esophagitis, and peptic ulcer disease. Patients over 18 years of age with liver cirrhosis
confirmed by histology, imaging or transient elastography and hospital admissions
for hepatic decompensation during this period were included. Patients without
hepatic decompensation were excluded.
The codings of hospital admission diagnoses were regularly reviewed and audited
by the hospital medical record department to maintain data integrity as expected of a
restructured public hospital governed by the health ministry. Mortality data were
obtained from the Singapore National Registry of Diseases Office, and the date of
liver transplant, if any, was obtained from the National Organ Transplant of
Singapore.
The study’s protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by our institution's human research
committee.

Outcomes
The primary outcome of this study was overall mortality, defined as death or liver
transplant, whichever came first. The secondary outcome was the rate of further
hepatic decompensation-related hospital admissions after the index admission at
baseline. For secondary outcomes, each patient’s hospital admission notes were
reviewed by three investigators to verify that coding diagnoses of hepatic
decompensation admissions were accurate. Hospital admissions for elective
procedures such as radiofrequency ablation or trans-arterial chemoembolisation of
HCC and those with incomplete data were excluded from the study.
The hepatic decompensation events were ascites, SBP, HE, variceal bleeding, and
hepatorenal syndrome, as defined by current guidelines[21]. Overall survival was
calculated from the end of the designated landmark period until the census date of
31st December 2017. Patients who died within the landmark period were excluded
from primary analysis to reduce biases.

Definition of PPI user status
In pharmacoepidemiologic studies, there are biases involved in comparing time-toevent data for different groups as classification to “event” or “event-free” groups are
dependent on length of follow-up[22]. Therefore, by using the landmark method, a
fixed time after the initiation of therapy was selected as a landmark for conducting the
survival analysis, which would minimise immortal time, selection, and indication
bias. Taking this into consideration, we used a landmark period of 3 mo before to 6
mo after index hepatic decompensation admission (-3 mo to +6 mo), to define PPI user
status.
The period of 3 mo before index admission (-3 mo to time 0) was utilised as PPI use
in hospitalised cirrhotic patients, as it has been found to increase the risk of 1-mo and
3-mo hospital readmission rates[12]. Exclusion of these patients who were on PPI just
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Table 1 Baseline characteristics between non-users and proton pump inhibitor users for the 6mo landmark period
Baseline characteristics

Non-user(n = 57)

PPI user(n = 238)

Male

39 (68.4)

162 (68.1)

Female

18 (31.6)

76 (31.9)

Age in yr, Mean (± SD)

60.0 ± 13.3

63.3 ± 12.4

Chinese

33 (57.9)

132 (55.5)

Malay

10 (17.5)

50 (21.0)

Indian

8 (14.0)

33 (13.9)

Others

6 (10.5)

23 (9.7)

Hepatitis B

11 (19.3

42 (17.6)

Alcohol

16 (28.1)

42 (17.6)

Hepatitis C

11 (19.3)

52 (21.8)

NASH

9 (15.8)

74 (31.1)

Autoimmune

4 (7.0)

4 (1.7)

Others

6 (10.5)

24 (10.1)

6 (10.5)

20 (8.4)

Gender, n (%)

P value
0.96

Race, n (%)

0.07
0.95

Aetiology of cirrhosis, n (%)

0.07

Index hepatic event, n (%)
HCC

0.61

Ascites

37 (64.9)

121 (50.8)

0.06

SBP

4 (7.0)

15 (6.3)

0.77

HE

9 (15.8)

59 (24.8)

0.15

Variceal bleed

8 (14.0)

53 (22.3)

0.17

History of the following, n (%)
HCC

0 (0.0)

9 (3.8)

0.21

Ascites

9 (15.8)

32 (13.4)

0.65

HE

1 (1.8)

10 (4.2)

0.70

Variceal bleed

9 (15.8)

42 (17.6)

0.74

SBP

2 (3.5)

6 (2.5)

0.65

Biochemical results at baseline;
Mean (± SD) or median (IQR)
Albumin in g/L

27.0 ± 4.7

28.1 ± 6.2

0.14

INR

1.12 (1.01-1.26)

1.13 (1.03-1.28)

0.73

Creatinine in μmol/L

79.0 (65.0-124.5)

86.0 (66.8-117.0)

0.58

Bilirubin in μmol/L

29.4 (17.0-56.8)

25.9 (16.3-74.0)

0.16

Platelet count as 109/L

105.5 (67.3-150.3)

104.0 (71.0-159.0)

0.82

Haemoglobin in g/dL

11.4 ± 2.3

10.8 ± 2.6

0.15

MELD, median (IQR)

11.0 (8.0-14.5)

10.5 (8.0-14.3)

0.56

Medical comorbidities, n (%)
GERD

0 (0.0)

19 (8.0)

0.03

Esophagitis

4 (7.0)

17 (7.1)

1.00

Peptic ulcer disease

1 (1.8)

32 (13.4)

0.01

None

33 (57.9)

105 (44.1)

Uncomplicated

14 (24.6)

70 (29.4)

End-organ damage

10 (17.5)

63 (26.5)

None

47 (82.5)

199 (83.6)

Leukaemia/lymphoma/localised solid tumour

8 (14.0)

33 (13.9)

Metastatic solid tumour

2 (3.5)

6 (2.5)

HIV/AIDS1

1 (1.8)

2 (0.8)

Renal impairment1

9 (15.8)

51 (21.4)

4 (7.0)

21 (8.8)

Type 2 diabetes1

0.16

Malignancy1

0.84

1

Congestive heart failure
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Myocardial infarct1

2 (3.5)

33 (13.9)

COPD

2 (3.5)

9 (3.8)

PVD1

0 (0.0)

4 (1.7)

CVA/TIA1

2 (3.5)

24 (10.1)

Dementia

1 (1.8)

9 (3.8)

Hemiplegia1

0 (0.0)

3 (1.3)

2 (3.5)

4 (1.7)

2/11 (18.2)

14/42 (33.3)

0.48

0/11 (0.0)

3/52 (5.8)

1.00

1

1

Connective tissue disease1
Baseline medications:
Antivirals for viral hepatitis:
Chronic HBV on long-term antivirals
2

Chronic HCV treated with DAA

Use of other concurrent medications, > 3 mo use
Insulin

2 (3.5)

42 (17.6)

0.01

Sulphonylureas

8 (14.0)

51 (21.4)

0.21

Insulin sensitisers

2 (3.5)

24 (10.1)

0.11

Metformin

5 (8.8)

45 (18.9)

0.07

DPP4 inhibitors

4 (7.0)

2 (0.8)

0.01

Antiplatelet

5 (8.8)

45 (18.9)

0.067

Aspirin

5 (8.8)

38 (16.0)

0.17

Statins

2 (3.5)

29 (12.2)

0.06

ACE-I/ARB

4 (7.0)

43 (18.1)

0.04

Non-selective beta blockers

8 (14.0)

81 (34.0)

0.003

Selective beta blockers

2 (3.5)

22 (9.2)

0.19

1

As defined by Charlson’s comorbidity index;
3 patients given 12 wk of sofosbuvir/daclatasvir/ribavirin for hepatitis C virus cirrhosis; direct acting
antiviral only became fully funded in early 2017. NASH: Non-alcoholic steatohepatitis; MELD: Model of endstage liver disease; GERD: Gastroesophageal reflux disease; HIV/AIDS: Human immunodeficiency
virus/acquired immune deficiency syndrome; COPD-Chronic obstructive pulmonary disease; PVD:
Peripheral vascular disease; CVA/TIA: Cerebrovascular accident/transient ischemic attack; DPP4:
Dipeptidyl peptidase-4; ACE-I/ARB: Angiotensin converting enzyme inhibitor/angiotensin II receptor
blocker; DAA: Direct acting antiviral; HE: Hepatic encephalopathy; SBP: Spontaneous bacterial peritonitis;
HCC: Hepatocellular carcinoma; IQR: Interquartile range; PPI: Proton pump inhibitor.
2

prior to liver decompensation would be a bias. Two additional landmark periods
were used to validate the primary outcome: -3 mo to +3 mo and -3 mo to +9 mo.
PPI doses were defined using the “defined daily dose (DDD),” which is
recommended by the World Health Organization to objectively measure the
prescribed amount of a drug[23]. The cumulative defined daily dose (cDDD) ≥ 28 (≥ 1
mo of use) of prescribed medication was chosen, as PPI exposure of 1 mo has been
reported to significantly cause adverse outcomes[24]. For the current study, PPI users
were defined as those with a cDDD ≥ 28 within the landmark period. Patients with a
past history of PPI use more than 3 mo prior to index admission were excluded from
the study. Non-users were defined as those with cDDD < 28 within the landmark
period, those with no PPI prescribed during the landmark period, or those prescribed
with PPI after the landmark period regardless of the cumulative dosage.
Other relevant medication use at baseline, which could influence primary and
secondary outcomes were also considered. Long-term use of concurrent medication
was defined by more than 3 mo of medication prescribed, and was adjusted for in the
analysis (Supplementary Table 2).

Statistical analysis
Categorical data were presented as frequency (percentage). Numeric data were
presented as mean [standard deviation (SD)] for parametric distribution and median
[interquartile range (IQR)] for non-parametric distribution. The differences in
characteristics between PPI users and non-users were examined using the Chi-Square
test or Fisher’s Exact test for categorical variables, and two-sample t-test or Mann
Whitney U-test for numerical variables, where appropriate.
Propensity score (PS) was first generated using logistic regression to reduce the
selection bias of treatment allocation by balancing the characteristics of patients
between treatment and control groups. The characteristics of patients such as
demographics, aetiology of liver cirrhosis, history of HCC, and previous
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Table 2 Mortality risk of proton pump inhibitor users by landmark periods and cumulative dose
exposure
Periods

Number of patients

Adjusted HR (95%CI)

P value

6-mo landmark: (-3 to +6 mo)

Non-user = 57 PPI user = 238

Ref 2.10 (1.20-3.67)

0.009

3-mo landmark: (-3 to +3 mo)

Non-user = 71 PPI user = 261

Ref 1.36 (0.90-2.06)

0.143

9-mo landmark: (-3 to +9 mo)

Non-user = 42 PPI user = 221

Ref 3.44 (1.50-7.85)

0.003

Variable Dose Exposure

Number of patients

Adjusted HR (95%CI)

P value

6-mo landmark: (-3 to +6 mo)
Non-user

57

Ref

cDDD 28-90

18

1.34 (0.48-3.73)

0.579

cDDD 91-180

27

2.27 (1.10-5.14)

0.038

cDDD > 180

193

2.08 (1.17-3.61)

0.011

Non-user

71

Ref

cDDD 28-90

24

1.49 (0.74-3.03)

0.266

cDDD 91-180

34

2.04 (1.13-3.07)

0.019

cDDD > 180

203

1.33 (0.87 – 2.03)

0.188

3-mo landmark: (-3 to +3 mo)

9-mo landmark : (-3 to + 9 mo)
Non-user

42

Ref

cDDD 28-90

20

4.02 (1.33-12.12)

0.013

cDDD 91-180

22

3.38 (1.17 – 9.82)

0.025

cDDD > 180

179

3.52 (1.53 – 8.09)

0.003

HR: Hazard ratio (with propensity score adjustment); CI: Confidence interval; cDDD: Cumulative defined
daily dose; PPI: Proton pump inhibitor.

decompensation (ascites, variceal bleed, SBP, HE, hepatorenal syndrome), medical comorbidities, baseline MELD score, and baseline medication use
(Supplementary Table 2), which could potentially confound the results on mortality
and hospitalisation risks were adjusted for. For any significant differences in PS
between the two groups, PS was further categorised into four quartiles in the two
groups separately for matching.
After PS adjustment for 43 clinically important confounding variables at baseline,
which could influence mortality and recurrent hepatic decompensation (Table 1), the
effect of PPI use on mortality was assessed using the Cox proportional hazards model.
Further variable landmark periods and subgroup analyses were performed to
determine subgroups with increased risk of mortality. For secondary outcome of
hospital admission for hepatic decompensation, Poisson regression (loglinear) was
used with adjustment for PS (similarly as for primary outcome) and overall survival
or number of days of follow-up. Relative risk and its 95% confidence interval (CI)
were presented. A two-tailed, P value < 0.05 was considered statistically significant.
Statistical analysis was performed with SPSS statistical software, version 19.0 (IBM
Corp., Armonk, NY, United States). Statistical analysis and review were performed by
biomedical statisticians.

RESULTS
A total of 2318 patients with ICD codings for liver cirrhosis at inpatient admissions
were identified. A final cohort of 511 patients was included for landmark analysis
(Figure 1), with 295 patients in the chosen landmark period of 6 mo. A total of 238
patients were PPI users and 57 were non-users; their baseline characteristics are
described in Table 1. There were no significant differences in history of SBP or HE,
between the PPI users and non-users. There was a higher usage of aspirin, antiplatelet drugs, statins, and non-selective beta blockers in the PPI user group compared
to non-users. The baseline characteristics described were before propensity
adjustment.

Overall risk of mortality
In the 6-mo landmark cohort, 102 of 238 (42.9%) PPI users and 13 of 57 (22.8%) non-
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Figure 1

Figure 1 Consort diagram of landmark analysis. PPI: Proton pump inhibitor.

users died during the median follow-up period of 551 (IQR: 231-1017) and 584 (2891152) d, respectively. Seven PPI users and one non-user underwent liver transplant
during the follow-up period, before cox regression.
PPI users had a higher risk of overall mortality, compared to non-users with
[adjusted HR (aHR) of 2.10, 95%CI (1.20-3.670); P = 0.009] (Table 2 and Figure 2). This
was also observed in the 9-mo landmark cohort with aHR 3.44, (1.50-7.85); P = 0.003.
In the 3-mo landmark cohort, the aHR was 1.36, but this was not statistically
significant (P = 0.143). Longer PPI exposure with cDDD 91-180 was associated with
higher mortality [aHR 2.27, (1.10-5.14); P = 0.038] compared to non-users in the 6-mo
landmark cohort (Table 2). Long-term PPI exposure with cDDD > 180 was also
associated with higher mortality in the 6-mo landmark cohort [aHR 2.08, (1.17-3.61); P
= 0.011] (Table 2) and the 9-mo landmark cohort [aHR 3.52, (1.53-8.09); P = 0.003].

Subgroup and sensitivity analyses for mortality
In the subgroup analyses, PPI users with MELD15 was associated with increased
mortality risk compared to non-users [aHR = 10.30, (1.41-75.58); P = 0.022] (Supplementary Table 3). There was a trend towards significance among patients with viral
hepatitis aetiology [aHR 3.23, (0.99-10.52); P = 0.052], ascites [aHR 1.91, (0.96-3.78); P =
0.063], and those without prior decompensation at baseline [aHR 1.99, (0.98-4.00); P =
0.057] (Supplementary Table 3).
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Figure 2

Figure 2 Survival analysis of PPI users and non-users for the 6-mo landmark period. PPI: Proton pump
inhibitor.

Risk of hospitalisation for hepatic decompensation
The clinical characteristics of 335 PPI users and 116 non-users, for secondary outcome
analysis, are described in Supplementary Table 4. There were 835 and 231 hospital
admissions for PPI users and non-users respectively, for hepatic decompensation
during the follow-up period. PPI users had a higher incidence of hospital admissions
for hepatic decompensation with adjusted relative risk (aRR) of 1.61 [95%CI: 1.30-2.11,
P < 0.001] (Table 3). Similar to the survival analysis for primary outcome, there was a
dose-dependent effect of PPI on increased risk of hospitalisations for hepatic
decompensation. Those with cDDD > 180 were more likely to have admissions for
hepatic decompensation [aRR 1.91, (1.49-2.45); P < 0.001], compared to non-users
(Figure 3).

DISCUSSION
In our study of patients with decompensated liver cirrhosis, PPI users had twice the
risk of mortality [aHR 2.10, (1.20-3.67); P = 0.009] compared to non-users after
adjusting for potential biases and confounders using landmark analysis, PS
adjustment, and defined daily doses. We also found that PPI users were 61% more
likely to have hospitalisation for hepatic decompensation than non-users [aRR = 1.61,
(1.30-2.15); P < 0.001]. Longer exposure to PPI with cDDD 91-180 increased mortality
risk [aHR = 2.27, (1.10-5.14); P = 0.038] and long-term PPI use with cDDD > 180 had a
higher risk of admission for hepatic decompensation compared to non-users (P <
0.001).
Previous studies have suggested that PPI use may be associated with a higher risk
of mortality. Dultz et al[16] reported PPI use to be an independent predictor of mortality
in patients with compensated and decompensated liver cirrhosis [HR = 2.33,
(1.26–4.29); P = 0.007], but another study performed on hospitalised cirrhotic patients
did not show a difference in survival between PPI users and non-users[13]. Hung et al[17]
studied the effect of inpatient PPI use on survival in cirrhotic patients admitted with
HE and reported a higher 30-d mortality in the PPI group (HR = 1.360, (1.208-1.532); P
< 0.001], but not in their separate study of patients with SBP[18]. These studies have not
shown consistent results on the association of PPI use and mortality, which could
potentially be related to issues with defining the duration of PPI exposure and the
classification of PPI user status, leading to potential biases. As PPI use is prevalent
particularly in patients with history of stroke or myocardial infarction, the mortality
analysis in this population should be adjusted for underlying cardiovascular disease
and the use of relevant medications. Our study showed that after correcting for these
different potential biases and 43 relevant confounders for mortality, decompensated
cirrhotic patients with PPI use, particularly with prolonged duration, have an
increased risk of mortality.
The use of PPI has been shown to induce gut dysbiosis[7,8,25], which could increase
the risk of hepatic decompensation with HE and SBP[9,10]. Our study found that PPI
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Table 3 Hospital admissions for hepatic decompensation for proton pump inhibitor users and
non-users with decompensated liver cirrhosis

Number of patients

Hospital admissions for liver
decompensation
Adjusted RR (95%CI)

P value

PPI user = 335 Non-user = 116

1.61 (1.30-2.11)

< 0.001

Non-user

116

Ref

cDDD 28-90

49

0.65 (0.39-1.08)

0.10

cDDD 91-180

61

1.08 (0.74-1.59)

0.69

cDDD > 180

225

1.91 (1.49-2.45)

< 0.001

Entire cohort
Dose exposure

cDDD: Cumulative defined daily dose; RR: Relative risk; CI: Confidence interval; PPI: Proton pump inhibitor.

users with decompensated cirrhosis had a higher risk of portal hypertension-related
decompensations requiring hospital admission. Our study findings support the
evidence from a recent study showing increased all-cause, 1-mo, and 3-mo hospital
readmissions among cirrhotic patients[12].
There are several reasons that could explain higher mortality and increased
occurrence of hepatic events with PPI use in patients with decompensated liver
cirrhosis. First, pathological bacterial translocation increases with the severity of liver
disease [26] . In decompensated cirrhosis, the secretion of antimicrobial peptides
diminishes, intestinal permeability increases, and small intestinal bacterial
overgrowth accelerates including enhanced transcellular epithelial crossing of viable
bacteria[26], all of which lead to an increased risk of pathologic bacterial translocation.
Second, gastric hydrochloric acid is bactericidal and is a defence mechanism from
ingested microorganisms[27]. However, PPIs are strong gastric acid suppressants, thus
limiting this defence [28] . Furthermore, in liver cirrhosis, there is reduced hepatic
clearance of PPI[15], which thus increases the overall PPI exposure. Last and perhaps
most importantly, PPIs also affect the gut microenvironment by modifying pH in the
stomach and small intestine and is proven to cause gut dysbiosis. Dysbiosis in
particular, can drive inflammasome-deficiency-associated changes through
microbiome derived metabolites, which worsens hepatic inflammation and produces
endotoxins that exacerbate intestinal permeability and inflammation [29,30] . These
potentially explain why PPI use is a known risk factor for bacterial infections, HE, and
SBP. Hence, PPI use, which diminishes the body’s natural defence from
microorganisms and causes dysbiosis, in combination with increased pathological
bacterial translocation in decompensated cirrhosis could increase hepatic
decompensation, infection risk, and ultimately mortality in patients with advanced
liver cirrhosis. In our subgroup analysis, PPI users with MELD ≥ 15 were associated
with a higher mortality risk compared to non-users. This suggests that patients with
advanced cirrhosis are more prone to effects from dysbiosis, infections, and hepatic
decompensation. Further studies are required to see if active cessation of PPI in
advanced cirrhotic patients would improve survival.
In our study, we calculated PPI exposure using cumulative defined daily doses and
used fixed landmark periods to define users, past users and non-users. This method
reduces biases in selecting “users”. In the landmark analysis, PPI use 3 mo prior to
index admission was accounted for because PPI users with cirrhosis had increased 3mo hospital readmission rates compared to non-users[12]. Exclusion of the group
already exposed to PPI prior to decompensation would be a confounder and reduces
the true effect of PPI on hepatic decompensation and mortality. Furthermore, there
are significant baseline clinical characteristics, comorbidities, and concurrent
medications that would be associated with hepatic decompensation, cardiovascular
events, and ultimately overall mortality. Therefore, we considered PS adjustment for
these variables (Supplementary Tables 1 and 2).
Our study had several limitations. First, PPI use was measured using physician
prescriptions available in our electronic system. We do not have data on patient
adherence to the PPI prescribed or data from private practitioners. However, only
patients on follow-up at our hospital were included. Prescriptions from and
admission to private hospitals were very minimal. To mitigate indication bias of PPI
use, we included baseline comorbidities such as GERD, esophagitis, peptic ulcer
disease, and those on anti-platelet agents such as aspirin and clopidogrel. We could
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Figure 3

Figure 3 Survival analysis of PPI users and non-users with decompensated liver cirrhosis by cumulative
dose exposure in the 6-mo landmark cohort. PPI: Proton pump inhibitor.

not adjust for PPI use in functional dyspepsia, but this should not require long-term
PPI use. There are several residual confounders that could have impacted mortality
and hepatic decompensation in our study such as obesity[4], sarcopenia[31,32], and
smoking [33] . We adjusted for antibiotic use but did not include rifaximin, a nonaminoglycoside semi-synthetic antibacterial, as it was only publicly funded in
Singapore towards the end of our study period and hence is not yet widely available.
Our study did not analyse hospital admission for other reasons without hepatic
decompensations such as pneumonia, C. difficile and enteric infections, which are
known associations with PPI use [ 1 4 ] . However, most episodes of hepatic
decompensation would be triggered as a result of infections and would hence be
captured in our study. We used all-cause mortality as an objective measure of primary
outcome. The exact cause of death was difficult to ascertain in this retrospective
study. For example, when a decompensated patient was admitted for HE and passed
on after developing aspiration pneumonia and SBP, it was unclear if the cause of
death was pneumonia or a liver-related death. Analysing dichotomised outcomes for
liver and non-liver related deaths would then introduce ambiguity and bias. Finally,
our study only analysed episodes of decompensation severe enough for
hospitalisation, but not those with mild decompensated cirrhosis managed as an
outpatient.
In conclusion, PPI use in patients with decompensated liver cirrhosis is associated
with higher mortality and severe hepatic decompensations requiring hospital
admission. Further prospective studies are required to confirm these findings and
determine causality. A cumulative defined daily dose > 90 has a higher risk of
mortality and PPI should be limited to a shorter duration and dosage if needed, or
stopped if there is no indication.

ARTICLE HIGHLIGHTS
Research background
Proton pump inhibitor (PPI) use is associated with an increased risk of mortality but is not well
studied in patients with decompensated liver cirrhosis. The impact and definition of significant
dose exposure are also not known. Although previous studies have looked into this relationship,
there are several unaddressed issues such as PPI users not being well defined, the presence of
many confounding factors, and indications for PPIs not being adjusted for. Also, this particular
patient population of decompensated cirrhotic patients has not been well studied. Our study
investigated if PPI use is independently associated with increased mortality risk in
decompensated liver cirrhosis after adjustment for indications, medications, baseline variables
and co-morbidities, and established the impact of dose exposure on mortality.

Research motivation
PPIs are prescribed widely and for long durations even in patients with liver cirrhosis. If a
convincing relationship with increased mortality risk and dose exposure is established, stopping
or shortening the duration of PPIs when possible should be strongly advocated.

Research objectives
This study confirms our main objective, that PPI usage in decompensated liver cirrhosis patients
is an independent factor associated with an increased risk of mortality. In addition, a longer dose
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exposure of more than 90 cumulative defined daily doses was found to significantly increase this
risk. We hence advocate reviewing PPI use in patients with liver cirrhosis with a view to shorten
or deprescribe when possible.

Research methods
This is a retrospective cohort study using a hospital database. PPI users were defined as those
with more than 28 defined daily doses used within a study landmark period. Users and nonusers were compared after adjusting for 43 variables including baseline characteristics,
comorbidities, PPI indications, and medications.

Research results
A total of 295 patients were included for analysis in the study. PPI users had a higher mortality
compared to non-users and longer PPI use with more than 90 cumulative defined daily doses
was associated with higher mortality. PPI users also had a higher incidence of hospitalisation for
hepatic decompensation.

Research conclusions
The impact of varying PPI dose exposure in decompensated cirrhotics has not been previously
described. This study showed that a cumulative defined daily dose > 90 is associated with higher
mortality in patients with decompensated liver cirrhosis. Patients with decompensated liver
cirrhosis have increased intestinal permeability and decreased hepatic clearance of PPIs, which
predispose to gut dysbiosis and increases the risk of severe hepatic decompensation and
ultimately mortality. Higher dose exposure to PPI worsens this. PPIs can be harmful when given
for long durations in patients with decompensated liver cirrhosis by increasing the risk of further
decompensation and death. Longer PPI dose exposure, in particular more than 90 cumulative
defined daily doses can be harmful in patients with decompensated liver cirrhosis. PPIs inhibit
the bactericidal effect of gastric hydrochloric acid and predispose to gut dysbiosis. When used in
patients with decompensated liver cirrhosis who have decreased hepatic clearance of PPI, there
is increased dose exposure that can potentially cause more harm. PPI users were well defined in
this study by using defined daily doses and a cumulative dose ≥ 28 within a landmark period.
Also, users and non-users were compared after important adjustments such as indication for PPI
use and medication use such as antiplatelets, which were not accounted for in prior studies. PPI
use should be reviewed regularly especially in patients with liver cirrhosis. It should be stopped
when there are no indications. If PPIs are indicated, dosage should be reduced to the lowest
possible dose.

Research perspectives
There were potential confounding factors that could have affected the results. However, this
represents real world data and the current difficulties faced. The differences were also minimised
using statistical methods such as propensity adjustment or matching. Future research should be
conducted to prove the mechanisms on how PPIs modulate gut microbiota causing dysbiosis
and hepatic decompensations and also to determine if PPI withdrawal can reverse mortality risk.
Larger cohort, prospective studies should be performed with a view on proving causality.
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Abstract
BACKGROUND
Carcinoembryonic antigen (CEA) is a commonly used biomarker in colorectal
cancer. However, controversy exists regarding the insufficient prognostic value
of preoperative serum CEA alone in rectal cancer. Here, we combined
preoperative serum CEA and the maximum tumor diameter to correct the CEA
level, which may better reflect the malignancy of rectal cancer.
AIM
To assess the prognostic impact of preoperative CEA/tumor size in rectal cancer.
METHODS
We retrospectively reviewed 696 stage I to III rectal cancer patients who
underwent curative tumor resection from 2007 to 2012. These patients were
randomly divided into two cohorts for cross-validation: training cohort and
validation cohort. The training cohort was used to generate an optimal cutoff
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point and the validation cohort was used to further validate the model.
Maximally selected rank statistics were used to identify the optimum cutoff for
CEA/tumor size. The Kaplan-Meier method and log-rank test were used to plot
the survival curve and to compare the survival data. Univariate and multivariate
Cox regression analyses were used to determine the prognostic value of
CEA/tumor size. The primary and secondary outcomes were overall survival
(OS) and disease-free survival (DFS), respectively.
RESULTS
In all, 556 patients who satisfied both the inclusion and exclusion criteria were
included and randomly divided into the training cohort (2/3 of 556, n = 371) and
the validation cohort (1/3 of 556, n = 185). The cutoff was 2.429 ng/mL per cm.
Comparison of the baseline data showed that high CEA/tumor size was
correlated with older age, high TNM stage, the presence of perineural invasion,
high CEA, and high carbohydrate antigen 19-9 (CA 19-9). Kaplan-Meier curves
showed a manifest reduction in 5-year OS (training cohort: 56.7% vs 81.1%, P <
0.001; validation cohort: 58.8% vs 85.6%, P < 0.001) and DFS (training cohort:
52.5% vs 71.9%, P = 0.02; validation cohort: 50.3% vs 79.3%, P = 0.002) in the high
CEA/tumor size group compared with the low CEA/tumor size group.
Univariate and multivariate analyses identified CEA/tumor size as an
independent prognostic factor for OS (training cohort: hazard ratio (HR) = 2.18,
95% confidence interval (CI): 1.28-3.73, P = 0.004; validation cohort: HR = 4.83,
95%CI: 2.21-10.52, P < 0.001) as well as DFS (training cohort: HR = 1.47, 95%CI:
0.93-2.33, P = 0.096; validation cohort: HR = 2.61, 95%CI: 1.38-4.95, P = 0.003).
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CONCLUSION
Preoperative CEA/tumor size is an independent prognostic factor for patients
with stage I-III rectal cancer. Higher CEA/tumor size is associated with worse OS
and DFS.
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Core tip: This is a retrospective study that sought to evaluate the prognostic value of
carcinoembryonic antigen (CEA)/tumor size in rectal cancer, which may better reflect
the tumor malignancy. Maximally selected rank statistics identified an optimal cutoff
point of 2.429 ng/mL per cm for CEA/tumor size. Kaplan-Meier curves showed a
significant reduction in the 5-year overall survival and disease-free survival in the high
CEA/tumor size group. Univariate and multivariate analyses identified CEA/tumor size
as an independent prognostic factor for stage I to III rectal cancer.
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INTRODUCTION
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Colorectal cancer (CRC) is the third most frequently diagnosed malignancy and one of
the leading causes of cancer-related mortality worldwide [1] . Although Western
developed countries show a steady or slightly declining trend, the morbidity and
mortality of CRC in developing countries like China are still on the rise[2]. Unlike
Western countries, the incidence of rectal cancer is higher than that of colon cancer in
China and the prognosis of rectal cancer still needs to be improved[3]. Therapy options
for CRC have been developed rapidly in the past decade, but selecting optimal
treatments for individuals remains a great challenge for clinicians due to the lack of
effective markers[4]. In recent years, biomarkers have played an increasingly vital role
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in the detection and management of CRC[5]. Among the biomarkers, carcinoembryonic
antigen (CEA) is one of the most common and most convenient preoperative
detecting indexes in patients with colorectal cancer[6].
CEA, a large glycoprotein, has been recommended by the American Society of
Clinical Oncology (ASCO) and the European Group on Tumor Markers (EGTM) as a
prognostic biomarker that can be used to determine the prognosis and stage of
CRC [5,7] . However, controversy still exists regarding the prognostic value of the
absolute preoperative serum CEA level in colorectal cancer. Recent studies have noted
that CEA is insufficiently sensitive to be used alone, and some researchers have
sought new ways to improve its prognostic value by the addition of another factor,
such as CD44v6, carbohydrate antigen (CA) 19-9, neutrophil-to-lymphocyte ratio
(NLR), or peritoneal carcinomatosis index ratio (PCI)[6,8-11]. Intriguingly, a recent study
indicated that postoperative tissue CEA (t-CEA) rather than serum CEA (s-CEA) is an
independent prognostic factor in stage I to III CRC[12]. This indicated that we should
pay more attention to the local CEA produced by tumor cells rather than the overall
serum CEA level. Considering that detecting the CEA produced and secreted by all
tumor cells is not realistic, using the ratio of CEA to tumor size may somehow reflect
the ability of tumor cells to secrete CEA. Another research group demonstrated that
CEA density is a prognostic factor for percutaneous ablation of pulmonary colorectal
metastases[13]. Using tumor size to adjust and improve the prognostic value of tumor
marker is not uncommon, such as prostate specific antigen density and tumorinfiltrating CD8+ T-cell density[14,15]. Maximum tumor diameter is also a prognostic
indicator for some solid tumors including prostate cancer and colorectal liver
metastases[16,17]. While the volume-adjusted prostate-specific antigen has been widely
studied as a useful marker in prostate cancer[18,19], whether the combination of CEA
level and tumor size serves as a novel prognostic factor for rectal cancer remains
unresolved.
In this study, we considered both the preoperative serum CEA level and the rectal
tumor size and devised the CEA/tumor size, which represents the CEA level adjusted
by tumor size, to better reflect the malignancy of rectal cancer. We also refined the
insufficient prognostic value of serum CEA. We aimed to apply this new approach to
investigate the prognostic impact of the preoperative CEA/tumor size in patients
with rectal cancer.

MATERIALS AND METHODS
Patients
Patients who were diagnosed with stage I to III rectal cancer and underwent a radical
excision at the Sixth Afﬁliated Hospital of Sun Yat-Sen University from 2007 to 2012
were studied. This study was approved by the Medical Ethics Committee of the Sixth
Affiliated Hospital of Sun Yat-sen University and did not cause any harm to the
patients. All retrospective data were obtained from a database maintained by the
Sixth Affiliated Hospital of Sun Yat-sen University. The inclusion criteria were as
follows: (1) Histologically confirmed adenocarcinoma; (2) Stage I to III according to
the 8th edition of the American Joint Committee on Cancer (AJCC); and (3) Radical
resection. The following patients were excluded: (1) Those with nonprimary cancers;
(2) Patients who received neoadjuvant chemotherapy and/or radiotherapy; and (3)
Patients with missing data on preoperative CEA or tumor size. Patients who satisfied
both the inclusion and exclusion criteria were randomly divided into two cohorts for
cross-validation: Training cohort and validation cohort. The training cohort was used
to generate an optimal cutoff point and the validation cohort was used to test the
applicability of this cutoff point and the model.

Data collection
The following data were collected using the Electronic Medical Record System: Age,
sex, histological features, TNM stage (AJCC), differentiation degree, presence of
lymphovascular invasion, presence of perineural invasion, preoperative serum CA 199 and CEA levels, maximum tumor diameter, recurrence, and survival time. Followup was conducted every three months during the first year after resection, every six
months during the next two years, and once a year thereafter. Routine physical
examination, serum CEA test, and radiographic examinations including chest
radiography, abdominopelvic computed tomographic scanning, or ultrasonography,
whole-body bone scanning, double-contrast barium enema, and colonoscopy were
performed and recorded six months after resection and yearly thereafter. The followup time ended in June 2016, and the follow-up interval varied from three to ten years.
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Statistical analysis
In our study, we used the maximum diameter in the maximum cross section to
represent the tumor size, which was measured by radiologists and pathologists
(pathological data are preferred). We defined the CEA/tumor size as the ratio of
preoperative CEA level to the maximum tumor diameter. The primary outcome was
overall survival (OS), which was defined as the time in months from surgery to death.
The secondary endpoint was disease-free survival (DFS), which was defined as the
time in months from surgery to disease recurrence, whether radiological or
histological. Maximally selected rank statistics were used to identify the optimal
discriminator value for the CEA/tumor size, which was conducted in the training
cohort. For every potential cutoff point, the absolute value of the standardized logrank statistic was computed. The cutoff that provided the best separation of the
survival outcome into two groups, where the standardized statistics reached their
maximum, was selected as the cutoff point. Based on this cutoff, we divided the
validation cohort into two groups: High CEA/tumor size group and low CEA/tumor
size group. The intergroup comparisons of the clinicopathological variables were
performed using the two independent samples t-test or Mann-Whitney U test for
continuous variables, and the chi-square test or two-tailed Fisher’s exact test for
discrete variables. The Kaplan-Meier method and log-rank test were used to plot the
survival curve and to compare the survival data. Univariate analysis of potential risk
factors for each variable was performed using the Cox proportional hazards
regression model. Variables with a P-value < 0.10 in the univariate analysis were
selected to fit the multivariate Cox model. Multivariate analysis using the Cox
proportional hazards regression model was used to identify independent risk factors.
Variable selection methods, including forward, backward, and stepwise algorithms,
as determined by the Akaike information criterion (AIC), were used to construct the
appropriate model. The proportional hazards assumption of the Cox regression
models was tested by Schoenfeld residuals. All tests were bilateral, and P-values <
0.05 were considered statistically significant. All analyses were performed using the R
Language for Statistical Computing (version 3.5.1).

RESULTS
Baseline characteristics
Of the 696 patients diagnosed with rectal cancer who underwent surgical resection
from 2007 to 2012, 11 were not histologically confirmed to have adenocarcinoma, 70
received neoadjuvant chemotherapy and/or radiotherapy, and 59 had missing data.
Excluding these patients left 566 patients who satisfied both the inclusion and
exclusion criteria (Figure 1). These patients were randomly divided into two cohorts:
The training cohort (n = 371, 2/3 of 566) and the validation cohort (n = 185, 1/3 of
566).
Maximally selected rank statistics were performed to determine the optimal value
with maximal standardized log-rank statistics. For all 371 rectal cancer patients in the
training cohort, the CEA/tumor size of 2.429 ng/mL per cm (P = 0.016) provided the
best separation of the survival outcomes of the two groups (Figure 2). Based on this
cutoff value, 371 patients from the training cohort and 185 patients from the
validation cohort were divided into the high CEA/tumor size group and the low
CEA/ tumor size group, respectively. As shown in Table 1, high CEA/tumor size was
correlated with older age, high TNM stage, the presence of perineural invasion, and
high CEA and CA 19-9 levels in the training cohort. Somewhat differently, in the
validation cohort, patients with a higher CEA/tumor size only tended to have higher
preoperative CEA and CA 19-9 levels. Tumor size, sex, differentiation, and
lymphovascular invasion did not differ significantly between the two groups in both
cohorts.

Kaplan-Meier curves
Kaplan-Meier curves showed a manifest reduction in the 5-year OS (56.7% vs 81.1%, P
< 0.001) and DFS (52.5% vs 71.9%, P = 0.02) in the high CEA/tumor size group
compared with the low CEA/tumor size group in the training cohort (Figures 3A and
4A). The worse outcome of those with high CEA/tumor size was confirmed in the
validation cohort, as those patients exhibited a lower 5-year OS (58.8% vs 85.6%, P <
0.001) and DFS (50.3% vs 79.3%, P = 0.002) (Figures 3B and 4B).

Univariate and multivariate analyses
According to the univariate analysis, age, TNM stage, differentiation, lymphovascular
invasion, preoperative CEA and CA 19-9 levels, and CEA/tumor size were selected
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Figure 1

Figure 1 Flowchart of patient selection.

for the multivariate analysis for OS in both cohorts. As for DFS, the univariate
analysis indicated that advanced TNM stage, the presence of lymphovascular
invasion, high CEA level, and high CEA/tumor size might be associated with a poor
outcome in both cohorts. However, the presence of perineural invasion only showed a
significant association with DFS in the training cohort, while poor differentiation and
high CA 19-9 level were associated with poor DFS only in the validation cohort
(Tables 2 and 3).
To adjust for the influence of potential confounders, the prognostic impact of
CEA/tumor size on OS and DFS was further explored by constructing a multivariate
Cox proportional hazards model. Forward, backward, and stepwise algorithms
determined by the AIC were used to construct the optimum model. All of the above
methods generated identical models, and the results were similar in both cohorts.
According to the multivariate analysis, older age, poor differentiation, advanced TNM
stage, and higher CEA/tumor size were all significantly correlated with a worse OS.
With respect to DFS, the significance of TNM stage, lymphovascular invasion, and
CEA/tumor size was retained in the final model in both cohorts (Table 4). As a result,
CEA/tumor size was significantly associated with OS in both the training cohort
[hazard ratio (HR) = 2.18, 95%CI: 1.28-3.73] and in the validation cohort (HR = 4.83,
95%CI: 2.21-10.51). However, CEA/tumor size showed a critical association with DFS
in the training cohort (HR = 1.47, 95%CI: 0.93-2.33) and a significant association in the
validation cohort (HR = 2.61, 95%CI: 1.38-4.95). Plotting the Schoenfeld residuals
against time showed that all the covariates in the Cox proportional hazards model for
OS and DFS met the proportional hazard assumption (P > 0.05, Figures 5 and 6).

DISCUSSION
CEA is reliable for the detection of rectal cancer recurrence and is recommended by
the ASCO and EGTM as a prognostic biomarker during routine follow-up for CRC
after surgical resection[5,7]. Despite many published studies that have demonstrated
the prognostic impact of CEA among CRC patients, no agreement concerning the
cutoff values has been established [ 2 0 - 2 4 ] . Moreover, Tong et al [ 1 2 ] found that
postoperative tissue CEA is significantly associated with the prognosis of CRC, and

WJG

https://www.wjgnet.com

4949

September 7, 2019

Volume 25

Issue 33

Cai D et al. CEA/tumor size in rectal cancer

Table 1 Association of carcinoembryonic antigen/tumor size with baseline characteristics of rectal cancer patients n (%)
Training cohort (n = 371)

Validation cohort (n = 185)

Cases

Low

High

P-value

Cases

Low

High

P-value

Age

371

58 (21-89)

65 (32-86)

< 0.001a

185

61 (25-87)

57 (35-79)

0.149

Tumor size

371

4.3 (0.8-13)

4.3 (0.8-13.5)

0.773

185

4.5 (1-13)

4.3 (0.8-10)

Sex

0.419

Male

218

177 (58)

41 (64)

103

82 (53)

21 (68)

Female

153

130 (42)

23 (36)

82

72 (47)

10 (32)

0.008a

TNM stage

0.350

I

104

96 (31)

8 (12)

48

43 (28)

5 (16)

II

127

99 (32)

28 (44)

74

61 (40)

13 (42)

III

140

112 (36)

28 (44)

63

50 (32)

13 (42)

Differentiation

0.395

0.826

Poor

60

51 (17)

9 (14)

24

19 (12)

5 (16)

Moderate

209

176 (57)

33 (52)

102

85 (55)

17 (55)

High

102

80 (26)

22 (34)

59

50 (32)

9 (29)

Lymphovascular invasion

0.697

0.683

Negative

338

281 (92)

57 (89)

173

143 (93)

30 (97)

Positive

33

26 (8)

7 (11)

12

11 (7)

1 (3)

172

146 (95)

26 (84)

13

8 (5)

5 (16)

0.039a

Perineural invasion
Negative

340

286 (93)

54 (84)

Positive

31

21 (7)

10 (16)

0.073

< 0.001a

CEA
0-5 ng/mL

263

262 (85)

1 (2)

> 5 ng/mL

108

45 (15)

63 (98)

< 0.001a
127

126 (82)

1 (3)

58

28 (18)

30 (97)

0.006a

CA 19-9

0.472
0.199

0.027a

0-37 ng/mL

325

276 (90)

49 (77)

158

136 (88)

22 (71)

> 37 ng/mL

46

31 (10)

15 (23)

27

18 (12)

9 (29)

a

P < 0.05; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9.

Huo et al[13] illustrated that serum CEA density was an independent prognostic factor
in patients with colorectal pulmonary metastasis. CEA, as a classic tumor marker, is
used to evaluate the biological activity of malignancies, but biological activity will
also be affected by tumor quantity. When tumors grow, no matter how clumsily or
aggressively, serum CEA level will increase as the expression of CEA increases in
proliferating adenocarcinoma cells. Therefore, tumor size is a confounding factor that
should be minimized. A new prognostic factor that better reflects the intra-tumor
CEA concentration without omission of the tumor volume will be much more
accurate than a classic serum CEA test. A comprehensive study stated that tumor size,
especially the maximum horizontal tumor diameter, represented a valuable
prognosticator in gastric cancer[25]. Another study found a direct relationship between
tumor volume in rectal cancer and overall survival[26]. Therefore, we decided to use
CEA/tumor size, which is a simple parameter that could reduce the confounding
effect of tumor size. Taken together, these results indicate that the ratio of serum CEA
to the maximum tumor diameter might be a better marker to assess the tumor’s
biological activity and to refine the insufficient prognostic value of serum CEA for
rectal cancer.
This is the first study to evaluate the prognostic value of CEA/tumor size for stage
I to III rectal cancer. We found that patients with a high CEA/tumor size (over 2.429
ng/mL per cm) had a significantly worse 5-year OS and DFS. Therefore, a correlation
exists between the preoperative CEA/tumor size and the prognosis of rectal cancer
patients after resection. Patients with high CEA/tumor size tended to have a worse
outcome. In our study, no correlation was found between tumor size and survival
outcome. Univariate and multivariate analyses showed that CEA/tumor size was
independently associated with OS and DFS, while absolute serum CEA was not. This
implied that adjusting the confounding effect of tumor size may improve the
prognostic value of CEA. Thus, preoperative CEA/tumor size can be used as an
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Figure 2

Figure 2 Maximally selected rank statistics for carcinoembryonic antigen/tumor size. Maximally selected rank
statistics were used to identify the optimal discriminator value for the carcinoembryonic antigen/tumor size, which was
conducted in the training cohort. For every potential cutoff point, the absolute value of the standardized log-rank
statistic was computed. The cutoff point that provided the best separation of the survival outcome into two groups,
where the standardized statistics reached their maximum, was selected as the cutoff point. CEA: Carcinoembryonic
antigen.

independent prognostic factor for patients with stage I-III rectal cancer.
Notably, this study highlights the important relationship between serum CEA and
tumor volume, which is in agreement with previous studies. With respect to the
prevalence of serum CEA in clinical applications, additional improvement in the
accuracy of estimating 5-year outcomes will benefit more patients. In addition, a
growing tumor with little change in biological activity will exhibit an increased CEA
level and a relatively unchangeable CEA/tumor size. Therefore, CEA/tumor size is
not only more accurate but more stable than serum CEA. In patients with identical
serum CEA levels, it is necessary to make a decision regarding clinical intervention
for patients with smaller maximum tumor diameter. In contrast, a low CEA/tumor
size may indicate less aggressive and malignant tumors.
However, we admit that our study has some inherent limitations. First, maximum
tumor diameter as an indication of tumor volume is not so precise. Huo et al[13] used
the spherical formula (4 × π × radius3)/3 to represent the tumor volume since they
assumed that pulmonary tumors were spherical. Nevertheless, unlike pulmonary
metastases, rectal tumors are not a fixed geometric shape, which means this method is
unreliable[26]. Alternatively, the careful delineation of the tumor boundary combined
with specific software may provide a more accurate estimation of tumor size.
However, maximum tumor diameter represents a quick and convenient method that
can be used to roughly estimate tumor volume, and as a result, has more prospects for
clinical application. Second, CEA/tumor size cannot be used as part of a routine
follow-up index to dynamically monitor the recurrence and metastasis of rectal cancer
after surgery. Surgical resection will remove the local tumor, and therefore
CEA/tumor size will be unable to be continually calculated. For patients with newfound relapse and metastasis, the value of CEA/tumor size requires further
investigation. Beyond that, we also noticed a newly published research study
suggesting that postoperative CEA is a better prognostic marker for survival than
preoperative CEA in colon cancer[27]. However, postoperative CEA indicates complete
resection of the tumor, while CEA/tumor size is focused on tumor malignancy. Third,
we did not include patients with neoadjuvant chemotherapy and/or radiotherapy
because both of them can influence preoperative CEA and tumor size and may bias
our result. Finally, in both cohorts, CEA/tumor size was included in the final Cox
model for DFS, which means that CEA/tumor size is an essential factor for DFS. But
the P-value was 0.003 in the validation cohort and 0.096 in the training cohort, which
may result from the insufficient sample size or discrepancy between the two cohorts.
Whether CEA/tumor size is really associated with DFS still needs further study.
Preoperative CEA/tumor size is a new method that can be used to predict the
outcomes of patients with stage I-III rectal cancer, which may influence the decisionmaking process for a specific treatment regimen and patient counselling. Since both
CEA level and tumor size are routinely measured before surgery, the data of
CEA/tumor size can be obtained by simple calculation. This will facilitate the

WJG

https://www.wjgnet.com

4951

September 7, 2019

Volume 25

Issue 33

Cai D et al. CEA/tumor size in rectal cancer
Figure 3

Figure 3 Kaplan-Meier survival curves and risk tables for overall survival. A: Kaplan-Meier survival curves and risk table for overall survival in the training cohort.
The 5-year overall survival (OS) of the high and low carcinoembryonic antigen (CEA)/tumor size groups were 56.7% and 81.1% (P < 0.001), respectively. B: KaplanMeier survival curves and risk table for overall survival in the validation cohort. The 5-year OS of the high and low CEA/tumor size groups were 58.8% and 85.6% (P <
0.001), respectively. The log-rank test was used to calculate the P-value. OS: Overall survival; CEA: Carcinoembryonic antigen.

application of CEA/tumor size in clinical practice. Compared with CEA, a great
advantage of CEA/tumor size is the ability to figure out those patients with higher
CEA but relatively small tumor size. The result of our study suggests that these easily
neglected tumors may represent higher malignancy and worse outcome. With the
optimization of risk stratification, clinicians can choose individualized treatment
options and the outcome of rectal cancer patients can be improved accordingly.
Of course, some limitations of our study design still need to be discussed. As a
retrospective study, we were not able to obtain high-level clinical evidence. We also
found that some patients did not reach an enough follow-up time, which may
influence the accuracy of our result. Since the estimated cutoff point was relatively
high, the high-risk group and low-risk group accounted for 20% and 80%,
respectively. Although the number of events per variable > 10 in our Cox model, a
larger sample size would be better to obtain more reliable results[28]. Therefore, a
large-scale prospective study and longer follow-up time are needed and we will try
our best to validate our conclusion in future studies. It is also worthwhile for other
researchers to further validate our study with new evidence, as we are looking
forward to a more accurate prognostic factor for rectal cancer.
In summary, patients with a high preoperative CEA/tumor size have a worse
outcome than those with a low CEA/tumor size. Preoperative CEA/tumor size may
play an important role in prognosis and treatment decisions of rectal cancer patients
after surgery.
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Table 2 Univariate analysis of prognostic factors for overall survival
Variable

Training cohort (n = 371)
Hazard ratio

95%CI

Validation cohort (n = 185)
P-value
a

Hazard ratio

95%CI

P-value

Age

1.02

1.00-1.04

0.024

1.03

1.00-1.06

0.070

Tumor size

1.04

0.92-1.18

0.506

1.14

0.95-1.37

0.164

Sex (ref = male)

1.43

0.88-2.31

0.145

0.85

0.41-1.77

0.665

TNM1 (ref = stage I)

1.74

1.26-2.41

0.001a

1.93

1.15-3.22

0.012a

a

1

Differentiation (ref = poor)

0.58

0.40-0.84

0.004

0.53

0.30-0.94

0.030a

Lymphovascular invasion (ref = negative)

1.88

0.96-3.68

0.066

3.11

1.19-8.13

0.021a

Perineural invasion (ref = negative)

1.03

0.41-2.56

0.954

1.29

0.31-5.46

0.729

CEA (ref = CEA < 5)

1.81

1.11-2.94

0.017a

2.72

1.33-5.59

0.006a

1.04-3.39

a

2.14

0.92-4.99

0.078

a

3.57

1.70-7.52

0.001a

CA 19-9 (ref = CA 19-9 < 37)
CEA/tumor size (ref = low)

1.88
2.45

1.46-4.11

0.036
0.001

1

These variables were treated as ordinal categorical data;
P < 0.05. CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; CI: Confidence interval; ref: Reference.

a

Table 3 Univariate analysis of prognostic factors for disease-free survival
Variable

Training cohort (n = 371)

Validation cohort (n = 185)

Hazard ratio

95%CI

P-value

Hazard ratio

95%CI

P-value

Age

1

0.99-1.02

0.572

1.02

0.99-1.04

0.173

Tumor size

1.01

0.91-1.12

0.828

1.12

0.97-1.30

0.128

Sex (ref = male)

1.26

0.85-1.87

0.247

0.75

0.41-1.37

0.353

TNM1 (ref = stage I)

1.9

1.45-2.50

<0.001a

1.6

1.07-2.39

0.023a

Differentiation (ref = poor)

0.78

0.58-1.06

0.113

0.6

0.38-0.95

0.031a

Lymphovascular invasion (ref = negative)

2.44

1.45-4.12

0.001a

2.63

1.11-6.22

0.028a

a

1

Perineural invasion (ref = negative)

2.17

1.23-3.82

0.008

1.98

0.78-5.03

0.151

CEA (ref = CEA < 5)

1.55

1.03-2.32

0.034a

1.9

1.05-3.41

0.033a

CA 19-9 (ref = CA 19-9 < 37)

1.43

0.85-2.42

0.177

1.96

0.97-3.96

0.061

2.58

1.37-4.85

0.003a

CEA/tumor size (ref = low)

1.72

1.10-2.71

a

0.018

1

These variables were treated as ordinal categorical data;
P < 0.05. CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; CI: Confidence interval; ref: Reference.

a

Table 4 Multivariate analysis of prognostic factors for overall survival and disease-free survival
Training cohort (n = 371)
OS

Hazard radio

Age
TNM1 (ref = stage I)
1

Differentiation (ref = poor)
CEA/tumor size (ref = low)

95%CI

Validation cohort (n = 185)
P-value

Hazard radio

95%CI

P-value

a

1.02

1.00-1.04

0.023

1.05

1.02-1.09

0.003a

1.47

1.04-2.07

0.031a

1.84

1.04-3.24

0.035a

0.39-0.85

a

0.50

0.28-0.90

0.021a

a

4.83

2.21-10.52

<0.001a

0.57

0.006

2.18

1.28-3.73

0.004

TNM1 (ref = stage I)

1.75

1.32-2.32

<0.001a

1.43

0.94-2.17

0.091

Lymphovascular invasion (ref = negative)

1.85

1.08-3.16

0.024a

2.45

1.00-6.03

0.05

CEA/tumor size (ref = low)

1.47

0.93-2.33

0.096

2.61

1.38-4.95

0.003a

DFS

1

These variables were treated as ordinal categorical data;
P < 0.05. CEA: Carcinoembryonic antigen; CI: Confidence interval; ref: Reference; OS: Overall survival; DFS: Disease-free survival.

a
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Figure 4

Figure 4 Kaplan-Meier survival curves and risk tables for disease-free survival. A: Kaplan-Meier survival curves and risk table for disease-free survival (DFS) in
the training cohort. The 5-year DFS of the high and low CEA/tumor size groups were 52.5% and 71.9% (P = 0.02), respectively. B: Kaplan-Meier survival curves and
risk table for DFS in the validation cohort. The 5-year DFS of the high and low CEA/tumor size groups were 50.3% vs 79.3% (P = 0.002), respectively. The log-rank
test was used to calculate the P-value. DFS: Disease-free survival; CEA: Carcinoembryonic antigen.
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Figure 5 Proportional hazards assumption test for overall survival by plotting the Schoenfeld residuals against time in the training cohort (A, C, E, and G)
and the validation cohort (B, D, F, and H). The X-axis represents the survival time, while the Beta values referring to age, TNM stage, differentiation, and
carcinoembryonic antigen/tumor size are shown on the Y-axis. The constant mean of residuals across time confirms that the proportional hazard assumption holds for
these covariate with all of the P-values > 0.05. CEA: Carcinoembryonic antigen.
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Figure 6

Figure 6 Proportional hazards assumption test for disease-free survival by plotting the Schoenfeld residuals against time in the training cohort (A, C, and
E) and the validation cohort (B, D, and F). The X-axis represents the survival time, while the Beta values referring to TNM stage, lymphovascular invasion, and
carcinoembryonic antigen/tumor size are shown on the Y-axis. The constant mean of residuals across time confirms that the proportional hazard assumption holds for
these covariate with all of the P-values > 0.05. CEA: Carcinoembryonic antigen.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most frequently diagnosed malignancy and one of the
leading causes of cancer-related mortality worldwide. Therapy options for CRC have been
developed rapidly in the past decade, but selecting optimal treatments for individuals remains a
great challenge for clinicians due to the lack of effective markers.

Research motivation
Controversy exists regarding the insufficient prognostic value of preoperative serum CEA alone,
which is a widely used biomarker in rectal cancer. Recent studies have found that local CEA may
play a more important role in the prognosis of CRC than overall serum CEA. Some studies have
tried to add another factor like tumor size to improve the prognostic value of biomarker, such as
prostate specific antigen density and tumor-infiltrating CD8+ T-cell density. Here, we combined
preoperative serum CEA and the maximum tumor diameter to correct the CEA level, which may
better reflect the malignancy of rectal cancer and improve the risk stratification system.

Research objectives
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We aimed to investigate the prognostic impact of the preoperative CEA/tumor size in patients
with rectal cancer, which may influence the decision-making process for a specific treatment
regimen and patient counselling.

Research methods
We retrospectively reviewed 696 stage I to III rectal cancer patients who underwent curative
tumor resection from 2007 to 2012. These patients were randomly divided into two cohorts for
cross-validation: Training cohort and validation cohort. The training cohort was used to generate
an optimal cutoff point and the validation cohort was used to further validate the model.
Maximally selected rank statistics were used to identify the optimum cutoff for CEA/tumor size.
The Kaplan-Meier method and log-rank test were used to plot the survival curve and to compare
the survival data. Univariate and multivariate Cox regression analyses were used to determine
the prognostic value of CEA/tumor size. The primary and secondary outcomes were overall
survival (OS) and disease-free survival (DFS), respectively.

Research results
In all, 556 patients who satisfied both the inclusion and exclusion criteria were included and
randomly divided into a training cohort (2/3 of 556, n = 371) and a validation cohort (1/3 of 556,
n = 185). The cutoff was 2.429 ng/mL per cm. Comparison of the baseline data showed that high
CEA/tumor size was correlated with older age, high TNM stage, presence of perineural
invasion, high CEA, and high carbohydrate antigen 19-9 (CA 19-9). Kaplan-Meier curves showed
a manifest reduction in 5-year OS (training cohort: 56.7% vs 81.1%, P < 0.001; validation cohort:
58.8% vs 85.6%, P <0.001) and DFS (training cohort: 52.5% vs 71.9%, P = 0.02; validation cohort:
50.3% vs 79.3%, P = 0.002) in the high CEA/tumor size group compared with the low
CEA/tumor size group. Univariate and multivariate analyses identified CEA/tumor size as an
independent prognostic factor for OS (training cohort: hazard ratio (HR) = 2.18 95% confidence
interval (CI): 1.28-3.73, P = 0.004; validation cohort: HR = 4.83, 95%CI: 2.21-10.52, P < 0.001) as
well as DFS (training cohort: HR = 1.47, 95% CI: 0.93-2.33, P = 0.096; validation cohort: HR: 2.61,
95%CI = 1.38-4.95, P = 0.003).

Research conclusions
This is the first study to evaluate the prognostic value of CEA/tumor size for stage I to III rectal
cancer. We found that patients with high CEA/tumor size tended to have a worse outcome.
Adjusting the confounding effect of tumor size can improve the prognostic value of CEA.
Compared with CEA, another great advantage of CEA/tumor size is the ability to figure out
those patients with higher CEA but relatively small tumor size. The results of our study suggest
that these easily neglected tumors may represent higher malignancy and worse outcome, which
may challenge the conventional risk stratification system. Since both CEA level and tumor size
are routinely measured before surgery, the data of CEA/tumor size can be obtained by simple
calculation. Therefore, CEA/tumor size can be easily applied in clinical practice.

Research perspectives
As a retrospective study, we were not able to obtain high-level clinical evidence, but the current
retrospective study will provide an important basis for us to carry out a prospective study. A
large-scale prospective study and longer follow-up time are needed in future study.
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Abstract
BACKGROUND
Liver stiffness measurement (LSM) tends to overestimate fibrosis stage in
nonalcoholic fatty liver disease (NAFLD). Controlled attenuation parameter
(CAP), provided by LSM device, has been introduced for noninvasive
quantification of hepatic steatosis.
AIM
To determine the role of CAP values in predicting liver fibrosis stage by LSM in
nonalcoholic steatohepatitis (NASH).
METHODS
One hundred eighty-four patients with biopsy proven NASH had LSM and CAP
evaluated at baseline. Among them, 130 patients had 1-year follow up LSM and
analyzed for the changes of LSM after pioglitazone or ursodeoxycholic acid
(UDCA) treatment.
RESULTS
In Kleiner fibrosis stage F0-1, LSM values increased at higher CAP tertile (P =
0.001), and in F2, at middle and higher tertiles (P = 0.027). No difference across
CAP tertiles was noticed in F3-4 (P = 0.752). Receiver operating characteristic
curve for LSM cutoff in diagnosis of F ≥ 2 identified 8.05 kPa for lower CAP
tertile, 9.35 kPa for middle, and 10.55 kPa for high tertile. When changes in
proportion of significant fibrosis (F ≥ 2) were assessed among pioglitazone and
UDCA treated patients considering CAP values, pioglitazone treated patients
demonstrated decrease in proportion of high LSM.
CONCLUSION
In patient with NAFLD, interpretation of LSM in association with CAP scores
may provide helpful information sparing unnecessary liver biopsy.
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Core tip: Liver stiffness measurement (LSM) is said to be exaggerated in nonalcoholic
fatty liver disease (NAFLD). We investigated the role of controlled attenuation
parameter (CAP), a means of measuring steatosis noninvasively, in predicting liver
fibrosis by LSM in 184 biopsy proven nonalcoholic steatohepatitis patients. The
optimum LSM cutoff for Kleiner fibrosis stage (F) ≥ 2 reflecting CAP values showed
higher cutoff with increased CAP tertile (LSM, 8.05 kPa for lower CAP tertile, 9.35 kPa
for middle, 10.45 kPa for high CAP tertile). Therefore, we suggest that interpretation of
LSM in patients with NAFLD should take CAP scores into account in order to avoid
unnecessary liver biopsy.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver
disease around worldwide. The spectrum of NAFLD ranges from simple steatosis
without evidence of liver injury to nonalcoholic steatohepatitis (NASH) with or
without liver fibrosis[1]. Although the natural history of NAFLD requires further
investigation, studies demonstrate that the severity of liver fibrosis is the most
important determinant of mortality and morbidity in patients with NAFLD [2-4] .
Patients with significant liver fibrosis [Kleiner classification fibrosis stage (F) ≥ 2]
showed decreased survival compared to those with no or minimal fibrosis (F0-1)[4].
NAFLD may progress from simple steatosis to NASH with fibrosis, and estimation of
severity of liver fibrosis is critical not only for the initial workup but also for followup[5].
Although liver biopsy is considered the gold standard for assessing the severity of
fibrosis [6] , it is an invasive procedure that might not be practical to perform
sequentially. Instead, the liver stiffness measurement (LSM), obtained by transient
elastograpy (TE) is a useful noninvasive means of assessing liver fibrosis. LSM values
are well correlated with the biopsy determined severity of fibrosis[7-9]. However, the
diagnostic performance of LSM is known to be affected by obesity and the severity of
steatosis, which are closely associated with NAFLD, resulting in overestimation of the
LSM in patients with NAFLD [10-12] . Recently, FibroScan, a type of TE, has been
equipped with controlled attenuation parameter (CAP), software to enable
noninvasive quantification of hepatic steatosis. The CAP value was strongly
correlated with the histologically assessed percentage of liver fat in patients with
NAFLD, but is susceptible to interference by liver fibrosis[13]. However, CAP may
enhance the accuracy of TE measured LSM in patients with NAFLD[14]. We evaluated
the role of the CAP value in predicting the liver fibrosis stage based on LSM in
patients with biopsy proven NASH.

MATERIALS AND METHODS
Study design
This retrospective study involved patients with biopsy proven NASH evaluated at
Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Republic
of Korea. Liver biopsy was performed to confirm the diagnosis of NASH in patients
with ultrasound findings of fatty liver and persistent (> 6 mo) elevation of the alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) level without excessive
alcohol consumption (30 g/day in men and 20 g/day in women). Patients in whom
liver stiffness was evaluated within 1 mo before the liver biopsy were included in the
analysis. The exclusion criteria were as follows: (1) Liver disease of other or mixed
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etiology (such as hepatitis B infection, hepatitis C infection, alcohol abuse,
autoimmune liver disease, Wilson’s disease, or drug-induced liver disease); (2) LSM
evaluated while the AST or ALT level was more than fivefold the upper limit of
normal (ULN); (3) Hepatocellular carcinoma; (4) Advanced liver cirrhosis (ChildTurcotte-Pugh B and C); (5) Previous treatment with steatosis-inducing drugs such as
tamoxifen, aromatase inhibitor, valproic acid, amiodarone or corticosteroid; (6)
Human immunodeficiency virus infection; (7) Active intravenous drug addiction or
use of cannabis; and (8) Insufficient clinical data.
This study was performed in accordance with the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of
Gangnam Severance Hospital (permit no: 3-2019-0010). The requirement for written
informed consent was exempted by the IRB since the database was accessed only for
analysis purposes and the patients’ personal information was anonymized by coding.

Clinical assessment
Demographic, clinical and anthropometric data were collected at the time of liver
biopsy. Hypertension was defined as use of antihypertensive medication and type 2
diabetes mellitus was considered present if the fasting glucose level was ≥ 126 mg/dL
or antidiabetic agents were being used. Body mass index (BMI) was calculated as
body weight in kilogram divided by the square of height in meters, and a BMI ≥ 25
kg/m2 was considered to indicate obesity based on the criteria used in the AsianPacific region[15].

Liver stiffness measurement
TE was performed using a FibroScan (Echosens, Paris, France), medical device, with a
standard probe. Only LS values with at least 10 valid measurements, a success rate of
at least 60%, and an interquartile range-to-median ratio of < 30% were considered
reliable, as suggested by previous studies[16,17]. In addition, patients in whom LS was
measured while the AST or ALT > 5 × ULN was present, were excluded from the
analysis due to possible exaggerated LSM values as previous studies
demonstrated[18,19]. The baseline LSM was obtained within 1 month before liver biopsy.
The follow-up LSM was performed after 12 mo of NASH treatment with daily dose of
15 mg pioglitazone, peroxisome proliferator-activated receptor (PPAR)-γ agonist, or
300 mg/day ursodeoxycholic acid (UDCA) following liver biopsy.

Histologic assessment
A single liver-dedicated expert pathologist, blinded to the patients’ identity,
performed the histologic analysis. A ≥ 15-mm-long biopsy specimen or the presence
of at least 10 complete portal tracts was considered adequate for the analysis[20]. NASH
was diagnosed according to the NASH Clinical Research Network System, and was
defined as the presence of ≥ 5% hepatic steatosis and inflammation with hepatocyte
injury such as ballooning with or without fibrosis[21].

Statistical analysis
All statistical tests were performed using IBM SPSS Statistics 22.0 (IBM, Armonk, NY,
United States). Continuous variables are expressed as means ± standard deviation
(SD) or medians (range). The area under the receiver-operating characteristic (ROC)
curve was calculated to reflect the overall accuracy of LSM for diagnosing significant
fibrosis (F2-4). Categorical variables were compared by using two-sided χ2-test (or
Fisher’s exact test, or McNemar test, as appropriate) and continuous variables by
independent or Mann-Whitney test as appropriate. A paired t test was performed to
evaluate changes in LSM. A two-sided P value of < 0.05 was considered indicative of
statistical significance.

RESULTS
Patients
From January 2010 to December 2017, 325 patients underwent liver biopsy and LSM
assessed due to suspicion of NASH. Among them, 184 patients met the inclusion and
exclusion criteria and were thus included in the analysis. The baseline characteristics
of the 184 patients with NASH are listed in Table 1.

Assessment of steatosis using CAP
Among the 184 patients with biopsy proven NASH, the distribution of the
histologically assessed steatosis grade (S) was as follows: S1, n = 44 (2.9%); S2, n = 81
(44.0%); S3, n = 59 (32.1%) (Figure 1). The CAP scores were significantly different
between S1 and S2-S3 (P < 0.001). However, no significant difference was detected
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Table 1 Demographic, clinical, biochemical and histological characteristics of 184 patients with
nonalcoholic steatohepatitis
Variable

NAFLD (n = 184)

Age (yr)

44.6 ± 14.5

Male gender

127 (69.0%)

Body mass index, median (range, kg/m2)

29.3 (19.8-44.5)

Body mass index ≥ 25 kg/m2

156 (84.8%)

Diabetes

69 (37.5%)

Hypertension

54 (29.3%)

Hyperlipidemia

75 (40.8%)

Fasting glucose (mg/dL)

117.9 ± 32.9

HDL cholesterol (md/dL)

47.1 ± 11.8

Triglycerides (mg/dL)

193.8 ± 127.5

LDL cholesterol (mg/dL)

131.7 ± 31.3

Alanine aminotransferase (U/L)

92.4 ± 68.1

Aspartate aminotransferase (U/L)

67.3 ± 39.2

Gamma glutamyltransferase (U/L)

74.1 ± 86.7

Platelet (× 1000/mm3)

244.8 ± 58.6

Albumin (g/dL)

4.5 ± 0.3

Liver stiffness (kPa)

10.9 ± 4.9

Stiffness IQR (kPa)

1.8 ± 3.3

CAP (dB/m)

320.9 ± 37.1

Lower tertile

223-310

Middle tertile

311-339

Higher tertile

340-400

CAP IQR (dB/m)

24.7 ± 9.5

Histology at biopsy
Steatosis grade
1 (5%-33%)

44 (23.9%)

2 (34%-66%)

81 (44.0%)

3 (> 66%)

59 (32.1%)

Stage of fibrosis (Kleiner)
0

20 (10.9%)

1

84 (45.7%)

2

53 (28.8%)

3

21 (11.4%)

4

6 (3.3%)

Data are expressed as the mean ± standard deviation, median (range) or number (%). HDL: High-density
lipoprotein; LDL: Low-density lipoprotein; CAP: Controlled attenuation parameter; IQR: Interquartile range;
NAFLD: Nonalcoholic fatty liver disease.

between S2 and S3 (P = 0.075). The ROC curve showed the optimum CAP cutoff for ≥
S2 was 313.5 dB/m [area under the curve (AUC), 0.736; sensitivity, 72.9%; specificity,
63.6%]. On the other hands, the accuracy dropped to an AUC of 0.656 for S3, with a
cutoff of 323.5 dB/m (sensitivity 64.4%; specificity 55.2%).

Factors associated with LSM
LSM significantly increased with the histologically detected fibrosis stage (F0, 7.5 ±
2.1; F1, 9.8 ± 2.7; F2, 11.8 ± 4.9; F3, 15.4 ± 6.9; and F4, 20.3 ± 8.8 kPa) (P < 0.001). The
ROC curve showed that the optimum LSM cutoff for ≥ F2 was 8.95 kPa (AUC, 0.730;
sensitivity, 72.5%; specificity, 65.4%). According to univariate and multivariate
analyses, the CAP values and pathologically detected fibrosis stage was significantly
associated with LSM (Table 2).
Although there were significant differences in CAP scores between S1 and S2-S3, no
cutoff could differentiate S3 from S2. S2 and S3 accounted for the majority of the
patients (76.1%, 140/184). Furthermore, in a multivariate analysis, the CAP value, but
not the pathologically detected steatosis grade, was associated with LSM. Therefore,
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Figure 1

Figure 1 Distribution of controlled attenuation parameter scores according to histologically assessed
steatosis grades (S). CAP: Controlled attenuation parameter.

the variations in the LSM value for each stage of liver fibrosis was evaluated
according to arbitrary CAP tertiles (lower, 223-310; middle, 311-339; high 340-400
dB/m) (Figure 2). For F0-1, LSM values significantly increased at high CAP tertile (P =
0.001) (Figure 2A). For F2, LSM values were higher for the middle and high CAP
tertiles (P = 0.027) (Figure 2B). However, the LSM values did not differ significantly
according to CAP tertile in patients with NASH and advanced fibrosis (F3-4) (P =
0.752) (Figure 2C).
When cutoff of 8.95 kPa was used to diagnose significant fibrosis (F ≥ 2), positive
predictive values in lower, middle and high CAP tertiles was 21/31 (67.7%), 19/32
(59.4%) and 23/49 (46.9%), respectively. False positive rates increased with increasing
CAP tertile (Figure 3A). However, when different cutoffs were used for each CAP
tertile, differences in false positive rates among different CAP tertile were reduced
and the false positive rate in high CAP tertile decreased (Figure 3B). ROC curves
showed that the optimum LSM cutoff for diagnosis of F ≥ 2 was 8.05 kPa (AUC, 0.682;
sensitivity, 73.5%; specificity 51.7%) for the lower CAP tertile, LSM of 9.35 kPa (AUC,
0.843; sensitivity, 90.5%; specificity 71.8%) for the middle CAP tertile, and LSM of
10.55 kPa (AUC 0.682; sensitivity, 76.0%; specificity 52.8%) for high CAP tertile.

Effect of PPAR-γ agonist on follow up LSM
Among the 184 patients with biopsy proven NASH, 130 patients had LS measured 1
year after liver biopsy and were treated with PPAR-γ agonist (pioglitazone) 15
mg/day (n = 80) or UDCA 300 mg/day (n = 50). Regarding the baseline
characteristics, there was no significant difference in BMI, LS value or CAP score
between the two groups (Table 3). However, the pioglitazone group had higher rates
of DM and hypertension (P = 0.048, P = 0.049, respectively).
The patients treated with pioglitazone demonstrated a decreased LSM value after
1- year of treatment (P < 0.001), when that in UDCA-treated patients did not change
significantly (P = 0.068) (Figure 4). The CAP values did not show significant changes
after treatment with pioglitazone (318.2 ± 37.9 vs 313.2 ± 41.5 dB/m, P = 0.197) or
UDCA (319.3 ± 37.1 vs 309.2 ± 38.2 dB/m, P = 0.057). Changes in the proportion of
patients with LSM suggesting significant fibrosis (F ≥ 2) were assessed separately in
the pioglitazone and UDCA groups according to the LSM cutoffs for each CAP tertile,
that were obtained from the analysis with 184 patients. Among the patient with lower
CAP tertile (223-309 dB/m), those treated with pioglitazone showed a decreased
proportion of high LSM values (F ≥ 2) but the proportion of high LSM values did not
change significantly among the patients treated with UDCA (Figure 4A). Similar
results were noted in patients with middle (310-332 dB/m) and high CAP tertile (333400 dB/m) (Figure 4B and C).

DISCUSSION
This study of 184 patients with biopsy proven NASH demonstrated that high CAP
scores are associated with increased LSM values at the same fibrosis stage, resulting in
overestimation of liver fibrosis. Lower positive predictive values were noted in
patients in the high CAP tertile, particularly those with F0-2. Therefore, higher LSM
cutoffs might be useful for identifying significant fibrosis in patients with NAFLD and
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Table 2 Univariate and multivariate analysis of factors associated with liver stiffness
measurements as continuous variable in 184 patients with nonalcoholic steatohepatitis by linear
regression analysis
Univariate analysis
Variable

β

SE

Multivariate analysis
P
a

β

SE

P

0.017

0.022

0.451

Age (yr)

0.053

0.025

0.037

Male gender

0.957

0.792

0.228

BMI (kg/m2)

-0.032

0.083

0.700

CAP (dB/m)

0.022

0.010

0.026a

0.041

0.009

< 0.001b

LS IQR (kPa)

0.329

0.109

0.003b

0.294

0.022

0.451

Steatosis

-0.895

0.490

0.445

0.233

Lobular inflammation

1.134

Histology at biopsy

Ballooning

0.069

-0.532

0.082

0.152

0.776

1.366

0.650

0.008b

0.638

0.532

0.131

2.769

0.509

< 0.001b

2.665

0.421

< 0.001b

Fibrosis

0.331

0.344

a

P < 0.05;
P < 0.01. SE: Standard error; BMI: Body mass index; CAP: Controlled attenuated parameter; LS IQR: Liver
stiffness interquartile range.
b

high CAP values. Although a “high CAP cutoff value” had yet to be defined, the
cutoff for the high CAP tertile in this study was 330-340 dB/m.
Two prospective cohort studies on the natural history of NAFLD proposed that the
severity of liver fibrosis is the most important predictor of liver-related complications
as well as survival in patients with NAFLD[2,3]. In addition, recent studies suggested
that only the severity of fibrosis is an important prognostic factor for NAFLD, and is
independent of NASH and the severity of inflammation [ 4 , 2 2 ] . These studies
investigated the prognostic value of the baseline liver fibrosis stage, and one also
assessed the progression of liver fibrosis in patients with NAFLD[5]. Therefore, when
sequential liver biopsy is not practical, accurate prediction of fibrosis stage using
noninvasive methods is important. To reduce the effect of hepatic steatosis, as
indicated by CAP scores, on the prediction of fibrosis based on LSM, we calculated
the cutoff values for significant fibrosis in according to CAP tertile. We applied
arbitrary CAP tertiles since the CAP score did not accurately differentiate S2 from S3
which accounted for the majority of the patients. Also, CAP reportedly cannot
differentiate adjacent grades of steatosis with high precision[23]. As a noninvasive
means of steatosis measurement, magnetic resonance imaging (MRI)-proton density
fat traction (PDFF) is reported to be more accurate for predicting hepatic steatosis
compared to CAP [24] . Magnetic resonance elastography (MRE) has the highest
diagnostic accuracy for staging fibrosis in patients with NAFLD. However, both MRIPDFF and MRE are MRI-based tools that require more space and more costly than
FibroScan with CAP[25].
Cutoff values according to CAP tertile were applied to estimate the effect of
pioglitazone and UDCA on the LSM values at the 1-year follow up. Treatment with
pioglitazone reduced LSM-estimated proportion of significant fibrosis. However, the
CAP score did not change significantly after pioglitazone or UDCA administration. In
recent NAFLD practice guidance, pioglitazone and 800 IU/day vitamin E are
recommended to improve liver histology in patients with NASH[26]. The 184 patients
from which the LSM cutoff values for significant fibrosis were estimated included 130
patients treated with pioglitazone or UDCA. Although pioglitazone improved the
LSM value, the utility of this result is limited by several factors. Ironically, the
accuracy of LSM cutoff determined based on the CAP score cannot be validated
without follow-up biopsy after pioglitazone or UDCA treatment in patients with
NASH. Therefore, studies involving paired liver biopsies are needed, until more
reliable LSM standards for NAFLD are established. Secondly, being a retrospective,
observational study, the baseline demographic parameters of the pioglitazone and
UDCA-treated groups were not matched. Patients treated with pioglitazone were
more likely to be diabetic and hypertensive which are important elements of
metabolic syndrome. Among NAFLD patients with fibrosis progression, 80% were
diabetic, suggesting that diabetes promotes the progression of NASH[5]. Although it
involved a larger number of patients with diabetes, our study showed that
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Figure 2

Figure 2 Distribution of liver stiffness values within the same Kleiner fibrosis stages (F0-4) in different controlled attenuation parameter tertiles. A: F0-1; B:
F2; C: F3-4. CAP: Controlled attenuation parameter.

pioglitazone resulted in a reduced proportion of patients with high LSM values
compared to UDCA. However, the sample size was too small to reach a definite
conclusion. Finally, unlike previous investigations of the effect of pioglitazone on
NASH, the patients in this study received low dose of pioglitazone (15 mg/day). Two
randomized studies of the effect of pioglitazone on NASH prescribed pioglitazone 30
mg or 45 mg daily to patients with NASH[27,28]. The mean BMIs of the patients in these
previous studies were about 33-35 kg/m2, compare to 29.2 ± 4.5 kg/m2 in this study,
and the lower dose of pioglitazone may have been effective due to the lower BMI of
our patients. Further studies investigating smaller doses of pioglitazone on patients
with NASH are needed to verify our results.
In conclusion, LSM in patients with NASH may overestimate the liver fibrosis
stage, particularly in those with high CAP values. Interpretation of LSM results taking
into consideration the simultaneously measured CAP scores may prevent the
performance of unnecessary liver biopsy in patients with NAFLD.
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Table 3 Demographic, clinical, biochemical and histological characteristics of patients with nonalcoholic steatohepatitis under either
pioglitazone or ursodeoxycholic acid
Variable

Pioglitazone group (n = 80)

UDCA group (n = 50)

P value

Age (yr)

47.6 ± 14.5

44.9 ± 14.5

0.303

Male gender

60 (75.0%)

30 (60.0)

0.071

Body mass index ≥ 25 kg/m2

66 (82.5%)

41 (82.0%)

0.942

Diabetes

38 (47.5%)

15 (30.0)

0.048a

Hypertension

29 (36.2%)

10 (20.0%)

0.049a

Hyperlipidemia

36 (45.0%)

26 (52.0%)

0.437

Fasting glucose (mg/dL)

121.3 ± 34.5

112.5 ± 24.1

0.090

HDL cholesterol (md/dL)

47.9 ± 10.0

47.7 ± 14.1

0.923

Triglycerides (mg/dL)

199.5 ± 147.7

185.9 ± 105.2

0.590

LDL cholesterol (mg/dL)

130.5 ± 29.4

136.4 ± 34.8

0.435

Alanine aminotransferase (U/L)

103.0 ± 76.1

74.6 ± 48.7

0.011a

Aspartate aminotransferase (U/L)

70.2 ± 40.5

65.7 ± 42.8

0.554

Gamma glutamyltransferase (U/L)

63.9 ± 61.3

62.3 ± 41.8

0.856

Platelet (× 1000/mm3)

229.8 ± 54.8

253.2 ± 54.4

0.019a

Albumin (g/dL)

4.5 ± 0.3

4.5 ± 0.3

0.866

Liver stiffness (kPa)

11.7 ± 4.8

10.5 ± 5.4

0.183

Stiffness IQR (kPa)

2.2 ± 4.7

1.4 ± 0.9

0.387

CAP (dB/m)

318.2 ± 37.9

319.3 ± 37.1

0.873

CAP IQR (dB/m)

25.2 ± 9.0

23.0 ± 10.1

0.216
0.017a

Fibrosis score (Kleiner)
F0

2 (2.5%)

9 (18.0%)

F1

41 (51.2%)

21 (42.0%)

F2

24 (30.0%)

15 (30.0%)

F3-4

13 (16.3%)

5 (10.0%)

Data are expressed as the mean ± standard deviation or median (range) or number (%),
a
P < 0.05. UDCA: Ursodeoxycholic acid; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CAP: Controlled attenuation parameter; IQR:
Interquartile range.

Figure 3

Figure 3 False-positive rates when evaluating liver fibrosis stages by liver stiffness measurements. A: The cutoff of 8.95 kPa for detecting Kleiner fibrosis
stage (F) ≥ 2 was applied in all controlled attenuation parameter (CAP) tertiles; B: Different cutoffs were applied according to CAP tertiles. CAP: Controlled attenuation
parameter; LSM: Liver stiffness measurements.
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Figure 4

Figure 4 Change in the proportion of liver stiffness measurements predicting significant liver fibrosis, Kleiner fibrosis stage F ≥ 2, after 1-year of
pioglitazone or ursodeoxycholic acid treatment. A: In the lower controlled attenuation parameter (CAP) tertile; B: In the middle CAP tertile; C: In the high CAP
tertile. The liver stiffness measurements (LSM) cutoff values for F ≥ 2 are derived from the analysis 184 patients with biopsy proven nonalcoholic steatohepatitis after
considering different CAP scores in tertiles. The changes in LSM values are compared by paired t-test. CAP: Controlled attenuation parameter; LSM: Liver stiffness
measurements.

ARTICLE HIGHLIGHTS
Research background
In nonalcoholic fatty liver disease (NAFLD), studies demonstrate that the severity of liver
fibrosis is the most important determinant of the disease prognosis. Although liver biopsy is
considered the gold standard for identifying fibrosis stage, it is an invasive procedure, and liver
stiffness measurement (LSM) is widely preformed as a noninvasive means. However, LSM tends
to overestimate fibrosis stage in NAFLD.

Research motivation
Controlled attenuation parameter (CAP), provided by LSM device, has been introduced for
noninvasive quantification of hepatic steatosis. It also has been suggested that CAP may
contribute in enhancing the accuracy of transient elastography measured LSM in patients with
NAFLD.

Research objectives
Our aim was to determine the role of CAP values in predicting liver fibrosis stages by LSM.

Research methods
This retrospective study involves 184 patients with biopsy proven nonalcoholic steatohepatitis
(NASH), seen at a tertiary hospital in Seoul, Republic of Korea between 2010 and 2017. These
patients had LSM and CAP evaluated within one month before the liver biopsy. Liver stiffness
and CAP scores were measured by the FibroScan (Echosens, Paris, France), a medical device,
using a standard probe. The patients in whom liver stiffness was measured when aspartate
aminotransferase or alanine aminotransferase level was more than fivefold the upper limit of
normal were excluded from the analysis due to the possibility of exacerbated LSM values. From
184 patients, 130 patients had 1-year follow-up LSM and analyzed for the changes of LSM after
pioglitazone or ursodeoxycholic acid (UDCA) treatment.

Research results
Among 184 NASH patients with liver biopsy, histologically assessed steatosis grade (S) was
distributed as follows: S1, n = 44 (2.9%); S2, n = 81 (44.0%); S3, n = 59 (32.1%). CAP scores were
significantly different between S1 and S2-S3 (P < 0.001). However, no significant difference was
found between S2 and S3 (P = 0.075). LSM significantly increased in accordance with the liver
biopsy detected fibrosis stage (P < 0.001). After multivariate analysis, CAP value along with
pathologically detected fibrosis stages was identified as a significant factor associated with LSM.
Since our assessment showed that no reliable cutoff was demonstrated to differentiate S3 from S2
and 76.1% (140/184) of our study patients were either S2 or S3, variations of LSM within the
same stage of liver fibrosis was evaluated according to the arbitrary CAP tertiles (lower 223-310,
middle 311-339, high 340-400 dB/m). In Kleiner fibrosis stage F0 - 1, LSM values increased at
high CAP tertile (P = 0.001), and in F2, at middle and high tertile (P = 0.027). No difference was
noticed in F3-4 (P = 0.752) according to CAP tertile. Receiver operating characteristic curves for
LSM cutoff in diagnosis of F ≥ 2 identified 8.05 kPa for lower CAP tertile, 9.35 kPa for middle,
and 10.55 kPa for high tertile. The patients treated with pioglitozone demonstrated decreased
LSM values after 1 year of the treatment (P < 0.001), when that in UDCA treated patients did not
show significant changes (P = 0.068). CAP values did not show significant changes after
pioglitazone (P = 0.197) or UDCA treatment (P = 0.057). When changes in proportion of
significant fibrosis (F ≥ 2) were assessed among pioglitazone or UDCA treated patients reflecting
CAP values, pioglitazone treated patients demonstrated decrease in proportion of high LSM.

Research conclusions
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In conclusion, LSM in NASH may overestimate the liver fibrosis stage particularly in patients
with high CAP values. Interpretation of LSM considering simultaneously measured CAP scores
may provide more helpful information preventing unnecessary liver biopsy in patients with
NAFLD.

Research perspectives
In patients with NAFLD with high CAP scores, LSM cutoff that leads to liver biopsy may need to
be set higher than in those with other chronic liver diseases. Validation studies for more precise
LSM cutoffs should be performed incorporating larger number of patients with biopsy proven
NAFLD. With more reliable LSM cutoffs for noninvasive diagnosis of liver fibrosis in NAFLD,
clinical studies evaluating efficacies of treatment would be more widely preformed in NAFLD.
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Abstract
BACKGROUND
Obstructive colorectal cancer (OCC) is always accompanied by severe
complications, and the optimal strategy for patients with OCC remains
undetermined. Different from emergency surgery (ES), self-expandable metal
stents (SEMS) as a bridge to surgery (BTS), could increase the likelihood of
primary anastomosis. However, the stent failure and related complications might
give rise to a high recurrence rate. Few studies have focused on the indications
for either method, and the relationship between preoperative inflammation
indexes and the prognosis of OCC is still underestimated.
AIM
To explore the indications for ES and BTS in OCCs based on preoperative
inflammation indexes.
METHODS
One hundred and twenty-eight patients who underwent ES or BTS from 2008 to
2015 were enrolled. Receiver operating characteristic (ROC) curve analysis was
used to define the optimal preoperative inflammation index and its cutoff point.
Kaplan–Meier analyses and Cox proportional hazards models were applied to
assess the association between the preoperative inflammation indexes and the
survival outcomes [overall survival (OS) and disease-free survival (DFS)].
Stratification analysis was performed to identify the subgroups that would
benefit from ES or BTS.
RESULTS
OS and DFS were comparable between the ES and BTS groups (P > 0.05). ROC
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curve analysis showed derived neutrophil-to-lymphocyte ratio (dNLR) as the
optimal biomarker for the prediction of DFS in ES (P < 0.05). Lymphocyte-tomonocyte ratio (LMR) was recommended for BTS with regard to OS and DFS (P
< 0.05). dNLR was related to stoma construction (P = 0.001), pneumonia (P =
0.054), and DFS (P = 0.009) in ES. LMR was closely related to lymph node
invasion (LVI) (P = 0.009), OS (P = 0.020), and DFS (P = 0.046) in the BTS group.
dNLR was an independent risk factor for ES in both OS (P = 0.032) and DFS (P =
0.016). LMR affected OS (P = 0.053) and DFS (P = 0.052) in the BTS group. LMR
could differentiate the OS between the ES and BTS groups (P < 0.05).
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CONCLUSION
Preoperative dNLR and LMR could predict OS and DFS in patients undergoing
ES and BTS, respectively. For OCC, as the potential benefit group, patients with a
low LMR might be preferred for BTS via SEMS insertion.
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Core tip: As a supplement to recent guidelines, this manuscript demonstrates that
lymphocyte-to-monocyte ratio could effectively differentiates the survival outcome
between self-expanding metal stenting and emergency surgery in patients with
obstructive colon cancer. Self-expanding metal stents might be preferred to the “potential
benefit group” that with a low preoperative lymphocyte-to-monocyte ratio (<1.67).
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INTRODUCTION
Although several studies have been implemented in the screening for colorectal
cancer, approximately 8%-29% of patients are diagnosed with obstructive colorectal
cancer (OCC) as the first symptom[1,2]. Emergency surgery (ES) with or without stoma
construction and self-expandable metal stent (SEMS) insertion as a bridge to surgery
(BTS) are the current methods for OCC[3]. A BTS is preferred for symptomatic OCC
due to effective decompression, better preoperative nutritional preparation, an
improvement in the immunological reaction, and a lower incidence of stoma
creation[4,5]. However, the enhancement of tumor dissemination and early recurrence
reported by some studies hinder the usage of a self-expandable metal stent in OCC[6,7].
Despite this, there is still no common consensus. Several predictive models on the
prognostic outcome of OCC, including ASA, age, Duck’s stage, and prognostic
nutritional index, have been established [8,9] , but few focus on the inflammation
index[10].
The inflammatory response plays a dual role in the development of a tumor. On
one hand, a chronic inflammatory response triggers the local accumulation of
monocytes, platelets, and neutrophils, which secrete cytokines and inflammatory
factors to induce tumor angiogenesis and metastasis. On the other hand, increasing
monocytes and lymphatic cells would enhance the resistance against tumor
invasion[11]. Increasing evidence shows that an elevated neutrophil-to-lymphocyte
ratio (NLR) is closely related to a poor prognosis in ovarian cancer, cholangiocarcinoma, and elective colorectal cancer (CRC)[12-14]. The overexpression of circulating
derived NLR, an effective biomarker for the diagnosis of early pancreatic cancer[15],
was accompanied by increasing distal organ invasion in metastatic CRC [16] . An
elevated preoperative lymphocyte-to-monocyte ratio (LMR), as a superior existing
biomarker, was positively correlated with the survival outcomes of patients with
resectable CRC and presented better overall survival[17]. Other inflammatory indexes,
such as the platelet-to-lymphocyte ratio (PLR)[14] and systemic immune inflammation
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index (SII)[18], have also been studied in the exploration of optimal predictive models
for tumor recurrence.
Different from the acute inflammatory response in patients undergoing ES, the
alleviation of bowel obstruction after successful SEMS insertion in patients
undergoing BTS would elicit a better immunological reaction and nutritional support,
which might change the predictive factors for prognosis between the two groups.
Preoperative inflammation indexes might favor patient selection and the
establishment of a valid predictive model for the prognosis of OCC. In this study, we
compared different inflammation indexes and other clinicopathological factors to
evaluate the potential indications for ES and BTS for OCC.

MATERIALS AND METHODS
Patient population
All patients (n = 128) who underwent surgery for OCC at the Department of
Emergency Surgery of Fujian Medical University Union Hospital from January 2008
to October 2015 were included in this study. Data from the patients’ records were
retrospectively collected and evaluated. The Institutional Review Board of Fujian
Medical Union Hospital approved the study protocol. All patients provided informed
consent for surgery. Patients were divided into an ES group and a BTS group based
on the grade of bowel obstruction and families’ choices. For incomplete obstruction,
ES was preferred as the first choice. For complete obstruction, once patients who
refused to accept SEMS insertion or failed in SEMS insertion, they would accept ES
with intraoperative decompression.

Classification criteria
Patients who manifested with bowel obstruction were enrolled in this study. All
diagnoses of OCC were confirmed by both emergency abdominal computed
tomography (CT) and a pathological examination. The exclusion criteria were as
follows: (1) Patients who rejected surgery or were diagnosed with acute peritonitis or
perforation; (2) Patients with severe infection, hematological diseases, or an
immunological deficit; and (3) Patients who received preoperative adjuvant
chemotherapy, radiotherapy, or immunotherapy.

Surgical protocols
For left-side OCC, we performed intraoperative lavage or manual decompression for
better bowel preparation, and these protocols have been previously depicted. For
right-side OCC, radical dissection with one-stage anastomosis was performed[19].

SEMS with BTS
Stent insertion was performed by an endoscopist who had experienced over 400
endoscopic retrograde cholangiopancreatography (ERCP) procedures. Bridge to
elective surgery was performed, once the stent was so successfully inserted that the
intestinal obstruction completely relieved. Otherwise, ES was immediately performed.

Definition of variants
The neutrophil, lymphocyte, monocyte, and platelet counts from the peripheral blood
tests and the inflammation indexes dependent on these factors were performed before
surgery (e.g., NLR, dNLR, LMR, PLR, and SII) and stent insertion (e.g., NLR-pre,
dNLR-pre, LMR-pre, PLR-pre, and SII-pre). The methods for the calculation of NLR,
dNLR, LMR, and PLR have been described in previous studies [13] . The SII was
calculated as (platelet count × neutrophil count)/lymphocyte count[18]. The cutoff
point and the area under the curve (AUC) value of each inflammation index for the
prediction of OS and DFS were determined with X-tile 3.6.1 software (Yale University,
New Haven, CT, United States) [20] . According to the cutoff point, patients were
divided into low-ratio and high-ratio groups for further analysis.
According to the American Joint Committee on Cancer (AJCC) Cancer Staging
Manual (7th edition)[21], we classified the tumor pathological stage. Comorbidities
were defined as hypertension, diabetes mellitus, and single and multiple organ
dysfunction. The degree of obstructive symptoms was divided into five grades,
termed as The ColoRectal Obstruction Scoring System (CROSS)[22]. According to the
Clavien-Dindo classification system[23,24], we classified the perioperative complications
into five grades.

Statistical analysis
Qualitative variables were compared by the χ 2 test or Fisher’s exact test, and
quantitative variables were compared via t-tests. Through Kaplan-Meier analysis, the
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3-year OS and 3-year DFS were calculated. A Cox proportional hazards regression
model was built to identify the independent risk factors for 3-year DFS and 3-year OS.
Stratification analysis was used to compare the differences between subgroups. All Pvalues less than 0.05 were considered statistically significant. All statistical analyses
and graphs were generated using SPSS 23.0 software.

RESULTS
Baseline characteristics
There were 128 patients enrolled in this study, who were divided into an ES group (n
= 90) and a BTS group (n = 38), with similar age and sex ratios between the groups (P
> 0.05). The average tumor size was 6.88 ± 2.68 cm in the BTS group, with a higher
proportion of tumors located on the left side of the colon (73.70% vs 41.10%, P =
0.005), and was much larger than the tumor size in the ES group (5.76 ± 2.12 cm, P =
0.015). Moreover, the obstructive symptoms were more severe in the BTS group than
in the ES group (Grade 0-I, 97.40% vs 68.50%, P = 0.001), as presented in Table 1. The
remaining characteristic factors, including BMI, abdominal surgery history,
comorbidities, ASA grade, pTNM stage, histological features, and the ratio of
chemotherapy were similar between the ES and BTS groups (P > 0.05).

Outcome comparison between the ES and BTS groups
The blood loss in the BTS group was lower than that in the ES group (133.68 ± 95.76
mL vs 177.30 ± 134.37 mL, P = 0.072), with similar gastrointestinal recovery and
postoperative complications (P > 0.05) (Table 2). Analogical survival outcomes
including 3-year OS (30.10 ± 9.64 mo vs 29.41 ± 11.33 mo, P = 0.732) and 3-year DFS
(27.59 ± 12.19 mo vs 27.48 12.17 mo, P = 0.969) were compared between the ES and
BTS groups, and are plotted in Figure 1.

Predictive values and cutoff points of different inflammation indexes
A decreasing tendency was observed for WBC (8.56 × 109 ± 3.44 × 109), NLR (4.88 ±
3.02), and SII (1235.74 ± 849.53) in the BTS group after SEMS insertion, compared with
the WBC (7.57 × 109 ± 2.61 × 109), NLR (6.05 ± 3.03), and SII (1712.60 ± 1157. 32) before
SEMS insertion (P < 0.05), as presented in Table 1. Different inflammation indexes
were analyzed between the ES and BTS groups. As a result, dNLR was preferred as a
prognostic biomarker for the ES group since it had the highest AUC for 3-year OS
(0.679, 95%CI: 0.551-0.808) and 3-year DFS (0.679, 95%CI: 0.551-0.808); the cutoff point
value was 1.57. Conversely, based on the highest AUC for 3-year OS (0.611, 95%CI:
0.424-0.798) and 3-year DFS (0.571, 95%CI: 0.366-0.776), the LMR was recommended
as a prognostic biomarker for the BTS group, with 1.67 as its cutoff point. These data
are depicted in Table 3 and plotted in Figure 2.

Clinical evaluation of different inflammation indexes
In Table 4, patients were divided into high-ratio and low-ratio grades based on the
dNLR in the ES group and the LMR in the BTS group. A high-ratio grade of dNLR (≥
1.57) was closely related to a higher proportion of tumors located on the left side of
the colon and rectum (P = 0.007), and a higher incidence of stoma construction (P =
0.001) and postoperative pneumonia (P = 0.054), with a lower 3-year DFS (dNLR ≥
1.57: 23.10 ± 13.85 mo vs dNLR < 1.57: 31.45 ± 9.35 mo, P = 0.009) in the ES group.
Separately, a high-ratio grade of the LMR (≥ 1.67) in the BTS group showed more
advanced lymphovascular metastasis (P = 0.072) and lymph node invasion (P = 0.009),
with a lower 3-year OS (LMR ≥ 1.67: 25.26 ± 13.88 mo vs LMR < 1.67: 33.78 ± 5.35 mo,
P = 0.020) and 3-year DFS (LMR ≥ 1.67: 22.67 ± 14.02 mo vs LMR < 1.67: 31.50 ± 8.89
mo, P = 0.046). The dNLR was the only independent risk factor in the ES group both
for 3-year OS (HR = 2.34, 95%CI: 1.08-5.07, P = 0.032) and 3-year DFS (HR = 3.02,
95%CI: 1.23-7.42, P = 0.016). In contrast, the status of LVI (HR = 3.52, 95%CI: 1.0312.02, P = 0.045) and the LMR (HR = 4.57, 95%CI: 0.98-21.38, P = 0.053) significantly
affected the 3-year OS in the BTS group. Only the LMR was an independent risk factor
for 3-year DFS (HR = 3.11, 95%CI: 1.13-8.54, P = 0.052) in the BTS group, as shown in
Tables 5 and 6 and Figure 2.

Selective choices based on inflammatory biomarkers
By stratification analysis of 3-year OS and 3-year DFS in different grades of dNLR and
LMR, we revealed that only the LMR obviously differentiated the oncological and
survival outcomes between the ES and BTS groups. A lower LMR (<1.67), as a
protective factor, indicated a lower rate of death (HR = 0.40, 95%CI: 0.18-0.92, P =
0.031) and tumor recurrence (HR = 0.42, 95%CI: 0.17-1.07, P = 0.068) in the BTS group.
Conversely, a higher LMR (≥1.67), as a risk factor, showed a higher proportion of
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Table 1 Comparison of clinicopathological characteristics between emergency surgery and
bridge to surgery groups
Characteristic

ES group (n = 90)

BTS group (n = 38)

P-value
0.561

Age (yr)

61.58 ± 14.84

63.21 ± 13.55

Female/Male, (%)

31 (34.40)/59 (65.60)

15 (39.50)/23 (60.50)

0.588

Size, (cm)

5.76 ± 2.12

6.88 ± 2.68

0.015

BMI, (kg/m2)

21.76 ± 2.42

22.20 ± 3.20

0.411

0

21 (23.60)

21 (55.30)

1

40 (44.90)

16 (42.10)

2

17 (19.10)

1 (2.60)

3

10 (11.20)

0 (0.00)

4

1 (0.80)

0 (0.00)

ASH (+)/(-), (%)

17 (18.90)/73 (81.10)

10 (26.30)/28 (73.70)

0.347

Comorbidities (+)/(-), (%)

37 (41.10)/53 (58.90)

21 (55.30)/17 (44.70)

0.142

I

2 (2.20)

3 (7.90)

II

63 (70.00)

28 (73.70)

≥ III

25 (27.80)

7 (18.40)

Right-side colon

13 (14.40)

1 (2.60)

Transverse colon

30 (33.30)

5 (13.20)

Left-side colon

37 (41.10)

28 (73.70)

Rectum

10 (11.10)

4 (10.50)

Cross score, (%)

0.001

ASA grade, (%)

0.299

Location, (%)

0.005

pTNM stage, (%)

0.186

I

4 (4.40)

0 (0.00)

II

23 (25.60)

9 (23.70)

III

44 (48.90)

25 (65.80)

IV

19 (21.10)

4 (10.50)

T1

4 (4.40)

0 (0.00)

T2

23 (25.60)

9 (23.70)

T3

44 (48.90)

25 (65.80)

T4

19 (21.10)

4 (10.50)

N0

31 (34.40)

9 (23.70)

N1

35 (38.90)

18 (47.40)

N2

24 (26.70)

11 (28.90)

M0

71 (78.9)

33 (86.8)

M1

19 (21.1)

5 (13.2)

Well differentiated

3 (2.30)

0 (0.00)

Moderately differentiated

61 (67.80)

30 (78.90)

Poorly differentiated

26 (28.90)

8 (21.10)

LVI (+)/(-), (%)

15 (16.70)/75 (83.30)

14(36.80)/24(63.20)

0.013

WBC, (10^9)

8.99 ± 5.10

7.57 ± 2.61

0.042

T stage, (%)

0.186

N stage, (%)

0.471

M stage, (%)

0.292

Histological features, (%)

WJG

0.308

NLR, (ratio)

7.11 ± 6.72

4.88 ± 3.02

0.012

dNLR, (ratio)

1.66 ± 0.41

1.67 ± 0.27

0.756

PLR, (ratio)

245.61 ± 144.17

229.98 ± 122.38

0.562

LMR, (ratio)

2.84 ± 2.43

2.34 ± 1.19

0.127

SII, (ratio)

1969.03 ± 2316.10

1235.74 ± 849.53

0.011

WBC-pre, (10^9)

9.18 ± 5.13

8.56 ± 3.44

0.434

NLR-pre, (ratio)

7.62 ± 6.97

6.05 ± 3.03

0.084

dNLR-pre, (ratio)

1.65 ± 0.41

1.68 ± 0.45

0.652
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PLR-pre, (ratio)

263.98 ± 161.96

270.89 ± 171.35

0.830

LMR-pre, (ratio)

2.77 ± 2.32

2.38 ± 1.66

0.354

SII-pre, (ratio)

2186.46 ± 2474.96

1712.60 ± 1157.32

0.149

CEA, (ng/mL)

30.19 ± 120.54

17.88 ± 27.47

0.541

Chemotherapy (+)/(-), (%)

62 (68.90)/28 (31.10)

20 (52.60)/18 (47.40)

0.080

SEMS: Self-expanding metal stents; BTS: Bridge to surgery; ASH: Abdominal surgery history; WBC: White
blood cells; dNLR: Derived neutrophil–to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SII: Systemic
immune inflammation index; LMR: Lymphocyte-to-monocyte ratio; Cross: Colorectal obstruction scoring
system; LVI: Lymphovascular invasion. P < 0.05 was considered statistically significant.

death (HR = 4.32, 95%CI: 1.27-14.82, P = 0.019) and tumor recurrence (HR = 2.72,
95%CI: 0.97-7.65, P = 0.058) in the BTS group; these data are presented in Table 7 and
Figure 3.

DISCUSSION
OCC is always accompanied by a severe local and systemic inflammatory response;
some reasons, including the overgrowth of intestinal bacteria, their translocation
through the distended colonic wall, and, moreover, septic shock, have been
recognized. In this study, we found that the cutoff point for the NLR of 19.30 was
much higher than that in elective CRC[14,24], supporting the existing severe systemic
inflammation. Although ES and BTS via SEMS insertion have been widely performed,
there is still not an objective indication for either. Weighing the balance between
oncological outcomes and better preoperative nutritional support with the alleviation
of systemic inflammation, BTS via SEMS insertion is only recommended for
symptomatic and high surgical risk groups, especially left-side OCC, by the ESGE and
World Society of Emergency Surgery (WSES)[1,3]. In this study, analogous with a
previous study[25], the BTS group had a higher proportion of LVI (36.80%), though
similar 3-year OS and 3-year DFS were observed between the ES and BTS groups. A
decreasing tendency in the WBC, NLR, and SII levels was observed after SEMS
insertion, which might explain the reason why different inflammation indexes were
concluded from the ES (dNLR) and BTS (LMR) groups in our study.
Since 1970, a decreasing peripheral lymphocyte count has been recorded in
advanced colon cancer[26], and the inflammation index has been investigated in several
kinds of cancer, as it is cost-effective and convenient. The dysbiosis and outgrowth of
intestinal microbial species, as a result of acute bowel obstruction and distention,
triggers systemic inflammation, leading to the accumulation of neutrophils and
monocytes that secrete cytokines and chemokines with the induction of reactive
oxygen species (ROS) and reactive nitrogen intermediates (RNI), which might
aggravate colonic injury and DNA damage [ 1 1 ] . OCC almost coexists with
immunosuppression, which causes a deficiency in adaptive immunologic cells such as
T lymphocytes and B lymphocytes, which play important roles in immune
surveillance and pathogen depletion[27]. The mechanical stress of SEMS and chronic
ablation to the colonic wall enhances local platelet adhesion and the mediation of
tumor invasion into lymphovascular vessels[28], which was supported in the current
study by a higher proportion of LVI in the BTS group. In this study, we compared
different inflammation indexes, including the NLR, dNLR, PLR, LMR and SII, with
the CEA level in terms of the predictive value for the prognosis between the ES and
BTS groups. Finally, the dNLR was defined as the most efficient index in the ES
group; a high dNLR (≥ 1.57) was closely related to low survival benefits, a high
incidence of stoma construction, and postoperative pneumonia. Dissimilarly, the LMR
was defined as the most efficient index in the BTS group; a high LMR (≥ 1.67) was
closely related to low survival benefits and a high incidence of LVI and lymph node
invasion.
The reason why different predictive models for the ES and BTS groups were
observed in OCC is still unknown. This might be owing to the hypothesis that, as a
result of bacterial outgrowth and translocation, OCC always has a severe systemic
inflammatory response and immunological deficit, and for patients with a high
surgical risk, a BTS via SEMS insertion is preferred. In this study, we found that the
BTS group had more severe obstructive symptoms and a bigger tumor size than the
ES group. Sufficient alleviation of bowel distention and preoperative nutritional
support would improve systemic inflammation and enhance the immunological
reaction in the BTS group. However, the mechanical stress of the metal stent might
aggravate the local inflammatory response[29-31] and enhance tumor invasion. In our
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Figure 1

Figure 1 Long-term survival analysis between emergency surgery and bridge to surgery groups. Disease-free survival (DFS, A) and overall survival (OS, B)
after surgery seemed similar between the bridge to surgery (BTS) and emergency surgery (ES) groups.

study, with the dramatic decrease of the systemic inflammatory response in the BTS
group, the dNLR could not determine the benefit group for ES or BTS. Only the LMR
could serve as an objective biomarker for the indication for OCC. A low LMR (< 1.67)
was correlated with a low incidence of death and tumor recurrence in the BTS group.
Conversely, a high LMR (≥ 1.67) showed a high proportion of death and tumor
recurrence in the BTS group, and was preferred for ES.
There were some limitations existing in this study. First, this was a retrospective
study in a single center; thus, we will initiate a prospective, multicenter study to
confirm our findings. Second, the sample size was not so large that more patients are
needed in future research. Furthermore, this study just analyzed the ratio of immune
cell populations in the peripheral blood, instead of systematic immune responses
including the production of cytokines or expression of PD-1 or CTLA-4. More efforts
should be made on the investigation of immune responses occurring in the systemic
circulation or tumor.
In conclusion, this study suggests a similar survival and oncological benefits for
BTS and ES in patients with OCC. Even though different inflammation indexes for
prediction of the prognosis were observed between the ES and BTS groups, they
could serve as effective biomarkers. The dNLR was closely related to the prognosis in
the ES group, while the LMR was closely related to the prognosis in the BTS group.
Specifically, as the potential benefit group, patients with a low LMR might be
preferred for BTS via SEMS insertion.
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Table 2 Comparison of short-term and long-term outcomes between emergency surgery and bridge to surgery groups
Characteristic

ES group (n = 90)

BTS group (n = 38)

P-value

Surgical time, (min)

217.89 ± 60.69

204.64 ± 66.13

0.275

Blood loss, (mL)

177.30 ± 134.37

133.68 ± 95.76

0.072

Number of LNs

19.51 ± 9.47

21.45 ± 8.29

0.276

Time to flatus, (d)

3.88 ± 1.65

3.61 ± 1.15

0.359

Time to semi-fluid, (d)

8.62 ± 3.22

8.64 ± 3.96

0.738

Total hospital-stay, (d)

22.17 ± 12.48

22.34 ± 7.78

0.936

Stoma construction, n (%)

20 (22.20)

8 (21.10)

0.884

Grade I

0 (0.00)

2 (2.20)

Grade II

44 (48.90)

16 (42.10)

Grade III

13 (14.40)

5 (13.20)

Grade IV

9 (10.00)

2 (5.30)

Grade V

1 (2.60)

1 (1.10)

Pneumonia, n (%)

18 (20.00)

8 (21.10)

0.892

Incision infection, n (%)

16 (17.80)

5 (13.20)

0.519

ICU intervention, n (%)

8 (8.90)

1 (2.60)

0.192

Leakage, n (%)

3 (3.30)

1 (2.60)

0.658

Sepsis, n (%)

3 (3.30)

1 (2.60)

0.658

SAE, n (%)

23 (25.60)

8 (21.10)

0.587

30 d-mortality, n (%)

1 (1.10)

1 (2.60)

0.507

36-OS time, (mo)

30.10 ± 9.64

29.41 ± 11.33

0.732

36-DFS time, (mo)

27.59 ± 12.19

27.48 ± 12.17

0.969

CD classification system, n (%)

0.547

LN: Lymph node; SEMS: Self-expanding metal stents; BTS: Bridge to surgery; SAE: Severe adverse effects. P < 0.05 was considered statistically significant.

Table 3 Receiver operating characteristic curve analysis of long-term survival of emergency surgery and bridge to surgery groups
3-year OS
Group
ES

BTS

3-year DFS

Characteristic
Cutoff point

AUC

95%CI

Cutoff point

AUC

95%CI

NLR

19.3

0.582

0.446-0.718

19.3

0.565

0.407-0.723

dNLR

2.02

0.679

0.551-0.808

1.57

0.696

0.554-0.837

PLR

155

0.550

0.414-0.686

317

0.549

0.392-0.707

SII

3645

0.587

0.454-0.721

3645

0.564

0.403-0.726

CEA

6.7

0.591

0.458-0.724

11.2

0.604

0.442-0.766

LMR

1.67

0.611

0.424-0.798

1.67

0.571

0.366-0.776

CEA

7.6

0.549

0.350-0.747

5.5

0.552

0.348-0.756

SEMS: Self-expanding metal stents; BTS: Bridge to surgery; AUC: Area under the receiver operating characteristic curve; dNLR: Derived neutrophil-tolymphocyte ratio; PLR: Platelet–to-lymphocyte ratio; SII: Systemic immune inflammation index; LMR: Lymphocyte-to-monocyte ratio; OS: Overall
survival; DFS: Disease-free survival; CEA: Carcino-embryonic antigen. P < 0.05 was considered statistically significant.
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Table 4 Comparison of clinicopathological features between high-ratio and low-ratio grades in both emergency surgery and bridge to
surgery groups
ES group (n = 86)

BTS group (n = 38)

Characteristic
dNLR ≥ 1.57

dNLR < 1.57

0

11 (27.5)

1

P-value

LMR ≥ 1.67

LMR < 1.67

10 (21.7)

10 (50.0)

11 (61.1)

16 (40.0)

22 (47.8)

10 (50.0)

6 (33.3)

2

8 (20.0)

8 (17.4)

0 (0.0)

1 (5.6)

3

4 (10.0)

6 (13.0)

4

1 (2.5)

0 (0.0)

ASH (+)/(-), (%)

6 (15.0)/34 (85.0)

10 (21.7)/36 (78.3)

4 (20.0)/16 (80.0)

6 (33.3)/12 (66.7)

Comorbidities (+)/(-), (%)

20 (50.0)/20 (50.0)

17 (37.0)/29 (63.0)

9 (45.0)/11 (55.0)

12 (66.7/)/6 (33.3)

Cross score, (%)

0.738

ASA grade, (%)

0.378

0.320

0.623

I

0 (0.0)

1 (1.6)

1 (5.0)

2 (11.1)

II

13 (56.5)

47 (74.6)

16 (80.0)

12 (66.7)

≥ III

10 (43.5)

15 (23.8)

3 (15.0)

4 (22.2)

Location, (%)

0.523

0.007

Right-side colon

2 (5.0)

11 (23.9)

1 (5.0)

0 (0.00)

Transverse colon

10 (25.0)

19 (41.3)

3 (15.0)

2 (11.1)

Left-side colon

21 (52.5)

13 (28.3)

13 (65.0)

15 (83.3)

Rectum

7 (17.5)

3 (6.5)

3 (15.0)

1 (5.6)

pTNM stage, (%)

0.141

0.592

I

0 (0.0)

4 (8.7)

-

-

II

12 (30.0)

10 (21.7)

4 (20.0)

5 (27.8)

III

17 (42.5)

24 (52.2)

13 (65.0)

12 (66.7)

IV

11 (27.5)

8 (17.4)

3 (15.0)

1 (5.6)

T stage, (%)

0.141

0.592

T1

0 (0.0)

4 (8.7)

-

-

T2

12 (30.0)

10 (21.7)

4 (20.0)

5 (27.8)

T3

17 (42.5)

24 (52.2)

13 (65.0)

12 (66.7)

T4

11 (27.5)

8 (17.4)

3 (15.0)

1 (5.6)

N stage, (%)

0.648

0.009

N0

16 (40.0)

14 (30.4)

4 (20.0)

5 (27.8)

N1

14 (35.0)

19 (41.3)

6 (30.0)

12 (66.7)

N2

10 (25.0)

13 (28.3)

10 (50.0)

1 (5.6)

M stage, (%)

0.260

0.552

M0

29 (72.5)

38 (82.6)

17 (85.0)

16 (88.9)

M1

11 (27.5)

8 (17.4)

3 (15.0)

2 (11.1)

Histological features, (%)

0.605

0.411

Well differentiated

1 (2.5)

2 (4.3)

-

-

Moderately differentiated

30 (75.0)

30 (65.2)

15 (75.0)

15 (83.3)

Poorly differentiated

9 (22.5)

14 (30.4)

5 (25.0)

3 (16.7)

LVI (+)/(-), (%)

9 (22.5)/31 (77.5)

6 (13.0)/40 (87.0)

10 (50.0)/10 (50.0)

4 (22.2)/14 (77.8)

Stoma construction, (%)

0.249

P-value

0.076
0.589

0.000

Stoma

17 (42.5)

3 (6.5)

4 (20.0)

4 (22.2)

None

23(57.5)

43 (93.5)

16 (80.0)

14 (77.8)

Pneumonia, (+)/(-), (%)

12 (30.0)/28 (70.0)

6 (13.0)/40 (87.0)

0.054

2 (10.0)/18(90.0)

6 (33.3)/12 (66.7)

0.086

Incision infection, (+)/(-), (%)

8 (20.0)/32 (80.0)

8 (17.4)/38 (82.6)

0.486

2 (10.0)/18 (90.0)

3 (16.7)/15 (83.3)

0.448

ICU intervention, (+)/(-), (%)

5 (12.5)/35 (87.5)

3 (6.5)/43 (93.5)

0.281

1 (5.0)/19 (95.0)

0 (0.0)/18 (100.0)

0.526

Leakage, (+)/(-), (%)

1 (2.5)/39 (97.5)

2 (4.3)/44 (95.7)

0.553

0 (0.0)/20 (100.0)

1 (5.6)/17 (94.4)

0.474

Sepsis, (+)/(-), (%)

1 (2.5)/39 (97.5)

2 (4.3)/44 (95.7)

0.553

0 (0.0)/20 (100.0)

1 (5.6)/17 (94.4)

0.474

SAE, (+)/(-), (%)

10 (25.0)/30 (75.0)

11 (23.9)/35 (76.1)

0.907

5 (25.0)/15 (75.0)

3 (16.7)/15 (83.3)

0.411

30-day mortality, n (%)

1 (2.5)/39 (97.5)

0 (0.0)/46 (100.0)

0.465

1 (5.0)/19 (95.0)

0 (0.0)/18 (100.0)

0.526

36-OS time, (months)

28.05 ± 10.28

31.61 ± 9.16

0.106

25.26 ± 13.88

33.78 ± 5.35

0.020
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36-DFS time, (months)

23.10 ± 13.85

31.45 ± 9.35

0.009

22.67 ± 14.02

31.50 ± 8.89

0.046

SEMS: Self-expanding metal stents; BTS: Bridge to surgery; Cross: Colorectal obstruction scoring system; ASH: Abdominal surgery history; dNLR: Derived
neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SII: Systemic immune inflammation index; LMR: Lymphocyte-to-monocyte ratio; LVI:
Lymphovascular invasion; OS: Overall survival; DFS: Disease-free survival; ICU: Intense care unit; SAE: Severe adverse effects. P < 0.05 was considered
statistically significant.

Table 5 Univariate and multivariate analyses of risk factors for survival outcomes in both emergency surgery and bridge to surgery
groups
ES group (n = 90)

BTS group (n = 38)

3-year overall survival
Univariate

Multivariate
HR (95%CI)

Univariate

Multivariate

Characteristic

HR (95%CI)

P-value

HR (95%CI)

P-value

CEA (≥ 5 ng/mL vs < 5 ng/mL)

1.48 (0.70-3.11)

0.303

2.53 (0.68-9.35)

0.165

P-value

HR (95%CI)

P-value

ASA (Grade ≥ III vs Grade < III)

1.50 (0.72-3.11)

0.277

1.64 (0.45-5.96)

0.454

pT stage (pT3-4 vs pT1-2)

1.66 (0.72-3.83)

0.238

4.17 (1.09-15.95)

0.037

pN stage (pN+ vs pN0)

1.05 (0.51-2.19)

0.887

5.02 (0.65-38.66)

0.122

LVI (+) vs LVI (-)

1.30 (0.53-3.15)

0.568

3.78 (1.23-11.64)

0.020

3.52 (1.03-12.02)

0.045

NLR ≥ 19.3 vs NLR < 19.3

2.98 (1.27-6.97)

0.012

dNLR ≥ 1.57 vs dNLR < 1.57

2.40 (1.12-5.13)

0.024

PLR ≥ 155 vs PLR < 155

1.83 (0.70-4.79)

0.217

SII ≥ 3645 vs SII < 3645

1.61 (0.71-3.61)

0.252
4.09 (1.12-14.87)

0.033

4.57 (0.98-21.38)

0.053

1.43 (0.47-4.38)

0.529

2.34 (1.08-5.07)

0.032

LMR ≥ 1.67 vs LMR < 1.67
Chemotherapy (+) vs (-)

0.74 (0.36-1.51)

0.402

SEMS: Self-expanding metal stents; BTS: Bridge to surgery; dNLR: Derived neutrophil-to-lymphocyte ratio; PLR: Platelet–to-lymphocyte ratio; SII: Systemic
immune inflammation index; LMR: Lymphocyte-to-monocyte ratio; LVI: Lymphovascular invasion. P < 0.05 was considered significant.

Table 6 Univariate and multivariate analyses of risk factors for oncological outcomes in both emergency surgery and bridge to surgery
groups
ES group (n = 56)

BTS group (n = 32)

3-year disease-free survival
Univariate

Multivariate
HR (95%CI)

Univariate

Multivariate

Characteristic

HR (95%CI)

P-value

HR (95%CI)

P-value

CEA (≥ 5 ng/mL vs < 5 ng/mL)

1.71 (0.74-3.95)

0.209

2.67 (0.72-9.90)

0.141

P-value

ASA (Grade ≥ III vs Grade < III)

0.890 (0.36-2.23)

0.803

1.49 (0.41-5.43)

0.542

pT stage (pT3-4 vs pT1-2)

2.26 (0.85-6.02)

0.104

2.48 (0.55-11.18)

0.239

pN stage (pN+ vs pN0)

1.48 (0.64-3.43)

0.361

2.48 (0.55-11.18)

0.239

LVI (+) vs LVI (-)

2.92 (1.25-6.81)

0.013

1.97 (0.66-5.88)

0.224

NLR ≥ 19.3 vs NLR < 19.3

2.76 (1.02-7.45)

0.046

dNLR ≥ 1.57 vs dNLR < 1.57

2.85 (1.17-6.95)

0.021

PLR ≥ 317 vs PLR < 317

1.55 (0.66-3.67)

0.314

SII ≥ 3645 vs SII < 3645

2.04 (0.86-4.83)

0.104
2.54 (0.83-7.80)

0.091

0.95 (0.41-2.19)

0.896

1.44 (0.47-4.41)

0.523

3.02(1.23-7.42)

LMR ≥ 1.67 vs LMR < 1.67
Chemotherapy (+) vs (-)

HR (95%CI)

P-value

3.11 (1.13-8.54)

0.052

0.016

SEMS: Self-expanding metal stents; BTS: Bridge to surgery; dNLR: Derived neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SII: Systemic
immune inflammation index; LMR: Lymphocyte-to-monocyte ratio; LVI: Lymphovascular invasion. Chemotherapy (+), accept chemotherapy lately.
Chemotherapy (-), refuse to chemotherapy lately. P < 0.05 was considered significant.
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Table 7 Stratification analysis of oncological and survival outcomes between high-ratio and low-ratio grades in both emergency surgery
and bridge to surgery groups
3-year OS

3-year DFS

Characteristic
HR (95%CI)

P-value

HR (95%CI)

P-value

ES (dNLR < 1.57)

Reference

-

Reference

-

BTS (dNLR < 1.57)

0.51 (0.18-1.39)

0.185

0.42 (0.13-1.34)

0.144

ES (dNLR ≥ 1.57)

Reference

-

Reference

-

BTS (dNLR ≥ 1.57)

1.87 (0.79-4.43)

0.155

1.79 (0.77-4.20)

0.178

ES (LMR < 1.67)

Reference

-

Reference

-

BTS (LMR < 1.67)

4.34 (1.27-14.82)

0.019

2.72 (0.97-7.65)

0.058

ES (LMR ≥ 1.67)

Reference

-

Reference

-

BTS (LMR ≥ 1.67)

0.40 (0.18-0.92)

0.031

0.42 (0.17-1.07)

0.068

SEMS: Self-expanding metal stents; BTS: Bridge to surgery; dNLR: Derived neutrophil-to-lymphocyte ratio; OS: Overall survival; DFS: Disease-free
survival; LMR: Lymphocyte-to-monocyte ratio. P < 0.05 was considered statistically significant.
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Figure 2

Figure 2 Receiver operating characteristic curve and long-term survival analysis of emergency surgery and bridge to surgery group. Derived neutrophil-tolymphocyte ratio (dNLR) is preferred as a prognostic biomarker for the emergency surgery (ES) group with the highest area under receiver operating characteristic
curve (AUC) for 3-year overall survival (OS) (0.679, 95%CI: 0.551-0.808) (A) and 3-year disease-free survival (DFS) (0.679, 95%CI: 0.551-0.808) (B), with a cutoff
point value of 1.57. High-ratio grade of dNLR (≥ 1.57) was closely related to lower 3-year DFS (≥ 1.57 vs <1.57, 23.10 ± 13.85 mo vs 31.45 ± 9.35 mo, P = 0.009) in
the ES group (D), but not with 3-year OS (C). Lymphocyte-to-monocyte ratio (LMR) was preferred as a prognostic biomarker for bridge to surgery (BTS) group with the
highest AUC for 3-year OS (0.611, 95%CI: 0.424-0.798) (E) and 3-year DFS (0.571, 95%CI: 0.366-0.776) (F), with a cutoff point value of 1.67. High-ratio grade of
LMR (≥ 1.67) was closely related to lower 3-year OS (≥ 1.67 vs <1.67, 23.10 ± 13.85 mo vs 33.78 ± 5.35 mo, P = 0.020) (G) and 3-year DFS (≥ 1.67 vs < 1.67, 22.67
± 14.02 mo vs 31.50 ± 8.89 mo, P = 0.046) in the BTS group (H).
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Figure 3

Figure 3 Analysis of 3-year overall survival and 3-year disease-free survival, by different lymphocyte-to-monocyte ratios between emergency surgery and
bridge to surgery groups.P < 0.05 (log-rank test). Low lymphocyte-to-monocyte ratio (LMR) (LMR < 1.67) indicated higher rates of 3-year OS (A) (HR = 0.40,
95%CI: 0.18-0.92, P = 0.031) and 3-year disease-free survival (DFS) (C) (HR = 0.42, 95%CI: 0.17-1.07, P = 0.068) in the bridge to surgery (BTS) group. Conversely,
high LMR (LMR ≥ 1.67) showed lower proportions of 3-year OS (B) (HR = 4.32, 95%CI: 1.27-14.82, P = 0.019) and 3-year DFS (D) (HR = 2.72, 95%CI: 0.97-7.65, P =
0.058) in the BTS group.

ARTICLE HIGHLIGHTS
Research background
Obstructive colorectal cancer (OCC) presenting with acute abdominal symptoms is always
accompanied by severe complications, and the optimal strategy for patients with OCCs remains
undetermined. Emergency surgery (ES) and self-expandable metal stents (SEMS) as a bridge to
surgery (BTS) were the major treatments for OCCs, however, the indications remain debated.
According to different status of immunology and nutrition, predictive factors for prognosis
might be different between the two groups. Preoperative inflammation indexes might favor
patient selection in terms of the prognosis of OCC.

Research motivation
Weighing the waxes and wanes of ES and BTS, both acute and chronic inflammation responses
should be accounted for the selection of optimal patients.

Research objectives
This study was designed to build an inflammatory model for the surgical indications for ES and
BTS in OCC.

Research methods
This was a retrospective study in which 128 patients who underwent surgery for OCC at the
Department of Emergency Surgery of Fujian Medical University Union Hospital from January
2008 to October 2015 were included in this study. Patients were divided into an ES group and a
BTS group according to the surgeon’ advises and patients’ selection. Inflammation indexes were
fully evaluated in this study.

Research results
Comparable survival outcomes were observed between the ES and BTS groups. Receiver
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operating characteristic curve analysis showed dNLR as the optimal biomarker for the prediction
of DFS in ES, by contrast, LMR was recommended for BTS with regard to OS and DFS. dNLR
was related to stoma construction, postoperative pneumonia, and DFS in the ES group. LMR was
closely related to lymph nodes invasion, OS, and DFS in the BTS group. LMR could differentiate
OS between the ES and BTS groups. A low LMR (< 1.67) was correlated with a low incidence of
death and tumor recurrence in the BTS group.

Research conclusions
As a supplement for the latest ESGE guidelines, the indications for the use of SEMSs in OCC
might elaborate to patients with low preoperative LMR, who would benefit from BTS via SEMS
insertion.
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Abstract
BACKGROUND
Hepatitis B virus (HBV) DNA polymerase mutations usually occur to long term
use of nucleos(t)ide analogues (NAs), but they can occur spontaneously in
treatment-naïve chronic hepatitis B (CHB) patients. The naturally occurring HBV
DNA polymerase mutations might complicate antiviral therapy with NAs,
leading to the generation of drug-resistant viral mutants and disease progression.
The most common substitutions are known to be YMDD-motif mutations, but
their prevalence and the influence on antiviral therapy is unclear.
AIM
To investigate prevalence of the naturally occurring rtM204I mutations in
treatment-naïve CHB genotype C2 patients and their influence on antiviral
therapy.
METHODS
A total of 410 treatment-naïve CHB patients infected with HBV genotype C2
strains were enrolled in this retrospective study. Among the 410 patients, 232
were treated with NAs for at least 12 mo. Significant fibrosis was defined as
fibrosis-4 index > 3.25 or aspartate aminotransferase to platelet ratio index > 1.5.
Complete viral response (CVR) during NAs was defined as undetectable serum
HBV DNA (< 24 IU/mL). The rtM204I variants were analyzed by a newly
developed locked nucleotide probe (LNA probe) based real-time PCR (LNA-RTPCR) method.
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RESULTS
The LNA-RT-PCR could discriminate rtM204I mutant-type (17 patients, 4.2%)
from rtM204 wild-type (386 patients, 95.8%) in 403 of 410 patients (98.3%
sensitivity). Multivariate analysis showed that naturally occurring rtM204I
variants were more frequently detected in patients with significant fibrosis [oddratio (OR) 3.397, 95% confidence-interval (CI) 1.119-10.319, P = 0.031]. Of 232
patients receiving NAs, multivariate analysis revealed that achievement of CVR
was reversely associated with naturally occurring rtM204I variants prior to NAs
treatment (OR 0.014, 95%CI 0.002-0.096, P < 0.001). Almost patients receiving
tenofovir achieved CVR at 12 mo of tenofovir, irrespective of pre-existence of
naturally occurring rtM204I mutations (CVR rates: patients with rtM204I, 100%;
patients without rtM204I, 96.6%), whereas, pre-existence of naturally-occurring
rtM204I-mutations prior to NAs significantly affects CVR rates in patients
receiving entecavir (at 12 mo: Patients with rtM204I, 16.7%; patients without
rtM204I, 95.6%, P < 0.001).
CONCLUSION
The newly developed LNA-RT-PCR method could detect naturally occurring
rtM204I mutations with high-sensitivity. Theses mutations were more frequent in
patients with liver fibrosis. Tenofovir is a more suitable treatment than entecavir
for CHB patients carrying the naturally occurring rtM204I mutations.
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Core tip: Hepatitis B virus (HBV) DNA polymerase mutations have been known to be
prevalent in treatment-naïve chronic hepatitis B (CHB) patients infected with HBV
genotype C2 strains. The newly developed locked nucleotide probe based real-time PCR
method could discriminate the naturally-occurring rtM204I mutations from wild type
with high sensitivity in treatment-naïve patients. Multivariate analyses showed that the
naturally-occurring rtM204I variants were more frequently pre-existed in patients with
liver fibrosis, and the pre-existence of the naturally-occurring rtM204I variants were
significantly associated with incomplete viral response to nucleos(t)ide analogues.
Tenofovir is a more suitable nucleos(t)ide analogues than entecavir for treatment-naïve
CHB patients carrying the naturally occurring rtM204I mutations.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global health issue because of its worldwide
distribution and is a potential leading cause of adverse outcomes, including liver
cirrhosis (LC), hepatic decompensation, and hepatocellular carcinoma (HCC) [1,2] .
Nucleos(t)ide analogues (NAs) are recommended by international guidelines for
suppressing HBV replication and have been shown to decrease the rate of
complications[3,4]. While NAs are well tolerated and effective in suppressing viral
replication, long-term treatment with oral antiviral drugs can lead to the emergence of
drug resistance mutations[5]. For instance, rtM204I is a classic mutation reducing
susceptibility to mono-therapy by NAs with low genetic barriers, such as lamivudine
(LAM), telbivudine (L-dT) and clevudine (CLV)[6].
HBV is an enveloped, partially double stranded DNA virus containing a genome
that is approximately 3.2 kb in length and contains 4 overlapping open reading frames
encoding the polymerase, core, surface antigen, and X protein[7]. The polymerase gene
includes four domains, the terminal protein, spacer, ribonuclease H, and reverse

WJG

https://www.wjgnet.com

4986

September 7, 2019

Volume 25

Issue 33

Choe WH et al. Anti-HBV therapy for naturally-occurring rtM204I mutations

transcriptase (RT) regions. The RT region replicates the HBV genome through its
DNA polymerase activity using RNA intermediates as a template. Since the RT lacks
proofreading activity during viral replication, the error rate of HBV genome synthesis
has been found to be 10-7 per nucleotide, which is 10-fold higher than those of other
DNA viruses[8]. The high rate of mutations in the HBV genome complicates antiviral
therapy with NAs, leading to the generation of drug-resistant viral strains and disease
progression[9].
Previous studies have reported the existence of HBV DNA polymerase mutations
in chronic hepatitis B (CHB) individuals prior to NA treatment; however, the
prevalence varies from 0 to 30%[10-13]. This wide range might may be due to several
factors including different study designs, regions, ethnicities, mutation detection
methods, sample sizes, etc.[9,14,15]. Because of the high replication rate of HBV, viral
mutations, including mixed wild-type and mutant populations in a single host, are
commonly seen, but a low sensitivity assay could not enable the discrimination
between wild and mutant types.
The purpose of this study was to determine the prevalence and clinical
characteristics of naturally occurring rtM204I mutations in treatment-naïve patients
infected with HBV genotype C2 strains by using a newly developed locked nucleotide
probe (LNA probe) based real time PCR (LNA-RT-PCR) method, which can detect
subspecies at 5% of the circulating HBV population.

MATERIALS AND METHODS
Primer and LNA probe design and real-time PCR
We designed two different LNA probes for the specific simultaneous detection in a
single reaction of wild type (WT) and rtM204I variant of HBV. We used LC PDS
(version 2.0) software for the probe design and referred to the design guidelines of
LNA manufacturer (Integrated DNA technologies). We attached two different
reporter dyes, FAM to probe for rtM204I variant, and Hex to probe for WT,
respectively, to differentially identify rtM204I variant and WT HBV DNA. The primer
and probe specificity for detection of rtM204I variant was further analyzed using
Primer-Blast at NCBI (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) and the
Oligo software version 6.5. There were no PCR products formed by Primer-blast with
the designed primer sequences in Homo sapiens, bacteria, and viruses other than
HBV. Probe sequences were exclusively found in the amplicon sequence analyzed by
the Oligo software with an HBV DNA sequence. The sequences of primers and LNA
probes are shown in Figure 1 and Table 1. The LNA probes were purchased from
Integrated DNA technologies, and primers from Macrogen.
A LightCycler Version 96 system (Roche) was used for LNA probe-based real-time
PCR, and two channels were used for the experiment. Optimal reaction mixture was
established for the sensitive and specific detection of target sequences. A 10-μL
reaction mixture was prepared for each sample as follows: 1 μl PCR reaction buffer for
Taq (Bioneer E-3150 buffer), 4.25 mM MgCl2, 0.425 mM deoxynucleoside triphosphate
mixture (Takara), 0.3 μM forward primer, 1 μM reverse primer, 0.25 μM LNA FAM
probe (rtM204I variant), 0.25 μM LNA Hex probe (rtM204I variant), 0.6 U Hot Start
Taq (Bioneer E-3150), 1 mg/mL bovine serum albumin (Ambion, Lifetechnologies), 2
μL template DNA, and PCR-grade water (Roche). The cycling conditions were 300 s at
95 °C and 15 cycles of 10 s at 95 °C, 15 s at 58 °C, and 40 s at 75 °C, followed by 32
cycles of 10 s at 95 °C, 15 s at 47 °C (single acquisition of fluorescence signals), 15 s at
62 °C, and 40 s at 75 °C at a ramping speed of 1.1 °C/s. Melting curve analysis was
subsequently continued without any pause by use of cycling for 10 s at 95 °C and 60 s
at 43 °C, and the temperature was then increased from 43 °C to 85 °C at a temperature
transition rate of 0.17 °C/s, during which the fluorescence signal was continuously
acquired by three readings per degrees Celsius. All the following LNA real-time PCR
experiments were done in quadruplicate with positive control DNAs and mixtures of
WT and rtM204I at a variety of ratios and concentrations as aforementioned. The
experiments were all repeated to examine inter-assay reliability.

Application of LNA real-time PCR to clinical samples
DNAs of a total of 410 human sera were tested for the identification of WT and
rtM204I variant of HBV RT gene by LNA real-time PCR in duplicate. Tm, melting
peak height, and quantification cycle (Cq) produced by WT- and rtM204I -targeting
LNA probes with a sample DNA were measured. Identification of WT and rtM204I
variant was determined by comparing their Tm s obtained from their specific channel
(FAM for rtM204I, HEX for WT) with their diagnostic Tm ranges obtained from
standard assays. Positive identification of WT and rtM204I variant was recorded only
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Table 1 Primers and LNA probes developed for identification of hepatitis B virus wild type (YMDD) and rtM204I variants (YIDD) by realtime PCR
Primer/probe

Sequence (5'-3') 1

Tm (°C)2

Target

Channel

Primers (product: 127 bp)
Forward

TGGGCCTCAGTCCGTTTCT

65.4

HBV RT gene

Reverse

TGTACAGACTTGGCCCCCAAWAC

65.2-66.1

HBV RT gene

YMDD

5' HEX-TAT+A+T+G+G+AT+GAT- 3' IB®FQ

58

YMDD (wild type)

HEX

YIDD

5' 6-FAM-TAT+A+T+T+G+AT+GAT- 3' IB®FQ

53

YIDD

FAM

LNA Probes

1

LNA nucleotides are written +A, +C, +T or +G;
Primer melting temperature was calculated by using LC PDS software V 2.0 and probe melting temperature by https://www.exiqon.com/ls/pages
/exiqontmpredictiontool.aspx. Tm: Melting temperature; RT: Reverse transcriptase; HBV: Hepatitis B virus.
2

when distinct melting peak formation with their diagnostic Tm is recognized.
Throughout the real-time PCR assay, two rtM204I positive controls with high
copies (2400000) and low copies (2400), two rtM204I positive controls with high copies
(2400000) and low copies (2400), and two non-template controls were included in each
run to monitor validity of Cqs, Tm s, and cross-contamination for inter-assays.
Comparison of LNA real-time PCR and direct sequencing for identification of rtM204I
variant and WT DNA.

Study patients
Data were collected retrospectively from a total of 410 treatment-naïve HBV patients
who were followed in the Digestive Disease Center of Konkuk University Hospital,
Korea, between March 2011 and February 2014. All of the patients were diagnosed
with CHB and confirmed to have not taken any NAs or interferon. The inclusion
criteria for the CBH patients included hepatitis B surface antigen (HBsAg) positive for
more than 6 months and HBV-DNA viral loads were detectable, while the exclusion
criteria included hepatitis C virus or human immunodeficiency virus coinfection,
autoimmune liver disease, and alcohol or drug abuse. Prior to antiviral treatments,
sera were collected from patients for analyses of the pre-existence of antiviral variants
prior to NAs. This study was approved by the Institutional Review Board of Konkuk
University Hospital.

Clinical and laboratory parameters
In all cases, demographic, clinical, biochemical and virologic data were collected. A
diagnosis of LC was made clinically when a patient had at least two of the following
three criteria: cirrhotic configuration of the liver (nodular liver surface or caudate lobe
hypertrophy) and/or splenomegaly confirmed on imaging studies, thrombocytopenia
(< 100000 platelets/mm 3 ), or the presence of varices detected by esophagogastroduodenoscopy. Liver fibrosis was assessed using noninvasive biomarkers to
calculate two composite scores The Fibrosis-4 index (FIB-4) score was calculated using
age, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and platelet
count in the following formula: FIB-4 = [age (years) × AST (IU/L)] / [platelets (109/L)
× ALT (IU/L)]. The AST to platelet ratio index (APRI) score was calculated using AST
and platelet counts in the following formula: APRI = [AST level (IU/L) / AST upper
limit of normal (IU/L) / platelet count (109/L)] × 100. Significant fibrosis of liver was
defined as FIB-4 > 3.25 or APRI > 1.5[16]. The diagnosis of HCC was made based on
histological evidence or typical radiological findings (the presence of arterial phase
enhancement and portal venous phase wash-out of a nodule 1 cm or more in size)[17].
A complete viral response (CVR) was regarded as HBV-DNA levels being lower
than detectable levels (24 IU/mL) at 12 mo of antiviral therapy, and incomplete
(suboptimal) responders were defined as individuals having detectable HBV-DNA
levels after at least 12 mo of treatment[18].

Statistical analysis
Data were mainly expressed as the mean and standard deviation (SD). Fisher's exact
test was used to compare categorical variables. One-way ANOVA and Duncan's
multiple comparison tests were used to compare continuous variables among the
groups, and Student's t-test was for the analysis between the groups. Logistic
regression analyses were performed to identify the independent factors for the
presence of naturally occurring rtM204I mutations, or antiviral responsiveness. The
Statistical Package for Social Science (SPSS Inc., Chicago, IL, United States), version
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Figure 1

Figure 1 Primer and LNA-probe positions designed for the detection of hepatitis B virus rtM204I (YIDD)
variant and rtM204 (YMDD) wild type. Arrows indicate the primer positions. Underlines indicate the probe positions.
The numbers designate the nucleotide position on the hepatitis B virus reverse transcriptase gene sequence.
Boldface bases denote the different bases. The box represents the codon and amino acid sequences of the rtM204
(YMDD) wild type and rtM204I (YIDD) variant. This single nucleotide difference is the basis of their discriminative
identification by LNA probes in this study. The amino acid sequence is shown as the one-letter amino acid symbols.
WT: Wild type.

15.0 was used for all analyses.

RESULTS
Determination of diagnostic Tm range for the identification of WT and rtM204I
variants by LNA real-time PCR
Identification of WT and rtM204I variants was performed by LNA real-time PCR
melting curve analysis by the observation of melting peak formation and specific Tm
measurements in the specified channels (Figure 2, Table 2). LNA real-time PCR with
samples of rtM204I positive control DNAs (n = 48) in amounts ranging from 24 to
2400000 copies resulted in a 100% positive detection rate and 100% specificity
showing a distinct melting peak formation at the FAM channel in all of the rtM204I
control DNA samples with Tms ranging from 51.3 to 52.2 °C (mean, 51.7 ± 0.2 °C) but
no significant melting peak formation at the HEX channel (WT detection channel).
LNA real-time PCR with samples of WT control DNAs (n = 48) in amounts ranging
from 24 to 2400000 copies resulted in a 95.8% positive detection rate and 100%
specificity showing a distinct melting peak formation at the HEX channel in all of the
WT control DNA samples with Tms ranging from 61.9 to 63.3 °C (mean, 62.6 ± 0.4 °C)
but no significant melting peak formation at the FAM channel (rtM204I detection
channel). Two WT control DNA samples that had the lowest copy numbers were not
detected. This suggests high sensitivity and specificity of our newly developed LNA
RT-PCR assay.

Application of LNA real-time PCR to clinical samples
Of 410 clinical samples tested in duplicate by our LNA real-time PCR method, 403
samples (98.3%) were positively identified as WT and/or rtM204I variants, with two
samples found to be mixed with presumably unknown variants with non-typable
Tms. Of the seven unidentified samples, two samples were amplified but non-typable
due to their non-diagnostic melting temperatures (50.4 °C, 57.9 °C) at the HEX
channel and five samples did not show any positive signals. Thus, only four samples
among all clinical samples tested carried non-typable Tms in this study.
Among the positively identified samples, all of the samples produced a distinct
melting peak or peaks with a Tm or Tms being in the diagnostic Tm range for WT or
rtM204I. Among all clinical samples, seventeen samples (4.1%) were identified as
carrying rtM204I variants and among these samples, nine samples were rtM204I
variant exclusively and eight samples were rtM204I variant coexistent with WT.
Among these, in four samples, rtM204I was dominant over WT; in one sample,
codominant; in three samples, WT was dominant over rtM204I (Table 3). Overall,
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Table 2 Measurement of melting temperatures of hepatitis B virus wild type (YMDD) and rtM204I variants (YIDD) by LNA real-time PCR
Sample (copies, number of samples n)

Measured Tm (°C) at channel
FAM
Min

HEX
Max

Mean ± SD(number of
positives)

Min

Max

Mean ± SD(number of
positives)

YIDD positive control DNA (24-2400000, n = 48)

51.3

52.2

51.7 ± 0.2 (48, 100%)

(-)

(-)

(-)

WT positive control DNA (24-2400000, n = 48)

(-)

(-)

(-)

61.9

63.3

62.6 ± 0.4 (46, 95.8%)

YIDD and WT standard mixtures (24-2400000, n = 280) 50.1

52.6

51.5 ± 0.3 (280, 100%)

61.9

64.0

63.0 ± 0.4 (280, 100%)

YIDD and WT standard mixtures (24, n = 56)

49.9

51.9

51.2 ± 0.5 (45, 80.3%)

60.9

63.8

63.0 ± 0.5 (44, 78.6%)

YIDD of clinical samples in duplicate (82-180000, n =
17)

49.6

51.9

51.3 ± 0.5

(-)

(-)

(-)

(-)

(-)

61.1

64.0

62.8 ± 0.3

YMDD of clinical samples in duplicate (65-13000000, n (-)
= 397)

1

The variants were identified by direct sequencing of PCR products. (-) indicates no significant melting temperature; SD: standard deviation; Tm: Melting
temperature.

thirteen samples carried the rtM204I variant predominantly and one sample codominantly with WT. The majority of the clinical samples were WT.
Three of the four samples that showed Tms out of the WT-diagnostic Tm range
were sequenced by direct sequencing of their PCR products. The one sample with a
Tm of 50.4 °C was identified as a YVDD variant with a GTG codon and the other
sample with a Tm of 57.9 °C was YMDD but had a TAC codon for the Y amino acid.
The third sample that showed three melting peaks was revealed to have an additional
codon for isoleucine of rtM204I. The results of direct PCR sequencing of thirty clinical
samples randomly chosen among positively identified samples by LNA real-time PCR
had results identical to those of our LNA real-time PCR assay, proving its reliability
for screening for pre-existing rtM204I variants from treatment naïve CHB patients
(Figure 3).

Baseline characteristics of enrolled 403 CHB patients typed by LNA real-time PCR
Four hundred and three treatment-naïve patients with chronic HBV infection that
could be typed by LNA real-time PCR comprising 244 men and 159 women with a
mean age of 43.9 ± 12.5 years were included. Baseline characteristics were shown in
Table 4. Two hundred thirty-eight (59.1%) patients had HBeAg-positive CHB and 165
(40.9%) patients had HBeAg-negative CHB. Eighty-seven patients had LC, and fiftyone patients had HCC. One hundred fifty-seven had significant fibrosis (defined as
FIB-4 score > 3.25, or APRI score > 1.5). Of the 403 treatment-naïve patients, 232
patients were treated with NAs over a period of 1 year. One-hundred ninety-two
patients were treated with agents that had a high genetic barrier to resistance (95
patients were treated with tenofovir, and 97 patients were tread with entecavir), and
40 patients were treated with low genetic barrier agents [9, 19, and 12 patients were
treated with LAM, adefovir (ADV), and LAM-ADV combination, respectively]. As it
is well known that HBV genotype C is the universal type in almost all Korean chronic
carriers, HBV genotyping is not routinely carried out in Korea. In our study, HBV
genotyping was performed for 40 patients and all (100%) had genotype C2 strains.

Association between pre-existence of rtM204I variants and patient characteristics
The pre-existing rtM204I variants prior to NAs were detected in 17 of 403 treatmentnaïve CHB patients (4.2%). The pre-existing rtM204I variants were more frequently
detected in subjects with higher FIB-4 scores. These variants were more often detected
in subjects with significant fibrosis, LC, and HCC (Table 4). Among the clinical factors
(age, sex, HBeAg status, HBV-DNA titers, HBsAg quantitative levels, AST, ALT, total
bilirubin, albumin, prothrombin time, platelet counts, presence of significant fibrosis,
LC or HCC), univariate analysis showed that pre-existing rtM204I variants were more
frequently detected in patients with significant fibrosis, or patients with HCC. Logistic
multivariate analysis showed that pre-existing rtM204I variants were significantly
more frequent in patients with significant fibrosis (odd ratio 3.397, 95% confidence
interval 1.119-10.319, P = 0.031) (Table 5).

Association between the pre-existence of rtM204I variants and antiviral
responsiveness
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Figure 2

Figure 2 LNA real-time PCR for identification of hepatitis B virus rtM204I (YIDD) variant and rtM204 (YMDD) wild type. Amplification curves were shown on the
left, melting peaks on the right. With YIDD variant DNA templates (A), YIDD specific signals at FAM channel (solid) were detected showing their dominant
amplifications with minimal cross signals of amplification generated by a weak YMDD probe cross hybridization and distinct melting temperatures different from those
of YMDD DNA with no significant cross signals on melting. For WT DNA templates (B), YMDD specific signals at HEX 6 channel (dashed) were detected showing their
exclusive amplifications and distinct Tms different from those of YIDD with no cross signals. WT: Wild type.

Two hundred and thirty-two patients were treated with oral NAs over a period of 12
mo, and their antiviral responsiveness to NAS was evaluated. One hundred and
ninety-nine patients achieved a CVR at 12 months of anti-HBV therapy, whereas
thirty-three patients had suboptimal (incomplete) responses. Logistic multivariate
regression analysis revealed that achievement of CVR was reversely associated with
higher HBV-DNA titers, treatment with low genetic barrier drugs, and, infection with
pre-existing rtM204I variants prior to NAs (odds ratio 0.014, 95% confidence interval
0.002-0.096, P < 0.001; Table 6). Figure 4 shows the mean changes in the HBV-DNA
level at each point. The decrease in HBV-DNA was significantly less prominent in
patients infected with pre-existing rtM204I variants than in patients infected without
pre-existing rtM204I variants, at 3, 6, 9, and 12 mo of antiviral treatments (all P < 0.05).
Among 95 patients treated with tenofovir, all seven patients with pre-existing
rtM204I variants (7/7, 100%) as well as almost patients without pre-existing rtM204I
variants (85/88, 96.6%) achieved CVR at 12 mo of tenofovir. Among 97 patients
treated with entecavir, only one of six patients with pre-existing rtM204I variants
(1/6, 16.7%) achieved CVR at 12 mo of entecavir, whereas almost patients without
pre-existing rtM204I variants (87/91, 95.6%) achieved CVR at 12 mo entecavir (87/91,
95.6%). Among 40 patients treated with low genetic barriers, one of four patients with
pre-existing rtM204I variants (1/4, 25.0%) and half of patients without pre-existing
rtM204I variants (18/36, 50.0%) achieved CVR at 12 mo of low genetic barriers.
Table 7 shows the mean changes in the HBV-DNA levels and cumulative
probabilities of CVR in 17 patients with pre-existing rtM204I variants. The cumulative
probability of CVR at 12 mo of tenofovir was significantly higher than those of
entecavir and low genetic barriers (the Fisher’s exact test: tenofovir vs entecavir, P =
0.005; tenofovir vs low genetic barrier, P = 0.024).

DISCUSSION
Although antiviral resistance mutations occur secondarily to long term use of NAs,
they can occur spontaneously in NAs-naïve patients. Since the HBV genome lacks a
proofreading function on the RT region of the DNA polymerase, mutations can
naturally occur due to random incorrect substitution of nucleos(t)ides. The most
common substitutions are methionine at amino acid position 204 to either isoleucine
(rtM204I, YIDD mutations) or valine (rtM204V, YVDD mutations)[19,20]. Many studies
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Table 3 Rates of positive detection of hepatitis B virus wild type (YMDD) and rtM204I variant
(YIDD) in 410 samples by LNA real-time PCR
Type of detection

No. of samples

Percentage

Clinical samples

410

100%

Identified

403

98.3%

YIDD

17

4.1%

YIDD exclusively

9

2.2%

YIDD + YMDD

3

0.7%

YIDD + YMDD + YIDD with ATA codon1

1

0.2%

YIDD + YMDD

1

0.5%

YIDD + YMDD

3

0.7%

YMDD

394

96.3%

YMDD exclusively

385

93.9%

YMDD + unknown variant

1

0.2%

Unidentified

7

1.7%

Non-target Tm

2

0.5%

HEX 50.4 °C; YVDD1

1

0.2%

HEX 57.9 °C; YMDD with Y of TAC codon1

1

0.2%

No positive signal

5

1.2%

Bold type indicates dominant form.
1
The variants were identified by direct sequencing of PCR products. Tm: Melting temperature.

have revealed that YMDD-motif mutations can emerge naturally in treatment-naïve
CHB patients, but their reported prevalence vary greatly (0% to approximately 30%)
or are even contradictory[10-13].
Our group recently analyzed the RT region of the HBV polymerase by full-length
HBV RT sequences in NAs-naive CHB patients, and we found that approximately
60% of them had antiviral resistant variants with substitutions at T184, M204, L180, or
L80 prior to NAs therapy[14]. Among these variants, spontaneous rtM204I/V variants
were detected in approximately 1.5% of NAs-native patients, and the rtM204I variant
was the dominant type. Additionally, they were more frequently detected in patients
with HCC than in patients without HCC. Thus, in this research, we focused on the
spontaneous rtM204I variants, and they were evaluated using an LNA-RT-PCR
method, which is a more sensitive method than sequence analysis. We also tripled the
sample number of NAs-naïve patients with various phases of CHB genotype C
infection.
In this study, we have confirmed that spontaneous rtM204I mutations exist in NAsnaïve patients with CHB genotype C infection, and their prevalence is approximately
4%. Spontaneous M204I mutations were more frequently detected in patients with
higher scores on the FIB-4 index, which is considered to be a noninvasive marker of
liver fibrosis, and multivariate analysis showed that pre-existing M204I mutations
were more frequently detected in patients with significant fibrosis[21]. These data
suggest that spontaneous rtM204I variants might be risk factors for the progression of
liver fibrosis. Although the mechanism is unclear, a possible reason for the significant
association between spontaneous rtM204I variants and liver fibrosis might also be
related to HBV genotype C. Many studies have demonstrated that naturally occurring
mutations, such as variants in the pre-S region, are associated with LC and HCC
development in CHB patients, especially those infected with genotype C[22,23]. Hence,
this study suggested that progression of fibrosis might be related to spontaneous
occurrence of rtM204I mutations prior to NAs, as well as infection with naturally
occurring pre-S variants, in treatment-naïve patients infected with HBV genotype C2
strains.
Another finding of this study is that spontaneous rtM204I variants could affect
antiviral responsiveness in treatment-naïve patients when they are treated with NAs.
Our data showed that CVR rate to antiviral therapy was significantly lower in
patients infected with spontaneous rtM204I variants. Indeed, rtM204I variants are the
predominant mutations causing resistance to NAs with low genetic barriers, such as
LAM, L-dT, and CLV[6,24]. These variants can also reduce the susceptibility to entecavir
therapy and induce entecavir resistance[25]. This study also revealed that all seven
patients carrying pre-existing rtM204I mutations achieved CVR to tenofovir, which
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Figure 3

Figure 3 Confirmation of LNA real-time PCR identification results of hepatitis B virus rtM204I (YIDD) variant
and rtM204 (YMDD) wild type by direct sequencing. Nucleotide bases are shown in the parenthesis. Lower case
letters represent the base in a lower amount relative to the dominant variant. Bold indicates the target amino acid and
bases.

can effectively suppress not only WT HBV strains but also rtM204I variants. In
contrast, only one of six patients carrying pre-existing rtM204I mutations achieved
CVR at 12 mo of entecavir treatment, and one of four patients achieved CVR at 12 mo
of low genetic barrier agents. Therefore, tenofovir is the preferred treatment since its
higher barrier to resistance provides the best chance for successful long-term therapy
in treatment-naïve patients carrying spontaneous rtM204I variants.
Recently, a Korean population-based cohort study demonstrated that tenofovir
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Table 4 Baseline characteristics of 403 treatment-naïve patients with chronic hepatitis B
Characteristics

Pre-existing rtM204I n = 17

Wild type rtM204 n = 386

P value

Gender (M/F)

14/3

230/156

0.060

Age (yr)

48.8 ± 9.3

43.7 ± 12.6

0.101

HBeAg (positive/negative)

10/7

228/158

0.984

HBV-DNA (log10 IU/mL)

6.33 ± 0.66

6.06 ± 1.77

0.519

qHBsAg (log 10 IU/mL)

3.43 ± 0.30

3.59 ± 0.70

0.334

AST (IU/L)

104.7 ± 40.9

78.7 ± 65.2

0.103

ALT (IU/L)

77.8 ± 29.4

85.4 ± 84.1

0.709

Total bilirubin (mg/dL)

0.93 ± 0.33

0.88 ± 0.60

0.743

Albumin (g/dL)

4.02 ± 0.43

4.14 ± 0.52

0.338

Prothrombin time (INR)

1.07 ± 0.10

1.02 ± 0.16

0.246

Platelet count (× 10 /mm )

155.7 ± 55.6

181.4 ± 64.4

0.106

FIB-4

4.38 ± 2.33

2.91 ± 2.92

0.041

APRI

1.94 ± 0.98

1.34 ± 1.35

0.068

Significant fibrosis1 (presence/absence)

12/5

145/241

0.006

Liver cirrhosis (presence/absence)

7/10

80 / 306

0.045

HCC (presence/absence)

5/12

46 / 340

0.034

3

3

1

Significant fibrosis was defined as aspartate aminotransferase to platelet ratio index > 1.5 or fibrosis-4 index > 3.25. ALT: Alanine aminotransferase; APRI:
Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; FIB-4: Fibrosis-4 Index; HCC: Hepatocellular carcinoma; INR:
International normalized ratio; qHBsAg: Quantitative hepatitis B surface antigen levels; HBV: Hepatitis B virus.

treatment was associated with a significantly lower risk of HCC compared with
entecavir treatment[26]. This result might be related to the fact that tenofovir therapy
can more effectively suppress HBV-DNA compared to entecavir therapy and
consequently decrease the risk of LC progression or HCC development in Korean
patients infected with HBV genotype C strains, some of whom have spontaneous
rtM204I variants.
In conclusion, the LNA-RT-PCR method can detect pre-existing rtM204I variants
with high sensitivity in NAs-naïve CHB patients. rtM204I mutations can occur
spontaneously with a rate of approximately 4% in treatment-naïve patients infected
with HBV genotype C2. The rtM204I variants more frequently pre-existed in patients
with significant fibrosis, and the pre-existence of rtM204I variants was associated with
incomplete responses to NAs. Therefore, the detection of pre-existing rtM204I
variants with the newly developed LNA-RT-PCR method could play a relevant role in
the clinical management of NA-naïve patients with CHB genotype C2 infection.
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Table 5 Independent factors for pre-existing rtM204I variants in treatment-naïve chronic hepatitis B patients
Pre-existing rtM204I (n =
17)

Wild type rtM204 (n =
386)

Gender (male)

14 (82.4%)

Age, yr

48.8 ± 9.3

HBeAg status (positive)

10 (58.8%)

Univariate

Multivariate

OR

95%CI

P value OR

230 (59.6%)

3.165

(0.895-11.197) 0.074

43.7 ± 12.6

1.033

(0.993-1.074)

0.105

228 (59.1%)

0.990

(0.369-2.656)

0.984

HBV-DNA, log10 IU/mL 6.33 ± 0.66

6.06 ± 1.77

1.098

(0.827-1.458)

0.519

qHBsAg, log10 IU/mL

3.43 ± 0.30

3.59 ± 0.70

0.555

(0.336-0.916)

0.021

AST, IU/L

104.7 ± 40.9

78.7 ± 65.2

1.005

(0.999-1.011)

0.109

ALT, IU/L

77.8 ± 29.4

85.4 ± 84.1

0.999

(0.992-1.005)

0.709

Total bilirubin, mg/dL

0.93 ± 0.33

0.88 ± 0.60

1.140

(0.522-2.487)

0.742

Albumin, g/dL

4.02 ± 0.43

4.14 ± 0.52

0.655

(0.275-1.559)

0.339

Prothrombin time, INR

1.07 ± 0.10

1.02 ± 0.16

4.625

(0.339-63.020) 0.250

Platelet count, ×
103/mm3

155.7 ± 55.6

181.4 ± 64.4

0.993

(0.985-1.001)

Significant fibrosis1

12 (70.6%)

145 (37.6%)

3.989

(1.377-11.553) 0.011

Liver cirrhosis

7 (41.2%)

80 (20.7%)

2.677

(0.988-7.255)

0.053

HCC

5 (29.4%)

46 (11.9%)

3.080

(1.038-9.139)

0.043

95%CI

P value

0.108
3.397

(1.119-10.319) 0.031

1.961

(0.626-6.143)

0.248

1

Significant fibrosis was defined as aspartate aminotransferase to platelet ratio index > 1.5 or fibrosis-4 index > 3.25. ALT: Alanine aminotransferase; APRI:
Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; FIB-4: Fibrosis-4 Index; HCC: Hepatocellular carcinoma; INR:
International normalized ratio; qHBsAg: Quantitative hepatitis B surface antigen levels; HBV: Hepatitis B virus.

Table 6 Independent factors for complete response at 12 mo of antiviral therapy in 232 patients who were treated with nucleos(t)ide
analogues
Complete response (n =
199)

Incomplete response (n = Univariate
33)
OR
95%CI

Multivariate
P value OR

Gender (male)

130 (65.3%)

20 (60.6%)

1.225

(0.575-2.610)

0.600

Age, yr

47.3 ± 11.9

43.6 ± 10.9

1.028

(0.996-1.062)

0.087

HBeAg status
(positive)

106 (53.3%)

30 (90.9%)

0.114

(0.034-0.386)

< 0.001

HBV-DNA, log10
IU/mL

5.97 ± 1.40

7.69 ± 1.13

0.402

(0.290-0.559)

qHBsAg, log10 IU/mL

3.46 ± 0.57

3.89 ± 0.74

0.270

AST, IU/L

94.6 ± 69.5

83.0 ± 47.2

1.003

ALT, IU/L

103.5 ± 92.7

95%CI

P value

0.438

(0.086-2.226)

0.320

< 0.001

0.185

(0.083-0.412)

< 0.001

(0.134-0.544)

< 0.001

1.492

(0.501-4.447)

0.473

(0.997-1.009)

0.361

91.6 ± 57.5

1.002

(0.997-1.006)

0.474

Total bilirubin, mg/dL 0.95 ± 0.57

0.76 ± 0.30

2.201

(0.964-5.024)

0.061

Albumin, g/dL

4.06 ± 0.53

4.14 ± 0.44

0.743

(0.351-1.573)

0.438

Prothrombin time, INR 1.05 ± 0.16

1.01 ± 0.10

8.323

(0.444155.931)

0.156

Platelet count, ×
103/mm3

164.6 ± 63.8

182.6 ± 53.0

0.995

(0.990-1.001)

0.128

Significant fibrosis

105 (52.8%)

13 (39.4%)

1.718

(0.810-3.644)

0.158

Liver cirrhosis

58 (29.1%)

6 (18.2%)

1.851

(0.726-4.720)

0.197

HCC

33 (16.6%)

3 (9.1%)

1.988

(0.573-6.899)

0.279

High genetic barrier

180 (90.5%)

12 (36.4%)

16.579 (7.069-38.882) < 0.001

82.076 (14.945450.760)

< 0.001

Pre-existing rtM204I

9 (4.5%)

8 (24.2%)

0.148

0.014

< 0.001

(0.052-0.419)

< 0.001

(0.002-0.096)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio; qHBsAg: Quantitative hepatitis B surface antigen
levels; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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Table 7 Treatment responses during nucleos(t)ide analogues in patients with pre-existing rtM204I variants
Outcome

Tenofovir (n = 7)

Entecavir (n = 6)

Low genetic barriers1 (n = 4)

P value

Reduction of HBV-DNA (log10 IU/mL), mean ± SD
-3.22 ± 0.74

-2.12 ± 0.532

-2.22 ± 0.402

0.011

Mo 6

-3.97 ± 0.75

-2.71 ± 0.43

2

-2.92 ± 0.51

2

0.005

Mo 9

-4.44 ± 0.70

-3.33 ± 0.482

-3.28 ± 0.352

0.004

Mo 12

-4.75 ± 0.59

-3.65 ± 0.432

-3.52 ± 0.602

0.003

25%2

0.021

Mo 3

Complete virologic response, cumulative incidence
Mo 12

16.7%2

100%

1

The low genetic barriers include lamivudine, adefovir, or combination of lamivudine and adefovir;
The same number of superscripted indicates non-specific difference between groups. The continuous variables were tested by one-way ANOVA among
groups, and categorical variables were tested by Fisher’s exact test. SD: standard deviation; HBV: Hepatitis B virus.
2

Figure 4

Figure 4 Changes in mean log values of the serum hepatitis B virus DNA levels from baseline during nucleos(t)ide analogues treatment. A: The decrease in
hepatitis B virus (HBV) DNA was significantly less prominent in patients infected with naturally occurring rtM204I variants than in patients without pre-existing rtM204I
variants at 3, 6, 9, 12, 15 mo of nucleos(t)ide analogues (all P < 0.05); B: There was no differences in HBV-DNA declines during tenofovir therapy between patients
with and without naturally occurring rtM204I variants; C: The decrease in HBV DNA was significantly less prominent in patients infected with naturally occurring
rtM204I variants than in patients without pre-existing rtM204I variants at 3, 6, 9, 12, 15 mo of entecavir (all P < 0.05); D: The decrease in HBV DNA was significantly
less prominent in patients infected with naturally occurring rtM204I variants than in patients without pre-existing rtM204I variants at 3, 6, 9, 12, 15 mo of low genetic
barriers (all P < 0.05). Student's t-test was used for the statistical analysis at each time point. HBV: Hepatitis B virus.

ARTICLE HIGHLIGHTS
Research background
Hepatitis B virus (HBV) DNA polymerase mutations usually occur to long term use of
nucleos(t)ide analogues (NAs), but they can occur spontaneously in treatment-naïve chronic
hepatitis B (CHB) patients. The naturally occurring HBV-DNA polymerase mutations might
complicate antiviral therapy with NAs, leading to the generation of drug-resistant viral mutants
and disease progression. The most common substitutions are known to be YMDD-motif
mutations, but their prevalence and the influence on antiviral therapy is unclear.

Research motivation
HBV DNA polymerase mutations have been known to be prevalent in treatment-naïve CHB

WJG

https://www.wjgnet.com

4996

September 7, 2019

Volume 25

Issue 33

Choe WH et al. Anti-HBV therapy for naturally-occurring rtM204I mutations
patients infected with HBV genotype C2 strains. But there is still controversy regarding
prevalence of the naturally occurring rtM204I mutations prior to antiviral treatments. Moreover,
the clinical characteristics of the naturally occurring rtM204I mutations have not been fully
elucidated.

Research objectives
The objective of this study was to determine the prevalence and clinical characteristics of
naturally occurring rtM204I mutations in treatment-naïve patients infected with HBV genotype
C2 strains by using a newly developed locked nucleotide probe (LNA probe) based real time
PCR (LNA-RT-PCR) method, which can detect subspecies at 5% of the circulating HBV
population.

Research methods
The retrospective study enrolled a total of 410 treatment-naïve CHB patients infected with HBV
genotype C2 strains. Among the 410 patients, 232 were treated with NAs for at least 12 mo.
Significant fibrosis was defined as fibrosis-4 index > 3.25 or aspartate aminotransferase to
platelet ratio index > 1.5. Complete viral response (CVR) during NAs was defined as
undetectable serum HBV DNA (< 24 IU/mL). The rtM204I variants were analyzed by a newly
developed LNA RT-PCR method.

Research results
The LNA-RT-PCR could discriminate rtM204I mutant-type (17 patients, 4.2%) from rtM204 wildtype (386 patients, 95.8%) in 403 of 410 patients (98.3% sensitivity). Multivariate analysis showed
that naturally occurring rtM204I variants were more frequently detected in patients with
significant fibrosis [odd-ratio (OR) 3.397, 95% confidence-interval (CI) 1.119-10.319, P = 0.031]. Of
232 patients receiving NAs, multivariate analysis revealed that achievement of CVR was
reversely associated with naturally occurring rtM204I variants prior to NAs treatment (OR 0.014,
95%CI 0.002-0.096, P < 0.001). Almost patients receiving tenofovir achieved CVR at 12 mo of
tenofovir, irrespective of pre-existence of naturally occurring rtM204I mutations (CVR rates:
patients with rtM204I, 100%; patients without rtM204I, 96.6%), whereas, pre-existence of
naturally-occurring rtM204I-mutations prior to NAs significantly affects CVR rates in patients
receiving entecavir (at 12 mo: Patients with rtM204I, 16.7%; patients without rtM204I, 95.6%, P <
0.001).

Research conclusions
The newly developed LNA-RT-PCR method can detect pre-existing rtM204I variants with high
sensitivity in NAs-naïve CHB patients. rtM204I mutations can occur spontaneously with a rate of
approximately 4% in treatment-naïve patients infected with HBV genotype C2. The rtM204I
variants more frequently pre-existed in patients with significant fibrosis, and the pre-existence of
rtM204I variants was associated with incomplete responses to NAs. Tenofovir is a more suitable
treatment than entecavir for CHB patients carrying the naturally occurring rtM204I mutations.

Research perspectives
The detection of pre-existing rtM204I variants with the newly developed LNA-RT-PCR method
could play a relevant role in the clinical management of NA-naïve patients with CHB genotype
C2 infection. Further prospective studies should be performed to verify our conclusions.
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Abstract
BACKGROUND
Diarrhea is a major infectious cause of childhood morbidity and mortality
worldwide. In clinical trials, Lactobacillus rhamnosus GG ATCC 53013 (LGG) has
been used to treat diarrhea. However, recent randomized controlled trials (RCTs)
found no evidence of a beneficial effect of LGG treatment.
AIM
To evaluate the efficacy of LGG in treating acute diarrhea in children.
METHODS
The EMBASE, MEDLINE, PubMed, Web of Science databases, and the Cochrane
Central Register of Controlled Trials were searched up to April 2019 for metaanalyses and RCTs. The Cochrane Review Manager was used to analyze the
relevant data.
RESULTS
Nineteen RCTs met the inclusion criteria and showed that compared with the
control group, LGG administration notably reduced the diarrhea duration [mean
difference (MD) -24.02 h, 95% confidence interval (CI) (-36.58, -11.45)]. More
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effective results were detected at a high dose ≥ 1010 CFU per day [MD -22.56 h,
95%CI (-36.41, -8.72)] vs a lower dose. A similar reduction was found in Asian
and European patients [MD -24.42 h, 95%CI (-47.01, -1.82); MD -32.02 h, 95%CI (49.26, -14.79), respectively]. A reduced duration of diarrhea was confirmed in
LGG participants with diarrhea for less than 3 d at enrollment [MD -15.83 h,
95%CI (-20.68, -10.98)]. High-dose LGG effectively reduced the duration of
rotavirus-induced diarrhea [MD -31.05 h, 95%CI (-50.31, -11.80)] and the stool
number per day [MD -1.08, 95%CI (-1.87, -0.28)].
CONCLUSION
High-dose LGG therapy reduces the duration of diarrhea and the stool number
per day. Intervention at the early stage is recommended. Future trials are
expected to verify the effectiveness of LGG treatment.
Key words:Lactobacillus rhamnosus GG; Acute diarrhea; Children; Rotavirus; Probiotics;
Systematic review; Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The treatment effectiveness of Lactobacillus rhamnosus GG (LGG) for acute
diarrhea in children was assessed in our study. LGG was confirmed to effectively reduce
the duration of diarrhea and the stool number per day. LGG was particularly efficacious
in patients treated at a dose > 1010 CFU/day, those treated at an early stage of illness, and
those diagnosed with rotavirus-positive diarrhea.

Citation: Li YT, Xu H, Ye JZ, Wu WR, Shi D, Fang DQ, Liu Y, Li LJ. Efficacy of
Lactobacillus rhamnosus GG in treatment of acute pediatric diarrhea: A systematic review
with meta-analysis. World J Gastroenterol 2019; 25(33): 4999-5016
URL: https://www.wjgnet.com/1007-9327/full/v25/i33/4999.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i33.4999

INTRODUCTION
The World Health Organization and United Nations International Children's
Emergency Fund define diarrhea as more than three loose or watery stools during a
24-h period. A duration of 14 days is the proposed criterion for acute diarrhea or
persistent diarrhea. Diarrhea is a major infectious cause of childhood morbidity and
mortality worldwide, especially in developing countries [1] . As the second most
common cause of death among children under 5 years of age[2], the frequency of acute
diarrhea in one year is approximately two to three episodes per child[1]. Previous data
showed that the incidence of diarrhea was 6 to 12 episodes in 12 months per child in
developing countries[3].
The goals of treatment are prevention or resolution of dehydration and reduction of
the diarrhea duration and infectious period [4] . Oral rehydration, gut motility
inhibitors, and antibiotics are used to treat acute gastroenteritis[4]. Oral rehydration
contributes to a reduced likelihood of dehydration but has no appreciable effects on
bowel movements or the duration of diarrhea and is not utilized to its full extent[5].
Antibiotics should be considered if pathogenic bacteria are detected. Smectite and
zinc remain under-utilized as adjuvant therapies[6,7].
Probiotic supplements have gained considerable popularity in the global market
and are predicted to generate 64 billion United States dollars in revenue by 2023[8].
Probiotics have health benefits for hosts[9] and have been evaluated in the treatment of
diarrhea, and multiple mechanisms of diarrhea improvement have been identified.
Probiotics modulate the host immune response[10]. Furthermore, colonic bacterial
metabolites such as short-chain fatty acids increase colonic Na and fluid absorption
through a cyclic adenosine monophosphate-independent mechanism[5]. In clinical
trials, the well-known probiotics Saccharomyces boulardii, Lactobacillus reuteri DSM
17938, and Lactobacillus rhamnosus GG ATCC 53013 (LGG) have been used to treat
diarrhea[2,4]. Previously, rotavirus-induced diarrhea was considered an adaptation
disease associated with LGG treatment[11]. Wolvers D revealed that the probiotic dose
mediated the effectiveness of treatment, and 10 1 0 -10 1 1 CFU per day was
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recommended[12]. In addition, a greater effect was observed in the early stage of
illness, and a poorer effect on invasive bacterial diarrhea versus watery diarrhea was
observed. LGG treatment has been endorsed by leading experts[13-15]. However, most
recent randomized controlled trials (RCTs) conducted by Schnadower et al[8] yielded
no evidence of a beneficial effect of LGG treatment. Therefore, we conducted a metaanalysis to evaluate the available validated data and update existing knowledge and
thus provide guidance to patients.

MATERIALS AND METHODS
Literature search
Relevant studies published before April 2019 were retrieved from the EMBASE,
MEDLINE, PubMed, Web of Science databases, and the Cochrane Central Register of
Controlled Trials (CENTRAL, the Cochrane Library). The search strategy was
conducted with medical subject headings and the search terms “diarrhoea, diarrhea,
diarrh*, gastroenteritis, probiotic*, Lactobacillus rhamnosus GG, Lactobacillus GG, and
LGG”. No language restrictions were applied. Additional studies were identified by
manually searching review articles.

Study selection
Nineteen RCTs describing LGG interventions for acute diarrhea were included. The
PRISMA statement and the guidelines from the Cochrane Collaboration were
followed for this evidence-based medicine study[16,17]. The participants were children
aged less than 18 years. The dose of LGG was provided in various forms at different
times. Antibiotic-associated diarrhea and persistent diarrhea were excluded. Other
applications of LGG, such as preventive strategies, were not included. Some particular
article types without complete data were excluded, such as abstracts and letters. We
also excluded studies using mixtures of more than one probiotic strain. The primary
outcomes were directly related to the development of persistent diarrhea, including
the duration of diarrhea and diarrhea lasting ≥ 3 and ≥ 4 d. Secondary outcomes
included the hospital stay duration, stool frequency, and improvement in stool
consistency and vomiting.

Data extraction
Two investigators (Li YT and Xu H) independently identified eligible articles and
extracted applicable data following the inclusion criteria.
Quality control was assessed
2
by another reviewer (Wu WR). The data set included the baseline characteristics of the
participants, the duration of diarrhea, the hospital stay duration, the time to
improvement in stool consistency, the mean number of stools per day during diarrhea
episodes, the proportion of patients with vomiting, the duration of vomiting, stool
frequency on days 2 and 3 after treatment, and the number
of patients with diarrhea
2
lasting ≥ 3 or 4 d. Cochrane Review Manager (Version 5.1. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2011) and STATA version 12.0
(StataCorp LP, College Station, TX, United States) were used for data analyses. Any
discrepancies were resolved by discussion.

Risk of bias
All included trials were evaluated following the Cochrane Collaboration’s risk of bias
tool. Seven domains were examined to identify the bias risk: selection bias, including
random sequence generation and allocation concealment, performance bias, including
blinding of participants and personnel, detection bias, including blinding of outcome
assessments, attrition bias, including incomplete outcome data, reporting bias,
including selective reporting, and other bias. Adequate allocation concealment was
implemented to ensure blinding of the participants and investigators to avoid
influences on the measures. Randomization was performed based on confirmed
allocation concealment. Unclear allocation concealment was noted when no method
was mentioned. The integrity of the data was evaluated, including the proportion of
excluded participants (http://www.cochrane-handbook.org).

Statistical analysis
The Cochrane Review Manager was used to analyze the relevant data. The mean
differences (MDs) in continuous data under LGG or placebo treatment were
measured. Dichotomous results are pooled and presented as risk ratios. Additionally,
95% confidence intervals (CIs) are reported for all types of outcomes. I2 and χ2 values
were calculated to quantify and reflect heterogeneity. A P-value < 0.05 indicates that
heterogeneity should not be ignored; thus, a random-effects model was used. A fixedeffects model was employed when no statistically significant inconsistency was
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detected. Publication bias was assessed by funnel plot asymmetry[18]. Sensitivity
analyses were conducted to detect the robustness of results by assessing
randomization, missing data, blinding, and allocation concealment. Each individual
study was systematically removed from the meta-analysis, and the effect was
recalculated and estimated from the remaining studies (Supporting information
Figure S1). Regression analysis was conducted, and the relationships between the
duration of diarrhea and other covariates, including publication year, participant age,
the duration of diarrhea before study enrollment, and the LGG dosage, were
examined. Subgroup analyses were performed to diminish significant inconsistency.
Preplanned subgroup analyses were performed according to the following clinical
characteristics and results from sensitivity or regression analysis: (1) The dosage of
LGG per day. A dosage of 1010 CFU/day was observed to be a critical element of
effective treatment in the study by Szajewska et al[13]. In addition, a larger dose was
suggested in other studies[19,20]; (2) The etiology of diarrhea. Diarrhea mortality and
severe diarrhea were most frequently caused by rotavirus in children[21]. Compared to
control children, several rotavirus-positive children with watery stools in a probiotic
group were reported to exhibit a marked reduction in diarrhea symptoms after 24 h[22].
A meta-analysis performed by Szajewska et al[23] in 2007 concluded that the duration
of rotavirus-induced diarrhea was significantly attenuated by LGG supplementation;
(3) The site of treatment (inpatient vs outpatient); (4) Vaccination status; (5)
Geography of the clinical trials. The location of the study affected the sanitary habits,
exposure to various pathogens, and nutrient status of the participants. All studied
environmental factors contribute to various outcomes; (6) Early probiotic
administration. A beneficial effect of probiotics was reported in the course of disease
when initiated early[12]; and (7) Publication date.

RESULTS
Study selection
A total of 349 potentially relevant studies were identified. The process of screening
was carried out according to the flow diagram shown in Figure S2 (Supporting
information). The characteristics of each included study are summarized in Table 1.
With 988 participants in a 2007 meta-analysis and 2683 participants in a 2013 metaanalysis, a total of 4073 participants in 19 RCTs were identified in the literature. Two
experimental arms in the study of Basu et al [24] were listed separately to exhibit
different doses of probiotics, which were marked as Basu 2009a and Basu 2009b.
Therefore, the figures, tables, and full texts of 18 articles were reviewed[8,24-40]. A large
number of trials were conducted in Europe and Asia. Patients were recruited from
outpatient, inpatient, and emergency departments. Inconsistency existed in the daily
doses and routes of LGG supplementation during the treatment period. Different
criteria were used to define diarrhea in the included studies. Diarrhea resolution was
commonly defined as passage of the first normal stool or the last watery stool.
Antibiotic treatment before recruitment was assessed, and different studies varied
regarding the use of antibiotics. Similarly, the duration of treatment varied. Studies of
moderate to high quality were adequately assessed and are summarized in Figure S3
(Supporting information).

Evaluation before enrollment (days)
Before enrollment, age was assessed in 16 studies, and the duration of diarrhea was
reported in nine studies (Supporting information Figures S4 and S5). No obvious
difference in age was found. The statistical differences and high heterogeneity
resulting from the duration of diarrhea [MD -6.21 h, 95%CI (-9.04, -3.38)] could be
reduced by subgrouping according to the outcomes of the sensitivity analysis
(Supporting information Figure S1). The subgroup excluding the study of Ritchie et
al [37] performed in 2010 showed acceptable heterogeneity, and no statistical
significance was observed for the duration of diarrhea before study enrollment [MD 0.9 h, 95%CI (-4.02, 2.22)] (I2 = 10%). Sensitivity analysis revealed differences in the
duration of diarrhea before study enrollment between the two groups in the study of
Ritchie et al [37] , which recruited aboriginal children in the Northern Territory of
Australia. Social disadvantages and poverty contributed to malnutrition in these
children [4] . However, no significant differences in the primary and secondary
outcomes were found by sensitivity analysis, which is inconsistent with the findings
reported in previous meta-analyses[4,13] (Supporting information Figure S1).

Duration of diarrhea
A reduced duration of diarrhea was found in the LGG group compared to that in the
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RCT; 1 center;
Duration: 1 yr

Basu et al [24]
2009b

5003

Boys, 1-24
mo

Unclear

RCT; 1 center

RCT; 1 center

CzerwionkaSzaflarska et
al[28], 2009

3-36 mo

Children

Children

Children

Age group

Costa et al[27]
2003

RCT; 6 centers;
Duration: 12 mo

RCT; 1 center;
Duration: 1 yr

Basu et al [24],
2009a

Canani et
al[26], 2007

RCT; 1 center;
Duration: 1 yr

Type of article

Basu et al [25],
2007

Article

Poland

Brazil

Italy

India

India

India

Country

Table 1 Characteristics of the included trials

Inpatients

Inpatients

Outpatients

Inpatients

Inpatients

Inpatients

Patient
source

50/50

61/63

100/92

186/185

188/185

323/323

n (exp/
control)

2

Exclusion criteria

≥ 3 watery stools/day without visible
Systemic illness other than
blood or mucus; <10 white blood cells/ diarrhea on admission; systemic
high-power field and no red cells, mucus
complications of diarrhea
flakes, or bacteria on stool microscopy;
during hospitalization; failure
negative hanging drop preparation;
to provide informed consent
negative bacterial stool culture
≥ 3 watery stools/day without
Symptoms of illness other
macroscopic blood or mucus, <10 white
than diarrhea; development of
blood cells/high-power field, and no
any systemic complication of
red blood cells, mucus flakes, or bacteria diarrhea during hospitalization;
on stool microscopy; negative hanging
failure to provide informed
drop preparation; negative bacterial stool
consent
culture
≥ 3 watery stools/day without
Symptoms of illness other
macroscopic blood or mucus, <10 white
than diarrhea; development of
blood cells/high-power field, and no
any systemic complication of
red blood cells, mucus flakes, or bacteria diarrhea during hospitalization;
on stool microscopy; negative hanging
failure to provide informed
drop preparation; negative bacterial stool
consent
culture
> 2 loose or liquid stools/day for <48 h
Malnutrition; severe
dehydration; coexisting
acute systemic illness;
immunodeficiency; underlying
severe chronic disease; cystic
fibrosis; food allergy or other
chronic GI diseases; use of
probiotics in the previous 3
wk; antibiotics or any other
antidiarrheal medication in the
previous 3 wk; poor compliance
Acute diarrhea (3 or more watery or loose Systemic infections requiring
stools per 24 h during at least one 24-h
antibiotics; severe malnutrition
period in the 72 h before admission) with (weight for age < 65% of NCHS
moderate or severe dehydration after
standards; bloody diarrhea
correction with rapid IV fluids
Infants and children with acute infectious Bloody stools; coexisting disease
diarrhea and failed oral rehydration
that may influence the course of
diarrhea

Inclusion criteria

ORF

ORF

No details
given

2 × 1010;
CFU/day

2 × 1012;
CFU/day

12 × 109;
CFU/day

50 ml/kg/
day

Unclear

Inulin 320
mg/day

ORF

120 × 106;
CFU/day

1010; CFU/
day

Control
group

LGG
(dosage)

Bacterial diarrhea excluded;
Rotavirus-induced diarrhea
75.8%

Etiology

Unclear

Unclear

5d

Bloody diarrhea excluded;
Rotavirus-induced diarrhea
58%

Rotavirus-induced diarrhea
50%; Bloody diarrhea
excluded

Stool culture in only a few
participants and no data
presented

7 d or until Bacterial diarrhea excluded;
diarrhea Rotavirus-induced diarrhea
stopped
56.06%

7 d or until Bacterial diarrhea excluded;
diarrhea
Rotavirus diarrhea 57.1%
stopped

7d

Duration of
intervention
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RCT; 1 center;
Duration: not
stated

Misra et al[33],
2009

RCT; 1 center;
Duration: 6 wk

RCT; 12 centers;
Duration: not
stated

Jasinski et
al[32], 2002

Pant et al[35],
1996

RCT; 1 center
Duration: not
stated

Isolauri et
al[31], 1994

RCT

RCT; 1 center
Duration: 3 mo

Guarino et
al[30], 1997

Nixon et al[34],
2012

RCT;
multicenter;
Duration: 1 yr

RCT

Guandalini et
al[29], 2000

Schnadower
et al[8] 2018

1-24 mo

6-72 mo

≤ 36 mo

1-36 mo

≤ 36 mo

3-36 mo

1-36 mo

3-48 mo

Thailand

United
States

Egypt
Europe
America
India

Africa

Finland

Italy

Listed as
follows

United
States

Inpatients

PED

Inpatients

Inpatients
and
outpatients

Inpatients

Outpatients

Inpatients
and
outpatients

Universityaffiliated
PED

20/19

77/78

105/105

45/52

21/21

52/48

147/140

483/488

Pancreatitis, bilious emesis, or
hematochezia; a known allergy
to L. rhamnosus GG or to
microcrystalline cellulose or a
known allergy to erythromycin,
clindamycin, and beta-lactam
antibiotic agents; caregiver did
not speak English or Spanish;
children receiving antibiotics
Previous probiotic usage;
untreated underlying
chronic small bowel disease;
inflammatory bowel disease;
any underlying chronic disease
or immunosuppressive disease
or treatment
Antibiotic treatment in the last
3 wk, breastfeeding; a weight:
height ratio < the 5th percentile
Not stated
ORF

ORF

No probiotic

6 × 109; CFU/
day with ORF
2 × 1010;
CFU/day

Matching
placebo

≥ 10 × 109;
CFU/250
mL/day with
ORF

1 × 1010; CFU
twice daily

Antibiotic or probiotic
ORS + LGG ORS with no
LGG
use in the last 5 d; chronic
1010 CFU⁄ day
diseases of the small or large
intestine; immunosuppression;
phenylketonuria
> 3 stools per day (watery or assuming the
Parents refused consent;
1 × 106-9 CFU/ Crystalline
day
micro
shape of the container)
children living outside the
cellulose
municipal area; bloody
diarrhea; severe dehydration;
shock, inability to take and
retain oral foods; suspected
systemic infection
More than 2 loose stools in the last 24 h
Risk factors for non-viral
LGG powder
Inulin
diarrhea (prolonged diarrhea
twice daily
lasting more than 7 d, gross
blood, antibiotic exposure, or
inflammatory bowel disease);
immune compromise; risk
factors for probiotic-associated
systemic illness or an allergy to
milk products
Infants and children with > 3 watery stools
Exclusive breastfeeding;
109-10 CFU
Placebo
in last 24 h and diarrhea for < 14 d
septicemia
twice daily

semiliquid stools/day for 1 to 5 d
Infants and children with ≥ 3 watery
stools/day for < 48 h
Infants and children with > 3 watery
stools/day for < 7 d and stools positive
for rotavirus; average dehydration of
approximately 5% in both groups
> 3 watery stools in 12 h or 1 liquid or
semiliquid stool with mucus, pus, or blood;
<5d

Infants and children with > 4 liquid or

≥ 3 watery stools per day, with or without
vomiting, for fewer than 7 d

Norovirus GI or GII
19.6%; Rotavirus 17.7%;
Adenovirus 9.1%;
Clostridium difficile 7.4%;
Shigella 5.0%

2d

5d

Unclear

Unclear

5d

≤5d

Bloody stools 33.3%;

Unclear

Bacterial pathogens 68%;
Rotavirus 40.0%; parasites
6%; No pathogens
identified: probiotic group
25%
Rotavirus 25.6%; Bloody
diarrhea excluded; White
blood cells in stools 14.3%;
Bacterial diarrhea 4.7%

Rotavirus-induced
diarrhea 100%

Rotavirus-induced
diarrhea 61%

As tolerated Rotavirus 35%; Bacteria
for 4-6 h,
24%; Parasites 4.5%; No
then ad
pathogens 34.5%; Bloody
libitum
diarrhea 8.7%

5d
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Open-label;
RCT

India

India

6-60 mo

6-60 mo

Russia

Australia

Pakistan

1-36 mo

4-24 mo

1-24 mo

OPD or
PED

Unclear

Inpatients

Unclear

Inpatients

100/100

65/59

59/64

33/31

21/19

Undernourished infants and children with Severe malnutrition; septicemia
> 3 watery stools in the last 24 h for < 14 d
and at least moderate dehydration
Aboriginal children with acute diarrhea
Oxygen required during the
defined as ≥ 3 loose stools during 24 h
study period; chronic cardiac,
before presentation for < 7 d and able to
renal, or respiratory disease;
tolerate ORF
previous gastrointestinal
surgery; proven sucrose
intolerance; suspected on
known immunodeficiency;
probiotic use before enrollment;
younger than 4 mo of age
≥ 1 watery stool in the last 24 h and
Not stated
diarrhea for < 5 d
Diarrhea was defined as ≥ 3 loose watery
Coinfections (the presence
stools within a 24-h period
of both rotavirus and
Cryptosporidium); severe
malnutrition; probiotic
consumption in the preceding
month; allergy to probiotics;
acute abdomen or colitis
Passage of three or more loose stools in the Severe malnutrition; dysentery;
last 24 h
clinical evidence of coexisting
acute systemic illnesses; clinical
evidence of chronic disease;
probiotic use in the preceding
three weeks; antibiotic use
Identical
placebo

Placebo
170 mg of
cellulose

> 15 × 109
CFU/day

1010 CFU/day
1010 CFU and
170 mg of
microcrystalline
/day cellulose

1 × 1010 CFU ORS and zinc
per day
20 mg/d

Placebo

2 × 1011-12
CFU/day

5d

4 wk

5d

3d

2d

Rotavirus 24.1%

Rotavirus 27.4%; Bacterial
diarrhea 21%
Rotavirus 52.4%;
Cryptosporidium species
47.6%

Rotavirus 17.9%;
Astrovirus 2.5%
Bloody diarrhea
Bacterial pathogens
12.5%; Rotavirus 8.5%;
Parasites 6%

The study of Guandalini et al[29] was conducted in Poland, Pakistan, Egypt, Croatia, Italy, Slovenia, Netherlands, Greece, Israel, the United Kindom, and Portugal. RCT: Randomized controlled trial; PED: Pediatric emergency
department; OPD: Outpatient department; LGG: Lactobacillus rhamnosus GG.

Sunny et al[40]
2014

Shornikova et RCT; 1 center;
Duration: 1 yr
al[38], 1997
RCT
Sindhu et
al[39], 2014

RCT; 1 center
Duration: 2 mo

Raza et al[36],
1995
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matched group according to 15 RCTs submitted to meta-analysis, which included
3721 participants [MD -24.02 h, 95%CI (-36.58, -11.45)] (Figure 1A). Significantly
heterogeneous results were detected among the included trials (I2 = 98%). Our data
support the results of the prior meta-analyses [4] indicating that LGG treatment
reduced participants’ duration of diarrhea.
Subgroup analyses were conducted based on clinical features such as age,
geographical location, treatment time, outpatient or inpatient settings, the time of
enrollment, and literature quality scores. Differences in methodological quality could
not explain the statistically significant heterogeneity (Supporting information Figure
S6). Regression analysis between the duration of diarrhea and LGG dose revealed that
different doses of LGG contributed to the heterogeneity (P = 0.009, adjusted Rsquared = 40.21%), suggesting that subgroups according to a high or low dose of LGG
should be assessed. A reduced duration of diarrhea was noted in the studies applying
> 1010 CFU/day of LGG [MD -22.56 h, 95%CI (-36.41, -8.72)] (Figure 1A). In contrast,
although only three studies used lower dosages, no statistically significant differences
were detected in the groups receiving lower dosages [MD -30.95 h, 95%CI (-83.28, 21.39)] (Figure 1A). A reduced duration of diarrhea was supported in the studies with
participants who received LGG treatment before the second day of diarrhea
symptoms [MD -1.58 h, 95%CI (-3.05, -0.11)] and during the second to third days of
diarrhea symptoms [MD -15.83 h, 95%CI (-20.06, -10.98)] (Figure 1B). However,
Ritchie et al [37] enrolled participants with diarrhea for more than 3 d, and no
statistically significant differences were found in the duration of diarrhea [MD 1.2 h,
95%CI (-21.42, 23.82)] (Figure 1B). A reduced diarrhea duration was reported in
studies performed in both Asia and Europe [MD -24.42 h, 95%CI (-47.10, -1.82); MD 32.02 h, 95%CI (-49.26, -14.79), respectively]. Paradoxically, the reduction in the
diarrhea duration in other regions was not statistically significant [MD -9.35 h, 95%CI
(-20.77, 2.07)] (Figure 1C). In the etiological analysis, the effectiveness of LGG was
clearly demonstrated in rotavirus-induced diarrhea cases [seven RCTs; MD -31.05 h,
95%CI (-50.31, -11.80)] (Figure 2). Analysis with the studies carried out in the 1990s
and 2000s revealed a clear reduction in the diarrhea duration [MD -36.32 h, 95%CI (62.20, -10.45); MD -29.40 h, 95%CI (-50.56, -8.25), respectively] (Supporting
information Figure S7). In contrast, no reduction in the diarrhea duration was
observed in the analysis with studies carried out in the 2010s [MD -3.43 h, 95%CI (13.25, 6.39)] (Supporting information Figure S7). No studies evaluated the
effectiveness of LGG in children vaccinated against rotavirus.

Diarrhea ≥ 3 d
A meta-analysis of four RCTs was performed using a fixed-effects model. The risk of
experiencing diarrhea for 3 or more days was reduced when patients received LGG
[odds ratio (OR) 0.54, 95%CI (0.38, 0.77)] (Figure 3A).

Diarrhea ≥ 4 d
Three studies were pooled (n = 479) and showed a reduction in the risk of diarrhea
lasting for 4 or more days for participants treated with LGG [OR 0.58, 95%CI (0.4,
0.84)] (Figure 3B).

Stool number and consistency
Stool number and consistency were evaluated in most trials. Eight trials reported the
mean number of stools in one day during diarrhea episodes. A notable decrease in the
stool number per day was noted in the LGG group [MD -0.9, 95%CI (-1.56, -0.23)]
(Figure 4A). However, a significantly reduced stool number was observed in the highdose LGG groups receiving no less than 1010 CFU/day [MD -1.08, 95%CI (-1.87, 0.28)], while the lower-dose groups showed no significant reduction [MD -0.25 d,
95%CI (-1.43, 0.93)] (Figure 4A). After the intervention, stool frequency was evaluated
on days 2 and 3. Seven trials provided data on day 2, and the overall effect did not
differ between the two groups [MD -0.46, 95%CI (-1.06, 0.15)] (Figure 4B). In addition,
similar frequencies were observed in the two groups on day 3, with no differences
between them [MD 0.34, 95%CI (-0.29, 0.97)] (Figure 4C). Three trials calculated the
mean time to improvement in stool consistency, and an obvious reduction was
reported [MD -5.65, 95%CI (-7.49, -3.80)] (Figure 4D).

Hospital stay duration
A total of 1823 participants from six RCTs were analyzed. Due to statistically
significant heterogeneity, a random-effects model was used, which revealed a
significant reduction in the hospital stay duration in the two groups [MD -39.16 h,
95%CI (-72.24, -6.07)] (Figure 5A). A reduction in the hospital stay duration was found
in rotavirus-positive children [MD -21.12 h, 95%CI (-26.96, -15.28)] (Figure 5B).
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Figure 1 Lactobacillus GG vs control with regard to the duration of diarrhea (hours). A: High dose and low dose; B: The duration of diarrhea before
Lactobacillus rhamnosus GG participants’ enrollment: ≤2 d (>1 d), ≤3 d (>2 d), and ≤4 d (>3 d); C: Geography of the clinical trials: Asia, Europe, and other continents.
LGG: Lactobacillus rhamnosus GG; CI: Confidence interval; SD: Standard deviation.

Vomiting
Vomiting in different trials was reported as the number of participants with vomiting
[number (%)] or as the duration of vomiting (hours). Compared with the placebo
group, no difference in the risk of vomiting was reported in the experimental group
[OR 1.11, 95%CI (0.59, 2.12)] (Figure 6A). Furthermore, no reduction in the duration of
vomiting was noted with LGG treatment [MD -2.02 h, 95%CI (-4.24, 0.21)] (Figure 6B).

Adverse effects
Probiotics have been proposed to be well-tolerated and safe therapeutic agents. Most
authors did not report adverse effects. Raza et al[36] reported one case of myoclonic
jerks in their trial. Lower rates of respiratory infection, wheezing, and even vulvar
abscess were noted in Schnadower’s trial[8,39], but these effects were not thought to be
correlated with LGG use[40]. Aggarwal et al[40] reported no adverse effects, and a metaanalysis performed in 2013 showed comparable rates of adverse effects among study
groups[13]. In our study, eight studies effectively evaluated the safety of LGG. Adverse
effects were reported on a coded reporting form or during daily telephone calls[26,34]. In
Schnadower’s study, the caregivers completed a daily diary that was collected by
telephone or through email[8]. However, the reporting methods were unclear in five
articles[24,37,39-41]. In general, no adverse effects or similar rates of side effects were
documented in the LGG and placebo groups.

Risk of bias in the included studies
The risk of bias in 18 articles was assessed according to the Cochrane Handbook for
Systematic Reviews of Interventions. One trial employed alternating group allocation,
and the random sequence generation method was not reported in five trials. Other
RCTs provided detailed randomization methods, which mainly included computergenerated strategies, resulting in a low risk of selection bias. Allocation concealment
was not applied in two trials and was not mentioned in seven. Nine trials used the
sealed envelope technique for allocation concealment. Double blinding was strictly
executed in 12 trials, while four trials allowed openness to patients or doctors, and
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Figure 2

Figure 2 Lactobacillus GG vs control with regard to mean duration of diarrhea (hours) in children with rotavirus diarrhea. LGG: Lactobacillus rhamnosus GG;
CI: Confidence interval; SD: Standard deviation.

two trials did not report a detailed blinding method. For detection bias, investigators
were blinded to the group assignments in ten trials, while blinding assessments were
not performed in three trials. Most trials provided complete data with a loss to followup rate less than 10%, although one trial had an unknown risk of incomplete outcome
data, reflecting a low risk of attrition bias (Supporting information Figure S3).

Publication bias
According to Egger’s[18] regression asymmetry test, no small sample or publication
bias was found in a funnel plot [P = 0.10, 95%CI (-11.33, -1.14)] (Supporting
information Figure S8).

DISCUSSION
Findings and agreement or disagreement with other studies
Nineteen trials comparing a control group with an experimental group treated with
LGG were identified in this meta-analysis. In summary, the analysis revealed that
treatment with LGG reduced both the duration of diarrhea and the hospital stay
duration, especially in specific patient subsets. A striking finding was the time to
improvement in stool consistency, which more investigators have confirmed since
2010[8,34,40]. In the whole range of diarrhea cases, the management of stools with this
probiotic strain showed a modest beneficial effect on the number of stools per day and
the time to improvement in stool consistency. However, no reduction in stool
frequency was observed on days 2 and 3. Compared with the placebo group, the risk
of diarrhea lasting more than 3 and 4 d was reduced by LGG administration. In both
groups, similar rates of vomiting and adverse effects were observed.
Evidence from RCTs confirmed the beneficial effect of LGG on rotavirus-induced
diarrhea[42]. In addition to interference with viral replication, most recent studies have
shown that LGG prevented injuries to the epithelium and ameliorated rotavirusinduced diarrhea by modulating immune cells, such as dendritic cells and
inflammatory cytokines[43,44]. The marked statistical difference in the diarrhea duration
with a higher dosage of probiotics reflected greater effectiveness, which confirmed the
dose dependence of dendritic cell activation. Treatment efficacy was related to the
dose of LGG[45]. As confirmed in the study of Szajewska et al[13] in 2013, the importance
of a daily LGG dose is high, and a dosage of 1010 CFU/day is needed for a positive
effect. The statistical heterogeneity between studies can be explained by the timing of
the LGG intervention, which was directly correlated with indicators such as the
duration of diarrhea before study enrollment. Although the heterogeneity persisted in
the subgroup with the shortest duration of diarrhea before study enrollment,
probiotics should be applied early in the course of disease. Moreover, symptoms are
usually mild at the early stage. Differences in prominent pathogens, sanitation
conditions, and common comorbidities lead to dissimilarities between various study
locations. Due to differences in the treatment effect among regions, the implications
for clinical practice should be evaluated. The nutrient intake and dietary structure of
humans have continuously changed in recent decades, which may have caused the
reduced effectiveness of LGG reflected in the results of the trials conducted in the
2010s.
Probiotics manipulate and restore the gut microbiota, thus benefitting the
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Figure 3

Figure 3 Lactobacillus GG vs control with regard to the presence of diarrhea. A: Diarrhea lasting > 3 d; B: Diarrhea lasting > 4 d. LGG: Lactobacillus rhamnosus
GG; CI: Confidence interval.

prevention of diarrhea. Various therapeutic interventions designed to alter the
microbiota range from probiotic administration to fecal microbiota transplantation[46,47]. However, due to the limited number of included studies and the selflimiting nature of disease, strategies should also be discussed in detail. Vomiting was
reported as an adverse event in numerous studies[48,49], and it is one of the most
common symptoms associated with diarrhea[50,51]. Additionally, less frequent clinical
symptoms were observed in the probiotic groups [4] , although our meta-analysis
showed no improvement in the risk or duration of vomiting.

Safety
The safety of probiotic supplementation is generally certain. Nevertheless,
pathologies correlated with the use of probiotic products to treat gastrointestinal
disorders have been identified, such as endocarditis, sepsis, and bacteremia[52-54].
Unfortunately, the most prevalent strain implicated in the adverse effects was
Lactobacillus rhamnosus. Conversely, most authors in our analysis did not report
adverse effects or the adverse effects were not thought to be correlated with LGG
treatment. In addition to the interventions, the primary illness contributed the most to
the participant drop-out rate. A higher frequency of negative effects attributed to
probiotics was found in catheterized (82.5%) and immunosuppressed (66%)
participants[55]. Further safety evaluations of probiotics are necessary in the clinical
setting, especially for susceptible individuals, such as those with immunodeficiency,
immunosuppression, or malnourishment.

Application prospects
Preventing or correcting dehydration through treatment with zinc or 0.9% saline
solution is the main approach used for diarrhea management[56]. However, during
diarrhea episodes, infectious symptoms are not fully alleviated and the gut microbiota
is not restored by rehydration measures[57]. Probiotics were investigated as therapeutic
agents for diarrhea. The mechanisms by which probiotics alleviate diarrhea are
described below. Host defenses are reinforced by enhanced antimicrobial peptide
secretion. Probiotics prevent disruption of gut barrier integrity and stimulate the
expression of junctional adhesion and tight junction molecules[58-61]. They produce
short-chain fatty acids and induce the production of IgA to resist infections[62-64]. In
epithelial cells and mucin, probiotics compete for binding sites to arrest pathogen
colonization[65]. Probiotics can specifically and nonspecifically interfere with the viral
cycle, thus impeding the progression of rotavirus-induced diarrhea [66-68] . The
prevalence of diarrhea is seasonal, and almost all cases of rotavirus-induced diarrhea
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Figure 4

Figure 4 Lactobacillus GG vs control with regard to stool number and consistency. A: The average stool number per day (high dose and low dose); B: Stool
frequency on day 2; C: Stool frequency on day 3; D: The mean time to improvement in stool consistency. LGG: Lactobacillus rhamnosus GG; CI: Confidence interval;
SD: Standard deviation.

WJG

https://www.wjgnet.com

5011

September 7, 2019

Volume 25

Issue 33

Li YT et al. Lactobacillus GG for acute diarrhea
Figure 5

Figure 5 Lactobacillus GG vs control. A: The duration of hospital stay (hours); B: The hospital stay duration of rotavirus-positive children (hours). LGG:
Lactobacillus rhamnosus GG; CI: Confidence interval; SD: Standard deviation.

occur from January to May in Russia[38]. By contrast, in regions where rotavirus is not
prevalent, bacterial diarrhea commonly occurs from June to October[38]. Influenza
seasons, dietary habits, and antibiotic use must be considered when evaluating
heterogeneity in further studies. The efficacy of probiotic treatment was altered based
on host and environmental factors[12]. Overall, our study supported the previous
systematic reviews which concluded that LGG is an effective treatment for children
with acute diarrhea.

Conclusions and limitations
Although most studies have suggested that LGG is efficacious, limited identification
of pathogens, small sample sizes, varying therapeutic strategies, and methodological
limitations such as articles without a strictly blinded design, including a lack of a
standard clinical parameter format, weakened the conclusions and precluded further
analyses across studies [69] . For example, Czerwionka-Szaflarska et al [28] did not
specifically define the treatment applied, although a significantly reduced duration of
diarrhea was detected. Salazar-Lindo et al [41] partially depicted the duration of
diarrhea in children with or without LGG treatment. Although factors varied in the
trials, according to the same criterion for both groups, no evidence suggests that a
poor study design leads to overestimation of probiotic efficacy [4] . Appropriate
subgroups, such as those stratified by etiology and nutritional status, are
indispensable. In 2016, approximately 8.4% of children (480000) presenting with
diarrhea ultimately died due to the condition worldwide (https://data.unicef.
org/topic/child-health/diarrhoeal-disease/). Assessments of the availability of
vaccines, the applicability of probiotics, and the effectiveness of current treatments
under severe conditions and cost-effect analyses must be performed to optimize
therapeutic strategies for acute diarrhea management in children.
In summary, the following conclusions were cautiously established: LGG reduces
the duration of diarrhea, particularly in patients with rotavirus-positive diarrhea
receiving a dosage no less than 1010 CFU per day and in patients treated at the early
stage. In addition, studies conducted in Asia and Europe showed greater treatment
efficacy. The therapeutic effect of LGG supplementation on the stool number per day
and hospital stay duration associated with rotavirus-induced diarrhea is high.
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Figure 6

Figure 6 Lactobacillus GG vs control with regard to vomiting. A: The number of participants with vomiting [number (%)]; B: The duration of vomiting (hours).
LGG: Lactobacillus rhamnosus GG; CI: Confidence interval; SD: Standard deviation.

ARTICLE HIGHLIGHTS
Research background
Diarrhea is a major infectious cause of childhood morbidity and mortality worldwide.
Preventing or correcting dehydration through treatment with zinc or 0.9% saline solution is the
main approach for diarrhea management; however, during diarrhea episodes, infectious
symptoms are not fully alleviated by rehydration measures. Probiotics restore the gut microbiota
and have been reported to reduce the duration of diarrhea.

Research motivation
Although previous studies have reported that Lactobacillus rhamnosus GG (LGG) is an effective
therapeutic agent for acute diarrhea in children, a recent large, high-quality RCT found no
adequate evidence of a beneficial effect of LGG treatment.

Research objectives
To evaluate the efficacy of LGG in treating acute diarrhea in children and provide some
reference for future trials of treatments for diarrhea.

Research methods
The EMBASE, MEDLINE, PubMed, Web of Science databases, and the Cochrane Central Register
of Controlled Trials were searched up to April 2019 for meta-analyses and randomized
controlled trials (RCTs). Cochrane Review Manager was used to analyze the relevant data and
primary outcomes, including the duration of diarrhea and diarrhea lasting ≥ 3 and ≥ 4 d.
Secondary outcomes included the hospital stay duration, stool frequency, and improvement in
stool consistency and vomiting.

Research results
The systematic review identified 19 RCTs that met the inclusion criteria and indicated that
compared with the control group, LGG administration notably reduced the diarrhea duration
[mean difference (MD) -24.02 h, 95% confidence interval (CI) (-36.58, -11.45)]. Greater reductions
were detected at a high dose of ≥ 1010 CFU per day [MD -22.56 h, 95%CI (-36.41, -8.72)] and in
LGG participants with diarrhea for less than 3 days at study enrollment [MD -15.83 h, 95%CI (20.68, -10.98)]. The study locations contributed to differences in the reduction in the diarrhea
duration in Asia and Europe [MD -24.42 h, 95%CI (-47.01, -1.82); MD -32.02 h, 95%CI (-49.26, 14.79), respectively]. High-dose LGG treatment was confirmed to effectively reduce the duration
of rotavirus-induced diarrhea [MD -31.05 h, 95%CI (-50.31, -11.80)] and stool number [MD -1.08,
95%CI (-1.87, -0.28)].

Research conclusions
The following conclusions were cautiously established: compared to control children, children
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who received a course of LGG had better outcomes, including a markedly reduced duration of
diarrhea, especially those with rotavirus-positive diarrhea, those who received no less than 1010
CFU per day, and those treated at the early stage. Furthermore, studies conducted in Asia and
Europe reported greater treatment efficacy. The therapeutic effect of LGG supplementation on
the stool number per day and hospital stay duration associated with rotavirus-induced diarrhea
was high.

Research perspectives
Our study found better outcomes among children with acute diarrhea who were treated by LGG
supplementation. Limited identification of pathogens, small sample sizes, and a lack of a
standard clinical parameter format precluded further analyses across studies, thus weakening
the evidence required to guide clinical practice. Investigations are required to assess the costeffectiveness of treating diarrhea with probiotics.
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Abstract
Anastomotic leak (AL) constitutes a significant issue in colorectal surgery, and its
incidence has remained stable over the last years. The use of intra-abdominal
drain or the use of mechanical bowel preparation alone have been proven to be
useless in preventing AL and should be abandoned. The role or oral antibiotics
preparation regimens should be clarified and compared to other routes of
administration, such as the intravenous route or enema. In parallel, preoperative
antibiotherapy should aim at targeting collagenase-inducing pathogens, as
identified by the microbiome analysis. AL can be further reduced by fluorescence
angiography, which leads to significant intraoperative changes in surgical
strategies. Implementation of fluorescence angiography should be encouraged.
Progress made in AL comprehension and prevention might probably allow
reducing the rate of diverting stoma and conduct to a revision of its indications.
Key words: Anastomotic leakage; Rectal surgery; Colic surgery; Prevention; Surgical site
infection; Anastomosis; Complication
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The present manuscript reviews the current evidence regarding the prevention
of anastomotic leak in colorectal surgery. Oral antibiotics and fluorescence angiography
might help reduce the incidence of anastomotic leak. Study of the microbiome might
offer interesting paths for research. Progress made in anastomotic leak comprehension
and prevention might allow reducing the rate of diverting stoma and conduct to a
revision of its indications.
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INTRODUCTION
Anastomotic leak (AL) refers to the communication between hollow viscera lumen
and the peritoneal cavity at the anastomotic level[1]. Despite a lack of widely accepted
consensus regarding the definition of AL[2,3], AL was documented to occur in 8.1% of
patients after right hemicolectomy according to the 2015 ESCP snapshot audit[4], 6.4%
after colonic cancer surgery according to a nationwide Danish study including 9’333
patients[5] and 11% after rectal cancer surgery as reported by a systematic review and
meta-analysis pooling 84 studies [6] . AL is graded according to the therapeutic
management it requires: Grade A (no management), grade B (non operative
management), grade C (operative management)[3].
In addition to the septic complications and prolonged hospitalization induced, AL
leads to delayed adjuvant chemotherapy or no chemotherapy at all[7]. Further, a recent
systematic review and meta-analysis including 78’434 colorectal cancer patients
showed that AL was associated with increased local recurrence [risk ratio (RR) 1.90]
and reduced overall survival (RR 1.36) [8] . Another systematic review and metaanalysis including 11'353 rectal cancer patients demonstrated that AL led to increased
local recurrence [hazard ratio (HR) 1.71] and decreased survival (HR 1.67) and cancerspecific survival (HR 1.03) after anterior resection[9].
Despite the human and financial costs generated by AL[10], and the efforts put in
reducing its occurrence, the incidence of AL has not evolved among the last years.
Further, pre-operative prediction of AL and identification of at-risk patients are not
accurate enough[11], and AL is often diagnosed too late in the postoperative period[12].
In an effort to optimize the therapeutic care of patients with colorectal anastomosis
with the hope to reduce the occurrence of AL, we will review old dogmas regarding
prevention of AL and confront them to the most recent evidence, and will define the
new challenges in the field.

PREOPERATIVE MEASURES TO PREVENT AL
Patient-related factors
A recent systematic review identified several adjustable and non-adjustable risk
factors for AL, including male gender, smoking, obesity, alcohol, steroid and nonsteroidal anti-inflammatory drugs, operative time, transfusion, contamination of the
operative field and emergency surgery [13] . Further, albumin < 3.5 g/dL, anemia,
hypotension and use of inotropes were reported to increase the risk of AL [14] .
Preoperative radiotherapy was also documented to constitute a risk factor for AL[15],
especially if surgery occurred within an interval of 11-17 d after radiotherapy[16].
Therefore, adjustable risk factors should be corrected before proceeding to a digestive
anastomosis, in order to reduce the risk of AL. This can be partly done through
enhanced recovery programs[17], whose implementation in colorectal surgery units led
to decreased postoperative morbidity and length of stay[18]. However, the effect of
enhanced recovery protocols on the rate of AL remains to be demonstrated.

Preoperative oral antibiotics and mechanical bowel preparation
Preoperative mechanical bowel preparation alone has lost in interest after multiple
publications demonstrating its absence of benefit in reducing AL in elective colorectal
surgery. Contant et al[19] randomized 1’431 patients to receive or not mechanical bowel
preparation before elective colorectal surgery, and showed that patients who received
mechanical bowel preparation did not have a lower rate of AL. Further, a systematic
review and meta-analysis of randomized clinical trial (RCT) including 4’859 patients
confirmed this finding[20].
Recently, authors, such as Scarborough [21] , postulated that mechanical bowel
preparation allowed to improve the delivery of oral antibiotic preparation to the
bowel mucosa and could therefore not be assessed independently. Using the
American College of Surgeons National Surgical Quality Improvement Program
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database and including 4’999 patients, they showed that combined preoperative oral
antibiotics and mechanical bowel preparation lowered the rate of AL from 5.7% to
2.8% in colorectal surgery when compared to patients not receiving any kind of
preparation. However, neither oral antibiotics alone or MBP alone allowed to lower
the rate of AL[21]. Further publications reached the same conclusions but used the same
database[22,23]. However, latest studies using the same database only showed an effect
of oral antibiotics alone and demonstrated that combination with MBP offered no
additional advantage[24,25].
Therefore, a large RCT is needed to determine whether oral antibiotics alone and
intravenous antibiotics are sufficient in reducing AL after colorectal surgery or
whether association with mechanical bowel preparation is needed[26]. Furthermore, the
type of MBP is very different among surgeon practice [27] and probably needs
standardization before conclusion could be drawn from MBP studies. The use of rectal
enema associated or not with antibiotics should be assessed; as evidence is growing
that the local microbiome at the anastomotic site might be implicated in AL, as
discussed below.

Microbiology
Recent evidence supports the hypothesis that AL might result from a local infective
complication, resulting in impaired healing at the anastomotic level due to a local
increase in collagenase activity. For instance, Shogan et al[28] showed in a rat model
that Enterococcus faecalis led to the degradation of collagen IV at the anastomotic level
through activation of MMP9. Further, topical antibiotherapy administered by enema
targeting Enterococcus faecalis allowed to reduce AL to 0%, whereas intramuscular
cefotixim—commonly used for elective surgery prophylaxis—did not reduce
collagenase activity nor AL[28]. Moreover, a recent study using rat model of colo-colic
anastomosis demonstrated that the selective MMP-8, MMP-9, and MMP-12 inhibitor
AZD3342 allowed to maintain the anastomotis baseline breaking strength and to
reduce AL[29]. Butyrate, a short-chain fatty acid, was shown to reduce AL[30-32], probably
through its inhibitory effect on Pseudomonas aeruginosa[33]. In a case-control study
including 8 patients with AL and 8 patients without AL after stapled colorectal
anastomosis, van Praagh et al[34] showed that patients with AL had lower microbial
diversity and higher abundance of Lachnospiraceae. They postulated that the higher
rate of AL might be explained by the presence of mucin-degrading Ruminococci within
that family [34] . Stumpf et al [35] found lower collagen type I/III ratio and higher
expression of MMP-1, -2 and -9 in biopsies of patients with impaired anastomotic
healing when compared to controls. These results suggest that unfavorable
microbiome comprising collagenase-inducing pathogens might impair anastomotic
healing and result in AL.
Further, anastomosis creation was shown to result in a 200- and 500-fold increase in
the relative abundance of Enterococcus and Escherichia/Shigella, respectively, in a
rodent model[36]. In a prospective multicentric cohort of patients undergoing colorectal
surgery, including our center, Dubinsky-Pertzov et al[37] showed that carriers of beta
lactamase-producing Enterobacteriaceae receiving cephalosporin-based
antibioprophylaxsis were at risk of surgical site infection [odds ratio (OR) 2.36]. These
findings suggest that changes in the local microbiome caused by surgery or
unappropriate prophylactic antibiotherapy might worsen the situation of patients
with already unfavorable microbiome profiles. Also, radiotherapy was documented to
change the composition of the microbiome [38,39] , which constitutes a finding of
importance for rectal cancer patients receiving neoadjuvant treatment but with no
clear demonstration in increased AL so far.
Microbiome is a new and very promising field of research, especially when
studying the aetiologies of AL in colorectal surgery. Identifying at risk patients with
unfavorable microbiome, comprising pathogens with high collagenase activity, and
treating them with appropriate antibiotic regimen (per os, intravenous or by enema)
and/or faecal transplantation if required could help reducing AL rate. Further,
studying the microbiome might help explaining the protective effect of preoperative
oral antibiotics on the AL rate.

OPERATIVE MEASURES TO PREVENT AL
Surgical approach
The United States Nationwide Inpatient Sample database (including 244’129 elective
colectomies) was analyzed to compare outcomes between robot-assisted colectomy
(1’584 colectomies), laparoscopic colectomy (116’261 colectomies) and open colectomy
(126’284 colectomies). AL was not reported, but the authors described laparoscopic
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colectomy to lower the risk of complications (19.8% vs 33.2%) and stoma (3.5% vs
13.0%) when compared to the open approach. No difference could be found between
laparoscopy and the robotic technique regarding these outcomes[40]. On the opposite,
analysis of the The Danish Colorectal Cancer Group database described laparoscopic
colectomy as a risk factor for AL (OR 1.34) in 9’333 patients [5] . Regarding right
colectomies, a systematic review and meta-analysis including 7’780 patients found no
difference in terms of AL between the laparoscopic and robotic approaches [41] .
Regarding elective and emergency sigmoidectomy for diverticulitis, a Cochrane
systematic review and meta-analysis of RCT did not describe any difference in terms
of reoperation due to AL between patients with laparoscopic colectomy and those
with open colectomy (349 pooled patients for that outcome) [42] . Further, the
intermediate analysis of the ROLARR trial described no difference in AL rate between
the two approaches for rectal cancer [43] . Regarding the latest, the transanal total
mesorectum excision (taTME) technique, bypassing the anatomic limitations of the
narrow pelvis, might allow to reduce AL, but remains to be evaluated for that
outcome.

Anastomosis technique
Handsewn and stapled anastomoses are still widely performed according to surgeons
preferences, reflecting the lack of consensus regarding the anastomotic method. A
Cochrane systematic review and meta-analysis including 1’233 patients from 9 RCT
found no difference in terms of AL, clinical AL and radiological AL between patients
with stapled or handsewn colorectal anastomoses[44]. However, the authors did not
perform subgroup analysis according to the underlying disease or to the presence or
not of associated procedures (drainage, diverting stoma). Further, all included studies
were anterior to 1995. In emergency procedures, another systematic review and metaanalysis did not identify any statistical differences between stapled and handsewn
anastomoses (1’120 patients)[45].
Regarding right colectomy or ileo-cacecal resection, the 2015 ESCP audit described
an AL rate of 8.1% among 3’208 patients. After adjustment for confounding factors,
the use of a stapler was significantly associated with AL (OR 1.43)[4]. Further, stapled
anastomoses were more frequently used in low risk patients, resulting in a likely
underestimation of the risk of AL after right colectomy or ileo-caecal resection.
We should note that lower anastomoses are more at risk of AL, as known since
decades[15,46]. A snapshot audit specifically concerning left colon, sigmoid and rectal
resections is currently undergoing[47] and therefore conclusion cannot be reached
regarding left colon and rectal surgery. No evidence is supporting either of the
construction methods used for colorectal anastomosis (side to side, end to side, side to
end, end to end). The evidence seems to be more straightforward regarding the
number of catridges used for rectal division. A retrospective study from Austria
demonstrated in 382 patients who benefited from rectal division using a linear stapler
and colorectal anastomosis using a circular stapler or compression device, that the use
of 3 or more cartridges increased the incidence of AL (19.4% AL in this subgroup)[48].
Further, the number of intersections of staple lines also correlated to the rate of AL in
colorectal anastomosis using a double stapling technique [49] . A single stapling
technique for colorectal anastomosis (in TaTME for example), in opposition with the
conventional double stapling technique, was demonstrated to be safe in low anterior
resection but lacks evidences in term of reduction of AL[50].
Compression anastomosis consists of a stapler equipped with disposable rings used
for colorectal anastomosis: The rings are applied on each side at the anastomotic level
and are evacuated into the stools once tissue necrosis and healing have occurred. A
study performed in pigs with colorectal anastomoses showed that compression
anastomosis was associated with less inflammation and scarring when compared with
the stapling technique[51]. A retrospective multicentric study including 1’180 patients
described an AL rate of 3.22% using the ColonRing device[52]. Further, a prospective
postmarketing evaluation of the ColonRing described an AL rate of 5.3% among 266
patients, but a septic anastomotic complication rate of 8.3%, which could reflect the
true AL rate[53]. A recent systematic review and meta-analysis including 10 RCT (1’969
patients) found no difference in terms of AL between patients with handsewn or
stapled anastomosis (977 patients) and those with compression anastomoses (992
patients)[54]. Compression anastomosis has however not gained in popularity.

Intraoperative assessment of the anastomosis
As previously reported[55], many methods have been develop to perioperatively assess
the integrity of colorectal anastomoses. Briefly, the air leak test, which consists in
insufflating the bowel at the anastomotic level to detect any AL, was demonstrated to
help identifying AL perioperatively and led to their repair, resulting in lower rate of
postoperative AL [56,57] . Intraoperative endoscopy, in addition, to evaluate the
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anastomosis integrity, allows identifying bleeding at the anastomotic level or
disruption of the anastomosis[58]. However, it requires endoscopy skills, extra material,
is time-consuming and requires further scientific validation in terms of AL
prevention[59].
New methods rely on the assessment of the blood supply to the anastomosis.
Adequate perfusion of the healing tissue is key to prevent AL, and a reduction in the
blood flow at the rectal stump was shown to correlate with AL[60]. Historical methods
include relying on the color of the bowel, as proposed by Goligher[61], or observing the
pulsatile flow at the cut section, as stated by Novell and Lewis[62]. Objective and
reliable methods assessing anastomosis vascularization have been developed since, as
reported in our recent review[55], mentioning notably Doppler ultrasound[63] and light
spectroscopy[64]. More recently, fluorescence perfusion angiography has showed a
widespread clinical use. Briefly, a fluorophore is injected intravenously, excited by a
specific wavelength to emit in another specific wavelength (usually infrared) just after
vessel division an/or completion of the anastomosis, allowing the surgeon to identify
any defect in vascularization at the anastomotic level. Jafari et al[65] reported that
fluorescence perfusion angiography allowed to reduce AL from 18% to 6% after
robotic–assisted anterior resection. Using a prospective cohort of 504 patients
undergoing elective colorectal surgery with anastomosis, our team demonstrated that
fluorescence perfusion angiography allowed for a change in the strategy of bowel
division due to insufficient perfusion in 5.8% of patients, with no subsequent AL[66].
Results of the PILLAR II study documented a change in the surgical plan in 8% of 139
included patients undergoing anterior resection with no subsequent AL in those
patients[67]. A recent systematic review and meta-analysis pooling 1’302 patients
confirmed these results by reporting that fluorescence perfusion angiography reduced
the rate of AL in patients operated for colorectal cancer[68].
Therefore, old methods allowing assessing the integrity of the anastomosis and the
absence of AL should be combined to new technologies, such as fluorescence
perfusion angiography, which aim at determining the vascularization of the anastomosis, a prerequisite to an efficient healing process without subsequent AL. New
studies should aim at determining whether stimulation of the neoangiogenesis
process, for example by the local administration of recombinant VEGF[69], could help
in further reducing the occurrence of AL.

Diverting stoma
The creation of a lateral ileostomy or colostomy in patients at risk of AL aims at
diverting the bowel content away from the anastomosis in order to decrease the rate
of AL and the related morbidity. However, diverting stoma expose the patients to the
risk of dehydration or to stoma closure-related complications. Further, they lead to an
additional scare or won’t be closed in a significant proportion of patients[70].
A Cochrane systematic review and meta-analysis including RCT assessing the use
of prophylactic stoma versus no stoma in patients with low anterior resection for
rectal cancer until November 2009 described the use of covering stoma to lower the
incidence of AL (RR 0.33) [71] . Thereafter, a review of 525 patients with colo-anal
anastomosis from the NSQIP database identified the absence of stoma as a risk factor
for developing postoperative sepsis (OR 6.29), although the rate of AL was not
reported. Also, allocation to the stoma group was not randomized and the effect was
not observed in patients with low pelvic anastomosis (1’266 patients)[72]. A systematic
review and meta-analysis including all studies published between 2014 and 2017
regarding the role of a protective stoma in patients undergoing low anterior resection,
identified the presence of a stoma as a protective factor against AL (RR 0.38, 5’612
patients, 11 studies)[73]. A later systematic review and meta-analysis including only
RCT (4 RCT, 358 patients) confirmed that diverting stoma lowers the risk of AL (OR
0.32)[74]. The Cochrane collaboration produced a systematic review and meta-analysis
pooling 648 patients from 6 RCT and identified diverting stoma as a protective factor
against clinical AL (RR 0.33) after low anterior resection[71].
Evidence regarding “ghost ileostomy” – a bowel loop brought through the
abdominal wall but left unopened, leaving the possibility to be transformed in an
ileostomy if needed – is low and remains to be clarified[3]. Therefore, we can conclude
that diverting stoma allows reducing the occurrence of AL in at-risk patients (those
with low anastomosis). Ghost ileostomy could constitute a solution to avoid the
occurrence of stoma-related complications, but it should be keep in mind that ghost
ileostomy won’t allow to avoid AL but rather to decrease its morbidity.

Prophylactic intra-abdominal drainage
Prophylactic intra-abdominal drainage during elective colorectal surgery was thought
to help monitoring the occurrence of AL and to reduce its morbidity by avoiding a
generalized peritonitis. The GRECCAR 5 trial compared 236 randomized rectal cancer
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patients allocated to the intra-abdominal drain group to 233 patients allocated to the
group without drainage. Intra-abdominal drainage did not allow to reduce the rate of
pelvic sepsis, the postoperative morbidity, the reoperation rate, the lenght of hospital
stay and the rate of stoma closure[75]. Later, a systematic review and meta-analysis
pooling 760 patients from 4 RCT demonstrated that intra-abdominal drainage did not
reduce AL, pelvic complications, reintervention and mortality. Contrariwise, the
incidence of postoperative bowel obstruction was significantly higher in the drained
group (OR 1.61)[76]. A Cochrane systematic review obtained the same conclusion thtat
prophylactic intra-abdominal drainage did not reduce the rate of AL[77]. Therefore,
prophylactic intra-abdominal drainage should be discouraged in elective colorectal
surgery.

Prophylactic transanal tube decompression
Prophylactic transanal tube decompression was thought to lower the risk of AL whilst
presenting less risks of complication that diverting stoma. A systematic review and
meta-analysis pooling 1’772 patients undergoing anterior resection described transanl
tube decompression to lower the risk of AL (RR 0.44)[78]. However, patients receiving
diverting stoma were excluded, leading to a potential underestimation of the AL rate.
Another systematic review and meta-analysis followed, including patients with
diverting stoma, and obtained the same conclusion (a reduction of the risk of AL (RR
0.42) in patients with transanal tube decompression) [79] . Therefore, prophylactic
transanal tube decompression could constitute an efficient method to prevent AL in
high risk patients without exposing them to the complications of diverting stoma. A
well-conducted large scale RCT comparing the 2 techniques remains, however, to be
conducted.

CONCLUSION
AL still constitutes a significant issue in colorectal surgery, and its incidence has
remained stable over the last years. The use of intra-abdominal drain or the use of
mechanical bowel preparation alone have been proven to be useless in preventing AL
and should be abandoned. The role or oral antibiotics preparation regimens should be
clarified and compared to other routes of administration, such as the intravenous
route or enema. In parallel, the composition of the microbiome of patients with AL
should be precisely determined, in order to identify patients at risk of AL and offer
targeted preoperative antibiotics. AL can be further reduced by fluorescence
angiography, which leads to significant intraoperative changes in surgical strategies.
Implementation of fluorescence angiography should be encouraged. Progress made in
AL comprehension and prevention might probably allow reducing the rate of
diverting stoma and conduct to a revision of its indications.
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Abstract
Long non-coding RNAs (lncRNAs) are members of the non-protein coding RNA
family longer than 200 nucleotides. They participate in the regulation of gene and
protein expression influencing apoptosis, cell proliferation and immune
responses, thereby playing a critical role in the development and progression of
various cancers, including colorectal cancer (CRC). As CRC is one of the most
frequently diagnosed malignancies worldwide with high mortality, its screening
and early detection are crucial, so the identification of disease-specific biomarkers
is necessary. LncRNAs are promising candidates as they are involved in
carcinogenesis, and certain lncRNAs (e.g., CCAT1, CRNDE, CRCAL1-4) show
altered expression in adenomas, making them potential early diagnostic markers.
In addition to being useful as tissue-specific markers, analysis of circulating
lncRNAs (e.g., CCAT1, CCAT2, BLACAT1, CRNDE, NEAT1, UCA1) in
peripheral blood offers the possibility to establish minimally invasive, liquid
biopsy-based diagnostic tests. This review article aims to describe the origin,
structure, and functions of lncRNAs and to discuss their contribution to CRC
development. Moreover, our purpose is to summarise lncRNAs showing altered
expression levels during tumor formation in both colon tissue and plasma/serum
samples and to demonstrate their clinical implications as diagnostic or prognostic
biomarkers for CRC.
Key words: Long non-coding RNA; Colorectal cancer; Colorectal adenoma; Circulating
long non-coding RNAs; Exosome; Biomarker; Diagnostic marker; Prognostic marker
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Core tip: The present review aims to shed light on the complex world of long non-coding
RNAs (lncRNAs) by discussing their origin, localization, and functions. By summarizing
the constantly growing body of knowledge about lncRNA expression in colorectal tissue
and by focusing on potential circulating lncRNA markers, we aim to enhance the
understanding of the comprehensive picture of their diagnostic and prognostic potential
in precancerous colorectal adenomas and cancer.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most frequent malignant diseases worldwide
with a remarkably high mortality rate[1]. The number of CRC-related deaths can be
reduced only by diagnosis at the earliest stage when the disease is more likely to be
cured.
Long non-coding RNAs (lncRNAs), a novel family of non-protein coding RNAs
(200 nt-10 kb) are of outstanding interest as their expression is often altered in various
disease types including malignancies[2]. They are known to have a crucial role in the
regulation of gene expression, alternative splicing mechanisms, protein localization
and activity, formation of cellular substructures and protein complexes through their
diverse interactions with DNA, RNA and proteins[3,4].
In cancers, lncRNAs are involved in every stage of carcinogenesis and tumor
progression including tumor initiation, proliferation, apoptosis and migration of
cancer cells, angiogenesis, tumor invasion and metastasis formation[5,6]. Their altered
expression can influence several oncogenic signaling cascades including the WNT/βcatenin, PI3K/Akt, EGFR, NOTCH, mTOR and TP53 signaling pathways[4,7-20]. Besides
local expression changes in cancerous tissue and tumor-related stroma, lncRNAs also
remain stable in body fluids due to their resistance to RNases[2,21].
Several lncRNAs showing altered expression in colorectal tumors including
precancerous adenomas have potential as early diagnostic markers[22-24]. In this review,
we summarize the colorectal tumor-related tissue and circulating lncRNAs, altered
lncRNA expression patterns, and technical aspects of their isolation and detection.
Our aim is to show their potential as diagnostic and prognostic biomarkers based on
recently published data.

HISTORY, CLASSIFICATION, FUNCTION, LIFETIME AND
SUBCELLULAR LOCALIZATION OF LNCRNAS
Regulatory non-coding RNAs (ncRNAs) were first reported in eukaryotes in the
1980s, of which H19[25] and Xist[26] were the first members of the family[27]. When the
Human Genome Project was completed, it became clear that only a minor part of our
genome codes proteins and the rest was considered as “junk” DNA[28]. Since then, our
knowledge about the non-coding genome was expanded, and the still unexplored
regulatory role of the ncRNA world is the focus of several studies and holds a
significant clinical potential[29]. Over the past decades, along with the development of
explorative molecular biology methods, the importance and function of the complex
eukaryotic transcriptome have been recognized, a large proportion of which
comprises the actively transcribed lncRNAs[30]. After the discovery and the intensive
analysis of the class of small ncRNAs called miRNAs since 1993[31], it became evident,
that other ncRNAs also play fundamental role in gene expression regulation, and that
their alterations can be responsible for the disrupted molecular pathways in multiple
cancers[32].
The major class of ncRNAs are lncRNAs, which are derived from highly diverse
genomic context and are classified on the basis of the genomic region of origin[28].
According to the genomic database [Ensembl Release 96 (April 2019)], human
lncRNAs are categorized into 3prime overlapping ncRNA, antisense, lincRNA (long
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interspersed ncRNA), retained intron, sense intronic, sense overlapping and macro
lncRNAs. The lncRNAs that are not overlapping with protein-coding genes are called
stand-alone lncRNAs including the large intergenic (or intervening) lncRNA
(lincRNA) group[28,33] (e.g., XIST, H19, MALAT1, and HOTAIR). Antisense lncRNAs
are transcripts overlapping the genomic strand of a protein-coding locus in an
antisense direction[34], while sense lncRNAs are overlapped with the sense strand of
protein coding genes containing exons[35]. Antisense transcription is widespread in the
mammalian genome[36]; the estimated ratio of the genes with antisense transcripts
varies from less than 2 to more than 70% of the total genes [37]. XIST/TSIX is a wellknown example of the sense-antisense transcript pairs[38]. Pseudogenes are defined as
nonfunctional sequences of genomic DNA originally derived from functional genes[39].
Long intronic ncRNAs are transcribed from the intronic sequence of a coding gene.
On the basis of their association with functional DNA elements, enhancer- and
promoter-associated lncRNAs can be distinguished[40]. The lncRNAs localize in the
cytoplasm, nucleus, nucleolus, and also in other subcellular compartments and
vesicles (such as nuclear bodies, exosomes) and the localization is related to their
molecular functions [41] . Certain sequence motifs in their primary sequence are
associated with the subcellular localization[42].
As the largest class of non-coding transcripts, lncRNAs have a wide variety of
functions. They can act as RNAs (e.g., ribozymes, riboswitches)[43] and widely as
ribonucleoprotein particles (RNP) [44] . They can exert their positive or negative
regulating functions either in cis or in trans[45]. One of their functions is the regulation
of nuclear organization; lncRNAs can modulate the chromatin architecture (e.g., Xist)
and they can also regulate inter- and intrachromosomal interactions (e.g., colorectal
cancer associated transcript 1. long isoform (CCAT1-L) modulating interchromatin
loops between enhancers and promoters[46]). LncRNAs can regulate other non-coding
RNAs (e.g., as miRNA sponges leading to reduced miRNA inhibitory effect on target
molecules[47]), and also can be processed into single- or double-stranded siRNAs[3].
Several gene transcription processes can be activated or blocked by lncRNAs by
recruiting or inhibiting transcription factors of the target gene promoters[3,44]. Certain
lncRNAs are linked to the process of alternative splicing (e.g., LINC001133) [48] .
Furthermore, protein activity is regulated by lncRNAs and trafficking between the
subcellular compartments can also be influenced by lncRNAs[49].
Nuclear lncRNAs also contribute to chromatin remodeling as they can promote or
prevent the recruitment of chromatin modifiers[46]. They are also part of nuclear
bodies[50] with scaffold function, so-called architectural lncRNAs[51] [such as nuclear
enriched abundant transcript 1 (NEAT1), as a well-characterized lncRNA as a crucial
component of paraspeckles[52]] and also as non-architectural lncRNAs [e.g., metastasis
associated lung carcinoma transcript 1 (MALAT1) as one of the most abundant
lncRNA in nuclear speckles[46]].
Epigenetic mechanisms, such as histone modifications are also influenced by
lncRNAs. For instance, lncRNA HOTAIR (homeobox transcript antisense intergenic
RNA) interacts with both LSD1/CoREST/REST complex and PRC2 as a modular
scaffold that leads to coupled histone H3 lysine 27 methylation and lysine 4
demethylation[53].
By the modulation of all three major mammalian DNA methyltransferases
(DNMT1, DNMT3a, DNMT3b), lncRNAs influence DNA methylation levels resulting
in altered expression of the target genes [44] . DNMT1-associated Colon Cancer
Repressed lncRNA 1 (DACOR1) interacts with both chromatin and DNMT1 and
targets DNMT1 protein complex to certain genomic loci, also affecting cellular SAM
levels [54,55] . Altogether, the expression alterations of lncRNAs influence many
biological functions that contribute to the disturbance of the complex fine-tuning
machinery of non-coding RNA regulatory network during cancer formation.
Our knowledge about the posttranscriptional regulation of lncRNAs is limited,
however, the stability of transcripts can be an important aspect in gene expression
regulation [56,57] as the half-life of ncRNAs correlates with their functional characteristics [58] . Each lncRNA has a unique structure, and these transcripts are
characterized by complex secondary and tertiary structures which is crucial to exert
their functions[59]. Although the stability of these non-coding transcripts was generally
considered to be lower compared to mRNAs[60] on the basis of a genome-wide lncRNA
analysis by Clark et al[56], a wide variety in their stability can be observed which is
consistent with their functional diversity. LncRNA stability is correlated with genomic
location, subcellular localization, splicing, and GC percentage, while in contrast,
expression levels are not correlated with stability[56]. The half-life of lncRNAs ranges
from < 30 min to > 48 h with median value at 3.5 h, and they can be classified as
unstable and to highly stable lncRNAs - the latter represented at a lower percentage[56]. According to Clark et al., nuclear-enriched lncRNAs displayed significantly
lower stability compared to those detected both in nucleus and cytoplasm[56]. It is
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important to note that lncRNAs with even lower stability have been shown to have
fundamental role (e.g., NEAT1 as scaffold lncRNA of paraspeckles, as dynamic
nuclear subdomains[61]), furthermore, the existence of highly stable lncRNAs illustrate
the biomarker potential of this subclass of non-coding transcripts.

LNCRNA EXPRESSION ANALYSIS METHODS
Analysis of lncRNAs is technically challenging due to their relatively low expression
level and their tissue-specific expression[62], therefore, the following methods are
optimized for studying lncRNAs with high sensitivity and resolution.
High-throughput sequencing serial analysis of gene expression (SAGE) is based on
short cDNA sequences containing recognition sites for restriction enzymes at the
transcripts’ 3’ end, and it was one of the first transcriptome analysis methods to study
lncRNA expression[63,64].
Among whole genome analyses, microarrays are widely used to analyse the RNA
expression in a high-throughput manner from the 2000s, however, these systems are
limited to studying the known RNAs. Furthermore, cross-hybridization and limited
detection range due to background and saturation signals make these analyses more
challenging[65]. In parallel, the rapid development of next generation sequencing
(NGS) systems revolutionized the experimental field, as RNA-Seq provides a costeffective and rapid solution for whole transcriptome profiling with the potential to
discover novel transcripts[65]. The higher resolution and reproducibility of RNA-Seq
compared to microarrays[65] resulted in broad use of this approach. RNA-Seq supports
the annotation of novel lncRNAs, RNA editing sites, and alternative splicing sites, as
well[62]. Cap analysis of gene expression (CAGE) is an NGS-based approach to map
and quantify the expression of 5’ capped RNAs [66] and also to identify transcriptionally active promoter regions and Pol II-driven TSSs[64].
The lncRNAs regulate and mediate interactions on different molecular levels and
complex networks of these non-coding RNAs remain to be explored. RNA-binding
protein immunoprecipitation (RIP) is used to study RNA-protein interactions, where
the RNA of interest can be complexed with its interacting proteins, and this fraction
can be selectively pulled down[67]. The downstream analysis can be performed by
combining with the previously discussed methods, including RIP-Chip and RIPSeq[68]. Native RIP is suitable for the exploration of strong and direct RNA-protein
interactions, whereas the crosslinked immunoprecipitation method (CLIP) is used to
study weak or indirect binding[62]. Crosslinking is achieved by ultraviolet light (UV)
followed by RNase treatment and stringent washes which increases the specificity of
the interaction detection[69]. In order to minimize the disadvantages of CLIP, modified
methods, such as individual nucleotide resolution CLIP (iCLIP)[70], and photoactivable
ribonucleoside-enhanced CLIP (PAR-CLIP) are also available for the identification of
the exact crosslinking sites with single nucleotide resolution[62,69].
Other RNA pull-down methods, such as chromatin isolation by RNA purification
(ChIRP)[71], capture hybridization analysis of RNA targets (CHART)[72] and RNA
antisense purification (RAP)[73] can be applied to study RNA-DNA interactions to shed
light on lncRNAs’ functions and identify trans-genomic interacting sites[62]. During
ChIRP experiments, a biotin-labeled antisense probe designed to the selected lncRNA
is employed to explore its interacting chromosomal fragments[71]. Different probe
design criteria are applied in the case of CHART, as in contrast with ChIRP probes
spanning the whole interesting lncRNA, the CHART method uses capture oligos
specific for the accessible regions of the lncRNA candidate[72]. The co-purified RNA,
DNA or proteins potentially interacting with the selected lncRNA can be analysed
with NGS, PCR or Western blotting [62] . RAP can be performed with different
crosslinking methods (e.g., psoralens) along with the longer biotinylated probes (> 60
bp) to enhance the RNA-DNA hybrid stability[73] and to reduce the signal-to-noise
ratio[64].
LncRNAs are known to exert their function also by binding directly or indirectly to
other RNAs[64]. These interactions can be studied by RAP-RNA (applying different
chemical cross-linking), as 4’aminomethyltrioxalen: RAP-RNA[AMT], formaldehyde:
RAP-RNA[FA], FA and disuccinimidyl glutarate: RAP-RNA[FA-DSG][74] or UV-crosslinked
CLASH (cross-linking, ligation and sequencing of hybrids)[75] methods.
It is known that lncRNAs fold into secondary and tertiary structures that are crucial
to exert their regulatory effects[59], but the structural domains of the RNA interactome
still need to be explored. Structural relationships can be studied by dimethyl sulfate
sequencing (DMS-Seq), selective 2’-hydroxyl acylation analysed by primer extension
sequencing (SHAPE-Seq), genome-wide fragmentation sequencing (FRAG-Seq), and
parallel analysis of RNA structure (PARS) techniques[76]. By the intensive development
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of subcellular visualization approaches, lncRNAs can be localized within the cell with
high sensitivity using special fluorescent in situ hybridization (FISH) applications
(single molecule FISH - smFISH, sequential FISH - seqFISH, and multiplexed errorrobust FISH - MerFISH)[77-79]. High resolution microscopes, as structured illumination
microscopy (SIM [80] ) or stochastic optical reconstruction microscopy (STORM [81] )
enable the precise detection of certain lncRNAs and investigation of their
colocalization partners[46]. The functional investigations of lncRNAs can be performed
with antisense oligonucleotides (ASO) and also by siRNAs and shRNAs via binding
and affecting the target lncRNA’s functionality[82]. The CRISPR-Cas9 genome editing
technique[83] has revolutionized functional studies in the lncRNA world, which can be
employed to silence (CRISPRi[84]) and also to overexpress (CRISPRa[85]) the lncRNA of
interest[86].

LNCRNA EXPRESSION ALTERATIONS IN COLORECTAL
ADENOMA AND CANCER TISSUE
Increasing evidence suggest that lncRNAs are involved in the whole process of CRC
development, progression and metastasis formation - similarly to their diverse
regulatory role in other types of malignancies - affecting the essential signaling
pathways including WNT, TP53, PI3K/Akt, mTOR, EGFR and NOTCH1 in CRC[4-20].
Abnormal expression of numerous lncRNAs including the well-known HOTAIR[87-90],
MALAT1[91-93] and H19[94,95] has been described in CRC compared to normal colonic
tissue samples (Table 1). From a clinical point of view, lncRNAs - with altered
expression in different stages of colorectal carcinogenesis, and disease progression have a particularly great potential to become early diagnostic and/or prognostic
biomarkers.
Several studies reported the altered expression of certain lncRNAs including colon
cancer associated transcript-1 (CCAT1), colorectal neoplasia differentially expressed
(CRNDE-L), colorectal cancer associated lncRNA (CRCAL) 1, -2, -3 and -4 and
urothelial carcinoma-associated 1 (UCA1) already in precancerous adenomas[23,24,37,96-102].
Nissan et al[96] in their comprehensive RT-qPCR study were the first to demonstrate
the massive (often more than 100-fold) upregulation of CCAT1 in CRC and
premalignant adenoma tissue samples compared to normal colonic mucosa.
Furthermore, elevated CCAT1 levels could be detected in lymph node and distant
liver metastases, as well as in peripheral blood mononuclear cells (PBMCs) of CRC
patients [96] . Alaiyan et al [23] have confirmed the overexpression of CCAT1 in
precancerous conditions and through all CRC stages using RT-qPCR and in situ
hybridization (ISH). These data suggest its essential role in both early carcinogenesis
and metastatic processes, moreover, in vitro studies revealed that the c-Myc oncogene
could facilitate the transcription of CCAT1 by binding to its promoter[97]. CRNDE also
becomes activated already in the initial steps of tumor development as its elevated
expression was observed in > 90% of neoplastic colon tissue including adenoma and
adenocarcinoma samples using both microarray and RT-PCR technology[24]. Liu et
al[103] found significant upregulation of CRNDE-h splice variant both in adenoma and
CRC tissues compared to control groups containing normal adjacent, inflammatory
bowel disease and hyperplastic polyp samples. Moreover, within the CRC group,
increased expression of CRNDE-h showed significant correlation with tumor size,
lymph node, and distant metastasis. It was observed in in vitro studies, that lncRNA
CRNDE can promote CRC development and progression through epigenetic silencing
of dual-specificity phosphatase 5 (DUSP5) and cyclin-dependent kinase inhibitor 1A
(CDKN1A)[104] or via activating Ras/MAPK[105] and WNT/β-catenin[106,107] signaling
pathways. Furthermore, it can contribute to chemoresistance by sponging microRNAs
(miR-136[108], miR-181a-5p[107]) in CRC.
Some colorectal cancer associated lncRNAs [CRCALs: CRCAL-1 (AC021218.2),
CRCAL-2 (LINC00858), CRCAL-3 (RP11-138J23.1) and CRCAL-4 (RP11-435O5.2)]
were identified as overexpressed and novel CRC biomarkers using RNA-sequencing
techniques [100] . These lncRNAs may “be involved in the very early steps of the
neoplastic process” as the expression levels of all four CRCALs were found to be
elevated in colorectal adenoma samples, as well. RNA interference-mediated
knockdown experiments and gene ontology analysis of The Cancer Genome Atlas
(TCGA) dataset suggest the involvement of CRCAL-3 and CRCAL-4 in cell cycle
regulation[100].
Several studies have also indicated the tumor-promoting role of UCA1 lncRNA in
CRC[101,102,109]. Intensive UCA1 expression was found to be correlated with larger tumor
size, depth of invasion, and a less differentiated histology[110]. Moreover, elevated
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Table 1 Tissue and circulating long non-coding RNAs with altered expression in colorectal cancer

lncRNA

Tissue

Plasma/serum

Exosome

Expression in
CRC

91H

X

X

X

Up

ADAMTS9-AS2

X

Down

AFAP1-AS1

X

Up

AK027294

X

Up

AK123657/BX64 X
820

Down

AK307796

X

Up

ANRIL

X

Up

ATB

X

BA318C17.1

X

BANCR

X

X

BCAR4/HOXA- X
AS2

X

BLACAT1

X

X

CAHM

X

Down

CASC11

X

Up

CASC2

X

Down

CCAL

X

Up

CCAT1

X

CCAT1-L

X

CCAT2

X

CLMAT3

X

CRNDE

X

CRCAL1/AC021218.2

X

Up

CRCAL2/LINC00858

X

Up

CRCAL-3/RP11- X
138J23.1

Up

CRCAL-4/RP11- X
453O5.2

Up

CTD903

X

Down

CTNNAP1

X

Down

DACOR1

X

Up

DANCR

X

Up

DQ786243

X

Up

E2F4 antisense

X

Up

ENST000004304
71

X

Up

ENST000004559
74/AC123023.1

X

Up

ENST000004658
46

X

Down

FER1L4

X

WJG

X

Up
Down
Down/up
X

Up/down
Up

X

Up
Up

X

Up
Up

X

X

https://www.wjgnet.com

X

Up

Down

5031

Ref.
[130,138,152]

Potentially
diagnostic
marker
X (comb 1)

[145]

Prognostic role

Up – poor
prognosis
Down – poor
prognosis

[145,153,154]

Up - poor
prognosis

[155]
[156]

Down – poor
prognosis

[157]
[158,159]

Up – poor
prognosis

[122,160,161]

Up - poor
prognosis

[162]
[125,163,164]
[140,145]

X (comb 2)

Prognostic

X

Up – poor
prognosis

[129,151,165]

[131]

Up - poor
prognosis
X

[166]
[167]

Down - poor
prognosis

[4]

Up - poor
prognosis

[23,96-98,116,168-170]

X

Up – poor
prognosis

X

Prognostic

[171]
[134,172,173]
[174,175]

[24,99,103]

[100]

[100]

[100]

[100]

Up – poor
prognosis
X
X
X
X
X

[176]

[177]

Up – poor
prognosis

Down - poor
prognosis
X

[54]
[178]

Up – poor
prognosis

[179]

Prognostic

[180]
[181]

[111]

X

Up - poor
prognosis

[157]

[123]
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Down - poor
prognosis
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FEZF1-AS1

X

Up

FTX

X

Up

GAPLINC

X

Up

GAS5

X

GHET1

X

lnc-GNAT1-1

X

X

Down
Up

H19

X

Up

HIF1-AS1

X

HIF2PUT

X

HOTAIR

X

X

Up

HOTAIRM1

X

X

Down

HOTTIP

X

HULC

X

KCNQ1OT1

X

Up

LINC00152
(CYTOR)

X

Up

LINC01133

X

Down

LINC01296

X

Down

lincRNA-p21

X

Lnc34a

X

Up

lncRNALET/NPNT-IT1

X

Down

Up

Up
X

Up

X

Down

LNCV6_116109

X

Up

LNCV6_98390

X

Up

LNCV6_38772

X

Up

LNCV6_108226

X

Up

LNCV6_84003

X

Up

LNCV6_98602

X

Up
Up

LOC100287225

X

LOC285194/TU
SC7

X

Loc554202

X

MALAT1

X

X

Up

MEG3

X

X

Down

X

Up

Nbla12061

Down
X

Down/Up
Down

ncNRFR

X

Up

ncRAN

X

Down

ncRuPAR

X

Down

NEAT1

X

X

Up

X

NR_026817

X

Down

X

Down

WJG

X

https://www.wjgnet.com

Up – poor
prognosis

[184]

Prognostic

[120,185-188]

Down - poor
prognosis

[189]

[94,143-145,190,191]

Up - poor
prognosis
Up - poor
prognosis

[192]
[87-90,116,193,194]

Up - poor
prognosis

[117]

Down – poor
prognosis

[195,196]

Up – poor
prognosis

[134,197]

Up - poor
prognosis

[198,199]
[8,11,13]

Up – poor
prognosis

[200]

Down - poor
prognosis

[201]

Down – poor
prognosis

[116,202-204]

Down – poor
prognosis

[205]
[206]

[139]
[139]
[139]
[139]
[139]
[139]
[126]

X
X
X
X
X
X
X (comb 3)

[207,208]
[124,209,210]

X (comb 4)

[211,212]

Down - poor
prognosis

[7,91-93,145,149,213,214]

[100,130,215-218]

[124]

Down - poor
prognosis

Up - poor
prognosis
X (comb 1)

Down - poor
prognosis

X (comb 4)

[219]
[220,221]

Down – poor
prognosis

[222]

Down – poor
prognosis

[128,223]

Up - poor
prognosis

[133]

NORAD

NR_029373

[183]

[132]

X

X

Up - poor
prognosis

[119]

X

LOC152578

[115,182]

5032

[125]
[125]

X (comb 2)

Prognostic

X (comb 2)

Down – poor
prognosis
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NR_034119

X

Down

PANDAR

X

Up

PCAT-1

X

Up

PRNCR1

X

Up

PVT-1

X

RP1-13P20.6

X

RP11-462C24.1

X

X

Down/Up

SLC25A25-AS1

X

X

Down

SnaR

X

SNHG20

X

Up

SNHGI2

X

Up

Sox2ot

X

Up

SPRY4-IT1

X

TINCR

X

TUG1

X

uc.388

X

Down/Up

uc.73a

X

Down/Up

uc002kmd.1

X

Up

UCA1

X

UPAT

X

XIST

X

XLOC_000303
XLOC_006844

X

ZFAS1

X

ZNF582-AS1

X

X

Up
Down

[125]

X (comb 2)

[224]

Up - poor
prognosis

[225]

Up – poor
prognosis

[226,227]
[130,145,228]

X (comb 1)

[229]

[124,230,231]

Up - poor
prognosis
Down - poor
prognosis

X (comb 4)

[118]

Down - poor
prognosis
Down - poor
prognosis

[232]

X

Up
Down

X

X

X

X

Up

Up
Up

X

Up

X

Up

X

Up

X

Up
Down

[233]

Prognostic

[234]

Up - poor
prognosis

[235]
[121,236]

Up - poor
prognosis

[100,237]
[101,238-240]

[241,242]
[241,242]

Up - poor
prognosis
X

Prognostic

X

[243]
[100,101,110,244,245]

Up - poor
prognosis

[246]
[247,248]
[136]
[136]

Prognostic
X (comb 3)
X (comb 3)

[19,249]

[250]

Up - poor
prognosis
X

The altered expression of long non-coding RNAs in colorectal cancer tissue, plasma/serum or exosomes and the potential diagnostic value are marked
with X, respectively. Combined marker sets are also represented (comb 1, comb 2, comb 3 and comb 4).

UCA1 levels could be detected in precancerous adenomas which increase in CRC[102].
In a recent publication, Lao et al. have described the gradual elevation of expression
of a novel lncRNA, AC123023.1-201 (ENST0000455974) along the colonic normaladenoma-dysplasia-carcinoma-metastasis sequence[111]. High levels of this lncRNA
were found to be significantly associated with poor survival of DNA mismatch repair
proficient (pMMR) CRC patients. In vitro studies suggest that AC123023.1-201 might
exert an oncogenic role in the pathomechanism of pMMR CRC via promoting JAG2mediated Notch signaling[111].

LNCRNA MARKERS IN PLASMA/SERUM OF COLORECTAL
TUMOR PATIENTS AND THEIR MALIGNANCY-RELATED
CELL FUNCTIONS
LncRNA molecules can cross the cell membrane, and hence can be found in different
body fluids, such as blood, plasma/serum or urine[112]. They can be derived from
apoptotic and necrotic cells, or from living cells by an active manner. These molecules
occur in association with RNA-binding proteins or lipoprotein complexes, however,
extracellular vesicles are reported to be the primary source of plasma lncRNAs[113].
These forms contribute to the relative resistance to degradation by RNase enzymes
that make circulating lncRNAs promising markers for the prognosis, diagnosis, or
screening of various diseases, including CRC[114]. The altered expression levels of

WJG

https://www.wjgnet.com

5033

September 14, 2019

Volume 25

Issue 34

Galamb O et al. Diagnostic and prognostic lncRNAs in colorectal tumors

several lncRNAs were reported in tumor tissues of CRC patients, and recently,
additional articles have been published describing their presence in plasma or serum
samples [115] . CCAT1 and HOTAIR are among the first markers reported to have
significantly elevated expression in the plasma of CRC patients compared to healthy
controls[116]. It was also observed that after surgical treatment of CRC patients, the
serum levels of these lncRNAs decreased in comparison with pre-operative samples.
HOTAIR expression was also reported in peripheral blood mononuclear cells (PBMC)
of CRC blood donors as compared with controls; of note, patients with right-sided
CRC had lower levels of HOTAIR lncRNA than those with left-sided cancers[90]. In
contrast, HOX antisense intergenic RNA myeloid 1 (HOTAIRM1) showed reduced
expression in tumor tissue, and low levels were reported in plasma of CRC patients
compared to healthy controls using nested TaqMan RTPCR method[117]. It has been
assumed that this lncRNA can inhibit intense cell division and therefore, it may
function as a tumor suppressor. The expression of lncRNA SLC25A25-AS1 was also
significantly decreased in both tumor tissue and serum samples, and based on in vitro
measurements, it was observed that downregulation of SLC25A25-AS1 has an impact
on chemoresistance and induces the epithelial-mesenchymal transition (EMT)
process[118]. Low levels of lnc-GNAT1-1 were detected in the plasma of CRC patients,
and with advanced TNM stages, the level of this lncRNA decreased in the peripheral
blood [119] . LncRNA growth arrest specific transcript 5 (GAS5) had diminished
expression in serum samples of 109 CRC patients compared with 99 healthy
controls[120]. Further experiments highlighted that low level of GAS5 was correlated
with advanced TNM stages and larger tumor size. LncRNAs that can enhance cell
proliferation were also described in some reports. For instance, lncRNA SPRY4-IT1
was found to be significantly upregulated in CRC tissue and serum samples, and its
increased expression was associated with late TNM stages. It influences proliferation,
migration, and invasion of CRC cells, and has an effect on the expression of EMTrelated genes[121]. Long non-coding RNA-activated by TGF-β (lncRNA-ATB) has been
analysed in 50 preoperative and postoperative plasma samples of cancer patients and
in 50 healthy volunteers, and its overexpression was reported in 70% (35/50) of CRC
cases one month after surgery[122]. Moreover, lncRNA-ATB levels were found to be
significantly higher in postoperative plasma in comparison with preoperative
samples, suggesting that lncRNA might be released by other mechanisms than by the
primary tumor. This research group described another lncRNA, fer-1-like protein 4
(FER1L4) that showed decreased expression level in postoperative blood samples
compared with the matched preoperative ones in contrast to the above-mentioned
lncRNA-ATB [123] . Wang et al. compiled a panel of lncRNA containing 3 RNAs
(LOC285194, RP11-462C24.1, and Nbla12061) that were upregulated in 61 CRC serum
samples compared to healthy controls (n = 60) [124] . Another study selected four
lncRNAs (BANCR, NR_026817, NR_029373, and NR_034119) for further experiments
after high-throughput microarray analysis, and concluded that this panel was
dysregulated in tissue and serum samples of colon carcinoma patients[125]. Shi et al[126]
also performed microarray analysis on the circulating plasma lncRNA fraction using
Human LncRNA Array v3.0, and 8 transcripts were further examined with RT-qPCR
technique. From these candidates, expression of three (XLOC_006844, LOC152578,
and XLOC_000303) lncRNAs were found to be significantly higher in CRC plasma
samples (n = 220) compared to cancer-free controls (n = 180). Another lncRNA,
nuclear-enriched abundant transcript 1 (NEAT1) was identified based on microarray
results as the most significantly upregulated gene in whole blood samples of CRC
patients[127]. Two variants of this lncRNA, NEAT1_v1 and NEAT1_v2 were studied
separately, and high levels of both two transcripts were observed[128]. Moreover, Wu et
al[129] showed that knockdown of NEAT1_v1 caused inhibition of cell invasion and
proliferation in vitro, while in case of NEAT1_v2, the knockdown of the transcript
could induce cell growth. Similarly to the previous studies, lncRNA bladder cancer
associated transcript 1 (BLACAT1) was also found to be overexpressed using
microarray analysis and the increased expression was confirmed using RT-PCR in
CRC serum samples. Liu et al. selected 3 lncRNAs, H19 antisense (91H), plasmocytoma variant translocation 1 (PVT-1) and maternally expressed gene 3 (MEG3)
and reported increased levels in plasma of CRC patients compared to non-cancerous
controls [130] . Our knowledge on the regulation of lncRNA gene expression is
incomplete; however, a study by Pedersen et al[131] demonstrated reduced level of
lncRNA CAHM in CRC patients coupled with elevated methylation of CAHM gene,
which was detectable also in plasma samples.
Additional circulating lncRNAs have been described as potential biomarkers for
CRC detection (e.g., HIF1A-AS1, NORAD, CCAT2 or HULC), and more are expected
to be identified in the near future [132-134]. The most promising lncRNAs to date are
summarised in Table 1.
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APPEARANCE OF LONG NON-CODING RNAS IN
EXOSOMES
Exosomes are a subgroup of extracellular vesicles (EVs) that can be found in different
body fluids, including blood, serum/plasma, urine or saliva. The particles range from
30 to 100 nm in diameter, and around 2 × 1015 exosomes have been identified in the
blood of healthy people; however, in case of cancer, the exosome numbers can
increase, and reaching 4 × 1015[135,136]. Recent studies highlighted that exosomes secreted
by tumor cells contain DNAs, proteins, lipids, different small molecules and RNAs
including lncRNAs, and these molecules may also be taken by target cells. Therefore,
the contents of exosomes can influence the biological functions of the recipient cells
and play an important part in long distance cell-cell communication[137].
Several differentially expressed lncRNAs in exosomes were reported in
plasma/serum samples of CRC patients. According to Liu et al[103], colorectal neoplasia
differentially expressed-h (CRNDE-h) showed elevated expression in isolated
exosomes of 148 CRC patients compared to benign colorectal disease patients and
healthy controls. Moreover, it was observed that a high exosomal level of this lncRNA
correlated with both lymph node and distant metastasis and was related to low
overall survival rates. Expression of exosomal lncRNA 91H also increased in CRC
serum samples, which occurs at a higher level in the vesicles, than in exosome-free
sera[138]. It has been also reported that the elevated expression was decreased after
surgery. Based on real-time PCR results, Barbagallo et al[101] demonstrated that UCA1
in serum exosomes of cancerous patients was downregulated, while taurine upregulated 1 (TUG1) was overexpressed. Another study constructed a six-member
(LNCV6_116109, LNCV6_98390, LNCV6_38772, LNCV_108266, LNCV6_84003 and
LNCV6_98602) panel of plasma exosomal lncRNAs based on microarray analysis that
indicated overexpression in CRC patients compared to healthy individuals[139]. The
increased level was already observed in the early stages of CRC suggesting that these
lncRNAs are potential markers for early detection of cancer. Dong et al[140] showed that
two mRNAs (KRTAP5-4 and MAGEA3) and one lncRNA (BCAR4) extracted from
sera exosomes are present at a lower level in colorectal adenoma and carcinoma
patients compared to healthy individuals, and the combination of these RNAs could
be used as CRC biomarkers. Interestingly, according to Li et al[120] lncRNA GAS5 was
found to be downregulated in CRC sera samples and acts as a tumor suppressor in
cancer development, however, another study revealed that this lncRNA was
upregulated in tissues, plasma and exosomes of CRC patients and its expression was
related to TNM stage, Dukes stage, lymph node metastasis, local recurrence rate and
distant metastasis rate[141].
Analysis of lncRNAs in exosomes is ongoing, and because altered levels of
lncRNAs can serve as a potential markers for CRC detection, clarification of their
function in cancer development is also a crucial step. The exosomal lncRNAs with
altered expression in CRC are listed in Table 1.

CLINICAL RELEVANCE OF ALTERED LONG NON-CODING
RNA EXPRESSION PATTERNS IN CRC
Biomarkers - as objectively measurable molecules suitable for monitoring physiological and pathological processes and the effect of treatments - have a crucial role
in the clinical workup of tumors, enhancing the early diagnosis, classification of
tumors, monitoring therapy response, and supporting the evolvement of personalized
therapies, as well[21]. LncRNAs can serve as diagnostic, prognostic and predictive
biomarkers in malignant diseases including CRC[22]. Principally, lncRNAs with altered
levels in different stages of tumorigenesis and progression have a great potential to
become early diagnostic and/or prognostic biomarkers. Besides the remarkable
expression difference associated with disease stages, the important aspect of their
presence and stability in the circulatory system are opening a new path for
noninvasive diagnostic applications[21,142]. CCAT1 can serve as a promising marker for
early CRC recognition due to its high expression in malignant and benign colorectal
tumors compared to normal controls[23,96], and its detection both in PBMC and plasma
samples, as well[96,116]. Increased plasma CCAT1 could predict the presence of CRC
with 75.7% sensitivity and 85.3% specificity[116]. Almost all splice variants of CRNDE
lncRNA, (except for CRNDE-d), and particularly CRDNME-b and CRNDE-h, were
found to be intensively (approximately 5- to 100-fold) upregulated in both benign and
malignant neoplastic colorectal tissue[24]. On the basis of CRNDE-h expression levels,
CRC and normal tissue samples could be discriminated with 85% sensitivity and 96%
specificity, which was also proven to be a highly sensitive and specific marker in
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adenoma vs normal tissue comparison (sensitivity: 95%, specificity: 96%)[24]. Based on
CRNDE-h levels in tissue, CRC could be differentiated from adenoma and healthy
tissues with 70.4% sensitivity and 70.8% specificity[99]. Its strong diagnostic potential
was also supported by the circulating CRNDE-h RT-qPCR results at a reported 87%
sensitivity and 93% specificity between CRC vs healthy controls[24]. Moreover, the
analysis of exosomal CRC-related CRNDE-h of serum also allowed separation of CRC
samples from benign and healthy controls (AUC = 0.892, sensitivity: 70.3%,
specificity: 94.4%)[103]. The newly identified upregulated CRCAL1-4 lncRNAs might be
suitable for early recognition of colorectal neoplasias, however, only marginal
significance could be observed between adenoma and CRC[100]. Potential utilization in
CRC screening and diagnostics of several other differentially expressed lncRNAs
including BLACAT1 [ 1 2 9 ] , CCAT2 [ 1 3 4 ] , HULC [ 1 3 4 ] , NEAT1 [ 1 2 8 ] , UCA1 [ 1 0 1 , 1 0 9 ] and
HOTAIRM1[117] has also emerged in RT-qPCR studies analyzing circulating lncRNAs
resulting in various specificity (43%-96%) and sensitivity (55%-100%) values. In
addition to the altered expression levels, the DNA methylation changes of lncRNAs
can hold a discriminative ability, as the amount of methylated CAHM DNA
molecules in the circulatory system depends on the CRC stages; hence it can serve as a
promising marker for CRC screening[131].
In addition to single lncRNA marker candidates, lncRNA marker combinations and
multi-marker lncRNA panels have also been identified as a potential diagnostic
approach. By testing the CRC diagnostic efficacy of circulating HOTAIR and CCAT1,
the combined measurement of their plasma/serum levels resulted in higher
sensitivity and specificity values (84.3% and 80.2%, respectively) than the abovementioned markers alone[116]. This marker combination could provide an effective
CRC diagnosis performance, moreover, it could detect CRC efficiently already at an
early stage (85%). Analysis of Barbagallo et al[101] revealed that diagnostic accuracy of
serum exosome UCA1 levels for CRC (sensitivity: 100%, specificity: 43%) could be
enhanced by applying it in combination with TUG1 lncRNA (sensitivity: 93%,
specificity: 64%) or with circHIPK3 circular non-coding RNA (sensitivity: 100%,
specificity: 70%). A promising lncRNA panel containing three lncRNAs (LOC152578,
XLOC_000303, and XLOC_0006844) upregulated in CRC was identified and validated
on a large independent plasma sample cohort (220 CRCs, 180 controls) (positive
predictive value: 0.80, negative predictive value: 0.84, AUC = 0.975)[126]. The doubleblind test on another 100 plasma samples (50 CRC, 50 cancer-free controls) also
confirmed that the above-mentioned biomarker set is suitable for indicating the
occurrence of CRC with 85% accuracy[126]. CRC and healthy normal cases could be
distinguished based on the increased serum levels of LOC285194, RP11-46C24.1, and
Nbla12061 lncRNAs (AUC = 0.793, sensitivity: 68.33%, specificity: 86.89%)[124]. The
predictive value of this lncRNA signature was significantly higher than of the
conventional clinical serum protein markers (CEA, CA199, CA125, and CA724) (AUC
values were 0.633, 0.567, 0.517 and 0.592, respectively)[124]. Microarray analysis of
CRC-NAT tissue sample pairs revealed a four-lncRNA panel (upregulated BANCR
and downregulated NR_026817, NR_029373, NR_034119) which had consistently
altered pattern both in CRC tissue and serum samples compared to normal
controls[125]. The high AUC, specificity and sensitivity values for both the training and
validation sample sets support the reliable diagnostic ability of this biomarker set
(AUC: 0.891 and 0.881; specificity: 80% and 75.83%; sensitivity: 81.67% and 89.17%)
which even exceeded the diagnostic power of CEA[125]. A pilot study of Liu et al.
revealed a new promising diagnostic plasma ncRNA biomarker set (H91, PVT-1,
MEG3) for early-stage CRCs as the panel could differentiate CRC samples from
controls with 82.76% sensitivity and 78.57% specificity[130].
According to the Lnc2Cancer 2.0 database (www.bio-bigdata.com/lnc2cancer), the
most frequently described lncRNAs with prognostic value in CRC are H19[95,143-145],
CRNDE[99,103,105,107,146], HOTAIR[89,90,147,148] and MALAT1[92,145,149] (Supplemental Table 1). In
silico lncRNA expression analysis of CRC data from The Cancer Genome Atlas
(TCGA) database (n = 534) showed that H19 was the lncRNA mostly associated with
the overall survival (OS) of CRC patients (P = 0.0005), independently from tumor
stages[143]. Elevated H19 levels were found to be correlated with tumor differentiation
and advanced TNM stage [144] , and its expression could be considered as an
independent predictor for OS and disease-free survival (DFS). Other studies also
confirmed that overexpression of H19 lncRNA could predict the unfavorable
prognosis in CRC[145]. CRNDE-h can serve as a promising early diagnostic biomarker
for CRC, and it also has a prognostic capability due to its high tissue and serum
exosome levels significantly correlated with tumor size, lymph node, and distant
metastasis[99,103]. In addition, increased exosomal CRNDE-h levels were proven to be a
negative predictor of OS of CRC patients [34.6% (high CRNDE-h) vs 68.2% (low
CRNDE-h), P < 0.001)][103]. Similar associations with CRC stages were reported for
CRNDE-p, another overexpressed transcript variant of CRNDE[146]. HOTAIR lncRNA
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was also observed to be a negative prognostic factor in CRC, as its upregulated
expression in primary tumor tissue, even more in blood of CRC patients were found
to be associated with higher mortality [Cox's proportional hazard, hazard ratio (HR)
(tissue) = 4.4, HR (blood) = 5.9] [90] . Significant differences in clinicopathological
parameters such as less differentiated histology, greater tumor depth, and liver
metastasis were observed in CRC cases with high HOTAIR expression (n = 20)
compared CRCs with low HOTAIR levels (n = 80) (P < 0.05)[89]. Results of several other
studies verified the correlation of higher HOTAIR levels with poorer OS[89,148]. With the
RT-qPCR analysis of tissue samples from 146 stage II/III CRC patients, it was
observed that patients with more intense MALAT1 lncRNA expression had a
significantly worse prognosis with a HR of 2.863 for DFS and 3.968 for OS [92] .
Moreover, high MALAT1 levels were found to be associated with decreased patient
survival and poor response to oxaliplatin-based chemotherapy in advanced CRC
patients suggesting its utility as a prognostic marker and therapeutic target in CRC[149].
In addition to CRNDE[103,146] and HOTAIR[90,116], among the 31 potentially prognostic
lncRNAs published in at least two independent studies, CCAT2 [150] , GAS5 [141] ,
BLACAT1[129], CCAT1[96,116], NEAT1[128], 91H[138] and BANCR[125] lncRNAs were also
detectable in the circulation suggesting their application as minimally invasive
markers for CRC prognosis (Table 1 and Supplemental Table 1). As reported by
Ozawa et al [150] in a study involving two independent cohorts, the evaluation of
CCAT2 expression in combination with CCAT1 may be a powerful tool for predicting
tumor recurrence and prognosis in CRC patients. According to the expression
analysis in tissue, plasma and exosome samples, GAS5 had a prognostic value in CRC
based on its expression that was negatively correlated with TNM status, Dukes stage,
and lymph node metastasis (LNM), local recurrence and distant metastasis rate, while
its level was in positive relation with differentiation degree and the 3-year OS rate[141].
On the other hand, elevated BLACAT1 expression could be considered as an
independent unfavorable prognostic indicator for CRC, as it was observed to be
associated with advanced CRC stages and shorter OS[151]. The predictive potential of
lncRNA transcript variants can differ, as the OS of CRC patients with intensive
NEAT1_v1 expression was worse, while high levels of the other isoform, NEAT1_v2
was correlated with better OS[128]. Determination of clinical significance of elevated
exosomal H91 lncRNA expression suggested that it might be an early minimal
invasive biomarker for CRC recurrence or metastasis[138]. Gong et al[132] evaluated the
diagnostic and prognostic value of increased serum HIF1A-AS1 levels in 151 CRC and
160 healthy control samples by RT-PCR, and reported a high diagnostic efficacy
(86.8% sensitivity and 92.5% speciﬁcity); moreover, it was described as a predictor for
worse prognosis in CRC.
In addition to the diagnostic and prognostic utility of lncRNAs with altered
expression, ongoing research focused on the role of lncRNAs in chemoresistance and
therapy response prediction are revealing several lncRNAs which could be promising
therapeutic targets in CRC. Similarly to the above-mentioned MALAT1 whose
increased levels were found to be associated with poor response to oxaliplatin (OXA)based chemotherapy [149] , CRNDE can also contribute to oxaliplatin resistance in
CRC[107,108]. According to a recent in vitro study, CRNDE facilitates the resistance
against OXA or 5-fluorouracil (5FU) treatment via miR-181a-5p-mediated regulation
of Wnt/β-catenin signaling[107]. Association between high HOTAIR expression and
poor response to 5FU treatment was assessed[147]. HOTAIR can contribute to 5FU
resistance through suppressing miR-218 and activating NF-κB signaling in CRC[147].
HOTAIR was observed to be upregulated in drug-resistant cisplatin- or paclitaxeltreated SW620 and Colo205 CRC cells, as well[148] and could affect the chemoresistance
of CRC via miR-203a-3p-mediated modulation of Wnt/β-Catenin pathway[148]. The
most important tissue and circulating lncRNAs with diagnostic and prognostic
potential in colorectal tumors are represented in Figure 1.

CONCLUSION
The increasing number of genome-wide expression analysis studies have led to the
identification of a number of long non-coding RNAs with altered expression patterns
in cancers including CRC. LncRNAs are proven to contribute to each step of the
colorectal carcinogenesis and tumor progression by influencing the key cancer-related
signal transduction pathways such as WNT/β-catenin, PI3K/Akt, EGFR, NOTCH,
mTOR and TP53 signaling. Dysregulated lncRNAs can appear in the pre-malignant
adenoma stage of CRC and the expression alterations of a relatively large number of
lncRNAs were found to be associated with clinicopathological parameters indicating
CRC progression. Furthermore, lncRNAs are stable and detectable in body fluids
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Figure 1

Figure 1 The most important tissue and circulating long non-coding RNA candidates with diagnostic and prognostic potential in colorectal tumors. Long
non-coding RNA (lncRNAs) upregulated in adenoma or colorectal cancer (CRC) samples compared to normal controls are marked with ↑, while the downregulated
lncRNAs are depicted with ↓. Potential prognostic markers detectable both in tissue and blood specimens are highlighted in the right, where ↑ refers to lncRNAs
whose higher levels were found to be associated with poor prognosis (CRNDE, HOTAIR, CCAT2, BLACAT1, CCAT1, NEAT1, 91H, HIF1A-AS1), while the low
expression of lncRNA marked with ↓(GAS5) can be a predictor of worse disease outcome in CRC patients. In case of the lncRNAs written without frame (BANCR,
BCAR4, LOC285194, RP11-462C24.1, UCA1), diverse, sometimes controversial expression data are available in the scientific literature.

facilitating their utilization as early detection and prognostic biomarkers. In order to
open the door for implementation of minimally invasive lncRNA-based tests in the
clinical practice, certain relevant technical aspects should be considered: (1)
Standardization of the pre-processing and sample preparation procedure including
the applied blood collection tubes, sample storage conditions and time, optimized
lncRNA isolation protocols from liquid biopsy samples; (2) Selection of appropriate
quantification, quality checking and sensitive techniques allowing the precise
detection of cancer-related alterations; and (3) Application of proper universal
endogenous controls for increasing the reliability and the accuracy of RT-qPCR
measurements. For the development of adequately sensitive and CRC-specific,
clinically applicable diagnostic and prognostic tests based on lncRNA
markers/marker panels, validation studies with large sample cohorts are essential.
On the other hand, as recent studies shed light on the potential role of lncRNAs as
novel therapeutic targets, the specific lncRNA expression alterations in liquid biopsy
samples may contribute to the improved early recognition, prognosis prediction and
therapy monitoring in CRC. Moreover, lncRNAs as druggable targets might represent
the basis of novel therapeutic methods in the fight against cancer.
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Abstract
Esophageal squamous cell carcinoma (ESCC) and esophagogastric junction
adenocarcinoma (EGJA) are the two main types of gastrointestinal cancers that
pose a huge threat to human health. ESCC remains one of the most common
malignant diseases around the world. In contrast to the decreasing prevalence of
ESCC, the incidence of EGJA is rising rapidly. Early detection represents one of
the most promising ways to improve the prognosis and reduce the mortality of
these cancers. Current approaches for early diagnosis mainly depend on invasive
and costly endoscopy. Non-invasive biomarkers are in great need to facilitate
earlier detection for better clinical management of patients. Tumor-associated
autoantibodies can be detected at an early stage before manifestations of clinical
signs of tumorigenesis, making them promising biomarkers for early detection
and monitoring of ESCC and EGJA. In this review, we summarize recent insights
into the iden-tification and validation of tumor-associated autoantibodies for the
early detection of ESCC and EGJA and discuss the challenges remaining for
clinical validation.
Key words: Esophageal squamous cell carcinoma; Esophagogastric junction
adenocarcinoma; Biomarker; Autoantibody; Diagnosis
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Core tip: The current protocol for early diagnosis of esophageal squamous cell carcinoma
and esophagogastric junction adenocarcinoma is endoscopic imaging followed by biopsy
confirmation. However, the invasive nature of the procedure and high cost of endoscopy
limit it as a tool for screening the general population. This review highlights
autoantibodies as non-invasive biomarkers in the early detection of esophageal
squamous cell carcinoma and esophagogastric junction adenocarcinoma.
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INTRODUCTION
Esophageal cancer is the eighth leading malignant disease and the sixth most common
cause of cancer-related death worldwide. It represents a serious health problem
globally[1]. Esophageal cancer is mainly composed of two epidemiologically and
histopathologically distinct sub-types designated as esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma. In China, esophageal cancer is
the third leading cause of cancer death with an estimated 246000 new cases and
188000 deaths in 2015[2]. Although ESCC, which accounts for 70% of cases, remains the
most prevalent form of esophageal cancer, the prevalence of ESCC has declined
substantially in recent years. In contrast to the decreasing prevalence of ESCC, an
alarming rise of the incidence in esophagogastric junction adenocarcinoma (EGJA) has
been observed in both developed and developing countries with 260000 new cases
diagnosed in 2012[2-4]. Interestingly, in China the incidence of EGJA appears to be high
in areas where the prevalence of ESCC is also high [5] . This similar geographic
distribution suggests similar environmental factors, similar dietary habits and even
similar molecular alterations are involved in both ESCC and EGJA[6].
The prognosis of ESCC is poor with an overall 5-year incidence of survival ranging
from 15% to 25% [7,8] . The high mortality in ESCC and EGJA mostly results from
diagnosis at late stages due to the lack of specific symptoms of patients in early stage
disease, but the prognosis is substantially better for patients diagnosed in the early
stage (e.g., 5-year survival of more than 85% for ESCC patients diagnosed in early
stage and more than 90% for EGJA patients with node-negative T1 tumors) [9,10] .
However, effective strategies are lacking for screening or detection of pre-cancerous
lesions in early-stage ESCC and EGJA. Although endoscopy is used as a primary
screening technique and can identify ESCC and EGJA at an early stage, its extensive
utilization is limited by the invasive nature, serious side effects and dependence on
the skill of the endoscopist. Moreover, some individuals are unwilling to undergo
endoscopy, whereas a simple blood test might be more acceptable. Thus,
identification and validation of novel non-invasive, blood-based biomarkers can fulfill
a great need for early detection of ESCC and EGJA.
Tumor-associated (TA) autoantibodies are emerging as strong candidates for
clinically useful cancer biomarkers because they are produced early in tumorigenesis
and can be detectable up to five years before the clinical manifestations of cancer[11-13].
Moreover, autoantibodies are also reported as biomarkers used in cancer prognosis
and therapeutic monitoring (Table 1)[11,14-21]. A large number of articles have evaluated
the potential use of TA autoantibodies for early ESCC detection. Therefore, a
systematic review is warranted to assess the current potential of TA autoantibodies
for the early diagnosis of patients with ESCC. Considering the similarity of the
etiology and epidemiology in EGJA and ESCC, we believe that it would be much
desirable to provide together a review of TA autoantibodies in EGJA and ESCC at this
current time. We focus on the key aspects of the study designs and participant
characteristics, the sensitivity, specificity and area under the receiver operating
characteristic curve of the TA autoantibody biomarkers to help identify the most
promising candidates for future clinical screening tests.
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Table 1 A brief summary of the biological significance of some common tumor-associated autoantibodies
Representative tumor-associated autoantigens

Authors, year

Tumor type

Biological significance

p53

Chapman et al[11], 2012

Lung

Early detection

Takeda et al[14], 2001

Colorectal

Increased recurrence

Anderson et al[15], 2010

Ovarian

Increased survival

Lung

Early detection

[16]

NY-ESO-1

Shan et al

MUC1

Hu

, 2013

Fosså et al[17], 2004

Prostate

Decreased survival

Elke et al[18], 1999

Melanoma

Therapeutic monitoring

Pedersen et al[19], 2014

Ovarian

Early detection

Kurtenkov et al[20], 2007

Gastric

Increased survival

Chapman et al[11], 2011

Lung

Early detection

Graus et al[21], 1997

Lung

Therapeutic monitoring and increased survival

MUC1: Mucin-1.

PROPOSED ORIGINS OF AUTOANTIBODY PRODUCTION IN
CANCER
As early as the 1960s, Robert W. Baldwin showed that the immune system could react
to a developing tumor[22-24]. Most studies have mainly focused on evaluating TA
autoantibodies as early cancer biomarkers since their discovery. On the other hand,
investigation of the underlying causes of TA autoantibody production may contribute
to a clearer understanding of mechanisms concerning the rendering of autologous
proteins immunogenic and also reveal novel therapeutic targets for potential clinical
use. It is commonly accepted that autologous cellular antigens expressed in tumors,
also referred to as TA antigens (TAA), can be recognized early by the immune system
and thus trigger a reaction known as cancer immunoediting, which consists of three
phases: Elimination, equilibration and escape[25,26]. Immunosurveillance occurs during
the elimination phase when the first few transformed cells are recognized by the
immune system and targeted by natural killer cells that secrete certain cytokines to let
other immune cells convene to the tumor [27] . The ensuing disruption of certain
transformed cells and the uptake and disposal of the corresponding fragments by the
recruited immune cells activate the appropriate immune response. A cascade of
dynamic events further boosts the activation of innate immunity and facilitates the
expansion and generation of T and B cells (the latter produces antibodies)[28]. Tumor
cells that escape elimination and are permitted to grow will enter into the equilibrium
phase during which tumor cell variants emerge with increasing ability to survive an
immune attack. The equilibrium phase is the longest among these three phases and
may persist for many years. Escape eventually occurs if the host immune defenses are
breached and tumor cell variants grow and proliferate in an uncontrolled manner[29].
It is clear that the generation of many abnormal antigens during tumorigenesis can
induce the host immune response to produce autoantibodies. However, how factors
exactly facilitate an enhancement or disorder of immune surveillance in cancer
resulting in the TA autoantibody production response is still unclear. The generation
of TA autoantibodies is thought to occur in response to mutations [30,31] , overexpression[32,33] or abnormal processing[34,35], which lead to the formation of altered or
novel epitopes, aberrantly high expression levels resulting in loss of tolerance and
abnormal post-translational modifications, such as acetylation, glycosylation and
phosphorylation, all of which could create a neoepitope, enhance self-epitope
presentation or expose antigens normally located in immune-privileged sites (e.g.,
cancer-testis antigens). With these mechanisms, extracellular and intracellular host
proteins could be recognized by B cells to produce TA autoantibodies. Recent research
has estimated that most TA autoantigens are mutated or overexpressed proteins
among which 42% are cytoplasmatic, 26.1% are expressed predominantly in the
nucleus, 21.4% are membrane-bound and 10.3% are extracellular[36]. It is surprising
that TA autoantibodies seem to be more specific to intracellular molecules rather than
their more common cell surface targets. This may be explained by greater vascular
permeability for cytoplasmic proteins and enhancement of autoantibody generation
by the proinflammatory environment [37,38] . Although the exact role of TA autoantibodies in cancer is largely undefined, that secreted TA autoantibodies reflect
tumor burden makes them attractive and promising biomarkers.
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DIAGNOSTIC PERFORMANCE OF SINGLE
AUTOANTIBODIES IN ESCC
Although TA autoantibodies have been described in a wide variety of human
malignancies in the past several decades and have shown early diagnostic relevance,
most studies evaluating autoantibodies in patients with ESCC and normal controls
have emerged within the last 20 years. At least 49 individual TA autoantibodies have
been assessed with diagnostic parameters in ESCC. Table 2 represents a list of single
TA autoantibodies reported in the literature that could serve as potential serum/
plasma biomarkers for ESCC. The diagnostic value of the TA autoantibodies, whether
for the same autoantibody or for different types of autoantibodies, shows large
variation for ESCC in terms of sensitivity and specificity, which might be due to
sample size, the ethnic group studied or the test method of evaluation.
In general, the majority of TA autoantibody biomarkers show relatively low
sensitivity but high specificity. The sensitivities and specificities for ESCC range from
3.9% to 93.7% and from 78.7% to 100%, respectively (Table 2). Receiver operating
characteristic curves as a summary measure will not set cutoff values artificially but
rather considers sensitivity and specificity simultaneously. Nevertheless, only a few
studies used receiver operating characteristic curve analysis and area under the curve
values to evaluate the diagnostic performance of TA autoantibodies (Table 2). The
graphical representation of the sensitivities and specificities for autoantibodies in
ESCC evaluated in more than one study is shown in Figure 1. Of note, the diagnostic
ability of the great majority of TA autoantibodies lack independent validation, and the
numbers of cases in some of the studies are very small. It is also noteworthy that most
of the single TA autoantibodies lack diagnostic assessment in patients with early stage
ESCC, which is one of the most important elements for biomarker development and
application in early cancer diagnosis.
The most comprehensively investigated TA autoantibodies in ESCC have been p53
autoantibodies followed by autoantibodies against P16 and c-Myc. Given the
prominent feature of p53 in cancers it is not unexpected that this is the most widely
studied autoantibody in ESCC. Autoantibodies against p53 in the diagnosis of ESCC
have been evaluated in 17 studies (Table 2), and the sensitivities vary largely between
reports (7%-60%) while less variance is observed in the specificity (range 89.5%-100%,
Table 2). A meta-analysis by Zhang et al [39] showed the overall sensitivity and
specificity of p53 autoantibody for esophageal cancer are 29.6% and 97.9%,
respectively. Autoantibodies against P16 and c-Myc were each analyzed in five
studies, and both exhibited high specificity but poor sensitivity (Table 2). Therefore,
despite the high specificity, all studies show that use of a single autoantibody
provides low sensitivity indicating limited clinical application. The sensitivity and
specificity for Hsp70 autoantibodies reported by Fujita et al[40] can be up to 93.7% and
100%, respectively. However, the very small sample size of this study reduces the
stability and power of the results. Overall, quite apparent is the fact that the
diagnostic value of individual TA autoantibody biomarkers in ESCC is quite limited.

DIAGNOSTIC PERFORMANCE OF SINGLE
AUTOANTIBODIES IN EGJA
Very few clinical or translational studies have treated EGJA as a separate entity,
which have been generally divided between those targeting esophageal cancer and
those targeting gastric cancer. Likewise, a similar phenomenon has been observed in
the studies on autoantibodies for the diagnosis of EGJA. As can be seen from Table 3,
a total of 13 autoantibodies were investigated in two studies[41,42], all of which were
initially assessed in ESCC by Xu et al[43] and Zhou et al[44]. As anticipated, the presence
of TA autoantibodies indicates early diagnostic potential for EGJA. The sensitivity of
single TA autoantibody biomarkers for EGJA ranged from 11.0% to 54.3% with
generally high specificity ranging from 86.3% to 97% (Table 3). From the list of
autoantibodies shown in Table 3, there is no good way of forecasting which TA
autoantibodies may work. Like ESCC, the most commonly tested TA autoantibody in
EGJA is the p53 autoantibody, which has the highest area under the curve value
(0.799) with moderate sensitivity and specificity in the diagnosis of early stage EGJA
(Table 3). However, it remains fact that the capability of a single TA autoantibody
biomarker to identify EGJA patients is limited. It also should be pointed out that
research on autoantibodies is still in its infancy. Thus, more autoantibody biomarkers
need to be identified and evaluated to enlarge the autoantibody pool for EGJA.
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Table 2 Diagnostic performance of single tumor-associated autoantibody biomarkers in esophageal squamous cell carcinoma
Target
Stage, n
antigen
of
Authors, ESCC
auto- year
cases, n 0/I
II
antibodies

III

IV

Tx

Controls, n

Sensitivity, all
P value stages/
early
stage

Specificity, all
stages/
early
stage

AUC, all
stages/
Method
early
stage

Survivin Xiu et
al[57],
2018

159

-

-

-

-

159

362

0.524

14.5%/-

90.0%/-

0.327/-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

12.1%/-

99.6%/-

99.6/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

0.06

9.0%/-

96.0%/-

-

ELISA

Megliorino et
al[59],
2005

77

-

-

-

-

77

82

< 0.05

10.4%/-

97.6%/-

-

ELISA

TOPO48 Zhang et
al[60],
2018

112

29

28

28

27

-

112
healthy
volunteers and
75
esophageal
benign
tumor
patients

0.001

49.1%/
61.4%

100%/
100%

-/0.860

ELISA

L1CAM Xu et
al[61],
2017

191
(Cohort
1)

10

104

77

-

-

94
(Cohort
1)

0.005

26.2%/
25.2%

90.4%/
90.4%

0.603/
0.611

ELISA

47
(Cohort
2)

5

18

24

-

-

47
(Cohort
2)

0.032

27.7%/
33.3%

91.5%/
91.5%

0.628/
0.636

ELISA

Ezrin

Li et al[62], 149
2017

4/14

57

71

3

149

98

< 0.0001

27.5%/
27.8%

95.9%/
95.9%

-

ELISA

STIP1

Xu et
al[63],
2017

148
(Training)

3/17

48

76

4

148

111
(Training)

< 0.001

41.9%/
35.7%

90.1%/
90.1%

0.682/
0.684

ELISA

60
(Validation)

1/8

20

30

1

60

40
(Validation)

< 0.001

40.0%/
38.5%

92.5%/
92.5%

0.710/
0.756

ELISA

< 0.001

24.8%/
20.6%

99.0%/
99.0%

0.636/
0.632

ELISA

Fascin

Chen et
al[64],
2017

149

4/14

57

71

3

149

98

DKK-1

Peng et
al[65],
2016

185
(Training)

4/23

69

85

4

185

97 (Train- < 0.0001
ing)

33.5%/
34.6%

91.8%/
91.8%

0.643/
0.640

ELISA

104
(Validation)

1/12

35

53

3

104

53
(Validation)

< 0.0001

33.7%/
26.9%

92.5%/
92.5%

0.629/
0.603

ELISA

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

29.3%/-

81.8%/-

0.60/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.01

-

-

-

ELISA

Jin et
al[66],
2015

88

24

42

15

2

5

208

0.0052

5.7%/-

99.1%/-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

18.4%/-

98.8%/-

0.6/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

0.004

11.0%/-

97.0%/-

-

ELISA

P16

Zhang et
al[55],
2016
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p53

Looi et
al[67],
2006

71

-

-

-

-

-

82

< 0.05

14.1%/-

98.8%/-

-

ELISA

Zhang et
al[55],
2016

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

55.9%/-

89.5%/-

0.784/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.001

-/-

-/-

-/-

ELISA

388 (Test) 2/29

96

229

27

5

125 (Test) < 0.0001

30.0%/-

98.0%/-

-

ELISA

237
(Validation)

2/31

114

90

-

-

134
(Validation)

< 0.0001

29.0%/-

97.0%/-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

21.8%/-

96.3%/-

0.6/-

ELISA

Chai et
al[68],
2014

157

-

-

-

-

157

85

< 0.01

22.9%/-

100%/-

-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

< 0.001

22.0%/-

98.0%/-

-

ELISA

Cai et
al[69],
2008

46

10

17

14

5

-

30

< 0.0001

39.1%/
22.2%

100%/
100%

-

ELISA

Looi et
al[67],
2006

71

-

-

-

-

71

82

< 0.05

7%/-

98.8%/-

-

ELISA

Müller et 50
al[70],
2006

-

-

-

-

50

436

< 0.05

20.0%/-

100%/-

-

Western
blot

Megliorino et
al[59],
2005

77

-

-

-

-

77

82

< 0.01

14.3%/-

97.6%/-

-

ELISA

Shimada
et al[71],
2003

301

-

-

-

-

301

205

< 0.05

30.0%/-

95.5%/-

-

ELISA

Shimada
et al[72],
2002

105

50

24

21

10

-

153

< 0.001

26.7%/
20.0%

95.5%/
95.5%

-

ELISA

Ralhan et 60
al[73],
2000

-

-

-

-

60

50

< 0.05

60.0%/-

92.0%/-

-

ELISA

Shimada
et al[74],
2000

35

-

-

-

-

35

69

< 0.0001

40.0%/-

100.0%/- -

ELISA

Hagiwara et
al[75],
2000

46

6

15

24

2

-

13

< 0.05

28.0%/
28.6%

100%/
100%

-

ELISA

Shimada
et al[76],
1998

57

6/9

9

11

11

1

208

< 0.05

58.0%/-

99.0%/-

-

ELISA

Sobti et
al[77],
1998

20

-

-

-

-

20

20

0.0202

30.0%/-

100%/-

-

ELISA

Cawley et 23
al[78],
1988

-

-

-

-

23

19

0.0372

34.8%/-

94.7%/-

-

ELISA

388 (Test) 2/29

96

229

27

5

125 (Test) < 0.0001

26.0%/-

100%/-

-

ELISA

237
(Validation)

114

90

-

-

134
(Validation)

24.0%/-

99.0%/-

-

ELISA

Xu et
al[43],
2014

NYESO-1

Xu et
al[43],
2014
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P90

Mmp-7

Hsp70

Oshima
et al[79],
2016

172

-

-

-

-

172

74

< 0.001

32.0%/
16.0%

100%/
100%

-

ELISA

Fujita et
al[80],
2004

51

-

-

-

-

51

29

0.532

3.9%/-

100%/-

-

ELISA

Zhang et
al[55],
2016

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

31.5%/-

84.9%/-

0.617/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.001

-

-

-

ELISA

388 (Test) 2/29

96

229

27

5

125 (Test) < 0.001

9.0%/-

100%/-

-

ELISA

237
(Validation)

2/31

114

90

-

-

134
(Validation)

< 0.001

10.0%/-

100%/-

-

ELISA

Zhou et
al[81],
2011

50

-

-

-

-

50

58

< 0.001

78.0%

81.0%

0.87/-

ELISA

Xu et
al[43],
2014

388 (Test) 2/29

96

229

27

5

125 (Test) < 0.001

11.0%/-

99.0%/-

-

ELISA

237
(Validation)

2/31

114

90

-

-

134
(Validation)

< 0.01

8.0%/-

99.0%/-

-

ELISA

Zhang et
al[82],
2011

69

-

-

-

-

69

76

> 0.01

39.1%/-

92.3%/-

-

ELISA

Fujita et
al[40],
2008

16

2

7

4

3

-

13

< 0.001

93.7%/-

100%/-

-

ELISA

388 (Test) 2/29

96

229

27

5

125 (Test) < 0.001

11.0%/-

100%/-

-

ELISA

237
(Validation)

2/31

114

90

-

-

134
(Validation)

< 0.001

10.0%/-

100%/-

-

ELISA

Fujita et
al[83],
2006

30

7

8

11

4

-

30

< 0.05

50.0%/
53.5%

93.4%/
93.4%

-

Western
blot

Xu et
al[43],
2014

388 (Test) 2/29

96

229

27

5

125 (Test) < 0.01

11.0%/-

98.0%/-

-

ELISA

237
(Validation)

2/31

114

90

-

-

134
(Validation)

< 0.01

8.0%/-

100%/-

-

ELISA

Liu et
al[84],
2010

159

6

72

69

12

-

102

< 0.001

39.0%/-

100%/-

-

ELISA

Zhang et
al[55],
2016

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

26.9%/-

81.2%/-

0.576/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.01

-

-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

16.1%/-

98.3%/-

0.6/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

< 0.001

14.0%/-

99.0%/-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

16.1%/-

97.9%/-

0.6/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

0.02

10.0%/-

97.0%/-

-

ELISA

Xu et
al[43],
2014

PRDX 6 Xu et
al[43],
2014

Bmi-1

Imp1

Cyclin
B1
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C-Myc

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

49.1%/-

81.5%/-

0.699/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.001

-

-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

15.5%/-

98.8%/-

0.6/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

< 0.001

18.0%/-

96.0%/-

-

ELISA

Looi et
al[67],
2006

71

-

-

-

-

-

82

< 0.05

7%/-

100%/-

-

ELISA

Megliorino et
al[59],
2005

77

-

-

-

-

77

82

< 0.01

11.7%/-

100%/-

-

ELISA

RalA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

15.5%/-

96.7%/-

0.6/-

ELISA

P62

Zhang et
al[55],
2016

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

29.3%/-

81.8%/-

0.60/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.001

-

-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

12.1%/-

95.9%/-

0.5/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

0.001

13.0%/-

98.0%/-

-

ELISA

Zhang et
al[55],
2016

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

35.8%/-

82.1%/-

0.63/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.05

-

-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

11.5%/-

97.9%/-

0.5/-

ELISA

Zhou et
al[44],
2014

88

-

-

-

-

88

200

0.05

10.0%/-

96.0%/-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

10.3%/-

96.3%/-

0.5/-

ELISA

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

26.5%/-

83.0%/-

0.581/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.05

-

-

-

ELISA

Qin et
al[58],
2014

174

3/8

79

52

18

-

242

< 0.05

10.3%/-

99.2%/-

0.5/-

ELISA

Zhang et
al[55],
2016

324
(Training)

5/13

130

50

39

87

324
(Training)

< 0.001

34.6%/-

80.0%/-

0.596/-

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

< 0.001

-

-

-

ELISA

Koc

Cyclin
D1

Zhang et
al[55],
2016

Cyclin E Zhang et
al[55],
2016

HCCR

GSTO1

Li et al[85], 67
2014

-

-

-

-

67

90

< 0.01

44.8%/-

93.3%/-

-

ELISA

MDM2

Chai et
al[68],
2014

-

-

-

-

157

85

< 0.01

14.0%/-

98.8%/-

-

ELISA
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HSP105 Gao et
al[51],
2014

46

7

-

-

-

39

40

< 0.01

39.1%/
42.9%

95%/95% 0.794/-

Western
blot

TIM

Gao et
al[51],
2014

46

7

-

-

-

39

40

< 0.01

34.8%/
28.6%

95%/95% 0.786/-

Western
blot

Prdx1

Ren et
al[86],
2013

68

-

-

-

-

68

89

< 0.01

13.2%/-

100%/-

-

ELISA,
Western
blot

FOXP3

Ye et
al[87],
2013

97

26

45

19

2

5

227

< 0.0001

22.7%/-

95.2%/-

0.70/-

ELISA,

CD25

Guan et
al[88],
2013

97

26

45

17

3

6

226

< 0.001

37.2%/-

90.0%/-

0.69/-

ELISA

ABCC3
(IgA)

Cheng et
al[89],
2013

114

-

-

-

-

-

226

< 0.001

13.2%/-

>95%/-

0.65/-

ELISA

LY6K

Zhang et
al[90],
2012

62

13

27

22

-

58

< 0.001

80.6%/
73.2%

78.7%/
78.7%

0.85/-

ELISA

HMGB1 Zhang et
al[82],
2011

69

-

-

-

-

69

76

> 0.05

7.2%/-

98.7%/-

-

ELISA

ESCA-1 Kagaya et 146
al[91],
2011

32

29

42

43

-

118

0.0001

21.2%/-

98.3%/-

-

ELISA

ESCA-2 Kagaya et 72
al[91],
2011

37

72

98

0.0026

15.3%/
8.1%

99.0%/
99.0%

-

ELISA

ESCA-3 Kagaya et 68
al[91],
2011

-

68

74

0.0079

16.2%/-

98.6%/-

-

ELISA

CDC25B Dong et
al[92],
2010

134

80

-

134

< 0.001

56.7%/-

91.0%

0.87/-

ELISA

Liu et
al[93],
2008

124

-

-

-

-

123

102

< 0.05

36.3%/-

100%/-

-

ELISA

Tsunemi
et al[94],
2010

15

-

-

-

-

15

20

< 0.05

26.7%/-

100%/-

-

Western
blot

Makorin Shimada
1
et al[95],
2009

73

1/13

21

27

11

-

43

< 0.05

25.0%/
22.9%

100%/
100%

-

Western
blot

CUEC23

Shimada
et al[96],
2009

54

7

13

18

16

-

46

< 0.05

26.0%/
33.3%

96.0%/-

-

Western
blot

Shimada
et al[96],
2009

29

1

11

8

9

-

46

0.036

17.0%/-

100%/-

-

ELISA

Shimada
et al[97],
2007

91

21

22

35

13

-

45

< 0.05

47.0%/
38.0%

97.8%/
97.8%

-

Western
blot

TRIM21 Kuboshima et
al[98],
2006

91

39

-

42

< 0.05

20.0%/
13.0%

100%/
100%

-

Western
blot

Kuboshima et
al[98],
2006

54

-

-

-

-

54

42

0.013

15.0%/-

98.0%/-

-

ELISA

SLC2A1 Kuboshima et
al[99],
2006

57

19

6

13

19

-

31

< 0.001

21.0%/
22.0%

100%/
100%

-

ELISA

SURF1

21

-

3

13

5

-

37

0.0003

48%/-

95%/-

-

ELISA

GRP78

MMGL

Shimada
et al[50],
2005

WJG

35

-

-

-

54

52
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LOC
146223

Shimada
et al[50],
2005

21

-

3

13

5

-

37

0.0028

38%/-

95%/-

-

ELISA

HOOK2 Shimada
et al[50],
2005

21

-

3

13

5

-

37

0.0431

14%/-

100%/-

-

ELISA

AGENC Shimada
OURT_7 et al[50],
565913 2005

21

-

3

13

5

-

37

0.0431

14%/-

100%/-

-

ELISA

TROP2

75

14

14

24

23

-

43

< 0.05

31.0%/
21.0%

97.7%/
97.7%

-

Western
blot

Nakashima et
al[100],
2004

ESCC: Esophageal squamous cell carcinoma; AUC: Area under the curve; L1CAM: L1-cell adhesion molecule; STIP1: Stress induced phosphoprotein 1;
DKK-1: Dickkopf 1; Mmp-7: Matrix metallopeptidase 7; Hsp70: Heat shock protein 70; PRDX 6: Peroxiredoxin 6; Bmi-1: BMI1 proto-oncogene, polycomb
ring finger; Imp1: Insulin-like growth factor 2 mRNA binding protein 1; C-Myc: MYC proto-oncogene, bHLH transcription factor; Koc: Insulin-like growth
factor 2 mRNA binding protein 3; HCCR: LETM1 domain containing 1; GSTO1: Glutathione S-transferase omega 1; MDM2: MDM2 proto-oncogene;
HSP105: Heat shock protein family H (Hsp110) member 1; TIM: Rho guanine nucleotide exchange factor 5; Prdx1: Peroxiredoxin 1; FOXP3: Forkhead box
P3; CD25: Interleukin 2 receptor subunit alpha; ABCC3: ATP binding cassette subfamily C member 3; LY6K: Lymphocyte antigen 6 family member K;
HMGB1, high mobility group box 1; CDC25B: Cell division cycle 25B; GRP78: Heat shock protein family A (Hsp70) member 5; Makorin 1: Makorin ring
finger protein 1; MMGL: Myomegalin; TRIM21: Tripartite motif containing 21; SLC2A1: Solute carrier family 2 member 1; SURF1: SURF1 cytochrome c
oxidase assembly factor; HOOK2: Hook microtubule tethering protein 2; TROP2: Tumor-associated calcium signal transducer 2.

DIAGNOSTIC PERFORMANCE OF AUTOANTIBODY PANELS
IN ESCC
Over the past few years, as single TA autoantibodies do not appear to demonstrate
enough diagnostic sensitivity to set up a reliable test for early detection, studies have
aimed to identify a suitable panel of TA autoantibodies. These predicaments are
presumably due to cancer heterogeneity. In fact, it is unlikely that most patients will
respond to the same immunodominant antigens. Even tumors of the same kind are
comprised of a diverse mix of biological subtypes; accordingly, cancer patients are
more likely to induce an immunoreaction to different sets of TAA, and not all cancers
are likely to be detected by autoantibodies against a single antigen. Tables 4 and 5
give an overview of different combinations of multiple autoantibodies as potential
blood-based biomarkers for ESCC and EGJA that have been described in the literature
by various research groups.
With improvements in technology, several high-throughput methods, such as
proteomics platforms, have enabled the uncovering of autoantibodies and the
generation of a panel of TAA. These discovery techniques encompass serological
analysis of tumor antigens by recombinant cDNA expression cloning[45], serological
proteome analysis[46], phage display[47], protein microarrays[48] and multiple affinity
protein profiling[49]. Shimada et al[50] were the first to use the high-throughput method
of serological analysis of tumor antigens by recombinant cDNA expression cloning in
ESCC. They showed that several TAA that could elicit a humoral immune response
that could be detected simultaneously, and the technique enabled the generation of an
autoantibody panel that exhibited better diagnostic value (86% sensitivity and 100%
specificity) than a single TA autoantibody. Subsequently, a study using serological
proteome analysis identified some novel TAA associated with ESCC, and the
combination of two TAA (HSP105 and TIM) can give 54.3% sensitivity and 95%
specificity in distinguishing ESCC from controls[51]. These studies all show that the
combined detection of autoantibodies against several antigens in the panel can greatly
increase sensitivity in the diagnosis of ESCC. However, except for the two abovementioned studies, no other relevant literature applying proteomic technology to
identify a TAA panel has appeared. This indicates, to some extent, that the
identification and development of novel autoantibodies by proteomics platforms for
ESCC is limited and behindhand especially compared with other tumor types, such as
lung, breast and liver tumors[52-54].
On the other hand, researchers have been more inclined to evaluate the diagnostic
performance of combinations of several known TAA. In accord with such thinking,
eight studies reported the diagnostic value of different combinations of
autoantibodies for ESCC (Table 4). From the list of autoantibodies examined in the
panel (Table 4), p53 autoantibodies were the most common choice for inclusion in the
biomarker combinations. As is known, p53 as a tumor suppressor gene has been
linked to many cancers, including ESCC, and thus would be a rational biomarker to
be investigated. Zhang et al[55] assessed a combination of six immunoreactive TAA in
ESCC samples and normal controls with independent validation. Then, they sought to
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Figure 1

Figure 1 Graphical representation of sensitivity versus specificity for single tumor-associated autoantibody
biomarkers in esophageal squamous cell carcinoma reported in more than one study. Mmp-7: Matrix
metallopeptidase 7; Hsp70: Heat shock protein 70; PRDX 6: Peroxiredoxin 6; Bmi-1: BMI1 proto-oncogene, polycomb
ring finger; Koc: Insulin-like growth factor 2 mRNA binding protein 3; C-Myc: MYC proto-oncogene, bHLH
transcription factor; IMP1: Insulin-like growth factor 2 mRNA binding protein 1.

identify which biomarkers used in combination were more informative and allowed a
similar discrimination between groups. They finally found a restricted panel of four
TAA that gave similar sensitivity and specificity in early stage ESCC. Indeed, a similar
research strategy had been previously performed by Xu et al [43] who used two
independent cohorts to investigate the combination of autoantibodies against p53,
NY-ESO-1, MMP-7, Hsp70, Prx VI and Bmi-1. This panel distinguished early stage
ESCC from normal controls with a sensitivity/specificity of 45%/95% and 46%/96%,
respectively in the test and validation cohorts. Interestingly, the authors also
determined a simplified autoantibody panel retaining four out of six biomarkers that
exhibited almost the same diagnostic efficacy (Table 4). Although it is reported that a
majority of biomarkers with desirable outcomes in a first data set often result in less
promising results in additional independent data sets[56], the two above studies with
the combinations of known TAA all showed satisfactory diagnostic value in
independent validation cohorts. This suggests potential clinical applications for
autoantibody combinations to diagnose ESCC. However, we can see from Table 4 that
most of the studies reviewed lack validation in an independent population. In
practice, the results of biomarkers need to be validated in larger multicenter cohorts
and evaluated as a screening test in high-risk populations. However, no study on the
evaluation of autoantibodies in ESCC diagnosis has been able to do so. All previously
identified autoantibody panels for ESCC should be validated by these procedures to
evaluate their true clinical relevance and diagnostic power.

DIAGNOSTIC PERFORMANCE OF AUTOANTIBODY PANELS
IN EGJA
As the combined detection of selected autoantibodies as a panel could generally
increase diagnostic sensitivity while keeping relatively high specificity in ESCC, two
studies have attempted to evaluate the same panels of autoantibodies identified in
ESCC for early detection of EGJA and have shown promising results. They
demonstrated sensitivities above 50% and specificities above 86% (Table 5). Zhou et
al[41] detected autoantibodies to eight TAA, comprised of p53, IMP1, P16, cyclin B1,
P62, c-Myc, survivin and Koc and suggested that successive addition of seven TAA
(p53, Koc, P62, c-Myc, IMP1, survivin and P16) led to stepwise increases in sensitivity
and specificity, ultimately achieving a sensitivity of 64.0% with a specificity of 87.0%.
This optimized combination is somewhat different from an optimized panel identified
for ESCC (p53, IMP1, P16, cyclin B1, P62 and c-Myc) studied by the same research
team. Subsequently, Xu et al[42] showed that autoantibodies against a combination of
p53, NY-ESO-1, MMP-7, Hsp70, PRDX6 and Bmi-1, which is the same as the panel
used for evaluation of ESCC, could be potentially used for early diagnosis of EGJA.
When comparing stage I and II patients to normal controls, the authors showed
sensitivities and specificities of 50.0% and 90.5% and 56.0% and 90.0%, respectively, in
the training and validation cohorts. It should be noted that a strict panel of p53, NYESO-1 and Bmi-1 to comprise informative biomarkers for EGJA gives similar
diagnostic performance. Interestingly, as discussed above, a different restricted
combination (p53, NY-ESO-1, PRDX6 and Hsp70) from the same autoantibody panel
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Table 3 Diagnostic performance of single tumor-associated autoantibody biomarkers in esophagogastric junction adenocarcinoma
Target
Stage, n
antigen
of
Authors, EGJA
auto- year
cases, n I
II
antibodies
p53

NYESO-1

PRDX6

MMP-7

Hsp70

Bmi-1

Controls, n

Sensitivity, all
P value stages/
early
stage

Specificity, all
stages/
early
stage

AUC, all
stages/
Method
early
stage

III

IV

Tx

16

87

17

122

169
(Validation)

< 0.0001

35.2%/
33.3%

90.5%/
90.5%

0.718/
0.648

ELISA

70 (Train- 11
ing)

14

30

15

80

80
(Validation)

< 0.0001

35.7%/
40.0%

96.3%/
96.3%

0.766/
0.799

ELISA

Zhou et
al[41],
2015

75

-

-

-

-

75

140

< 0.001

24.0%/-

92%/-

0.67/-

ELISA

Xu et
al[42],
2019

122
(Training)

2

16

87

17

122

169
(Validation)

< 0.0001

37.7%/
27.8%

90.5%/
90.5%

0.718/
0.654

ELISA

70 (Train- 11
ing)

14

30

15

80

80
(Validation)

< 0.0001

34.3%/
28.0%

95.0%/
95.0%

0.747/
0.714

ELISA

122
(Training)

16

87

17

122

169
(Validation)

0.033

34.4%/
38.9%

90.5%/
90.5%

0.573/
0.602

ELISA

70 (Train- 11
ing)

14

30

15

80

80
(Validation)

0.002

30.0%/
28.0%

90.0%/
90.0%

0.647/
0.629

ELISA

122
(Training)

16

87

17

122

169
(Validation)

0.005

30.3%/
33.3%

90.5%/
90.5%

0.597/
0.575

ELISA

70 (Train- 11
ing)

14

30

15

80

80
(Validation)

0.036

24.3%/
28.0%

95.0%/
95.0%

0.599/
0.609

ELISA

122
(Training)

16

87

17

122

169
(Validation)

< 0.0001

18.0%/
16.7%

90.5%/
90.5%

0.652/
0.697

ELISA

70 (Train- 11
ing)

14

30

15

80

80
(Validation)

< 0.0001

28.6%/
32.0%

86.3%/
86.3%

0.686/
0.702

ELISA

122
(Training)

16

87

17

122

169
(Validation)

< 0.0001

22.1%/
27.8%

90.5%/
90.5%

0.686/
0.685

ELISA

70 (Train- 11
ing)

14

30

15

80

80
(Validation)

< 0.0001

54.3%/
40.0%

90.0%/
90.0%

0.711/
0.682

ELISA

Xu et
al[42],
2019

Xu et
al[42],
2019

Xu et
al[42],
2019

Xu et
al[42],
2019

Xu et
al[42],
2019

122
(Training)

2

2

2

2

2

Koc

Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.05

19.0%/-

91%/-

-

ELISA

P62

Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.02

16.0%/-

94%/-

-

ELISA

C-Myc

Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.18

11.0%/-

94%/-

-

ELISA

IMP1

Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.04

13.0%/-

95%/-

-

ELISA

Survivin Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.002

17.0%/-

96%/-

-

ELISA

P16

Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.01

15.0%/-

96%/-

-

ELISA

Cyclin
B1

Zhou et
al[41],
2015

75

-

-

-

-

75

140

0.01

12.0%/-

97%/-

-

ELISA
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EGJA: Esophagogastric junction adenocarcinoma; AUC: Area under the curve; PRDX 6: Peroxiredoxin 6; Mmp-7: Matrix metallopeptidase 7; Hsp70: Heat
shock protein 70; Bmi-1: BMI1 proto-oncogene, polycomb ring finger; Koc: Insulin-like growth factor 2 mRNA binding protein 3; C-Myc: MYC protooncogene, bHLH transcription factor; IMP1: Insulin-like growth factor 2 mRNA binding protein 1.

in early stage ESCC retains high sensitivity and specificity.
These studies suggest that the importance of individual autoantibodies in the panel
assay varies in different types of cancers. However, we still need to determine which
TA autoantibodies applied in combination are more informative and allow a better
diagnostic value. In future work, more TA autoantibodies need to be discovered and
characterized to identify the best combination for EGJA. Meanwhile, the identified
signatures for EGJA should be verified in larger multicenter-appropriated cohorts of
early stage patients and controls to test the diagnostic power.

CONCLUSION AND PERSPECTIVES
Endoscopic examination is a current but invasive diagnostic and screening procedure
for early detection of ESCC and EGJA. The development and validation of noninvasive biomarkers is of great need for ESCC and EGJA screening. In recent decades,
a large number of blood-based cancer biomarkers, such as cell-free circulating tumor
DNAs, various non-coding RNAs, proteins and TA autoantibodies, have been
identified and indicate the potential for early detection of esophageal cancer. Among
these biomarkers, TA autoantibodies are a promising biomarker entity in early cancer
detection as they are capable of identifying cancer in high-risk individuals. Moreover,
they are highly stable and can be easily detected by routine methods (e.g., ELISA).
Recently, a TA autoantibody assay named EarlyCDT-Lung (against p53, NY-ESO-1,
CAGE, GBU4-5, MAGE A4, SOX2 and Hu-D) approved by the FDA has been
clinically and analytically validated. An ongoing prospective randomized trial is
evaluating the clinical utility of this TA autoantibody panel and its use in a clinical
setting of which the results are expected to be announced in the near future. Once this
assay is successful for lung cancer, we would predict that tests for all solid tumors,
including ESCC and EGJA, will follow.
Biomarker development needs several gradual steps covering preclinical studies,
retrospective studies of stored specimens, multicenter validation studies and
prospective screening studies. However, in ESCC and EGJA, autoantibody studies on
early detection are hampered by several issues. First, the availability of sera from
early stage patients seems limited. Only few studies have investigated the diagnostic
value of TA autoantibody panels in patients with early stage tumors. Access to large
early stage sample cohorts is an essential and necessary issue to examine a test’s value
for early stage disease. Moreover, few patients with pre-diagnostic serum samples or
high-risk ESCC or EGJA cohorts are available, and up to now no study has reported
on the immune response in the form of autoantibodies in these populations. Thus, an
investigation of TA autoantibodies for the early detection of ESCC and EGJA will be
limited mainly by the availability of human samples. On the other hand, current
studies (Tables 4 and 5) investigating autoantibodies show promise but still lack the
necessary validation stages. These studies need clinical multicenter validation
through use of a broader population to further determine diagnostic value.
It seems that there are different patterns of TA autoantibody frequencies in
different types of cancers. Thus, one encountered difficulty is the definition of the
panel. This leads to the question of how to choose the optimized combination that
works best in terms of sensitivity, specificity and predictive value. At this moment,
these is no good guiding principle, but more advanced high-throughput proteome
technology might be helpful. On the other hand, it should also be pointed out that TA
autoantibodies may not be unique for specific types of cancers. Therefore, TA
autoantibody panels identified for ESCC or EGJA are likely to be used as a screening
test to discover the existence of cancer, and in general more specific diagnostic tools,
such as endoscopy, should be carried out in the event of a positive result.
In conclusion, this review suggests that TA autoantibodies have the potential to
serve as diagnostic biomarkers for ESCC and EGJA possibly as part of a general
cancer screen. However, present studies in ESCC and EGJA remain at an early stage.
It is clear that extensive efforts are needed to uncover promising autoantibody
signatures to detect these cancers especially at the early stage. Moreover, it is too early
to evaluate the diagnostic value of the autoantibodies reviewed here for clinical use.
Standardized assay protocols facilitating the establishment of autoantibodies as
highly accurate biomarkers is of great need in ESCC and EGJA. Finally, future studies
performed with precise design and collaborative efforts among groups to build
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Table 4 Diagnostic performance of tumor-associated autoantibody panel in esophageal squamous cell carcinoma
Target
Stage, n
antigen
Authors, ESCC
of autoyear
cases, n 0/I
II
antibodies
c-Myc,
Zhang et 324
HCCR,
al[55], 2016 (TrainIMP1,
ing)
Koc, p53
and p62

III

IV

ConUnknown trols, n

Sensitivity, all
stages/
early
stage

Specificity, all
stages/
early
stage

AUC, all
stages/
early
stage

Method

5/13

130

50

39

87

324
(Training)

67.9%/
66.9%

86.7%/
86.7%

0.838/
0.829

ELISA

1

29

14

46

96

186
(Validation)

67.7%/
56.7%

85.5%/
85.5%

0.859/
0.818

ELISA

5/13

130

50

39

87

324
(Training)

67.6%/
67.6%

86.4%/
86.4%

0.838/
0.831

ELISA

186
(Validation)

1

29

14

46

96

186
(Validation)

72.0%/
63.3%

85.0%/
85.0%

0.872/
0.837

ELISA

31

-

-

-

-

31

321

26.0%/-

88.5%/-

-

Beadbased
multiplex
serology

-

-

-

-

157

85

35.0%/-

98.8%/-

-

ELISA

p53, pl6, Qin et
174
Imp-l,
al[58], 2014
CyclinB1
, c-Myc,
RalA,
p62,
Survivin,
Koc,
Cyclin
D1 and
Cyclin E

3/8

79

52

18

-

242

75.3%/-

81.0%/-

0.78/-

ELISA

p53, NY- Xu et al[43], 388 (Test)
ESO-1,
2014
MMP-7,
Hsp70,
PRDX 6
and Bmi1

2/29

96

229

27

5

125 (Test)

57.0%/
45.0%

95.0%/
95.0%

-

ELISA

2/31

114

90

-

-

134
(Validation)

51.0%/
46.0%

96.0%/
96.0%

-

ELISA

2/29

96

229

27

5

125 (Test)

55.0%/
45.0%

98.0%/
98.0%

-

ELISA

2/31

114

90

-

-

134
(Validation)

48.0%/
45.0%

96.0%/
96.0%

-

ELISA

Zhou et
88
al[44], 2014

-

-

-

-

88

200

64.0%/-

94.0%/-

0.78/-

ELISA

HSP105 Gao et
46
and TIM al[51], 2014

7

-

-

-

39

40

54.3%/-

95.0%/-

0.823/-

Western
blot

Volume 25

Issue 34

186
(Validation)
c-Myc,
HCCR,
p53 and
p62

Zhang et 324
al[55], 2016 (Training)

MAGEA Werner et
4,
al[101],
CTAG1, 2016
TP53,
SDCCA
G8 and
ERBB2_C
p53 and
MDM2

Chai et
157
al[68], 2014

237
(Validation)
p53, NY- Xu et al[43], 388 (Test)
2014
ESO-1,
Hsp70
and
PRDX 6
237
(Validation)
p53,
IMP1,
P16,
Cyclin
B1, P62,
and Cmyc
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p16, cLooi et
71
Myc and al[67], 2006
p53

-

-

-

-

71

82

7%/-

100%/-

-

ELISA

SURF1,
Shimada
LOC1462 et al[50],
23,
2005
HOOK2
and
AGENC
OURT_7
565913

21

-

3

13

5

-

37

86%/-

100%/-

-

ELISA

Survivin, Meglio77
p53 and rino et
[59]
C-myc
al , 2005

-

-

-

-

77

82

29.9%/-

95.1%/-

-

ELISA

ESCC: Esophageal squamous cell carcinoma; AUC: Area under the curve; C-Myc: MYC proto-oncogene, bHLH transcription factor; HCCR: LETM1 domain
containing 1; IMP1: Insulin-like growth factor 2 mRNA binding protein 1; Koc: Insulin-like growth factor 2 mRNA binding protein 3; MAGEA4: MAGE
family member A4; CTAG1: Cancer/testis antigen 1B; SDCCAG8: Serologically defined colon cancer antigen 8; ERBB2: Erb-b2 receptor tyrosine kinase 2;
MDM2: MDM2 proto-oncogene; HSP105: Heat shock protein family H (Hsp110) member 1; TIM: Rho guanine nucleotide exchange factor 5; SURF1: SURF1
cytochrome c oxidase assembly factor; HOOK2: Hook microtubule tethering protein 2.

standardized guidelines to report results will contribute greatly in this research area.
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Table 5 Diagnostic performance of tumor-associated autoantibody panel in esophagogastric junction adenocarcinoma

Target
antigen
Stage, n
Authors, EGJA
of autoyear
cases, n
antibodies
0/I
II
p53, NY- Xu et al[42], 122
ESO-1,
2019
(TrainMMP-7,
ing)
Hsp70,
PRDX6
and Bmi1
70
(Validation)
p53, NY- Xu et al[42], 122
ESO-1
2019
(Trainand Bmiing)
1
70
(Validation)
p53, Koc, Zhou et
75
P62, cal[41], 2015
Myc,
IMP1,
Survivin
and P16

Controls, n

III

IV

Unknown

Sensitivity, all
stages/
early
stage

Specificity, all
stages/
early
stage

AUC, all
stages/
early
stage

Method

2

16

87

17

122

169
(Validation)

59.0%/
50.0%

90.5%/
90.5%

0.818/
0.786

ELISA

11

14

30

15

80

80
(Validation)

61.4%/
56.0%

90.0%/
90.0%

0.815/
0.786

ELISA

2

16

87

17

122

169
(Validation)

53.5%/
55.6%

90.5%/
90.5%

0.814/
0.744

ELISA

11

14

30

15

80

80
(Validation)

60.0%/
52.0%

93.7%/
93.7%

0.823/
0.773

ELISA

-

-

-

-

75

140

64.0%/-

87.0%/-

0.73/-

ELISA

EGJA: Esophagogastric junction adenocarcinoma; AUC: Area under the curve; Mmp-7: Matrix metallopeptidase 7; Hsp70: Heat shock protein 70; PRDX 6:
Peroxiredoxin 6; Bmi-1: BMI1 proto-oncogene, polycomb ring finger; Koc: Insulin-like growth factor 2 mRNA binding protein 3; C-Myc: MYC protooncogene, bHLH transcription factor; IMP1: Insulin-like growth factor 2 mRNA binding protein 1.
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Abstract
Gradual alterations of cell’s physiology and functions due to age or exposure to
various stresses lead to the conversion of normal cells to senescent cells. Once
becoming senescent, the cell stops dividing permanently but remains
metabolically active. Cellular senescence does not have a single marker but is
characterized mainly by a combination of multiple markers, such as,
morphological changes, expression of cell cycle inhibitors, senescence associated
β-galactosidase activity, and changes in nuclear membrane. When cells in an
organ become senescent, the entire organism can be affected. This may occur
through the senescence-associated secretory phenotype (SASP). SASP may exert
beneficial or harmful effects on the microenvironment of tissues. Research on
senescence has become a very exciting field in cell biology since the link between
age-related diseases, including cancer, and senescence has been established. The
loss of regenerative and homeostatic capacity of the liver over the age is
somehow connected to cellular senescence. The major contributors of senescence
properties in the liver are hepatocytes and cholangiocytes. Senescent cells in the
liver have been implicated in the etiology of chronic liver diseases including
cirrhosis and hepatocellular carcinoma and in the interference of liver
regeneration. This review summarizes recently reported findings in the
understanding of the molecular mechanisms of senescence and its relationship
with liver diseases.
Key words: Senescence; Senescence associated secretory phenotype; Hepatocyte;
Cholangiocyte; Hepatic stellate cell; Cell cycle arrest; DNA damage
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The liver is a vital organ for metabolic regulation and plays a major role in the
nutrient utilization of the whole body. Although scientists have paid much attention to
hepatic senescence, the precise mechanisms in, and the contribution of cellular
senescence to liver diseases have yet to be clearly defined. In this review, we have
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summarized the mechanism of senescence in general and in the liver. We have also
discussed whether hepatocellular senescence is beneficial or harmful to the liver in the
light of published findings.
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INTRODUCTION
Definition of senescence
In response to endogenous and exogenous stress, cells in various tissues may enter
into a permanent cell cycle arrest. These cells cannot proliferate but remain
metabolically active for an extended period of time and are thus termed as senescent
cells. Conversion of normal cells into senescent cells occurs throughout the life-time of
an organism and plays important roles in tissue homeostasis[1]. In 1961, Leonard
Hayflick observed that a human fibroblast cell ceased replication after forty to sixty
divisions. As a result of Hayflick’s experiments the limited capacity for cellular
division in cell culture was termed as the “Hayflick Limit”. Later it was found that the
cause of the Hayflick Limit was the shortening of telomeres, portions of DNA at the
ends of chromosomes, which slowly erode as cells replicate.
Hayflick and Moorhead first introduced the term senescence to describe the limited
proliferation ability of human fibroblasts in cell culture. However, cells with senescent
properties have been discovered in vivo in many types of tissues and the number of
senescent cells increases with age[1-6]. Initially senescence was thought to be an artifact
in tissue culture with no relevance to the physiology and pathology of an organism.
But subsequent studies have proved the importance of senescence in the biological
processes, such as embryonic development, tissue repair, tumor suppression and
aging[7]. Senescence is now considered as a multistep, dynamic cellular process. When
cells are stimulated by senescence-inducing signals, such as oncogene activation,
DNA damage, or other stress-mediated signals, they undergo cell cycle arrest or
senescence initiation. In the next step, cells with cell cycle arrest undergo chromatin
remodeling, present senescence-associated secretory phenotype (SASP), change
morphology and gain other characteristics of a full-fledged senescence phenotype.
Senescent cells can persist for months[8]. When senescence occurs due to oncogene
activation, cell cycle arrest first happens in an autocrine manner, but SASP factors can
induce paracrine senescence in other cells at a late stage after the immune system is
activated[9,10], thus spreading senescence to neighboring cells across an organ.
There are two hypotheses to explain whether cellular senescence is beneficial or
detrimental to an organism. We can consider senescence as a tumor suppressive or
anti-cancer process as the senescent cells cannot divide. Therefore, senescence may be
good for an organism. On the other hand, cellular senescence may cause loss of
regenerative capability of an organ such as the liver. In this respect, it is considered a
deleterious process for an organism as it may affect the function and tissue renewal[11].
In either case, more in vivo studies on the mechanisms are needed.

Characteristics of senescence
The senescence phenotype is very stable, unresponsive to mitogenic stimuli and
resistant to apoptosis[11]. The telomere dysfunction in normal cells can lead to the
conversion to replicative senescent cells. Important stimuli like oncogene overactivation, global DNA damage, and oxidative stress may act individually or
synergistically to trigger senescence in normal cells[12]. When cells undergo senescence,
they are characterized by alterations in morphology, lysosomal activity and geneexpression. These include expression of cell cycle inhibitors, such as p15INK4B, p16INK4A,
and p21Cip1, activation of DNA damage response, alterations of chromatin structures
and induction of SASP. Usually senescent cells exhibit enlarged, flat morphology and
are frequently multi-nucleated[13]. For example, the report from Aravinthan et al[14]
showed that senescent hepatocytes, which overexpress p21Cip1, can be characterized
with larger nuclei, compared to non-senescent hepatocytes.
Senescent cells express a higher level of lysosomal β–galactosidase gene (GLB1) and
show an increased β–galactosidase activity at a suboptimal pH of 6.0 (optimal pH
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level is 4-4.5), compared to normal cells[3,15]. Of note, as a single cell based assay, the βgalactosidase activity assay is the most commonly used analysis for the senescence
property of cells in vitro or in vivo[16]. The cumulative effect of various stresses on the
small population of affected cells may lead to conversion of a homogenous population
of senescent cells[12].

SASP and senescence
Senescent cells can secrete a large number of proinflammatory cytokines, chemokines,
growth factors and proteases that may have a variety of effects on neighboring cells.
This phenotype of senescent cells is known as senescence-associated secretory
phenotype (SASP). Senescent cells are highly secretory and they execute a diverse set
of functions mediated by SASP[17]. As senescent cells are viable and actively secreting
cells, they have a profound influence on the surrounding cells. SASP affects senescent
cells and their microenvironments in both autocrine and paracrine fashions. SASP
factors are highly dynamic in expression and the composition changes over the period
of senescence. This change in the composition of SASP in senescent cells may
determine whether the effect is beneficial or harmful in the respective organs[17]. The
mechanisms of the initiation and regulation of SASP and its influence in inflammation
and disease processes have not been fully elucidated yet.

SIGNALING PATHWAYS IN SENESCENCE
The reactive oxygen species (ROS) is considered as one of the main activators of
senescence cells [18,19] . The imbalanced ROS may cause oxidative stress and DNA
damage, leading to the activation of DNA damage response in the affected cells.

Signaling pathways that control cell cycle arrest
The p53 and Rb signaling pathways may become activated in response to extrinsic
and intrinsic stressors, including DNA damage. p53 and Rb can affect transcriptionally both upstream regulators and downstream effectors in the senescence
pathway[20]. The inactivation of either p53 or Rb prevents or significantly delays
senescence[21] (Figure 1). ATM and ATR, as well as their downstream targets, Chk1
and Chk2, become activated during DNA damage, which in turn activate p53.
Activated p53 is considered as one of the main players in converting normal cells to
senescent cells. The phosphorylated form of p53 is the essential contributor of
replicative senescence in human fibroblast[22]. Acetylation of p53 at Lys161/Lys162 is
also important for cell cycle arrest and senescence [23] . Once p53 is activated by
posttranslational modification, it in turn activates its transcriptional target, p21Cip1
(CDKN1A). p21Cip1 is the inhibitor of Cyclin E/CDK2 complex and it promotes cell
cycle arrest at G1/S phase of cell cycle (Figure 1). Of note, p21Cip1 can be activated by
both p53-dependent and p53-independent mechanisms[24].
Retinoblastoma protein (Rb) is a tumor suppressor and a well-established cell cycle
regulator. Rb is expressed in all tissues and controls cell cycle progression through
interactions with the E2F family of transcription factors [20,25] . Other Rb family
members, namely, p107 and p130, also play active and important role in driving
senescence independently of Rb[26]. p21Cip1 has been found to be both a positive and
negative regulator of Rb by regulating either Rb phosphorylation or degradation,
respectively [27] . p16 INK4A (CDKN2A) inactivates Cyclin-dependent kinases, which
phosphorylate Rb, and Rb phosphorylation status in turn has an impact on the
expression of p16INK4A. In normal cells, Cyclin D and Cyclin E bind to CDK2 and
CDK4/6, respectively, since p21 Cip1 and p16 INK4A level remain at the basal level.
Hyperphosphorylation of Rb permits the E2F factor to participate in the production of
replication proteins and hence cell cycle progress. But a higher level of either p16INK4A
and/or p21Cip1 can keep Rb in the hypophosphorylated state so that E2F remains
bound with it. Therefore, cell cycle is arrested, which ultimately lead to cellular
senescence (Figure 1).
Another cell cycle inhibitor, CDKN3 is a phosphatase and dephosphorylates Rb
thus ensuring that cell cycle progression is blocked. Thus, CDKN3 is considered as an
important contributor to cellular senescence[28]. CDKN3 can also interact with Mdm2
and form a complex with p53 and Mdm2. Once the complex is formed, p53 losses its
ability to induce p21Cip1[29,30].
G1-phase cell cycle arrest can also be induced by transforming growth factor-beta
(TGFβ)[31]. TGFβ can keep Rb in hypophosphorylated state, suggesting that it may
suppress Rb phosphorylation and thereby interfering with cell cycle progression[32].
p15INK4B(CDKN2B), a homologue of p16INK4A, is activated by TGFβ, acts on CyclinDCDK4/CDK6 complex and contributes to cell cycle arrest, and hence to senescence[33]
(Figure 1). Since p15 INK4B and p16INK4A have a common mode of action, in a tissue
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Figure 1 Stress-induced senescence. Both external and internal stresses can induce DNA damage and the
activation of p16INK4A and/or p15INK4B. DNA damage can activate p53 ataxia telangiectasia mutated (ATM) and ATM
and RAD3-related (ATR) pathway. Activated p53 induces p21 Cip1 expression. Expression of p21Cip1 can also be
regulated by p53-independent mechanisms. The Cyclin dependent kinases activate Rb but are inhibited by p15INK4B/
p16INK4A and p21Cip1 which leads to cell cycle arrest and senescence. The senescent cells express senescenceassociated secretory phenotype (SASP). The SASP factors may induce senescence in neighboring cells in a
paracrine fashion. ATM: Ataxia telangiectasia mutated; SASP: Senescence-associated secretory phenotype.

where either one does not express, the other can possibly compensate the functionality.

Signaling pathways that regulate SASP
The connection between senescent cells and the immune system is mediated by SASP.
The inflammation signature of SASP include chemokines, cytokines and other
immune modulators. SASP is regulated at multiple levels’ such as, chromatin
modification, transcription, translation, mRNA stability and secretion [34] . The
autocrine and paracrine positive feedback loops also regulate the signaling of SASP.
Most senescent cells express multiple cytokines such as IL-8, CCL2 (MCP-1), CCL7
(MCP-3), CCL8 (MCP-2), CCL13 (MCP-4), CCL3, CCL16, CCL20, CXCL1, CXCL2,
CXCL3 ect [35,36] . The most characterized SASP components include multiple proinflammatory cytokines, such as interleukin-1 (IL-1), and interleukin-6 (IL-6). IL-1 and
IL-6 produced in senescent epithelial and fibroblast cells are capable of inducing
cellular senescence in adjacent cells. SASP helps spreading senescence phonotype
among nonsenescent cells by creating an inflammatory environment in tissues. The
knock-down of IL-6 and IL-8 receptors IL-6R and CXCR2, respectively, prevents
senescence[34].
SASP is induced and regulated by several signaling pathways leading to the
activation of the nuclear factor-κB (NF-κB) and/or CCAAT/enhancer-binding
protein-β (C/EBPβ). In senescent cells, activated NF-κB and C/EBPβ regulate the
expression of SASP factors by controlling, mainly at the transcription level, the
inflammatory SASP molecules, IL-1α, IL-6 and IL-8. These inflammatory SASP factors
can enhance SASP signaling through activating NF-κB , and C/EBPβ in an autocrine
feed-forward fashion[37,38] (Figure 2).
NOTCH signaling pathway: This pathway has been implicated as an important
regulator of SASP. Works from Hoare et al[39] suggested a global upregulation of
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Figure 2 Senescence-associated secretory phenotype signaling pathways. Nuclear factor kappa light chain
enhancer of activated B cells can be activated via multiple signaling pathways such as the GATA binding protein 4,
cyclic GMP-AMP synthase-stimulator of interferon genes, and nicotinamide adenine dinucleotide -nicotinamide
phosphoribosyltransferase NAD+-NAMT pathways, which lead to the expression of senescence-associated secretory
phenotype (SASP) proteins. SASP can be positively regulated through C-X-C motif chemokine receptor 2, or
negatively by NOTCH via CCAAT-enhancer-binding proteins. SASP can induce senescence in both autocrine and
paracrine manners. SASP can be anti-tumorigenic in the early phase of senescence, but can be pro-tumorigenic in
the late phase of senescence. NF-κB: Nuclear factor kappa light chain enhancer of activated B cells; GATA4: GATA
binding protein 4; cGAS-STING: Cyclic GMP-AMP synthase-stimulator of interferon genes; SASP: Senescenceassociated secretory phenotype; CXCR2: C-X-C motif chemokine receptor 2; C/EBP: CCAAT-enhancer-binding
protein.

NOTCH1 accompanied by dynamic alterations of its downstream activity in
senescence. They also proposed NOTCH1 as a master regulator of SASP composition
via a temporal and functional switch between two different secretomes, TGFβ and
pro-inflammatory cytokines through down-regulation of C/EBPβ.
The NOTCH1 was shown to be upregulated in cells undergoing oncogene-induced
senescence (OIS), which caused upregulation of TGFβ in the first phase of senescence.
The inhibition of NOTCH signaling substantially reduced TGFβ induction in OIS
cells. The inhibition of TGFβ in NOTCH1-driven senescent cells prevented the
upregulation of the TGFβ-targeted cell cycle inhibitor, p15INK4B. In addition, Hoare et
al[39] found that NOTCH1 negatively regulated C/EBPβ but had no effect on NF-κB
pathway in the later phase of senescence. The overexpression of activated Notch1
receptors (N1ICD - NOTCH1 intracellular domain) inhibited the ability of C/EBPβ to
induce IL-1, IL-6 and IL-8[39]. Moreover, Hoare et al[39] found that inhibiting Notch
signaling accelerated clearance of senescent cells in the liver. Therefore, NOTCH
signaling pathway may be associated with a complicated mechanism of SASP
regulation. But the key questions that remain to be addressed are: (1) Which factor(s)
involved in the switching from NOTCH1-TGFβ to NOTCH1-C/EBPβ; (2) What the
cross-talk is between NOTCH1-mediated C/EBPβ and NF-kB regulation in senescent
cells.
cGAS-STING pathway: cGAS (cGMP-AMP synthase) is a cytosolic DNA sensor and
it is activated in response to cytosolic DNA. This activated cGAS binds and activates
Stimulator of Interferon Gene (STING). During cellular senescence, the organization
of chromatin changes and undergoes degeneration. The integrity of the nuclear
envelope is disrupted due to the loss of the nuclear lamina protein Lamin B1.
Eventually, small chromatin fragments migrate from nucleus to cytoplasm to become
cytoplasmic chromatin fragments (CCF) in senescent cells[40]. cGAS can be activated by
any double-stranded DNA irrespective of the sequence[41]. Therefore, CCF from the
senescent cells can activate cGAS-STING pathway and upregulate SASP expression
via inducing type-1 interferons (IFN-1). The cGAS-STING signaling pathway drives
the production of inflammatory SASP cytokines through type I interferon via IRF3
and proinflammatory responses via NF-κB[40,42], thereby facilitating senescence. Gluck
et al[43] demonstrated that cGAS deficiency in the liver abrogated the induction of
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senescence in hepatocytes, which suggests the importance of cGAS in the process of
senescence in vivo.
Cecco et al.[44] showed that in oncogene-induced senescence and stress-induced
premature senescence, activation of retrotransposable element, L1, and IFN-1 occur in
the late phase. They found three factors that caused L1 activation, RB1, FOXA1 and
TREX1. RB1 expression was declined in senescent cells but was enhanced in
proliferating cells. Upregulation of FOXA1 and downregulation of RB1 and TREX1
were found to be associated with L1 activation and stabilization. The activation of L1
ensured a strong activation of INF-1 response in senescent cells. In addition, when the
cGAS-STING pathway was disrupted, the INF-1 response was inhibited and SASP
response such as the induction of CCL2, IL-6, and MMP3 were downregulated in the
late phase of senescent cells.
NAD + -NAMT pathway: NAD + and the rate-limiting enzyme of its synthesis,
nicotinamide phosphoribosyltransferase (NAMPT), have a critical role in ageing and
cancer[45-47]. Recently, Nacarelli et al[47] demonstrated a mechanism of SASP regulation
that involves these factors and HMGA proteins HMGA1 and HMGA2[47]. HMGA
proteins are known to regulate the chromatin structure and to promote senescence[48].
Now, these proteins are found to regulate NAMPT gene expression by binding at the
enhancer element during oncogene-induced senescence of fibroblasts[47]. NAMPT
upregulates the expression of proinflammatory SASP fators such as IL-1β, IL-6 and IL8, which are dependent on the enzymatic activity of NAMPT. This proinflammatory
activity are regulated by increased NAD+/NADH ratio. Nacarelli et al[47] have also
demonstrated that increased NAD+/NADH ratio causes suppression of AMPK, which
interferes with p53-mediated inhibition of p38 MAPK. p38 MAPK controls the
transcriptional activity of NF-κB by regulating acetylation of p65. The NF-κB
mediated proinflammatory activity is therefore enhanced.
In addition to HMGA proteins, another high mobility group protein, HMGB1, has
been implicated in the senescence and SASP. Davalos et al[49] reported the existence of
a relationship between HMGB1 and senescence. They found that altered expression of
HMGB1 induced senescence in a p53-dependent manner in fibroblasts. Exogenous
HMGB1 treatment activated NF-κB activity and IL-6 secretion whereas depletion of
HMGB1 attenuated the senescence phenotype. The disruption of normal HMGB1
levels can induce a p53-dependent cell cycle arrest. Interestingly, secreted HMGB1 is
essential for optimal secretion of IL-6 and MMP-3, both are important SASP
components.
Other pathways: The other known regulators of SASP are bromodomain containg
protein 4 (BRD4), lysine methyltransferase MLL1 and G9A[50]. The recruitment of
BRD4 to senescence-activated enhancers located adjacent to SASP genes is probably
required to induce SASP [ 5 1 ] . But the upstream signaling that regulate these
transcriptional activators are not completely known. SASP helps spreading
senescence phonotype among nonsenescent cells by creating an inflammatory
environment in tissues.
For SASP regulation, mTOR plays an important role as well. The 4E-BP1 is
phosphorylated by mTOR. It is a repressor of translation of mRNA. In order to
regulate SASP, 4E-BP1 represses IL-1α and MAP kinase-activated protein kinase 2[52].
The degradation of mRNA of proinflammatory SASP factors is associated with a RNA
binding protein, zinc finger protein 36L1 (ZFP36L1); and MAP kinase-activated
protein kinase 2 inhibits ZFP36L1[34]. By regulating the stability of SASP mRNA,
mTOR regulates SASP in senescent cells.

Autophagy and senescence
Autophagy is a highly regulated cellular program responsible for recycling
intracellular proteins and damaged/nonfunctional organelles. Autophagy was found
to be activated in senescence in human fibroblasts due to the negative feedback of
mTOR pathway[53]. A number of genes (e.g., Ulk3 and LC3) associated with autophagy
are upregulated in senescent cells and inhibition of autophagy essential genes like
Atg5 or Atg7 caused interference of senescence phenotype including SASP [53] .
Reciprocally, Kang et al[54] showed that knockdown of autophagy essential genes such
as Atg7, Atg12 or lysosomal associated membrane protein 2 (LAMP2) caused
senescence in human fibroblasts. This senescence pathway was found to be ROS and
p53-dependent. In contrast, Garcia-Prat et al[55] demonstrated that muscle stem cells
maintain a reversible quiescence state and do not enter to senescence when the
autophagy mechanism is active. This group showed that the muscle stem cells
underwent senescence if autophagy was defective and restoration of autophagy
prevented senescence in satellite cells. Therefore, autophagy may both induce and
prevent senescence, which may be dependent on cell type or the type of experimental
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model. However, it is still an open question as to whether autophagy is necessary for
senescence to occur or it inhibits the senescence process.
Kang et al[56] reported that a transcription factor, GATA4 played an important role
in the cellular senescence mechanism. This group suggests that GATA4 is a
senescence and SASP regulator. In normal cells, GATA4 binds to an autophagy
adaptor, p62, whichis eliminated by the selective autophagy process. This autophagy
process is suppressed when senescence is induced. DNA damage activates ATM and
ATR kinases, which inhibit p62-mediated GATA4 degradation. The stabilized GATA4
then activates NF-κB inducers TRAF3IP2 and IL-1A. NF-κB, one of the master
regulators of senescence, initiates and maintains SASP, and facilitates senescence. The
GATA4 activation is found to be independent of p53 and p16INK4A but is dependent on
ATM and ATR kinases. This finding suggests that GATA4 may represent a separate
branch of DNA damage repair response that induces SASP and hence favors
senescence. Kang et al [56] has suggested a clarification on the argument whether
autophagy induces or inhibits senescence. Selective autophagy prevents cells from
undergoing senescence by limiting GATA4 level when senescence-inducing stimuli,
such as irradiation are given but later general autophagy lead to cellular senescence[57].
At least, one more member of the GATA family, GATA6, has been implicated in the
senescence mechanism. Perlman et al[58] reported that GATA6 overexpression could
upregulate the expression of p21 Cip1 so that the proliferation of vascular smooth
muscle cells and fibroblasts were inhibited. Zhang et al[59] suggested the existence of a
direct relationship between autophagy and GATA6. Autophagy decreased
accumulation of GATA6 and p62 was found to be a negative regulator of GATA6
accumulation. Zhang et al[59] also determined the relationship between an antimalarial
drug, dihydroartemisinin (DHA) and GATA6, and their contribution to the hepatic
senescence. DHA treatment enhanced the expression of p53, p21Cip1 and p16INK4A and
induced senescence in hepatic stellate cells (HSCs) in rat livers. GATA6 accumulation
further accelerated the expression of p53 and p16INK4A in DHA-treated livers and
promoted senescence. The knock-down of GATA6 by siRNA significantly reduced
DHA-induced upregulation of p53 and p16INK4A, and thereby the senescence.

SENESCENCE IN THE LIVER
The detailed mechanism and biological function of cellular senescence in liver
diseases have not been fully elucidated. But meaningful progresses have been made
in this field. Senescence can adversely affect liver functions, cellular viability and
tissue regeneration under pathological conditions[60]. Senescence in hepatocytes is well
documented in different liver diseases such as cirrhosis [ 6 1 , 6 2 ] . Senescence in
cholangiocytes[60,63,64] is also known to occur in such biliary diseases as primary biliary
cholangitis (PBC) and primary sclerosing cholangitis (PSC). Senescence in HSCs has
been reported in fibrosis[65].

Mouse models to study liver cell senescence
There are various mouse models developed to study senescence-associated liver
diseases. Demaria et al[66] developed a mouse model named p16INK4A-3MR to visualize
and to eliminate senescent cells in vivo. The promoter of p16INK4A was used in this
model to express a fusion protein, composed of luciferase, red fluorescence protein
(RFP) and herpes simplex virus 1 thymidine kinase. This viral thymidine kinase
converts ganciclovir (GCV) into an apoptosis inducer. GCV treatment induces p53
accumulation and surges cell surface expression of CD95 and tumor necrosis factor
receptor. Utilizing the p16INK4A-3MR mice and imaging, researchers can investigate a
vigorous, but transient, upsurge in senescent cells in vivo.
AhCre + Mdm2 f l / f l mice [ 9 ] : Murine Double Minute 2 (MDM2) interferes the
transcriptional activity of p53 and guides degradation of p53 through ubiquitination.
The disruption of the p53–MDM2 interaction by knocking out MDM2 genetically
leads to p53-mediated cell-cycle arrest through inducing the activation of cell cycle
inhibitor, p21Cip1[67]. Deletion of Mdm2 causes upregulation of p53 and thus p21Cip1.
The AhCre system allows expression of Cre recombinase in hepatocytes in response to
β-naphthoflavin, which in turn deletes the floxed Mdm2. This AhCre+Mdm2fl/fl mouse
model induces p21 Cip1 -dependent hepatocellular senescence conditionally [9] . The
rescue of growth arrest may be achieved by crossing the AhCre+Mdm2fl/fl mouse
strain to p21Cip1-deficient mouse strain.
K19-Mdm2f/ftdTomLSL[60]: In this mouse model, Mdm2 can be conditionally deleted
in cholangiocytes as the Cre recombinase expression is under the control of Krt19
promoter. This model exhibits features of biliary diseases upon induction of
senescence in cholangiocytes. The Cre activity in senescent cholangiocytes can be
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monitored following the expression of tdTomato[60].
Mdr2(Abcb4)(-/-) mouse model is useful for the study of chronic biliary liver
disease. The mdr2 gene encodes a membrane protein that transports
phosphatidylcholine. mdr2-deficient mice are unable to secrete phosphatidylcholine
into the bile by hepatocytes which leads to cholestatic liver disease. Researchers have
used this model to study senescence in cholangiocytes and fibrosis in the liver[68-70].
Senescence-accelerated mouse prone8 (SAMP8) is widely studied for aging
mechanism, but is also useful for the study of liver diseases because of its phenotype
of liver dysfunction[71]. The SAMP8 mouse strain exhibits an oxidative stress-induced
age-related phenotype and severe mitochondrial dysfunction related liver
pathology[72].

Senescence in hepatocytes
The function and the regenerative capacity of the liver deteriorate with age[73]. The
accumulation of reactive oxygen species (ROS) during aging could lead to a
significant level of oxidative stress. A number of studies have suggested a causative
connection between cellular injury and oxidative stress in aged individuals[74,75]. Intano
et al[76] reported that DNA damage could be caused by ROS and the repair response
was slowed down in aged mouse hepatocytes. ROS and DNA damage trigger cells to
overexpress cell cycle inhibitors and halt proliferation of the damaged cells by
inducing senescence. The liver can repair and regenerate normally if the damage is
mild. But when the degree of damage to the liver is severe, hepatocytes lose
regenerative capacity, and undergo necrosis, apoptosis or senescence[11,77].
Hepatocellular senescence can cause remarkable changes in tissue homeostasis, and
microenvironment through SASP, which may lead to fibrosis and hepatocellular
carcinoma. In the early stage of liver diseases, hepatocellular senescence may serve as
a protective role by blocking proliferation of affected or injured liver cells. Therefore,
the risk for these affected cells to be transformed to cancer cells would be reduced. But
at the later stage of the diseases, senescent cells secrete SASP factors with an abnormal
level of proinflammatory cytokine/chemokines, such as CCL2, and TGFβ, which can
promote the conversion of non-senescent cells to senescent cells in a paracrine
manner. Rudolph and DePinho have hypothesized that chronic liver injury causes
progressive and repetitive liver damage and regeneration, which leads to
accumulation of shorter telomeres in hepatocytes. This in turn may lead to hepatocellular senescence and ultimately cirrhosis[78]. In addition, Wiemann et al[62] showed
that telomere shortening and hepatocellular senescence were positively correlated
with progression of fibrosis in human cirrhosis samples, which denoted hepatic
senescence as a general marker of cirrhosis.
The accumulation of fat in hepatocytes can promote telomere shortening and DNA
damage, which may be mediated by oxidative stress. The critically shorter telomere
and damaged DNA may induce senescence in hepatocytes[11,14]. Aravinthan et al[14]
demonstrated that hepatocytes in non-alcohol-related fatty liver disease (NAFLD)
could enter the senescent state after they overexpressed p21Cip1, and presented a larger
nuclear area and γ-H2AX positive foci. The presence of hepatocyte senescence
positively correlated not only with the fibrotic stage of the liver but also with the
diabetic state associated with NAFLD.
Any repetitive wave of insult that can cause damage to hepatocytes such as alcohol
intake, hepatitis viral infection, immune disorder or autophagy deficiency, may
compromise liver regeneration and promote senescence in hepatocytes and other
types of cells[64]. The normal liver contains a basal level of senescent hepatocytes (3%7%), but in chronic hepatitis and cirrhosis the liver may exhibit 50%-100% of
hepatocytes in senescence[61,62]. The generation of fibrotic scars in cirrhosis is thought
to be the consequence of hepatocyte senescence, which may be used as a marker for
cirrhosis[62].
Teoh et al [79] reported the induction of p53, p21 Cip1 and p16 INK4A in senescent
hepatocytes during chronic liver diseases but the detailed mechanism was not
studied. Recently Bird et al[9] published a seminal article showing that acute liver
injury could also induce hepatocyte senescence. Using a hepatocyte specific
senescence induction model (AhCre-Mdm2 f l / f l ) they found that hepatocytes
undergoing cell-autonomous senescence can transfer senescence properties to normal
hepatocytes via a SASP factor, CCL2, which stimulates the production of TGFβ from
hepatic macrophages.
The TGFβ pathway was found to be activated in senescent hepatocytes in human
fulminant liver failure. The targets of TGFβ pathway, SMAD7 and pSMAD2/3, were
upregulated in hepatocytes near the necrotic area during acute liver injury. The
interference of monocyte recruitment with an anti-CCL2 antibody in this model led to
reduction of senescence spreading from senescent hepatocytes to normal hepatocytes,
and enhanced hepatocyte proliferation. This finding suggests that TGFβ and CCL2
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can work together in a non-cell-autonomous senescence pathway. The inhibition of
TGFβ-TGFβ-R1 interaction by specific inhibitors or the depletion of macrophages by
Liposomal Clodronate reduced senescence progress and enhanced liver
regeneration[9]. This study thus suggests that the senescence process in acute liver
injury may be therapeutically manageable.
Senescent hepatocytes can recruit and activate immune cells using their SASP
property. The activated immune cells can remove senescent hepatocytes, which is
termed as ‘‘senescence surveillance’’, hence preventing malignant transformation[80,81].
Hepatic senescence harboring additional mutations like, p53 mutation, can cause
aggressive hepatocellular carcinoma (HCC)[82]. Restoration of p53 in liver tumors can
activate immune cell-mediated clearance of senescent tumor cells[83,84]. Kang et al[80]
found that CD4 + T cells clear senescent hepatocytes with the help of activated
monocytes/ macrophages, which also suggested to the importance of senescence
surveillance as an antitumor barrier for the HCC.

Senescence in cholangiocytes
The existence of senescent cholangiocytes and their potential deleterious effects in
biliary diseases (PBC and PSC) have been described [ 8 5 , 8 6 ] . To have a better
understanding of the detailed mechanism of cellular senescence in cholangiopathies,
an in vivo model (K19-Cre-Mdm2f/f)[60] was recently created to study the mechanism of
cholangiocyte mediated biliary senescence in the liver by conditionally activating
senescence in cholangiocytes. The cell-autonomous senescence, where the induction
of p21Cip1 and p16INK4A are dependent on p53 induction in cholangiocytes, results in the
conversion of normal hepatocytes of close proximity into non-cell-autonomous
senescence, where the induction of p21Cip1 and p16INK4A are independent on p53[60]. As
in the AhCre-Mdm2 fl/fl model this paracrine senescence was found to be TGFβdependent as the blocking of TGFβ signaling pathway partially interfered with the
paracrine senescence effect. The involvement of other SASP factors in addition to
TGFβ may need to be explored in additional details.
Both studies by Ferreira-Gonzalez et al [60] and Bird et al [9] have indicated the
importance of TGFβ in the transmission of senescence properties from senescent cells
to otherwise normal cells. TGFβ has been shown to be involved in the liver disease
progression from injury to hepatocellular carcinoma[87]. Therefore, TGFβ via small
molecule inhibitors could be a valuable therapeutic target to treat cholangiopathies
and hepatocellular injury and preventing senescence-associated tumorigenesis.
In cholestatic liver diseases and cholangiopathies, the bile acid (BA) secretion can
be defective and bile acids may not reach to intestine, which may cause accumulation
of bile acids in the liver, and cholestatic liver injury, which in turn can induce
senescence in liver cells [88,89] . Whether a specific BA species can directly cause
senescence is not known. In vitro treatment of bile duct epithelial cells with
deoxycholic acid (DCA) and lithocholic acid (LCA) could not induce SASP. BA may
induce senescence in other cells, such as HSCs.

Senescence in HSC
HSCs are in quiescent state in normal healthy livers but become activated following
liver injury. Activated HSC play an important role in liver fibrosis. There are three
possible fates for the activated and fibrogenic HSC: (1) Apoptosis, to limit the HSC
involvement in extracellular matrix (ECM) deposition; (2) Reversal from the activated
status to quiescence; and (3) Senescence, to limit the degree of fibrosis in the liver.
Multiple inducers of senescence in HSC have been reported, including IL-22, CCN1
(CYR61), retinoic acid, and Substance P ( SP)[69,90].
Hepatocellular fibrosis often results from the excessive deposition of ECM by
activated stellate cells. The general concept is that senescent hepatocytes are
associated with fibrosis, impaired liver function and increased mortality. On the other
hand, Krizhanovsky et al[65] reported that in response to liver injury, activated HSC
initially proliferated and contributed to ECM deposition. However, senescent HSC
could limit the extent of fibrosis. Moreover, they found that if HSCs were deficient in
key senescent genes in the p53 or Rb pathways, these cells continued to proliferate
and secreted excessive ECM. These finding suggest that senescent HSCs are probably
beneficial for the injured liver but the senescent hepatocytes are not.
A secondary bile acid, DCA can induce SASP in HSC [91] . The enterohepatic
circulation of DCA seemed important for the senescence of HSC. DCA can induce
DNA damage by upregulating ROS, which may lead to senescence in HSC but the
underlying mechanism is unclear. It is not known if the bile acids can induce
senescence in other liver cells.
When HSC proliferate, they secrete molecules that form ECM such as collagens
(e.g., Col1A) and matrix metalloproteins (MMPs). In acute liver injury, senescent HSC
may have antifibrotic effects by secreting matrix metalloprotenases that digest MMPs
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and collagens. However, senescent cells of other origins (non-HSC) can express matrix
metalloprotenase inhibitors, which would promote fibrosis by antagonizing the effect
of senescent HSC. Therefore, detailed studies are required to understand the balance
between fibrogenic and non-fibrogenic SASP in senescent HSC and in senescent nonHSC.

CONCLUSION
An increasing number of research on hepatocellular senescence have indicated the
importance and significance of the senescence in the liver. The detailed mechanisms
of hepatic senescence are yet to be fully determined. Exploring the regulatory
mechanisms of SASP discussed above in the liver will provide an important insight to
fight against hepatic inflammation, fibrosis or cancer in the liver tissues.
Understanding the molecular mechanisms of cellular senescence in liver diseases will
help to develop important tools for better diagnosis and treatment of the liver
diseases.
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Abstract
Managing familial pancreatic cancer (FPC) is challenging for gastroenterologists,
surgeons and oncologists. High-risk individuals (HRI) for pancreatic cancer (PC)
(FPC or with germline mutations) are a heterogeneous group of subjects with a
theoretical lifetime cumulative risk of PC over 5%. Screening is mainly based on
annual magnetic resonance imaging (MRI) and endoscopic ultrasound (EUS). The
goal of screening is to identify early-stage operable cancers or high-risk
precancerous lesions (pancreatic intraepithelial neoplasia or intraductal papillary
mucinous neoplasms with high-grade dysplasia). In the literature, target lesions
are identified in 2%-5% of HRI who undergo screening. EUS appears to provide
better identification of small solid lesions (0%-46% of HRI) and chronicpancreatitis-like parenchymal changes (14%-77% of HRI), while MRI is probably
the best modality to identify small cystic lesions (13%-49% of HRI). There are no
specific studies in HRI on the use of contrast-enhanced harmonic EUS. EUS can
also be used to obtain tissue samples. Nevertheless, there is still limited evidence
on the accuracy of imaging procedures used for screening or agreement on which
patients to treat. The cost-effectiveness of screening is also unclear. Certain new
EUS-related techniques, such as searching for DNA abnormalities or protein
markers in pancreatic fluid, appear to be promising.
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Core tip: High-risk individuals (HRI) for pancreatic cancer have a lifetime cumulative
risk of this disorder of over 5%. The goal of screening is to identify operable cancers or
precancerous lesions. Endoscopic ultrasound (EUS) appears to better identify solid
lesions (0%-46% of HRI) and chronic-pancreatitis-like parenchymal changes (14%77%), and magnetic resonance imaging to better identify small cysts (13%-49%). EUS is
used to obtain tissue samples. There are no specific studies on contrast-enhanced
harmonic EUS in HRI. There is limited evidence on the accuracy of imaging used for
screening or agreement on which patients to treat. The cost-effectiveness of screening is
also unclear. New EUS-related techniques (identifying DNA abnormalities or protein
markers) appear to be promising.
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INTRODUCTION
In the past few decades, the incidence of pancreatic cancer (PC) has continuously
increased, while its prognosis remains poor, with a 5-year survival rate < 10% for all
stages analysed together. PC is expected to become the second leading cause of
cancer-related death in the United States in 2030[1]. Early-stage surgical resection is the
only potentially curative treatment that increases survival. However, complete
surgical resection can only be performed in a minority of patients, since 80% of
patients have metastatic or locoregionally advanced disease at diagnosis[1-3].
Five to 10% of PCs are considered to be inherited[4,5]. While pathogenic germline
mutations in specific genes have been associated with an increased risk of PC (from
4% to 40%), a causal germline mutation is identified in fewer than 20% of these
families[6-10]. Several gene abnormalities and related hereditary syndromes have been
associated with an increased risk of PC: BRCA1 and BRCA2 (hereditary breast ovarian
cancer syndrome), PALB2 and the genes involved in the Fanconi pathway, CDKN2A
(familial atypical multiple mole melanoma: FAMMM), the genes involved in Lynch
syndrome (mainly MLH1, MSH2, MSH6, and PMS2), PRSS1 (hereditary pancreatitis),
STK11 (Peutz-Jeghers syndrome), TP53 (Li-Fraumeni syndrome), APC (familial
adenomatous polyposis), and ATM (ataxia telangiectasia)[4,9,11-16]. In the remaining 85%
of families with no identified germline mutation, familial pancreatic cancer (FPC) is
defined by the occurrence of PC in ≥ 2 first-degree relatives or in ≥ 3 relatives
whatever the degree of relationship on the same side of the family[4,17].
Pancreatic screening is recommended in high-risk individuals (HRI) to identify
early (pre)malignant pancreatic lesions and propose surgical resection with curative
intent. The purpose of this screening is to reduce mortality related to PC. While
numerous large and retrospective studies have reported on the short-term outcomes
of pancreatic screening in HRI, follow-up was generally limited, and hence the
magnitude of benefit of pancreatic screening in terms of curative potential remains
currently unknown[11,12,17-19]. Additionally, although screening is usually based on
yearly magnetic resonance imaging (MRI) and endoscopic ultrasound (EUS), the role
of the latter has not been clearly defined. Our goal was to comprehensively review
current data on pancreatic screening and follow-up of HRI, with an emphasis on the
role of EUS.
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OBJECTIVES AND CHALLENGES OF PANCREATIC
SCREENING IN HIGH-RISK INDIVIDUALS
The goal of screening in HRI (history of FPC or pathogenic germline mutations +/family history of PC) is to reduce PC-related mortality by identifying morphological
abnormalities that suggest the development of PC at an early and potentially curative
stage[11,17-19]. In a meta-analysis from our group including all HRI treated by surgery
reported in the literature, patients without invasive PC who underwent resection of
premalignant lesions had no postoperative recurrence compared to those with
invasive PC, and their 3-year overall survival was 100% vs 34.6%, respectively (P <
0.001)[11]. The lifetime risk of PC in HRI (with germline mutations or FPC) is estimated
to be between 1% and 50% depending on the underlying predisposition and the
number of affected relatives[12,17,20]. Table 1 presents the risk by mutations and their
frequency in inherited cancers. Thus, HRI are theoretically good candidates for
pancreatic screening.
The first challenge of PC screening is the effective identification of good candidates,
specifically, individuals with a theoretical risk threshold, arbitrarily set at 5%, of
developing PC in their lifetime. Signoretti et al[18,21] have shown that the identification
of (pre)malignant lesions varies depending on the genetic subgroup (3% in familial
PC, 5% in FAMM syndrome, 6.3% in hereditary breast/ovarian cancer, and 12.2% in
Peutz-Jeghers syndrome), while it was 42% in patients with hereditary pancreatitis
who have the PRSS1 mutation. Corral et al[19] estimated that 135 patients needed to be
screened to successfully identify 1 patient with a target lesion (high-risk lesion or PC)
(95%CI: 88-303). This low rate was highly questionable, however, due to the very
short follow-up period (3.3 years on average) reported in the studies[22]. Indeed, it
contrasts with the delay that was estimated for a premalignant lesion to transform
into invasive cancer (11 years) and does not enable the drawing of conclusions
regarding the global yield of pancreatic screening in HRI.
Relevant imaging pancreatic abnormalities are identified at imaging in approximately 50% of HRI, but this figure is difficult to interpret as there have been too few
correlations of these imaging abnormalities with pathological examination due to the
limited number of operated patients[11,18,23]. Another challenge of pancreatic screening
is to identify and use the most appropriate screening techniques. Ideally, this would
be the least invasive and reproducible technique that identifies the greatest number of
premalignant lesions and that is the most acceptable for the patient.
The ultimate goal of this approach is to propose surgical resection of premalignant
lesions [such as pancreatic intraepithelial neoplasia (PanIN) or intraductal papillary
mucinous neoplasms (IPMN) with high-grade dysplasia (HGD)] or even early-stage
invasive PC, which are found in approximately 3%-5% of HRI[11,19]. Finally, identifying
lesions at high risk of (pre)malignancy and operating neither too early (low-grade
dysplasia) nor too late (advanced PC) is challenging[17]. We recently found that an
indication for prophylactic pancreatectomy was appropriate (based on identification
of HGD or invasive PC) in 42.2% of surgically treated HRI[11]. The factors predicting
surgical appropriateness were age > 50 years, presence of a germline mutation and
the presence of high-risk radiological pancreatic abnormalities (the presence of
“worrisome features”, “high-risk stigmata of malignancy”, or a solid pancreatic
mass)[11].

WHAT IS THE BEST SCREENING MODALITY FOR HIGHRISK INDIVIDUALS?
In the past two decades, management of HRI has evolved and varies from one
country to another. Screening should be performed in multidisciplinary teams in
referral centres, which have more experience and expertise in screening methods (i.e.,
EUS and MRI) and in the treatment of invasive PC [17] . A recent meta-analysis
estimated that the annual prevalence of high-risk lesions (early invasive PC, IPMN, or
PanIN with HGD) detected in HRI was 3.3%, corresponding to 5/1000 person-years
during follow-up and an individual probability of 0.5% per year[18].
The screening of HRI is mainly based on pancreatic morphological imaging
[computed tomography (CT) scan, MRI and EUS][11,12,18,19]. For a long time, many
studies have suggested that EUS might provide better detection of small solid lesions,
while MRI can identify small cystic lesions[24-27]. In the study by Canto et al[25] in 216
HRI, EUS, MRI and CT scan detected pancreatic abnormalities (cysts, solid lesions or
chronic pancreatitis) in 42.6%, 33.3% and 11% of patients, respectively. This
corresponded to a sensitivity of 93% for EUS for the detection of solid lesions smaller
than 2 cm compared to 53% and 67% for CT scan and MRI, respectively[25]. Harinck et
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Table 1 Risk of pancreatic cancer based on genetic mutations

Condition

Gene

No family history

Relative risk of PC
compared to the general
population

Risk of pancreatic cancer % Among inherited
at 70 yr (%)
cancers

1

0.5-1

?

2 first degree relatives with
PC

Unknown

5-7

5-12

80-85

3 first degree relatives with
PC

Unknown

32

40

Hereditary breast ovarian
cancer syndrome

BRCA1

2-4

3-4

1-5

BRCA2

2-10

4-5

5-20

Genetic pancreatitis

PRSS1

50-80

40-55

1-4

FAMMM

CDKN2A

10-25

5-25

2-3

Peutz-Jeghers syndrome

STK11

100-130

30-40

1-3

Lynch syndrome

MLH1, MSH2, MSH6, PMS2

4-8

3-5

1-3

PC: pancreatic cancer; FAMMM: Familial atypical multiple mole melanoma.

al [27] performed a prospective comparison of EUS and MRI for the detection of
clinically relevant pancreatic lesions at initial screening of 139 HRI. In this study, EUS
and/or MRI detected pancreatic lesions in 6% of HRI: 2 solid tumours < 10 mm were
only detected by EUS (1 invasive PC and 1 PanIN with low-grade dysplasia), and 25%
of cysts were only detected by MRI[27]. Nevertheless, as all patients were not operated
on, this study does not enable the evaluation of whether the lesions detected were all
of pathological relevance. Table 2 reports the main characteristics of HRI screening
techniques and imaging results in 16 published studies. Of note, MRI and CT scan
protocols were not clearly described in most studies (e.g., matrix size, contrast
enhancement, MRI sequences), and the results of EUS are well known to be operatordependent as well as classical radiological procedures[28,29]. Indeed, Topazian et al[28]
report a low interobserver agreement for the interpretation of pancreatic EUS in HRI
(Kappa < 0.4 except for cysts). This is probably due to the lack of specific training for
EUS, the lack of a standardized collection chart and a specific learning curve.
Although all of the abovementioned studies included operated patients, the methods
of detection of the pancreatic abnormalities that determined the surgical procedure
were not described in detail. Thus, while the precise value of EUS compared to the
other modalities is probably high (it may find more (pre)malignant lesions), this is
difficult to determine in the absence of a large study correlating anatomopathological
specimens to EUS findings.
There are no approved biomarkers for the screening of PC in HRI. Only one study
has reported the results of serum CA19-9 measurement for pancreatic screening in
these patients. Twenty-seven out of 546 included patients (4.9%) had elevated CA19-9,
and 5 (18.5%) of these had pancreatic lesions (1 PC, 2 IPMN, 1 PanIN, 1
neuroendocrine tumour). Nevertheless, the number of pancreatic lesions in the group
with normal CA 19-9 levels was not reported[16]. CA19-9 is not recommended because
of its low sensitivity and specificity[11,17-19,30].
The recent CAPS (International Cancer of the Pancreas Screening ) consensus has
suggested that annual MRI [including magnetic resonance cholangiopancreatography (MRCP)] and EUS are the best imaging modalities for the detection
of significant PC precursor lesions[6]. In summary, and as recommended by the recent
statement by the American Society of Clinical Oncology, pancreatic screening and
follow-up in HRI should be based on MRI and EUS as complementary tests for the
detection of pancreatic lesions[17].

WHEN AND HOW OFTEN SHOULD SCREENING BE
PERFORMED?
While pancreatic screening usually begins when HRI are 40 years old, or 10 years
before the youngest index case[23], this has recently been challenged because pancreatic
screening rarely reveals relevant lesions before the age of 50[4]. We also recently
reported that the risk of HGD or invasive cancer was 3 times higher in HRI > 50 years
old operated on for pancreatic lesions than in HRI < 50 years old[11].
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Table 2 Main characteristics of high-risk individuals for pancreatic cancer in the different studies
Operated
lesions seen
only by the
EUS

Histological
features with
cancer or
HGD

7

1

7 dysplasia

12 lesions

12

?

12 dysplasia

CPis: 24 (52%)
Cystic lesion: ?
Solid lesion: 12
(26%)

?

?

?

38

EUS first, +/CPis: 17 (45%)
ERCP, CT, FNA Cystic lesion: ?
Solid lesion: 12
(31%)

7

2/7 (1 PC, 1
PanIN3)

1 PC 1 PanIN3

78

EUS, CT +/ERCP, FNA

CPis: 61 (78%)
Cystic lesion: 9
(12%) Solid
lesion: 8 (10%)

7

3/7 (1 PanIN 3, 1 PC+IPMN 1
2 PanIN1-2)
PanIN3
1PanIN3+IPM
N

FPC, PJS,
44
FAMMM,
FBOC, HP, LFS

EUS

CPis: 3 (7%)
Cystic lesion: 7
(16%) Solid
lesion: 3 (7%)

10

1

3 PC

Langer et al[15] Prospective,
multicentric

FPC, FAMMM

76

EUS + MRI

CPis: 17 (22%)
Cystic lesion: 3
(4%) Solid
lesion: 7 (9%)

7

5/7 (9/21 non
operated
lesions seen
only in EUS)

0 PC or PanIN3
or IPMN with
HGD

Verna et al[33]

Prospective,
monocentric

FPC, FBOC

51

EUS n = 31 or
MRI n = 33 +/ERCP, FNA

CPis: 9 (29%)
5
Cystic lesion: 12
(39%) Solid
lesion: 2 (6%)

? (2 solid
lesions in EUS
and MRI)

1 PC 1 PanIN2

Ludwig et
al[34]

Prospective,
monocentric

FPC

109

MRCP or CT
EUS, FNA

18 lesions

6

?

1 PC 2 MD
IPMN 1 PanIN3 1 PanIN-2

Schneider et
al[40]

Prospective,
monocentric

FPC, FAMMM

72

EUS, MRI

13 lesions

9

?

1 PC 1 PanIN-3

Zubarik et
al[16]

Prospective,
monocentric

FPC, PJS,
BRCA2

27

CA19-9 +/EUS (27/546)

5 lesions

5

1

1 PC

Canto et al[25]

Prospective,
multicentric

FPC, FBOC, PJS 216

CT, EUS,
MRI/MRCP

CPis: 54 (25%) 5
Cystic lesion: 79
(36%) Solid
lesion: 3 (1.4%)

? (20/216 non
operated
lesions seen
only in EUS
including 3
solid lesion)

2 MD-IPMN 1
IPMN+PanIN3

Al-Sukhni et
al[32]

Prospective,
monocentric

FPC, BRCA1/2, 252
FAMMM, LKB1

MRI, +/- CT,
EUS, ERCP

CPis: ? Cystic
4
lesion: 80 (32%)
Solid lesion: 3
(1.2%)

Sud et al[14]

Prospective,
monocentric

FPC, BRCA1/2, 30
MMR,
CDKN2A,
LKB1, PRSS1

EUS +/- FNA

3 lesions

3

1

NA

2 PC

Mocci et al[10]

Prospective,
multicentric

FPC, CDKN2A, 41
MMR, PRSS1

EUS, CT +/MRI, FNA

CPis: 15 (37%)
Cystic lesion:4
(10%) Solid
lesion: 2 (5%)

1

2

NA

1 NET 1
PanIN3

Vasen et al[31]

Prospective,
multicentric

FPC, CDKN2A, 411
BRCA 1/2

MRI, EUS, CT,
FNA

CPis: ? Cystic
lesion: 138
(34%) Solid
lesion: 16 (4%)

30

2/30 (866 MRIs 16 PC 3 PanIN3
and 106 EUS
1 IPMN with
performed)
high grade

First
author/yr

High risk
condition

Patients
included

Modalities of Imaging
screening
results

Patients
operated on

Setting

Brentnall et
al[37]

Prospective,
monocentric

FPC

14

EUS

CPis: 10 (77%)
Cystic lesio: ?
Solid lesio: 6
(46%)

Rulyak et al[38] Prospective,
monocentric

FPC

35

EUS, ERCP

Kimmey et
al[78]

Prospective,
monocentric

FPC

46

EUS, ERCP

Canto et al[12]

Prospective,
monocentric

FPC, PJS,

Canto et al[23]

Prospective,
monocentric

FPC, PJS,

Poley et al[13]

Prospective,
multicentric
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Bartsch et al[4]

Prospective,
multicentric

FPC, BRCA1/2, 234
PALB2

MRI, EUS, CT,
FNA

CPis: ? Cystic
lesion: 125
(49%) Solid
lesion: 9 (4%)

Harinck et
al[27]

Prospective,
multicentric

FPC, BRCA1/2, 139
CDKN2A,
LKB1, TP53,
MMR

MRI +/- EUS

CPis: 41 (30%) 2
Cystic lesion: 67
(48%) Solid
lesion: 2 (1.4%)

21 6/253 (2%)
lesions (2
malignant and
HGD)

?

2 PC 3 PanIN3
1 IPMN with
HGD;
multifocal
PanIN2±BDIPMN±AFL 1
NET 8 PanIN-2

2/2 (1 PC, 1
PanIN-2)

1 PC 1 PanIN-2

1

NA: Not applicable, because patients had only endoscopic ultrasound (EUS);
NA: Not applicable, because patients had an EUS only if magnetic resonance imaging was abnormal. Three patients developed pancreatic cancer during
the screening. CPis: Chronic-pancreatitis-like parenchymal changes; CT: Computed tomography; EUS: Endoscopic ultrasound; FNA: Fine needle
aspiration; FPC: Familial pancreatic cancer; IPMN: Intraductal papillary mucinous neoplasm; MRI: Magnetic resonance imaging; PanIN: Pancreatic
intraneoplasia; PC: Pancreatic cancer; ERCP: Endoscopic retrograde cholangiopancreaticography; HGD: High-grade dysplasia.
2

It is important to note that the majority of relevant pancreatic lesions (> 50% of
cysts and solid tumours) are identified at the first screening rather than during followup[23,31,32]. The frequency of subsequent follow-up examinations varies depending on
different studies and recommendations [4,30-34] . Several multicenter studies have
compared different surveillance protocols (e.g., annual MRI and EUS or annual MRI
with EUS every 3 years) and did not find any difference in terms of number of
diagnosed lesions [4,31] . However, these studies compared the total number of
diagnosed lesions, whereas only the number of (pre)malignant lesions would have
had clinical relevance. Nevertheless, and unless demonstrated otherwise, it seems
reasonable to perform one MRI and one EUS examination per year in HRI[11,19,31,32].
Life-long pancreatic follow-up is recommended in HRI, at least as long as patients
remain fit for surgery, without severe comorbidities. In fact, there are no strong data
to confirm when follow-up should be stopped[17,23]. Furthermore, the prognosis in
another group at risk of PC (patients with IPMN) was poorer in patients who stopped
surveillance after 5 years of surveillance, which advocates for prolonged
surveillance[35].

PLACE OF ENDOSCOPIC ULTRASOUND FOR PANCREATIC
SCREENING OF HIGH-RISK INDIVIDUALS
Pancreatic lesions found in endoscopic ultrasound
EUS pancreatic screening may identify pancreatic abnormalities in 19% to 79% of HRI
(13–16, 25, 31, 34, 35, 37–40) (Table 2). These pancreatic “abnormalities” include cystic
lesions (13%-49%) (Figures 1 and 2), chronic pancreatitis-like parenchymal changes
(14%-77%) (Figure 3) and solid lesions (0%-46%) (Figure 4), which are always
considered suspicious[4,10,18,23,26,27,39,40]. Of note, most studies that reported a low rate of
EUS-detected abnormalities did not consider chronic pancreatitis-like parenchymal
changes.
Pancreatic cystic lesions identified in HRI are mainly IPMN, which are more
frequent in HRI (13%-20%) than in the general population (1%-5%)[18,26,41,42]. Whether
IPMN in HRI have a different course than sporadic ones is unknown, and hence their
monitoring could be similar by analogy with the general population. First, the initial
characterization of IPMN should search for potential high-risk stigmata (obstructive
jaundice associated with cystic lesions of the head of the pancreas, enhancing mural
nodules > 5 mm, main pancreatic duct > 10 mm) and worrisome features (pancreatitis,
cyst > 3 cm, enhancing mural nodule < 5 mm, thickened/enhancing cyst walls, main
duct size 5-9 mm, abrupt change in calibre of pancreatic duct with distal pancreatic
atrophy, lymphadenopathy, increased CA19-9 serum levels, and cyst growth rate > 5
mm per 2 years)[43,44]. These features are highly important for deciding on surgery
because their presence is associated with an increased probability of finding invasive
PC or HGD on the resected specimen[11]. EUS has been shown to be the best technique
for the early detection of malignancy in patients with IPMN[45]. Nevertheless, the
entire pancreatic parenchyma is at risk of PC, which can occur away from the cysts[46].
Thus, surveillance should not focus on pancreatic cysts alone. However, all cystic
lesions found in HRI are not IPMN (but may be other benign cysts such as serous
cystadenomas)[15,30,31]. Nevertheless, in the absence of specific worrisome criteria for
non-IPMN cystic pancreatic lesions, it seems appropriate to use the abovementioned
worrisome features for all cystic lesions, while it may lead to operating on benign
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Figure 1

Figure 1 Pancreatic cystic lesion: Intraductal papillary mucinous neoplasm.

cysts without potential pejorative evolution[11].
Chronic-pancreatitis-like parenchymal changes (CPis) are more common in HRI
(up to 67%-80%) than in the general population (15%-17%)[12,23,47-49]. The diagnostic
criteria for chronic pancreatitis with EUS (Rosemont Criteria) include major criteria
(hyperechoic foci with shadowing and main pancreatic duct calcification, a lobularity
with honeycombing) and minor criteria (small cysts, dilated ducts ≥ 3.5 mm, irregular
pancreatic ducts, dilated side branches ≥ 1 mm, hyperechoic duct walls, strands, nonshadowing hyperechoic foci, and lobularity with noncontiguous lobules)[50]. Chronicpancreatitis-like parenchymal atrophy and hyperechoic foci may correspond to
multifocal PanIN[51-54]. Brune et al[51] reported a significant correlation between CPis on
EUS and percentage of PanIN lesions on surgical specimens. The supposed
explanation is that multifocal PanIN lesions produce obstructive lobular atrophy,
which is probably the source of CPis[53]. Features of chronic pancreatitis during EUSbased surveillance of HRI are easily seen with good interobserver agreement[48]. One
study showed that CPis generally have no or little progression over time, although the
follow-up period was limited (3 years)[48]. A fatty pancreas has also been reported to
be a risk factor for PC and should be noted on the EUS report[55].
Finally, EUS can identify solid pancreatic lesions in up to 20% of HRI during
follow-up. These solid tumours are generally PC but may also be PanIN with HGD or
neuroendocrine tumours[10,11,15,26,31,32,40]. In published studies, 14/53 (26%) of operated
significant lesions (for which MRI and EUS data were available) were only seen on
EUS (Table 1) [12,15,23,27,31]. However, as previously reported, 7/26 HRI operated on for a
“pancreatic mass” (27%) had lesions with no/low malignant potential on the
pathological specimen[11]. Nevertheless, it is difficult to consider not operating on an
HRI with a “pancreatic mass” identified during EUS screening[11]. As discussed below,
lesion sampling may be of special interest in this setting.

Endoscopic ultrasound pancreatic screening techniques in high-risk individuals
A study by Shin et al[29] suggested that compared to radial EUS, linear-array EUS
improves the detection of pancreatic lesions in HRI, probably due to better
visualization of the pancreatic tail. This same study reported a "second-pass effect"
with additional lesions detected during a second EUS examination[29].
The use of contrast-enhanced harmonic EUS (CH-EUS) could improve its
diagnostic performance. Indeed, it can identify solid neoplastic components in
pancreatic cysts/IPMN as hyperenhanced lesions (Figure 5)[56]. The pooled sensitivity
and specificity of CH-EUS for the diagnosis of PC are very high (91% and 87%,
respectively) in the general population with solid pancreatic neoplasms [56,57] .
Nevertheless, there is no specific study on the use of CH-EUS for pancreatic screening
in HRI.
EUS elastography could also be useful for the characterization of solid pancreatic
lesions in this population[58]. Iglesias-Garcia et al[59] reported a sensitivity, a specificity,
and positive and negative predictive values of 100%, 85.5%, 90.7%, and 100%,
respectively, for the diagnosis of sporadic PC.
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Figure 2

Figure 2 Intraductal papillary mucinous neoplasm with mural nodule.

The results of certain new techniques for the detection of (pre)malignant pancreatic
lesions are especially promising in HRI, including the molecular imaging of cathepsin
E in vivo using a confocal laser endomicroscopy miniprobe (overexpression of
cathepsin E in PanIN) and the detection of DNA abnormalities or protein markers in
pancreatic cyst fluid collected by fine needle aspiration (FNA) (mutations in genes
such as TP53) (Figure 6)[57,60-63]. The role of these combined strategies (EUS with other
new technological/biological techniques) as well as their impact on survival and costeffectiveness must, however, still be defined[64]. Finally, another lead could also be the
identification of molecular abnormalities (p53 mutations, KRAS mutations, DNA
methylation markers) associated with the presence of PC and precursors of PC within
pancreatic fluid collected by endoscopic retrograde cholangiopancreatography[65-69].
The role of these exams in FPC screening strategies must still be defined[68].

Endoscopic ultrasound-guided fine needle aspiration and fine needle biopsy
Another advantage of EUS is that FNA or fine needle biopsy (FNB) can be performed
in solid pancreatic masses to obtain tissue samples for histopathological characterization with a low risk of complications[11,14,23,33,70]. The complication rate of EUSFNA is approximately 2%[70]. The sensitivity (84.3%), specificity (97%), and accuracy
(84%) of EUS-FNA for solid pancreatic masses are high[71]. However, the negative
predictive value is low (64%)[26,71], indicating that a negative FNA does not exclude the
presence of a (pre)malignant lesion. Thus, in the presence of a solid pancreatic lesion
with negative histological samples, FNA (or FNB) must be repeated in HRI, and
prophylactic pancreatectomy should be discussed. The use of cutting needles for EUSFNB should improve pancreatic histological samples[72]. In addition, EUS-FNA is
associated with a non-negligible rate of false positives (2% in the literature, up to 33%
in HRI, especially in patients with CPis). Thus, the diagnostic value of FNA may be
limited in HRI screening[11].

IMPROVING THE DETECTION OF HIGH-GRADE PANIN IN
HIGH-RISK INDIVIDUALS
The theoretical risk of hereditary transmission of PC-predisposing genetic
abnormalities is up to 50%. Hence, in the setting of FPC without a known
predisposing gene mutation, approximately 50% of HRI undergo screening
theoretically without predisposing genetic abnormalities. Thus, the detection of any
cystic lesions or CPis is important in FPC-related HRI without identified mutations
because it probably indicates that this subject carries the unidentified mutation and is
hence at risk of PC.
Most PC arise from PanIN lesions, with a delay of approximately ten years[22]. The
challenge of screening is being able to propose surgery at the stage of high-grade
PanINs. Some aspects of high-grade PanINs have been described with MRI and EUS,
but these lesions lack specificity[23,51,73]. Our group and others previously reported that
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Figure 3

Figure 3 Chronic-pancreatitis-like parenchymal changes.

CPis (microcysts and/or hyperechoic foci of fibrosis) visualized at EUS were
associated with PanIN (in up to 83% of cases)[51,54,74]. In an American study, the odds
ratio for the association between intermediate-grade PanIN and hyperechoic foci
without shadowing in the pancreas head was 8.5 (P = 0.05)[74]. This aspect would
concern approximately 70% of HRI [ 1 2 , 2 3 ] . However, the assessment of such
abnormalities might suffer from a lack of recognition, and the correlation between
EUS aspect and pathology should be assessed in a large series of HRI[28,60].
Several studies have reported an increased risk of PC in patients with pancreatic
cysts, whatever the etiology[73-75]. In some cases, and especially in HRI, MRI with
MRCP and diffusion-weighted MR sequences can help identify very small cysts that
do not communicate with the pancreatic ducts [73,74] . In a recent MRI study that
included 100 patients, our group recently showed that the identification of noncommunicating pancreatic microcysts had a 52.3% sensitivity, a 77.1% specificity, and
a 61% accuracy for the diagnosis of PanIN[73]. In the same study, the association of
global atrophy and non-communicating microcysts increased the predictive risk of
PanIN. Interobserver agreement for the presence of microcysts was excellent with
MRI (kappa = 0.92)[73].

PSYCHOLOGICAL IMPACT OF PANCREATIC SCREENING
The psychological burden in HRI of PC is significant because of the patient’s level of
risk and his/her experience with close relatives suffering from this severe disease[15].
Patients must be informed that the aim of screening is to identify premalignant lesions
or early invasive PC to propose a pancreatectomy with prophylactic and/or curative
intent. Additionally, they must be informed of the potential benefits (avoiding the
development of PC, being treated at a curable stage, or at least diagnosing PC at the
earliest stage possible and prolonging survival) and risks (related to general
anaesthesia and/or EUS and especially FNA, unnecessary pancreatic surgery with a
risk of complications and diabetes) of pancreatic screening[17]. Moreover, because the
sensitivity of the different imaging examinations is not 100%, patients must be
informed of the risk of missing (pre)malignant lesions and developing advanced PC
during follow-up intervals.
Several studies have investigated the psychological burden of pancreatic screening
and repeated examinations. Overall, pancreatic screening may have a positive
psychological impact on HRI[76]. Konings et al[48] reported a low psychological burden
due to the examinations themselves, which were considered uncomfortable only in
10% of cases. Of note, although it is an invasive procedure, EUS was generally not
considered to be more uncomfortable than MRI[48,76].

COST-EFFECTIVENESS OF PANCREATIC SCREENING IN
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Figure 4

Figure 4 Small hypoechoic nodule.

HIGH-RISK INDIVIDUALS
It is difficult to assess the cost-effectiveness of pancreatic screening in HRI because of
the different screening practices in different countries and the results of screening in
different studies[10,11,17,18,23,24,40]. A screening test can generally be considered acceptable
if there is a positive benefit/cost ratio. Rulyak et al[38] compared one-time EUS-based
screening to no screening in a hypothetical cohort of 100 HRI. They showed that
screening increased life expectancy (38 years) in a cost-effective manner ($ 16885 per
life-year saved). Latchford et al[77] created a model that showed that seven PCs would
theoretically be detected in 250 patients who would undergo yearly EUS between the
age of 40 and 55 years old. The cost would be $ 164.285 dollars per PC detected and $
372708 per life saved. Overall, it is not clear whether EUS-based screening can be
considered cost-effective[60].

CONCLUSION
PC is inherited in 5%-10% of cases. HRI of PC can benefit from pancreatic screening
mainly based on annual MRI and EUS. Successful screening targets are early invasive
PC and IPMN or PanIN with HGD, which may be treated surgically with curative
intent. These lesions are identified in 2% to 5% of all HRI undergoing screening. EUS
appears to be the best examination to identify small solid lesions and is
complementary to MRI, whose performance may be higher for identifying small
cystic lesions. Pancreatic abnormalities found by EUS are cystic lesions (13%-49% of
HRI), solid lesions (0%-46%) and chronic pancreatitis-like parenchymal changes (>
50%). Of note, the latter frequently correspond to PanIN lesions. Finally, CH-EUS,
EUS-elastography and other new techniques (including needle-based confocal laser
endomicroscopy miniprobe and the detection of DNA abnormalities or protein
markers by FNA) are being developed, but further studies are needed to evaluate
their role in the management of HRI. There is still limited evidence on the accuracy,
acceptability and cost of screening as it is currently recommended. HRI undergoing
screening should continue to be included in large cohorts, such as the CAPS
consortium (http://caps-registry.com), which is a major opportunity to improve PC
screening.
Areas of currently unmet needs within the scope of hereditary PC include the
following: (1) To constitute large cohorts of HRI undergoing long-term prospective
follow-up; (2) To study the correlation between the pancreatic abnormalities
identified at imaging (MRI and EUS) and the lesions identified at the pathological
examination of surgically resected specimens; (3) To develop specific EUS and MRI
training modules to improve the recognition of pancreatic lesions in HRI and
interobserver agreement; (4) To develop new techniques such as biomarkers or new
nuclear imaging techniques; and (5) To study more comprehensively the
consequences of screening in terms of cost-effectiveness, psychological burden, and
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Figure 5

Figure 5 Contrast-enhanced harmonic in endoscopic ultrasound: Hypoechoic suspect nodule.

long-term surgical consequences in operated HRI.
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Figure 6

Figure 6 Fine needle aspiration of a solid pancreatic lesion.
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Abstract
The survival and replication cycle of Helicobacter pylori (H. pylori) is strictly
dependant on intragastric pH, since H. pylori enters replicative phase at an almost
neutral pH (6-7), while at acid pH (3-6) it turns into its coccoid form, which is
resistant to antibiotics. On these bases, it is crucial to increase intragastric pH by
proton pump inhibitors (PPIs) when an antibiotic-based eradicating therapy
needs to be administered. Therefore, several tricks need to be used to optimize
eradication rate of different regimens. The administration of the highest dose as
possible of PPI, by doubling or increasing the number of pills/day, has shown to
be able to improve therapeutic outcome and has often proposed in rescue
therapies, even if specific trials have not been performed. A pre-treatment with
PPI before starting antibiotics does not seem to be effective, therefore it is
discouraged. However, the choice of PPI molecule could have a certain weight,
since second-generation substances (esomeprazole, rabeprazole) are likely more
effective than those of first generation (omeprazole, lansoprazole). A possible
explanation is due to their metabolism, which has been proven to be less
dependent on cytochrome P450 (CYP) 2C19 genetic variables. Finally,
vonoprazan, a competitive inhibitor of H+/K+-ATPase present on luminal
membrane of gastric parietal cells has shown the highest efficacy, due to both its
highest acid inhibition power and rapid pharmacologic effect. However current
data come only from Eastern Asia, therefore its strong power needs to be
confirmed outside this geographic area in Western countries as well as related to
the local different antibiotic resistance rates.
Key words:Helicobacter pylori; Proton pump inhibitors; Eradication; Cytochrome P450;
Optimization
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Core tip: The most adequate acid suppression by proton pump inhibitors (PPIs) is
fundamental to optimize antibiotic therapies for Helicobacter pylori eradication. Herein,
we summarize data from literature in order to ascertain the most effective strategies in
this topic. Increasing PPI dose showed a real benefit on eradication rate even in the
absence of dedicated trials. Second-generation PPIs, as demonstrated in some metaanalyses, may be more effective than old PPI molecules. Finally, vonoprazan, a novel
molecule, has shown promising results but, currently, data come from Asian countries,
therefore its strong power needs to be confirmed outside this geographic area.

Citation: Ierardi E, Losurdo G, Fortezza RFL, Principi M, Barone M, Leo AD. Optimizing
proton pump inhibitors in Helicobacter pylori treatment: Old and new tricks to improve
effectiveness. World J Gastroenterol 2019; 25(34): 5097-5104
URL: https://www.wjgnet.com/1007-9327/full/v25/i34/5097.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i34.5097

INTRODUCTION
Helicobacter pylori (H. pylori) is a microaerofilic Gram-negative bacterium that
colonizes the human stomach thus causing gastritis, peptic ulcer and malignant
diseases (gastric cancer and mucosa associated lymphoid tissue lymphoma) [1] .
Therefore, a prompt eradication of H. pylori may heal non-malignant conditions and
stop the development of neoplastic diseases.
Until few decades ago, the human stomach was considered as a “sterile” organ
where the acidic pH hampered the growth of any germ. However, the discovery of H.
pylori has disavowed this axiom [2] . Urease is the most important enzyme of this
bacterium, since it allows H. pylori stomach colonization by degrading urea into
carbon dioxide and ammonia, an alkaline molecule able to counteract acidic
environment below the layer of neutral mucins that cover the gastric wall[3]. Thus, the
survival and growth of H. pylori is strictly dependant on urease effect on intragastric
pH at this site. Indeed, it has been observed that only bacteria in replicative vegetative
phase are susceptible to antibiotics[4-7]. H. pylori enters replicative phase at an almost
neutral pH (6-7), while at acid pH (3-6) it turns into the coccoid form that is resistant
to antibiotics[4-9]. On these bases, it is crucial to increase intragastric pH by proton
pump inhibitors (PPIs) when an antibiotic-based eradicating therapy needs to be
administered, since an inadequate acid suppression may keep some bacteria in non
replicative forms, not susceptible to antibiotics. On the other hand, this mechanism
explains some cases of treatment failure, not linked to bacterial genotypic resistance[8].
A further relevant property of PPIs is the ability to reduce intragastric bacterial load,
thus making more likely the success of antibiotics. This relevant aspect is supported
by the observation that patients with very high bacterial load are the most resistant
ones to therapeutic approaches[10,11]. Finally, an additional demonstration in favor of
PPI role in H. pylori treatment was suggested by Figura et al[12], who showed that
lansoprazole reduces minimal inhibitory concentration of cultured H. pylori strains
through a possible direct inhibitory effect on bacterial replication. The evidence of the
pivotal usefulness of a correct use of PPIs in the eradication of H. pylori led us to
perform a narrative review aimed to explore some poorly considered aspects of PPI
management in this context.

THE OPTIMAL DOSE
Current Maastricht V guidelines[13] recommend high PPI dose, which is equivalent to
omeprazole 20 mg, lansoprazole 30 mg, pantoprazole 40 mg or rabeprazole 20 mg, all
twice daily, while low doses are discouraged since they are ineffective, as clearly
highlighted in 2015 Italian guidelines[14]. Therefore, a very high dose is defined by
both doubling usual amount (e.g., lansoprazole 60 mg bid) or multiple administration
(e.g., lansoprazole 30 mg tid or qid). At this regard, there is no unanimous consent for
the definition of the very high dose of esomeprazole, since some Authors suggest 20
mg bid and others 40 mg bid[15,16]. In the OPTRICON trial[15], esomeprazole 40 mg bid
was given with a 14-d triple therapy in 402 naïve patients, with an eradication rate at
intention to treat of 81.3%. Unfortunately, in this trial the alternative arm was
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represented by concomitant therapy, therefore it was inadequate to give useful
information about the PPI dose effectiveness. On the other hand, De Francesco et al[16]
showed that esomeprazole 40 mg bid with 14-d triple therapy showed eradication rate
of 81.9% compared to 73.9% of esomeprazole 20 mg bid. Interestingly, in a Thai study,
lansoprazole 60 mg bid within a 10-d triple therapy showed a similar effectiveness of
10-d sequential therapy with lansoprazole at standard dose (80% vs 85%)[17]. At this
regard, very high PPI doses have been frequently proposed in the context of dual
therapy: A meta-analysis[18] demonstrated that such regimen, when used in rescue
line, was equivalent to those recommended by guidelines (pooled eradication rate of
81.3% vs 81.5%, risk ratio = 1). In Taiwan, an optimized dual therapy with
esomeprazole 40 mg tid plus amoxicillin 750 mg qid showed an effectiveness of the
91.7%, higher, even if not significantly (P = 0.21), than that of concomitant regimen,
which displayed an outcome of the 86.7%[19]. Additionally, the same high-dose PPIamoxicillin dual therapy achieved a very satisfactory eradication rate (96.1%) in
China[20]. These recent evidences suggest that increasing PPI doses may have the
power to reach an effectiveness similar to that obtained by adding further
antibiotics[21]. Nevertheless, the real “test bed” of very high PPI dose is represented by
the comparison with standard dose within the same eradication regimen. A metaanalysis [22] of seven studies, enrolling articles in which 7-d triple therapy was
associated to either standard or very high dose, showed that the last one had a
significantly higher eradication rate (82% versus 74%, with a risk ratio = 1.09, P =
0.03). Other similar head-to-head trials are summarized in Table 1[16,23-28]. As shown, in
most cases the dose escalation allowed to gain a small increment in eradication rate
without changes in adverse events [ 1 8 ] . Only one study, performed with
dexlansoprazole, a new molecule, did not achieve a satisfactory eradication rate
(53.8%) for dual therapy, but in this case only 13 patients were enrolled[29]. Finally, the
utility of dose doubling has been underlined in a study by Ormeci et al[30] demonstrating that, in extensive metabolizers, triple therapy with standard dose of
rabeprazole or pantoprazole failed in 12/75 and 13/81 patients respectively.
Conversely, the re-administration of the same regimen with very high PPI dose in
patients who failed therapy surprisingly allowed eradication in 10/12 for rabeprazole
and 10/13 for pantoprazole. It is, therefore presumable, that in these cases treatment
failure was not due to antibiotic resistance, but to an inadequate acid suppression.

PRE-TREATMENT WITH PPI
There is conflicting evidence whether a pretreatment with PPI may affect the efficacy
of H. pylori eradicating regimens. Based on the assumption that PPIs slowly achieve
the steady state and the optimal blood concentrations, it has been hypothesized that a
pretreatment with these drugs before starting antibiotics may improve therapy
effectiveness. Janssen et al. have reported that three-day pretreatment with a PPI
(lansoprazole 30 mg twice daily) before quadruple eradication therapy paradoxically
decreased eradication rate (66% vs 84%)[31]. The authors theorized that PPIs might
induce coccoid-persistent forms of H. pylori, less vulnerable to the antibiotics. Other
studies have reported that pretreatment did not affect treatment outcome[32-34]. Inoue et
al. have reported that there was no statistically significant difference in the eradication
rate with the regimen of lansoprazole, amoxicillin and clarithromycin between
patients with and without pretreatment (lansoprazole 30 mg, once daily)[32]. A similar
result was observed in a retrospective study by Tokoro et al[33]. The same Author
investigated as well the influence of a pretreatment with histamine 2 receptor
antagonist on H. pylori eradication; results indicated that bacterium eradication was
not changed by this approach[34].

HAVE ALL PPI THE SAME EFFECTIVENESS?
The effectiveness of a PPI is related to the dose, formulation, relative power,
frequency of administration and genetic differences in the activity of cytochrome P450
(CYP) enzymes of the subjects assuming the drug. A meta-analysis by McNicholl et
al[35] compared first-generation (omeprazole, lansoprazole and pantoprazole) with
second-generation PPIs (rabeprazole and esomeprazole). Thirty-five studies and 5998
patients were analyzed; the main ﬁnding of the meta-analysis was that the secondgeneration PPIs appeared to have a small superiority in eradication rate, because of
their higher acid inhibition power. The eradication rates for esomeprazole was higher
than for ﬁrst-generation PPIs: 82.3% vs 77.6%; odd ratio (OR) = 1.32 [95% confidence
interval (CI): 1.01-1.73]; also rabeprazole showed better results than ﬁrst-generation
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Table 1 Main studies exploring very high dose vs standard proton pump inhibitors dose in Helicobacter pylori eradication regimens
Very high dose
eradication rate (%)

Standard dose eradication
rate (%)

Esomeprazole 20 mg vs 40 mg 14-d triple therapy
bid
(CLA+AMO)

59/72 (81.9)

54/73 (73.9)

Gisbert et al[23], 2005

Esomeprazole 20 mg vs 40 mg 7-d triple therapy
bid
(CLA+AMO)

117/150 (78)

111/150 (74)

Anagnostopoulos et al[24],
2004

Omeprazole 20 mg vs
esomeprazole 40mg bid

7-d triple therapy
(CLA+AMO)

50/52 (96.1)

37/52 (71.1)

Sheu et al[25], 2005

Omeprazole 20 mg vs
esomeprazole 40 mg bid

7-d triple therapy
(CLA+AMO)

86/100 (86)

79/100 (79)

Manes et al[26], 2005

Omeprazole 20 mg vs
omeprazole 40 mg bid

7-d triple therapy
(CLA+TNZ)

132/161 (82)

135/162 (83.3)

Choi et al[27], 2007

Omeprazole 20 mg vs
esomeprazole 40 mg bid

7-d triple therapy
(CLA+AMO)

104/148 (70.3)

290/428 (67.7)

Hu et al[28], 2017

Rabeprazole 10 mg vs 20 mg
qid

14-d dual therapy (AMO)

71/87 (81.6)

68/87 (78.1)

Study

PPI comparison

De Francesco et al[16], 2016

Antibiotic regimen

All percentages are expressed as intention to treat. AMO: Amoxicillin; CLA: Clarithromycin; TNZ: Tinidazole; PPI: Proton pump inhibitors.

PPIs: 80.5% vs 76.2%; OR = 1.21 (95%CI: 1.02-1.42). The new generation PPIs,
esomeprazole and rabeprazole, had similar eradication rates: 78.7% vs 76.7%; OR =
0.90 (95%CI: 0.70-1.17).
Liver metabolism of PPIs is a relevant parameter since PPIs are prodrugs and,
therefore, they are rapidly metabolized. The main enzymes involved in the
metabolism of PPIs are CYP2C19 and CYP3A4. There are genetic differences in the
activity of CYP2C19. Patients producing the largest amount of this enzyme are called
“homozygous extensive metabolizer” (HomEM); “Heterozygous extensive
metabolizer” (HetEM) are carriers of one wild-type and one mutation-type allele.
Finally “poor metabolizer” (PM) patients have two “loss of function” variant alleles[36].
The pharmacokinetics properties of PPIs have significant difference between PM and
HomEM. Indeed, in PM patients, a tendency towards a better eradication rate was
found when treatment contained ﬁrst-generation PPIs, whereas EM patients obtained
higher eradication rates with therapy regimens based on new-generation PPIs[37].
Possible explanations may be that the CYP2C19 has no significant effect on the
rabeprazole-based or esomeprazole-based triple therapies. Indeed, rabeprazole is
metabolized through a non-enzymatic pathway, with scanty involvement of
CYP2C19[38] and esomeprazole has only a minimal first pass metabolism characterized
by poor hydroxylation via CYP2C19[39].
A meta-analysis by Padol et al[40] showed a significant difference between HetEM
and HomEMs (OR = 1.90, 95%CI: 1.38-2.60, P < 0.0001) in favor of HetEM. A higher H.
pylori eradication rates, in dual and triple omeprazole therapies, was recorded in PM
over both HomEM (OR = 4.03, 95%CI: 1.97-8.28, P = 0.0001), and HetEM (OR = 2.24,
95%CI: 1.09-4.61, P = 0.03). Dual and triple rabeprazole and triple lansoprazole
therapies were not significantly different between PM and HomEM (OR = 1.04,
95%CI: 0.44-2.46, P = 0.25)[40]. An additional meta-analysis of sixteen randomized
clinical trials by Tang et al[41]. investigated the differences in eradication rate between
HomEMs, HetEMs and PMs and confirmed the trend of a better eradication rate for
PMs over HomEMs and HetEMs. The sub-analysis of individual PPIs showed a
significant low eradication rate in both HomEMs versus HetEMs and HomEMs vs
PMs with either omeprazole (OR 0.329; 95%CI: 0.195-0.553 and OR 0.232; 95%CI:
0.105-0.515, respectively) or lansoprazole (OR 0.692; 95%CI: 0.485-0.988 and OR 0.441;
95%CI: 0.252-0.771, respectively), while no significant difference was seen between
HetEMs and PMs[41].
Additionally, some novel formulations of PPIs, such as modified releasedexlansoprazole, and instant release-omeprazole or tenatoprazole, which may
increase the control of intragastric pH especially at night, are under investigation.
However, they have not been tested yet for H. pylori despite they represent an
excellent starting point for future investigations[42].

NOVEL DRUGS: A FOCUS ON VONOPRAZAN
Vonoprazan (VPZ) is a molecule that has been recently introduced in Japan for the
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treatment of acid-related diseases, and it is currently available only in Japanese
market [43] . VPZ is a competitive inhibitor of H+/K+-ATPase present on luminal
membrane of gastric parietal cells. The binding power is much more powerful than
conventional PPIs, i.e., its biological activity is 300 times greater than lansoprazole[44,45].
VPZ has two further pharmacological benefits over other PPIs: It does not require
pharmacological activation by gastric acid to inhibit acid secretion, and has a longer
half-life, due to its slow dissociation kinetics from proton pump [46] . Another
peculiarity consists in the rapid onset of the effect: While PPIs usually require more
than 75-100 h to achieve the maximal gastric acid inhibitory effect[47,48], VPZ induces a
fast, powerful and long-lasting gastric acid inhibition[49]. Therefore, in conclusion, VPZ
seems to be better than conventional PPIs for five reasons: (1) It is more potent in acid
secretion blockade; (2) It has a fast onset of action; (3) It is less prone to metabolization
variables due to cytochrome polymorphisms; (4) Greater safety; and (5) Better
tolerability[50].
VPZ is given at a dose of 20 mg bid in eradication regimens. A meta-analysis of ten
studies[51], enrolling 10644 patients overall, demonstrated that triple therapy with VPZ
in first line eradicated H. pylori in the 87.9%, while the eradication rate with traditional
PPIs was 72.8% (risk ratio = 1.19, P < 0.001). Most of such studies were retrospective[52], however even randomized controlled trials, which are summarized in
Table 2 [53-55] , confirmed that VPZ was better than conventional PPIs for H. pylori
treatment in any case. However, the most interesting result comes from studies
performed on clarithromycin resistant strains. A meta-analysis of 5 studies[56] showed
that the eradication rate in clarithromycin susceptible patients did not differ from that
of other PPIs (95.4% vs 92.8%), while VPZ was clearly superior in clarithromycin
resistant strains (82% vs 40%, P < 0.001). Authors explained this finding with the
following reasons: (1) VPZ prevents nocturnal acid breakthrough, which is linked to
therapy failure; and (2) VPZ is not influenced by CYP2C19 polymorphisms. Finally, it
seems that the effectiveness of this drug could be explained by its best suppression of
acid secretion. Nevertheless, these enthusiastic results require to be confirmed by
forthcoming studies outside Japan[50].

CONCLUSION
Evidence in literature clearly shows that a strong inhibition of gastric acid secretion is
crucial for H. pylori eradication. Therefore, several tricks have to be used to optimize
eradication rate of different regimens. The administration of the highest dose as
possible seems to be able to improve therapeutic outcome even if specific trials are
necessary. Pre-treatment does not seem to be effective, therefore it is discouraged.
However, the choice of PPI molecule could have a certain weight, since secondgeneration substances are likely more effective because their metabolism is less
dependent on CYP2C19 genetic variables. VPZ has shown the highest efficacy, but
current data come from Eastern Asia, therefore its strong power needs to be
confirmed outside this geographic area in Western countries. In the era of antibiotic
resistance, the strategies to improve eradication rate are decreasing[57]. Until novel
antibiotics will be discovered, a wise choice of antibiotic combination, may be guided
by a tailored approach based on the knowledge of antibiotic susceptibility (preferably
with non-invasive modality)[58-61]. Nevertheless, approaches which bypass the problem
of antibiotic resistance, such as PPI optimization, vaccine, probiotics or phytochemistry, could be an useful ace up your sleeve[62-64]. In particular, the creation of
novel and more effective and powerful PPIs could be an additional weapon against H.
pylori. Finally, the marketing of VPZ in Western countries is expected to confirm its
stunning results in the far East countries.
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Table 2 Randomized controlled trials comparing vonoprazan vs proton pump inhibitors for Helicobacter pylori eradication regimens
Protocol in vonoprazan
group

Study
Murakami et al[53], 2016

Protocol in PPI group

Eradication rate in
vonoprazan group

Vonoprazan 20 mg bid

LAN 30 mg AMO 750 mg bid 299/329 (90.9%)

AMO 750 mg bid

CLA 400 mg bid

Eradication rate in PPI
group
241/321 (75.1%)

CLA 400 mg bid
Maruyama et al[54], 2017

Sue et al[55], 2018

Vonoprazan 20 mg bid

LAN 30 mg or RAB 20 mg
bid

AMO 750 mg bid

AMO 750 mg bid

CLA 400 mg bid

CLA 400 mg bid

Vonoprazan 20 mg bid

LAN 30 mg or RAB 10 mg or
ESO 20 mg bid

AMO 750 mg bid

AMO 750 mg bid

CLA 400 mg bid

CLA 400 mg bid

69/72 (95.8%)

48/69 (69.6%)

48/55 (87.3%)

39/51 (76.5%)

All percentages are expressed as intention to treat. AMO: Amoxicillin; CLA: Clarithromycin; ESO: Esomeprazole; LAN: Lansoprazole; RAB: Rabeprazole;
PPI: Proton pump inhibitors.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) has become a major cause of chronic
liver disease. The Chinese herbal medicine (CHM) Dachaihu decoction (DCHD)
has been proved to treat NAFLD with good efficacy in previous studies. Based on
the TCM principle of formula formation, we divided DCHD into soothing liver
part, invigorating spleen part, and dredging intestine part. Marshall officially
proposed the concept of “intestinal-hepatic axis”, which systematically explains
the interactions between the intestine and liver. We hypothesized that the effect
of CHM on NAFLD is achieved by regulating the liver and intestine. Thus, we
aimed to investigate the possible effect of a CHM formula on NAFLD in a rat
model.
AIM
To investigate the effects of a CHM formula (a decoction of Chinese thorowax
root, scutellaria root, and white peony root) on NAFLD and its regulatory effect
on the “intestinal-liver” axis.
METHODS
Sixty rats were randomly divided into control, model, pioglitazone hydrochloride
(PH), and CHM (a decoction of Chinese thorowax root, scutellaria root, and white
peony root) groups. An NAFLD rat model was established using a high-fat highfructose diet for 16 wk. From the 13th week, rats were administered with PH or a
decoction of Chinese thorowax, scutellaria, and white peony root (CHM group)
for 4 wk. Rats in the control group and model group were administered with an
equal volume of distilled water. At the end of the study, blood was collected via
the abdominal aorta. Liver tissues were harvested and any morphological
changes were observed by hematoxylin-eosin (HE) staining, Oil red O staining,
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and Masson staining. In addition, blood lipids, liver function markers, and
triglyceride (TG) in liver tissues were analyzed. The levels of transforming
growth factor-β1 (TGF-β1), tumor necrosis factor-α (TNF-α), Toll-like receptor-4
(TLR4), and nuclear factor-kappa B (NF-кB) in liver tissues and secreted
immunoglobulin A (sIgA) in intestinal tissues were analyzed by ELISA, and
protein and mRNA expression of occludin and zonula occludens-1 (ZO-1) in the
intestine were measured using Western blot and reverse transcriptionquantitative polymerase chain reaction, respectively. The endotoxin level in
plasma was detected by endpoint chromogenic assay.
RESULTS
Compared to the normal control group, the liver coefficient, serum TG, total
cholesterol (TC), low density lipoprotein (LDL), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT), blood glucose, plasma endotoxin,
and the levels of TG, TNF-α, TGF-β, NF-kB, and TLR4 in liver tissues increased
significantly in the model group, while serum high density lipoprotein (HDL),
intestinal sIgA, and protein and mRNA expression of occludin and ZO-1
decreased significantly in the model group (P < 0.01). PH and CHM attenuated
the elevated liver coefficient, serum TG, TC, LDL, AST, and ALT, blood glucose,
plasma endotoxin, and the levels of TG, TNF-α, TGF-β, NF-kB, and TLR4 in liver
tissues and increased serum HDL levels compared to the model group (P < 0.01).
Intestinal sIgA and the protein and mRNA expression of intestinal occludin and
ZO-1 were significantly increased in the PH group compared to the model and
CHM groups (P < 0.01).
CONCLUSION
The decoction of Chinese thorowax root, scutellaria root, and white peony root is
beneficial in regulating lipid metabolism and liver function, which indicates that
it has a good effect on the liver. To a certain extent, this CHM formula can affect
both the liver and intestine, while its effect on the liver is superior to that on the
intestine.
Key words: Non-alcoholic fatty liver disease; Chinese herbal medicine; Liver function;
Intestinal-hepatic axis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Based on the previous study about the “intestinal-hepatic axis”, we
hypothesized that the effect of Chinese herbal medicine (CHM) on non-alcoholic fatty
liver disease is achieved by regulating the liver and intestine. In this study, we found that
a CHM formula (a decoction of thorowax root, scutellaria root, and white peony root)
had a good effect in regulating lipid metabolism and liver function, which suggested its
ability to regulate the liver. To a certain extent, it also had a regulatory effect on the
intestinal mucosal barrier. Our study demonstrated that the CHM formula can affect both
the liver and intestine, while its effect on the liver is superior to that on the intestine.
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DOI: https://dx.doi.org/10.3748/wjg.v25.i34.5105

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the manifestations of fatty liver
and occurs when fat is deposited (steatosis) in the liver due to causes other than
excessive alcohol use[1]. The incidence of NAFLD has increased over the years with a
prevalence of 25%-30% in the general population. This makes it one of the most major
causes of chronic liver disease and affects both adults and children. NAFLD is more
common in patients with severe diabetes and obesity and has gained more attention
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worldwide [2,3] . Hepatic morphology and functionality in NAFLD patients are
adversely affected. These adverse effects are categorized into four different stages,
starting from simple steatosis (liver fat deposition and mild inflammation),
development of non-alcoholic steatohepatitis (NASH) that includes steatosis plus
inflammation and hepatocyte “ballooning”, the appearance of fibrosis and, in some
cases, leading to late stage hepatocellular carcinoma (HCC). Although the exact
mechanisms leading to NAFLD are not fully deciphered, insulin resistance, hormones
secreted from adipose tissues, nutritional factors, gut microbiota, and
genetic/epigenetic factors have been suggested to play a major role[4]. Approximately
90% of patients with NAFLD show a close association with one or more of the
following risk factors: Hypertension, dyslipidemia, elevated triglyceride (TG) levels,
obesity, insulin resistance, metabolic syndrome, type 2 diabetes mellitus, and
cardiovascular disease [1] . There are currently no effective treatment options for
NAFLD, with the exemption of lifestyle changes[5].
The pathogenesis of NAFLD remains unclear; however, the “two-hit” hypothesis is
the most widely accepted theory, which states that fat deposition in the liver
represents the “first hit”, and increased levels of oxidative stress, insulin resistance,
and inflammatory cytokines induced by fat deposition represents the “second hit”[6].
In addition, the “multi-hit” theory has been proposed, which states that several
extrahepatic factors, such as adipose tissue and the intestinal tract participate in
accelerating the occurrence of liver inflammation and the development of NAFLD[7].
In 1998, Marshall officially proposed the concept of “intestinal-hepatic axis”, which
systematically explains the interactions between the intestine and liver and how they
interact and regulate substances, cells, and cytokines and each other.
Chinese herbal medicine (CHM) has been traditionally used in China and other
Asian countries for thousands of years. A specific and basic feature of Chinese
medicine is the use of formulas containing several herbs (herbal cocktail) to
ameliorate abnormal symptoms associated with a particular disease[8]. Dachaihu
decoction (DCHD), a classical formula from the Treatise on Febrile Disease, is one of the
well-known traditional Chinese medicines and consists of: Chinese thorowax root
(Bupleurum chinensis DC.), scutellaria root (Scutellaria baicalensis Georgi), white peony
root (Paeonia tacti lora Pall), prepared pinellia tuber (Pinellia ternate), fresh ginger
(Zingiber officinale Roscoe), Chinese date (Ziziphus jujube MILL.), rhubarb root and
rhizome (Rheum palmatum L.), and immature bitter orange (Citrus aurantium L.)[9].
Previous studies have demonstrated these TCM formulas had good efficacy in
treating NAFLD[10,11]. Based on the TCM principle of formula formation, we divided
DCHD into three parts; part 1 is “soothing liver” (Chinese thorowax root, scutellaria
root, and white peony root), which has a good effect in regulating the liver; part 2 is
“invigorating spleen” (prepared pinellia tuber, fresh ginger, and Chinese date), which
has a good effect in regulating the spleen, and part 3 is “dredging intestine” (rhubarb
root and rhizome and immature bitter orange), which has an effect in dredging the
turbidity and stool.
The aim of the present study was to investigate the therapeutic effects of the
soothing liver herbs of DCHD on NAFLD in a rat model. We hypothesized that the
effect of CHM on NAFLD may be achieved by regulating the intestinal-hepatic axis.
Whether the regulatory effect is mainly on the liver or the intestine needs
experimental observation. To test our hypothesis, we measured the liver weight/body
weight ratio, liver histopathology, serum liver enzymes, cholesterol lipoproteins,
cytokines, and gene and protein expression in the intestine in a rate model of NAFLD.

MATERIALS AND METHODS
Experimental animals
A total of 60 male Sprague-Dawley (SD) rats weighing 180 ± 20 g were purchased
from SPF (Beijing) Biotechnology [License No: SCXK (2016-0002; Beijing, China]. Rats
were housed at a constant temperature of 23 °C ± 1 °C, a constant humidity of 45p.100
± 5p.100, with 12 h light/dark cycles. Water and laboratory rodent chow were
provided ad libitum. This study was approved by the Medical and Experimental
Animal Ethics Committee of Beijing University of Chinese Medicine (BUCM-12017051030-2030).

Drug and decoction preparation
Pioglitazone hydrochloride (PH) tablets were used as the positive control and was
purchased from Jingdong Pharmacy (Huadong Medicine, product lot number:
170102). Based on a previous study[12], pioglitazone was administered at a dosage of 10
mg/kg per day. Tablets were ground into a powder and dissolved in distilled water.
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The prepared suspension was refrigerated and dispensed when required.
TCM herbs bupleurum, scutellaria roots, and white peony roots were purchased
from Beijing Tong Ren Tang Pharmacy (Beijing, China). Their dosages were as
follows: Chinese thorowax root (Bupleurum chinense DC = 15 g), scutellaria root
(Scutellaria baicalensis georgi = 9 g), and white peony root (Paeonia lactiflora PALL = 9 g).
Based on body surface area and human-rat dose conversion, the dosage of the crude
drugs for rats was set at 8.64 g/kg[13].
Initially the ingredients were placed in an earthenware pot and distilled water was
added until all the ingredients were covered. The ingredients were soaked for 30 min
and then the solution was boiled and simmered. The decoction was filtered, and more
water was added to the remaining ingredients and then boiled again as described
previously. The two decoctions were mixed and the final concentration of the herbal
medicinal extracts was 1 g/mL. The decoction was stored in a refrigerator until used.

Experimental design
Sixty SD rats were randomly and equally divided into four groups: Control, model,
PH, and CHM groups. The control group was fed a standard diet (n = 15), while the
other three groups (model group, PH group, and CHM group) were fed a high-fat
high-fructose diet containing 52.5% basic food, 2% cholesterol, 10% lard, 5% egg yolk
powder, 0.5% sodium cholate, and 30% sucrose. The calories percent of the fat in the
diet was 11.6%, and the calories percent of carbohydrates in the diet was 65.4%. The
rats were housed in a temperature-controlled environment with 50% humidity and
fed for 12 wk. From the 13 th week, rats in the PH group were administered
intragastrically with PH at a dose of 10 mg/kg/d (n = 8) for 4 wk and fed the high-fat
high-fructose diet. Rats in the CHM group were administered intragastrically with
thorowax root, scutellaria root, and white peony root decoction for 4 wk and fed the
high-fat high-fructose diet. The normal group and model group were provided with
an equal volume of distilled water and fed the standard diet and high-fat highfructose diet, respectively.

Sample collection
After 16 wk of feeding, all rats were fasted for 12 h and eight of them from each group
were randomly selected for blood and liver tissue collection. Blood samples from the
tail tip were obtained for blood sugar detection. At the end of the study, the animals
were anesthetized and abdominal blood samples from all rats were collected for
serum biochemical assays. Liver tissues from the same region for all rats were fixed in
4% paraformaldehyde, paraffin-embedded, and sectioned. The remaining liver
sections were stored at -80°C until needed for other assays.

Calculation of liver coefficient
At the end of the experiment, body weight and liver weight of all rats for the four
groups were measured and recorded. Liver coefficients were calculated as absolute
liver weight (g)/body weight of rat on sacrifice day (g) × 100%.

Histopathological analysis by hematoxylin and eosin (HE) staining
Liver tissues were fixed in 4% paraformaldehyde and then embedded in paraffin and
sliced into 5 μm thick sections. The sections were then stained with HE for
morphological examination using a light microscope (BX-53; Olympus) at 200×
magnification.

Oil red O (ORO) staining
Frozen hepatic tissues were cut at 6 μm and mounted on slides, air-dried, and then
fixed in ice-cold 10% formaldehyde solution for 10 min. Slides were rinsed
immediately in distilled water for several seconds and then placed in isopropanol
solution for 20-30 s. Slides were then stained in ORO solution for 15-20 min, and then
rinsed in distilled water prior to staining with hematoxylin for 40 s. After washing
thoroughly in running tap water for 5 min, the slides were placed in distilled water
and then mounted with glycerin jelly. The HE- and ORO-stained slides were
visualized using a light microscope to visualize the architecture of the liver and
hepatic lipid droplets. Image processing software pro plus 6.0 (Media Cybernetics,
Maryland, United States) was used for data quantification. Liver lipid droplet
vacuolar area ratio was calculated as lipid droplet area/total area of the picture ×
100%.

Masson’s trichrome staining
Liver tissues were fixed in 4% paraformaldehyde, embedded in paraffin, and then
sectioned. Slides were then hydrated through a series of graded alcohols (100, 95, 90,
80, and 70%) for 5 min each. The slides were then stained with Masson’s trichrome
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dye.

Assays for serum biochemical markers
Abdominal aortic blood was collected and serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total cholesterol (TC), TG, high density lipoproteincholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) levels were
measured using an automatic biochemical detector from Beckman Coulter Inc.
(California, United States).

Measurements of cytokines and protein expression in liver tissue and secreted
immunoglobulin A (sIgA) in intestine tissue
A 100 mg liver tissue piece and intestine tissue piece from the same portion were
placed into a 1.5 mL tube, 1 mL of 0.9% saline was added, and the piece was cut into
smaller pieces. After grinding, the supernatant was absorbed after centrifugation for
15 min (4 °C, 1500 rpm). Enzyme-linked immunosorbent assay (ELISA) kits were used
to test the levels of each protein according to the instructions provided. The levels of
tumor necrosis factor (TNF-α) and transforming growth factor (TGF-β1) in liver
tissues and sIgA in intestinal tissues were measured using ELISA kits (NeoBioscience,
Shenzhen, China). The levels of nuclear factor-kappa B (NF-кB) and Toll-like receptor
(TLR4) in liver tissues were measured using a commercial kit (USCN Life Science,
Wuhan, China). The TG level in liver tissue was measured using an automatic
biochemical detector from Beckman Coulter Inc. (California, United States).

Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted using TRIZOL reagent according to the manufacturer’s
instructions. The concentration and purity of the RNA samples were measured.
cDNA was synthesized for RT-PCR amplification according to the instructions in the
First Strand cDNA Synthesis Kit (Invitrogen). The sequences of the primers used for
the RT-PCR assay are shown in Table 1. The reverse transcription conditions were as
follows: 37 °C for 15 min, followed by 5 s at 85 °C for RT inactivation. qPCR was
performed using the following conditions: 30s at 95 °C for denaturation; 5 s at 95 °C
for annealing, and 40 s at 60 °C for extension.

Western blot analysis
Frozen intestine tissues were homogenized in ice-cold PIPA lysis buffer and then
centrifuged at 12000 rpm for 15 min. The supernatants were collected and used for
Western blot analysis. Total protein concentration was determined using the BCA
protein assay kit [Beijing Pulilai Gene Technology Co., Ltd. (Beijing, China)]. Equal
amounts of protein samples were resolved by 12% SDS-PAGE and transferred to
polyvinylidene difluoride (PVDV) membranes (Millipore, United States). The
membranes were blocked at room temperature with 5% dried skimmed milk for 1 h
and then incubated at 4 °C overnight with different primary antibodies: ZO-1
(Proteintech), occludin (Abcam), and β-actin (Proteintech). Afterwards, the
membranes were washed and incubated for 1 h with secondary antibodies at room
temperature. Protein bands were visualized using a LAS-4000MINI Biomolecular
imager (BIO-RAD, United States). Protein amounts were quantified using Quantity
One (BIO-RAD, United States).

Plasma endotoxin level measurement
Blood was collected from the abdominal aorta and centrifuged at 2500 rpm at 4 °C for
5 min. The supernatant was transferred to a non-pyrogenic centrifuge tube. The
endotoxin level in plasma was detected with an endpoint chromogenic assay from
Chinese Horseshoe Crab Reagent Manufactory Co., Ltd. (Xiamen, China).

Statistical analysis
All data are expressed as the mean ± SD. SPSS17.0 software package (IBM, Armonk,
NY, United States) was used for statistical analyses. Homogeneity of variance test was
performed. Then, the data were analyzed using a one-way ANOVA test or Welch test
and a post hoc test. P < 0.05 was considered statistically significant.

RESULTS
Effect of CHM on liver coefficient
After feeding a high-fat high-fructose diet for 16 wk, the liver coefficient increased
significantly in the model group compared to the control group (P < 0.01). Compared
to the model group, the liver coefficient was significantly reduced in the PH and
CHM groups (P < 0.01). The liver coefficient in the PH group was lower compared to
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Table 1 Primers used for RT-qPCR
Gene

Forward

Reverse

ZO-1

5’- CTGATGGTGTTCTGCCAAATTC – 3’

5' - GTCGCAAACCCACACTATCT - 3'

Occludin

5’- CCATCTGACTATGCGGAAAGAG – 3’

5' - TACCAGAGGCGGTGACTTAT - 3'

β-actin

5’ - ACCGTGAAAAGATGACCCAGAT – 3’

5' - CCAGAGGCATACAGGGACAA - 3'

ZO-1: Zonula occludens-1.

that of the CHM group (P < 0.01) (Table 2).

Changes in liver histopathology
HE-stained sections are shown in Figure 1. Liver sections from the normal control
group had intact and clear hepatic lobule structures, the boundary of the portal area
was clear, normal hepatocytes were radially distributed around the central vein, and
the hepatic sinus was clearly visible. Liver sections from the model group had
hepatocyte swelling, ballooning degeneration, different sizes of lipid droplets, and
hepatic cord changes. Liver sections from the PH group had mild steatosis, small lipid
droplets that were visible in some cells, and disorderly arranged hepatic cords. The
liver sections from the CHM group had diffused hepatocyte steatosis with different
degrees of steatosis that were lower compared to that of the model group (Figure 1).

ORO staining
The liver tissues from control animals were histopathologically normal. Diffused and
granular lipid droplets were observed in the liver sections from the model group by
ORO staining. Compared to rats in the model group, rats in the PH and CHM group
had markedly reduced lipid droplet accumulation in their hepatocytes (Table 3 and
Figure 2).

Collagen fiber content
There was no increase in collagen tissue fibers in the model, PH, and CHM groups
when compared to the control group. Masson’s trichrome staining of liver sections
demonstrated the absence of liver fibrosis in NAFLD rats (Figure 3).

Effect of CHM on blood lipid levels
Compared to the normal control group, there was a significant increase in TC, TG,
and LDL levels and a significant decrease in HDL levels in the model group (P < 0.01).
However, compared to the model group, the TC, TG, and LDL levels were significantly decreased, while HDL levels were significantly increased in both the PH
and CHM groups (P < 0.01, P < 0.05) (Table 4).

Effect of CHM on TG level in liver tissue
Compared to the normal control group, there was a significant increase in TG level in
liver tissue in the model, PH, and CHM groups (P < 0.01). Compared to the model
group, the TG level in liver tissue was significantly decreased in both the PH and
CHM groups (P < 0.01) (Table 5).

Blood glucose levels
Compared to the normal control group, blood glucose levels in the model group
increased significantly (P < 0.01). However, compared to the model group, blood
glucose levels were significantly decreased in the PH and CHM groups (P < 0.01)
(Table 6).

Effect of CHM on serum AST and ALT levels
Compared to the normal control group, serum AST and ALT levels were significantly
increased in the model group (P < 0.01). However, compared to the model group,
serum AST and ALT levels were significantly decreased in the PH and CHM groups
(P < 0.01, P < 0.05) (Table 7).

Effect of CHM on liver tissue TNF-α, TGF-β1, NF-kB, and TLR4 levels
Compared to the normal control group, TNF-α, TGF-β1, NF-kB, and TLR4 levels were
significantly increased in the model group (P < 0.01). However, compared to the
model group, TNF-α, TGF-β1, NF-kB, and TLR4 levels were significantly decreased in
the PH and CHM groups (P < 0.01, P < 0.05) (Table 8).

Effect of CHM on intestinal sIgA levels
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Table 2 Liver coefficient (mean ± SD)
Group

n

Liver weight (g)

Body weight (g)

Liver coefficient (%)

Control

8

11.56 ± 2.42

540.43 ± 90.11

2.13 ± 0.11

Model

8

15.35 ± 2.08

451.09 ± 43.89

3.41 ± 0.43b

PH

8

10.81 ± 1.00

456.48 ± 42.41

2.37 ± 0.08d

CHM

8

13.21 ± 2.18

437.81 ± 47.93

3.01 ± 0.21bdf

a

P < 0.05,
P < 0.01 vs control group; cP < 0.05,
d
P < 0.01 vs model group; eP < 0.05,
f
P < 0.01 vs PH group. PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.
b

Compared to the control group, intestinal sIgA levels were significantly decreased in
the model group, PH group, and CHM group (P < 0.01, P < 0.05). However, compared
to the control group, intestinal sIgA levels were significantly increased in the PH
group (P < 0.01). Compared to the PH group, intestinal sIgA levels were significantly
decreased in the CHM group (P < 0.01) (Table 9).

Intestinal occludin and ZO-1 protein levels
Compared to the control group, occludin and ZO-1 protein expression was
significantly decreased in the model and CHM groups (P < 0.01). Compared to the
model group, occludin and ZO-1 protein expression was significantly increased in the
PH group (P < 0.01). Compared to the PH group, occludin and ZO-1 protein levels
were significantly decreased in the CHM group (P < 0.01) (Table 10 and Figure 4).

Intestinal occludin and ZO-1 mRNA levels
Compared to the control group, occluding and ZO-1 mRNA expression was
significantly decreased in the model and CHM groups (P < 0.01). Compared to the
model group, occludin and ZO-1 mRNA expression levels were significantly
increased in the PH group (P < 0.01). Compared to the PH group, occludin and ZO-1
mRNA expression levels were significantly decreased in the CHM group (P < 0.01, P
< 0.05) (Table 11).

Plasma endotoxin levels
Compared to the control group, plasma endotoxin level was significantly increased in
the model group (P < 0.01). Compared to the model group, plasma endotoxin levels
were significantly decreased in the PH and CHM groups (P < 0.01) (Table 12).

DISCUSSION
Epidemiological studies have demonstrated that liver disease remains a major health
concern worldwide. NAFLD and its subtype non-alcoholic steatohepatitis affect
approximately 35% of the worldwide population. Half of all NAFLD deaths are due
to cardiovascular disease and malignancy. Despite recent medical breakthroughs,
modern medicine still lacks an efficacious hepato-protective therapy with few side
effects [14] . Based on the characteristics of traditional Chinese medicine and good
efficacy of CHM, we aimed to investigate the regulatory effect of a CHM formula
(Chinese thorowax root, scutellaria root, and white peony root) on NAFLD.
Previous studies have found that saikosaponin contained in Chinese thorowax root
is effective in reducing experimental liver damage, reducing transaminase levels, and
lowering cholesterol, TG, and phospholipid levels. Scutellaria root contains baicalein,
flavonoid II, and baicalin. Experimental studies have demonstrated that oral
flavonoid II could significantly reduce serum cholesterol levels in experimental
hyperlipidemic rats fed a high fat diet. In addition, baicalein and baicalin are effective
in reducing TG levels. White peony has also been demonstrated to have a protective
role on the liver and detoxification functions.
Dyslipidemia is one of the hallmarks of metabolic syndrome and has been shown to
be strongly associated with NAFLD. Dyslipidemia associated with NAFLD is
typically characterized by elevated levels of circulating TG and LDL-C, as well as
decreased HDL-C levels. In addition, previous studies have demonstrated that dietary
fructose significantly increases TG plasma levels within a relatively short period of
time in both rats and mice[15]. In the present study, compared to rats in the normal
group, the liver coefficient and levels of serum TG, TC, LDL, fasting blood glucose,
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Figure 1

Figure 1 Histopathological examination by hematoxylin-eosin staining (200×). A: Control group; B: Model
group; C: Pioglitazone hydrochloride group; D: Chinese herbal medicine group.

AST and ALT, and TG in liver tissue were significantly increased, while the levels of
HDL were markedly decreased in NAFLD model rats. Administration of the CHM
formula (Chinese thorowax root, scutellaria root, and white peony root) was able to
decrease the levels of serum TG, TC, LDL, fasting blood sugar, AST, ALT, and TG in
liver tissue while increasing serum HDL levels. Morphological changes in the liver
correlated with liver function. Hepatocyte swelling, balloon degeneration, lipid
droplet size, and hepatic cord disorders were observed in rats in the NAFLD model
group. Treatment with CHM decoction (Chinese thorowax root, scutellaria root, and
white peony root) reduced these histopathological changes in rats induced with a
high-fat high-fructose diet. These results suggested that the CHM decoction (Chinese
thorowax root, scutellaria root, and white peony root) is efficacious in protecting the
liver and lowering lipid levels. CHM may function by “soothing the liver and
gallbladder”.
Previous studies have shown that high-fat diet-induced NAFLD in rats had higher
levels of oxidative stress factors, lipid peroxidation products, and pro-inflammatory
cytokines [14] . TNF-α is a cell signaling protein that is involved in systemic inflammation and has been associated with insulin resistance. TNF-α is produced
predominantly by Kupffer cells (monocyte macrophage lineage) in the liver. Kupffer
cells produce several cytokines that modulate TNF-α levels[1,16]. Rats in the Chinese
herbal formula treatment group had significantly lower levels of TNF-α compared to
rats in the NAFLD model group. These results showed that the CHM decoction
(Chinese thorowax root, scutellaria root, and white peony root) is efficacious in
reducing TNF-α levels and inflammation in rats fed a high-fat-high-fructose diet.
TGF-β is a proinflammatory cytokine whose role in the kidney, liver, and lungs,
and in cardiac fibrosis is well documented[17]. During liver fibrosis, TGF-β1 levels are
markedly increased in stellate cells. TGF-β2 is primarily expressed in Kupffer cells,
followed by stellate and endothelial cells. A previous study using a murine
steatohepatitis model observed that severe necro-inflammation and fibrosis were
accompanied by an increase in TGF-β expression [18] . Results from our study
demonstrated that TGF-β was significantly increased in rats in the NAFLD model
group compared to the control group. Treatment with PH and CHM decoction
(Chinese thorowax root, scutellaria root, and white peony root) significantly
attenuated TGF-β levels.
In murine models of high-fat diet-induced steatosis, increased NF-kB activity has
been associated with elevated levels of hepatic inflammatory cytokines, including
TNF-α and activation of Kupffer cells. NF-kB modulates DNA transcription involved
in inflammatory processes, infection, and apoptotic processes. NF-kB dysfunction
may lead to inflammatory and autoimmune diseases. A number of studies have
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Figure 2

Figure 2 Histopathological examination by Oil red O staining (200×). A: Control group; B: Model group; C:
Pioglitazone hydrochloride group; D: Chinese herbal medicine group.

demonstrated that NF-kB activation contributes to the pathogenesis of
NAFLD/NASH and the development of HCC[8]. Results from our study showed that
NF-kB levels were significantly increased in rats in the NAFLD model group
compared to the control group, while the CHM decoction significantly reduced NF-kB
levels in rats in the NAFLD model group.
Lipopolysaccharide-binding protein (LBP) is an acute-phase protein that is derived
from the liver. LBP binds to the lipid A portion of lipopolysaccharide and interacts
with TLR-4 to induce the downstream signaling pathways of the innate immune
system, such as NF-kB and activator protein 1, the major transcription factors
involved in inflammation. Activation of the TLR-4 signaling pathway by lipopolysaccharide and LBP complex has been shown to lead to NAFLD progression in
animal models from simple fatty liver to steatohepatitis[19]. In this study, compared to
the normal group, TLR4 levels were increased significantly in the NAFLD model
group, while treatment with the Chinese herbal formula decreased TLR4 levels
compared to the model group.
The “intestinal-liver” axis is closely associated with the occurrence of NAFLD.
During NAFLD, the intestinal mucosal mechanical barrier is compromised, leading to
increased barrier permeability[20]. The important structures that make up the intestinal
mechanical barrier is the tight junctions around the apical side of the mucosal
epithelial cells and are mainly composed of occludin, claudin, junction adhesion
molecules (JAMs), and ZOs. The main function of the intestinal mucosal immune
barrier is to produce a local immune response after antigenic stimulation and protect
the body from damage by neutralizing the antigen. These involve the immune organs,
immune cells and secretion of sIgA induced by cytokines[21]. When the mechanical
barrier of the intestinal mucosa is severely damaged, the bacteria are translocated,
endotoxin is circulated into the liver through the portal system, and liver Kupffer cells
are activated, thereby releasing a series of inflammatory factors and leading to
hepatocyte inflammatory reaction and fibrosis[22]. In this study, we investigated the
effects of traditional Chinese medicine on liver tissue-associated inflammatory factors
and tight junction proteins on the intestinal mucosa and investigated whether the
CHM decoction could play a role in the treatment of NAFLD by regulating the
"intestinal-liver" axis. Our results demonstrated that compared to the control group,
intestinal sIgA levels were significantly decreased in the model, PH, and CHM
groups, while intestinal sIgA levels in the PH group were significantly higher
compared to the model and CHM groups. Compared with the control group, the gene
and protein expression of occludin and ZO-1 decreased significantly in the model
group and CHM group, while it was significantly higher in the PH group compared
to the model and CHM groups. Compared to the control group, plasma endotoxin
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Table 3 Hepatocyte lipid droplet cavity area ratio (mean ± SD)
Group

n

Area ratio (%)

Control

5

0.00 ± 0.00

Model

5

72.15 ± 1.72

PH

5

31.01 ± 7.53a

CHM

5

48.69 ± 5.85a

a

P < 0.05 vs model group. PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.

level was significantly increased in the model group, while it was significantly
decreased in the PH and CHM groups compared to the model group. Our results
indicated that the intestinal barrier and endotoxin affect the occurrence of NAFLD,
and there is a certain correlation between the intestine and liver. The CHM decoction
can affect both the liver and intestine, while the effect of the CHM decoction on the
liver is superior to that on the intestine.
In conclusion, the CHM decoction (thorowax root, scutellaria root, and white peony
root) has a good effect in regulating lipid metabolism and liver function, which
suggests its ability to affect the liver. To a certain extent, it also has a regulatory effect
on the intestinal mucosal barrier. Our study demonstrates that the mechanism of
“soothing the liver” by DCHD for the treatment of NAFLD is mainly through the
effect on the liver.
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Table 4 Effect of Chinese herbal medicine on blood lipid levels (mean ± SD, n = 8)
Group

TG (mmol/L)

TC (mmol/L)

LDL (mmol/L)

HDL (mmol/L)

Control

0.48 ± 0.20

1.67 ± 0.26

0.24 ± 0.08

0.95 ± 0.10

Model

0.83 ± 0.12b

3.05 ± 0.67b

1.38 ± 0.33b

0.54 ± 0.05b

d

d

PH

0.50 ± 0.08

1.69 ± 0.29

d

CHM

0.61 ± 0.05bc

bd

0.72 ± 0.05bdf

0.76 ± 0.28

d

0.53 ± 0.12

bd

2.04 ± 0.37

0.84 ± 0.16

b

P < 0.01 vs control group;
P < 0.05,
d
P < 0.01 vs model group;
f
P < 0.01 vs PH group. PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine; TC: Total cholesterol; TG: Triglyceride; HDL: High density
lipoprotein; LDL: Low density lipoprotein.
c

Table 5 Effect of Chinese herbal medicine on triglyceride levels in liver tissue (mean ± SD)
Group

n

TG (mmol/L)

Control

8

1.37 ± 0.67

Model

8

4.81 ± 0.72b

PH

8

3.41 ± 0.43bd

CHM

8

3.41 ± 0.66bd

b

P < 0.01 v control group;
P < 0.01 vs model group. TG: Triglyceride; PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.

d

Table 6 Effect of Chinese herbal medicine on blood glucose levels (mean ± SD)
Group

n

Blood sugar (mmol/L)

Control

8

4.09 ± 0.26

Model

8

4.90 ± 0.33b

PH

8

4.11 ± 0.20d

CHM

8

4.28 ± 0.21d

b

P < 0.01 vs control group;
P < 0.01 vs model group. PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.

d

Table 7 Effect of Chinese herbal medicine on serum liver function markers (mean ± SD)
Group

n

AST (U/L)

ALT (U/L)

Control

8

118.73 ± 13.71

39.91 ± 6.50

Model

8

238.13 ± 39.38b

59.28 ± 9.69b

d

PH

8

137.94 ± 5.83

48.84 ± 8.28ac

CHM

8

148.19 ± 20.59ad

49.36 ± 5.13ac

a

P < 0.05,
P < 0.01 vs control group;
c
P < 0.05,
d
P < 0.01 vs model group. PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase.
b

WJG

https://www.wjgnet.com

5115

September 14, 2019

Volume 25

Issue 34

Yang JM et al. Effect of a Chinese herbal medicine formula on NAFLD

Table 8 Effect of Chinese herbal medicine on liver tissue TNF-α, TGF-β1, NF-kB, and TLR4 levels (mean ± SD)
Group

n

TNF-α (ng/mg)

TGF-β1 (ng/mg)

NF-kB (ng/mg)

TLR4 (ng/mg)

Control

8

5.35 ± 0.80

2.21 ± 0.43

10.87 ± 2.45

21.32 ± 1.87

Model

8

7.22 ± 0.81b

3.01 ± 0.22b

15.85 ± 2.50b

30.28 ± 4.38b

8

d

d

12.15 ± 3.13

c

22.56 ± 3.02d

d

12.57 ± 3.30

23.88 ± 3.21d

PH
CHM

8

5.48 ± 0.38

2.24 ± 0.26

d

6.01 ± 0.97

2.29 ± 0.40

b

P < 0.01 vs control group;
P < 0.05,
d
P < 0.01 vs model group. TGF-β1: Transforming growth factor-β1; TNF-α: Tumor necrosis factor-α; TLR4: Toll-like receptor-4; NF-kB: Nuclear factorkappa B; PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.
c

Table 9 Intestinal sIgA levels (mean ± SD)
Group

n

sIgA (μg/mg)

Control

8

19.80 ± 2.25

Model

8

11.39 ± 1.81b

PH

8

17.06 ± 2.92ad

CHM

8

12.78 ± 2.36bf

a

P < 0.05,
P < 0.01 vs control group;
d
P < 0.01 vs model group; efP < 0.01 vs PH group. sIgA: Secreted immunoglobulin A; PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.
b

Table 10 Occludin and zonula occludens-1 protein levels (mean ± SD)
Group

n

Occludin

ZO-1

Control

7

1.12 ± 0.06

1.41 ± 0.03

Model

7

0.66 ± 0.07b

0.82 ± 0.09b

7

d

1.32 ± 0.04d

bf

0.84 ± 0.12bf

PH
CHM

1.04 ± 0.09

7

0.68 ± 0.05

b

P < 0.01 vs control group;
P < 0.01 vs model group;
P < 0.01 vs PH group. ZO-1: Zonula occludens-1; PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.

d
f

Table 11 Occludin and zonula occludens-1 mRNA expression levels (mean ± SD)
Group

n

Occludin mRNA

ZO-1 mRNA

Control

6

1.40 ± 0.19

1.31 ± 0.29

Model

6

0.60 ± 0.16b

0.60 ± 0.11b

PH

6

1.15 ± 0.24ad

1.15 ± 0.23d

6

bf

CHM

0.79 ± 0.31be

0.70 ± 0.13

a

P < 0.05,
P < 0.01 vs control group;
d
P < 0.01 vs model group;
e
P < 0.05,
f
P < 0.01 vs PH group. ZO-1: Zonula occludens-1; PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.
b
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Table 12 Levels of plasma endotoxin (mean ± SD)
Group

n

Endotoxin (%)

Control

8

0.028 ± 0.013

Model

8

0.160 ± 0.057b

PH

8

0.045 ± 0.012d

CHM

8

0.056 ± 0.018d

b

P < 0.01 vs control group;
P < 0.01 vs model group. PH: Pioglitazone hydrochloride; CHM: Chinese herbal medicine.

d

Figure 3

Figure 3 Masson’s trichrome staining of liver tissue sections (200×). A: Control group; B: Model group; C: Pioglitazone hydrochloride group; D: Chinese herbal
medicine group.
Figure 4

Figure 4 Occludin and Zonula occludens-1 protein expression in intestine determined by Western blot using β-actin as a reference protein.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) has become one of the most major causes of chronic
liver disease and affects both adults and children. There are currently no effective treatment
options for NAFLD, with the exemption of lifestyle changes. The Chinese herbal medicine
(CHM) Dachaihu decoction (DCHD) has been proved to treat NAFLD with good efficacy in
previous studies.

Research motivation
Based on the TCM principle of formula formation and good efficacy of CHM, we divided DCHD
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into soothing liver part, invigorating spleen part, and dredging intestine part. Marshall officially
proposed the concept of “intestinal-hepatic axis”, which systematically explains the interactions
between intestine and liver. We hypothesized that the effect of CHM on NAFLD is achieved by
regulating the liver and intestine.

Research objectives
We aimed to investigate the possible effect of a CHM formula on NAFLD in a rat model, which
will provide more evidence for the therapeutic effect of CHM on NAFLD in the future.

Research methods
Sixty rats were randomly divided into four groups: Control, model, PH, and CHM (Chinese
thorowax root, scutellaria root, and white peony root) groups. An NAFLD rat model was
established using a high-fat high-fructose diet for 16 wk. From the 13th week, rats in PH group
and CHM group were administered with PH solution and a decoction of Chinese thorowax,
scutellaria, and white peony root, respectively. Rats in the control group and model group were
administered with an equal volume of distilled water. At the end of the study, blood was
collected via the abdominal aorta. Liver tissues were harvested and any morphological changes
were observed by hematoxylin-eosin (HE) staining, Oil red O staining, and Masson staining. In
addition, blood lipids, liver function markers, and TG in liver tissues were analyzed. The levels
of transforming growth factor-β1 (TGF-β1), tumor necrosis factor-α (TNF-α), Toll-like receptor-4
(TLR4), and nuclear factor-kappa B (NF-кB) in liver tissues and sIgA in intestinal tissues were
analyzed by ELISA, and protein and mRNA expression of occludin and ZO-1 in the intestine
were measured using Western blot and reverse transcription-quantitative polymerase chain
reaction, respectively. The endotoxin level in plasma was detected by endpoint chromogenic
assay. SPSS17.0 software package (IBM, Armonk, NY, United States) was used for statistical
analysis.

Research results
Compared to the normal control group, the liver coefficient, serum TG, TC, LDL, AST, and ALT,
blood glucose, the levels of TG, TNF-α, TGF-β, NF-kB, and TLR4 in liver tissues, and plasma
endotoxin increased significantly in the model group, while serum HDL, intestinal sIgA, and
protein and mRNA expression of occludin and ZO-1 decreased significantly in the model group
(P < 0.01). PH and CHM attenuated the elevated liver coefficient, serum TG, TC, LDL, AST, and
ALT, blood glucose, the levels of TG, TNF-α, TGF-β, NF-kB, and TLR4 in liver tissues, and
plasma endotoxin, and increased serum HDL levels compared to the model group (P < 0.01).
Intestinal sIgA and the protein and mRNA expression of intestinal occludin and ZO-1 were
significantly increased in the PH group compared to the model and CHM groups (P < 0.01).

Research conclusions
In this study, the CHM decoction (Chinese thorowax root, scutellaria root, and white peony root)
is beneficial in regulating lipid metabolism and liver function, which indicates that they have a
good effect on the liver. To a certain extent, the CHM decoction can affect both the liver and
intestine, while the effect of the CHM decoction on the liver is superior to that on the intestine.

Research perspectives
This study demonstrated that the mechanism of the soothing liver part of DCHD for the
treatment of NAFLD was mainly via the regulation of the liver. The Chinese formula does have
its special formation principle. Different CHMs in the same formula are effective on different
syndromes. This study proposed formula division and tried to find the relationship between
Chinses herbs and internal organs (liver and intestine), which will provide more experimental
evidence for the therapeutic effect of CHM on NAFLD in the future. This study preliminary
applied the liver-intestine axis to explain the relationship between Chinese formula and NAFLD.
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Abstract
BACKGROUND
Allyl isothiocyanate (AITC), a classic anti-inflammatory and antitumorigenic
agent, was recently identified as a potential treatment for obesity and insulin
resistance. However, little is known about its direct impact on the liver.
AIM
To investigate the effect and underlying mechanism of AITC in nonalcoholic fatty
liver disease (commonly referred to as NAFLD).
METHODS
To establish a mouse and cellular model of NAFLD, C57BL/6 mice were fed a
high fat diet (HFD) for 8 wk, and AML-12 cells were treated with 200 μM
palmitate acid for 24 h. For AITC treatment, mice were administered AITC (100
mg/kg/d) orally and AML-12 cells were treated with AITC (20 μmol/L).
RESULTS
AITC significantly ameliorated HFD-induced weight gain, hepatic lipid
accumulation and inflammation in vivo. Furthermore, serum alanine
aminotransferase and aspartate aminotransferase levels were markedly reduced
in AITC-treated mice. Mechanistically, AITC significantly downregulated the
protein levels of sterol regulatory elementbinding protein 1 (SREBP1) and its
lipogenesis target genes and upregulated the levels of proteins involved in fatty
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acid β-oxidation, as well as the upstream mediators Sirtuin 1 (Sirt1) and AMPactivated protein kinase α (AMPKα), in the livers of HFD-fed mice. AITC also
attenuated the nuclear factor kappa B (NF-κB) signaling pathway. Consistently,
AITC relieved palmitate acid-induced lipid accumulation and inflammation in
AML-12 cells in vitro through the Sirt1/AMPK and NF-κB signaling pathways.
Importantly, further studies showed that the curative effect of AITC on lipid
accumulation was abolished by siRNA-mediated knockdown of either Sirt1 or
AMPKα in AML-12 cells.
CONCLUSION
AITC significantly ameliorates hepatic steatosis and inflammation by activating
the Sirt1/AMPK pathway and inhibiting the NF-κB pathway. Therefore, AITC is
a potential therapeutic agent for NAFLD.
Key words: Allyl isothiocyanate; Nonalcoholic fatty liver disease; Hepatic steatosis; Liver
inflammation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nonalcoholic fatty liver disease (NAFLD) is rapidly prevalent as a remarkable
problem worldwide. We aimed to investigate the therapeutic role of allyl isothiocyanate
(AITC) in lipid accumulation and inflammation during NAFLD development in mice fed
a high fat diet and AML-12 cells treated with palmitate acid. Our study for the first time
demonstrates that AITC ameliorates hepatic steatosis and inflammation by activating the
Sirt1/AMPK and IKK/NF-κB signaling pathway. This study reveals role for AITC as a
potential therapeutic agent for NAFLD.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is currently one of the most epidemic
chronic liver diseases worldwide and has become an enormous clinical and economic
burden. NAFLD affects approximately one-fourth of adults globally [1] . NAFLD
represents a wide spectrum of disease stages, ranging from simple steatosis to
nonalcoholic steatohepatitis (commonly known as NASH), which is characterized by
hepatocellular injury and inflammation and may eventually progress to cirrhosis and
hepatocellular carcinoma[2]. Furthermore, NAFLD is a strong risk factor for type 2
diabetes, atherosclerosis, cardiovascular disease and chronic kidney disease [3-5] .
However, its pathogenesis remains unclear, and current therapeutic options are
relatively limited. No treatments for NAFLD other than lifestyle modifications leading
to weight loss and increased physical activity are currently approved[6]. Therefore,
there is an urgent need to develop effective medical treatments for NAFLD.
Hepatic steatosis, characterized by excessive triglyceride (TG) accumulation in
hepatocytes, is strongly associated with chronic hepatic inflammation and insulin
resistance [7] . Furthermore, the IκB kinase (IKK)/nuclear factor kappa B (NF-κB)
signaling pathway plays a crucial role in the development of metabolic disorders,
including NAFLD, and especially in hepatic inflammation[8-10].
Sirtuin 1 (Sirt1) is a highly conserved nicotinamide adenine dinucleotide-dependent
protein deacetylase that regulates a wide variety of biological functions in mammals,
including lipid metabolism and energy homeostasis [11,12] . AMP-activated protein
kinase (AMPK) functions as an energy switch that controls several cellular processes,
such as lipid metabolism, by inhibiting hepatic lipogenesis and stimulating fatty acid
oxidation[13]. Previous studies revealed that Sirt1 is an important regulator of hepatic
lipogenesis and fatty acid oxidation through multiple nutrient sensors, including
sterol regulatory elementbinding protein 1 (SREBP1), peroxisome proliferator-
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activated receptor gamma coactivator1α (PGC1α) and peroxisome proliferatoractivated receptor α (PPARα)[14-16]. Furthermore, Sirt1 was shown to regulate AMPK
activation in NAFLD, resulting in enhanced lipolysis and β-oxidation, as well as
ameliorated hepatic steatosis[17-19].
Allyl isothiocyanate (AITC) is derived from its precursor sinigrin, which is present
in many common cruciferous vegetables and is widely consumed by humans [20] .
Myrosinase in the intestinal microflora catalyzes the hydrolysis of sinigrin to AITC in
both humans and animals[20,21]. Previous studies have shown that AITC exhibits antiinflammatory and anticancer activities [22-24] . Recently, AITC was identified as a
potential novel treatment for diet-induced obesity and insulin resistance through its
modulation of mitochondrial dysfunction[25]. Another study revealed that AITC can
augment basal and epinephrine-induced lipolysis in adipocytes and intensify
hydrolysis of TG in the blood serum of rats[26]. Moreover, a previous study showed
AITC effectively inhibits adipogenic differentiation of 3T3-L1 preadipocytes and
suppresses expression of genes up-regulated during adipogenesis[27]. However, little is
known about its direct impact on the liver or its underlying mechanism.
Herein, we conducted both in vivo and in vitro experiments to explore the effect of
AITC on NAFLD, focusing on its role in hepatic steatosis and inflammatory
responses, and to elucidate its mechanism of action.

MATERIALS AND METHODS
Animal experiments
All experiments were conducted with approval of the First Afﬁliated Hospital of
Zhejiang University Institutional Animal Care and Use Committee (Permit number:
2016-231). Six-week-old male C57BL/6 mice were purchased from B&K Laboratory
Animal Corp., Ltd. (Shanghai, China). After acclimatization for 2 wk with free access
to food and water, mice were fed a standard chow diet (SCD) or high fat diet (HFD)
(60% fat-derived calories, 20% carbohydrate-derived calories, and 20% proteinderived calories; D12492, Research Diets, New Brunswick, NJ, United States). In
general, mice were given SCD or HFD feeding for a total of 8 wk, and from the 5th wk,
SCD-fed mice began to receive corn oil (control) (n = 10), and HFD-fed mice were
randomly divided into two groups to receive 100 mg/kg/d AITC (99.7%; SigmaAldrich, St. Louis, MO, United States) (n = 10) or corn oil (n = 9) daily by gavage for
an additional 4 wk while remaining on SCD or HFD.

Cell culture and treatments
The established immortalized AML-12 mouse hepatocyte cell line was purchased
from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai,
China). AML-12 cells were cultured in DMEM/F12 (1:1) medium supplemented with
10% FBS, 100 U/mL penicillin, 100 µg/mL streptomycin, 0.1 µmol/L dexamethasone,
and 1% insulin-transferrin-selenium Liquid Media Supplement (I3146; SigmaAldrich). To establish a cellular model of NAFLD, palmitate acid (PA) (SigmaAldrich) was dissolved in bovine serum albumin (Sangon Biotech, Shanghai, China),
and then AML-12 cells were exposed to 200 μM PA for 24 h. To investigate the effect
of AITC on lipid deposition in vitro, PA-stimulated AML-12 cells in serum-free
conditions were treated with AITC (20 μmol/L) or dimethyl sulfoxide (commonly
known as DMSO) (vehicle) for 24 h.
AML-12 cells were transfected with Sirt1 small interfering RNA (siRNA) #1 (target
sequence 5’-GATGAAGTTGACCTCCTCA-3’), Sirt1 siRNA #2 (target sequence 5’CCGATGGACTCCTCACTAA-3’), Sirt1 siRNA #3 (target sequence 5’-GGTT
GTTAATGAAGCTATA-3’), AMPKα siRNA #1 (target sequence 5’-GCAGAAGA
TTCGGAGCCTT-3’), AMPKα siRNA #2 (target sequence 5’-GCACACCCTGGA
TGAATTA-3’), AMPKα siRNA #3 (target sequence 5’-GCAGAAGTTTGTAGAGCAA3’) or the corresponding scrambled control (RIBOBIO, Guangzhou, China) using
Lipofectamine RNAiMAX (Invitrogen, Shanghai, China) according to the
manufacturer’s protocol. After 48 h, the cells were incubated in medium containing
PA with or without AITC for an additional 24 h.

Hepatic and cellular TG assay
Hepatic and cellular TG contents were measured using a commercial kit (Applygen
Technologies Inc., Beijing, China) according to the manufacturer’s protocol.

Hematoxylin–eosin and oil red O staining
Mouse liver tissues were rapidly harvested, fixed in 10% formalin, embedded in
paraffin, sectioned and stained with hematoxylin and eosin (commonly known as
H&E) for histological examination. Frozen liver sections (8 μm) and cells in 6-well
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plates were stained with oil red O (Sigma-Aldrich) to assess lipid accumulation.

Metabolic measurements
Plasma alanine aminotransferase (ALT), aspartate aminotransferase (AST), total
cholesterol and uric acid levels were determined with a Hitachi 7600 autoanalyzer
(Hitachi, Tokyo, Japan) according to the manufacturer’s instructions.

Quantitative real-time PCR
Total mRNA was extracted from liver tissues or cultured cells using RNA plus
(Takara, Dalian, China) and reverse transcribed into cDNA using a PrimeScript® RT
reagent kit (Takara, Japan) according to the manufacturer’s protocol. Real-time PCR
was performed on an ABI Prism 7500 Sequence Detection System (Applied
Biosystems, Foster City, CA, United States) using SYBR Green (Takara) to quantify
PCR amplification. Relative mRNA expression levels of target genes were normalized
to β-actin or GAPDH mRNA levels for each sample.

Western blot analysis
Liver tissue samples and cells were lysed using RIPA buffer (Applygen Technologies
Inc.) supplemented with protease and phosphatase inhibitors (Sigma). Equal amounts
of extracted proteins were separated by SDS-PAGE and transferred to PVDF
membranes (Millipore, Inc., Darmstadt, Germany). Membranes were blocked with 5%
nonfat milk in TBST and then incubated overnight at 4°C with the following primary
antibodies: Anti-Sirt1 (8469), anti-AMPKα (2603), anti-phosphorylated (p) AMPKα (pAMPKα; 2535), anti-NF-κB p65 (6956), anti-p-NF-κB p65 (3033), anti-p-IKK (2697),
anti-IKKα (2682), anti-IKKβ (8943), anti-p- inhibitor of nuclear factor kappa B alpha
(IκBα) (2859), anti-IκBα (4812), anti-glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (2118), and β-actin (3700) (Cell Signaling Technology); and anti-PGC1α
(ab54481), anti-PPARα (ab8934), anti-carnitine palmitoyltransferase 1 α (CPT1α)
(ab128568), anti-SREBP1 (ab3259), anti-fatty acid synthase (FAS) (ab128856), antistearoyl coenzyme A desaturase 1 (SCD1) (ab19862), and anti-tubulin (ab6160)
(Abcam, Cambridge, United Kingdom). Proteins levels were evaluated using an
enhanced ECL kit (Lianke, Hangzhou, China).

Statistical analysis
The statistical methods of this study were reviewed by Hong Zhang from the
Department of Statistics and Finance, School of Management, University of Science
and Technology of China. All statistical analyses were performed with SPSS 22 (IBM,
Chicago, IL, United States). Data are presented as the average ± S.D. Statistical
analysis was carried out using Student’s two-tailed t-test and one-way ANOVA with
Tukey’s post-test. P-values less than 0.05 indicated statistical signiﬁcance.

RESULTS
AITC reduces body weight, ameliorates hepatic steatosis and attenuates liver injury
in an HFD mouse model
Supplementary Figure 1 shows the chemical structure of AITC. To explore the effect
of AITC on NAFLD, an HFD model, which is quite similar to but does not completely
mirror human NAFLD, was adopted. HFD-fed mice exhibited higher body weight
(Figure 1A and B) and liver weight (Figure 1D), more serious lipid accumulation
(Figure 1C), much higher TG (Figure 1E), ALT (Figure 1F), AST (Figure 1G),
cholesterol (Figure 1H) and uric acid (Figure 1I) levels compared to SCD-fed mice,
showing characteristics of NAFLD in vivo. The mice exhibited a significant decrease in
body weight upon 100 mg/kg/d AITC administration (Figure 1A and B) and a slight
but nonsignificant decrease in liver weight (Figure 1D). Notably, hepatic steatosis was
improved after AITC treatment, as demonstrated by decreased hepatic TG levels
(Figure 1E) and reduced lipid accumulation (H&E and oil red O staining; Figure 1C).
As shown in Figure 1F-I, AITC attenuated HFD-induced liver injury, as evidenced by
markedly decreased serum ALT and AST levels. These findings demonstrate that
AITC ameliorates body weight, hepatic steatosis and liver injury in HFD-fed mice.

AITC attenuates de novo lipogenesis and promotes fatty acid β-oxidation by
activating the Sirt1/AMPK pathway in vivo
To investigate the mechanisms by which AITC ameliorates hepatic steatosis, the
expression levels of hepatic lipid metabolism-related genes were measured. SREBP1 is
the central transcription factor that enhances the expression of genes required for
hepatic fatty acid synthesis and TG synthesis[28]. As a result, AITC treatment in vivo
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Figure 1

Figure 1 Allyl isothiocyanate reduces body weight, ameliorates hepatic steatosis and attenuates liver injury in high fat diet-fed mice. A: Body weight
evaluated weekly; B: Body weight at week 8; C: Representative liver sections stained with hematoxylin and eosin (H&E) (left panel) or oil red O (middle panel) and
macroscopic pictures of livers (right panel). D: Liver weight; E: Intrahepatic triglyceride (TG) content. Liver function was evaluated by detecting serum levels of alanine
aminotransferase (ALT) (F), aspartate aminotransferase (AST) (G), total cholesterol (H) and uric acid (I). Scale bar in panel represents 100 μm. Data are presented as
the mean ± S.D. aP < 0.05, bP < 0.01 vs HFD(-) AITC(-), dP < 0.01 vs HFD(+) AITC(-). HFD: High fat diet; AITC: Allyl isothiocyanate; TG: Triglyceride; H&E:
Hematoxylin and eosin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
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significantly downregulated SREBP1 protein levels and its target genes, including
SCD1 and FAS (Figure 2A). In contrast, AITC increased the expression levels of
proteins involved in fatty acid β-oxidation, such as PGC1α, PPARα and CPT1α, in the
livers of HFD-fed mice (Figure 2A).
Previous studies revealed that Sirt1 activation attenuates hepatic steatosis in mice
with diet- or genetics-induced obesity by regulating hepatic lipogenesis and fatty acid
oxidation[16,29,30]. To investigate whether Sirt1/AMPK are involved in the amelioration
of the HFD-induced dysregulation of hepatic lipid homeostasis by AITC, we
evaluated Sirt1 and p-AMPKα expression levels in vivo. As shown in Figure 2B, AITC
treatment markedly elevated hepatic protein levels of Sirt1 and p-AMPKα.
Collectively, these results suggest that AITC attenuates de novo lipogenesis and
promotes fatty acid β-oxidation by activating the Sirt1/AMPK signaling pathway in
vivo in the liver tissues of HFD-fed mice.

AITC decreases HFD-induced inflammation by inhibiting the NF-κB signaling
pathway in vivo
In addition to its protective role in lipogenesis and fatty acid β-oxidation, AITC
treatment substantially decreased the transcription of proinflammatory cytokines
[tumor necrosis factor α (TNFα), interleukin (IL)-1β, and IL-6] in the liver tissues of
HFD-fed mice (Figure 3A).
To investigate whether IKK/NF-κB are involved in the amelioration of hepatic
inflammation by AITC, the expression levels of IKK/NF-κB signaling pathway
components were detected. As shown in Figure 3B, AITC treatment upregulated IκBα
protein levels and downregulated IKK, IκBα, and p65 phosphorylation. These results
indicate that AITC decreases inflammation by inhibiting the IKK/NF-κB signaling
pathway in vivo.

AITC alleviates PA-induced lipid accumulation in hepatocytes
Our above data revealed that AITC could ameliorate hepatic steatosis in vivo. To
investigate the effect of AITC on PA-induced lipid deposition in vitro, we used AML12 cells, which have been well documented as cellular models of NAFLD[31,32]. First, we
evaluated the viability of AML-12 cells after AITC treatment. The cultured hepatocytes were treated with different concentrations of AITC for 24 h, and cell viability
was measured using cholecystokinin-8 and lactate dehydrogenase release assays.
Finally, we chose 20 μM as the optimal AITC concentration for subsequent
experiments because this concentration did not significantly affect cell viability
(Figure 4A and B). Then, PA-stimulated AML-12 cells were treated with AITC (20
μmol/L) or vehicle for 24 h. As shown in Figure 4C and D, AITC relieved the PAinduced increases in intracellular TG levels and lipid accumulation in AML-12 cells.
These data demonstrate that AITC directly alleviates PA-induced lipid accumulation
in hepatocytes.

AITC attenuates de novo lipogenesis and promotes fatty acid β-oxidation by
activating the Sirt1/AMPK signaling pathway in vitro
Consistent with the in vivo findings, AITC treatment significantly decreased the
protein levels of SREBP1 and its target genes, including SCD1, FAS and acetyl-CoA
carboxylase (ACC), in PA-treated AML-12 cells (Figure 5A). In addition, AITC
enhanced PGC1α expression in PA-treated AML-12 cells (Figure 5C).
As shown in Figure 5B in vitro, AITC upregulated Sirt1 and p-AMPKα levels,
consistent with the in vivo results (Figure 6A). These results indicate that AITC
attenuates lipogenesis and promotes fatty acid β-oxidation by activating the
Sirt1/AMPK signaling pathway in vitro.

AITC attenuates inflammation by inhibiting the NF-κB signaling pathway in vitro
Consistent with the in vivo findings, AITC treatment significantly decreased TNFα and
IL-6 mRNA levels in PA-treated AML-12 cells (Figure 6A). As shown in Figure 6B,
AITC upregulated IκBα protein levels and downregulated IKK, IκBα, and p65
phosphorylation in PA-stimulated AML-12 cells. Taken together, these findings
clearly indicate that AITC may attenuate inflammation by inhibiting the NF-κB
signaling pathway in vitro.

Sirt1 or AMPKα knockdown abolishes the ability of AITC to mitigate TG levels
To investigate whether AITC can alleviate lipid accumulation through the
Sirt1/AMPK pathway, Sirt1 expression in AML-12 cells was selectively knocked
down by siRNA transfection (Figure 7A). Sirt1 knockdown abolished the ability of
AITC to ameliorate TG accumulation and p-AMPKα and PGC1α upregulation
induced by PA in AML-12 cells (Figure 7B and C). Consistently, AMPKα knockdown
significantly reversed the effects of AITC on PA-induced intracellular TG
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Figure 2

Figure 2 Allyl isothiocyanate upregulates the expression of proteins involved in fatty acid β-oxidation, downregulates the protein levels of lipogenesis
genes, and activates the Sirtuin 1/AMP-activated protein kinase signaling pathway in the liver tissues of high fat diet-fed mice. A: The protein expression of
sterol regulatory elementbinding protein 1 (SREBP1), its lipogenesis target genes (SCD1 and FAS), and genes involved in fatty acid β-oxidation, such as proliferatoractivated receptor gamma coactivator 1α (PGC1α), peroxisome proliferator-activated receptor α (PPARα) and carnitine palmitoyltransferase 1 α (CPT1α), was
detected by western blot analysis. B: Sirtuin 1 (Sirt1), total and phosphorylated AMP-activated protein kinase α (AMPKα) protein expression was detected by western
blot analysis. aP < 0.05, bP < 0.01 vs HFD(+) AITC(-). PGC1α: Proliferator-activated receptor gamma coactivator 1α; PPARα: Peroxisome proliferator-activated
receptor α; CPT1α: Carnitine palmitoyltransferase 1 α; SREBP1: Sterol regulatory elementbinding protein 1; SCD1: Stearoyl coenzyme A desaturase 1; FAS: Fatty
acid synthase; Sirt1: Sirtuin 1; AMPKα: AMP-activated protein kinase α; p-AMPKα: Phosphorylated AMP-activated protein kinase α; HFD: High fat diet; AITC: Allyl
isothiocyanate.

accumulation in AML-12 cells (Figure 7D and E). Taken together, these findings verify
that AITC ameliorates lipid accumulation by activating the Sirt1/AMPK signaling
pathway.

DISCUSSION
In the current study, we investigated the effects and mechanisms of AITC on NAFLD
development (summarized in Figure 8A). Our results demonstrate that AITC
significantly ameliorates hepatic lipid accumulation by activating the Sirt1/AMPK
pathway and alleviates hepatic inflammatory responses by inhibiting the NF-κB
pathway both in vivo and in vitro.
Some studies suggested that AITC leads to better metabolic outcome. Kim YJ
demonstrated that AITC effectively suppresses the expression of genes that are upregulated during adipogenesis, such as PPARγ, C/EBPα and FAS[27]. Miyata S showed
that AITC reduces de novo synthesis of both fatty acids and cholesterol in human
hepatoma Huh-7 cells[33]. These results indicate a physiological function of AITC in
lipid metabolism regulation.
A previous study by Anh et al. demonstrated that AITC protects against HFDinduced obesity and insulin resistance in mice and that the protective effect of AITC
may be partly mediated through the modulation of mitochondrial dysfunction in
skeletal muscle cells and the liver [25] . However, the mechanism underlying the
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Figure 3

Figure 3 Allyl isothiocyanate attenuates hepatic inflammation and inhibits the IκB kinase /nuclear factor kappa B signaling pathway in the liver tissues of
high fat diet-fed mice. A: The mRNA levels of proinflammatory cytokines in the liver of high fat diet (HFD)-fed control (n = 9) and HFD-fed allyl isothiocyanate (AITC)treated mice (n = 10) were measured by quantitative real-time PCR. B: The protein expression of phosphorylated p65, p65, phosphorylated IκB kinase (IKK), IKKα,
IKKβ, total and phosphorylated inhibitor of nuclear factor kappa B α (IκB α) in the liver was detected by western blot analysis. Data are presented as the mean ± S.D.
a
P < 0.05, bP < 0.01 vs HFD(+) AITC(-). TNFα: Tumor necrosis factor α; IL-6: Interleukin-6; IL-1β: Interleukin-1β; HFD: High fat diet; AITC: Allyl isothiocyanate; p-p65:
Phosphorylated p65; IKK: IκB kinase; IκBα: Inhibitor of nuclear factor kappa B α.

beneficial effects of AITC on hepatic steatosis and liver inflammation has not been
clearly defined. Our results suggested that AITC ameliorates lipid accumulation by
activating the Sirt1/AMPKα signaling pathway and improves inflammation in
hepatocytes both in vivo and in vitro.
A series of recent studies revealed that Sirt1 plays a critical role in various cellular
and physiological processes, including lipid metabolism and energy homeostasis. A
previous study demonstrated that Sirt1 transgenic mice are protected from HFDinduced metabolic damage via the upregulation of PGC1α and the inhibition of the
NF-κB pathway[29]. Consistently, another study showed that hepatic overexpression of
Sirt1 attenuates hepatic steatosis, possibly by inhibiting endoplasmic reticulum stress
in the liver of obese mice[30]. On the other hand, liver-specific Sirt1-knockout mice
develop hepatic steatosis, hepatic inflammation, and endoplasmic reticulum stress,
which are associated with decreased hepatic fatty acid oxidation and increased
lipogenesis[14,15]. In addition, these findings were supported by later reports that
pharmacological activation of Sirt1 protects against HFD-induced metabolic
disorders[17,34]. Sirt1 regulates lipid homeostasis through multiple nutrient sensors such
as SREBP1, AMPK, PGC1α, PPARα and the hepatocyte-derived hormone fibroblast
growth factor 21[14-16,35]. In this study, we found that AITC significantly ameliorated
hepatocyte lipid accumulation both in vivo and in vitro by activating the Sirt1/AMPK
signaling pathway, resulting in decreased expression of lipogenesis genes, such as
SREBP1, SCD1 and FAS, and increased expression of fatty acid β-oxidation genes,
including PGC1α, PPARα and CPT1α. Furthermore, another study showed that
sulforaphane-induced Sirt1 activation inhibits endoplasmic reticulum (commonly
referred to as ER) stress and prevents cardiomyocytes from hypoxia/reoxygenation
injury in vitro[36]. As we have detected Sirt1 activation after AITC application, further
studies should be carried out to explore mechanisms of ER stress in this model.
Chronic inflammation is characterized by the abnormal production of
proinflammatory cytokines, including TNFα, IL-1β and IL-6, and the activation of
inflammatory signaling pathways, such as the NF-κB and JNK pathways; moreover, it
has been proposed to play a crucial role in the pathogenesis of NAFLD[7,37]. A number
of recent studies have demonstrated a key role for the IKK/NF-κB signaling pathway
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Figure 4

Figure 4 Allyl isothiocyanate alleviates palmitate acid-induced lipid accumulation in vitro. Palmitate acid (200 μmo/L)-stimulated AML-12 cells were treated
with allyl isothiocyanate (20 μmo/L) or dimethyl sulfoxide (vehicle) for 24 h. A: Cytotoxicity was measured by the lactate dehydrogenase (LDH) release method in AML12 cells (n = 3/group). B: Cell viability was measured using the cholecystokinin-8 (CCK-8) assay in AML-12 cells (n = 3/group). C: Intracellular triglyceride (TG) content
in AML-12 cells (n = 3/group). And D: Representative image of oil red O staining of AML-12 cells in different groups. Scale bar in panel represents 100 μm. Data are
presented as the mean ± SD. bP < 0.01 vs 0 μmol/L AITC, dP < 0.01 vs PA(-) AITC(-), fP < 0.01 vs PA(+) AITC(-). LDH: Lactate dehydrogenase; CCK-8:
Cholecystokinin-8; TG: Triglyceride; NC: Negative control; PA: Palmitate acid: AITC: Allyl isothiocyanate.

in NAFLD development [8,9] . In response to numerous inflammatory stimuli, IKK
complex activation induces IκB phosphorylation and subsequent degradation, which
releases NF-κB and allows it to translocate into the nucleus[38]. A previous finding
indicated that hepatic lipid accumulation activates the IKK/NF-κB pathway,
promoting downstream proinflammatory cytokine production and subacute
inflammation[39]. In this study, we demonstrated that AITC treatment upregulated
IκBα protein levels and downregulated IKK, IκBα, and p65 phosphorylation in both
the NAFLD mouse and cellular models. Furthermore, AITC treatment substantially
decreased hepatic proinflammatory cytokine levels in vivo and in vitro. In addition,
HFD-induced liver injury was attenuated in AITC-treated mice, as evidenced by
markedly decreased serum levels of ALT and AST.
Although several isothiocyanates have been proposed as chemopreventive agents
for cancers, AITC has been reported to exhibit both carcinogenic and anticarcinogenic
potential. A previous study demonstrated that AITC has the ability to cause Cu(II)mediated DNA damage and induce 8-oxo-7,8-dihydro-29-deoxyguanosine (8-oxodG)
formation, leading to carcinogenesis in human myelogenous leukemic cell lines[40].
Moreover, impaired copper availability in obesity-related NAFLD was shown to
predict early atherosclerosis as a main cardiovascular risk[41]. On the other hand,
another study demonstrated that AITC could inhibit proliferation of human prostate
cancer cells through inducing G2/M arrest and apoptosis[22]. Our studies mentioned
above have proposed many different mechanisms of AITC-induced amelioration of
hepatic steatosis and inflammation in both in vivo and in vitro models of NAFLD, but
none have explored whether AITC took part in Cu(II)-mediated DNA damage or
cancer development. Further studies are required to clarify whether AITC induces
oxidative DNA damage in our model and investigate the mechanism of AITC on
cancer.
In conclusion, our study demonstrates that AITC ameliorates hepatic steatosis and
inflammation by activating the Sirt1/AMPK and inhibiting the IKK/NF-κB signaling
pathway, respectively. This study indicates that AITC may be a potential therapeutic
agent for the progress of NAFLD.
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Figure 5

Figure 5 Allyl isothiocyanate downregulates the mRNA levels of genes involved in lipogenesis, upregulates the mRNA levels of genes involved in fatty
acid β-oxidation and activates the Sirtuin 1/AMP-activated protein kinase signaling pathway in vitro. A: Palmitate acid (PA) (200 μmol/L)-stimulated AML-12
cells were treated with allyl isothiocyanate (AITC) (20 μmol/L) or dimethyl sulfoxide (DMSO) (vehicle) for 6 h (n = 3/group). The mRNA levels of sterol regulatory
elementbinding protein 1 (SREBP1) and its lipogenesis target genes, including stearoyl coenzyme A desaturase 1 (SCD1), fatty acid synthase (FAS) and acetyl-CoA
carboxylase 1 (ACC1), were determined. B: PA (200 μmol/L)-stimulated AML-12 cells were treated with AITC (20 μmol/L) or DMSO (vehicle) for 24 h. The protein
expression of Sirtuin 1 (Sirt1), total and phosphorylated AMP-activated protein kinase α (AMPKα) was detected by western blot analysis. C: PA (200 μmol/L)stimulated AML-12 cells were treated with AITC (20 μmol/L) or DMSO (vehicle) for 24 h. The protein level of proliferator-activated receptor gamma coactivator1α
(PGC1α), which is involved in fatty acid β-oxidation, was detected by western blot analysis. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01 vs PA(+)
AITC(-). PA: Palmitate acid; AITC: Allyl isothiocyanate; PGC1α: Proliferator-activated receptor gamma coactivator 1α; SREBP1: Sterol regulatory elementbinding
protein 1; SCD1: Stearoyl coenzyme A desaturase 1; FAS: Fatty acid synthase; ACC1: Acetyl-CoA carboxylase 1; Sirt1: Sirtuin 1; AMPKα: AMP-activated protein
kinase α; p-AMPKα: Phosphorylated AMP-activated protein kinase α.
Figure 6

Figure 6 Allyl isothiocyanate downregulates the mRNA levels of proinflammatory markers and inhibits the IκB kinase /nuclear factor kappa B signaling
pathway in vitro. A: Palmitate acid (PA) (200 μmol/L)-stimulated AML-12 cells were treated with allyl isothiocyanate (AITC) (20 μmol/L) or dimethyl sulfoxide (DMSO)
(vehicle) for 6 h (n = 3/group). The mRNA levels of proinflammatory cytokines were measured by quantitative real-time PCR. (B) PA (200 μmol/L)-stimulated AML-12
cells were treated with AITC (20 μmol/L) or DMSO (vehicle) for 24 h. The protein expression of phosphorylated p65, p65, phosphorylated IκB kinase (IKK), IKKα,
IKKβ, total and phosphorylated inhibitor of nuclear factor kappa B α (IκB α) was detected by western blot analysis. Data are presented as the mean ± S.D. aP < 0.05,
b
P < 0.01 vs PA(+) AITC(-). TNFα: Tumor necrosis factor α; IL-6: Interleukin-6; PA: Palmitate acid; AITC: Allyl isothiocyanate; p-p65: Phosphorylated p65; IKK: IκB
kinase; IκBα: Inhibitor of nuclear factor kappa B α.
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Figure 7

Figure 7 Allyl isothiocyanate ameliorates lipid accumulation by activating the Sirt1/AMPKα signaling pathway. After transfection with Sirtuin 1 (Sirt1) small
interfering RNA (siRNA), AMP-activated protein kinase α (AMPKα) siRNA or the corresponding scrambled control for 48 h, AML-12 cells were incubated in normal
medium or medium containing palmitate acid (PA) with or without allyl isothiocyanate (AITC) for 24 h. A: Three different Sirt1 siRNA sequences were used, and Sirt1
protein levels were examined by western blot analysis. In the following experiments, we selected Sirt1 siRNA #3. B: Intracellular triglyceride (TG) content in AML-12
cells (n = 4/group). C: Sirt1, phosphorylated AMPKα and proliferator-activated receptor gamma coactivator1α (PGC1α) protein expression was detected by western
blot analysis. D: Three different AMPKα siRNA sequences were used, and AMPKα protein levels were examined by western blot analysis. In the subsequent
experiments, we selected AMPKα siRNA #3. (E) Intracellular TG content in AML-12 cells (n = 4/group). Data are presented as the mean ± SD. aP < 0.05, bP < 0.01 vs
Control siRNA + PA, dP < 0.01 vs Control siRNA + PA + AITC, fP < 0.01 vs Control siRNA + PA, hP < 0.01 vs Control siRNA + PA + AITC. PA: Palmitate acid; AITC:
Allyl isothiocyanate; PGC1α: Proliferator-activated receptor gamma coactivator 1α; Sirt1: Sirtuin 1; AMPKα: AMP-activated protein kinase α; p-AMPKα:
Phosphorylated AMP-activated protein kinase α; TG: Triglyceride.
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Figure 8

Figure 8 Model of allyl isothiocyanate action. Schematic diagram: allyl isothiocyanate ameliorates hepatic lipid accumulation and hepatic inflammation by
activating the Sirt1/AMPK signaling pathway and inhibiting the NF-κB pathway. AITC: Allyl isothiocyanate; IKK: IκB kinase; IκBα: Inhibitor of nuclear factor kappa B α;
TNFα: Tumor necrosis factor α; IL-6: Interleukin-6; IL-1β: Interleukin-1β; Sirt1: Sirtuin 1; AMPKα: AMP-activated protein kinase α; PGC1α: Proliferator-activated
receptor gamma coactivator 1α; PPARα: Peroxisome proliferator-activated receptor α; CPT1α: Carnitine palmitoyltransferase 1 α; SREBP1: Sterol regulatory
elementbinding protein 1; SCD1: Stearoyl coenzyme A desaturase 1; FAS: Fatty acid synthase; ACC1: Acetyl-CoA carboxylase 1.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is an unmet medical need with no approved therapies.
Recent studies have shown that allyl isothiocyanate (AITC) has a potential protective effect on
obesity and insulin resistance. The evaluation of the effect of AITC on NAFLD as well as the
mechanism of action may provide a new therapeutic trend.

Research motivation
Emerging evidence suggests a beneficial role for AITC in inflammation, cancer, diet-induced
obesity and insulin resistance. Enhanced lipolysis in adipocytes and intensified hydrolysis of
triglyceride in the serum of rats treated with AITC was also reported. As little is known about its
direct impact on liver or its underlying mechanism, it is imperative to characterize the potential
effect of AITC on NAFLD.

Research objectives
To validate the effect of AITC on NAFLD and clarify the possible mechanism of action.

Research methods
C57BL/6 mice were fed a high fat diet (HFD) for 8 wk, and AML-12 cells were treated with 200
μmol/L palmitate acid (PA) for 24 h to establish in vivo and in vitro models of hepatic steatosis.
Mice were administered AITC (100 mg/kg/d) orally and AML-12 cells were treated with AITC
(20 μmol/L) to detect the effect of AITC on NAFLD.

Research results
Our results show that AITC significantly ameliorates HFD-induced weight gain, hepatic lipid
accumulation, inflammation, and PA-induced lipid accumulation as well as inflammation in
AML-12 cells, accompanied by activated Sirt1/AMPK and inhibited NF-κB signaling pathways.
The curative effect of AITC on lipid accumulation is abolished by siRNA-mediated knockdown
of either Sirt1 or AMPKα in AML-12 cells.

Research conclusions
AITC treatment protects against HFD and PA-induced lipid accumulation and inflammation in
vivo and in vitro. These effects are associated with Sirt1/AMPK and NF-κB signaling pathways.

Research perspectives
Plant compounds such as AITC should be further explored for their potential effective activity in
NAFLD.
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Abstract
BACKGROUND
Tong Xie Yao Fang is a representative traditional Chinese prescription for the
treatment of liver and spleen deficiency, abdominal pain and diarrhea. It has a
unique function in the treatment of gastrointestinal dysfunction including
irritable bowel syndrome (IBS), is a common functional bowel disease. Its main
symptoms are recurrent abdominal pain, diarrhea, constipation or alternations
between diarrhea and constipation.
There are obvious differences in metabolites between TCM syndromes. By
comparing the body fluid metabolism maps of model animals, metabolomics can
discover disease biomarkers, analyze the differences in metabolic pathways and
understand the pathological process and the metabolic pathways of substances in
the body. Thus, the evaluation of animal models tends to be comprehensive and
objective. This may provide further understanding between the interaction
between Tong Xie Yao Fang and the IBS model.
AIM
To evaluate the effect of Tong Xie Yao Fang on IBS rats by using metabolomics
method.
METHODS
Wistar rats were used to establish IBS models, and then randomly divided into
four groups: A model control group and three Tong Xie Yao Fang treatment
groups (high, medium and low doses). A normal, non-IBS group was established.
The rats were treated for 2 wk. On days 0 and 14 of the experimental model,
urine was collected for 12 h and was analyzed by ultra-performance liquid
chromatography quadrupole time-of-flight mass spectrometry. Nine potential
biomarkers were identified, and six major metabolic pathways were found to be
related to IBS.
RESULTS
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In the study of metabonomics, nine potential biomarkers including L-serine, 4methylgallic acid, L-threonine, succinylacetone, prolyl-hydroxyproline, valylserine, acetyl citrate, marmesin rutinoside and 5-hydroxy-L-tryptophan were
identified in urine, which were assigned to amino acids, organic acids, succinyl
and glycosides. Furthermore, the metabolic pathway of L-serine, L-threonine and
5-hydroxy-L-tryptophan was found in the Kyoto Encyclopedia of Genes and
Genomes, which mainly involved the metabolism of cysteine and methionine,
vitamin B6 metabolism, serotonin synapse, tryptophan metabolism, sphingolipid
metabolism, digestion, absorption of protein and amino acid metabolism. These
pathways are related to intestinal dysfunction, inflammatory syndrome, nervous
system dysfunction and other diseases.
CONCLUSION
Tong Xie Yao Fang has pharmacological effects on IBS, and its mechanism may
be related to the metabolism of the nine potential biomarkers identified above in
urine.
Key words: Tong Xie Yao Fang; Irritable bowel syndrome; Liver-spleen disharmony;
Endogenous metabolites; Metabolomics
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Effects of Tong Xie Yao Fang on endogenous metabolites in urine of irritable
bowel syndrome model rats were investigated through ultra-performance liquid
chromatography quadrupole time-of-flight mass spectrometry. Tong Xie Yao Fang has
the function of callback endogenous metabolite. Nine potential biomarkers were
identified, and six main metabolic pathways were analyzed. They were related to
neurotransmitter metabolism, inflammatory immunity, emotional changes and energy
metabolism in irritable bowel syndrome disease, which may be the biological basis of
irritable bowel syndrome spleen deficiency and liver hyperactivity syndrome.
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Tong Xie Yao Fang is a representative traditional Chinese prescription for the
treatment of liver and spleen deficiency, abdominal pain and diarrhea. This
prescription is composed of Atractylodis Macrocephalae Rhizoma (fried), Paeoniae Radix
Alba (fried), Citri Reticulatae Pericarpium (fried) and Saposhnikoviae Radix (fried). It
has a unique function in the treatment of gastrointestinal dysfunction including
irritable bowel syndrome (IBS)[1,2].
IBS is a common functional bowel disease, and its main symptoms are recurrent
abdominal pain, diarrhea, constipation or alternations between diarrhea and
constipation. It is believed that the pathogenesis of IBS involves abnormal interaction
between the brain and intestine and is a type of biological-psychological-social
disorder. The pathogenesis of IBS is complex and varied, and its pathophysiological
basis is mainly gastrointestinal motility and visceral sensory abnormalities.
Animal models of IBS are mostly duplicated from the perspective of emotion,
chemical stimulation, physical stimulation and other causes. However, there is
currently no unified and recognized method for animal models combining IBS with
spleen deficiency and liver hyperactivity. Research in traditional Chinese medicine
(TCM) and its mechanism of action related to IBS lacks systematisms and consistency,
and further research is restricted. Whether the animal models reflect the characteristics of IBS determines the reasonableness of the research results. Therefore,
how to verify IBS in animal models has become an important factor in research. This
is based on the function and responsiveness of prescriptions for various syndromes to
evaluate the correlation between prescriptions and syndromes [3,4] . Prescription
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medicine is the carrier of syndrome differentiation and disease syndrome. We can
verify syndrome with a prescription to estimate the correlation between the syndrome
and the prescription[5].
However, it is worth thinking about how to expound the overall effect of
prescription drugs on disease and syndromes in a comprehensive and systematic
way. The complexity of a syndrome has brought many difficulties to the combination
of disease and syndrome and correlations between prescription and syndrome. By
studying the whole change in small molecule metabolites, metabolomics can restore
the related biological events, thus revealing the essence of an organism's biological
state and the mechanism of drug action. Metabolomics has the characteristics of
systemic methodology such as overall dynamics, synthesis and analysis and has
similar characteristics to the overall concept of TCM treatment of diseases[6,7].
There are obvious differences in metabolites between TCM syndromes [8] . By
comparing the body fluid metabolism maps of model animals, metabolomics can
discover disease biomarkers, analyze the differences in metabolic pathways and
understand the pathological process and the metabolic pathways of substances in the
body. Thus, the evaluation of animal models tends to be comprehensive and
objective [9] . Prescription drugs can play a special role in some of the metabolic
pathways in which these markers are located causing the metabolic network to return
to normal or improve. Through the combination of metabolomics and correlation
between the syndrome and the prescription theory, the mechanism and essence of the
animal model are clearly defined.
Therefore, by combining systematic biology such as metabonomics with the
correlation of TCM prescription and syndromes, the attributes of animal models can
be clearly defined. Through the effect of the prescription on the model, the
prescription is used to determine the model of the syndrome from the perspective of
metabolites in the body verifying the TCM syndrome with a prescription, clarifying
the mechanism and essence of the prescription and confirming the correlation
between the prescription and syndrome[10]. Thus, the IBS combination model and the
representative prescription can be studied as an organic system by metabolomics
research methods.
In this study, we evaluated the effect of Tong Xie Yao Fang on an IBS animal model,
studied the regulatory effect of the prescription on the model and clarified the
difference in the regulation of endogenous metabolites in the IBS model by Tong Xie
Yao Fang. Furthermore, their metabolic patterns were established by exploring the
biomarkers. Based on the changing rules of substance quality in vivo, the function
essence of Tong Xie Yao Fang and the syndromes essence of the IBS model were
explored.

MATERIALS AND METHODS
Tong Xie Yao Fang components and reagents
Tong Xie Yao Fang was prepared with large head atractylodes rhizome (Rhizoma
Atractylodis Macrocephalae), white peony root (Radix Paeoniae Alba), dried tangerine
peel (Pericarpium Citri Reticulatae) and divaricate saposhnikovia root (Radix
Saposhnikoviae), which were purchased from the Second Affiliated Hospital of
Heilongjiang University of Chinese Medicine and composed in 6:4:3:2 proportions.
Raw components were soaked in a 10 times volume of distilled water for 0.5 h and
boiled twice, first for 1.5 h and then for 1 h. Two of the boiled ingredients were
filtered, mixed together and concentrated in a 1:1 ratio (100% concentration) and
stored at 4 °C for later use. Tong Xie Yao Fang was diluted in distilled water to a
concentration of 0.203 (clinically equivalent), 0.406, and 0.812 g/mL and stored at
room temperature before use.
The following reagents were used: Acetonitrile (chromatographic grade, A998-4;
Thermo Fisher Scientific, Waltham, MA, United States); methanol (chromatographic
grade, CAS-67-56-1; Dikma Technologies, Foothill Ranch, CA, United States); formic
acid (chromatographic grade, FS0630-015; Tedia, Fairfield, OH, United States); and
distilled water (GB19298; Watsons, China).

Instruments
Ultra-performance liquid chromatography quadrupole time-of-flight mass
spectrometry (UPLC-Q-TOF-MS) system: Acquity Ultra type UPLC, Triple TOF 5600+
type mass spectrometer equipped with electrospray ionization (AB SCIEX, Redwood
City, CA, United States), MassLynxV4.1 workstation (Waters); KDC-40 type lowspeed centrifuge (Zhongjia Branch of Keda Chuangxin Co., Ltd., China); D-78532 type
centrifuge (Hettich, Tuttligen, Germany); Vortex3000 type whirl mixer (Wiggens,
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Germany); Academic UPW SYSTEM (Milli-Q, United States); Forma 995 type ultralow temperature refrigerator (Thermo Fisher Scientific); B3200S-T type ultrasonic
oscillometer (Branson Ultrasonics Corporation, Shanghai, China); KDC-160HR type
high speed tabletop refrigerated centrifuge (Zhongjia Branch of Keda Chuangxin,
China); SK-1 type swift mixer (Jiangsu Medical Instrument Factory, China); cp2465
type angioplasty balloon (EV3, United States); E206Fr type children catheter (3 mL;
Shenyang Bosilin Medical Instrument Co., Ltd., China); and DYM type segmental
epidural catheter (1.0 × 1; Yangzhou Huaxia Medical Device Co., Ltd., China).

IBS model replication, grouping and medication
This study was approved by the Ethics Committee of the Heilongjiang University of
Chinese Medicine. All animal experimental procedures were performed in accordance
with the Regulations for the Administration of Affairs Concerning Experimental
Animals approved by the State Council of People’s Republic of China. Wistar female
and male rats (clean grade), aged 8 d and body weight 11 ± 2 g, were purchased from
Heilongjiang University of Chinese Medicine (HDZD P00102006). The mother rats
and their newborn rats were fed in the cage together, and they had free access to food
and water at room temperature of 21-24 °C with humidity of 50%-60%. By using the
rectal dilatation stimulation method [11] combined with the mother and offspring
separation method[12] for the newborn rats from age 8 to 12 d, the angioplasty balloon
(15 mm long) was inserted into the rectum 2 cm from the end of the balloon to the
anus, and the intestinal tract was slowly dilated. The operation was performed twice
daily for 1 min each time and at an interval of 30 min. On days 13-17, the rectum was
dilated by balloon angioplasty (20 mm long). On days 18-21, the catheter for children
was used to expand the rectum, and 0.1 mL water was injected without changing
other conditions. After rectal dilatation every day, neonatal rats were placed in cages
separated from the maternal rats for 1 h, and then put back into the cages with the
maternal rats. After modeling for 2 wk, the abdominal withdrawal reflex model was
used to evaluate the success of the IBS model. IBS model rats were randomly divided
into four groups by weight with ten rats in each group: A model group (M) and
groups treated with high-, medium- and low-dose Tong Xie Yao Fang denoted as G, Z
and D groups, respectively. Another ten rats were used as the normal group (K). The
rats for G, Z and D groups were given 8.12, 4.06, and 2.03 g/kg Tong Xie Yao Fang
decoction, respectively. The rats in the normal group and model group were given
with same amount of saline. All groups were treated once daily for 2 wk.

Biological sample collection and processing method
On days 0 and 14 of the experimental model, urine was collected for 12 h, and then
centrifuged at 4 °C at 13000 r/min for 10 min. The supernatant was collected as the
urine samples and stored in a -80 °C freezer until use. Urine samples were unfrozen at
normal temperature. Next, 100 μL urine was centrifuged at 4 °C at 10000 r/min for 10
min, and the supernatant was absorbed into a glass sample bottle.

Metabolomics data collection
Metabolomics data were measured by UPLC-Q-TOF-MS. Chromatographic
conditions were as follows: Rapid resolution chromatographic column (2.1 mm × 100
mm, 1.8 μm); flow rate: 0.4 mL/min; column temperature: 30 °C; detector scanning
range: 190-400 nm; detection wavelength: 210, 254 and 280 nm; injection volume: 2 μL;
mobile phase: 0.1% formic acid aqueous solution (A) and -0.1% formic acid
acetonitrile solution (B); gradient elution: 0-3 min, 98%-48% A, 3-10 min, 48%-2% A,
10-12 min, 2%-98% A, 12-14 min and 98% A. Mass spectrometry (MS) conditions were
as follows: Positive/negative ion primary MS with electrospray ion source and online
mass correction with LockSprayTM correction system; scanning detection: m/z 501500; scanning time: 0.2 s; capillary voltage: 3.0 kV; cone voltage of sample: 35 V;
extraction voltage: 4.0 V; ion source temperature: 120 °C; desolvent temperature: 350
°C; cone gas flow: 50 L/h; desolvent nitrogen flow: 650 L/h; and impact energy: 6-30
V.

Statistical analysis
The data were processed using SPSS version 17.0 software and expressed as mean x ±
standard deviation. On the basis of evaluating the variance of the original data in
accordance with normal distribution, the differences between groups were compared
by single factor ANOVA, and the differences between groups were analyzed by t-test.
P < 0.05 meant that the difference was statistically significant.

Biomarkers analysis
The determined MS data of urine metabolism profile were obtained by data
dimension reduction and MS matrix information using Marker lynx software. Data
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were analyzed by unsupervised principal component analysis (PCA) of ssLynxV4.1
workstation software, and PCA score chart was obtained to reflect the clustering
degree of each group. Orthogonal partial least squares discriminant analysis (OPLSDA) was used to obtain the OPLS-DA score chart reflecting the contribution rate of
the metabolic contour and to draw the scores plot. The farther the distance points in
the load diagram, the greater the contribution of ions to the metabolic contour
trajectory. The metabolic group map of each group was analyzed by pattern
recognition, and the observed values of each group were distinguished. The
measurement data were collected for statistical analysis. Potential biomarkers were
screened out based on variable importance in projection (VIP) and VIP confidence
interval estimation. Ions of VIP > 1.5 were taken for comparison among groups, and
the t test was used for inter-group difference. P < 0.05 was considered as the screening
condition to obtain potential biomarkers. Secondary MS analysis was conducted for
the biomarkers. The structural analysis of the biomarkers was carried out based on its
relative molecular mass and molecular group structure. Based on the results of the
analysis, the biological significance of biomarker information retrieval and the
metabolic pathway of biomarkers were analyzed and explained using the human
metabolic group database, Scripps Metabolic and Mass Spectrometry Center, Kyoto
Encyclopedia of Genes and Genomes and published literature. Thus, the core
biomarkers closely related to the occurrence and development of IBS model were
screened according to the literature.

RESULTS
Overall characterization of urine metabolic profile
Urine samples of rats on days 0 and 14 were analyzed based on the optimized
analysis conditions of UPLC-Q-TOF-MS. In the positive and negative ion scanning
mode, the urine samples were scanned and analyzed within a set mass range, and
base peak ion of the mass spectrum profile was obtained (Figures 1-4). The urine
samples from the different groups had a better differentiation degree and different
metabolite spectrum showing better separation and response effect.

Principal component analysis of urine metabolic data
Urine metabolomics study of IBS disease model: The PCA and OPLS-DA score
charts are shown in Figure 5 and Figure 6. There was no overlap of data points in
urine of IBS model rats compared with that of the normal control group, and the data
was obviously classified in a different quadrant. The obvious separation status in
score plots suggested that the urine metabolism in two groups was distinguished
well. This indicated that there was an obvious difference in metabolites of rats
between the normal group and IBS model group. Before and 14 d after medication,
the separation in the two score charts was relatively obvious, indicating that the IBS
model rats were stable within 14 d.
Urine metabolomics study on intervention of Tong Xie Yao Fang on adaptive IBS
disease model: The PCA and OPLS-DA score charts are displayed in Figure 7.
Compared with Tong Xie Yao Fang groups, the data points for urine in IBS rats (0 d)
have overlap and were clearly classified in the same quadrant, showing unseparated
state in the score charts. The metabolites in the model group and Tong Xie Yao Fang
groups were the same induction by rectal dilatation and maternal separation
stimulation, indicating successful modeling of IBS. Compared with the normal group,
the data points for urine in IBS model rats and Tong Xie Yao Fang groups exhibited
no overlap and were clearly classified in different quadrants, showing obvious
separation state in score plots and well-distinguished well metabolism. This indicated
that after modeling of rats, there were obvious differences in metabolites between IBS
rats and normal rats, and the metabolite component in the urine showed significant
changes.
The PCA and OPLS-DA score plots are shown in Figure 8. The data points for urine
in the IBS model rats and Tong Xie Yao Fang groups treated for 14 d were dispersed
and clearly classified in different quadrants, showing separation in score plots and
distinct urine metabolism. The results illustrate that the metabolic products have
obvious changes after treatment with Tong Xie Yao Fang in the IBS model rats
compared with the model control group. Tong Xie Yao Fang treatment groups
showed separation in score plots, but the degree of differentiation was not obvious.
The distribution of data points in the medium-dose and high-dose groups was similar
to that of the normal group.
Further research showed that the urine samples of rats in each group showed
complete separation status in the 2D space of the PCA score chart under the condition
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Figure 1

Figure 1 Base peak ion chromatograms in positive ion mode of metabolites in urine of rats treated for 0 d. A: Normal group (K); B: Model control group (M); C:
Tong Xie Yao Fang high dose group (G); D: Tong Xie Yao Fang medium dose group (Z); E: Tong Xie Yao Fang low dose group (D).

of positive and negative ions. This indicated that physiological function was changed
by rectal distention and maternal separation stimulation. This reflected changes in
urine metabolic profile of rats as well as liver stagnation and spleen deficiency
syndrome of IBS and metabolic characterization of Tong Xie Yao Fang treatment. The
scores chart for evaluating the contribution of the metabolic profile grouping was
obtained by analyzing the metabolic profile of samples with OPLS-DA. In addition,
pattern recognition analysis was conducted for metabolomics profiles of urine
samples. As shown in Figures 5-7, the data points in each group exhibited no/less
overlap, indicating that there were differences among the groups. Based on VIP and
VIP confidence interval, the potential biomarkers were evaluated.

Identification of potential biomarkers
Potential biomarkers were screened according to VIP, and the differential variables

WJG

https://www.wjgnet.com

5139

September 14, 2019

Volume 25

Issue 34

Zhao XY et al. Pharmacological effects on irritable bowel syndrome
Figure 2

Figure 2 Base peak ion chromatograms in positive ion mode of metabolites in urine of rats treated for 14 d. A: Normal group (K); B: Model control group (M);
C: Tong Xie Yao Fang high dose group (G); D: Tong Xie Yao Fang medium dose group (Z); E: Tong Xie Yao Fang low dose group (D).

with VIP > 1.5 were selected. The screened differential variables were verified by
Anova, and the differential variables with P < 0.05 were considered potential
biomarkers.
Based on the obtained identification results of molecular ion fragments, nine kinds
of biomarkers in urine were identified through the human metabolic group database
and METLIN, which are related to the metabolites of the Tong Xie Yao Fang treating
IBS and showing a certain uptrend or downtrend. These biomarkers belong to amino
acids, organic acids, succinyl and glycosides. Meanwhile, the metabolic pathways of
L-serine, L-threonine and 5-hydroxy-L-tryptophan (5-HTP) can be searched in the
Kyoto Encyclopedia of Genes and Genomes (Table 1). These pathways mainly include
cysteine and methionine metabolism, vitamin B6 metabolism, serotonin synapse,
tryptophan metabolism, sphingolipid metabolism, protein digestion and absorption
and amino acid metabolism (Table 1 and Table 2).
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Figure 3

Figure 3 Base peak ion chromatograms in negative ion mode of metabolites in urine of rats treated for 0 d. A: Normal group (K); B: Model control group (M);
C: Tong Xie Yao Fang high dose group (G); D: Tong Xie Yao Fang medium dose group (Z); E: Tong Xie Yao Fang low dose group (D).

DISCUSSION
Metabonomics is the systematic scientific study of metabolic product changes and
their ability to reveal the metabolic nature of the life activities of an organism. After
the effect of changes in external conditions on the overall state of the body, the effect
of the external environment on the metabolites is studied by taking all the small
molecular substances as the observation target. Metabolomics is an important
research method of systems biology, which has the characteristics of measuring
overall metabolic dynamics, synthesis and analysis. It studies the metabolic changes
in metabolism and metabolites caused by drugs. The changes in endogenous
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Figure 4

Figure 4 Base peak ion chromatograms in negative ion mode of metabolites in urine of rats treated for 14 d. A: Normal group (K); B: Model control group (M);
C: Tong Xie Yao Fang high dose group (G); D: Tong Xie Yao Fang medium dose group (Z); E: Tong Xie Yao Fang low dose group (D).

metabolites can directly reflect the changes in biochemical processes in vivo. Drugs
have specific effects on certain processes of metabolic pathways involved with the
main biomarkers, which causes marked changes in the endogenous metabolites[9].
Metabonomics has the technical characteristics of overall comprehensive information
representation and analysis of provenance. By detecting the metabolic fingerprints of
body fluids and analyzing the causes of metabolic spectrum changes, the changes in
endogenous metabolites induced by drugs can be studied, and the role of Chinese
medicines in metabolic regulation and their exact mechanism of action can be
explored. Thus, it may clarify the relationship between compound prescriptions and
disease syndromes.
Tong Xie Yao Fang was first recorded in “Danxi Xinfa”·cathartic volume, which is
used to treat diarrhea with pain caused by spleen deficiency and liver hyperactivity.
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Figure 5

Figure 5 Score plot of metabolites in urine of normal and model rats treated for 0 d. A: Principal component analysis (PCA) score plot (positive ion); B:
Orthogonal partial least squares discriminant analysis score plot (positive ion); C: Principal component analysis score plot (negative ion); D: Orthogonal partial least
squares discriminant analysis score plot (negative ion). K: Normal group; M: Model control group.

Liver and spleen deficiency syndrome is due to liver drainage, spleen-soil deficiency,
transversely invading spleen and spleen transport dereliction of duty. Tong Xie Yao
Fang can tone the spleen, clear damp, stop diarrhea, knead liver to soothe qi and
relieve pain and make the spleen healthy and liver soft. Then, the pain and diarrhea
are resolved.
At present, the rectal distention stimulation of the suckling rat is a widely used
method and the most reasonable animal model for IBS, which is a method of local
mechanical stimulus. Mother/child separation is an early life event that can simulate
emotional anxiety and causes increased stress response and visceral hypersensitivity[13]. Our research group reproduced the IBS model by combining the above
two methods. Tong Xie Yao Fang had a significant effect of tonifying the spleen and
liver stagnation on the IBS model derived from the combination of rectal distention
and mother/child separation of neonatal rats. The model symptoms were spleen
deficiency and liver hyperactivity and were related to the prescription of Tong Xie
Yao Fang and syndrome.
In this study, the metabonomics of IBS rat urine was studied by UPLC-Q-TOF-MS
analysis combined with Mass Lynx software. Compared to the metabolic results of the
normal group, the contents of L-serine, succinylacetone, proline-hydroxyproline,
valyl-serine, marmesin rutinoside and 5-hydroxy-L-tryptophan (5-HTP) increased
while the contents of L-threonine and acetyl citrate decreased in the Tong Xie Yao
Fang treatment groups and the model group,. Tong Xie Yao Fang decreased the
contents of L-serine, succinylacetone, proline-hydroxyproline, valyl-serine, marmesin
rutinoside and 5-HTP and increased the contents of L-threonine and acetyl citrate. The
metabolic pathways involved serotonin synapse, tryptophan metabolism, cysteine
and methionine metabolism, vitamin B6 metabolism, sphingolipid metabolism and
biosynthesis of proteins and amino acids. The metabolic biomarkers may be L-serine,
5-HTP, L-threonine, valyl-serine and acetyl citrate. Therefore, it is speculated that the
regulatory mechanism of Tong Xie Yao Fang may involve the following aspects.
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Figure 6

Figure 6 Score plots of metabolites in urine of normal and model rats treated for 14 d. A: Principal component analysis score plot (positive ion); B: Orthogonal
partial least squares discriminant analysis score plot (positive ion); C: Principal component analysis score plot (negative ion); D: Orthogonal partial least squares
discriminant analysis score plot (negative ion). K: Normal group; M: Model control group.

Serotonin synapse and tryptophan metabolism
Serotonin (5-HT) escapes from presynaptic cells and transmits information to
postsynaptic cells, thus acting as a neurotransmitter. 5-HTP is involved in the
serotonin synapse pathway and tryptophan metabolism. In this pathway, 5-HTP is
primarily involved in serotonin synthesis. 5-HTP is converted from the tryptophan
hydroxylase through tryptophan followed by decarboxylation to synthesize 5-HT. 5HT is a neurotransmitter that widely exists in the nervous system and gastrointestinal
tract and participates in the regulation of psychological and neural functions. As a
signal transduction molecule, it can be an important neurotransmitter in the brain-gut
axis[14]. 5-HT in the digestive tract can enhance the sensitivity of the gastrointestinal
splanchnic nerves, regulate the movement of the gastrointestinal tract and participate
in the regulation of intestinal sensation, secretion and movement. 5-HT in the central
nervous system can cause mental and behavioral disorders and regulate mood and
sleep. 5-HT signaling disorder is closely related to IBS, and both physiological and
pathological stimuli can lead to an increase in 5-HT release. Studies have shown that
the sensory hypersensitivity in IBS patients may be related to increased sensitivity of
visceral afferent nerves, increased excitability of spinal dorsal horn neurons and
changes in central sensory regulation. The change in 5-HT level is closely related to
the occurrence and development of many complex diseases and syndromes, including
IBS and plays a dominant role in its pathogenesis. High concentrations of 5-HT can
enhance the sensitivity to external stress of visceral afferent nerve endings and the
enteric nervous system and then stimulate the release and secretion of various
neurotransmitters, stimulate and expand the activity and participate in the
biochemical signaling process of brain-gut interaction.
A previous study showed that the content of 5-HT in the brain-gut axis of IBS
model rats was significantly higher than that in the normal group, which also
confirmed the view that an increase in 5-HT level is an important part of the
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Figure 7

Figure 7 Score plot of metabolites in urine of rats treated for 0 d. A: Urine principal component analysis score plot (positive ion); B: Urine orthogonal partial least
squares discriminant analysis score plot (positive ion); C: Urine score plot (positive ion); D: Principal component analysis score plot (negative ion); E: Orthogonal
partial least squares discriminant analysis score plot (negative ion); F: Urine score plot (negative ion). K: Normal group; M: Model group; G: Tong Xie Yao Fang high
dose group; Z: Tong Xie Yao Fang medium dose group; D: Tong Xie Yao Fang low dose group.
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Figure 8

Figure 8 Score plot of metabolites in urine of rats treated for 14 d. A: Urine principal component analysis score plot (positive ion); B: Urine orthogonal partial least
squares discriminant analysis score plot (positive ion); C: Urine score plot (positive ion); D: Principal component analysis score plot (negative ion); E: Orthogonal
partial least squares discriminant analysis score plot (negative ion); F: Urine score plot (negative ion). K: Normal group; M: Model control group; G: Tong Xie Yao Fang
high dose group; Z: Tong Xie Yao Fang medium dose group; D: Tong Xie Yao Fang low dose group.

indicates that there are pathological mechanisms of abnormal secretion, release and
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Table 1 Information of potential biomarkers in urine of irritable bowel syndrome model
No
.

HMDB ID

Retention
time/min

M/Z

Chemical
formula

VIP

Select the
ions

Expression trend
Common name
M vs K G vs M Z vs M D vs M

1

HMDB0018 3.854
7

105.04 C3H7NO3

2.00494 [M + H]+

L-serine

↑

↓

↓

↓

2

HMDB1319 8.663
8

184.04 C8H8O5

4.85675 [M-H] +

4-methylgallic acid

↑

↓

↓

↓

3

HMDB0016 3.204
7

119.06 C4H9NO3

3.76891 [M + H]-

L-threonine

↓

↑

↑

↑

4

HMDB0063 2.915
5

158.06 C7H10O4

8.66271 [M-H]-

Succinylacetone

↑

↓

↓

↓

5

HMDB2901 1.084
8

228.11 C10H16N2O4

5.22312 [M + H]+

Prolyl-hydroxyproline ↑

↓

↓

↓

6

HMDB2913 4.445
6

204.11 C8H16N2O4

4.11234 [M + H]-

Valyl-serine

↓

↑

↑

↑

7

HMDB5980 4.954
8

232.02 C8H8O8

2.23843 [M + H]+

Acetyl citrate

↓

↑

↑

↑

8

HMDB4141 7.827
3

554.20 C26H24O13

9.34210 [M + H]+

Marmesin rutinoside

↑

↓

↓

↓

9

HMDB0047 1.213
2

220.08 C11H12N2O3

5.13710 [M + H]-

5-hydroxy-Ltryptophan

↑

↓

↓

↓

VIP: Variable importance in projection; HMDB: Human metabolic group database.

metabolism of 5-HT in the IBS model, which is consistent with previous studies[15].
Tong Xie Yao Fang can reduce the 5-HTP content in urine. Tong Xie Yao Fang may be
involved in the regulation of IBS visceral hypersensitivity and gastrointestinal
motility by regulating 5-HT metabolism and synapses to relieve IBS in model rats. It is
suggested that the improvement of spleen deficiency and liver hyperactivity of IBS by
Tong Xie Yao Fang is related to the regulation of the serotonin synaptic pathway and
tryptophan metabolism.

Cysteine and methionine metabolism
Halfcystine (Hcy) is synthesized from methionine and L-serine via cystathionine,
which is the intermediate product of the cysteine and methionine metabolism. Hcy
has high biological activity and is involved in a variety of inflammatory and immune
disorders. Studies have shown that mild inflammation and immune activation of
intestinal mucosa also play a key role in the pathogenesis of IBS. Hcy is closely related
to IBS inflammatory immune pathogenesis[16]. Impaired intestinal barrier function
plays an important role in the pathogenesis of IBS. Hcy can produce a large number of
oxidative free radicals that damage the intestinal mucosal mechanical barrier[17] and
changes intestinal permeability, leading to massive invasion of inflammatory factors
and aggravation of IBS pathophysiology[18]. Inflammatory factors such as Hcy and
tumor necrosis factor-α (TNF-α) promote each other in the process of inflammatory
immunity, aggravating the inflammatory response[19].
In addition, the content of Hcy is positively correlated with the incidence of
depression. IBS patients are often accompanied by depression, anxiety and other
psychological disorders. The hypothesis of the pathophysiology of the biologicalpsychological- sociological model of IBS emphasizes the importance of emotional
disturbance in the pathogenesis of IBS[20]. Psychological stress may alter systemic and
intestinal immunity. The dispose of central pivot on mental disorders and stimulation
of visceral injury may involve brain-gut axis dysfunction. Experimental studies have
shown that the consumption of sugar and water and the open field test were
improved in rats after the intervention of Hcy metabolic coenzyme, indicating that the
level of Hcy is related to anxiety-like behavior or depression-like behavior in IBS rats.
The content of Hcy decreases and anxiety-like behavior or depression-like behavior is
also reduced[16]. Therefore, it can be inferred that Hcy is closely related to not only IBS
inflammatory immune response but also psychological stress such as IBS-related
depression.
As a key substrate for the metabolism of sulfur transfer in Hcy, L-serine content
increases in the urine of IBS model rats, suggesting abnormality of the metabolic
pathway of Hcy sulfur transfer in IBS rats. The abnormal metabolism of L-serine in
the process of IBS indicates that L-serine is involved in the pathophysiological
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Table 2 Information of metabolic pathways involved in urine biomarkers in irritable bowel syndrome model rats referred to Kyoto
Encyclopedia of Genes and Genomes
No.

Common name

Metabolic pathway ID

Metabolic pathway name

1

L-serine

map00270

Cysteine and methionine metabolism

2

L-threonine

3

5-hydroxy-L-tryptophan

map00600

Sphingolipid metabolism

map04974, map01230, map00260

Protein digestion and absorption;
biosynthesis of amino acid; glycine,
serine and threonine metabolism

map00750

Vitamin B6 metabolism

map04974, map01230, map00260

Protein digestion and absorption;
biosynthesis of amino acid; glycine,
serine and threonine metabolism

map04726

Serotonergic synapse

map00380

Tryptophan metabolism

process. It is suggested that Tong Xie Yao Fang regulates cysteine and methionine
metabolism through L-serine and improves the intestinal reaction and emotional
changes of IBS. Tong Xie Yao Fang improves liver hyperactivity syndromes such as
emotional depression, irritability, abdominal pain, abdominal distension and
borborygmus of IBS rats, which is related to regulation of the cysteine and methionine
metabolism pathways embodying the effects of “restricting” the liver.

Vitamin B6 metabolism
L-threonine is involved in the metabolism of vitamin B6. O-phospho- 4-hydroxy-Lthreonine can be converted to 4-hydroxy-L-threonine by the enzyme to form
pyridoxine, and pyridoxal and pyridoxamine can be transformed into each other.
Vitamin B6 is involved in the formation of serotonin, which can increase the serotonin
concentration. Additionally, vitamin B6 as a coenzyme participates in various
metabolic reactions such as amino acids and proteins. Lack of vitamin B6 can lead to
the stagnation of protein hydrolysis and conversion to fat, thus stopping growth. The
level of L-threonine amount increases after taking Tong Xie Yao Fang, enhancing
vitamin B6 synthesis, increasing the serotonin content and promoting the protein
metabolism.

Sphingolipid metabolism
L-serine is involved in the synthesis of sphingolipids. Sphingolipids and their
metabolites play an important role in maintaining cell growth and signal
transduction. Ceramide is the simplest structure of sphingolipid, the precursor of
synthetic complex sphingolipid, which is an intermediate in the metabolic and
transformation pathway [21] . Sphingolipids can regulate immune function and
inflammatory response. TNF-α can directly result in the production and release of
ceramide from mitochondria[22]. It has been demonstrated that the clinical symptoms
of IBS are associated with low inflammatory response. Many researchers have
reported that TNF-α plays a major role in the development of IBS inflammatory
immune response[23,24]. TNF-α is a pro-inflammatory cytokine with various biological
activities. It interacts with other cytokines to induce or increase the production of
inflammatory mediators and participates in the development of inflammatory
immune responses. The level of L-serine decreases after treatment with Tong Xie Yao
Fang, which indicates that the content of ceramide synthesized by L-serine is reduced,
and the inflammatory immune response of IBS is alleviated. The mechanism may be
related to the reduction of pro-inflammatory factor TNF-α involved in the
inflammatory immune response.

Metabolism of protein and amino acids
L-serine and L-threonine are also involved in the biosynthesis of proteins, amino acids
and sugars. Energy metabolism is the release, transfer and utilization of energy
produced in metabolic processes and is closely related to the theory of “spleen
governing movement transformation” that is an important part of the spleen-stomach
doctrines in TCM. L-threonine can promote growth and improve immune function.
Serine plays a role in the metabolism of fats and fatty acids, the growth of muscles
and maintains the immune system. As a tricarboxylic acid substrate, acetyl citrate
participates in the tricarboxylic acid cycle as a source of energy. It is suggested that
IBS rats have the disturbance of energy metabolism, immune dysfunction and growth
inhibition, which are characteristics of spleen deficiency syndrome in TCM. In
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addition, L-serine and L-threonine are involved in amino acid metabolism. Tong Xie
Yao Fang can increase or decrease the related metabolites and make the metabolic
network return to normal or improve, indicating that Tong Xie Yao Fang can improve
the energy metabolism from sugar and amino acid metabolism in IBS spleen
deficiency syndrome. These results suggest that Tong Xie Yao Fang can improve the
body spleen deficiency and other spleen deficiency syndromes in IBS rats, enhance
energy metabolism and regulate immune function, which reflects the function of
tonifying spleen.
In summary, endogenous metabolites evidently change after the replication of IBS
model with Tong Xie Yao Fang treatment. The identified metabolic pathways include
serotonin synapse and tryptophan metabolism, cysteine and methionine metabolism,
vitamin B6 metabolism, sphingolipid metabolism and biosynthesis of proteins, amino
acids and sugars. Due to the complexity of regulation, we do not fully understand the
biological significance of abnormal expression of endogenous metabolites. However,
the results suggest that the abnormal characteristics of metabolites might form the
biological basis of liver hyperactivity and spleen-deficiency syndrome in IBS models.
Tong Xie Yao Fang plays a complex role in regulating endogenous metabolites related
to the syndrome of liver and spleen deficiency, representing the effects of supporting
the spleen and restricting the liver.

ARTICLE HIGHLIGHTS
Research background
The establishment of disease and syndrome combined with animal model in traditional Chinese
medicine (TCM) is an important link to realize the objectiveness, standardization and
scientificity of TCM. At present, the model construction method of the disease and syndrome
combination for irritable bowel syndrome (IBS) is mainly based on the modern medical disease
animal model combined with syndrome related etiology and disease mechanism. There are
obvious differences in metabolic products among TCM syndromes. Metabonomics finds
biomarkers of diseases by comparing the metabolic profiles of animal body fluids, analyzing the
differences of metabolic pathways and understanding the pathological process and metabolic
pathways of substances in the body. Thus, the evaluation of animal models tends to be
comprehensive and objective. Therefore, through the combination of metabonomics and other
systems biology with TCM prescription syndrome, we can clearly define the attributes of animal
model syndrome. Through identical formulas, different models and different formulas, we can
determine the model of syndrome from the perspective of metabolic products in vivo, clarify the
mechanism and essence of prescriptions and drugs and clarify the correlation between
prescriptions and syndromes. This research idea not only conforms to the research requirements
of TCM prescriptions and syndromes but also follows the regularity between phenomena and
essence in modern science.

Research motivation
Tong Xie Yao Fang is effective in the treatment of IBS. The overall concept of TCM theory and
the treatment of evidence differentiation require that the clinical differentiation of IBS must be
accurate. Therefore, the establishment of a syndrome-binding IBS model is the key to research of
IBS in TCM. In recent years, the study of disease syndrome combined with animal model has
developed rapidly and has become a new direction of animal model development in TCM
research. At present, many scholars have provided a suitable combination model of disease and
syndrome for the study of TCM in the treatment of IBS, which reflects the advantages of TCM on
IBS syndrome differentiation. Therefore, in the aspect of disease and syndrome combination
model replication, it is closely related to the advanced research methods of modern medicine.
Through the combination of metabonomics and other system biology with TCM prescription
syndrome, the attributes of IBS disease syndrome combined with animal model syndrome can be
clearly defined. Through the improvement of the construction method and train of thought of
the disease syndrome model, a more mature disease syndrome combined with animal model
would be obtained, and the scientific connotation of TCM will be expounded.

Research objectives
The research objective is to discover the biomarkers of Tong Xie Yao Fang and establish its
metabolic model characteristics through its influence on metabolites of IBS. The action essence of
Tong Xie Yao Fang and the syndrome essence of its disease model are explored based on the
changing law of substance quality in vivo.

Research methods
In this study, Wistar rats were used to establish the IBS models, and then randomly divided into
four groups: Model control group, Tong Xie Yao Fang treatment groups (high, medium, low
doses). A normal, non-IBS group was established. The rats were treated for 2 wk. On days 0 and
14 of the experimental model, urine was collected for 12 h and was analyzed by ultraperformance liquid chromatography quadrupole time-of-flight mass spectrometry. Nine
potential biomarkers were identified, and six major metabolic pathways were found to be related
to IBS.
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Research results
In the study of metabonomics, nine potential biomarkers including L-serine, 4-methylgallic acid,
L-threonine, succinylacetone, prolyl-hydroxyproline, valyl-serine, acetyl citrate, marmesin
rutinoside and 5-hydroxy-L-tryptophan were identified in urine, which were assigned to amino
acids, organic acids, succinyl and glycosides. Furthermore, the metabolic pathway of L-serine, Lthreonine and 5-hydroxy-L-tryptophan was found in the Kyoto Encyclopedia of Genes and
Genomes, which mainly involved the metabolism of cysteine and methionine, vitamin B6
metabolism, serotonin synapse, tryptophan metabolism, sphingolipid metabolism, digestion and
absorption of protein and amino acid metabolism. These pathways are related to intestinal
dysfunction, inflammatory syndrome, nervous system dysfunction and other diseases. However,
due to the complexity of regulation, we do not fully understand the biological significance of
abnormal expression of endogenous metabolites.

Research conclusions
The endogenous metabolites changed significantly for the IBS model after the intervention of
Tong Xie Yao Fang. Tong Xie Yao Fang plays a complex regulatory role in endogenous
metabolites associated with liver spleen deficiency syndrome. It is suggested that the
improvement of spleen deficiency and liver hyperactivity of IBS by Tong Xie Yao Fang is related
to the regulation of the serotonin synaptic pathway and tryptophan metabolism. It was
confirmed that the rectal dilatation stimulation combined with maternal-infant separation of IBS
animal model was the best model for the adaptation of Tong Xie Yao Fang. In this study, through
metabonomics related research on Tong Xie Yao Fang, endogenous metabolites in animal models
were evident, suggesting the importance of syndrome differentiation and treatment of clinical
syndrome in TCM.

Research perspectives
Metabonomics, genomics, transcriptome, and proteomics have the characteristics of systematic
methodology such as overall dynamics, synthesis and analysis and are similar to the overall
concept of TCM in the treatment of diseases. By means of systematic biology research method,
prescriptions and syndromes can be integrated into an organic system for research. Therefore,
the subject not only meets the research requirements of prescriptions and syndromes in TCM but
also conforms to the regularity of the relationship between phenomena and essence in modern
science.
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Abstract
BACKGROUND
The xeroderma pigmentosum group G (XPG) gene at chromosome 13q33 consists
of 15 exons, which may be related to the occurrence and development of gastric
cancer (GC).
AIM
To examine the association of several common single nucleotide polymorphisms
(SNPs) of the XPG gene with GC risk and survival.
METHODS
Five SNPs of XPG (rs2094258, rs751402, rs873601, rs2296147, and rs1047768) were
genotyped by PCR restriction fragment length polymorphism in 956
histologically confirmed GC cases and 1012 controls in North China. GC patients
were followed for survival status and, if deceased, cause of death. Logistic
regression and Cox regression were used for analysing associations of XPG SNPs
with risk of GC and prognosis, respectively. For rs2094258, heterozygous model
(CT vs CC), homozygous model (TT vs CC), recessive model (TT vs CT + CC), and
dominant model (TT + CT vs CC) were analyzed.
RESULTS
None of the examined loci were statistically associated with GC risk, although
rs2296147 was marginally associated with GC risk (P = 0.050). GC patients with
the rs2094258 CT + CC genotype showed worse survival than those with the TT
genotype (log-rank test, P = 0.028), and patients with the CC genotype had a
tendency of unfavourable prognosis compared with those with the TT + CT
genotype (log-rank test, P = 0.039). The increase in C alleles of rs2094258 [hazard
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ratio (HR) = 1.19, 95% confidence interval (CI): 1.02-1.45, P = 0.037] were
associated with the long-term survival of GC cases. Other risk factors for survival
included tumor differentiation (HR = 4.51, 95%CI: 1.99-8.23, P < 0.001),
lymphovascular invasion (HR = 1.97, 95%CI: 1.44-3.01, P < 0.001), and use of
chemotherapy (HR = 0.81, 95%CI: 0.63-0.98, P = 0.041).

Manuscript source: Unsolicited

CONCLUSION
The XPG rs2094258 polymorphism may be associated with overall survival in GC
patients.
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Core tip: This study investigated the relationships between five functional single
nucleotide polymorphisms of the xeroderma pigmentosum group G (XPG) (rs2094258,
rs751402, rs2296147, rs1047768, and rs873601) and gastric cancer (GC) risk and
survival. The results showed an association between the XPG rs2094258 polymorphism
and overall survival in patients with GC. GC patients with the rs2094258 CT + CC
genotype showed a worse survival than those with the TT genotype, and patients with
the CC genotype had a tendency of unfavourable prognosis compared with those with
the TT + CT genotype. The increase in the number of C alleles of rs2094258 was
associated with the long-term survival of GC cases.

Citation: Wang XQ, Terry PD, Li Y, Zhang Y, Kou WJ, Wang MX. Association of XPG
rs2094258 polymorphism with gastric cancer prognosis. World J Gastroenterol 2019; 25(34):
5152-5161
URL: https://www.wjgnet.com/1007-9327/full/v25/i34/5152.htm
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INTRODUCTION
Gastric cancer (GC) is one of the global leading causes of cancer-related death[1]. The
World Health Organization (WHO) estimates that 1.03 million people are diagnosed
and 783000 die of the disease each year[2]. The highest age standard incidence per
100000 population is observed in Eastern Asia[3], especially in China, at 22.7 per
100000[4]. Multiple factors contribute to the development of this disease, including
environmental and genetic factors, such as Helicobacter pylori (H. pylori) infection,
drinking, obesity, a high-salt diet, and various genetic factors [5] . Although GC
morbidity and mortality have declined in recent years, the social and economic
burden of the disease remains high[1,6,7].
DNA repair genes play a key role in maintaining the genomic DNA stability and
integrity. Functional genetic variants of DNA repair genes may change the host DNA
repair ability and thus affect tumor prognosis[8]. DNA repair genes participate in
many crucial pathways including nucleotide excision repair (NER), which is involved
in the repair of some types of DNA damage. Recent evidence suggests that NER
factors function in processes that facilitate mRNA synthesis or shape threedimensional chromatin structure [9] . Xeroderma pigmentosum group G (XPG or
ERCC5) plays a key role in NER repair, as it can recognize DNA damage and initiate
the NER process[10]. XPG has 3’-junction cutting ability on bubble substrates, resulting
in 3’-incision in the human double-incision) repair system, and non-catalytically XPG
is needed for subsequent 5’-incision by XPF-ERCC1[11].
Some studies have demonstrated that the single nucleotide polymorphisms (SNPs)
of XPG may affect the development of cancer, such as lung cancer[12,13], colorectal
cancer [14,15] , breast cancer [16] , neuroblastoma [17] , Hodgkin’s lymphoma [18] , and oral
squamous cell carcinoma [19] . However, only a few studies have explored the
associations between XPG gene SNPs and GC, and those studies show inconsistent
results. Some studies reported no associations[20-22], while others demonstrated varying
degrees of association[23,24]. Furthermore, few studies have explored the potential
prognostic importance of XPG SNPs in GC patients[25]. Therefore, we examined GC
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risk and survival in relation to common functional XPG SNPs in a case-control study
in North China.

MATERIALS AND METHODS
Study subjects
From September 2010 to June 2013, pathologically confirmed incident GC cases were
selected from the First Affiliated Hospital of Xi’an Jiaotong University. During the
same time period, controls were recruited from the Physical Examination Centre of
the First Affiliated Hospital of Xi’an Jiaotong University. The cases and controls were
matched by sex, age (within 5 years), and residential district. Socio-demographic and
clinical data were collected during recruitment, such as alcohol consumption and
smoking status. TNM staging of GC tumors was done according to the WHO
standard. H. pylori infection status was tested by ELISA. The present study protocol
was approved by the Institutional Review Board of Health Science Center of Xi’an
Jiaotong University. Informed consent was obtained from all study participants.

Follow-up
Cases were followed for survival status and chemotherapy data every 3 mo within the
first year and then annually afterwards. Causes and dates of death were recorded,
and survival time was calculated from the date of recruitment. Survival time was
calculated from time of recruitment to date of death, date of last contact (for those lost
to follow-up), or to the last contact with living subjects at the end of the study.

Genotyping
Peripheral blood samples from all cases and controls were collected by the
investigators. The TIANamp Blood DNA Kit (Tiangen, Beijing, China) was used for
DNA extraction. XPG rs2094258, rs751402, rs873601, rs2296147, and rs1047768
polymorphism genotyping was performed by PCR restriction fragment length
polymorphism (PCR-RFLP). The conditions of PCR amplification were: (1)
Denaturation at 95 °C for 5 min; (2) 30 cycles of denaturation at 94 °C for 60 s,
annealing at 60 °C for 60 s, and extension at 72 °C for 60 s; and (3) Extension at 72 °C
for 10 min. PCR products were confirmed by agarose gel electrophoresis. Ten percent
of the samples were randomly selected for repeated genotyping and the results were
100 percent consistent.

Statistical analysis
The socio-demographic data and clinical data between case and control subjects were
compared by the chi-square test. A goodness-of-fit chi-squared test was also used to
analyze whether the SNP (XPG rs2094258, rs751402, rs2296147, rs1047768 and
rs873601) distributions conform to the Hardy-Weinberg equilibrium (HWE) in
controls. Odds ratios (ORs) and 95% confidence intervals (CIs) for examined SNPs
were analyzed by Logistic regression method and adjusted by age, gender, and H.
pylori infection status. The heterozygous model, homozygous model, recessive model,
and dominant model were all analyzed for five SNPs. For rs2094258, heterozygous
model, homozygous model, recessive model, and dominant model were CT vs CC, TT
vs CC, TT vs CT + CC, TT + CT vs CC, respectively. Kaplan-Meier method and logrank test were used for plotting cases’ survival curves and for comparisons,
respectively.
Multivariate Cox regression was used for exploring possible prognostic factors,
which included gender, age, drinking, smoking, H. pylori, TNM stage, tumor
differentiation, lymphovascular invasion, neural invasion, and chemotherapy. SPSS
24.0 statistical software was used for all statistical analyses (Statistical Package for the
Social Sciences, version 24, SSPS Inc, Chicago, IL, United States). All statistical tests
were two-sided, with P < 0.05 as the boundary value.

RESULTS
The majority of study participants were male and less than age 60, with no significant
differences in these factors between cases and controls (Table 1). All five loci in the
control group were consistent with the Hardy-Weinberg equilibrium. The rate of H.
pylori infection in GC patients was significantly higher than that in the control group
(70.6% vs 53.6%, P < 0.001). None of the associations between studied loci (rs2094258,
rs751402, rs2296147, rs1047768, and rs873601) and GC risk was statistically significant
(Table 2). However, the rs2296147 CC genotype frequency was higher in the GC case
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group than that in the control group (5.9% vs 3.9%, P = 0.050). After adjustment for
age, sex, and H. pylori status, this genotype was marginally associated with a slightly
higher risk of GC (OR = 1.40, 95%CI: 0.97-2.50, P = 0.061) than the TT genotype. The
CC genotype was found to be marginally associated with a higher risk of GC (OR =
1.36, 95%CI = 0.99-2.49, P = 0.053) in the recessive model (CC vs CT + TT).
As the number of C alleles of rs2094258 increased, the survival rate of GC cases
decreased (log-rank test, P = 0.032) (Table 3). Among all the cases, mortality was
45.4% with rs2094258 TT genotype (no C allele), 53.7% with CT genotype (one C
allele), and 59.4% with CC genotype (two C alleles). The other four SNP loci (rs751402,
Rs2296147, rs1047768, and rs873601) had no significant correlation with overall
survival in patients with GC. For rs2094258, survival curves varied significantly with
genotype (log-rank test, P = 0.032) (Figure 1A). GC patients with the rs2094258 CT +
CC genotype showed a lower survival than patients with the TT genotype (log-rank
test, P = 0.028) (Figure 1B). Cases with the CC genotype had a poorer prognosis than
those with the TT + CT genotype (log-rank test, P = 0.039) (Figure 1C).
In univariate survival analysis, age (P = 0.011), TNM stage (P < 0.001), no
chemotherapy (P < 0.001), poor differentiation (P < 0.001), neural invasion (P < 0.001),
and lymphovascular invasion (P < 0.001) were positively associated with the 5-year
survival of GC cases (Table 4). Gender and H. pylori status were not significantly
associated with the 5-year survival of GC cases. In multivariate analysis, the increase
in the number of C alleles of rs2094258 (hazard ratio [HR] = 1.19, 95%CI: 1.02-1.45, P =
0.037), chemotherapy (HR = 0.81, 95%CI: 0.63-0.98; P = 0.041), differentiation (HR =
4.51, 95%CI: 1.99-8.23, P < 0.001), and lymphovascular invasion (HR = 1.97, 95%CI:
1.44-3.01, P < 0.001) were associated with survival in GC cases (Table 5).

DISCUSSION
We genotyped five functional SNPs in the XPG gene involved in the NER pathway
and assessed their associations with GC risk and survival in China. Although
rs2296147 was marginally associated with risk of GC (P = 0.05), we found no
statistically significant associations. However, as the number of C alleles of rs2094258
increased, the survival of GC cases showed a decreasing trend. Poor differentiation,
lymphovascular invasion, no chemotherapy, and increase in the number of C alleles
of rs2094258 were associated with decreased survival among cases.
Few studies have explored the association of XPG SNPs with survival in GC
patients. Our results are similar to those of Liu et al[25], who analysed the association
between XPG SNPs and survival among 373 GC patients in China. That study found
that in univariate model, the survival rate of those with the XPG rs2094258 AG
genotype was higher than that of wild-type GG carriers (HR = 0.59, 95%CI: 0.39-0.90,
P = 0.014), and that in multivariate analysis, the AA + AG genotype presented a
significant survival advantage over the GG genotype (adjusted HR = 0.65, 95%CI:
0.44-0.97)[25]. Liu et al[25] also found that the AA + AG genotype of the XPG rs2094258
polymorphism improved survival in those with the following characteristics: Age
more than 60, lymphatic metastasis, TNM stage III-IV, Borrmann III–IV, and diffusetype gastric tumors[25].
Consistent with our study, a recent meta-analysis did not observe an overall
association between the XPG rs2094258 SNPs and GC risk[26]. Some studies have found
associations between the rs2094258 polymorphism and GC risk[22,26-28]. For example,
Yang et al [ 2 3 ] assessed three XPG SNPs (rs2296147T>C, rs2094258C>T, and
rs873601G>A) and found that the rs2094258 C>T polymorphism was associated with
an increased GC risk. Meanwhile, H. pylori-infected individuals with the rs2094258 TT
genotype had a much higher GC risk (OR = 2.13, 95%CI: 1.22-3.35, P for interaction =
0.030)[23]. However, H. pylori status did not modify associations with this SNP in our
data. Varying cofactors among study populations, small sample size, the use of
different PCR methods, or the low penetrance of this SNP may account for the
inconsistent findings[15].
XPG rs2296147 was not associated with GC in the present study, a finding
consistent with those of other studies[24,25]. However, significant associations between
rs2296147 polymorphisms and GC risk were observed in Asian populations in
numerous studies in one meta-analysis (CT vs TT: OR = 0.93, 95%CI: 0.87-0.99, P =
0.036)[29]. Further, the rs2296147 CC genotype was associated with a reduced risk of
GC in a Chinese population (OR = 0.52, 95%CI: 0.27-0.97)[23]. These differences may be
due to regional differences, small sample size, or heterogeneity of clinical feature[26].
The NER pathway belongs to the DNA repair pathways, and its functions include
removing exogenous or endogenous DNA damage or adduct between chains and
recruiting proliferating-cell nuclear antigen to the damage site for the subsequent gap-
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Table 1 Demographic characteristics of the participants
Case

Control

n = 956

n = 1012

≤60

569 (59.5)

637 (62.9)

>60

387 (40.5)

375 (37.1)

X2

P-value

2.289

0.130

0.662

0.416

59.835

<0.001

2.787

0.095

1.382

0.240

Age (yr)

Gender
Male

667 (69.8)

724 (71.5)

Female

289 (30.2)

288 (28.5)

Positive

675 (70.6)

542 (53.6)

Negative

281 (29.4)

470 (46.4)

No

758 (79.3)

497 (49.1)

Yes

198 (20.7)

515 (50.9)

No

560 (58.6)

517 (51.1)

Yes

396 (41.4)

495 (48.9)

H. pylori infection

Drinking

Smoking

H. pylori: Helicobacter pylori.

filling DNA synthesis[30]. DNA repair usually includes two stages of excision and
repair synthesis [31] . The XPG gene locating at chromosome 13q33 consists of 15
exons[10], which is considered to cut the DNA at the 3’ terminus, initiate transcriptioncoupled DNA repair, and participate in RNA polymerase II transcription[32]. In the
process of DNA repair, XPG binds to XPB as part of the transcription factor IIH
(TFIIH) complex and strongly interacts with the TFIIH complex, a multi-subunit
complex located at the intersection of transcription and DNA repair[33], which is
involved in the DNA demethylation induced by overexpression of Gadd45a [10] .
Meanwhile, XPG-related nucleases are used hierarchically for the excision of doublestranded rDNA break resection[34]. Recent report suggests that XPG incises the R-loop
structure and participates in the RAD52-dependent resolution of DNA-RNA
hybrids[35]. The rs1047768, rs751402, and rs2296147 are located in the exon 2, proximal
promoter, and 5' untranslated region of the gene, respectively[36,37]. Based on the
dbSNP database, the rs2094258 located at the XPG gene intron region participates in
the initiation of the transcription-coupled DNA repair.
The limitations of this study are as follows. First, we could not explore and
determine the exact mechanism by which XPG SNPs influence GC survival. Second,
this study only examined five functional SNPs and did not include all the SNPs in the
XPG gene that might play a key role in GC development. Third, selection bias and
information bias are inherent threats to case-control studies, and cannot be ruled out
in our study. Genetic factors have been shown to play key roles in the development,
progression, and prognosis of GC. If confirmed by other studies, the results of our
study suggest that XPG rs2094258 polymorphisms may serve as genetic biomarkers
for GC prognosis, and may provide clues to biological underpinnings of GC
progression.
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Table 2 Single nucleotide polymorphism and genotype distribution between gastric cancer cases and controls

SNP

Case

Control

n = 956

n = 1012

CC

390 (40.8)

437 (43.2)

CT

441 (46.1)

464 (45.8)

Genotype

Rs2094258

Rs751402

Rs2296147

Rs1047768

Rs873601

HWE

P-value

0.318

0.853

OR

95%CI

P-value

OR1

95%CI

P-value

1.07

0.88-1.29

0.545

1.05

0.86-1.31

0.626

1.00

TT

125 (13.1)

111 (11.0)

1.26

0.94-1.69

0.133

1.19

0.90-1.20

0.249

Dominant

566 (59.2)

575 (56.8)

1.10

0.92-1.32

0.284

1.06

0.87-1.37

0.388

Recessive

831 (86.9)

901 (89.0)

1.22

0.93-1.60

0.150

1.19

0.91-1.72

0.303

CC

366 (38.3)

371 (36.7)

0.183

0.913

1.00

CT

467 (48.8)

476 (47.0)

0.95

0.78-1.16

0.618

0.98

0.77-1.33

0.774

TT

123 (12.9)

165 (16.3)

0.88

0.67-1.15

0.341

0.90

0.61-1.28

0.491

Dominant

590 (61.7)

632 (62.5)

0.95

0.79-1.14

0.554

0.95

0.78-1.22

0.711

Recessive

833 (87.1)

847 (83.7)

0.90

0.71-1.15

0.411

0.93

0.69-1.18

0.487

TT

599 (62.7)

640 (63.2)

0.076

0.963

1.00

CT

301 (31.5)

332 (32.9)

0.97

0.80-1.17

0.745

0.97

0.80-1.19

0.674

CC

56 (5.9)

40 (3.9)

1.50

0.98-2.28

0.059

1.40

0.97-2.50

0.061

Dominant

357 (37.3)

372 (36.8)

1.03

0.85-1.23

0.789

1.01

0.80-1.38

0.865

Recessive

900 (94.1)

973 (96.1)

1.51

1.00-2.29

0.050

1.36

0.99-2.49

0.053

TT

505 (52.8)

540 (53.4)

CT

379 (39.6)

406 (40.1)

1.00

0.83-1.20

0.985

1.00

0.80-1.28

0.989

0.367

0.832

1.00

CC

72 (7.6)

66 (6.5)

1.17

0.82-1.66

0.395

1.11

0.79-1.92

0.505

Dominant

451 (47.2)

472 (46.6)

1.02

0.86-1.22

0.812

1.01

0.81-1.45

0.897

Recessive

884 (92.5)

946 (93.5)

1.17

0.83-1.65

0.381

1.12

0.74-1.84

0.561

GG

271 (28.3)

288 (28.5)

AG

475 (49.7)

514 (50.8)

0.247

0.884

0.98

1.00
0.80-1.21

0.865

0.99

0.63-1.88

0.931

AA

210 (22.0)

210 (20.7)

1.06

0.83-1.37

0.638

1.03

0.71-2.01

0.807

Dominant

685 (71.7)

724 (71.5)

1.12

0.92-1.37

0.245

1.07

0.82-1.94

0.466

Recessive

746 (78.0)

802 (79.2)

1.08

0.87-1.33

0.511

0.98

0.88-1.37

0.685

1

OR was calculated by Logistic regression method after adjusting for age and gender. H. pylori: Helicobacter pylori infection status; SNP: Single nucleotide
polymorphism; HWE: Hardy-Weinberg equilibrium; OR: Odds ratio.

Table 3 Genotypes of single nucleotide polymorphism and 5-year survival status of gastric cancer cases
SNP

Genotype

Case

Death (%)

5-yr survival rate (%)

P-value1

Rs2094258

CC

388

157 (40.5)

59.4

0.032

Rs751402

Rs2296147

Rs1047768

Rs873601

CT

440

203 (46.1)

53.7

TT

123

68 (55.3)

45.4

CC

363

162 (44.6)

55.3

CT

465

216 (46.5)

53.3

TT

121

50 (41.3)

58.9

TT

589

281 (47.7)

52.0

CT

297

124 (41.8)

57.6

CC

50

23 (46.0)

57.7

TT

501

243 (48.5)

51.2

CT

375

152 (40.5)

59.1

CC

67

33 (49.3)

53.4

GG

268

131 (48.9)

51.2

AG

472

203 (43.0)

56.8

AA

207

94 (45.4)

54.7

0.523

0.217

0.102

0.362

1

P was calculated by log-rank test. SNP: Single nucleotide polymorphism.
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Table 4 Univariate analysis of associations between influencing factors and 5-year survival of gastric cancer cases
Variable

Classification

n

Death (%)

5-yr survival rate (%)

P-value1

Gender

Male

667

303 (45.4)

54.2

0.399

Female

289

125 (43.3)

56.1

≤60

569

235 (41.3)

58.5

>60

387

193 (49.9)

49.7

No

758

335 (44.2)

55.6

Yes

198

93 (47.0)

52.9

No

560

244 (43.6)

55.9

Yes

396

184 (46.5)

53.3

Negative

281

118 (42.0)

58.1

Positive

675

310 (45.9)

51.4

I

178

18 (10.1)

87.7

II

366

129 (35.2)

66.9

III

404

281 (69.6)

29.8

Poor

661

329 (49.8)

50.0

Moderate or high

280

99 (35.4)

66.7

Negative

269

57 (21.2)

79.6

Positive

675

371 (55.0)

44.8

Negative

396

132 (33.3)

67.4

Positive

548

296 (54.0)

45.7

No

361

281 (77.8)

22.9

Yes

592

147 (24.8)

75.1

Age (yr)

Drinking

Smoking

H. pylori infection

TNM stage

Differentiation

Lymphovascular invasion

Neural invasion

Chemotherapy

0.011

0.259

0.417

0.284

<0.001

<0.001

<0.001

<0.001

<0.001

Missing values: 8 for tumor–node–metastasis stage, 15 for differentiation, 12 for lymphovascular invasion and neural invasion, and 3 for chemotherapy.
1
P was calculated by log-rank test. H. pylori: Helicobacter pylori; TNM: Tumor–node–metastasis.

Table 5 Multivariate analysis of gastric cancer survival
Variable

Comparison

HR1

95%CI

P-value

Differentiation

Poor vs Moderate or high

4.51

1.99-8.23

<0.001

Lymphovascular invasion

Positive vs Negative

1.97

1.44-3.01

<0.001

Chemotherapy

Yes vs No

0.81

0.63-0.98

0.041

Rs2094258

Increase in C allele

1.19

1.02-1.45

0.037

1

HR was calculated by Cox regression model. HR: Hazard ratio.
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Figure 1

Figure 1 Survival plots of gastric cancer cases stratified by rs2094258 genotype. A: Compared with the survival of cases with no C allele (genotype TT, blue
line), cases with one C allele (genotype CT, green line) demonstrated a decreased survival rate and cases with two C alleles (genotype CC, dotted line) exhibited the
lowest survival rate; B: Compared with the survival of cases with no C allele (genotype TT, blue line), cases with recessive allele (genotype CT + CC, dotted line)
demonstrated a decreased survival rate; C: In the dominant model, case with CC allele showed a lower survival rate compared with cases with dominant allele.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the leading causes of cancer-related death worldwide, which causes
a high social and economic burden. Xeroderma pigmentosum group G (XPG) or ERCC5 may
play a key role in DNA repair, thus affecting cancer prognosis. Studies have shown that XPG
SNPs may affect the development of cancer such as lung cancer, colorectal cancer, and breast
cancer.

Research motivation
Only a few studies have explored the relationships between XPG gene SNPs and GC, and the
results are inconsistent.

Research objectives
To examine GC risk and survival in relation to common functional XPG SNPs through a casecontrol study, which might improve our understanding of GC and provide new therapeutic
targets for this malignancy.

Research methods
A total of 956 histologically confirmed GC cases and 1012 controls were matched by sex, age
(within 5 years), and residential district. Cases were followed and the survival time was
recorded. DNA was extracted from peripheral blood samples of all cases and controls. XPG
rs2094258, rs751402, rs2296147, rs1047768, and rs873601 polymorphisms were genotyped using
PCR-RFLP. Logistic regression and Cox regression were used for analyzing associations of XPG
SNPs with risk of GC and prognosis, respectively.

Research results
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We found that GC patients with the rs2094258 CT + CC genotype showed a worse survival than
those with the TT genotype, and patients with the CC genotype had a tendency of unfavorable
prognosis compared with those with the TT + CT genotype. The increase in the number of C
alleles of rs2094258 was associated with the long-term survival of GC cases. Other risk factors for
survival included tumor differentiation, lymphovascular invasion, and use of chemotherapy.
However, the exact mechanisms by which XPG SNPs influence GC survival remain to be solved.

Research conclusions
The XPG rs2094258 polymorphism may be associated with overall survival in patients with GC.

Research perspectives
If confirmed by other studies, the results of our study suggest that XPG rs2094258
polymorphisms may serve as genetic biomarkers for GC prognosis, and may provide clues to
biological underpinnings of GC progression.
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Abstract
BACKGROUND
Acute pancreatitis (AP) is a common acute abdominal disease worldwide, and its
incidence rate has increased annually. Approximately 20% of AP patients
develop into necrotizing pancreatitis (NP), and 40% to 70% of NP patients have
infectious complications, which usually indicate a worse prognosis. Infection is
an important sign of complications in NP patients.
AIM
To investigate the difference in infection time, infection site, and infectious strain
in NP patients with infectious complications.
METHODS
The clinical data of AP patients visiting the Department of General Surgery of
Xuanwu Hospital of Capital Medical University from January 1, 2014 to
December 31, 2018 were collected retrospectively. Enhanced computerized
tomography or magnetic resonance imaging findings in patients with NP were
included in the study. Statistical analysis of infectious bacteria, infection site, and
infection time in NP patients with infectious complications was performed,
because knowledge about pathogens and their antibiotic susceptibility patterns is
essential for selecting an appropriate antibiotic. In addition, the factors that might
influence the prognosis of patients were analyzed.
RESULTS
In this study, 539 strains of pathogenic bacteria were isolated from 162 patients
with NP infection, including 212 strains from pancreatic infections and 327
strains from extrapancreatic infections. Gram-negative bacteria were the main
infectious species, the most common of which were Escherichia coli and
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Pseudomonas aeruginosa. The extrapancreatic infection time (9.1 ± 8.8 d) was earlier
than the pancreatic infection time (13.9 ± 12.3 d). Among NP patients with early
extrapancreatic infection (< 14 d), bacteremia (25.12%) and respiratory tract
infection (21.26%) were predominant. Among NP patients with late
extrapancreatic infection (> 14 d), bacteremia (15.94%), respiratory tract infection
(7.74%), and urinary tract infection (7.71%) were predominant. Drug sensitivity
analysis showed that P. aeruginosa was sensitive to enzymatic penicillins, thirdand fourth-generation cephalosporins, and carbapenems. Acinetobacter baumannii
and Klebsiella pneumoniae were sensitive only to tigecycline; Staphylococcus
epidermidis and Enterococcus faecium were highly sensitive to linezolid, tigecycline,
and vancomycin.
CONCLUSION
In this study, we identified the timing, the common species, and site of infection
in patients with NP.
Key words: Necrotizing pancreatitis; Extrapancreatic infection; Pathogenic bacteria; Drug
sensitivity test
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Core tip: In our study, Gram-negative bacteria were the main pathogens in necrotizing
pancreatitis patients with infectious complications in our hospital. The most common
Gram-negative bacteria were Escherichia coli and Pseudomonas aeruginosa.
Additionally, the proportion of multidrug-resistant bacteria was relatively large, and
caution should be used in the application of antibiotics. The extrapancreatic infection
time was usually earlier than that of pancreatic infection. For patients with suspected
infection, blood and respiratory pathogens should be cultured first. Third- or fourthgeneration cephalosporins or carbapenems can be used as empirical drugs. Persistent
organ failure, multidrug resistance, and multiple operations were risk factors for death.
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INTRODUCTION
Acute pancreatitis (AP) is a common acute abdominal disease worldwide, and its
incidence rate has increased annually[1]. With the progression of the disease, 20% of
AP patients develop into necrotizing pancreatitis (NP). Approximately 40% to 70% of
NP patients have infectious complications, which usually indicate a worse prognosis.
Infection is an important sign of complications in NP patients[1-5]. To date, studies on
pancreatic infection have mainly focused on pancreatic and peripancreatic infection,
but few have focused on extrapancreatic infection and coinfection.
Therefore, this study collected clinical data of NP patients who visited our hospital
from January 1, 2014 to December 31, 2018. The aim was to analyze the difference in
infection time, infection site, and bacterial strains in NP patients with infectious
complications and the influence of these factors on mortality, in order to help
determine treatment strategies for NP patients with coinfection.

MATERIALSANDMETHODS
Patients
The clinical data of NP patients who visited our hospital from January 1, 2014 to
December 31, 2018 were retrospectively collected.

Inclusion criteria
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Patients diagnosed with NP by enhanced computerized tomography (CT) or magnetic
resonance imaging (MRI) were included in the study.

Exclusion criteria
The exclusion criteria were: (1) Acute attack of chronic pancreatitis; (2) Abdominal
exploratory surgery due to pancreatitis; (3) Pancreatitis due to abdominal surgery;
and (4) Acute abdominal events such as visceral organ perforation, bleeding, and
abdominal compartment syndrome

Definitions
AP: AP can be diagnosed by any two of the following three items: (1) Acute epigastric
pain, radiating to the waist and back; (2) Blood amylase and/or lipase levels at least
three times higher than the normal limit; and (3) The presence of typical pancreatic
lesions upon imaging examination (such as abdominal ultrasound, enhanced CT, or
MRI).
NP: NP presents inflammation associated with pancreatic parenchymal necrosis
and/or peripancreatic necrosis. On contrast-enhanced CT, there is lack of pancreatic
parenchymal enhancement by intravenous contrast agent and/or the presence of
findings of peripancreatic necrosis[3]. According to Balthazar et al[6], the degree of
pancreatic necrosis in NP patients is classified as < 30%, 30%-50%, and > 50%.
Infectious NP (INP): In clinical treatment, pancreatic infection is suspected in NP
patients when one of the following symptoms is present: (1) Sudden high fever (> 38.5
°C) or persistent fever (> 38.5 °C) that does not return; (2) A significant increase in
leukocyte count, or the percentage of neutrophils and inflammatory markers (CRP,
IL-6, and PCT); and (3) Continuous deterioration of clinical symptoms such as newonset organ failure or multiple organ failure. Diagnostic methods include the
following: (1) Enhanced CT showing gas configurations in the necrotic collection; and
(2) Positive culture from pancreatic necrosis obtained by puncture or operation.
Extrapancreatic infection: Extrapancreatic infection is defined as infection occurring
in other organs of AP patients. Common sites of extrapancreatic infection include the
blood, respiratory tract, urinary tract, abdominal cavity, biliary tract, and surgical
incision site [7-9] . When infection symptoms are suspected in AP patients, but no
definite signs of infection (bubbles) are found in the necrotic pancreatic tissue on
imaging, and the culture of necrotic tissue and pus from puncture and drainage is
negative, suspected patients with extrapancreatic infection can be diagnosed or
excluded by multiple, multisite pathogen culture[4,5,7-9].
Multidrug-resistant (MDR) bacteria: MDR bacteria, which are bacteria that are
usually sensitive to three or more commonly used antibiotics but show simultaneous
resistance to these drugs, were evaluated according to the Chinese expert consensus
on the prevention and control of nosocomial infection by MDR bacteria.

Management of patients
After admission, patients with confirmed NP were treated conservatively with
analgesics, fluid resuscitation, and supportive treatment. Patients with clinically
severe AP (suspected or confirmed symptoms of organ failure) were admitted to the
intensive care unit (ICU) with all possible organ support systems, including
ventilatory support, vasopressors, and dialysis as and when required. Patients with
sterile necrosis are usually treated conservatively. For NP patients with suspected or
confirmed infectious complications, broad-spectrum antibiotics (such as third- and
fourth-generation cephalosporins and carbapenems) were used to control infection,
and sensitive antibiotics were selected according to the drug sensitivity results of the
patients. The indications for surgical intervention in NP patients were as follows: (1)
After conservative treatment, the clinical symptoms did not improve significantly or
worsened continuously; (2) Pancreatic infection was confirmed in the patient; and (3)
The range of sterile necrosis in the patient was enlarged, and the surrounding organs
were compressed. Minimally invasive approaches to remove necrotic tissue are
usually selected according to the necrotic site in the patient.

Statistical analysis
Data were input into Excel 2018, the baseline data are recorded as the mean ± SD or
medians (ranges) as appropriate. Independent samples t-tests were performed to
analyze the differences between the groups. Qualitative data were scored, and chisquare or Fisher’s exact tests were performed to analyze the differences between the
groups. Logistic regression was used to determine the risk of death in the patients via
SPSS 23.0 statistical software, with the level of statistical significance set as P < 0.05.
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RESULTS
We collected the clinical data of patients with AP who visited our department from
January 1, 2014 to December 31, 2018. A total of 205 NP patients were enrolled
according to the results of enhanced CT in our hospital or another hospital. There
were 140 males and 65 females, with an average age of 49.5 ± 15.7 years. The causes of
NP were gallstones in 109 patients, hyperlipidemia in 67 patients, unknown etiology
in 12 patients, alcoholism in 10 patients, endoscopic retrograde cholangiopancreatography in 6 patients, and posttraumatic pancreatitis in 1 patient. There was
no significant difference in age, sex, or etiology between the infection group and the
non-infection group (Table 1).
Among the 205 NP patients, 163 had infectious complications, and 42 had sterile
necrosis. The different degrees of pancreatic necrosis in the patients with NP were as
follows: 40 (26/14) patients with less than 30% necrosis, 80 (65/15) with 30%-50%
necrosis, and 85 (72/13) with more than 50% necrosis. The median modified computer
tomography severity scan (CTSI) score was 4 (range, 0-10). There was a significant
difference in the degree of necrosis between the infection group and the non-infection
group (Table 1).
Among the 205 NP patients, 179 were referred, with a median referral time of 24 d;
150 had infectious complications and 29 had aseptic NP. There was no significant
difference in the referral time between the infection group and the non-infection
group (Table 1).

Spectrum of pathogenic bacteria in infected patients
Among the 162 NP patients with confirmed infectious complications, 539 strains of
pathogenic bacteria were isolated, of which 21 were cultured from 112 patients with
pancreatic infection. The most common Gram-negative bacteria were P. aeruginosa
and E. coli (n = 34). The most common Gram-positive bacterial species was
Enterococcus faecium (n = 18), and the most common fungus was Candida albicans (n =
3). A total of 327 strains were cultured from 132 patients with extrapancreatic
infection, including 165 strains from blood, 77 from the respiratory tract, 35 from the
urinary tract, 25 from the abdominal cavity, 20 from the biliary tract, and 5 from
wound infections. The most common Gram-negative bacterial species was P.
aeruginosa (n = 32), the most common Gram-positive bacterial species was
Staphylococcus epidermidis (n = 32), and the most common fungus was C. albicans (n =
19). Fungal infection was found in 39 patients; 4 strains of pathogenic fungi were
cultured from three patients with pancreatic infections, and 52 strains of pathogenic
fungi were cultured from 36 patients with extrapancreatic infections (24 from blood, 5
from the respiratory tract, and 17 from the urinary system) (Table 2).

Drug sensitivity analysis of pathogens in infected patients
Gram-negative bacteria: Almost all gram-negative bacteria cultured from cases of
INP were resistant to first- and second-generation cephalosporins and nonenzymatic
penicillin. The most common E. coli was sensitive to carbapenems and to third- and
fourth-generation cephalosporins. Klebsiella pneumoniae was generally resistant to
commonly used antibiotics, and the resistance rate to carbapenems was more than
50%. P. aeruginosa was more sensitive to third- and fourth-generation cephalosporins
than to other antibiotic classes. The percentages of E. coli and K. pneumoniae strains
producing extended-spectrum beta-lactamase (ESBL) were 41.18% (14/34) and 20%
(6/30), respectively. The drug sensitivity of Gram-negative pathogenic bacteria in NP
cases with extrapancreatic infection was low. A. baumannii and K. pneumoniae were the
most sensitive of the identified species to tigecycline. E. coli and P. aeruginosa were still
susceptible to cephalosporins and carbapenems (approximately 50%). The
percentages of ESBL-positive E. coli and K. pneumoniae strains were both 50% (10/20)
(Table 3).
Gram-positive bacteria: Gram-positive bacteria in INP patients were sensitive to
vancomycin and tigecycline, but resistant to other antibiotics. The most common E.
faecium was highly susceptible to macrolides (77.78%, 14/18). Staphylococcus aureus
was almost 100% sensitive to quinolones, tetracyclines, penicillins, aminoglycosides,
and sulfonamide compounds. The percentages of ESBL-positive S. epidermidis and S.
aureus strains were 60% (3/5) and 60% (3/5), respectively. The drug sensitivities of
Gram-positive pathogens in NP with extrapancreatic infection were slightly different.
Most of these organisms were highly sensitive to macrolides, tetracyclines, and
polypeptide antibiotics (> 80%). ESBL producing strains of S. epidermidis and S. aureus
accounted for 37% (12/32) and 37.5% (3/8) of the strains, respectively (Table 4).
Fungal infection: According to the drug sensitivity of NP patients, C. albicans was the
main pathogenic fungus cultured in patients with either pancreatic or extrapancreatic
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Table 1 Comparison of baseline demographic and clinical characteristics between the infection group and non-infection group
Variable

Total (n = 205)

Infection (n = 163)

Non-infection (n = 42)

P-value

Age (yr)

49.5 ± 15.7

50.3 ± 15.5

46.6 ± 16.7

0.173

Male

140

112

28

0.801

Etiology

0.898

Biliary

109

88

21

Alcohol

10

7

3

Hyperlipemia

67

52

15

ERCP

6

5

1

Others

13

11

2

Referral time

24 (0-300)

30 (0-300)

2.5 (0-180)

0.013a

CTSI

4 (2-10)

6 (2-10)

4 (2-8)

0.127

Persistent OF

50

49

1

0.005b

Need for any intervention

120

113

7

< 0.001c

Death

20

18

2

0.191

TPN

17 (0-163)

18 (0-163)

10 (0-47)

< 0.001c

EN

1 (0-112)

2 (0-112)

0 (0-34)

0.004b

Length of hospital stay(d)

29 (0-172)

32 (0-172)

19 (5-48)

< 0.001c

Length of stay ICU stay

11 (0-117)

13 (0-28)

7 (0-117)

0.004b
0.018a

Necrosis degree
< 30%

40

26

14

30%-50%

80

65

15

> 50%

85

72

13

a

P < 0.05,
P < 0.01,
c
P < 0.001. ERCP: Endoscopic retrograde cholangio pancreatography; CTSI: Computer tomography severity scan; OF: Organ failure; TPN: Total parenteral
nutrition; EN: Enteral nutrition; ICU: Intensive care unit.
b

infection. C. albicans was sensitive to the antifungal drugs currently used in the clinic,
such as 5-fluorocytosine, amphotericin B, and fluconazole.
MDR bacteria: Among the common Gram-negative bacilli identified in INP cases, the
rates of multidrug resistance were as follows: P. aeruginosa, 26.47% (9/34); K.
pneumoniae, 50% (15/30); E. coli, 26.47% (9/34); and A. baumannii, 72.73% (16/22). The
multidrug resistance rate of common Gram-positive cocci was as follows: E. faecium,
27.78% (5/18). The multidrug resistance rates of common gram-negative bacteria in
extrapancreatic infections were as follows: P. aeruginosa, 25% (8/32); K. pneumoniae,
68.75% (11/16); E. coli, 20% (4/20); and A. baumannii, 77.27% (17/22). The multidrug
resistance rates of common gram-positive bacteria were as follows: S. epidermidis,
3.13% (1/32) and E. faecium, 13.33% (4/30).

Infection time and location
In this study, the extrapancreatic infection time was 9.1 ± 8.8 d, the pancreatic
infection time was 13.9 ± 12.3 d, and the fungal infection time was (31.6 ± 26.4 d, P <
0.05). Among the 132 NP patients with extrapancreatic infection, 85 had bacteremia,
60 had respiratory tract infection, 25 had urinary tract infection, 22 had abdominal
infection, 11 had biliary tract infection, and 4 had wound infection. The common sites
of extrapancreatic infection in patients with early NP (< 14 d) were the blood and
respiratory tract. The common sites of extrapancreatic infection in patients with
advanced NP (> 14 d) were the blood, respiratory tract, and urinary tract (Figure 1).

Prognosis of NP patients
In this study, among the 42 cases of sterile NP, 35 were treated conservatively, and 7
were treated surgically. Six patients underwent intracystic drainage or video-assisted
retroperitoneal debridement (VARD) to remove necrotic tissue. One patient was
treated by interventional embolization for arterial hemorrhage. Among the 163
patients with infection, 50 received only symptomatic supportive treatment such as
anti-inflammatory therapy, and 113 patients with NP underwent surgical treatment.
Seven patients received only percutaneous catheter drainage (PCD) and antiinflammatory treatment, while the remaining 106 patients received VARD and anti-
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Table 2 Microbiological profile of organisms in infected patients
Organism

INP (n = 212)

Extrapancreatic infection (n = 327)

P. aeruginosa

34

32

A. baumanii

22

22

E. coli

34

20

K. pneumoniae

30

16

S. epidermidis

5

32

E. faecium

18

30

S. haemolyticus

5

19

S. aureus

5

8

C. albicans

3

19

C. parapsilosis

0

12

C. tropicalis

0

12

C. glabrata

1

9

Gram-negative

Gram-positive

Fungal

INP: Infectious necrotizing pancreatitis; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; A.
baumannii: Acinetobacter baumannii; K. pneumoniae: Klebsiella pneumoniae; E. faecium: Enterococcus faecium; S.
epidermidis: Staphylococcus epidermidis; S. aureus: Staphylococcus aureus; E. faecalis: Enterococcus faecalis; C.
albicans: Candida albicans; C. parapsilosis: Candida parapsilosis; C. tropicalis: Candida tropicalis; C. glabrata: Candida
glabrata.

inflammatory treatment. Postoperative complications occurred in 21 patients:
bleeding in 10, interventional therapy in 3 (hepatic artery in 1 and splenic artery in 2),
digestive tract fistula in 8, and pancreatic fistula in 3.
In this study, the overall mortality rate was approximately 9.76% (n = 20). Of the 42
patients with sterile necrosis, 7 treated surgically were discharged from the hospital,
and 2 treated conservatively died. Of the 163 NP patients with infectious
complications, 7 died of infectious necrosis treated conservatively, and 2 died of PCD
only. Nine patients died after VARD treatment. A total of 50 patients suffered from
organ failure, including 1 in the noninfection group and 49 in the infection group. A
total of 18 patients died, with a mortality rate of 36%. Regression analysis showed that
the mortality rate was related to persistent organ failure, infection with multiple drugresistant bacteria, and the number of operations (Table 5).

DISCUSSION
Many guidelines and studies suggest that infection is a risk factor for late mortality in
NP patients and an indication for surgery[1-3,7-10]. Currently, the concept of surgery for
INP patients has changed from "early, multiple, open debridement" to "delayed,
drainage, minimally invasive". The superiority of the “step-up” approach to “open
necrosectomy” for NP has been widely recognized [11-15] . Our center delays the
progression of NP patients with suspected or confirmed infection by timely
conservative treatment such as analgesia, fluid resuscitation, anti-inflammatory
agents, and enteral (parenteral) nutrition. In a large number of clinical practices, we
believe that the choice of antibiotic treatment for NP patients with infection, especially
before the results of the first bacterial culture are obtained, is still relatively blind.
In our study, cultures of pathogenic bacteria from infected NP patients were
analyzed. Gram-negative bacteria were the main pathogens in pancreatic and
extrapancreatic infections. E. coli and K. pneumoniae were the most common pathogens
in pancreatic infections, consistent with the findings in most studies on infectious
pathogens[7,8,10,16-21]. Immune suppression in early NP patients may lead to excessive
systemic inflammatory response syndrome, which increases intestinal mucosal
permeability and damages intestinal commensal microorganisms, resulting in
translocation of the intestinal flora and pancreatic infection. The main pathogenic
bacteria in extrapancreatic infections were different from those in pancreatic
infections. P. aeruginosa and A. baumannii were the most common Gram-negative
bacteria in extrapancreatic infection. E. coli and K. pneum oniae were the main Gramnegative bacteria in pancreatic infections. The bacteria in pancreatic infections may
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Table 3 Drug sensitivity of Gram-negative bacteria in infected patients
Pancreatic

Extrapancreatic

Antibiotic

P. aeruginosa

E. coli

A. baumannii

K. pneumoniae

P. aeruginosa

E. coli

A. baumannii

K. pneumoniae

MDR bacteria

9/34

9/34

16/22

15/30

8/32

4/20

17/22

11/16

ESBL +:

—

14/34

—

6/30

—

10/20

—

2/16

Penicillins
Ampicillin

0/34

8/34

0/22

1/30

0/32

4/20

1/22

0/16

Piperacillin

12/34

4/34

0/22

3/30

14/32

4/20

1/22

0/16

Piperacillin/tazobactam

13/34

10/34

4/22

8/30

19/32

11/20

1/22

4/16

Cefoperazone/sulbactam

8/34

0/34

4/22

0/30

9/32

0/20

4/22

0/16

Ampicillin/sulbactam

0/34

4/34

0/22

4/30

0/32

6/20

4/22

0/16

21/34

11/34

3/22

11/30

17/32

6/20

3/22

3/16

Enzymatic penicillins

quinolones
Levofloxacin

First- and second-generation cephalosporins
Cefoxitin

0/34

0/34

0/22

0/30

0/32

0/20

0/22

0/16

Cefuroxime

0/34

0/34

0/22

0/30

0/32

0/20

0/22

0/16

Third- and fourth-generation cephalosporins
Ceftazidime

14/34

13/34

3/22

7/30

16/32

11/20

3/22

2/16

Cefepime

17/34

12/34

3/22

10/30

15/32

11/20

3/22

3/16

Imipenem

10/34

21/34

2/22

11/30

10/32

12/20

3/22

2/16

Meropenem

10/34

11/34

3/22

6/30

9/32

6/20

3/22

2/16

1/34

14/34

9/22

14/30

0/32

10/20

8/22

9/16

Tigecycline

1/34

1/34

17/22

13/30

0/32

2/20

18/22

9/16

Minocycline

—

—

9/22

—

0/32

—

10/22

—

Carbapenems

Sulfonamides
Compound trimethoprim
Tetracycline

MDR: Multidrug-resistant; ESBL: Extended-spectrum β-lactamases; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; A. baumannii: Acinetobacter
baumannii; K. pneumoniae: Klebsiella pneumoniae.

originate primarily from the intestinal tract; thus, intestinal bacteria are common,
while the bacteria in extrapancreatic infections differ by infection site.
According to the analysis of extrapancreatic infection time in NP patients, the
extrapancreatic infection time was earlier than the pancreatic infection time,
consistent with the conclusions of other studies[4,5,7,8]. In both early (< 14 d) and late (>
42 d) infections, bacteremia is a common source of infection. In the early stage,
bacteremia may occur due to the suppression of immune function by a systemic
inflammatory reaction, which may affect the prognosis of NP patients[5]. Brown et al[4]
noted that the most common manifestations of extrapancreatic infections in severe AP
patients were respiratory tract infections (9.2%) and bacteremia (8.4%). Moka et al[8]
noted that INP patients with extrapancreatic infection (pneumonia or bacteremia) had
significantly higher total hospitalization lengths, ICU hospitalization lengths, and
mortality rates than those without extrapancreatic infection. In a retrospective study
by Besselink et al [10] , bacteremia was considered an independent risk factor for
predicting death in AP patients, and increased the risk of pancreatic parenchymal
necrosis and infection. The predominance of bacteremia in late extrapancreatic
infections may be related to long hospitalization times, multiple operations,
secondary iatrogenic infections, or prolonged indwelling times of deep venous
catheters and catheters for long-term parenteral nutrition[22].
In this study, the multidrug resistance rate of common Gram-negative bacteria (K.
pneumoniae, P. aeruginosa, E. coli, and A. baumannii) found in INP in our center ranged
from 23.68% to 72.73%. The multidrug resistance rate of common Gram-positive
bacteria (E. faecium) was 27.78%. The multidrug resistance rates of common Gramnegative bacteria (K. pneumoniae, P. aeruginosa, E. coli, and A. baumannii) in
extrapancreatic infections ranged from 25% to 81.82%. The multidrug resistance rate
of common G ram-positive bacteria (E. faecium) was 20%. Mourad et al[21] have also
reported that prolonged antibiotic use leads to MDR bacterial and fungal infections,
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Table 4 Drug sensitivity of Gram-positive bacteria in infected patients
Pancreatic

Extrapancreatic

Antibiotic

E. faecium

S. epidermidis

S. aureus

E. faecalis

E. faecium

S. epidermidis

S. aureus

E. faecalis

MDR bacteria

5/18

0/5

2/5

3/6

4/30

1/32

3/8

0/5

ESBL +:

—

3/5

3/5

—

—

12/32

3/8

—

Penicillins
Ampicillin

2/18

0/5

0/5

3/6

1/30

0/32

0/8

3/5

Penicillin G

0/18

0/5

0/5

1/6

0/30

0/32

0/8

3/5

Ciprofloxacin

1/18

0/5

0/5

1/6

0/30

8/32

3/8

3/5

Levofloxacin

2/18

0/5

0/5

1/6

1/30

8/32

3/8

3/5

Moxifloxacin

1/18

2/5

0/5

1/6

1/30

21/32

3/8

3/5

14/18

5/5

4/5

5/6

25/30

31/32

8/8

4/5

17/18

5/5

5/5

5/6

27/30

32/32

8/8

5/5

1/18

1/5

4/5

0/6

2/30

9/32

6/8

2/5

11/18

5/5

5/5

6/6

25/30

31/32

8/8

5/5

quinolones

Macrolactones
Linezolid
Tetracycline
Tigecycline
Sulfonamides
Compound trimethoprim
Polypeptides
Vancomycin

MDR: Multidrug-resistant; ESBL: Extended-spectrum β-lactamase; E. faecium: Enterococcus faecium; S. epidermidis: Staphylococcus epidermidis; S. aureus:
Staphylococcus aureus; E. faecalis: Enterococcus faecalis.

which are also associated with prolonged hospitalization and poor prognosis.
Therefore, it is necessary to replace antibiotics to which pathogens are sensitive or
discontinue drugs in a timely manner, according to the patient's condition, to reduce
the risk of the bacteria developing multidrug resistance. In this study, 39 patients
developed fungal infections and 56 strains of pathogenic fungi were cultured. The
most common pathogenic fungus was C. albicans. Notably, the 39 cases of fungal
infection were all mixed infections, and the occurrence time of fungal infections was
later than that of bacterial infections. This difference may be related to the long-term
use of broad-spectrum antibiotics and the decline of autoimmunity in NP patients.
Most studies consider fungal infection a risk factor for mortality in infected
patients [ 7 , 8 , 1 0 , 1 9 , 2 3 - 2 5 ] . However, whether antifungal drugs should be used
prophylactically in patients with suspected or confirmed extrapancreatic (and) or
pancreatic infections requiring antibiotics remains controversial. The preventive use
of broad-spectrum antibiotics or antifungal therapy may increase the incidence of
bacterial or fungal superinfection [8,19] . The preventive use of antibiotics has not
increased the incidence of fungal infections and may reduce the incidence of fungal
infections in patients, but further large-scale studies are needed to confirm this
hypothesis[23,24]. In this study, the degree of pancreatic necrosis, CTSI score, rate of
referral, rate of organ failure, need for surgical intervention, need for enteral nutrition,
need for parenteral nutrition, and length of hospitalization were higher in NP patients
in the infection group than in NP patients in the non-infection group. In the infection
group, most patients (n = 150) were referred from an outside hospital. Their basic vital
signs and immune function were poor at admission, and the incidence of adverse
events such as organ failure and aggravation of pancreatic necrosis increased with
prolonged disease course. Long-term nutritional support and even surgery were
needed, which prolonged the hospitalization time of the patients. In addition, many
studies support the view that the risk of pancreatic infection increases with the degree
of pancreatic necrosis[1-3,11-16]. However, in this study, the infection rate of NP patients
with simple extrapancreatic infection was also higher than that of the non-infection
group, which may be related to the poor autoimmunity and severe inflammation in
patients with extrapancreatic infection. In addition, false negative results for the
culture of pathogenic bacteria from the pancreas in some patients with simple
extrapancreatic infection were not excluded.
In addition, some issues need to be addressed. First, most patients were treated
with antibiotics before surgery, and the related effects need to be further analyzed.
Second, a few patients were diagnosed with INP during outpatient treatment, but
there was no detailed record of the infectious strains, and there was a certain
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Figure 1

Figure 1 Time and location distribution of extrapancreatic infection. In the early stage of necrotizing pancreatitis
(NP), the most common sites of extrapancreatic infection were the blood, respiratory tract, and abdominal cavity. In
the late stage of NP, the most common sites of extrapancreatic infection were the blood, respiratory tract, and urinary
tract. NP: Necrotizing pancreatitis.

deviation in the number of pathogenic bacteria. Third, the changes in pathogenic
bacteria before and after surgery were not analyzed. Finally, the difference between
pancreatic necrosis and peri-pancreatic necrosis was not mentioned.
In conclusion, when NP patients present clinical symptoms of suspected infection,
such as fever, elevated inflammatory indexes, and sepsis, but no clear indication of
pancreatic infection revealed by enhanced CT examination, the culture from site of
extrapancreatic infection can be given priority (different extrapancreatic culture sites
can be selected according to the onset time). If no extrapancreatic infection was
diagnosed, surgical procedures should be considered to determine whether the
patient has pancreatic infection. In addition, our study has shown that although
Gram-negative bacteria are still dominant in NP patients, MDR bacterial infection
tends to increase. Therefore, anti-infection treatment should be carried out after it is
clear that the patient has symptoms of infection. For NP patients with confirmed
infection, priority can be given to antibiotics to which Gram-negative bacteria are
sensitive, and then sensitive antibiotics can be selected according to the results of drug
sensitivity. When NP patients are clearly complicated with infection symptoms, they
should be paid close attention to the risk of organ failure, MDR bacterial infection, or
multiple operations. Hence, understanding the pathogen spectrum and drug
sensitivity testing of NP patients with infectious symptoms will help clinicians to use
antibiotics effectively and reasonably, improve the therapeutic effect, and reduce the
related mortality of NP patients.
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Table 5 Multivariable analysis for independent predictors of mortality
Univariable analysis
Variable

Multivariable analysis
P-value

OR (95%CI)

P-value
OR (95%CI)

Persistent OF

5.37 (3.785-7.618)

< 0.001

0.012 (0.001-0.101)

< 0.001c

MDR organism (s)

2.445 (1.554-3.848)

0.001

0.134 (0.028-0.633)

0.011b

Fungal infection

2.719 (1.498-4.936)

0.002

0.657 (0.156-2.770)

0.567

Prophylactic antibiotic

0.974 (0.783-1.210)

0.8

0.534 (0.095-2.989)

0.475

INP

1.151 (0.802-1.651)

0.48

0.277 (0.024-3.234)

0.306

Extrapancreatic infection

1.383 (1.124-1.704)

0.031

0.627 (0.042-9.273)

0.734

Referred patients

1.102 (0.986-1.232)

0.25

0.524 (0.041-6.655)

0.619

Operation

0.789 (0.497-1.255)

0.262

10.533 (1.052-105.491)

0.045a

Complication

2.921 (1.304-6.540)

0.011

0.892 (0.191-4.162)

0.885

a

P < 0.05,
P < 0.01,
c
P < 0.001. OF: Organ failure; INP: Infectious necrotizing pancreatitis; TPN: Total parenteral nutrition; EN: Enteral nutrition; CI: Confidence interval; OR:
Odds ratio; MDR: Multidrug-resistant.
b

ARTICLE HIGHLIGHTS
Research background
As acute pancreatitis patients progress to necrotizing pancreatitis (NP), their hospitalization
costs and mortality rates become much higher than those of patients with edematous
pancreatitis. Approximately 40%-70% of NP cases present with symptoms of infection, and
infection has become the most important risk factor for death from NP. Therefore, it is critical to
identify patients with NP who have symptoms of infection.

Research motivation
Studies on pancreatic infectious have mainly focused on pancreatic and peripancreatic infections,
and little is known about extrapancreatic infections and coinfections. We considered the
difference in infection time, infection site, and infectious strains in NP patients with infectious
complications, and found that early intervention may decrease the mortality rate.

Research objectives
Infectious NP, extrapancreatic infection, and coinfection are the common complications of NP.
The research is critical to improve the treatment strategy for NP patients with infectious
complications.

Research methods
This study included 205 patients with NP. The baseline data were recorded as the mean ± SD or
medians (ranges) as appropriate. Independent samples t-tests were performed to analyze the
differences between the groups. Qualitative data were scored, and chi-square or Fisher’s exact
tests were performed to analyze the differences between the groups. Logistic regression was
used to determine the risk of death in the patients using via SPSS 23.0 statistical software.

Research results
A total of 539 strains of pathogenic bacteria were cultured from the 162 NP patients with
confirmed infectious complications. The most common Gram-negative bacteria were P.
aeruginosa and E. coli (n = 34). The most common Gram-positive bacteria were E. faecium (n = 18),
and the most common fungus was C. albicans (n = 3). The extrapancreatic infection time was 9.1 ±
8.8 d, the pancreatic infection time was 13.9 ± 12.3 d, and the fungal infection time was 31.6 ± 26.4
d (P < 0.05). The common sites of extrapancreatic infection in patients with advanced NP (> 14 d)
were the blood, respiratory tract, and urinary tract.

Research conclusions
This retrospective analysis of NP patients with infectious com-plications in our hospital shows
that the main pathogenic bacteria in NP patients were Gram-negative bacteria, the most common
of which were E. coli and P. aeruginosa. Additionally, it was found that the proportion of
multidrug-resistant bacteria was relatively large, and caution should be used in the application
of antibiotics. The extrapancreatic infection time was usually earlier than the pancreatic infection
time. For patients with suspected extrapancreatic infection, blood and respiratory pathogen
culture should be prioritized. Third- or fourth-generation cephalosporins or carbapenems can be
used as empirical antibiotics. Persistent organ failure, multidrug resistance, and surgery were
risk factors for death.

Research perspectives
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We confirmed the common infectious strains, the site of infection, and the time of infection in NP
patients with infectious complications. Through these results, we found that it is helpful for
clinicians to evaluate the patient's condition in a timely manner to improve the patient's
prognosis.
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Abstract
BACKGROUND
Adverse events during endoscopic submucosal dissection (ESD) of superficial
esophageal neoplasms, such as perforation and bleeding, have been welldocumented. However, the Mallory-Weiss Tear (MWT) during esophageal ESD
remains under investigation.
AIM
To investigate the incidence and risk factors of the MWT during esophageal ESD.
METHODS
From June 2014 to July 2017, patients with superficial esophageal neoplasms who
received ESD in our institution were retrospectively analyzed. The
clinicopathological characteristics of the patients were collected. Patients were
divided into an MWT group and non-MWT group based on whether MWT
occurred during ESD. The incidence of MWTs was determined, and the risk
factors for MWT were then further explored.
RESULTS
A total of 337 patients with 373 lesions treated by ESD were analyzed. Twenty
patients developed MWTs during ESD (5.4%). Multivariate analysis identified
that female sex (OR = 5.36, 95%CI: 1.47-19.50, P = 0.011) and procedure time
longer than 88.5 min (OR = 3.953, 95%CI: 1.497-10.417, P = 0.005) were
independent risk factors for an MWT during ESD. The cutoff value of the
procedure time for an MWT was 88.5 min (sensitivity, 65.0%; specificity, 70.8%).
Seven of the MWT patients received endoscopic hemostasis. All patients
recovered satisfactorily without surgery for the laceration.
CONCLUSION
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The incidence of MWTs during esophageal ESD was much higher than expected.
Although most cases have a benign course, fatal conditions may occur. We
recommend inspection of the stomach during and after the ESD procedure for
timely management in cases of bleeding MWTs or even perforation outside of the
procedure region.

Manuscript source: Unsolicited

Core tip: To our knowledge, no literature has focused on the risk factors for an MalloryWeiss Tear (MWT) during esophageal endoscopic submucosal dissection (ESD). Thus,
the present study aimed to clarify the incidence of WMTs during esophageal ESD, and to
evaluate associated risk factors. In this work, we found that female sex and procedure
time were independent risk factors for an MWT during ESD. For patients with such
characteristics, clinicians must remain vigilant and perform careful observations after
ESD.
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INTRODUCTION
Endoscopic submucosal dissection (ESD) has been widely accepted as an effective
treatment for superficial esophageal neoplasms when the risk of lymph node
metastasis is diagnosed as being very low or negligible[1-3]. Adverse events, such as
bleeding, muscularis propria injury, and even perforation during the procedure are
well-documented by endoscopists, and can mostly be managed endoscopically[3-5].
However, the Mallory-Weiss Tear (MWT) during ESD is not well-understood.
The MWT, first described in 1929, is characterized by a linear, non-perforation
mucosal laceration at the gastroesophageal junction that is induced by vomiting and
retching[6]. Previous studies have reported that the classical MWT (non-iatrogenic
MWT) accounted for 7%-14% of acute upper gastrointestinal bleeding, including even
cirrhotic patients[7-10]. The first documented case of an MWT resulting from endoscopy
was reported by Watts in 1976 [11] , and the incidence was reported to be 0.08%0.49%[12-15]. Associated risk factors for an MWT during screening endoscopy include
hiatal hernia, female sex, a history of distal gastrectomy and old age[14-16]. With the
development of endoscopic technology and growing emphasis on the diagnosis and
endoscopic treatment of early esophageal cancer, ESD-associated MWT is reported
case by case. However, to our knowledge, no literature has focused on the risk factors
for an MWT during esophageal ESD. Thus, the present study aimed to clarify the
incidence of WMTs during esophageal ESD, and to evaluate the associated risk
factors.

MATERIALS AND METHODS
Patients
From June 2014 to July 2017, 341 consecutive patients with 377 superficial esophageal
neoplasms were treated by ESD at the West China Hospital of Sichuan University.
The indication criteria of ESD for superficial esophageal neoplasms were: (1)
Intraepithelial neoplasia or carcinoma determined by biopsy, performed during
chromoendoscopy with iodine staining; (2) Depth of invasion limited to within sm1,
as assessed by endoscopic ultrasonography (EUS) and/or magnifying endoscopy with
narrow-band imaging (ME-NBI); and (3) The absence of lymph node or distant
metastasis confirmed by contrast-enhanced computed tomography (CT) of the chest
and abdomen. Patients with a history of esophagectomy, proximal gastrectomy or
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total gastrectomy were excluded from this study. Additionally, all patients completed
diagnostic endoscopies before treatment without an MWT occurring. Written
informed consent was obtained from all patients before the procedures. The present
study was reviewed and approved by the Ethics Committee of the West China
Hospital of Sichuan University.

ESD procedure and post-ESD management
The ESD procedure was categorized as conventional ESD and endoscopic submucosal
tunnel dissection (ESTD) (Figure 1). The conventional ESD procedure comprised four
steps: (1) Marking the margin of the lesion; (2) Submucosal injection to elevate the
lesion; (3) Mucosal incision around the lesion; and (4) Submucosal dissection.
Regarding ESTD, one or more submucosal tunnels were established during the
dissection step. The ESD procedure was decided by the endoscopist according to the
size of the lesion.
ESD was performed with a single-accessory channel endoscope (GIF-Q260J,
Olympus, Tokyo, Japan) with a transparent cap (D-201-10704, Olympus, Tokyo,
Japan) attached to the front. Other equipment and accessories included: A highfrequency generator (VIO200D; ERBE ELEKTROMEDIZIN GMBH, Germany), argon
plasma coagulation (APC) unit (APC-ICC200; ERBE ELEKTROMEDIZIN GMBH,
Germany), IT knife (KD -611L, Olympus, Tokyo, Japan), Dual-knife (KD-650L/Q,
Olympus, Tokyo, Japan), injection needle (NM-200U-0423, Olympus, Tokyo, Japan),
and hemostatic forceps (FD-410 LR, Olympus, Tokyo, Japan).
All patients were under mechanically-ventilated general anesthesia, and in the
supine position. ESD was performed by one experienced endoscopist (with 25 years of
endoscopy experience and > 300 cases of esophageal ESD) and two less-experienced
endoscopists (with 15 years of endoscopy experience and approximately 100 cases of
esophageal ESD), and carbon dioxide was used for insufflation. After resection of the
esophageal lesion, the gastrointestinal decompression tube was placed, and protonpump inhibitors (PPI) and hemostatic drugs were used on all patients. Endoscopic
follow up was scheduled at 1, 3, 6, and 12 mo after ESD, and then annually.

Treatment for the MWT
The decisions regarding the treatment strategy, including whether to treat the MWT
endoscopically, were made by endoscopists according to the size of the laceration and
the presence of active bleeding. Based on the endoscopic findings, APC, hemoclips or
hemoclips combined with endoloop were used to treat the MWT.

Definitions
MWT was defined as a mucosal tear at the esophagastric junction with or without
active bleeding during the ESD procedure. Atrophic gastritis and hiatal hernia were
diagnosed based on endoscopic findings. The longitudinal diameter of the esophageal
lesion was measured from the oral edge to the anal edge of the resected specimens,
and the circumferential diameter was determined based on the length of the vertical
axis against the longitudinal axis. The circumferential extent of the mucosal defect
was judged by the endoscopists. Curative resection was defined as en bloc resection
with tumor-free horizontal and vertical margins, and met the following conditions
simultaneously: Invasion depth limited in the submucosa < 200 μm without
lymphovascular involvement.

Data analysis
Data pertaining to potential predisposing factors, such as age, sex, atrophic gastritis,
hiatal hernia, characteristics of the esophageal lesions, and the experience of the
endoscopists were collected from our prospectively maintained endoscopic database.
Variables are reported using the median (range) and simple proportion according
to the type of data. The Mann-Whitney U test, chi-square test or Fisher’s exact test
were used for univariate analysis, as appropriate. Clinically or statistically significant
variables in the univariate analysis were included in the multivariate logistic
regression analysis to assess the independent risk factors for an MWT. Differences
with a P < 0.05 were considered significant. Statistical analysis was performed using
SPSS version 23 for Windows.

RESULTS
A total of 341 patients with 377 superficial esophageal neoplasms were treated by ESD
from June 2014 to July 2017 in our institution. Four patients with four lesions were
excluded because of a history of esophagectomy, proximal gastrectomy or total
gastrectomy. The remaining 337 patients with 373 lesions were reviewed for the
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Figure 1

Figure 1 Mallory-Weiss Tear occurred during ESTD. A: The lesion of the esophagus after iodine staining; B: The
submucosal tunnel created during ESTD; C: The artificial wound after ESTD; D: The mucosal laceration at the gastroesophageal junction. ESTD: Endoscopic submucosal tunnel dissection.

present study. During the period of study, 20 (5.4%) MWT cases developed during the
ESD procedure.

Characteristics of all patients and lesions
The clinicopathological features of the patents and lesions are shown in Table 1.
Overall, the median age of the patients was 62 years (range, 37-83 years), and the male
proportion was 67.7%. Of the 373 lesions, 67.6% (252/373) were located in the middle
esophagus, and 26.8% (100/373) were located in the lower esophagus. The median
circumferential and longitudinal diameters of the specimen were 2.5 cm (range, 0.5-7.0
cm) and 4.0 cm (range, 1.0-14.0 cm), respectively. The median procedure time was 60
min (range, 12-240 min). The en bloc resection rate and curative resection rate were
achieved in 96.2% (359/373) and 86.1% (321/373) of the lesions, respectively. The
histology and invasion depth were as follows: Intraepithelial neoplasia, 131 (35.1%);
mucosal invasion, 194 (52.0%); SM < 200 μm invasion, 21 (5.6%); and SM ≥ 200 μm
invasion 26 (7.0%). Perforations developed in 6 (1.6%) cases, and the incidence of
stenosis was 12.3% (46/373).

Incidence and risk factors for an MWT
Twenty patients developed MWTs during the ESD procedure. The characteristics of
the patients with or without MWTs are shown in Table 2. Predisposing factors[14,16]
including atrophic gastritis, hiatal hernia, and a history of distal gastrectomy were not
observed in the MWT cases. There was no significant difference in age, concomitant
diseases, location, size, invasion depth, type of resection, or experience of the
endoscopists between the two groups. However, in the MWT group, the proportion of
female patients was much higher (70.0% vs 30.0%, P < 0.001), and the procedure time
was longer (90 vs 58 min, P = 0.008) than the non-MWT group. Multivariate logistic
regression analysis (Table 3) revealed that female sex was an independent risk factor
for an MWT during esophageal endoscopic resection (OR = 5.27, 95%CI: 1.94-14.32, P
= 0.001), and the procedure time longer than 88.5 mins was also an independent risk
factor for an MWT during esophageal endoscopic resection (OR = 3.953, 95%CI: 1.49710.417, P = 0.005). The association between MWT and procedure time was evaluated
using receiver operating characteristic (ROC) curve analysis, and the cutoff value of
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Table 1 Clinicopathological features of all patients and lesions
Characteristics

n (%)/median (range)

No. of patients

337

Age in yr

62 (37-83)

Sex
Male

228 (67.7)

Female

109 (32.3)

Concomitant diseases
Atrophic gastritis

15 (4.4)

Hiatal hernia

2 (0.6)

History of distal gastrectomy

4 (1.2)

No. of lesions

373

Location
Upper

21 (5.6)

Middle

252 (67.6)

Lower

100 (26.8)

Longitudinal diameter of specimen in cm

4.0 (1.0-14.0)

Circumferential diameter of specimen in cm

2.5 (0.5-7.0)

Size of specimen in cm2

9.8 (0.5-70.0)

Circumferential extent of the mucosal defect
< 75%

268 (71.8)

≥ 75%

105 (28.2)

Histology and depth of invasion
Intraepithelial neoplasia

131 (35.1)

Mucosa

195 (52.3)

Sub-mucosa < 200 μm

21 (5.6)

Sub-mucosa ≥ 200 μm

26 (7.0)

Procedure time in min

60 (12-240)

En bloc resection

359 (96.2)

Curative resection

321 (86.1)

Type of ESD procedure
Conventional ESD

33 (8.8)

ESTD

340 (91.2)

Endoscopists
Experienced

224 (60.1)

Less-experienced

149 (39.9)

Adverse events
MWT

20 (5.4)

Perforation

6 (1.6)

Stenosis

46 (12.3)

ESD: Endoscopic submucosal dissection; MWT: Mallory-Weiss Tear; ESTD: Endoscopic submucosal tunnel
dissection.

the procedure time was 88.5 min (sensitivity, 65.0%; specificity, 70.8%), as calculated
by the Youden index method. This result suggested that female patients with
procedure times longer than 88.5 min were susceptible to MWTs during esophageal
endoscopic resection.

Treatment and clinical courses of MWT patients
Among the 20 patients with MWTs, 6 received endoscopic treatment for the laceration
during the ESD procedure. Five patients with slight oozing were treated by APC or
endoclips. One patient was treated with 9 endoclips and 1 endoloop to close the
laceration, as the mucosal tear was deep and long, with visible vessel and errhysis.
The remaining patients did not receive endoscopic hemostasis, and had a benign
clinical course, with the exception of one patient (case 7, Table 4) who received a
blood transfusion and emergency endoscopy due to delayed bleeding. In this patient,
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Table 2 Univariate analysis for risk factors of Mallory-Weiss Tear
MWT

Non-MWT

P value

No. of patients

20

317

Age in yr, median (range)

65 (47-77)

62 (37-83)

0.065

Sex as male/female

6/14

222/95

a

Atrophic gastritis

0

15

1.000

Hiatal hernia

0

2

1.000

History of distal gastrectomy

0

4

1.000

No. of lesions

20

353

Upper

2 (10.0)

19 (5.4)

Middle

13 (65.0)

239 (67.7)

Lower

5 (25.0)

95 (26.9)

Longitudinal diameter in cm, median (range)

5 (2-8)

4 (1-14)

0.125

Circumferential diameter in cm, median (range)

2.75 (1-5)

2.5 (0.5-7)

0.591

11.25 (2-32.5)

9.6 (0.5-70)

0.312

< 75%

11 (55)

257 (72.8)

≥ 75%

9 (45)

96 (27.2)

Intraepithelial neoplasia

4 (20)

127 (36.0)

Mucosa

13 (65)

182 (51.6)

Submucosa < 200 μm

1 (5)

20 (5.7)

Submucosa ≥ 200 μm

2 (10)

24 (6.8)

Submucosal adhesion, n

3 (15)

36 (10.2)

0.452

Procedure time in min, median (range)

90 (28-180)

58 (12-240)

a

Conventional ESD

2 (10)

31 (8.8)

ESTD

18 (90)

322 (91.2)

Experienced

11(55)

213 (60.3)

Less-experienced

9 (45)

140 (39.7)

0.001

Concomitant disease, n

Location of the center

0.566

2

Size of specimen in cm , median (range)
Circumferential extent of the mucosal defect

0.085

Depth of invasion

0.377

Type of resection

0.008

0.694

Operators

0.635

a

P < 0.05. ESD: Endoscopic submucosal dissection; MWT: Mallory-Weiss Tear; ESTD: Endoscopic submucosal
tunnel dissection.

the laceration was not serious at the end of the ESD procedure. However, nausea and
vomiting after ESD might have aggravated the laceration, and resulted in
hematemesis. In the emergency endoscopy, longitudinal laceration was observed at
the esophagastric junction, with visible vessel and blood oozing. After a sprinkle of
epinephrine solution (1:10000) and APC, the active bleeding stopped.
Additionally, a severe gas-related adverse event, namely, gastric perforation,
occurred in one patient (patient 9, Table 4). The perforation was closed endoscopically
by hemoclips and endoloops using a double purse-string suture. As the MWT of the
patient was relatively slight without active bleeding, no endoscopic treatment was
performed.
In general, most of the patients had a benign clinical course, and no surgery was
required for the MWT.

DISCUSSION
This study suggested that the incidence of MWTs during esophageal ESD was 5.4%.
Okada et al[13] reported a lower incidence of 2.59% (11/424) of MWTs during upper
gastrointestinal ESD. However, the authors did not analyze the morbidity separately
based on the procedure site.
The incidence of MWTs during screening endoscopy is reported to be 0.08%-
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Table 3 Multivariate analysis for Mallory-Weiss Tear during esophageal endoscopic submucosal
dissection
Variable

OR

95%CI

P value

Age

1.037

0.977-1.101

0.229

Sex, female

5.270

1.940-14.320

a

Procedure time, > 88.5 min

3.953

1.497-10.417

a

0.001
0.005

a

P < 0.05.

0.49%[12-15], which is much lower than that of ESD-associated MWTs. We suggest that
the longer procedure time, with gas insufflation and the invasive operation, may
somehow contribute to the high incidence of MWTs. Endoscopic mucosal resection
(EMR) is another treatment method for superficial esophageal neoplasms, especially
for small lesions, which have simpler procedure steps with significantly shorter
procedure times than ESD. A study[13] identified only one MWT in all 303 patients of
esophageal EMR, suggesting a similar incidence to that of diagnostic endoscopy,
which indicated that the procedure time was closely associated with the MWT.
Accordingly, in our study, univariate and multivariate logistic regression analyses
showed that the procedure time was an independent risk factor for an MWT during
esophageal ESD.
The development of an endoscopic-associated MWT is closely associated with gas
insufflation. An RCT reported that the incidence of MWTs was significantly lower
with CO2 insufflation than with air insufflation (0% vs 15.6%) during gastric ESD,
because CO2 can be rapidly absorbed compared to air. However, as the sample size of
this study was small, the incidence of MWTs was of low reliability. A Japanese study
reported that the incidence of MWTs during gastric ESD is 3.4%, which is lower than
that of our study of esophageal ESD. We presume that the direct insight of the
stomach is favorable for the supervision of the inflation status of the stomach cavity,
and is convenient for gas suction during the ESD procedure.
Predisposing conditions for non-iatrogenic MWTs include chronic alcoholism, the
presence of hiatal hernia and atrophic gastritis. Most cases occur after the
precipitating factors of fierce vomiting, retching, straining at defecation and
coughing [10,17-20] . Scarce reports have suggested associated risk factors for MWTs
during screening endoscopy, such as the presence of hiatal hernia, female sex, and a
history of distal gastrectomy and old age, while retching or struggling during the
procedure remains in dispute [14-16] . In the present study, multivariate logistic
regression analysis showed that female sex was an independent risk factor for an
MWT. We presumed that the strength of the abdominal muscle in female patients was
much weaker than that in male patients. Therefore, the gastric wall could not help to
withstand the increasing intragastric pressure caused by the insufflation of gas. This
viewpoint could be supported by Kawano et al’s[21] study that a low body mass index
(< 18.5) is a risk factor for MWT during gastric ESD. Features of the esophageal lesions
had no influence on the development of MWTs. Moreover, neither endoscopic
findings of atrophic gastritis nor hiatal hernia were found in the 20 MWT patients.
This was in accordance with a case-control study showing that hiatal hernia was not
associated with MWT[22].
In general, the majority of patients with MWTs have a benign clinical course, and
most can be treated conservatively, even without endoscopic intervention [13,15] .
Nevertheless, a complicated course, including blood transfusion, rebleeding, surgery
and even death, can also occur in 6%-23% of patients when advanced age, active
bleeding at initial endoscopy, a lower admission hemoglobin level, clinical symptoms
of tarry stool, longer lacerations, and underlying comorbidities are present[13,18,23-26]. In
our study, the vast majority of patients did not receive endoscopic treatment, and
recovered satisfactorily. We suggest that the placement of a gastrointestinal
decompression tube, as well as the use of PPIs and hemostatic drugs after ESD,
contributed to hemostasis and mucosal healing. However, only one patient with an
MWT who did not receive endoscopic intervention suffered delayed bleeding, and
required blood transfusion and emergency endoscopy for hemostasis due to nausea
and vomiting after ESD. Six patients with MWTs were treated by endoscopic
hemostasis using APC, hemoclips, or hemoclips combined with endoloop during the
ESD procedure. Generally, the clinical course and outcome of MWTs during ESD
were better than those of classical MWTs. Because post-ESD management was
favorable for hemostasis and wound healing, the laceration could be found promptly
after the ESD procedure, and could be managed in a timely manner depending on the
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Table 4 Clinical characteristics of patients who developed Mallory-Weiss Tear during endoscopic submucosal dissection

Patients

Age in yr

Sex

Location

Circumferential of
mucosal
defect

Case 1

72

F

M

3/5

60

Y

-

Tis

N

Case 2

61

M

L

3/4

69

Y

-

Tis

N

Case 3

63

F

M

1/2

28

Y

-

Tis

N

Case 4

47

M

L

1/3

45

Y

-

LGIN

N

Case 5

65

F

M

3/4

90

N

-

HGIN

N

Case 6

64

F

M

4/5

98

Y

-

M2

Y

Case 7

51

F

M

4/5

121

Y

E & APC1

M2

N

Case 8

66

F

M

2/3

125

N

-

Tis

N

Case 9

64

F

M

4/5

175

N

-

Tis

N

Case 10

77

M

L

1

180

N

APC

SM, 550 μm

N

Case 11

60

F

M

1/4

45

N

-

LGIN

N

Case 12

67

F

M

2/3

100

N

APC

SM, 100 μm

N

Case 13

67

M

L

1/2

90

N

-

M3

N

Case 14

57

M

M

5/6

155

N

APC

M2

N

Case 15

69

F

M

1/2

57

Y

Clips

HGIN

Y

Case 16

66

F

M

1/2

40

Y

Clips

Tis

Y

Case 17

67

M

L

1

105

Y

Clips and
loop

M2

N

Case 18

65

F

M

2/3

89

Y

-

M2

N

Case 19

64

F

U

1

150

Y

-

M2

N

Case 20

67

F

U

2/3

90

N

-

SM, 220 μm

N

Procedure
time in min

Expert

Endoscopic
Invasion
treatment of
depth
MWT

Submucosal
adhesion

1

Sprinkle of epinephrine solution (1:10000) and argon plasma coagulation treatment in the emergency endoscopy 10 h after endoscopic submucosal
dissection. MWT: Mallory-Weiss Tear; Tis: Tumor in situ; LGIN: Low-grade intraepithelial neoplasia; HGIN: High-grade intraepithelial neoplasia; APC:
Argon plasma coagulation; M2: Lesion limited to laminae mucosa; SM: Lesion infiltration submucosa; F: Female; M: Male; U: Upper esophagus; M: Middle
esophagus; L: Lower esophagus.

endoscopic findings. Therefore, it is of great importance to detect the MWT during
ESD, and to take optimal endoscopic intervention measures when active bleeding is
present.
Endoscopic hemostasis methods for MWT bleeding, including hemoclips, band
ligation, epinephrine injection, and electrocoagulation, can achieve a high primary
hemostasis rate of more than 90% with a low rebleeding rate and few complications [27-31] . Mechanical methods such as hemoclips and band ligation were
superior to epinephrine injection to some extent[28-30].
Although MWT bleeding is mild and can mostly stop spontaneously without
endoscopic hemostasis, the spectrum of MWTs is wide and sometimes may result in a
fatal condition. Therefore, we recommend an inspection of the esophagastric junction
and stomach after the whole procedure of the esophagus to ensure the soundness of
the mucosa out of the procedure region. Moreover, inspection during the procedure
with gas suction is also proposed when the ESD procedure time is long, especially in
female patients. It may help to prevent MWT and avoid further overflow of gas,
which may cause further injury. This is essential for the prevention of massive
hemorrhage, and even perforation caused by a delayed diagnosis, to avoid
unnecessary panic and even surgery or death. In addition, a pressure monitoring
system may be useful for the prevention of MWT[32,33].
There are several limitations in the present study. This was a retrospective study
from a single center, which may lead to selection bias and a lack of representation.
Although the number of MWT cases was large compared with that of other studies,
the sample size was still small, as the incidence rate was low. Therefore, further
investigations with large sample sizes will be needed.
This is the first study to identify the incidence of MWTs during esophageal ESD,
and to analyze the associated risk factors. In conclusion, our study demonstrated that
the incidence of MWTs during ESD of superficial esophageal neoplasms is 5.4%.
Female sex and a long procedure time (> 88.5 min) are independent risk factors for an
MWT. Although all MWT cases recovered satisfactorily, we suggest confirmation of
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the mucosa out of the procedure region after ESD for the timely diagnosis and
management of MWTs.

ARTICLE HIGHLIGHTS
Research background
Endoscopic submucosal dissection (ESD) has been widely accepted as an effective treatment for
superficial esophageal neoplasms when the risk of lymph node metastasis is diagnosed as being
very low or negligible. With the development of endoscopic technology and growing emphasis
on the diagnosis and endoscopic treatment of early esophageal cancer, the ESD-associated
Mallory-Weiss Tear (MWT) is reported case by case.

Research motivation
Adverse events during ESD of superficial esophageal neoplasms, such as perforation and
bleeding, have been well-documented. However, MWT during esophageal ESD remains under
investigation. The present study was carried out to investigate the incidence and risk factors of
MWT during esophageal ESD, since no literature has focused on the risk factors for an MWT
during esophageal ESD.

Research objectives
The present study aimed to clarify the incidence of WMTs during esophageal ESD, and to
evaluate the associated risk factors.

Research methods
Patients with superficial esophageal neoplasms who received ESD in our institution were
retrospectively analyzed. The clinicopathological characteristics of the patients were collected.
Patients were divided into a MWT group and non-MWT group based on whether MWT
occurred during ESD. The incidence of MWTs was determined, and the risk factors for an MWT
were then further explored.

Research results
Twenty patients developed MWTs during ESD (5.4%). Multivariate analysis identified that
female sex (OR = 5.36, 95%CI: 1.47-19.50, P = 0.011) and procedure time longer than 88.5 min (OR
= 3.953, 95%CI: 1.497-10.417, P = 0.005) were independent risk factors for an MWT during ESD.
The cutoff value of the procedure time for an MWT was 88.5 min (sensitivity, 65.0%; specificity,
70.8%).

Research conclusions
The incidence of MWTs during esophageal ESD was much higher than expected. Although most
cases have a benign course, fatal conditions may occur. We recommend inspection of the
stomach during and after the ESD procedure for timely management in cases of bleeding MWTs
or even perforation outside of the procedure region.

Research perspectives
The present study aimed to clarify the incidence of WMTs during esophageal ESD, and to
evaluate associated risk factors. In this work, we found that female sex and procedure time were
independent risk factors for an MWT during ESD. For patients with such characteristics,
clinicians must remain vigilant and perform careful observations after ESD.
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Abstract
BACKGROUND
Compared with traditional open surgery, laparoscopic surgery is preferred due
to the advantages of less trauma, less pain, and faster recovery. Nevertheless,
many patients still suffer from postoperative pain resulting from the surgical
incision and associated tissue injury. Many researchers have reported methods to
improve postoperative pain control, but there is not a simple and effective
method that can be clinically adopted in a widespread manner. We designed this
study to prove the hypothesis that application of ropivacaine in the port site and
operative site in patients is an effective and convenient method which can
decrease postoperative pain and accelerate recovery.
AIM
To evaluate the effects of ropivacaine on pain control after laparoscopic
hepatectomy and its contribution to patient recovery.
METHODS
From May 2017 to November 2018, 146 patients undergoing laparoscopic
hepatectomy were randomized to receive infiltration of either 7.5 mg/mL
ropivacaine around the trocar insertions, incision, and cutting surface of the liver
(with a gelatin sponge soaked with ropivacaine) at the end of surgery
(ropivacaine group), or normal saline (5 mL) at the same sites at the end of
surgery (control group). The degree of pain, nausea, vomiting, heart rate (HR),
and blood pressure were collected. The length of postoperative hospitalization,
complications, and the levels of stress hormones were also compared between the
two groups.

Informed consent statement: All
involved patients provided
informed consent prior to the
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Compared with the control group, the ropivacaine group showed reduced
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postoperative pain at rest within 12 h (P < 0.05), and pain on movement was
reduced within 48 h. The levels of epinephrine, norepinephrine, and cortisol at 24
and 48 h, HR, blood pressure, and cumulative sufentanil consumption in the
ropivacaine group were significantly lower than those in the control group (P <
0.05). In the ropivacaine group, hospitalization after operation was shorter, but
the difference was not statistically significant. There were no significant
differences in postoperative nausea, vomiting, or other complications, including
hydrothorax, ascites, peritonitis, flatulence, and venous thrombus (P > 0.05),
although fewer patients in the ropivacaine group experienced these situations.
CONCLUSION
Infiltration with ropivacaine in the abdominal wound and covering the cutting
surface of the liver with a gelatin sponge soaked with ropivacaine significantly
reduce postoperative pain and the consumption of sufentanil.
Key words: Postoperative pain; Local anesthetics; Ropivacaine; Laparoscopic
hepatectomy; Gelatin sponge
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study confirmed the efficacy of ropivacaine in pain control after
laparoscopic hepatectomy and its contribution to fast track recovery surgery.
Ropivacaine not only infiltrated the subcutaneous and deep muscle fasciae and
peritoneum but also covered the liver cutting surface in a soaked gelatin sponge to
relieve the pain caused by capsule injury. We examined the efficacy using not only
visual analog scale, but also blood biochemistry and other standards.
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INTRODUCTION
For hepatectomy, laparoscopic surgery is preferred in the clinic with the advantages
of less trauma, less pain, faster recovery, and a shorter hospital stay than traditional
open surgery[1]. However, many patients still suffer from postoperative pain resulting
from the surgical incision and associated tissue injury, which lengthens the bedridden
time and increases the risk of complications. Therefore, optimal and reliable analgesia
for postoperative pain control is very important. Thus, many researchers have
reported methods to improve postoperative pain control, accelerate recovery, and
decrease hospital stays, such as local anesthesia at the trocar site [2] , decreased
pneumoperitoneum[3], and intraperitoneal nebulization of anesthetic[4]. Therefore,
many methods have been developed and have proven useful, but there is not a simple
and effective method that can be clinically adopted in a widespread manner. The focal
point of the controversy regarding local anesthesia after an operation centers around
the following questions: What the anesthetic is, what the concentration is, and where
it should be used. Most previous trials have estimated the degree of analgesia using a
visual analog scale (VAS), which is rather subjective. Therefore, we designed this
case-control study to examine the efficacy of multisite infiltrative analgesia in trocar
sites and sponges soaked with ropivacaine after laparoscopic hepatectomy using VAS,
blood biochemistry, and other standards.
To evaluate the effects of ropivacaine on pain control after laparoscopic
hepatectomy, we designed a randomized, double-blind, placebo-controlled clinical
trial to find an effective and convenient method to decrease postoperative pain and
accelerate recovery.
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MATERIALS AND METHODS
Subject population
The study was approved by the Ethics Committee of Qilu Hospital of Shandong
University (No. 2017052). From May 2017 to November 2018, 146 patients (age range:
20-80 years; weight: 50-90 kg) undergoing laparoscopic hepatectomy performed by
our team at the Department of Surgery, Qilu Hospital of Shandong University (Jinan,
China) were included in this study. All patients signed an informed consent form
before the operation. Patients were excluded if they had acute cholecystitis, serious
chronic pain disease, history of alcohol abuse, tranquilizer treatment before surgery,
cognitive impairment, or history of allergy to any of the drugs used in the study.
Before the start of the study, random sequence was generated with the Statistical
Package for Social Sciences (SPSS) 20.0 (SPSS Inc., Chicago, IL, United States). The
patients were randomized into two groups with the table of random numbers on the
day of surgery. A group of patients received ropivacaine infiltration around the trocar
insertion and abdominal wounds for specimen extraction, and another group of
patients received the same volume of normal saline; at the end of the operation,
uniform disposal was similar across groups.

Anesthesia methods and surgery
All patients received standard general anesthesia administered by the same
anesthetist not involved in the study. Anesthesia was induced with propofol,
midazolam, rocuronium, and sufentanil. General anesthesia was maintained with 2%
sevoflurane.
Twenty milliliter solutions containing either 7.5 mg/mL ropivacaine for the
ropivacaine group or normal saline for the control group were prepared and provided
by an identical anesthetist, and the surgeons were not informed of the contents of the
solution or of the patient allocation. Before trocar withdrawal, a gelatin sponge was
soaked with 10 mL of the prepared solution and used to cover the cutting surface of
the liver. At the end of the surgery, subcutaneous tissue and deep muscle around the
trocar incision and abdominal wound for specimen extraction were infiltrated with 10
mL of the solution with a needle introduced through the skin. Finally, one drainage
tube was routinely used for the patient, and the tissue surrounding the tube was also
infiltrated with the solution. All patients were given a patient-controlled analgesic
(PCA) device containing 100 mL of 1 μg/mL sufentanil that was delivered at a rate of
2 µg/h to the venous catheter. When the patient felt pain, they pushed a button on the
device, and 0.5 mL of additional sufentanil was delivered. The gelatin sponge used in
the two groups were the same (Xiangen Medical Technology Development Co., Ltd.,
Jiangxi, China).

Data collection
During the preoperative communication, all patients were taught how to describe
their postoperative pain level using a VAS ranging from 0 (no pain) to 10 (maximal
pain). Pain was assessed with the VAS at rest and on movement including coughing
and leaning to one side. Pain scores, nausea, vomiting, mean blood pressure, and
heart rate (HR) were recorded before the operation and at 0 h, 6 h, 12 h, 24 h, and 48 h
after the operation. The cumulative consumption of sufentanil by the PCA device was
recorded at 6, 12, 24, and 36 h. If the patients experienced nausea or vomiting,
metoclopramide was given. Blood was sampled for detection of levels of epinephrine,
norepinephrine, and cortisol at 0 h, 24 h, and 48 h after the operation. Quantitative
changes in the levels of catecholamines, including adrenaline, noradrenaline, and
dopamine, were analyzed. The surgical stress hormones (epinephrine,
norepinephrine, and cortisol) were detected using commercial enzyme-linked
immunosorbent assay kits (Cusabio Biotech Co., Ltd., Wuhan, China).

Statistical analysis
A total of 146 patients were included in the study from May 2017 to November 2018.
Finally, 69 patients in the ropivacaine group and 67 patients in the control group were
included in the statistical analysis.
Continuous data (age, weight, duration of surgery, trocar number, incision length,
VAS, and level of hormone) are presented as the mean ± SD. These data were
analyzed by t-tests. The P-value and 95% confidence interval (CI) were calculated.
Categorical data [sex, American society of anesthesiologists (ASA) grade, and
operation type] are presented as the number of patients and were analyzed by chisquare tests. All data were checked for normal distribution. Data analysis was
accomplished with SPSS 20.0 (SPSS Inc., Chicago, IL, United States). P < 0.05 was
considered statistically significant.
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RESULTS
In the end, 139 patients successfully received the surgery, including laparoscopic
hepatectomy and the use of the prearranged solution. Four patients and three patients
were converted to open laparotomy due to operational difficulties and uncontrolled
bleeding during the operation, respectively. Subsequently, three additional patients
were excluded from the study: One in the ropivacaine group (because of a second
operation for bile leakage) and two in the control group (due to a transfer to the
intensive care unit for postoperative dyspnea and a second operation for
postoperative hemorrhage). For the statistical analysis, 69 patients in the ropivacaine
group and 67 patients in the control group were included.
The demographic data, ASA grade, and details of the surgery, including the
surgery type, duration, trocar number, and the length of incision for specimen
extraction, were similar between the two groups (Table 1). Postoperative pain scores
were significantly lower at rest in the ropivacaine group than in the control group, at
0 h, 6 h, and 12 h and significantly lower on movement at 0 h, 6 h, 12 h, and 24 h (P <
0.05). Mean arterial pressure (MAP) was significantly higher in the control group than
in the ropivacaine group at 6 h (P = 0.002) and 12 h (P = 0.032) (Figure 1 and Table 2).
The magnitude of the changes in epinephrine, norepinephrine and cortisol levels
above the normal levels was significantly different between the two groups at 24 h
and 48 h after surgery (Figure 2A-C, Table 3). Cumulative sufentanil consumption
was significantly different between the two groups at 6 h, 12 h, 24 h, and 36 h (P < 0.05
for all comparisons, Figure 2D and Table 2).
Postoperative hospitalization was shorter in the ropivacaine group (7.24 ± 2.50)
than in the control group (7.70 ± 2.95), but there was no significant difference (P =
0.324, Table 4). There were similar findings between the two groups regarding
vomiting (55.7% and 60.0% for the ropivacaine group and the control group,
respectively), and the difference between the two groups for nausea (12.9% and 18.6%
for the ropivacaine group and the control group, respectively) was not statistically
significant (Table 4). Other complications, including hydrothorax, ascites, peritonitis,
flatulence, venous thrombus, and incision infection, in the two groups were not
significantly different (P = 0.339) (Table 4).

DISCUSSION
Compared with open surgery, the laparoscopic technique has largely reduced surgical
trauma and hospitalization; however, postoperative pain is still an important problem
for physicians and patients[5]. Postoperative pain is a phenomenon in which different
variables must be taken into account[6]. Surgical incision is the main origin of the pain
stimuli, which is influenced by the length of the incision, the number of trocars, and
trauma occurring when removing the specimen. Another important factor is
pneumoperitoneum created with CO2, which causes peritoneal stretch, diaphragmatic
stretch and chemical irritation, and the attendant carbonic acid formation. Additional
causes of pain may involve increased inflammatory mediators after tissue injury,
increased lactate concentrations and low pH in the skin and muscle wounds, and
central neuronal sensitization[7]. To date, not all of these components are known to be
involved, and therapeutic approaches still need to be improved.
Ropivacaine is a long-acting amino amide local anesthetic drug. Ropivacaine blocks
the generation and conduction of nerve impulses, presumably by increasing the
threshold for electrical excitation in the nerve, by slowing the propagation of the
nerve impulse, and by reducing the rate of rise of the action potential[8]. Ropivacaine is
a well-tolerated regional anesthetic effective for surgical anesthesia and postoperative
relief. The nerve block effect is related to the drug concentration. When the
concentration of ropivacaine is 0.2%, the sensory nerve block effect is better, but there
is almost no motor nerve block effect; when the concentration is 0.75%, the nerve
block effect is better. This "separation block" is the characteristic effect of ropivacaine.
Thus, ropivacaine, with its efficacy, low propensity for motor block, and reduced
potential for central nervous system (CNS) toxicity and cardiotoxicity, appears to be
an important option for regional anesthesia and the management of postoperative
pain[9]. In this study, adverse effects of ropivacaine for local anesthesia, such as allergic
reactions, local tissue toxicity, cardiovascular toxicity, central nervous system toxicity,
and systemic toxicity, were not observed.
Measures that have been reported to assist in the treatment of postoperative pain
include inducing local anesthesia, decreasing pneumoperitoneum pressure[3], and
administering non-steroidal anti-inflammatory drugs (NSAIDs) and opioids[10]. We
found several trials that assessed the effects of local anesthesia in intraperitoneal,
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Table 1 Demographic characteristics of the 140 patients studied (mean ± SD)
Characteristic

Ropivacaine group

Control group

t/χ2

P-value

Age (yr)

52.87 ± 12.463

50.31 ± 13.984

1.126

0.2621

Male/female

38/31

38/29

38/29

0.8469

Weight (kg)

67.88 ± 11.634

65.75 ± 11.992

1.051

0.2951

I/II/III

8/44/17

12/42/13

1.351

0.5090

Sex

ASA grade

Duration of surgery (min)

156.16 ± 82.748

152.75 ± 87.325

0.234

0.8153

Trocar number

4.58 ± 0.715

4.73 ± 0.770

-1.190

-1.190

Incision length (cm)

5.25 ± 1.035

5.45 ± 0.784

-1.276

0.2040

Lap right hepatectomy

5

6

5.230

0.1557

Lap left hepatectomy

21

12

Lap caudate hepatectomy

1

5

Lap irregular hepatectomy

42

44

Operation type

ASA: American Society of Anesthesiologists; Lap: Laparoscopic.

subdiaphragmatic, and trocar sites, which significantly decreased postoperative pain
scores[11,12]. Postoperative pain mainly comes from wounds of the abdominal muscle
and peritoneum. Beyond those causes, injury of Glisson’s capsule can also influence
pain[13,14]. Therefore, in our study, ropivacaine not only infiltrated the subcutaneous
and deep muscle fasciae and peritoneum but also covered the liver cutting surface in a
soaked gelatin sponge to relieve the pain caused by capsule injury.
This study has shown the analgesic efficacy of local infiltrative and soaked sponge
cover with ropivacaine after laparoscopic hepatectomy, suggesting the method as a
reliable strategy for analgesia after operation. Based on the pain score at rest and the
significantly lower movement seen in the ropivacaine group than in the control
group, ropivacaine was considered to have a clear analgesic effect that lasted
approximately 24 h.
Surgical stress could cause changes in the neuroendocrine, metabolic, immune, and
hematological systems [15] . Surgical stress is mainly caused by injury during the
operation, including somatic and visceral trauma. Surgical stress causes a series of
hormonal changes; in the study, we chose catecholamines (epinephrine and
norepinephrine) and cortisol as a reference to estimate the degree of surgery stress[16].
The levels of epinephrine, norepinephrine, and cortisol were significantly reduced in
the first 48 h after surgery in the ropivacaine group compared to the control group,
which means that the ropivacaine method produced clear effects. The use of
ropivacaine significantly reduced surgical stress.
Pain relief plays a leading role in enhanced recovery after surgery (ERAS), which
will bring many benefits[17]. Theoretically, exercising the lower limbs will promote
blood circulation, which can reduce the formation of venous thrombosis[18]. Early
ambulation increases lung ventilation, which promotes the exclusion of tracheal
secretions and prevents pulmonary complications[19]. Early ambulation after surgery
can also promote gastrointestinal peristalsis, reduce abdominal distention, improve
appetite, and prevent constipation. However, in the present study, the complications
described above showed no significant difference between the groups. One reason
may be that compared with traditional open surgery, the laparoscopic technique
clearly reduced pain, so the complications between the two groups were not
sufficiently distinct. Another potential reason is that the incidence of thrombus of the
lower extremity veins and incision infection is low in laparoscopic hepatectomy, so
the differences were not significant with a limited sample size.
Although the results support the notion that multisite local infiltration and the
sponge soaked with ropivacaine significantly decreased postoperative pain, there are
also deficiencies in this study. First, we have not validated the analgesic effects of
ropivacaine at different concentrations. More research is needed to determine the best
concentration and dose used for local anesthesia after laparoscopic hepatectomy.
Second, this study did not determine whether the analgesic effect of ropivacaine was
effective for all patients or whether sex, age, weight, disease conditions, and other
factors influence the analgesic effect of ropivacaine. Third, the adverse reactions of
ropivacaine, such as wound infection and muscle damage, were not significantly
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Figure 1

Figure 1 Visual analog scale scores for pain at rest and pain on movement, mean arterial pressure, and heart rate during the first 48 h after surgery. A:
Visual analog scale score at rest; B: Visual analog scale score on movement; C: Mean arterial pressure; D: Heart rate. aP < 0.05, bP < 0.01, cP < 0.0001. VAS: Visual
analog scale; MAP: Mean arterial pressure; HR: Heart rate.

different in this study, which may have been because the sample was not large
enough or the ropivacaine concentration was too low. Moreover, the incidence of
nausea, vomiting, and abdominal distension caused mainly by general anesthesia and
pneumoperitoneum is not obviously reduced by the use of ropivacaine-soaked
sponges. To overcome these deficiencies, more research is needed.
Taken together, local anesthesia with ropivacaine is a simple and inexpensive way
to achieve analgesic effects after laparoscopic hepatectomy (Figure 3). With sponges
soaked with ropivacaine covering the cutting surface of the liver, the concentration of
ropivacaine can be maintained for a longer time with a lower incidence of abdominal
infection than seen from the intraperitoneal administration of ropivacaine.
Ropivacaine infiltration anesthesia reduces postoperative somatic pain, while sponges
soaked with ropivacaine can reduce visceral pain and last for a long time, thus
avoiding the administration of high doses of opioid analgesic drugs. In addition to
analgesia, ropivacaine can also shorten hospitalization and the time spent in bed,
potentially leading to a faster recovery. Considering the simplicity, safety, and
efficacy of multisite local anesthesia and the sponge covering of the liver with
ropivacaine after laparoscopic hepatectomy, this method is very worthy of application
and promotion. In the future, the method could be applied to more areas such as
gastrectomy and rectal resection with further study.
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Table 2 Visual analog scale scores for pain at rest and pain on movement, mean arterial pressure, and heart rate during the first 48 h
after surgery
0h

6h

12 h

24 h

48 h1

Ropivacaine group

1.94 ± 0.539

1.86 ± 0.493

1.77 ± 0.458

1.54 ± 0.502

1.49 ± 0.504

Control group

1.49 ± 0.504

2.15 ± 0.557

2.03 ± 0.550

1.63 ± 0.487

1.54 ± 0.502

t

-3.155

-3.362

-3.019

-1.068

-0.516

P-value

0.0020

0.0014

0.0030

0.2876

0.6064

95%CI

[-0.523, -0.136]

[-0.478, -0.126]

[-0.461, -0.117]

[-0.258, 0.074]

[-0.233, 0.104]

Characteristic
VAS at rest

VAS on movement
Ropivacaine group

2.55 ± 0.631

2.74 ± 0.610

2.65 ± 0.614

2.42 ± 0.579

1.75 ± 0.604

Control group

3.27 ± 0.687

3.70 ± 0.739

3.51 ± 0.660

3.06 ± 0.574

1.97 ± 0.521

t

-6.349

-8.691

-7.991

-6.021

-1.903

P-value

<0.0001

<0.0001

<0.0001

<0.0001

0.0271

95%CI

[-0.942, -0.494]

[-1.192, -0.733]

[-1.071, -0.639]

[-0.835, -0.444]

[-0.408, -0.025]

Ropivacaine group

90.81 ± 8.432

86.00 ± 8.070

86.07 ± 7.930

87.61 ± 8.037

86.17 ± 9.160

Control group

88.78 ± 8.348

90.54 ± 8.412

89.15 ± 8.504

89.24 ± 9.160

86.28 ± 7.792

t

1.414

-3.210

-2.183

-1.104

-0.075

P-value

0.1596

0.0017

0.0308

0.2716

0.9402

95%CI

[-0.811, 4.882]

[-7.333, -1.742]

[-5.864, -0.289]

[-4.550, 1.290]

[-2.998, 2.779]

Ropivacaine group

93.36 ± 4.706

91.57 ± 5.377

91.58 ± 4.120

92.60 ± 5.592

92.63 ± 5.696

Control group

94.42 ± 5.326

93.25 ± 4.427

93.46 ± 5.925

92.81 ± 6.079

92.83 ± 5.828
-0.202

MAP (mmHg)

HR (bpm)

t

-1.231

-1.991

-2.155

-0.214

P-value

0.2204

0.0486

0.0331

0.8308

0.8406

95%CI

[-2.768, 0.644]

[-3.348, -0.011]

[-3.617, -0.146]

[-2.197, 1.768]

[-2.154, 1.756]

Ropivacaine group

0

13.66 ± 2.437

27.91 ± 4.176

55.60 ± 6.117

81.66 ± 7.729

Control group

0

15.43 ± 3.273

30.93 ± 6.414

61.45 ± 5.405

88.89 ± 7.937

t

-3.579

-3.242

-5.897

-5.386

P-value

0.0005

0.0016

<0.0001

<0.0001

95%CI

[-2.744, -0.791]

[-4.863, -1.174]

[-7.803, -3.884]

[-9.891, -4.578]

Cumulative sufentanil (µg)

1

The time point with cumulative sufentanil is 36 h. CI: Confidence interval; VAS: Visual analog scale; MAP: Mean arterial pressure; HR: Heart rate.
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Table 3 The levels of stress hormones, including epinephrine, norepinephrine, and cortisol, and cumulative sufentanil consumption
during the first 48 h after the operation
Stress hormone

0h

24 h

48 h

Ropivacaine group

58.05 ± 19.614

76.48 ± 23.884

81.58 ± 24.529

Control group

57.60 ± 17.608

94.29 ± 28.439

100.89 ± 27.413

t

0.141

-3.959

-4.333

P-value

0.8879

0.0001

<0.0001

95%CI

[-5.876, 6.780]

[-26.707, -8.913]

[-28.131, -10.498]

Ropivacaine group

220.57 ± 27.623

252.01 ± 29.539

270.68 ± 30.792

Control group

222.52 ± 27.907

296.90 ± 32.601

322.12 ± 34.942

t

-0.409

-8.421

-9.116

P-value

0.6831

<0.0001

<0.0001

95%CI

[-11.367, 7.470]

[-55.441, -34.351]

[-62.602, -40.280]

Ropivacaine group

325.82 ± 29.790

365.06 ± 35.820

417.79 ± 36.971

Control group

320.74 ± 34.618

393.82 ± 37.302

438.14 ± 40.814

t

0.918

-4.586

-3.048

P-value

0.3600

<0.0001

0.0028

95%CI

[-5.862, 16.025]

[-41.158, -16.356]

[-33.544, -7.145]

Epinephrine

Norepinephrine

Cortisol

CI: Confidence interval.

Table 4 Postoperative hospitalization and complications
Characteristic

Ropivacaine group

Control group

t/χ2

P-value

Hospitalization after operation (d)

7.28 ± 2.502

7.76 ± 2.990

-1.029

0.3055

Neither nausea nor vomiting

22

15

1.819

0.4027

Nausea without vomiting

39

41

Nausea with vomiting

8

11

Hydrothorax

25/44

27/40

0.238

0.6256

Ascites

10/59

8/59

0.193

0.6606

Peritonitis

1/68

0/67

0.978

0.3226

Flatulence

32/37

39/28

1.907

0.1673

Venous thrombus

3/66

5/62

0.596

0.4402

Incision infection

2/67

1/66

0.312

0.5768

Postoperative nausea and vomiting

Complication (+/-)
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Figure 2

Figure 2 The levels of stress hormones, including epinephrine, norepinephrine, and cortisol, and cumulative sufentanil consumption during the first 48 h
after the operation. A: Epinephrine; B: Norepinephrine; C: Cortisol; D: Cumulative sufentanil consumption. bP < 0.01, cP < 0.0001.
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Figure 3

Figure 3 The process of research, including the enrollment and allocation of patients as well as the collection and analysis of data.

ARTICLE HIGHLIGHTS
Research background
The postoperative pain caused by laparoscopic hepatectomy delays patients’ recovery, although
the pain has reduced a lot compared with laparotomy. Although many methods have been
reported for pain relief including intravenous analgesia, epidural analgesia and so on, these
methods have their limitations and contraindications. Local wound infiltration is a simple and
safe method that can effectively relieve the pain after surgery. The current study was designed to
evaluate the effects of ropivacaine on pain control after laparoscopic hepatectomy and to
examine whether this local anesthetic technique accelerates patient recovery, thus contributing to
the idea of fast track recovery surgery.

Research motivation
Many methods have been reported to improve postoperative pain control, but there is not a
simple and effective method that can be clinically adopted in a widespread manner. We
designed this study to find an effective and convenient method which can be can be clinically
adopted to decrease postoperative pain and accelerate recovery.

Research objectives
The aim of the study was to assess the effectiveness of ropivacaine injections in the port site as
well as in the operative site in patients undergoing a hepatectomy.

Research methods
Before the start of the study, random sequence was generated to make sure that the allocation
was completely random. For allocation concealment, envelope method was adopted. Continuous
data were analyzed by t-tests. The P-value and 95% confidence interval were calculated.
Categorical data were analyzed by chi-square tests. All data were checked for normal
distribution. Double blindness was ensured, and the researcher in charge of allocation and
anesthetic preparation did not participate in the data collection and analysis.

Research results
Infiltration with ropivacaine in the abdominal wound and covering the cutting surface of the
liver with a gelatin sponge soaked with ropivacaine could provide effective analgesia after
laparoscopic hepatectomy, with a lower visual analog scale (VAS) score and sufentanil
consumption, accelerated postoperative recovery, and reduced stress response. These results
suggest that this method is a simple, convenient, and effective analgesic method that can provide
postoperative analgesia and short-term benefits after surgery. There are still problems need to be
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solved: The best concentration and dose used for local anesthesia need more research to
determine, and more effective anesthetics and better method of application need to be found.

Research conclusions
This study provides evidence supporting that infiltration with ropivacaine in the abdominal
wound and covering the cutting surface of the liver with a gelatin sponge soaked with
ropivacaine after laparoscopic hepatectomy can improve postoperative pain relief, reduce
surgical stress response, and accelerate postoperative recovery. This method is very worthy of
application and promotion for its simplicity, safety and efficacy.

Research perspectives
In this study, the effect of pain relief of ropivacaine remained no more than 24 h to 48 h, so
anesthetics with a more lasting effect need to be found. Furthermore, more research is needed to
determine the best concentration and dose used for local anesthesia. Methods of anesthetics
application are variable, so researchers could try to find more effective and convenient
techniques for pain relief.
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Abstract
BACKGROUND
Colorectal high-grade neuroendocrine neoplasms (HGNENs) are rare and
constitute less than 1% of all colorectal malignancies. Based on their
morphological differentiation and proliferation identity, these neoplasms present
heterogeneous clinicopathologic features. Opinions regarding treatment
strategies for and improvement of the clinical outcomes of these patients remain
controversial.
AIM
To delineate the clinicopathologic features of and explore the prognostic factors
for this rare malignancy.
METHODS
This observational study reviewed the data of 72 consecutive patients with
colorectal HGNENs from three Chinese hospitals between 2000 and 2019. The
clinicopathologic characteristics and follow-up data were carefully collected from
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their medical records, outpatient reexaminations, and telephone interviews. A
survival analysis was conducted to evaluate their outcomes and to identify the
prognostic factors for this disease.
RESULTS
According to the latest recommendations for the classification and nomenclature
of colorectal HGNENs, 61 (84.7%) patients in our cohort had poorly differentiated
neoplasms, which were categorized as high-grade neuroendocrine carcinomas
(HGNECs), and the remaining 11 (15.3%) patients had well differentiated
neoplasms, which were categorized as high-grade neuroendocrine tumors
(HGNETs). Most of the neoplasms (63.9%) were located at the rectum. More than
half of the patients (51.4%) presented with distant metastasis at the date of
diagnosis. All patients were followed for a median duration of 15.5 mo. In the
entire cohort, the median survival time was 31 mo, and the 3-year and 5-year
survival rates were 44.3% and 36.3%, respectively. Both the univariate and
multivariate analyses demonstrated that increasing age, HGNEC type, and
distant metastasis were risk factors for poor clinical outcomes.
CONCLUSION
Colorectal HGNENs are rare and aggressive malignancies with poor clinical
outcomes. However, patients with younger age, good morphological
differentiation, and without metastatic disease can have a relatively favorable
prognosis.
Key words: Colon; Rectum; Neuroendocrine; Neoplasm; Metastasis; Prognosis
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Core tip: Colorectal high-grade neuroendocrine neoplasms (HGNENs) are aggressive
malignancies with an extremely low incidence. Many issues, such as their classification
and therapy strategies, have been controversial for a long time. We conducted this study
to delineate their clinicopathologic features and clinical outcomes. There is a trend to
categorize colorectal HGNENs with good morphological differentiation as a subgroup
different from high-grade neuroendocrine carcinomas in the newest World Health
Organization classification. We introduced this classification into our study and
compared the prognoses of different subgroups.

Citation: Wang ZJ, An K, Li R, Shen W, Bao MD, Tao JH, Chen JN, Mei SW, Shen HY, Ma
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INTRODUCTION
Colorectal high-grade neuroendocrine neoplasm (HGNEN) is a rare malignancy
originating from neuroendocrine cells in the colon and rectum, and it constitutes less
than 1% of all colorectal carcinomas[1,2]. Based on the 2010 World Health Organization
(WHO) classification, neuroendocrine neoplasms with a high mitotic rate (over 20/10
high power fields) or Ki-67 labeling index (over 20%) were defined as HGNEN or
neuroendocrine neoplasm (NEN) G3, including small-cell and large-cell subtypes. All
colorectal high-grade neuroendocrine neoplasms (HGNENs) were regarded as poorly
differentiated. Therefore, the term HGNEN was synonymous with high-grade
neuroendocrine carcinoma (HGNEC)[3]. However, the histological grade is not always
in line with the degree of morphological differentiation; in some patients, tumors are
high grade but present good differentiation [4] . These patients show significantly
different tumor biology, behavior, and prognosis compared with those with poorly
differentiated HGNENs. Therefore, the consensus has been that colorectal HGNENs
are not a homogenous entity[5]. In the 2017 WHO classification for pancreatic NEN,
neuroendocrine tumor G3 (NET G3) was put forward as a new term and was defined
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as a new subgroup of pancreatic HGNENs with good differentiation, whereas
neuroendocrine carcinoma (NEC) only refers to poorly differentiated G3 pancreatic
HGNENs. HGNEN or NEN G3 included both NET G3 and NEC. There is a trend
towards introducing this new classification system into the management of colorectal
HGNENs in the near future[6]. At the 16th annual European Neuroendocrine Tumor
Society (ENETS) Conference in 2019, Professor Aurel Perren presented “New WHO
Classification-Important News”, stating that the terminology of NET G3 is extended
to other primary sites, including the colon and rectum. According to the latest updates
on the classification and grading of colorectal NENs, all cases in the present study
were categorized as well-differentiated subtype (NET G3) and poorly differentiated
subtype (NEC) on the basis of histomorphology.
Similar to small cell lung cancer, colorectal HGNENs are highly aggressive with a
dismal prognosis, and over half of the patients have distant metastasis at the time of
diagnosis[7]. The clinical manifestations are nonspecific, including hematochezia,
abdominal pain, changes in bowel habits, and obstruction. Carcinoid syndrome is rare
because most colorectal HGNENs are nonfunctional[8]. For early and small lesions,
colorectal HGNENs usually present typical endoscopic features that are different
from colorectal adenocarcinomas. They arise in the deeper layers of the intestinal
mucosa and appear as smooth sessile lesions with normal overlying mucosa. Yellow
mucosal discolouration might be observed in cases with positive expression of
chromogranin[9,10]. However, most cases present large and advanced lesions at the date
of diagnosis, and these lesions show no significantly different endoscopic
presentations compared with other colorectal tumors. Therefore, it is difficult to
distinguish HGNENs from common adenocarcinoma by a routine diagnostic
technique. Immunohistochemical evaluation is necessary since HGNENs have special
neuroendocrine markers, such as synaptophysin, chromogranin A, and neuronspecific enolase[11]. Due to the extremely low incidence rate of HGNENs, there are very
few related prospective clinical studies; most studies are case reports or retrospective
studies with small samples from single institutions in Western countries. As a
consequence, no standard treatment guidelines have been made, and the efficacy of
surgery and chemotherapy remains controversial.
Since most previous studies are case reports or small sample reports from single
centers and Western countries, we conducted a multicenter prospective study and
enrolled 72 patients from three different Chinese hospitals, aiming to improve our
understanding of the clinicopathologic features and oncologic prognosis of patients
with colorectal HGNENs.

MATERIALS AND METHODS
Patients
Our study was approved by the ethics committee of the National Cancer Center and
was performed according to the Helsinki Declaration of the World Medical
Association. All patients signed an informed consent form before the study. We
reviewed the electronic medical records from three different Chinese institutions and
enrolled 72 consecutive colorectal HGNEN patients from January 2000 to January
2019, including 47 from the Cancer Hospital Chinese Academy of Medical Sciences, 20
from China-Japan Friendship Hospital, and 5 from Beijing Hospital. Information
regarding patient demographics, clinicopathologic features, treatment modalities, and
oncologic outcomes was carefully collected and analyzed. All cases were definitively
diagnosed with colorectal HGNEN through colonoscopy, abdominal and pelvic
enhanced computed tomography scans, tissue biopsy, pathological examination, and
immunohistochemical evaluation. All patients were confirmed to have a high mitotic
rate (over 20/10 high power fields) and/or Ki-67 labeling index (over 20%).
Moreover, cases with a component of adenocarcinoma or squamous carcinoma were
excluded.

Statistical analysis
Our study received statistical review by one biomedical statistician in our institution.
All data were analyzed using the Statistical Package for the Social Sciences (SPSS
version 24.0, IBM Corp., Armonk, NY, United States). Quantitative data that followed
the normal distribution are expressed as the median ± standard deviation, while
quantitative data that did not follow the normal distribution are expressed as median
and range. Qualitative data and ordinal data are presented as the number of cases and
percentages. Survival time was defined as the time interval between the date of
pathological diagnosis and death. Survival rates were calculated by the Kaplan-Meier
method and further compared through the log-rank test. In addition, multivariate
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analysis was performed using the Cox proportional hazards regression model to
identify the independent prognostic factors. A P-value < 0.05 was considered
statistically significant.

RESULTS
Patients’ characteristics
The patients’ characteristics are presented in Table 1. A total of 72 patients with a
median age of 59.5 years old (range, 18-82 years old), including 52 (72.2%) males and
20 (27.8%) females, were enrolled in our study. The average body mass index (BMI)
was 23.8 ± 3.4 kg/m 2 . The common symptoms were hematochezia (37, 51.4%),
abdominal pain (23, 31.9%), changes in bowel habits (23, 31.9%), abdominal distention
(5, 9.6%), weight loss (3, 4.2%), and anemia (2, 2.8%). Two patients were
asymptomatic, and cancer was detected through routine health examinations. No
patients had functional tumors or presented with carcinoid syndrome. The rectum (n
= 46, 63.9%), especially low rectum, was the most common primary site. Among the
46 patients with rectal HGNENs, 28 (60.9%) were located in the low rectum. More
than half of the patients (51.4%) presented metastatic diseases at the date of diagnosis,
and the liver and distant lymph nodes were the two most common metastatic sites.

Pathological features
The pathological features and immunohistochemical results are listed in Table 2. Of
the 72 patients, 61 (84.7%) had poorly differentiated tumors classified as NECs, and
the remaining 11 patients had well differentiated tumors classified as NETs G3.
Among the 61 NEC patients, 18 (29.5%) and 18 (29.5%) had large cell and small cell
subtypes, respectively. Cancers of the remaining 25 (41%) patients were not further
categorized in the medical records. Regarding the general shape of neoplasms in the
58 evaluable patients, one half were ulcerative, and the other half were the protruding
type. All the patients received immunohistochemical evaluation, and the median
value of the Ki67 index was 70% in our cohort. Synaptophysin, chromogranin,
neuron-specific enolase, and CD 56 were positive in 94%, 57.6%, 64.3%, and 82.4%,
respectively, of all evaluable cases. CDX-2 and TTF-1 were evaluated in 29 and 13
patients, respectively, and the positive rates were 62.1% and 15.4%, respectively.
Extramural vascular invasion (EMVI) and perineural invasion were observed in 76.3%
and 21.6% of evaluable patients, respectively.

Treatment management
Of the 35 patients without distant metastasis, 1 received only chemotherapy. This
patient underwent a cycle of combination chemotherapy of cisplatin and etoposide
and two cycles of single-agent irinotecan. However, the neoplasm progressed, and the
patient died in the hospital 3 mo after the date of diagnosis. The other 34 patients
underwent surgical resection of tumors, including 2 patients who underwent local
excision. Six patients received surgery alone. Five patients received neoadjuvant
therapy, and all responded to therapy, with one achieving a pathologic complete
response and surviving free from recurrence for 14 mo by the end of follow-up.
Twenty-eight patients received adjuvant therapy. Five patients received both
neoadjuvant and adjuvant treatment (Table 3).
Of the 37 patients with distant metastasis at the date of diagnosis, 17 underwent
surgery and received primary site resection, 17 received palliative chemotherapy
and/or radiotherapy alone, and 3 did not receive any oncological treatment. The
details of palliative chemotherapy were evaluable for 28 cases. Twenty-eight cases
received first-line palliative chemotherapy, and 9 (32.1%) cases were responsive.
Twelve of 28 (42.9%) patients received fluorouracil (5-FU)-based chemotherapy
[capecitabine plus oxaliplatin (n = 5), oxaliplatin, leucovorin, and fluorouracil (n = 3),
oxaliplatin plus fluorouracil (n = 1), irinotecan plus tegafur/gimeracil/oteracil
potassium (S-1) (n = 1), capecitabine plus temozolomide (TemCap) (n = 1), and S-1 (n
= 1)], and 1 patient (8.3%) responded. The remaining 16 (57.1%) patients received
platinum-based chemotherapy [cisplatin plus etoposide (EP) (n = 14), oxaliplatin plus
etoposide (n = 1), carboplatin plus etoposide (n = 1)], and 8 (50%) cases responded.
Thirteen and 9 cases received second-line and third-line palliative chemotherapy, and
the responsive rates were 23.1% and 22.2%, respectively.
Of the three patients who did not receive any oncological treatment, one survived
for only 1 mo, one survived for 3 mo, and one was lost to follow-up.

Oncological prognosis
All patients were followed for a median duration of 15.5 mo (range, 1-190 mo). A
median survival of 31 mo was achieved in the whole cohort, and the 3-year and 5-year
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Table 1 Patient characteristics
Characteristic

Patients (n = 72)

Sex, n (%)
Male

52 (72.2)

Female

20 (27.8)

Age [yr, median (range)]

59.5 (18-82)

BMI (kg/m2, mean ± SD)

23.8 ± 3.4

Symptoms, n (%)
Hematochezia

37 (51.4)

Abdominal pain

23 (31.9)

Changes in bowel habits

23 (31.9)

Obstruction

12 (16.7)

Abdominal distention

5 (9.6)

Weight loss

3 (4.2)

Anemia

2 (2.8)

Carcinoid syndrome

0

Asymptomatic

2 (2.8)

Family history of cancer, n (%)
Yes

11 (15.3)

No

60 (83.3)

Unrecorded

1 (1.4)

History of colorectal polyps, n (%)
Yes

24 (33.3)

No

27 (37.5)

Unrecorded

21 (29.2)

Smoking history, n (%)
Yes

28 (38.9)

No

42 (58.3)

Unrecorded

2 (2.8)

Drinking history, n (%)
Yes

24 (33.3)

No

45 (62.5)

Unrecorded

3 (4.2)

Primary sites, n (%)
Rectum

46 (63.9)

Rectosigmoid junction

2 (2.8)

Sigmoid

5 (6.9)

Descending colon

4 (5.6)

Transverse colon

2 (2.8)

Ascending colon

9 (12.5)

Cecum

4 (5.6)

Distance of tumor from the anal verge [(for rectal carcinoma, n = 46), n (%)]
0-5 cm

28 (60.9)

5-10 cm

14 (19.4)

10-15 cm

2 (2.8)

Unrecorded

2 (2.8)

Tumor size [median (range), cm]

5.0 (1.0-15.0)

Tumor stage, n (%)
I

4 (5.6)

II

4 (5.6)

III

27 (37.5)

IV

37 (51.4)

Site of distant metastases, n (%)
Liver
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Liver only

12 (16.6)

Distant lymph nodes

15 (20.8)

Peritoneum

5 (6.9)

Bone

5 (6.9)

Lung

1 (1.4)

Pancreas

1 (1.4)

Increase of pretreatment blood LDH, n (%)
Yes

10 (13.9)

No

29 (40.3)

Unrecorded

33 (45.8)

BMI: Body mass index; SD: Standard deviation; LDH: Lactic dehydrogenase.

survival rates were 44.3% and 36.3%, respectively. A significantly decreased median
survival of 13 mo was observed for the patients with metastatic disease. Since more
than half of the patients without distant metastasis (67%) survived through the end of
follow-up, the median survival of these patients could not be calculated. Univariate
analysis demonstrated that age (P < 0.001), pathologic type (P = 0.033), neoplasm
macroscopic type (P = 0.037), distant metastasis (P < 0.001), positive EMVI (P = 0.047),
elevation of pretreatment serum lactate dehydrogenase (P = 0.015), and resection of
the primary site (P < 0.001) were associated with the overall survival of patients with
colorectal HGNEC (Figure 1). For unclear reasons, no significant survival advantage
was found in patients with a low Ki-67 index (<55%), as reported in previous studies.
To identify the independent prognostic factors, multivariate analysis was
subsequently performed. Based on previous studies and knowledge, we enrolled 6
variables: Gender, age, tumor location, pathological type, distant metastasis, and
resection of the primary site. Given the missing data for the pretreatment level of
serum lactate dehydrogenase, tumor macroscopic type, EMVI, and Ki-67 index, these
variables were not included in the multivariate analysis. Consequently, age ≥ 70
[hazard ratio (HR) = 3.926, 95% confidence interval (CI): 1.740-8.858, P = 0.001],
pathologic type of NEC (HR = 6.647, 95%CI: 1.759-25.119, P = 0.005), and distant
metastasis (HR = 6.356, 95%CI: 2.543-15.889, P < 0.001) were confirmed to be
independent risk factors for poor prognosis (Table 4).

DISCUSSION
Colorectal HGNEN is an extremely rare malignancy with an incidence rate ranging
from 1 to 2 per million, constituting less than 1% of all colorectal malignancies.
However, its incidence rate has been increasing in the past decades, and the reported
annual increase rate ranges from 2.2% to 9.4%[12,13]. Moreover, its clinical prognosis is
much worse compared to colorectal adenocarcinoma. It seems that the advances in the
study of colorectal adenocarcinoma did not benefit the prevention and treatment of
colorectal HGNENs. Our multicenter retrospective study delineated the
clinicopathologic features, clinical outcomes, and prognostic factors for this rare
tumor.
In previous reports, rectal HGNEN was the most frequent and accounted for 26.5%
to 64% of all colorectal HGNEN cases[13,14]. In line with these prior studies, 63.9% of the
cases in our study were rectal HGNEN. More notably, 60.9% of these rectal cases were
located in the low rectum. Similar to small cell lung cancer, colorectal HGNEN
presented a high degree of malignancy and a high risk of distant metastasis compared
to colorectal adenocarcinoma. More than half of the patients had metastatic disease at
diagnosis. One investigation based on the Survey of Epidemiology and End Results
database analyzed the data from 1367 cases of colorectal HGNEN and 72533 cases of
colorectal adenocarcinoma. A significantly higher rate of distant metastases was
observed in the HGNEN group (57.9%) than in the adenocarcinoma group (25.2%)[13].
In the present study, 51.4% of the patients presented with distant metastasis at the
date of diagnosis. The liver and distant lymph nodes were the most common sites of
metastases. There was a trend showing that patients with colonic HGNEN (61.5%)
were more likely to develop metastatic disease than those with rectal HGNEN
(45.7%). This might be because patients with rectal HGNEN could have rectal
bleeding and changes in bowel habits at a relatively early stage, which promoted the
early detection of cancer [15] . In contrast to small cell lung cancer, the clinical
presentation of colorectal HGNEN is not specific. Carcinoid syndromes can hardly be
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Table 2 Pathological features
Histology, n (%)

Patients (n = 72)

NEC

61 (84.7)

NET G3

11 (15.3)

General classification of tumor, n (%)
Ulcerative type

29 (40.3)

Protruding type

29 (40.3)

Unrecorded

14 (19.4)

Synaptophysin, n (%)
Positive

63 (87.5)

Negative

4 (5.6)

Unrecorded

5 (6.9)

Chromogranin, n (%)
Positive

38 (52.8)

Negative

28 (38.9)

Unrecorded

6 (8.3)

Neuron specific enolase, n (%)
Positive

9 (12.5)

Negative

5 (6.9)

Unrecorded

58 (80.6)

CD56, n (%)
Positive

42 (58.3)

Negative

9 (12.5)

Unrecorded

21 (29.2)

CDX-2, n (%)
Positive

18 (25)

Negative

11 (15.3)

Unrecorded

43 (59.7)

TTF-1, n (%)
Positive

2 (2.8)

Negative

11 (15.3)

Unrecorded

59 (81.9)

Ki 67 (median, range)

70% (25%-95%)

EMVI, n (%)
Yes

29 (40.3)

No

9 (12.5)

Unrecorded

34 (47.2)

Perineural invasion, n (%)
Yes

8 (11.1)

No

29 (40.3)

Unrecorded

35 (48.6)

NEC: Neuroendocrine carcinoma; NET: Neuroendocrine tumor; EMVI: Extramural vascular invasion.

seen as most of these tumors are nonfunctional and cannot secrete 5-hydroxytryptamine [16] . To date, only several cases with hormonal symptoms have been
reported in the literature. These patients presented symptoms such as facial flushing,
sweating, and diarrhea due to excessive production of hormones[15,17]. In our study, no
patients presented with carcinoid syndromes. In most cases, there was no difference
in the symptoms or signs between colorectal HGNEN and adenocarcinoma.
Hematochezia, abdominal pain, and changes in bowel habits were the most common
presentations.
Given the difficulty of distinguishing colorectal HGNEN from adenocarcinoma
through clinical manifestation, pathological examination and immunohistochemical
evaluation are necessary. In the 2010 WHO classification for gastroenteropancreatic
NEN, NENs with a mitotic count greater than 20 per high power field or Ki-67 index
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Table 3 Management of patients with localized disease
Treatment strategy

Patients (n = 35)

Nonsurgical treatment

1

Surgery alone

6

Surgery + adjuvant treatment

23

Neoadjuvant treatment + surgery + adjuvant treatment

5

greater than 20% are considered poorly differentiated, including small cell and large
cell subtypes. Therefore, patients who meet this standard are diagnosed with G3 NEC
or HGNEC[18]. However, the histological grade is not always in line with the degree of
tumor differentiation[19]. There are some HGNEN cases that show good differentiation,
biological behavior similar to that of G2 NETs, and good prognosis. In the 2017 WHO
classification for pancreatic NET, well-differentiated G3 pancreatic NENs were
categorized as a new subgroup called NET G3, whereas NEC only refers to poorly
differentiated G3 pancreatic NENs. Both NET G3 and NEC together were referred to
as NEN G3 [20,21] . There is a general tendency for this new grading system to be
introduced into the classification of colorectal NETs. In the 16 th annual ENETS
Conference in 2019, Professor Aurel Perren presented “New WHO ClassificationImportant News”, stating that the terminology of NET G3 is extended to other
primary sites, including the colon and rectum. Based on the latest updates on
classification and grading of colorectal NENs, all cases in the present study were
categorized as well-differentiated subtype (NET G3) and poorly differentiated
subtype (NEC) on the basis of histomorphology. However, it was challenging to
distinguish NET G3 from NEC based on morphology differentiation alone in many
cases. Therefore, genetic status and proliferative activity can be referenced in the
updated classification. Cases with mutations of KRAS, BRAF, p53, and Rb1, or with
Ki67 index greater than 70%-80% tended to be classified as NEC. A total of 61 cases in
our research were confirmed to be NEC. The remaining 11 cases were categorized as
NET G3 and constituted 15.3% of all cases, which was higher than previous reports
(5.5%-8.7%)[19,22].
Colorectal HGNEN can present characteristic manifestations through
immunohistochemical examination. In one retrospective study of 100 colorectal
HGNEN cases, synaptophysin was the most sensitive biomarker in the diagnosis of
colorectal HGNEN and showed a sensitivity of 93%, which was evidently higher than
that of chromogranin (58%) and neuron-specific enolase (87%) [23] . Similarly,
synaptophysin demonstrated the highest sensitivity (94%), followed by CD56 (82.4%),
neuron-specific enolase (64.3%), and chromogranin (57.6%) in the evaluable cases in
our research. Moreover, EMVI was extremely common in colorectal HGNEN and was
positive in 76.3% of the evaluable patients. This might help explain the fact that
colorectal HGNEN was more prone to distant metastasis at the time of diagnosis.
Due to the rarity of colorectal HGNEN, most published studies are limited to case
reports or retrospective studies with small samples. The treatment regimen for this
malignancy remains controversial because there is no acknowledged therapeutic
schedule. The present treatment regimens are usually extrapolated from evidence on
small cell lung cancer and colorectal adenocarcinoma. For patients with localized
disease, surgery remains the most common choice in most cases in clinical practice.
However, it is still debatable whether patients can benefit from the surgical resection
of primary tumors [24,25] . In one retrospective report with 126 colorectal HGNEC
patients, surgery did not offer a survival benefit for patients without metastatic
disease (median survival, 27.4 mo with surgery vs 20.3 mo without surgery, P =
0.17)[15]. In another retrospective study based on the Survey of Epidemiology and End
Results database, the survival outcomes for patients who received surgery differed by
histologic subcategory. In the non-small cell group, surgery improved the oncological
prognosis (median survival, 21 mo with surgery vs 6 mo without surgery, P < 0.001).
In the small cell group, surgery was not associated with superior outcomes (median
survival, 18 mo with surgery vs 14 mo without surgery, P = 0.95). This finding is in
line with the experience for small-cell lung cancer[13]. In the present study, 34 of 35
(97.1%) patients with localized disease received radical surgery. As only 1 patient did
not receive surgery, we could not evaluate the efficacy of surgery. Systemic
chemotherapy is regarded as the mainstay for treatment of patients with metastatic
disease. Based on the 2010 WHO classification, for all patients with NENs of grade
G3, the EP regimen was recommended as the choice for palliative first-line
chemotherapy. However, based on the newest classification and grading for NENs
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Figure 1

Figure 1 Univariate analysis of the survival rates of colorectal high-grade neuroendocrine neoplasm. A: Overall survival rate of the entire cohort; B: The
cohorts with or without metastatic disease; C: The cohorts categorized by pathologic type; D: The cohorts of age < 70 or ≥ 70. NEC: Neuroendocrine carcinoma; NET:
Neuroendocrine tumor; NET G3: Neuroendocrine tumor G3.

G3, the EP regimen was recommended only for patients with NECs, while patients
with NETs G3 might benefit from the medical strategy used in NETs G2. Therefore,
the TemCap regimen (temozolomide plus capecitabine) is now recommended as a
first-line palliative treatment for NETs G3. However, both the retrospective and
prospective data related to palliative chemotherapy for NETs G3 were scarce[26]. In the
present study, 28 cases received palliative first-line chemotherapy, and the overall
response rate was 32.1%. Twelve of 28 (42.9%) patients received 5-FU-based
chemotherapy, and 1 (8.3%) patient responded. The remaining 16 (57.1%) patients
received platinum-based chemotherapy and showed a response rate of 50%, which is
in line with previously reported response rates (ranging from 30% to 50%)[26]. The
statistical analysis demonstrated that HGNENs were significantly more sensitive to
platinum-based chemotherapy than fluorouracil 5-FU-based chemotherapy (P =
0.039).
Many previous studies of prognosis have delineated poor clinical outcomes of
colorectal HGNENs, with a median overall survival (OS) ranging from 9 mo to 20.6
mo, 3-year OS rates ranging from 8.7%-35%, and 5-year OS rates ranging from 8%13.3%[2,15,17,25,27]. However, most of these reports only enrolled patients with NECs, and
survival data for colorectal NETs G3 were scarce. To the best of our knowledge, our
study has had the largest sample size enrolling both colorectal NECs and NETs G3
cases to date. As we included many cases with good differentiation, a better prognosis
was observed in our cohort, with a median OS of 31 mo and 3-year and 5-year OS
rates of 44.3% and 36.3%, respectively. Moreover, unlike previous studies that
enrolled some cases diagnosed before 2000, all cases in our study were diagnosed
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Table 4 Survival analysis of overall survival
Univariate analysis

Multivariate analysis

Median OS

P-value

HR (95%CI)

P-value

0.095

1.374 (0.664-2.845)

0.392

<0.001

3.926 (1.740-8.858)

0.001

<0.001

0.778 (0.338-1.792)

0.555

0.386

1.592 (0.738-3.434)

0.236

<0.001

6.356 (2.543-15.889)

<0.001

0.033

6.647 (1.759-25.119)

0.005

Variable
Sex
Male

39

Female

18

Age (yr)
<70

47

≥70

8

Radical surgery
Yes

39

No

8

Tumor location
Colon

15

Rectum

35

Gross type

0.037

Ulcerative

18

Protruding

imponderable

Distant metastasis
Yes

13

No

imponderable

Pathologic type
NEC

25

NET G3

imponderable

Ki67 index

0.893

<55%

39

≥55%

35

EMVI

0.047

Yes

26

No

Imponderable

Perineural invasion

0.944

Yes

26

No

39

Pretreatment bloodLDH level

0.015

Elevated

7

Not elevated

26

OS: Overall survival; CI: Confidence interval; NEC: Neuroendocrine carcinoma; NET: Neuroendocrine
tumor; EMVI: Extramural vascular invasion; LDH: Lactic dehydrogenase; HR: Hazard ratio; NET G3:
Neuroendocrine tumor G3.

after 2000. The advances in the management of colorectal NENs might contribute to
the improved clinical outcomes that were observed in our reports. Both the univariate
analysis (P = 0.033) and multivariate analysis (P = 0.005) demonstrated a better
prognosis of NETs G3 compared to NECs. For patients with NETs G3, the median OS
could not be calculated as over half of the patients survived through the end of
follow-up, and the 3-year and 5-year OS rates were 87.5% and 58.3%, respectively. For
patients with NECs, the median OS was 25 mo, and the 3-year and 5-year OS rates
were 36.4% and 33.1%, respectively. Significant differences in clinical outcomes
between NETs G3 and NECs showed that colorectal NETs G3 were less malignant
and should not be treated with the same strategies as NECs. Metastatic disease is also
an important prognostic factor. In previous reports, 57.9%-67% of patients with
colorectal HGNEN presented with distant metastasis at the date of diagnosis[13,15].
However, they accounted for only 51.4% in our study, which might be another reason
that our cohort showed a better prognosis than previous studies. These patients had a
median OS of only 13 mo, with 3-year and 5-year OS rates of 20.9% and 0,
respectively, which was significantly worse than patients without metastatic disease
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based on both the univariate analysis (P < 0.001) and multivariate analysis (P < 0.001).
In addition, we observed a strong trend towards a worse prognosis associated with
increasing age. Patients over 70 years old showed a much poorer median survival
time (7 mo in patients ≥ 70 vs 47 mo in patients < 70, P < 0.001). This trend was also
observed in several prior reports, although the underlying mechanisms have not been
well illuminated[13,23]. Elderly patients are usually in poor physical conditions due to
their comorbidities, such as diabetes, coronary heart disease, and hepatic and renal
dysfunction. This can both decrease their antitumor abilities and constrain the choices
of therapy strategies, which subsequently leads to a poor prognosis. Moreover,
univariate analyses demonstrated that patients with ulcerative neoplasms, EMVI, and
elevated pretreatment blood LDH levels were associated with worse clinical
outcomes. However, we did not enroll these factors in the multivariate analysis since
these data were not available for all of our cases. Further studies can explore the
association between these variables and prognosis so that we can predict survival
outcomes through pretreatment examinations.
Our study had several limitations. First, it is a retrospective study, and the bias
from patient selection and information collection is unavoidable. Second, the period
of our study is within a span of nearly 20 years, the nomenclature and classification of
colorectal NETs has been changing, and the early pathological reports are not as
normative as they are now. This leads to the lack of vital information, such as the Ki67 index and pathological type (small cell or large cell), in some patients and makes it
difficult to evaluate their value in predicting prognosis.
In conclusion, colorectal HGNENs are rare and heterogeneous groups of
malignancies. They present distinct clinicopathologic characteristics with colorectal
adenocarcinoma and show a dismal prognosis. Patients with pathologic type NETs
G3, younger age, and without distant metastasis might have relatively good clinical
outcomes.

ARTICLE HIGHLIGHTS
Research background
Colorectal high-grade neuroendocrine neoplasms (HGNENs) are aggressive malignancies with a
dismal prognosis. Due to the rarity of this disease, there are still no related large multicenter
prospective randomized studies. Therefore, no standard management recommendations have
been established.

Research motivation
Most previous reports are case reports and retrospective studies with small samples from single
center of Western countries, and few data from multicenter studies or China can be found.
Moreover, there is a trend that colorectal HGNENs will be classified as neuroendocrine
carcinomas (NECs) and neuroendocrine tumors G3 (NETs G3) based on their morphological
differentiation. In prior studies, all colorectal HGNENs were considered NECs.

Research objectives
Based on the latest classification and grading recommendations, we aimed to improve our
understanding of this rare disease through multicenter data from China.

Research methods
We performed an observational study and enrolled patients with colorectal HGNENs from three
Chinese hospitals. Information regarding the clinicopathologic features and clinical outcomes
was collected and delineated. The prognostic factors were analyzed using the Kaplan-Meier
method and the Cox proportional hazards regression model.

Research results
Colorectal HGNENs are highly aggressive, and more than half of the patients have developed
distant metastasis at the date of diagnosis. It is difficult to distinguish HGNENs from
adenocarcinoma through clinical presentations, and immunohistochemical evaluation is
necessary. Survival analysis demonstrated that colorectal NETs G3 had a significantly better
prognosis than NECs. Therefore, colorectal HGNENs were not a homogenous group of
malignancies, and colorectal NETs G3 should be treated with different strategies from NECs.
Moreover, increasing age and distant metastasis were statistically confirmed to be independent
risk factors for poor clinical outcomes.

Research conclusions
Colorectal HGNENs are aggressive and heterogeneous groups of malignancies. Patients with
younger age, good morphological differentiation, and without metastatic disease can have a
relatively favorable prognosis.

Research perspectives
More large prospective multicenter clinical studies need to be performed so that standard
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management recommendations can be established. Moreover, colorectal NETs G3 is an emerging
term for colorectal HGNENs with good differentiation and that present significantly different
biological behavior from NECs. Distinguishing colorectal NETs G3 from NECs is not always
easy. It is imperative to further explore their respective molecular mechanisms and genetic
changes so that better diagnostic and treatment strategies can be achieved in the future.
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Abstract
BACKGROUND
Bilateral vs unilateral biliary stenting is used for palliation in malignant biliary
obstruction. No clear data is available to compare the efficacy and safety of
bilateral biliary stenting over unilateral stenting.
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AIM
To assess the efficacy and safety of bilateral vs unilateral biliary drainage in
inoperable malignant hilar obstruction.
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METHODS
PubMed, Embase, Scopus, and Cochrane databases, as well as secondary sources
(bibliographic review of selected articles and major GI proceedings), were
searched through January 2019. The primary outcome was the re-intervention
rate. Secondary outcomes were a technical success, early and late complications,
and stent malfunction rate. Pooled odds ratio (OR) and 95% confidence interval
(CI) were calculated for each outcome.
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RESULTS
A total of 9 studies were included (2 prospective Randomized Controlled Study,
5 retrospective studies, and 2 abstracts), involving 782 patients with malignant
hilar obstruction. Bilateral stenting had significantly lower re-intervention rate
compared with unilateral drainage (OR = 0.59, 95%CI: 0.40-0.87, P = 0.009). There
was no difference in the technical success rate (OR = 0.7, CI: 0.42-1.17, P = 0.17),
early complication rate (OR = 1.56, CI: 0.31-7.75, P = 0.59), late complication rate
(OR = 0.91, CI: 0.58-1.41, P = 0.56) and stent malfunction (OR = 0.69, CI: 0.42-1.12,
P = 0.14) between bilateral and unilateral stenting for malignant hilar biliary
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strictures.
CONCLUSION
Bilateral biliary drainage had a lower re-intervention rate as compared to
unilateral drainage for high grade inoperable malignant biliary strictures, with no
significant difference in technical success, and early or late complication rates.
Key words: Metal stent; Hilar biliary stricture; Re-intervention rate; Technical success rate
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Biliary drainage is useful to control jaundice and cholangitis in patients with
inoperable malignant hilar strictures. No consensus guidelines are available to decide if
bilateral stenting has any advantage over unilateral stenting. This meta-analysis adds to
the growing body of evidence that bilateral stenting is technically feasible with similar
early and late complications and leads to lower re-intervention rates.

Citation: Ashat M, Arora S, Klair JS, Childs CA, Murali AR, Johlin FC. Bilateral vs unilateral
placement of metal stents for inoperable high-grade hilar biliary strictures: A systemic review
and meta-analysis. World J Gastroenterol 2019; 25(34): 5210-5219
URL: https://www.wjgnet.com/1007-9327/full/v25/i34/5210.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i34.5210

INTRODUCTION
Unresectable malignant hilar obstruction (UMHO) is associated with very poor
prognosis. Five-year survival is < 10% with most patients dying within 1 year of
diagnosis[1,2]. Compared to plastic stents, self-expanding metallic stents (SEMS) have
shown to be more cost effective and provides advantage with longer stent patency
and less re-intervention rate in patients with non-operable malignancy with score of II
to IV on Bismuth-Corlette classification and Hilar cholangiocarcinoma who have a
predicted the life expectancy of > 3 mo[3-5]. Biliary stenting also plays a role in the
management of obstructive jaundice and cholangitis and is important in enhancing
the quality of life of patients with UMHO.
Although endoscopic stenting is widely favored in cases of UMHO, there is
currently no consensus on whether the placement of bilateral biliary stents has any
advantage for these patients over unilateral stenting. Although some experts believe
in measuring the volume of the liver to be drained to determine the type of stent to be
used, quantification of the liver volume is clinically challenging. Furthermore, there
have been conflicting data regarding the technical success and outcomes of bilateral
and unilateral stenting. While some authors believe that unilateral stenting renders
increased technical success rate with concomitant lower complications[6-8]; bilateral
stenting, on the other hand, will drain higher liver volume, may have longer stent
patency, and hence may require less re-intervention[9-11].
The aim of the meta-analysis was to systematically review the current literature and
compare the efficacy of unilateral vs bilateral stenting in achieving successful stent
placement, comparing re-intervention rate, technical success, and early and late
procedure-related complications for unresectable malignant hilar strictures.

MATERIALS AND METHODS
Data sources and searches
Search strategies were developed with the assistance of a health sciences librarian
with expertise in searching for systematic reviews. Comprehensive search strategies
using index and keywords were constructed for PubMed, Embase (Elsevier), and
Cinhal (EBSCO). No database filters were used at any time during the searching
process. All searches were conducted during January 2019 and the number of citations
found in each database can be found in the flow diagram (Figure 1). The searches
combined the following concepts: Unilateral SEMS and bilateral SEMS with biliary
stents. Within the results for those combined concepts, additional filters, publication
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types, and keyword strategies were used to identify and exclude the most common
articles types that do not report trial results (reviews and case studies). An exhaustive
forward search tool was used for the Web of Science database to capture all possible
studies of interest. The databases were searched for publications dates 1995 to present.
Language limits were applied to search for articles in English only. To identify further
articles, references were hand searched. All results were downloaded into EndNote
(Thompson ISI Research Soft, Philadelphia, PA, United States), a bibliographic
database manager, and duplicate citations were identified and removed. In addition,
abstracts from Digestive Disease Week, annual meetings of American College of
Gastroenterology, and United European Gastroenterology Week from the last 5 years
were also searched.

Inclusion criteria
Prospective studies, retrospective studies, and abstracts published in the English
language were included if they compared unilateral vs bilateral SEMS biliary stent
placement, for one or more of the clinical outcomes: Re-intervention rate, technical
success, complication rate, and stent malfunction.

Exclusion criteria
Studies were excluded when there was no comparison between unilateral and
bilateral stents. We also excluded studies that did not evaluate the required predefined endpoints. Furthermore, duplicate studies, case reports, animal studies, and
letters to editors were excluded.

Data extraction
Two authors (Ashat M and Arora S) independently extracted the data according to a
pre-specified protocol from all the included studies. All discrepancies were resolved
after discussion with a third reviewer.

Quality assessment and risk of bias
Cohort studies were assessed using the Newcastle-Ottawa Scale and for randomized
control trials, Cochrane tool was used to assess for risk of bias[12,13]. Risk of publication
bias for each end-point was assessed using the funnel plots.

Outcome
The data collected from eligible studies included following data points-publication
year, authors, country of publication, study design, mean age of study participants, a
total number of patients in each unilateral stenting and bilateral stenting category and
type of malignancy, complications rates, and type of complications Supplemental
(Table 1).
Primary end-point of the study was the re-intervention rate. This was defined as an
endoscopic or percutaneous intervention that was done for stent failure and to
increase biliary drainage or for recurrent jaundice, or for management of dilated intrahepatic bile duct revealed by imaging or management of immediate adverse event of
successfully inserted SEMS. Secondary outcomes were (1) Technical success was
defined by the successful placement of bilateral or unilateral SEMS across stricture
site, confirmed by the flow of contrast or bile through SEMS; (2) Early adverse event
rate- defined as early stent-related complications within 4 wk. Early complications
included cholangitis, cholecystitis, pancreatitis, bleeding, and liver abscess; (3) Late
adverse events were defined as any stent-related complication that occurred after 4
wk of stent insertion. Late complication included cholangitis, cholecystitis, liver
abscess; and (4) Stent malfunction defined as stent obstruction due to sludge or stone
formation, cholangitis, tumor in-growth, or development of a liver abscess, or biloma.

Statistical analysis
Review Manager 5.3 (The Cochrane Collaboration, Oxford, United Kingdom) was
used to analyze the data for the meta-analysis. Pooled odds ratios (ORs) and 95%
confidence interval (CI) of study end-points were calculated using the MantelHaenszel method. In order to access of heterogeneity, we used X2 test (Cochran Q
statistic). In case there was significant heterogeneity, a random-effect model was used.
Funnel plots were obtained to assess the risk of bias.

RESULTS
Using pre-defined parameters and removing duplicate publications our search
strategy identified 281 articles. Another 2 articles were identified by manual search. A
total of 262 articles were excluded based on our exclusion criterion. Based on our
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Figure 1

Figure 1 PRISMA diagram of the literature search.

inclusion criterions, 9 studies were selected (Figure 1). Of these 9 studies, 7 were
published manuscripts and 2 were published as abstracts. All the baseline
characteristics of each individual studies are highlighted in Supplemental Table 1.

Study characteristics
The characteristics of the studies, and of the patients in the selected studies are shown
in Supplemental Table 1. A total of 9 studies were enrolled in the current study of
which 2 were randomized control trial’s (RCT), and 7 were retrospective trials (5
complete manuscripts and 2 abstracts). Although the study by Mukai et al[14] was an
RCT, for our analysis we used only bilateral stents subgroup of the study which was
not randomized. A total of 782 patients were included in the analysis of bilateral vs
unilateral biliary stenting.

Results of meta-analysis
Primary end-point: Re-intervention rate: A total of 7 studies involving 513 patients
was included in this analysis[7,10,14-18]. Bilateral stenting required significantly lower reintervention as compared to unilateral stenting (OR = 0.59, 95%CI: 0.40-0.87, P =
0.009) (Figure 2). The funnel plot showed no asymmetry (Figure 3).
Secondary end-points: (1) Technical success: A total of 8 studies involving 745
patients was included in this analysis[7,10,14,15,17-20]. There was no significant difference in
the technical success rate with bilateral stenting as compared to unilateral stenting
(OR = 0.7, 95%CI: 0.42-1.17, P = 0.17) (Figure 4). There was mild heterogeneity; (2)
Early complications: A total of 5 studies involving 530 patients were included in this
analysis[7,10,18-20]. There was no difference between early complications (OR = 1.56,
95%CI: 0.31-7.75, P = 0.0001) (Figure 5); (3) Late complications: A total of 5 studies
involving 430 patients were included in this analysis[7,10,15,18,20]. There was no difference
in late complication rate (OR = 0.91, 95%CI: 0.58-1.41, P = 0.56) (Figure 6); and (4)
Stent malfunction: A total of 4 studies involving 324 patients was included in this
analysis[7,10,15,18]. There was no difference in stent malfunction rates (OR = 0.69, 95%CI:
0.42-1.12, P = 0.14) (Figure 7).

Quality assessment and funnel plots
The Newcastle Ottawa Scale score has been provided for all retrospective studies in
Supplemental Table 1. The Cochrane collaboration tool assessment of bias for the RCT
has been provided in Figure 8. Funnel plots to estimate bias revealed no asymmetry
(Figure 3).

DISCUSSION
Endoscopic biliary drainage is the intervention of choice in patients with UMHO.
Besides providing symptomatic relief to patients with pruritis it also has therapeutic
implications with a reduction in total bilirubin which permits the use of subsequent
chemotherapy, radiotherapy or photodynamic therapy. This may be important in
prolonging the life of patients with unresectable malignant biliary strictures. Over the
past decade, multiple studies have found using metallic stents over plastic stents as
more cost-effective in hilar cholangiocarcinoma[4,14,21,22]. However, the data comparing
bilateral vs unilateral stenting in UMHO is sparse. There has been conflicting data in
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Figure 2

Figure 2 Forest plot of re-intervention rates with bilateral self expanding metal stents vs unilateral stent. SEMS: Self expanding metal stents; OR: Odds ratio;
CI: Confidence interval.

regards to the outcomes of placement of bilateral vs unilateral SEMS stents[7,8,10,18,23,24].
Therefore, we designed this meta-analysis to review the data, thus-far available,
comparing bilateral vs unilateral SEMS placement for UMHO. Our meta-analysis
shows that bilateral stenting as compared to unilateral stenting is associated with a
lower re-intervention rate, but has a comparable technical success rate, early and late
complication rates.
Bilateral stenting was associated with a statistically significant 41% reduction in reintervention rate. There has been marked variability in results among published
literature. A prospective trial by Mukai et al[14] demonstrated 50% re-intervention rate
in bilateral SEMS group compared to 29% in unilateral SEMS group. However, the
study groups were not treated similarly in their study, as patients who received
bilateral stent received sphincterotomy while patients receiving unilateral stent did
not. In the prospective RCT by Lee et al [10] , the authors showed a statistically
significant lower re-intervention rate at 3 mo for bilateral SEMS group vs unilateral
SEMS group (10.9% vs 33.3%). The ability to reduce the number of interventions is of
paramount importance in patients with non-operable malignant hilar strictures and
an average life expectancy < 12 mo, thus avoiding multiple hospitalizations, which inreturn could mean an overall more cost-effective approach and also will have an
impact on improving the quality of life for patients[18,25]. Further, restoration of bile
flow with bilateral stenting is physiologically more superior to unilateral stenting.
Approximately 25%-30% liver needs to be drained in order to satisfactorily reduce
jaundice[8,26]. Though unilateral stent should be able to drain at-least 25% of the liver,
clinical evidence suggests that up to 30% cases of hilar cholangiocarcinoma are
associated with hepatic lobar atrophy[27], and thus in such a situation, unilateral
stenting may not provide an appropriate therapeutic response and may increase
primary re-intervention rates. Furthermore, a study by Vienne et al[28] suggested that
draining more than 50% of the liver volume is an important predictor of the
effectiveness of biliary drainage especially in malignant hilar strictures.
The conflicting data is further complicated by the technical difficulties associated
with the placement of bilateral stents. Thus, multiple newer stent delivery systems
have been developed to overcome this technical challenge. In our study, there was no
significant difference in the technical success between bilateral biliary stenting and
unilateral biliary stenting. A meta-analysis by Hong W et al[24] concluded higher
success with unilateral stenting. However, their meta-analysis included studies
involving plastic biliary stents which may have affected the results. Our results are
similar to results by Naitoh et al[18] and Iwano et al[7] who had similar technical success
for bilateral and unilateral stents. Bilateral stents could be placed by either stent-instent technique (SIS) or side-by-side technique (SBS). Naitoh et al use stent in stent
technique and Iwano et al used SIS technique respectively in their patients Although,
this meta-analysis did not specifically compare the two techniques of bilateral
stenting, a meta-analysis by Naitoh et al[18] showed longer stent patency time with SBS
group when compared to SIS group. Provider expertise could also account for the
variability in the technical success rate among the studies. Thus, based on our results,
we believe that bilateral stenting may be preferable for providers who are technically
adept at placing both bilateral and unilateral stent.
Stent malfunction could be driving our primary outcome of stent re-intervention
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Figure 3

Figure 3 Cochrane collaboration tool. Risk assessment.

rates. The rate of reintervention was influenced by stent malfunction, however, not all
studies defined the cause of stent malfunction clearly (Supplemental Table 2) and
hence we only included stent malfunction as a secondary outcome. There was a trend
towards decreased stent malfunction with bilateral drainage as compared to unilateral
drainage though this was not statistically different. Earlier studies seemed to suggest
that bilateral stents could lead to increased stent-related early complications. SBS was
associated with increased cholangitis rates and portal vein occlusion because of
excessive expansion of the bile duct by parallel stents[18]. SIS deployment could lead to
increased sludge formation at the site of stent overlap as a result of a reduction in bile
inflow and increase the incidence of tumor ingrowth if the stent mesh is expanded in
the area of overlap[17]. In contrast, most recent RCT by Lee et al[10] has shown no
difference in rates of cholangitis and liver abscess after bilateral stent placement.
Similarly, in our meta-analysis, there was no difference with stent-related early or late
complication rates between the two groups.
There are several limitations to this meta-analysis. The main limitation is that only
two studies included in our meta-analysis are RCT’s. Most studies are retrospective
studies which could have led to selection bias. Nevertheless, the retrospective studies
are reasonable quality cohort studies, as determined by the Modified Newcastle
Ottawa quality assessment scale of cohort studies. Another limitation is the presence
of significant heterogeneity in some of the analysis. This is likely due to the significant
clinical heterogeneity among the studies the differences in the study population, the
location of malignant strictures, technical expertise of the providers, and the
difference in the duration. However, importantly, there was only mild heterogeneity
in the analysis of our primary end-point analysis of re-intervention rate and in the
analysis for technical success. For analysis with significant heterogeneity, we used a
random effects model to partly account for the clinical heterogeneity. This highlights
the need for further research on this topic and the importance of our meta-analysis
based on available data.
In conclusion, bilateral biliary stenting for UMHO may decrease the re-intervention
rate in patients with malignant hilar strictures, without increasing early or late
complication rate. To the best of our knowledge, this is the first meta-analysis so far
comparing the outcomes of SEMS bilateral vs unilateral stenting. Further RCT’s are
needed to confirm our findings.
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Figure 4

Figure 4 Forest plot of technical success rates with bilateral self expanding metal stents vs unilateral stent. SEMS: Self expanding metal stents; OR: Odds
ratio; CI: Confidence interval.
Figure 5

Figure 5 Forest plot of early complication rates with bilateral self expanding metal stents vs unilateral stent. SEMS: Self expanding metal stents; OR: Odds
ratio; CI: Confidence interval.
Figure 6

Figure 6 Forest plot of late complication rates with bilateral self expanding metal stents vs unilateral stent. SEMS: Self expanding metal stents; OR: Odds
ratio; CI: Confidence interval.
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Figure 7

Figure 7 Forest plot of stent malfunction rates with bilateral self expanding metal stents vs unilateral stent. SEMS: Self expanding metal stents; OR: Odds
ratio; CI: Confidence interval.
Figure 8

Figure 8 Risk of bias summary: Review authors' judgements about each risk of bias item for each included study.

ARTICLE HIGHLIGHTS
Research background
Inoperable malignant biliary strictures comes with a very high mortality rate. Self expanding
metal stents (SEMS) not only offers symptomatic relief but also gives an opportunity for these
patients to receive chemotherapy once bilirubin starts to trend down. Unilateral biliary SEMS
have long been thought to be adequate and probably better than bilateral SEMS as it comes with
lower complication rates. However, with newer endoscopic techniques and most recent
prospective trials, the efficacy of bilateral SEMS has shown to be better than unilateral SEMS and
with similar complication rates. This meta-analysis highlights the growing body of evidence in
support of bilateral stenting versus unilateral stenting.

Research motivation
Over the past few years, newer randomized control trials (RCTs have been published showing
the overall advantage of bilateral biliary stenting over unilateral stenting in a subset of patients
with inoperable hilar malignant strictures. No meta-analysis was done on this topic with newer
study data points.

Research objectives
We aimed to conduct a meta-analysis to compare the role of bilateral stenting vs unilateral
stenting in inoperable malignant hilar strictures.

Research methods
A detailed literature search was conducted to find all the relevant articles. Two reviewers
independently analyzed all the selected studies. All discrepancies were discussed independently
with the third reviewer and consensus was achieved. We used Pooled odds ratio (OR) and 95%
confidence intervals (CIs) were calculated for each outcome.

Research results
A total of 782 patients form nine studies were included for analysis. Bilateral stenting had
significantly lower re-intervention rate compared with unilateral drainage (OR = 0.59, 95%CI:
0.40-0.87, P = 0.009). There was no difference in the technical success rate (OR = 0.7, CI: 0.42-1.17,
P = 0.17), early complication rate (OR = 1.56, CI: 0.31-7.75, P = 0.59), late complication rate (OR =
0.91, CI: 0.58-1.41, P = 0.56) and stent malfunction (OR = 0.69, CI: 0.42-1.12, P = 0.14) between
bilateral and unilateral stenting for malignant hilar biliary strictures.

Research conclusions
Older studies that have shown the ease of putting unilateral stenting with fewer complications
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over bilateral stenting in inoperable malignant hilar strictures. However, with new RCTs
showing the higher success of bilateral biliary stenting with lower re-intervention rates, bilateral
stenting could offer an overall advantage over unilateral stenting. Our study highlights the
overall advantage of bilateral stenting over unilateral stenting.

Research perspectives
Biliary stenting is very important modality in the overall management of inoperable malignant
hilar strictures. Bilateral stenting offers an advantage over unilateral stenting, however more
RCT is required to further support this conclusion.
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Abstract
Helicobacter pylori (H. pylori) is a Gram-negative bacterium with a number of
virulence factors, such as cytotoxin-associated gene A, vacuolating cytotoxin A,
its pathogenicity island, and lipopolysaccharide, which cause gastrointestinal
diseases. Connexins function in gap junctional homeostasis, and their
downregulation is closely related to gastric carcinogenesis. Investigations into H.
pylori infection and the fine-tuning of connexins in cells or tissues have been
reported in previous studies. Therefore, in this review, the potential mechanisms
of H. pylori-induced gastric cancer through connexins are summarized in detail.
Key words: Helicobacter pylori; Connexin; Gap junctional intercellular communications;
Gap junction proteins; Gastric cancer; Transcription factors; DNA methylation;
Proliferation; Apoptosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip:Helicobacter pylori (H. pylori) is an independent pathogenic factor for gastric
cancer (GC), which is related to some virulence factors of H. pylori. It has long been
proven that various connexins (Cxs) can regulate the development of GC. Thus, we
discuss in detail how H. pylori regulates Cxs to cause gastric cancer.
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INTRODUCTION

2019

Helicobacter pylori (H. pylori) is a Gram-negative and microaerophilic bacterium that
colonizes the stomach in nearly 50% of the world’s population[1]. H. pylori synthesizes
many different virulence factors that dysregulate host intracellular signaling
mechanisms and contribute to neoplastic transformation[2]. H. pylori disrupts the
balance between cell proliferation and apoptosis, which is an important driving force
for the occurrence and development of gastric cancer (GC) by virulence factors[3]. Of
all virulence factors, cytotoxin-associated gene A (CagA), vacuolating cytotoxin A
(VacA), and lipopolysaccharide (LPS) are the most important[2,4].
The CagA gene is located downstream of the 40 kb virulence gene cluster, called
the Cag pathogenicity island (cagPAI). These genes encode a type IV secretory
system, forming a syringe structure that injects CagA protein and peptidoglycan into
gastric epithelial cells[5,6]. CagA is an important oncoprotein that plays a critical role in
gastric carcinogenesis[7]; one of the mechanisms is that it can induce hypermethylation
of tumor suppressor genes[8,9]. CagA is delivered into host gastric epithelial cells, and
it may trigger some signal transduction events, such as proliferation and
inflammation, leading to a potential risk of GC[10,11]. In addition, intact cagPAI strains
may increase the probability of GC[12].
VacA is one of the major virulence factors produced by H. pylori, and it is a 140 kDa
precursor that produces an 88 kDa toxin after proteolysis[13,14]. The vacA alleles in
different H. pylori strains can be divided into several families according to their
sequence heterogeneity in specific areas that are associated with the biological form of
VacA. There are three most extensively studied regions of heterogeneity: The signal or
“s” region, the intermediate or “i” region, and the middle or “m” region[15-17]. Previous
studies indicated that H. pylori strains with s1, i1, and m1 vacA alleles had a higher
risk of GC or precancerous lesions than those with s2, i2, and m2 vacA alleles[15,18-24].
VacA-induced gastric epithelial cell death is expected to lead to increased cell
proliferation, which may be associated with an increased cancer risk. VacA may
disrupt the epithelial cell monolayers[25] and thereby promote the entry of carcinogens
into gastric epithelial cells[26].
LPS is an important component of the cell wall of Gram-negative bacteria, for
example, Escherichia coli[27], Shigella flexneri[28], and Yersinia enterocolitica[29], among
others. Similar to other Gram-negative bacteria, H. pylori LPS is composed of three
structural domains—lipid A, core oligosaccharide, and O polysaccharides [30,31] .
Recently, studies have reported that LPS has close relationships with the development
of GC via TLR4-dependent pathways[32-36].
Connexins (Cxs), also called gap junction proteins, are the main component of gap
junctional intercellular communications that may directly enhance cell cooperation
both electrically and metabolically. This intercellular communication plays a crucial
role in development and homeostasis [ 3 7 , 3 8 ] . Cxs have complex functions in
physiological and pathological processes [ 3 9 , 4 0 ] , and they may influence the
proliferation, apoptosis, migration, and invasion of different cells[41-48]. Their regulation
is correlated with tumor development, and the evolution of Cxs may inhibit the
progression of various cancers[39,40]. Cxs are expressed in a tissue-specific manner.
Gastric tissue mainly produces Cx26, Cx32, Cx37, Cx40, Cx43, and Cx45[49-57]. Previous
studies have shown that, compared to tissues or cells of the normal gastric mucosa,
the expression of Cxs dramatically decreases in GC[58-61]. Therefore, the variations in
Cxs can serve as important biomarkers that imply the development of different
cancers. Apart from changes in the function and expression of Cxs in cancers, the
aberrant cytoplasmic location of Cxs is also linked with various cancers[62-67]. The
expression of Cxs in the gastrointestinal tract and liver is presented in Table 1[68-91].

P-Reviewer: Moschovi MA
S-Editor: Yan JP
L-Editor: Wang TQ
E-Editor: Ma YJ

LITERATURE SEARCH
A scientific literature search was conducted using the PubMed, Web of Science, and
Google Scholar databases with the keywords “Helicobacter pylori”, “Connexin”, “Gap
junctional intercellular communications”, “gap junction proteins”, “gastric cancer”,
“transcription factors”, “DNA methylation”, “proliferation”, “apoptosis”, and
combinations of the aforementioned.

HOW TO REGULATE CONNEXINS
Based on previous studies about the relation between H. pylori and Cxs, this relation
may involve many mechanisms and signaling pathways that are complex and
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Table 1 Connexin expression in the gastrointestinal tract and liver
Tissue

Cell type

Cx members

Hepatocytes

Cx32/Cx26

Kupffer cells

Cx43/Cx26

Stellate cells

Cx43/Cx26

Sinusoidal endothelial cells

Cx43/Cx32/Cx26

Portal vein endothelial cells

Cx43/Cx40/Cx37

Hepatic artery endothelial cells

Cx43/Cx40/37

Cholangiocytes

Cx43/Cx32

Ref.

Liver

Stomach

[161]
[162-164]
[163-165]
[163,164,166,167]
[168-170]
[168-170]
[171,172]

Cx45/Cx43/Cx40/Cx37/Cx32/Cx26
Foveolar cells

[49-57,146]
[173]

Cx32

Small intestine
Musculus externa cells

Cx43/Cx40

Myenteric plexus cells

Cx45/Cx43/Cx40/Cx36

Epithelial cells

Cx43/Cx37/Cx32

Interstitial cells of Cajal

Cx43

Musculus externa cells

Cx43/Cx40/Cx26

Myenteric plexus cells

Cx45/Cx43/Cx40/Cx36

Epithelial cells

Cx43/Cx37/Cx32/Cx26

Muscularis mucosal cells

Cx43

Interstitial cells of Cajal

Cx43

[51]
[51,174,175]
[51,176,177]
[51,178]

Colon
[51,179]
[51,175]
[177,180-183]
[51]
[178]

profound. H. pylori can regulate the expression of key molecules that have an effect on
the expression and function of Cxs by its virulence factors. In other words, Cx
expression can be regulated in many processes, such as transcription, RNA
processing, RNA nucleocytoplasmic transport and localization, mRNA translation,
mRNA degradation, and protein activity[68]. Hence, in this review, we mainly discuss
possible regulation between H. pylori and Cxs during the progression of GC.

CX32
Cx32, also named gap junction beta-1 protein, was primarily found in the peripheral
nervous system [69,70] , liver [71,72] , gastric tissue [55,73] , intestinal system [74] , and other
biological systems. It is clear that DNA hypermethylation may downregulate the level
of the corresponding mRNA and protein[8,75]. A previous study reported that the
expression levels of Cx32 and Cx43 mRNA decreased gradually during H. pyloriassociated gastric carcinogenesis, and this result is associated with the
hypermethylation of the promoters of these genes [76] . H. pylori infection may
upregulate some transcription factors, such as GATA-3 [77] and PBX-1 [58] . These
transcription factors can serve as the determinants in the Cx32 promoter targeting site
and thereby inhibit Cx32 expression. However, the authors did not explain which of
the virulence factors upregulate these transcription factors. Histone acetylation leads
to the opening of chromatin structure, which increases the availability of gene
promoters and is generally associated with enhanced transcription of DNA. Histone
deacetylases (HDACs) lead to the termination of transcriptional processes via
counteracting the function of histone acetylation[78]. Several pathogens, including H.
pylori, manipulate host cell antibacterial responses and evade the immune system by
affecting histone acetylation and histone deacetylation status[79]. It has been reported
that H. pylori infection can decrease histone acetylation levels[80]. Vinken et al[81,82] have
shown that HDAC inhibitors may elevate Cx32 protein levels in rat hepatocytes;
however, the expression levels of Cx26 were downregulated and those of Cx43 were
uncertain. Hence, histone acetylation can regulate the expression of Cxs. The p38
mitogen-activated protein kinase (MAPK) signaling pathway can be activated by a
variety of extracellular signals. Extracellular signal-regulated kinase (ERK), p38
MAPK, Jun N-terminal kinase (JNK), and ERK5 are members of four subfamilies of
MAPK[83,84]. CagA can activate the p38 MAPK signaling pathway[85]. Yamamoto et al[86]
reported that p38 MAPK was activated during partial hepatectomy, thereby inhibiting
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Cx32 expression. The first step for H. pylori to invade the gastric mucosa is to escape
the host defense mechanism, and then the bacteria adhere to the epithelial surface
through cell surface-specific receptors, releasing a large number of pathogenic factors
and causing a mucosal inflammation response[87-91]. H. pylori infection can regulate the
expression level of interleukins. H. pylori CagPAI can promote IL-1β production,
involving the NOD-like receptor (NLR) family, pyrin domain containing 3 (NLRP3),
and its complex, known as the NLRP3 inflammasome[92-94]. A previous study reported
that in primary cultured rat hepatocytes, IL-1β causes the disappearance of Cx32,
which is related to claudin-2 induction and cell membrane localization[95]. According
to previous studies, Cx32 can inhibit proliferation, metastasis, and invasion[73,96-98] and
has an antiapoptotic effect in different cancer cells[42,43,99]. Cx32 may regulate the
metastasis and proliferation of hepatocellular carcinoma cells through the p53 and
Akt pathways[97], also via cell cycle arrest and cell cycle regulatory proteins[73]. In other
words, downregulated Cx32 may promote cell proliferation, metastasis, and
apoptosis. Breaking the balance of these pathological events can promote tumor
development. In addition to the changes in Cx32 expression, alterations in Cx32
location are also related to GC development[67]. However, studies about the changes in
H. pylori and Cx32 localization are scarce.

CX43
Cx43, also called gap junction alpha-1 protein (GJA1), is expressed in many tissues
and organs; it is ubiquitous in gastric tissues[39,50,61]. Cx43-dependent intercellular
communication could spread cell death signals between neighboring cells through
gap junctions[44,100,101], using some candidate messengers such as Ca2+, cAMP, cGMP,
and ATP[100,102]. H. pylori promoted the expression of GATA3, which can also directly
bind to the promoter region of the Cx43 gene, inducing its expression inhibition, and
the expression of Cx43 decreased with the progression of gastric mucosal lesions to
precancerous lesions[60]. CagPAI-induced IL-1β secretion may inhibit Cx43 expression
via ERK1/2 and p38 MAPK [93,94,103] . H. pylori infection triggers an inflammatory
response and promotes the activity of some interleukins, such as IL-1β[92-94], IL-17[104],
and IL-22[105,106]. Yu et al[103] pointed out that IL-1β can inhibit the level of Cx43 via
ERK1/2 and p38 MAP kinase in human endometrial stromal cells[103]. Qin et al[107]
announced that IL-17 can inhibit the expression of CX43 through the AKT signaling
pathway, inhibiting the occurrence and development of fungal keratitis. In psoriasis,
IL-22 activates the JNK pathway, which will repress the transcriptional activity of the
Cx43 gene promoter[108,109]. The inflammation-cancer chain is an important theory in
carcinogenesis. Interleukins are important signaling markers of the inflammatory
response. The epidermal growth factor family (EGF, EGFR, and HB-EGF) plays a key
role in the progression, invasion, and metastasis of GC. The EGF family proteins can
be regarded as important biomarkers for GC[110,111], and H. pylori infection can promote
molecular expression[112,113]. Among the members of the EGF family, Yoshioka et al[114]
reported that HB-EGF secretion from cardiomyocytes can decrease Cx43 in
overexpressing cells and in immediately adjacent cells. We predict that HB-EGF may
be seen as a negative regulator of Cx43 in gastric tissue. Moreover, a clinical study
showed that HB-EGF enhances resistance to certain cancer drugs during the period of
GC treatment[115]. In contrast, Cx43 could enhance chemotherapy sensitivity in human
GC[116]. However, the effect of EGF and EGFR on Cx43 expression may be opposite to
that of HB-EGF[117-119]. H. pylori infection leads to increased reactive oxygen species as
well as NADPH oxidase and Jak2/Stat3 activation[120]. The activity of the JAK2/STAT3
signaling pathway has a positive effect on the proliferation and metastasis of
carcinoma cells [ 1 2 1 , 1 2 2 ] . Cell proliferation is a mechanism that contributes to
tumorigenesis. Previous studies indicated that Cx43 downregulation promotes
carcinogenesis development[60,76,123]. Tang et al[124] indicated that JAK2/STAT3 signaling
may inhibit Cx43 expression by blocking EGFR activation. Generally, protein
phosphorylation may enhance the activity of proteins. Retinoic acid (RA) is an
important intermediate metabolite of vitamin A. Among the different RA structures
are all-trans RA, 9-cis RA, and 13-cis RA. The absence of RA in normal human
development leads to defects in the immune system, embryonic development, vision,
brain function, and other systems. In H. pylori-infected gastric mucosa, the expression
of the gastric RA biosynthetic gene is seriously damaged, which may lead to
decreased RA signaling pathways, thus leading to disease progression[125]. However,
RA can enhance gap junction intercellular communication by increasing the
expression of Cx43[126-128]. A previous study indicated that all-trans RA (ATRA) may
inhibit gastric carcinoma tumor growth by targeting GC stem cells[129]; therefore, we
predict that it may be mainly due to the effect of ATRA. The LPS-TLR4 signaling
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pathway has an important role in LPS-mediated disease. LPS can induce an
inflammatory response and upregulate inflammatory mediators, such as inducible
nitric oxide synthase, IL-6, and TNF-α, among others, via activation of the TLR4/NFκB signaling pathway[130,131]. Subsequently, the activation of Cx43 may regress by
inhibiting caveolin-3[132]. VacA does not affect the mRNA expression of Cx43 and may
enhance resistance to the degradation of autophagy, leading to cytoplasmic
accumulation of Cx43. VacA can enhance ubiquitinated Cx43 movement to the
lysosome for degradation via endosomal or autophagic mechanisms, eventually
inducing apoptotic cell death via glutathione (GSH) and the Rac1/ERK signaling
pathway[133]. As a result, the cell membrane is destroyed, which may promote cell
proliferation in response to damage repair[134]. However, H. pylori disturbs the balance
of the proliferation and apoptosis of cells, driving GC development[3].

CX26
Cx26, also known as gap junction beta-2 protein, plays a role in tumor suppression
through the regulation of the cell cycle[135]. It is true that H. pylori promotes the DNA
promoter methylation of some biomolecules[136-138]. Some studies showed that H. pylori
may be one of the driving forces to induce the promoter methylation of E-cadherin,
mainly induced by CagA [138,139] . Such methylation can downregulate E-cadherin
expression, which promotes the localization of Cx26 from the cell membrane to the
cytoplasm, thereby inhibiting gap junction communication between endometrial
cancer cells [140] . A loss of intercellular Cx26 expression or an increase in Cx26
expression in the cytoplasm has an important role in carcinogenesis and tumor
progression[62,64-66]. This finding can be interpreted as the downregulation of Cx26 that
inhibits the proliferation and migration of cells and promotes apoptosis[45]. All of these
regulations may be drivers of GC development.

CX37
Cx37, also known as GJA4, like other Cxs proteins, forms connections between cells
known as gap junctions. Cx37 can inhibit cell growth both in vitro and in vivo and
inhibits angiogenesis[141,142]. Cx37 may induce cell death and cell cycle arrest and slow
down the cell cycle[143,144]. All of those processes may produce a potential inhibitor of
the proliferation of cancer cells[144,145]. A clinical study reported that H. pylori infection
may have a closely related polymorphism of Cx37 (Cx37 C1019T) in GC by altering
the frequency of the allele[146]. Further, the Cx37 C1019T polymorphism may promote
tumor cell proliferation[145]. Moreover, many diseases are also associated with the Cx37
gene C1019T polymorphism, such as polycystic ovarian syndrome (PCOS)[147] and
cardiovascular diseases[148-151], among others.

CONCLUSION AND PERSPECTIVE
H. pylori is a risk factor for GC. H. pylori eradication therapy may prevent GC
occurrence[152]. In the development of H. pylori-induced GC, there are a series of
pathological and physiological changes, such as chronic gastritis, atrophic gastritis,
intestinal metaplasia, dysplasia, and gastric MALT lymphoma, among others[153-155]. In
this long process, there are many interactions of biological signaling pathways. Cxs
are important biomarkers that reflect the status of GC. Currently, only a few members
of Cxs have been reported to have an association with GC, such as Cx26, Cx32, Cx37,
and Cx43. H. pylori may regulate those Cxs involved in different signaling pathways,
such as DNA promoter methylation[8,75,76], the p38 MAP signaling pathway[85,86], histone
acetylation[79-82,156], and the JAK2/STAT3 signaling pathway[120,157]. Further, changes in
the expression of Cxs may regulate the proliferation, metastasis, invasion, and
apoptosis of cells. For all this, further and deeper studies of the relationship between
H. pylori-associated GC and Cxs are necessary. The dysregulation of Cxs could cause
drug resistance in cancer[116,158-160]. Moreover, improving the expression of intercellular
Cxs may be a future therapeutic target for GC.
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Abstract
Colorectal cancer (CRC) represents one of the leading causes of tumor-related
deaths worldwide. Among the various tools at physicians’ disposal for the
diagnostic management of the disease, tomographic imaging (e.g., CT, MRI, and
hybrid PET imaging) is considered essential. The qualitative and subjective
evaluation of tomographic images is the main approach used to obtain valuable
clinical information, although this strategy suffers from both intrinsic and
operator-dependent limitations. More recently, advanced imaging techniques
have been developed with the aim of overcoming these issues. Such techniques,
such as diffusion-weighted MRI and perfusion imaging, were designed for the
“in vivo” evaluation of specific biological tissue features in order to describe them
in terms of quantitative parameters, which could answer questions difficult to
address with conventional imaging alone (e.g., questions related to tissue
characterization and prognosis). Furthermore, it has been observed that a large
amount of numerical and statistical information is buried inside tomographic
images, resulting in their invisibility during conventional assessment. This
information can be extracted and represented in terms of quantitative parameters
through different processes (e.g., texture analysis). Numerous researchers have
focused their work on the significance of these quantitative imaging parameters
for the management of CRC patients. In this review, we aimed to focus on
evidence reported in the academic literature regarding the application of
parametric imaging to the diagnosis, staging and prognosis of CRC while
discussing future perspectives and present limitations. While the transition from
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purely anatomical to quantitative tomographic imaging appears achievable for
CRC diagnostics, some essential milestones, such as scanning and analysis
standardization and the definition of robust cut-off values, must be achieved
before quantitative tomographic imaging can be incorporated into daily clinical
practice.
Key words: Colorectal cancer; Computed tomography; Magnetic resonance imaging;
Positron emission tomography; Parametric imaging; Perfusion imaging; Diffusion
imaging; Texture analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: While encouraging progress has been made in the management of colorectal
cancer (CRC), it still remains among the malignancies with higher incidence and
mortality. Tomographic imaging plays a crucial role in the diagnosis, staging and
evaluation of treatment responses in CRC; however, it may also conceal critical
information that could guide treatment decisions. The quantitative analysis of computed
tomography (CT), magnetic resonance imaging and positron emission tomography/CT
images could unveil novel promising biomarkers in the form of numerical parameters.
These parameters, if validated in terms of their clinical significance, may contribute to
redefining the role of diagnostic imaging and improving CRC management.
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INTRODUCTION
Colorectal cancer (CRC) is one of the malignancies with the highest incidence in
Western countries and is the third most common cancer in both men and women[1].
The TNM staging classification of CRC, based on the depth of tumor invasion (T),
lymph node involvement (N) and metastatic spread (M), is strongly associated with
the 5-year survival rate[2]. Therefore, the timely identification of CRC represents a
critical step to prevent the growth of invasive neoplasms. Similarly, accurate
preoperative staging is necessary to differentiate CRCs with a good prognosis from
those with a poor prognosis to select the most appropriate treatment and to optimize
outcomes.
Currently, various imaging modalities are recommended for the clinical evaluation
of patients affected by CRC for diagnosis, characterization (differentiation between
mucinous and nonmucinous tumors), staging (depth of tumor spread, extramural
vascular invasion, and the presence of malignant lymph nodes and distant
metastasis), surgical planning (circumferential resection margin and sphincteric
involvement in rectal cancer), the assessment of posttreatment tumor responses and
follow-up after therapy[3-5]. Among these, computed tomography (CT), magnetic
resonance imaging (MRI) and 18F-fluorodeoxyglucose (18FDG) positron emission
tomography (PET) associated with CT (18FDG-PET/CT) or MRI (18FDG-PET/MRI)
play a crucial role in the management of CRC. Qualitative evaluation represents the
conventional approach to the use of these imaging modalities
The growth of CRC is accompanied by the activation of numerous biological
processes, such as neoangiogenesis and anarchic cellular proliferation, and an increase
in cellular energy metabolism and glucose consumption. These processes determine
neoplastic heterogeneity, which is characterized by a misshapen, irregular and
disorganized tissue architecture with areas of high cell density, hypoxia, necrosis,
hemorrhage and myxoid changes. Intratumor heterogeneity tends to change over time
and to increase as tumors grow, impacting local and distant neoplastic invasion, the
delivery of chemotherapeutic agents, cellular resistance to chemotherapy and
radiotherapy and, consequently, prognosis[6].
The current state-of-the-art CT, MRI, and hybrid PET scanners offer the possibility
to obtain structural, functional and molecular information about these biological
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neoplastic processes. Their “in vivo” quantitative evaluation can add value to the
diagnostic management of CRC in different clinical settings. Parametric analysis (PA)
allows the extraction of the numerical data contained in the voxels of each image and
information regarding their processing in terms of parametric maps, parameter
distributions, and the quantification of spatial complexity and density, signal intensity
or activity for CT, MRI or PET, respectively, by using time curves and volumetry[7-9].
PA requires the drawing of a region of interest (ROI) that includes the target tissue for
analysis. Depending on the imaging modalities and techniques used, it is possible to
obtain different quantitative parameters that are representative of peculiar neoplastic
features such as perfusion, structural heterogeneity, cellularity, oxygenation and
glucose consumption.
The present review describes the role of imaging PA in patients with CRC by
focusing on its technical features, clinical advantages and limitations in advanced
quantitative functional and molecular imaging, such as diffusion-weighted MRI
(DWI), perfusion imaging (PI), blood oxygenation level-dependent (BOLD) MRI, MR
spectroscopy (MRSI) and metabolic imaging as well as advanced quantitative image
analysis techniques, such as texture analysis (TA) and volumetry.

LIMITATIONS OF THE CONVENTIONAL QUALITATIVE
ASSESSMENT OF MORPHOLOGICAL IMAGING
The evaluation of images based on morphological features represents the routine
clinical approach to CT and MRI. Although this diagnostic approach is recommended
in clinical guidelines for the management of CRC, it suffers from several limitations,
as shown in Table 1. In particular, the Response Evaluation Criteria in Solid Tumors
(RECIST) have been introduced for standardizing the assessment of tumor responses
to cytotoxic chemotherapy, and they are mainly based on tumor size measurements[10].
However, it has been observed that RECIST can underestimate both responses to
chemotherapy (alone or coupled with antiangiogenic agents) and focal therapies[8,11-13].
Indeed, solid tumors may respond to therapies by developing intratumoral necrotic
areas and/or cystic or myxoid degeneration; as a result, the overall size of the
neoplasm may be reduced, unchanged or paradoxically increased[12,14,15].
To overcome the above-described limitations, parametric imaging could a useful
tool to integrate the information obtained from morphological imaging. PA allows the
extraction of numerical data as either quantitative parameters (processed according to
a pharmacokinetic model and expressed as an absolute amount with a corresponding
unit of measurement) or as semiquantitative parameters (as a ratio of the measured
amount and a standard of reference and expressed as pure number). In the following
text, for the sake of simplicity, we will use the term quantitative to indicate both
quantitative and semiquantitative parameters.

ADVANCED QUANTITATIVE FUNCTIONAL AND
MOLECULAR IMAGING
Physiological aspects and technical features
DWI with apparent diffusion coefficient maps: DWI is a functional MR technique
that measures the Brownian motion of water molecules in biological tissues, which is
restricted by an increase in cellularity and architectural tissue changes [16,17] .
Consequently, water diffusion properties are altered in tumors because of the
coexistence of dense cellularity, fibrosis, necrosis, neovascularization and
hemorrhage. In detail, the increased tissue cellularity observed in the solid part of a
tumor reduces the intercellular space and consequently restricts Brownian motion. By
using DWI, it is possible to calculate a quantitative measure of water molecule
diffusion over time, known as the ADC. The apparent diffusion coefficient (ADC)
value is expressed as 10-3 mm2/s and can be calculated for each unit volume (voxel) to
provide a parametric ADC map. In particular, ADC has been shown to be inversely
related to tumor cellularity, and it has been clinically applied to distinguish benign
from malignant tumors, to assess tumor grade, to delineate the extent of a tumor, to
define the classes of risk that influence the prognosis, and to evaluate and predict
tumor treatment responses in CRC patients[18,19] (Figure 1).
PI based on dynamic contrast enhanced CT or MRI: Neoangiogenesis, a process
induced by the upregulation of vascular growth factors, is a well-known critical
aspect of CRC that leads to the development of a new, altered and immature
microcirculatory network inside the tumor [20-22] . In particular, neoangiogenesis
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Table 1 Current limitations of qualitative imaging based on morphological features used for the assessment of colorectal cancer
Diagnostic task

Limits of qualitative imaging

Primary tumor identification

Early stages of CRC hard to detect
Neoplastic and inflammatory tissue not easily differentiable

Lymph node involvement

Lymph node size criteria often misleading and insufficient
Shape, border irregularity and structural heterogeneity hard to assess for
small lymph nodes

Prediction of early responses to chemotherapy and radiation therapy

Not possible with qualitative evaluation alone

Evaluation of treatment responses and the detection of recurrent disease

Differentiation of residual or recurrent neoplastic tissue from posttreatment
induced fibrosis or necrosis is often challenging

CRC: Colorectal cancer.

promotes an irregular architectural vascular pattern[23] with areas of low vascular
density and regions of high angiogenic activity. Consequently, neoangiogenesis
causes structural heterogeneity due to the coexistence of areas of high cell density,
necrosis, hemorrhage and myxoid changes within tumoral tissue[24].
The above-described phenomena can be investigated using a functional modality
such as PI based on dynamic contrast enhanced (DCE). DCE imaging consists of the
acquisition of baseline images before intravenous contrast agent injection, followed by
subsequent image acquisition over time [25] . PI is an advanced DCE quantitative
technique based on the repeated high frequency acquisition of images, which allows
the assessment of changes in signal intensity over time. It can be performed with both
CT and MRI scanners. PI allows the assessment of vascularity in biological tissues in
terms of tumor vessel features (perfusion, permeability, and density), extracellularextravascular space composition and plasma volume[25]. In the following text, we will
use the terms DCE and PI interchangeably. A broad spectrum of quantitative
parameters can be obtained using PI to assess the vascular properties of pathological
tissues[22] (Figure 2). A summary of the main PI quantitative parameters used in the
assessment of CRC is shown in Table 2[26,27]. There is a growing interest in the role of PI
in clinical practice for tumor detection and characterization and the assessment of
responses to therapy (especially with respect to antiangiogenic treatment strategies)
and prognosis.
Hybrid Imaging: 18FDG-PET/CT and 18FDG-PET/MRI are molecular and
morphological imaging techniques that couple the metabolic and anatomical
assessment of tumor lesions[28]. 18F-FDG is an analog of glucose that is transported
into cells through membrane glucose transporter proteins after intravenous
administration[29]. Since malignant cells have increased glucose consumption (Figure
3), a preferential accumulation of 18F-FDG occurs in cancer cells compared to normal
cells[30]. The uptake of 18F-FDG detected by PET can be quantified using parameters
such as the standardized maximum or mean uptake value (SUVmax or SUVmean),
the metabolic tumor volume (MTV) or the total lesion glycolysis (TLG). The SUVmax
is defined as the uptake value of the pixel with the highest activity inside an ROI
divided by the injected dose (which has to be corrected for decay and normalized for
the patient’s weight or body surface). The SUVmean is the average of all the uptake
values of the pixels within an ROI. The MTV is defined as the volume of tumor tissues
with pathological FDG uptake and calculated as follows: All the voxels inside a
tridimensional ROI with SUV values above a determined threshold are included in
the final volume; the threshold may be represented by the absolute value (≥ 2.5 or ≥ 3
or ≥ 3.5) or the percentage (≥ 20% or ≥ 30% or ≥ 40% or ≥ 50%) of the SUVmax. As a
result, the MTV incorporates the characteristics of both the volumetric data and the
metabolic activity of the tumor. Finally, the TLG is calculated according to the
following formula: SUVmean × MTV. 18FDG-PET/CT has played a role in clinical
practice in the detection of extrahepatic distant metastasis, the evaluation of tumor
responses to therapy and the follow-up of treated patients with rising serum
carcinoembryonic antigen levels without detectable disease according to
morphological imaging.
While the potential use of non-FDG PET radiotracers in CRC imaging is a current
topic of investigation, we refrained from discussing this matter in the present review
due to the dearth of clinically oriented evidence available in the current literature.

Primary tumor identification, tumor grading and differentiation, and local staging
While endoscopy is considered the main diagnostic tool for the detection of CRC,
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Figure 1

Figure 1 Schematic representation of water molecule diffusion (dots) in the extracellular space. Normal
tissues (A) show a relatively larger extracellular space with high water diffusion (longer arrow vectors higher ADC
values), whereas the increased tissue cellularity in a neoplasm (B) reduces the intercellular space and consequently
restricts diffusion (shorter arrow vectors lower ADC values).

imaging has the potential to identify primary tumors. Nevertheless, both malignant
and benign abnormalities (e.g., inflammatory bowel disease, complicated
diverticulitis, and hyperplasic polyps and adenomas) can present with an increase in
bowel wall thickness or as polypoid lesions. When using conventional imaging,
differential diagnosis is mainly based on morphological features (e.g., lesion size and
longitudinal extension, the evaluation of the transitional zone between pathological
and healthy mucosa, the presence of focal or multifocal intestinal involvement, the
preservation of mural stratification, and the pattern of mesenteric and lymph node
involvement). Although all these characteristics contribute the most to the
determination of the correct diagnosis, parametric imaging could increase the overall
diagnostic accuracy; moreover, it may be useful for the tumor grading and
differentiation and local staging.
DWI with ADC maps: ADC values have been investigated as possible quantitative
parameters that are useful for differential diagnosis. Kilickesmez et al[31] reported that
mean ADC values may be used to differentiate recto-sigmoid malignancy from both
normal rectum and inflammatory bowel disease-affected tissues. The mean ADC
value (0.97 × 10-3 mm2/s) of the recto-sigmoid tumor group was significantly different
from those of the healthy control (1.47 × 10-3 mm2/s) and inflammatory bowel disease
groups (1.37 × 10-3 mm2/s). A recent metanalysis[32] reported that the ADC values of
CRC malignant lesions ranged from 0.97 × 10-3 mm2/s to 1.19 × 10-3 mm2/s, while
those of benign lesions ranged from 1.37 × 10-3 mm2/s to 2.69 × 10-3 mm2/s.
The ADC value might serve as a potential noninvasive biomarker of CRC tumor
aggressiveness. Indeed, Curvo-Semedo et al[33] reported significantly lower ADCmean
values in poorly differentiated versus well-differentiated RC, as well as in a T3-T4
stage group versus a T1-T2 stage group. Additionally, Tong et al[34] showed a negative
correlation between ADC values and extramural maximal depth in RC.
PI: Quantitative perfusion parameters have been reported as feasible tools that could
be used to discriminate between CRC and noncancerous diseases. Goh et al[35] reported
that the blood volume (BV), blood flow (BF), mean transit time (MTT), and
permeability-surface area product (PS) determined based on perfusion CT were
significantly different between patients with CRC and diverticulitis. In particular, the
CRC group showed significantly higher BV, BF and PS and a shorter MTT compared
to the diverticulitis group. These findings are correlated with neoangiogenesis
processes associated with CRC growth. Similarly, Shen et al[36] showed that transfer
constant (Ktrans) values obtained from perfusion MRI were significantly higher in
rectal cancer (RC) compared to those in benign abnormalities (0.267 min-1 ± 0.07 vs
0.118 min-1 ± 0.03), indicating that significant angiogenesis and abnormal vasculature
enhanced the influx of the contrast agent. Using a 0.156 min-1 cut-off value for Ktrans,
a sensitivity of 100.0% and a specificity of 93.3% were observed when discriminating
RC patients from controls.
Sun et al[37] reported that the mean BF and BV obtained from perfusion CT were
significantly different among well, moderately, and poorly differentiated tumors
(61.17 ± 17.97, 34.8 ± 13.06 and 22.24 ± 9.31 mL/min/100 g, respectively). The same
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Table 2 Main quantitative parameters extracted from perfusion imaging of colorectal cancer
Parameter name

Parameter definition

Parameter significance

Regional blood flow

Blood flow per unit volume or mass of tissue,
expressed in mL of blood/min/100 mL tissue

It reflects the rate of the delivery of oxygen and
nutrients to a certain tissue

Regional blood volume

Volume of capillary blood contained in a certain
volume of tissue, expressed in mL blood/100 mL
of tissue

It reflects the functional vascular volume

Mean transit time

Mean time needed for blood to pass through the
capillary network, expressed in seconds

It reflects the time required for the contrast agent
bolus to pass through tissue

Permeability-surface area product (PS)

Flow of molecules through the capillary
membranes in a certain volume of tissue,
expressed in mL/min/100 mL tissue

It reflects the vascular leakage rate in the
microcirculation

Transfer constant (KTrans)

Rate at which the contrast agent transfers from the It reflects the balance between capillary
blood to the interstitium (rate of contrast
permeability and blood flow in a tissue
extraction)

Tissue interstitial volume (Ve)

Volume of extravascular and extracellular contrast It is a measure of cell density
agent in a certain tissue, expressed as a percentage

Rate constant (Kep)

Rate at which the contrast agent returns from the
extravascular-extracellular space to the vascular
compartment: Kep = Ktrans/Ve

It reflects the tissue microcirculation and contrast
agent permeability

working group confirmed these findings, providing further evidence that BF, when
determined using perfusion CT images, is associated with tumor grade[38].
Hybrid imaging: Due to its utilization of a combination of morphological and
molecular information, 18FDG-PET/CT has a high sensitivity for the detection of
colorectal lesions. However, unlike determinations based on metabolic information,
there is no established consensus regarding the discrimination of benign lesions from
premalignant or malignant lesions based on visual appearance alone. A quantitative
approach to focal colorectal uptake has been investigated. A few studies have
observed that PET quantitative parameters could help to differentiate benign from
premalignant or malignant lesions[39], while there have been other studies that have
found the opposite[40,41]. Moreover, a quantitative approach may be useful for local
staging. Liao et al[42] reported that quantitative parameters such as MTV calculated
with a 2.5 threshold aided in discriminating the pT1-T2 group from the pT3-T4 group
in patients with RC. The MTV2.5 values for the pT1-T2 and pT3-T4 patient groups
were 11.6 ± 11.4 and 34.6 ± 21.4, respectively. Using the median value of 28 mL as a
cut-off, MTV2.5 provided excellent specificity (92.8%) and a positive predictive value
(97.1%) for the T3-T4 group, helping to identify patients who would benefit from
preoperative chemoradiation therapy (CRT).

Lymph node involvement
Nodal involvement has an important role in the stratification of risk for CRC patients,
and an accurate assessment of this parameter could significantly influence therapeutic
management and prognosis. Morphological criteria (size, margins, structural
disomogeneity, and clustering) have been used for the detection of pathological
lymph node involvement[43-47]; however, this approach is still highly debated.
DWI with ADC maps: Quantitative ADC values extracted from DWI have been
proposed as tools to differentiate between benign and malignant lymph nodes;
however, their role remains unclear in this setting. Heijnen et al[48] reported that DWI
can facilitate lymph node detection during the primary staging of RC, but although
the ADCmean value was higher for benign nodes compared to malignant nodes (1.15
× 10-3 mm2/s vs 1.04 × 10-3 mm2/s), the difference was not statistically significant.
Lambregts et al[49] assessed the performance of ADC measurements for nodal restaging
in patients with RC undergoing preoperative CRT. The authors reported that the
ADCmean value of malignant lymph nodes after CRT was significantly higher
compared to that of benign lymph nodes (1.43 × 10-3 mm2/s ± 0.38 vs 1.19 × 10-3 mm2/s
± 0.27)[49]. This finding was attributed to the induction of posttreatment necrosis,
which increases the diffusivity and consequently the ADC value. However, the
overlapping of ADC values between benign and malignant nodes resulted in
insufficient accuracy when ADC values were used alone for the detection of nodal
metastases after CRT.
PI: PA of PI could further increase the diagnostic accuracy of conventional imaging
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Figure 2 Schematic representation showing vascularization changes in normal tissue (A) and neoplastic neoangiogenesis (B). In C, a typical
bicompartmental model (extended Toft’s model) is depicted with various parameters that can be assessed according to the tissue contrast agent concentration (dots)
and the arterial input function data.

for nodal involvement evaluation in RC patients[50-54]. Ambruster et al[50] have reported
that DCE-MRI quantitative maps increase both the sensitivity (86% vs 71%) and
specificity (90% vs 70%) of conventional MRI for the detection of malignant lymph
nodes in locally advanced RC (LARC). Grovik et al[51] and Yeo et al[52] found that Ktrans
values obtained for primary tumors with perfusion MRI were strongly correlated with
nodal status in surgical specimens. Yu et al[55] reported that metastatic lymph nodes
from RC showed significantly higher Ktrans values and tissue interstitial volume (Ve)
compared with nonmetastatic lymph nodes during perfusion MRI of lymph nodes
with short axis diameters > 5 mm (Ktrans: 0.484 min-1 ± 0.198 vs 0.218 min-1 ± 0.116;
Ve: 0.399 ± 0.118 vs 0.203 ± 0.096). Conversely, Yang et al[54] demonstrated that the
Ktrans values were significantly lower in metastatic lymph nodes from RC during
perfusion MRI of lymph nodes with short axis diameters < 5 mm. However, when
using a Ktrans cut-off value of 0.088 min -1 to differentiate between positive and
negative lymph nodes, a sensitivity of 60.5% and a specificity of 81.5% were observed.
Hybrid imaging: Qualitative evaluation with 18FDG-PET/CT for the assessment of
nodal involvement has limited advantages compared to evaluation with CT[56,57], but a
quantitative approach might be utilized to overcome this limitation. Tsunoda et al[58]
compared the diagnostic accuracy of visual analysis and SUVmax evaluation for
lymph node metastases using 18FDG-PET/CT in patients with CRC. The sensitivity,
specificity and accuracy were 28.6%, 92.9% and 75.0%, respectively, when using a
visual approach, while they were 53.1%, 90.6% and 80.1%, respectively, when using a
SUVmax cut-off value of 1.5. The mean SUVmax of the malignant lymph nodes (6.3;
range: 1.0-33.8) was significantly higher than that of the benign lymph nodes (2.5;
range: 1.3-3.3). Similarly, Yu et al[59] observed that a quantitative approach based on
the use of SUVmax might improve the detection of regional lymph node metastasis
when using 18FDG-PET/CT in patients with CRC. A significant difference in
SUVmax between metastatic and benign juxtaintestinal lymph nodes was observed.
When using a cut-off value for SUVmax of 2.0, the corresponding sensitivity,
specificity, PPV and NPV were 91.4%, 87.8%, 69.6% and 97.1%, respectively.

Response to treatment: efficacy prediction and the assessment of neoadjuvant CRT
in RC
CRT has become the standard of care for LARC. This treatment is associated with
fewer local recurrences and may also result in improved long-term survival. The
preoperative noninvasive assessment of CRT response in LARC is crucial for planning
the surgical approach. MRI is largely used for the local restaging of LARC after
neoadjuvant CRT; however, conventional morphological sequences have intrinsic
limitations when used for the differentiation of residual viable tumors from
surrounding fibrosis[60,61]. The overall accuracy of local neoplastic restaging using only
morphological T2-weighted (T2w) sequences after CRT is reported to be 47-52%[61,62].
CRT induces the necrosis of neoplastic tissue as well as reductions in cellular density
and metabolism, increases in the extracellular space and the suppression of
neoangiogenesis (Figure 4); these phenomena can be investigated via PA of
tomographic images.
DWI with ADC maps: Several studies[49,63-65] have shown the usefulness of ADC
values for the assessment of tumor responses to preoperative CRT, suggesting that the
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Figure 3

Figure 3 Schematic representation of morphological and metabolic features of normal tissue (A) compared
with those of neoplastic malignant cells (B). The darker shade of violet represents the higher glucose consumption
typical of malignant cells.

increase of ADC values after CRT is associated with a good response to preoperative
CRT. The absence of ADC value changes during CRT could be used to identify
nonresponding patients[66]. The increase in ADC in neoadjuvant CRT responders may
be due to cell death, cellular membrane disruption and decreased cellularity, which
contribute to increased water diffusion. Regarding the assessment of post-CRT
residual tumors in LARC, Song et al[67] reported that the mean ADC after CRT of
viable tumors (0.93 × 10-3 mm2/s) differed significantly from that of nonviable tumors
(1.55 × 10-3 mm2/s). Moreover, when an ADC value of 1.045 x 10-3 mm2/s was used as
a cut-off value for distinguishing between viable and nonviable tumors, false positive
findings were not observed, resulting in a specificity and positive predictive value of
100%. In the same clinical setting, Grosu et al[68] reported that the ADCmean after CRT
of viable tumors (1.02 × 10-3 mm2/s) differed significantly from that of scar tissue (1.77
× 10-3 mm2/s). An ADC cut-off value of 1.34 × 10-3 mm2/s resulted in a sensitivity,
specificity, and accuracy of 93%, 91%, and 92%, respectively. Bassaneze et al [69]
reported that patients with pathological complete responses (pCRs) to neoadjuvant
treatment differed significantly from those with non-pCRs in terms of the absolute
value of the post-CRT ADC. The mean post-CRT ADC value was 1.53 × 10-3 mm2/s in
the pCR patient group and 1.16 × 10-3 mm2/s in the non-pCR patient group. All
patients with residual tumors in the surgical specimen showed ADC values that were
below the cut-off of 1.49 × 10-3 mm2/s.
However, conflicting results have been reported regarding the value of
pretreatment tumor ADC values for the prediction of CRT response in patients with
LARC when using surgical specimens as the standard of reference. Some authors
observed significantly lower pretreatment ADC values in good responders compared
to nonresponders[70,71]. Conversely, others reported that the pretreatment ADC values
were not significantly different between responders and nonresponders[72].
PI: Perfusion CT quantitative parameters have been evaluated for the prediction and
assessment of the response of LARC to neoadjuvant CRT. Bellomi et al[73] reported that
the baseline BF and BV were significantly higher and the MTT was significantly lower
in responders compared to nonresponders. Conversely, Sahani et al[74] and CurvoSemedo et al[75] reported that the baseline BF was significantly higher and the MTT
was significantly lower in non-responders compared to responders. Additionally,
both groups[73,75] reported a reduction in BF, BV and PS and an increase in MTT after
CRT. These perfusion changes are thought to be due to CRT-related fibrosis, which
causes the compression of tumor capillaries, a decreased number of arteriovenous
shunts, an increased resistance to flow and a reduced volume in the vascular bed[76]. A
reduction of 40% or more in BF, BV and permeability was observed in patients with
RC who responded to neoadjuvant therapy[22,77].
A few studies have evaluated the usefulness of perfusion MRI quantitative
parameters for predicting and assessing responses to preoperative treatment in
LARC. Lim et al[78] reported that pre-CRT Ktrans values were significantly higher in
the downstaged group after CRT than in the non-downstaged group. Tong et al[79]
reported that patients with pCR had significantly higher Ktrans, Ve and rate constant
(Kep) values before CRT than non-pCR patients. In particular, a Ktrans threshold of
0.66 had a sensitivity of 100% for predicting pCR. Gollub et al[80] observed that Ktrans
was significantly lower for tumors from patients with pCR compared with patients
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Figure 4

Figure 4 Schematic representation of neoplastic tissue after treatment. Cytolysis increases the extracellular
space and consequently water diffusion and reduces lesion vascularization and metabolism.

with non-pCR after neoadjuvant chemotherapy; moreover, the posttreatment Ktrans
value was correlated with the percentage tumor response and final tumor size
according to histopathology. Kim et al[64] showed a significant reduction in the Ktrans
values in the downstaged group after CRT compared to that in the nondownstaged
group. Furthermore, the percentage difference between the pre- and post-CRT Ktrans
values in the downstaged group was significantly higher compared to that in the
nondownstaged group, suggesting that a large decrease in the Ktrans value after CRT
was associated with a good response to CRT. DeVries et al [72] investigated the
prognostic value of the perfusion index, which is a microcirculatory perfusion MRI
parameter representative of both flow and permeability. The perfusion index was
significantly increased in patients who failed to respond to CRT.
A final remark should be made regarding the role of PI in the evaluation of the
response to antiangiogenic agents. Bevacizumab is an antiangiogenic monoclonal
antibody that targets vascular endothelial growth factor (VEGF). This kind of
therapeutic agent often suppresses tumor growth in the absence of notable
morphological changes and requires a direct "in vivo" evaluation of vascularity to
reveal therapeutic results. Willett et al[81] showed a reduction in BF, BV and PS via
perfusion CT 12 days after beginning treatment with bevacizumab alone in LARC
patients.
In summary, high baseline values and marked post-CRT decreases in perfusion
parameters (BF, BV and Ktrans) are predominantly reported in patients with good
response. This observation suggests that highly perfused tumors may provide better
access for chemotherapy, better oxygenation and higher radiosensitivity compared
with poorly perfused tumors. Conversely, the following two neoplastic features may
explain a high baseline perfusion parameter in patients who fail to respond to
neoadjuvant CRT: (1) The presence of arteriovenous shunts, which is accompanied by
a high perfusion rate but a low exchange of nutrients/chemotherapy; and (2) Tissue
hypoxia, which induces a high perfusion rate.
Hybrid imaging: Several studies have investigated the role of 18FDG-PET/CT in the
evaluation of responses to CRT in LARC patients. Lambrecht et al[70] observed that
changes in SUVmax during (after 10-12 fractions) and 5 wk after CRT with respect to
the SUVmax value prior to the beginning of CRT (ΔSUVmax) were significantly
correlated with the pathological response to treatment. Janssen et al[82] reported that a
cut-off value representing a 48% reduction in SUVmax after 2 wk of CRT in patients
with LARC resulted in a specificity of 100% and a sensitivity of 64% when
differentiating pathological responders from nonresponders. Maffione et al [83]
performed a systemic review of the early prediction of responses by 18FDG-PET/CT
during neoadjuvant CRT in LARC. The percentage decrease in SUVmax showed a
high accuracy (mean sensitivity 82%; pooled sensitivity 85%) in terms of the early
prediction response when using a mean cut-off of 42%. As a result, the early
assessment of nonresponding patients allows the modification of the treatment
strategy, especially in terms of timing and the type of surgical approach used. It
should be noted that radiation-induced inflammation could cause increased 18FDG
uptake, possibly reducing PET specificity[82,84-87]. To overcome this limitation, the use of
dual-time 18F-FDG PET has been proposed. This requires two PET scans; the first is
conducted 40-60 min after the injection of 18F-FDG (standard time), and the second is
conducted 90-270 min after injection (delayed time), thus allowing the evaluation of
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18FDG uptake over time. While 18FDG uptake due to inflammation appears to be
stable or to decrease over time, neoplastic 18FDG uptake tends to increase[88]. Yoon et
al[89] compared the accuracy of pre-CRT standard and post-CRT dual-time 18FDGPET/CT in the prediction of CRT responses in LARC patients. The quantitative dualtime score (defined as the delay index [DI], which is equal to post-SUVmax-early –
post-SUVmax-delayed/post-SUVmax-delayed of post-CRT 18FDG-PET/CT) showed
significantly better performance with a higher area under the curve value (0.906 vs
0.696, P = 0.018) than the standard quantitative score (defined as the response index
[RI], which is equal to pre-SUVmax – post-SUVmax/ pre-SUVmax). The DI showed a
sensitivity of 86.7%, a specificity of 87%, a PPV of 68.4% and a PNV of 95.2%,
suggesting that dual-time post-CRT PET/CT might be the most appropriate
diagnostic tool for this specific setting.

Responses to treatment: colorectal liver metastases
Surgical resection remains the only treatment with curative potential for colorectal
liver metastases (CRLMs)[89]. In patients who are not suitable candidates for surgery,
chemotherapy alone or in combination with local hepatic treatments, such as
intrahepatic arterial infusion chemotherapy, transcatheter arterial chemoembolization (TACE), selective internal radiation therapy (SIRTI), radiofrequency
ablation (RFA), laser therapy or cryotherapy, may be performed[90]. Tomographic
imaging based on conventional qualitative evaluation contributes mostly to defining
the appropriate therapeutic management of CRLMs[91,92]; however, defining tumor
biology could allow the improved selection of treatment strategies and, as a result, the
more accurate prognostic evaluation of patients[90]. In this setting, PA could provide
potentially useful imaging markers for the prediction of treatment response.
DWI with ADC maps: ADC values have been proposed for use in assessing the
responses of CRLMs to chemotherapy [93,94] . Koh et al [93] reported that high mean
pretreatment ADC values for CRLMs were associated with poorer responses to
chemotherapy (nonresponder: 1.55 × 10 -3 mm 2 /s; responder 1.36 × 10 -3 mm 2 /s).
Indeed, high ADC values are observed in necrotic areas, which typically show poor
perfusion and allow only limited local delivery of chemotherapeutic drugs. Cui et al[94]
found that CRLMs showed significantly decreased mean pretreatment ADC values in
responding lesions (0.95 × 10-3 mm2/s ± 0.15) than in nonresponding lesions (1.18 ×
10-3 mm2/s ± 0.27). Furthermore, an early increase in ADC values was observed in
responding lesions after 3 or 7 d of treatment.
PI: Few studies have been performed to assess the utility of quantitative PI
parameters as biomarkers for the assessment of CRLM responses to treatment. Using
baseline perfusion MRI and follow-up MRI evaluated on the basis of RECIST 1.1
criteria in patients with CRLMs treated with a combination of chemotherapy and
bevacizumab, Coenegrachts et al [95] found significantly higher Kep values in
responders than in nonresponders (responders: 0.09852; nonresponders: 0.07829).
Moreover, the Kep values were significantly decreased in responding patients
compared to nonresponding patients after 6, 12 and 18 weeks of treatment, suggesting
that Kep values may be able to predict early treatment response in CLRMs.
Hybrid imaging: Few studies have investigated the possible role of quantitative
parameters derived from18FDG-PET/CT in the assessment of CLRM treatment
responses. Recently, Nishioka et al[96] observed that an SUVmean value cut-off of 3 and
morphological CT criteria[10] had similar excellent predictive power for ≤ 10% tumor
viability (areas under the curve of 0.916 and 0.882, respectively) compared to that for
the degree of tumor shrinkage (area under the curve of 0.69) in patients who
underwent PET/CT after chemotherapy and before the surgical resection of CRLMs.

CRC prognosis
Tumor stage at diagnosis is considered the most important prognostic factor for CRC
patients[97]. However, other prognostic factors that include biological and molecular
information should be taken into account to personalize prognosis[98]. Parameters such
as tumor differentiation grade and the presence of lymphangiovascular invasion
(LVI) [99] are valuable in the prognostic evaluation of RC patients. Similarly, the
plasmatic levels of carcinoembryonic antigen (CEA)[100] are useful for the prognostic
assessment of CRLMs.
As a result, detailed information regarding the individual tumor profile of each
patient is critical to determine the risk for local and distant recurrence[101]. Measures
such as overall survival (OS), progression-free survival (PFS) or recurrence-free
survival (RFS) are commonly used for prognostic evaluation. PA has the potential to
introduce novel useful biomarkers that could correlate to the biological and genetic
prognostic features of CRC and CRLMs or predict OS, PFS and/or RFS.
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Consequently, such parameters could be useful in CRC risk stratification and in
treatment planning.
DWI with ADC maps: The quantitative evaluation of ADC maps derived from DWI
could aid in the prediction of patient prognosis[16,18,70]. Curvo-Semedo et al[33] reported
that ADC values differed significantly between RC tumors with and without
mesorectal fascia (MRF) invasion, between N0 and N+ cancers and even among
different histological grades. In particular, decreased mean pretreatment ADC values
were observed in tumors with MRF involvement, metastatic lymph nodes or poorly
differentiated grading. Sun et al[102] reported that decreased ADC values were strongly
associated with increased T stage and a more aggressive tumor profile. Tong et al[34]
observed that the extramural maximal depth and the ADC value have a significant
negative correlation in the T3 RC spread. Heijmen et al [103] reported that low
prechemotherapy ADC values in CRLMs predicted poorer outcomes in terms of both
PFS and OS.
PI: Goh et al[104] reported that CRC with low BF at staging according to perfusion CT
showed an increased tendency to metastasize and resulted in significantly decreased
OS. Particularly, a group of patients who had developed metastatic disease prior to
follow up presented a mean baseline BF value of 45.7, while the mean BF value of the
disease-free group was 76 mL/min/100 g. Similarly, Hayano et al[76] reported that
patients with RC with increased BF according to perfusion CT survived significantly
longer than those with decreased BF. More recently, two studies reported that Ktrans
measured via DCE-MRI is correlated with the pathological differentiation of RC;
poorly differentiated tumors showed increased Ktrans values[36,105]. Moreover, Ktrans
values were significantly higher in lesions with distant metastasis than in lesions
without distant metastasis and in the pLVI positive group than in the pLVI
negative[105] group.
Finally, perfusion MRI studies conducted on patients with CRLMs treated with
bevacizumab are worth mentioning [106-108] . Indeed, Hirashima et al [106] observed a
significant correlation between a reduction in the Ktrans value 7 days after the start of
treatment and a longer time to progression. Subsequently, Kim et al[107] confirmed this
finding and found that a reduction of 40% in the Ktrans cut-off value could be used to
discriminate responders from nonresponders. De Bruyne et al[108] found that a decrease
in Ktrans of more than 40% after bevacizumab chemotherapy in patients with CRLMs
was associated with improved PFS.
Hybrid imaging: Avallone et al[109] evaluated the prognostic role of early metabolic
responses to CRT in patients with LARC. In their study, 18FDG-PET scans were
performed before and 12 days after the beginning of CRT. Responders, defined on the
basis of a reduction in the SUV mean value ≥ 52% compared to the baseline, showed a
5-year RFS that was significantly higher than that of nonresponders.
Muralidharan et al[110] reported that high MTV and TLG values for CRLMs before
surgical resection were significantly associated with poorer recurrence-free survival
(RFS) and OS, while the SUVmax and SUVmean did not show any significant
predictive ability. Lastoria et al[111] performed a 18FDG-PET/CT evaluation before and
after 1 cycle of FOLFIRI plus bevacizumab treatment in patients with resectable
CRLMs. Pathological responses were assessed in patients undergoing resection. For
each lesion, a ≤ -50% change in the SUVmax and the TLG compared to baseline was
used as a threshold to indicate a significant metabolic response. An early metabolic
PET/CT response had a stronger and more independent and statistically significant
predictive value for PFS and OS compared to both CT/RECIST and pathological
response according to multivariate analysis. Similarly, Lau et al[112] investigated the
prognostic value of 18FDG-PET/CT before and after preoperative chemotherapy in
patients undergoing the liver resection of CRLMs. SUVmax, MTV, and TGV, their
changes (DSUVmax, DMTV, DTGV) and their correlation with RFS and OS were
evaluated. DSUVmax was the only parameter predictive of RFS and OS according to
multivariate analysis. Patients with metabolically responsive tumors had an OS of
86% at 3 years vs 38% for patients with nonresponding lesions. Gulec et al [113]
investigated the relationship between MTV and TLG and clinical outcomes in patients
with unresectable CRLMs undergoing treatment with 90Y resin microspheres. The
authors observed that MTV values below 200 cc during pretreatment PET/TC and
below 30 cc during posttreatment PET/CT at 4 wk were significantly associated with
a longer median survival compared to MTV values above 200 during the pretreatment
exam and 30 cc during the posttreatment exam at 4 wk. Similar results were found for
TLG values below and above 600 g during the pretreatment exam and below and
above 100 g during the posttreatment exam, respectively.
Giacomobono et al[114] evaluated the value of SUVmax for stratifying CRC patients
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with unexplained CEA increases and FDG uptake at the site of anastomosis after
surgical curative resection. Nonspecific FDG uptake at the anastomotic site was the
most frequent cause of error because it could be due to both post-CRT/postsurgical
fibrosis/scar tissue and disease recurrence. The anastomotic SUVmax was the only
significant predictor of tumor recurrence at the site of anastomosis. A decreased OS
was reported in patients with a SUVmax greater than 5.7 compared with that in
patients with lower values (median survival: 16 mo vs 31 mo; P = 0.002). Marcus et
al[115] showed that a decreased MTVtotal and TLGtotal were associated with increased
OS in patients with local, loco-regional and/or distant-recurrent biopsy-verified CRC.

OTHER ADVANCED QUANTITATIVE FUNCTIONAL AND
MOLECULAR IMAGING MODALITIES
Blood oxygenation level-dependent (BOLD) MRI and MR spectroscopy (MRSI)
represent further advanced imaging modalities available for use with quantitative PA
in CRC.
BOLD-MRI is able to assess in vivo tissue hypoxia according to blood flow and the
paramagnetic properties of deoxyhemoglobin within red blood cells[116]. Endogenous
deoxyhemoglobin decreases the transverse relaxation rate (T2*) in blood, which can
be quantified by R2* (= 1/T2*)[117,118]. Tumor hypoxia is caused by the inability of the
neoplastic vascular system to provide an adequate supply of oxygen to the growing
tumor mass. Tumor hypoxia induces the expression of the transcription factor
hypoxia inducible factor-1 alpha (HIF-1α), which promotes the adaptation of cancer
cells to hypoxia and the development of more aggressive clones less sensitive to
radiotherapy and chemotherapy[119] and impacts metastatic spread to favor tumor
recurrence and a poor prognosis. Heijmen et al[103] investigated the ability of BOLDMRI to predict outcomes and responses to systemic treatment in patients with CRLMs
undergoing MRI before and one week after the beginning of first-line chemotherapy.
The authors reported that a low pretreatment T2* value in CRLMs (indicating a higher
concentration of deoxyhemoglobin) was a significant predictor for increased OS;
however, the T2* value did not significantly change one week after the beginning of
treatment, which did not make it a useful predictor of the response to therapy.
MRSI is a noninvasive technique that allows the measurement of metabolites and
metabolic processes in normal and pathological tissues[120]. The resonance frequencies
of the metabolites are expressed in parts per million (ppm). Tumor tissues are
characterized by disordered energy metabolism (an increased lactate concentration
due to anaerobic glycolysis and the activation of the creatine/phosphocreatine
system), amino acid metabolism (the accumulation of amino acids due to the
increased turnover of structural proteins) and choline metabolism (increased levels of
choline, which is a marker of cellular membrane turnover related to cell
proliferation)[121]. Dzik-Jurasz et al[122] demonstrated the presence of choline and lipid
peaks in patients with RC. Kim et al[120] reported that a choline peak at 3.2 ppm in
patients with RC disappeared after radiation therapy and chemotherapy.
Both of these modalities suffer from limited clinical applicability due to their high
intrinsic technical complexity; furthermore, there are still insufficient evidence in the
literature to define their possible role in CRC clinical management.

QUANTITATIVE IMAGE ANALYSIS METHODS
Texture analysis
Physiological aspects and technical features: As previously stated, tumor
heterogeneity is a hallmark of malignancy that is highly related to tumor biology[24,123],
and it can be qualitatively and/or quantitatively evaluated by several imaging
modalities. TA is a postprocessing imaging technique that allows heterogeneity
quantification to evaluate both the distribution and relationships within the
information contained in each voxel[123]. The content of this information depends on
the imaging modality used (Hounsfield units measure density for CT, signal intensity
measures tissue relaxation times for MRI, and standard uptake values measure
activity for PET). A broad spectrum of quantitative parameters can be extracted from
any diagnostic imaging modality, ranging from first-order parameters (defined on the
basis of histogram analysis, which does not account for spatial distribution) to more
complex higher-order parameters[124]. Multiple first-order parameters are available,
including the mean gray-level intensity (brightness), uniformity (distribution of the
gray level), entropy (a measure of irregularity), skewness (a measure of the
asymmetry of the pixel histogram distribution) and kurtosis (the magnitude of the
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pixel histogram distribution)[125]. The analysis is performed by drawing an ROI in the
largest cross-section of the tumor or in tumor subregions and by taking into account
the whole tumor volume or delineating the margins in an organ in the absence of a
target lesion. Interestingly, TA approaches can also be employed for morphological
images (such as unenhanced CT images or T2-weighted MR images), possibly
reducing the need for more complex, expensive and time-consuming techniques.
Additionally, filtering techniques can be applied to the original images before
performing TA to widen the range of available quantitative parameters [ 1 2 6 ] .
Encouraging results have been recently published for TA in the field of oncologic
imaging[127,128]. Regarding CRC, the application of TA to CT, MRI and PET/CT images
has been investigated and might be useful in different clinical settings for
characterization, staging, prognosis and treatment planning.
Primary tumor identification: The accurate differentiation of colorectal nonneoplastic
(i.e., hyperplasic polyps) and neoplastic lesions (i.e., adenomas and adenocarcinomas)
based on computed tomography colonography (CTC) for mucosal colorectal lesions is
mandatory for appropriate patient management[129]. The lesion size is correlated with
the risk of malignancy, but size alone is not sufficient to discriminate between
nonneoplastic and neoplastic lesions for the following reasons: (1) CTC tends to
underestimate polyp size[130]; and (2) The overlap in the sizes of benign, premalignant
and malignant lesions. Moreover, combination of metabolic and morphological
information does not seem to increase the accuracy of CTC[41]. Therefore, TA might
improve the diagnostic performance of CTC by introducing additional criteria for
evaluation. Song et al[131] evaluated the accuracy of the use of CTC texture features in
differentiating colorectal lesions. Intensity, gradient (i.e., the degree of the intensity
change) and curvature (i.e., the degree that a geometric object deviates from being flat)
were calculated for each colorectal polyp lesion. The results showed that the
combination of gradient and curvature features significantly improved the
performance of CTC in differentiating hyperplasic polyps from neoplastic lesions. The
skewness and entropy values calculated on the basis of ADC maps were significantly
lower in patients with stage pT1-2 tumors versus those with stage pT3-4 tumors[132].
Kurtosis values obtained on the basis of DWI were significantly higher in high-grade
than in low-grade RC[133].
Lymph node involvement: The evaluation of the structural heterogeneity of locoregional lymph nodes by using TA could help predict nodal status in RC to reliably
differentiate malignant lymph nodes from benign lymph nodes. In this regard, Cui et
al[134] reported that the heterogeneity of benign mesorectal nodes calculated by using
enhanced CT images was significantly lower than that of malignant nodes when the
short-axis diameter was 3–10 mm. However, no difference was observed between
benign and malignant lymph nodes less than 3 mm and larger than 10 mm. Liu et al[132]
reported that entropy values calculated by using ADC maps were significantly higher
in pN1-2 than in pN0 RC. Similarly, Zhu et al[133] reported significantly higher kurtosis
values calculated by using DWI in pN1-2 compared to pN0 RC.
Response to treatment: Neoadjuvant CRT in RC: TA of MR images might identify
biomarkers able to assess responses to CRT in patients with LARC[125,132,135-137]. Using T2
weighted images, De Cecco et al[135] found that pre-neoadjuvant CRT kurtosis was
significantly decreased in pCR versus partial-responders or nonresponders. Similarly,
using T2 weighted images, Shu et al[136] found that TA of a combination of pre- and
early-treatment features could distinguish between responders and nonresponders.
TA approaches based on advanced sequences such as DCE[137] and ADC maps[132] have
also been proposed and have shown promising results.
CRLMs: early identification and responses to treatment: Liver colonization by CRC
cells is considered to be a multiple step process that progresses from prometastatic
hepatic reactions to micrometastases and finally generates macrometastases[138]. The
liver prometastatic reaction produces a special microenvironment favoring liver
colonization by tumor cells. This reaction begins in the early tumor stage with the
release of cytokines and chemokines by hepatic sinusoidal endothelium and Kupffer
cells in response to colon cancer soluble factors and circulating cells. Cytokines and
chemokines lead to the activation of perisinusoidal stellate cells and portal tract
fibroblasts, which deposit extracellular matrix and create stromal support for cancer
cells. The early preoperative identification of prometastatic hepatic reactions might
facilitate the use of personalized treatment strategies that involve the selection of
chemotherapy independently according to local staging[139]. Similarly, the preoperative
identification of micrometastases in addition to visible liver metastases might indicate
the use of neoadjuvant chemotherapy in CRC patients who are candidates for liver
resection [ 1 4 0 ] . Conventional tomographic imaging is unable to detect liver
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prometastatic reactions or occult liver micrometastases. A few studies have tested the
ability of TA to detect precocious hepatic alterations on the basis of the fact that the
spatial heterogeneity of an apparently disease-free liver may be altered by liver
prometastatic reactions and occult liver micrometastases.
Rao et al[140] assessed the capability of whole-liver portal phase CT TA to detect
structural differences between apparently disease-free liver parenchyma in CRC
patients without and with liver metastases. Disease-free liver parenchyma in patients
with synchronous liver metastases (Group B) showed entropy values significantly
higher and uniformity values significantly lower than those in patients without liver
metastases (Group A). Furthermore, the disease-free liver parenchyma in patients
who developed metachronous liver metastases within 18 months after primary
staging CT (Group C) showed a subtle trend towards increased entropy and
decreased uniformity values compared to that in patients in group A, although the
difference was not significant. These results produced the following observations: (1)
Group B presented greater heterogeneity in the liver parenchymal structure compared
to group A due to the possible presence of micrometastases in the apparently diseasefree remaining liver tissues or tumor-induced changes in liver perfusion; and (2)
Group C may show ongoing tumor-induced, structural and/or hemodynamic
changes in the liver parenchyma that precede morphological changes, allowing the
identification of patients at risk of developing metachronous hepatic metastases.
Finally, both CT- and MRI-based TA parameters have been explored as feasible
tools to predict treatment responses in patients with CRLMs[141,142]. Zhang et al[141]
evaluated the response to chemotherapy of 193 unresectable liver metastases using
dimensional reduction that was observed by the comparison of T2-weighted
pretreatment and posttreatment MR images as a reference standard (a cutoff of a 30%
decrease in the maximum diameter defined the responders). The authors found that
the association of a first-order parameter (variance) and a higher-order parameter
(angular second moment) had the ability to predict response, with an AUC of 0.814.
Likewise, Ahn et al[142] demonstrated that decreased skewness values, obtained from
two-dimensional ROIs used to annotate liver metastases on CT portal-phase images,
were predictive of responses to chemotherapy (AUC = 0.797).
Prognosis: Ng et al [143] showed a correlation between the entire primary CRC
heterogeneity according to portal venous CT images with the 5-year OS rate. CRC
with decreased heterogeneity (decreased entropy, kurtosis and standard deviation of
pixel distribution; increased uniformity and skewness) was associated with a
decreased 5-year OS.
Miles et al[144] assessed the ability of the TA of hepatic portal phase CT images to
predict survival in patients with CRC subject to surveillance for at least 24 months
after tumor resection. Kaplan-Meier curves showed that increased uniformity was a
significant predictor of survival. Finally, Lovinfosse et al[145] evaluated the TA of
baseline 18FDG-PET/CT in LARC patients and concluded that increased coarseness
values may be indicative of worse outcomes.

Volumetry
CT, MRI and PET hybrid imaging allow the “in vivo” calculation of neoplastic volume.
RC tumor burden is correlated with disease stage and represents an important
prognostic feature in terms of the prediction of treatment response, OS and PFS after
CRT[146-149]. The tumor volume reduction rate has been reported to be superior to
RECIST criteria for the prediction of the pathological responses of RC to neoadjuvant
CRT[150].
The determination of tumor volumetry by using morphological CT and MR images
requires the delineation of the neoplastic contours, which can be defined visually by
manually tracing the presumed lesion boundary in each image containing the
neoplasm. The volumes of the lesions are calculated by adding each of the 2D
volumes (multiplying the 2D area by image thickness) of the entire lesion. The
following considerations can explain the limits of this qualitative visual approach for
tumor volumetry measurement: (1) Inflammatory peritumoral reactions can hamper
the exact delineation of the interface between the tumor and the surrounding tissues;
and (2) The difficulty in distinguishing between therapy-induced fibrosis and the
residual viable tumor can also be problematic. A quantitative parametric analysis of
images has also been proposed to solve this problem of tumor volumetry
measurement.
T2-weighted signal intensity-selected volumetry of post-CRT MRI performed better
than visual qualitative T2 volumetry in predicting pCR in patients with LARC[151].
Posttreatment total lesion diffusion (TLD = total DWI tumor volume x mean
volumetric ADC) was better correlated than the total DWI tumor volume with
histopathological tumor responses after CRT in patients with LARC[152].
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LIMITATIONS AND POTENTIAL EFFECTIVE CLINICAL
APPLICATIONS OF PARAMETRIC IMAGING ANALYSIS
DWI with ADC maps
Well-defined cut-off values are needed to use ADC maps in routine clinical practice.
The ADC value thresholds used for differentiating normal and pathological tissue,
assessing responses to therapy and defining prognosis have not yet been established
for CRC. The lack of definite thresholds may be attributed to the following: (1) ADC
values depend on the scanner and the acquisition protocol used and the clinical
setting; (2) ADC values are subject to measuring errors due to the low spatial
resolution of DWI images; and (3) The lack of reproducibility for ADC measurements.
ADC values appear to be particularly promising for the prediction and assessment of
RC responses to neoadjuvant CRT.

Perfusion imaging
The following general principles concerning angiogenesis and CRC have been
established: More poorly perfused tumors usually lead to a poorer outcome; baseline
perfusion is significantly higher in responders than in nonresponders to several types
of therapies; and an early reduction in vascular parameters after therapy is usually
associated with improved patient outcome[22]. The use of PI techniques has not yet
been introduced in routine clinical practice, probably due to the numerous different
technical approaches required and the complexity of parameter measurement. The
following limitations of PI have to be considered: (1) The quantification of contrast
agent concentrations is challenging because of the complex relationship between
density (CT) or signal (MRI) and the contrast medium concentration, which is
dependent on many factors, including the contrast agent dose, rate of injection, time
of circulation, machine parameters, and, for MRI, native tissue relaxation rates and
imaging sequence; (2) The different models used for the analysis of DCE imaging data
and the calculation of quantitative perfusion parameters [153] may influence the
measurement of quantitative perfusion parameters[35]; and (3) Tumor ROI analysis
with current DCE imaging software platforms utilizes the mean quantitative vascular
parameters, which do not reflect the spatial heterogeneity of perfusion[154]. Because of
the large variety of potential indicators that could be used as imaging biomarkers, PI
still needs further study to be recognized as an effective diagnostic tool in routine
clinical practice. Among all the potential clinical applications of DCE imaging for
CRC, the assessment and prediction of responses to antiangiogenic agents appears to
be the most promising.

Hybrid imaging
18FDG-PET/CT quantitative parameters have added value for routine clinical
practice. The following topics may benefit from a quantitative approach: The
improvement of the detection of regional lymph node metastases; the prediction and
assessment of RC responses to neoadjuvant CRT; the detection of tumor recurrence
after surgery in combination with serum CEA levels. There is not enough scientific
evidence to recommend the routine use of quantitative 18FDG-PET/CT for the
identification and/or local staging of primary CRC because PET has the following
limitations: (1) FDG uptake depends on several features, including tumor grade, the
type of tumor involvement, histological type (e.g., FDG is limited in the evaluation of
mucinous tumors); and (2) Limited spatial resolution, which may cause small lesions
to be missed.

Texture analysis
Texture analysis mainly suffers from the following limitations: (1) The biological
correlations of TA measurements have not been established definitively; and (2) The
image acquisition parameters (for CT: Tube voltage, tube current, collimation; for
MRI: features of the sequences) and TA processing (unfiltered or filtered at a fine,
medium or coarse scale; TA calculation of single axial sections or whole target
volumes; the use of semiautomated and automated systems to delineate tumor
regions or volumes) may affect the measurement of TA parameters and may change
their biological correlation. TA represents an ongoing topic of investigation, but the
clinical effectiveness of the technique still has to be defined in different clinical
settings relevant to CRC.
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THE NEXT STEPS: MULTI-PARAMETRIC IMAGING
ASSESSMENT, RADIOMICS AND RADIOGENOMICS, AND
MACHINE LEARNING
The complexity of tumor biology cannot be described by a single morphological,
functional and/or molecular parameter. An integrated approach utilizing
noninvasive in vivo imaging techniques can be used to accurately represent neoplastic
heterogeneity. A more comprehensive multiparametric assessment of tumor biology
can be obtained from a single examination combining morphological, functional
and/or molecular information by using hybrid devices such as PET/CT or PET/MRI.
A few studies have investigated the relationships between functional and molecular
parameters in CRC. An inverse relationship between tumor vascularization
(expressed as the Kep value) and metabolism (expressed as SUVmax) was observed in
CRLMs[155]. CRCs with a low-flow and high-metabolism phenotype were associated
with increased levels of hypoxia-inducible factor 1 (HIF-1a), suggesting that flow and
metabolism mismatch may represent an adaptative angiogenic response to
hypoxia[156]. Highly perfused RC manifested with higher FDG uptake levels than lowperfusion tumors, suggesting that tumor growth is accompanied by an intense
inflammatory reaction rather than the development of necrosis[157]. A significant
negative correlation between the ADC and SUV values was reported for
adenocarcinomas of the rectum, suggesting that the vital cellular burden is associated
with increased metabolism[158,159]. The decrease in flow and metabolism (expressed as
BF x SUVmax) showed high accuracy in the prediction of histopathological responses
to radiation therapy and chemotherapy when using a cutoff value of -75% in patients
with RC [159] . Multiparametric quantitative assessment appears to be a promising
strategy for CRC management; however, its role in the different clinical settings
associated with CRC must still be defined.
Further prospective investigations are needed to evaluate the clinical effectiveness
of multiparametric imaging and to propose its routine clinical use in CRC settings.
Radiomics has recently emerged as a promising tool for discovering new imaging
biomarkers by extracting and analyzing numerous quantitative image features
representative of tumor heterogeneity and phenotype. Radiomics combines the
imaging of quantitative biomarkers with clinical reports and laboratory test values in
a statistical model (Figure 5). Similarly, radiogenomics evaluates the relationship
between radiomics and gene-expression patterns or transcriptomic and/or proteomic
data to generate a statistical model. These advanced computational techniques can be
applied to any type of clinical image, such as CT, MRI or hybrid PET images, and they
can be used in a variety of clinical settings for diagnosis, the prediction of prognosis,
and the evaluation of treatment response [160,161] . Although there is still a limited
amount of evidence regarding the applications of radiogenomics to CRC, it retains
tremendous potential[162]. Indeed, studies conducted using images from different
modalities (mainly PET/CT) have investigated the relationship between radiomic
data and K-ras gene mutations in CRC patients with encouraging results[163-165]. The Kras gene mutation is an independent prognostic factor for survival and a negative
predictive marker of tumor responses to drugs that target anti-epidermal growth
factor receptors (EGFRs). Shin et al[163] reported that the frequency of K-ras mutations
was higher in polypoid tumors with a larger axial to longitudinal dimension ratio.
Using an animal model, Miles et al[166] reported that the combined multiparametric
assessment of 18F-FDG uptake (expressed as SUVmax), CT texture (expressed as the
mean value of tumor pixels with positive values) and perfusion (expressed as BF) has
excellent accuracy (90.1%) in the identification of CRCs with K-ras mutations.
The increasing use of quantitative imaging data in clinical practice will require the
use of automated and intelligent systems for analyzing a large amount of numerical
information. Artificial intelligence and machine learning approaches can be helpful
for the evaluation of radiomic and radiogenomic features. Deep learning
convolutional neural networks can perform texture analysis and training with large
amounts of data to create predictive algorithms.

CONCLUSION
The interpretation of medical tomographic images can no longer treat images strictly
as pictures but instead must use innovative approaches based on numerical analysis.
PA allows the extraction and analysis of the large amount of numerical data hidden in
tomographic images. This information must be correlated with genetic, histological,
clinical, prognostic and/or predictive data. The transition from purely anatomical
tomographic imaging to quantitative tomographic imaging can also benefit the
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Figure 5

Figure 5 A typical radiomics workflow consists of several steps. After image acquisition, segmentation is performed to define the tumor region. From this region,
several features are extracted based on the intensity histogram and texture analysis. Finally, these features are assessed for their prognostic power or are linked with
the stage or gene expression.

diagnostic management of CRC. However, to be of practical value and to have a real
effect on clinical CRC diagnostic management, quantitative imaging approaches
require the following: (1) The standardization of technical features to ensure the
acquisition of good quality data and the development of robust techniques for
analysis to assure reproducibility among different operators, scanners and centers; (2)
Well-defined cut-off values for each proposed parameter measure in different clinical
settings relevant to CRC; (3) A clear definition of the clinical significance of each
numerical parameter as a single measure or a multiparametric combination; and (4) A
real added-value when used to determine the known clinical and pathological factors
of each new numerical imaging biomarker.
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Abstract
Minimal hepatic encephalopathy (MHE) represents the mildest type of hepatic
encephalopathy (HE). MHE is considered as a preclinical stage of HE and is part
of a wide spectrum of typical neurocognitive alterations characteristic of patients
with liver cirrhosis, particularly involving the areas of attention, alertness,
response inhibition, and executive functions. MHE can be detected by testing the
patients’ psychometric performance, attention, working memory, psychomotor
speed, and visuospatial ability, as well as by means of electrophysiological and
other functional brain measures. MHE is very frequent, affecting from 20% up to
80% of patients tested, depending of the diagnostic tools used. Although
subclinical, MHE is considered to be clinically relevant. In fact, MHE has been
related to the patients’ falls, fitness to drive, and working ability. As a
consequence, MHE affects the patients and caregivers lives by altering their
quality of life and even their socioeconomic status. Recently sarcopenia, a very
common condition in patients with advanced liver disease, has been shown to be
strictly related to both minimal and overt HE. Aim of this review is to summarize
the most recently published evidences about the emerging relationship between
sarcopenia and cognitive impairment in cirrhotic patients and provide
suggestions for future research.
Key words: Minimal hepatic encephalopathy; Cognitive impairment; Sarcopenia; Muscle
alterations; Cirrhosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Minimal hepatic encephalopathy (MHE) represents the mildest type of hepatic
encephalopathy, is very frequent, affecting from 20% up to 80% of patients tested,
depending of the diagnostic tools used and has been related to the patients’ falls, fitness
to drive, and working ability. As a consequence, MHE affects the patients and caregivers
lives by altering their quality of life and even their socioeconomic status. Sarcopenia has
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THE BURDEN OF MINIMAL HEPATIC ENCEPHALOPATHY IN
LIVER CIRRHOSIS
Hepatic encephalopathy (HE) is a complex neurological syndrome caused by liver
failure and shunting of the portal blood into the systemic circulation. HE produces a
wide and complex spectrum of nonspecific neurological and psychiatric
manifestations[1]. In its milder expression, the so called minimal HE (MHE)[2,3], the
manifestations are subclinical and detectable only by means of psychometric testing
as well as electrophysiological and other functional brain measures[4,5]. Depending on
the population studied and the diagnostic tool used, MHE ranges between 20% and
80% and thus, may be considered as the most complication of liver cirrhosis[6-11].
Although subclinical, MHE involves the areas of attention, alertness, response
inhibition, and executive functions as well as the working memory, psychomotor
speed, and visuospatial ability[12-15].
Depending on the population studied and the diagnostic tool used, MHE can be
detected in 20%-80% of patients with cirrhosis, MHE is considered as a pre-clinical
stage of HE and is part of a wide spectrum of typical neurocognitive alterations in
liver cirrhosis, particularly involving the areas of attention, alertness, response
inhibition, and executive functions. Although these typical characteristics of MHE
reduce the safety and quality of life of patients with cirrhosis together with their
caregivers, they are difficult to detect from the clinical point of view. The optimal
diagnostic criteria for MHE remain controversial, also because an essential condition
for MHE diagnosis is the correct standardization of the tests used by age, education
and also employment of the patient. To overcome the difficulties in the execution of
complex psychometric batteries, which may require specialist staff for their
administration, are time and money consuming, other techniques have been
proposed, such as the critical flicker frequency, the smooth pursuit eye movement,
and the use of cognitive evoked potentials. Computerized psychometric tests,
including the scan test and the inhibitory control test (ICT), which may be more
specific and repeatable, have also been proposed. An electroencephalogram is also
useful for detecting conditions MHE, especially if a spectral analysis is carried out. A
comprehensive summary on the clinical manifestations and diagnosis of MHE has
been recently published by our group[12,16].
Low quality of life, falls, sleep disorders, erectile dysfunction in males, impairment
in fitness to drive and car accident incidence have been found to be more frequent in
patients with MHE than in those without. Moreover, MHE by reducing the patients’
working capacity, may affect their socioeconomic status[16,17]. Finally, MHE is a clear
risk factor for the development of overt HE and for its recurrence, leading to frequent
hospitalization of the patients. In summary, MHE, despite subclinical is a burden for
the patients and their caregivers, which results in the use of more health care resource
than other manifestations of liver disease[6,18-21]. Recently, a strong statistical correlation
between muscle alterations, sarcopenia and myosteatosis, and MHE was found[22-25]. A
first consequence of this observation is that muscle alterations should be investigated
in all patients with cirrhosis and cognitive impairment.

PREVALENCE AND CAUSE OF SARCOPENIA IN LIVER
CIRRHOSIS
In cirrhotic patients, sarcopenia has been assessed by different techniques such as
anthropometry (Triceps-Skinfold-Thickness or Mid-Arm-Muscle-Circumference), the
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bioelectrical impedance analysis and the dual-energy X-ray. The functional
consequence of sarcopenia is estimable by the Hand Grip or other more composite
tests such the six-minute walk test [26-30] . Moreover, some evidences showed that
patients with cirrhosis may develop simultaneously loss of skeletal muscle and gain
of intermuscular and intramuscular fat, denominated ‘myosteatosis’[31].
The gold standard to quantify muscle mass is to date represented by the computed
tomography (CT) and magnetic resonance image (MRI) analysis[32-34]. The CT scan, by
using muscle attenuation, is indirectly able to measure muscle fat infiltration and to
add informations not only on quantity but also on the quality of muscle tissue[31,35].
MRI is able to quantify the muscle mass and the fat free muscle mass [36] . These
diagnostic tools are certainly limited by cost, radiation exposure and logistic
concerns[37]. Nevertheless, a CT or MR scan is often performed in cirrhotic patient for
clinical reasons, such as the suspicion of hepatocellular carcinoma or portal vein
thrombosis. In these patients, sarcopenia can be easily assessed by validated softwares
such as SliceOmatic V4.2 software (Tomovision, Montreal, Quebec, Canada), which
enables specific tissue demarcation by using previously reported Hounsfield unit
(HU) thresholds[38], as shown in Figure 1. Skeletal muscle is identified and quantified
by HU thresholds of -29 to +150 as previously described[34] and with these specific HU
thresholds, measurements of the SMI are not influenced by the presence of ascites.
Cross-sectional areas (cm2) were automatically computed by summing tissue pixels
and multiplying by pixel surface area. Muscle cross-sectional area was normalized for
stature (cm2/m2) to obtain the L3 Skeletal Muscle Index (L3 SMI). Sarcopenia was
defined according to previously validated cutoff values in cirrhotic patients: L3 SMI: <
39 cm2/m2 for females and < 50 cm2/m2 for males[26]. The following HU thresholds
were used for adipose tissues: -190 to -30 for subcutaneous and intermuscular adipose
tissue[39], and -150 to -50 for visceral adipose tissue[40].
Since muscle attenuation indirectly measures fat infiltration in muscles, mean
muscle attenuation in HU was reported for the entire muscle area from the same
image used to calculate L3 SMI. To define myosteatosis, we used cutoff values that
have been previously associated with mortality: < 41 HU in patients with a body mass
index (BMI) up to 24.9, and < 33 in those with a BMI ≥ 25[27,31].
Using these cut off, sarcopenia, with a prevalence ranging between 65 and 90%, has
to be considered a very common condition in patients with advanced liver disease[41].
The severity and prevalence of sarcopenia correlates with Child-Pugh’s Class[42] and,
when added to model for end-stage liver disease (MELD) score, sarcopenia has been
shown to improve the prediction of the patients’ survival[22,23]. Sarcopenia contributes
to fatigue, limits exercise tolerance and may have a heavy burden on performance
status and activities of daily living[24]. Multiple factors are involved in sarcopenia
development. In liver disease dietary intake may be inadequate to the energy
expenditure; nutrient absorption compromised and substrate utilization impaired[25].
Moreover, malabsorption, altered metabolism, hormonal factors, hyperammonemia,
may also play a role.

SARCOPENIA AND HE
In Addition to the prognostic impact [32,43,44] , sarcopenia is related to several
complications of cirrhosis[45-49], including overt HE[22-24,38,50]. The pathophysiological
background supporting the relationship between muscle depletion and HE origins
from the involvement of muscle tissue in ammonia metabolism and trafficking (Figure
2). Ammonia plays a central role in the pathogenesis of cognitive impairment of
cirrhosis. Its concentrations is increased because of the inability of the impaired liver
in removing ammonia through urea synthesis due to liver failure and porto-systemic
shunts. Skeletal muscle may plays a compensatory role in ammonia clearance[49,50]
through glutamine-synthase, which metabolize ammonia into glutamine.
Consequently, a muscle depletion may favor the ammonia accumulation.
Furthermore, any catabolic increases the glutamine release from muscle. Glutamine
metabolism in the small intestine and the kidney to glutamic acid and ammonia, may
contribute to the appearance of ammonia in portal circulation where, due to liver
failure and the shunts may lead the whole-body ammonia availability[49,51]. Moreover,
on the other hand, ammonia impairs muscle protein synthesis in part through the up
regulation of myostatin production[52], that is upregulated because skeletal muscle
removes large quantities of ammonia from the circulation [ 5 3 ] . Finally, the
mitochondrial dysfunction increases reactive oxygen species bringing to autophagy
and muscle damage. Therefore, hyperammonemia may be considered the trigger of a
vicious circle: By one side the occurrence of hyperammonemia is a consequence of
sarcopenia due to the inability of the depleted muscle to metabolize ammonia, on the
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Figure 1

Figure 1 Computed tomography images used for the muscularity assessment of patients with cirrhosis. Comparison of two cirrhotic patients with (A) and
without (B) sarcopenia. Muscle mass is highlighted in red, intra and intermuscular fat in light blue, subcutaneous fat in green and visceral fat in blue.

other side, the increase in ammonia concentrations, through the above processes,
induces further muscle wasting.
The studies in which the possible association between muscle alterations and MHE
was evaluated are summarized in Table 1. In the first one [47] , conducted on 300
hospitalized cirrhotic patients, muscle depletion was evaluated with anthropometry,
muscle function with handgrip strength and minimal HE with psychometric tests. At
multivariate analysis, muscle depletion was significantly and independently
associated with MHE. In another study MHE was found to be higher in patients with
sarcopenia than in those without and sarcopenia was an independent predictor of
MHE at multivariate analysis[54]. In a further study, a multivariate analysis showed
that the time needed to perform number connection test A (one of the tests used to
detect MHE) was independently correlated to age, Child Pugh class, malnutrition and
diabetes[55]. None of the above studies used the CT scan to determine muscle quantity
and quality. This limitation was recently filled by a prospective study which used CT
scan for the quantitative estimation of sarcopenia and myosteatosis and the
Phychometric Hepatic Encephalopathy Score (PHES) for the estimation of the
cognitive impairment in order to investigate the link between muscle quantitative
alteration and MHE. In this study both myosteatosis and sarcopenia were strongly
related to presence of MHE as well as to the development of overt HE during the
follow-up[46]. In particular, a direct correlation was found between the muscle quantity
estimated by the SMI and the psychometric performance estimated by the PHES
(more muscle = better psychometric performance) while SMI was inversely correlated
to ammonia levels. These correlations support the possibility that a reduced muscle
mass (and muscle quality) is able at least to contribute to higher ammonia levels and
to the cognitive impairment observable in cirrhotic patients. A further evidence on the
importance of muscle alteration on both ammonia level and HE is provided by a
recently published paper on the modification of muscle mass and the evolution of HE
after a transjugular intrahepatic portosystemic shunt (TIPS)[56,57]. TIPS can ameliorate
the muscle mass, at least in some patients. In this setting we described that the
patients with a muscle wasting amelioration after TIPS placement obtained an
improvement of MHE and a lower number of episodes of overt HE in the follow up
supporting a causal relationship between muscle alterations and cognitive
impairment. Ammonia was also reduced in the patients with muscle mass
amelioration and a significant correlation between muscle and ammonia
modifications after TIPS was observed. The last study, recently published by Tapper
et al [58] evaluated the cognitive impairment with the ICT, a computerized test
previously validated on cirrhotic patients. In this study, hand grip correlated strongly
with skeletal muscle area and mildly with ICT performance.

HYPOTHESIS AND FUTURE RESEARCH
Given the above background, a possible hypothetical point of view is that at least
some of the clinical effects attributed until now to the presence of MHE may be
partially or totally explained by the contemporary presence of sarcopenia. The falls,
which have been shown to be more frequent in the cirrhotic patients with MHE could
be due to sarcopenia and to their functional consequences. The same could be
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Figure 2

Figure 2 Inter-organ ammonia metabolism showing sites of ammonia generation and disposal. Yellow arrows
indicate the ammonia removed by the urea-cycle and disposed in urine. Grey pointed arrows indicate ammonia
disposed as glutamine in muscle, which is then broken down in the small intestine to ammonia. This pattern of
ammonia disposal does not lead to a net ammonia removal. Ammonia may be also produced by glutamine
breakdown in the kidney and by urea and other nitrogen compounds breakdown in the large intestine (blue dashed
arrows).

hypothesized for the reduced driven capacity and car accidents. Even the reduced
working capacity could be considered as an outcome of muscle alterations. This
hypothesis should be supported by studies in which the contemporary assessment of
the quantity, quality and functionality of the muscle mass are coupled with the
assessment of the cognitive impairment. Multivariate analysis should be used to
distinguish, at least statistically, the relative role of these two components, which are
expected to covariate. This point of view, which must be supported by adequate
observations could open a new perspective on the evaluation of the patients’ risk.
Moreover, recent studies showed an improvement of the nutritional assessment
after physical exercise in patients with cirrhosis[59-61], but no study investigated the
modifications of cognitive impairment after physical activity. Thus, the management
of cirrhotic patients could be also seen from a new perspective. In fact, the
amelioration of nutritional status may be a possible goal to decrease the prevalence of
MHE and its clinical consequences.
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Table 1 Studies evaluating the relationship between muscle alterations and minimal hepatic encephalopathy in cirrhosis
Methods to identify
sarcopenia and/or
myosteatosis

Tests to detect minimal
hepatic encephalopathy

300 hospitalized cirrhotics

Anthropometric
measurements (MAMC) and
hand grip strenghth

PHES battery (NCT-A, NCTB, LT, SDT, LTT): 5 paper
pencil tests

MHE prevalence was higher
in pts with malnutrition
compared to those without
(49% vs 30%, P < 0.001). At
multivariate analysis, only
protein malnutrition (OR
2.15, 95%CI: 1.1-4.1, P = 00.02)
and hyponatremia (OR 4.6,
95%CI: 1.9-9, P = 00.01) were
independent predictors of
MHE. Venous blood
ammonia levels resulted
significantly higher in
patients with vs those
without muscle depletion (85
± 64 vs 61 ± 46 µg/dL, P =
0.025) and in patients with vs
those without a decreased
muscle strength (81 ± 62
µg/dL vs 63 ± 45 µg/dL, P =
0.047)

Hanai et al[56], (2017)

120 cirrhotic patients

Bioelectrical impedance
analysis and hand grip
strenght

NCT-A, NCT-B, DST, BDT

The prevalence of MHE was
higher in patients with
sarcopenia than in those
without sarcopenia (P = 0.01).
In the multivariate analysis,
serum BCAA levels (OR =
2.98, 95%CI: 1.08-8.34, P =
0.03) and sarcopenia (OR
3.31, 95%CI: 1.19-9.42, P =
0.02) were found to be
associated with MHE.
Ammonia levels were similar
in sarcopenic and nonsarcopenic patients

Kalaitzakis et al[57], (2007)

128 cirrhotic patients

BMI, weight loss, MAMC and NCT-A, NCT-B
triceps skinfold

Multivariate analysis showed
that the time needed to
perform number connection
test was independently
associated to age, the
Child–Pugh score, diabetes
and malnutrition (P < 0.05).
Plasma ammonium ion was
also related to BMI (r = 0.26,
P = 0.006) and to muscle mass
expressed as mid-arm muscle
circumference (r = 0.28, P =
0.003) but not to fat mass
expressed as triceps skin-fold
thickness (r = 0.02, NS)

Nardelli et al[22], (2019)

89 cirrhotic patients

CT scan to evaluate
sarcopenia and myosteatosis

Both myosteatosis (62.5% vs
12.5%, P < 0.001) and
sarcopenia (84% vs 31%, P <
0.001) were more frequent in
patients with MHE. At
multivariate analysis, the
variables independently
associated to the presence of
MHE were: sarcopenia,
previous overt HE and
myosteatosis. Venous
ammonia was significantly
higher in patients with
sarcopenia (62.6 ± 17.7 μg/dL
vs 41.4 ± 16.1 μg/dL, P <
0.001) and in patients with
myosteatosis (65.2 ± 19.2
μg/dL vs 46.7 ± 17.1 μg/dL, P
< 0.001) and inversely
correlated to both parameters

First author (year)

Number of patients

Merli et al[23], (2013)
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Gioia et al[25], (2019)

27 cirrhotic patients
submitted to TIPS

CT scan to evaluate
sarcopenia and myosteatosis
before and after TIPS

PHES battery (NCT-A, NCTB, LT, SDT, LTT): 5 paper
pencil tests

PHES and ammonia
significantly improved in the
patients with amelioration in
Skeletal Muscle Index (SMI) >
10% (n = 16) and not in those
without (n = 11) (PHES: -1.6 ±
2 vs -4.8 ± 2.1, P = 0.0005;
ammonia: 48.5 ± 28.7 μg/dL
vs 96 ± 31.5 μg/dL, P =
0.0004). Moreover, the
prevalence of minimal HE
(12.5% vs 73%, P = 0.001) was
significantly reduced in
patients with muscle
improvement

Tapper et al[58], (2019)

106 cirrhotic patients

Anthropometric
measurements (MAMA),
hand grip strenght and CT
scan to evaluate muscle
assesment

ICT

Hand grip correlated strongly
with skeletal muscle area
(correlation coefficient 0.64, P
< 0.001) and mildly with ICT
performance (0.34, P = 0.002)

MHE: Minimal hepatic encephalopathy; HE: Hepatic encephalopathy; NCT-A: Number connection test part A; NCT-B: Number connection test part B;
LTT: Line tracing test; SDT: Symbol digit test; ICT: Inhibitory control test; TIPS: Transjugular intrahepatic portosystemic shunt; PHES: Phychometric
Hepatic Encephalopathy Score; CT: Computed tomography; NS: Not significant; BMI: Body mass index.
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Abstract
BACKGROUND
Hepatitis B virus (HBV) has been recognized as a leading cause of hepatocellular
carcinoma (HCC). Numerous reports suggest that immune infiltration can
predict the prognosis of HCC. Nonetheless, no creditable markers for prognosis
of HBV-related HCC have been established by systematically assessing the
immune-related markers based on tumor transcriptomes.
AIM
To establish an immune-related marker based on the cell compositions of
immune infiltrate obtained based on tumor transcriptomes, so as to enhance the
prediction accuracy of HBV-related HCC prognosis.
METHODS
RNA expression patterns as well as the relevant clinical data of HCC patients
were obtained from The Cancer Genome Atlas. Twenty-two immunocyte fraction
types were estimated by cell type identification by estimating relative subsets of
RNA transcripts. Subsequently, the least absolute shrinkage and selection
operator (LASSO) Cox regression model was employed to construct an
immunoscore based on the immunocyte fraction types. Afterwards, the receiver
operating characteristic (ROC) curve, Kaplan-Meier, and multivariate Cox
analyses were performed. Additionally, a nomogram for prognosis that
integrated the immunoscore as well as the clinical features was established.
Meanwhile, the correlation of immunoscore with immune genes was also
detected, and gene set enrichment analysis (GSEA) of the immunoscore was
conducted.
RESULTS
A total of 22 immunocyte fraction types were predicted and compared among the
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tumor as well as non-tumor samples. An immunoscore was constructed through
adopting the LASSO model, which contained eight immunocyte fraction types.
Meanwhile, the areas under the ROC curves for the immunoscore biomarker
prognostic model were 0.971, 0.912, and 0.975 for 1-, 3-, and 5-year overall
survival (OS), respectively. Difference in OS between the high-immunoscore
group and the low-immunoscore group was statistically significant [hazard ratio
(HR) = 66.007, 95% confidence interval (CI): 8.361-521.105; P < 0.0001]. Moreover,
multivariable analysis showed that the immunoscore was an independent factor
for predicting the prognosis (HR = 2.997, 95%CI: 1.737-5.170). A nomogram was
established, and the C-index was 0.757 (95%CI: 0.648-0.866). The immunoscore
showed a significant negative correlation with the expression of PD-1 (P = 0.024),
PD-L1 (P = 0.026), PD-L2 (P = 0.029), and CD27 (P = 0.033). Eight pathways were
confirmed by GSEA.
CONCLUSION
The established immunoscore can potentially serve as a candidate marker to
estimate the OS for HBV-related HCC cases.
Key words: Immune risk score; Hepatitis B virus; Hepatocellular carcinoma; Prognostic
signature; Cell type identification by estimating relative subsets of RNA transcripts
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepatitis B virus (HBV) infection is epidemiologically related to hepatocellular
carcinoma (HCC) development. Immune cells have been recognized to play crucial roles
in the prognosis of various types of cancers, including HCC. The immune signature for
HBV-related HCC remains unknown. In this study, we explored the proportions of
immunocytes, and constructed a robust immune signature to predict the prognosis. These
results might contribute to risk stratification and facilitate individualized clinical
approach for HBV-related HCC.

Citation: Chen QF, Li W, Wu PH, Shen LJ, Huang ZL. Significance of tumor-infiltrating
immunocytes for predicting prognosis of hepatitis B virus-related hepatocellular carcinoma.
World J Gastroenterol 2019; 25(35): 5266-5282
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5266.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5266

INTRODUCTION
Although the screening, diagnostic, and therapeutic techniques for hepatocellular
carcinoma (HCC) have progressed, it remains a major cause of cancer-related death
worldwide, with dismal clinical outcomes [ 1 ] . Hepatitis viruses have been
epidemiologically related to HCC development[2,3], of which hepatitis B virus (HBV)
has been recognized as a major factor for HCC in Asian countries[4]. Typically, HBV
infection is more prevalent in Eastern Asia, such as China, where over two-thirds of
patients are detected[5].
Although the etiological link between HBV and HCC has been well established, the
effect of immunocytes on tumor-related microenvironment remains largely unclear.
The tumor-infiltrating lymphocytes can serve as prognostic factors for HCC, and are a
research hotspot[6,7]. Nonetheless, the non-lymphocyte immunocytes have also been
recognized to play crucial roles in prognosis of various types of cancers[8]. Therefore, it
is critical to comprehensively predict the immune-related prognosis.
The traditional approaches to measure immune infiltrate in tumors, like
immunohistochemistry (IHC) and flow cytometry, cannot thoroughly evaluate the
immune functions of various types of cells or effectively distinguish closely related
cell populations, since few immune markers can be simultaneously detected using the
existing technology. In recent years, the algorithm cell type identification by
estimating relative subsets of RNA transcripts (CIBERSORT), known as the metagene
means, is recognized as the method with the highest accuracy. Typically, CIBERSORT
can accurately estimate 22 human immunocyte phenotypes[9].
This study explored the proportions of immunocytes by appropriately selecting
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HBV-related HCC cases, so as to identify candidate immune biomarkers using The
Cancer Genome Atlas data. The least absolute shrinkage and selection operator
(LASSO) algorithm was employed to determine key immunocytes. Thereafter, a HCC
immunoscore system was formulated, aiming to establish an immune-related marker
that could be used to predict the survival of HBV-related HCC patients.

MATERIALS AND METHODS
Patient datasets and processing
Data were downloaded from the TCGA database. The data transfer tool of the
Genomic Data Commons applications was employed to download gene expression
profiles as well as clinical information of HCC patients (https://tcgadata.nci.nih.gov/). HCC patients with seroprevalence of hepatitis B surface antigen
(HBsAg) were included. Among them, 58 patients were HBV-related, but patients
with CIBERSORT P ≥ 0.05 were excluded (n = 5), leaving 53 HCC cases in the final
cohort for analysis. The flow chart for this analysis is shown in Figure 1. A total of 53
HBV-related HCC cases were enrolled for comprehensive integrated and functional
analyses. The mRNA expression in HCC samples was derived from the Illumina
HiSeq RNASeq platform and normalized based on TCGA. All data were publicly
available and open access. Hence, approval from the ethics committee was not
required. All data were processed in accordance with the guidelines from data access
policy as well as the NIH TCGA human subject protection (http://cancergenome.nih.
gov/publications/publicationguidelines).

Immunocyte type fraction estimation
The CIBERSORT method was used to quantify immunocyte fractions[9], which could
sensitively and specifically distinguish 22 phenotypes of human hematopoietic cells.
Pornpimol et al[10,11] had used the deconvolution method through the CIBERSORT tool,
with the threshold set at P < 0.05; their results suggested that CIBERSORT could
accurately predict the immunocyte population fractions. Hence, only those possessing
the CIBERSORT P < 0.05 were deemed as eligible in subsequent analysis. Moreover,
the immunocyte proportions were separately estimated for 76 samples. For all
samples, each estimate of immunocyte type fractions added up to be 1.

Immunoscore signature construction
The optimal threshold for each immunocyte fraction was generated using the
survminer package. Then, the value of immunocyte fraction was assigned as 0 or 1;
specifically, the value 0 was given to the cell type fraction below the corresponding
threshold, otherwise the value 1 was assigned. The correlation of each immunocyte
expression with the overall survival (OS) of patients was calculated using the
univariate Cox model. Then, the immunocytes were screened, followed by verification
through LASSO regression using “glmnet” package in R project. Finally, an
immunoscore was constructed based on immunocytes by linearly combining the
multiplication of regression model (β) by expression level as follows: Immunoscore =
β1 × immunocyte 1 expression level + β2 × immunocyte 2 expression level + ····· + βn
× immunocyte n expression level. In addition, the time dependent receiver operating
characteristic (ROC) curves were employed to evaluate the accuracy of prognosis
prediction in five years, which was achieved by the comparisons of sensitivity as well
as specificity in predicting the survival using the immunoscore.

Confirmation of the immunoscore signature
The patients were distributed based on the immunoscore and their survival
information. Furthermore, all cases were classified into a high- or low-risk group
according to the immunoscore threshold. In addition, related Kaplan-Meier survival
curves for patients with high or low predicted risk were plotted. Thereafter,
univariate as well as multivariate Cox proportional hazard regression analyses were
performed. We developed a nomogram with “rms” package in R project. The
prognosis prediction accuracy of the nomogram was verified for discrimination and
calibration. Each test was two-sided, and a difference of P < 0.05 was deemed
statistically significant. The R (version 3.4.1; R Foundation) software was adopted for
all analyses.

Functional analysis of the prognostic immunoscore
Inhibitory checkpoint molecules can be potentially used in numerous cancer types,
which are thereby recognized as the immunotherapy targets for cancer. The
correlations of the immunoscore with corresponding genes were further investigated.
In addition, the correlation of the immunoscore with the determined immune markers
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Figure 1

Figure 1 General design of this study.

was analyzed through Pearson’s correlation analysis based on their expression levels.
The mechanisms underlying “Molecular Signatures Database” for the
c2.cp.kegg.v6.2.symbols were investigated according to gene set enrichment analysis
(GSEA)[12] with JAVA procedure (http://software.broadinstitute.org/gsea/index.jsp).
The random sample permutation number was deemed at 1000 and a significant level
was P < 0.05.

RESULTS
Patient characteristics and composition of immunocytes
Detailed patient characteristics are listed in Table 1. The immunocyte compositions of
cancer and normal tissues were analyzed. Figure 2A summarizes immunocyte
composition in the entire cohort. Resting CD4 memory T cells ranked the first,
accounting for 25% on average; while CD4 naive T cells and gamma delta T cells were
not detected. Heatmap summarizing the distribution of immunocytes was also
plotted (Figure 2B). Various immunocyte subpopulation fractions showed a low to
moderate correlation (Figure 2C). Relative to para-carcinoma tissues, higher
proportions of regulatory T cells as well as resting dendritic cells could be detected in
cancer tissues, along with lower proportions of plasma cells, resting NK cells, M2
macrophages, and neutrophils (Figure 2D, P < 0.05).

Immunoscore derivation
Table 2 displays the thresholds of all cell types. Figure 3A presents the forest plot of
the correlation of 18 immunocyte subsets with OS. Through the LASSO algorithm
(Figure 3B and C ), eight types of immunocytes (including plasma cells, naive B cells,
CD4 memory resting T cells, M1 macrophages, activated NK cells, resting dendritic
cells, M2 macrophages, and neutrophils) were selected to build the prognostic
immunoscore model. The immunoscore was calculated according to the formula:
(2.764 × fraction level of naive B cells) - (0.371 × fraction level of plasma cells) + (1.694
× fraction level of resting CD4 memory T cells) + (21.45 × fraction level of activated
NK cells) + (1.669 × fraction level of M1 macrophages) - (1.649 × fraction level of M2
macrophages) + (0.504 × fraction level of resting dendritic cells) + (3.647 × fraction
level of neutrophils). Moreover, the immunoscore prognosis performance, as the
continuous variable, was also studied within the cohort through time-dependent ROC
analysis. The areas under the curves of the immunoscore biomarker prognostic model
were 0.971, 0.912, and 0.975 for 1-, 3-, and 5-year OS, respectively (Figure 3D).
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Table 1 Baseline patient characteristics
Variable

Number (n)

Percent (%)

53

100

Male

31

58.5

Female

22

41.5

White

33

62.3

Others

20

37.7

I

18

34.0

II

16

30.2

III

14

26.4

IV

5

9.4

I

5

9.4

II

25

47.2

III

22

41.5

IV

1

1.9

Age

60.1 ± 15.4

Gender

Race

Grade

Stage

Grade: Neoplasm histologic grade; Stage: TNM stage.

Confirmation of the immunoscore
The patients were distributed based on the immunoscore and their survival
information (Figure 4A). Subsequently, the patients were classified into high vs low
immunoscore groups according to the threshold (36.47) acquired using survminer
package. The Kaplan-Meier curves for both groups are presented in Figure 4B. The
patients with a high immunoscore were associated with worse OS than those with a
low immunoscore [hazard ratio (HR) = 66.007, 95% confidence interval (CI): 8.361521.105; P < 0.0001]. The HR of the immunoscore was 2.010 (95%CI: 1.487-2.716) based
on the univariate Cox proportional hazard regression model, and similar results were
obtained from the multivariate Cox proportional hazard regression model (HR =
2.997, 95%CI: 1.737-5.170) after adjustment for clinical covariables (Table 3).
Additionally, a prognostic nomogram incorporating the above prognostic factors
for visualization and prediction was built to identify a composite factor to predict the
prognosis for HCC cases (Table 3). Notably, the nomogram was constituted by six
factors (Figure 5A), with a C-index of 0.757 (95%CI: 0.648-0.866). Meanwhile, the 1-, 3-,
and 5-year calibration curves of the recurrence probability were consistent between
predicted values by the nomogram and measured values (Figure 5B-D).

Functional analysis of the prognostic immunoscore
Gene expression profiles were examined for exploring the potential immunoscore
model-related biological phenotypes. First, the correlation of the immunoscore with
the screened immune-related gene expression was particularly emphasized. Figure 6
displays the significant negative correlations of the immunoscore with programmed
death (PD)-1 (P = 0.024), PD-L1 (P = 0.026), PD-L2 (P = 0.029), and CD27 (P = 0.033)
expression. Second, GSEA was performed for illustrating the biological roles for the
prepared immunoscore model (Supplemental Table 1). The highly expressed genes
showed significant enrichment in pathways including glycosaminoglycan chondroitin
sulfate biosynthesis, proximal tubule bicarbonate reclamation, focal adhesion,
autoimmune thyroid disease, the Notch signaling pathway, basal transcription
factors, DNA replication, and homologous recombination (Figure 7).

DISCUSSION
The CIBERSORT was utilized for the quantification of composition of 22 immunocytes
for HBV-related HCC. Furthermore, the immunoscore was developed, which was
based on eight immunocyte fractions and served as a new tool to predict the
prognosis of HBV-related HCC survival. The prognostic significance of the
immunoscore signature was confirmed by the time-dependent ROC curve, Kaplan-
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Figure 2 Immune infiltrate landscape for hepatitis B virus-related hepatocellular carcinoma. A: Immune infiltrate composition in each sample. B: Heatmap
showing the 20 fractions of immunocytes, where the horizontal axis displays samples that were classified as two leading clusters; C: Correlation matrix for the 20
immunocyte proportions as well as the immunocyte lytic activity. Variables were sorted according to the mean linkage clustering; D: Violin plot showing differential
expression of 20 immunocytes. bP < 0.01, cP < 0.001. NS: Not significant.

Meier, and Cox regression analyses. The results suggested that the established
immunoscore system displayed favorable accuracy for estimating OS of HBV-related
HCC by nomogram analysis. Further functional analysis uncovered several immune
checkpoints and pathways that played crucial roles in the immunoscore system
during the progression of HCC.
There are few available immunoscore-based models for the prognosis of HCC. In
2015, Sun et al[13] confirmed that center tumor CD8+ T cells could predict the prognosis
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Table 2 Thresholds for immunocyte fractions
Cell type

Cut-off value

B cells naive

0.107

B cells memory

0

Plasma cells

0.010

T cells CD8

0.020

T cells CD4 memory resting

0.157

T cells CD4 memory activated

0

T cells follicular helper

0.054

T cells regulatory

0.108

NK cells resting

0.002

NK cells activated

0.035

Monocytes

0.082

Macrophages M0

0.067

Macrophages M1

0.030

Macrophages M2

0.131

Dendritic cells resting

0.039

Dendritic cells activated

0.002

Mast cells resting

0.074

Mast cells activated

0

Eosinophils

0

Neutrophils

0.013

for HCC patients, and were a valuable marker for predicting patient survival and
tumor recurrence. However, only CD3+ and CD8+ T cells were measured by IHC in
their research. Similarly, in 2016, Gabrielson et al[14] concluded that immunoscore as
well as PD-L1 expression could be used as valuable markers to predict the prognosis
for HCC patients undergoing resection of primary tumor. However, regarding
etiology of HCC, only 16.9% (11/65) of cases suffered from HBV infection in their
study. In 2016, Petrizzo demonstrated that immunoscore was a meaningful marker to
predict the prognosis for HCC patients undergoing resection for primary tumor[15].
However, 65 HCC patients with unknown virus condition were reviewed in that
study, and IHC was only performed with anti-CD3, CD8, and PD-L1 monoclonal
antibodies. In 2017, Yao et al[16] conducted a cohort study by recruiting 92 consecutive
HBV-HCC patients, and concluded that the immunoscore classification showed close
relation to patient outcome. However, only CD3+, CD8+, and CD45RO+ T cells were
measured by IHC in that study.
The current study was superior to previous studies examining the prognosis value
of immunoscore for HCC in several aspects. First, assessing CD3+ and CD8+
lymphocytes alone could not comprehensively represent local immune status. Prior
research was limited by its narrow view of immunological reaction due to technical
limitations, and immunocytes were evaluated through IHC based on a single surface
marker, which was ineffective for distinguishing the tightly correlated cell types, since
numerous marker proteins would be expressed among various types of cells.
Technically, IHC is limited to existing phenotypic markers, and may lead to
inconsistent findings in clinical studies. However, using transcriptomic data for
computationally describing tumor microenvironment can serve as a promising tool to
overcome the technical limitations related to IHC, and can be more readily employed
for the further characterization of 22 different immune populations than IHC. Second,
homogeneity in the case cohort was largely enhanced through pre-analysis case
selection. Viral and non-viral HCC were suggested to be associated with different
prognoses, and different treatment strategies were recommended; therefore, they
must be distinctively analyzed to develop the models for prognosis[17-20]. In contrast to
previous studies that combined viral and non-viral related HCC, the current study
was conducted in HBV-positive patients only. Third, in terms of the methodology,
LASSO penalized regression could increase the accuracy of bioinformatic analysis,
and allowed for simultaneous analysis of each independent variable to select the most
valuable parameters[21]. Therefore, such approach would show much higher accuracy
than stepwise regression of the multivariate Cox model[22]. Fourth, an easy-to-use
nomogram model based on Cox analysis was constructed in our meticulously chosen
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Figure 3 Immunoscore model construction. A: Forest plots presenting the relationships of various immunocyte subpopulations with overall survival, in which the
unadjusted hazard ratios as well as the corresponding 95% confidence intervals are displayed; B: Coefficient profiles of 20 immunocyte type fractions using the least
absolute shrinkage and selection operator (LASSO); C: 10-fold cross-validation to select parameters for LASSO model, which can determine the cell type numbers
adopted for LASSO model; D: Immunoscore determined using the time dependent receiver operating characteristic curves. For the 1-, 3-, and 5-year OS, the AUCs
for the immunoscore were 0.971, 0.912, and 0.975, respectively. aP < 0.05. LASSO: Least absolute shrinkage and selection operator; AUC: Areas under the curve.

patient cohort with clinicopathological characteristics that might facilitate
individualized prediction of patients.
Immune checkpoint inhibitors have shown significant therapeutic responses to
tumors. Clinical trials of antibodies targeting the immune checkpoint inhibitors to
treat advanced HCC are ongoing[23]. Our results showed that the immunoscore was
negatively correlated with PD-1, PD-L1, PD-L2, and CD27 (Figure 6). There are two
ligands for PD-1 receptor, namely, PD-L1 and PD-L2[24,25]. Our previous studies found
that excessive PD-1-positive intratumoral lymphocytes could predict the cytokineinduced killer cell survival benefits for HCC patients[26], and serum soluble PD-1 and
PD-L1 can independently predict the prognosis for HCC patients in distinct ways[27].
CD27 is a cytokine that facilitates naive T cell expansion specific to antigen, which is
of vital importance to generate T cell memory[28]. Moreover, pathway enrichment
analysis suggested that such immunocytes could affect HCC genesis as well as
progression by eight pathways whose biological functions have been previously
reported in HCC. Most of these pathways are canonical and crucial, which participate
in HCC genesis as well as progression.
This study had several limitations. First, information, such as acute infection,
immune system diseases, as well as anti-inflammatory drugs, could not be obtained
since this study was conducted based on the publicly available datasets, and this
could potentially result in error or bias. Second, each case was retrospectively chosen,
so an underlying bias may exist related to the imbalanced clinicopathological
characteristics with treatment heterogeneity. Third, all data were downloaded from
Western countries to establish the models, so the findings should be cautiously
applied to the Asian population. Finally, further large-sample research is needed for
external validation of our results.
In summary, this study uncovered the immunocyte signature in HBV-related HCC.
The proposed immunoscore model may comprehensively provide the required
clinical data to improve the personalized treatment for HBV-related HCC cases.
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Table 3 Cox regression analysis for overall survival-related clinicopathological features
Parameter

Univariate analysis

Multivariate analysis

HR (95%CI)

P-value

HR (95%CI)

P-value

Risk_score

2.010 (1.487-2.716)

< 0.001

2.997 (1.737-5.170)

< 0.001

Age

1.022 (0.985-1.060)

0.255

1.091 (1.024-1.162)

0.007

Gender (vs male)

1.001 (0.404-2.479)

0.999

0.727 (0.215-2.459)

0.608

Race (vs white)

1.369 (0.470-3.992)

0.565

0.905 (0.195-4.208)

0.899

Grade (vs I/II)

1.800 (0.743-4.359)

0.193

0.987 (0.327-2.975)

0.981

Stage (vs I/II)

2.161 (0.865-5.400)

0.099

10.182 (2.251-46.058)

0.003

Grade: Neoplasm histologic grade; Stage: TNM stage; HR: Hazard ratio; CI: Confidence interval.

Figure 4

Figure 4 Verification of the immunoscore signature to predict the prognosis for hepatitis B virus-related hepatocellular carcinoma. A: The vital status and
overall survival were distributed based on the immunoscore; B: Kaplan-Meier curve regarding the overall survival of high- vs low- immunoscore groups.
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Figure 5

Figure 5 Construction of the nomogram. A: Nomogram to predict the 1-, 3-, and 5-year overall survival of hepatitis B virus-related hepatocellular carcinoma
patients based on the immunoscore and clinicopathological parameters; Calibration curves for predicting patient survival at 1 (B), 3 (C), and 5 (D) years.
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Figure 6

Figure 6 Scatter plots describing the relationship of immunoscore with the expression of immune checkpoint regulators, including PD-1 (A), PD-L1 (B),
PD-L2 (C), and CD27 (D).
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Figure 7 Gene set enrichment analysis delineating the biological pathways related to the immunoscore values using the “c2.cp.kegg.v6.2.symbols” gene
sets.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a common subtype of liver cancer, which has become a
serious health threat worldwide. Hepatitis B virus (HBV) has been identified as a leading cause
of HCC. Increasing evidence indicates that cancer immune infiltration is associated with clinical
outcomes. However, no credible prognosis signature for HBV-associated HCC has been
constructed through systemically assessing bulk tumor transcriptomic immune landscape.

Research motivation
Tumor-infiltrating immunocytes represent a vital prognosis clue in HBV-associated HCC
patients. In this study, a new immune model for HBV-associated HCC cases was developed
through systematically assessing the bulk tumor transcriptomic immune landscape.

Research objectives
The current research aimed to establish a prognosis-related immune signature based on bulk
tumor transcriptome-derived immune infiltrate compositions, thus improving the prognosis
prediction accuracy for HBV-associated HCC.

Research methods
The fractions of 22 immunocyte types extracted based on public datasets were predicated using
the cell type identification by estimating relative subsets of RNA transcripts (CIBERSORT)
algorithm. Furthermore, an immunoscore was calculated based on immunocyte type fractions by
the least absolute shrinkage and selection operator (LASSO) model.

Research results
The immunoscore constituted by eight immunocyte type fractions was constructed by adopting
the LASSO model, which displayed a high sensitivity and specificity for overall survival (OS),
and the areas under the curves for the 1-year, 3-year, and 5-year OS were 0.971, 0.912, and 0.975,
respectively. Difference in OS between the low-immunoscore and high-immunoscore groups
was statistically significant. Additionally, a nomogram was established to expand the applied
range of the model, which included the immunoscore as well as other clinical characteristics. The
related pathways were enriched through gene set enrichment analysis.

Research conclusions
The established immunoscore showed high prognosis prediction accuracy for patients with
HBV-associated HCC, which may facilitate the risk stratification and provide valuable clinical
suggestions for individual cases.

Research perspectives
Findings of this study suggested that the tumor-infiltrating immunocytes could be used as
promising biomarkers to predict the prognosis for HBV-associated HCC patients. This forms the
framework for identification of efficient prognosis predictors and molecular biomarkers for HCC
patients in the future.
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Abstract
BACKGROUND
Highly upregulated in liver cancer (HULC) is a long non-coding RNA (lncRNA)
which has recently been identified as a key regulator in hepatocellular carcinoma
(HCC) progression. However, its role in the secretion of exosomes from HCC
cells remains unknown.
AIM
To explore the mechanism by which HULC promotes the secretion of exosomes
from HCC cells.
METHODS
Serum and liver tissue samples were collected from 30 patients with HCC who
had not received chemotherapy, radiotherapy, or immunotherapy before surgery.
HULC expression in serum exosomes and liver cancer tissues of patients was
measured, and compared with the data obtained from healthy controls and
tumor adjacent tissues. The effect of HULC upregulation in HCC cell lines and the
relationship between HULC and other RNAs were studied using qPCR and dualluciferase reporter assays. Nanoparticle tracking analysis was performed to
detect the quantity of exosomes.
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RESULTS
HULC expression in serum exosomes of patients with HCC was higher than that
in serum exosomes of healthy controls, and HULC levels were higher in liver
cancer tissues than in tumor adjacent tissues. The expression of HULC in serum
exosomes and liver cancer tissues correlated with the tumor-node-metastasis
(TNM) classification, and HULC expression in tissues correlated with that in
serum exosomes. Upregulation of HULC promoted HCC cell growth and
invasion and repressed apoptosis. Notably, it also facilitated the secretion of
exosomes from HCC cells. Moreover, qPCR assays showed that HULC repressed
microRNA-372-3p (miR-372-3p) expression. We also identified Rab11a as a
downstream target of miR-372-3p. Dual-luciferase reporter assays suggested that
miR-372-3p could directly bind both HULC and Rab11a.
CONCLUSION
Our findings illustrate the importance of the HULC/miR-372-3p/Rab11a axis in
HCC and provide new insights into the molecular mechanism regulating the
secretion of exosomes from HCC cells.
Key words: Long non-coding RNA; Exosomes; Hepatocellular carcinoma; miR-372-3p;
Rab11a
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We found that (1) HULC expression was higher in serum exosomes of patients
with HCC than in those of healthy controls, and higher in liver cancer tissues than in
tumor adjacent tissues; (2) HULC expression in serum exosomes and liver cancer tissues
were correlated with the TNM classification, and HULC expression in tissues was
correlated with that in serum exosomes; (3) Increased HULC expression was associated
with increased proliferation and invasion and reduced apoptosis of HCC cells; and (4)
HULC repressed miR-372-3p expression, and miR-372-3p could directly bind both
HULC and Rab11a. Furthermore, the HULC/ miR-372-3p /Rab11a axis promoted the
secretion of exosomes from HCC cells.

Citation: Cao SQ, Zheng H, Sun BC, Wang ZL, Liu T, Guo DH, Shen ZY. Long non-coding
RNA highly up-regulated in liver cancer promotes exosome secretion. World J Gastroenterol
2019; 25(35): 5283-5299
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5283.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5283

INTRODUCTION
Hepatocellular carcinoma (HCC) is a malignant tumor with high mortality, and more
than 700000 patients with HCC die every year worldwide. Tumor invasion,
metastasis, and recurrence are the main causes of death in these patients[1]. Despite
advances in the understanding of the molecular mechanisms underlying HCC and
improved therapeutic methods to treat this disease, the 5-year overall survival (OS)
for patients with HCC is still unsatisfactory[2].
Long noncoding RNAs (lncRNAs) are transcribed RNAs that regulate gene
expression through various mechanisms. LncRNAs exert vital roles in many processes
such as transcriptional control, posttranscriptional regulation, and epigenetic
regulation[3]. In recent years, it has been demonstrated that several lncRNAs play an
important role in the progression of HCC[4]. One of these lncRNAs is HULC, located
on chromosome 6p24.3, which was found to be highly expressed in HCC tissue by
Panzitt in 2007[5]. HULC transcription produces an RNA of approximately 500 nt that
is located in the cytoplasm and participates in the development of HCC[6]; it acts as a
competitive endogenous RNA (ceRNA), which regulates mRNA through competitive
miRNA sharing. For example, HULC, in combination with miR-15a, inhibits PTEN
expression and participates in autophagy to promote the progression of HCC[7]. Via
sequestrating miR-124, HULC participates in endothelial cell angiogenesis[8]. However,
the mechanism of HULC-mediated invasion and metastasis of HCC remains unclear.
In recent years, exosomes have become a research hotspot, and they have been
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found to be closely related to tumor progression [9] . Exosomes are membranous
structures derived from cells that play various roles in normal physiology[10]. In
cancer, exosomes have been shown to contribute to essential cancer-related processes
such as sustaining the proliferative signalling, evading growth suppression, resisting
cell death, enabling replicative immortality, inducing angiogenesis, promoting
genome instability and mutations, increasing tumor-promoting inflammation, and
especially activating invasion and metastasis. In the tumor, exosomes participate in
basic cancer-related processes such as promoting cancer cell proliferation, reducing
apoptosis, achieving replication immortality, inducing angiogenesis, promoting
genomic instability and mutations, increasing tumors and promoting inflammation,
and especially activating tumors. For example, exosomal miR-335 could be a novel
therapeutic strategy for HCC [11] . Tumor-derived exosomes could elicit tumor
suppression in murine HCC models and humans in vivo[12]. Additionally, exosomes
are frequently released by tumor cells and may facilitate the communication between
the primary tumor and its local microenvironment[13]. The link between HULC and
exosomes in tumor genesis and development has not been clarified to date.
In this study, we investigated the expression of HULC in serum-derived exosomes
and hepatic tissues, analysed the correlation between HULC expression and other
RNAs, and demonstrated the mechanism of action of HULC in HCC. Increased HULC
expression was associated with increased proliferation and invasion, and reduced
apoptosis of HCC cells. HULC was found to function as a ceRNA of miR-372-3p,
which, in turn, inhibits the expression of Rab11a. Rab proteins are key regulators of
intracellular membrane trafficking, and Rab11a has been reported to promote
exosome secretion[14,15]. Thus, HULC induces exosome secretion and contributes to
tumor growth and metastasis.

MATERIALS AND METHODS
Subjects
Serum samples and tissues (n = 30) and paired adjacent liver tissues (n = 30) were
obtained from patients with HCC who underwent surgery at the Tianjin First Central
Hospital (China) from January to August 2017. Normal human serum was taken from
patients undergoing a physical examination at the Tianjin First Central Hospital
(China). All our patients had hepatitis B virus associated cancer with cirrhosis. The
average age of the patients was 53.9 ± 16.2 years. Patient clinical data are shown in
Table 1. Tumor differentiation and TNM stage were assessed based on the WHO
grading system. Each HCC case was confirmed by histopathological diagnosis. Blood
samples from the patients were taken one week before surgery. Tissue samples were
taken from the resected HCC tissues and tumor-adjacent liver tissues
(histopathological diagnosis confirmed that the tumor had not invaded the adjacent
tissues). The serum and tissue samples were immediately stored at -80 °C before use.
This study was approved by the Tianjin First Central Hospital Medical Ethics
Committee, and all patients provided written informed consent for the use of their
samples for clinical research.
The inclusion criteria were: (1) Patients with complete clinical data; and (2) Patients
had not received chemotherapy, radiotherapy, or immunotherapy before surgery. The
exclusion criteria were: (1) Lack of clinical data; (2) Area of necrosis in the tumor
tissue > 60%; and (3) Presence of additional malignant tumors.

Cell culture
Human HCC cell lines (HepG2 and SMMC7721) and a normal hepatic cell line (LO2)
were purchased from the Institute of Biochemistry and Cell Biology of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured in DMEM or RPMI-1640
(GIBCO, Grand Island, NY, United States) containing 10% foetal bovine serum (FBS;
BioWest, Nuaille, France), and 1% bivalent antibiotics (Hyclone, South Logan, UT,
United States). Cells were incubated at 37 °C with 5% CO2.

Exosome extract
Exosomes were isolated from HCC cells as follows. Exosome-depleted FBS was
obtained by ultracentrifugation at 110000 g (CP80MX; HITACHI, Japan) for 16 h and
used for culturing HCC cells. HCC cell culture medium supernatants were collected
after incubation for 48 h, and then centrifuged at 10000 g for 40 min to remove HCC
cell debris. Supernatants were filtrated through a 0.22 μm-pore filter (Millipore). The
ExoQuick solution (EXOTC10A-1, System Biosciences, Mountain View, United States)
was added to the filtered solution at a 1:5 ratio. The mixed solution was stored at 4 °C
for 12 h, and then centrifuged at 1500 g for 30 min. The supernatants were discarded,
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Table 1 Relationship between expression of long non-coding RNA highly up-regulated in liver cancer and clinicopathological factors in
patients with hepatocellular carcinoma
Clinicopathological factor

Number of patients (n = 30)

HULC in serum 2
χ
exosomes
High

Pvalue

Low

Age (yr)

HULC in HCC
tissue
High

0.391

0.532

18

11

7

12

8

> 55

12

7

5

5

5

0.370

0.492

Female

21

11

7

13

8

Male

9

6

6

4

5

5

5

10

10

2.323

Tumor size (cm)
≤5

10

4

6

>5

20

11

9
2.224

Tumor differentiation

0.124

0.115

Well/moderate

21

12

9

11

8

Poor

9

5

4

6

5

I-II

10

5

5

4

6

III-IV

20

11

9

12

8

4.812

Clinical stage (TNM)

Pvalue

0.382

0.497

0.365

0.592

2.225

0.126

2.356

0.098

4.924

0.026

Low

≤ 55

sex

χ2

0.032

HULC: Highly upregulated in liver cancer; HCC: Hepatocellular carcinoma; TNM: Tumor-node-metastasis.

and the precipitate (containing the exosomes) was dissolved in phosphate buffered
saline (PBS).
Exosomes were isolated from patients’ serum as follows. The serum was filtrated
through a 0.22 μm-pore filter (Millipore). The ExoQuick solution (EXOQ5A-1, System
Biosciences, Mountain View, United States) was added to the filtered solution at a 1:4
ratio. The mixed solution was stored at 4 °C for 12 h, and then centrifuged at 1500 g
for 30 min. The supernatants were discarded, and the precipitate (containing the
exosomes) was dissolved in PBS.

Transfection
HULC (HULC over-expression plasmid), HULC-NC (HULC over-expression normal
control plasmid), HULC-siRNA (HULC low-expression plasmid), HULC-siRNA-NC
(HULC low-expression control plasmid), miRNA-372-3p (miRNA-372-3p overexpression plasmid), miRNA-372-3p inhibitor, WT-HULC (HULC wild type luciferase
reporter plasmid), MUT-HULC (HULC mutant luciferase reporter plasmid), WTRab11a (Rab11a wild type luciferase reporter plasmid), and MUT-Rab11a (Rab11a
mutant luciferase reporter plasmids) (Genechem, Shanghai, China) were used for
transfection experiments. HepG2 and SMMC7721 cells were seeded in 6-well plates
and transfected with HULC inhibitors or plasmids causing HULC overexpression,
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The transfected cells were incubated for 48 h before
analysis.

Western blot analysis
Protein samples were collected from cells or exosomes in RIPA lysis buffer (Solarbio,
Beijing, China). The processed protein samples were separated by 10%
SDS–polyacrylamide gel electrophoresis (SDS-PAGE), transferred to 0.22 μm PVDF
membranes (Millipore), and incubated with primary antibodies against CD63,
TSG101, Rab11a, and GAPDH (Abcam, Cambridge, MA, United States) at 4 °C. The
secondary antibody was goat anti-rabbit antibody (Abcam, Cambridge, MA, United
States) and incubation was performed at 24 °C. Chemiluminescence reagent
(Millipore) was used to detect the proteins.

Nanoparticle tracking analysis (NTA)
NTA with a ZetaView PMX (Particle Metrix, Dusseldorf, Germany) was used to
measure concentration, mean particle size, and distribution of exosomes. Exosomes
were resuspended in 0.05 × PBS (filtered through a 0.22 μm-pore filter) and added to
the instrument. The same parameters were used for size and concentration
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measurements. Data were analysed using the software ZetaView 8.02.28 and
Microsoft Excel 2016 (Microsoft, Seattle, WA, United States).

Transmission electron microscopy
The purified exosomes were fixed with 1% glutaraldehyde in PBS. A drop of the
suspension (approximately 20 μL) was pipetted onto formvar/carbon-coated grids
and stained with aqueous phosphotungstic acid for 1 min. The morphology of
isolated exosomes was identified using a transmission electron microscope (HT7800,
Hitachi, Japan).

Quantitative PCR
Total RNA was extracted from HCC tissues and cells using Trizol reagent (Invitrogen,
Carlsbad, CA, United States) and total RNA was extracted from exosomes using the
SeraMir Exosome RNA Purification Kit (System Biosciences, Mountain View, United
States) following the manufacturer’s instructions. After determining the
concentration, degree, and purity of RNA, cDNA was synthesised using a reverse
transcription kit (Takara Biotechnology, Japan) and PCR was performed with a
commercial kit (Takara Biotechnology). With GAPDH and U6 as references, the
expression levels of HULC, miRNA-372-3p, and Rab11a were calculated using relative
quantitative analysis. The relative standard curve method (2-CT) was used to determine
the relative RNA expression in cells and -CT was used to determine the relative RNA
expression in HCC tissues and serum exosomes. The primers used for quantitative
PCR (qPCR) are shown in Table 2.

Dual-luciferase reporter assay
HULC could specifically bind to miR-372-3p, acting as a "microRNA sponge"[16,17]. At
the same time, miR-372-3p was predicted to regulate Rab11a expression using
TargetScan (http://www.targetscan.org/) and starBase
(http://starbase.sysu.edu.cn/). HULC and Rab11a 3′-UTR double luciferase
recombinant plasmids (Genechem, Shanghai, China) were constructed and
transfected into HCC cells. Luciferase assays were performed using a luciferase
reporter assay kit (Genecopoeia) according to the manufacturer’s recommendations.
Before detection, HCC cells were washed 2-3 times with PBS, and 150 μL of fresh
passive cell lysate was added into each well (24-well plates) to lyse the cells. The
supernatant was centrifuged at 13000 g for 1 min, and 20 μL of the supernatant was
transferred to 96-well plates. Then, 100 μL of LAR II was added to detect the firefly
luciferase activity. The Stop&Glo reagent (100 mL) was used to detect the fluorescence
of the Renilla luciferase. Luciferase was measured using a microplate reader, with 1-2
s delay and 5-10 s readings for measurement. The final luciferase activity is expressed
as the ratio of luciferase activity of firefly/luciferase activity of Renilla.

Cell counting kit-8 (CCK8)
Cells (50000 cells per well) were cultured overnight in a 96-well plate. At 0, 24, 36, 48,
and 72 h, respectively, 100 μL of CCK8 solution (BOSTER, Wuhan, China) was added.
The assay was performed according to the manufacturer’s recommendations. A
microplate reader (Bio Tek Synergy2, United States) was used to measure the
absorbance at 450 nm.

Transwell assay
Cells were seeded in the upper chamber of Matrigel-coated Transwells (BD
Bioscience, CA, United States). Serum-free medium was added to the upper chamber,
and medium with 10% FBS was added into the lower chamber. Cells were incubated
for 24 h; the non-migrating or non-invading cells were removed, and the remaining
cells (on the bottom of the filters) were fixed using methanol and stained with crystal
violet. Five random fields were chosen and counted per well using a microscope
(×100), (Olympus, Tokyo, Japan).

TUNEL assay
Apoptosis was detected using TUNEL assay. Cells were fixed using 4%
paraformaldehyde for 30 min, and the assay was carried out using a TUNEL kit
(Roche, Basel, Switzerland) according to the manufacturers’ recommendations. Nuclei
were stained with DAPI. Apoptotic cells with green nuclear staining were observed.
Five random fields were chosen and counted per well by using a microscope (×100).
The number of apoptotic cells was counted, and the apoptotic rate (%) was calculated
as (apoptotic cell count/total cell number) × 100%.

Statistical analysis
The SPSS statistical software version 20.0 was used for statistical analyses. The data,
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Table 2 Primers used for quantitative PCR
Gene

Primer sequence

HULC

Forward: 5’-GCAAGCCAGGAAGAGTCGTC-3'
Reverse: 5’-GCTGTGCTTAGTTTATTGCCAGG-3'

GAPDH

Forward: 5'-GTCAACGGATTTGGTCTGTATT-3'
Reverse: 5'-AGTCTTCTGGGTGGCAGTGAT-3'

miRNA-372-3p

Forward: 5'-CAACAGAAGGCTCGAGCAACCTGCGGAGAAGATAC-3'
Reverse: 5'-TTCTGATCAGGATCCCATTACAGCCAGACGCTGTAAG-3'

U6

Forward: 5'-GCGCGTCGTGAAGCGTTC-3'
Reverse: 5'-GTGCAGGGTCCGAGGT-3'

Rab11a

Forward: 5'-ACATCAGCATATTATCGTGGAGC-3'
Reverse: 5'-GGAACTGCCCTGAGATGACG-3'

HULC: Highly upregulated in liver cancer.

expressed as the mean ± SD, were analysed using one-way ANOVA. Count data,
expressed as percentages (%), were analysed using the χ2 tests. P-values < 0.05 were
considered statistically significant.

RESULTS
Exosome extraction from HCC cells and serum of patients with HCC
Exosomes were successfully extracted from the serum of patients with HCC and HCC
cell medium (Figure 1). First, we examined the shape and size of the exosomes
isolated from HCC serum (Figure 1A) and the culture medium of HepG2 or
SMMC7721 cells (Figure 1B) by transmission electron microscopy. The exosomes were
homogeneous in shape and size, and the vesicles had the characteristic appearance of
exosomes with a membrane-capsulated spherical shape. The median size of the
vesicles, calculated by NTA, was 110.2 nm and 106.9 nm in HCC serum (Figure 1C)
and the culture medium of HepG2 or SMMC7721 cells (Figure 1D), respectively,
similar to the reported size of exosomes (30–120 nm)[18]. Additionally, Western blot
assays showed that the TSG101 and CD63 exosome markers were part of the exosome
cargo (Figure 1E, 1F), confirming that the isolated vesicles were indeed exosomes.

HULC is upregulated in liver cancer serum-derived exosomes, hepatic tissues, and
HCC cells
The baseline characteristics of the 30 patients (9 men and 21 women) enrolled in this
study are summarised in Table 1. The average age was 53.9 ± 16.2 years. The
expression of HULC in the serum exosomes of patients with HCC was higher than
that in exosomes from healthy subjects (P < 0.05; Figure 2A). HULC levels in liver
cancer tissues were higher than those in adjacent tissues (P < 0.05; Figure 2B). The
expression of HULC in tissues correlated with that in exosomes (r = 0.633, P < 0.05;
Figure 2C). Additionally, the expression of HULC in serum exosomes correlated with
the TNM stage of the patients (P < 0.05; Table 1). Finally, HULC was upregulated in
HepG2 and SMMC7721 cells (Figure 3A).

HULC induces HCC cell proliferation and invasion and inhibits apoptosis
After transfection of HULC over-expression and inhibiting plasmids into HCC cells,
the expression of HULC changed significantly (Figure 3B, 3C). To explore the role of
HULC in HCC cells, we performed CCK8 assays. We observed that HULC
upregulation was associated with the growth of HepG2 and SMMC7721 cells (Figure
4A). Next, TUNEL assays showed that apoptosis was significantly inhibited by HULC
(Figure 4B, 4C). Finally, we tested the effect of HULC on the invasion capabilities of
HCC cells using Transwell assays, which showed that HULC induced the invasion of
HCC cells (Figure 4D, 4E). These results suggest that HULC remarkably promoted
HCC development.

HULC reduces the expression of miR-372-3p by sponging it
The relationship between lncRNA HULC and miR-372-3p has been reported in many
studies[16,17]. Therefore, we identified the binding sites between miR-372-3p and HULC
(Figure 5A). To confirm the direct interaction between miR-372-3p and HULC, we
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Figure 1

Figure 1 Identification of the exosomes. A: Transmission electronc microscopy (TEM) of exosomes extracted from the serum of patients with hepatocellular
carcinoma (HCC); B: TEM of exosomes isolated from HCC cell medium; C: Western blot analysis of exosomal markers (CD63 and TSG101) in HCC serum; D:
Western blot analysis of exosomal markers (CD63 and TSG101) in HCC cell medium; E: Nanoparticle tracking analysis (NTA) for detection of exosomes extracted
from the HCC serum; F: NTA detection of exosomes extracted from HCC cell medium.

generated luciferase reporter plasmids with the wild type or mutated HULC sequence
(Figure 5A). A decreased reporter activity was observed when wild type HULC and
miR-372-3p mimics were co-transfected into HCC cells (Figure 5B). To investigate
whether miR-372-3p is regulated by HULC in vitro, we overexpressed HULC in HepG2
and SMMC7721 cells and measured miR-372-3p expression (Figure 5C). We found that
miR-372-3p levels decreased after HULC upregulation (Figure 5C), indicating a
negative correlation between miR-372-3p and HULC. These results showed that miR372-3p is a direct target of HULC in HCC cells.

Rab11a is a direct target of miR-372-3p in HCC cells
Next, we used bioinformatic analyses to predict the downstream target of miR-372-3p.
We identified Rab11a as a putative target of miR-372-3p. To validate the interaction
between miR-372-3p and Rab11a, we performed luciferase reporter assays using
plasmids with wild type Rab11a and mutated Rab11a (Figure 5D, 5E). Co-transfection
of the luciferase reporter plasmid containing wild type Rab11a and miR-372-3p
inhibitors in HCC cells led to increased luciferase activity (Figure 5E). Additionally,
miR-372-3p inhibitors increased Rab11a expression (Figure 5F).

HULC acts via the miR-372-3p /Rab11a axis
To further confirm whether HULC can regulate the secretion of exosomes via the miR372-3p/Rab11a axis, HULC-siRNA and miR-372-3p-siRNA were co-transfected into
HCC cells. We found that the expression of Rab11a was inhibited by HULC silencing,
whereas miR-372-3p downregulation rescued Rab11a expression (Figure 6). Western
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Figure 2

Figure 2 Detection of long non-coding RNA highly up-regulated in liver cancer in hepatocellular carcinoma. A: Expression of HULC in the serum exosomes of
patients with HCC; B: Expression of HULC in liver cancer tissues; C: Correlation between HULC expression in HCC serum exosomes and tissue. Error bars stand for
the mean ± SD of at least triplicate experiments. HULC: Highly upregulated in liver cancer; HCC: Hepatocellular carcinoma.

blot assays showed similar results (Figure 6). These findings indicate that HULC can
promote the secretion of exosomes by decreasing miR-372-3p and increasing Rab11a
expression.

Increased HULC and Rab11a and decreased miR-372-3p promote secretion of
exosomes from HCC cells
NTA was used to detect the expression of exosomes in the following groups. The
number of exosomes from HepG2 and SMMC7721 cells in the HULC group was
higher than that in the HULC-NC or NC group. However, there was no significant
difference between the HULC-NC and NC groups (Figure 7A).
The number of exosomes from HepG2 and SMMC7721 cells in the miR-372-3psiRNA group was higher than that in the miR-372-3p-siRNA-NC or NC groups.
However, there was no significant difference between the miR-372-3p-NC and NC
groups (Figure 7B).
The number of exosomes from HepG2 and SMMC7721 cells in the Rab11a group
was higher than that in the Rab11a-NC or NC groups. However, there was no
significant difference between the Rab11a-NC and NC groups (Figure 7C).

DISCUSSION
Many studies have reported that lncRNAs participate in various cellular processes
and have key functions in cancer epigenetics. Specifically, some lncRNAs are
associated with recurrence, metastasis, and prognosis of various cancers, such as
HCC, gastric cancer, and breast cancer[19-22]. LncRNA HULC is one of them, playing an
important role in the development of liver tumors. HULC is highly expressed in HCC
and is involved in the regulation of tumorigenesis and development [ 5 ] .
Phosphorylation of the cAMP response element binding protein (CREB) activates the
transcription of HULC[16]. Du et al[23] found that the mechanism for hepatitis B virus X
protein (HBx)-activated HULC to promote the proliferation of HCC cells is closely
related to downregulation of p18. HULC mediates abnormal lipid metabolism in HCC
cells by sequestering miR-9[24]. HULC is also expressed in gastric cancer[25], pancreatic
cancer[26], and other cancers.
Our clinical data showed that HULC expression is increased in HCC tissues

WJG

https://www.wjgnet.com

5290

September 21, 2019

Volume 25

Issue 35

Cao SQ et al.HULC in hepatocellular carcinoma
Figure 3

Figure 3 Detection of long non-coding RNA highly up-regulated in liver cancer in hepatocellular carcinoma cells. A:Expression of HULC in HepG2,
SMMC7721, and LO2 cells; B: Expression of HULC in HepG2 transfected with HULC inhibitors or plasmids causing HULC overexpression; C: Expression of HULC in
SMMC7721 transfected with HULC inhibitors or plasmids causing HULC overexpression. Error bars stand for the mean ± SD of at least triplicate experiments. aP <
0.05 vs LO2 group; bP < 0.05 vs LO2 group; cP < 0.01 vs NC group; dP < 0.01 vs HULC-NC group; eP < 0.05 vs NC group; fP < 0.05 vs HULC-siRNA-NC group.
HULC: Highly upregulated in liver cancer; NC: Normal control group; HULC: HULC over-expression plasmid group; HULC-NC: HULC over-expression normal control
plasmid group; HULC-siRNA: HULC low-expression plasmid group; HULC-siRNA-NC: HULC low-expression control plasmid group.

compared with adjacent liver tissues. Moreover, we found that HULC expression was
higher in the exosomes derived from the serum of patients with HCC than in those
derived from the serum of healthy controls. Notably, HULC expression in HCC
tissues and serum exosomes was significantly related to HCC clinical stage. Therefore,
HULC can be used as a potential biomarker candidate in HCC. Although HULC has
been shown to participate in neoplasm invasion and metastasis, the underlying
mechanism remains unclear. In recent years, the relation between exosomes and
tumor progression has become evident[27]. However, the role of HULC in this process
has not been demonstrated.
Exosomes play a key role in HCC progression[13]. Exosome-mediated miRNAs
regulate TAK1 expression and lead to deterioration of HCC[28]. In addition, lncRNA
H19 in exosomes derived from CD90+ HCC cells influence tumor microenvironment
balance by accelerating angiogenesis [29] . Exosome-mediated lysyl oxidase-like 4
(LOXL4) activation promotes tumor metastasis by modulating the FAK/SRC pathway
in HCC [30] . Several studies have confirmed that lncRNAs in blood-circulating
exosomes can be used as diagnostic markers for cancers: LINC00152[31] and ZFAS1[32] in
gastric cancer, MALAT-1[33] in lung cancer, BCAR4[34] and CRNDE-h[35] in colon cancer,
and HOTAIR[36] in laryngeal squamous cell carcinoma.
In this study, we showed that the expression of HULC in exosomes from HCC
serum and in HCC tissues were higher than that in the control group, and that there
was a linear correlation between them. Therefore, HULC in exosomes from the blood
of patients with HCC can be used as a diagnostic marker. We showed that the
expression of HULC in exosomes correlated with TNM stage and therefore, with the
progression of HCC. These findings are in agreement with previous studies[5,37].
We also investigated the relationship between HULC and exosome secretion.
Bioinformatic analyses suggest that HULC mediated the secretion of exosomes from
HCC cells via the miR-372-3p/Rab11a axis. Rab11a is a key regulatory protein that
induces exosome secretion. In addition, we found that the number of exosomes from
HCC cell lines overexpressing HULC was higher than that of control groups,
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Figure 4 Long non-coding RNA highly up-regulated in liver cancer induces hepatocellular carcinoma cell proliferation and invasion and inhibits apoptosis
in vitro. A: Proliferation of hepatocellular carcinoma (HCC) cells transfected with HULC inhibitors or plasmids causing HULC overexpression; B: Apoptotic pictures of
HCC cells (×100). The blue fluorescence is DAPI nuclear staining and green fluorescence is the apoptotic cell. The index of apoptosis is the number of apoptotic
cells/total number of visual field × 100%; C: Column chart of index of apoptosis in different groups; D: Effect of HULC on invasion of HCC cells evaluated bTranswell
assay (×100); E: Column chart of number of invasive HCC cells in different groups. Error bars stand for the mean ± SD of at least triplicate experiments. aP < 0.05 vs
HULC-NC 24 h group; bP < 0.05 vs HULC-NC 36 h group; cP < 0.05 vs HULC-NC 48 h group; dP < 0.05 vs HULC-NC 72 h group; eP < 0.05 vs NC group; fP < 0.05 vs
HULC-NC group; gP < 0.01 vs NC group; hP < 0.01 vs HULC-siRNA-NC group; iP < 0.05 vs NC group; jP < 0.05 vs HULC-NC group; kP < 0.05 vs NC group; lP < 0.05
vs HULC-siRNA-NC group. HULC: Highly upregulated in liver cancer; NC: Normal control group; HULC: HULC over-expression plasmid group; HULC-NC: HULC
over-expression normal control plasmid group; HULC-siRNA: HULC low-expression plasmid group; HULC-siRNA-NC: HULC low-expression control plasmid group.

indicating that HULC promotes exosome secretion.
Many studies have reported that lncRNAs act as sponges of miRNAs and inhibit
their function[38]. For example, HULC mediates abnormal lipid metabolism in HCC
cells by sequestering miR-9[24]. Here, we observed a negative correlation between
HULC and miR-372-3p. A previous report showed that low miR-372-3p expression
correlates with a poor prognosis and tumor metastasis in HCC[39]. Our results showed
that when HULC was upregulated in HCC cells, miR-372-3p was repressed. Dualluciferase reporter assays confirmed that HULC directly interacted with miR-372-3p. In
addition, decreased levels of miR-372-3p promoted the secretion of exosomes from
HCC cells.
Rab11a is a member of the subfamily of the Rab small molecule GTPases and is a
key regulatory protein that induces exosome secretion[14,15]. Rab11a plays an important
role in the regulation of endosome recycling and is highly expressed in many tumors,
such as esophageal adenocarcinoma[40] and skin cancer[41]. In addition, the Rab11
family-interacting protein 4 is involved in the metastasis of HCC[42]. In our study, we
found that Rab11a is a downstream target of miR-372-3p and that it promotes the
secretion of exosomes from HCC cells. Collectively, our results suggest that HULC
negatively interferes with miR-372-3p-mediated inhibition of Rab11a, leading to
secretion of exosomes in HCC.
In conclusion, we demonstrated that HULC enhances the secretion of exosomes by
sponging miR-372-3p which in turn targets Rab11a. Our findings provide novel
insights into the mechanism of action of HULC in HCC. We plan to continue
investigating the precise mechanisms through which Rab11a and exosomes regulate
HCC development. Whether HULC targets other miRNAs to promote exosome
secretion also warrants additional research. In addition, we need to further explore
the relationship between silencing of HULC and angiogenesis, epidermal
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Figure 5 Long non-coding RNA highly up-regulated in liver cancer mediates secretion of exosomes from hepatocellular carcinoma cells via miR-372-3p
/Rab11a. A: Sequence of binding sites between HULC and miR-372-3p; B: Dual-luciferase reporter assay for miR-372-3p and HULC; C: Relative expression of miR372-3p after HCC cells were transfected with HULC inhibitors or plasmids causing HULC overexpression; D: Sequence of binding sites with Rab11a and miR-372-3p;
E: Dual-luciferase reporter assay for miR-372-3p and Rab11a; F: Relative expression of Rab11a after HCC cells were transfected with miR-372-3p-siRNA or plasmids
causing miR-372-3p overexpression. Error bars stand for the mean ± SD of at least triplicate experiments. aP < 0.05 vs WT-HULC-NC group; bP < 0.05 vs NC group;
c
P < 0.01 vs NC group; dP < 0.05 vs WT-Rab11a -NC group; eP < 0.05 vs NC group; fP < 0.01 vs NC group. HULC: Highly upregulated in liver cancer; NC: Normal
control group; HULC: HULC over-expression plasmid group; HULC-siRNA: HULC low-expression plasmid group; miRNA-372-3p: miRNA-372-3p over-expression
plasmid group; miR-372-3p-siRNA: miR-372-3p low-expression plasmid group; WT-HULC: HULC wild type luciferase reporter plasmid group; MUT-HULC: HULC
mutant luciferase reporter plasmids group; WT-Rab11a: Rab11a wild type luciferase reporter plasmid group; MUT-Rab11a: Rab11a mutant luciferase reporter
plasmids group.

mesenchymal transition, and lipid metabolism in HCC. Furthermore, the relationship
between silencing of HULC and survival and prognosis of patients with HCC needs to
be elucidated.
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Figure 6

Figure 6 Expression of Rab11a in hepatocellular carcinoma cells transfected with highly up-regulated in liver cancer-siRNA and miR-372-3p-siRNA.
Silencing HULC inhibited Rab11a expression, while silencing HULC and miR-372-3p increased Rab11a expression in vitro. Error bars stand for the mean ± SD of at
least triplicate experiments. aP < 0.05 vs NC group; bP < 0.05 vs NC group. HULC: Highly upregulated in liver cancer; NC: Normal control group; HULC-siRNA: HULC
low-expression plasmid group; miR-372-3p-siRNA: miR-372-3p low-expression plasmid group.
Figure 7

Figure 7 Increased long non-coding RNA highly up-regulated in liver cancer and Rab11a and decreased miR-372-3p promote the secretion of exosomes
from hepatocellular carcinoma cells. A: Quantification of exosomes after transfecting HULC over-expression plasmid into HCC cells; B: Quantification of exosomes
after transfecting miR-372-3p low-expression plasmid into HCC cells; C: Quantification of exosomes after transfecting Rab11a over-expression plasmid into HCC cells.
Error bars stand for the mean ± SD of at least triplicate experiments. aP < 0.01 vs NC group; bP < 0.01 vs HULC-NC group; cP < 0.01 vs NC group; dP < 0.01 vs
miRNA-372-3p-siRNA-NC group; eP < 0.01 vs NC group; fP < 0.01 vs Rab11a-NC group. HULC: Highly upregulated in liver cancer; HULC: HULC over-expression
group; HULC-NC: HULC (over-expression plasmid normal control group); NC: Normal control; miR-372-3p-siRNA: miR-372-3p low-expression group; miR-372-3psiRNA-NC: miR-372-3p low-expression plasmid normal control group; Rab11a: Rab11a over-expression group; Rab11a-NC: Rab11a over-expression plasmid normal
control group.

ARTICLE HIGHLIGHTS
Research background
Long non-coding RNA highly up-regulated in liver cancer (lncRNA HULC) is highly expressed
in hepatocellular carcinoma (HCC), and involved in the development and regulation of
tumorigenesis. The relationship between HULC and exosomes has not yet been reported.
Studying the mechanism of exosome secretion is helpful to reveal the pathogenesis of HCC.

Research motivation
Although HULC has long been known to play important roles in HCC, its function and
regulatory mechanism are unclear. Since exosomes participate in the progression of HCC, they
have been actively studied. We are interested in exploring whether HULC regulates exosome
secretion and is involved in the occurrence and development of hepatocellular carcinoma. This
study will provide novel insights into the mechanism of action of HULC in HCC.
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Research objectives
The main objective of the study was to explore the molecular mechanism of HULC to regulate
exosome secretion and and provide novel insights into the mechanism of action of HULC in
HCC.

Research methods
We collected samples from serum and tissues of 30 patients with HCC. We measured HULC
expression in the serum exosomes and liver cancer tissues of patients, and compared the data to
those obtained from controls. We further explored the effect of HULC upregulation in HCC cell
lines and studied the relationship between HULC and other RNAs using qPCR and dualluciferase reporter assays. NTA was used to detect the quantity of exosomes.

Research results
HULC expression in serum exosomes of patients with HCC was higher than that in serum
exosomes of healthy controls, and HULC levels were higher in liver cancer tissues than in
adjacent tissues. The expression of HULC in serum exosomes and liver cancer tissues correlated
with the tumor-node-metastasis (TNM) classification and HULC expression in tissues correlated
with that in serum exosomes. HULC promoted HCC cell growth and invasion and repressed
apoptosis. Additionly, it also facilitated the secretion of exosomes from HCC cells. Moreover,
qPCR assays show that HULC repressed microRNA-372-3p (miR-372-3p) expression. We also
identified Rab11a as a downstream target of miR-372-3p. Dual-luciferase reporter assays suggest
that miR-372-3p could directly bind both HULC and Rab11a.

Research conclusions
HULC regulates Rab11a to promote secretion of exosomes by competitive miR-372-3p sharing,
and this finding provides new insights into the molecular mechanism to regulate the secretion of
exosomes from HCC cells.

Research perspectives
We aim to further explore the potential of serum exosome HULC as a sensitive preoperative
marker for HCC and the role of HULC in the staging and prognosis evaluation of HCC.
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Abstract
BACKGROUND
Circular RNAs (circRNAs) are considered to be highly stable due to the closed
structure, which are predominately correlated with the development and
progression of a wide variety of cancers. Colon cancer is one of the most common
malignancies worldwide. A recent study demonstrated the upregulated
expression of circPIP5K1A in non-small cell lung cancer. However, few studies
have investigated the relationship between circ_0014130 level and colon cancer.
Therefore, elucidating the underlying mechanisms of circPIP5K1A’s role may
help with the identification of novel diagnostic and therapeutic targets for colon
cancer.
AIM
To investigate the status of circPIP5K1A in colon cancers and its effects on the
modulation of cancer development.
METHODS
The expression level of circPIP5K1A in tissue and serum samples from colon
cancer patients, as well as human colonic cancer cell lines was detected by realtime quantitative reverse transcription-polymerase chain reaction. Following the
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transfection of specifically synthesized small interfering RNA (siRNA) into colon
cell lines, we used Hoechst staining assay to measure the ratio of cell death in the
absence of circPIP5K1A. Moreover, we also used the Transwell assay to assess the
migratory function of colon cells overexpressing circPIP5K1A. Additionally, we
employed a series of bioinformatics prediction programs to predict the potential
of circPIP5K1A-targeted miRNAs and mRNAs. The miR-1273a vector was
constructed, and then transfected with or without circPIP5K1A vector into colon
cancer cells. Afterwards, the expression of activator protein 1 (AP-1), interferon
regulating factor 4 (IRF-4), caudal type homeobox 2 (CDX-2), and zinc finger of
the cerebellum 1 (Zic-1) was detected by western blotting.
RESULTS
CircPIP5K1A was significantly upregulated in colon cancer tissue relative to their
adjacent normal tissues. Knockdown of circPIP5K1A in colon cancer cells
impaired cell viability and suppressed cell invasion and migration, while
enforced expression of circPIP5K1A exhibited the opposite effects on cell
migration. Bioinformatics prediction program predicted that the association of
circPIP5K1A with miR-1273a, as well as AP-1, IRF-4, CDX-2, and Zic-1.
Subsequent studies showed that overexpression of circPIP5K1A augmented the
expression of AP-1 but attenuated the expression of IRF-4, CDX-2, and Zic-1.
Reciprocally, overexpression of miR-1273a abrogated the oncogenic function of
circPIP5K1A in colon cancers.
CONCLUSION
Overall, our data demonstrate the oncogenic role of circPIP5K1A-miR-1273a axis
in regulation of colon cancer development, which provides a novel insights into
colon cancer pathogenesis.
Key words: Circular RNA PIP5K1A; miR-1273a; Cell death; Cell migration; Colon
cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We found that circular RNA PIP5K1A (circPIP5K1A) was selectively
upregulated in colon cancer. Through sponging miR-1273a, circPIP5K1A promoted cell
survival and enhanced the invasive and migratory functions of colon cancer cells,
eventually exacerbating malignant transformation.

Citation: Zhang Q, Zhang C, Ma JX, Ren H, Sun Y, Xu JZ. Circular RNA PIP5K1A promotes
colon cancer development through inhibiting miR-1273a. World J Gastroenterol 2019;
25(35): 5300-5309
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5300.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5300

INTRODUCTION
As the third most common malignant disease, colon cancer is the leading cause of
mortality worldwide[1]. To date, conventional and effective therapeutic methods for
colon cancer include surgery, adjuvant radiation therapy or chemotherapy, and
molecular targeted therapy[2]. Despite the extensive improvements in diagnosis and
treatments, poor survival and unsatisfactory prognosis remain an issue due to
delayed diagnosis and adverse drug effects [2] . Therefore, investigation of novel
diagnostic and therapeutic methods, as well as the underlying molecular mechanisms
of colon cancer is required.
Accumulating studies have shown that the roles of noncoding RNAs such as
circular RNAs (circRNAs) and microRNAs (miRNAs) are predominately correlated
with the development and progression of a wide variety of cancers[3]. CircRNAs, one
class of noncoding RNA with covalent closed loops, are widely spread in eukaryotes
and are mainly formed by back-splicing without 3’- and 5’-ends[4]. CircRNAs are
considered to be highly stable due to the closed structure, which has garnered interest
from scholars in determining whether they can be used as novel biomarkers in many
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diseases[5]. Several studies have identified many possible functions of circRNAs[6]
including miRNA sponges [7] , regulating gene transcription and splicing [8] , and
forming RNA-protein complexes[9]. It is widely acknowledged that some circRNAs
may participate in disease progression by interfering with miRNA, thereby
influencing target gene expression[10]. Remarkably, the prevalence of high-throughput
sequencing technologies make diverse bioinformatics analyses available, and more
studies have revealed dysregulated expression of circRNAs in many cancers
including laryngeal cancer[11], hepatocellular carcinoma[12], gastric cancer[13], gliomas[14],
and esophageal cancer [15] . A previous study demonstrated that circ_001988 is
downregulated in colon cancer, and may be a novel diagnostic biomarker in colon
cancer[16]. Another study showed that circ_000984 induces cell growth and metastasis
in colon cancer [17] . A recent study demonstrated the upregulated expression of
circ_0014130 in non-small cell lung cancer[18]. However, few studies have investigated
the relationship between circ_0014130 level and colon cancer. Based on the circBase
database (http://www.circbase.org/), hsa_circ_0014130 is located at chr1:151206672151212515, and the corresponding gene symbol is PIP5K1A. Thus, we denoted
hsa_circ_0014130 as circPIP5K1A.
Here we found that circPIP5K1A was selectively upregulated in cancerous tissues
from patients with colon cancer, which in turn suppressed cell death and augmented
cancer cell invasion and migration. Through sponging miR-1273a, circPIP5K1A
augmented the expression of factor activator protein 1 (AP-1), but attenuated the
expression of interferon regulating factor 4 (IRF-4), caudal type homeobox 2 (CDX-2),
and zinc finger of the cerebellum 1 (Zic-1), which are crucial for tumorigenesis.

MATERIALS AND METHODS
Clinical sample collection
This study obtained ethical approval from the ethics committee of Hubei Cancer
Hospital (Hubei Sheng, China). Twenty paired tumor samples and adjacent normal
samples were collected from colon cancer patients in our hospital. The specimens
were confirmed by hematoxylin and eosin staining and stored in RNAlater. Written
informed consent was obtained from all participants.

Cell culture
Human keratinocyte line HaCaT, normal human colon epithelial cell line HCoEpiC,
human colon cancer cell lines HCT-116, SW620, SW480, and COLO320DM, as well as
human gastric cancer cell line HGC-27, human esophageal cancer cell line TE-10,
human lung cancer cell line A549, and human hepatoma cell line HepG2 were
obtained from Obio Technology Co., Ltd (Shanghai, China). The cells were
maintained in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, Carlsbad, CA,
United States) containing 10% fetal bovine serum (FBS; Gibco) with standard
incubation conditions (5% CO2 and 37 °C).

Cell transfection
The synthesis of three small interfering RNAs (siRNAs) and relative si-NC for
circPIP5K1A, as well as the construction of overexpressing circPIP5K1A vector and
overexpressing miR-1273a vector were performed by Biosyntech Co., Ltd (Suzhou,
China). The siRNA or overexpressing vector was transfected into COLO320DM cells
by Lipofectamine 2000 (Invitrogen, Gaithersburg, MD, United States). Silence or
overexpression effect was detected by real-time quantitative polymerase chain
reaction (RT-qPCR) 48 h after transfection. The most effective siRNA was used for
subsequent experiments.

RT-qPCR and RNase R treatment
Total RNA was obtained by Trizol (Invitrogen) according to the manufacturer’s
instructions. RNA concentration and purity were measured using a UV
spectrophotometer (BD, Franklin Lakes, NJ, United States), and RNA with
A260/A280 ratios of 1.8-2.0 was considered high-quality RNA without protein and
DNA contamination. Then high-quality RNA was reverse transcribed into
complementary DNA with a Reverse Transcription Kit (TaKaRa, Dalian, China). PCR
amplification was performed by a SYBR Premix Ex Taq TM II (Takara). The primers
sequences are listed in Table 1. The PCR program was: 95 °C for 3 min, 40 cycles of 95
°C for 10 s and 59 °C for 20 s, using the ABI Stepone plus Real-time PCR system
(Applied Biosystems, Foster City, CA, United States). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and U6 served as the internal control for measuring
circPIP5K1A and PIP5K1A levels. Data were analyzed with 2-ΔΔCt method. To identify
the cyclic structure of circPIP5K1A, RNA was treated with or without RNase R at 37
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°C for 15 min, purified by phenol–chloroform extraction, and then subjected to RTqPCR.

Predicting potential molecules bound to circPIP5K1A
The potential miRNAs and mRNAs bound to the promoter regions of circPIP5K1A
were predicted, and then the potential miRNAs and mRNAs bound to circPIP5K1A
sequence were further predicted using RegRNA2.0 (http://www.regrna.mbc.nctu.
edu.tw/).

Cell apoptosis assay
Hoechst staining kit (Beyotime Institute of Biotechnology, Shanghai, China) was used
to evaluate cell apoptosis. Cells treated with circPIP5K1A siRNA were collected and
fixed in 4% paraformaldehyde, followed by staining with Hoechst 33258 as
manufacturer's instructions. The apoptotic cells were calculated by fluorescence
microscope.

Cell migration assay
Transwell inserts (Corning, New York, NY, United States) were used to detect cell
migration ability. First, the cells transfected with circPIP5K1A siRNA or
overexpressing circPIP5K1A vector were plated onto the upper chamber containing
serum-free medium. Meanwhile, DMEM with 10% FBS was added to the bottom
chamber for 48 h. Next, the cells in the bottom chamber insert were treated with 4,6diamidino-2-phenylindole for 5 min. The number of migrated cells was calculated
with an inverted microscope (Olympus, Tokyo, Japan).

Western blotting
COLO320DM cells were transfected with overexpressing circPIP5K1A vector,
overexpressing miR-1273a vector, or the combination of overexpressing circPIP5K1A
vector and overexpressing miR-1273a vector. The cells with various treatments were
collected, and then lysed by RIPA lysis buffer (Gibco) supplemented with
phenylmethanesulfonyl fluoride (1 mM; Sigma, St. Louis, MO, United States). Protein
was extracted by centrifugation and detected by the BCA kit (Shanghai Sangon
Biotech Co., Ltd, China). The protein sample was separated on an SDS-PAGE gel, and
electrotransferred to polyvinylidene fluoride membranes, followed by blocking in 5%
nonfat milk for 1 h. Next, the membrane was probed with primary antibodies for
transcription factor AP-1, IRF-4, CDX-2, Zic1, or GAPDH (1:1000; Abcam, Cambridge,
MA, United States), followed by incubation with secondary antibody (1:1000;
Beyotime) for 2 h at room temperature, respectively. Finally, enhanced
chemiluminescence (Millipore, Burlington, MA, United States) was used to detect the
protein levels.

Statistical analysis
Statistical analysis was conducted using SPSS Statistics software 22.0 (Chicago, IL,
United States). Data are presented as mean ± standard deviation (SD) and analyzed by
one-way analysis of variance followed by Dunnett’s post-hoc t-test. aP < 0.05 was
considered statistically significant.

RESULTS
CircPIP5K1A is selectively upregulated in colon cancer
To assess the status of circPIP5K1A in colon cancer development, we employed the
RT-qPCR assay to detect the mRNA level of CircPIP5K1A in clinical samples. As
shown in Figure 1A, circPIP5K1A was markedly upregulated in colon cancer tissues
relative to their adjacent normal tissues. Similar results were detected in in several
human cancer cell lines including SW480, SW620, HCT-116, COLO320DM, HGC-27,
TE-10, HepG2, and A549M, while the mRNA level of circPIP5K1A in normal cell line
HCoEpiC and HaCaT was undetectable (Figure 1B). Moreover, we also found that cell
over-confluence led to conspicuously inhibited circPIP5K1A expression (Figure 1C),
which suggested that circPIP5K1A was involved in colon cancer development.

CircPIP5K1A knockdown induces cell death
To investigate the role of circPIP5K1A in colon cancer progression, we transfected
circPIP5K1A-targeted siRNA1, 2, and 3 into COLO320DM cells, which expressed the
highest level of circPIP5K1A among the cancer cell lines. Our data revealed that the
expression of circPIP5K1A was dramatically suppressed in the cells transfected with
circPIP5K1A-targeted siRNA compared with cells transfected with scrambled siRNA.
Moreover, the downregulation of circPIP5K1A by siRNA was resistant to RNase R
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Table 1 Primer sequences used for RT-qPCR and siRNA
RNA

Primers sequences

circPIP5K1A

F: 5‘-AGATTCCCTAACCTCAACCAGA-3'
R: 5‘-CGAATGTTCTTGCCACCTGC-3'

PIP5K1A

F: 5‘-CCTCATGCAAGATTTCTACGTGG-3'
R: 5‘-GGCCGGATACCAAATAGCTCC-3'

GAPDH

F: 5‘-AGAAGGCTGGGGCTCATTTG-3'
R: 5‘-AGGGGCCATCCACAGTCTTC-3'

U6

F: 5‘-AGGGGCCATCCACAGTCTTC-3'
R: 5‘-AACGCTTCACGAATTTGCGT-3'

circ-PIP5K1A siRNA-1

5'-UUCUUCUAAGGGAUUGGAGUU-3'

circ-PIP5K1A siRNA-2

5'-UUCUAAGGGAUUGGAGUUGGU-3'

circ-PIP5K1A siRNA-3

5'-UAAGGGAUUGGAGUUGGUCUU-3'

Relative si-NC

5'-AAUUCUCCGAACGUGUCACGU-3'

digestion (bP < 0.01, Figure 2A). Conversely, circPIP5K1A-targeted siRNA hardly
affected the endogenous expression of PIP5K1A (Figure 2B), which confirmed the
specificity of circPIP5K1A-targeted siRNA. Notably, we found that the absence of
circPIP5K1A resulted in obviously increased cell death compared with cells
transfected with scrambled siRNA (Figure 2C).

CircPIP5K1A increases cancer cell invasion and migration
To determine whether circPIP5K1A can regulate cancer migration, we utilized the
Transwell assay, and found that enforced expression of circPIP5K1A significantly
augmented cell invasion and migration relative to mock-transfected cells.
Reciprocally, silencing of endogenous circPIP5K1A exhibited opposite effects on cell
migration (Figure 3). Taken together, our data demonstrate that upregulation of
circPIP5K1A promotes cell viability and migration.

CircPIP5K1A and miR-1273a act antagonistically on the modulation of oncogene
expression
To investigate the molecular function of circPIP5K1A in colon cancer development,
we used RegRNA to predict circPIP5K1A-associated RNAs. The highest score of
RNAs were miR-1273a as well as traditional mRNAs such as AP-1, IRF-4, CDX-2, and
Zic-1 (Figure 4A). Further study revealed that overexpression of circPIP5K1A
significantly upregulated both the mRNA and protein level of AP-1, while attenuating
the expression of IRF-4, CDX-2, and Zic-1 (Figure 4B and C). Conversely,
overexpression of miR-1273a obviously alleviated circPIP5K1A-mediated suppression
of IRF-4, CDX-2 and Zic-1 expression (Figure 4B and C).

DISCUSSION
Our present study showed that circPIP5K1A was significantly upregulated in colon
cancer tissue and cell lines. Silencing of circPIP5K1A in COLO320DM cells induced
cell death and suppressed cell migration. Moreover, bioinformatics predicted that
circPIP5K1A could bind to miR-1273a as well as AP-1, IRF-4, CDX-2, and Zic-1.
Overexpression of circPIP5K1A augmented AP-1 expression but attenuated the
expression of IRF-4, CDX-2, and Zic-1, while overexpression of miR-1273a inhibited
the oncogenic role of circPIP5K1A in the progression of colon cancer development.
Accumulating studies have identified circRNAs as novel biomarkers in cancer
diagnosis due to the differential expression between normal and tumor tissues. For
example, hsa_circ_0000520 level is increased in gastric cancer tissues and cells, which
is negatively related to TNM stage, indicating that circ_0000520 may be a novel
biomarker in gastric cancer[19]. Circ_0001649 is reportedly negatively correlated with
colorectal cancer pathological differentiation, and is considered a new biomarker for
the diagnosis of colorectal cancer[20]. A recent study reported the upregulation of
hsa_circ_0014130 (circPIP5K1A) in non-small cell lung cancer, and it is considered a
potential biomarker in non-small cell lung cancer[18]. In this study, we found that
circPIP5K1A was selectively upregulated in colon cancer tissues and cells. It is well
known that circRNAs are involved in various cellular biological processes and exert
important regulatory roles in the progression of multiple cancers. A previous study
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Figure 1

Figure 1 Expression of circPIP5K1A in colon cancer. A: RT-qPCR detection of circPIP5K1A expression in tumors and their adjacent normal tissues; B: The mRNA
level of circPIP5K1A in various normal and cancer cell lines; C: The circPIP5K1A level in COLO320DM cells with different degrees of confluence. aP < 0.01 vs 80% or
100% group. Values are mean ± SD. circPIP5K1A: Circular RNA PIP5K1A.

demonstrated that hsa_circ_0001649 exerted tumor-suppressive effects by inducing
cell apoptosis, as well as inhibiting cell proliferation and migration in
cholangiocarcinoma cells[21]. In addition, it has been reported that the downregulation
of circARHGAP26 inhibits cell proliferation and promotes cells apoptosis, indicating
that circARHGAP26 may have tumor-promoting effects [22] . Here, we found that
circPIP5K1A elicited stimulatory effects on cell proliferation and migration. These
findings suggest that circPIP5K1A might contribute to the development of colon
cancer.
Similarly to long non-coding RNA, the main role of circRNAs is to decrease miRNA
abundance by sponging miRNA in the cytoplasm, and then affecting the expression of
related genes. For example, hsa_circ_001564 knockdown suppresses osteosarcoma
progression by acting as an miRNA sponge[23]. In this study, miR-1273a, AP-1, IRF-4,
CDX-2, and Zic-1 were predicted to bind to circPIP5K1A. AP-1, encoding
transcription factor AP-1, plays a pivotal role in tumorigenesis[24]. In cancers, AP-1
activity is increased, and inhibiting AP-1 activity can block cell proliferation and
invasion[24]. A previous study reported that inhibition of AP-1 signaling may be a
therapeutic target for colon cancer[25]. IRF-4, as a member of the interferon regulating
factor family of transcription factors, is considered to be an oncogene in lymphoid
malignancy and multiple myeloma[26]. Notably, recent studies have demonstrated that
IRF-4 is a tumor suppressor in breast cancer[27] and lung cancer[28]. The homeodomain
transcription factor CDX-2 has been investigated in colon cancer by many studies,
which have suggested that CDX-2 loss is associated with the poor prognosis of colon
cancer[29-32]. Zic-1 is a member of zinc finger of the cerebellum family, which encodes
zinc-finger transcription factors[33]. In colorectal cancer, Zic-1 is downregulated and
considered a tumor inhibitor [34] . Consistent with these studies, circPIP5K1A
overexpression clearly upregulated the expression of AP-1, as well as downregulated
the expression of IRF-4, CDX-2, and Zic-1. Notably, miR-1273a overexpression
rescued the effects of circPIP5K1A on the expression of AP-1, IRF-4, CDX-2, and Zic-1
in colon cancer cells. Thus, we speculate that miR-1273a may inhibit the regulatory
role of circPIP5K1A in colon cancer cells. However, the relationship between
circPIP5K1A and miR-1273a should be investigated in further studies. In conclusion,
our data demonstrate that circPIP5K1A is selectively increased in colon cancer and
exerts oncogenic effects on tumorigenesis, which may be regulated by miR-1273a.
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Figure 2

Figure 2 Silencing of circPIP5K1A promotes cell death. A: RT-qPCR detection of circular RNA PIP5K1A expression in COLO320DM cells transfected with
siRNA1, siRNA2, or siRNA3 in the absence or presence of RNase R; B: RT-qPCR detection of PIP5K1A mRNA level in COLO320DM cells transfected with siRNA1,
2, and 3 in presence or absence of RNase R; C: Cell death rate in COLO320DM cells transfected with siRNA1, 2, or 3 by Hoechst staining. aP < 0.05, bP < 0.01 vs
oligo or control group. Values are mean ± SD. circPIP5K1A: Circular RNA PIP5K1A; siRNA: Small interfering RNAs.
Figure 3

Figure 3 Role of circPIP5K1A in the modulation of cell migration. The migratory function of COLO320DM cells transfected with circPIP5K1A vector or siRNA1,
siRNA2, or siRNA3 was measured by the Transwell assay. aP < 0.05, bP < 0.01 vs control group. Values are mean ± SD. circPIP5K1A: Circular RNA PIP5K1A;
siRNA: Small interfering RNAs.
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Figure 4

Figure 4 Effect of miR-1273a overexpression on circPIP5K1A upregulation. A: Binding site of miR-1273a and circPIP5K1A; B: Expression of AP-1, IRF-4, CDX2, and Zic-1 in COLO320DM cells transfected with circPIP5K1A vector, miR-1273a vector, or co-transfection of circPIP5K1A vector and overexpressing miR-1273a
vector, respectively, by western blotting. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs circPIP5K1A group. Values are mean ± SD. circPIP5K1A:
Circular RNA PIP5K1A; AP-1: Activator protein 1; IRF-4: Interferon regulating factor 4; CDX-2: Caudal type homeobox 2; Zic-1: Zinc finger of the cerebellum 1.

ARTICLE HIGHLIGHTS
Research background
Circular RNAs (circRNAs) are considered to be highly stable due to their closed structure, which
are predominately correlated with the development and progression of a wide variety of cancers.
A recent study demonstrated the upregulated expression of circPIP5K1A in non-small cell lung
cancer. However, few studies have investigated the relationship between circ_0014130 level and
colon cancer. Therefore, elucidating the underlying mechanisms of circPIP5K1A’s role may help
identify novel diagnostic and therapeutic targets for colon cancer.

Research motivation
It is necessary to explore whether circPIP5K1A regulates miR-1273a to affect cell death, cell
invasion, and migration in colon cancer. Recent studies have demonstrated that circPIP5K1A
exerts an oncogenic role in non-small cell lung cancer, which made it a good lead for further
studies regarding the mechanism of circPIP5K1A regulation during colon cancer development.

Research objectives
In this study, we evaluated the expression level of circPIP5K1A in clinical tumor samples and
colon cancer cells, and then investigated the effects of circPIP5K1A on colon cell apoptosis and
migration in vitro by gain- and loss-of–function approaches. Moreover, we explored whether
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circPIP5K1A promotes colon cancer development through sponging miR-1273a. Our study
provides significant insights into the mechanism of circPIP5K1A during colon cancer
development that may contribute to the future design of more effective therapies.

Research methods
First, circPIP5K1A level was detected in colon cancer tissue and cell lines by RT-qPCR assay.
Then gene transfection or silencing experiments were conducted to construct stably expressed or
depleted circPIP5K1A cell lines to complete subsequent functional studies. A series of in vitro
experiments, such as cell apoptosis assay and Transwell assays, were performed to explore the
effects of circPIP5K1A on cell apoptosis, invasion and migration. The potential miRNAs and
mRNAs bound to the promoter regions of circPIP5K1A were predicted, and then the potential
miRNAs and mRNAs bound to circPIP5K1A sequence were further predicted using RegRNA2.0.
MiR-1273a vector was constructed, and then transfected with or without circPIP5K1A vector into
colon cancer cells. Then the expression of AP-1, IRF-4, CDX-2, and Zic-1 was detected by western
blotting.

Research results
CircPIP5K1A was significantly upregulated in colon cancer tissue relative to their adjacent
normal tissues. The results of in vitro experiments showed a positive role of circPIP5K1A in the
proliferation, invasion, and migration of colon cancer cells. Bioinformatics prediction program
predicted that the association of circPIP5K1A with miR-1273a, as well as AP-1, IRF-4, CDX-2,
and Zic-1. Further study revealed that the overexpression of circPIP5K1A significantly
upregulated both the mRNA and protein level of AP-1, while attenuating the expression of IRF4, CDX-2, and Zic-1. Conversely, overexpression of miR-1273a clearly alleviated the
circPIP5K1A-mediated suppression of IRF-4, CDX-2 and Zic-1 expression.

Research conclusions
In conclusion, circPIP5K1A is selectively increased in colon cancer, and circPIP5K1A plays a
positive role in colon cancer cell proliferation, invasion, and migration. In addition,
overexpression of circPIP5K1A augmented AP-1 expression but attenuated the expression of
IRF-4, CDX-2, and Zic-1, while overexpression of miR-1273a inhibited the oncogenic role of
circPIP5K1A in progression of colon cancer development.

Research perspectives
Our study illuminates the role and molecular mechanism of circPIP5K1A in the regulation of
colon cancer development, and demonstrates the oncogenic role of the circPIP5K1A-miR-1273a
axis in regulating colon cancer development. The findings of this study provide novel insights
into colon cancer pathogenesis.
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Abstract
BACKGROUND
Long non-coding RNAs (lncRNAs) play important roles in many diseases,
including hepatocellular carcinoma (HCC). Autophagy is a metabolic pathway
that facilitates cancer cell survival in response to stress. The relationship between
autophagy and the lncRNA-activated by transforming growth factor beta
(lncRNA-ATB) in HCC remains unknown.
AIM
To explore the influence of lncRNA-ATB in regulating autophagy in HCC cells
and the underlying mechanism.
METHODS
In the present study, we evaluated lncRNA-ATB expression in tumor and
adjacent non-tumor tissues from 72 HCC cases by real-time PCR. We evaluated
the role of lncRNA-ATB in the proliferation and clonogenicity of HCC cells in
vitro. The effect of lncRNA-ATB on autophagy was determined using a LC3-GFP
reporter and transmission electron microscopy. Furthermore, the mechanism by
which lncRNA-ATB regulates autophagy was explored by immunofluorescence
staining, RNA immunoprecipitation (RIP), and Western blot.
RESULTS
The expression of lncRNA-ATB was higher in HCC tissues than in normal liver
tissues, and lncRNA-ATB expression was positively correlated with tumor size,
TNM stage, and poorer survival of patients with HCC. Moreover, ectopic
overexpression of lncRNA-ATB promoted cell proliferation and clonogenicnity of
HCC cells in vitro. LncRNA-ATB promoted autophagy by activating Yesassociated protein (YAP). Moreover, lncRNA-ATB interacted with autophagy-
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related protein 5 (ATG5) mRNA and increased ATG5 expression.
CONCLUSION
LncRNA-ATB regulates autophagy by activating YAP and increasing ATG5
expression. Our data demonstrate a novel function for lncRNA-ATB in
autophagy and suggest that lncRNA-ATB plays an important role in HCC.
Key words: LncRNA-ATB; Autophagy; Yes-associated protein; Autophagy-related
protein 5; Hepatocellular carcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In the present study, we identified the relationship between lncRNA-activated
by transforming growth factor beta (lncRNA-ATB) and autophagy in hepatocellular
carcinoma (HCC). We demonstrated that lncRNA-ATB promoted autophagic flux in
HCC cells. We found that lncRNA-ATB regulated autophagy by activating Yesassociated protein and increasing autophagy-related protein 5 expression. Our findings
provide a novel link between lncRNA-ATB and autophagy, and suggest that lncRNAATB may be a potential therapeutic target in the treatment of HCC.

Citation: Wang CZ, Yan GX, Dong DS, Xin H, Liu ZY. LncRNA-ATB promotes autophagy
by activating Yes-associated protein and inducing autophagy-related protein 5 expression in
hepatocellular carcinoma. World J Gastroenterol 2019; 25(35): 5310-5322
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5310.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5310

INTRODUCTION
Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related
mortality among males, and is the fifth most common cancer worldwide[1,2]. Although
therapy for HCC has seen significant improvement in recent years, clinical outcome
prognosis remains poor for patients with HCC. A large number of aberrantly
expressed genes influence the progression of HCC, but the molecular mechanisms
governing HCC malignancy are still not entirely clear, and the potential connection
between long non-coding RNAs (lncRNAs) and autophagy remains to be fully
elucidated. There is an important and unmet need to elucidate molecular mechanisms
of autophagy, and to capitalize on that knowledge to develop autophagy-related
methods as therapeutic strategies for treatment of HCC.
LncRNAs are a class of RNA transcripts that are longer than 200 nucleotides and
exhibit limited protein-coding capacity[3]. LncRNAs regulate many aspects of cancer
progression and can influence different malignant behaviors, including cancer cell
proliferation, apoptosis, metastasis, glycolysis, and angiogenesis [4,5] . LncRNAactivated by transforming growth factor beta (lncRNA-ATB) is a lncRNA transcript
regulated by transforming growth factor beta signaling; it mediates induction of
epithelial-mesenchymal transition (EMT) downstream of transforming growth factor
beta signaling by competitively binding to members of the miR-200 family[6]. Recently,
up-regulation of lncRNA-ATB was reported in a variety of human cancers, and was
found to influence a multitude of cellular functions in cancer cells[7]. Emerging reports
have identified the role of lncRNAs in regulating autophagy[8], but the involvement of
lncRNA-ATB in autophagy in HCC is not entirely clear.
Autophagy is an evolutionarily conserved catabolic process that regulates the
coordinated lysosomal degradation of cellular components and damaged organelles.
Autophagy can support cell survival and maintenance of homeostasis in response to
different forms of stress, such as hypoxia, or deprivation of nutrients and energy[9].
Additionally, autophagy can promote the invasion and migration of HCC cells[10,11].
Nevertheless, whether and how autophagy facilitates cancer progression remains
controversial[12]. Based on the cytoprotective properties of autophagy in cancer cells,
most research into autophagy has focused on exploring the value of autophagytargeted therapy[13]. There are currently more than 50 randomized controlled trials
evaluating the effects of autophagy as relates to cancer therapy. However, the
molecular mechanism of autophagy and the exploitation of autophagy as a
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therapeutic strategy in HCC remain understudied.
In the present study, we evaluated the relationship between lncRNA-ATB and
autophagy in HCC. We demonstrated that lncRNA-ATB promotes autophagic flux in
HCC cells. We found that lncRNA-ATB regulates autophagy by activating Yesassociated protein (YAP) and increasing autophagy-related protein 5 (ATG5)
expression. Our findings provide a novel link between lncRNA-ATB and autophagy,
and suggest that lncRNA-ATB may be a potential therapeutic target in the treatment
of HCC.

MATERIALS AND METHODS
Patients and tissue samples
Seventy-two HCC tissue samples and adjacent non-tumor tissue samples were
obtained from the Cancer Hospital of China Medical University (Shenyang, China).
All patients on this study provided informed consent. The human subject research
performed in this study was approved by the Clinical Research Ethics Committee of
the Hospital of China Medical University. Fresh patient tissue samples were frozen in
liquid nitrogen and were immediately stored at -80 °C. The clinical characteristics of
the 72 patients with HCC are provided in Table 1.

Cell culture
The human HCC cell lines SMMC-7721 and HepG2 were obtained from the Type
Culture Collection of the Chinese Academy of Sciences (Shanghai, China). HCC cells
were cultured in RPMI 1640 medium (BioWhittaker, Walkersville, MD, United States)
supplemented with 10% fetal bovine serum (FBS; HyClone, Logan, UT, United States)
and 1% penicillin/streptomycin in a humidified atmosphere containing 5% CO2 at 37
°C.

Cell transfection
DNA vectors were transfected into cells using the Lipofectamine 3000 reagent
(Invitrogen, CA, United States), according to the manufacturer’s instructions. Briefly,
pcDNA3.1 or pcDNA3.1-lncRNA-ATB (Genechem, Shanghai, China) was introduced
into cells when cell growth reached approximately 80% confluence. Cells were
collected 48 h after transfection. Small interfering RNAs (siRNA) targeting YAP were
synthesized by Sigma (Shanghai, China) and the sequences used are as follows: YAP
siRNA#1: 5′-GACAUCUUCUGGUCAGAGATT-3′ and YAP siRNA#2: 5′GGUGAUACUAUCAACCAAATT-3′.

Cell proliferation assay
Proliferation of HCC cells was measured using a Cell Counting Kit-8 (CCK-8,
Dojindo, Japan). First, cells transfected with pcDNA3.1-lncRNA-ATB or pcDNA3.1
were seeded at a density of 3000 cells/well into 96-well plates. Cells were cultured at
37 °C for 0, 24, 48, and 72 h. At these indicated time points, 20 μL of CCK8 solution
was added to each well. Plates were then incubated at 37 °C for 2 h. Absorbance was
measured at 490 nm using a microplate reader. Data are presented as the mean of
three independent experiments.

Colony formation assay
For colony formation assays, cells transfected with pcDNA3.1-lncRNA-ATB or
pcDNA3.1 were plated in 6-well plates and cultured at 37 °C in growth medium
containing 10% FBS. After 14 d, colonies were fixed with 4% polyoxymethylene for 10
min and then stained with 0.1% crystal violet solution for 10 min. Colonies were
observed using an Olympus microscope (Tokyo, Japan), and the number of colonies
was recorded.

Western blot analysis
Protein lysates were prepared from cells using RIPA buffer supplemented with a
protease inhibitor cocktail (Roche, China). Protein lysates were separated by SDSPAGE and then transferred to PVDF membranes (Sigma, United States). Membranes
were then incubated with specific antibodies. Protein expression was assessed using
ECL chemiluminescent reagents. The primary antibodies used are as follows:
antibodies against ATG5, LC3, and β-actin were purchased from Cell Signaling
Technology (United States) and those against phospho-PI3K (Tyr458), PI3K, phosphoAKT (Ser473), AKT, phospho-mTOR (Ser2248), mTOR, phospho-YAP (S127), and YAP
were purchased from Abcam (United Kingdom).
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Table 1 Correlation between lncRNA-ATB expression and clinicopathological parameters in
patients with hepatocellular carcinoma
LncRNA-ATB
Clinical feature

n
High expression (n = 36)

Low
P-value
expressio
-n (n = 36)

Gender

0.096

Male

41

17

24

Female

31

19

12

≤ 60

48

23

25

> 60

24

13

11

Negative

50

27

23

Postive

22

9

13

≤ 400

25

15

10

> 400

47

21

26

≤ 5cm

41

16

25

> 5cm

31

20

11

Age (yr)

0.617

HBsAg

0.306

AFP (ng/mL)

0.216

Tumor size

0.032*

TNM stage

0.017*

I + II

30

10

20

III + IV

42

26

16

Differentiation

0.465

Well/moderate

45

21

24

Poor

27

15

12

The median expression level of lncRNA-ATB was used as the cutoff. Pearson’s chi-square tests were used for
analysis. *P < 0.05. LncRNA-ATB: LncRNA-activated by transforming growth factor beta.

Immunofluorescence staining
For immunofluorescence, cells were fixed with 4% paraformaldehyde (Sigma-Aldrich,
United States) for 30 min at room temperature. Cells were then permeabilized with
0.4% Triton X-100 for 5 min at room temperature, and then blocked in 5% bovine
serum albumin at 37 ºC for 25 min. Next, cells were incubated with primary
antibodies at 4 °C overnight. Following overnight incubation, cells were incubated
with specific secondary antibodies for 1 h at 37 °C, and were then washed with PBS
three times. After a final wash, nuclei were stained with DAPI for 3 min at room
temperature. Immunofluorescence was observed and evaluated using a confocal
microscope (Olympus, United States).

Transmission electron microscopy (TEM)
HCC cell samples were processed and autophagosomes were visualized by TEM as
described previously[14]. In brief, samples were fixed with 2.5% glutaraldehyde in 0.1
mol/L cacodylate buffer for 4 h and underwent post-fixation with 1% OsO4 in 0.1
mol/L cacodylate buffer for 2 h. Next, samples were dehydrated, embedded in resinpropylene oxide, and sectioned using a Leica UFC6 ultra-thin microtome at 80 nm
thickness. Finally, images were captured using a Hitachi Model H-7650 transmission
electron microscope.

RNA isolation and real time-PCR
Isolation of total RNA, cDNA reverse transcription, and quantitative real-time PCR
were performed as previously described[10]. The PCR amplification primers used are
as follows: LncRNA-ATB forward, 5’-CTTCACCAGCACCCAGAGA-3’ and reverse,
5’-AAGACAGAAAAACAGTTCCGAGTC-3’; GAPDH forward, 5’-AAAGATGTG
CTTCGAGATGTGT-3’ and reverse, 5’-CACTTTGTCAGTTACCAACGTCA-3’; ATG3
forward 5’-GACCCCGGTCCTCAAGGAA-3’ and reverse, 5’-TGTAGCCCA
TTGCCATGTTGG-3’; ATG5 forward, AAAGATGTGCTTCGAGATGTGT-3’ and
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reverse, 5’-CACTTTGTCAGTTACCAACGTCA-3’; ATG7 forward 5’-CAGTTTGCCC
CTTTTAGTAGTGC-3’ and reverse, 5’-CCAGCCGATACTCGTTCAGC-3’; ATG10
forward 5’-AGACCATCAAAGGACTGTTCTGA-3’ and reverse, 5’-GGGTAGATGC
TCCTAGATGTGAC-3’; ATG12 forward 5’-CTGCTGGCGACACCAAGAAA-3’ and
reverse, 5’-CGTGTTCGCTCTACTGCCC-3’; ATG16L forward 5’-AAGAAAC
GTGGGGAGTT AGC-3’ and reverse, 5’-AGAGACAGAGCGTCTCCCAA -3’.

RNA immunoprecipitation (RIP)
HepG2 and SMMC-7721 cells were co-transfected with pcDNA3.1-MS2, pcDNA3.1ATB-MS2, pcDNA3.1-ATB-MS2-mut (ATG5), and pMS2-GFP. The plasmids were
synthesized by Genechem (Shanghai, China). After transfection for 48 h, cells were
cultured to use in experiments for RIP. RIP was performed using a GFP antibody and
the Magna RIPTM RNA-Binding protein, according to the manufacturer’s
instructions.

Statistical analysis
All of data analyses were performed using SPSS software (version 17.0, SPSS). Data
are presented as the mean ± SD. Significant differences between groups were
analyzed using the Student’s t-test. Chi-square tests were performed to determine the
relationship between lncRNA-ATB and clinicopathological characteristics. Pearson’s
correlation analysis was used to evaluate correlations in expression between two
genes. Kaplan-Meier survival analysis was used to evaluate overall survival, and the
log-rank test was used to determine differences in survival between groups.
Differences were considered to be statistically significant at aP < 0.05 and bP < 0.01.

RESULTS
LncRNA-ATB is highly expressed in HCC and is predictive of poor prognosis
We evaluated expression profiles of lncRNA-ATB in HCC samples by measuring
lncRNA-ATB levels in 72 pairs of HCC and adjacent non-tumor tissues by qRT-PCR.
LncRNA-ATB was expressed at higher levels in HCC tissues than in non-tumor tissue
(Figure 1A). High expression of lncRNA-ATB was associated with larger tumor size
and advanced TNM stage. The expression of lncRNA-ATB in patients with HCC
tumors larger than 5 cm was significantly higher than in patients with tumor size
smaller than 5 cm (Figure 1B). LncRNA-ATB was significantly higher in HCC patients
with advanced TNM stage (III/IV) than in patients with local TNM stage (I/II)
(Figure 1C). We stratified the 72 patients into a high lncRNA-ATB group and a low
lncRNA-ATB group, based on the median expression of lncRNA-ATB. We then
examined the relationship between lncRNA-ATB expression and prognosis in patients
with HCC. Kaplan-Meier survival analysis revealed that patients with higher
lncRNA-ATB expression had a poorer prognosis (Figure 1D). These results indicated
that lncRNA-ATB is overexpressed in HCC compared to normal tissues, and that
higher lncRNA-ATB expression predicts poor survival for patients with HCC.

Overexpression of lncRNA-ATB promotes HCC cell proliferation and clonogenicity
To explore the function of lncRNA-ATB in HCC cells, we established lncRNA-ATB
overexpressing cell lines by transfecting SMMC-7721 and HepG2 cells with
pcDNA3.1-ATB. At 48 h post-transfection, lncRNA-ATB expression was about 29-fold
and 34-fold higher than that in cells transfected with negative control (pcDNA3.1),
respectively (Figure 2A). Overexpression of lncRNA-ATB significantly promoted
HCC cell proliferation, as indicated by the CCK-8 proliferation assay (Figure 2B). In
vitro colony formation assays demonstrated that overexpression of lncRNA-ATB
increased the number of colonies formed by both SMMC-7721 and HepG2 cells
(Figure 2C). These results show that lncRNA-ATB has an oncogenic capacity to
facilitate the proliferation and clonogenicity of HCC cells.

LncRNA-ATB promotes autophagic flux in HCC cells
To determine the biological effect of lncRNA-ATB on autophagy, we evaluated the
effects of lncRNA-ATB overexpression on autophagy in HCC cells. Overexpression of
lncRNA-ATB increased the accumulation of LC3-II, which is generally considered to
be a marker of autophagosome formation. Furthermore, we used bafilomycin A1, an
inhibitor of the fusion of autophagosomes and lysosomes, to examine autophagic flux
by evaluating changes in the degradation of LC3-II. Accumulation of LC3-II was
significantly increased in HCC cells treated with bafilomycin A1, after transfection
with pcDNA3.1-lncRNA-ATB (Figure 3A and B), indicating that lncRNA-ATB induces
autophagic flux. By using a LC3-GFP reporter, the abundance of LC3 puncta was
measured, and HCC cells transfected with pcDNA3.1-lncRNA-ATB exhibited similar
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Figure 1

Figure 1 LncRNA-ATB is significantly up-regulated in human hepatocellular carcinoma tissues and predicts a poor prognosis. A: Relative expression levels
of lncRNA-activated by transforming growth factor beta (lncRNA-ATB) in hepatocellular carcinoma (HCC) tissues and adjacent normal tissues; B: Relative expression
levels of lncRNA-ATB in HCC patients with larger tumor sizes (> 5 cm) and smaller tumor sizes (≤ 5 cm); C: Relative expression levels of lncRNA-ATB in HCC
patients with early stage (I/II) and advanced stage (III/IV) disease; D: Kaplan-Meier analysis of overall survival in 72 HCC patients according to median lncRNA-ATB
expression. The log-rank test was used to calculate the P-value. Data are expressed as the mean ± SD of three independent experiments. Statistical significance is
indicated at aP < 0.05. HCC: Hepatocellular carcinoma; LncRNA-ATB: LncRNA-activated by transforming growth factor beta.

LC3 puncta accumulation to cells treated with rapamycin (Figure 3C and D). TEM
analysis detected autophagosomes and autolysosomes in HCC cells overexpressing
lncRNA-ATB, and fewer were observed in negative control cells (Figure 3E and F).
These results indicate that lncRNA-ATB promotes autophagic flux and autolysosome
formation.

LncRNA-ATB promotes autophagy by modulating YAP activation
YAP is a key coactivator of the Hippo pathway, and has been demonstrated to
promote cancer cell survival by enhancing autophagic flux[15]. Moreover, a growing
number of studies have found that lncRNAs are able to regulate Hippo-YAP signaling
in cancer cells. We therefore hypothesized that lncRNA-ATB promotes autophagy by
activating YAP. To explore this, we measured YAP expression in HCC cells
overexpressing lncRNA-ATB, and found that overexpression of lncRNA-ATB did not
change the expression of total YAP protein, but decreased p-YAP expression in
SMMC-7721 and HepG2 cells (Figure 4A and B). In addition, consistent with the
decrease in p-YAP, overexpression of lncRNA-ATB induced YAP translocation from
the cytoplasm to the nucleus, as indicated by immunofluorescence (Figure 4C and D).
These data demonstrate that lncRNA-ATB induces nuclear translocation of YAP. To
determine whether lncRNA-ATB promotes autophagy by activating YAP, we
inhibited YAP expression with siRNA. YAP expression was significantly decreased by
si-YAP1, as demonstrated by Western blot analysis (Figure 4E and F). Consistently,
we found that YAP knockdown partially attenuated lncRNA-ATB-induced activation
of autophagy in HCC cells (Figure 4G and H). These results reveal that lncRNA-ATB
promotes autophagy in HCC cells by modulating YAP activation.

LncRNA-ATB influences autophagy by targeting ATG5 expression
Autophagy is a dynamic, continuous, and tightly coordinated metabolic process that
is regulated by a series of autophagy-related genes (ATGs). ATG proteins are essential
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Figure 2

Figure 2 Overexpression of lncRNA-ATB promotes the proliferation of hepatocellular carcinoma cells in vitro. A: LncRNA-activated by transforming growth
factor beta (lncRNA-ATB) expression was determined by real-time PCR in hepatocellular carcinoma (HCC) cells transfected with pcDNA3.1-lncRNA-ATB; B: CCK-8
assays were performed to determine the proliferation of HCC cell lines (SMMC-7721 and HepG2) transfected with pcDNA3.1-lncRNA-ATB; C: Colony formation
assays were performed to measure the proliferation of HCC cells transfected pcDNA3.1-lncRNA-ATB. Data are expressed as the mean ± SD of three independent
experiments. Statistical significance is indicated at aP < 0.05 or bP < 0.01. HCC: Hepatocellular carcinoma; LncRNA-ATB: LncRNA-activated by transforming growth
factor beta.

for the formation of the autophagosome, and are crucial for delivery of autophagic
cargo to fuse with the lysosome[16]. To determine which ATG genes are involved in
regulation of autophagy by lncRNA-ATB, we used real-time PCR to evaluate the
expression of ATG genes in HCC cells following overexpression of lncRNA-ATB.
ATG5 mRNA expression was significantly up-regulated by lncRNA-ATB
overexpression (Figure 5A and B). In addition, Western blot analysis confirmed that
ATG5 protein expression was increased by lncRNA-ATB overexpression (Figure 5C
and D). Next, we explored the mechanism by which lncRNA-ATB regulates ATG5.
LncRNAs can interact with mRNAs to increase mRNA stability, which promotes gene
expression[6,17]. We used BLAST to find potential binding sites between lncRNA-ATB
and the ATG5 mRNA, and identified several regions of high complementarity. We
used RIP to investigate direct interactions of lncRNA-ATB and ATG5 mRNA, and
found that LncRNA-ATB was significantly enriched for ATG5 mRNA compared to
the empty vector or to lncRNA-ATB with mutated binding sites (Figure 5E and F). We
then determined the expression correlation between ATG5 and lncRNA-ATB in HCC
tissue. These demonstrate that lncRNA-ATB interacts with ATG5 mRNA and
regulates autophagy by increasing ATG5 expression.

Nuclear localization of YAP and ATG5 expression are correlated positively with
lncRNA-ATB expression
We examined YAP expression in 72 HCC tissues by immunohistochemistry. We
found that 62.5% (45/72) of HCC samples showed stronger YAP staining than
adjacent non-tumor tissues (Figure 6A). YAP localization showed stronger nuclear
staining in HCC tissues than in normal tissues. We then evaluated ATG5 expression
by real-time PCR and found that ATG5 expression was significantly higher in HCC
tissues compared with adjacent normal tissues (Figure 6B). Additionally, we
determined the correlation between the expression of lncRNA-ATB and ATG5, and
found that ATG5 mRNA expression was positively correlated with lncRNA-ATB
expression (Figure 6C).
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Figure 3

Figure 3 LncRNA-ATB promotes autophagy in hepatocellular carcinoma cells. A and B: Hepatocellular carcinoma (HCC) cells transfected with pcDNA3.1lncRNA-ATB were subjected to Western blot analysis to detect LC3-II/LC3-I expression, with and without bafilomycin A1 treatment (20 μmol/L for 6 h); C and D:
Immunofluorescence of LC3 puncta (green) was measured in HCC cells transfected with pcDNA3.1-lncRNA-ATB or treated with rapamycin; E and F: Electron
microscopy identified highly visible autophagosomes and autolysosomes in HCC cells overexpressing lncRNA-ATB compared to negative control cells. HCC:
Hepatocellular carcinoma; LncRNA-ATB: LncRNA-activated by transforming growth factor beta.

DISCUSSION
LncRNAs play vital roles in tumor progression[18], and more and more lncRNAs are
being shown to influence tumor cells biology[19]. In the present study, we found that
lncRNA-ATB is expressed at high levels in HCC tissues. We report that elevated
expression of lncRNA-ATB associates with increased tumor size and higher TNM
stage, suggesting that lncRNA-ATB may serve as a prognostic biomarker to identify
those HCC patients who are at higher risk of disease progression. In previous studies,
lncRNA-ATB was found to be overexpressed in various tumors of the digestive
system, such as gastric cancer, colorectal cancer, and pancreatic cancer[20-22]. In gastric
cancer, Iguchi et al[21] found that expression of lncRNA-ATB significantly correlates
with postoperative overall survival of patients with GC, and induced EMT in GC
cells. They reported that lncRNA-ATB expression is correlated to tumor size, depth of
tumor invasion, and TNM stage in colorectal tumors. In functional experiments,
lncRNA-ATB was found to influence multiple biological processes of cancer cells.
LncRNA-ATB promotes cell viability, migration, and invasion in T24 cells by
regulating miR-126 as a molecular sponge [23] . Here we report that lncRNA-ATB
overexpression promotes proliferation of HCC cells. These data suggest that lncRNA-
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Figure 4

Figure 4 LncRNA-ATB promotes autophagy through modulation of Yes-associated protein activation. A and B: The protein levels of total Yes-associated
protein (YAP) and p-YAP in hepatocellular carcinoma (HCC) cells transfected with pcDNA3.1-lncRNA-ATB were measured by Western blot; C and D: The nuclear
localization of YAP was detected in transfected HCC cells by immunofluorescence; E and F: Knockdown of YAP in HCC cells transfected with si-YAP (si-YAP 1# and
si-YAP 2#) was measured using Western blot; G and H: HCC cells were co-transfected with pcDNA3.1-lncRNA-ATB and si-YAP, and the protein levels of LC3 were
determined by Western blot. Yes-associated protein: YAP; HCC: Hepatocellular carcinoma; LncRNA-ATB: LncRNA-activated by transforming growth factor beta.

ATB plays an oncogenic role in HCC progression.
Autophagy can be considered a kind of metabolic reprogramming pathway, and is
a topic of increasing relevance to cancer research. The role of autophagy as an antitumor or tumor-promoting pathway is context dependent[24], and emerging studies
have indicated that autophagy can facilitate survival of tumor cells in response to
stress[9,25]. Reports have also demonstrated that non-coding RNAs can act as regulators
in the autophagy pathway[8]. In our current study, we analyzed the potential link
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Figure 5

Figure 5 LncRNA-ATB induces autophagy by regulating autophagy-related protein 5 expression. A and B: The mRNA expression of autophagy-related genes
involved in autophagy was examined by real-time PCR in hepatocellular carcinoma (HCC) cells transfected with lncRNA-ATB; C and D: The protein levels of ATG5
were analyzed in HCC cells transfected with lncRNA-ATB by Western blot; E and F: RIP-derived RNA was evaluated by real-time PCR. Data are expressed as the
mean ± SD of three independent experiments. Statistical significance is indicated at aP < 0.05 or bP < 0.01. ATG3: Autophagy-related protein 3; ATG5: Autophagyrelated protein 5; ATG7: Autophagy-related protein 7; ATG10: Autophagy-related protein 10; ATG12: Autophagy-related protein 12; ATG16L: Autophagy-related
protein 16L; HCC: Hepatocellular carcinoma; RIP: RNA immunoprecipitation; LncRNA-ATB: LncRNA-activated by transforming growth factor beta.

between lncRNA-ATB and autophagy. We identified enrichment of autophagy
signatures in the gene expression data from SMMC-7721 cells engineered to
overexpress lncRNA-ATB. We investigated the influence of lncRNA-ATB on
autophagy in HCC cells, and found that overexpression of lncRNA-ATB significantly
promoted autophagy flux in HCC cells. The Hippo-YAP pathway regulates
autophagy and promotes cancer cell survival during nutrient deprivation [15] .
Moreover, lncRNAs play a vital role in activating YAP signaling[26,27]. Therefore, we
explored whether lncRNA-ATB induces autophagy by regulating YAP. We found that
lncRNA-ATB overexpression decreased p-YAP expression and induced the nuclear
translocation of YAP. Rescue experiments showed that lncRNA-ATB promotes
autophagy by modulating YAP activation. Our previous study found Hippo-YAP
signaling plays an essential role in liver cancer development. Our present data
suggest that YAP activation acts as a mediator between lncRNA-ATB expression and
autophagy.
Autophagy is a dynamic and continuous process that is regulated by a series of
ATG proteins. Yoshinori Ohsumi’s laboratory identified the core ATGs that are
essential for formation of the autophagosome and delivery of autophagic cargo to the
lysosome[28]. In addition, lncRNAs have been shown to coordinate autophagy by
influencing the expression and post-transcriptional regulation of ATG genes[8]. For
example, lncRNA PVT1 activates autophagy in glioma vascular endothelial cells by
upregulating the expression of ATG7 and beclin1[29]. In our study, we found that
lncRNA-ATB increases ATG5 expression by interacting with ATG5 mRNA. ATG5 is
part of the ATG12-ATG5–ATG16L1 complex, and it enhances ATG3-mediated
conjugation of ATG8 family proteins, resulting in phagophore elongation[30]. Previous
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Figure 6

Figure 6 Yes-associated protein nuclear localization and autophagy-related protein 5 expression are positively correlated with lncRNA-ATB expression. A:
Representative immunostaining for Yes-associated protein (YAP) in hepatocellular carcinoma (HCC) and adjacent normal tissues (magnification: ×200 or ×400); B:
The expression levels of autophagy-related protein 5 (ATG5) in 72 pairs of HCC tumor and adjacent normal tissues were evaluated by real-time PCR; C: Pearson’s
correlation analysis of the relationship between expression of lncRNA-ATB and ATG5 (r = 0.527, P < 0.001). Statistical significance is indicated at bP < 0.01. YAP:
Yes-associated protein; ATG5: Autophagy-related protein 5; HCC: Hepatocellular carcinoma; LncRNA-ATB: LncRNA-activated by transforming growth factor beta.

studies have also found that lncRNA HNF1A-AS1 functions as an oncogene and
promotes autophagy by regulating ATG5. Our results indicate that lncRNA-ATB
promotes autophagy by regulating ATG5 expression.
In summary, our study elucidates the role of lncRNA-ATB in regulating autophagy
in HCC. We report that lncRNA-ATB is often overexpressed in HCC tissues and acts
as an oncogene to facilitate the progression of HCC. Our data show that lncRNA-ATB
promotes autophagy by modulating YAP activation. Additionally, we report that
lncRNA-ATB interacts with ATG5 mRNA and influences autophagy by increasing the
expression of ATG5. Our study provides novel insights into the molecular
mechanisms by which lncRNA-ATB regulates autophagy in HCC cells.

ARTICLE HIGHLIGHTS
Research background
Long non-coding RNAs (lncRNAs) play a vital role in the progression of hepatocellular
carcinoma (HCC). Autophagy is a dynamic metabolic process that supports cancer cell survival
in response to stress. The relationship between autophagy and the lncRNA-activated by
transforming growth factor beta (lncRNA-ATB) in HCC remains unknown.

Research motivation
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A large number of aberrantly expressed genes influence the progression of HCC, but the
molecular mechanisms governing HCC malignancy are still not entirely clear, and the potential
connection between lncRNAs and autophagy remains to be fully elucidated. There is an
important and unmet need to elucidate the molecular mechanisms of autophagy, and to
capitalize on that knowledge to develop autophagy-related methods as therapeutic strategies for
treatment of HCC.

Research objectives
To explore the influence of lncRNA-ATB in regulating autophagy in HCC cells and the
underlying mechanism.

Research methods
We compared the expression of lncRNA-ATB in 72 HCC tissues and adjacent non-tumor tissues
by real-time PCR. The role of lncRNA-ATB in cell proliferation and colony formation was
evaluated in vitro. The effect of lncRNA-ATB on autophagy was determined using a LC3-GFP
reporter and transmission electron microscopy. Furthermore, the mechanism by which lncRNAATB regulates autophagy was explored by immunofluorescence staining, RNA
immunoprecipitation, and Western blot.

Research results
We found that lncRNA-ATB was up-regulated in HCC and lncRNA-ATB expression positively
correlated with tumor size, TNM stage, and poor survival of HCC patients. Overexpression of
lncRNA-ATB promoted cell proliferation and colony formation in vitro. LncRNA-ATB promoted
autophagy by activating Yes-associated protein (YAP). Moreover, lncRNA-ATB interacted with
autophagy-related protein 5 (ATG5) mRNA and increased ATG5 expression.

Research conclusions
Our study reveals that lncRNA-ATB regulates autophagy by activating YAP and increasing
ATG5 expression. These results provide new insights into the role of lncRNA-ATB in autophagy
in HCC.

Research perspectives
Our findings provide a novel link between lncRNA-ATB and autophagy, and suggest that
lncRNA-ATB may be a potential therapeutic target in the treatment of HCC.
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Abstract
BACKGROUND
The Baveno VI criteria for predicting esophageal varices, i.e., liver stiffness
measurement (LSM) < 20 kPa and platelet (PLT) count > 150 × 109/L, identify
patients who can safely avoid gastroscopy screening. However, they require
further refinement.
AIM
To evaluate the utility of LSM and serum markers of liver fibrosis in ruling out
high-risk varices (HRV) in patients who do not meet Baveno VI criteria.
METHODS
Data from 132 patients with hepatitis B virus (HBV)-related compensated liver
cirrhosis who did not meet the Baveno VI criteria were retrospectively reviewed.
MedCalc 15.8 was used to calculate receiver operating characteristic (ROC)
curves, and the accuracy of LSM, PLT count, aspartate aminotransferase (AST)to-PLT ratio index, Fibrosis-4, and the Lok index in predicting HRV were
evaluated according to the area under each ROC curve (AUROC). The utility of
LSM, PLT, and serum markers of liver fibrosis stratified by alanine transaminase
(ALT) and total bilirubin (TBil) levels was evaluated for ruling out HRV.
RESULTS
In all patients who did not meet the Baveno VI criteria, the independent risk
factors for HRV were LSM and ALT. Only the AUROC of Lok index was above
0.7 for predicting HRV, and at a cutoff value of 0.4531 it could further spare
24.2% of gastroscopies without missing HRVs. The prevalence of HRV was
significantly lower in patients with ALT or TBil ≥ 2 upper limit of normal (ULN)
(14.3%) than in patients with both ALT and TBil < 2 ULN (34.1%) (P = 0.018). In
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the 41 patients with ALT and TBil < 2 ULN, LSM had an AUROC for predicting
HRV of 0.821. LSM < 20.6 kPa spared 39.0% of gastroscopies without missing
HRVs. In the 91 patients with ALT or TBiL ≥ 2 ULN, the Lok index and PLT had
AUROCs of 0.814 and 0.741, respectively. Lok index ≤ 0.5596 or PLT > 100 ×
109/L further spared 39.6% and 43.9% of gastroscopies, respectively, without
missing HRVs.
CONCLUSION
In HBV-related compensated cirrhosis patients who do not meet Baveno VI
criteria, the LSM, PLT, or Lok index cutoff stratified by ALT and TBil accurately
identifies more patients without HRV.
Key words: Baveno VI; Esophageal varices; Liver cirrhosis; Liver stiffness measurement;
Serum markers of liver fibrosis
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Core tip: In patients with hepatitis B virus (HBV)-related compensated cirrhosis who did
not meet the Baveno VI criteria, the prevalence of high-risk varices among patients with
alanine transaminase (ALT) or total bilirubin (TBil) ≥ 2 upper limit of normal (ULN)
was significantly lower compared to patients with ALT and TBil < 2 ULN. In the 41
patients with ALT and TBil < 2 ULN, liver stiffness measurement (LSM) < 20.6 kPa
spared 39.0% of gastroscopies without missing high-risk varices (HRVs). In the 91
patients with ALT or TBiL ≥ 2 ULN, Lok index ≤ 0.5596 or platelet (PLT) > 100 ×
109/L further spared 39.6% and 43.9% of gastroscopies, respectively, without missing
HRVs.
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INTRODUCTION
About 30% of cases of liver cirrhosis worldwide result from chronic hepatitis B virus
(HBV) infection[1]. Esophageal varices (EV) and esophagogastric variceal bleeding
(EVB) are major complications among patients with liver cirrhosis and are associated
with high morbidity and mortality[2]. Six-week mortality rates range between 15% and
25% in patients with EVB[3,4]. High-risk varices (HRV) are medium or large EV or
small EV with red wale signs. Prophylactic therapy with beta-blockers or elastic band
ligation benefits patients with HRV and is the standard of care in patients with
cirrhosis to identify those with HRV[5,6].
Gastroscopy is the gold standard for diagnosing EV and assessing bleeding risk[7].
However, gastroscopy is an invasive and expensive procedure with associated risks[6].
In the last 10 years, evidence has accumulated regarding the usefulness of noninvasive methods for stratifying EV risk in patients with compensated advanced
chronic liver disease[8]. The 2015 Baveno VI consensus workshop recommended that
patients with liver stiffness measurement (LSM) < 20 kPa and platelet (PLT) count >
150 × 109/L could safely avoid gastroscopy screening[3,4]. These criteria were verified
in several clinical studies and can safely spare 20%-30% of liver cirrhosis patients from
undergoing gastroscopy[9,10]. The American Association for the Study of Liver Disease
recently recommended using the Baveno VI criteria to stratify EV risk in patients with
liver cirrhosis[3]. However, up to 40% of gastroscopies are still unnecessary[11]. It is
therefore imperative to finding a new strategy to identify more patients without HRV.
Several studies reported that adjusting the LSM and PLT thresholds could spare
more patients from undergoing gastroscopy. The expanded Baveno VI criteria (PLT >
110 × 109/L and LSM < 25 kPa) further spare 19% of gastroscopies compared to the
original Baveno VI criteria, with a risk of missing 1.6% of HRV cases[12]. Jangouk et al[9]
recently reported a 12% increase in spared gastroscopies (with no additional HRV
cases missed) by expanding the Baveno VI criteria to include a Model for End-Stage
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Liver Disease (MELD) score of 6. Using cutoff values of LSM ≤ 25 kPa and PLT ≥ 100 ×
109/L, Ding et al[13] found that 21% of gastroscopies were spared. However, these
criteria have not been confirmed.
Because liver inflammation can significantly increase LSM, it is recommended that
the interpretation of LSM is based on the levels of alanine transaminase (ALT) and
total bilirubin (TBil)[14,15]. Clinically, most patients with HBV-related liver cirrhosis
have concomitant liver inflammation. However, it remains unknown whether
adjusting the LSM and PLT cutoffs according to ALT and TBiL levels would increase
the number of spared gastroscopies among patients who do not meet the Baveno VI
criteria.
Serum markers of liver fibrosis such as PLT count, aspartate aminotransferase
(AST)-to-PLT ratio index (APRI), Fibrosis-4 (FIB-4), and the Lok index are useful in
predicting severe liver fibrosis or cirrhosis[16-18], EV risk, and variceal bleeding risk in
patients with HBV infection[19]. It remains unknown whether these serum markers of
liver fibrosis can identify patients without HRV among those who do not meet the
Baveno VI criteria. In this study, we aimed to evaluate the utilities of LSM, PLT count,
APRI, FIB-4, and the Lok index stratified by ALT and TBil levels for ruling out HRV in
patients with HBV-related compensated cirrhosis who did not meet the Baveno VI
criteria.

MATERIALS AND METHODS
Study population
From September 2016 to June 2018, we applied the Baveno VI criteria to patients with
compensated liver cirrhosis who were admitted to the Affiliated Hospital of Zunyi
Medical University and Suining Central Hospital. All the patients with compensated
liver cirrhosis who did not meet the Baveno VI criteria underwent gastroscopy
screening during this period. We retrospectively reviewed records of 183 hospitalized
patients with HBV-related compensated liver cirrhosis who underwent a FibroScan
procedure and gastroscopy within 6 months and had complete clinical, laboratory,
and imaging data. A total of 132 patients were included in the study. The remaining
51 were excluded from the study because they had the following concomitant
conditions: 19, alcoholic liver disease; 15, hepatocellular carcinoma; 6, invalid LSM; 4,
human immunodeficiency virus infection; 3, cardiovascular disease; 3, splenectomy;
and 1, primary biliary cholangitis.

Diagnostic criteria for HBV-related compensated liver cirrhosis
The diagnosis of cirrhosis was based on previous liver biopsy findings or a composite
of clinical signs and findings provided by laboratory tests, gastroscopy, radiologic
imaging, and FibroScan procedures. Decompensated liver cirrhosis was defined as the
presence of one of the following: New onset of hepatic encephalopathy, EVB, or
ascites[2].
Two professionally trained operators performed each transient elastography (TE)
measurement using a FibroScan device (Echosens, Paris, France). The M probe was
used in all measurements. Only cases with 10 valid measurements obtained with a
success rate ≥ 60% and an interquartile range-to-median ratio ≤ 30% were considered
valid. The median valid LSM value is expressed in kPa.

Grading criteria for EV
Gastroscopy procedures were performed by two experienced endoscopists who were
unaware of the LSM results. EV stage was classified as none (no veins above the
esophageal mucosal surface; F0), small (minimally elevated veins above the
esophageal mucosal surface; F1), medium (large tortuous veins occupying < 1/3 of
the lumen; F2), or large (large coil-shaped veins occupying ≥ 1/3 of the lumen; F3).
HRV was defined as F2/F3 EV or F1 EV with red wale signs[20].

Candidate predictor variables
Laboratory parameters included white blood cell (WBC) count, PLT count, ALT, AST,
gamma-glutamyl transpeptidase (GGT), TBil, albumin (ALB), globulin (GLB),
prothrombin (PT), prothrombin time activity (PTA), international normalized ratio
(INR), HBV DNA, serum sodium (Na+), blood urea nitrogen (BUN), creatinine (Cr),
and alpha-fetoprotein (AFP). For patients with multiple laboratory parameter
measurements, we used the results obtained nearest in time to the TE procedure.
The serum markers of liver fibrosis were calculated according to the following
formulas: APRI = [AST/upper limit of normal (ULN)] × 100/PLT; FIB-4 = (age ×
AST)/(PLT × square root of ALT); Lok index = exp (log odds)/[1 + exp(log odds)], log
odds = -5.56 - 0.0089 × PLT + 1.26 × (AST/ALT) + 5.27 × INR. The following formula
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was used for calculating the MELD scores: MELD score = 3.8 × ln[TBil (mg/dL)] +
11.2 × ln(INR) + 9.6 × ln[Cr (mg/dL)] + 6.4 × (constant for liver disease etiology: 0 if
cholestatic or alcoholic, otherwise 1).

Ethics statement
The protocol conformed to the provisions of the Declaration of Helsinki and was
approved by the Human Ethical Committee of the Affiliated Hospital of Zunyi
Medical University and Suining Central Hospital. All patients were informed in
writing regarding the potential use of their data for clinical research purposes, and all
accepted.

Statistical analysis
Statistical analyses were performed using SPSS 19.0 (SPSS, Chicago, IL, USA) and
MedCalc® 15.8 (MedCalc Software BVBA, Ostend, Belgium). Patient characteristics
were compared between patients with and without HRV, using χ2 tests for categorical
variables, t-tests for variables with normal distributions, and Mann–Whitney U tests
for variables with non-normal distributions. Logistic regression analysis was used for
univariate and multivariate analyses. MedCalc 15.8 was used to calculate receiver
operating characteristic (ROC) curves, and the accuracy of each diagnostic criterion
was evaluated according to the area under each ROC curve (AUROC). Given that the
aim of this study was to identify patients without HRV, we defined the cutoff values
of LSM, PLT, MELD score, and serum markers of liver fibrosis based on the values
corresponding to a negative predictive value (NPV) of 100%. The main results
calculated were sensitivity, specificity, positive predictive value (PPV), and positive
likelihood ratio (PLR) as well as the number of unnecessary gastroscopy procedures.
Since we set the cutoff values based on an NPV of 100%, we did not calculate the
negative likelihood ratio (NLR). P < 0.05 was considered statistically significant.

RESULTS
Patient characteristics and HRV prevalence
Among the 132 patients enrolled in the study, 59 (44.7%) had EV. Among them, 32
(24.2%) had small EV without red wale signs and 27 (20.5%) had HRV (medium or
large EV). Regarding Child-Pugh class, 95 and 37 patients had classes A and B,
respectively. Of the 132 patients, 99 (26 with HRV) did not meet the Baveno VI criteria
due to having both LSM ≥ 20 kPa and PLT ≤ 150 × 109/L; 11 (1 with HRV) due to
having only LSM ≥ 20 kPa; and 22 (0 with HRV) due to having only PLT ≤ 150 ×
109/L. As shown in Table 1, PT, INR, LSM, and MELD score were significantly higher
in patients with HRV than in those without, whereas ALT, AST, GGT, PLT, PTA, and
HBV DNA levels were significantly lower.

Independent risk factors for HRV and performance of LSM and serum markers of
liver fibrosis for ruling out HRV
As shown in Table 2, the risk factors for HRV in patients who did not meet the Baveno
VI criteria included PT, PLT, ALT, GGT, LSM, and MELD score. Independent risk
factors for HRV were LSM and ALT. We then explored whether adjusting the LSM
and PLT cutoff values and using serum markers of liver fibrosis could exclude more
patients without HRV among those who did not meet the Baveno VI criteria. As
shown in Table 3, the Lok index had an AUROC of 0.753 [95% confidence interval
(CI): 0.671-0.824]. The AUROCs of LSM, APRI, FIB-4, and MELD score were all < 0.7.
The Lok index cutoff value of 0.4531 could further spare 32/132 (24.2%) of
gastroscopies without missing HRVs. Although PLT had an AUROC of 0.712 (95%CI:
0.627-0.787), PLT > 151 × 109/L could only spare 10/132 (7.6%) of gastroscopies
without missing HRVs. The AUROC of LSM was 0.637 (95%CI: 0.548-0.718), and LSM
< 20.9 kPa could spare 31/132 (23.5%) of gastroscopies without missing HRVs.
If the expanded Baveno VI criteria (LSM < 25 kPa with a PLT count > 110 × 109/L)
were applied to patients who did not meet the Baveno VI criteria, they only spared 8
(6.1%) gastroscopies without missing HRVs. In our study, only 7 patients had an
MELD score of 6, and a stepwise strategy using PLT > 150 × 109/L and MELD = 6 only
led to 7/132 (5.3%) additional patients avoiding gastroscopies without missing HRVs.
Using cutoff values of LSM ≤ 25 kPa and PLT ≥ 100 × 109/L, as suggested by Ding et
al[13], only led to 16/132 (12.1%) more patients avoiding gastroscopies without missing
HRVs.

Effects of ALT and TBil on LSM in patients who did not meet the Baveno VI criteria
LSM in patients with ALT < 2 ULN (26.77 ± 12.08 kPa) was significantly lower than
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Table 1 Biochemical characteristics of patients with hepatitis B virus-related liver cirrhosis with and without high-risk varices
Variable

Without high-risk varices (n = 105)

With high-risk varices (n = 27)

P-value

Age

46.32 ± 11.83

46.74 ± 11.17

0.8691

Male

88 (83.81)

25 (92.59)

0.2462

BMI (kg/m2)

24.6 ± 3.53

23.8 ± 2.96

0.9121

HBeAg: Positive

59 (56.19)

11 (40.74)

0.1512

HBV DNA (log 10, copies/mL)

6.27 ± 1.43

5.08 ± 1.46

0.0021

Na (mmol/L)

137.56 ± 13.80

139.12 ± 3.07

0.5601

ALT (U/L)

177.0 (64.0-318.0)

54.0 (33.0-92.0)

0.0003

AST (U/L)

144.0 (55.5-266.5)

60.0 (37.0-136.9)

0.0013

GGT (U/L)

105.0 (68.4-198.0)

60.0 (35.0-93.0)

0.0003

TBil (μmol/L)

24.4 (16.75-37.5)

27.8 (15.5-48.2)

0.6763

ALB (g/L)

37.35 ± 5.74

36.07 ± 5.74

0.3051

GLB (g/L)

31.4 (28.55-35.65)

34.6 (28.6-39.1)

0.1013

AFP (ng/mL)

16.47 (6.66-74.73)

13.6 (7.00-30.1)

0.4223

BUN (mmol/L)

4.64 ± 1.28

4.71 ± 1.29

0.8011

Cr (μmol/L)

73.0 (62.0-80.5)

73.0 (69.0-90.0)

0.2773

PT (s)

13.0 (11.8-14.4)

15.4 (12.5-16.3)

0.0023

INR

1.08 (0.98-1.17)

1.23 (1.04-1.38)

0.0033

85.05 ± 21.33

74.52 ± 20.25

0.0221

4.21 (3.28-5.34)

3.64 (2.68-4.50)

0.0523

PLT (10 /L)

98.35 ± 46.49

67.00 ± 28.29

0.0001

LSM (kPa)

28.93 ± 12.41

35.42 ± 14.44

0.0211

Child-Pugh score

5.00 (5.00-7.00)

6.00 (5.00-7.00)

0.5083

MELD

8.83 (7.50-11.76)

11.33 (8.81-13.18)

0.0253

+

PTA (%)
9

WBC (10 /L)
9

Data are presented as the mean ± SD, or median (interquartile range).
1
t-test results;
2
Chi square test results;
3
Mann–Whitney U test results.
P < 0.05 was statistically significant. AFP: Alpha-fetoprotein; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body
mass index; BUN: Urea nitrogen; Cr: Creatinine; GGT: Glutamine transpeptidase; GLB: Globulin; HBeAg: Hepatitis B e-antigen; HBV DNA: Hepatitis B
virus DNA; INR: International normalized ratio; LSM: Liver stiffness measurement; MELD: Model for End-Stage Liver Disease; Na+: Sodium; PLT: Platelet;
PT: Prothrombin time; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

that in patients with ALT ≥ 2 ULN (32.59 ± 13.25 kPa) (P = 0.011). The mean LSM
value in patients with TBil < 2 ULN (26.40 ± 8.66 kPa) was also significantly lower
than that in patients with TBil ≥ 2 ULN (38.80 ± 16.77 kPa) (P = 0.000). The LSM in
patients with both ALT and TBil < 2 ULN (23.66 ± 8.44 kPa) was significantly lower
than that in patients with ALT or TBil ≥ 2 ULN (33.23 ± 13.71 kPa) (P = 0.000).

LSM and serum markers of liver fibrosis for ruling out HRV in patients with ALT and
TBil < 2 ULN
To explore the possibility of increasing the number of patients spared gastroscopy by
adjusting the cutoff values of LSM and PLT according to ALT and TBil levels, we
divided them into patients with ALT and TBil < 2 ULN (n = 41) and patients with
ALT or TBil ≥ 2 ULN (n = 91). Among the 41 patients with both ALT and TBIL < 2
ULN, 14 (34.1%) had HRV. As shown in Table 4, LSM had an AUROC of 0.821
(95%CI: 0.670-0.923, P < 0.0001). At a cutoff value of 20.6 kPa, LSM further spared
16/41 (39.0%) of gastroscopies without missing HRVs. PLT, Lok index, MELD score,
APRI, FiB-4, and PLT had no predictive value for HRV.

LSM and serum markers of liver fibrosis for ruling out HRV in patients with ALT or
TBil ≥ 2 ULN
Among the 91 patients with ALT or TBil ≥ 2 ULN, the prevalence of HRV (13/91,
14.3%) was significantly lower than that among patients with ALT and TBil < 2 ULN
(14/41, 34.1%, P < 0.05). As shown in Table 5, only the AUROC of the Lok index for
identifying HRV was > 0.800. The AUROC of LSM was significantly reduced to 0.672,
which was lower than those for the Lok index (0.814), PLT (0.741), and MELD score
(0.735).
Using a Lok index cutoff ≤ 0.5596 could spare 36/91 (39.6%) of gastroscopies
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Table 2 Univariate and multivariate analyses of risk factors associated with high-risk varices in
patients who did not meet the 2015 Baveno VI criteria
Univariate analysis

Multivariate analysis

Variable
β

OR

95%CI

P-value

PT

0.289

1.335

1.117-1.595

0.001

PLT

-0.025

0.975

0.960-0.990

0.001

ALT

-0.008

0.992

0.987-0.997

0.003

GGT

-0.013

0.987

0.979-0.996

0.003

LSM

0.035

1.035

1.004-1.068

0.025

MELD

0.091

1.096

1.002-1.198

0.045

β

OR

95%CI

P-value

-0.007

0.993

0.987-0.999

0.029

0.077

1.080

1.030-1.132

0.001

ALT: Alanine aminotransferase; CI: Confidence interval; GGT: Glutamine transpeptidase; LSM: Liver
stiffness measurement; MELD: Model for End-Stage Liver Disease; OR: Odds ratio; PLT: Platelet; PT:
Prothrombin time. P < 0.05 was statistically significant.

without missing HRVs. Using PLT > 100 × 10 9 /L could spare 40/91 (43.9%) of
gastroscopies without missing HRVs. An MELD score ≤ 7 could only spare 10/91
(11.0%) of gastroscopies without missing HRVs. These results suggested that the Lok
index and PLT performed satisfactorily in identifying patients without HRV among
patients with ALT or TBil ≥ 2 ULN.

DISCUSSION
Although many studies have validated the accuracy of the Baveno VI criteria for
ruling out HRV[9,21-23], studies have also found that the criteria are conservative and
need to be refined to accurately identify more patients without HRV[10,24,25]. In this
study, we focused on patients with HBV-related compensated liver cirrhosis who did
not meet the 2015 Baveno VI criteria because the prevalence of HRV is relatively high
in this population and the possible HRV risk factors may be different from those for
patients who fulfill the 2015 Baveno VI criteria[3,26]. We found that only 20.5% of the
patients had HRV. Moreover, among the 91 patients with ALT or TBil ≥ 2 ULN, only
14.3% had HRV. Thus, our results demonstrated that many unnecessary gastroscopies
are conducted in patients with HBV-related compensated liver cirrhosis despite
excluding patients at low risk for EV using the 2015 Baveno VI criteria, especially
among patients with ALT or TBil ≥ 2 ULN.
Although LSM was still one of the independent factors associated with HRV, it
only had an AUROC of 0.637 for predicting HRV among patients who did not meet
the Baveno VI criteria. This result indicated that LSM was not a good predictor of
HRV in the overall cohort of patients who did not meet the Baveno VI criteria.
We also found that ALT was independently negatively associated with HRV,
because most patients in our study had concomitant liver inflammation. Previous
studies showed that LSM can be elevated by liver inflammation and cholestasis[27,28].
Our results suggested that concomitant liver inflammation might be an important
factor that interfered with the predictive accuracy of LSM in patients with HBVrelated compensated liver cirrhosis who did not meet the Baveno VI criteria.
It was previously unknown whether adjusting the LSM cutoff value according to
ALT and TBil levels could improve its utility for predicting HRV among patients with
compensated liver cirrhosis and obvious liver inflammation. We found that LSM
could accurately identify patients with HRV in those with ALT and TBil < 2 ULN. By
slightly increasing the LSM cutoff to 20.6 kPa, LSM further spared 16/41 (39.0%) of
gastroscopies without missing HRVs. PLT, Lok index, MELD score, APRI, FiB-4, and
PLT had no value for predicting HRV. However, in the patients with ALT or TBil ≥ 2
ULN, LSM had no HRV predictive value.
Previous studies have found that serum markers of liver fibrosis have moderate
value for predicting liver cirrhosis in patients with HBV infection[29,30]. However, there
is disagreement on the performance of serum markers of liver fibrosis in EV or HRV
prediction[8,19,31]. In this study, we found that APRI and FIB-4 could not predict HRV.
We also found that PLT and the Lok index performed better in predicting HRV in
patients with ALT or TBil ≥ 2 ULN compared with ALT and TBil < 2 ULN. As
previous studies found that the Lok index could better predict liver fibrosis in patients
with a slightly higher ALT level compared with a normal ALT level [16,32] , it is
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Table 3 Performance of liver stiffness measurement and serum markers of liver fibrosis in predicting high-risk varices in patients who
did not meet the 2015 Baveno VI criteria
Variable

AUROC (95%CI)

P-value

Cutoffvalue

Se (%)

Sp (%)

PPV (%)

PLR

Spared gastroscopies, n = 132, (%)

LSM

0.637 (0.548-0.718)

0.0141

20.9

100

29.52

26.7

1.42

31/132 (23.5)

PLT

0.712 (0.627-0.787)

< 0.0001

151.0

100

9.52

22.1

1.11

10/132 (7.6)

Lok index

0.753 (0.671-0.824)

< 0.0001

0.4531

100

30.48

27.0

1.44

32/132 (24.2)

MELD

0.644 (0.556-0.726)

0.0122

6.0

100

6.67

21.6

1.07

7/132 (5.3)

APRI

0.586 (0.497-0.671)

0.1453

FIB-4

0.585 (0.496-0.670)

0.1281

APRI: Aspartate aminotransferase-to-platelet ratio index; AUROC: Area under the receiver operating characteristic curve; CI: Confidence interval; MELD:
Model for End-Stage Liver Disease; PLT: Platelet; PLR: Positive likelihood ratio; PPV: Positive predictive value; Se: Sensitivity; Sp: Specificity. P < 0.05 was
statistically significant.

reasonable that the Lok index performed better in predicting HRV in patients with
ALT or TBil ≥ 2 ULN. However, it is difficult to explain the different performances of
PLT in patients with ALT or TBil ≥ 2 ULN vs < 2 ULN. The different prevalence rates
of HRV in these two groups may be a possible explanation, as the prevalence in the
patients with ALT and TBil < 2 ULN (34.1%) was significantly higher compared to
that in patients with ALT or TBil ≥ 2 ULN (14.3%). Indeed, previous studies reported
that the utility of serum markers of liver fibrosis in predicting EV or HRV is greatly
affected by the prevalence[29,33,34]. Because patients with ALT or TBil ≥ 2 ULN had
obvious liver inflammation, which could elevate LSM, they were difficult to fulfill the
Baveno VI criteria, and as a result, the prevalence rate of HRV in patients with ALT or
TBil ≥ 2 ULN was lower than that in patients with ALT and TBil < 2 ULN.
Our study had several limitations. First, it was a two-center, retrospective study
based on LSM assessed and gastroscopies performed by different operators, although
all were experienced. Second, because we only included the patients with HBVrelated compensated liver cirrhosis who did not meet the Baveno VI criteria, the
number of patients in this study was small, and the cutoff values were not tested in a
validation cohort. Further studies are required to verify our findings.
In conclusion, our study found that in patients with HBV-related compensated
cirrhosis who did not meet the Baveno VI criteria, using the cutoff value of LSM, PLT,
or the Lok index stratified by ALT and TBil levels accurately identified more patients
without HRV. An algorithm-based screening process for HRV in patients with HBVrelated compensated liver cirrhosis is shown in Figure 1.
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Table 4 Performance of liver stiffness measurement and serum markers of liver fibrosis in predicting high-risk varices in patients with
alanine aminotransferase and total bilirubin < 2 upper limit of normal
Variable

AUROC (95%CI)

P -value

Cutoffvalue

Se (%)

Sp (%)

PPV (%)

PLR

Spared gastroscopies, n = 41, (%)

LSM

0.821 (0.670-0.923)

< 0.0001

20.60

100

66.7

60.9

3.00

16/41 (39.0)

PLT

0.628 (0.464-0.774)

0.1928

Lok index

0.638 (0.473-0.782)

0.1407

MELD

0.644 (0.479-0.787)

0.1449

APRI

0.569 (0.405- 0.722)

0.4667

FIB-4

0.608 (0.444-0.757)

0.2474

APRI: Aspartate aminotransferase-to-platelet ratio index; AUROC: Area under the receiver operating characteristic curve; CI: Confidence interval; MELD:
Model for End-Stage Liver Disease; PLT: Platelet; PLR: Positive likelihood ratio; PPV: Positive predictive value; Se: Sensitivity; Sp: Specificity. P < 0.05 was
statistically significant.

Table 5 Performance of liver stiffness measurement and serum markers of liver fibrosis in predicting high-risk varices in patients with
alanine aminotransferase or total bilirubin ≥ 2 upper limit of normal
Variable

AUROC (95%CI)

P-value

Cutoffvalue

Se (%)

Sp( %)

PPV (%)

PLR

Spared gastroscopies, n = 91, (%)

LSM

0.672 (0.565-0.766)

0.0508

PLT

0.741 (0.639-0.827)

Lok index

0.814 (0.718-0.888)

< 0.0001

100.0

100

51.28

25.5

2.05

40/91 (43.9)

< 0.0001

0.5596

100

47.44

24.1

1.90

36/91 (39.6)

MELD
APRI

0.735 (0.632-0.822)

0.0003

7.0

100

12.82

16.0

1.15

10/91 (11.0)

0.532 (0.424-0.637)

0.7256

FIB-4

0.576 (0.468-0.679)

0.3329

APRI: Aspartate aminotransferase-to-platelet ratio index; AUROC: Area under the receiver operating characteristic curve; CI: Confidence interval; MELD:
Model for End-Stage Liver Disease; PLT: Platelet; PLR: Positive likelihood ratio; PPV: Positive predictive value; Se: Sensitivity; Sp: Specificity. P < 0.05 was
statistically significant.
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Figure 1

Figure 1 Algorithm-based screening process for high-risk varices in patients with HBV-related compensated liver cirrhosis. ALT: Alanine aminotransferase;
HBV: Hepatitis B virus; LSM: Liver stiffness measurement; PLT: Platelet; TBil: Total bilirubin; ULN: Upper limit of normal.

ARTICLE HIGHLIGHTS
Research background
The 2015 Baveno VI consensus workshop recommended that patients with liver stiffness
measurement (LSM) < 20 kPa and platelet (PLT) count >150 × 10 9 /L could safely avoid
gastroscopy screening. However, studies have also found that such criteria are conservative and
need to be refined to accurately identify more patients without high-risk varices (HRV).

Research motivation
It is recommended that the interpretation of LSM is based on the levels of alanine transaminase
(ALT) and total bilirubin (TBil), but it remains unknown whether the LSM, PLT and serum
markers of liver fibrosis stratified by ALT and TBil levels can identify more patients without
HRV among those who do not meet the Baveno VI criteria.

Research objectives
To evaluate the utility of LSM and serum markers of liver fibrosis in ruling out high-risk varices
(HRV) in patients who do not meet Baveno VI criteria.

Research methods
Data from 132 patients with hepatitis B virus (HBV)-related compensated liver cirrhosis who did
not meet the Baveno VI criteria were retrospectively reviewed. The accuracy of LSM, PLT count,
aspartate aminotransferase (AST)-to-PLT ratio index, Fibrosis-4, and the Lok index in predicting
HRV was evaluated. The utility of LSM, PLT, and serum markers of liver fibrosis stratified by
ALT and TBil levels was evaluated for ruling out HRV.

Research results
The prevalence of HRV was significantly lower in patients with ALT or TBil ≥ 2 upper limit of
normal (ULN) (14.3%) than in patients with both ALT and TBil < 2 ULN (34.1%) (P = 0.018). In
the 41 patients with ALT and TBil < 2 ULN, LSM < 20.6 kPa spared 39.0% of gastroscopies
without missing HRVs. In the 91 patients with ALT or TBiL ≥ 2 ULN, Lok index ≤ 0.5596 or PLT
> 100 × 109/L further spared 39.6% and 43.9% of gastroscopies, respectively, without missing
HRVs.
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Research conclusions
In HBV-related compensated cirrhosis patients who do not meet Baveno VI criteria, the LSM,
PLT, or Lok index cutoff stratified by ALT and TBil accurately identified more patients without
HRV.

Research perspectives
Our study found that in patients with HBV-related compensated cirrhosis who did not meet the
Baveno VI criteria, using the cutoff value of LSM, PLT or the Lok index stratified by ALT and
TBil levels accurately identified more patients without HRV.

REFERENCES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

WJG

https://www.wjgnet.com

Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, Brown RS, Bzowej NH, Wong
JB. Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B
guidance. Hepatology 2018; 67: 1560-1599 [PMID: 29405329 DOI: 10.1002/hep.29800]
European Association for the Study of the Liver. EASL Clinical Practice Guidelines for the
management of patients with decompensated cirrhosis. J Hepatol 2018; 69: 406-460 [PMID: 29653741
DOI: 10.1016/j.jhep.2018.03.024]
Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive bleeding in cirrhosis: Risk
stratification, diagnosis, and management: 2016 practice guidance by the American Association for the
study of liver diseases. Hepatology 2017; 65: 310-335 [PMID: 27786365 DOI: 10.1002/hep.28906]
de Franchis R; Baveno VI Faculty. Expanding consensus in portal hypertension: Report of the Baveno VI
Consensus Workshop: Stratifying risk and individualizing care for portal hypertension. J Hepatol 2015;
63: 743-752 [PMID: 26047908 DOI: 10.1016/j.jhep.2015.05.022]
Fukui H, Saito H, Ueno Y, Uto H, Obara K, Sakaida I, Shibuya A, Seike M, Nagoshi S, Segawa M,
Tsubouchi H, Moriwaki H, Kato A, Hashimoto E, Michitaka K, Murawaki T, Sugano K, Watanabe M,
Shimosegawa T. Evidence-based clinical practice guidelines for liver cirrhosis 2015. J Gastroenterol
2016; 51: 629-650 [PMID: 27246107 DOI: 10.1007/s00535-016-1216-y]
Garcia-Tsao G, Sanyal AJ, Grace ND, Carey W; Practice Guidelines Committee of the American
Association for the Study of Liver Diseases; Practice Parameters Committee of the American College of
Gastroenterology. Prevention and management of gastroesophageal varices and variceal hemorrhage in
cirrhosis. Hepatology 2007; 46: 922-938 [PMID: 17879356 DOI: 10.1002/hep.21907]
de Franchis R; Baveno V Faculty. Revising consensus in portal hypertension: Report of the Baveno V
consensus workshop on methodology of diagnosis and therapy in portal hypertension. J Hepatol 2010; 53:
762-768 [PMID: 20638742 DOI: 10.1016/j.jhep.2010.06.004]
Sebastiani G, Tempesta D, Fattovich G, Castera L, Halfon P, Bourliere M, Noventa F, Angeli P, Saggioro
A, Alberti A. Prediction of oesophageal varices in hepatic cirrhosis by simple serum non-invasive markers:
Results of a multicenter, large-scale study. J Hepatol 2010; 53: 630-638 [PMID: 20615567 DOI:
10.1016/j.jhep.2010.04.019]
Jangouk P, Turco L, De Oliveira A, Schepis F, Villa E, Garcia-Tsao G. Validating, deconstructing and
refining Baveno criteria for ruling out high-risk varices in patients with compensated cirrhosis. Liver Int
2017; 37: 1177-1183 [PMID: 28160373 DOI: 10.1111/liv.13379]
Sousa M, Fernandes S, Proença L, Silva AP, Leite S, Silva J, Ponte A, Rodrigues J, Silva JC, Carvalho J.
The Baveno VI criteria for predicting esophageal varices: Validation in real life practice. Rev Esp Enferm
Dig 2017; 109: 704-707 [PMID: 28776387 DOI: 10.17235/reed.2017.5052/2017]
Silva MJ, Bernardes C, Pinto J, Loureiro R, Duarte P, Mendes M, Calinas F. Baveno VI Recommendation
on Avoidance of Screening Endoscopy in Cirrhotic Patients: Are We There Yet? GE Port J Gastroenterol
2017; 24: 79-83 [PMID: 28848787 DOI: 10.1159/000452693]
Augustin S, Pons M, Maurice JB, Bureau C, Stefanescu H, Ney M, Blasco H, Procopet B, Tsochatzis E,
Westbrook RH, Bosch J, Berzigotti A, Abraldes JG, Genescà J. Expanding the Baveno VI criteria for the
screening of varices in patients with compensated advanced chronic liver disease. Hepatology 2017; 66:
1980-1988 [PMID: 28696510 DOI: 10.1002/hep.29363]
Ding NS, Nguyen T, Iser DM, Hong T, Flanagan E, Wong A, Luiz L, Tan JY, Fulforth J, Holmes J, Ryan
M, Bell SJ, Desmond PV, Roberts SK, Lubel J, Kemp W, Thompson AJ. Liver stiffness plus platelet count
can be used to exclude high-risk oesophageal varices. Liver Int 2016; 36: 240-245 [PMID: 26212020 DOI:
10.1111/liv.12916]
Shiha G, Ibrahim A, Helmy A, Sarin SK, Omata M, Kumar A, Bernstien D, Maruyama H, Saraswat V,
Chawla Y, Hamid S, Abbas Z, Bedossa P, Sakhuja P, Elmahatab M, Lim SG, Lesmana L, Sollano J, Jia
JD, Abbas B, Omar A, Sharma B, Payawal D, Abdallah A, Serwah A, Hamed A, Elsayed A, AbdelMaqsod
A, Hassanein T, Ihab A, GHaziuan H, Zein N, Kumar M. Asian-Pacific Association for the Study of the
Liver (APASL) consensus guidelines on invasive and non-invasive assessment of hepatic fibrosis: A 2016
update. Hepatol Int 2017; 11: 1-30 [PMID: 27714681 DOI: 10.1007/s12072-016-9760-3]
Singh S, Muir AJ, Dieterich DT, Falck-Ytter YT. American Gastroenterological Association Institute
Technical Review on the Role of Elastography in Chronic Liver Diseases. Gastroenterology 2017; 152:
1544-1577 [PMID: 28442120 DOI: 10.1053/j.gastro.2017.03.016]
Dong M, Wu J, Yu X, Li J, Yang S, Qi X, Mao R, Zhang Y, Yu J, Zhu H, Yang F, Qin Y, Zhang J.
Validation and comparison of seventeen noninvasive models for evaluating liver fibrosis in Chinese
hepatitis B patients. Liver Int 2018; 38: 1562-1570 [PMID: 29314613 DOI: 10.1111/liv.13688]
Lok AS, Ghany MG, Goodman ZD, Wright EC, Everson GT, Sterling RK, Everhart JE, Lindsay KL,
Bonkovsky HL, Di Bisceglie AM, Lee WM, Morgan TR, Dienstag JL, Morishima C. Predicting cirrhosis
in patients with hepatitis C based on standard laboratory tests: Results of the HALT-C cohort. Hepatology
2005; 42: 282-292 [PMID: 15986415 DOI: 10.1002/hep.20772]
Ma J, Jiang Y, Gong G. Evaluation of seven noninvasive models in staging liver fibrosis in patients with
chronic hepatitis B virus infection. Eur J Gastroenterol Hepatol 2013; 25: 428-434 [PMID: 23358121
DOI: 10.1097/MEG.0b013e32835cb5dd]
Rockey DC, Elliott A, Lyles T. Prediction of esophageal varices and variceal hemorrhage in patients with
acute upper gastrointestinal bleeding. J Investig Med 2016; 64: 745-751 [PMID: 26912006 DOI:
10.1136/jim-2015-000047]

5332

September 21, 2019

Volume 25

Issue 35

Zhou H et al. Excluding HRV in patients not meeting Baveno VI criteria
20

21

22

23
24

25
26

27

28

29
30

31

32

33

34

WJG

https://www.wjgnet.com

Beppu K, Inokuchi K, Koyanagi N, Nakayama S, Sakata H, Kitano S, Kobayashi M. Prediction of variceal
hemorrhage by esophageal endoscopy. Gastrointest Endosc 1981; 27: 213-218 [PMID: 6975734 DOI:
10.1016/s0016-5107(81)73224-3]
Marot A, Trépo E, Doerig C, Schoepfer A, Moreno C, Deltenre P. Liver stiffness and platelet count for
identifying patients with compensated liver disease at low risk of variceal bleeding. Liver Int 2017; 37:
707-716 [PMID: 27862856 DOI: 10.1111/liv.13318]
Stafylidou M, Paschos P, Katsoula A, Malandris K, Ioakim K, Bekiari E, Haidich AB, Akriviadis E,
Tsapas A. Performance of Baveno VI and Expanded Baveno VI Criteria for Excluding High-Risk Varices
in Patients With Chronic Liver Diseases: A Systematic Review and Meta-analysis. Clin Gastroenterol
Hepatol 2019; 17: 1744-1755. e11 [PMID: 31077823 DOI: 10.1016/j.cgh.2019.04.062]
Augustin S, Pons M, Genesca J. Validating the Baveno VI recommendations for screening varices. J
Hepatol 2017; 66: 459-460 [PMID: 27826055 DOI: 10.1016/j.jhep.2016.09.027]
Colecchia A, Ravaioli F, Marasco G, Colli A, Dajti E, Di Biase AR, Bacchi Reggiani ML, Berzigotti A,
Pinzani M, Festi D. A combined model based on spleen stiffness measurement and Baveno VI criteria to
rule out high-risk varices in advanced chronic liver disease. J Hepatol 2018; 69: 308-317 [PMID:
29729368 DOI: 10.1016/j.jhep.2018.04.023]
Moctezuma Velázquez C, Abraldes JG. Non-invasive diagnosis of esophageal varices after Baveno VI.
Turk J Gastroenterol 2017; 28: 159-165 [PMID: 28492370 DOI: 10.5152/tjg.2017.16744]
Maurice JB, Brodkin E, Arnold F, Navaratnam A, Paine H, Khawar S, Dhar A, Patch D, O'Beirne J,
Mookerjee R, Pinzani M, Tsochatzis E, Westbrook RH. Validation of the Baveno VI criteria to identify
low risk cirrhotic patients not requiring endoscopic surveillance for varices. J Hepatol 2016; 65: 899-905
[PMID: 27388923 DOI: 10.1016/j.jhep.2016.06.021]
Wong GL, Wong VW, Choi PC, Chan AW, Chim AM, Yiu KK, Chan FK, Sung JJ, Chan HL. Increased
liver stiffness measurement by transient elastography in severe acute exacerbation of chronic hepatitis B. J
Gastroenterol Hepatol 2009; 24: 1002-1007 [PMID: 19457152 DOI: 10.1111/j.1440-1746.2009.05779.x]
Millonig G, Reimann FM, Friedrich S, Fonouni H, Mehrabi A, Büchler MW, Seitz HK, Mueller S.
Extrahepatic cholestasis increases liver stiffness (FibroScan) irrespective of fibrosis. Hepatology 2008; 48:
1718-1723 [PMID: 18836992 DOI: 10.1002/hep.22577]
Leung JC, Loong TC, Pang J, Wei JL, Wong VW. Invasive and non-invasive assessment of portal
hypertension. Hepatol Int 2018; 12: 44-55 [PMID: 28361299 DOI: 10.1007/s12072-017-9795-0]
Tan YW, Zhou XB, Ye Y, He C, Ge GH. Diagnostic value of FIB-4, aspartate aminotransferase-toplatelet ratio index and liver stiffness measurement in hepatitis B virus-infected patients with persistently
normal alanine aminotransferase. World J Gastroenterol 2017; 23: 5746-5754 [PMID: 28883700 DOI:
10.3748/wjg.v23.i31.5746]
Wang L, Feng Y, Ma X, Wang G, Wu H, Xie X, Zhang C, Zhu Q. Diagnostic efficacy of noninvasive
liver fibrosis indexes in predicting portal hypertension in patients with cirrhosis. PLoS One 2017; 12:
e0182969 [PMID: 28820885 DOI: 10.1371/journal.pone.0182969]
Dong XQ, Wu Z, Zhao H, Wang GQ; China HepB-Related Fibrosis Assessment Research Group.
Evaluation and comparison of thirty noninvasive models for diagnosing liver fibrosis in chinese hepatitis B
patients. J Viral Hepat 2019; 26: 297-307 [PMID: 30380170 DOI: 10.1111/jvh.13031]
Paternostro R, Reiberger T, Bucsics T. Elastography-based screening for esophageal varices in patients
with advanced chronic liver disease. World J Gastroenterol 2019; 25: 308-329 [PMID: 30686900 DOI:
10.3748/wjg.v25.i3.308]
Calès P, Buisson F, Ravaioli F, Berger A, Carboni C, Marasco G, Festi D. How to clarify the Baveno VI
criteria for ruling out varices needing treatment by noninvasive tests. Liver Int 2019; 39: 49-53 [PMID:
30129700 DOI: 10.1111/liv.13945]

5333

September 21, 2019

Volume 25

Issue 35

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 September 21; 25(35): 5334-5343

DOI: 10.3748/wjg.v25.i35.5334

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

ORIGINAL ARTICLE
Retrospective Study

Pathological response measured using virtual microscopic slides for
gastric cancer patients who underwent neoadjuvant chemotherapy
Sadayuki Kawai, Tadakazu Shimoda, Takashi Nakajima, Masanori Terashima, Katsuhiro Omae,
Nozomu Machida, Hirofumi Yasui
ORCID number: Sadayuki Kawai
(0000-0001-6815-6261); Tadakazu
Shimoda (0000-0001-7018-1677);
Takashi Nakajima
(0000-0003-4136-5383); Masanori
Terashima (0000-0002-2967-8267);
Katsuhiro Omae
(0000-0001-6722-3311); Nozomu
Machida (0000-0003-0160-7085);
Hirofumi Yasui
(0000-0002-7176-8354).

Author contributions: All authors
helped to perform the research:
Kawai S manuscript writing,
performing procedures,
experiments, and data analysis;
Shimoda T manuscript writing,
drafting the conception and design
of this work, and performing
experiments; Nakajima T
performing experiments;
Terashima M contributing to
writing the manuscript; Omae K
data analysis and statistical review;
Machida N and Yasui H
contributing to writing the
manuscript, and drafting the
conception and design of this
work.

Institutional review board
statement: This study was
reviewed and approved by the
Institutional Review Committee of
Shizuoka Cancer Center.

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

WJG

Sadayuki Kawai, Hirofumi Yasui, Division of Gastrointestinal Oncology, Shizuoka Cancer
Center, Sunto-gun 411-8777, Shizuoka, Japan
Tadakazu Shimoda, Takashi Nakajima, Division of Pathology, Shizuoka Cancer Center, Suntogun 411-8777, Shizuoka, Japan
Masanori Terashima, Division of Gastric Surgery, Shizuoka Cancer Center, Nagaizumi 4110932, Shizuoka, Japan
Katsuhiro Omae, Clinical Research Center, Shizuoka Cancer Center, Sunto-gun 411-8777,
Shizuoka, Japan
Nozomu Machida, Department of Gastrointestinal Oncology, Shizuoka Cancer Center, Suntogun 411-8777, Shizuoka, Japan
Corresponding author: Sadayuki Kawai, MD, PhD, Doctor, Division of Gastrointestinal
Oncology, Shizuoka Cancer Center, 1007 Shimonagakubo, Nagaizumi, Sunto-gun 411-8777,
Shizuoka, Japan. sadayuki-kawai@i.shizuoka-pho.jp
Telephone: +81-55-9895222
Fax: +81-55-9895634

Abstract
BACKGROUND
Although pathological response is a common endpoint used to assess the efﬁcacy
of neoadjuvant chemotherapy (NAC) for gastric cancer, the problem of a low rate
of concordance from evaluations among pathologists remains unresolved.
Moreover, there is no globally accepted consensus regarding the optimal
evaluation. A previous study based on a clinical trial suggested that pathological
response measured using digitally captured virtual microscopic slides predicted
patients’ survival well. However, the pathological concordance rate of this
approach and its usefulness in clinical practice were unknown.
AIM
To investigate the prognostic utility of pathological response measured using
digital microscopic slides in clinical practice.
METHODS
We retrospectively evaluated pathological specimens of gastric cancer patients
who underwent NAC followed by surgery and achieved R0 resection between
March 2009 and May 2015. Residual tumor area and primary tumor beds were
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measured in one captured image slide, which contained the largest diameter of
the resected specimens. We classified patients with < 10% residual tumor relative
to the primary tumorous area as responders, and the rest as non-responders; we
then compared overall survival (OS) and relapse-free survival (RFS) between
these two groups. Next, we compared the prognostic utility of this method using
conventional Japanese criteria.
RESULTS
Fifty-four patients were evaluated. The concordance rate between two evaluators
was 96.2%. Median RFS of 25 responders and 29 non-responders was not reached
(NR) vs 18.2 mo [hazard ratio (HR) = 0.35, P = 0.023], and median OS was NR vs
40.7 mo (HR = 0.3, P = 0.016), respectively. This prognostic value was statistically
significant even after adjustment for age, eastern cooperative oncology group
performance status, macroscopic type, reason for NAC, and T- and Nclassification (HR = 0.23, P = 0.018). This result was also observed even in
subgroup analyses for different macroscopic types (Borrmann type 4/non-type 4)
and histological types (differentiated/undifferentiated). Moreover, the adjusted
HR for OS between responders and non-responders was lower in this method
than that in the conventional histological evaluation of Japanese Classification of
Gastric Carcinoma criteria (0.23 vs 0.39, respectively).
CONCLUSION
The measurement of pathological response using digitally captured virtual
microscopic slides may be useful in clinical practice.
Key words: Stomach neoplasm; Neoadjuvant therapy; Drug therapy; Pathology;
Prognostic factor
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tips: Although pathological response is commonly evaluated to assess the efﬁcacy
of neoadjuvant chemotherapy for gastric cancer in clinical practice, the results evaluated
by pathologists are sometimes discordant. A previous study suggested that pathological
evaluation using digital virtual microscopic slides might be useful. However, the
application of this approach to clinical practice was not investigated. We thus assessed
the utility of this method in clinical practice and the concordance rate between
evaluators, and compared the usefulness of this method with conventional histological
evaluation using Japanese Classification of Gastric Carcinoma criteria.

Citation: Kawai S, Shimoda T, Nakajima T, Terashima M, Omae K, Machida N, Yasui H.
Pathological response measured using virtual microscopic slides for gastric cancer patients
who underwent neoadjuvant chemotherapy. World J Gastroenterol 2019; 25(35): 5334-5343
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5334.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5334

INTRODUCTION
Gastric cancer is common, being the third leading cause of cancer-related death
globally. Its incidence was estimated to be 1033701 new cases and 782685 deaths due
to it occurred in 2018[1]. Of these, 49% were from East Asia, including China, Japan,
and South Korea. Although standard treatments for locally advanced gastric cancer
differ from one country to the next, surgery has a key role for curative treatment.
Despite the application of multimodal treatments, the relapse rate is still high,
resulting in a poor prognosis. Type 4 tumor, large type 3 tumor, and extended nodal
metastasis, such as bulky lymph nodes or positive para-aortic lymph nodes, in
particular were associated with high recurrence rates, even if curative resection was
achieved[2,3]. To improve survival, several perioperative treatment strategies have been
investigated. Whereas neoadjuvant chemotherapy (NAC) is considered as a standard
therapy in the Western world, it is still exploratory and normally investigated in
clinical trials in Japan[4-6].
Although progression-free survival (PFS) or overall survival (OS) is often used as
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an endpoint in clinical trials of gastric cancer treated with NAC followed by surgery, a
long period is required to confirm these outcomes. As an alternative, the response rate
based on the Response Evaluation Criteria in Solid Tumor (RECIST) guidelines is one
of the short-term endpoints [7] , but is not applicable to gastric cancer without
measurable lesions. Moreover, there has been some debate about its prognostic
utility[8].
Pathological response, which is commonly used for a surrogate marker for PFS and
OS after surgery globally, is evaluated microscopically in resected specimens of the
stomach and estimated based on the percentage of the residual tumor area relative to
the primary tumor bed. Although many clinical trials have used pathological
response as an endpoint, no globally accepted consensus has been reached regarding
the optimal cut-off percentage to classify individuals as responders. Various
deﬁnitions regarding the cut-off percentage, such as 10%[9,10], 40%[11], 50%[12], and
67%[13], were used in previous clinical trials. Moreover, this subjective evaluation by
pathologists was shown to have limited reproducibility.
Nakamura et al [14] retrospectively evaluated pathological specimens digitally
captured on virtual microscopic slides from four clinical trials of NAC for gastric
cancer (JCOG0001[6], JCOG0002[2], JCOG0210[4], and JCOG0405[5]), and concluded that
pathological response using a 10% cut-off on virtual microscopic slides was the best
prognostic marker in this method for patients who achieved R0 resection, rather than
a cut-off of 33%, 50%, or 67%. However, this study included only patients with type 4
tumor, large type 3 tumor, or extended nodal metastasis. In clinical practice, gastric
cancer patients with esophageal or other organic invasion sometimes receive NAC
before surgery to avoid an extended operation. Moreover, this study did not report
the rate of concordance between pathologists and did not compare the prognostic
utility of this cut-off with the histological evaluation criteria of the 14th Japanese
Classification of Gastric Carcinoma (JCGC)[15] generally used in Japanese clinical
practice. Kurokawa et al[8] reported that the OS of patients who achieved a histological
response of JCGC of grade 1b, 2, or 3 was significantly longer than that of those who
did not.
Here, we examine whether the 10% cut-off for pathological response evaluated
using virtual microscopic slides is useful as a prognostic marker even in clinical
practice and compare the usefulness of this approach with conventional JCGC criteria.

MATERIALS AND METHODS
Study population
Sixty-one patients with gastric or esophagogastric junction adenocarcinoma who
received NAC followed by surgery at Shizuoka Cancer Center between March 2009
and May 2015 were retrospectively identified from medical records. Of these, seven
patients in whom R0 resection was not achieved were excluded. This study was
approved by the Institutional Review Committee of Shizuoka Cancer Center
(Shizuoka, Japan) and met the standards set forth in the Declaration of Helsinki.

Pathological diagnosis
Histological evaluations of JCGC criteria were performed as described previously[15]
and were classiﬁed into ﬁve categories according to the proportion of the residual
tumor relative to the primary tumorous area: grade 3, no viable tumor cells remain;
grade 2, viable tumor cells remain in less than one-third of the primary tumorous
area; grade 1b, viable tumor cells remain in more than one-third but less than twothirds of the tumorous area; grade 1a, viable tumor cells occupy more than two-thirds
of the tumorous area; and grade 0, no evidence of a treatment effect. The primary
tumor area was deﬁned by microscopic ﬁndings such as necrosis, foamy macrophage
accumulation, and interstitial ﬁbrosis below the submucosal layer.
Pathological evaluation of a therapeutic effect using digitally captured virtual
microscopic slides was performed by the same method as previously reported by
Nakamura et al [14] . Briefly, hematoxylin-eosin-stained pathological specimens
including the largest tumor diameter were digitally captured on a virtual microscopic
slide. The largest tumor diameter was determined by macroscopic findings and by
reference to preoperative imaging findings. The square measures of residual tumor
and primary tumorous area were calculated using software for virtual microscopic
diagnosis (NanoZoomer Virtual Microscopy System, Hamamatsu Photonics). If tumor
cells were sparsely distributed in the specimen, for example, when the density of
tumor cells was less than 10%, the square measure multiplied by 0.1 was added to the
sum of the residual tumor area. Pathological response was calculated as the
percentage of the residual tumor area relative to the primary tumorous area. A
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representative example a virtual microscopic slide and pathological diagnosis is
shown in Figure 1. Histological type (differentiated or undifferentiated) and TNM
staging were assigned according to the 14th JCGC. Pathological specimens were
prepared and evaluated using JCGC criteria by pathologists of Shizuoka Cancer
Center. Two authors (SK and TS) captured the hematoxylin-eosin-stained pathological
slides including the largest tumor diameter in digital microscopic images and
independently evaluated them. If the opinions of the two authors differed, they
discussed the case in order to reach a consensus.

Statistical analysis
Based on the 10% cut-off evaluated using virtual microscopic slides, patients were
classified into a responder group, in which the residual tumor area was less than 10%,
and a non-responder group comprising the rest. OS was deﬁned as the time from the
date of operation to the date of death from any cause. Relapse-free survival (RFS) was
deﬁned as the time from the date of operation to the date of conﬁrming recurrence or
death from any cause, whichever came ﬁrst. Survival rates were estimated using the
Kaplan–Meier method. The hazard ratio (HR) of responders to non-responders in OS
was calculated by Cox regression analysis. HRs adjusted by the multivariate stratiﬁed
Cox model were also estimated, including age, eastern cooperative oncology group
performance status (ECOG PS), macroscopic type, reason for NAC, T-classification,
and N-classification as covariates. All statistical tests were two-sided, and P < 0.05
was considered significant. Statistical analyses were performed using EZR software
(Saitama Medical Center, Jichi Medical University, Saitama, Japan)[16].

RESULTS
The clinicopathological characteristics of the 54 eligible patients in this study are
shown in Table 1. The median age of the patients was 64 years (range 19–83) and all of
them had ECOG PS of 0 to 1. Half of the patients had histologically undifferentiatedtype adenocarcinoma and 18.5% had type 4 tumors. Ninety percent of patients
received a platinum doublet regimen and the remaining 10% received a triplet
regimen as NAC. The main reasons for NAC were as follows: 53% of patients had
extended nodal metastasis; 13% had large type 3 tumor; 17% had type 4 tumor; and
17% had other reasons, including esophageal or other organ invasion, or solitary liver
metastasis. Follow-up was performed until May 2016. The median follow-up time was
37.7 mo.
Twenty-five (46.3%) patients were classified into the responder group and 29
(53.7%) into the non-responder group. The concordance rate between two evaluators
was 96.2%. Eighteen patients died within the observational period and among them,
16 (88.9%) died of recurrent gastric cancer. The survival curves of responders and
non-responders are shown in Figure 2. Median RFS of responders and nonresponders was not reached (NR) and 18.2 mo, respectively [HR = 0.35, 95%
confidence interval (CI): 0.14–0.86, P = 0.023]. Median OS (mOS) was NR and 40.7 mo,
respectively (HR = 0.30, 95%CI: 0.10–0.84, P = 0.016). Even after adjustment for age,
ECOG PS, macroscopic type, reason for NAC, T-stage, and N-stage, the OS of
responders was significantly better than that of non-responders (HR = 0.23, 95%CI:
0.07–0.78, P = 0.018). There were no other statistically significant prognostic factors in
the clinicopathological background (Table 2). This tendency was also observed in
subgroup analyses for macroscopic types (type 4/non-type 4) and histological types
(differentiated/undifferentiated) shown in Figure 3.
Next, to compare the prognostic utility of the 10% cut-off evaluated using virtual
microscopic slides with that of conventional JCGC criteria, the adjusted HR of each
cut-off was calculated. Histological evaluations according to the JCGC criteria
revealed that the numbers of patients who had grades 0, 1a, 1b, 2, and 3 were 4 (7.4%),
13 (24.0%), 11 (20.3%), 22 (40.7%), and 4 (7.4%), respectively. When using the 10% cutoff on virtual microscopic slides, the adjusted HR for RFS was 0.29 (95%CI: 0.10-0.82,
P = 0.019) and that for OS was 0.23 (95%CI: 0.07-0.78, P = 0.018). These HRs were the
lowest upon comparing the HRs for each cut-off according to the JCGC criteria (Table
3). Moreover, in this study, there was no statistically significant difference in OS of the
two groups according to each cut-off of the JCGC criteria.

DISCUSSION
The prognostic utility of pathological response, especially pathological complete
response (pCR), has been indicated in many studies[13,17-19]. However, patients who
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Figure 1

Figure 1 An example of a virtual microscopic slide and pathological diagnosis of the residual tumor area and
primary tumorous bed. The areas enclosed by a red line and a black line are the residual tumor area and the
primary tumorous bed, respectively. Their square measures were automatically calculated by the software of the
virtual microscopic system.

achieve pCR are rare. Indeed, in this study, only 7.4% of patients achieved pCR.
Therefore, a more common endpoint is needed. Nakamura et al[14] suggested that a
10% cut-off evaluated using virtual microscopic slides could be the global standard
cut-off of residual tumor. Our analysis supports that result and indicates that this
approach may be applicable to clinical practice. Our results suggest that the method
may be useful for a prognostic marker regardless of the reason for undergoing NAC,
which has not been examined in clinical trials but is sometimes considered in clinical
practice, including esophageal or adjacent organ invasion, or a metastatic lesion.
In addition, in this study, we compared the prognostic utility of this method with
that of using the conventional JCGC criteria. Kurokawa et al[8] reported the prognostic
utility of JCGC criteria and demonstrated that histological responders who achieved a
response of grade 1b or more had significantly longer survival than non-responders.
Compared with this, in our study, the HRs of PFS and OS were the lowest when
responders were defined as patients who achieved a response of grade 2 or more. This
difference appeared to be caused by the differences in the patients included in each
study. The study by Kurokawa et al[8] also included patients who underwent R1 or R2
resection. Although our data were limited to patients who underwent R0 resection,
the HRs for RFS and OS with the 10% cut-off evaluated using virtual microscopic
slides were lower than those for the other cut-offs according to the JCGC criteria.
Therefore, our method might at least be as useful as the JCGC criteria. We consider
that it would be worthwhile confirming this result in future prospective studies.
The advantage of histological evaluation with virtual microscopic slides compared
with conventional histological evaluation is its objectivity. Smyth et al[20] reported that
there was poor inter-observer agreement of pathological response independently
evaluated by two pathologists (kappa = 0.64) in the Medical Research Council
Adjuvant Gastric Infusional Chemotherapy trial. Therefore, to improve the rate of
concordance among pathologists and standardize pathological evaluations, more
objective and simpler methods were needed. Our method used only stained
pathological specimens of the largest tumor diameter and its concordance rate was
high (96.2%). Thus, we consider that this approach is more applicable for evaluating
pathological response.
Evaluating the area of type 4 tumors is sometimes difficult. Although Nakamura et
al[14] reported that a 10% cut-off evaluated using virtual microscopic slides in type 4
tumors was less useful than that in non-type 4 tumors, our results suggest that this
cut-off s useful in both of these groups. This discrepancy appears to be caused by the
small sample size of our study (n = 10) and the subjectivity of the evaluation for the
area in which tumor cells were sparsely distributed. Further improvement of the
evaluation method is thus needed.
Our study had some limitations. First, the analysis was performed in a single center
and the sample size was relatively small. To evaluate the application of the cut-off
widely in clinical practice and to examine the concordance rate of pathological
response precisely, a multi-center study is desirable. Second, patients included in this
analysis were those seen from March 2009 until May 2015. However, in 2011,
trastuzumab was approved for HER2-positive gastric cancer in Japan. mOS of patients
with recurrence after surgery might thus have been prolonged after 2011. Third, this
analysis was limited to patients who underwent R0 resection. Therefore, to evaluate
whether the cut-off is useful for patients who have undergone R1 or R2 resection,
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Table 1 Clinicopathological characteristics of the patients
Background

n (%)

Background

Age

Median 64

M-classification

n (%)

Range 39–77
< 65 yr

28 (51.9)

0

51 (94.4)

≥ 65 yr

26 (48.1)

1

3 (5.6)

Gender

Tumor histology

Male

40 (74.1)

Differentiated

26 (48.1)

Female

14 (25.9)

Undifferentiated

28 (51.9)

ECOG PS

Reason for NAC

0

46 (85.2)

Clinical SE or T4b

14 (25.9)

1

8 (14.8)

Extended LN

24 (44.4)

Tumor type

Large type 3

5 (9.3)

Non-type 4

44 (81.5)

Type 4

4 (7.4)

Type 4

10 (18.5)

Others

7 (13.0)

Primary site

HER2 overexpression

Stomach

51 (94.4)

Negative or unknown

48 (88.9)

Esophagogastric junction

3 (5.6)

Positive

6 (11.1)

T-classification

NAC regimen

1

1 (1.9)

SP or SOX (+ trastuzumab)

49 (90.7)

2

2 (3.7)

DCS

5 (9.3)

3

13 (24.1)

Adjuvant treatment

4

38 (70.4)

S-1

52 (96.3)

Others or no treatment

2 (3.7)

N-classification
0

6 (11.1)

Participant of clinical trials

1

10 (18.5)

Yes

17 (31.5)

2

22 (40.7)

No

37 (68.5)

3

15 (27.8)

Not evaluable

1 (1.9)

NAC: Neoadjuvant chemotherapy; LN: Lymph node; SP: S-1 + cisplatin; SOX: S-1 + oxaliplatin; DCS:
Docetaxel + cisplatin + S-1; ECOG PS: Eastern cooperative oncology group performance status.

further studies will be needed. Fourth, this was a retrospective study. It could thus
have been influenced by confounding factors such as demographic factors or patient
comorbidities.
In conclusion, a 10% cut-off of pathological response evaluated using virtual
microscopic slides might be a useful prognostic marker for gastric cancer patients
who have undergone NAC followed by R0 resection. The utility of this method needs
to be evaluated in further prospective studies.
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Table 2 Prognostic analysis according to patients’ characteristics
Background

HR (95%CI)

P value

Age

≥ 65 yr

0.57 (0.21–1.51)

0.26

Gender

Male

1.09 (0.38–3.07)

0.87

ECOG PS

0

0.37 (0.04–2.84)

0.34

Macroscopic type

Type 4

1.51 (0.53–4.25)

0.43

Primary site

Stomach

0.27 (0.05–1.24)

0.09

Tumor histology

Undifferentiated

1.14 (0.44–2.90)

0.78

T-classification

≥ 4a

4.73 (0.62–35.7)

0.13

N-classification

≥ 3a

1.63 (0.57–4.61)

0.35

M-classification

1

0.96 (0.22–4.19)

0.95

HER2

Positive

< 0.001 (0–infinity)

0.14

Main reason for NAC

Extended LN

1 (reference)

Large type 3

1.22 (0.32–4.70)

0.76

Type 4

1.49 (0.48–4.60)

0.48

Others

0.62 (0.13–3.02)

0.58

NAC regimen

SP or SOX

1.85 (0.24–14.2)

0.55

Adjuvant treatment

Yes

0.43 (0.05–3.39)

0.42

Participant of clinical trials

Yes

0.79 (0.29–2.14)

0.65

NAC: Neoadjuvant chemotherapy; LN: Lymph node; SP: S-1 + cisplatin; SOX: S-1 + oxaliplatin; DCS: Docetaxel + cisplatin + S-1; HR: Hazard ratio; CI:
Confidence interval; ECOG PS: Eastern cooperative oncology group performance status.

Table 3 Comparison of prognostic utility of 10% cut-off evaluated using virtual microscopic slides with JCGC criteria
RFS

OS

Histological criteria of JCGC
HR (95%CI)

P value

HR (95%CI)

P value

Grade 0 vs 1a–3

0.52 (0.15–1.80)

0.304

2.27 (0.27–19.0)

0.449

Grade 0–1a vs 1b–3

0.63 (0.26–1.55)

0.321

0.72 (0.26–1.95)

0.52

Grade 0–1b vs 2–3

0.33 (0.12–0.87)

0.026

0.39 (0.13–1.15)

0.089

Grade 0–2 vs 3

0.69 (0.08–5.34)

0.722

0.62 (0.07–5.34)

0.665

0.29 (0.10–0.82)

0.019

0.23 (0.07–0.78)

0.018

Our method
Responder vs non-responder

NAC: Neoadjuvant chemotherapy; HR: Hazard ratio; JCGC: Japanese Classification of Gastric Carcinoma; CI: Confidence interval; RFS: Relapse-free
survival; OS: Overall survival.
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Figure 2

Figure 2 Survival curves of responders and non-responders classified according to pathological response of 10% cut-off evaluated using virtual
microscopic slides. A: Relapse-free survival; B: Overall survival. HR: Hazard ratio; CI: Confidence interval; NR: Not reached; RFS: Relapse-free survival; OS:
Overall survival.
Figure 3

Figure 3 Subgroup analyses of survival of responders and non-responders classified according to pathological response of 10% cut-off evaluated using
virtual microscopic slides. A: Macroscopic type 4; B: Non-type 4; C: Histologically differentiated; D: Undifferentiated. OS: Overall survival; HR: Hazard ratio; CI:
Confidence interval; NR: Not reached.
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ARTICLE HIGHLIGHTS
Research background
Although pathological response is a common endpoint used to assess the efﬁcacy of neoadjuvant
chemotherapy (NAC) for gastric cancer, the problem of a low rate of concordance from
evaluations among pathologists remains unresolved. Moreover, there is no globally accepted
consensus regarding the optimal evaluation.

Research motivation
Pathological response is commonly used for a surrogate marker for progression-free survival
and overall survival (OS) after surgery. However, no globally accepted consensus has been
reached regarding the optimal cut-off, and the reproducibility between pathologists was limited.

Research objectives
To examine the clinical utility of 10% cut-off for pathological response evaluated using virtual
microscopic slides as a prognostic marker.

Research methods
We retrospectively evaluated pathological specimens of gastric cancer patients who underwent
NAC followed by surgery and achieved R0 resection between March 2009 and May 2015.
Residual tumor area and primary tumor beds were measured in one captured image slide. We
classified patients with < 10% residual tumor relative to the primary tumorous area as
responders, and the rest as non-responders; we then compared OS and relapse-free survival
(RFS) between these two groups.

Research results
Fifty-four patients were evaluated. The concordance rate between two evaluators was 96.2%.
Median RFS of 25 responders and 29 non-responders was not reached (NR) vs 18.2 mo [hazard
ratio (HR) = 0.35, P = 0.023], and median OS was NR vs 40.7 mo (HR = 0.3, P = 0.016),
respectively. This result was also observed even in subgroup analyses for different macroscopic
types (Borrmann type 4/non-type 4) and histological types (differentiated/undifferentiated).

Research conclusions
The measurement of pathological response using digitally captured virtual microscopic slides
may be useful in clinical practice because of its objectivity and its high concordance rate. We
consider that this approach is more applicable for evaluating pathological response.

Research perspectives
Out results indicated that the measurement of pathological response using digitally captured
virtual microscopic slides might be as useful as conventional criteria. However, further studies is
needed to evaluate the utility of the method especially for patients who have undergone R1 or
R2 resection, and type 4 tumor.
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Abstract
BACKGROUND
Endoscopic submucosal dissection (ESD) has been routinely performed in
applicable early gastric cancer (EGC) patients as an alternative to conventional
surgical operations that involve lymph node dissection. The indications for ESD
have been recently expanded to include larger, ulcerated, and undifferentiated
mucosal lesions, and differentiated lesions with slight submucosal invasion. The
risk of lymph node metastasis (LNM) is the most important consideration when
deciding on a treatment strategy for EGC. Despite the advantages over surgical
procedures, lymph nodes cannot be removed by ESD. In addition, whether
patients who meet the expanded indications for ESD can be managed safely
remains controversial.
AIM
To determine whether the ESD indications are applicable to Chinese patients and
to investigate the predictors of LNM in EGC.
METHODS
We retrospectively analyzed 12552 patients who underwent surgery for gastric
cancer between June 2007 and December 2018 at the Affiliated Hospital of
Qingdao University. A total of 1262 (10.1%) EGC patients were eligible for
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inclusion in this study. Data on the patients’ clinical, endoscopic, and
histopathological characteristics were collected. The absolute and expanded
indications for ESD were validated by regrouping the enrolled patients and
determining the positive LNM results in each subgroup. Predictors of LNM in
patients were evaluated by univariate and multivariate analyses.
RESULTS
LNM was observed in 182 (14.4%) patients. No LNM was detected in the patients
who met the absolute indications (0/90). LNM occurred in 4/311 (1.3%) patients
who met the expanded indications. According to univariate analysis, LNM was
significantly associated with positive tumor marker status, medium (20-30 mm)
and large (>30 mm) lesion sizes, excavated macroscopic-type tumors, ulcer
presence, submucosal invasion (SM1 and SM2), poor differentiation,
lymphovascular invasion (LVI), perineural invasion, and diffuse and mixed
Lauren’s types. Multivariate analysis demonstrated SM1 invasion (odds ration
[OR] = 2.285, P = 0.03), SM2 invasion (OR = 3.230, P < 0.001), LVI (OR = 15.702, P
< 0.001), mucinous adenocarcinoma (OR = 2.823, P = 0.015), and large lesion size
(OR = 1.900, P = 0.006) to be independent risk factors.
CONCLUSION
The absolute indications for ESD are reasonable, and the feasibility of expanding
the indications for ESD requires further investigation. The predictors of LNM
include invasion depth, LVI, mucinous adenocarcinoma, and lesion size.
Key words: Early gastric cancer; Lymph node metastasis; Predictors; Endoscopic
submucosal dissection; Expanded indications
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We aimed to re-evaluate and verify the current indications and guidelines for
endoscopic treatment and to analyze the clinicopathological predictors of lymph node
metastasis in early gastric cancer (EGC), which have been inconsistently identified
across studies. To the best of our knowledge, this study involves the largest number of
EGC patients in China, and is the first study to perform statistical analyses on certain
clinical features, such as drinking, smoking, obesity, family history of tumors, and tumor
markers.
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INTRODUCTION
Gastric cancer is currently the fifth most common cancer and the third leading cause
of cancer-related death worldwide[1]. Early gastric cancer (EGC) is defined as a tumor
that is confined to the mucosa and submucosa of the stomach, irrespective of regional
lymph node metastasis (LNM)[2]. Several studies have reported a frequency of LNM
ranging from 5%-10% among EGC patients undergoing radical surgery[3], suggesting
that over 90% of surgeries could potentially be avoided if curative endoscopic
resection (ER) is accurately predicted based on the histopathology of an endoscopicresected specimen.
Endoscopic submucosal dissection (ESD) has notable advantages over conventional
surgical resection, as it causes less trauma, minor bleeding, and fewer postoperative
complications[4]. The absolute indications for ESD for curative resection in EGC that
were proposed by the Japanese Gastric Cancer Association (JGCA) initially include
nonulcerated, well-differentiated mucosal lesions ≤ 2 cm in diameter[5]. The absolute
indications for ESD, however, are so strict that unnecessary surgeries may be
performed. Subsequently, the expanded indications for ESD, which include larger,
ulcerated, and undifferentiated mucosal lesions as well as differentiated lesions with
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slight submucosal invasion, were proposed. A recent meta-analysis involving 12
studies revealed that the incidence of LNM was only 0.2% among patients who met
the absolute indications, compared with an LNM incidence of 0.7% among patients
who met the expanded indications[6]. Furthermore, several studies have shown that
LNM is closely related to an unsatisfactory prognosis in EGC[7-10].
To date, universal preoperative examination methods, such as gastroscopy,
endoscopic ultrasonography, computed tomography, and X rays, fail to provide
adequate data on the lesion and regional lymph node status before surgery or ER[11].
However, evaluating the risk of LNM is critical for determining the best course of
management for EGC patients [12] . Unfortunately, the risk factors that have been
identified in different studies are diverse, and controversy still exists regarding the
expanded indications for ESD. Therefore, in this study, which involved a relatively
large number of EGC patients, we aimed to reevaluate and verify the current
guidelines for endoscopic treatment of EGC in a Chinese population and to
investigate the predictors of EGC with LNM.

MATERIALS AND METHODS
Patients
We retrospectively reviewed all patients who were diagnosed with gastric cancer and
underwent gastrectomy with lymphadenectomy between June 2007 and December
2018 at the Affiliated Hospital of Qingdao University. This study was performed in
accordance with the Declaration of Helsinki (2000) of the World Medical Association.
Our study was also approved by the Institutional Review Board of the Ethics
Committee of the Affiliated Hospital of Qingdao University (QYFY WZLL 2019-0404). In all, 12552 patients were reviewed. Patients were excluded if they had: (1)
Advanced-stage gastric cancer (n = 11099); (2) Intestinal metaplasia or intraepithelial
neoplasia (n = 72); (3) Metastatic gastric cancer or multiple carcinomas (n = 38); (4)
Lymphoma (n = 28); (5) Gastric stump carcinoma (n = 36); and (6) Other lifethreatening diseases (n = 17). Ultimately, 1262 EGC patients were enrolled in this
study.

Data collection
The included patients underwent gastrectomy with lymph node dissection. All
operations were performed according to the 4th edition of the JGCA treatment
guidelines[5]. The specimens were serially sectioned into 3-mm-thick slices, and two
experienced pathologists individually examined the histological slides immediately
after resection. The diagnostic criterion for LNM is the presence of cancerous tissue
inside the lymph node capsule, as shown in Figures 1 and 2. We collected the clinical
data, endoscopic features, and pathological characteristics of all enrolled patients.
These data included age, sex, incidence of hypertension, heart disease and diabetes
mellitus, drinking and smoking history, body mass index (BMI), family history,
carcinoembryonic antigen (CEA) level, tumor location, lesion size, macroscopic type,
depth of invasion, number of tumors, presence of ulcers, tumor differentiation,
Lauren type, presence of lymphovascular invasion (LVI), perineural invasion, and
LNM.
Based on the distribution of gastric glands, we classified the tumor locations as
cardia, fundus/corpora, or angle/antrum. According to the Paris endoscopic
classification, the macroscopic features of EGC were divided into the following five
subtypes: Type 0-I (protruded), type 0-IIa (superficial elevated), type 0-IIb (flat), type
0-IIc (superficial depressed), and type 0-III (excavated)[13]. Tumors were also graded as
small (≤ 20 mm), medium (20-30 mm), and large (≥ 30 mm) to further analyze the
indications for ESD. For invasion depth, submucosal lesions were classified into two
groups: SM1 (≤ 500 μm depth of invasion) and SM2 (> 500 μm depth of invasion). In
accordance with the JGCA, when multiple lesions were present, the tumor with the
most advanced T category (or the largest lesion when the T stages were identical) was
classified[2].

Statistical analysis
Statistical analyses were conducted with SPSS software (SPSS, version 23.0, Chicago,
IL, United States). Continuous variables, such as age and BMI, were translated into
categorical variables. For age, we calculated the mean value (59.25 years) of the
patients and set 60 years as the cut-off value. According to the criteria for obesity, the
enrolled patients were divided into a nonobesity group (BMI < 28) and an obesity
group (BMI ≥ 28). Differences among categorical variables associated with predictors
and LNM were assessed using a chi-square test or Fisher’s exact test, and variables
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Figure 1

Figure 1 Pathological image of lymph node metastasis (20×).

that were significant in the univariate analysis were subsequently entered into a
multivariate logistic regression model for analysis of independent risk factors for
LNM in EGC. The association between variables and LNM was described by an odds
ratio (OR) and a 95% confidence interval (CI). P < 0.05 (two-sided) was considered
statistically significant.
The statistical methods and analyses of this study were reviewed by professor XiaoBin Zhou from the Department of Health Statistics, Qingdao University.

RESULTS
Clinical characteristics
We assessed 12552 patients who underwent radical gastrectomy with lymph node
dissection. A total of 1262 (10.1%) eligible EGC patients with LNM (n = 182) and
without LNM (n = 1080) were included in this study. The sex distribution was 899
(71.2%) males and 363 (28.8%) females (ratio: 2.48:1), with an average age of 59.25
years (range, 24-90 years). Data on the clinical characteristics are shown in Table 1.
Patients with a CEA value that exceeded the normal level were more likely to have
LNM, and this association was statistically significant (P = 0.007). However, other
clinical parameters, such as age, sex, underlying diseases, lifestyle habits, family
history, and Helicobacter pylori (H. pylori) infection, failed to reach statistical
significance.

Positive LNM results in EGC according to indications for ESD
According to further analysis, no LNM metastasis was observed in patients who met
the absolute indications for ESD (0/90). However, LNM occurred in a few patients
(4/311) who met the following expanded indications for ESD: (1) Differentiated
mucosal tumors, ≤ 30 mm in size, without LVI, and with ulceration (3/86 cases, 3.5%);
(2) Differentiated mucosal tumors, without ulcer and LVI, and of any size (1/32 cases,
3.1%); (3) Undifferentiated mucosal tumors without ulcer and LVI, and ≤ 20 mm in
size (0/110 cases, 0%); and (4) Differentiated tumors with SM1 invasion, no LVI, and ≤
30 mm in size (0/83 cases, 0%). As shown in Table 2, patients who met the surgical
indications had a higher risk of LNM (P < 0.001). Table 3 contains more details on the
frequency of LNM among EGC patients who met the indications for ESD.

Comparison of endoscopic features
The endoscopic features are shown in Table 4. More EGCs were in the angle/antrum
of the stomach (n = 928, 73.5%) than in the cardia (n = 46, 3.6%) and in the
fundus/corpora (n = 288, 22.8%). Forty-two (3.3%) patients had multifocal lesions.
The univariate analysis revealed that the location and number of tumors were not
significantly associated with LNM. Regarding tumor size, LNM occurred significantly
more frequently in patients with medium (P = 0.016) or large (P = 0.000) tumors than
in patients with small tumors. With regard to macroscopic features, type IIc (n = 486,
38.5%) occurred most frequently among the five subtypes, but type III (n = 481, 38.1%)
occurred more frequently in patients with LNM (P = 0.001). Ulcerative lesions also
occurred more frequently in patients with LNM (P = 0.013).

Analysis of histopathological characteristics
Among the 1262 EGC patients, 182 (14.4%) had LNM according to the pathological
diagnostic criteria, including 123 (67.6%) with stage N1, 39 (21.4%) with stage N2, and
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Figure 2

Figure 2 Pathological image of lymph node metastasis (200×).

20 (11.0%) with stage N3 LNM according to the 8th edition of the American Joint
Committee on Cancer (AJCC) Staging Manual. The mean number of metastatic lymph
nodes was 2.8 (range, 1-17). Regarding lesion depth, 596 (47.2%) patients had tumors
limited to the mucosal (M) layer, whereas 245 had SM1 (superficial submucosal)
tumors (19.4%), and 421 had SM2 (deep submucosal) tumors (33.4%). The percentages
of lymph node positivity were 5.2%, 19.6%, and 24.5% for M, SM1, and SM2,
respectively. In terms of tumor differentiation, the undifferentiated type (n = 807,
63.9%) was the major histologic type of EGC based on the JGCA criteria and was
significantly more likely to occur in patients with LNM than the differentiated type (n
= 455, 36.1%) (P 0.001). Regarding cell histology, the patients with mucinous
adenocarcinoma had a higher risk of LNM than patients with other histologic lesion
types (P = 0.019). Based on the Lauren classification, LNM was observed more
frequently in diffuse-type (DT) and mixed-type (MT) tumors (P = 0.003) than in
intestinal-type (IT) tumors. Moreover, LNM was found significantly more frequently
in patients with LVI (P 0.001) and perineural invasion (P 0.001) than in the patient
subgroup without invasion. Additional detailed histopathologic features of the
enrolled patients are summarized in Table 5.

Univariate analysis
The univariate analysis results showed that 10 out of the 20 factors were significantly
associated with a higher risk of LNM. The risk factors included high CEA levels,
medium and large lesion sizes, excavated macroscopic type, presence of ulcers, deep
submucosal invasion (SM1 and SM2), poor differentiation, LVI, mucinous
adenocarcinoma, perineural invasion, and diffuse and mixed Lauren classifications.

Multivariate logistic regression analysis of lymph node metastasis
Based on stepwise multivariate analysis, the significant independent risk factors for
LNM in EGC were SM1 invasion (OR = 2.285, P = 0.030), SM2 invasion (OR = 3.230, P
< 0.001), LVI (OR = 15.702, P < 0.001), pathological pattern of mucinous
adenocarcinoma (OR = 2.823, P = 0.015), and lesion size over 30 mm (OR = 1.900, P =
0.006). The independent risk factors are listed in Table 6.

DISCUSSION
Following the introduction of the expanded indications for ESD, many studies have
reevaluated the risk of LNM in EGC. A meta-analysis involving 9798 EGC patients
showed that among the expanded indications for ESD, the inclusion of mucosal
differentiated lesions of any size that were not ulcerated and of differentiated mucosal
lesions < 30 mm that were ulcerated can be justified with a minimally increased risk.
Nonetheless, the reasonableness of expanding the indications for ESD to include
undifferentiated lesions smaller than 20 mm and differentiated lesions with slight
submucosal invasion still requires careful investigation[6]. Our study demonstrated
that the rate of LNM for patients who met the expanded indications for ESD was
4/311 (1.3%). No LNM occurred in patients who met the absolute indications.
Similarly, reassessment of the expanded indications in Korea also showed an LNM
rate of 2.4% among patients who met the expanded indications [14] , which is
inconsistent with the results of a large dataset from Japan that revealed no LNM in
patients who met the expanded indications[15]. It is difficult to identify the reasons for
this difference. A probable interpretation is that the existing indications are still not
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Table 1 Lymph node metastasis risk according to clinical parameters
Total (n = 1262), n (%) LNM negative (n = 1080), n (%) LNM positive (n = 182), n (%) Univariate OR (95%CI) P-value
Age (yr)

0.090

≤ 60

628 (49.8)

548 (50.7)

80 (44.0)

1

> 60

634 (50.2)

532 (49.3)

102 (56.0)

1.313 (0.960, 1.800)

Male

899 (71.2)

776 (71.9)

123 (67.6)

1

Female

363 (28.8)

304 (28.1)

59 (32.4)

0.817 (0.580, 1.150)

Absence

958 (75.9)

823 (76.2)

135 (74.2)

1

Presence

304 (24.1)

257 (23.8)

47 (25.8)

1.115 (0.78, 1.60)

Sex

0.239

Hypertension

0.554

Heart disease

0.449

Absence

1146 (90.8)

978 (90.4)

168 (92.3)

1

Presence

116 (9.2)

102 (9.6)

14 (7.7)

0.799 (0.446, 1.430)

Absence

1142 (90.5)

977 (90.5)

165 (90.7)

1

Presence

120 (9.5)

103 (9.5)

17 (9.3)

0.977 (0.570, 1.675)

≤ 28

1134 (89.9)

964 (89.3)

170 (93.4)

1

> 28

128 (10.1)

116 (10.7)

12 (6.6)

0.587 (0.317, 1.086)

Absence

827 (65.6)

698 (64.7)

129 (70.9)

1

Presence

434 (34.4)

381 (35.3)

53 (29.1)

0.753 (0.534, 1.061)

Absence

692 (54.8)

583 (54.0)

109 (59.9)

1

Presence

570 (45.2)

497 (46.0)

73 (40.1)

0.786 (0.571, 1.082)

Diabetes mellitus

0.933

BMI

0.086

Drinking

0.104

Smoking

0.138

Family history

0.872

Absence

1011 (80.1)

866 (80.2)

145 (79.7)

1

Presence

251 (19.9)

214 (19.8)

37 (20.3)

1.033 (0.699, 1.526)
0.225

H. pylori
infection
Negative

634 (50.2)

535 (49.5)

99 (54.4)

1

Positive

628 (49.8)

545 (50.5)

83(45.6)

0.823 (0.601, 1.128)

CEA

0.007

Negative

960 (76.1)

836 (77.4)

124 (68.1)

1

Positive

302 (23.9)

244 (22.6)

58 (31.9)

1.603 (1.137, 2.258)

LNM: Lymph node metastasis; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; H. pylori: Helicobacter pylori; CEA: Carcinoembryonic
antigen.

sufficiently comprehensive. The JGCA added invasion depth, ulceration, tumor size,
differentiation, and LVI to its criteria for ESD. Based on our results, it is necessary to
take the cellular histology of tumors into consideration when deciding upon the ESD
indications. If ESD is performed in a more selective subgroup, the risk of LNM will
likely be reduced. Therefore, predictive factors may be used to optimize the ESD
criteria.
In line with other relevant studies, our study also concluded that deeper invasion
significantly increased LNM risk. Additionally, the measurement of the width of the
infiltration could be a useful additional parameter in the indications for supplemental
gastrectomy after ESD. Therefore, a detailed measurement of invasion depth is truly
necessary during the pathological evaluation of endoscopic-resected specimens[16].
Regarding lesion size, we found that larger tumor size was a significant predictor of
regional LNM in our patients with EGC, which is similar to the conclusions of many
other investigators[7,9,17-19]. However, the cut-off values varied among these studies,
which increased the difficulty in determining a uniform standard. Two possible
explanations can be identified: First, this parameter is a continuous variable, and the
cut-off values are inconsistent in different studies; alternatively, the study subjects are
diverse and included individuals with signet ring cell EGC, undifferentiated-type

WJG

https://www.wjgnet.com

5349

September 21, 2019

Volume 25

Issue 35

Chu YN et al. Lymph node metastasis in early gastric cancer

Table 2 Lymph node metastasis in early gastric cancer according to therapeutic indications
LNM (%)

95%CI

P-value

Absolute indications for ESD

0/90 (0.0)

0%-4.1%

< 0.001

Expanded indications for ESD

4/311 (1.3)

0.35%-3.29%

Surgical indications

178/861 (20.7)

17.75%-23.94%

LNM: Lymph node metastasis; CI: Confidence interval; ESD: Endoscopic submucosal dissection.

EGC, and mixed type EGC among others, which may also account for the difference.
In the latest gastric cancer treatment guidelines (2014 ver. 4), the JGCA noted that
endoscopic dissection should be defined as noncurative if mucinous adenocarcinoma
is found in the submucosal layer, regardless of whether the mucinous cells are
believed to be derived from a differentiated or undifferentiated-type tumor. We
conclude that the histological pattern of mucinous adenocarcinoma is an independent
risk factor for LNM based on multivariate analysis, which provided powerful
evidence to support this statement. With regard to signet ring cell carcinoma in EGC,
it has been reported that the LNM rate of signet ring cell-type tumors is lower than
that of other undifferentiated-type carcinomas and is equivalent to that of
differentiated-type carcinomas[20], which is in line with our results. This suggests that
ESD is more feasible for signet ring cell carcinoma compared with other early
undifferentiated-type gastric carcinomas. However, the cellular histology of signet
ring cell carcinoma is an important factor for LNM in EGC[21]. Huh et al[22] also stated
that EGC with a mixed signet ring cell histology exhibited more aggressive behavior
than pure tubular adenocarcinoma or pure signet ring cell carcinoma. Hence, a more
accurate application of the classification of signet ring cell carcinoma could improve
the ESD criteria.
In a previous study that focused on the prognosis of different types of gastric
cancer as classified by the Lauren classification, patients with MT carcinomas were
found to be significantly more likely to have LNM than patients with IT and DT
carcinomas, which was also confirmed in our study. A possible explanation of this
difference is that patients with MT tumors always exhibit severe characteristics,
including larger lesion sizes and a higher frequency of spread into local lymphatic
and venous vessels or regional lymph nodes[23]. In various clinical and pathological
studies, LVI has been reported to be the strongest risk factor for nodal metastasis in
EGC[24], and we confirmed this finding by showing that LVI predicted a high risk of
LNM in EGC. However, unlike other risk factors that can be observed by endoscopic
investigation and other auxiliary examinations, LVI is difficult to detect before the ER
specimen is obtained. However, based on the criteria for local treatment, the presence
of LVI commonly requires additional extended surgery, which is clinically significant.
As shown in Table 3, every histopathological factor included in this study was
significantly associated with LNM, which indicates that all of these factors are vitally
important for performing an accurate pathological analysis after gastroscopic
examination.
Researchers have previously concluded that the overall 3-year survival rate was
higher in patients without LNM and that patients with LNM had a higher rate of
tumor recurrence[25]. Several factors are associated with an increased rate of LNM. The
risk factors varied in some relevant studies, but LVI, submucosal invasion,
histological type, and tumor size were found to be significantly related to LNM in
almost every study. Consistent with other studies[7,18,26], our study demonstrated that
age, sex, tumor location, macroscopic type, presence of ulcers, tumor differentiation,
Lauren type, and H. pylori infection were not independent risk factors for LNM,
although some of these factors were statistically significant in the univariate analysis.
Specifically, we analyzed other clinical features, such as drinking and smoking
history, obesity, family history of tumors, and the levels of the tumor marker CEA,
which is an innovative aspect of this study. In recent years, biomarkers have begun to
play an increasingly important role in the detection and management of patients with
gastrointestinal malignancies[27]. Serum CEA is considered a complementary test,
although it is insufficient to diagnose EGC and LNM. In this study, a higher than
normal CEA value was found to be statistically significant in univariate analysis,
which attaches great importance to its preoperative detection. However,
inconsistencies were found among the test items of the included patients, which made
it difficult to perform an analysis of other less common tumor markers. Buckland et
al[28] reported that nicotine and alcohol played an important role in the development of
gastric cancer, and therefore, we further analyzed the relationships between drinking
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Table 3 Lymph node metastasis in early gastric cancer according to the endoscopic
submucosal dissection indications
LNM negative

LNM positive

LNM rate (%)

95%CI

P-value

Ab (n = 90)

90

0

0.0

0%-4.1%

0.021

Ex1 (n = 86)

83

3

3.5

0.75%-10.56%

Ex2 (n = 32)

31

1

3.1

0.08%-17.91%

Ex3 (n = 110)

110

0

0

0%-3.35%

Ex4 (n = 83)

83

0

0

0%-4.44%

Ex1: Differentiated mucosal tumors, ≤ 30 mm in size, without lymphovascular invasion (LVI), and with
ulceration. Ex2: Differentiated mucosal tumors, without ulcer and LVI, and of any size. Ex3: Undifferentiated
mucosal tumors without ulcer and LVI, and ≤ 20 mm in size. Ex4: Differentiated tumors with SM1 invasion,
no LVI, and ≤ 30 mm in size. LNM: Lymph node metastasis; CI: Confidence interval; Ab: Absolute
indications for endoscopic submucosal dissection; Ex: Expanded indications for endoscopic submucosal
dissection.

and smoking with LNM. Despite the lack of significant association between the
occurrence of LNM and these lifestyle habits in this study, we cannot ignore these
factors because the clinical data collected in retrospective studies may be incomplete.
Although this research, to the best of our knowledge, involved the largest number of
EGC patients in China, the limitation that it was a retrospective study at a single
institution should still be noted. Therefore, a well-designed multicentric prospective
study is needed.
In conclusion, the absolute indications for ESD can be applied to Chinese patients,
while the feasibility of expanding these indications requires further investigation. The
predictive factors for LNM included submucosal invasion depth, LVI, mucinous
adenocarcinoma, and large lesion size. Taking the histology of tumors into
consideration when deciding upon the ESD indications is therefore of great necessity.
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Table 4 Lymph node metastasis risk according to endoscopic features
Total (n = 1262), n (%) LNM negative (n = 1080), n (%) LNM positive (n = 182), n (%) Univariate OR (95%CI) P-value
Location

0.462

Cardia

46 (3.6)

40 (3.7)

6 (3.3)

1

Fundus/corpora

288 (22.8)

240 (22.2)

48 (26.4)

1.333 (0.535, 3.320)

0.537

Angle/antrum

928 (73.5)

800 (74.1)

128 (70.3)

1.067 (0.443, 2.567)

0.885

Small (≤ 20 mm)

761 (60.3)

680 (63.0)

81 (44.5)

1

Middle (20-30
mm)

285 (22.6)

239 (22.1)

46 (25.3)

1.616 (1.093, 2.388)

0.016

Large (> 30 mm)

216 (17.1)

161 (14.9)

55 (30.2)

2.868 (1.955, 4.207)

< 0.001

0-I(Protruded)

86 (6.8)

71 (6.6)

15 (8.2)

1.712 (0.823, 3.564)

0.147

0-IIa (Elevated)

36 (2.9)

35 (3.2)

1 (0.5)

0.232 (0.030, 1.788)

0.128

0-IIb (Flat)

173 (13.7)

154 (14.3)

19 (10.4)

1

0-IIc (Depressed)

486 (38.5)

432 (40)

54 (29.7)

1.013 (0.582, 1.763)

0.963

0-III (Excavated)

481 (38.1)

388 (35.9)

93 (51.1)

1.943 (1.146, 3.293)

0.012

Lesion size

< 0.001

Macroscopic type

0.001

Number of tumors

0.191

Single

1220 (96.7)

1044 (96.7)

176 (96.7)

1

Multitude

42 (3.3)

36 (3.3)

6 (3.3)

1.724 (0.641, 4.635)

Absence

558 (44.2)

493 (45.6)

65 (35.7)

1

Presence

704 (55.8)

587 (54.4)

117 (64.3)

1.512 (1.091, 2.094)

Ulcer

0.013

LNM: Lymph node metastasis; OR: Odds ratio; CI: Confidence interval.

Table 5 Lymph node metastasis risk according to histopathological characteristics
Total (n = 1262), n (%) LNM negative (n = 1080), n (%) LNM positive (n = 182), n (%) Univariate OR (95%CI) P-value
Invasion depth

< 0.001

M

596 (47.2)

565 (52.3)

31 (17.0)

1

SM1

245 (19.4)

197 (18.2)

48 (26.4)

4.441 (2.748, 7.176)

< 0.001

SM2

421 (33.4)

318 (29.4)

103 (56.6)

5.903 (3.862, 9.024)

< 0.001

Differentiated

455 (36.1)

412 (38.1)

43 (23.6)

1

Undifferentiated

807 (63.9)

668 (61.9)

139 (76.4)

1.994 (1.386, 2.867)

Pap/Tub/Por

1004 (79.6)

866 (80.2)

138 (75.8)

1

Sig

223 (17.7)

190 (17.6)

33 (18.1)

1.090 (0.723, 1.644)

0.681

Muc

35 (2.8)

24 (2.2)

11 (6.1)

2.876 (1.378, 6.004)

0.005

Absence

1104 (87.5)

1021 (94.5)

83 (45.6)

1

Presence

158 (12.5)

59 (5.5)

99 (54.4)

20.641 (13.942, 30.559)

Differentiation

< 0.001

Histology

0.019

LVI

< 0.001

Perineural
invasion

< 0.001

Absence

1181 (93.6)

1026 (95)

155 (85.2)

1

Presence

81 (6.4)

54 (5.0)

27 (14.8)

3.310 (2.024, 5.413)

Intestinal type

500 (39.6)

448 (41.5)

52 (28.6)

1

Diffuse type

399 (31.6)

335 (31.0)

64 (35.2)

1.646 (1.112, 2.437)

0.013

Mixed type

363 (28.8)

297 (27.5)

66 (36.3)

1.915 (1.294, 2.833)

0.001

Lauren's type

0.003

SM1: Tumor invading the superficial (< 0.5 mm in depth) submucosa. SM2: Tumor invading the deep (> 0.5 mm in depth) submucosa. LNM: Lymph node
metastasis; OR: Odds ratio; CI: Confidence interval; M: Tumor confined within the mucosal layer; Pap: Papillary adenocarcinoma; Tub: Tubular
adenocarcinoma; Por: Poorly differentiated adenocarcinoma; Sig: Signet ring cell carcinoma; Muc: Mucinous adenocarcinoma; LVI: Lymph-vascular
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invasion.

Table 6 Multivariate logistic regression analysis of lymph node metastasis in early gastric cancer
Factor

OR (95%CI)

P-value

Lesion size

0.025

Middle lesion size (20-30 mm)

1.230 (0.774, 1.955)

0.380

Large lesion size (>30 mm)

1.900 (1.197, 3.015)

0.006

Histology

0.049

Sig

1.146 (0.698, 1.881)

0.590

Muc

2.823 (1.225, 6.505)

0.015

LVI

15.702 (10.405, 23.695)

< 0.001

Invasion depth

< 0.001

SM1

2.285 (1.317, 3.965)

0.003

SM2

3.230 (2.006, 5.201)

< 0.001

SM1: Invading the superficial (<0.5 mm in depth) submucosa. SM2: Invading the deep (> 0.5 mm in depth) submucosa. LNM: Lymph node metastasis; OR:
Odds ratio; CI: Confidence interval; LVI: Lymph-vascular invasion; Sig: Signet ring cell carcinoma; Muc: Mucinous adenocarcinoma.

ARTICLE HIGHLIGHTS
Research background
The indications for endoscopic submucosal dissection (ESD) have been recently expanded to
include larger, ulcerated, and undifferentiated mucosal lesions, and differentiated lesions with
slight submucosal invasion. Despite the advantages over surgical procedures, lymph nodes
cannot be removed by ESD. However, the risk of lymph node metastasis (LNM) is the most
important consideration when deciding on a treatment strategy for early gastric cancer (EGC).

Research motivation
Evaluating the risk of LNM is critical for determining the best course of management for EGC
patients. Unfortunately, the risk factors that have been identified in different studies are diverse,
and whether patients who met the expanded indications for ESD can be managed safely remains
controversial.

Research objectives
We aimed to determine whether the ESD indications are applicable to Chinese patients and to
investigate the predictors of LNM in EGC. After working hard on this topic, we have reevaluated and verified the current indications and guidelines for endoscopic treatment and
analyzed the clinicopathological predictors of LNM, which provides strong evidence and
reference to future research.

Research methods
We retrospectively analyzed 12552 patients who underwent surgery for gastric cancer between
June 2007 and December 2018 at the Affiliated Hospital of Qingdao University. A total of 1262
(10.1%) EGC patients were eligible for inclusion in this study. Data on the patients’ clinical,
endoscopic, and histopathological characteristics were collected. The absolute and expanded
indications for ESD were validated by regrouping the enrolled patients and determining the
positive LNM results in each subgroup. Predictors of LNM in patients were evaluated by
univariate and multivariate analyses. Specifically, we analyzed other clinical features, such as
drinking and smoking history, obesity, family history of tumors, and the levels of the tumor
marker carcinoembryonic antigen (CEA), which is an innovative aspect of this study.

Research results
LNM was observed in 182 (14.4%) patients. No LNM was detected in the patients who met the
absolute indications (0/90). LNM occurred in 4/311 (1.3%) patients who met the expanded
indications. According to univariate analysis, LNM was significantly associated with positive
tumor marker status, medium (20-30 mm) and large (>30 mm) lesion sizes, excavated
macroscopic-type tumors, ulcer presence, submucosal invasion (SM1 and SM2), poor
differentiation, lymphovascular invasion (LVI), perineural invasion, and diffuse and mixed
Lauren’s types. Multivariate analysis demonstrated SM1 invasion (OR = 2.285, P = 0.03), SM2
invasion (OR = 3.230, P < 0.001), LVI (OR = 15.702, P < 0.001), mucinous adenocarcinoma (OR =
2.823, P = 0.015), and large lesion size (OR = 1.900, P = 0.006) to be independent risk factors. Also,
the results of this research affirmed the feasibility of the absolute indications for ESD. However,
whether it is reasonable to expand the indications remains to be further discussed.
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Research conclusions
The absolute indications for ESD can be applied to Chinese patients, while the feasibility of
expanding these indications requires further investigation. The predictive factors for LNM
included submucosal invasion depth, LVI, mucinous adenocarcinoma, and large lesion size. This
study provides clinicians with important reference when evaluating the risk of LNM and
determining the best course of management for EGC patients.

Research perspectives
Besides invasion depth, LVI, and lesion size, taking the histology of tumors into consideration
when deciding upon the ESD indications is vitally important. In addition, preoperative detection
of tumor markers is of great necessity. The direction of the future research is to further optimize
the ESD indications by analyzing the predictive factors for LNM in EGC. A well-designed
multicentric prospective study is the best method for the future research.
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Abstract
BACKGROUND
Immunosuppression has undoubtedly raised the overall positive outcomes in the
post-operative management of solid organ transplantation. However, long-term
exposure to immunosuppression is associated with critical systemic morbidities.
De novo malignancies following orthotopic liver transplants (OLTs) are a serious
threat in pediatric and adult transplant individuals. Data from different
experiences were reported and compared to assess the connection between
immunosuppression and de novo malignancies in liver transplant patients.
AIM
To study the role of immunosuppression on the incidence of de novo malignancies
in liver transplant recipients.
METHODS
A systematic literature examination about de novo malignancies and
immunosuppression weaning in adult and pediatric OLT recipients was
described in the present review. Worldwide data were collected from highly
qualified institutions performing OLTs. Patient follow-up, immunosuppression
discontinuation and incidence of de novo malignancies were reported. Likewise,
the review assesses the differences in adult and pediatric recipients by describing
the adopted immunosuppression regimens and the different type of diagnosed
solid and blood malignancy.
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RESULTS
Emerging evidence suggests that the liver is an immunologically privileged
organ able to support immunosuppression discontinuation in carefully selected
recipients. Malignancies are often detected in liver transplant patients
undergoing daily immunosuppression regimens. Post-transplant
lymphoproliferative diseases and skin tumors are the most detected de novo
malignancies in the pediatric and adult OLT population, respectively. To date,
immunosuppression withdrawal has been achieved in up to 40% and 60% of
well-selected adult and pediatric recipients, respectively. In both populations, a
clear benefit of immunosuppression weaning protocols on de novo malignancies is
difficult to ascertain because data have not been specified in most of the clinical
experiences.
CONCLUSION
The selected populations of tolerant pediatric and adult liver transplant recipients
greatly benefit from immunosuppression weaning. There is still no strong clinical
evidence on the usefulness of immunosuppression withdrawal in OLT recipients
on malignancies. An interesting focus is represented by the complete
reconstitution of the immunological pathways that could help in decreasing the
incidence of de novo malignancies and may also help in treating liver transplant
patients suffering from cancer.
Key words: Pediatric liver transplant; Immunosuppression weaning; Clinical operational
tolerance; Adult liver transplant; Graft rejection; Immune system; De novo malignancies;
Immunosuppression minimization; Cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: A systematic literature examination about de novo malignancies and
immunosuppression weaning both in adult and pediatric orthotopic liver transplant
recipients was described in the present review. Even though conclusive evidence on
immunosuppression withdrawal in orthotopic liver transplant recipients with regard to
malignancies are lacking, we can argue that the reconstitution of the immunological
pathway could decrease the incidence of de novo malignancies and may also help in
treating liver transplant patients suffering from cancers.

Citation: Manzia TM, Angelico R, Gazia C, Lenci I, Milana M, Ademoyero OT, Pedini D,
Toti L, Spada M, Tisone G, Baiocchi L. De novo malignancies after liver transplantation: The
effect of immunosuppression-personal data and review of literature. World J Gastroenterol
2019; 25(35): 5356-5375
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5356.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5356

INTRODUCTION
It has been shown that progress in surgical techniques and enhanced standards in
patient selection, standard of care, peri-operative management, survival rates and
quality of life after orthotopic liver transplant (OLT) has remarkably improved over
the last three decades. This has led to OLT being the treatment of choice for end-stage
acute and chronic liver failure. However, the life-long immunosuppression (IS)
regimens following transplantation still burden OLT recipients. In fact, major risks
include infections, oncogenic viruses and renal, cardiovascular and metabolic
complications along with a worrisome time-dependent susceptibility to de novo
malignancies (DNMs)[1]. The incidence of DNMs among transplant patients is two to
four times higher than in the healthy population[2]. These numbers increase to greater
than 19 times in the pediatric counterpart[3], and DNM-related mortality is becoming
the most prevalent cause of death amongst transplant subjects [4-6] . Beyond the
therapeutic strategies for DNMs after OLT, IS drug minimization or withdrawal has
been proposed.
Several studies have demonstrated the tolerogenic potential of the liver[7,8]. Because
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of its unique anatomy, several cell types in the liver have the capacity to act as
antigen-presenting cells. In fact, dendritic cells, Kupffer cells and hepatocytes are
capable of presenting antigens that activate CD8+ T cells[7]. These mechanisms are
believed to play a role in allowing IS discontinuation and a permanent IS-free state
(IFS) in up to 30%-40% of adult OLT recipients and in up to 60% of the pediatric
population[9,10]. The present review aimed to detect the role of IS and its minimization
or withdrawal in OLT adult and pediatric recipients on DNMs.
The primary goal of the current review was to assess the incidence and the
characteristics of the diagnosed DNMs after an OLT in adult and pediatric
populations in comparison with the non-transplanted immunocompetent population.
The secondary goals were to determine: the incidence and outcome of those recipients
that were successfully weaned off IS; and to address whether the maintenance of an
IFS decreases the incidence of DNMs in LT recipients.

MATERIALS AND METHODS
Search strategy
A literature review was conducted in February 2019 through MEDLINE databases (via
PubMed) and Google Scholar to find studies pertaining to OLTs, DNMs, IS regimens
and the clinical operational tolerance (COT) threshold. Articles published in
languages other than English were excluded. All texts were full text accessible.
Multiple keywords were used: “de novo tumor”, “adult”, “pediatric”, “liver
transplantation”, “malignancy”, “review” and “operational tolerance”. The
combination of words was used to maximize the results and achieve the highest
possibility of articles related to the field of the present review. A flow chart of the
article selection is provided in Figure 1.

Inclusion and exclusion criteria
Studies published in journals describing DNMs and risk factors for their development
were searched for both adult and pediatric OLT recipients including experiences from
article bibliographies. Records on post-transplant lymphoproliferative diseases
(PTLDs), skin, head, neck, breast, lung, prostate, kidney, colorectal and other DNMs
were collected and discussed from systematic reviews, randomized clinical trials,
observational studies and case-control studies. IS regimens included calcineurin
inhibitors (CNIs), corticosteroids, azathioprine, mammalian target of rapamycin
inhibitors (mTORi) and antibody-mediated induction therapies. No time limits were
applied to provide the closest results to the effective impact of DNMs on OLT
patients. Non-English articles and cohorts of patients who underwent allografts other
than liver were excluded from this review.

Data extraction
Information extracted from each selected article was first author name, year of
publication, number of patients, follow-up period, characteristics of the detected
malignancies, number of tolerant patients and study outcomes.

RESULTS
De novo malignancies in the OLT population
Recurrence and DNMs are the most frequent cause of mortality in adult OLT
recipients [ 1 1 ] with an incidence up to 26% [ 1 2 ] . Conversely to cardiovascular
complications, mortality from DNMs is increasing fast[13]: OLT recipients experience
the highest onset rate of lymphomas (57%), and both PTLDs and non-PTLD tumors
appear to develop after a shorter time in OLT recipients than other solid organ
transplant patients[14]. Moreover, liver-localized PTLDs may originate from the donor
and their treatment effect is very different. According to the donor/host origin of
PTLDs, the prognostic significance might significantly change: Donor originated
PTLDs might have different clinical and pathological features compared with the case
of host originated PTLDs[15].
The probability of developing non-skin malignancies is higher in patients who
underwent OLT for primary sclerosing cholangitis (PSC) (22% at 10 years) or alcoholic
liver disease (ALD) (18% at 10 years)[16]. In particular, alcohol abuse[17] correlates with a
three-fold increased risk of developing DNMs, and similar results are encountered in
smokers of long duration due to the induced DNA damage[18,19] (Table 1). Overall, skin
cancers are commonly diagnosed DNMs along with PTLDs after an OLT. The
incidence of other malignancies is subject to a large variability due to the majority of
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Figure 1

Figure 1 Flow diagram of the article selection procedure.

epidemiological data coming from registry databases or single-center retrospective
studies.
Major de novo malignancy incidence in adult OLT recipients
PTLDs: PTLDs are the second most diagnosed DNMs after an OLT accounting for
around 35% of non-skin malignancies[20]. Most PTLDs are due to Epstein-Barr virus
(EBV). Even if a clear cut-off range of EBV-DNA levels has not been well recognized,
virus detection may be sufficient to reveal early PTLDs[2,21-24]. Although the mortality
still remains high (up to 85% and 69% after 1 and 5 years, respectively), PTLDs are
decreasing due to the PTLD type, prognosis and efficacy of the available
treatments[23,25,26].
Certain types of IS regimens including anti-thymocyte globulin, cyclosporine (CsA)
or muromonab-CD3 are more likely to determine the onset of PTLDs[27,28]. The survival
rate was significantly better in patients undergoing tacrolimus regimens compared to
CsA (81.2% vs 50% after 5 years from the PTLD diagnosis) [29] . Multidisciplinary
approaches that include IS weaning, interferon, surgery, radiotherapy and
chemotherapy were attempted to reduce the incidence or recurrence from PTLDs[30].
Non-PTLDs: The most represented malignancies in adult OLT recipients are skin
cancers[31-33] despite their lower recurrence after other SOTs[33-35]. Non-melanoma skin
cancer are the most represented, and OLT recipients express a much higher risk when
compared to the healthy population[36]. The vast majority of non-melanoma skin
cancer is represented by squamous cell carcinomas and basal cell carcinomas[18,35].
However, a recent report from Rademacher et al[37] described an inverted trend with a
decline in the incidence of skin cancer in the OLT population. This suggests that the
characteristics of the analyzed cohort and a more deliberate use of sun blockers,
avoidance of direct UV radiation and the type of IS adopted may play a role[38,39].
Human papilloma virus infections, aging, pallor of skin, previous cutaneous
malignancies, blue or hazelnut eyes, CD4 lymphocytopenia and history of actinic
keratosis are associated to skin tumors after an OLT [18,35,40,41] . In addition, PSC
(considered as an indication for transplant[42]), male phenotype, Caucasian ethnicity
and monoclonal induction therapy[40] represent relevant assets. A longstanding clinical
experience proved CsA to be the strongest predictor; in fact CsA-treated patients
developed a skin malignancy in a shorter time than patients treated with tacrolimus,
making CsA an independent and specific risk factor for skin cancer[43].
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Table 1 Incidence of de novo malignancies in adult orthotopic liver transplant patients
Number and % incidence of de novo malignancy types in all orthotopic liver transplant
recipients
Number
Number
of
PTLD
of DNM
patients

Skin
Head
and
and
Kaposi Neck

Lung

Renal

Colon

Prosta
-te

Breast

Gyneco
Others
logical

Jonas et 1997
al[72]

458

33

7 (1.5)

8 (1.7)

2 (0.4)

3 (0.7)

0

0

0

3 (0.7)

7 (1.5)

3 (0.6)

Jain et
al[134]

1000

57

NA

24 (2.4)

7 (0.7)

8 (0.8)

2 (0.2)

4 (0.4)

3 (0.3)

3 (0.3)

0

6 (0.6)

Kelly et 1998
al[135]

888

31

NA

8 (0.9)

6 (0.7)

1 (0.1)

0

3 (0.3)

0

2 (0.2)

1 (0.1)

10 (1.1)

Jimene
-z et
al[136]

2002

505

62

13 (2.6)

16 (3.2)

10 (2.0)

6 (1.2)

NA

NA

NA

NA

NA

17 (3.3)

Saigal
et al[73]

2002

1140

30

NA

14 (1.2)

3 (0.3)

0

3 (0.3)

1 (0.1)

0

2 (0.2)

1 (0.1)

6 (0.5)

Sanche 2002
-z et
al[137]

1421

125

35 (2.5)

42 (3.0)

4 (0.3)

11 (0.8)

3 (0.2)

9 (0.6)

0

7 (0.5)

2 (0.1)

13 (0.8)

Benlloc 2004
h et
al[17]

772

41

10 (1.3)

NA

9 (1.2)

8 (1.0)

3 (0.4)

2 (0.3)

1 (0.1)

2 (0.3)

2 (0.3)

4 (0.5)

Oo et
al[138]

2005

1778

141

18 (1.0)

51 (2.9)

NA

14 (0.8)

NA

18 (1.0)

NA

11 (0.6)

1 (0.06)

28 (1.6)

Yao et
al[12]

2006

1043

53

9 (0.9)

17 (0.6)

3 (0.3)

5 (0.5)

2 (0.2)

6 (0.6)

0

4 (0.4)

2 (0.2)

5 (0.5)

Aberg
et al[81]

2008

540

39

9 (1.7)

11 (2.0)

2 (0.3)

NA

2 (0.3)

2 (0.3)

2 (0.3)

1 (0.1)

NA

10 (1.8)

Jiang et 2008
al[20]

2034

113

44 (2.1)

NA

3 (0.1)

10 (0.5)

4 (0.2)

14 (0.7)

5 (0.2)

5 (0.2)

NA

24 (1.2)

Baccara 2010
-ni et
al[139]

417

43

9 (2.1)

8 (1.9)

8 (1.9)

4 (0.9)

0

2 (0.5)

0

1 (0.2)

3 (0.7)

8 (1.9)

Engels
et al[5]

37888

1563

365 (1.0) NA

NA

300 (0.8) 67 (1.8)

NA

NA

NA

NA

831 (2.2)

Chatrat 2013
-h et
al[140]

534

80

16 (3.0)

24 (4.5)

9 (1.7)

13 (2.4)

1 (0.2)

1 (0.2)

1 (0.2)

NA

1 (0.2)

14 (2.6)

Schrem 2013
et al[141]

2000

120

23 (1.1)

NA

11 (0.5)

14 (0.7)

7 (0.3)

13 (0.6)

5 (0.2)

8 (0.4)

10 (0.5)

29 (1.4)

Krynitz 2013
et al[32]

1221

150

27 (2.2)

58 (4.7)

4 (0.3)

6 (0.5)

2 (0.1)

6 (0.5)

4 (0.3)

7 (0.6)

10 (0.8)

26 (2.1)

Mouchl 2017
-i et al[62]

373

64

22 (5.9)

5 (1.3)

NA

NA

11 (2.9)

11 (2.9)

7 (1.9)

5 (1.3)

3 (0.8)

0

Egeli et 2017
al[142]

429

9

NA

1 (0.2)

2 (0.4)

5 (1.1)

NA

NA

NA

NA

NA

1 (0.2)

Taborel 2018
-li et
al[143]

2832

266

37 (1.3)

72 (2.5)

34 (1.2)

28 (1.0)

4 (0.2)

21 (0.7)

2 (0.1)

4 (0.2)

3 (0.1)

65 (2.1)

Author Yr

1998

2011

NA: Not available; DNM: De novo malignancy; PTLD: Post-transplant lymphoproliferative disease.

A strong link between IS and DNM development is also found in the Kaposi
sarcoma (KS), a multifocal angioproliferative muco-cutaneous tumor[27] that affects
immunodeficient patients infected with human herpesvirus-8. However, in contrast
with other DNMs[34,44,45], the KS incidence among the OLT population is constantly
dropping. KS affects OLT patients around 500-fold more than the general
population [27,44,46,47] . Thus, a tailored IS administration and a meticulous use of
chemotherapy are crucial to avoid the outset of KS. Of note, a low blood viral
concentration often limits the human herpesvirus-8 detection in most affected
patients [34,48] . Typical KS diagnosis might also be missed by an inexperienced
pathologist [49] . Even though there are ongoing trials on novel treatments for KS,
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evidence suggests that switching the IS regimen from CsA/tacrolimus to mTORi
represents the best option to reduce the growth of KS[44,49,50].
Head and neck cancer are less common, but they are still the most serious DNMs in
the OLT population. Although no screening exam is approved to diagnose these
malignancies[2,51], specific follow-up guidelines by the European Association for the
Study of Liver highly recommended that smokers and former alcoholic OLT patients
are screened[52]. A recent study by Piselli et al[53] on 2770 OLT recipients confirmed that
these subjects are more prone to develop head and neck cancer especially in those
with a previous history of smoking and alcoholic liver disease. The 5-year survival
rate has been reported around 35% with a standardized incidence ratio (SIR) that
increased to 11.2% in OLT subjects with alcoholic liver disease.
Tobacco seems to be involved in the development of pharyngeal and tongue cancer,
whereas alcohol plays a predominant role in the onset of oropharyngeal and upper
aerodigestive squamous tumors in OLT individuals[54,55]. Hence, regular screenings
should be performed on ears, nose and throat especially if there is a prior history of
smoking.
Lung cancer accounts about 26% of the total deaths related to post OLT DNMs[56]. In
fact OLT recipients showed between two- and three-fold higher incidence than the
general population[34]. Better outcomes in OLT subjects with no history of smoking
were observed. Nevertheless, the survival rate in both OLT individuals and in the
healthy population after being diagnosed with lung cancer was similar. Therefore, the
major gamechanger is mainly represented by cigarette smoking[57].
OLT recipients have a high prevalence of colorectal malignancies usually
diagnosed between the 1st and 4th year after OLT; the risk rises to 5.6% considering the
PSC recipients[58]. Although the information about patients suffering from both PSC
and inflammatory bowel disease are still scarce, the higher risk in developing
colorectal malignancies has been well recognized[59,60] and a special surveillance in
these patients is currently strongly recommended[61]. Moreover, after 5 years the risk
goes up to 15%, and a closer follow up must be mandatory in order to early detect any
tumour development[58,62,63]. Despite being identified at earlier stages, the prognosis of
colorectal metastasis in OLT recipients is still worse than the general population
mostly due to the IS regimens that reduce the immune cell activity[64,65].
OLT recipients did not show an overall increased risk of prostate cancer when
compared to the general population[2,34,66,67]. Non-prostate genitourinary neoplasms are
usually more lethal and develop earlier in OLT recipients. Renal malignancies after
OLT have a SIR of 3.3, and annual ultrasound screenings after OLT are strongly
encouraged[27,34].
Young OLT females under CsA-based IS are more likely to develop breast
fibroadenomas compared to males[68,69]. In fact, CsA seems to: enhance the fibroblast
activity; influence the hypothalamic-pituitary axis and interfere with the prolactin
receptors on lymphocytes[34,70]. Furthermore, the capability of CsA to regulate the
expression of pyruvate kinase M2 in different breast cancer cell lines is giving new
insights about its role in cancer therapy[71]. A switch to tacrolimus is high advisable
because the mass dimension seems to decrease in dimension after conversion[68,69].
Non-breast gynecological tumors are often more represented in the OLT patients than
in the healthy population [27,72,73] . This might be explained by a pre-OLT stricter
screening program towards breast cancer diagnosis that should also be more enforced
in gynecological malignancies[27].

De novo malignancy in the pediatric OLT population
DNMs account for 5%-16% of non-hepatic related deaths after pediatric OLT[74] and
together with cardiovascular complications are becoming the major cause of late
death after transplantation. In children, the risk of developing DNMs is 19-fold higher
than adults, and tumors are more aggressive and less responsive to treatments[6].
Therefore, the early detection and prompt therapeutic management of DNMs in
pediatric recipients is essential to achieve satisfactory results. As in adults, the major
risk factors for DNMs after pediatric OLT include IS regimens as well as viral
infections such as EBV, cytomegalovirus, human papilloma virus and human
herpesvirus-8[75]. Due to the paucity of data in the pediatric population, data on DNMs
after OLT in children are reported mainly in registry transplant studies including
other solid organ (kidney, lung, heart)[76,77]. Therefore, records on the incidence and
types of DNMs after pediatric OLT are limited to single case series and mainly related
to PTLDs.
PTLDs: PTLDs are the most frequent DNMs after pediatric OLT with an incidence of
5%-20%. In 90%-95% of cases, PTLDs are related to EBV and cytomegalovirus
infections[78]. The risk of developing PTLDs from EBV primary infections increases to
7-fold compared to the reactivation of a pre-existing infection [79,80] . Worldwide,
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different series confirmed that EBV-related PTLDs were the most common DNM,
ranging between 35% and 80% of all neoplasms either in liver and in kidney pediatric
transplant recipients[76].
The subtypes of PTLDs might vary from benign polymorphic conditions to
aggressive monomorphic states such as lymphomas. From a large registry analysis of
DNMs after pediatric OLTs, non-Hodgkin’s lymphoma is the most frequent (71%)
type of PTLD, out of which nodal diffuse large-B cell lymphoma and Burkitt’s
lymphoma are the most detected, while Hodgkin’s lymphoma and leukemia account
for 8% and 4%, respectively[3]. Non-Hodgkin’s lymphoma occurs mainly in younger
patients: Estimated SIR is 123 (95% confidence interval 3.12-686) for children aged <
17 years old, 55.7 (95% confidence interval 6.74-201) for recipients aged between 17
and 39 years old and 9.42 (95% confidence interval 3.06-22.0) for patients ≥ 40 years
old[81]. Several series suggest that donor-derived PTLD might be more likely to relapse
in transplanted organs when compared with recipient-derived PTLD. In addition,
donor-derived PTLD seems to appear earlier in the post-transplant period and present
a more positive 5-year prognosis than the ones arising from recipients[81].
Non-PTLD: Non-PTLD neoplasms are rare in pediatric OLT recipients, so that, the
incidence of non-PTLD malignancy is unclear due to paucity of data (Figure 2). Nonmelanoma skin cancer is the most common non-PTLD DNMs represented mainly by
squamous cell carcinomas[78]. Cases of melanomas have also been reported with a
higher incidence than in adults. Other non-PTLDs include gynecologic neoplasms, KS,
papillary thyroid tumors, sarcomas, brain tumors, renal cell carcinoma, liver tumors,
testis neoplasms and bladder cancer.
The incidence of PTLD versus non-PTLD malignancies differs among age groups.
Data from the Israel Penn International Transplant Tumor Registry[78] reported that
children with post-transplant non-PTLD DNMs are older than recipients developing
PTLD malignancies (13.2 vs 7.9 years of age, P < 0.0001). Moreover, from the time of
transplantation, non-PTLD tumors are diagnosed within 99.2 months (P < 0.0001)
while PTLD malignancies are detected within 60.2 months (P < 0.0001), and the latest
to onset are usually vulvar and perineal cancer (113 mo)[78].

Modulation of risk: Immunosuppression features
The Consensus on Managing Modifiable Risk in Transplantation group extensively
described the main risk factors for graft loss in kidney and OLT recipients and
provided useful recommendations to extend the long-term graft survival and to
decrease the chances of DNMs onset[82]. IS drugs activate different pathways in the
immune system and need to be carefully selected[83]. The primary disease needs to be
considered in order to prescribe the most appropriate IS treatment. Of interest,
mTORi might play a slight protective role reducing the incidence of DNMs especially
within the 1 s t year of the transplant [ 8 4 - 8 6 ] . Similar data were described for
mycophenolate mofetil[87]. The use of mTORi, mycophenolate mofetil, and tacrolimus
represents the first choice when cancer develops in transplant recipients. There are no
reports of such use of mTORi in the pediatric population. On the other hand, CNIs
seem to have a cancer-promoting influence that might be related to their blood level
concentration. Antilymphocyte medications also influence the onset of DNMs in longlasting IS, while corticosteroids do not directly affect the risk of developing DNMs
unless they are associated with chronic IS[88,89]. The association of multiple agents in
lifelong IS regimens might be responsible for a substantially higher risk of DNMs. For
these reasons, the discontinuation of IS (especially carcinogenic IS) should always be
considered in transplant patients[88]. The primary aim is to achieve a COT status
defined as a condition of non-reactivity of the immune system with a good graft
function and no rejection in the absence of IS[90,91].
On the other hand, the non-compliance to IS considerably reduced the mid- and
long-term survival of transplanted organs. It is estimated that about 10% of deaths or
graft loss in adult OLT individuals were due to a poor compliance to the IS
regimen[92,93]. Therefore, patients unintentionally or surreptitiously do not comply with
IS regimens[94-96] due to the most disparate reasons are more likely to lose the graft. The
cost and necessity of IS along with the prescribed dosage and the size of daily pills
represents irresponsible behaviors that might compromise the patient compliance.
Physicians should always be alerted for the possibility of these situations. For these
reasons, it is important to establish a positive connection between the recipient and
the healthcare provider[82,97].
Therefore, the spectrum of DNMs can also be reduced with a deeper understanding
of the reasons for negligent conduct. Earlier studies demonstrated that patients
already benefited from reminders of the importance of IS medication combined with
counseling and psychological interventions[82,95,96]. Likewise, OLT individuals who do
not regularly take daily medications face higher risks of graft rejection and elevated
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Figure 2

Figure 2 De novo malignancy distribution in three main cancer registries.

chances of developing DNMs. Consequently, the IS withdrawal must be physiciandriven and always under close clinical surveillance.

Role of immunosuppression minimization and withdrawal in liver transplant
patients
The “Holy Grail” of transplantation is the achievement of an IFS. As mentioned
above, long-lasting IS exposes patients to multiple adverse effects such as infections,
tumors and target organ damage. The paramount importance of COT in LT can be
achieved in selected recipients starting from a cautious IS minimization and
constantly monitoring the liver function tests (LFTs)[9,98]. Unfortunately, as shown in
most series only 30% of well-selected LT recipients can be safely weaned from IS[9,98-101]
(Table 2).
The molecular mechanisms responsible for graft acceptance still need to be fully
understood, but the liver seems less likely to cause rejection in their hosts than other
organs. Multiple theories were hypothesized: (1) The production of higher levels of
major histocompatibility complex might affect the recipient immune response[102]; (2)
An OLT donor leukocytes migrating in the recipient blood stream could influence the
graft tolerance because their irradiation causes organ rejection[103]; and (3) Donor
hematopoietic stem cells might determine a chimeric effect in the recipient [104] .
Moreover, the huge amount of blood that is constantly flowing in the liver exposes it
to plenty of bacteria and antigens that could enhance a COT status[90].
New insights on human leukocyte antigen donor-specific antibody/antibodies
(DSA) are emerging in OLT recipients. A recent study described how the IS
management and IS withdrawal protocols might affect the onset of de novo DSA
(dnDSA) after OLT especially during the transition to IS monotherapy in the 1st year
after the OLT[105]. Interestingly, a higher dnDSA prevalence was found in patients
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Table 2 Clinical operational tolerance literature and clinical trials in adult orthotopic liver transplant recipients[9,90]

First authors

Yr/Trial start

Number of
patients

Complete IS
weaning, %

Median follow-up
mo from IS
withdrawal

Weaned patients
Rejection rate, for
due to DNM
acute, %
diagnosis

Ramos et al[110]

1995

39

41

15

38.4

None

Devlin et al[144]

1998

18

27.8

> 36

44.4

None

Eason et al[145]

2005

18

5.5

9

61.1

None

Girlanda et al

2005

18

11

84

5.5

None

Tisone et al[109]

2006

34

23.4

45.5 ± 5.8

21.0

None

Assy et al[147]

2007

26

42

6

58.0

None

Pons et al[148]

2008

12

38.0

10-30

58.0

None

Tryphonopoulos et 2010
al[149]

23

22.0

87 ± 3.0

5.0

None

Manzia et al[106]

2013

28

21.4

113 ± 20.0

21.0

None

De la Garza et
al[150]

2013

24

62.5

14.0

37.5

None

Benitez et al[151]

2014

102

40.2

48.9

59.8

None

Bohne et al[152]

2014

34

50

12

44.1

None

Todo et al

2016

10

70

NA

30.0

None

Manzia et al[107]

2018

75

42.6

78.5

0

None

Shaked[154]

2005 (clinical trial)

275

20.3

NA

5.5

None

Markman[155]

2016 (ongoing trial)

60

NA

NA

NA

NA

2019 (ongoing trial)

NA

NA

NA

NA

NA

[146]

[153]

[156]

Markman et al

NA: Not available; IS: Immunosuppression: DNM: De novo malignancy.

undergoing IS minimization (51.7%) and IS-free patients (66.7%). These findings
suggest that monitoring dnDSA is high advisable and the IS minimization or
withdrawal should be taken in consideration after at least 1 year from OLT in order to
prevent negative consequences on the graft.
The Tor Vergata experience: In the last decade, our Liver Unit from Tor Vergata
Institute described multiple trials attempting IS minimization and IS withdrawal after
OLTs[9,10,90,106-109]. The first purpose was to minimize the uptake of IS drugs in the first
years post-OLT. Afterwards, patients with stable LFTs, no rejection or autoimmune
disease who underwent IS minimization were discontinued from IS. Initially, LFTs are
monitored every week and then monthly within the 1st year during the IS withdrawal
process[90]. IS was resumed in patients who had double the normal LFT levels during
follow-up or when a liver biopsy showed features of acute rejection[90].
From April 1998 to December 2014, in the HPB and Transplant Unit, 299 OLT were
performed. Of these, 65 (21.7%) patients with a mean follow-up of 81 months were
considered for weaning protocol while 234 (78.2%, mean follow-up of 125.6 months)
were under CNIs or mTORi and mycophenolate mofetil IS regimens. In unpublished
series, data on DNMs were compared in order to address the differences in DNM
incidence during a median follow-up of 4 years (Table 3).
Among the 65 recruited patients enrolled in local IS withdrawal protocol[106,108,109], 22
(33.8%) were successfully weaned from IS (tolerant; Tol), while 43 (66.2%) were nontolerant (Non-Tol) and needed IS resumption after an observed upsurge of the LFTs
or biopsy-proven acute rejection. In the Tol group, none experienced DNMs versus
two (4.6%) in the Non-Tol group and thirty-two (13%) in the standard
immunosuppressed recipients (Table 4). LT recipients under daily IS showed an
increased relative risk of 4.45 of developing DNMs versus Tol and Non-Tol recipients
and a SIR of 1.5 when compared to the general population.
Role of immunosuppression minimization and withdrawal in pediatric OLT
recipients: Because chronic IS significantly affects the long-term outcomes of pediatric
OLT recipients, children were the primary OLT population who experienced IS
minimization and withdrawal protocols (Table 4).
Ramos et al[110] reported the first clinical trial of IS weaning where 20 pediatric
patients underwent drug discontinuation for long-term IS complications (in two cases
for de novo squamous cell carcinomas) reaching COT in 16 patients (27.1%). Takatsuki
et al[111] reported the result of a prospective trial where a COT status was reached in 24

WJG

https://www.wjgnet.com

5364

September 21, 2019

Volume 25

Issue 35

Manzia TM et al. Liver transplantation, immunosuppression and de novo tumor

Table 3De novo malignancy features in orthotopic liver transplant recipients: The Tor Vergata experience between April 1998 and
December 2014
Patients under standard IS, n =
234Median age: 53.6 ± 7.1 yr

Tolerant patients, n = 22Median
age: 52.3 ± 6.0 yr

Non-tolerant patients, n =
43Median age: 51.5 ± 9.6 yr

234

22

43

Median follow-up time from OLT to IS weaning, mo

112.9

59.8

Median follow-up time from
weaning start to IS withdrawal, mo

-

6.0

4.9

Median follow-up time with no IS,
mo

-

92.3

2.3

Median follow-up time after IS
resumption, mo

-

-

149.1

Patients who developed DNMs, %

13.7

0

6.4

Median time from OLT to DNM
development, mo

44.5

-

113.0

Incidence and type of DNMs

(n = 32) Lung (7) Head and neck (5)
Colon (4) Oral cavity (4) PTLD (4)
Genito-urinary (3) Esophagus (2)
Liver (1) Mesothelioma (1) KS (1)

None

Bladder (1) Larynx (1) Lung (1)

Number of patients

DNM: De novo malignancy; OLT: Orthotopic liver transplant; IS: Immunosuppression; PTLD: Post-transplant lymphoproliferative diseases; KS: Kaposi’s
sarcoma.

(38%) out of 63 children after ≥ 2 years from the OLT, and this promising COT rate
remained similar in the subsequent trials from the same study group[112-114]. All tolerant
patients had normal LFTs after 1-year follow-up, and no rejection episodes were
reported. However, almost 6% of selected COT patients showed signs of allograft
fibrosis at histological finding, driving the introduction of a protocol liver biopsy for
patients undergoing IS withdrawal[115].
Hurwitz et al[116] described the only report focusing on the effects of IS withdrawal
on DNMs after pediatric OLTs. Thirty-eight pediatric OLT recipients affected by
PTLDs (n = 19) or severe EBV infection (n = 19) after a mean time of 1.8 ± 2.3 years
and 1.1 ± 1.1 years from OLT, respectively, attempted IS withdrawal in combination
with antiviral drugs with or without chemotherapy. A complete IS withdrawal was
achieved in eight (21%) patients for 4.2 ± 1.7 years with an overall 84% survival rate.
Episodes of rejection that did occur after stopping IS were successfully treated with
standard therapy with no graft loss. Although the results are tempered by the
intrinsic limitations of retrospective studies, the authors state that the mortality risk
from cancer well outweighs the risk of graft loss due to acute rejection from IS
withdrawal. Also, Lee et al[117] reported in his COT series another case of a successful
IS weaning in a child with a de novo PTLD with a 3-year follow-up.
Feng et al[118] published the results from a pilot prospective multi-centric trial aiming
to withdraw IS in order to reduce drug-related complications: Out of 20 pediatric OLT
recipients attempting COT, 12 (60%) children successfully discontinued (over a period
at least of 36 wk) IS, while 8 patients experienced rejection resolved by IS resumption.
Recently, the authors reported that after a 5-year follow-up all COT recipients have
normal LFTs and no histological inflammation or fibrosis, despite some patients were
found with DSA and modest increases in sinusoidal C4d staining[119]. These promising
results suggested that in selected pediatric OLT recipients, COT was feasible; yet
selection criteria (such as clinical and biomarkers criteria) are needed to identify the
children who could successfully attempt IS withdrawal. High rates (40%-42%) of
successful COT were also reported by other series [120,121] . Likewise, Waki et al [120]
demonstrated that Non-tol patients were associated with post-transplant human
leukocyte antigen antibodies. This could represent a future screening criterion to
select children who could discontinue IS regimen.

DISCUSSION
The outset of DNMs in LT recipients seems to be connected to the IS regimen. In fact,
IS drugs downregulate different pathways both of the adaptive and the innate
immune response leading to a higher risk of tumor relapse after OLT. Hepatocellular
carcinoma represents one of the indications for OLT. Due to the nature of the
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Table 4 Clinical operational tolerance trials in pediatric orthotopic liver transplant recipients

Number of
patients

DNM-Patients
indicated to
withdraw IS

Complete IS
weaning, %

Time interval:
OLT to
withdrawal,
mo/yr

Rejection rate,
for acute, %

2

27.10%

> 5 yr

20.3%

First author

Yr

Type of study

Ramos et al[110]

1995

Prospective

Mazariegos et
al[157]

1997

Historical cohort 31 (≤ 20 yr) (100
(self-weaned) and total patients)
prospective cases

12

Pediatric cohort:
29%

> 5 yr

10%

Takatsuki et
al[111]

2001

Prospective

63

NA

38.1%

≥ 2 yr

25.4%

Oike et al[112]

2002

Prospective

115

NA

42.6%

≥ 2 yr

20%

Koshiba et al[113]

2007

Retrospective

581

NA

15%

≥ 2 yr

1.5%

Ohe et al[114]

2012

Historical cohort

190

NA

44.2%

≥ 2 yr

26.3%

Hurwitz et al

2004

Retrospective

38

19 (PTLD)

21% (n = 4 PTLD; Mean time to
55.2%
n = 4 EBV)
PTLD onset: 1.8 ±
2.3 yr; Mean time
to EBV infection
onset: 1.1 ± 1.1 yr

Lee et al[117]

2009

Prospective

5

1 (PTLD)

100%

1.2-2 yr

0%

Feng et al[118,158]
(WISP-R trial)

2012

Prospective

20

NA

60%

≥ 4 yr

35%

Feng et al[159]
(iWITH trial,
partial results,
2016)

2012

Prospective

88

NA

60%

≥ 4 yr

40%

Waki et al[120]

2013

Retrospective

52

NA

42.5%

> 2 yr

57.5%

Lin et al[121]

2015

Prospective

16

NA

40%

> 2 yr

40%

[116]

20 (12-20 yr at
entry) (59 total
patients)

OLT: Orthotopic liver transplant; DNM: De novo malignancy; IS: Immunosuppression; PTLD: Post-transplant lymphoproliferative diseases; EBV: EpsteinBarr virus; NA: Not available.

transplant indication itself, it would be beneficial to quickly tailor or withdraw IS
because these recipients face a higher risk of recurrent hepatocellular carcinoma[90,122].
Thus, immediately after OLT, CNIs should be discontinued to minimize this threat as
they seem more likely to trigger DNMs[123,124]. Conversely, mTORi seems to reduce the
impact of DNMs at least within 5 years post-OLT[125].
The IS non-adherence must be always avoided due to its dangerous effects often
underestimated in the overall graft longevity[126]. Nowadays, COT can be achieved in
almost 30% of adult OLT individuals after a meticulous selection, but it is hard to
accomplish for other solid organ transplant subjects because COT is organ
dependent[127]. Strict criteria from the studies cited in Table 3 include IS regimens and
IS drug blood levels, stable allograft function, no history of rejection or autoimmune
diseases and a similar human leukocyte antigen match between donors and
recipients. All these conditions need to be met in order to attempt COT. The
accomplishment of a complete IFS in pediatric OLT recipients proved to be suitable in
carefully designated patients albeit the heterogeneous considered cohorts. In fact, up
to 60% of the total recipients were successfully withdrawn from IS while preserving a
normal graft function.
Histological findings are as important as biochemical assessments in the definition
of COT, even if not all studies reported liver biopsies features after weaning off IS.
OLT recipients with normal LFTs might hide relevant graft inflammation or fibrosis
that offset the risk of organ injury. In addition, modern studies stressed the relevance
of histological features when outlining future trials. Considerations on graft fibrosis,
independent from IS maintenance or withdrawal, need further investigations to fully
understand the etiopathogenetic pathways involved. To the best of our knowledge, no
clinical experience has been reported so far on IS withdrawal due to DNMs
occurrence. Therefore, we can only speculate that the reconstitution of the
immunological pathways can counteract the tumor growing.
The main drawback of the present review is that most COT studies explored have
been fitted in order to address the possibility to achieve COT status and not in those
who experienced DNMs. In fact, the majority of studies on IS withdrawal is referred
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to patients who demonstrated a stable clinical pathway with normal LFTs and no
rejection post-OLT. An international registry including all adult and pediatric IS
weaning experiences might represent an interesting approach to both gain knowledge
about the entity of DNMs in OLT subjects and the final outcomes after IS withdrawal
in such patients.
The minimization of IS dosages would provide multiple beneficial aspects that
include: (1) Releasing from all IS burdens; (2) Remarkable savings in IS drugs[107]; and
(3) Increased quality of life after the reduction of daily medications, which can
positively influence compliance and graft outcomes in long-term treatments[9,128]. COT
immunological biomarkers are constantly researched because their clinical predictor
role would represent a game changer in the transplantation field. The blood stream
represents the most used source of non-invasive liver tolerance biomarkers due to its
potential never-ending amount[129,130]. Unfortunately, the lack of consistent assays and
validated biomarkers that might predict graft failure currently represent an arduous
issue. Patients are in desperate need of alternative treatments to lifelong IS, and until
reliable biomarkers are available the gold standard for rejection diagnosis is still
represented by liver biopsies[131].

Conclusion and future prospects
In the last few decades, there have been multiple efforts to reach an IFS in OLT
recipients. These attempts might lead to ethical concerns as they shift to a potential
unsafe option, which could raise future complications. Patients demand the best longterm quality of life after such a tough experience of an organ transplantation.
Researchers methodically commit to fulfill this urgency, and physicians struggle to
prevent the recurrence of physical and psychological complications that mainly result
from the IS itself or from the primary disease recurrence.
A COT status perfectly frames the overarching goal of transplantation, which aims
to provide the best quality of life for transplant recipients who would not be
burdened by the IS threats while providing economic benefits. From these
perspectives an IFS remains the most enticing path to follow and considered worth it
in spite of all the challenges to overcome. Likewise, the relatively recent field of
regenerative medicine is constantly gaining ground through new outstanding
findings. Specifically, the astonishing capabilities of the extracellular matrix capable of
closely emulating the ideal milieu of native organs enhancing cell growth, migration
and proliferation is promising to offer innovative hints for future research[132,133].
We are still far away from a translational side of these results, but the immense
potential of regenerative medicine surely represents a hope for future therapies and IS
avoidance. More than 60 years ago the transplantation era began after the first
successful transplantation was performed among identical twins, and the first case of
COT was described. Since that moment, tolerance continues to be a grueling problem
albeit remarkable steps were taken over the past decades. In fact, when experienced
hands were called to action, undeniable evidence proved that a stable IFS is
achievable in carefully selected OLT recipients. Clues that COT is no longer intangible
is becoming clearer, and the concept that considered IS weaning protocols as
detrimental procedures should be now considered out-of-date. However, an in-depth
knowledge is certainly required as many immunological pathways responsible for
COT still remain arcane, and crucial challenges about tolerance need to be addressed
with further investigations.

ARTICLE HIGHLIGHTS
Research background
Immunosuppression (IS) has undoubtedly raised the overall positive outcomes in the postoperative management of solid organ transplantation. However, long-term exposure to IS is
associated with critical systemic morbidities. De novo malignancies (DNMs) following orthotopic
liver transplants (OLTs) are a serious threat in pediatric and adult transplant individuals. Data
from different experiences were reported and compared to assess the connection between IS and
DNMs in liver transplant patients.

Research motivation
DNMs represent a major threat in OLT children and adults. Multiple experiences were described
to analyze the connection between IS and DNMs in liver transplant patients. Different pathways
seem to be involved in the incidence of DNMs, but molecular mechanisms are still unknown.
Giving an answer to this concern might lead to a solution for the complications related to the
long-term use of IS.

Research objectives
To study the role of IS on the incidence of DNMs in liver transplant recipients.
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Research methods
A systematic literature examination of DNMs and IS weaning in adult and pediatric OLT
recipients was described in the present review. Data from worldwide clinical trials was collected
from highly qualified institutions performing OLTs. Patient follow-up, IS discontinuation and
incidence of DNMs were reported. Likewise, the review assesses the differences in adult and
pediatric recipients by describing the adopted IS regimens and the type of diagnosed solid and
blood malignancy.

Research results
Emerging evidence suggests that the liver is an immunologically privileged organ able to
support IS discontinuation in carefully selected recipients. Malignancies are often detected in
liver transplant patients undergoing daily IS regimens. Post-transplant lymphoproliferative
diseases and skin tumors are the most detected DNMs in pediatric and adult OLT patients,
respectively. To date, IS withdrawal has been achieved in 40% and 60% of well-selected adult
and pediatric recipients, respectively. In both populations, a clear benefit of IS weaning protocols
on DNMs is difficult to ascertain because data have not been specified in most of the clinical
experiences.

Research conclusions
The selected populations of tolerant pediatric and adult liver transplant recipients greatly benefit
from IS weaning. There is still no strong clinical evidence on the usefulness of IS withdrawal in
OLT recipients on malignancies. An interesting focus is represented by the complete
reconstitution of the immunological pathways that could help in decreasing the incidence of
DNMs and may also help in treating liver transplanted patients suffering from cancer.

Research perspectives
Most of the current studies on IS withdrawal describe patients with a stable clinical pathway
with normal liver function test levels and no history of rejection post-OLT. In the future, an
international registry including all IS weaning experiences in OLT patients would offer a
promising database to explore the connections between DNMs and the final outcomes after IS
withdrawal in such patients. Seriate graft biopsies should always be considered in future studies
to take into account the risk of graft fibrosis. Fibrosis is independent from IS maintenance or
withdrawal, and further investigations are strongly suggested to fully understand the
etiopathogenetic pathways involved. The minimization of IS dosages may decrease all IS
complications and induce remarkable savings in IS drugs. Moreover, the recipient’s quality of
life after the reduction of daily medications could significantly boost their compliance and graft
outcomes in the long-term. IS withdrawal is still arduous to realize. However, it is possible, and
it is supported by the described cases of clinical operational tolerance in OLT individuals. Indepth investigations are needed to study the possibilities of achieving a complete IS-free state
and clinical operational tolerance in OLT patients affected by DNMs because few studies explore
this possibility. Regenerative medicine and clinical operational tolerance biomarkers are new
promising frontiers that could provide novel insights about tolerance mechanisms in order to
replace liver biopsies as the currently recognized gold standard method for rejection diagnosis.
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Abstract
BACKGROUND
To date, the histopathological parameters predicting the risk of lymph node (LN)
metastases and local recurrence, associated mortality and appropriateness of
endoscopic or surgical resection in patients with gastric neuroendocrine
neoplasms type 1 (GNENs1) have not been fully elucidated.
AIM
To determine the rate of LN metastases and its impact in survival in patients with
GNEN1 in relation to certain clinico-pathological parameters.

PRISMA 2009 Checklist statement:

METHODS
The PubMed, EMBASE, Cochrane Library, Web of Science and Scopus databases
were searched through January 2019. The quality of the included studies and risk
of bias were assessed using the Newcastle-Ottawa Scale (NOS) in accordance
with the Cochrane guidelines. A random effects model and pooled odds ratios
(OR) with 95%CI were applied for the quantitative meta-analysis.

The authors have read the PRISMA
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was prepared and revised
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RESULTS
We screened 2933 articles. Thirteen studies with 769 unique patients with
GNEN1 were included. Overall, the rate of metastasis to locoregional LNs was
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3.3% (25/769). The rate of LN metastases with a cut-off size of 10 mm was 15.3%
for lesions > 10 mm (vs 0.8% for lesions < 10 mm) with a random-effects OR of
10.5 (95%CI: 1.4 -80.8; heterogeneity: P = 0.126; I2 = 47.5%). Invasion of the
muscularis propria was identified as a predictor for LN metastases (OR: 17.2;
95%CI: 1.8-161.1; heterogeneity: P = 0.165; I2 = 44.5%), whereas grade was not
clearly associated with LN metastases (OR: 2; 95%CI: 0.3-11.6; heterogeneity: P =
0.304; I2 = 17.4%). With regard to GNEN1 local recurrence, scarce data were
available. The 5-year disease-specific survival for patients with and without LN
metastases was 100% in most available studies irrespective of the type of
intervention. Surgical resection was linked to a lower risk of recurrence (OR: 0.3;
95%CI: 0.1-1.1; heterogeneity: P = 0.173; I2 = 31.9%). The reported complication
rates of endoscopic and surgical intervention were 0.6 and 3.8%, respectively.
CONCLUSION
This meta-analysis confirms that tumor size ≥ 10 mm and invasion of the
muscularis propria are linked to a higher risk of LN metastases in patients with
GNEN1. Overall, the metastatic propensity of GNEN1 is low with favorable 5year disease-specific survival rates reported; hence, no clear evidence of the
prognostic value of LN positivity is available. Additionally, there is a lack of
evidence supporting the prediction of local recurrence in GNEN1, even if surgery
was more often a definitive treatment.
Key words: Gastric neuroendocrine neoplasms type 1; Meta-analysis; Lymph node
metastasis; Tumor size; Invasion; Endoscopy; Surgery
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hitherto, risk parameters predicting metastatic disease and the appropriateness
of endoscopic vs surgical management of patients with gastric neuroendocrine neoplasms
type 1 (GNENs1) have not been thoroughly investigated. The present systematic review
and meta-analysis prove that locoregional lymph node (LN) metastases in GNENs1 are
relatively rare (3.3%). Furthermore, tumour size ≥ 10 mm and the presence of the
muscularis propria invasion are associated with an increased risk for LN metastasis. The
latter finding suggests that endoscopic ultrasound investigation is very valuable in the
work up of these lesions. Finally, surgical resection is linked to a lower risk for
recurrence.

Citation: Tsolakis AV, Ragkousi A, Vujasinovic M, Kaltsas G, Daskalakis K. Gastric
neuroendocrine neoplasms type 1: A systematic review and meta-analysis. World J
Gastroenterol 2019; 25(35): 5376-5387
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5376.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5376

INTRODUCTION
Gastric neuroendocrine neoplasms (GNENs) are rare and account for approximately
3% of all gastrointestinal neuroendocrine tumors and 0,3% of all gastric
malignancies [1] . GNENs are divided into well-differentiated (WD) GNENs and
neuroendocrine carcinomas (NECs). WD GNENs are mainly of enterochromaffin-like
(ECL) cell origin, and three types are recognized[2-6]. Types 1 and 2 (GNEN1 and 2) are
associated with hypergastrinaemia, the former because of autoimmune chronic
atrophic gastritis and the latter due to Zollinger-Ellison syndrome in the context of
multiple endocrine neoplasia type 1. Patients with type 3 GNENs have normal gastrin
concentrations and a more aggressive clinical behavior mimicking that of gastric
adenocarcinoma[7]. Finally, NECs are poorly-differentiated tumors that show a certain
degree of neuroendocrine differentiation and the affected patients have normal
circulating gastrin concentrations and a poor prognosis.
GNEN1s commonly exhibit a generally benign clinical course with a minority
developing locoregional lymph node (LN) metastases and only a few cases of distant
metastases have been reported[8]. In terms of the long-term disease-specific mortality,
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reports differ regarding its association with the presence of metastases in locoregional
LNs and the selection of the type and the extent of intervention undertaken. This is
mainly because in the majority of published GNEN series and existing NEN registries,
GNEN1s are reported together with other types of GNENs. Importantly, compared
with other types of GNENs, GNEN1s have distinct differences in tumour biology and
patient outcomes. However, informative clinico-pathological features (size, grade,
depth of invasion) are currently used indistinguishably for most GNEN types, even if
GNEN are a heterogeneous group and the prognostic impact of such parameters may
differ considerably among the types.
Due to the indolent course of GNEN1, endoscopic resection is considered the
mainstay of treatment for these tumours ranging from simple polypectomy and
endoscopic mucosal resection (EMR) to endoscopic submucosal resection (ESMR) and
endoscopic submucosal dissection (ESD). Surgery has been considered for tumours
not amenable to endoscopic treatment, i.e., locally advanced lesions > 10 mm invading
deeper layers of the gastric wall. This approach in GNEN1 management is also in
accordance with the current European Neuroendocrine Tumour Society guidelines[9].
However, risk stratification based on patient-related parameters to determine the risk
of LN metastases and disease-specific mortality in patients with larger and more
locally advanced GNEN1 remains to be defined. Therefore, there is a great need of a
summary of the evidence regarding the risk of LN metastases and local recurrence in
GNEN1s, as well as the appropriateness and safety of endoscopic versus surgical
resection of larger lesions.
The aim of this systematic review and meta-analysis was to compare the rate of LN
metastases and associated mortality, and recurrence in patients with GNEN1s
undergoing endoscopic or surgical resection with respect to their clinico-pathological
parameters, such as the size, grade and depth of invasion and to assess the rate of
complications associated with the aforementioned interventions. Our hypothesis was
that patients with particular clinico-pathological characteristics, i.e., larger lesions,
grade 2 tumours and deeper invasion of the gastric wall, may be at a higher risk for
locoregional LN metastases and/or local recurrence; thus, necessitating the
implementation of a more patient-tailored management of GNEN1.

MATERIALS AND METHODS
Study selection
Retrospective cohort studies with GNEN and GNEN1 patients undergoing
endoscopic or surgical resection were included in this systematic review and metaanalysis. The outcomes that were required for study selection included two or more of
the following terms: tumour size, grade, depth of invasion, vascular invasion, LN
metastases, local recurrence, disease-specific and overall survival and complications.
For potentially eligible studies a sample size of at least ten patients with GNEN1 was
required; hence case reports and small case series were excluded. Studies reporting
data on GNEN type 2, type 3 and GNEC altogether with GNEN1 were also excluded.
In particular, GNEN1 diagnosis was based on histopathological and biochemical
criteria reported in the methods section of the included studies. Registry and
institutional studies reporting data without specifying the diagnostic criteria of
GNEN1 (histopathologic confirmation and hypergastrinaemia) were excluded from
the present study. Among multiple reports from the same institution, only the latest
eligible study was included. A study protocol for this meta-analysis was not
registered before the study initiation. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines were followed[10].

Search strategy
We conducted a systematic search to identify all potentially eligible studies in the
PubMed, EMBASE, Cochrane Library, Web of Science and SCOPUS databases. Search
terms included “Gastric Carcinoid”, “ECL cell carcinoid”, “Gastric Neuroendocrine
Tumor”, ”Gastric Neuroendocrine Neoplasm”, “Neuroendocrine Tumor of the
Stomach”, “Endoscopy”, "endoscopic resection”, “endoscopic mucosal resection”,
“endoscopic submucosal dissection”, “polypectomy”, “polyp resection”,
“mucosectomy”, “gastric resection”, “antrectomy”, “surgery”, “ surgical resection”,
“partial resection”, “partial gastrectomy” and “gastrectomy”, and all the terms were
used in combination with the Boolean operators AND OR. The search terms were
input as free text. Two of the authors independently examined all potentially eligible
titles and abstracts. Full articles were obtained for preliminary selected studies to
finalize eligibility (Supplementary Table 1).

WJG

https://www.wjgnet.com

5378

September 21, 2019

Volume 25

Issue 35

Tsolakis AV et al. Gastric NEN type 1: Meta-analysis

Data extraction
The hypothesis of the study was formulated prior to the data collection and
extraction. Two reviewers independently extracted all available data. We defined the
primary outcome as the rate of LN metastases after using different clinicopathological data to stratify the patients. The secondary outcomes were recurrence
rate, disease-specific mortality rate associated with LN metastases and type of
intervention, and the complication rate in GNEN1 patients undergoing endoscopic
and surgical resection. Potentially eligible studies with double zero cells in all strata
and the investigated outcomes were excluded at the final stage of data extraction.
Disagreements between the two reviewers were resolved by consensus.
Patients with distant stage disease were not included in the present meta-analysis.
The staging methods applied in the included studies and according to the TNM
classification varied greatly and was primarily based on available histopathology in
all patients subjected to resective surgery. However, in patients subjected to
endoscopic resection staging criteria were applied to data extracted from endoscopy
and corresponding histopathology regarding T stage and endoscopic
ultrasonography, as well as cross-sectional imaging regarding the presence of
locoregional LN metastases (N stage).

Quality/risk for bias assessment
The classification of observational studies described by Mathes et al[11] was applied in
this meta-analysis. The quality of the included studies was measured by the
Newcastle-Ottawa Scale (NOS) and independently assessed in accordance with the
Cochrane guidelines by two reviewers The total NOS scores ranged from 0 to 9 for
cohort studies; a score of 6 or higher indicated high quality[12].

Statistical analysis
Statistical analyses were conducted with STATA 14.0 software (StataCorp. 2015. Stata
Statistical Software: Release 14. College Station, TX: StataCorp LP). A random-effects
model was adopted for summary statistics. Pooled odds ratios (OR) were reported for
all investigated outcomes. Automatic correction set at 0.5 by default in the “metan”
application of STATA in eligible data with single zero cells was applied as
appropriate. Statistical heterogeneity was evaluated by the I2 method and the χ2 test
was employed to provide P-values; I 2 values > 50% indicated a high degree of
heterogeneity. Small study effects and the presence of publication bias were evaluated
by Galbraith and funnel plots, respectively. The results were reported as OR with
95%CI and P-values. The level of statistical significance was set at 5% (P < 0.05).

RESULTS
Characteristics of the Included Studies
We screened 2933 potentially eligible articles. The 13 included studies had 769 unique
patients with GNEN1. The results of the systematic literature search and the study
selection process are shown in the PRISMA flow diagram (Figure 1). Table 1
summarizes the characteristics of the included studies.

Quality/risk of bias assessment
The quality assessment of all the included studies is presented in Table 2 (NOS
template). All studies were retrospective cohort studies based on the analysis of
institutional multi- or single-centre data. We did not identify any controlled
randomized trials or national registry studies eligible for inclusion in the metaanalysis. General factors accounting for poor quality were the lack of clarity regarding
the diagnostic criteria of GNEN1, short duration of follow-up, ambiguity regarding
the criteria for endoscopic or surgical intervention and failure to report the rate of
complications for patients who underwent endoscopic or surgical treatment.
Reporting bias was visually assessed in funnel plots for each of the investigated
parameters (Supplementary Figures 1A-4A). Complementary tests did not reveal
small size effects (Supplementary Figures 1B-4B). The observed funnel plot
asymmetry could be due to the few studies included in the analysis (< 10 studies in all
meta-analyses performed) and also publication bias. Between studies heterogeneity
was less than 50%, i.e., acceptable for all the meta-analyses in this study.

Pooled results for clinico-pathological parameters with respect to LN metastases
Overall, the rate of metastases to locoregional LNs was 3.3% (25/769). We identified
four studies reporting LN status for primary tumours with a size cut-off of 10 mm[13-16].
The rate of LN metastases for a cut-off size of 10 mm were 15.3% vs 0.8% for lesions ≥
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Table 1 Characteristics of the included studies
Outcomes
Included studies

Study design

No. of patients

Ahlman et al[13], 1994

Single-center
restrospective cohort
study

11

Borch et al[19], 2005

Funding and conflict
of interest statement

Primary (positive LN
status)

Secondary (R, DSS,
complications)

2/11 (data available at
the individual level)

Median follow-up 5 yr;
100% 5-yr DSS

Funding: Swedish
Mekong River
Commission, Swedish
Cancer Society,
Jubileumsklinikens
Cancer Research Fund,
Sahlgrenska Hospital
Research Foundation,
Göteborg Medical
Society, Assar
Gabrielsson Research
Foundation,
Östergötland County
Council and AB Hässle.

Multi-center prospective 51
cohort study

4/51 (data not available
at the individual level)

5-yr DSS reported for
LN status and type of
intervention strata. R
also reported for
different strata.

No funding or conflict
of interest reported.

Chen et al[18], 2013

Single-center
retrospective cohort
study

56

2/56 (data not available
at the individual level)

100% 5- and 10 yr DSS
reported.

Funding: National
Center for Advancing
Translational Studies.
The authors report no
conflicts of interest.

Kim et al[25], 2010

Single-center
retrospective cohort
study

22

1/22 (data not available
at the individual level)

Mean follow-up
No funding or conflict
68months for GC cohort; of interest reported
5-yr DSS 100%. R: 15/22

Louthan et al[24], 2014

Single-center
retrospective cohort
study

18

0/18 (data not available
at the individual level)

Mean follow-up 47
months for GC cohort;
100% 5-yr DSS for type
of intervention strata.

Funding: RVO
VFN64165 and
PRVOUK-P25/LF1/2.

Rappel et al[22], 1995

Single-center
retrospective cohort
study

88

0/88 (data not available
at the individual level)

Median follow-up 72.2
mo; 100% 5-yr DSS; R:
26/54

No funding or conflict
of interest information
mentioned in the article.

Rindi et al[14], 1996

Multi-center
retrospective cohort
study

152

2/152 (data not
available at the
individual level)

Mean follow up
58months; 5-yr DSS
100%; R: 77/119

No funding or conflict
of interest information
mentioned in the article.

Safatle-Ribeiro et al[15],
2006

Single-center
restrospective cohort
study

13

1/13 (data available at
the individual level)

Median follow-up 72.2
mo

No funding or conflict
of interest information
mentioned in the article.

Sagatun et al[17], 2016

Single-center
restrospective cohort
study

26

5/26 (data not available
at the individual level)

Median follow-up not
reported; 5-yr DSS not
properly reported

No funding or conflict
of interest reported.

Sato et al[20], 2014

Multi-center
retrospective cohort
study

82

0/82 (data not available
at the individual level)

Median follow-up
reported for different
strata. 5-yr DSS not
reported; R: 2/82.

No funding or conflict
of interest reported.

Schindl et al[21], 2001

Single-center
retrospective cohort
study

16

0/16 (data not available
at the individual level)

Median follow-up 70.3
mo; 5-yr DSS 100%.

No funding or conflict
of interest information
mentioned in article.

Thomas et al[23], 2013

Multi-center
retrospective cohort
study

111

2/111 (data not
available at the
individual level for all
cases).

Mean follow up 76 mo;
DSS not reported.
R:8/111

Funding: Selander
foundation. No conflict
of interest reported.

Vanoli et al[16], 2018

Multi-center
retrospective cohort
study

123

6/123 (data not
available at the
individual level)

Median follow up 87
mo. 5-yr DSS reported
for different strata.

Funding: Internal
university grants and
the Associazione
Italiana Ricerca sul
Cancro; Fellowship from
San Matteo Hospital
Foundation. Conflict of
interest: Novartis
Pharma and Ipsen
Pharma.

DSS: Disease-specific survival; LN: Lymph node; R: Recurrence.
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Figure 1

Figure 1 PRISMA flow diagram of the quantitative meta-analysis.

10 mm and < 10 mm, respectively with a random-effects OR of 10.5 (95%CI: 1.4-80.8;
heterogeneity: P = 0.126; I2 = 47.5%, Figure 2).
Four studies reporting LN status in connection to GNEN1 grade [Grade 1 (G1) vs
Grade 2 (G1)] were included in this analysis[15-18]. The rates of LN metastases in G1
GNEN1 were 6.7% vs 10% for G2 lesions with a random-effects OR of 2(95%CI: 0.3 11.6; heterogeneity, P = 0.304; I2 = 17.4%, Figure 3).
Three studies reported LN status in connection to muscularis propria invasion of
the primary tumour and were included in the analysis [14,16,19] . The rates of LN
metastases in patients demonstrating muscularis propria invasion were 29.4% vs 3.1%
in patients without invasion with a random-effects OR of 17.2(95%CI: 1.8 -161.1;
heterogeneity, P = 0.165; I2 = 44.5%, Figure 4).

Pooled results for local recurrence
Eight studies reporting local recurrence (n = 75/422) in connection to the type of
intervention were included[16,19-25]. The rates of local recurrence in patients undergoing
endoscopic resection were 22% (n = 72/328) vs 3.2% (n = 3/94) in patients subjected to
surgical resection with a random-effects OR of 0.32 (95%CI: 0.1-1.1; heterogeneity, P =
0.173; I2 = 31.9%, Figure 5).

Pooled results for disease-specific survival and complications
In seven studies, the reported 5-year disease-specific survival (DSS) rate was 100% in
patients with (n = 17) and without locoregional LN metastases (n = 479)[13,14,18,23,26-28].
Only two studies reported 5-year DSS less than 100% stratified by LN status [5-year
DSS: 80% (n = 8/10) vs 100% (n = 164/164)]; random-effects OR: 0.02; 95%CI: 0-0.21;
heterogeneity: P = 0.850; I2 = 0%)[16,19].
In thirteen studies reporting 5-year DSS rates following endoscopic vs surgical
resection, 100% 5-year DSS was evident in both arms [n = 456 (endoscopic
intervention)and n= 162 (surgical intervention)], irrespective of the type of
intervention that was undertaken[13,18,20-27,29]. Two additional studies reported 5-year
DSS rates less than 100% stratified by the type of intervention (5-year DSS: 99% for
endoscopic vs 98% for surgical intervention; random-effects OR of 0.64; 95%CI: 0.1-8.5;
heterogeneity: P = 0.270, I2 = 17.7%;)[15,16].
The complication rates attributed to endoscopic and surgical intervention were
reported in six studies and were as low as 0.6% for the former and 3.8% for the
latter[16,18,30-32]. The severity of complications ranged from mild to severe and even
death in one operative case. However, the data were not sufficient to provide a more
comprehensive classification of patients who underwent surgery (i.e., according to the
Clavien-Dindo classification system).
Finally, scarce data were available or appropriately reported with respect to
recurrence rates in relation to tumour size, grade and depth of invasion. In particular,
one study only reported tumour size as a predictor of recurrence (OR: 1.7, 95%CI:
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Table 2 Newcastle-Ottawa scale cohort star template
Included studies

Selection

Comparability

Outcome

Ahlman et al[13], 1994

***

*

**

Borch et al[19], 2005

****

**

**

Chen et al[18], 2015

***

*

**

[25]

***

*

**

Louthan et al[24], 2014

***

*

**

Rappel et al[22], 1995

***

*

**

Kiim et al

, 2010

[14]

Rindi et al

***

**

**

Safatle-Ribeiro et al[15], 2006

, 1996

***

**

**

Sagatun et al[17], 2016

***

*

*

Sato et al[20], 2014

***

*

*

[21]

Schindl et al

, 2001

***

*

**

Thomas et al[23], 2013

***

*

**

Vanoli et al[16], 2018

***

**

**

The total Newcastle-Ottawa scale scores ranged from 0 (worst) to 9 (best) for the included cohort studies,
with a score of at least 6 indicating high quality.

0.13-22)[32]. Similarly, another study addressed grade (OR: 0.2; 95%CI: 0.01-4.6)[33], and
one study discussed depth of invasion (OR: 33 95%CI: 0.9-1220)[25].

DISCUSSION
Our systematic review and meta-analysis demonstrate that although the metastatic
propensity of GNEN1 is low (3.3%), tumour size ≥ 10 mm and invasion of the
muscularis propria in the gastric wall may be potential predictors of LN metastases in
these patients. Foremost, the negative predictive value of tumour size for lesions < 10
mm and that of the absence of muscularis propria invasion with respect to the
presence of locoregional LN metastases were as high as 99.2% and 96.9% respectively.
Primary tumour grade was not clearly associated with the risk of LN metastases in
GNEN1. Additionally, the disease course is indolent, and the overall prognosis is
excellent, with a 5-year DSS of 100% in most studies, with only two patients reported
with locoregional LN metastases who died within 5-years of diagnosis. Therefore, the
presence of LN metastases does not seem to clearly affect survival in GNEN1 patients.
Moreover, most studies reported 98%-100% 5-year DSS, irrespective of the type of
intervention that was undertaken. However, studies reporting adequate follow-up i.e.,
of 10 years are lacking; hence, we were not able to provide evidence that prophylactic
surgical resection exerts a survival benefit in the long-term. The complication rates of
endoscopic vs surgical resection in the few studies reporting this information were 0.6
and 3.8%, respectively. Finally, scarce data were available with regard to GNEN1 local
recurrence after endoscopic or surgical intervention; although the latter was
associated with a lower recurrence rate [OR: 0.32 (95%CI: 0.1-1.1). Recurrence
prediction stratified by patient-related parameters was not feasible in our study.
Larger sizes and the cut-off of 20 mm may be of particular interest in predicting
metastatic disease to locoregional LN. Therefore, we scrutinized all available studies
for this information, but a lack of data on larger sizes with double zero cells in the
tables of the extracted data was evident in most studies; hence, meta-analysis at 20
mm size cut-off was not feasible. Regarding the presence of distant metastases in
contemporary literature, GNEN1 is indeed a generally benign disease with very few
metastatic cases reported, thus there was no sufficient material for a meta-analysis.
NOS-based quality assessment was undertaken and the included studies were
generally assessed as being of moderate to high quality. Significant heterogeneity was
not observed in the meta-analyses of clinico-pathological parameters investigated
here, nor were small study effects. To avoid reporting bias, we also assessed and
included non-English language studies, as well as unpublished data from conference
papers. Various observational studies on GNEN1 have exhibited contradictory results
regarding the association of certain clinico-pathological parameters with the risk of
LN metastases, e.g., that of the Ki67 labeling index. This observation may be due to the
inclusion of other GNEN types and GNECs, which are known for a more aggressive
biological behavior compared to that of WD GNEN1[14,16]. Therefore, to control biases
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Figure 2

Figure 2 Forest plot comparing the rate of lymph node metastases at a 10 mm size cut-off, i.e., in tumour size ≥ 10 mm vs tumour size < 10 mm. Metaanalysis of all studies carried out using a random-effects model; Odds ratios are shown with 95%CI.

attributed to tumour heterogeneity, registry and institutional studies reporting data
on all types of GNEN and GNECs together with GNEN1 were excluded from our
study.
In the modern management of GNEN1, endoscopic ultrasonography is an
important complementary diagnostic tool that can be utilized in the assessment of
lesions that are potentially invading deeper layers of the gastric wall. Endoscopic
ultrasonography helps to determine the feasibility of endoscopic resection and the
possible presence of locoregional LN metastases.
The majority of GNEN1 lesions are small and have traditionally been treated
endoscopically; thus, the presence of locoregional LN metastases may have been
underestimated. This was evident in our meta-analysis as lesions < 10 mm accounted
for the majority in studies reporting size in connection to patient outcomes [237/296
(80%) lesions < 10 mm; Figure 2]. Nevertheless, cross-sectional and functional imaging
were not performed or reported in all patients in the included studies, as the
sensitivity of these modalities for detecting LN metastases is low and their overall
impact on GNEN1 management and clinical decision-making is rather limited[23]. This
should of course be taken into consideration when interpreting the findings of this
meta-analysis. Additionally, a few studies only reported patient data at the individual
level and in most series, ambiguity regarding the criteria for surgical resection was
noted. Thus, the rates and ORs of LN metastases in GNEN1s < 10 mm and ≥ 10 mm,
has to be interpreted in light of this knowledge. Finally, patients subjected to
endoscopic surveillance alone without any intervention, with or without somatostatin
analogues treatment, were not included in the scope of the present systematic review
and meta-analysis.
The prognostic significance of tumour grade was not confirmed in our metaanalysis, as no clear association with the presence of LN metastases was evident. This
is indeed an important finding that contrasts with the existing evidence in GNEN3
and GNEC, in which Ki67 is of paramount importance in disease prognostication and
patient management; thus, the implication is that the GNEN type may be the most
significant factor affecting patient outcomes and that this factor should be separately
addressed in future studies and national registry data. Another possible explanation
is that the span of Ki67 in G2 tumours is wide (3-20) and cases with a higher level of
Ki67 within G2 tumours may have a substantially different course. In particular, there
are studies postulating that a higher Ki67 cut-off should be considered in the clinical
praxis of NEN when G2 is determined[34-36]. Additionally, we cannot exclude the
possibility that additive effects of other clinico-pathological parameters combined
with the concomitant G2 status may trigger metastasis. Importantly, the GNEN1
clinical course seems to be mainly benign as most studies report a 5-year DSS of 100%
in patients who had undergone resection, whether endoscopic or surgical. Thus, the
tumour biology, the insufficient length of follow-up and the scarcity of LN metastases
in these indolent neoplasms may be the reasons the present meta-analysis could not
confirm a survival difference associated with the presence of LN metastases or the
type of intervention in GNEN1 patients.
Our study has some limitations. Importantly, it represents an analysis of clinicopathological parameters extracted from multiple retrospective studies on GNEN,
particularly GNEN1; hence, the included studies lacked sufficient power and were
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Figure 3

Figure 3 Forest plot comparing the rate of lymph node metastases in patients with grade 1 vs grade 2 gastric neuroendocrine neoplasms type 1. Metaanalysis of all studies carried out using a random-effects model; Odds ratios are shown with 95%CI.

often not designed to evaluate the end-points investigated in our meta-analysis.
Further limitations include a diagnostic GNEN increment of more indolent lesions
over time along with the wide-spread application of endoscopic screening and the
clinical implementation of modern diagnostic and therapeutic modalities, such as
endoscopic ultrasonography, EMR/ESMR and ESD, which may have confounded our
results because different diagnostic and interventional techniques may have been
potentially applied in the included studies. Additionally, a lack of data regarding
larger primary tumour size cut-off values and the lack of a centralized pathology
review may have caused the loss of valuable information and introduced certain
biases. Another limitation was the lack of data on GNEN1 local recurrence and the
lack of data at the individual level to evaluate potential additive effects of the
investigated factors. Finally, heterogeneity of the included studies and the broad CIs
of ORs encountered in the pooled analysis of the study estimates may be an important
limitation, highlighting the need for further research in the field of GNEN1 to assess
the outcomes investigated in our meta-analysis.
In, conclusion, our results have important implications for clinicians and
researchers. The present study provides a systematic review and meta-analysis of
GNEN1 confirming the indolent course of this neoplasm and providing patienttailored parameters for disease prognostication and suggestions for future research.
We demonstrated that locoregional LN metastases in GNEN1 are relatively rare
(3.3%) and that tumour size and depth of invasion may be important predictive
factors that can be used to assess the disease metastatic propensity. Generally,
GNEN1 seems to have an overall excellent prognosis with very low disease-specific
mortality rates reported. Additionally, survival does not seem to be negatively
affected by either endoscopic or surgical resection. However, studies with long-term
follow-up are scarce, and the true prognostic impacts of LN status and the type of
intervention remain to be determined. Based on the findings of this meta-analysis,
paying special attention to GNEN1 size and the depth of invasion and making use of
diagnostic modalities such as endoscopic ultrasonography seem reasonable in clinical
practice, and in future studies in the field of GNEN.
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Figure 4

Figure 4 Forest plot comparing the rate of lymph node metastases in tumours with mucosal/submucosal invasion vs tumours with invasion of the
muscularis propria. Meta-analysis of all studies carried out using a random-effects model; Odds ratios are shown with 95%CI.
Figure 5

Figure 5 Forest plot comparing the rate of local recurrence in patients with gastric neuroendocrine neoplasms type 1 undergoing endoscopic resection vs
surgical resection. Meta-analysis of all studies carried out using a random-effects model; Odds ratios are shown with 95%CI.

ARTICLE HIGHLIGHTS
Research background
Gastric neuroendocrine neoplasms type 1 (GNENs1) exhibit a generally benign clinical course
and have distinct differences in tumour biology and patient outcomes, as compared to other
types of GNENs.

Research motivation
Informative clinico-pathological features (size, grade, depth of invasion) are currently used
indistinguishably for most GNEN types and remain to be elucidated for GNEN1s in particular in
order to determine the risk of lymph node (LN) metastases, disease-specific survival and local
recurrence; and guide a more patient-tailored management.

Research objectives
The aim of our study was to compare the rate of LN metastases, disease-specific mortality, and
recurrence rates post intervention in patients with GNEN1s undergoing endoscopic or surgical
resection with respect to the aforementioned clinico-pathological parameters (size, grade and
depth of invasion). Additionally, we aimed to evaluate the rate of procedural complications
associated with endoscopic and surgical interventions.

Research methods
The PubMed, EMBASE, Cochrane Library, Web of Science and SCOPUS databases were
searched through January 2019. The quality of the included studies and risk of bias were
assessed using the Newcastle-Ottawa Scale and in accordance with the Cochrane guidelines. A
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random effects model and pooled odds ratios with 95%CI were applied for the quantitative
meta-analysis.

Research results
Although the metastatic propensity of GNEN1 is low (3.3%), tumour size ≥ 10 mm and invasion
of the muscularis propria in the gastric wall may be utilized to predict the presence LN. The
negative predictive value of tumour size for lesions < 10 mm and that of the absence of
muscularis propria invasion with respect to the presence of locoregional LN metastases were as
high as 99.2% and 96.9% respectively. Contrary to other GNEN types, tumour grade was not
clearly associated with the risk of LN metastases in GNEN1. The disease prognosis is excellent,
with a 5-year DSS of 100% in most studies; thus, the presence of LN metastases does not seem to
clearly affect survival in GNEN1 patients. Moreover, most studies reported 98-100% 5-year DSS,
irrespective of the type of intervention that was undertaken. However, studies reporting longterm follow-up (i.e., >10 years post-treatment surveillance) are lacking; hence, we were not able
to provide evidence that prophylactic surgical resection exerts a survival benefit. The
complication rates of endoscopic vs surgical resection in the few studies reporting this
information were 0.6 and 3.8%, respectively. Finally, scarce data were available with regard to
GNEN1 local recurrence after endoscopic or surgical intervention. Although surgery was
associated with a lower recurrence rate, recurrence prediction stratified by patient-related
parameters was not feasible in our study.

Research conclusions
Herein, we have thoroughly investigated patient-related clinico-pathological risk parameters
potentially predicting metastatic disease, recurrence following endoscopic or surgical
management and disease-specific mortality rates. We confirmed that LN metastases in GNENs1
are relatively rare and that tumour size ≥ 10 mm, as well as the presence of the muscularis
propria invasion are associated with an increased risk for LN metastasis. The latter finding
suggests that endoscopic ultrasound investigation is very valuable in the work up of these
lesions. Finally, surgical resection is linked to a lower risk for local recurrence.

Research perspectives
The present study provides a systematic review and meta-analysis of GNEN1 confirming the
indolent course of this neoplasm and providing suggestions for future research towards a
stratified approach based on patient-tailored parameters in the era of personalized medicine.
Foremost, based on our findings, special attention to GNEN1 size and the depth of invasion and
making use of diagnostic modalities, such as endoscopic ultrasonography, seem reasonable in
clinical practice, and in future studies with long-term follow up in the field of GNEN1.
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Abstract
BACKGROUND
Abnormal liver chemistry is a common problem in human immunodeficiency
virus (HIV)-infected patients. Common causes of abnormal liver enzymes in this
population include viral hepatitis B/C or opportunistic infection, drug toxicity,
and neoplasm. Autoimmune hepatitis is a rare cause of hepatitis in HIV-infected
individuals; however, this condition has been increasingly reported over the past
few years.
CASE SUMMARY
We present 13 HIV-infected patients (5 males and 8 females) who developed
autoimmune hepatitis (AIH) after their immune status was restored, i.e. all
patients had stable viral suppression with undetectable HIV viral loads, and
median CD4+ counts of 557 cells/× 106 L. Eleven patients presented with chronic
persistent elevation of aminotransferase enzyme levels. One patient presented
with acute hepatitis and the other patient presented with jaundice. The median
levels of aspartate aminotransferase and alanine aminotransferase enzymes were
178 and 177 U/mL, respectively. Elevation of immunoglobulin G levels was
present in 11 (85%) patients. Antinuclear antibody and anti-smooth muscle
antibody were positive in 11 (85%) and 5 (38%) patients. Liver biopsy was
performed in all patients. They had histopathological findings compatible with
AIH. The patients were started on prednisolone for remission induction, with
good response. After improvement of the liver chemistry, the dose of
prednisolone was tapered, and azathioprine was added as life-long maintenance
therapy. At the last follow-up visit, all were doing well, without HIV viral
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rebound or infectious complications.
CONCLUSION
This report underscores the emergence of autoimmune hepatitis in the context of
HIV infection.
Key words: Autoimmune hepatitis; Human immunodeficiency virus; Liver biopsy;
Immunosuppression; Autoimmunity; Antiretroviral therapy; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Elevated liver enzymes are a common problem in human immunodeficiency
virus (HIV)-infected patients. Clinical manifestations of autoimmune hepatitis (AIH)
range from no symptoms to mild chronic hepatitis to acute severe hepatitis leading to
fulminant hepatic failure or cirrhosis. The diagnosis of AIH requires thorough
investigation. It is crucial to perform liver biopsy to confirm the diagnosis. Although
rare, AIH should be considered a differential diagnosis in HIV-infected patients
presenting with elevated aminotransferase enzyme levels after the exclusion of other
common causes of hepatitis. It is believed that this condition occurs due to immune
reconstitution inflammatory syndrome (IRIS). Immunosuppressive drugs are the
mainstay of treatment and can be used safely in HIV-infected patients.

Citation: Chaiteerakij R, Sanpawat A, Avihingsanon A, Treeprasertsuk S. Autoimmune
hepatitis in human immunodeficiency virus-infected patients: A case series and review of the
literature. World J Gastroenterol 2019; 25(35): 5388-5402
URL: https://www.wjgnet.com/1007-9327/full/v25/i35/5388.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i35.5388

INTRODUCTION
Autoimmune hepatitis (AIH) is considered to be a relatively rare chronic liver disease.
Its incidence, prevalence and clinical phenotype vary considerably by geographical
area. The annual incidence of AIH ranges from 0.5-2.2 per 100000 individuals [1] .
During the past 2 decades, the incidence of AIH has remained stable in Sweden and
Finland[2,3] but has increased in certain countries, such as Denmark, Netherlands and
Spain[4-6]. The prevalence of AIH in the Asia-Pacific region is lower than that reported
in Europe and America (Table 1)[2-17]. Within the Asia-Pacific region, India has the
lowest prevalence per 100,000 individuals of 1.5, while Japan and New Zealand have
the highest prevalence of 23.4 and 24.5, respectively[8,14,15]. Among Western countries,
Finland has the lowest prevalence per 100000 individuals of 14.3, while Alaska has the
highest prevalence of 42.9 [3,17] . Variations in disease occurrence across different
countries suggest that some environmental factors may play a role in AIH
development.
AIH is a chronic liver disease with progressive liver parenchymal inflammation
and damage caused by regulatory T-cell dysfunction-induced hyperreactive
responses. The disease is characterized by hypergammaglobulinemia, the presence of
circulating autoantibodies, and typical histologic features including interface
hepatitis, lymphoplasmacytic cell infiltration, liver cell rosette formation,
emperipolesis and response to immunosuppressive therapy[18]. It has been suggested
that a genetic predisposition, molecular mimicry and environmental factors are
associated with the development of AIH[19].
The diagnosis of AIH relies on criteria comprising clinical, serological, and
histological features. Clinical presentation is heterogeneous, ranging from no
symptoms to acute or chronic hepatitis to acute liver failure or cirrhosis. Initial
laboratory tests show elevation of aminotransaminase enzymes. Although abnormal
liver chemistry commonly occurs in HIV-affected individuals (approximately 27%),
AIH is rarely suspected at presentation. The most common cause of liver enzyme
elevation in patients with HIV infection is nonalcoholic fatty liver disease, followed by
alcohol intake, and viral hepatitis B and C infection[20]. Despite the rarity of this
disease, the number of reports of AIH in HIV-infected individuals has increased in
recent years[21-39]. Here, we present 13 HIV-infected patients who developed AIH after
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Table 1 Prevalence and incidence of autoimmune hepatitis among different countries in the
world1
Country

Prevalence

Incidence

Study period

Taiwan[7]

NA

0.5

2000 -2004

India[8]

1.5

NA

1999 -2002

Singapore[9]

4.0

NA

1990 -1996

South Korea

4.8

1.1

2009 -2013

Brunei Darussalam[11]

5.6

NA

NA

Australia[12]

8.0

NA

NA

Israel[13]

11.0

0.7

1995 -2010

Japan

[14]

23.4

2.2

2004 -2014

New Zealand[15]

24.5

2.0

2001 -2008

Spain[6]

NA

1.1

2003

Finland[3]

14.3

1.1

1995 -2015

Norway[16]

16.9

1.9

1986 -1995

Sweden[2]

17.3

1.2

1989 -2011

Netherlands

18.3

1.1

1967 -2011

Denmark[4]

23.9

1.7

1994 -2012

United States (Alaska)[17]

42.9

NA

1984 -2000

Asia-Pacific

[10]

Europe and America

[5]

1

Unit of prevalence and incidence: per 100000 population. NA: Not available.

treatment with antiretroviral therapy. The characteristics of previously reported HIVinfected patients with AIH are also summarized.

CASE PRESENTATION
Chief complaints
We identified a total of 13 patients with coexisting HIV infection and AIH. All were
Asians. There were 5 (38%) males and 8 (62%) females, with a median age of 40 years
at AIH diagnosis (range: 26–61 years). The patients were referred to our liver clinic for
evaluation of abnormal liver functions.

History of present illness
Most patients (11/13, 84.6%) presented with chronic persistent elevation of
aminotransferase enzyme levels for a median duration of 10 mo (range: 4–31 mo). One
patient presented with acute hepatitis for 2 mo, and the other patient presented with
jaundice for a month.

History of past illness
The median duration of HIV infection before AIH diagnosis was 6 years (range: 1–24
years). Eleven patients received antiretroviral therapy once HIV infection was
diagnosed. Only 2 patients were started on antiretroviral drugs 13 and 4 years after
HIV diagnosis, respectively. Eight (62%) patients received only one antiretroviral
regimen and had never been switched to other regimens until the time of AIH
presentation: 6 and 2 patients received tenofovir/emtricitabine/efavirenz
(TDF/FTC/EFV) and tenofovir/lamivudine/efavirenz (TDF/3TC/EFV), respectively.
Another 5 (38%) patients were treated with multiple antiretroviral regimens prior to
AIH diagnosis. The first patient who had HIV infection for 10 years received
zidovudine/3TC/EFV for 2 years and was subsequently switched to TDF/3TC/EFV
for 1 year and TDF/FTC/EFV since then. The second patient with HIV infection for 2
years was put on TDF/FTC/EFV for a brief period and switched to abacavir
(ABC)/3TC/rilpivirine (RPV). The third patient with HIV infection for 1 year was
initially on stavudine (d4T)/3TC/EFV but developed peripheral neuropathy at the
second month; therefore, he was switched to TDF/3TC/EFV. The fourth patient who
had HIV for 13 years was initially treated with TDF/3TC/EFV and switched to
TDF/FTC/EFV. The last patient had HIV infection for 24 years; 13 years after
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diagnosis, she was started on d4T/3TC/nevirapine (NVP) for 4 years, followed by
TDF/3TC/NVP for 3 years, and TDF/3TC/EFV since then. All patients had
undetectable HIV viral loads at AIH presentation, with median CD4+ cell counts of
557 cells/x106 L (range: 82–963 cells/× 106 L).

Physical examination
Of the 13 patients, one (7.7%) had cirrhosis at the time of AIH presentation. She had
signs of chronic liver diseases on examination and radiologic features of cirrhosis.

Laboratory examinations
Table 2 summarizes the baseline characteristics and laboratory data of the 13 patients
at the time of AIH diagnosis. The median (range) levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) enzymes were 178 (63–393) and 177
(49–353) U/mL, respectively (normal AST and ALT levels are < 35 and < 40 U/mL,
respectively). Twelve patients had normal bilirubin levels, and one patient had
elevated total bilirubin levels of 6.3 mg/dL. Notably, elevated globulin levels were
observed in all patients (normal range: 2.0-3.3 g/dL).
Because viral hepatitis infection, including viral hepatitis A, B, C and E (HAV,
HBV, HCV and HEV), is one of the common causes of abnormal liver chemistry,
blood tests for hepatitis B surface antigen (HBsAg), antibody to HAV, HCV and HEV
were performed. All 13 patients were tested for HBsAg and anti-HCV antibody. One
patient was positive for HBsAg and another patient was positive for Anti-HCV
antibody, however, both patients had undetectable HBV DNA and HCV RNA viral
load at AIH presentation. There were 7 (54%) and 7 (54%) of patients who were tested
for anti-HAV IgM and anti-HEV IgM antibody. All were negative for the tests.
Other blood tests to investigate the possible causes of abnormal liver chemistry
included thyroid function test (n = 5), iron studies (n = 5), ceruloplasmin level (n = 1)
and controlled attenuation parameter by FibroScan® (n = 7). The results were all
negative.

Further diagnostic work-up
History of alcohol consumption as well as medication and herbal use was thoroughly
reviewed to exclude alcoholic hepatitis and drug-induced liver injury as possible
causes of abnormal liver chemistry. Further investigation revealed an elevation of
immunoglobulin G (IgG) levels in 11 (85%) patients, with a median of 2,250 mg/dL
(normal range: 7548–1768 mg/dL). Antinuclear antibody (ANA) was positive in 11
(85%) patients; however, anti-smooth muscle antibody (ASMA) was positive in only 5
(38%) patients.

Pathological examinations
Liver biopsy was performed in all patients. They had histopathological findings
compatible with AIH, i.e., lymphoplasmacytic cell infiltration and interface hepatitis
(Figures 1 and 2). Three (23%) patients revealed cirrhosis on histopathological
examination.

FINAL DIAGNOSIS
The final diagnosis of the presented cases was autoimmune hepatitis.

TREATMENT
After the diagnosis of AIH was made, 2 patients were referred back to the primary
hospital for treatment initiation and long-term follow up, and 11 patients received
treatment and were followed at our hospital. Ten of the 11 patients were started on
prednisolone monotherapy for remission induction at daily doses of 40, 30 and 20 mg
in 1, 5 and 3 patients, respectively. One patient who had Child-Pugh class A cirrhosis
at presentation was put on a combination of low-dose prednisolone (15 mg/d) and
azathioprine (25 mg/d).

OUTCOME AND FOLLOW-UP
Liver chemistry was monitored every 2 wk during the first month after treatment
initiation and every 1-4 mo afterwards depending on clinical outcome and the
primary physician’s judgement. None of patients performed repeat liver biopsy. After

WJG

https://www.wjgnet.com

5391

September 21, 2019

Volume 25

Issue 35

WJG|http://www.wjgnet.com

5392

39

31
40

34

46

40

57

29

30

26

61

44

47

4

2
13

2

6

10

25

6

7

1

10

21

7

Duration
(yr)

Age HIV status

< 40, -

< 40, 5 yr

< 40, 7 yr

ABC/RPV/3TC, 1 yr < 40, 2 yr

TDF/FTC/EFV, 6 mo < 40, 1 mo
TDF/FTC/EFV, 3 yr < 40, 3 yr

TDF/FTC/EFV, 1 yr < 40, 10 mo

TDF/FTC/EFV, 3 yr < 40, -

TDF/3TC/EFV, 6 yr

TDF/3TC/EFV, 8 yr

TDF/FTC/EFV, 6 yr < 40, -

TDF/3TC/EFV, 6 yr

TDF/3TC/EFV, 6 mo < 40, 1 mo

TDF/FTC/EFV, 8 yr < 40, 6 yr

TDF/FTC/EFV, 1 yr < 40, 5 yr

TDF/FTC/EFV, 4 yr < 40, 3 yr

-, 52, 310

-, -, 563
320, 298, 216

-, 377, 557

-, -, 451

-, 415, 480

583, 477, 384

-, -, 731

-, -, 772

-, -, 82

496, -, 646

588, 669, 798

761, 885, 963

Current ART
Viral load,
CD4+ count in
regimen, duration duration (year 2 and 1 years
(year or month)
or month)
ago and at AIH
presentation
Rising ALT, 10
mo
Rising ALT, 2
mo
Rising ALT, 31
mo
Rising ALT, 7
mo
Rising ALT, 9
mo
Rising ALT, 10
mo
Rising ALT, 24
mo
Rising ALT, 4
mo
Rising ALT, 20
mo
Rising ALT, 11
mo
Jaundice, 1 mo
Rising ALT, 6
mo
Rising ALT, 23
mo
63

393
314

191

178

269

124

266
150

205

230

353

49

133

108
106

157

197

177

172

263

236

199

168

130

121

Presentation, Lab values1
duration (mo)
AST
ALT

6.3
2
0.7

100

1.3

1.4

0.7

0.6

1

0.4

0.8

0.8

0.4

0.8

4.1

3.1
3.3

3.8

3.8

4.1

3.7

4.1

3.6

4.6

4

4.5

4.4

4.4

5.1
6.8

4.1

4.2

3.9

6.5

3.7

5.9

4.6

4.8

4

4.8

0.0972222222

0.2638888889
> 1:2560

0.2638888889

> 1:1280

< 1:40

1.8194444444

0.2638888889

> 1:1280

< 1:40

> 1280

0.0972222222

0.0972222222

TB Albumin Globulin ANA titer

133
304

112

262

237

357

125

191

106

189

172

145

ALP

-

+
-

+

+

+

-

-

-

-

-

-

+

2250

3710
5050

2580

2050

1860

2333

1710

4100

1920

1890

1310

2930

ASMA IgG

7

7
7

7

7

5

7

5

7

5

6

5

7

AIH score

Unit of labs: AST, ALT, and ALP – U/L, TB and IgG – mg/dL, albumin and globulin – g/dL. 3TC: Lamivudine; ABC: Abacavir; EFV: Efavirenz; RPV: Rilpivirine; TDF: Tenofovir; AIH: Autoimmune hepatitis; HIV: Human
immunodeficiency virus.

1

M

F

8

13

F

7

F
F

F

6

11
12

F

5

F

M

4

10

M

3

F

M

2

9

M

Sex

1

Case

Table 2 Baseline characteristics of 13 human immunodeficiency virus-infected patients at the time of autoimmune hepatitis diagnosis
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Figure 1

Figure 1 Portal inflammation. A mononuclear cell inflammatory infiltrate in portal tracts (circle).

1 mo of therapy, all 11 patients showed improvement in liver chemistry. All 10
patients experienced liver enzyme normalization at a median time of 6 mo after
immunosuppressive therapy initiation. The last patient who had received treatment
for 4 mo had ALT improvement, but the ALT level remained slightly above the upper
limit of normal at the time of writing this manuscript. After improvement of the liver
chemistry, the dose of prednisolone was tapered, and azathioprine was added as lifelong maintenance therapy. One patient developed cytopenia from azathioprine, and
was therefore placed on mycophenolate mofetil with a good response.
All 11 patients who received treatment at our hospital underwent regular follow-up
visits. The median time to follow-up was 23 mo (range: 5–43 mo). During the followup period, one patient experienced a minor flare when the dose of steroid was
tapered. At the time of AIH diagnosis, AST and ALT levels were 121 and 263 U/L,
respectively, with IgG level of 2930 mg/dL. He was initially treated with
prednisolone 30 mg/d for 2 wk, followed by 20 mg/d for 4 wk and 15 mg/d for 6 wk.
Three months after treatment initiation, AST and ALT levels decreased to 50 and 93
U/L, respectively, with a declined level of IgG to 2130 mg/dL. Azathioprine 50 mg
daily was therefore added with gradual reduction of prednisolone dosage to 10 mg, 5
and 2.5 mg/d during the next 7 mo period. At month 16 after therapy, AST and ALT
levels increased to 71 and 100 U/L, respectively, with rising IgG of 2254 mg/dL.
Prednisolone was therefore increased to 15 mg/d for 2 wk, followed by 10 mg/d for
10 wk, while the dose of azathioprine remained at 50 mg daily. Three months later,
AST and ALT levels declined to normal limits (22 and 33 U/L) as well as IgG returned
to normal level (1540 mg/dL). The patient was therefore prescribed a low dose
prednisolone (5 mg daily) and azathioprine (50 mg daily) as a maintenance therapy to
prevent relapse.
The immunosuppressive drugs had never been discontinued in all patients, thus,
none of the patients had disease relapse, defined as ALT increases > 3 times the upper
limit of normal. At the last follow-up visit, 10 patients were doing well with
normalized ALT levels, and 1 patient remained in the induction phase. None
experienced HIV viral rebound or infectious complications during treatment with
immunosuppressive drugs. Table 3 displays the treatments and outcomes for each
patient.

DISCUSSION
In this review, we present 13 cases with coexisting HIV infection and AIH. The
diagnosis of AIH in HIV-infected patients is challenging and complex for a number of
reasons. First, hepatitis in HIV-infected patients more commonly has other etiologies,
particularly viral hepatitis B and C, adverse effects from antiretroviral or other drugs,
opportunistic infection, and non-alcoholic steatohepatitis. Second, the disease has a
wide spectrum of clinical presentation, ranging from asymptomatic, hepatitis,
cirrhosis to acute liver failure. Third, the natural history of AIH is dynamic.
Transaminase enzyme levels are not always persistently elevated. Spontaneous
remission or intermittent flares can occur, resulting in fluctuations of liver enzymes.
Last, elevation of IgG and positivity of autoantibodies is a common phenomenon in
HIV-infected individuals. HIV itself can cause elevation of IgG levels due to
polyclonal stimulation of B cells [40-42] . The presence of autoantibodies has been
reported in 45% of HIV-infected patients in the era of highly active antiretroviral
therapy[41]. Given the difficulties in diagnosis, AIH in the setting of HIV infection is
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Figure 2

Figure 2 Interface hepatitis. Portal lymphoplasmacytic infiltrate extending into the lobule (dashed line).

not a well-recognized condition and may be underdiagnosed, with only 38 cases
reported in the literature (Table 4)[21-39].
Due to the impaired immune status in HIV infection, autoimmune diseases in this
context are counterintuitive. Nonetheless, accumulating evidence illustrates that
autoimmune diseases can develop after HIV diagnosis. Two recent large
epidemiologic studies described a list of autoimmune diseases that occurred in HIVinfected patients. A study of 5186 HIV-infected patients in France reported that 36
patients had coexisting autoimmune diseases, accounting for a prevalence of 0.69%.
The most common autoimmune disease was immune thrombocytopenic purpura (n =
15), followed by inflammatory myositis, sarcoidosis and Guillain-Barré syndrome (n =
4 each). Autoimmune hepatitis was present in only 1 patient, accounting for the
prevalence of AIH in HIV infection of 0.02%[35]. Another nationwide study of 20444
Taiwanese patients with HIV infection found that the most common autoimmune
diseases were uveitis, psoriasis and inflammatory bowel diseases, with incidence rates
per 100000 person-years of 104, 102 and 92, respectively [43] . Other autoimmune
diseases frequently occurring in HIV-infected individuals include Sjögren syndrome,
rheumatoid arthritis, ankylosing spondyloarthritis, and autoimmune hemolytic
anemia. The study did not find any HIV-infected patients with AIH.
The pathogenesis of AIH includes genetic predisposition, with a loss of tolerance
against self-antigens, hyperreactivity of cytotoxic T cells and production of
autoantibodies against liver antigens, leading to hepatocellular toxicity and
damage[44]. Human leukocyte antigens have been identified as genetic risk factors of
AIH. HLA-DR3 and HLA-DR4 are known to be susceptible genes in Caucasian and
Japanese populations, respectively[18]. However, genetic polymorphisms as risk factors
for AIH specifically for HIV populations haven’t yet been identified. Mechanisms by
which AIH emerges in HIV infection remain poorly understood. In HIV infection,
CD4 T-cells are affected and may lead to autoimmune diseases[45]. Another possible
mechanism is B-cell dysfunction induced by chronic persistent HIV viremia[42].
In this report, 12 of 13 (92%) patients had CD4 counts over 300 cells/mm3, while
only 1 patient had CD4 counts of 82 at the time of AIH diagnosis. This is in-line with
the previous reports of 38 HIV cases with AIH showing a CD4 count over 250
cells/mm3 in 89% of cases (Table 4). These findings suggest that AIH in the context of
HIV infection more frequently occurs when the immune status has been restored.
The demographic characteristics of AIH patients who have underlying HIV
infection are slightly different from those of patients without HIV infection. In the
non-HIV-infected population, AIH affects both sexes regardless of age and ethnicity.
AIH more frequently occurs in females than in males. The proportion of affected
females ranges from 70%–95% in both the Asia-Pacific region and Europe and
America (Table 5) [ 2 - 1 7 , 4 6 - 4 8 ] . In patients with HIV infection and AIH, female
predominance remains true but is less pronounced. The proportion of female patients
was only 62% in the present study and was 71% in 38 previous reports (Table 4). In
patients without HIV infection, AIH typically occurs in middle-aged populations,
with an average peak onset from 50–70 years (Table 5)[2-17,46-48]. However, HIV-infected
patients develop AIH at a younger age. The median age of our cohort was 40 years,
with 46% and 85% developing AIH at an age less than 40 and 50 years, respectively.
Similarly, for the 38 previously reported HIV-AIH patients, the median age was 43
years (range 21–70 years), among whom 38% and 75% younger than 40 and 50 years,
respectively (Table 5).
Presentations of AIH vary greatly in both HIV- and non-HIV-infected patients. In
non-HIV-infected patients with AIH, approximately 40% experience an acute onset,
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Table 3 Treatment and outcome of autoimmune hepatitis in human immunodeficiency virus-infected patients
Induction regimen

Time to
ALT
Prednisolo Azathiopri normaliza
-ne (mg/d) -ne (mg/d) -tion (mo)

Maintenance regimen
Prednisolo Azathiopri Outcome
-ne (mg/d) -ne (mg/d)

Follow up
duration
(mo)

Last CD4
count

Last HIV VL
(copies/mL)

1

30

0

9.5

5

50

Minor flare

43.4

775

< 40

2

20

0

7.6

15

100

No relapse

12.8

799

< 40

3

30

0

8.2

0

50

No relapse

35.4

451

< 40

41

-

-

-

-

-

-

-

-

-

5

40

0

1.0

2.5

0

No relapse

10.3

772

< 40

6

30

0

2.6

10

100

No relapse

5.4

1841

< 40

7

15

25

0.9

0

MMF 1000
mg/day

No relapse

30.2

444

< 40

8

30

50

2.3

0

50

No relapse

65.8

513

< 40

9*

-

-

-

-

-

-

-

-

-

10

20

0

1.4

0

50

No relapse

22.6

632

< 40

11

30

0

7.6

0

50

No relapse

24.9

630

< 40

12

20

0

3.0

5

75

No relapse

19.7

176

< 40

13

30

0

Remain in the induction phase

-

4.9

-

-

1

Patients were initiated treatment at their primary hospitals. MMF: Mycophenolate mofetil.

presenting with acute hepatitis or infrequently with jaundice. Approximately 30%60% experience insidious onset or are asymptomatic (Table 5). Cirrhosis at AIH
diagnosis is present in up to 40% of patients. HIV-infected patients who develop AIH
have similar presentations to patients without HIV infection. Most patients (85%) in
this case series had long-standing hepatitis, while only 15% experienced acute onset of
the disease. Cirrhosis at the time of AIH diagnosis was present in 23% of our patients
and 16% of the 38 previously reported cases.
The diagnosis of AIH is established by criteria comprising clinical, laboratory and
immunoserological parameters, liver histopathology, and exclusion of other causes of
hepatitis. A diagnostic scoring system was first developed by the International
Autoimmune Hepatitis Group (IAIHG) in 1993 and subsequently revised in 1999.
Both scoring systems are complex and not easy to use in real-world practice.
Simplified diagnostic criteria were therefore proposed in 2008 and are now widely
used (Table 6). With a cutoff of ≥ 6, the simplified scoring system has a sensitivity and
specificity of 88% and 97% for the diagnosis of AIH. The specificity increases to 99%,
with a decreased sensitivity to 81%, when a cutoff of ≥ 7 is used[49].
AIH is suspected in patients whose liver tests show transaminitis with elevated
serum globulin levels. As shown in our HIV cohort, all patients have elevated
globulin levels. Further investigation to support the diagnosis of AIH includes
elevated serum IgG levels and the presence of circulating autoantibodies. Elevated
IgG levels above the upper normal limit are observed in 70%-80% of non-HIV-infected
cohorts (Table 6). Likewise, 11/13 (85%) of our HIV-infected patients with AIH had
elevated IgG levels.
The presence of autoantibodies, including ANA, ASMA and anti-liver kidney
microsome (LKM)-1, is a key laboratory feature of AIH. ANA is the most common
autoantibody detected in AIH, with a prevalence of 80%-100% in most studies (Table
6). Among HIV-infected patients with AIH, the frequencies of ANA positivity were
similar to those among non-HIV-infected patients, i.e., 11/13 (85%) and 27/38 (71%),
in our cohort and in previously reported cases, respectively. It is important to note
that ANA is not a specific autoantibody to AIH and can be found in other diseases,
including nonalcoholic fatty liver disease, and in healthy individuals[50-52]. Recent
studies have reported that the prevalence of ANA positivity is 16% and 26% in
patients with nonalcoholic fatty liver disease and in healthy individuals,
respectively [50,52] . Anti-smooth muscle antibody (ASMA) is another common
autoantibody detected in AIH. Although its prevalence is less than that of ANA, it is
more specific to AIH[53]. The prevalence of ASMA positivity in AIH patients without
HIV infection varies considerably, ranging from 18 to 66% (Table 5). The prevalence of
ASMA positivity was relatively low in our HIV cohort, i.e., 5/13 (38%). This number
was lower than that in the 38 previously reported patients with AIH and HIV, i.e.,
24/35 (69%) (3 had missing data for ASMA). Although the presence of autoantibodies
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Table 4 Baseline characteristics at autoimmune hepatitis presentation of previously reported human immunodeficiency virus cases
HIV status
No.

Sex, age
(yr)

HIV
Duration

ART
duration

Viral load

CD4

Presenta
-tion

ANA titer

ASMA titer Treatment Outcome

1[21]

NA

NA

NA

< 48

1011

NA

1:640

1:40

P+ Z

Remission

2[21]

NA

NA

NA

< 48

456

NA

Neg

1:20

P+ Z

Remission

3[21]

NA

NA

NA

< 48

783

NA

1:40

1:320

P+ Z

Remission

4

[21]

NA

NA

NA

< 48

688

Acute liver
failure

1:640

1:160

LT

Relapse at 4
yr after LT

5[21]

NA

NA

NA

< 48

653

n/a

1:1280

1:20

P+ Z

Remission

6[22]

M, 54

NA

3 yr

5104

357

↑ ALT*

1:40

1:640

P+ Z

Remission

7[22]

F, 55

NA

NA

< 50

174

↑ ALT

Neg

1:40

P+ Z

Relapse

8[22]

F, 49

NA

NA

69318

286

↑ ALT

Neg

Neg

P+ Z

Died

9[22]

F, 56

NA

NA

232734

331

↑ ALT

1:40

1:20

P

Died

10[23]

M, 21

Newly
diagnosed

0

7900

753

Jaundice

Neg

Neg

P

Relapse

11[23]

F, 59

n/a

7 mo

-

504

↑ ALT

Pos

Pos

P+ Z

Remission

12[24]

M, 26

3 yr

1 yr

-

NA

Jaundice

1:160

Neg

P+ Z

Relapse

13

[25]

M, 40

8 yr

8 yr

ND

832

↑ ALT

Neg

1:60

P+ Z

Relapse

14[25]

F, 44

20 yr

7 yr

ND

823

Acute
hepatitis*

1:640

1:180

P

Remission

15[26]

M, 52

7 yr

7

ND

641

↑ ALT

1:2560

NA

P

Remission

16

F, 44

9 mo

9 mo

ND

526

↑ ALT

1:160

1:160

P+ Z

Minor flare
during taper
steroid

17[28]

M, 29

Newly
diagnosed

0

7122

259

↑ ALT

Neg

Neg

none

Resolved
spontaneous
-ly

18[28]

F, 45

2 yr

7 mo

ND

297

↑ ALT

1:640

Neg

P+Z

Remission

19

[28]

F, 65

10 yr

n/a

ND

922

↑ ALT

1:160

1:320

P+Z →
MMF

Flare

20[29]

M, 38

2 yr after
AIH
diagnosed

0

81000

216

↑ ALT

1:320

1:40

ART

ALT
improved
after ART
initiaion

21[30]

F, -

15 yr

12 yr

ND

634

Acute
hepatitis

1:20000

Neg

P

Remission

22[31]

F, 48

20 yr

NA

ND

> 250

Acute
hepatitis

1:80

1:300

P

Died

23[32]

F, 23

NA

8 mo

ND

523

Neg

P±Z

Remission

24

F, 31

NA

7 mo

< 40

277

↑ Jaundice
and ALT*

Pos

[32]

Pos

Neg

25[32]

F, 42

NA

10 mo

-

593

Pos

Pos

26[32]

F, 45

NA

6 mo

< 40

253

Neg

Pos

27[32]

F, 35

NA

41 mo

ND

339

Neg

Pos

28

M, 39

NA

77 mo

ND

416

Neg

Pos

29[32]

F, 39

NA

4 mo

ND

357

Neg

Pos

30[32]

F, 43

NA

4 mo

ND

876

Pos

Neg

31

[32]

F, 36

NA

17 mo

ND

693

Neg

Pos

32[33]

F, 42

20 yr

NA

ND

232

Acute
hepatitis

1:1280

Neg

P

Remission

33[34]

F, 51

NA

11 mo

94

417

Acute liver
failure

1:256

1:80

P

Died

34[35]

F, 38

13 yr

NA

6392

436

NA

1:400

Pos

B

Remission

35[36]

M, 38

2 yr

0

8072

762

Acute
hepatitis

1:640

1:160

P+Z

Remission

36[37]

F, 70

32 yr

24 yr

< 50

938

Decompensa 1:640
ted
cirrhosis*

NA

P

Remission

37[38]

M, 43

13 yr

2 yr

ND

900

↑ ALT

1:160

NA

P

Remission

[27]

[32]
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38[39]

F, 43

4 yr

18 mo

ND

425

Acute
hepatitis

1:8000

Neg

P+Z

Flare during
tapering
steroid

ART: Antiretroviral therapy; B: Budesonide; M: Mycophenolate mofetil, P: Prednisolone; Z: Azathioprine; LT: Liver transplantation; NA: Not available.

is a diagnostic criterion, up to 17% of AIH patients are negative for ANA, ASMA and
anti-LKM and are considered to have so-called “autoantibody-negative AIH”[54].
Liver biopsy is essential to confirm the diagnosis and assess the severity of AIH.
Interface hepatitis (plasma cell and lymphocyte infiltration at the interface of hepatic
parenchyma and portal tract), emperipolesis and hepatic rosette formation are classic
histopathological features, although not pathognomonic of AIH. Figures 1-4 display
the histopathology of AIH in our HIV-infected patients. Although interface hepatitis
is a common histological finding of AIH and is present in up to 87% of cases, it can be
found in patients with viral hepatitis A/B/C/E infection and drug-induced
hepatitis[55,56]. Emperipolesis and rosette formation are more specific features than
interface hepatitis for the diagnosis of AIH and can be detected in 78% and 49% of
AIH patients, respectively[55].
There are no treatment guidelines specifically for HIV-infected patients. Based on
evidence from previous and the currently reported cases, HIV-infected patients with
AIH can be treated in a similar fashion to non-HIV-infected patients.
Immunosuppressive drugs are the mainstay of treatment. To prevent further
hepatocellular damage and cirrhosis development, complete biochemical remission
(normalization of serum aminotransferase and IgG levels) and histological remission
must be achieved. Prednisolone monotherapy or combination therapy with
azathioprine is the first-line treatment for the induction of disease remission, followed
by maintenance therapy with azathioprine as a steroid-sparing medication.
Prednisolone at the dose of 0.5-1 mg/kg/d, with the maximum dose of 60 mg/d, can
be initially used as a single agent, followed by the addition of azathioprine 1-2
mg/kg/d when the liver chemistry shows improvement, with a decrease in
prednisolone slowly until discontinued. A combination of prednisolone, at a
maximum dose of 30 mg/d, and azathioprine at 1-2 mg/kg/d can also be used as
induction therapy. Approximately 80%-90% of patients shortly experience
improvement in symptoms and liver tests, usually within 2 wk, after treatment
initiation. As suggested by a recent multicenter study in the Netherlands[57], life-long
azathioprine is usually required for maintaining sustained remission and preventing
disease relapse. In this study, the outcomes of 131 patients for whom
immunosuppressive therapy was tapered after disease remission for at least 2 years
were determined. It was found that after immunosuppressive drug was discontinued,
47% of patients experienced disease relapse (i.e., elevation in ALT levels three times
above the upper limit of normal), and 42% had a loss of remission (i.e., elevation in
ALT levels that required retreatment). Retreatment was needed in approximately
60%, 70% and 80% of cases at 1, 2 and 3 years after drug withdrawal, respectively[57].
Treatment with immunosuppressive drugs improves the survival of AIH patients
and decreases the 2-year mortality from 34% to 14%[58]. With proper treatment, AIH
patients who do not have cirrhosis display comparable survival to the general
population, while patients with cirrhosis have a higher mortality than the general
population[59]. Frequent relapse or lack of disease remission increases liver-related
mortality and liver transplantation[59].

CONCLUSION
In summary, this review highlights the fact that AIH should be included in the
differential diagnosis of hepatitis in patients with HIV infection. To avoid delay in the
diagnosis of AIH, elevation in IgG and presence of autoantibodies should be tested
once common causes of hepatitis, particularly viral hepatitis, drug-induced liver
injury and non-alcoholic steatohepatitis, are ruled out. Liver biopsy should be further
performed to confirm the diagnosis. Immunosuppressive therapy is safe and provides
good outcomes in HIV-infected patients. After treatment, most patients experience
rapid improvements in liver chemistry, followed by disease remission. However,
long-term maintenance with low-dose immunosuppressive drugs is generally
required to prevent disease relapse.
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Table 5 Demographics of non-human immunodeficiency virus infected patients with autoimmune hepatitis
Country

n

Female (%)

Age at onset

Cirrhosis1

Disease onset ANA+

ASMA+

IgG > ULN

South
Korea[10]

4085

86

60-69

32.3%

-

-

-

-

Japan[46]

1682

87

60-69

6.7% (P)

11.7% acute
hepatitis 79.6%
chronic
hepatitis

90.7%

40.9%

n/a

South
Korea[47]

343

-

-

23%

46.4% acute
onset 30.6%
asymptomatic

94.2%

23.0%

78.2%

New
Zealand[15]

138

71

50-59

36% (P, R)

-

56%

57%

97%

Israel[13]

100

95

48

22.3% (P)

35%
asymptomatic

91%

55%

n/a

Taiwan[7]

48

77

58

35.4% (P)

12.5%
asymptomatic
41.7% acute
onset 45.8%
insidious onset

97.8%

18.2%

72.9%

Japan[14]

48

-

-

8.3% (C+R)

68.8% acute
onset 31.2%
chronic onset

100%

22.9%

79.2%

n/a

Asia-Pacific

Australia[12]

42

74

53

24% (P)

-

65.8%

n/a

India[8]

38

89

30

34.2% (C±P)

13.1% acute
39.4%
hepatitis 39.4%
acute onset 50%
chronic onset

63.1%

n/a

Singapore[9]

24

92

63

42% (C)

2/3 insidious
onset

79.2%

20.8%

n/a

Brunei
19
Darussalam[11]

79

52

21.1% (P)

53%
asymptomatic

100%

47.4%

n/a

-

Europe and America
Denmark[4]

1721

72

70

28.3% (P)

-

-

-

Netherlands[5] 1313

78

Middle age

12% (P)

-

49%

58%

83%

Finland[3]

76

55-64

-

-

-

-

-

887

Sweden[2]

634

73

50-60

28.1%

-

-

-

-

Alaska[48]

71

-

-

-

-

79.1%

60%

66%

United States
(Alaska)[17]

49

92

52

0%

34.7% acute
hepatitis 65.3%
asymptomatic

-

-

-

Norway[16]

25

80

68

28% (P)

-

68%

40%

n/a

Spain[6]

19

95

45-54

-

-

-

-

-

1

(P, C, R) – Diagnosis of cirrhosis at AIH presentation was made by pathological, clinical or radiological features, respectively.
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Table 6 Simplified diagnostic scoring system of autoimmune hepatitis
Parameters

Score

I Seroimmunological test (maximum 2 points)
ANA or SMA +

≥ 1:40

+1

ANA or SMA +

≥ 1:80

+2

LKM +

≥ 1:40

+2

SLA +

Any titer

+2

II IgG or immunoglobulin level

> ULN

+1

> 1.1 × ULN

+2

Compatible

+1

Typical

+2

No

0

Yes

+2

III Histological finding

IV Absence of viral hepatitis

≥ 6 points - probable AIH; ≥ 7 points - definite AIH. AIH: autoimmune hepatitis; ANA: Antinuclear antibody; LKM: Liver kidney microsomal antibody;
SLA: Soluble liver antigen.

Figure 3

Figure 3 Shows lymphoplasmacytic infiltrate in hepatic lobule, i.e., lobular inflammation, and emperipolesis (circle).
Figure 4

Figure 4 Hepatocellular rosette formation (circle).
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Abstract
The Chinese Society of Hepatology developed the current guidelines on the
management of hepatic encephalopathy in cirrhosis based on the published
evidence and the panelists’ consensus. The guidelines provided
recommendations for the diagnosis and management of hepatic encephalopathy
(HE) including minimal hepatic encephalopathy (MHE) and overt hepatic
encephalopathy, emphasizing the importance on screening MHE in patients with
end-stage liver diseases. The guidelines emphasized that early identification and
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timely treatment are the key to improve the prognosis of HE. The principles of
treatment include prompt removal of the cause, recovery of acute
neuropsychiatric abnormalities to baseline status, primary prevention, and
secondary prevention as soon as possible.
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FORWARD
Hepatic encephalopathy (HE) is a serious neuropsychiatric complication of cirrhosis
and/or porto-systemic shunt. The clinical symptoms are widely variable, extending
from subtle impairment in mental state to coma[1].
To promote the standardization of HE clinical diagnosis and treatment, some
international gastrointestinal and hepatic disease associations have continued to issue
HE guidelines or consensus statements and to recommend HE definitions and
treatments. In 1998, the 11th World Congress of Gastroenterology established the HE
Working Party, and in 2002, “hepatic encephalopathy-definition, nomenclature,
diagnosis, and quantification” was formulated. The Practice Standards Committee of
the American Gastroenterological Association, the International Society for Hepatic
Encephalopathy and Nitrogen Metabolism (ISHEN), the American Association for the
Study of Liver Diseases, and the European Association for the Study of the Liver have
continued to develop numerous guidelines or consensus statements with
recommendations regarding the pathogenesis, natural history, epidemiology,
diagnostic evaluation, and treatment of HE. Experimental HE models, neurophysiological studies, neurophysiological testing, radiology evaluation, clinical trial
designs, etc. have also been described[2-4].
In 2013, the Chinese Society of Digestive Diseases and the Chinese Society of
Hepatology of the Chinese Medical Association formulated the “consensus on the
diagnosis and treatment of hepatic encephalopathy in China (Chongqing, 2013)”[5].
Recently, due to progress in basic and clinical research, people's understanding of HE,
especially minimal hepatic encephalopathy (MHE), has deepened. The Chinese
Society of Hepatology of the Chinese Medical Association organized specialists in
fields such as liver disease, infectious diseases, digestion, surgery, Chinese medicine,
intervention, oncology, pharmacology, nursing, and clinical research methodology to
coauthor these guidelines and to provide guidance regarding the clinical diagnosis
and treatment. However, these guidelines are not a mandatory standard. It is
impossible to include or solve all the problems with HE diagnosis and treatment.
Therefore, when managing a given patient, clinicians should follow the principles of
these guidelines, fully understand the patient's illness, and carefully consider the
patient's point of view and wishes; additionally, they should have an understanding
of local medical resources and practical experience to develop a comprehensive and
rational individualized treatment plan.
Classification (Table 1) is carried out in accordance with these guidelines, which are
based on the evidence level and recommendation strength determined by the Grading
of Recommendations, Assessment, Development, and Evaluation system.
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Table 1 Evidence level and recommendation strength
Level

Detailed description

Evidence Level
A

High quality: Further research cannot change the reliability of these
treatment assessment results.

B

Moderate quality: Further research may influence the reliability of these
treatment assessment results, and may change the treatment assessment
results.

C

Low or very low quality: Further research will very likely influence the
reliability of these treatment assessment results, and will very likely change
the treatment assessment results.

Recommendation strength
1

Strong recommendation: It is clearly shown that either the benefits of
intervention clearly outweigh the disadvantages, or that the disadvantages
outweigh the benefits.

2

Weak recommendation: The benefits and disadvantages are unclear, or,
regardless of the quality of the evidence, the benefits and disadvantages are
comparable.

Depending on the type of underlying liver disease, HE is classified into types A, B,
and C. Type A HE occurs due to underlying acute liver failure and progresses rapidly.
One of its important pathophysiological features is cerebral edema and intracranial
hypertension. Type B HE is caused by portosystemic shunt; there is no marked liver
dysfunction, and liver biopsy suggests normal liver histology. Type C refers to HE
that occurs due to underlying chronic liver damage, such as cirrhosis (Table 2)
These guidelines are mainly for type C HE, that is, HE caused by cirrhosis, in which
type A or B HE associated with acute liver failure and portosystemic shunt has been
excluded.

EPIDEMIOLOGY
At present, the main causes of liver cirrhosis in China are chronic hepatitis B and
chronic hepatitis C, followed by alcohol- or drug-induced liver disease. Autoimmune
liver disease, especially primary biliary cirrhosis, is gradually increasing in clinical
practice. In the Yangtze River basin, schistosomiasis is also an important cause of
cirrhosis. There is no marked correlation between the occurrence of MHE and the
etiology, but the incidence increases with the degree of cirrhosis decompensation.
Even in patients with Child-Pugh grade A cirrhosis, the incidence of MHE can be as
high as 24.8%[6].
Reports of HE associated with cirrhosis in China and other countries are not
uniform, likely because clinicians use different diagnostic criteria for HE and have
different perceptions of MHE. Among symptoms of decompensated cirrhosis, HE
developed at an annual rate of 8% in one Japanese cohort [7] . Most patients with
cirrhosis develop a certain degree of MHE during a certain period of the disease, and
MHE has an incidence of 30% to 84% over the course of cirrhosis[8].
In recent years, Chinese researchers have conducted a multicenter study on the
epidemiology of HE, including MHE. They found that approximately 40% of
hospitalized cirrhosis patients have MHE. Moreover, 30% to 45% of cirrhosis patients
and 10% to 50% of posttransjugular intrahepatic portosystemic shunt (TIPS) patients
presented with overt hepatic encephalopathy (OHE)[9]. According to data from other
countries, the HE incidence in cirrhosis patients is 30% to 45%, and the incidence may
be higher during the progression of the disease. The North American Consortium for
the Study of End-stage Liver Disease confirmed that HE has an independent
correlation with death in cirrhosis patients[10].

PATHOGENESIS AND PATHOPHYSIOLOGY
Pathogenesis and pathophysiology
In cirrhotic portal hypertension, hepatocyte dysfunction and portosystemic shunt (i.e.,
the formation of collateral circulation between the portal vein and the vena cava)
reduce the detoxification function, which causes the intestinal tract to absorb large
amounts of toxic substances such as ammonia. Toxic substances bypassing the liver
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Table 2 Classification of hepatic encephalopathy recommended by the 11th World Congress of Gastroenterology in 1998
Type of hepatic encephalopathy Definition

Subcategory

Subdivision

Type A

Hepatic encephalopathy associated
with acute liver failure

None

None

Type B

Hepatic encephalopathy associated
with portosystemic shunt and no
liver cell injury-associated liver
disease

None

None

Type C

Hepatic encephalopathy associated
with cirrhosis with portal
hypertension or portosystemic shunt

Episodic hepatic encephalopathy

Accompanying predisposition

via the portal vein and directly entering systemic circulation and brain tissue are the
main pathophysiological features of HE associated with cirrhosis.
The pathogenesis of HE has not yet been fully elucidated. Currently, the ammonia
poisoning theory is still the core; however, the roles of inflammatory mediators and
other toxic substances are receiving increasing attention[11].
Hyperammonemia: Ammonia poisoning theory is an important explanation for HE
pathogenesis. Protein in the diet is decomposed by intestinal bacteria, producing
ammonia, and increased permeability of the intestinal wall can lead to increased
ammonia in the portal vein. Liver dysfunction prevents effective detoxification of
blood ammonia through the ornithine cycle[12]; at the same time, the portosystemic
shunt causes blood containing ammonia to directly enter systemic circulation. The
entry of blood ammonia into the brain tissue increases the synthesis of glutamine by
astrocytes, leading to cellular degeneration, edema, and tissue degeneration that
result in acute neurocognitive dysfunction. Ammonia can also directly lead to an
imbalance in the ratio of excitatory and inhibitory neurotransmitters, produce clinical
symptoms, and impair the autoregulation of intracranial blood flow.
Neuroinflammation: It is currently believed that hyperammonemia interacts with
inflammatory mediators to promote HE development. Inflammation can lead to the
destruction of the blood-brain barrier, which causes toxic substances such as ammonia
and inflammatory cytokines to enter the brain tissue, resulting in brain parenchymal
change and brain dysfunction. At the same time, high blood ammonia can induce
neutrophil dysfunction, release reactive oxygen species, and promote bodily oxidative
stress production and inflammatory response, resulting in a vicious circle. Moreover,
cytokines produced by the inflammatory process aggravate liver damage and increase
HE incidence. In addition, HE is related to the presence of infection in the body.
Studies have shown that peritonitis, urinary tract infections, pneumonia, etc. are the
most common infections in cirrhosis patients[13,14].
Other theories: Neurotransmitter dysfunction: When cirrhotic liver dysfunction
occurs, the ability to degrade aromatic amino acids is reduced, and blood
phenylalanine and tyrosine increase, thereby inhibiting normal neurotransmitter
production. Increased phenylalanine and tyrosine produce the false transmitters
phenylethanolamine and hydroxyphenylethanolamine, and a large number of false
neurotransmitters replace normal neurotransmitters, resulting in HE[15].
γ-aminobutyric acid is a unique neurotransmitter that is the most important
inhibitory neurotransmitter in the central nervous system. It exists in the brain in the
form of a complex receptor with benzodiazepine receptors. The γ-aminobutyric acid
content in the blood increases in HE, as does the amount that passes the blood-brain
barrier, resulting in an increase in the endogenous benzodiazepine level in the brain.
Experimental studies have confirmed that drugs that activate γ-aminobutyric
acid/benzodiazepine complex receptors, such as phenobarbital and diazepam, can
induce or aggravate HE in cirrhotic animals and that benzodiazepine receptor
antagonists such as flumazenil can be administered to reduce the onset of HE[16].
Manganese toxicity: Some studies have found that the blood or brain manganese
content of some cirrhosis patients is two to seven times higher than that of healthy
people. When manganese enters human nerve cells, low-value manganese ions are
oxidized into high-value manganese ions, which accumulate in the mitochondria due
to the unique affinity of the mitochondria for manganese. At the same time,
manganese ions can produce a large number of free radicals during valence transition,
which leads to a further decrease in key enzyme activity in the mitochondrial
respiratory chain of the brain cells in the substantia nigra and striatum, thus affecting
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the function of these brain cells[17].
Brainstem reticular system dysfunction: The brainstem reticular systems and their
substantia nigra-striatum system neuronal activity are damaged to varying degrees in
severe cirrhosis patients, resulting in HE, asterixis production, and muscle tone
change. The degree of brainstem reticular system damage corresponds to HE
severity[18].

Predisposing factors
The most common predisposing factor for HE is infection (especially abdominal
infections, including those of the intestines, urinary tract, and respiratory tract). The
next most common factors are gastrointestinal bleeding, electrolyte and acid-base
balance disorders, large amounts of ascites, high-protein diets, hypovolemia, diuresis,
diarrhea, vomiting, constipation, and the use of benzodiazepine drugs and
anesthetics. HE incidence is increased after TIPS in association with preoperative liver
function reserve status, the presence or absence of HE history, and stent type and
diameter [19] . Studies have found that proton pump inhibitors (PPIs) may cause
excessive growth of intestinal bacteria, thereby increasing the risk of HE in cirrhosis
patients; this risk increases with increased drug dose and treatment course[20].
In the presence of high blood ammonia in patients with cirrhosis, the above factors
may further aggravate brain edema and oxidative stress, leading to the rapid
deterioration of cognitive function.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical symptoms and signs
HE manifests as a continuum from unimpaired cognitive function with intact
consciousness through coma. Presently, the West-Haven criteria, which grade HE on a
scale from 0 to 4, are still the most widely used standard for grading HE in China and
other countries[21]. The main drawback of the West-Haven criteria is that grading is
very subjective for discriminating grade 0 (probably MHE) and grade 1. MHE is an
abnormal change that is not detectable based on personality or behavior; it is
characterized by normal nervous system signs but abnormal neuropsychological test
results. In the clinical manifestations of grade 1 HE, signs such as euphoria,
depression, or a reduced attention span are difficult to identify. Only close relatives
familiar with a patient’s personality notice mild abnormal changes in cognitive
function, and repeatability in clinical practice and multicenter studies is poor.
Recently, the ISHEN proposed the Spectrum of Neurocognitive Impairment in
Cirrhosis (SONIC) grading standard, in which MHE and West-Haven grade 0 or 1 HE
are labeled covert hepatic encephalopathy. If there are abnormalities falling under
West-Haven classifications of HE grades 2 to 4, such as personality or behavior
changes, mental abnormalities, coma, and other neurological abnormalities, the
disorder is labeled OHE[3,4]. It should be noted that HE grade 1 patients will have mild
cognitive dysfunction and that a small number of patients who are positive for
asterixis are classified as having OHE under the SONIC standard.
In the past, cirrhosis patients with grade 0 HE were described as having
“subclinical hepatic encephalopathy” or “early hepatic encephalopathy” or simply as
patients without mental and neurological abnormalities. In 1998, the 11th World
Congress of Gastroenterology unanimously adopted the term MHE[2]. MHE is an
insidious stage in the pathogenesis of HE and is defined as neuropsychological/neurophysiological abnormalities in cirrhosis patients without directional
dysfunction or asterixis, in other words, with normal cognitive function[4,22]. The
incidence is as high as 25% to 39.9%[6,23] and is unrelated to age, gender, tobacco use, or
education level but has a clear relationship with the Child-Pugh grade. Although
MHE has no marked clinical symptoms or signs, the clinical prognosis and quality of
life are worse than those of cirrhosis patients with normal neuropsychological test
results[24]. During clinical follow-up, 56% of MHE patients develop OHE within three
years, and other complications and mortality also increase markedly. After recovery
from OHE, MHE may persist[25]. Furthermore, these patients’ general health-related
quality of life, driving safety, work efficiency, and socioeconomic status are all
significantly reduced. Some patients’ MHE may progress to OHE if they are not
treated effectively. Therefore, the clinical focus is on screening patients with end-stage
liver diseases, such as cirrhosis, for MHE. Consequently, these guidelines use the
revised grading standards for MHE and HE grades 1 to 4 (Tables 3 and 4). Patients
with marked changes in consciousness can be further evaluated and classified using
the Glasgow Coma Scale score (Supplementary Annex 1).
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Table 3 Revised hepatic encephalopathy grading standards
Traditional West-Haven criteria

Grade 0

Proposed revision of the HE grading criteria

No HE

MHE

HE grade 1

HE grade 2

HE grade 3

HE grade 4

HE grade 1

HE grade 2

HE grade 3

HE grade 4

HE: Hepatic encephalopathy; MHE: Minimal hepatic encephalopathy.

Blood tests
Biochemical indicators: Patients’ liver biochemical indicators, such as bilirubin,
alanine aminotransferase, aspartate aminotransferase, albumin, prothrombin time
activity, and the like should be tested for marked abnormalities. Renal function and
routine blood tests are used as routine tests for suspected HE.
Blood ammonia: Elevated blood ammonia has relatively high value for HE diagnosis.
Multiple studies have shown that HE patients, especially those with portosystemic
HE, often have elevated blood ammonia, but the level of elevation does not
completely correlate with disease severity [26,27] . The presence of normal blood
ammonia cannot exclude HE. If a tourniquet is maintained in place for too long, if
testing is carried out too long after blood collection, or if blood is transported at high
temperatures, a false elevation in blood ammonia may result. Venous blood should be
collected at room temperature and immediately sent for testing, and the blood should
be kept at low temperatures. Testing should be completed within 30 minutes, or if
blood is kept at 4 °C after centrifuging, testing should be completed within two hours.
Other: Chitinase-3-like protein 1 (CHI3L1) is a member of the glycosyl hydrolase
family. It can bind to chitin, but without the activity of chitinase. It plays an important
role in inflammation and tissue remodeling. It is a protein secreted by the liver to the
extracellular matrix. It is significantly increased in liver cirrhosis and liver fibrosis.
The expression level of CHI3L1 reflects the degree of cirrhosis and liver fibrosis[28].
Golgi protein 73 (GP73) is a type of transmembrane glycoprotein located in the
Golgi apparatus. GP73 is primarily expressed in biliary epithelial cells and is rarely
expressed in hepatocytes. However, in various types of advanced liver disease due to
various causes, the GP73 expression level in hepatocytes is increased[29]. Recent studies
have found that elevated levels of GP73 in patients with hepatocellular carcinoma
(HCC) are primarily associated with cirrhosis but not with HCC itself.

Neuropsychological testing
Neuropsychological testing is the easiest method for clinical screening and early
diagnosis of MHE and grade 1 HE. Neuropsychological testing methods are
recommended in many national HE guidelines as an important method for MHE
screening or early diagnosis. Each test needs to be combined with other tests (Table 5).
Traditional pen-and-paper neuropsychological tests: The Psychometric Hepatic
Encephalopathy Score (PHES) includes five subtests, namely, number connection tests
(NCTs) A and B, a digit symbol test (DST), a line tracing test, and a serial dotting test
(Annex 2). At present, if both the NCT-A and DST are positive or there are
abnormalities in any two of the five subtests, an MHE diagnosis can be made.
Although the sensitivity and specificity of the PHES are high, the results can be
affected by various factors, such as age, education level, cooperation level, and the
patient’s learning effectiveness[30,31].
Some scholars in China have adopted age- and education-corrected NCT and DST
tests, which show higher accuracy and applicability[32,33]. In short, the NCT and DST
are simple and easily carried out and have high operability and suitability for
epidemiological investigations of MHE. In recent years, computer software-assisted
tools such as the electronic number connection test (eNCT) have been developed to
monitor and screen for cognitive dysfunction in cirrhosis patients; these tools offer
enhanced repeatability and reliability[34].
Repeatable battery for the assessment of neuropsychological status: The repeatable
battery for the assessment of neuropsychological status is one of two
neuropsychological testing tools recommended by the ISHEN guidelines. Its content
examines immediate memory; delayed memory; attention; and visual, spatial, and
linguistic abilities. It has been used in Alzheimer's disease, schizophrenia, and
traumatic brain injury and in some research on patients waiting for liver transplants,
but not specifically as an HE detection tool.
Stroop and EncephalApp tests: The Stroop test (Annex 3) evaluates mental activity
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Table 4 Hepatic encephalopathy classification, symptoms, and signs
Revised HE grading criteria

Neuropsychiatric symptoms (that is,
cognitive function)

No HE

Normal

Normal nervous system signs, normal
neuropsychological test results

MHE

Potential HE, no noticeable personality or
behavioral changes

Normal nervous system signs, but abnormal
neuropsychological test results

HE grade 1

Trivial and mild clinical signs, such as mild
cognitive impairment, decreased attention, sleep
disorders (insomnia and sleep inversion),
euphoria, or depression

Asterixis can be elicited and neuropsychological
tests are abnormal

HE Grade 2

Marked personality or behavioral changes,
lethargy or apathy, slight orientation abnormality
(time and orientation), decreased mathematical
ability, dyskinesia, or unclear speech

Asterixis is easily elicited, and neurophysiological
testing is unnecessary

HE Grade 3

Marked dysfunction (time and spatial orientation), Asterixis usually cannot be elicited. There is ankle
abnormal behavior, semi-coma to coma, but
clonus, increased muscle tone, and hyperreflexia.
responsive
Neurophysiological testing is unnecessary

HE Grade 4

Coma (no response to speech and external stimuli) Increased muscle tone or positive signs of the
central nervous system. Neurophysiological
testing is unnecessary

Nervous system signs

HE: Hepatic encephalopathy; MHE: Minimal hepatic encephalopathy.

speed and cognitive flexibility by recording the interference response time between
color fields and written color names and is considered the most effective and direct
tool for examining cognitive regulation and interference control. Recently,
EncephalApp, a mobile application software tool based on this test, was developed. It
has better discrimination ability, is better in distinguishing known cirrhosis-related
cognitive dysfunctions, and has great prospects for applicability[35]. It should be noted
that this test tool is not available for patients with color blindness.
Inhibitory control test: Among cirrhosis-related neurological dysfunctions, low-level
cognitive dysfunctions, such as changes in vigilance and attention, are the most
sensitive indicators. The inhibitory control test (ICT) uses computer technology to
display letters over a 50-ms period to test patient response inhibition, attention, and
working memory, which can be useful for MHE detection. Studies have shown that
the ICT’s sensitivity for diagnosing MHE is as high as 88%. It is an easy way to
diagnose MHE.
Critical flicker frequency (CFF) test: This test detects the minimum stimulation
frequency that can cause a flicker fusion sensation. The CFF can assess cerebral nerve
conduction dysfunction. The findings of this test are sensitive and specific for MHE
diagnosis and easily interpreted, making it useful as an auxiliary testing method[36,37].
When the threshold is 39 Hz, there is no difference between MHE patients and
healthy individuals, but the difference between grade 2 HE and grade 1 is larger,
making it more suitable for distinguishing grade 2 HE[38]. Cirrhosis patients with a
CFF threshold < 39 Hz have a five-year survival rate that is significantly lower than
that of patients with CFF ≥ 39 Hz. Older age, CFF < 39 Hz, and Model for End-stage
Liver Disease (MELD) scores are independently associated with survival during
follow-up[39].
Scan test: This is a computerized test that measures speed and accuracy when
performing increasingly complex digital recognition memory tasks. The scan test was
found to have predictive value for prognosis, but its clinical application is heavily
influenced by educational background.
New neuropsychological testing methods: This category of tools includes the animal
naming test[40], the posture control and stability test[41] , and multisensory integration
testing[42].

Neurophysiological testing
Electroencephalography (EEG): EEG can show cerebral cortex function without
patient cooperation and without learning effects risks. Although EEG has been widely
studied and applied in clinical practice, typical EEG changes can only be detected in
patients with severe HE. Therefore, this tool is not clinically useful for early HE
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Table 5 Notes on neuropsychological/physiological testing methods in clinical use
Testing methods

Testing purposes

Time

Remarks

Psychometric hepatic
encephalopathy score (PHES)

PHES is an important method for
determining cognitive dysfunction
and diagnosing MHE in cirrhosis
patients

Includes five subtests, namely the
number connection test A and B,
digit symbol test, line tracing test,
and serial dotting test

Pen and paper

Number connection test A

Ability to concentrate, mental activity 30 to 120 s
speed, can be used for rapid
outpatient screening for MHE

Correction for age and education
level improves accuracy

Number connection test B

Ability to concentrate, mental activity 1 to 3 min
speed, distributed attention ability,
can be used for rapid outpatient
screening for MHE

Psychologist is required

Digit symbol test

Ability to concentrate, mental activity 2 min
speed, can be used for rapid
outpatient screening for MHE

Psychologist is required

Stroop Smartphone app (Encephal
App)

Attention, can be used for rapid
outpatient screening for MHE

3 to 5 min

Reliable and easy to use

Repeatable battery for the
assessment of neuropsychological
status

Compliance and working memory,
visual spatial ability, language,
cognitive processing speed

25 min

Pen and paper

Psychological tests

Positives on at least two tests are
required for clinical diagnosis

More complicated than number
connection test A

Psychologist is required
ISHEN recommends HE
psychometric scores as substitute
indicators

Inhibition control test

Attention, reaction inhibition,
working memory

15 min

Computer processing

Flicker fusion frequency

Visual identification, can be used on
outpatient basis for HE scores of 2 or
lower, value of supplemental
diagnosis is low

10 min

Patients must learn before testing

EEG

Generalized brain activity. Suitable
for children

Variation

Psychologist and specialized tools are
required

Evoked potential

Tests the time difference between
electrical stimulation and response

Variation

P300 hearing has been used for the
diagnosis of MHE

Patient cooperation is required, and
patients must learn before testing

Neurophysiological testing

HE: Hepatic encephalopathy; MHE: Minimal hepatic encephalopathy; ISHEN: International Society for Hepatic Encephalopathy and Nitrogen Metabolism;
EEG: Electroencephalography.

diagnosis and is only used for auxiliary HE diagnosis. The primary EEG abnormality
is a slowing rhythm, but this change is not specific to HE and is also observed in other
metabolic brain diseases, such as hyponatremia and uremic encephalopathy[43].
Evoked potential detection: Evoked potentials include visual evoked potentials,
auditory evoked potentials, and somatosensory evoked potentials. Of the endogenous
time-related evoked potentials, P300 has the best diagnostic sensitivity. Patients with
MHE can show an increase in latency and a decrease in amplitude.
The advantages of neurophysiological testing are that the results are relatively
specific and have no learning effects, but the disadvantages are poor sensitivity, the
need for specialized equipment and personnel, and poor consistency of results.

Radiology evaluation
Liver and brain CT: Liver-enhanced CT revascularization can indicate whether there
is obvious portosystemic shunt. CT scans of the brain itself cannot be used for the
diagnosis or grading of HE, but they can determine the presence of cerebral edema
and exclude cerebrovascular accidents and intracranial tumors[44,45].
Magnetic resonance imaging (MRI): (1) Damage or alteration of brain structure:
Diffusion tensor imaging (DTI) is a new method for describing brain structure. It can
show the degree and scope of damage to the white matter structure. Research shows
that cirrhosis and HE patients have normal MRI findings in the white matter area, but
mean diffusivity (MD) can still show a marked increase related to HE stage, blood
ammonia levels, neurophysiological status, and neuropsychological changes[46].
(2) Blood perfusion changes: Arterial spin labeling (ASL) using magnetically
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labeled water protons as a tracer allows the noninvasive detection of cerebral blood
perfusion changes through the acquisition of cerebral blood volume, cerebral blood
flow, oxygen metabolism rate, and other perfusion parameters. Studies have shown
that MHE patients have a greater increase in cerebral blood flow perfusion than nonMHE patients, and this change is associated with neuropsychological scores [47] .
However, large-scale clinical verification is necessary to determine whether blood
perfusion changes can be used as an MHE diagnostic marker.
Functional MRI (fMRI): In recent years, great progress has been made in the use of
fMRI technology to study the functional localization and pathophysiological
mechanisms of brain functions, such as cognition and sensory perception. A number
of scholars[48-50] using resting-state fMRI studies have shown that basal-thalamocortical loops in HE patients are impaired and that changes in functional connectivity
are associated with altered cognitive function in HE patients. Resting state fMRI using
ReHo analysis can be used as a noninvasive method for detecting cognitive changes in
patients with cirrhosis.
Due to the poor prognosis of patients with MHE as well as the risk of OHE, safety
risks, and high risks for other complications of cirrhotic portal hypertension, clinicians
should make appropriate use of current detection techniques and methods and attach
great importance to MHE screening and early diagnosis.

Diagnosis and differential diagnosis
OHE: OHE diagnosis based on clinical manifestations and signs in accordance with
the West-Haven criteria is not difficult[51,52]. Neuropsychological, neurophysiological,
and radiological evaluations are generally unnecessary. The diagnostic points are: (1)
Underlying diseases are present that cause HE, severe liver disease, and/or extensive
portosystemic shunt; (2) Clinically identifiable neuropsychiatric symptoms and signs
are present; (3) Other diseases that cause neuropsychiatric disorders, such as
metabolic encephalopathy, toxic encephalopathy, neurological diseases (such as
intracranial hemorrhage, intracranial infection and intracranial space occupation), and
mental illness, are excluded; (4) Special attention should be paid to determining the
cause of HE (type C or type B), such as infection, upper gastrointestinal bleeding, or a
large amount of ascites; and (5) Blood ammonia is elevated.
MHE: Patients have no obvious manifestations of cognitive dysfunction, so it is often
necessary to use special examinations to confirm this diagnosis; these special
examinations are the focus of clinical attention[53-55]. MHE can be diagnosed based on
any one or more of the following primary diagnostic points: (1), (2), or (3) through (6).
These primary diagnostic points are as follows: (1) Underlying disease causing HE,
severe liver disease and/or extensive portosystemic shunt; (2) At least two abnormal
traditional neuropsychological test indicators; (3) At least one abnormal result of new
neuropsychological test methods (ANT, posture control and stability test, and
multisensory integration test); (4) Abnormal CFF; (5) Abnormal EEG, visual evoked
potential (VEP), or brainstem auditory evoked potential (BAEP); and (6) Abnormal
fMRI.
Differential diagnosis points: HE needs to be differentiated from the following
diseases: (1) Mental disorders: When the only prominent manifestations of HE are
mental symptoms, such as personality changes, abnormal behavior, or insomnia, it is
easily misdiagnosed as a mental disorder. Therefore, when patients with severe liver
disease or a history of portosystemic shunt present with neurological and mental
abnormalities, physicians should be alert to the possibility of HE; (2) Intracranial
lesions: Subarachnoid, epidural, or intracerebral hemorrhage, cerebral infarction,
brain tumors, intracranial infections, epilepsy, and the like should be diagnosed using
testing such as physical examinations of the nervous system or meningeal stimulation
combined with CT, lumbar puncture, angiography, EEG, virological detection, and
the like; (3) Other metabolic encephalopathy: Ketoacidosis, hypoglycemia,
hyponatremia, renal encephalopathy, and pulmonary encephalopathy can be
differentially diagnosed by performing blood biochemical analyses for characteristics
corresponding to the underlying disease; (4) Wernicke encephalopathy: Patients with
severe alcoholic liver disease often suffer from vitamin B1 deficiency, and symptoms
can be significantly improved after vitamin B 1 supplementation [56] ; (5) Toxic
encephalopathy: Alcoholic encephalopathy, acute poisoning, withdrawal syndrome,
heavy metal (mercury, manganese, etc.) encephalopathy, and psychotropic or
salicylate drug toxicity can be differentially diagnosed by reviewing the corresponding medical history and/or corresponding toxicology tests; (6) Liver cirrhosis
associated with Parkinson's disease; (7) Hepatic myelopathy: This disorder often
occurs due to cirrhosis. Sympathetic pathological changes are characterized by
laterally symmetrical demyelination of the cortical spinal cord. The clinical
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manifestation is slow, progressive, symmetrical paralysis of the limbs, including
decreased muscle strength, increased muscle tone, spasticity, hyperreflexia, often
pathological positive reflexes, and, in some patients, elevated blood ammonia; and (8)
Acquired hepatic degeneration: This diagnosis is a rare but generally irreversible
extrapyramidal syndrome caused by chronic liver disease. The manifestations include
Parkinson's syndrome, ataxia, intentional tremor, chorea, dyskinesia, other mental
and behavioral disorders, impaired intellect, and neuropsychological changes. fMRI
has good discriminating value.
Recommendation 1: HE comprises neuropsychiatric abnormalities with a wide
range and scope. Using a combination of clinical manifestations, neuropsychological
testing methods, and differential diagnosis, HE can be divided into MHE and HE
grades 1 through 4 (C1).
Recommendation 2: HE is a continuous clinical process. Based on the presence of
severe liver disease, HE grades 1 through 4 can be diagnosed based on clinical
manifestations. Neuropsychology, neurophysiology, and radiology evaluations are
not recommended (B1).
Recommendation 3: MHE is an undetectable cognitive dysfunction with normal
neurological signs but abnormal neuropsychological test results. The diagnosis of
MHE requires specialized neuropsychological tests or brain function imaging (B1).
Recommendation 4: Currently, the traditional pen-and-paper PHES and computeraided PHES are widely used for MHE screening and diagnosis (A1). Correcting the
PHES for age and education level can improve the accuracy of the MHE diagnosis
(B1).
Recommendation 5: MHE is common in patients with cirrhosis, especially those
with Child-Pugh grade C cirrhosis and TIPS, which may affect the prognosis of
patients; thus, these patients require focused screening (A1). Cirrhosis patients with
high safety requirements, such as those who must drive, should be routinely screened
for MHE (B1).
Recommendation 6: Attention must be paid to quality control in blood ammonia
testing. If a tourniquet is maintained for too long, if testing is carried out too long after
blood collection, or if blood is transported at high temperatures, a false elevation in
blood ammonia may result. Venous blood should be collected at room temperature
and immediately sent for testing. Testing should be completed within 30 min, or if
blood is kept at 4°C after centrifuging, testing should be completed within two hours
(B1).
Recommendation 7: Elevated blood ammonia is not an indicator of HE severity,
prognosis, or grade (C1).

HE TREATMENT
HE is one of the primary causes of death in end-stage liver disease patients. Early HE
identification and timely treatment are keys to improving prognosis. The treatment of
HE relies on the hierarchical management of its severity (Figure 1). Treatment
principles include the timely elimination of risk factors, recovery of acute
neuropsychiatric abnormalities to baseline status, primary prevention, and secondary
prevention as soon as possible[57-59].

Eliminating MHE/HE predisposing factors
Clinically, more than 90% of MHE/HE cases have predisposing factors, and the
elimination of MHE/HE predisposing factors is an important treatment measure.
For HE patients with cirrhosis, infection is the most common predisposing factor.
Actively searching for the source of infection is necessary. Even if there is no obvious
infection, there is potential for an inflammatory state due to increased intestinal
bacterial translocation and endotoxin levels. Antibiotic treatment can reduce this
inflammatory state. Therefore, empirical antibiotic treatment should be started as
soon as possible.
Gastrointestinal hemorrhage is also a common predisposing factor for HE. HE is
easily induced on the day of or the day after bleeding. Moreover, occult gastrointestinal hemorrhage can also induce HE. Bleeding should be stopped as soon as
possible, and blood should be removed from the gastrointestinal tract.
Insufficient alkalosis and electrolyte disturbances caused by excessive diuresis
induce HE. When this occurs, diuretics use should be suspended, fluids and albumin
should be replenished, and electrolyte imbalances (hypokalemia or hyperkalemia,
hyponatremia or hypernatremia) should be corrected. For hypovolemic hyponatremia
(especially in cases of blood sodium less than 110 mmol/L), intravenous saline should
be administered. For patients with hypervolemic or isovolumic hyponatremia, a
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Figure 1

Figure 1 Clinical diagnosis and treatment process of hepatic encephalopathy associated with cirrhosis. HE: Hepatic encephalopathy; MHE: Minimal hepatic
encephalopathy.

selective vasopressin type 2 receptor (V2) antagonist can be administered. For patients
with HE grades 3 to 4, the active control of cerebral edema with 20% mannitol (250 to
1000 mL/d, 2 to 6 times/d) alone or combined with compound furosemide (40 to 80
mg/d) is recommended[60,61].

Drug therapy
Ammonia reduction treatment: High blood ammonia is an important factor in HE;
therefore, it is very important to reduce ammonia production and absorption. The
primary drugs for lowering blood ammonia are as follows:
Lactulose: Lactulose is a disaccharide composed of galactose and fructose that does
not exist in nature. It has few adverse reactions and can be administered to patients
with diabetes or lactose intolerance. Lactulose is converted into a low molecular
weight organic acid by the digestive flora in the colon, which causes the intestinal pH
to decrease. Lactulose also increases stool volume by retaining water, which
stimulates colonic peristalsis, keeping the stool smooth, relieving constipation, and
exerting a cathartic effect that restores the circadian rhythm of the colon. In HE,
lactulose promotes the growth of intestinal acidophilic bacteria (such as lactobacilli),
inhibits proteolytic bacteria, and converts ammonia into an ionic state. Lactulose also
reduces intestinal bacterial translocation and prevents spontaneous bacterial
peritonitis. A number of randomized controlled clinical trials have shown that
lactulose not only can improve the neuropsychological test results of MHE patients
but can also improve their quality of life, prevent MHE progression, and prevent HE
recurrence. The usual dose is 15 to 30 mL per oral administration, 2 to 3 times/d (dose
adjusted according to patient response), and two to three soft stools per day are
considered appropriate. If necessary, lactulose can be combined with retention enema
treatment. Lactitol or other antihypertensive drugs can be used in lactulose intolerant
patients. The effects of lactitol and lactulose with enema are similar[62-65].
Lactitol: Lactitol is a disaccharide that is not absorbed by the intestines and that can
cleanse and acidify the intestinal tract, reduce ammonia absorption, regulate intestinal
microecology, and effectively reduce endotoxins[66]. The efficacy of lactitol for treating
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HE is similar to that of lactulose. It has a rapid onset, a low incidence of abdominal
distension, and low sweetness. It can be administered normally in diabetic patients[67].
A randomized controlled clinical trial of cirrhosis patients who underwent TIPS found
no statistically significant difference between the lactitol group and the lactulose
group in terms of the incidence of HE and related parameters (mental state, EEG,
asterixis, number connection test results, and blood ammonia) during treatment,
suggesting that lactitol can effectively prevent HE onset over the long term in TIPS
cirrhosis patients. The recommended initial dose is 0.6 g/kg, divided into three
administrations and taken with meals. The dose can be increased or decreased to
achieve the standard of two soft stools per day[68].
L-ornithine L-aspartate (LOLA): LOLA can be administered as an alternative
treatment or given to patients who do not respond to conventional therapy. The dose
is 10 to 40 g/d intravenous infusion. LOLA has a therapeutic effect on OHE and
MHE; it can be administered alone or combined with lactulose, and oral preparations
are available. LOLA can reduce the level of ammonia by promoting the liver ornithine
cycle and glutamine synthesis, which can markedly reduce fasting blood ammonia
and postprandial blood ammonia, improve the HE grade and neuropsychological test
results, shorten hospital stays, and improve quality of life[69].
Rifaximin-α: Rifaximin-α is a synthetic derivative of rifamycin with a low
absorption rate. In theory, orally administered antibiotics that are not absorbed by the
intestinal tract can inhibit intestinal bacterial overgrowth, reduce the number of
ammonia-producing bacteria, reduce the production and absorption of intestinal NH3,
and thereby reduce HE symptoms and prevent HE occurrence. In fact, however, they
have no marked effect on type B HE. Routine dose is 800 to 1200 mg/d, divided into
three to four oral doses. The course of treatment is still under investigation.
Other antibacterial drugs: Neomycin, metronidazole, vancomycin, paromomycin,
and the like have been administered in the past but are rarely used due to side effects
and poor efficacy.
Microbial ecological agents: This category includes probiotics, prebiotics, and
synbiotics, which can promote the growth of bacterial strains beneficial to the host
and inhibit the reproduction of harmful bacteria (such as urease-producing bacteria).
Moreover, these preparations can improve the nutritional status of intestinal epithelial
cells and reduce intestinal mucosal permeability, thereby reducing bacterial
translocation and endotoxemia and improving hyperdynamic circulation. They can
also reduce hepatocyte inflammation and oxidative stress, thereby increasing
ammonia clearance in the liver. A number of randomized controlled clinical trials
have shown that probiotics and lactulose have similar efficacy for improving MHE
test results[70,71].
Other therapeutic drugs: (1) Arginine: Arginine hydrochloride contains
hydrochloric acid and is acidic; consequently, it can be used to treat metabolic
alkalosis with HE. During the administration process, it is important to carefully
monitor blood gas testing and analysis and be alert to excessive acidosis. The efficacy
of arginine hydrochloride in HE treatment is limited, and clinically, it is seldom used;
(2) Glutamine: Recently, we have come to believe that glutamate can only temporarily
reduce blood ammonia; it cannot pass the blood-brain barrier or reduce ammonia in
brain tissue. Moreover, it can induce metabolic alkalosis and even aggravate HE.
Furthermore, excessive brain glutamine produces a hyperosmotic effect and
contributes to the formation of cerebral edema, which is not conducive to HE
recovery. Currently, it is seldom used clinically; (3) Acarbose: Originally used to treat
diabetes, the exact mechanism of acarbose in HE is unknown, but it may be related to
the inhibition of α-glucosidase in the small intestine brush border. Acarbose 300
mg/d can reduce the clinical symptoms of type 2 diabetes and grades 1 to 2 HE. Side
effects include abdominal pain, flatulence, and diarrhea; and (4) Elimination of
Helicobacter pylori (Hp): Research shows that the incidence of Hp infection is
statistically significantly higher for patients with HE or MHE than for cirrhosis
patients without HE. There may be a relationship between Hp infection and HE in
cirrhosis. Eradicating Hp may be beneficial for the clinical prevention and treatment
of HE in liver cirrhosis[72-74].
Sedative drugs: HE is associated with the upregulation of gamma-aminobutyric acid
neuroinhibitory receptors and N-methyl-D-aspartate-glutamate excitatory receptors,
causing imbalances between inhibitory and excitatory signals. Theoretically, the use
of flumazenil, bromocriptine, levodopa, and acetylcholine esterase inhibitors is
feasible. For comatose HE patients taking benzodiazepines or opioid factors,
flumazenil or naloxone can be tried. There is less evidence for the efficacy of
bromocriptine or levodopa in HE treatment. A recent double-blind randomized
controlled trial showed that bromocriptine is effective in the treatment of cirrhosis
with mild to moderate Parkinson's syndrome and is safe. However, it lacks evidence
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and experience in evidence-based medicine for patients in China. It is recommended
to carefully evaluate before use[75].
Naloxone: Plasma β-endorphin (β-EP) is closely related to HE occurrence. On the
one hand, β-EP interferes with the ATP metabolic process in brain cells, resulting in
decreased cell membrane stability and dysfunction. β-EP binds to the opioid receptors
in the brain and inhibits blood circulation in the cerebral cortex; the resulting
insufficient blood supply to brain tissues further aggravates brain cell dysfunction. A
meta-analysis found that after HE patients were treated with LOLA combined with
naloxone, their blood ammonia and total bilirubin levels were lower than those of the
control group; additionally, their time to awareness upon awakening was shortened,
and their NCT and DST test results improved markedly with no obvious adverse
reactions. Some research shows that naloxone alone or in combination with drugs
such as lactulose promotes patient awakening, but these studies had small sample
sizes and some design defects[76,77].
Propofol: A study comparing the clinical efficacy and adverse reactions of propofol
with those of diazepam in 40 HE patients who had manic episodes showed that
propofol was safer and more effective for controlling HE symptoms[78]. Compared
with midazolam, the propofol group had a shorter recovery time and faster recovery
of cognitive function.
Benzodiazepine sedatives: Due to high incidences of anxiety, depression, pain, and
sleep cycle disturbance in cirrhosis patients, these patients often have a history of
sedative-hypnotic drug or pain killer use, and these drugs can induce HE. Flumazenil
is a benzodiazepine antagonist. A randomized, double-blind, controlled trial showed
that flumazenil was superior to placebo, and no subjects who used flumazenil died[78].
Serious mental disorders, such as mania, endanger the safety of others and make
patients unable to cooperate with doctors. Benzodiazepine sedatives can be used, after
informing patients' families of the risks, to gain initial symptomatic control. These
drugs should be administered intravenously at reduced doses.
Traditional Chinese medicine: Chinese medicine holds that HE is caused by liver
and kidney deficiency, unhealthy influences of damp heat and pestilent toxin,
combined with factors such as internal injuries, eating disorders, and alcoholism;
these factors result in illness from blazing heat toxin, pericardium heat attack,
excessive phlegm turbidity, and phlegm confounding the heart orifices. The urgent
need is to cure the symptoms, and treatment entails refreshing the brain and clearing
the phlegm. Chinese patent medicines or decoctions, such as the Angong Niuhuang
pills, can be used to clear phlegm, refresh the brain, remove heat, and detoxify[79].
Moreover, in the prevention and treatment of HE, the traditional Chinese medicine
theory of "orifice opening" is widely used in accordance with the ammonia poisoning
theory and the endogenous endotoxin theory of HE[80-82]. The most representative
treatment is a retention enema using traditional Chinese medicine decoctions such as
Chengqi soup, rhubarb decoctions, rehmannia preparations, and the like. A number
of clinical studies have shown that the use of rhubarb decoction retention enemas to
treat HE achieves good results; they act as a laxative to promote the excretion of toxic
substances from the intestines, reduce blood ammonia levels, and shorten coma time.
Radical treatment of chronic disease: Fuzheng Huayu tablets (capsules), Anluo
Huaxian pills and compound Biejia soft liver tablets are tonics with actions that
activate the blood and reduce stasis; they have an anti-hepatic fibrosis and cirrhosis
effect, improve liver function and immune function, reduce liver blood circulation
disorders, and attenuate portal vein hypertension[83-86]. Consequently, they may have
certain value in the prevention of cirrhosis HE.
Traditional Chinese medicine has certain preventive measures for HE/MHE. Many
studies have shown that Chinese herbal formula has a higher effect on the cognitive
and neurophysiological functions of cirrhosis patients with MHE compared with
single lactulose alone. When used together, synergistic effects have been shown, but
the mechanism of action of the drug is still unclear and under investigation. Some
experts believe that metabolomics may help explain the mechanism of Chinese
medicine for the treatment of HE patients.

Nutritional support treatment
The traditional view is that protein should be strictly limited in the diets of HE
patients. In recent years, however, it has been found that 80.3% of cirrhosis patients
are enterally malnourished; additionally, diets that excessively restrict protein for a
long time can cause muscle group reduction, which makes HE more likely to occur.
Correct assessment of the patient's nutritional status and early nutritional
interventions can improve quality of life, reduce the incidence of complications, and
prolong patient survival.
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Energy intake and pattern: Reduced liver glycogen synthesis and storage leads to
increased resting energy expenditure, causing the body to produce a fasting response
similar to that of a healthy body experiencing extreme hunger. Currently, the ideal
daily energy intake is believed to be 35 to 40 kcal/kg (1 kcal = 4.184 kJ). Patients
should be encouraged to eat more frequent, smaller meals; distribute these small
meals evenly throughout each day; and add a meal before bedtime that includes at
least 50 g of complex carbohydrates so that fasting time does not exceed 3 to 6 h
during the day. Chronic hyperammonemia may negatively affect attention. Cirrhotic
patients had significantly lower total scores and significantly lower subscores in 4 of 7
cognitive categories, which is indicative of MHE. Patients' scores improved after
breakfast consumption. Therefore, experts believe that eating breakfast can improve
MHE patients’ attention and function[87].
Protein: The European Society of Parenteral and Enteral Nutrition's recommended
daily protein intake is 1.2-1.5 g/kg to maintain nitrogen balance. The daily dietary
protein intake for obese or overweight cirrhosis patients should be maintained at 2
g/kg, which is safe for HE patients. Because vegetable proteins contain less
methionine and cysteine, they do not easily induce HE; additionally, vegetable
proteins contain more ornithine and arginine, which can promote ammonia removal
through the urea cycle. Therefore, patients with recurrent or persistent HE can
consume 30 to 40 g of plant protein each day. The following principles should be
applied when supplementing protein in HE patients: Patients with grade 3-4 HE
should be prevented from supplementing protein intestinally. Grade 1 to 2 MHE
patients and HE patients should limit protein for several days, control it at 20 g/d,
and then increase it by 10-20 g every two to three days as symptoms. Plant protein is
better than animal protein; intravenous albumin supplementation is safe. For chronic
HE patients, measures including less food spread over more meals, gradually
increasing the total protein, and individualizing the protein intake to the patient
should be adopted.
Branched chain amino acids (BCAA): Patients with grade 3-4 HE can be provided
with parenteral nutrition supplements rich in BCAA (valine, leucine, and isoleucine).
Although several studies have shown that BCAA do not reduce mortality in HE
patients, those who can tolerate normal protein diets or long-term BCAA
supplementation can benefit from long-term improvement in nutritional status.
Moreover, in addition to supporting glutamine synthesis in the brain and muscles,
BCAA also promote ammonia detoxification and reduce the entry of excessive
aromatic amino acids into the brain[88,89].
Other micronutrients: Mental symptoms caused by HE may be related to insufficient
trace elements and water-soluble vitamins, especially thiamine, which can lead to
elevated ammonia levels. Patients with decompensated cirrhosis or malnutrition risk
can be treated with multivitamins or zinc supplements[90].

Artificial liver treatment
When liver failure is complicated with HE, some artificial liver models can be used to
improve HE, depending on the medical treatment, and some inflammatory factors,
endotoxins, blood ammonia, bilirubin, etc. can be eliminated to an extent. The artificial
liver models commonly used to improve HE include blood perfusion, hemofiltration,
plasma filtration dialysis, the molecular adsorbents recirculating system (MARS), the
dual plasma molecular adsorption system (DPMAS), and plasma exchange combined
with blood perfusion[91,92].

Liver transplantation
The therapeutic efficacy of internal medicine treatment is not ideal, and recurrent
refractory HE accompanied by liver failure is an indication for liver transplantation[93].

HE nursing care
A system of three preventions and three guards should be implemented. The “three
preventions" are preventing the patient from wandering and getting lost, preventing
injuries, and preventing self-harm. The “three guards” refers to bed guard rails,
restraint belts (after family members sign informed consent), and table tennis gloves.
It is important to closely observe HE patients' personality and behavior, mental state
and awareness, and neuropsychiatric symptoms and signs for changes; monitor
patients' diets, especially their daily protein intake, and carefully record their intake
and excretion; observe the color, characteristics, and frequency of urine and stools;
monitor vital signs, changes in coma patients' pupil size and light reflex, and sputum
condition; and ensure that the intravenous infusion channel is unobstructed, and
check surrounding skin conditions for extravasation, puncture points, etc.

WJG

https://www.wjgnet.com

5416

September 28, 2019

Volume 25

Issue 36

Xu XY et al. Guidelines on management of HE in cirrhosis

Recommendation 8: HE factors (such as infection, gastrointestinal bleeding, and
electrolyte imbalance) should be actively identified and eliminated (A1).
Recommendation 9: Lactulose can effectively improve the quality of life and
survival rate of cirrhosis patients with HE/MHE. The recommended dose is 15 to 30
mL, 2 to 3 times/d, and two to three soft stools per day is considered appropriate
(A1).
Recommendation 10: Lactitol can acidify the intestinal tract, regulate intestinal
microecology, reduce ammonia absorption, effectively reduce endotoxins, and
improve HE/MHE clinical symptoms/indicators. The recommended initial dose is 0.6
g/kg, divided into three administrations and taken with meals (B1).
Recommendation 11: Aspartate ornithine can reduce HE patients’ blood ammonia
levels, shorten hospital stays, and have a therapeutic effect on HE (B1).
Recommendation 12: BCAA can be used as an alternative treatment or a long-term
nutritional intervention (B2). Routine dose is 800 to 1200 mg/d taken orally two to
four times a day (B2). Rifaximin is not recommended for type B HE (A1).
Recommendation 13: Serious mental disorders, such as mania, endanger the safety
of others and make patients unable to cooperate with doctors. Benzodiazepine
sedatives can be used for symptom control after patients' families are informed of the
risks; these sedatives should be administered intravenously at a slow rate (B1).
Recommendation 14: HE patients with liver cirrhosis complicated by metabolic
alkalosis can be treated with arginine hydrochloride, glutamine, and other drugs (C2).
Recommendation 15: A reasonable diet and nutritional supplements (daily
breakfast and moderate amounts of protein) can help improve patient quality of life
and prevent MHE/HE recurrence (B1).
Recommendation 16: Blood perfusion, hemofiltration, MARS, etc. can reduce blood
ammonia, inflammatory factors, bilirubin, and other factors and improve clinical HE
symptoms in liver failure patients (B1).
Recommendation 17: Patients with recalcitrant, recurrent HE accompanied by liver
failure should be prioritized for liver transplantation (B1).
Recommendation 18: Chinese medicine has certain preventive actions for HE/MHE
(B2).

PREVENTION
Primary prevention
HE primary prevention refers to reducing the risk of developing HE when HE has not
yet occurred. The goal is to prevent MHE/OHE, reduce OHE-related hospitalization,
improve quality of life, and improve survival rates. In addition to closely observing
the conditions of liver cirrhosis, liver failure, and post-TIPS patients for changes,
regular screening for MHE should be performed using neurophysiology and
neuropsychology tests, radiology evaluation, etc. Once MHE is diagnosed, immediate
treatment is necessary to avoid progression to OHE.
The focus of primary prevention is primary liver disease treatment and nutritional
intervention. Etiological treatment can reduce liver inflammation and liver fibrosis,
reduce portal vein blood pressure, and prevent or reverse cirrhosis progression, all of
which are important for the prevention and control of HE and other complications.
Infection, gastrointestinal bleeding, electrolyte imbalance, acid-base balance disorders,
constipation, and other HE predisposing factors should be actively treated and
prevented. Additional recommendations for patients include avoiding excessive
ascites or diuresis, eating less and spreading energy intake over more meals, and
avoiding the excessive intake of high amounts of protein.

Secondary prevention
After the first OHE episode, patients have a high risk of HE recurrence, and
secondary prevention is recommended to improve quality of life and survival rates.
The focus of secondary prevention is health education for patients and their families,
control of elevated blood ammonia, and regulation of intestinal microecology. It is
important to strengthen health education for patients and their families; inform them
of the potential hazards of HE, especially MHE; and make them aware of the causes of
HE. Under the guidance of a doctor, patients should rationally adjust their diet
according to their degree of liver function damage and avoid high-protein diets and
large one-time intakes of protein while suffering from HE. Lactulose, lactitol, and the
like can be used as prophylactic drugs. Patients should be gradually guided toward
self-managing their health, and family members should be instructed to carefully
monitor the patients’ behavior and personality for changes. Patients should be
checked for declines in attention, memory, and orientation, and efforts should be
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made to detect HE as soon as possible to ensure early diagnosis and treatment.
Recommendation 19: If there is a high risk of MHE or OHE, primary prevention is
required (B1). The focus of primary prevention is targeting disease-causing factors
and providing nutritional intervention (C1).
Recommendation 20: After OHE is controlled, secondary prevention must be
carried out (A1), and lactulose and lactitol can be used as first-line drugs (A1).
Recommendation 21: The focus of secondary prevention is to provide relevant
health education to patients and their families and to strengthen appropriate
nutritional support, which can markedly reduce the recurrence of OHE episodes (B1).
Sleep disorders and decreased attention are the earliest manifestations of OHE.
Instruct family members to watch for them closely (C1).

PROBLEMS THAT NEED TO BE RESOLVED
The problems that need to be resolved include use of neuroimaging, genomics
biomarkers, and fMRI in HE diagnosis research and application; the study and
application of serum biomarkers and new neuropsychological testing methods for the
early diagnosis of MHE; and research into new HE treatment methods, including fecal
transplantation for HE prevention and treatment, HE stem cell therapy, and new HE
therapeutic targets.
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Abstract
The impact of a chronic disease such as inflammatory bowel disease (IBD) on
sexual functioning and body image can significantly impair the quality of life of
patients. This review considers the sexual and fertility aspects of IBD patients and
their daily management. Modern IBD healthcare management should include
appropriate communication on sexuality and consider psychological,
physiological, and biological issues. Patients with IBD have less children than the
general population, and voluntary childlessness is frequent. The most influential
factors reported by IBD patients who experience fertility alteration are
psychological and surgery-related problems. Pregnancy is a major concern for
patients, and any pregnancy for IBD patients should be closely followed-up to
keep the chronic disease in a quiescent state. Preconceptional consultation is of
great help.
Key words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Fertility;
Pregnancy; Sexuality
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The impact of inflammatory bowel diseases on sexual and fertility is of major
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concern for inflammatory bowel disease (IBD) patients. Quality of life of IBD patients
can be impaired and their management remains challenging. Communication and
counseling are crucial aspects in the management of all IBD patients and should be
implemented in IBD centers.
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) have a high burden on a patient’s
quality of life (QoL)[1]. QoL and patient-related outcomes are the treatment targets for
managing patients who are suffering from inflammatory bowel disease (IBD)[2]. Sexual
health is a main determinant of QoL and is negatively impacted in patients with
IBD[3,4]. IBD patients expect more open listening and better information from care
providers[5]. Fertility can be affected by IBD[6], and voluntary childlessness is more
frequent in IBD patients than in the general population, sometimes because of
improper medical knowledge and/or communication[7].
In this review, we summarize the knowledge on the impact of IBD on sexual health
and fertility and what gastroenterologists should do to better meet patients’
expectations regarding these often-neglected topics.

Data sources and searches
An electronic search of the literature was conducted using MEDLINE (PubMed). The
search was restricted to English language. The search strategy used the following
MeSH and text words: “Sexual dysfunction”, “Inflammatory Bowel disease”,
“Fertility”, “Psychological”, “Crohn’s Disease” and “Ulcerative colitis”.

SEXUAL HEALTH
Sexual health and sexual function: definitions
Sexual health is defined by the World Health Organization as “a state of physical,
emotional, mental and social wellbeing in relation to sexuality; it is not merely the
absence of disease, dysfunction or infirmity”[8]. Sexual health has five dimensions:
physical, emotional, social, mental, and spiritual. Along with body image, it is an
important aspect of psychosocial functioning and has a significant impact on overall
QoL[9].
Assessing sexual function is a quantitative approach toward sexual health that
considers the domains of desire, arousal, orgasm and satisfaction, erectile function for
men, and lubrication and pain for women. Specific questionnaires on sexual function
have been designed and validated in healthy men and women and in diseased
populations. The most used auto-questionnaires are the Female Sexual Function Index
(FSFI) for women[10] and the International Index Erectile Function (IIEF) for men[11].
Within these questionnaires, sexual dysfunction has been defined as an FSFI score
below 26.55 and IIEF score below 42.9. There is no specific tool for IBD patients, but
some QoL questionnaires designed for these patients include questions on sexual
health[12-14].

Impact of the disease and frequency of sexual dysfunction
Body image and intimacy are some of the major concerns of IBD patients but rarely
are spontaneously expressed[15]. In the IMPACT study, a wide-ranging European
study including 4990 IBD patients recruited by patients’ associations, 40% reported
that their disease prevented them from pursuing intimate relationships[1]. Indeed,
sexual dysfunction rates are higher in patients with IBD than in the general
population[16]; it is indeed by reported 45%-60% of IBD women and 15-25% of IBD
men[3,16,17], compared with 30% of women and 5% of men in the general population[16].
Around 40% of IBD men suffer from erectile dysfunction versus 15% of men of the
same age in the general population[3,16,18]. A study based on the Danish medical register
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and that included 31498 IBD and 314980 non-IBD men showed that erectile
dysfunction treatments were more often used by IBD patients [12% vs 10%, HR 1.22
(1.18-1.27)][18]. In IBD men, a reduction of sexual desire is also more frequent than in
the general population [16] . Body image is lower in 70% of patients, especially in
women who have had a surgery[19]. The sexual activity rate of IBD patients appears
similar to healthy individuals, indicating that IBD patients engage in sexual
relationships but that their satisfaction is below that of the general population[16,21].

Receptive anal sexuality in IBD
Receptive anal sexuality (RAS) is not an exceptional practice but is still a taboo topic
in health care. General population studies in North America and Europe show that
around 10% of women engage in frequent RAS and 35% have experienced it[22,23].
Around 5%-15% of men report regular RAS and 10%-45% lifetime RAS[23,24]. The
consequences of RAS in IBD patients when it comes to rectal symptoms and lesions,
susceptibility of inflamed mucosa to sexually transmitted infectious agents, anal
dysplasia, and anal carcinoma risks have been poorly studied[25]. Anal carcinoma
prevalence is increased in patients with anoperineal CD[26] and is associated with
human papilloma virus (HPV) infection and immunosuppressive therapy [27] .
Currently, there are no guidelines on screening for sexually transmitted infections or
proposing HPV vaccinations for IBD patients[28]. Dibley et al[29] showed that IBD men
having sexual relationships with other men are reluctant to disclose their sexual
practices because of fear of medical judgment. However, patients would benefit from
an open discussion with medical staff and information about their ability to engage in
RAS.

Factors associated with sexual dysfunction
Sexual health is multidimensional. In patients with IBD, sexual dysfunction in IBD is
associated with anxiety, depression, impaired QoL, and fatigue but not with disease
activity[3,16-18,30,31]. In a study by Bel et al[3], the univariate association of IBD activity on
sexual function was totally explained by depression. This is consistent with other
observations showing that in IBD patients psychosocial factors are more significant
predictors of overall QoL than disease activity [9,32] . Depression and anxiety are
frequent psychological comorbidities in IBD and are the major drivers of sexual
dysfunction[3,16,17]. Depression is found in as many as 20%-30% of IBD patients in
remission and anxiety in 10%-30%[32]. Psychological burden may be not only a cause,
but also aggravated by sexual dysfunction.
Little data exist on the impact of surgery on sexual function in IBD men. In a French
study on 166 IBD men, a history of abdominal surgery was an independent predictor
of erectile dysfunction with an odds ratio of 2.24 (95% confidence interval 1.04-4.92, P
= 0.04)[16]. Studies on the impact of ileal pouch anal anastomosis (IPAA) in UC patients
provided conflicting results. Postoperative screening found the frequency of sexual
dysfunction in men after IPAA as varying from 4%-30%[33,34]. Prospective studies
comparing pre- and postoperative scores showed an improvement in the overall QoL
and sexual function[35,36]. Prospective and follow-up data are needed to evaluate the
risk of erectile dysfunction and retrograde ejaculation after pelvic surgery and
abdominal surgery in IBD men. For the moment, the ECCO guidelines recommend
discussing sperm banking with the patient before IPAA[37]. In women, surgery has
been found to be associated with a poorer body image[19] and dyspareunia[38].
In the literature, the majority of IBD drugs appear to have very limited influence on
sexual dysfunction whereas other medications like psychotropic drugs are known to
induce sexual dysfunction[39,40]. However, the statistical power of previous studies is
limited, and rare side effects could not be properly evaluated. In a study by Marín et
al[17] on 202 IBD women, corticosteroids were independently associated with sexual
dysfunction, which may be because of their impact on body image. Hypogonadism
and decreased levels of testosterone have also been shown in IBD men[41] and could be
responsible of sexual dysfunction. Methotrexate has been reported to be associated
with erectile dysfunction in a few cas reports with a very low level of evidence[42,43].
Concerning the use of biological agents, the study by Marín et al[17] showed its use was
an independent factor of sexual dysfunction on 153 IBD men. However, no data on
sexual dysfunction were reported in the systematic literature review by Semet et al[44]
(Table 1).

Management of sexual dysfunction
The management of sexual dysfunction is a complex bio-psycho-social process (Figure
1). Most IBD patients expect their gastroenterologist to provide information about the
disease of their impact on their sexuality as early as diagnosis[17] and to ask them
regularly about their sexual health[16]. However, it seems that this topic is rarely
addressed in daily practice. One study found that only 8% of patients had been asked
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Table 1 Factors associated with sexual dysfunction and erectile dysfunction in inflammatory
bowel disease patients
Factors associated

Factors not associated

Anxiety

Disease activity

Depression

Immunosuppressants

Impaired overall quality of life

Biological therapies

Fatigue
Corticosteroids and psychotropic drugs

about their sexual health in the past[29]. Among 69 gastroenterologists participating in
a recent French survey, only 16% addressed the topic, even though 93% considered it
would be a good thing to do so[45]. The main reason not to tackle the subject was the
feeling of a lack of knowledge regarding sexual dysfunction management (45%),
reluctance to shame patients (29%), discomfort from the doctor (19%) and, finally, lack
of time (9%). Proctologic surgeons addressed the subject more often (55% vs 9%, P <
0.001).
The first step would be to screen patients for impaired sexual function.
Questionnaires such as the IIEF and FSFI are rarely used in daily practice. A specific
index for IBD patients could be an interesting tool and should also evaluate
psychological comorbidities such as depression and anxiety.
The benefit of psychoeducational sessions on sexual health has never been
evaluated in IBD patients. However, this approach has proven to be effective in
patients suffering from irritable bowel syndrome or those who have been treated for a
nongastroenterological disease[46]. Regarding medications, a randomized controlled
study in patients with erectile dysfunction after IPAA showed a 79% response rate for
the patients treated with sildenafil vs 17% for those in the placebo group[47].
Referral to a sexologist should be considered in several situations. The first is when
a problem is discovered by the screening questions and when the gastroenterologist is
reluctant to tackle the subject. Patients should also be referred in the case of the failure
of a first-line management (to a sexologist helping to inform and prescribe erectile
dysfunction medication), in persistent sexual dysfunction, and/or couple suffering.
The referral process represents a strong signal for the patient that his/her suffering
has been heard.

FERTILITY
Fertility is the capacity to produce a child[48], differing from fecundability, which is the
probability of pregnancy per month with unprotected intercourse. Approximately
80% of couples will conceive in the first 6 months of attempting pregnancy [49] .
Infertility is defined as the failure to achieve a pregnancy after 12 months of
unprotected intercourse. Table 2 shows the main causes of infertility in the general
population and a few IBD-specific situations. What the gastroenterologist should do
in this context is summarized in Table 3. Pregnancy outcomes in the general
population compared with IBD patients are shown in Table 4. IBD typically affects
young patients during their reproductive years. Thus, fertility is a major concern for
IBD patients. Patients with quiescent IBD have similar fertility rates compared with
the general population. However, because of voluntary childlessness, IBD patients
have fewer children than the general population[7]. Apprehension about fertility,
potentially adverse pregnancy outcomes, risk of IBD in the offspring, and medication
safety may be the causes for the fear and doubts during preconception. Moreover, in
cases of IBD, patients’ perceptions about fertility are often associated with negative
views[50].

Influence of disease activity on fertility in females and males
Many series assessed the impact of disease activity on fertility in females and males,
and there is no evidence that UC or inactive CD affect fertility[51]. Tavernier et al[6]
showed that the infertility rates are similar between women with quiescent IBD and
no prior pelvic surgery (5%-14%) and the general population. Nevertheless, in cases of
active disease, peritoneal inflammation might be responsible for intra-abdominal
adherences and hence a decrease in the fertility rate. Moreover, decreased libido,
dyspareunia, chronic abdominal pain, and anxiety/depression disorders can lead to
increased infertility for IBD patients[30].
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Figure 1

Figure 1 Proposals for the management of sexual dysfunction. GP: General practitioner; IBD: Inflammatory
bowel disease.

The disease activity at conception or during pregnancy is considered one of the
most significant risk factors for adverse pregnancy outcomes[52]. Moreover, women
affected by IBD and who are considering pregnancy often stop their treatment
without informing their doctors[53]. Studies from the Netherlands have demonstrated
that a systematized preadvisory information program[54] improved the birth rate and
reduced the risk of relapse of IBD during pregnancy. These positive effects can be
attributed to the beneficial impacts of preconceptual care on pregnancy planification
during remission, to the IBD treatment adherence, and to smoking cessation during
pregnancy. Thus, counseling should be considered a crucial aspect in the
management of all IBD patients and should be implemented in IBD centers.

IBD medications and fertility
Most medical treatments for IBD have no effect on the patient’s ability to conceive[55].
Sulfasalazine is an exception, though, because it increases the risk of subfertility in
men by altering the spermogram [44] ; it reduces sperm motility and increases the
proportion of abnormal forms[56]. Birnie et al[57] performed a sperm analysis in 21
patients receiving sulfasalazine treatment for IBD and reported that 86% and 72% of
the patients had abnormal semen and oligospermia, respectively. A switch to 5aminosalicylic acid (mesalazine) generally restores fertility and spermogram
anomalies. There is still some debate regarding the effects of thiopurines on fertility.
Dejaco et al[58] showed that the sperm quality of 18 IBD patients was not altered after 3
months of using azathioprine. In a cohort of 40 IBD men [59] , thiopurines did not
decrease sperm quality but was sometimes associated with the impairment of sperm
motility. Methotrexate (MTX) can be responsible for oligospermia and is reversible
after stopping usage; this drug is contraindicated for both women and men because it
is embryotoxic[60]. Corticosteroids and cyclosporine seem to have no effects on fertility.
However, there is some debate about the effect of infliximab on fertility. In studying a
small series of 10 IBD patients, Mahadevan et al[61] reported a trend toward decreased
sperm motility with infliximab therapy. However, Villiger et al[62] reported that the
sperm quality of 26 men treated with infliximab for spondylarthritis was similar to
that of healthy controls. Data on the impact of adalimumab, vedolizumab, and
ustekinumab on human fertility are insufficient.

Surgery-related problems
Surgery-related problems can alter fertility, and patients should be informed prior to
all surgical procedures. A meta-analysis showed that IPAA increases the risk of
infertility in women with UC by approximately threefold[63]. The mechanisms likely
responsible for this important increase of the subfertility rate have been related to
postsurgical abdominal adhesions and also to tubal obstructions[64]. However, BeyerBerjot et al[65] demonstrated that infertility rates after laparoscopic IPAA surgery
appears to be lower than after open surgery.
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Table 2 Summary of the major causes of infertility in the general population and a few specific situations related to inflammatory bowel
disease
Women

Men

General risk factors:
Age: High fertility rate around 25 yr, then gradually reduce and more
quickly after 35 yr

General risk factors:
High age

Tobacco

Tobacco
Addiction and lead poisoning

Ovulation disorders: Obesity or thinness/hyperprolactinaemia/polycystic
ovary syndrome/hypothalamic amenorrhoea, etc

Oligoasthenoteratospermia (the most common cause for male infertility)
Sulfasalazine

Diseases with chronic inflammation

Azoospermia (hypogonadism induced or blockages)
Sulfasalazine

Mechanical obstruction:
Tubal obstruction (frequent cause after a salpingitis or endometriosis)
Ileal pouch-anal anastomosis by laparotomy, Crohn’s disease with severe
pelvic inflammation with or without prior surgery
Uterine malformation, uterine synechiae or endometriosis
Cervical stenosis

Nonsurgery-related problems
In CD, perineal disease and fallopian tube inflammation may occur and, in rare cases,
may induce a reduction in the fertility rate. A systematic review by Tavernier et al[6]
showed a decrease in Crohn’s women fertility rates between 17% and 44% when
compared with controls; however, most of these studies did not distinguish voluntary
childlessness from involuntary infertility. Thus, regarding involuntary infertility,
women with CD tend to have similar rates compared with control patients.
Concerning women with UC, most studies have not found any difference in the
fertility rates compared with the general population[66,67].
A few studies have assessed the anti-Mullerian hormone (AMH), which is
considered an accurate hormonal marker of ovarian reserve. In a retrospective case
control study including 50 women with CD, Fréour et al[68] showed that women older
than 30 years of age and with a colonic location could present an accelerated
alteration of the ovarian reserve when compared with control healthy women. The
authors hypothesized that the proximity between the colon and the ovaries may be
responsible for the higher level of chronic inflammation and, thus, an alteration of the
ovarian reserve. Another case control study showed that 35 patients with CD had
significantly lower levels of serum AMH than the matched controls and that disease
activity was inversely correlated to the AMH levels[69].

Male fertility
The medical literature has shown that advanced age, consumption of tobacco and
alcohol, and psychological stress are risk factors for male infertility[70]. Moreover, a
large meta-analysis from Sermondade et al[71] indicated that there was a correlation
between body mass index and the prevalence of azoospermia or oligozoospermia.
However, there is some controversy about the impact of IBD in men’s fertility. Two
population-based studies on men with UC did not show any reduction in fertility rate,
whereas a recent medical literature overview indicated that active inflammation, poor
nutrition, alcohol use, smoking, medications, and surgery may cause infertility in men
with IBD[72]. There is no evidence of any impact of IBD surgery on male fertility,
except from the debated risk of erectile dysfunction (see the section titled “Associated
factors to sexual dysfunction”).

Couple infertility and IBD
Voluntary childlessness and psychological factors: Voluntary childlessness is more
frequent in IBD patients than in the general population; it was estimated in two
studies in the United States and Great Britain to be at 14% to 18% vs 6% in the general
population[73,74]. This situation is thought to be mostly because of fears of the potential
negative impact of pregnancy on the disease activity and also on transmitting IBD to
the patient’s child[66,74]. Moller et al[75] studied the estimation of the familial risk of IBD
in the entire Danish population from 1977 to 2011. The risk of CD and UC in the firstdegree relatives of a CD and UC case was eightfold and fourfold increased,
respectively, compared with families without IBD history. Laharie et al[76] reported
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Table 3 What the gastroenterologist should do in the case of infertility for a patient with inflammatory bowel disease
Consider

Causes/mechanisms

What the gastroenterologist should do

Voluntary childlessness

Apprehension about fertility/potentially adverse
pregnancy outcomes/medication safety

Information and accurate counseling on
medications/risk of transmission/pregnancy
outcomes
Correcting misconceptions

Involuntary childlessness

Misconceptions

Provide preconceptual cares

Risk of IBD in the offspring

Information about genetics

Sexual dysfunction

Psychological support
Refer to sexologist
Sildenafil therapy for post surgery erectile
dysfunction

Surgery

Informations before surgery
IPAA laparoscopy access

Disease activity

Control disease activity

Psychological factors

Counseling and psychological support

Medications

Stop sulfasalazine and switch to mesalazine
Stop methotrexate
Sperm banking before surgery

IPAA: Ileal pouch-anal anastomosis; IBD: Inflammatory bowel disease.

that when the two parents were affected by IBD, the children had a 30% risk of
developing IBD. Several studies have shown a significant association between
voluntary childlessness and a low level of knowledge about IBD compared with
controls, indicating that education could reassure some patients and allow them to
consider pregnancy by correcting misconceptions [74] . This again stresses the
importance of patient counseling before pregnancy. However, Nørgård et al [77]
suggested that women with IBD were not so worried about their disease as they
reported similar elective abortion rates compared with healthy women.

How to treat infertility
The first step to treat infertility is to provide accurate counseling to positively impact
preconceptual care. The optimization of nutritional status, vitamins supplementation
(vitamin D and zinc) and the cessation of tobacco and alcohol are necessary. Overall,
how to control the disease activity must be obtained and maintained. IBD couples
facing infertility should be referred to specialized gynecology centers. However, the
medical literature is scarce on infertility treatment in IBD patients. Assisted
reproductive technology (ART) such as in vitro fertilization, intracytoplasmic sperm
injection, and frozen embryo replacement can be proposed to infertile IBD couples.
Friedman et al[78] showed a significant decrease of the live birth rate within 18 mo after
the beginning of ART for women with prior CD surgery compared with non-IBD
women. Moreover, in the case of women affected by UC, prior surgery before ART
did not affect the chance of a live birth[79]. In cases of persistent infertility for IBD
patients, an overall recommendation could be to consider ART earlier than in the
general population (for example after 6 mo) because it might be more tedious to
succeed.

CONCLUSION
In IBD patients, more than 50% of women suffer from sexual dysfunction and 45% of
men from erectile dysfunction. Psychological comorbidities, body image, and disease
perception are strongly associated with poor sexual health in IBD patients. Because of
this, patients are calling for more information on IBD and sexuality from their care
providers. Open discussions, psychoeducational sessions, and referrals to a sexologist
when needed would improve the QoL of patients. Fertility is another major concern
among IBD patients. Inactive IBD has little to no impact on fertility rates, but
psychological comorbidities and misconceptions about the disease lead to voluntary
childlessness among IBD patients. Finally, patient counseling before and during
pregnancy could be helpful in the patient’s reproductive years.
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Table 4 Pregnancy outcomes in the general population compared with inflammatory bowel disease patients
General population

IBD patients

Infertility (1 yr)

10%-20%

Idem except after IPAA with laparotomy access

Spontaneous miscarriage of 1st quarter

15%

Idem

Ectopic pregnancy

2%

Idem except in case of prior surgery[80]

Stillbirth

0.1%

Idem

Prematurity

7%

10%

Malformations

2.7%

Idem

Risk of developing IBD for the offspring

0.5%

UC 2%-CD 5% IBD both parents: 30%

Pregnancy with no events

75%

Idem

UC: Ulcerative colitis; CD: Crohn’s disease; IBD: Inflammatory bowel disease.
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Abstract
BACKGROUND
High mobility group box-1 (HMGB1), recognized as a representative of damageassociated molecular patterns, is released during cell injury/death, triggering the
inflammatory response and ultimately resulting in tissue damage. Dozens of
studies have shown that HMGB1 is involved in certain diseases, but the details
on how injured hepatocytes release HMGB1 need to be elicited.
AIM
To reveal HMGB1 release mechanism in hepatocytes undergoing oxidative stress.
METHODS
C57BL6/J male mice were fed a high-fat diet for 12 wk plus a single binge of
ethanol to induce severe steatohepatitis. Hepatocytes treated with H2O2 were
used to establish an in vitro model. Serum alanine aminotransferase, liver H2O2
content and catalase activity, lactate dehydrogenase and 8-hydroxy-2deoxyguanosine content, nicotinamide adenine dinucleotide (NAD+) levels, and
Sirtuin 1 (Sirt1) activity were detected by spectrophotometry. HMGB1 release
was measured by enzyme linked immunosorbent assay. HMGB1 translocation
was observed by immunohistochemistry/immunofluorescence or Western blot.
Relative mRNA levels were assayed by qPCR and protein expression was
detected by Western blot. Acetylated HMGB1 and poly(ADP-ribose)polymerase 1
(Parp1) were analyzed by Immunoprecipitation.
RESULTS
When hepatocytes were damaged, HMGB1 translocated from the nucleus to the
cytoplasm because of its hyperacetylation and was passively released outside
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both in vivo and in vitro. After treatment with Sirt1-siRNA or Sirt1 inhibitor
(EX527), the hyperacetylated HMGB1 in hepatocytes increased, and Sirt1 activity
inhibited by H2O2 could be reversed by Parp1 inhibitor (DIQ). Parp1 and Sirt1 are
two NAD+-dependent enzymes which play major roles in the decision of a cell to
live or die in the context of stress . We showed that NAD+ depletion attributed to
Parp1 activation after DNA damage was caused by oxidative stress in
hepatocytes and resulted in Sirt1 activity inhibition. On the contrary, Sirt1
suppressed Parp1 by negatively regulating its gene expression and deacetylation.
CONCLUSION
The functional inhibition between Parp1 and Sirt1 leads to HMGB1
hyperacetylation, which leads to its translocation from the nucleus to the
cytoplasm and finally outside the cell.
Key words: Sirtuin1; Poly ADP-ribose polymerase 1; High mobility group box-1;
Hepatocytes; Hydrogen peroxide
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: High mobility group box 1 (HMGB1) is a nuclear protein that non-specifically
binds to the minor grooves in DNA. Once released passively by necrotic and damaged
cells, HMGB1 will become a damage-associated molecular pattern molecule triggering
the inflammatory response and ultimately results in tissue damage. In the present study,
we found that HMGB1 is released from H2O2-injured hepatocytes due to Sirt1 functional
inhibition.

Citation: Ye TJ, Lu YL, Yan XF, Hu XD, Wang XL. High mobility group box-1 release from
H2O2-injured hepatocytes due to sirt1 functional inhibition. World J Gastroenterol 2019;
25(36): 5434-5450
URL: https://www.wjgnet.com/1007-9327/full/v25/i36/5434.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i36.5434

INTRODUCTION
High mobility group box 1 (HMGB1), a member of a subfamily of the HMG proteins,
non-specifically binds to the minor grooves in DNA[1], and is released passively by
necrotic and damaged cells upon various stimulation [2] . Once released in the
extracellular space, HMGB1 acts as a damage-associated molecular pattern molecule,
triggering the inflammatory response and ultimately results in tissue damage.
Therefore, HMGB1 released by injured cells is a key driver of disease progression in
both acute and chronic diseases[3,4]. During the past decade, studies in both patients
and animal models have established that HMGB1 represents a potential biomarker
and novel therapeutic target suggesting that blocking HMGB1 release is a potential
therapeutic strategy for certain diseases.
The nuclear localization of HMGB1 and its affinity for DNA are regulated through
phosphorylation and acetylation, and have been found to have a dynamic relationship
with chromatin. When HMGB1 is not acetylated, it is located in the nucleus and is not
secreted or released outside the cell, reducing its inflammatory effects as seen during
cellular injury/death [5] . HMGB1 is a novel deacetylation target of nicotinamide
adenine dinucleotide (NAD + )-dependent deacetylase Sirtuin1 (Sirt1) [6] , which is
grouped as a class III histone deacetylase, and is a predominantly nuclear protein
which can shuttle to the cytoplasm under conditions of cell stress. Sirt1 and poly
ADP-ribose polymerase 1 (Parp1) are two enzymes functionally connected due to
their common use of an NAD+ substrate[7] and functional interplay in regulating
lipopolysaccharide-mediated HMGB1 secretion[8].
Chromatin relaxation at DNA lesions is one of the earliest cellular responses to
DNA damage and is regulated by Parp1 enzymatic activity[9]. Under oxidative stress
caused by H2O2, Parp1 is generated at high levels leading to hepatic cell damage and
death in CCl4-induced liver injury[10]. Additionally, there was significantly greater
DNA damage and excessive Parp1 activation, exhausting NAD+ stores in hepatocytespecific HMGB1 knockout mice (HMGB1-HC-KO)[11]. On the other hand, Sirt1 plays a
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critical role in preventing DNA damage caused by H2O2 in human embryonic stem
cells and regulates stress responses, genomic stability, and cell survival[12]. H2O2 also
evokes injury of cardiomyocytes by upregulating HMGB1 [ 1 3 ] . However, the
relationship among Parp1, -Sirt1, cell death,and HMGB1 release still needs to be
elucidated.
In the present study, we hypothesized that HMGB1 release by H 2 O 2 -injured
hepatocytes is regulated by DNA-damage-mediated Parp1 activation, which causes
NAD+ over-depletion followed by Sirt1 activity suppression, leading to HMGB1
hyperacetylation and finally release. Our findings demonstrated that DNA damage
triggers the cascade reaction of Parp1–Sirt1–HMGB1 hyperacetylation and finally
HMGB1 release from hepatocytes. The results support our hypothesis and identify
HMGB1 as an important biomarker for liver injury induced with a high-fat diet/ethyl
alcohol (HFD/etOH).

MATERIALS AND METHODS
Animals, diets and experiments
Twenty-four male C57BL/6J mice, weighing 23 ± 2 g, were obtained from the
Shanghai Institute of Materia Medica [license number: SCXK (Shanghai) 2012-0002].
The experimental protocol was approved by the Animal Ethics Committee of
Shanghai University of Traditional Chinese Medicine, and the study was performed
in accordance with the approved guidelines. The animals were randomly divided into
two groups: Control and HFD plus etOH. The HFD group was fed an HFD (Research
Diets, United States, D12492), while the control group was given a control diet
(Research Diets, United States, D12451). After 12 wk of treatment, on the last day,
mice fed an HFD were given 31.25% ethanol solution in water at a single dose of 5
g/kg body weight by oral gavage, while the mice in the control group were given
saline. After 9 h, all mice were sacrificed, and the samples were collected for
subsequent experiments.

Measurement of serum alanine aminotransferase (ALT) and hepatic H2O2, and
catalase
Serum ALT activity was detected using a commercial kits according to the
manufacturer’s instructions (Nanjing Jiancheng Biology Co., Ltd, China). The liver
tissues were homogenized with a homogenizer in cold saline (1:10, w/v), and then
centrifuged at 3000 rpm for 15 min for detecting the levels of H2O2 and catalase using
commercial kits (Nanjing Jiancheng Biology Co., Ltd).

Hematoxylin-eosin staining and immunohistochemical assay
Liver tissues were fixed in 10% formalin, embedded in paraffin, cut into 4-μm-thick
sections, and stained with hematoxylin-eosin. For immunohistochemical assay,
sections were immersed in anti-HMGB1 antibody solution in a humidified chamber at
4 °C overnight, followed by incubation in a biotin–labeled secondary antibody
solution at 37 °C for 1 h. Then, the slices were incubated with SABC solution at 37 °C
for 1 h. All images were observed by microscopy (ZEISS, German).

Cell culture and treatments
The mouse embryonic hepatocyte cell line BNL.CL2, purchased from the cell bank of
the Shanghai Institutes for Biological Sciences (Shanghai, China), was cultured in
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, United States) supplemented
with 10% fetal calf serum (Gibco, United States), 100 U/mL penicillin and 100 U/mL
streptomycin, at 37°C in a 5% (v/v) CO2 humidified atmosphere. When cells were
grown to 70%-80% confluence, they were treated with H2O2 (Kaiji Biology Co. Ltd,
China) at different concentrations for the same duration or at the same concentration
for different durations.

Lactate dehydrogenase (LDH) cytotoxicity assay
The LDH cytotoxicity assay was performed with a kit (Cytotoxicity LDH Assay KitWST, Dojindo Molecular Technologies, Shanghai) according to the manufacturer’s
guidelines. In summary, 1 × 104 cells cultured in 96-well plates in the presence or
absence of H2O2 were incubated with 100 µL of working solution for 30 min at room
temperature, and the 96-well plates were protected from light. Next, 50 µL of stop
solution was added, and the absorbance of each sample was read at 490 nm using a
Synergy 2 plate reader (Bio-Tek Ltd, United States). The cytotoxicity of each sample
was normalized using the following formula: Cytotoxicity (%) = [(ODsample - ODblank) /
(ODpostive - ODblank)] (%).
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ELISA for HMGB1
The levels of HMGB1 in the culture medium were measured by ELISA kit (Chondrex
Co. Ltd, Redmond, United States) according to the manufacturer’s instructions.

DNA damage assay
The 8-hydroxy-2-deoxyguanosine (8-OHdG) levels were measured using a kit
according to the manufacturer's protocol (8-OHdG assay kit, Genmed Inc., Shanghai,
China). The kit provided 8-OHdG antibody and peroxidase labeled secondary
antibody. TMB (3,3’,5,5’-tetramethylbenzidine) was used as a peroxidase substrate
and formed blue precipitates at pH 4.9. The absorbance was read at 650 nm using a
Synergy 2 plate reader.

Quantification of NAD+ levels
The NAD+ levels in cultured cells or liver tissues were determined using an enzymatic
method according to the manufacturer’s instructions (EnzyChrom, BioAssays
Systems, CA, United States). Typically, 20 mg of liver tissue or 1 × 105 cells were
homogenized in a 1.5 mL Eppendorf tube with 100 µL of NAD+ extraction buffer
preheated for 5 min at 60 °C, and then 20 µL assay buffer was added along with 100
µL of NADH extraction buffer to neutralize the extracts. The extracts were spun down
at 14000 rpm for 5 min, and the supernatant was transferred into a clear flat-bottom
96-well plate for NAD+ concentration assays. After the working buffer was added, the
absorbance for time “zero” (A0) was read at 565 nm and A15 after a 15-min
incubation at room temperature of each well was recorded with a Synergy 2 plate
reader (Bio-Tek Ltd, United States). Finally, according to the standard curve, NAD+
levels were normalized using the following formula[14]: NAD+ levels (μM) = (∆Asample∆Ablank)/slope × n, where ∆A = A15-A0, n equaling 5 was the dilution ratio of samples,
and the slope was calculated from the standard curve.

Sirt1 deacetylase activity assay
Sirt1 deacetylase activity was measured using a Sirt1 direct fluorescent screening
assay kit (GENMED Inc., Shanghai, China) following the manufacturer’s protocol.
The Sirt1 substrate in the kit is an acetylated peptide fragment derived from p53 that
was prelabeled with 7-amino-4-methylcoumarin (AMC). After deacetylation by Sirt1,
an amino peptidase cleaved the deacetylated substrate, which generated a highly
fluorescent molecule group of AMC. The fluorescence intensity was monitored each 5
min for 1h using a fluorescence plate reader (Bio-Tek FL×800) at an excitation
wavelength of 360 nm and an emission wavelength of 460 nm. Values are expressed
as the rate of reaction for the first 30 min. The results were normalized by the total
protein concentration, determined using a BCA assay.

Isolation of cytoplasmic and nuclear proteins
Cytoplasmic and nuclear protein fractions from BNL.Cl2 cells or liver tissues were
extracted with a commercial protein isolation kit from Yeasen Co., Ltd. (Shanghai,
China) according to the manufacturer’s instructions. Briefly, 1 × 107 BNL.CL2 cells or
50 mg liver tissue with reagent A were collected into 1.5 mL microcentrifuge tubes
and vortexed for 5 s. Afterwards, samples were put on ice for 10 min and centrifuged
for an additional 5 min at 12000 rpm and 4 °C. The supernatants were cytoplasmic
proteins. The precipitates with Reagent C were vortexed for 25 s per 3 min interval,
total 30 min. Finally, samples were centrifuged for 5 min at 12000 rpm and 4 °C, and
the supernatants were nuclear proteins.

Western blot analysis
Protein concentration was determined by BCA assay (Beyotime, Suzhou, China). The
4%-20% SDS-PAGE-Resolved protein bands were transferred to PVDF membranes
(Millipore, Bedford, MA, United States) with a Trans-Blot Turbo transfer system (BioRad). Primary antibodies (Abcam Co., Ltd, United States) and compatible horseradish
peroxidase-conjugated secondary antibodies were used. Proteins were detected using
chemiluminescence-plus reagents from Millipore Co., Ltd. (Bedford, MA, United
States). The blot image was captured with a Protein Simple multispectral imaging
system with a Chemi HR camera and analyzed using AlphaView SA (version 3.4.0;
Protein Simple, United States).

Immunoprecipitation (IP) analysis
Total lysates (300 μg)were immunoprecipitated with specific rabbit anti-HMGB1
(1:75) or Parp1 antibody (1:50), while the control lysates were immunoprecipitated
with rabbit anti-immunoglobulin antibody on a Labnet Mini LabRoller Rotator
(Labnet, Edison, NJ, United States) at 4°C overnight, followed by the incubation with
30 μL of protein A/G agarose beads to extract the immunocomplexes for 3 h at room
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temperature. Thereafter, beads were washed with IP lysis buffer and the
immunocomplexes were extracted in SDS loading buffer at 97°C, followed by Western
blot analysis.

Fluorescence confocal laser microscopy
Cells (1 × 104) were seeded on cover-glass bottom dishes and treated with either 500
μmol/L H2O2 for 0.5 h, 2 h, 8 h or 24 h, or with 100 μmol/L, 500 μmol/L, or 1000
μmol/L H 2 O 2 for 8 h. Following treatment, cells were fixed with 4%
paraformaldehyde for 30 min, and then incubated in phosphate buffered saline (PBS)
containing 0.2% Triton-X-100 for 30 min on ice. Thereafter, cells were blocked with 5%
Goat serum for 1h at room temperature, followed by incubation in a 5% BSA solution
containing HMGB1 primary antibody (1:100) overnight at 4 °C. The next day, after a
triple wash in Tween-20 phosphate buffer saline, the cells were incubated in PBS
containing Alexa Fluor 594 conjugated secondary antibody (1:300) using a 1% BSA
dilution for 1h at room temperature. Lastly, the nucleus were stained nuclei with
DAPI, and the dishes were mounted and observed using a ZEISS confocal laser
fluorescence microscope (ZEISS, German).

Real-time reverse transcription-polymerase chain reaction assay
After purity determination, each amount of total RNA sample extracted from liver
tissues or cells was reverse transcribedinto cDNA using a TransScript® All-in-One
First-Strand cDNA Synthesis SuperMix for qPCR Kit (One-Step gDNA Removal)
according to the manufacturer’s protocol. The mRNA levels were quantification with
a SYBR Green qPCR SuperMix kit. The relative amount of target mRNA was
calculated by the 2-ΔΔCt. Primer sequences for the genes used are as follows: Beta-actin
(NM_007393.5): forward (5’–3’): ACTGCTCTGGCTCCTAGCAC, and reverse (5’–3’):
ACATCTGCTGGAAGGTGGAC; SIRT1 (NM_019812.3): forward (5’–3’):
GAACCACCAAAGCGGAAA, and reverse (5’–3’): TCCCACAGGAGACAGAAACC;
PARP1 (NM_007415.2): forward Primer (5’–3’): ACCACTTCTCCTGCTTCTGG, and
reverse Primer (5’–3’): GCCGTCTTCTTGACCTTCTG.

Sirt1 shRNA transfection
Cells were seeded in six-well plates at a density of 2 × 10 5 cells, cultured until
approximately 70% confluence, and then transfected with control or Sirt1-shRNApLKO.1-EGFP (Sirt1-F: CCG GGC CAT GTT TGA TAT TGAGT ATC TCG AGA TAC
TCA ATA TCA AAC ATG GCT TTTTG; Sirt1-R: AAT TCA AAA AGC CAT GTT
TGA TAT TGA GTA TCT CGA GAT ACT CAA TAT CAA ACA TGGC) lentiviral
vector (USEN Biological Technology Co., Ltd, Shanghai, China) (MOI:4-8) according
to the manufacturer’s instructions. Briefly, the vectors were dissolved in no fetal calf
serum DMEM. Before infection, the cells were treated with 5 μg/mL polybrene for 4
h. After 24 h of infection, the cells were incubated for 48 h in 2% fetal calf serum
DMEM including 10 μg/mL Puromycin dihydrochloride. Then, the cells were treated
with or without H2O2 (500 μM) for 8 h. The mRNA levels of Sirt1 and Parp1 were
determined by Real-time PCR, and protein levels of Sirt1, Parp1, Ace-Parp1, AceHMGB1, and HMGB1 were determined as above.

Parp1 over expression
The BNL.CL2 cells were plated in six-well plates at a density of 2 × 105 cells/mL,
incubated until approximately 50% confluence, and then transfected with control or
Parp1 using synergistic activation mediator CRISPR Activation Plasmid according to
the manufacturer’s instructions. In summary, 20 μL of Parp1 plasmid DNA (sc419018-ACT, Santa Cruz, United States) or negative control (sc-437275, Santa Cruz,
United States) plasmid was dissolved in DMEM as solution A. Meanwhile, 10μL of
UltraCruz® Transfection Reagent (sc-395739, Santa Cruz, United States) was also
dissolved in DMEM to obtained solution B and equilibrated for 5 min at room
temperature. Next, solutions A and B were mixed, and equilibrated for 20 min at
room temperature to form a mixture of Parp1 plasmid DNA-UltraCruz® Transfection.
The cells were transfected with Parp1 plasmid DNA or negative control plasmid. At
48 h after transfection, the medium was changed to fresh medium containing 10
μg/mL Puromycin dihydrochloride (sc-108071), 200 μg/mL Hygromycin B (sc-29067)
and 2 μg/mL Blasticidin S HCl (sc-495389) for antibiotic selection, and then the parp1
expression level was detected by realtime-PCR.

Statistical analysis
Data were analyzed by one-way analysis of variance (ANOVA) or Welch ANOVA
followed by the Student’s t-test using the GraphPad 8.0 software and are expressed as
the mean ± standard deviation (SD), P < 0.05 was considered statistically significant.
All experiments at least three independents were performed.
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RESULTS
Fatty liver causes HMGB1 release from damaged hepatocytes
To study the release of HMGB1 in the livers following development of oxidative stress
damage, C57BL6/J mice were fed a high fat diet for 12 wk and a single binge ethanol
feeding before sacrifice. The HFD/etOH mice had higher serum ALT activity (Figure
1A) which is an enzyme in the cytoplasm of normal hepatocytes, but released from
the livers into serum during hepatocellular injury [15] . Additionally, there was
significantly increased H2O2 content and catalase activity in the livers (Figure 1A), and
markedly increased hepatic steatosis (Figure 1B). The results of immunohistochemistry indicated that HMGB1 was translocated from the nucleus to the
cytoplasm in hepatocyte (black arrow in Figure 1C). Also, HMGB1 levels obviously
rose in cytoplasm and decreased in the nucleus in hepatocyte of HFD/etOH mice
with hyperacetylation (Figure 1D). Mice with fatty liver disease had significantly
increased levels of Parp1, followed by decreased content of NAD+ and inhibited Sirt1
(Figure 1E and F).

H2O2-induced HMGB1 release from injured hepatocytes
Hepatocytes are the most abundant and most vulnerable cell types to be attacked in
the liver. To further investigate whether HMGB1 is released during injury/death,
hepatocytes were treated with 500 μmol/L H2O2. Progressively elevated LDH release
was observed, which peaked at 8h and then decreased gradually to nearly normal
levels at 24 h (Figure 2A), and LDH was released from hepatocytes treated with
various concentrations of H2O2 (0, 100, 500 and 1000 μmol/L) in a dose-dependent
manner (Figure 2B). H2O2 triggered DNA injury by reactive oxygen species (ROS)
which produced 8-OHdG, a marker of oxidative stress to DNA[16], therefore, 8-OHdG
levels in H2O2-treated hepatocytes were measured. 8-OHdG levels were significantly
increased by H 2 O 2 , but were suppressed by N-acetylcysteine (NAC), an ROS
scavenger[17] (Figure 2C). In recent years, accumulating data have demonstrated that
HMGB1 is released passively during various kinds of cellular injury and death[18,19]. In
accordance with these reports, our results revealed that the HMGB1 content in
medium was over 30-fold at 2 h and reached a 76-fold increase at 8 h, and was still 13fold at 24 h (Figure 2D) after hepatocytes were exposed to 500 μmol/L H2O2 for
different durations of time. Also, the HMGB1 content was decreased in a dosedependent manner by NAC treatment (Figure 2E).
Nuclear HMGB1 continuously moving across the nuclear membrane into the
cytoplasm through specific nuclear pores is a key stage of its extracellular release. Our
immunohistochemical results showed that HMGB1 appeared in the cytoplasm after
hepatocytes were treated with 500 μmol/L H 2 O 2 for 2 h and 8 h, but not 0.5 h,
meanwhile, it appeared in the cytoplasm in all groups of hepatocytes treated with 100,
500, and 1000 μmol/L H2O2 (Figure 3A). Consistent with these results, Western blot
showed an increase of HMGB1 in the cytoplasm and decrease in the nucleus in a H2O2
time- and dose-dependent manner (Figure 3B and C). The accumulation of HMGB1 in
the cytoplasm is determined by the acetylation status of specific lysine residues
located in the two nuclear localization sequences[20]. We found that for the different
lengths of time, acetylated (Ac) HMGB1 levels in cell lysates reached 1.2-fold even at
0.5 h and 2-fold peak at 8 h and decreased at 24 h after hepatocytes were incubated
with H2O2 (Figure 3D). Likewise, the acetylated (Ac) HMGB1 levels also displayed an
increase in a dose-dependent manner with H2O2 treatment (Figure 3E). Together,
these findings suggest that as a consequence of injury to hepatocytes by H 2 O 2 ,
HMGB1 is translocated from the nucleus to the cytoplasm and then released to
medium with the concomitantly elevated proportion of the acetylated form.

H2O2-induced Sirt1 decrease leads to HMGB1 release
Sirt1, a mammalian ortholog of yeast silent information regulator 2, is a NAD + dependent class III protein deacetylase that is involved in the deacetylation of
HMGB1. Our previous findings indicated that hepatocytes exposed to oxidative stress
in vitro release hyperacetylated HMGB1[21] and have a H2O2-induced Sirt1 levels[22],
which prompted us to examine whether H 2 O 2 -induced HMGB1 was release by
decreasing Sirt1 expression. As expected, the decrease of Sirt1 protein level was
obvious in a H2O2 time- and dose-dependent manner (Figure 4A and B). Furthermore,
the Sirt1 activity in the control group was 3.28 ± 0.14 nmoL/mg/min, but was 3.06 ±
0.13 nmoL/mg/min, 3.12 ± 0.02 nmoL/mg/min and 085 ± 0.05 nmoL/mg/min in
groups treated with different concentrations of H2O2, respectively (Figure 4E). After
cells were treated with 0.1 μmol/L SRT1720 (an activator of Sirt1) for 4 h, the HMGB1
contents in medium significantly decreased to 15.6 ± 2.87 ng/mL compared with 61.09
± 9.86 ng/mL in cells treated with H2O2 alone (Figure 4F). After cells were treated
with EX527, an inhibitor of Sirt1, Sirt1 levels decreased and acetylated HMGB1
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Figure 1

Figure 1 Hepatocellular injury in mice treated with a high-fat diet plus single binge alcohol. A: Serum levels of alanine aminotransferase and the levels of H2O2
and catalase in C57BL/6 mice fed a control diet for 12 wk or a high-fat diet plus single binge alcohol (n = 12); B: Hematoxylin-eosin stained images (scale bar = 10
μm); C: High mobility group box-1 (HMGB1) staining (scale bar = 20 μm). The black arrow shows HMGB1 translocation; D and E: Western blot analysis for Parp1,
Sirt1, and HMGB1 in whole tissue and HMGB1 in the cytoplasm or in nucleus. HMGB1 acetylation was detected by immunoprecipitation; F: The mRNA expression of
Parp1 and Sirt1 by real-time PCR and liver NAD+ content. All data were presented as mean ± SD. Statistical analysis was done by the Student’s t-test. aP < 0.05 vs
control, bP < 0.01 vs control, cP < 0.01 vs control. HFD/etOH: High-fat diet plus single binge alcohol; ALT: Alanine aminotransferase; HMGB1: High mobility group box1; IP: Immunoprecipitation.

increased, and as a consequence, HMGB1 was translocated from the nuclues to the
cytoplasm (Figure 5A and B). To further investigate the effects of Sirt1 on HMGB1
acetylation and release, Sirt1 knockdown hepatocytes were employed (Figure 5C) and
they strongly enhanced HMGB1 acetylation, accompanied by HMGB1 translocation
from the nuclues to the cytoplasm and release to medium (Figure 5D and E). Because
the decreased Sirt1 was companied with increased HMGB1 hyperacetylation and its
release in H2O2 injured cells, we conclude that the Sirt1 suppression by H2O2 causes
hyperacetylated HMGB1 and finally its release to medium.
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Figure 2

Figure 2 Cytotoxicity increase and high mobility group box-1 release induced by H2O2 in BNL CL cells. A and
B: BNL CL2 cells cultured with H2O2 for 0, 0.5, 2, 8, or 24 h or at different concentrations (0, 100, 500, and 1000
μmol/L); C: 8-hydroxy-2-deoxyguanosine levels in cells treated with 500 μmol/L H2O2 or N-acetylcysteine (NAC); D:
High mobility group box-1 (HMGB1) content in medium detected by ELISA; E: Cells were treated with 500 μM H2O2
for different time intervals HMGB1 content in medium detected by ELISA. Cells were pre-treated with NAC for 24 h,
and then incubated with or without H2O2 (500 μmol/L) for 8 h. All data are presented as the mean ± SD. Statistical
analysis was done by the Student’s t-test. aP < 0.05 vs 0 group, bP < 0.01 vs 0 group, dP < 0.01 vs H2O2 group. 8HOdG: 8-hydroxy-2-deoxyguanosine; NAC: N-acetylcysteine; HMGB1: High mobility group box-1.

H2O2-induced NAD+ depletion by Parp1 leads to suppressed Sirt1 activity
Because the same substrate of NAD + is shared, Parp1 and Sirt1 are functionally
connected. We first determined the effect of H2O2 and DIQ (1,5dihydroxyisoquinoline), a competitive inhibitor of Parp1, on NAD+ levels. The NAD+
levels decreased from 0.5 h and reached approximately 50% inhibition at 8 h, then
restored 24 h after cells were treated with H2O2 (Figure 6A). Likewise, the NAD+ levels
were also inhibited in a dose-dependent manner after H2O2 treatment (Figure 6B).
Furthermore, we examined the effect of DIQ on NAD+ levels. As expected, the NAD+
levels decreased approximately 50% from the control after H2O2 treatment at 8 h,
however, when the cells were pretreated with 100 μmol/L DIQ, the NAD+ levels were
restored to approximately 70% of control, and pretreatment with 300 μmol/L DIQ
reversed the NAD+ levels to over 90% of control (Figure 6C). Next, the effect of Parp1
inhibition on Sirt1 activity was assessed. Cells pretreated with DIQ demonstrated an
increase in Sirt1 activity as compared with cells treated with H2O2 alone (Figure 6D).
To further investigate whether the effect of Parp1 inhibition on Sirt1 activity is related
with its dependence on NAD+ concentration, NAM, a noncompetitive inhibitor of
Sirt1, was employed. Cells pretreated with DIQ and then exposed to H 2 O 2
demonstrated an increase in Sirt1 activity, while cells pretreated with both DIQ and
NAM (5 mmol/L and 10 mmol/L, respectively) failed to exhibit an increase in Sirt1
activity (Figure 6D). These findings verified the importance of NAD+ in mediating
sirt1 activity through Parp1 inhibition.
Hyperacetylation status of HMGB1 is a vital step prior to its release. In our
experiments, the immunoprecipitated nuclear lysates were incubated with antibodies
against HMGB1, and then immunoblotted with acetyl lysine antibodies. As shown in
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Figure 3

Figure 3 H2O2 induced high mobility group box-1 translocation and acetylation. A: Confocal microscopy analysis of cells treated with H2O2 either for different
durations or at different concentrations. (scale bar = 40 μm). The white arrow shows the translocation of high mobility group box-1 (HMGB1) to the cytoplasm; B and
C: HMGB1 expression determined by Western blot; D and E: Acetylated HMGB1 determined by immunoprecipitation. All data are presented as the mean ± SD.
Statistical analysis was done by the Student’s t-test. aP < 0.05 vs 0 group, bP < 0.01 vs 0 group. HMGB1: High mobility group box-1.

Figure 6E, DIQ pretreatment alone had no appreciable effect (Figure 6E, panel 2).
Cells incubated with H2O2 demonstrated an increase in acetylated HMGB1 compared
with untreated cells. Moreover, cells incubated with both DIQ and H2O2 demonstrated
a significant inhibition of acetylation of HMGB1 (Figure 6E and F). Then, when we
investigated the effect of Parp1 inhibition on H 2 O 2 -induced HMGB1 release, the
results showed that HMGB1 release was significantly increased when cells were
treated with H2O2, however, cells pretreated with DIQ (100 μmol/L, or 300 μmol/L)
had a significant decrease (Figure 6G). In contrast, we overexpressed Parp1 in cells to
investigate Sirt1 enzyme activities and HMGB1 release. As shown in Figure 6H and I,
Parp1 overexpression not only suppressed Sirt1 activities, but also promoted HMGB1
release, which is similar to the results with H2O2 treatment.
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Figure 4

Figure 4 H2O2 treatment inhibits Sirt1 expression and activity. A and B: BNL CL2 cells were treated with H2O2 for
0-24 h at 500 μmol/L. Sirt1 levels determined by Western blot; C and D: BNL CL2 cells were treated with H2O2 at 01000 μmol/L for 8 h. Sirt1 levels determined by Western blot; E: Sirt1 deacetylase activity detected by fluorescence
spectrophotometry; F: BNL CL2 cells were treated with H2O2 (500 μmol/L) for 4 h, and then SRT1720, a Sirt1
activator, was added into the medium. The supernatants were collected to determinate high mobility group box-1
content by ELISA. All data are presented as the mean ± SD. Statistical analysis was done by the Student’s t-test. aP
< 0.05 vs 0 group, bP < 0.01 vs 0 group or negative control, dP < 0.01 vs H2O2 group. HMGB1: High mobility group
box-1.

Sirt1 negatively regulates Parp1
Parp1 is a nuclear protein involved in oxidative stress-induced DNA repair and
chromatin remodeling. To examine whether Parp1 is responsive to oxidative stress in
hepatocytes, we subjected cells to H2O2 for different times and concentrations, and the
results showed that both parp1 and acetylated parp1 protein levels increased in a
time- and dose-dependent manner (Figure 7A-D). To preserve cellular NAD+ levels
and thus retain its own function, Sirt1 may deactivate Parp1 by deacetylation of
Parp1. Besides this, Sirt1 is able to negatively regulate the PARP1 promoter[23]. We
therefore hypothesized that a decrease in Sirt1 in cells with H 2 O 2 -induced DNA
damage would increase Parp1 and its acetylation levels. To test this hypothesis, we
examined the mRNA and protein levels of Parp1 levels and its acetylation status in
Sirt1 knockdown cells. Coinciding with our expectation, both the mRNA and protein
levels of Parp1 levels and its acetylation status were significantly increased, which are
in keeping with the results of H2O2 treatment (Figure 7E-G). To further confirm these
findings, cells were exposed to a Sirt1 activator, SRT1720. We also found that Parp1
protein levels and its acetylation status were decreased after incubation with SRT1720
alone or SRT1720 plus H2O2 (Figure 7H and I).

DISCUSSION
Oxidative stress is one of the main mechanisms of either HFD or ethanol-induced
liver injury[24,25]. Alcohol and HFD consumption are known to synergistically induce
hepatocytes damage and steatohepatitis[26]. Our in vivo experiments verified that

WJG

https://www.wjgnet.com

5443

September 28, 2019

Volume 25

Issue 36

Ye TJ et al. H2O2-injured hepatocytes release HMGB1
Figure 5

Figure 5 Sirt1 inhibits high mobility group box-1 translocation and release. A: Acetylated HMGB1 levels determined by immunoprecipitation. EX527, a Sirt1
inhibitor inhibited sirt1 level and promoted HMGB1 acetylation; B: High mobility group box-1 (HMGB1) expression in the nucleus or cytoplasm determined by Western
blot; C: The mRNA and protein levels of Sirt1. BNL CL2 cells were transfected with control lentiviral vector or Sirt1 shRNA lentiviral vector for 48 h. The mRNA and
protein levels of Sirt1 were detected by real-time PCR and Western blot. Multiplicity of infection, refers to the number of lent virus adsorption on the cells and the ratio
of the number of cells in culture; D: HMGB1 translocation; E: HMGB1 content in medium determined by ELISA. All data are presented as the mean ± SD. Statistical
analysis was done by the Student’s t-test. bP < 0.01 vs 0 group or negative control, fP < 0.01 vs control lent viral group. MOI: Multiplicity of infection; HMGB1: High
mobility group box-1.
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Figure 6

Figure 6 Sirt1 activity is inhibited by H2O2 through Parp1-NAD+. A and B: NAD+ contents in cells treated with H2O2 for different durations or at different
concentrations; C: NAD+ contents in cells treated with DIQ, a Parp1 inhibitor; D: Sirt1 activity in cells treated with DIQ and NAM, an NAD+ inhibitor; E and F: High
mobility group box-1 (HMGB1) acetylation in cells treated with DIQ; G: BNL CL2 cells were treated with DIQ or H2O2. And then HMGB1 contents in medium
determined by ELISA; H: HMGB1 contents in medium determined by ELISA in cells treated with CP or Parp1+ transfection; I: Sirt1 activity of cells with Parp1+
transfection. All data are presented as the mean ± SD. Statistical analysis was done by the Student’s t-test. bP < 0.01 vs 0 group or negative control, dP < 0.01 vs
H2O2 group, hP < 0.01 vs H2O2 + DIQ group, iP < 0.01 vs CP group. CP: Control Plasmid.

hepatocytes injury and steatosis accompanied with oxidative stress appeared after
feeding mice with an HFD for 3 mo plus a single binge of ethanol. HMGB1 released
outside the cell was highly acetylated[20] and was related with exposure of hepatocytes
to oxidative stress[27]. ROS plays a critical role in the induction of HMGB1 release[28].
The similar finding from this study was that both mice fed an HFD/etOH and H2O2-
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Figure 7

Figure 7 Sirt1 inhibits Parp1 expression and acetylation in BNL CL2 cells. A-D: Parp1 expression and acetylation in cells treated with H2O2 for different durarions
or at different concentrations; E: The mRNA levels of Parp1 in Sirt1 knockdown cells treated with H2O2; F and G: Parp1 expression and acetylation in Sirt1 knockdown
cells treated with H2O2; H and I: Parp1 expression and acetylation in cells treated with SRT1720, a Sirt1 activator. All data are presented as the mean ± SD. Statistical
analysis was done by the Student’s t-test. aP < 0.05 vs 0 group or negative control, bP < 0.01 or negative control, dP < 0.01 vs H2O2 group, fP < 0.01 vs CLv group, jP
< 0.05 vs shLv group, kP < 0.01 vs shLv group.

treated hepatocytes exacerbated the release of HMGB1 that was highly acetylated.
Posttranslational modifications play a role in HMGB1 localization. Our previous
study found that hyperphosphorylation of HMGB1 has been implicated in its nuclearto-cytoplasmic translocation[29]. Recent studies on HMGB1 release identified that the
decreased activity of SIRT1, an NAD + -dependent histone deacetylase, which is
especially predominant in the nucleus, is critical for HMGB1 hyperacetylation[6].
SIRT1 is also involved in both non-alcoholic fatty liver diseases and alcoholic fatty
liver disease[30]. In the present study, we observed that HMGB1 translocation from the
nucleus to the cytoplasm and the subsequent release were accompanied by time- and
dose-dependent hyperacetylation in H2O2-induced hepatocytes. Similarly, the Sirt1
protein levels and activity also acted in a time- and dose-dependent manner.
Furthermore, we demonstrated that either SIRT1 shRNA or EX527, a specific SIRT1
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inhibitor, promoted HMGB1 hyperacetylation and subsequent release. On the
contrary, SRT1720, a SIRT1 activator suppressed HMGB1 release. A parallel change of
Sirt1 decrease and HMGB1 hyperacetylation and subsequent translocation from the
nucleus to cytoplasm to outside the cell in either mice fed an HFD/etOH or
hepatocytes treated with H2O2 confirmed that Sirt1 plays a key role in HMGB1 release.
Sirt1 and Parp1 are two enzymes functionally connected due to their use of the
common substrate NAD +[7] . Parp1 was shown to have a greater effect on NAD + depletion than Sirt1[31]. Rapid depletion of NAD+ levels by Parp1 inhibits Sirt1 activity
and the capability of Sirt1 to deacetylate its targets responding to genotoxic stress[9].
We demonstrated that NAD+ content in H2O2 treated cells decreased in a time- and
dose-dependent manner. Additionally, this phenomenon was observed with Parp1.
Furthermore, DIQ, a specific Parp1 inhibitor, has antagonism for H2O2 and caused a
rescue of NAD+levels and increased Sirt1 activity, followed by a reduction of HMGB1
release. On the contrary, overexpression of Parp1 has resulted in a decrease in Sirt1
activity and HMGB1 release. We verified that Sirt1 activity inhibition in H2O2-treated
cells was due to overconsuming NAD+ by Parp1. Parp1 is a DNA damage sensor
protein which binds to DNA strand, breaks efficiently, and uses NAD+ as a substrate
to facilitate DNA repair[32,33]. 8-OHdG, a marker of oxidative stress to DNA, was
observed to increase in our study, which supports our hypothesis that NAD+ may be
overconsumed, in part, due to Parp1 activation caused by DNA damage led to sirt1
activity suppression.
In addition that Parp1 negatively regulates Sirt1, Sirt1 may deactivate Parp1 to
preserve cellular NAD + levels and thus retain its own function. Sirt1 is able to
negatively regulate the Parp1 promoter[34] and can deacetylate Parp1[35]. In accordance
with these reports, our results obtained with the use of shRNA of Sirt1 indicated that
the levels of both Parp1 mRNA and protein increased due to Parp1 hyperacetylation.
The contrary results were revealed in cells with Sirt1 activator and SRT1720 treatment.
In summary, our present study demonstrates that functional inhibition of Parp1 and
Sirt1 in H2O2-induced hepatocytes is crucial for HMGB1 release outside the cell,
thereby uncovering a new mechanism for HFD/etOH caused hepatic steatosis (Figure
8).
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Figure 8

Figure 8 Imbalance of mutual inhibition between Parp1 and Sirt1 causes high mobility group box-1 translocation in hepatocytes. HFD+etOH: High-fat diet
plus ethyl alcohol; HMGB1: High mobility group box-1.

ARTICLE HIGHLIGHTS
Research background
High mobility group box-1 (HMGB1) released by injured/dying cells becomes a key of damageassociated molecular patterns molecule to trigger inflammation responses leading to a series of
tissue and organ damage, even diseases. But the details on how the injured hepatocytes released
HMGB1 are to be elicited.

Research motivation
Hepatocytes are the most abundant cell type in the liver and the most easily attacked target, and
loss of hepatocytes would contribute to various hepatic diseases. So, it is important to investigate
the mechanism of HMGB1 release during hepatocyte injury or death.

Research objectives
To elicit HMGB1 release regulated by Sirt1 in injured/ dying hepatocytes, male C57BL/6J mice
fed a high-fat diet (HFD) plus ethyl alcohol (etOH) were employed to assess the HMGB1 release
and translocation from the nuclues to cytoplasm in injured hepatocytes. In vitro, mouse
embryonic hepatocyte cell line BNL.CL2 incubated with H 2 O 2 was further investigate the
regulatory effect of Sirt1 on HMGB1 release. The main aim ofthis study was to understand
HMGB1 release and its regulatory factors during hepatocyte injury/death, which would be a
potential target for clinical therapy.

Research methods
Male C57BL/6J mice were fed an HFD plus etOH to establish a model of hepatocytes
injury/death. Meanwhile, mouse embryonic hepatocyte cell line BNL.CL2 was cultured in vitro
and treated with H 2 O 2 . Serum ALT, liver H 2 O 2 content and catalase activity, lactate
dehydrogenase and 8-hydroxy-2-deoxyguanosine content, NAD+ levels, Sirt1 activity were
detected by spectrophotometry. HMGB1 release was measured by ELISA and its translocation
was detected by immunohistochemistry/immunofluorescence or Western blot. The mRNA and
protein levels were assayed by qPCR and Western blot, respectively. Acetylated HMGB1 and
Parp1 were analyzed by immunoprecipitation.

Research results
After treatment with an HFD plus etOH in vivo or H2O2in vitro toinduce hepatocyte injury,
HMGB1 was translocated from the nucleus to the cytoplasm and passively released outside. This
process occured because HMGB1 was hyperacetylated owing to both Sirt1 protein and activity
suppression. After treatment with Sirt1-siRNA or Sirt1 inhibitor EX527, hyperacetylated HMGB1
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increased (P < 0.01). Further, Sirt1 activity was suppressed by H2O2, which could be reversed by
the Parp1 inhibitor DIQ (P < 0.01).

Research conclusions
When hepatocytes injured/die, HMGB1 is translocated from the nucleus to the cytoplasm and
finally released, which is related with hyperacetylated HMGB1 due to Sirt1 activity inhibition by
NAD+ depletion caused by Parp1 overactivation.

Research perspectives
The future research will focus on herbs affecting this process to investigate the recovery of
injured hepatocyte.
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Abstract
BACKGROUND
Zinc-α2-glycoprotein 1 (AZGP1) plays important roles in metabolism-related
diseases. The underlying molecular mechanisms and therapeutic effects of
AZGP1 remain unknown in non-alcoholic fatty liver disease (NAFLD).
AIM
To explore the effects and potential mechanism of AZGP1 on NAFLD in vivo and
in vitro.
METHODS
The expression of AZGP1 and its effects on hepatocytes were examined in
NAFLD patients, CCl4-treated mice fed a high fat diet (HFD), and human LO2
cells.
RESULTS
AZGP1 levels were significantly decreased in liver tissues of NAFLD patients
and mice. AZGP1 knockdown was found to activate inflammation; enhance
steatogenesis, including promoting lipogenesis [sterol regulatory elementbinding protein (SREBP)-1c, liver X receptor (LXR), fatty acid synthase (FAS),
acetyl-CoA carboxylase (ACC), and stearoyl CoA desaturase 1 (SCD)-1],
increasing lipid transport and accumulation [fatty acid transport protein (FATP),
carnitine palmitoyl transferase (CPT)-1A, and adiponectin], and reducing fatty
acid β-oxidation [farnesoid X receptor (FXR) and peroxisome proliferator-
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activated receptor (PPAR)-α]; accelerate proliferation; and reverse apoptosis in
LO2 cells. AZGP1 overexpression (OV-AZGP1) had the opposite effects.
Furthermore, AZGP1 alleviated NAFLD by blocking TNF-α-mediated
inflammation and intracellular lipid deposition, promoting proliferation, and
inhibiting apoptosis in LO2 cells. Finally, treatment with OV-AZGP1 plasmid
dramatically improved liver injury and eliminated liver fat in NAFLD mice.
CONCLUSION
AZGP1 attenuates NAFLD with regard to ameliorating inflammation,
accelerating lipolysis, promoting proliferation, and reducing apoptosis by
negatively regulating TNF-α. AZGP1 is suggested to be a novel promising
therapeutic target for NAFLD.
Key words: Non-alcoholic fatty liver disease; Zinc-α2-glycoprotein 1; Tumour necrosis
factor-α; Inflammation; Lipid metabolism
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The expression of zinc-α2-glycoprotein 1 (AZGP1) was significantly downregulated in liver tissues of non-alcoholic fatty liver disease (NAFLD) patients and mice.
In LO2 cells, AZGP1 had the effects of alleviating NAFLD by means of blocking
tumour necrosis factor-α signalling mediated inflammation and intracellular lipid
deposition, promoting proliferation, and inhibiting apoptosis. AZGP1 treatment could
attenuate NAFLD to some extent in mice. Therefore, AZGP1 is suggested to be a novel
promising therapeutic target for NAFLD.

Citation: Liu T, Luo X, Li ZH, Wu JC, Luo SZ, Xu MY. Zinc-α2-glycoprotein 1 attenuates
non-alcoholic fatty liver disease by negatively regulating tumour necrosis factor-α. World J
Gastroenterol 2019; 25(36): 5451-5468
URL: https://www.wjgnet.com/1007-9327/full/v25/i36/5451.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i36.5451

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) affects 25% of the global adult population
and is highly prevalent on all continents. The highest rates are reported in South
America and the Middle East (31%-32%), followed by Asia (27%), the USA, and
Europe (23%-24%)[1-3]. The contribution of NAFLD to the burden of end-stage liver
disease and hepatocellular carcinoma (HCC) is growing and is projected to surpass
hepatitis C as the principal indication for liver transplantation[4]. Given the high
prevalence and the fact that there is no effective treatment, a better understanding of
the pathogenesis is essential to identify targets and overcome this epidemic disease.
Zinc-α2-glycoprotein (AZGP1) was first discovered in human plasma and
subsequently purified by Burgi in 1961[5]. Later, it was found in many body fluids,
such as sweat, saliva, and urine [5,6] . AZGP1, a 41 kDa glycoprotein assigned to
chromosome 7q22.1, is a secreted glycoprotein that is synthesized by epithelial cells
and adipocytes of many organs[7]. AZGP1 plays a role in lipolysis, regulation of
metabolism, and cell proliferation and differentiation [7] . AZGP1 could also be a
potential marker for the diagnosis of obesity-induced NAFLD [8-10] . Furthermore,
AZGP1 was found to be correlated with tumour necrosis factor-α (TNF-α) in the
adipose tissue and liver of obese mice [11] . However, the complex molecular
mechanisms underlying AZGP1 and obesity-induced NAFLD are not fully
understood. Our study focused on how AZGP1 regulates inflammation and lipid
metabolism; clarified the functions of AZGP1 in NAFLD patients, LO2 cells, and
NAFLD mice; and provided new insights for future therapeutic strategies against
NAFLD.
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MATERIALS AND METHODS
Human liver tissues
Liver tissues were obtained from patients with chronic hepatitis B (CHB, n = 6) or
NAFLD (n = 6) who received percutaneous liver needle biopsy. The diagnosis of
NAFLD was based on the detection of hepatic steatosis (intrahepatic triglyceride
content ≥ 5.5% by magnetic resonance imaging or steatosis in ≥ 5% of hepatocytes by
histology) and exclusion of the patients who consumed > 30 g of alcohol per day and
other liver diseases by histology and suitable investigations[12-14]. Our research focused
on hepatocytes in NAFLD patients, so there were no associated hepatitis or toxic
substances use. All liver samples were classified as steatotic according to NAFLD
activity scoring [15] and the NASH Clinical Research Network scoring system [16] ;
inflammation grade and fibrosis stage were based on Scheuer’s classification[17]. CHB
group samples were identified as inflammation grade (G0-2)[17]/fibrosis stage (S01)[17]/steatosis degree (F0-1)[15,16], and NAFLD group samples were identified as G02[17]/S0-1[17]/F3[15,16]. Six liver samples (CHB and NAFLD groups, n = 3 each) were
subjected to immunohistochemistry (IHC); another six samples (CHB and NAFLD
groups, n = 3 each) were subjected to quantitative polymerase chain reaction (qPCR)
and Western blot analysis. All patients provided written informed consent, and the
study was approved by the Ethics Committee of Shanghai General Hospital.

NAFLD mouse model
Male C57BL/6 mice were randomly separated into four groups [control (low fat diet,
LFD), HFD (high fat diet), HFD + CCl4, and HFD + CCl4 + AZGP1; n = 6 each] at 8 wk
of age (Shanghai SLAC Laboratory Animal Co. Ltd, Shanghai, China). All mice were
fed an LFD or HFD (containing 60% calories from fat, BioServ, Frenchtown, NJ,
United States) for 14 wk and then sacrificed. Mice were injected with CCl4 (SigmaAldrich Corp, St. Louis, MO, United States) three times a week during the final 6
weeks to establish a liver injury and cirrhosis model in the HFD + CCl4 and HFD +
CCl4 + AZGP1 groups; while oil (2 µL/g, 3 times a week) was used for the LFD and
HFD groups. A plasmid overexpressing AZGP1 (OV-AZGP1) was intravenously
injected into the tail of mice once every 2 d during the final 2 wk[18,19] in the HFD +
CCl4 + AZGP1 group, and other groups were injected with a control plasmid (GV315).
The plasmid GV315 or OV-AZGP1 for mice (25 µg, Shanghai GenePharma Co. Ltd,
Shanghai, China, Supplementary Table 1) was mixed with Lipofectamine 2000 (40 µL,
Invitrogen Life Technologies, CA, United States) and incubated at room temperature
for 30 min. Blood samples and liver tissues were collected and stored at -80 °C. All
samples of the four groups were subjected to haematoxylin and eosin (HE) staining,
Sirius red staining, qPCR, Western blot, immunofluorescence (IF) staining,
measurements of serum alanine transaminase (ALT), and oil red O (ORO) staining.
Animal experiments were carried out according to the guidelines of Shanghai Jiao
Tong University School of Medicine and approved by the Ethics Committee of
Shanghai General Hospital.

Cell culture and plasmid transfection
A human normal hepatic cell line (LO2) was used in this study. Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) (HyClone, United States)
supplemented with 100 mg/ml streptomycin, 100 IU/ml penicillin, and 10% foetal
bovine serum (HyClone). Overexpression was accomplished by transfection with the
plasmids pEX-3 and OV-AZGP1 for 48 h (Shanghai GenePharma Co. Ltd; Supplementary Table 1). Knockdown was accomplished by transfection with the pGPU6
plasmid AZGP1 shRNA (sh-AZGP1) and TNF-α shRNA (sh-TNF-α) for 48 h
(Shanghai GenePharma Co. Ltd; Supplementary Table 1). Transfection was performed
using Lipofectamine 2000 according to the manufacturer’s instructions. Cells were
treated with 300 µmol/L palmitic acid (PA, Sigma-Aldrich Corp) under serum-free
conditions.

qPCR
Hieff qPCR SYBR Green Master Mix (Applied Biosystems, CA, United States) and
Hieff First Strand cDNA Synthesis Super Mix for RT-qPCR (Applied Biosystems)
were used for qPCR. The mRNA levels of specific genes were normalized to that of βactin. The primers used are listed in Supplementary Table 2.

Western blot analysis
Western blot was performed using the following antibodies: Anti-TNF-α (1:100); antiinterleukin (IL)-1β and anti-nuclear factor-κ-gene binding (NF-κB) p50 (1:200); anti-Bcell lymphoma 2 (Bcl2) (1:500); anti-AZGP1, anti-IL-6, anti-liver X receptor (LXR),
anti-fatty acid synthase (FAS), anti-stearoyl CoA desaturase 1 (SCD-1), anti-farnesoid
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X receptor (FXR), anti-carnitine palmitoyl transferase (CPT)-1A, anti-fatty acid
transport protein (FATP), anti-proliferating cell nuclear antigen (PCNA), anti-cyclin
D1, and anti-caspase 3 (1:1000); and horseradish peroxidase (HRP)-conjugated
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (1:10000); the secondary
antibody was HRP-immunoglobulin G (IgG, 1:20000). Detailed information on the
primary antibodies is provided in Supplementary Table 3.

IHC and IF staining
Antibodies for AZGP1 (1:200), TNF-α (1:20), IL-6 (1:200), and NF-κB (1:50) were used.
Cell nuclei were stained with 4’6-diamidino-2-phenylindole (DAPI) for IF staining.
The secondary antibody used for IF staining was Alexa Fluor 488/594 AffiniPure goat
anti-rabbit IgG (H+L) (Santa Cruz Biotechnology, TX, United States). IHC images
were obtained using an inverted microscope (Leica Microsystems, Germany), and IF
images were obtained using a laser confocal microscope (Leica Microsystems).

Cell proliferation assay
Cell Counting Kit-8 (CCK-8) assays (Roche Applied Science, IN, United States) were
used to examine cell proliferation. The optical density (OD) value was measured with
a microplate reader (Leica Microsystems) at 450 nm.

Cell apoptosis analysis
Cells were washed with phosphate buffer solution (PBS) and resuspended in 100 µL
of binding buffer containing 5 µL of Annexin V-FITC and 10 µL of propidium iodide
(PI) staining solution. After incubation for 10 minutes, the samples were analysed
using a flow cytometer (BD AccuriTM C6, ThermoFisher Scientific, MA, United States).

Cell cycle analysis
Cells were harvested, washed with PBS, and fixed in 70% ice-cold ethanol overnight.
Then, the cells were washed with PBS and stained with PI (50 ng/mL) in staining
buffer supplemented with RNase A (50 mg/mL) at room temperature in the dark for
30 min. Analyses of the cell cycle distribution were conducted with an Accuri C6 flow
cytometer (BD Biosciences, United States) and ModFit LT software.

ORO staining
Lipid accumulation was evaluated by ORO staining. Briefly, samples were fixed with
4% paraformaldehyde for 30 min and then stained with ORO (Yeasen Bio., Beijing,
China) for 15 min. Then, the cells were destained with 60% isopropanol. After
washing in PBS repeatedly, the cells were examined by light microscopy to determine
lipid droplet accumulation.

Measurements of serum ALT
Serum ALT concentrations were determined using an ALT Activity Assay Kit
(Nanjing Jiancheng Bioengineering Institute, Jiangsu, China). The OD value was
measured with a microplate reader (Leica Microsystems) at 510 nm.

HE and Sirius red staining
Formalin-fixed mouse liver tissue samples were embedded in paraffin, cut into 5-μm
thick sections, and then stained with HE and Sirius red. Cell nuclei were stained with
hematoxylin for counterstaining. The images were obtained using an inverted
microscope (Leica Microsystems, Germany).

Statistical analysis
The results are expressed as the mean ± standard deviation (SD), and all experiments
were repeated at least three times. Comparisons between two groups were analyzed
using an independent t-test; differences among groups were performed by one-way
ANOVA. All statistical analyses were done using SPSS 19.0 (SPSS Inc., Chicago, IL,
United States). A P-value less than 0.05 was considered statistically significant.

RESULTS
AZGP1 is markedly down-regulated in liver samples of NAFLD patients
To understand the expression and function of AZGP1 in NAFLD, we first detected
AZGP1 in human NAFLD samples. IHC staining revealed that compared with the
CHB patients, the liver tissues from NAFLD patients had only a few AZGP1-positive
cells (Figure 1A). Furthermore, AZGP1 levels were significantly lower in the NAFLD
livers than in the CHB livers at both the mRNA and protein levels (Figure 1B and C).
Therefore, we speculate that the loss of AZGP1 is an unknown pathogenic factor in
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human NAFLD.

AZGP1 negatively regulates liver inflammatory factors in human hepatocytes
Inflammatory factors such as TNF-α, IL-1β, IL-6, NF-κB, and MCP-1 were reported to
be significantly elevated in mice fed an HFD compared to mice fed an LFD[20-22]. We
examined the effects of AZGP1 on liver inflammation by overexpressing or knocking
down AZGP1 in LO2 cells (Supplementary Figure 1) after exposure to PA. PA
treatment elevated the expression of inflammatory factors such as TNF-α, IL-1β, IL-6,
NF-κB, and MCP-1 at both the mRNA (Figure 2A and D) and protein levels (except
MCP-1, Figure 2B and E). OV-AZGP1 led to a dramatic decrease in these
inflammatory factors at the mRNA and protein levels (Figure 2A and B); in contrast,
sh-AZGP1 led to a significant increase in these factors (Figure 2D and E) with or
without PA. Furthermore, IF assays showed that PA suppressed AZGP1 and activated
TNF-α protein in LO2 cells (Figure 2C and F). OV-AZGP1 decreased and sh-AZGP1
enhanced TNF-α protein expression (Figure 2C and F) regardless of incubation with
PA. Double-label fluorescence revealed that AZGP1 and TNF-α co-localized in
nucleoplasmic foci and identified that their expression was negatively correlated
(Figure 2C and F). Therefore, our findings suggested that AZGP1 negatively regulates
liver inflammatory factors, especially TNF-α, in PA-stimulated LO2 cells.

AZGP1 suppresses lipid synthesis and accelerates lipolysis in human hepatocytes
Lipotoxicity in hepatocytes induced by PA has been implicated in the development of
NAFLD. ORO staining showed that exposure to PA led to strong intracellular lipid
accumulation in LO2 cells (Figure 3A). Cellular fat droplets dramatically decreased in
OV-AZGP1 ± PA cells compared to the control cells (Figure 3A). On the other hand,
markedly increased fat droplets were observed in the sh-AZGP1 ± PA groups
compared to the control group (Figure 3B). Then, we examined whether AZGP1
affects lipid metabolism pathways in hepatocytes. First, lipogenesis factors, including
metabolic nuclear receptors (SREBP-1c and LXR) and lipogenic enzymes [FAS, acetylCoA carboxylase (ACC) and SCD-1] in the liver, were checked. OV-AZGP1 caused an
apparent decrease in SREBP-1c, LXR, FAS, ACC, and SCD-1 mRNA and protein levels
in LO2 cells incubated with PA or not, when compared to each control cell (Figure 3C
and E). Additionally, compared to the controls, sh-AZGP1 led to a more obvious
increase (Figure 3D and F). FXR and peroxisome proliferator-activated receptor
(PPAR)-α are nuclear receptors that mediate fatty acid β-oxidation in hepatocytes.
OV-AZGP1 increased the FXR and PPAR-α mRNA and protein expression levels that
were suppressed by PA (Figure 3C and E). In contrast, sh-AZGP1 decreased their
expression (Figure 3D and F). Then, the expression of FATP and CPT-1A (which are
related to lipid transport and fatty acid β-oxidation) in LO2 cells was detected. Only
after incubation with PA, OV-AZGP1 decreased FATP or increased CPT-1A
expression (Figure 3C and E); sh-AZGP1 reversed these effects (Figure 3D and F).
Adiponectin is an important adipokine that suppresses lipid accumulation in the
liver[23]. Expression of adiponectin mRNA decreased in PA-treated LO2 cells (Figure
3C). OV-AZGP1 significantly increased adiponectin mRNA levels while sh-AZGP1
markedly decreased adiponectin mRNA levels in LO2 cells (Figure 3C and D). In
brief, AZGP1 suppressed lipid biogenesis, transport, and accumulation, and
accelerated fatty acid β-oxidation in PA-stimulated LO2 cells.

AZGP1 promotes proliferation and inhibits apoptosis in human hepatocytes
Next, we clarified the effects of AZGP1 on the proliferation and apoptosis of LO2
cells. PA treatment inhibited the expression of PCNA and cyclin D1 at both the
mRNA and protein levels (Figure 4A, B, E and F); OV-AZGP1 increased those levels
(Figure 4A and B), and sh-AZGP1 decreased them (Figure 4E and F) in both low
(without PA) and high (with PA) fat environments. CCK-8 assays also indicated that
PA treatment suppressed cell proliferation; OV-AZGP1 significantly reversed this
effect, and sh-AZGP1 further suppressed proliferation in both low and high fat
environments (Figure 4C and G). Flow cytometry also proved that OV-AZGP1
promoted cell proliferation (pEX-3: 0.30 vs OV-AZGP1: 0.42, P = 2.00E-04; pEX-3+PA:
0.27 vs OV-AZGP1+PA: 0.38, P = 9.00E-04) and that AZGP1 deficiency inhibited cell
proliferation (sh-CTRL: 0.43 vs sh-AZGP1: 0.36, P = 1.20E-03; sh-CTRL + PA: 0.33 vs
sh-AZGP1 + PA: 0.27, P = 2.00E-05; Figure 4D and H) under both low and high fat
conditions. Furthermore, we found that the percentage of cells in the G0/G1 phase
decreased, and the percentage of cells in the S and G2/M phases increased in OVAZGP1 LO2 cells compared to pEX-3 cells with or without PA stimulation; sh-AZGP1
had the opposite effect (Figure 4D and H). Additionally, the effect of AZGP1 on cell
apoptosis was investigated in LO2 cells. PA treatment inhibited the expression of Bcl2
and elevated the expression of caspase 3 at both the mRNA and protein levels (Figure
4I, J, L and M); as expected, OV-AZGP1 counteracted these effects (Figure 4I and J)
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Figure 1

Figure 1 Expression of AZGP1 in liver tissues of chronic hepatitis B and non-alcoholic fatty liver disease patients. IHC-stained AZGP1 is showed in human
liver tissues (A) of two chronic hepatitis B (CHB) and non-alcoholic fatty liver disease (NAFLD) patients. AZGP1 mRNA (B) and protein (C) expression is showed in
liver tissues of another group of CHB and NAFLD patients (n = 3 each). aP < 0.05 vs CHB group. CHB: Chronic hepatitis B; NAFLD: Non-alcoholic fatty liver disease.

and sh-AZGP1 enhanced them (Figure 4L-M). The results of Annexin V-PI staining
showed that the proportion of early-stage apoptotic cells significantly increased
following exposure to PA (Figure 4K and N). Furthermore, OV-AZGP1 decreased the
percentage of apoptotic cells (pEX-3: 26% vs OV-AZGP1: 9%, P = 1.80E-03; pEX-3 +
PA: 30% vs OV-AZGP1 + PA: 21%, P = 2.30E-03), and sh-AZGP1 increased the
percentage of apoptotic cells (sh-CTRL: 12% vs shAZGP1: 16%, P = 1.56E-02; sh-CTRL
+ PA: 15% vs shAZGP1 + PA: 23%, P = 3.00E-04; Figure 4K and N). Therefore, AZGP1
accelerated proliferation and reduced apoptosis in PA-stimulated LO2 cells.

AZGP1 exerts multiple functions by blocking TNF-α in human hepatocytes
To further explore the modulatory effect of TNF-α on AZGP1, we constructed OVTNF-α in OV-AZGP1 LO2 cells. OV-TNF-α could reverse the effects of OV-AZGP1
that down-regulated inflammatory factors NF-κB and IL-6 (Figs. 5A-B). More fat
droplets accumulated in the OV-AZGP1 + OV-TNF-α group than in the OV-AZGP1
group (Figure 5C). OV-TNF-α could down-regulate pro-proliferative factors PCNA
and cyclin D1 which were up-regulated by OV-AZGP1 (Figure 5A and B). OV-TNF-α
significantly reversed the pro-proliferative effect of OV-AZGP1 (Figure 5D). And OVTNF-α reversed the effect on apoptotic factors Bcl2 and caspase 3 in OV-AZGP1 cells
(Figure 5A and B). OV-TNF-α visibly increased the percentage of apoptotic cells,
which decreased in OV-AZGP1 cells (OV-AZGP1/OV-AZGP1 + OV-TNFα: 0.09/0.17,
P = 5.09E-03; Figure 5E). Then, we treated LO2 cells with sh-AZGP1 or sh-TNF-α. ShTNF-α also reversed the effects of sh-AZGP1 on NF-κB and IL-6 (Figure 5F and G).
Fewer cellular fat droplets were seen in the sh-AZGP1 + sh-TNF-α group than in the
sh-AZGP1 group (Figure 5H). The sh-TNF-α cells were unable to inhibit PCNA and
cyclin D1 in the sh-AZGP1 cells (Figure 5F and G). Sh-TNF-α significantly reversed
the proliferation-inhibiting effect of sh-AZGP1 (Figure 5I). The changes of Bcl2 and
caspase 3 in sh-AZGP1 cells were reversed by sh-TNF-α (Figure 5F and G). Also shTNF-α visibly reduced the percentage of apoptotic cells, which was elevated by shAZGP1 (sh-AZGP1/sh-AZGP1 + sh-TNFα: 0.15/0.10, P = 1.59E-03; Figure 5J). We
concluded that AZGP1 cannot inactivate inflammation, reduce lipid accumulation,
promote proliferation, or suppress apoptosis without TNF-α in LO2 cells.

AZGP1 negatively regulates TNF-α, resulting in the alleviation of liver steatosis and
fibrosis in NAFLD mice
To explore the role of AZGP1 in NAFLD, we established HFD-induced liver steatosis
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Figure 2

Figure 2 Inhibition of inflammation by AZGP1 in LO2 cells. TNF-α, IL-1β, IL-6, NF-κB, and MCP-1 mRNA and protein expression was detected in LO2 cells, pEX3 ± PA/OV-AZGP1 ± PA groups (A-B), and sh-CTRL ± PA/sh-AZGP1 ± PA groups (D-E). IF staining of LO2 cells shows nuclei (blue), AZGP1 protein (green), and
TNF-α protein (red) in these groups (C/F). aP < 0.05 vs pEX-3 or sh-CTRL cells; aP < 0.05 vs pEX-3 + PA or sh-CTRL + PA cells.

and CCl4-induced liver fibrosis mouse models; furthermore, the OV-AZGP1 plasmid
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Figure 3

Figure 3 Regulation of lipid metabolism by AZGP1 in LO2 cells. ORO staining of lipids in LO2 cells is shown in pEX-3 ± PA/OV-AZGP1 ± PA groups (A) and shCTRL ± PA/sh-AZGP1 ± PA groups (B). SREBP-1c, LXR, FAS, ACC, SCD-1, FXR, PPAR-α, FATP, CPT-1A, and adiponectin mRNA and protein expression was
detected in the pEX-3 ± PA/OV-AZGP1 ± PA groups (C/E) and sh-CTRL ± PA/sh-AZGP1 ± PA groups (D/F). aP < 0.05 vs pEX-3 or sh-CTRL cells; cP < 0.05 vs pEX3 + PA or sh-CTRL + PA cells.

was injected as a therapy. HE staining showed that mice in the HFD group developed
steatosis; additionally, hepatocytes stored fat droplets, especially those hepatocytes
located around the central vein. Mice in the HFD + CCl 4 group showed lobular
inflammation together with hepatocellular ballooning; furthermore, AZGP1 treatment
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Figure 4 Proliferation and apoptosis regulation by AZGP1 in LO2 cells. PCNA and cyclin D1 mRNA (A/E) and protein (B/F) expression was detected in LO2
cells. Cell viability was determined using CCK-8 assays (C/G). Cell cycle and proliferation analyses were conducted by flow cytometry (D/H). Bcl2 and caspase 3
mRNA (I/L) and protein (J/M) expression was detected in LO2 cells. The rate of apoptosis was tested using flow cytometry (K/N). aP < 0.05 vs pEX-3 or sh-CTRL cells;
c
P < 0.05 vs pEX-3 + PA or sh-CTRL + PA cells.

significantly alleviated hepatic steatosis and inflammation in the HFD + CCl 4 +
AZGP1 group (Figure 6A). Sirius red staining revealed that there was no fibrosis in
the mice of the control or HFD groups and there was advanced fibrosis in the HFD +
CCl4 group; furthermore, AZGP1 treatment slightly ameliorated the degree of liver
fibrosis in the HFD + CCl4 + AZGP1 group (Figure 6B). Hepatic AZGP1 mRNA and
protein levels were lower in the HFD ± CCl4 groups than in the control group, while
these levels were highest in the HFD + CCl4 + AZGP1 group with OV-AZGP1 plasmid
injection (Figure 6C-E). In contrast, hepatic TNF-α mRNA and protein levels were
notably higher in the HFD ± CCl4 groups than in the controls; AZGP1 treatment
significantly down-regulated these levels (Figure 6C-E). Moreover, double IF staining
for AZGP1 and TNF-α in hepatocytes indicated that the two proteins co-localized in
nucleoplasmic foci and AZGP1 displayed a negative correlation with TNF-α (Figure
6E). Overall, AZGP1 counteracted TNF-α, relieving liver steatosis or fibrosis in HFD
and CCl4-induced NAFLD mice.

AZGP1 ameliorates liver inflammation and lipid deposition in NAFLD mice
Serum ALT levels markedly increased in the HFD ± CCl4 groups compared with the
control group, but they obviously decreased in the HFD + CCl4 + AZGP1 group
compared with the HFD + CCl4 group (Figure 6F). IL-1β, IL-6, NF-κB, and MCP-1
significantly increased in the HFD ± CCl4 groups compared with the controls, but
AZGP1 treatment reversed the increase (Figure 6G and H). ORO staining indicated
mild diffuse steatosis in the control mice and aggravated steatosis in the HFD ± CCl4
groups; AZGP1 treatment obviously attenuated hepatic steatosis caused by HFD and
CCl4 (Figure 6I). SREBP-1c, LXR, FAS, ACC, SCD-1, and FATP were notably upregulated in the HFD ± CCl4 groups compared to the control group; similarly, AZGP1
treatment reversed these effects (Figure 6J and K). Interestingly, CPT-1A was further
up-regulated in the HFD + CCl4 + AZGP1 group compared to the HFD + CCl4 group
(Figure 6J and K). Moreover, FXR, PPARα, and adiponectin were extraordinarily
down-regulated in the HFD ± CCl4 groups compared with the control group, and
AZGP1 treatment reversed this effect (Figure 6J and K). In conclusion, AZGP1
regulated inflammation and lipid metabolism factors, resulting in the amelioration of
HFD- and CCl4-induced NAFLD in mice.

DISCUSSION
NAFLD has already become the most common cause of chronic liver disease in many
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Figure 5 AZGP1 exerts multiple functions by blocking TNF-α in LO2 cells. All experiments were performed in LO2 cells, which were divided into six groups (pEX3, OV-AZGP1, OV-AZGP1 + OV-TNF-α, sh-CTRL, sh-AZGP1, and sh-AZGP1 + sh-TNF-α). AZGP1, TNF-α, NF-κB, IL-6, PCNA, cyclin D1, Bcl2, and caspase 3
mRNA (A, F) and protein (B, G) expression was detected. ORO staining (C, H) of LO2 cells is shown. Cell viability (D, I) was determined using CCK-8 assays. The
rate of apoptotic LO2 cells was tested using flow cytometry (E, J). aP < 0.05 vs pEX-3 or sh-CTRL cells; cP < 0.05 vs OV-AZGP1 or sh-AZGP1 cells.

parts of the world[24]. Over the last decade, the clinical burden of NAFLD has not only
been limited to liver-related morbidity and mortality, but there has also been
increasing evidence that NAFLD is a multisystem disease that influences extrahepatic
organs and regulatory pathways [25] . Therefore, it is necessary to explore the
pathogenesis and treatment of NAFLD. Liu et al found that AZGP1 dramatically
decreased with obesity in Chinese people and HFD-induced obese mice[26]. In our
study, we found that the expression of AZGP1 was significantly low in the liver
tissues of NAFLD patients and mice (HFD + CCl4 model) at both the mRNA and
protein levels. Therefore, we inferred that the loss of AZGP1 in the liver highly
suggested the progression of NAFLD.
Inflammation is conducive to the pathogenesis of the majority of acute and chronic
liver diseases, such as NAFLD, alcoholic fatty liver disease, liver transplantation, and
viral hepatitis[27,28]. The inflammatory responses could be characterized by a common
spectrum of genes and endogenous mediators involved, including inflammatory
cytokines such as TNF-α, IL-1β, IL-6, and IL-8[29,30]. Li et al[20] found that an HFD,
compared to an LFD, resulted in a dramatic increase in the serum levels of TNF-α, IL1β, IL-6, and ALT. In our study, AZGP1 down-regulated inflammatory factors (TNFα, IL-1β, IL-6, NF-κB, and MCP-1) in human hepatocytes and NAFLD mice. Knocking
down AZGP1 had the opposite effect on inflammation in hepatocytes. Furthermore,
our earlier study indicated that the loss of AZGP1 was related to cell proliferation and
apoptosis[31]. Our data suggested that AZGP1 could promote proliferation and inhibit
apoptosis, while the loss of AZGP1 had the opposite effects in hepatocytes.
Although there is strong evidence linking AZGP1 with lipolysis[32-34], the explicit
physiological function of AZGP1 in liver lipid metabolism in vitro remains unclear.
Our research illuminated the significance of AZGP1 in hepatic lipid metabolism
related to NAFLD. Knockdown of AZGP1 increased the deposition of lipids; on the
contrary, the overexpression of AZGP1 reversed this effect in hepatocytes and the
liver of NAFLD mice under low or high fat conditions. It could be concluded that
AZGP1 plays an important role in hepatic lipid degradation both in vitro or in vivo.
Hepatic lipid accumulation stems from an imbalance between lipid usability (from
circulating lipid uptake or de novo fatty acid synthesis) and lipid disposal (via
triglyceride-rich lipoprotein secretion or free fatty acid oxidation). Thus, we detected
the key enzymes in these pathways to evaluate the influence of AZGP1 on these
processes. FAS is a rate-limiting enzyme in de novo fatty acid synthesis[35]. ACC is a
rate-limiting enzyme in the synthesis of malonyl-CoA (a key precursor for fatty acid
biological synthesis) [36] . SCD-1 is a microsomal enzyme that is important for the
synthesis of monounsaturated fatty acids [37] . Our study indicated that AZGP1
inhibited the activities of these enzymes (FAS, ACC, and SCD-1), which increased
hepatic intracellular lipid deposition. Down-regulation of lipogenesis after the
overexpression of AZGP1 indicated that AZGP1 was an important negative regulator
of adipogenesis in hepatocytes and mice. Liver metabolic nuclear receptors play
significant roles in the pathogenesis of NAFLD[38]. The receptors are involved in lipid
uptake, storage, oxidation, and export and lipolysis. PPARα and FXR (the bile acidactivated nuclear receptor) take part in lipogenesis [ 3 9 ] ; SREBP-1c and LXR
(transcription factors) positively regulate fatty acid synthesis in hepatocytes[40]. Our
research also indicated that AZGP1 promoted lipolysis and inhibited lipogenesis by
regulating the metabolic nuclear receptors PPARα, FXR, SREBP-1c, and LXR in
hepatocytes and mice. Furthermore, we also found that AZGP1 down-regulated FATP
to decrease lipid transport and up-regulated CPT-1A to promote fatty acid βoxidation in high fat conditions. Finally, adiponectin is reported to activate fatty acid
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Figure 6 Expression of AZGP1/TNF-α, inflammation, and lipid metabolism regulation by AZGP1 in the non-alcoholic fatty liver disease mouse model. Liver
tissue images after HE (A) and Sirius red (B) staining are shown in four mouse groups [control (con), HFD, HFD + CCl4, and HFD + CCl4 + AZGP1]. Levels of AZGP1
and TNF-α mRNA (C) and protein (D) were detected in the four mouse groups. IF staining (E) with DAPI (blue) and for AZGP1 (green) and TNF-α (red) was also
examined in mice. Serum ALT levels (F) were examined using an ELISA kit in the four mouse groups. IL-1β, IL-6, NF-κB, and MCP-1 mRNA (G) and protein (H)
expression levels were detected in the four groups. Representative images of ORO staining (I) are shown for the four groups. SREBP-1c, LXR, FAS, ACC, SCD-1,
FXR, PPARα, FATP, CPT-1A, and adiponectin mRNA (J) and protein (K) expression was detected in the four groups. aP < 0.05 vs control mice; cP < 0.05 vs HFD +
CCl4 mice.

oxidation by up-regulating CPT-1A, to suppress lipogenesis by down-regulating FAS
and ACC, and to prevent free fatty acid influx by decreasing CD36, thereby relieving
fatty liver [ 4 1 ] . We also observed that AZGP1 may indirectly suppress lipid
accumulation by activating adiponectin in hepatocytes. Therefore, our results indicate
new molecular mechanisms for metabolic nuclear receptors in NAFLD pathogenesis
and provide novel targets for the advancement of treatments for NAFLD.
Finally, we characterized the signalling pathway modulated by AZGP1 in
hepatocytes. Mracek et al[11] discovered that the inhibitory effect of TNF-α would lead
to a reduction in AZGP1 and its production, thus increasing susceptibility to lipid
accumulation in adipose tissue and obese mice. TNF-α is an important activator of
NF-κB, which, in turn, is a potent inducer of TNF-α; this positive feedback is key in
chronic inflammatory conditions[42]. We found that sh-AZGP1 could not activate
hepatocyte inflammation (NF-κB or IL-6), apoptosis, and intracellular lipid
accumulation or inhibit proliferation when used with sh-TNF-α simultaneously. Also,
OV-TNF-α could partially reverse the effect of OV-AZGP1. Double IF staining for
AZGP1 and TNF-α in LO2 cells showed a negative relation between AZGP1 and TNFα. Therefore, we concluded that the lack of AZGP1 played a role in exacerbating
NAFLD by activating TNF-α.
Regarding the effect of AZGP1, our previous study also found that the deletion of
AZGP1 induced epithelial-mesenchymal transition (EMT), accompanied by confusion
of energy metabolism, reduction of cell proliferation and apoptosis, and increased
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invasion, and finally, AZGP1 suppressed hepatic carcinogenesis by blocking TGFβ1extracellular regulated protein kinases (ERK2) signaling pathway[31]. A study by Hyun
Sik et al found that AZGP1 aggravated the development of inflammatory diseases by
forming a vicious circle with IL-17, such as rheumatoid arthritis patients with an
HFD[43]. It has also been found that AZGP1 inhibited the inflammatory response
associated with obesity by blocking the NF-κB signaling pathway [44] . Moreover,
AZGP1 reduced insulin resistance by promoting the insulin receptor substrate-1 (IRS1)/protein kinase B (AKT) signaling pathway[44]. Research on AZGP1 and fatty liver
found that AZGP1 reduced intracellular lipid deposition by up-regulating lipolysis
genes and down-regulating the expression of adipogenic genes[44]; Xiao et al[8] also
found that AZGP1 can significantly inhibit lipogenesis, promote lipolysis and fatty
acid β oxidation, and reduce PA-induced intracellular lipid deposition. Our results
are similar to these studies.
Since the role of AZGP1 remains unclear, there is the possibility that AZGP1 loss
could be a consequence of an unknown cause and not a cause of damage. Our study
found that the expression of AZGP1 was reduced in both NAFLD patients and CCl4treated mice fed an HFD, which are similar to previous studies[8,11,45]. We found that
the disease state of NAFLD was aggravated after knocking down AZGP1 by
artificially applying plasmid-based shRNA to LO2 cells. However, there was no
relevant literature on the exact cause of AZGP1 loss. Although the specific mechanism
is still unclear, the expression of AZGP1 could be partially attributed to the
acetylation of histone, which regulated gene viability by altering the structure of
chromatin[46]. Tian et al[47] reported that deacetylation of histone H4 decreased AZGP1
expression by inhibiting the transcription factor Ikaros binds to the promoter of
AZGP1 in HCC cells. Daniel and his colleagues found that AZGP1 is upregulated in
lung adenocarcinoma due to acetylation[48]. Kong et al[49] had also reported that AZGP1
is absent from pancreatic ductal adenocarcinoma due to histone deacetylation.
However, whether histone deacetylation contributes to the decreased expression of
AZGP1 found in our study requires further investigation. If we want to study
whether the loss of AZGP1 alone will directly induce the occurrence of injury, we
may need AZGP1 knockout mice, molecular biology studies and so on.
In conclusion, AZGP1 loss aggravates liver inflammation, promotes intracellular
lipid accumulation, suppresses lipid degradation metabolism, reduces cell
proliferation, and promotes cell apoptosis. AZGP1 reverses these effects and
attenuates NAFLD by blocking TNF-α. We propose that AZGP1 may be a promising
therapeutic candidate for NAFLD.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is increasingly threatening people's health. Zinc-α2glycoprotein 1 (AZGP1) was originally considered as a potential tumor marker, but subsequent
studies have shown that it is also expressed in the liver, heart, lungs, and prostate. AZGP1 plays
an important role in metabolism-related diseases, but the specific pathogenesis and therapeutic
effects of AZGP1 in NAFLD remain uncertain.

Research motivation
Our findings will provide a basis for the application of AZGP1 in the therapy of NAFLD.

Research objectives
To examine the expression of AZGP1 in NAFLD patients, CCl4-treated mice fed a high fat diet
(HFD), and human LO2 cells, and explore biological functions and potential mechanisms of
AZGP1 in NAFLD.

Research methods
We detected the expression of AZGP1 in the liver tissues of NAFLD patients and CCl4-treated
mice fed an HFD and human LO2 cells by qPCR and Western blot. The effects of AZGP1 on
hepatocytes in vitro and in vivo were then assessed by overexpression and knockdown of AZGP1
in human LO2 cells and in an NAFLD mouse model. In further molecular mechanism research,
LO2 cells were treated with sh-AZGP1 or combination of sh-AZGP1 and sh-TNF-α, OV-AZGP1
or combination of OV-AZGP1, and OV-TNF-α to investigate the specific effects of AZGP1 in
vitro.

Research results
In the current study, we found that AZGP1 was significantly decreased in liver tissues from both
humans and mice. Loss of AZGP1 activated inflammation, enhanced steatogenesis, increased
lipid transport and accumulation, decreased fatty acid β-oxidation, promoted proliferation, and
inhibited apoptosis in human LO2 cells. Over-expression of AZGP1 played an opposite role. In
addition, AZGP1 attenuated NAFLD by blocking TNF-α-mediated inflammation and

WJG

https://www.wjgnet.com

5465

September 28, 2019

Volume 25

Issue 36

Liu T et al. AZGP1 attenuates NAFLD
intracellular lipid deposition, promoting proliferation, and inhibiting apoptosis in LO2 cells.
Finally, treatment with OV-AZGP1 plasmid in NAFLD mice significantly ameliorated liver
damage and eliminated liver fat.

Research conclusions
AZGP1 is down-regulated in NAFLD, which could inhibit inflammation, accelerate lipolysis,
accelerate proliferation, and reduce apoptosis via suppressing TNF-α. AZGP1 exerts a protective
role against NAFLD.

Research perspectives
This study provides new insight into the role of AZGP1 in relieving NAFLD by down-relating
TNF-α. AZGP1 might be a potential therapeutic approach to prevent and treat NAFLD.
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Abstract
BACKGROUND
Irritable bowel syndrome (IBS) is one of the most common functional gastroenterological diseases characterized by abnormal visceral sensitivity and lowgrade inflammation. The role of Clostridium butyricum (C. butyricum) in reducing
intestinal low-grade inflammation via immune pathways has been well defined.
However, the detailed mechanisms of the effects of C. butyricum on intestinal
mucosal immunity, especially on immune cells of the lamina propria, remain
unclear. Dendritic cells (DCs), which are important immune cells, secrete
proinflammatory cytokines (IL-1β, IL-6, and others) and express T cell immunoglobulin and mucin domain-3 (TIM3), promoting proliferation and activation of
DCs, and mediating Th1 and Th17 inflammatory responses.
AIM
To investigate the role of DCs in the development of IBS in a rat model and to
understand the regulation of DCs after C. butyricum intervention.
METHODS
An IBS animal model was established using C57BL/6 mice, and C. butyricum was
continuously administered via the intragastric route to simulate different
intestinal immune states. Intestinal visceral hypersensitivity and histopathology
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were assessed using the abdominal withdrawal reflex (AWR) test and
hematoxylin & eosin (H&E) staining, respectively. The expression of
proinflammatory cytokines (IL-1β and IL-6) and TIM3 was analyzed by Western
blot analysis and real-time PCR. Flow cytometry was applied to analyze the
quantity, function, and membrane molecule TIM3 of the lamina propria dendritic
cells (LPDCs). The regulatory effect of C. butyricum was verified in bone marrowderived dendritic cells by in vitro experiments.
RESULTS
The secretion of proinflammatory cytokines (IL-1β and IL-6) in mice with IBS was
significantly increased compared with that of the control group, which suggested
that the intestinal mucosa in mice with IBS was in a low-grade inflammatory
state. The expression of CD11C+CD80+ and CD11c+TIM3+ in intestinal LPDCs in
mice with IBS increased significantly. Meanwhile, the cytokines (IL-1β and IL-6)
were significantly reduced after the intervention with probiotic C. butyricum. The
amount and function of LPDCs and the TIM3 on the surface of the LPDCs were
decreased with the alleviation of the intestinal inflammatory response.
CONCLUSION
The results suggest that C. butyricum regulates the amount and functional status
of LPDCs in the intestinal mucosa of mice with IBS, and therefore modulates the
local immune response in the intestine.
Key words:Clostridium butyricum; Irritable bowel syndrome; Lamina propria dendritic
cells; T cell immunoglobulin and mucin domain-3; Proinflammatory cytokines
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study, we revealed that Clostridium butyricum can regulate the number
and functional status of lamina propria dendritic cells in the intestinal mucosa of mice
with irritable bowel syndrome, and therefore modulate the local immune response in the
intestine.
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INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most common functional gastroenterological diseases which affects approximately 15% of the population
worldwide[1]. IBS is thought to result from the activation of the mucosal immune
system and the disruption of the epithelial barrier by the intestinal microbiota[2-4].
Previous studies have reported that the intestinal flora interacts with the intestinal
immune system to maintain intestinal homeostasis[5,6]. Therefore, an intervention with
probiotics may be salutary for IBS treatment.
The probiotic Clostridium butyricum (C. butyricum) is a type of Gram-positive
anaerobic bacterium, which has been used for the treatment of IBS in clinical settings.
It has been documented that the intragastric administration of C. butyricum
significantly reduces intestinal inflammation and ameliorates the intestinal
microbiota [7-9] . Besides, Clostridium species have been reported to affect the
accumulation of intraepithelial lymphocytes (IELs) in the colon[10] and to increase the
number of Treg cells, thereby inhibiting the expression of inflammatory cytokines
(tumor necrosis factor [TNF]-α, interleukin [IL]-12, IFN-r, IL-1β, and IL-6) and upregulating the expression of inhibitory cytokines (IL-10)[11-15]. Other studies provided
evidence that Clostridium species might suppress the intestinal inflammatory response
via immune pathways[15-17].
The lamina propria dendritic cells (LPDCs) are important antigen-presenting cells
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in the intestines. They are now recognized to be essential for innate and acquired
immunity[18,19]. LPDCs have a particular capacity to sample antigens from peripheral
tissues and efficiently activate resting T cells and direct T cell bias (Th1, Th2, and
Th17)[20]. In the steady state, LPDCs induce the differentiation of regulatory T cells to
produce IL-10 and transform growth factor-beta (TGF-beta)[19,21]. Studies on LPDCs in
IBS or IBD patients have revealed that LPDCs were significantly increased and the costimulatory molecules (CD80, CD86, and MHCII) were upregulated, the secretions of
IFN-g, IL-1β, IL-6, IL-12, and TNF-α were increased, and the migration and
proliferation of CD4+ T cells were enhanced. These regulations were found to be
correlated with Th1 and Th17 inflammatory responses[22-24]. The immunoregulatory
function of LPDCs is related to their subpopulation and the surface receptors[25]. The
local microenvironment likely plays an important role in defining the phenotype and
activation of dendritic cells (DCs).
Recently, detailed analyses of the effect of C. butyricum on LPDCs have been mainly
focused on cytokines; e.g., C. butyricum was revealed to promot Treg cell generation in
the intestine through the induction of TGF-β1 from LPDCs[16] . This strain negatively
regulated the expression of IL-12/IL-23p40[26]. However, to date, there is no study that
reveals the effect of C. butyricum on surface molecules of LPDCs . T cell
immunoglobulin and mucin domain-3 (TIM3) is an immunoregulatory factor
expressed on the surface of DCs [27,28] . It upregulates the secretion of the proinflammatory cytokines (TNF-α and IL-1β), promotes cell proliferation and activation,
and eliminates various pathogens[29-32]. To our best known, the regulatory effect of C.
butyricum on TIM3 has not been reported until now.
This study aimed to investigate the role of the probiotic C. butyricum in regulating
the quantity and function of LPDCs and the membrane molecule TIM3 of the LPDCs
in mice with IBS and to further elucidate the effects of the probiotic C. butyricum on
the local immune response in the intestinal mucosa.

MATERIALS AND METHODS
Induction of PI-IBS in mice
Twenty-four C57BL/6 male mice (aged 6-8 wk) were randomly divided into four
groups (normal control, IBS, IBS + C. butyricum intervention, and IBS + normal saline
(NS) intervention (n = 6 per group)). Pentobarbitone (50 mg/kg intraperitoneal
administration) was used to establish deep anesthesia in these mice[33]. A plastic
catheter (outer diameter = 4 mm) was inserted into the descending colon of each
mouse to a depth of 4-6 cm from the anus. 2,4,6-trinitrobenzenesulfonic acid (TNBS)
(P2297, Sigma, Shanghai; 0.1 mL of 5% (w/v), diluted to 0.2 mL using 50% ethanol)
was slowly instilled. In the control group, the clysis was replaced by an injection of
NS. For the other groups, the mice were inverted for 10 min to prevent drug leakage
after clysis. Four weeks after TNBS administration, C. butyricum (QingDao EastSea
Pharmaceutical Co., Ltd., QinDao, China) was continuously administered via the
intragastric route to 6 mice during 1 wk (200 μL/d; concentration of live bacteria
concentration, 1 × 108 CFU/mL). NS in the same amount was administered to the
mice in the control group. Hematoxylin & eosin (H&E) staining and the abdominal
withdrawal reflex (AWR) test were used to evaluate the degree of colon inflammation.

H&E staining
To evaluate the inflammatory grade of colon tissue in the four groups, formalin-fixed
mouse colon tissue was embedded in paraffin, sectioned at 4 μm, and stained with
H&E (Beijing Coribo Technology Co. Ltd., Beijing, China) for histological analysis to
assess conditions such as epithelial erosion, crypt loss, and inflammatory infiltration
with lymphocytes. A pathologist blindly assessed and assigned an inflammatory
grade to each section.

AWR test
The AWR test was perfomed at day 28 to assess visceral hyperalgesia in response to
colorectal distention (CRD) [34] . A disposable silicon balloon-urethral catheter for
pediatric use (6 Fr, Terumo, Tokyo, Japan) was used. Mice were briefly anesthetized
with ether. The balloon was inserted into the rectum until the catheter was positioned
to the anus (2 cm distal from the end of the balloon). The catheter was fixed to the
base of the tail to prevent detachment. After waking up and adapting for 1 hours,
CRD was performed in a stepwise fashion. An ascending-limit phasic distention (0.25,
0.35, or 0.50 mL) was applied in 30 s every 4 min. The AWR was semiquantitatively
scored as previously described[35]. The AWR score was assigned as follows: 0 = no
behavioral response to distension; 1 = brief head movements followed by immobility;

WJG

https://www.wjgnet.com

5471

September 28, 2019

Volume 25

Issue 36

Zhao Q et al. LPDCs-associated IBS probiotic treatment

2 = contraction of abdominal muscles without lifting of the abdomen; 3 = lifting of the
abdomen; 4 = body arching and lifting of the pelvic structure.

Extraction of LPDCs
The mice were sacrificed by cervical dislocation, and their colon, rectum, fat, and
mesentery were extracted. The colon was washed and cut into 5-mm sections,
incubated in a solution containing 2% fetal calf serum (FCS) and 5 mmol/L EDTA
(Sigma) for 30 min. The tissue fragments were filtered through a screen to remove the
epithelial cells and were collected into a small bottle where they were washed, cut up,
and incubated in RPMI-1640 containing 2% FCS, collagenase IV (4 mg/mL, Solarbio,
Beijing, China), and DNase I (10 μg/mL, Solarbio) for 30 min. The suspension was
stirred at 37°C, then the released cells were collected through a 300-mesh screen. The
isolated cells were separated on a discontinuous 40%/75% Percoll (Sigma) gradient.
The typical yield was 2-3 × 106 lymphocytes/mouse.

Culture of bone marrow-derived DCs (BMDCs)
DCs were generated in vitro from bone marrow cells from 6- to 8-wk-old wild-type
C57BL/6 mice[36] and were resuspended in 10% FCS medium (RPMI-1640: Gibco, Los
Angeles, United States; GM-CSF: Biosciences, San Jose, CA, United States, [20
ng/mL]; IL-4: PeproTech, Rocky Hill, United States, [10 ng/mL]; penicillin [100
U/mL], and streptomycin [100 U/mL]). The cells were cultivated in a 6-well plate in
an environment containing 5% CO2 at 37 °C. A half volume of culture medium was
replaced every other day. On the 7th day, penicillin-streptomycin was removed while
replacing the medium. The collected DCs were separately co-cultured with 100 μL of
the C. butyricum culture supernatant and 100 µL (concentration, 1 × 108 CFU/mL) of
the live bacterial suspension for 4 hours and then stimulated with 0.1 µg/mL of
lipopolysaccharide (LPS; Sigma–Aldrich) for 3 hours. The DC cells were subsequently
collected, and the supernatant was cultured for evaluation using flow cytometry and
enzyme-linked immunosorbent assay (ELISA).

Flow cytometry
The colonic lamina propria cells were collected and suspended (1 × 106 cells/mL) in
PBS with 2% FCS. The DCs were marked with anti-CD11c- FITC, anti-CD80-PEcy5.5,
and anti-TIM3-APC (eBioscience, CA, United States). The stained cells were analyzed
using a FACSCalibur flow cytometer (BD Biosciences, Franklin Lakes, USA), and the
data were collected and analyzed with FlowJo software (Tree Star Inc., Stanford,
United States).

Western blot analysis
The colon tissues were homogenized and ultrasonically treated on ice for cell lysis
and protein extraction. After determining the protein content, the degeneration
process was performed at 100 °C for 5 min. The proteins were separated using 10%
SDS-PAGE and transferred to PVDF membranes (0.4-5 μm pore size; Millipore,
United States). After blocking with 5% skimmed milk, the membranes were incubated
with rabbit anti-TIM3 (1:2000), anti-IL-1β (1:2000), and anti-IL-6 (1:2000) antibodies
(Abcam, Cambridge, UK) at 4 °C overnight and then incubated with secondary
antibodies labeled with horseradish peroxidase (1:10000, Zhongshan Gold Bridge,
Beijing, China) for 2 h at room temperature. The immunoblots were detected using an
enhanced chemiluminescent substrate (Millipore) on the ChemiDoc MP system (BioRad, United States). All of the detected protein bands were standardized against βactin. The semiquantification of each band was performed using ImageJ NIH software
(National Institutes of Health, Bethesda, MD, United States).

ELISA
Different groups of DC culture supernatants were collected and centrifuged at 300 g
for 10 min at 4 °C. The supernatants were collected and stored at -80 °C until use.
According to the manufacturer’s instructions, an ELISA kit (Tianjin Anoric
Biotechnology CO, Ltd.) was used to measure the mucosal cytokine levels of IL-1β
and IL-6. The results are expressed as total protein (pg/mL).

Quantitative real-time PCR
Total RNA was extracted using Trizol (Invitrogen, San Diego, CA, USA). The total
RNA (1 μg) was reverse transcribed into cDNA using the ReverTra Ace® qPCR RT Kit
(TOYOBO, Japan) in a Mastercycler thermal cycler (Eppendorf, German). Real-time
PCR was performed using the SYBR Green reagent (Takara, Japan) in a fluorescence
thermocycler (LightCycler; Roche Diagnostics, Mannheim, Germany). The relative
mRNA expression was determined after normalizing to β-actin levels using the 2-ΔΔCT
method with the following sequence-specific primers: TIM3 forward, 5′-GC TAC GTC
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AAC AGC CAG CAG-3′ and reverse, 5′-CCA ATG AGG TTG CCA AGT GA-3′; IL-1β
forward, 5′-GAA CCT AGC TGT CAA CGT GTG G-3′ and reverse, 5′-GCA ATG TGC
TGG TGC TTC AT-3′; IL-6 forward, 5′-GCT AAG GAC CAA GAC CAT CCA-3′ and
reverse, 5′-GAC CAC AGT GAG GAA TGT CCA-3′.

Statistical analysis
The statistical analyses were performed using SPSS Statistics 17.0 software. All the
values are expressed as the mean ± standard error of the mean (SEM). For multiple
comparisons, one-way analysis of variance (ANOVA) was applied. The comparisons
with P < 0.05 were considered statistically significant.

RESULTS
Histopathological findings of the colonic mucosa
As shown in Figure 1, histological examination showed no difference with regard to
morphology (epithelium erosion, crypt loss, and inflammatory infiltration with
lymphocytes) between the normal control and IBS groups in H&E staining.
Furthermore, no difference in morphology was observed between the IBS + C.
butyricum and IBS + NS groups.

C. butyricum alleviates intestinal visceral hypersensitivity in TNBS-induced IBS
mice
To determine whether C. butyricum treatment could reduce intestinal visceral
hypersensitivity in IBS, C. butyricum was continuously administered via the
intragastric route to IBS groups during 1 week. The degree of colon pain threshold
pressures was assessed by the AWR test. As shown in Figure 2, the AWR scores for
the IBS group were significantly increased compared with those for the normal
control group at distention volumes of 0.25, 0.35, and 0.5 mL (P < 0.05). Similarly, C.
butyricum treatment significantly decreased the AWR scores at the same distention
volumes (P < 0.05).

C. butyricum suppresses the production of proinflammatory cytokines in TNBSinduced IBS mice
We further investigated the effects of C. butyricum on the expression of IL-1β and IL-6
proteins and their corresponding mRNAs in mice with TNBS-induced IBS. As shown
in Figure 3, inflammatory cytokines (IL-1β and IL-6) were found to be significantly
higher in the colon of mice with IBS compared with those in the normal control group
(n = 6, P < 0.01). However, treatment with C. butyricum significantly reduced the
expression of IL-1β and IL-6 proteins and the corresponding mRNAs (n = 6, P < 0.05).
These results suggested that the intestinal mucosa in mice with IBS was in a lowgrade inflammatory state. And C. butyricum might suppress the production of
proinflammatory cytokines induced by TNBS stimulation.
In the absence of colonic mucosa histopathology, low-grade inflammation together
with visceral hypersensitivity and increased inflammatory cytokines were observed in
the PI-IBS animal model.

C. butyricum regulates the quantity and function of LPDCs in mice with TNBSinduced IBS
To evaluate the effects of C. butyricum on colonic LPDCs, LPDCs were extracted and
analyzed using flow cytometry. Figure 4A-B shows that TNBS induced an increase in
the number of CD11c+ LPDCs (IBS group: 56.90% ± 1.86% and IBS + NS group:
52.70% ± 1.13%) compared with that of the normal control group (36.43% ± 1.67%) (n
= 6, P < 0.001). After treatment with C. butyricum, the number of CD11c+ LPDCs
markedly decreased (34.15±1.54%), which was similar to that of the normal control
group (n = 6, P > 0.5). Simultaneously, the amount of CD11c+CD80+ LPDCs increased
in the IBS group (48.23% ± 2.92%) and in the IBS + NS group (47.20% ± 3.10%)
compared with that of the normal control group (29.32% ± 1.19%). However, the
amount of CD11c+CD80+ LPDCs was restricted by the C. butyricum treatment (28.37%
± 1.39%) (n = 6, P < 0.001).
Also, we investigated the level of an immunoregulatory molecule, TIM3, in LPDCs.
Flow cytometry analysis was used to quantify the number of CD11c+TIM3+ LPDCs.
Figure 4C shows that the levels of CD11c+TIM3+ LPDCs at the IBS low-grade
inflammatory stage were significantly increased compared with that of the normal
control group (normal control group: 25.60% ± 1.42%; IBS group: 38.52% ± 2.23%) (n =
6, P < 0.01). C. butyricum reduced the increase in the number of CD11c+TIM3+ LPDCs
of the IBS group (IBS + C. butyricum group: 26.52% ± 1.78% and IBS + NS group: 37.40
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Figure 1

Figure 1 Photomicrographs of hematoxylin and eosin staining. There was no difference with regard to
morphology between control (A), IBS (B), IBS + C. butyricum (C), and IBS + NS (D) tissues in hematoxylin and eosin
staining (original magnification, ×200) (n = 6 per group).

± 1.53%) (n = 6, P < 0.01) to match the number of TIM3+CD11c+ LPDCs of the normal
control group (n = 6, P > 0.05). The other two methods (real-time PCR and Western
blot analysis) also confirmed this conclusion at the protein and RNA levels (Figure 4E
and F).
Collectively, based on our results, we concluded that C. butyricum not only reduced
the number and function of LPDCs in TNBS-induced IBS mice but also downregulated the expression of the immunoregulatory molecule TIM3 in LPDCs.

C. butyricum alleviates the proinflammatory activation of BMDCs in vitro
We examined the effect of C. butyricum on the BMDCs using flow cytometry analysis.
Figure 5A-D shows that the C. butyricum treatment significantly decreased the
number of CD11c+TIM3 + BMDCs (19.28% ± 1.57%) compared to that of the LPS
group (43.33% ± 4.59%) (n = 6, P < 0.01). The number of CD11c+CD80+ DCs was also
decreased in the BMDCs + C. butyricum group (n = 6, P < 0.001). The production of
proinflammatory cytokines (IL-1β and IL-6) was also examined in BMDCs using
ELISA. Figure 5E and F shows that C. butyricum markedly inhibited the LPS-induced
secretion of IL-1β and IL-6 (n = 6, P < 0.05).
These results indicated that C. butyricum inhibited the proliferation and activation
of BMDCs and reduced the secretion of pro-inflammatory cytokines, but downregulated the expression of the TIM3 on the membrane of BMDCs.

DISCUSSION
IBS is related to various physiological alterations such as changes in the composition
of gut microbiota, immune activation, gastrointestinal (GI) dysmotility, hypersensitivity, and the gut mucosal barrier [2,4,37,38] . Although extensive studies have
recently focused on the correalations between intestinal microenvironment and
immune activation, associated mechanisms have been rarely reported.
Probiotic C. butyricum produces butyric acid, which plays an important role in
intestinal function by enhancing the intestinal barrier, improving the intestinal
microbiota, regulating the immune system, and promoting gastrointestinal
motility[39,40]. In this study, we found that in TNBS clysis-induced PI-IBS mice, the
intragastric administration of C. butyricum significantly alleviated intestinal visceral
hypersensitivity and reduced low-grade mucosal inflammation. Some investigators
have proposed chronic low-grade mucosal inflammation as a potential etiological
factor[41]. Particularly, the changes in the cytokines IL-1β and IL-6 secreted by LPDCs
contribute to the development of IBS[42,43]. Our results showed that the important
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Figure 2

Figure 2 Effects of Clostridium butyricum on visceral hypersensitive in TNBS-induced irritable bowel syndrome mice. The abdominal withdrawal reflex
(AWR) scores at 0.25 mL (A), 0.35 mL (B), and 0.50 mL (C) distension volumes were measured on day 28. Data are expressed as the mean ± SEM (n = 6). aP < 0.05,
b
P < 0.05, cP < 0.05 vs control group, IBS + normal saline group, and IBS group, respectively. IBS: Irritable bowel syndrome.

proinflammatory cytokines IL-1β and IL-6 were significantly increased in a murine
model of IBS (n = 6, P < 0.01). However, these two inflammatory cytokines were both
significantly suppressed (n = 6, P < 0.01) after the intervention with C. butyricum. Such
results provide evidence for the anti-inflammatory activity of C. butyricum[7-9].
LPDCs are known to play a pivotal role in the regulation of the mucosal immune
response[22]. Animal studies have highlighted the role of DCs in IBS pathogenesis
based on the findings of induced visceral hypersensitivity and T cell activation[23,24]. It
has been shown previously that the quantity of DCs in patients with IBS and IBD
increased significantly, and the mature co-stimulatory molecules (CD80, CD86, and
MHCII) were upregulated. Meanwhile, the secretion of the inflammatory cytokines
was increased, and the migration and proliferation of CD4+ T cells were enhanced,
resulting in the mediation of the Th1 and Th17 inflammatory responses[44-46]. In this
study, we found that the expression of CD11c+ LPDCs and CD11c+CD80+ LPDCs in
the colon of IBS mice was significantly higher than that of the normal control mice (n
= 6, P < 0.001). These results suggested enhanced proliferation and activation of
LPDCs in the local intestinal mucosa of IBS animals. Our results also demonstrated
that LPDCs participated in and promoted the intestinal inflammatory immune
response in PI-IBS. These findings are consistent with the results of previous
studies[47].
In addition, we also found that after receiving C. butyricum intervention, the
quantity of LPDCs was significantly decreased, and the co-stimulatory molecule CD80
was downregulated (n = 6, P < 0.001) in mice. These results indicate that C. butyricum
alleviates the intestinal low-grade inflammation by regulating the functional status of
LPDCs in mice with TNBS-induced IBS. Further investigation of the local
microenvironment will be needed for the confirmation of DC phenotype and
activation.
The immunoregulatory function of LPDCs is related to their subpopulation and
surface receptors. TIM3 is an immune-regulatory factor. Recent studies have revealed
that TIM3 expressed on macrophages and DCs upregulates the secretion of
proinflammatory cytokines (TNF-α, IL-1β, IL-6 and so on) and promotes cell
proliferation, activation, and phagocytosis, which result in enhanced elimination of
different pathogens[29,31,32,43]. Anti-TIM3 mAb reduces the secretion of IL-12p70 in LPSinduced BMDCs and inhibits the upregulation of CD40, CD80, and CD86 expression
in BMDCs[48]. The expression of TIM3 is upregulated after being stimulated to mature
via the in vitro administration of IL-15 or IL-12 and IL-18 for immature natural killer

WJG

https://www.wjgnet.com

5475

September 28, 2019

Volume 25

Issue 36

Zhao Q et al. LPDCs-associated IBS probiotic treatment
Figure 3

Figure 3 Effects of Clostridium butyricum on the production of proinflammatory cytokines in irritable bowel
syndrome mice. Real-time PCR (A and B) and Western blot analysis(C-E) were used to measure the levels of
proinflammatory cytokines IL-1β and IL-6. The results showed that IL-1β and IL-6 in the intestinal low-grade
inflammatory state of IBS were significantly higher than those in the normal control group. The secretion of
proinflammatory cytokines was significantly decreased after C. butyricum intervention. aP < 0.05, bP < 0.05, cP < 0.05
vs control group, IBS + normal saline group, and IBS group, respectively. IBS: Irritable bowel syndrome.

cells [27,28,49] . Proinflammatory TIM3 is highly expressed in several inflammatory
diseases[50,51]. TIM3/Gal9 induces the generation of the cytokines IL-1β, IL-6, and TNFα through caspase-1, and the induced IL-1β further promotes the generation and
activation of other cytokines by autocrine feedback[30,52]. To our best known, this is the
first study that reports the role of TIM3 in LPDCs in the pathogenesis of IBS and the
regulatory effect of C. butyricum on TIM3. In this study, the results demonstrate that
the expression levels of TIM3 on LPDCs are positively correlated with intestinal lowgrade inflammation according to the comparision among four different intestinal
immune states. The levels of CD11c+TIM3+ LPDCs are significantly increased in the
colon of mice with IBS. However, the CD11c+TIM3+ LPDCs are significantly reduced
after the alleviation of the intestinal low-grade inflammation by C. butyricum
intervention (n = 6, P < 0.01), but no significant difference is observed when compared
to the normal control group (n = 6, P > 0.05).
Combined with previous studies, the regulatory effect of C. butyricum on DCs has
been verified in the following cell tests. Compared with the BMDC + LPS group,
through the stimulation of C. butyricum-treated BMDCs with LPS, the expression of
CD11c+, CD11c+CD80+, and CD11c+TIM3+ LPDCs was also significantly
downregulated. These results suggest that C. butyricum not only reduces the number
of BMDCs and inhibits their functional status but also significantly reduces the
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WJG

https://www.wjgnet.com

5477

September 28, 2019

Volume 25

Issue 36

Zhao Q et al. LPDCs-associated IBS probiotic treatment

Figure 4 Effects of Clostridium butyricum on the quantity and functional status of the lamina propria dendritic cells. A: Flow cytometry of CD11c+ LPDCs
expression; B: Flow cytometry of CD11C+CD80+ LPDCs expression; C: Flow cytometry of CD11c+Tim3+ LPDCs expression; D: Flow scatter plot of all test indicators;
E: Tim-3 mRNA levels measured by real-time PCR; F: Tim3 protein expression measured by Western blot analysis. The results showed that the expression of
CD11c+, CD11C+CD80+, and CD11c+Tim3+ LPDCs in the intestinal inflammatory state of IBS was significantly higher than in that in the normal control group, and
the costimulatory molecule CD80 representing DC in the activated mature state was also significantly increased (P < 0.01). However, the above indicators were
significantly decreased after C. butyricum intervention. Our experimental results suggest that the LPDCs participate in and promote the intestinal inflammatory immune
response of IBS and C. butyricum suppresses intestinal inflammation by reducing the number, function, and immunoregulatory molecule Tim3 of LPDCs in IBS mice.
a
P < 0.05, bP < 0.05, cP < 0.05 vs control group, IBS + normal saline group, and IBS group, respectively. IBS: Irritable bowel syndrome; LPDCs: Lamina propria
dendritic cells.

expression of TIM3. Thus, we have reason to believe that DCs play an important
regulatory role in the immune response and are regulated by the microenvironment.
In conclusion, our results indicate that intestinal LPDCs play an important role in
the pathogenesis of IBS, and C. butyricum can alleviate intestinal inflammatory
immune responses by regulating the amount and function of LPDCs and the
expression of TIM3 on the surface of LPDCs. Our research not only provides an indepth understanding of the local immune response mechanism in the intestinal
mucosa of IBS patients, but also provides a newperspective for the application of
probiotic C. butyricum in the treatment of IBS.
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Figure 5 Effects of Clostridium butyricum on the expression of Tim3 and inflammatory cytokines in bone marrow-derived dendritic cells. LPS stimulated the
proliferation and activation of bone marrow-derived dendritic cells (BMDCs). The expression of CD11c+CD80+ BMDCs and CD11c+Tim3+ BMDCs was significantly
higher than that of the immature BMDCs group by flow cytometry (A-D). The inflammatory cytokines IL-1 and IL-6 detected by ELISA were also significantly elevated
(E-F). Tim3 was highly expressed in mature activated BMDCs. Different forms of probiotics were co-cultured and stimulated with LPS. The expression of Tim3 was
down-regulated with the decrease of inflammatory factors. It can be seen that Tim3 is the key point to regulate the activation of DCs. Clostridium butyricum can alter
the activation status and function of DCs by regulating the expression of Tim3. aP < 0.05, bP < 0.05, cP < 0.05 vs ImBMDC group, BDMC group, and BDMC + LPS
group, respectively. BMDCs: Bone marrow-derived dendritic cells.

ARTICLE HIGHLIGHTS
Research background
Irritable bowel syndrome (IBS) affects 7% to 21% of the general population. It is a chronic
diseases characterized by abnormal visceral sensitivity and low-grade inflammation. The role of
Clostridium butyricum (C. butyricum) in reducing intestinal low-grade inflammation via immune
pathways has been well defined. However, the mechanism has not been clearly elucidated.

Research motivation
To test the hypothesis that the function of dendritic cells (DCs) changes in the development of
IBS and to understand the regulation of DCs after C. butyricum intervention.

Research objectives
We aimed to investigate the mechanism of DCs in the development of IBS in a mice model and
to understand the regulation of DCs after C. butyricum intervention.

Research methods
An IBS animal model was established using C57BL/6 mice, and C. butyricum was continuously
administered via the intragastric route to simulate different intestinal immune states. Intestinal
visceral hypersensitivity and histopathology were assessed using the abdominal withdrawal
reflex test and hematoxylin & eosin staining, respectively. The expression of proinflammatory
cytokines (IL-1β and IL-6) and TIM3 was analyzed by Western blot analysis and real-time PCR.
The flow cytometry was applied to analyze the quantity, function, and membrane molecule
TIM3 of the LPDCs. The regulatory effect of C. butyricum was verified in BMDCs by in vitro
experiments.

Research results
We found that the IBS mouse model has abundant expression of IL-1β, IL-6, and CD11C+CD80+
and CD11c+TIM3+ LPDCs compared with the control group. Further investigation showed that
probiotic C. butyricum reduced the expression of cytokines (IL-1β and IL-6). The amount and
function of LPDCs and the membrane molecule TIM3 of the LPDCs were decreased with the
alleviation of the intestinal inflammatory response.

Research conclusions
This study demonstrated that C. butyricum could induce the expression of various proinflammatory cytokines via regulating the amount and the functional status of LPDCs in the
intestinal mucosa of mice with IBS.

Research perspectives
This research not only provides an in-depth understanding of the local immune response
mechanism in intestinal mucosa of IBS humans, but also provides a new perspective for the
application of probiotic C. butyricum in the treatment of IBS.
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Abstract

AIM
To study the biological function of CAEMA3 in HCC.
METHODS
Tissue microarray slides including tissues form 100 HCC patients were applied to
access the expression of CARMA3 in HCC and its clinical relevance. Knockdown
and overexpression of CARMA3 were conducted with plasmid transfection.
MTT, colony formation, and apoptosis assays were performed to check the
biological activity of cells.
RESULTS
Higher expression of CARMA3 in HCC was relevant to poor prognostic survival
(P < 0.05). Down-regulation of CARMA3 inhibited proliferation and colony
formation and induced apoptosis in HCC cell lines, while increasing its
expression promoted tumorigenesis. We also found that sodium aescinate (SA), a
natural herb extract, exerted anti-proliferation effects in HCC cells by
suppressing the CARMA3/nuclear factor kappa-B (NF-κB) pathway.
CONCLUSION
Overexpression of CARMA3 in HCC tissues correlates with a poor prognosis in
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tumors and is the most frequent primary liver cancer; the nuclear factor kappa-B (NFκB) signal pathway is commonly activated and exerts critical roles in the progression of
HCC. Here, we hypothesized that CARMA3 might play an oncogenic role in HCC by
activating NF-κB, and explored the relationships between CARMA3 expression and
clinicopathological characteristics. Furthermore, we found that sodium aescinate exerted
anti-tumor effects possibly by inactivating CARMA3/NF-κB signaling.
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INTRODUCTION
Hepatocellular carcinoma (HCC) ranked the sixth in the most common malignant
tumors and is the most frequent primary liver cancer[1], with 841080 new cases and
781631 death in 2018[2]. Although the molecular mechanisms research and treatment
for HCC have progressively advanced in the past, it is still the third leading cause of
cancer related death[3]. CARMA3 is a member of the membrane-associated guanylate
kinase (MAGUK) superfamily which acted as scaffold proteins. There are other two
members in MAGUK family, CARMA1 and CARMA2[4]. All three proteins contained
caspase recruitment domain, were known CARD11, CARD14 and CARD10,
respectively [5] . CARMA3 is required for GPCR- and PKC-induced nuclear factor
kappa-B (NF-κB) activation by activating BCL10 and MALT1, acted as a protumorigenic role in different types of solid malignant tumor[6]. NF-κB signal pathway
is commonly activated and exerts critical roles in the progression of HCC[7]. Here, we
hypothesized CARMA3 might play an oncogenic role in HCC by activating NF-κB,
and explored the relationships between CARMA3 expression and clinicopathological
characters. Furthermore, we found Sodium Aescinate (SA), a natural plant extracts
derived from the seeds of the horse chestnut tree (also known as aesculus
hippocastanum) exerted anti-tumor effects in possibly by inactivating CARMA3/NFκB signaling.

MATERIAL AND METHODS
Patients and specimens
Tumor tissues and paired adjacent liver tissues were obtained from 100 HCC patients
who had undergone liver resection at the First Affiliated Hospital of Anhui Medical
University and the Second Hospital of Anhui Medical University between 2000 and
2015 (100 pairs of HCC tumor tissues and adjacent liver tissues, randomly selected
from an HCC tissue bank of 527 patients). All included patients were confirmed by
pathological diagnosis with primary HCC. Those who had received pre-operative
anti-tumor therapy or extrahepatic metastasis confirmed by computed tomography,
magnetic resonance imaging, or positron emission tomography were excluded.
Tumor differentiation and grade were classified by the Edmondson grading system.
Follow-ups were performed every three months in first year, then every 6 mo
postoperatively. The deadline of this research was June 30, 2017. Serum alphafetoprotein, liver function test, and liver ultrasonography results were recorded
routinely. Survival time was measured from the date of first operation to the death
date of the patient or the last follow-up. Disease free survival (DFS) time was defined
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the period between the operation day and the date when recurrence was confirmed.
Written consent was obtained from all enrolled patients. This study was approved by
the ethics committees of The First Affiliated Hospital and the Second Hospital of
Anhui Medical University.

Tissue microarray (TMA) analysis
Surgically excised tumor specimens were fixed with 10% neutral formalin and
embedded in paraffin. TMAs were made (Ai-We-Er Company, Wuhan, China). Each
TMA block carried 25 pair of tissues, and the sections were 4 μm thick.
Immunostaining was performed using the polink-2 plus polymer HRP detection
system (PV-9001, ZSBIO Company, Beijing, China). The sections were deparaffinized
in xylene, rehydrated with gradient alcohol, and then boiled in 0.01 M citrate buffer
(pH 6.0) for 3 min in a pressure cooker. Hydrogen peroxide (0.3%) was applied to
block endogenous peroxide activity, and the sections were incubated with normal
goat serum solution (10% in TBST) for 1 h at room temperature to reduce nonspecific
binding. Primary antibody (CARMA3, 1:50 dilution, Abcam, USA; NF-κB, 1:200
dilution, CST, USA) was incubated at 4 °C overnight. The secondary antibody
(SPN9001, ZSBIO Company, Beijing, China) was incubated at room temperature for 1
h. Two independent blinded investigators examined all tissue slides randomly.

Cell lines and cell culture
Human hepatocellular carcinoma cell lines HepG2 and Hep3B and normal liver cell
line HL-02 were obtained from The Cell Bank of Chinese Academy of Sciences. All the
cells were cultured in DMEM medium containing 10% fetal bovine serum (Gibco,
Gaithersburg, MD, USA) in a humidified incubator with 5% CO2 at 37 °C, and the
medium was renewed every three days.

Construction of CARMA3 overexpression and knockdown cells
pEGFP-P2A-hCARMA3 and pGpU6-GFP plasmids (GenePharma, Shanghai, China)
were transfected into HepG2 and Hep3B cells with Lipo6000TM transfection reagent
(Beyotime, Shanghai, China) according to the manufacturer’s instructions. Empty
vectors ware used as negative controls.

MTT assay
Cells in the logarithmic growth phase were seeded into 96-well culture plates at a
density of 3 × 103 cells/well and then treated with SA at concentrations of 10, 20, 30,
and 40 µmol/L for 24, 48, and 72 h separately. The control group was treated with the
same amount solvent (DMSO) as the treatment groups. Afterwards, 10 µL of MTT
solution (2.5 mg/mL) was added to each well to incubate the cells at 37 °C for 4 h.
DMSO (150 µL) was added to dissolve the resultant formazan crystals each well. The
OD value was detected at 570 nm using a KHB ST-360 microplate reader (KHB,
Shanghai, China). Cell growth inhibition rate was calculated using the following
formula: 1 - ODexperiment/ODcontrol.

Cell apoptosis assay
Apoptosis was monitored using the Annexin V/propidium iodide (PI) method, and
its rate was detected by flow cytometry with an Annexin V-FITC apoptosis detection
kit (BD Biosciences, New York, United States). The cells were seeded in 6-well plates
and treated with SA (40 µmol/L) for 48 h, and then harvested by trypsinization. After
washing twice with cold phosphate-buffered saline, the cells were re-suspended in
binding buffer at a concentration of 1 × 106 cells/mL. After transferring 100 µL of the
solution (1 × 105 cells/mL) into a 5-mL culture tube, 5 µL of FITC Annexin V and 5 µL
of PI were added for reaction 15 min in the dark, which was followed by adding 400
µL of binding buffer into the tube and analyzing by flow cytometry.

Western blot analysis
The cells were lysed in RIPA buffer in an ice bath for 30 min, and centrifuged at 15000
rpm for 20 min at 4 °C. The supernatant was stored at −80 °C until analyses. The
protein concentration was measured using the BCA kit (Beyotime, China). Equal
amounts of proteins were loaded onto a 10% SDS-polyacrylamide gel for
electrophoresis and transferred by electroblotting to a polyvinylidene difluoride
membrane (Millipore, Boston, MA, United States). The membrane was blocked with
5% BSA for 1 h at room temperature. Primary antibodies against CARMA3 (Abcam,
Cambridge, MA, United States) at 1:100 dilution or NF-κB (CST, Danvers, MA, USA)
at 1:1000 dilution was incubated at 4 °C overnight. The secondary antibody (ZB-2301,
ZSBIO Company, Beijing, China) was added and incubated at room temperature for 1
h. The signal intensity of each band on the membrane was measured with Odyssey
(LI-COR) ImageJ software.
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Cell immunofluorescence staining
Ten thousand cells were seeded on the cover slides in 12-well plates. Next day, the
cells were fixed (10 min) with 4% formaldehyde and then permeabilized and blocked
with 0.1% TBS-Triton plus 1% normal goat serum for 1 h at room temperature.
Primary antibodies were incubated overnight at 4 °C. The secondary antibody CY3
(Beyotime, Shanghai, China) was used at a dilution of 1:200 and incubated for 1 h at
room temperature. DAPI was used to stain the cell nuclei for 2 min.

Colony formation assay
HCC cells were seeded into 6-well plates at a density of 600-1000 cells/well and
treated with 40 µmol/L SA. Forty-eight hours later, the culture medium was renewed
and regularly cultured for 1-2 wk until visible colonies appeared. After being fixed
with methanol for 15 min, the cells were stained with crystal violet for 20 min before
washing with tap water and air-drying. The colony formation rate was calculated
with the following formula: Colony formation efficiency = (number of colonies/
number of cells inoculated) × 100%. All the experiments were repeated three times
independently.

Statistical analysis
Baseline variables of patients that were considered clinically relevant with the
oncological outcomes were carefully chosen for inclusion and were analyzed by
univariate analysis (Mann-Whitney U for continuous variable or Chi-square test for
categorical variables). The survival and DFS analyses were performed by the
Kaplan–Meier method and log-rank Cox test was used for test. Statistical analyses
were performed with SPSS software, version 19.0 (IBM, Armonk, NY, United States).
P < 0.05 was set as the significant difference.

RESULTS
Increased CARMA3 expression is found in human HCC tissue
The clinical characteristics of patients are shown in Table 1. All patients had
undergone R0 resection confirmed by pathological diagnosis. The immunohistochemistry staining of TMA showed that CARMA3 was mainly located in the
cytoplasm of tumor cells. CARMA3 expression was positively correlated with NF-κB
expression in tissues (P < 0.05, Figure 1D). CARMA3 expression was higher in HCC
tissues than in adjacent liver tissues from same patients and associated with tumor
differentiation (Figure 2), TNM stage, and the diameter of tumor (> 5 cm). No
significant difference was found between CARMA3 expression and gender, age, HBV,
AFP level, Child-Pugh class, liver cirrhosis, tumor number, or microvascular invasion.

CARMA3 predicts a poor prognosis in HCC patients
Among 100 enrolled patients, intact follow-up records were kept in 93 patients. Based
on the levels of CARMA3 expression, patients were divided into a low CARMA3
expression group and high CARMA3 expression group. Patients with high CARMA3
expression had a significantly shorter overall survival period (P < 0.05, Figure 1A and
B) and lower disease-free survival rate (P < 0.05, Figure 1C)

CARMA3 promotes HCC cell growth and colony formation and inhibits apoptosis by
targeting NF-κB
Regulation of CARMA3 expression was performed in HepG2 and Hep3B cells (Figure
3A). Reducing CARMA3 expression down-regulated NF-κB expression, inhibited
proliferation and colony formation capacity, and induced an increase in early
apoptosis of HCC cells. On the contrary, up-regulating CARMA3 expression
increased NF-κB expression, promoted HCC cell growth and colony formation, and
blocked cells to enter into the early apoptosis process (P < 0.05, Figure 3B-D).

Sodium aescinate counteracts CARMA3 induced pro-tumorigenic effects by
targeting CARMA3/NF-κB
Here, we found that SA significantly inhibited cell proliferation and colony formation
capacity and enhanced early apoptosis in a dose dependent manner (IC50: 46 µM, P <
0.05), but no difference was observed in hepatic cells, HL-02 (Figure 4A). An
interesting phenomenon showed that SA reduced CARMA3 and NF-κB expression in
HCC cells (Figure 5A and B). For further confirming its anti-tumor effects by targeting
CARMA3, SA was employed to treat HCC cells in which CARMA3 expression was
up-regulated. It reverted the effects of promoting proliferation and colony formation
capacity and inhibition of apoptosis induced by CARMA3 (Figure 4B-D).
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Table 1 Relationship between CARMA3 expression and clinical characteristics of hepatocellular
carcinoma patients
Clinical characteristic All samples (n = 100)

High expression

Low expression

Gender

P-value
0.882

Female

11

7

4

Male

89

50

39

Age (yr)

0.435

< 52

49

26

23

> 52

51

31

20

Positive (> 20 ng/mL)

63

34

29

Negative (< 20 ng/mL)

37

23

14

Yes

72

40

32

No

28

17

11

Yes

65

36

29

No

35

21

14

A

94

54

40

B

6

4

2

Yes

28

15

13

No

72

42

30

AFP (ng/mL)

0.424

Cirrhosis

0.640

HBV

0.657

Child-Pugh

0.986

Microvascular invasion

0.666

TNM stage

0.008

I

35

15

20

II

28

20

18

III-IV

27

22

5

Differentiation

0.004

Poor

25

19

6

Moderate

41

26

15

Well

34

12

22

Single

87

47

40

Multiple

13

10

3

Tumor number

0.120

Tumor size

0.014

< 5 cm

40

16

24

> 5 cm, < 10 cm

36

23

13

> 10 cm

24

18

6

AFP: Alpha-fetoprotein.

DISCUSSION
CARMA3 functions as a scaffold protein that assembles multiple proteins involved in
the activation of certain membrane signaling which contributes to carcinogenesis,
inflammation, and immunity[8]. Despite its putative roles in oncogenesis in a variety of
solid tumors, the effects of CARMA3 in HCC have not been clearly elucidated yet. In
this study, we observed that CARMA3 expression was increased in HCC tissues in
comparison with non-cancerous liver tissues. High CARMA3 expression in HCC was
positively associated with some unfavorable clinicopathological characteristics:
advanced TNM stage, poor tumor differentiation, and larger tumor size. This
oncogenic function has been observed in certain types of malignant tumors [9] .
Furthermore, we also found that high CARMA3 expression positively correlated with
NF-κB expression in HCC tissues, which predicted a poor prognosis in HCC patients
by decreasing both overall survival time and DFS time. Through specific CARD to
CARD homophilic interaction, CARMA3 promotes the activation of NF-κB signaling
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Figure 1

Figure 1 CARMA3 and nuclear factor kappa-B (p65) are correlated with clinical prognosis in hepatocellular carcinoma patients. A: High CARMA3 (n = 54)
expression suggested shorter overall survival time (P = 0.027); B: High nuclear factor kappa-B (NF-κB) (p65) (n = 40) expression indicated shorter postoperative
overall survival (P = 0.005); C: Hepatocellular carcinoma (HCC) patients with high CARMA3 expression had a shorter disease free survival time than those with low
CARMA3 expression (P = 0.007); D: Correlation between CARMA3 and NF-κB expression in HCC tissue (P = 0.002). NF-κB: Nuclear factor kappa-B.

pathway in immunity cells[10]. Here, we hypothesized that CARMA3 might exert protumorigenic effects in HCC partly by increasing NF-κB expression. We increased and
decreased endogenous CARMA3 expression in HCC cells using constructed plasmids
in vitro. It was observed that increasing CARMA3 enhanced NF-κB expression in HCC
cells and promoted cell proliferation and inhibited apoptosis, while decreasing
endogenous CARMA3 expression suppressed NF-κB expression and cell proliferation
but induced more apoptosis. These results suggest that CARMA3 exerts a protumorigenic role in the progression of HCC partly through the NF-kB signal pathway.
Due to the medical complexity of patients and heterogeneity of HCC, appropriate
treatment for HCC remains a challenge. The potential use of CARMA3 as a
therapeutic target for HCC has not been explored. In our laboratory, we observed that
SA, a natural plant extract which has been widely administrated to alleviate
inflammation reactions in trauma patients, inhibited HCC cell proliferation and
induced apoptosis. The same SA concentration did not induce the significant growth
arrest on hepatocytes. Interestingly, SA reduced CARMA3 and NF-κB expression in
HCC and suppressed HCC cell growth. In previous research, SA exerted anti-tumor
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Figure 2

Figure 2 Expression of CARMA3 and nuclear factor kappa-B (p65) in hepatocellular carcinoma tumor tissues and the adjacent liver tissues. Magnification,
×100. NF-κB: Nuclear factor kappa-B.

effects in various tumor cells via the NF-κB, JAK/STAT, and MAPK/iNOS
pathways[11]. IKK complex is a core kinase which consists of IKKα, β, and γ subunits
and mediates the phosphorylation of p65, which induces the activation of the NF-κB
signaling pathway[12]. SA counteracts NF-κB activation by inhibiting activation of IKK
through blocking ubiquitination of IKK-γ[13]. However, the mechanism by which SA
blocks the ubiquitination of IKK-γ has not yet been fully clarified. In this research, we
found that SA might inhibit NF-κB activation partly by mediating CARMA3.
CARMA3 physically interacts with IKK-γ and causes IKK-γ polyubiquitination but
has no effects on the other two subunits [14] . Deletion of CARMA3 impaired the
activation of IKK even in the presence of an activator of NF-κB [15-17] . For further
confirmation that SA exerts anti-tumor effects dependent on CARMA3/ NF-κB, SA
was employed to treat HCC with high CARMA3 expression. SA inhibited HCC
growth and reduced the expression of CARMA3 and NF-κB. These findings might
introduce a new insight that SA inhibits HCC by decreasing CARMA3 expression,
thus hindering the IKK-γ ubiquitination process, suppressing activity of the IKK
complex, and inducing inactivation of NF-κB.
In conclusion, we found that CARMA3 plays an oncogenic role in the progression
of HCC partly by activation of NF-κB. CARMA3 expression levels in HCC tissue
positively correlate with a poor prognosis of HCC patients. Sodium aescinate
effectively inhibits the growth of HCC cells partly through the CARMA3/NF-κB
signaling pathway. These findings might provide a new potential therapeutic tactic
for HCC.
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Figure 3

Figure 3 Regulation of CARMA3 expression has effects on capacities of proliferation, colony formation, and apoptosis in hepatocellular carcinoma cells.
A: CARMA3 regulated the expression of nuclear factor kappa-B (NF-κB) (p65) in hepatocellular carcinoma (HCC) cells; B: MTT assay showed that overexpression of
CARMA3 promoted proliferation, while reducing CARMA3 expression suppressed proliferation in HCC cells; C: Flow cytometry analysis showed that increasing
CARMA3 inhibited early apoptosis in HCC cells, while downregulation of CARMA3 enhanced early apoptosis; D: Colony formation assay showed that CARMA3
increased colony formation number, while CARMA3 knockdown decreased colony formation number (bP < 0.01, cP < 0.001 vs control).

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the deadliest malignant tumors in the
world. The incidence rate of HCC continuously rises over the last decades. The
therapeutic effects are still unsatisfied.

Research motivation
As an oncogenic factor, CARMA3 has been explored in various types of tumors. The
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Figure 4

Figure 4 Sodium aescinate inhibits the proliferation and colony formation and induces early apoptosis in hepatocellular carcinoma cells. A: Sodium
aescinate (SA) significantly inhibited the proliferation of hepatocellular carcinoma (HCC) cells but had no effects on liver cells; B: Cell viability of HCC cells treated at
different doses of SA and for different durations; C: SA induced early apoptosis in HCC cells; D: SA suppressed colony formation capacity in HCC cells (aP < 0.05, cP
< 0.001 vs control).

role of CARMA3 in the tumorigenesis of HCC and its potential therapeutic
application have not been fully identified.

Research objectives
To investigate the biological function of CARMA3 in the progression of HCC, and the
potential therapeutic effects of sodium aescinate (SA) in HCC.

Research methods
TMA slides with paraffin-embedded HCC samples from 100 patients were employed
in this study. Expression of CARMA3 in HCC tissues was detected by
immunohistochemistry (IHC). The biological function of CARMA3 in HCC was
investigated by increasing or decreasing endogenous CARMA3 expression in HepG2
and Hep3B cells using plasmid transfection in vitro. The proliferation and colony
formation assays and apoptosis detection kits were used to investigate the role of
CARMA3 and SA in HCC cells. Western blot and immunofluorescence assays were
used to detect the expression of targeted proteins.

Research results
IHC analysis showed that CARMA3 was increased in HCC tissues compared with
adjacent non-cancerous liver tissues. High CARMA3 expression in HCC predicted
less overall survival time and disease-free survival time in HCC patients. Knockdown
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Figure 5 Sodium aescinate inhibits CARMA3/nuclear factor kappa-B signaling. A and B: Expression of CARMA3 and NF-kB (p65) detected in HCC cells after
treatment with sodium aescinate (SA) by immunofluorescence (magnification, ×400); C: Cell viability of high CARMA3 expressing hepatocellular carcinoma (HCC)
cells and control HCC cells either treated with SA or saline. (bP < 0.01, cP < 0.001 vs control).

of CARMA3 expression inhibited proliferation and colony formation, and induced
early apoptosis in HCC cells. Increasing endogenous CARMA3 expression in HCC
cells promoted cell growth and suppressed apoptosis. SA inhibited the growth of
HCC cells and decreased the expression of CARMA3 and its targeted protein nuclear
factor kappa-B (NF-κB). No anti-proliferation or pro-apoptosis effect was observed in
human hepatocytes treated with SA.

Research conclusions
Expression of CARMA3 increases in HCC tissues and correlates with a poor
prognosis in HCC patients. CARMA3 acts pro-tumorigenic effects by enhancing HCC
growth and inhibiting apoptosis partly through activation of CARMA3/NF-κB. SA
inhibits HCC growth by targeting CARMA3/NF-κB.

Research perspectives
Our work gave an insight of the mechanism of CARMA3 in the pathogenesis of HCC
and explored its potential therapeutic application for HCC, which provide a
promising target for HCC treatment.
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Abstract
BACKGROUND
Laparoscopy-assisted pylorus-preserving gastrectomy (LAPPG) was known to
have benefits of function-preserving surgery compared to laparoscopy-assisted
distal gastrectomy (LADG). However, in clinical settings, delayed gastric
emptying and esophageal reflux following LAPPG can be serious issues, making
surgeons reluctant to perform LAPPG. It is unclear that LAPPG had better longterm functional outcomes and quality of life compared to LADG.
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AIM
To evaluate the long-term functional outcomes and patient-reported quality of
life of LAPPG compared to those of LADG.
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METHODS
We reviewed the clinicopathological data of 195 patients who underwent LADG
with Billroth II anastomosis and 101 patients who underwent LAPPG for cT1N0
gastric cancer in the middle third of the stomach between 2012 and 2015.
Postoperative complications, nutritional parameters, and survey results of the
European Organization for Research and Treatment of Cancer Questionnaire C30
and STO22 questionnaire were compared between the two groups.
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RESULTS
The serum hemoglobin level was significantly higher in the LAPPG group than in
the LADG group (P < 0.001). In the endoscopic findings, incidence of bile reflux
was lower (P < 0.001); however, the incidence of residual food was higher in the
LAPPG group than in the LADG group (P < 0.001). Regarding the quality of life
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score, the LAPPG group had a better physical functioning score (86.7 vs 90.0, P =
0.032) but also greater pain and reflux when compared to the LADG group [8.3 vs
16.7 in pain, 11.1 (interquartile range, 0, 22.2) vs 11.1 (interquartile range, 11.1,
33.3) in reflux, P = 0.034 and 0.001, respectively].

Manuscript source: Unsolicited

Core tip: Laparoscopy-assisted pylorus-preserving gastrectomy (LAPPG) was known to
have benefits of function-preserving surgery compared to laparoscopy-assisted distal
gastrectomy (LADG). However, in clinical settings, delayed gastric emptying and
esophageal reflux following LAPPG can be serious issues, making surgeons reluctant to
perform LAPPG. In this study, we evaluated long-term quality of life and functional
outcomes of LAPPG compared to those of LADG with Billroth II anastomosis. LAPPG
is beneficial to recovery of postoperative anemia and bile reflux, however, it might be
unfavorable in terms of long-term pain and reflux symptoms compared to LADG with
Billroth II anastomosis.
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CONCLUSION
LAPPG is beneficial to recovery of anemia and to bile reflux, however, it might be
unfavorable in terms of pain and reflux symptoms compared to LADG with
Billroth II anastomosis.
Key words: Gastric cancer; Pylorus-preserving gastrectomy; Function; Quality of life
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

2019

P-Reviewer: Tsunoda S, Shiryajev
YN

S-Editor: Yan JP
L-Editor: A
E-Editor: Zhang YL

Citation: Eom BW, Park B, Yoon HM, Ryu KW, Kim YW. Laparoscopy-assisted pyloruspreserving gastrectomy for early gastric cancer: A retrospective study of long-term functional
outcomes and quality of life. World J Gastroenterol 2019; 25(36): 5494-5504
URL: https://www.wjgnet.com/1007-9327/full/v25/i36/5494.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i36.5494

INTRODUCTION
Pylorus-preserving gastrectomy (PPG) was first proposed by Maki et al[1] in 1967 to
treat peptic ulcers, and its use was expanded to include middle-third early gastric
cancer in 1991 [1,2] . By preserving the pyloric ring and its functionality, PPG was
expected to reduce the risk of postgastrectomy syndrome while improving quality of
life (QOL). According to recent meta-analyses, the advantages of PPG include lower
incidence rates of dumping syndrome, remnant gastritis, and bile reflux in addition to
a better postoperative nutritional status when compared to distal gastrectomy[3,4].
However, the incidence of delayed gastric emptying was higher with PPG.
In the 2000s, the feasibility and safety of minimally invasive approaches were
widely evaluated, and the laparoscopy-assisted PPG (LAPPG) was also introduced
and evaluated during this time[5-8]. When compared to conventional PPG, LAPPG had
several benefits of a minimally invasive approach, including less blood loss, less
postoperative pain, and a faster recovery of bowel function[9-11]. Moreover, LAPPG
resulted in a lower risk of postgastrectomy syndrome and better nutritional outcomes
when compared to laparoscopy-assisted distal gastrectomy (LADG)[12-14]. Because of
this combination of advantages of a minimally invasive approach and a functionpreserving surgery, LAPPG is considered to be an excellent option for middle-third
early gastric cancer.
However, in clinical settings, instances of delayed gastric emptying and esophageal
reflux following LAPPG can be serious issues, making surgeons reluctant to perform
LAPPG. While postgastrectomy syndrome is transient and does not require
hospitalization or medication in most cases, delayed gastric emptying increases the
length of the hospital stay, and reflux symptoms requires medication, such as proton
pump inhibitors. Moreover, only a few previous studies have evaluated the QOL after
LAPPG, and these studies only included a small number of patients[13,14]. Therefore, it
remains unclear whether LAPPG is superior to LADG in terms of functional
outcomes, including QOL. The aim of this study is to evaluate the long-term
functional outcomes and QOL of LAPPG when compared to those of LADG with
Billroth II anastomosis.
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MATERIALS AND METHODS
This study was conducted in accordance with the principles of the Declaration of
Helsinki, and was approved by the Institutional Review Board of the National Cancer
Center (No. NCC 2017-0183).

Patients
From January 2012 to December 2015, 720 patients underwent LADG with Billroth II
anastosmosis or LAPPG for cT1N0 gastric cancer in the National Cancer Center,
Korea. Among these patients, the following were excluded in the analysis; 309
patients whose primary tumor was located less than 5 cm from the pylorus, 9 patients
who had multiple gastric cancers, 92 patients who received adjuvant chemotherapy
because their postoperative pathological stages were stage II or III; 13 patients who
had some other history of cancer before and after the gastrectomy; and 1 patient due
to follow-up loss.

Operation procedures
LAPPG was performed by four surgeons that were experienced in LADG (EBW,
YHM, RKW, and KYW). Infrapyloric vessels were routinely preserved to maintain
blood supply to the pyloric cuff, and the right gastric artery with lymph node station
No. 5 was also preserved and dissected distally to the first branch of the right gastric
artery. The hepatic and pyloric branches of the vagus nerves were preserved, while
the celiac branch was generally not preserved. The extent of lymph node dissection
was D1+ or more according to the treatment guidelines of the Japanese Gastric Cancer
Association[15]. D1+ in the context of PPG indicates the lymph node station numbers 1,
3, 4sb, 4d, 6, 7, 8a, and 9.
After resection was completed, a short 4- to 5-cm midline incision was made, and
the tumor location was checked by palpation of the proximal and distal clips. A 3- to
5-cm pyloric cuff remained after the resection of the distal portion, and the
gastrogastrostomy was performed by a hand-sewn suture. In LADG, the laparoscopic
procedures were performed the same as those used in LAPPG, except for the
dissection of the No. 5 and 6 lymph nodes and the vagus nerve. After the procedures,
a gastrojejunal anastomosis (Billroth II) was performed extracorporeally through the
same incision that was used for LAPPG.

Outcome assessments
Comorbidity was evaluated using the American Society of Anesthesiologists (ASA)
physical status classification system[16]. Histological types were classified according to
the 2010 World Health Organization classification[17]. When a tumor consisted of
components of two or more histological types, the quantitative predominance was
recorded as the histological type. The pathological stage was categorized according to
the 8th American Joint Committee on Tumor-Node-Metastasis classification system[18].
Postoperative symptom complications were evaluated using the Clavien-Dindo
classification system within 1 month after surgery[19].
After surgery, the patients visited the outpatient clinic every 6 mo. Body weight,
serum hemoglobin, protein, and albumin were checked during this visit and analyzed
as nutritional outcomes. Patients with anemia were provided with iron
supplementation at the outpatient clinic depending on patient symptoms, hemoglobin
levels, and the discretion of the physician. In general, oral iron was administered by
80 mg of ferrous sulfate once or twice per day for a period of 3 or 6 mo. Intravenous
iron was typically administered as a single dose of ferric carboxymaltose (500 mg). An
esophagogastroduodenoscopy was performed annually, and the patient was
evaluated for the presence of bile reflux and the grade of residual food according to
the following criteria; no food residue, liquid only, soft diet residue, and nearly
normal diet residue.
Postoperative QOL was estimated using the European Organization for Research
and Treatment of Cancer (EORTC) QOL Questionnaire (QLQ) -C30 and the gastric
cancer-specific module, STO22[20]. The EORTC QLQ-C30 is composed of a global
health status/QOL scale, 5 functional scales and 9 symptom scales. The EORTC QLQSTO22 is composed of 9 symptom scales. Each scale is represented by a score ranging
from 0 to 100. A higher score indicates a better QOL as defined by the global health
status and functional scales of the EORTC QLQ-C30, while a higher score indicates a
poorer QOL on the symptom scale of the EORTC QLQ-C30 and STO22[21].
The QOL survey was performed between October 2016 and December 2018 for
patients who underwent surgeries at least 2 years prior and visited the outpatient
clinic. The period between surgery and the day that the questionnaire was
administered varied, ranging from 2 to 5 years postoperatively.
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Statistical analysis
The continuous variables are shown as the means ± standard deviations or the
medians with interquartile ranges, and the categorical variables are presented as
proportions. Differences between these groups were tested using a t-test or the
Wilcoxon rank-sum test for continuous variables and the chi –square test or Fisher’s
exact test for categorical variables. A mixed effect model was performed to analyze
changes of the nutritional outcomes between the two groups. In the QOL analysis,
each subscale or item is presented as the median and the interquartile range. The
distribution of QOL scores did not follow a normal distribution. Therefore,
nonparametric statistics (i.e., the Willcoxon rank-sum test) were used to evaluate their
statistical significance. Data analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC, United States). P values less than 0.05 were considered
significant.

RESULTS
Clinicopathological characteristics and hospital course
Among the 720 patients, 195 patients with LADG and 101 patients with LAPPG were
ultimately included in this study (Supplementary Figures 1 ). There were no
significant differences in baseline demographics, including age, sex, body mass index,
and ASA classification (Table 1). The pathological results showed that the distal
margin was shorter, and there were less harvested lymph nodes in the LAPPG group
when compared to the LADG groups (P < 0.001 and P = 0.046, respectively). The
operative time was longer in the LAPPG group (median, 150 min vs 210 min, P <
0.001), while the estimated blood loss and the length of hospital stay were not
significantly different between the two groups.

Postoperative complications
The incidence of overall early complications was not significantly different between
the LADG and LAPPG groups (Table 2). There were also no significant differences in
any of the severity grades of the Clavien-Dindo classification. However, the incidence
of delayed gastric emptying was higher in the LAPPG group (P = 0.001). Four patients
with grade III delayed gastric emptying were treated with endoscopic Botox
injections, after which they improved[22].

Nutritional outcomes
Figure 1 shows the comparison of long-term nutritional outcomes between the LADG
and LAPPG groups. In the LAPPG group, hemoglobin levels gradually increased and
had almost recovered by postoperative year 5. However, decreased hemoglobin levels
persisted in the LADG group. Hemoglobin levels were significantly higher in the
LAPPG group than in the LADG group (P < 0.001). Iron supplementation in the
outpatient clinic was also evaluated; the proportions of patients who were
administered any iron supplement were similar between the two groups (22.1% vs
19.8%, P = 0.765) (Table S1).
Serum protein decreased after surgery but increased after 1-2 years postoperatively
in both groups. Serum albumin continuously decreased after surgery. There were no
significant differences in the changes of serum protein and albumin level between the
two groups (P = 0.083 and 0.304, respectively). After surgery, a loss of body weight of
approximately 5-6 kg was observed in both groups, and the decreased body weight
persisted in the follow-up period. There were no significant differences in the changes
in body weight between the two groups (P = 0.092).

Endoscopic findings
Figure 2 shows the proportions of the presence of bile reflux and residual food. After
surgery, bile reflux was observed in 30%-60% of the LADG group, and in less than
10% of the LAPPG group (P < 0.001 at every time point). In the LAPPG group, 65% of
patients had a nearly normal diet residue at 1 year postoperatively, and the
proportion decreased slightly to 45% at 5 years postoperatively. In contrast, less than
10% of the LADG group had a nearly normal diet residue postoperatively. The
proportions of residual food were significantly different between the two groups at
every time point (P < 0.001).

Outcomes of QOL
A total of 108 (55.3%) and 61 (60.4%) patients in the LADG and LAPPG groups
answered the QOL questionnaire, respectively, and the time points for the responses
to the QOL questionnaire ranged from 2 years to 5 years (Table S2). For the EORTC
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Table 1 Clinicopathological characteristics and hospital course in the laparoscopy-assisted pylorus preserving gastrectomy and
laparoscopy-assisted distal gastrectomy groups

Factors

LADG

LAPPG

(n = 195) (%)

(n = 101) (%)

56.5 ± 11.8

58.3 ± 12.0

0.218

Male

114 (58.5)

54 (53.5)

0.458

Female

81 (41.5)

47 (46.5)

24.0 ± 3.1

24.1 ± 3.1

0.617

I

79 (40.5)

35 (34.7)

0.441

II

109 (55.9)

64 (63.4)

Subgroup

Age (mean ± SD) (yr)
Sex

BMI (mean ± SD) (kg/m2)
ASA

III

P value

7 (3.6)

2 (2.0)

2.8 ± 1.5

2.5 ± 1.4

0.078

WD

30 (15.4)

15 (14.9)

0.716

MD

45 (23.1)

20 (19.8)

PD

47 (24.1)

23 (22.8)

SRC

70 (35.9)

43 (42.6)

Others

3 (1.5)

0 (0)

Proximal margin (mean ± SD) (cm)

2.7 ± 2.0

2.5 ± 2.2

0.388

Distal margin (mean ± SD) (cm)

8.0 ± 2.5

3.6 ± 2.6

< 0.001

Number of positive LN (mean ± SD)

0.1 ± 0.3

0.1 ± 0.4

0.364

Number of Harvested LN (mean ± SD)

33.5 ± 12.2

30.5 ± 11.6

0.046

1

188 (96.4)

96 (95.0)

0.551

2

7 (3.6)

5 (5.0)

0

182 (93.3)

92 (91.1)

1

13 (6.7)

9 (8.9)

Operating time (median, IQR) (min)

150.0 (130.0, 185.0)

210.0 (185.0, 235.0)

< 0.001

Estimated blood loss (median, IQR) (cc)

100.0 (12.5, 200.0)

100.0 (50.0, 200.0)

0.235

Hospital stay (median, IQR) (d)

7.0 (6.0, 7.0)

7.0 (5.5, 7.0)

0.940

Tumor size (mean ± SD) (cm)
Histological type

pT

pN

0.641

LADG: Laparoscopy-assisted distal gastrectomy; LAPPG: Laparoscopy-assisted pylorus preserving gastrectomy; SD: Standard deviation; BMI: Body mass
index; ASA: American Society of Anesthesiologists physical status classification system; WD: Well differentiated; MD: Moderately differentiated; PD:
Poorly differentiated; SRC: Signet ring cell; LN: Lymph node; IQR: Interquartile range.

QLQ-C30, the LAPPG group had better physical function when compared to the
LADG group (86.7 vs 90.0, P = 0.032) (Table 3). For the EORTC QLQ-STO22, the pain
and reflux score were significantly higher in the LAPPG group than in the LADG
group (8.3 vs 16.7 in pain, 11.1 (interquartile range, 0, 22.2) vs 11.1 (interquartile range,
11.1, 33.3) in reflux, P = 0.034 and 0.001, respectively). Other functional and symptom
scales/items did not show any differences.

DISCUSSION
In this study, we evaluated the long-term functional outcomes and the QOL of
patients who underwent LAPPG for early gastric cancers that were located in the
middle third of the stomach. When compared to the LADG group, the LAPPG group
had the advantage of long-term hemoglobin recovery and physical function.
However, the LAPPG group also experienced delayed gastric emptying at a higher
frequency and a higher reflux and pain scores on the EORTC QLQ-STO22
questionnaire.
To date, only a few studies have evaluated the functional outcomes following
LAPPG[12-14,23]. One of these reports utilized a single-arm study design that could not
determine the functional superiority of LAPPG to LADG [23] . The other study
demonstrated the nutritional advantages of LAPPG when compared to LADG, but
only short-term outcomes (within 1 postoperative year) were described [12] . Two
studies reported QOL outcomes but encountered issues with either very small
numbers of participants employing questionnaires that were not validated in other
ethnic populations[13,14]. Therefore, further studies that would evaluate long-term
functional results including QOL are required.
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Figure 1

Figure 1 Postoperative nutritional outcomes. A: Change in hemoglobin; B: Change in serum protein levels; C: Change in serum albumin levels; D: Change in body
weight. LADG: Laparoscopy-assisted distal gastrectomy; LAPPG: Laparoscopy-assisted pylorus-preserving gastrectomy. aP < 0.05.

In the present study, (1) A moderate number of patients (approximately 300) were
included; (2) All patients were followed-up on for more than 3 year after surgery; (3)
Both functional and QOL outcomes were reported; and (4) QOL was assessed using a
validated questionnaire (the EORTC QLQ C-30 and the STO-22). Based on these
points, this study aims to provide a more comprehensive and reliable understanding
of patients who undergo LAPPG.
In this study, hemoglobin recovery was better in the LAPPG group than in the
LADG group. Iron is mainly absorbed in the duodenum, and gastric acidity promotes
the intestinal absorption of nonheme iron. After LAPPG, food passes through the
duodenum and gastric acid secretion is less decreased due to postoperatively
enhanced G cell function along with a smaller decrease in gastrin levels [24,25] . In
contrast, there were considerable reductions in the secretion of gastrin and acid, and
the absorption of dietary iron is limited when food bypasses the duodenum after
LADG with Billroth II anastomosis. For these reasons, there is a greater potential for
improvements in postoperative anemia after LAPPG when compared to LADG with
Billroth II anastomosis[26]. In our study, physical and role functions were significantly
or marginally worse in the LADG group (P = 0.032, 0.07), and the lower functional
scores might be associated with the lower hemoglobin levels.
Regarding endoscopic findings, less than 10% of the patients experienced bile
reflux, and more than half of the patients experienced food residue after LAPPG. The
low proportion of bile reflux and the high proportion of food residue after LAPPG
that were shown in this study were also observed in a previous study that reported
proportions of approximately 1% bile reflux and 48% residual food, as shown by
endoscopic evaluations performed 12 months after LAPPG[27].
The QOL results showed that abdominal pain and reflux symptom scores were
significantly higher in the LAPPG than in the LADG group, which might be related to
gastric stasis. Patients with a high degree of residual food are more likely to
experience gastric fullness and reflux. The pain scores of the EORTC QLQ STO-22
indicate high levels of discomfort when eating, severe pain in the stomach area, and a
bloated feeling in the abdomen (Q34-37), and all of these symptoms could result from
gastric stasis.
The QOL data were collected from patients who visited the outpatient clinic no
earlier than October 2016, and the time points for answering the questionnaire varied
between patients. To reduce this time point variability, we excluded the QOL data of
patients who underwent surgery within 2 years because the early portion of the QOL
data displayed a wide range of fluctuation. The long-term QOL data (two years or
more after the operation) are expected to be stable for patients and show little
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Table 2 Early postoperative complications

Factors
Grade I

Grade II

Grade III

LADG

LAPPG

(n = 195) (%)

(n = 101) (%)

Wound

2

0

Ileus

3

1

Delayed gastric emptying

0

3

Urologic problem

1

1

Ileus

2

0

Delayed gastric emptying

2

2

Intra-abdominal abscess

0

1

Intra-abdominal bleeding

1

0

Acute cholecystitis

1

0

Pulmonary problem

1

2

Urologic problem

0

1

Wound

2

0

Delayed gastric emptying

0

4

Anastomotic leakage

1

1
0

Complications

P value
0.519

0.378

0.282

Anastomosis bleeding

1

Grade IV

Septic shock

1

0

0.999

Overall Complications

Absent

179 (91.8)

86 (85.1)

0.108

Present

16 (8.2)

15 (14.9)

Absent

193 (99.0)

92 (91.1)

Present

2 (1.0)

9 (8.9)

Delayed gastric emptying

0.001

LADG: Laparoscopy-assisted distal gastrectomy; LAPPG: Laparoscopy-assisted pylorus preserving
gastrectomy.

differences between time points. Thus, comparing the QOL data between the LAPPG
and LADG groups might be clinically acceptable despite of the variation in time.
Another limitation of this study is that we could not collect all patients’ QOL data,
which can result in selection bias. This study was retrospectively performed, and
complete QOL data collection was impossible due to the limited number of
interviewers and interview time. Therefore, future studies with complete QOL
datasets are required to reach more reliable conclusions.
In conclusion, LAPPG was beneficial to the recovery of postoperative anemia and
bile reflux, however, it might be unfavorable in terms of long-term pain and reflux
symptoms compared to LADG with Billroth II anastomosis. When a physician
informs all possible advantages and disadvantages to a patient, and the patient wants
to undergo LAPPG, LAPPG could be a treatment option for middle third early gastric
cancer.
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Table 3 Comparison of long-term quality of life between the laparoscopy-assisted pylorus preserving gastrectomy and laparoscopyassisted distal gastrectomy groups
LADG (n = 108)

LAPPG (n = 61)

Median (interquartile)

Median (interquartile)

66.7 (50.0, 83.3)

66.7 (50.0, 83.3)

0.466

Physical functioning

86.7 (80.0, 93.3)

90.0 (86.0, 100.0)

0.032

Role functioning

100.0 (66.7, 100.0)

100.0 (83.3, 100.0)

0.07

Emotional functioning

83.3 (66.7, 100.0)

83.3 (75.0, 100.0)

0.757

Cognitive functioning

83.3 (83.3, 100.0)

83.3 (83.3, 100.0)

0.690

Social functioning

83.3 (83.3, 100.0)

83.3 (83.3, 100.0)

0.776

Fatigue

22.2 (11.1, 33.3)

22.2 (11.1, 33.3)

0.845

Nausea and vomiting

0 (0, 16.7)

0 (0, 16.7)

0.916

Pain

0 (0, 16.7)

0 (0, 16.7)

0.779

Dyspnea

0 (0, 33.3)

0 (0, 33.3)

0.977

Insomnia

0 (0, 33.3)

0 (0, 33.3)

0.387

Appetite loss

0 (0, 0)

0 (0, 33.3)

0.070

Constipation

0 (0, 33.3)

0 (0, 33.3)

0.073

Diarrhea

16.7 (0, 33.3)

33.3 (0, 33.3)

0.718

Financial difficulties

0 (0, 33.3)

0 (0, 16.7)

0.809

Dysphagia

0 (0, 11.1)

0 (0, 11.1)

0.722

Pain

8.3 (0, 25.0)

16.7 (8.3, 33.3)

0.034

Reflux

11.1 (0, 22.2)

11.1 (11.1, 33.3)

0.001

Eating restrictions

8.3 (0, 16.7)

8.3 (0, 25.0)

0.599

Anxiety

22.2 (11.1, 33.3)

22.2 (11.1, 38.9)

0.949

Dry mouth

33.3 (0, 33.3)

0 (0, 33.3)

0.204

Taste

0 (0, 0)

0 (0, 0)

0.091

Body image

0 (0, 33.3)

33.3 (0, 33.3)

0.847

Hair loss

33.3 (0, 66.7)

33.3 (16.7, 33.3)

0.875

P value
EORTC QLQ C-30
Global health status/QoL
Functional scales

Symptom scales/items

EORTC QLQ STO-22

LADG: Laparoscopy-assisted distal gastrectomy; LAPPG: Laparoscopy-assisted pylorus preserving gastrectomy; EORTC: European Organization for
Research and Treatment of Cancer; QLQ: Quality of life questionnaire.
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Figure 2

Figure 2 Postoperative endoscopic findings. A: Proportions of the presence of bile reflux; B: Proportions of the grade of residual food. aP < 0.05.

ARTICLE HIGHLIGHTS
Research background
Laparoscopy-assisted pylorus-preserving gastrectomy (LAPPG) was known to have benefits of
function-preserving surgery compared to laparoscopy-assisted distal gastrectomy (LADG).
However, in clinical settings, delayed gastric emptying and esophageal reflux following LAPPG
can be serious issues, making surgeons reluctant to perform LAPPG.

Research motivation
It is unclear that LAPPG had better long-term functional outcomes and quality of life compared
to LADG.

Research objectives
To evaluate the long-term functional outcomes and patient-reported quality of life of LAPPG
compared to those of LADG with Billroth II anastomosis.

Research methods
We reviewed the clinicopathological data of 195 patients who underwent LADG with Billroth II
anastomosis and 101 patients who underwent LAPPG for cT1N0 gastric cancer in the middle
third of the stomach between 2012 and 2015. Postoperative complications, nutritional
parameters, and survey results of the EORTC QLQ C30 and STO22 questionnaire were
compared between the two groups.

Research results
The serum hemoglobin level was significantly higher in the LAPPG group than in the LADG
group (P < 0.001). In the endoscopic findings, incidence of bile reflux was lower (P < 0.001);
however, the incidence of residual food was higher in the LAPPG group than in the LADG
group (P < 0.001). Regarding the quality of life score, the LAPPG group had a better physical
functioning score (86.7 vs 90.0, P = 0.032) but also greater pain and reflux when compared to the
LADG group (8.3 vs 16.7 in pain, 11.1 (interquartile range, 0, 22.2) vs 11.1 (interquartile range,
11.1, 33.3) in reflux, P = 0.034 and 0.001, respectively).

WJG

https://www.wjgnet.com

5502

September 28, 2019

Volume 25

Issue 36

Eom BW et al. Long-term functional outcomes of LAPPG

Research conclusions
LAPPG is beneficial to recovery of anemia and to bile reflux, however, it might be unfavorable in
terms of pain and reflux symptoms compared to LADG with Billroth II anastomosis.

Research perspectives
LAPPG has both advantages and disadvantages in reference to long-term functional outcomes.
When a physician informs all possible advantages and disadvantages to a patient, and the
patient wants to undergo LAPPG, LAPPG could be a treatment option for middle third early
gastric cancer. Additional large-scale study is needed to determine the functional superiority of
LAPPG and patient-reported QOL.
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Abstract
BACKGROUND
Bilioenteric Roux-en-Y anastomosis is one of the most complicated approaches
for reconstructing the gastrointestinal tract, and endoscopic retrograde
cholangiopancreatography (ERCP) is technically challenging in patients after
bilioenteric Roux-en-Y anastomosis. The optimal endoscopic strategies for such
cases remain unknown.
AIM
To explore the feasibility and effectiveness of single balloon enteroscopy-assisted
(SBE-assisted) therapeutic ERCP in patients after bilioenteric Roux-en-Y
anastomosis based on multi-disciplinary collaboration between endoscopists and
surgeons as well as report the experience from China.
METHODS
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This is a single center retrospective study. All of the SBE-assisted therapeutic
ERCP procedures were performed by the collaboration between endoscopists and
surgeons. The operation time, success rate, and complication rate were
calculated.
RESULTS
Forty-six patients received a total of 64 SBE-assisted therapeutic ERCP
procedures, with successful scope intubation in 60 (93.8%) cases and successful
diagnosis in 59 (92.2%). All successfully diagnosed cases received successful
therapy. None of the cases had perforation or bleeding during or after operation,
and no post-ERCP pancreatitis occurred.
CONCLUSION
Based on multi-disciplinary collaboration, SBE-assisted therapeutic ERCP in
patients after bilioenteric Roux-en-Y anastomosis is relatively safe and effective
and has a high success rate.
Key words: Bilioenteric Roux-en-Y anastomosis; Single balloon enteroscopy; Multidisciplinary cooperation; Hepaticojejunostomy; Pancreaticoduodenectomy
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Core tip: Bilioenteric Roux-en-Y anastomosis is one of the most complicated approaches
for reconstructing the gastrointestinal tract. The change in the gastrointestinal anatomy,
absence of the duodenal papilla, and angulation and adhesion of the small intestine,
among others, make endoscopic retrograde cholangiopancreatography (ERCP) after
bilioenteric Roux-en-Y anastomosis the most challenging operation. Based on multidisciplinary collaboration, single balloon enteroscope-assisted therapeutic ERCP in
patients after bilioenteric Roux-en-Y anastomosis is relatively safe and effective and has
a high success rates.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) is a clinically important
micro-invasive treatment for pancreatobiliary disease. For patients with normal
anatomy, the ERCP success rate is generally more than 90%[1]. With the development
and advancement of the ERCP technique, ERCP after upper gastrointestinal (GI)
surgeries such as Biroth II is now possible and has been performed clinically [2] .
Bilioenteric Roux-en-Y anastomosis is one of the most complicated approaches for
reconstructing the gastrointestinal tract. The change in the gastrointestinal anatomy,
absence of the duodenal papilla, and angulation and adhesion of the small intestine,
among others, make ERCP after bilioenteric Roux-en-Y anastomosis the most
challenging operation. For these reasons, treatment with a conventional side-viewing
duodenoscope is very difficult. More recently, single-balloon enteroscopy (SBE) has
been used to improve the feasibility of ERCP after bilioenteric Roux-en-Y
anastomosis[3-5]. Our center attempted ERCP treatment after re-construction surgery
starting in 1998 and has gained some experience[6-9]. With the research at our center,
this article aimed to explore the feasibility and effectiveness of SBE-assisted
therapeutic ERCP in patients after bilioenteric Roux-en-Y anastomosis based on multidisciplinary collaboration between endoscopists and surgeons and to report the
experience from China.
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MATERIALS AND METHODS
Patients
From March 2010 to May 2016, our general surgery department completed 64 cases of
SBE-assisted therapeutic ERCP in 46 patients after bilioenteric Roux-en-Y
anastomosis. The subjects included 27 males and 19 females with ages ranging from
11 years to 76 years. Their prior operation history included 18 cases of pancreaticoduodenectomy, 25 cases of bilioenteric Roux-en-Y anastomosis, and 1 case of total
pancreatectomy. Two cases had undergone two prior operations, including 1 case of
Billroth II gastroenterostomy + pancreatico-duodenectomy and 1 case of bilioenteric
Roux-en-Y anastomosis + pancreatico-duodenectomy. The indications for ERCP
included intrahepatic stones, anastomotic stricture of bilioenteric Roux-en-Y
anastomosis, and foreign body remaining at the anastomotic site of a chodedochojejunostomy, among others (Table 1).

Major devices
Olympus CV-260 central unit, SIF-260 small balloon enteroscope (working length 200
cm, outer diameter 9.2 mm, biopsy channel 2.8 mm) and ST-SB 1 single use overtube
(working length 132 cm, outer diameter 13.2 mm, internal diameter 11 mm), and
OBCU balloon control unit were used. Cotton sphincterotome (COOK, 320 cm length,
United States), Glo-Tip ERCP catheter (COOK, 320 cm, United States), Tracer Metro
Direct wireguide (COOK, 600 cm length, United States), OASIS stent introducer
(COOK, 320 cm length, United States), 5 Fr pushing catheter (COOK, 320 length,
United States), Quantum TTC biliary balloon dilator (COOK, 320 cm length, United
States), Tri-EX triple lumen balloon extractor (Cook, 275 cm length, United States),
and other conventional ERCP devices were also employed.

Operation team task assignment and operating methods
The entire operation team included an endoscopist, a general surgeon, and nurse
assistants (Figure 1). Before the operation, all team members got together and
reviewed the patient’s history, especially the prior history of upper GI surgeries. The
general surgeon then drew the scope intubation schema of SBE-assisted ERCP, and all
team members studied the drawing (Figure 2). The patient was placed in the prone
position with airway intubation general anesthesia. SBE was operated by two
operators; the endoscopist worked with the nurse to perform the operation. The
process for slowly moving the scope forward included the use of a CO 2 supply,
inflation scope and overtube, deflation and drag movements, which were repeated.
During the operation, the general surgeon monitored the X-ray image to determine
and guide the scope progress while searching for the bilioenteric Roux-en-Y
anastomosis. The general surgeon completed the biliary duct cannulation,
anastomosis dilation, stone extraction or biliary stent insertion, and subsequent ERCP
operations (Figure 3). During the procedure, the enteroscope maneuver was
performed by the endoscopist.

Outcome definitions
Enteroscopy success was defined as accessing the biliary-enteric anastomosis.
Diagnostic success was defined as obtaining a cholangiogram. ERCP success was
defined as completion of the intended ERCP intervention[10]. ERCP-related adverse
events were categorized using the ERCP consensus guidelines[11].

RESULTS
Forty-six patients received a total of 64 SBE-assisted ERCP procedures. Among them,
8 patients underwent the procedure twice, 2 patients underwent it 3 times, and 2
patients underwent it 4 times. Of the 64 procedures, 60 had successful endoscopic
intubation with a successful scope intubation rate of 93.8%. Additionally, 59 resulted
in a successful diagnosis with a successful diagnosis rate of 92.2%. Of all successful
scope intubation cases, only 1 case had failure of bile duct cannulation because of
anatomic stricture and 59 cases had successful ERCP with an ERCP success rate of
92.2%. All successfully diagnosed cases received successful therapy. None of the cases
had perforation, bleeding during or after operation, or acute complications, such as
post-operation pancreatitis (Table 2).
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Table 1 Baseline characteristics of study patients (n = 46)
Characteristic

Value

Age, yr, mean ± SD

72.1 ± 11.2

Male gender, n (%)

27 (58.7)

Indication for ERCP, n (%)
Common bile duct stone

32 (69.6)

Benign biliary stricture

20 (43.5)

Pancreaticobiliary malignancy

6 (13.0)

Foreign body at the anastomotic site

10 (21.7)

Duration since bilioenteric Roux-en-Y anastomosis, n (%)
≤ 5 yr
> 5 yr
Prior operation history
Pancreatico-duodenectomy

18 (39.1%)

Bilioenteric Roux-en-Y anastomosis

25 (54.3%)

Total pancreatectomy

1 (2.2%)

Billroth II gastroenterostomy + pancreatico-duodenectomy

1 (2.2%)

Bilioenteric Roux-en-Y anastomosis + pancreatico-duodenectomy

1 (2.2%)

SD: Standard deviation; ERCP: Endoscopic retrograde cholangiopancreatography.

DISCUSSION
In terms of a standardized type of ERCP after GI tract surgery for better classification
and treatment, there is no current commonly accepted classification method in China
or internationally. However, there is a basic consensus on the factors that need to be
considered in classifying the type of ERCP after GI tract surgery. They are
summarized as follows: (1) The type of GI tract reconstruction[12], from the perspective
of surgery, including Billroth I, Billroth II (including Braun anastomosis), total
gastrectomy Roux-en-Y anastomosis, pancreaticoduodenectomy (including child
anastomosis), and chodedochejejunostomy (Roux-en-Y anastomosis); (2) The presence
of the native papilla is closely related to biliary cannulation; (3) Common bile duct
stone extraction, biliary stent insertion, chole-dochojejunostomy anatomic stricture
dilation, intrahepatic stone extraction, etc.[13]; and (4) Other factors, including the
doctor’s operation approach and specialty, among others, can have an influence. In
other words, the more comprehensive the consideration, the more accurate the
classification of factors that affect post-GI surgery ERCP, resulting in a higher success
rate.
Our center started performing post-GI surgery ERCP in 1998, and it is one of the
earliest centers to explore these techniques and methods in the field. With almost 20
years of experience, our center has established its own characteristics and specialties
in post-GI surgery ERCP. From 2009 until now, our center has treated more than 300
cases of GI tract reconstruction, including Billroth I, Billroth II (including Braun), total
gastrostomy Roux-en-Y anastomosis, pancreaticoduodenectomy, and choledochojejunostomy, and it is one of the centers with the highest volume of postsurgery ERCP cases.
Roux-en-Y bypass can present a significant challenge[14]. Because it is very rare in
China, we did not cover it in our study. For post-gastrectomy patients who still have a
native papilla structure, bile duct cannulation is needed in this type of post-surgery
ERCP, which will affect the endoscope selection. Because native papilla cannulation of
post-gastrectomy ERCP is difficult, our experience on this involves the use of a
conventional side-viewing duodenoscope with an elevator as it has more advantages.
By contrast, for choledochojejunostomy, directly cannulating the anastomosis is easier
with a single balloon enteroscope.
The major biliary diseases of post-choledochojejunostomy patients include a
foreign body at the anastomosis, anastomosis stricture, and intrahepatic stones[13]. This
is very different from the post-gastrectomy (partial or total) patients. For postgastrectomy patients, the major diseases are common bile duct stricture and stones[15].
In view of these differences, choledochojejunostomy is very different from other GI
tract reconstructions in terms of the reconstruction route and ERCP operation
characteristics. Therefore, in this report, we considered choledochojejunostomy as a
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Figure 1

Figure 1 The entire operation team, including the general surgeon (A), endoscopist (B), and nurse assistants
(C).

special type of upper GI tract reconstruction for discussion and then analyzed and
attempted ERCP in this patient group with the aim of offering these patients
minimally invasive treatments.
For post-gastrectomy ERCP operation, the use of a conventional side-viewing
duodenoscope always has a higher success rate of biliary cannulation and therapy;
however, the intubation rate is lower than for the forward-viewing scope[16]. For the
side-viewing duodenoscope, there should be more focus on the success rate of scope
intubation. We recommend the use of the “retrieval balloon–assisted enterography”[6-9]
combined with X-ray imaging to guide the scope progress and effectively improve the
scope intubation rate. When using the forward viewing enteroscope, the intubation
rate is generally higher, but forward viewing scope cannulation with the normal trans
papilla biliary cannulation remains very difficult. For a forward viewing endoscope,
there should be more focus on improving the success rate of biliary cannulation and
therapy[17]. We chose to use a single balloon enterosope to assist ERCP. One reason is
that the single balloon enteroscope is more slim and flexible than other scopes, and it
has an overtube to assist with scope progress, which will have a higher scope
intubation rate. Another reason is that intrahepatic stones often require the scope to
enter the intrahepatic bile duct as well as relative procedures under direct monitoring.
Therefore, a scope with a larger working channel is larger in diameter, which cannot
go inside the intrahepatic bile ducts, making it unsuitable for stone clearance. At
present, SBE-assisted ERCP compatible long length devices are under development
and on sale. We use SBE to assist with post-pancreatic biliary surgery ERCP and have
achieved satisfying results with a success rate above 90%. This result is superior to
previous studies[10,18-22] (Table 3).
The post-choledochojejunostomy ERCP operations in our center were all done with
the collaboration of endoscopists and surgeons. The endoscopist operated the SBE
intubation and relative endoscope maneuvers, while the surgeon was in charge of
scope intubation guidance and relative treatments. The importance of this
collaboration is one of the most important conclusions we have drawn from our work
on post-GI tract reconstruction ERCP.
In addition, for treatment with post-choledochojejunostomy ERCP, we try to push
the tip of the enteroscope into the intrahepatic bile duct via the choledochojejunostomy anastomosis, which allows for performance of the treatments
under direct visualization. If there is an anastomosis stricture, we use balloon dilation
to dilate the stricture and then let the scope enter the intrahepatic duct. Theoretically,
performing enteroscopy via the anastomosis and entering the intrahepatic duct can
allow for more direct, accurate, and comprehensive diagnosis as well as avoid missed
diagnoses. Operations performed under these conditions, such as stone extraction
under direct visualization, can be more accurate and avoid unnecessary injury. Large
stones can also be removed after holmium laser lithotripsy under SBE direct
visualization. Before completing the procedure, this approach can also directly
visualize and confirm that the stones are all extracted and that there are no residual
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Figure 2

Figure 2 Schema of the operation procedure. A: Billroth II gastroenterostomy and pancreatico-duodenectomy; B:
Bilioenteric Roux-en-Y anastomosis and pancreatico-duodenectomy.

stones. If we only rely on X-ray, we cannot achieve the above goals. For this reason,
we emphasize placing the enteroscope tip into the intrahepatic bile duct via the
anastomosis and then performing treatment. This approach will be more comprehensive and effective and will reduce the need for repeated ERCPs after the
operation.
The endoscopist is in charge of operating the enteroscope, while the surgeon is in
charge of diagnosis and therapy. The enteroscope enters the choledochojejunostomy
anastomosis and treats the disease under direct visualization. This is similar to the
surgical choledochoscope maneuver. The surgeon is familiar with the anatomy of the
intrahepatic duct and stone localization and extraction. As a result, in our opinion,
surgeons will have a higher rate of success in performing the diagnosis and therapy.
In view of this, SBE-assisted ERCP based on collaboration between the endoscopist
and surgeon will be the first choice for patients after choledochojejunostomy.
SBE-assisted therapeutic ERCP is easier with a higher treatment success rate and
lower complication rate than other endoscopic assisted operations. However, some
limitations remain, including SBE-assisted ERCP compatible accessories that are
awaiting further study and the metal stent delivery system that cannot go through the
2.8-mm working channel, etc. In view of this, there is progress on the development of
a series of endoscopes and accessories[23]. This is systematic and complicated work,
and true progress can only be made in medical practice. SBE-assisted ERCP based on
the collaboration between an endoscopist and surgeon after choledochojejunostomy is
relatively safe and effective and has a relatively high success rate. Although our
results are encouraging for the support of SBE-assisted ERCP, further large
prospective, multicenter studies to evaluate the efficacy of SBE-ERCP need to be
conducted to confirm these findings[13]. However, ERCP after choledochojejunostomy
and after upper GI tract surgery remains challenging. We are striving to make ERCP
treatment in these patients safer, more effective, more standardized, easier to operate,
and easier to generalize as a technique.
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Table 2 Clinical outcomes of endoscopic retrograde cholangiopancreatography in the study cohort
Outcome

No. of patients, n (%)

Technical success
Enteroscopy success

60 (93.8)

Diagnostic success

59 (92.2)

ERCP success

59 (92.2)

Intervention
Stone extraction

31(48.4)

Holmium laser lithotripsy

8 (12.5)

Anastomotic incision

10 (15.6)

Balloon dilation of stenotic anastomosis

19 (29.7)

ENBD

30 (46.8)

Biliary plastic stent placement and removal

6 (9.4)

Foreign body extraction

10 (15.6)

Reason for ERCP failure
Failure to reach the papilla

4 (6.3)

Failure of selective bile duct cannulation

1 (1.6)

Failure of bile duct stone removal or ERBD insertion

0 (0)

Failure because of afferent loop perforation

0 (0)

Overall adverse events

0 (0)

Perforation

0 (0)

Pancreatitis

0 (0)

Bleeding

0 (0)

ERCP: Endoscopic retrograde cholangiopancreatography; ENBD: Edoscopic retrograde biliary drainage.

Table 3 Summary of reports of endoscopic retrograde cholangiopancreatography using single-balloon enteroscopy technique in
patients with Roux-en-Y anastomosis
Author

Publication year

Number of procedures

Enteroscopy success rate

ERCP success rate

Complication rate

Dellon et al[18]

2009

4

75%

75%

0

Saleem et al[19]

2010

50

75%

66%

0

Shah et al[10]

2013

45

69%

60%

No data

Tomizawa et al

2014

14

68%

50%

0

Soh et al[21]

2015

6

83.3%

50%

16.7%

Yane et al[22]

2016

183

91.8%

80.3%

No data

[20]

ERCP: Endoscopic retrograde cholangiopancreatography; SBE: Single-balloon enteroscopy.
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Figure 3 The operation procedure. A: The endoscopist collaborated with the nurse to inflate the scope and overtube as well as deflate and move the equipment,
which were repeated to slowly advance the scope forward; B: Locating the bilioenteric Roux-en-Y anastomosis (Endoscopic view); C: Completion of the biliary duct
cannulation and cholangiogram, revealing intrahepatic bile duct stones; D: Intrahepatic bile duct stones were extracted successfully; E: Operations such as stone
extraction under direct visualization can be more accurate. Before completing the procedure, visualizing and confirming that the stones are all extracted and that there
are no residual stones are possible; F: Large stones can also be extracted after holmium laser lithotripsy under SBE direct visualization; G: Bilioenteric Roux-en-Y
anastomotic stricture was treated by balloon dilatation; H: Foreign body at the anastomotic site (endoscopic view); I: The foreign body was extracted successfully; J:
Bilioenteric Roux-en-Y anastomosis malignant stenosis was treated by balloon dilatation and stenting; K: Successful endoscopic nasobiliary drainage via a single
balloon enteroscope.

ARTICLE HIGHLIGHTS
Research background
Bilioenteric Roux-en-Y anastomosis is one of the most complicated approaches for reconstructing
the gastrointestinal tract, and endoscopic retrograde cholangiopancreatography (ERCP) is
technically challenging in patients with bilioenteric Roux-en-Y anastomosis. The optimal
endoscopic strategies for such cases remain unknown.

Research motivation
The motivation of this research was to explore the feasibility and effectiveness of single balloon
enteroscopy-assisted (SBE-assisted) therapeutic ERCP in patients after bilioenteric Roux-en-Y
anastomosis based on multi-disciplinary collaboration between endoscopists and surgeons.

Research objectives
To explore the feasibility and effectiveness of SBE-assisted therapeutic ERCP in patients after
bilioenteric Roux-en-Y anastomosis based on multi-disciplinary collaboration between
endoscopists and surgeons as well as report the experience from China.

Research methods
This is a single center retrospective study. All of the SBE-assisted therapeutic ERCP procedures
were performed by the collaboration between endoscopists and surgeons. The operation time,
success rate, and complication rate were calculated.

Research results
Forty-six patients received a total of 64 SBE-assisted therapeutic ERCP procedures, with
successful scope intubation in 60 (93.8%) cases and successful diagnosis in 59 (92.2%). All
successfully diagnosed cases received successful therapy. None of the cases had perforation or
bleeding during or after operation, and no post-ERCP pancreatitis occurred.
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Research conclusions
Based on multi-disciplinary collaboration, SBE-assisted therapeutic ERCP in patients after
bilioenteric Roux-en-Y anastomosis is relatively safe and effective and has a high success rates.

Research perspectives
Our results are encouraging for the support of SBE-assisted ERCP, and further large prospective,
and multicenter studies to evaluate the efficacy of SBE-ERCP need to be conducted to confirm
these findings.
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Abstract
BACKGROUND
Researchers have investigated the diagnostic value of protein induced by vitamin
K absence or antagonist II (PIVKA-II) and alpha-fetoprotein (AFP) in hepatitis B
virus (HBV)-related hepatocellular carcinoma (HCC), and obtained abundant
clinical diagnostic data. However, PIVKA-II and AFP have unsatisfactory
specificity and sensitivity in the diagnosis of early-stage HBV-related HCC.
Gamma-glutamyltransferase (γ-GT) and aspartate aminotransferase (AST) are
common biomarkers for evaluating liver function, and we hypothesized that the
γ-GT/AST ratio in combination with PIVKA-II and AFP would improve the
diagnosis of early-stage HBV-related HCC.
AIM
To evaluate the diagnostic value of γ-GT/AST ratio alone or in combination with
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PIVKA-II and AFP in HBV-related HCC.
METHODS
Serum levels of γ-GT, AST, PIVKA-II, and AFP were detected and analysed in
176 patients with HBV-related HCC and in 359 patients with chronic hepatitis B.
According to tumour size and serum level of HBV DNA, HBV-related HCC
patients were divided into the following categories: Early-stage HCC patients,
HCC patients, HBV DNA positive (HBV DNA+) HCC patients, and HBV DNA
negative (HBV DNA-) HCC patients. Receiver-operating characteristic (ROC)
curves were used to analyse and compare the diagnostic value of the single and
combined detection of various biomarkers in different types of HBV-related
HCC.
RESULTS
Tumour size was positively correlated with serum levels of PIVKA-II and AFP in
HCC patients (r = 0.529, aP < 0.001 and r = 0.270, bP < 0.001, respectively), but
there was no correlation between tumour size and the γ-GT/AST ratio (r = 0.073,
P = 0.336). The areas under the receiver-operating characteristic curves
(AUROCs) of the γ-GT/AST ratio in early-stage HCC patients, HBV DNA+ HCC
patients and HBV DNA- HCC patients were not significantly different from that
in the total HCC patients (0.754, 0.802, and 0.705 vs 0.779, respectively; P > 0.05).
When PIVKA-II was combined with the γ-GT/AST ratio in the diagnosis of earlystage HCC, HCC, and HBV DNA+ HCC, the AUROCs of PIVKA-II increased,
with values of 0.857 vs 0.835, 0.925 vs 0.913, and 0.958 vs 0.954, respectively. When
AFP was combined with the γ-GT/AST ratio in the diagnosis of early-stage HCC,
HCC, HBV DNA+ HCC, and HBV DNA- HCC, the AUROCs of AFP increased,
with values of 0.757 vs 0.621, 0.837 vs 0.744, 0.868 vs 0.757, and 0.840 vs 0.828,
respectively.
CONCLUSION
The γ-GT/AST ratio may be better than PIVKA-II and AFP in the diagnosis of
early-stage HBV-related HCC, and its combination with PIVKA-II and AFP can
improve the diagnostic value for HBV-related HCC.
Key words: Gamma-glutamyltransferase; Aspartate aminotransferase; Protein induced by
vitamin K absence or antagonist II; Alpha-fetoprotein; Hepatitis B virus; Hepatocellular
carcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study showed that the ratio of gamma-glutamyltransferase to aspartate
aminotransferase (γ-GT/AST ratio) was not correlated with tumour size in hepatitis B
virus (HBV)-related hepatocellular carcinoma (HCC), and there was no difference in the
AUROC between early-stage HBV-related HCC and HBV-related HCC, indicating that
the γ-GT/AST ratio may be more useful than protein induced by vitamin K absence or
antagonist II (PIVKA-II) and alpha-fetoprotein (AFP) in the diagnosis of early-stage
HBV-related HCC. PIVKA-II and AFP combined with the γ-GT/AST ratio can enhance
the diagnostic value of these biomarkers in different categories of HBV-related HCC.

Citation: Wang Q, Chen Q, Zhang X, Lu XL, Du Q, Zhu T, Zhang GY, Wang DS, Fan QM.
Diagnostic value of gamma-glutamyltransferase/aspartate aminotransferase ratio, protein
induced by vitamin K absence or antagonist II, and alpha-fetoprotein in hepatitis B virusrelated hepatocellular carcinoma. World J Gastroenterol 2019; 25(36): 5515-5529
URL: https://www.wjgnet.com/1007-9327/full/v25/i36/5515.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i36.5515

INTRODUCTION
Hepatitis B virus (HBV) infection is the most common viral infection worldwide. It is
estimated that more than 2 billion people worldwide have been infected with HBV,
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and more than 350 million people have developed chronic hepatitis B (CHB)[1]. HBV
infection is associated with an increased risk of end-stage liver disease, cirrhosis, and
hepatocellular carcinoma (HCC)[2-4]. Prospective population-based studies have shown
that 15% of females and 20%-40% of males who are infected with HBV in the early
stages of life will develop HCC[5]. It is estimated that approximately 300000 to 500000
people worldwide die from HCC every year [6,7] . In China, HCC is the 4th most
common cancer and the 3rd leading cause of cancer death[8], and approximately 50%
of the new cases of HCC each year worldwide occur in China[9].
Protein induced by vitamin K absence or antagonist II (PIVKA-II) and alphafetoprotein (AFP) are widely used biomarkers in HCC diagnosis[10-13], and have been
written into the guidelines for HCC diagnosis published by the National Society of
Hepatology of different countries[14-16]. During clinical use, the sensitivity of AFP in the
diagnosis of HCC is only 40%-60%, and the sensitivity of AFP in the diagnosis of
early-stage HCC is only 10%-20%[17,18]. PIVKA-II is a kind of prothrombin that does not
use vitamin K in the process of hepatocyte synthesis, leading to a synthesis deficiency.
When HCC occurs due to the abnormal synthesis of prothrombin precursors by
cancer cells, prothrombin precursor carboxylation is insufficient, resulting in a large
amount of PIVKA-II[19]. As a newly discovered tumour marker for the diagnosis of
HCC, PIVKA-II has higher diagnostic value than AFP[20,21]. Some studies have shown
that PIVKA-II has a sensitivity of more than 90% in HCC diagnosis, while its
sensitivity for early-stage HBV-related HCC detection is more than 50%[12,22,23]. When
PIVKA-II and AFP are combined in HCC and early-stage HCC diagnosis, the
diagnostic value is significantly improved compared to that of the detection of either
individual protein[23-26].
Gamma-glutamyltransferase (γ-GT) is a membrane-binding enzyme that regulates
the metabolism of glutathione, catalyses the degradation of extracellular glutathione,
and then promotes the recovery of amino acids for intracellular glutathione synthesis.
γ-GT has been recognized as being capable of enhancing the cellular antioxidant
defence[27]. The level of γ-GT is abnormally elevated in patients with HCC. However,
in other liver diseases, such as viral hepatitis, alcoholic hepatitis, and cirrhosis, the
level of γ-GT is also abnormally elevated[28-32]. Therefore, for a long time, γ-GT could
not be used as an effective index to diagnose HCC, and its specificity is only
approximately 30%[33]. Aspartate aminotransferase (AST) is a biomarker commonly
used to evaluate hepatocyte damage. The level of AST is elevated in acute and chronic
viral hepatitis, alcoholic hepatitis, and cirrhosis. In HCC patients, AST is not elevated
or is only slightly elevated[34,35]. Based on these observations, we believe that the ratio
of γ-GT to AST (γ-GT/AST ratio) may be able to differentiate HCC from other liver
diseases, aiding in the diagnosis and evaluation of HCC. At the same time, we also
wanted to know whether the combination of the γ-GT/AST ratio and PIVKA-II or
AFP, which are recognized biomarkers for the diagnosis of HCC, can improve the
diagnostic value of PIVKA-II or AFP for HCC.

MATERIALS AND METHODS
Study setting and patients
A total of 535 patients with CHB, including 176 HCC patients and 359 CHB patients
with other liver diseases, were retrospectively enrolled at the Affiliated Hospital of
Northern Sichuan Medical College from January 2017 to March 2019. Among the 176
HCC patients, 74 early-stage HCC patients, 88 HBV DNA+ HCC patients, and 88
HBV DNA- HCC patients were included. The diagnosis of HCC was made in
accordance with the standards of the guidelines for the diagnosis and treatment of
primary HCC issued by the Chinese Society of Clinical Oncology (2018.V1). Earlystage HCC was defined as the presence of only a single tumour in the liver that was ≤
5.0 cm, with no vascular invasion or extrahepatic metastasis[13,14]. A total of 359 CHB
patients, including 186 with cirrhosis, 53 with cholecystitis, 37 with bile duct stones,
21 with drug-induced hepatitis, 51 with alcoholic hepatitis, 8 with hepatitis E
infection, and 3 with hepatitis C infection, were included (258 HBV DNA+ patients
and 101 HBV DNA- patients). The diagnosis of CHB and cirrhosis was in accordance
with the revised guidelines for the prevention and treatment of CHB infection from
the Chinese Society of Hepatology[36].
The study protocol was approved by the Ethics Committee of the Affiliated
Hospital of North Sichuan Medical College, Nanchong, China.

Measurements of γ-GT, AST, PIVKA-II, AFP, and HBV DNA
Serum levels of γ-GT and AST were determined by biochemical rate-assay (AU5800,
Beckman Coulter, Inc., America). Serum levels of PIVKA-II were determined by
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chemiluminescent microparticle immunoassay (CMIA) (Architect i1000, Abbott
Laboratories, America). Serum levels of AFP were measured by electrochemiluminescence immunoassay (Cobas E602, Roche, Inc., Germany). Serum levels
of HBV DNA were determined by real-time polymerase chain reaction (LightCycler
480II, Roche, Inc., Germany). The results were interpreted as follows: HBV DNA ≥ 500
IU/mL, positive (HBV DNA+); and HBV DNA 500 IU/mL, negative (HBV DNA-).

Data processing for combined evaluation of γ-GT/AST ratio, PIVKA-II, and AFP
The receiver-operating characteristic (ROC) curves were used to determine the
diagnostic cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP for HCC. The
fold change in the γ-GT/AST ratio, PIVKA-II, and AFP relative to the corresponding
diagnostic cut-off values are expressed by the M cut-off . This study evaluated the
diagnostic value of the combined detection of biomarkers in HBV-related HCC by
analysing the sums of the Mcut-off of the corresponding biomarkers.

Statistical analysis
Data are expressed as the median (interquartile range) or number (%). Comparisons
between groups were performed by the Mann-Whitney U test. Pearson’s chi-square
test was used for gender comparisons. Pearson correlation analysis was used for twofactor correlation analysis. ROC curves were used to determine the diagnostic cut-off
values, the areas under the ROC curves (AUROCs), diagnostic sensitivities, and
specificities. Statistical analyses were performed using SPSS, version 19.0 (SPSS Inc.,
United States) and Medcalc, version 12.3 (MedCalc Software bvba, Ostend, Belgium).
The statistical significance of all tests was defined as P < 0.05 by two-tailed tests.

RESULTS
Comparison of clinical characteristics between HCC group and chronic hepatitis B
group
The clinical characteristics of 176 patients with HCC and 359 patients with CHB
(control group) are expressed as medians (interquartile range) or numbers (%). The
data showed that the sex of the patients in the two groups was predominately male,
and the median age of HCC patients was 53 (range, 47-62) years old, which was
higher than that of the CHB group [49 (39-59) years] (P < 0.001). Serum levels of
PIVKA-II, AFP, γ-GT, and γ-GT /AST ratio in HCC patients were significantly higher
than those in CHB patients (P < 0.001), while serum levels of AST were significantly
lower in HCC patients than in CHB patients (P < 0.001). The clinical characteristics of
the 535 study patients are shown in Table 1.

Diagnostic value of γ-GT/AST ratio, PIVKA-II, and AFP in early-stage HCC and HCC
patients
Tumour size was positively correlated with serum levels of PIVKA-II and AFP in
HCC patients (r = 0.529, aP < 0.001 and r = 0.270, bP < 0.001, respectively), but there
was no correlation between tumour size and the γ-GT/AST ratio (r = 0.073, P = 0.336)
(Figure 1). Serum levels of PIVKA-II and AFP in early-stage HCC patients were
significantly lower than those in advanced HCC patients (P < 0.001) and were higher
than those in CHB patients (P < 0.001). The γ-GT/AST ratio was not significantly
different between early-stage HCC patients and advanced HCC patients (P = 0.156),
but higher than that in CHB patients (P < 0.001) (Figure 1).
When the cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP were set as
0.845, 84.44 mAu/mL, and 145.65 ng/mL, respectively, for the diagnosis of earlystage HCC, the AUROC of the γ-GT/AST ratio was 0.754 [95% confidence interval
(CI): 0.700-0.809], which was lower than that of PIVKA-II [0.835 (95%CI: 0.776-0.893)]
(P = 0.048) and was higher than that of AFP [0.621 (95%CI: 0.545-0.698)] (P = 0.006)
(Figure 2A). When the cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP were
set as 0.845, 162.22 mAu/mL, and 145.65 ng/mL, respectively, for HCC diagnosis,
there was no difference in the AUROC between the γ-GT/AST ratio [0.779 (95%CI:
0.0.740-0.819)] and AFP [0.744 (95%CI: 0.695-0.792)] (P = 0.162), but the AUROCs of
both γ-GT/AST and AFP were significantly lower than that of PIVKA-II [0.913
(95%CI: 0.884-0.943)] (P < 0.001) (Figure 2C). The AUROCs of PIVKA-II and AFP for
the diagnosis of early-stage HCC were significantly lower than those for the diagnosis
of HCC ( c P = 0.020 and d P = 0.008, respectively), but there was no significant
difference in the γ-GT/AST ratio between early-stage HCC and HCC (P = 0.468).
When combined with AFP for the diagnosis of early-stage HCC and HCC, the
AUROCs of PIVKA-II decreased, with values of 0.798 (95%CI: 0.735-0.861) vs 0.835
(95%CI: 0.776-0.893) and 0.884 (95%CI: 0.850-0.919) vs 0.913 (95%CI: 0.884-0.943),
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Table 1 Characteristics of the study population (n = 535)
Characteristic

CHB (n = 359)

HCC (n = 176)

P-value

Age (yr)

49 (39-59)

53 (47-62)

< 0.001

Gender (male: female)

281:78

152:24

0.025

PIVKA-II (mAU/mL)

22.88 (16.00-37.70)

4882.77 (274.98-30000)

< 0.001

AFP (ng/mL)

31.00 (5.30-126.00)

510.05 (25.91-9583.93)

< 0.001

γ-GT (U/L)

92.00 (47.50-160.70)

151.55 (68.10-346.20)

< 0.001

AST (U/L)

138.40 (56.00-367.00)

76.25 (44.25-131.75)

< 0.001

γ-GT/AST

0.58 (0.26-1.22)

1.84 (0.95-3.38)

< 0.001

HBV DNA+, n (%)

258 (71.87%)

88 (50.00%)

NA

Early-stage HCC, n (%)

NA

74 (42.05%)

NA

Data are expressed as the median (interquartile range) or number (%). CHB: Chronic hepatitis B; HCC:
Hepatocellular carcinoma; PIVKA-II: Protein induced by vitamin K absence or antagonist II; AFP: Alphafetoprotein; γ-GT: Gamma-glutamyltransferase; AST: Aspartate aminotransferase; NA: Not applicable.

respectively. When combined with the γ-GT/AST ratio for the diagnosis of earlystage HCC and HCC, the AUROCs of PIVKA-II increased, with values of 0.857
(95%CI: 0.807-0.906) vs 0.835 (95%CI: 0.776-0.893) and 0.925 (95%CI: 0.900-0.949) vs
0.913 (95%CI: 0.884-0.943), respectively. When combined with the γ-GT/AST ratio for
the diagnosis of early-stage HCC and HCC, the AUROCs of AFP increased, with
values of 0.757 (95%CI: 0.696-0.817) vs 0.621 (95%CI: 0.545-0.698) and 0.837 (95%CI:
0.801-0.873) vs 0.744 (95%CI: 0.695-0.792), respectively. When PIVKA-II was combined
with the γ-GT/AST ratio and AFP for the diagnosis of early-stage HCC and HCC,
there was almost no difference between the combined and single diagnostic abilities,
with values of 0.834 (95%CI: 0.778-0.890) vs 0.835 (95%CI: 0.776-0.893) and 0.911
(95%CI: 0.884-0.939) vs 0.913 (95%CI: 0.884-0.943) (Figure 2B and 2D). The diagnostic
performance of PIVKA-II, AFP, and the γ-GT/AST ratio for early-stage HCC and
HCC is shown in Table 2.

Diagnostic value of γ-GT/AST ratio, PIVKA-II, and AFP in HBV DNA+ and HBV DNAHCC patients
The mean tumour size of HBV DNA+ HCC patients was 7.40 (range, 4.10-10.38) cm,
which was larger than that of HBV DNA- HCC patients [4.25 (2.00-8.80) cm] (P =
0.001). Serum levels of PIVKA-II and AFP in HBV DNA+ HCC patients were
significantly higher than those in HBV DNA- HCC patients (aP = 0.003 and bP = 0.038,
respectively), although there was no significant difference in the γ-GT/AST ratio
between the two groups (P = 0.858). Serum levels of AFP and γ-GT/AST in HBV
DNA+ CHB patients were significantly higher than those of HBV DNA- CHB patients
(P < 0.001), but there was no significant difference in the levels of PIVKA-II between
the two groups (P = 0.238). Serum levels of PIVKA-II, AFP, and γ-GT/AST had no
correlation with serum levels of HBV DNA in HBV DNA+ HCC patients (cP = 0.377,
d
P = 0.799, and eP = 0.154, respectively) (Figure 3).
When the cut-off values of the γ-GT/AST ratio, PIVKA-II, and AFP were set as
0.640, 84.44 mAu/mL, and 497.70 ng/mL, respectively, for HBV DNA+ HCC patients,
there was no significant difference in the AUROC between the γ-GT/AST ratio [0.802
(95%CI: 0.751-0.854)] and AFP [0.757 (95%CI: 0.689-0.825)] (P = 0.302), but the
AUROCs of both γ-GT/AST and AFP were significantly lower than that of PIVKA-II
[0.954 (95%CI: 0.923-0.985)] (P < 0.001) (Figure 4). When the cut-off value of the γGT/AST ratio, PIVKA-II, and AFP were set as 0.830, 154.92 mAu/mL, and 146.15
ng/mL, respectively, for the diagnosis of HBV DNA- HCC, the AUROCs of PIVKA-II
and AFP were 0.861 (95%CI: 0.806-0.916) and 0.828 (95%CI: 0.768-0.888), respectively,
and both of these AUROC values were significantly higher than that of the γ-GT/AST
ratio [0.705 (95%CI: 0.632-0.779)] (fP < 0.001 and gP = 0.012, respectively), although
there was no significant difference between the AUROCs of PIVKA-II and AFP (P =
0.430) (Figure 5). Compared with HBV DNA+ HCC patients, the AUROCs of PIVKAII and the γ-GT/AST ratio decreased and the AUROC of AFP increased in HBV DNAHCC patients.
When PIVKA-II was combined with AFP and the γ-GT/AST ratio in both HBV
DNA+ and HBV DNA- HCC patients, there were no significant differences in the
AUROCs between combined diagnosis and single diagnosis (AFP: hP = 0.791 and iP =
0.583; γ-GT/AST: jP = 0.851 and iP = 0.959). The AUROC of AFP combined with the γGT/AST ratio in the diagnosis of HBV DNA+ HCC patients was 0.868 (95%CI: 0.824-
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Figure 1

Figure 1 Analysis of gamma-glutamyltransferase to aspartate aminotransferase ratio. A-C: Correlations of protein induced by vitamin K absence or antagonist II
(PIVKA-II), alpha-fetoprotein (AFP), and the ratio of gamma-glutamyltransferase and aspartate aminotransferase (γ-GT/AST) with tumour size; D-F: Comparison of
serum levels of PIVKA-II, AFP, and γ-GT/AST between early-stage hepatocellular carcinoma (HCC) patients, advanced HCC patients, and chronic hepatitis B
patients. PIVKA-II: Protein induced by vitamin K absence or antagonist II; AFP: Alpha-fetoprotein; γ-GT/AST: The ratio of gamma-glutamyltransferase to aspartate
aminotransferase; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.

0.913), which was higher than that of AFP (P = 0.008). The highest AUROC for the
combined diagnosis of HBV DNA- HCC was 0.884 (95%CI: 0.837-0.932), but there was
no significant difference between this AUROC and the AUROC of PIVKA-II (P =
0.533) (Figure 5). The diagnostic performance of PIVKA-II, AFP, and the γ-GT/AST
ratio for HBV DNA + and HBV DNA- HCC patients is shown in Table 3.

DISCUSSION
This study assessed the diagnostic value of the γ-GT/AST ratio, PIVKA-II, and AFP in
HBV-related early-stage HCC patients, HBV DNA+ HCC patients, HBV DNA- HCC
patients, and HCC patients. It was found that PIVKA-II was superior to the γGT/AST ratio and AFP in the diagnosis of the above mentioned categories of HCC,
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Figure 2

Figure 2 Receiver-operating characteristic curves of protein induced by vitamin K absence or antagonist II, alpha-fetoprotein, the ratio of gammaglutamyltransferase to aspartate aminotransferase, and their combinations in hepatocellular carcinoma patients. A and B: Receiver-operating characteristic
(ROC) curves of protein induced by vitamin K absence or antagonist II (PIVKA-II), alpha-fetoprotein (AFP), the ratio of gamma-glutamyltransferase to aspartate
aminotransferase (γ-GT/AST), and their combinations in early-stage hepatocellular carcinoma (HCC) patients; chronic hepatitis B patients (CHB) served as controls; C
and D: ROC curves of PIVKA-II, AFP, γ-GT/AST, and their combinations in HCC patients; CHB patients served as controls. ROC curve: Receiver-operating
characteristic curve; PIVKA-II: Protein induced by vitamin K absence or antagonist II; AFP: Alpha-fetoprotein; γ-GT/AST: The ratio of gamma-glutamyltransferase to
aspartate aminotransferase; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.

and the γ-GT/AST ratio was superior to AFP in the diagnosis of early-stage HCC,
HBV DNA+ HCC, and HCC. AFP was superior for the diagnosis of HBV DNA- HCC
compared to the diagnosis of early-stage HCC, HBV DNA+ HCC, and HCC. The γGT/AST ratio may be superior to PIVKA-II and AFP for the detection of early-stage
HCC. At the same time, the combination of PIVKA-II and/or AFP with the γ-GT/AST
ratio can improve the diagnostic value of these biomarkers for early-stage HCC,
DNA+ HCC, HBV DNA- HCC, and HCC.
According to the statistical analysis of HCC at our hospital over the past five years,
the proportion of HCC patients infected with HBV was 88.28% (610/691), indicating
that HBV was the main cause of HCC in China. The HCC patients and control
patients who were chosen for this study had suffered from HBV infection for more
than 6 mo, and it was very important to evaluate the serum levels of PIVKA-II, AFP,
and γ-GT/AST and their diagnostic value in this subset of HCC patients.
In this study, we evaluated the diagnostic value of the combined detection of
PIVKA-II, AFP, and the γ-GT/AST ratio in HCC by analysing the Mcut-off results, which
were mainly based on the following two considerations: First, in the diagnosis of
cancer, a higher serum level of tumour markers indicates a higher risk that patients
are suffering from tumours; second, the positivity of a single tumour marker does not
necessarily indicate that the probability of cancer is high. However, the simultaneous
positive expression of multiple tumour markers, even at low titres, should be taken
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Table 2 Performance of protein induced by vitamin K absence or antagonist II, alpha-fetoprotein, and the ratio of gammaglutamyltransferase to aspartate aminotransferase in early-stage hepatocellular carcinoma and hepatocellular carcinoma
Early-stage HCC

HCC

Cut-off

SEN (%)

SPE (%)

PPV (%)

NPV (%)

Cut-off

SEN (%)

SPE (%)

PPV (%)

NPV (%)

PIVKA-II (mAu/mL)

84.44

68.90

89.70

57.96

93.33

162.22

81.30

93.60

86.16

91.08

AFP (ng/mL)

145.65

47.30

77.20

29.95

87.66

145.65

64.80

77.20

58.22

81.73

γ-GT/AST

0.845

78.40

64.90

31.53

93.58

0.845

81.80

64.90

53.33

87.91

PIVKA-II + AFP

NA

60.80

90.80

57.67

91.83

NA

73.30

93.90

85.49

87.77

PIVKA-II + γ-GT/AST

NA

74.30

86.60

53.34

94.24

NA

86.90

83.80

72.45

92.88

AFP + γ-GT/AST

NA

56.80

81.90

39.28

90.19

NA

76.10

76.30

61.15

86.69

PIVKA-II + AFP + γ-GT/AST

NA

73.00

82.50

46.23

93.68

NA

78.40

91.10

81.20

89.59

HCC: Hepatocellular carcinoma; SEN: Sensitivity; SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; PIVKA-II: Protein
induced by vitamin K absence or antagonist II; AFP: Alpha-fetoprotein; γ-GT/AST: The ratio of gamma-glutamyltransferase to aspartate aminotransferase;
NA: Not applicable.

seriously. Therefore, the use of the Mcut-off to evaluate the diagnostic value of PIVKA-II,
AFP, and the γ-GT/AST ratio can effectively improve the diagnosis of HCC, and the
data in this study also confirmed the hypothesis stated above.
γ-GT is considered a biomarker of alcoholic hepatitis[29-32], and the γ-GT/AST ratio
has been used to differentiate the types of jaundice[37]. The data in this paper showed
that serum level of γ-GT increased in CHB patients, but the level was lower than that
in HCC patients. Additionally, serum level of AST also increased in CHB patients and
was higher than that in HCC patients (Table 1). Therefore, the ratio of γ-GT and AST
could help to differentiate HCC and CHB patients and to perform a differential
diagnosis. At the same time, the statistical analysis also confirmed our previous
assumptions.
When PIVKA-II, AFP, and the γ-GT/AST ratio were individually used for the
diagnosis of early-stage HCC, HBV DNA+ HCC, HBV DNA- HCC, and HCC, the
diagnostic value of PIVKA-II was significantly higher than that of AFP and the γGT/AST ratio, especially in regard to the diagnostic sensitivity, which is consistent
with the view of Yu R; additionally, PIVKA-II was superior to AFP in the diagnosis of
early-stage HCC[13]. However, we should also note that PIVKA-II and AFP were
significantly positively correlated with the tumour size in HCC (Figure 1A and 1B),
which is an important reason why PIVKA-II and AFP had significantly lower
diagnostic value in early-stage HCC than in HCC (AUROC: 0.839 vs 0.914 and 0.628 vs
0.744, respectively). The γ-GT/AST ratio was not correlated with the tumour size in
HCC (Figure 1C), and there was no difference in the AUROC between early-stage
HCC and HCC (AUROC: 0.755 vs 0.779). Therefore, we inferred that the γ-GT/AST
ratio may be more useful than PIVKA-II and AFP in the diagnosis of early-stage HCC.
It may be that intrahepatic obstruction in HCC induces hepatocytes to produce
abundant γ-GT, while cancer cells also synthesize γ-GT, making the serum level of γGT elevated higher than that of benign liver disease, while AST was elevated lower
than that of benign liver disease. Thus, the γ-GT/AST ratio is conducive to early-stage
HCC diagnosis. This observation will be validated in our follow-up study. Serum
levels of AFP in HBV DNA+ HCC patients and HBV DNA+ CHB patients were
significantly higher than those in HBV DNA- HCC patients and HBV DNA- CHB
patients, respectively, indicating that HBV replication may promote the expression of
AFP in abnormal hepatocytes. It is more of a stretch to assume that the continuous
replication of HBV causes HCC in CHB patients. This observation may be the main
reason that the cut-off value of AFP in HBV DNA+ HCC patients was significantly
higher than that in HBV DNA- HCC patients (497.70 ng/mL vs 146.15 ng/mL).
Additionally, AFP had the largest AUROC in HBV DNA- HCC patients, even though
the tumour size of HBV DNA- HCC patients was smaller than that of HBV DNA+
HCC patients; thus, AFP has the greatest diagnostic ability for HBV DNA- HCC.
Serum levels of PIVKA-II in HBV DNA+ HCC patients were higher than those in
HBV DNA- HCC patients, but there was no significant difference between HBV
DNA+ CHB patients and HBV DNA- CHB patients, which indicated that the reason
for the decrease in the AUROC of PIVKA-II in HBV DNA- HCC have been that the
tumour size of HBV DNA- HCC was significantly smaller than that of HBV DNA+
HCC. A higher AUROC value indicates that there is greater diagnostic value[38]. When
PIVKA-II and AFP were combined with the γ-GT/AST ratio in the diagnosis of earlystage HCC, HBV DNA+ HCC, and HBV DNA- HCC, the AUROCs of PIVKA-II and

WJG

https://www.wjgnet.com

5522

September 28, 2019

Volume 25

Issue 36

Wang Q et al. Hepatocellular carcinoma diagnosis
Figure 3

WJG

https://www.wjgnet.com

5523

September 28, 2019

Volume 25

Issue 36

Wang Q et al. Hepatocellular carcinoma diagnosis

Figure 3 Correlations of serum levels of protein induced by vitamin K absence or antagonist II, alpha-fetoprotein, and the ratio of gammaglutamyltransferase to aspartate aminotransferase with hepatitis B virus DNA. A-C: Comparisons of serum levels of protein induced by vitamin K absence or
antagonist II (PIVKA-II), alpha-fetoprotein (AFP), and the ratio of gamma-glutamyltransferase to aspartate aminotransferase (γ-GT/AST) between hepatitis B virus
(HBV) DNA+ and HBV DNA- hepatocellular carcinoma (HCC) patients; D-F: Comparisons of serum levels of PIVKA-II, AFP, and γ-GT/AST between HBV DNA+ and
HBV DNA- chronic hepatitis B patients. G-I: Correlations of PIVKA-II, AFP, and γ-GT/AST with serum levels of HBV DNA in HBV DNA+ HCC patients. PIVKA-II:
Protein induced by vitamin K absence or antagonist II; AFP: Alpha-fetoprotein; γ-GT/AST: The ratio of gamma-glutamyltransferase to aspartate aminotransferase;
HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.

AFP increased, and the increase for AFP was especially larger. Therefore, PIVKA-II
and AFP combined with the γ-GT/AST ratio will be more useful for the differential
diagnosis of HCC and other benign liver diseases than these biomarkers individually.
In conclusion, the γ-GT/AST ratio may be more useful than PIVKA-II and AFP in
the diagnosis of early-stage HCC, and AFP has the greatest diagnostic ability for HBV
DNA- HCC. PIVKA-II and AFP combined with the γ-GT/AST ratio can increase the
diagnostic value of these biomarkers in different types of HCC. Therefore, clinicians
need to select the most advantageous biomarkers for HCC according to clinical and
laboratory test results.
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Table 3 Performance of protein induced by vitamin K absence or antagonist II, alpha-fetoprotein, and the ratio of gammaglutamyltransferase and aspartate aminotransferase in hepatitis B virus DNA+ and hepatitis B virus DNA- hepatocellular carcinoma
patients
HBV DNA+ HCC

HBV DNA- HCC

Cut-off

SEN (%)

SPE (%)

PPV (%)

NPV (%)

Cut-off

SEN (%)

SPE (%)

PPV (%)

NPV (%)

PIVKA-II (mAu/mL)

84.44

92.00

92.60

80.92

97.14

154.92

72.70

91.10

87.68

79.30

AFP (ng/mL)

497.70

58.00

88.80

63.85

86.11

146.15

58.00

97.00

94.40

72.61

γ-GT/AST

0.640

88.60

60.50

43.34

93.96

0.830

85.20

52.50

60.98

80.28

PIVKA-II + AFP

NA

89.80

92.20

79.70

96.36

NA

80.70

87.10

84.50

83.82

PIVKA-II + γ-GT/AST

NA

89.80

92.60

80.54

96.38

NA

79.50

78.20

76.06

81.41

AFP + γ-GT/AST

NA

70.50

89.10

68.81

89.85

NA

75.00

78.20

74.98

78.21

PIVKA-II + AFP + γ-GT/AST

NA

90.90

92.20

79.90

96.74

NA

79.50

86.10

83.29

82.82

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; SEN: Sensitivity; SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive value;
PIVKA-II: Protein induced by vitamin K absence or antagonist II; AFP: Alpha-fetoprotein; γ-GT/AST: The ratio of gamma-glutamyltransferase to aspartate
aminotransferase; NA: Not applicable.

Figure 4

Figure 4 Diagnostic value of protein induced by vitamin K absence or antagonist II, alpha-fetoprotein, and the ratio of gamma-glutamyltransferase to
aspartate aminotransferase in hepatitis B virus DNA+ hepatocellular carcinoma patients. A-C: Comparisons of protein induced by vitamin K absence or
antagonist II (PIVKA-II), alpha-fetoprotein (AFP), and the ratio of gamma-glutamyltransferase to aspartate aminotransferase (γ-GT/AST) between hepatitis B virus
(HBV) DNA+ hepatocellular carcinoma (HCC) patients and HBV DNA+ chronic hepatitis B (CHB) patients; D: Receiver-operating characteristic (ROC) curves of
PIVKA-II, AFP, and γ-GT/AST in HBV DNA+ HCC patients; HBV DNA+ CHB patients served as controls; E: ROC curves of the combinations of PIVKA-II, AFP, and γGT/AST in HBV DNA+ HCC patients; HBV DNA+ CHB patients served as controls. PIVKA-II: Protein induced by vitamin K absence or antagonist II; AFP: Alphafetoprotein; γ-GT/AST: The ratio of gamma-glutamyltransferase to aspartate aminotransferase; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; CHB: Chronic
hepatitis B; ROC curve: Receiver-operating characteristic curve.
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Figure 5

Figure 5 Diagnostic value of protein induced by vitamin K absence or antagonist II, alpha-fetoprotein, and the ratio of gamma-glutamyltransferase to
aspartate aminotransferase in hepatitis B virus DNA- hepatocellular carcinoma patients. A-C: Comparisons of protein induced by vitamin K absence or
antagonist II (PIVKA-II), alpha-fetoprotein (AFP) ,and the ratio of gamma-glutamyltransferase to aspartate aminotransferase (γ-GT/AST) between hepatitis B virus
(HBV) DNA- hepatocellular carcinoma (HCC) patients and HBV DNA- chronic hepatitis B (CHB) patients; D: Receiver-operating characteristic (ROC) curves of PIVKAII, AFP, and γ-GT/AST in HBV DNA- HCC patients; HBV DNA- CHB patients served as controls; E: ROC curves of the combinations of PIVKA-II, AFP, and γ-GT/AST
in HBV DNA- HCC patients; HBV DNA- CHB patients served as controls. PIVKA-II: Protein induced by vitamin K absence or antagonist II; AFP: Alpha-fetoprotein; γGT/AST: The ratio of gamma-glutamyltransferase to aspartate aminotransferase; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B;
ROC curve: Receiver-operating characteristic curve.

ARTICLE HIGHLIGHTS
Research background
Protein induced by vitamin K absence or antagonist II (PIVKA-II) and alpha-fetoprotein (AFP)
are widely used biomarkers in the diagnosis of hepatocellular carcinoma (HCC), and have been
written into the guidelines for HCC diagnosis published by the National Society of Hepatology
of different countries. However, PIVKA-II and AFP have unsatisfactory specificity and
sensitivity in the diagnosis of hepatitis B virus (HBV)-related HCC, especially in early-stage
HBV-related HCC.

Research motivation
Researchers have evaluated the diagnostic value of biomarkers in HCC. However, it is difficult
to obtain ideal biomarkers for early-stage HCC, even if combined detection of existing
biomarkers. This study evaluated the diagnostic value of the ratio of gamma-glutamyltransferase
to aspartate aminotransferase (γ-GT/AST ratio) in different classifications of HBV-related HCC,
which can effectively improve the diagnostic efficiency for HBV-related HCC.

Research objectives
The objective of this study was to evaluate the diagnostic value of the γ-GT/AST ratio, PIVKA-II,
and AFP, alone or in combination, in different categories of HBV-related HCC.
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Research methods
We retrospectively analyzed the clinical and laboratory data of HBV-related HCC and chronic
hepatitis B (CHB) patients, and classified those data according to the tumour size and serum
level of HBV DNA. The diagnostic value of the γ-GT/AST ratio, PIVKA-II, and AFP in different
categories of HBV-related HCC was evaluated comprehensively and systematically.

Research results
Tumour size was positively correlated with serum levels of PIVKA-II and AFP in HCC patients,
but there was no correlation between tumour size and the γ-GT/AST ratio. The areas under
receiver-operating characteristic curves (AUROCs) of the γ-GT/AST ratio were not significantly
different between early-stage HBV-related HCC patients and HBV-related HCC patients. When
PIVKA-II and AFP were combined with the γ-GT/AST ratio in the diagnosis of HBV-related
HCC patients, early-stage HBV-related HCC patients, HBV DNA+ HCC patients, and HBV
DNA- HCC patients, the AUROCs of those biomarkers were increased.

Research conclusions
The γ-GT/AST ratio is a useful biomarker for the diagnosis of HBV-related HCC and may be
more useful than PIVKA-II and AFP in the diagnosis of early-stage HBV-related HCC. The
combination of PIVKA-II and AFP with the γ-GT/AST ratio can enhance the diagnostic value of
these biomarkers in different categories of HBV-related HCC.

Research perspectives
This study assessed the diagnostic value of the γ-GT/AST ratio, PIVKA-II, and AFP in different
categories of HBV-related HCC. According to the correlation between tumour size of HBVrelated HCC patients and the γ-GT/AST ratio, we inferred that the γ-GT/AST ratio may be more
useful than PIVKA-II and AFP in the diagnosis of early-stage HCC. This hypothesis should be
validated in future studies.
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Abstract
BACKGROUND
DNA mutational analysis of pancreatic cystic fluid (CF) is a useful adjunct to the
evaluation of pancreatic cysts. KRAS/GNAS or RAF/PTPRD/CTNNB1/RNF43
mutations are highly specific to precancerous or advanced neoplasia. Several
studies recently demonstrated the ability of next-generation sequencing (NGS)
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analysis to detect DNA mutations in pancreatic CF, but few studies have
performed a systematic comparative analysis between pancreatic CF and
neoplastic surgical tissue (NT). The value of CF-NGS analysis indicators for
determining surgical resection necessitates evaluation.
AIM
To confirm whether CF genomic profiles are a reliable malignancy predictor by
comparing NGS mutational analyses of CF and NT.
METHODS
Patients requiring surgery for high-risk pancreatic cysts were included in a
multicenter prospective pilot study. DNA from CF (collected by endoscopic
ultrasound-guided fine needle aspiration (known as EUS-FNA)) and NT
(collected by surgery) were analyzed by NGS. The primary objective was to
compare the mutation profiles of paired DNA samples. The secondary objective
was to correlate the presence of specific mutations (KRAS/GNAS, RAF/
PTPRD/CTNNB1/RNF43/POLD1/TP53) with a final cancer diagnosis.
Sensitivity and specificity were also evaluated.
RESULTS
Between December 2016 and October 2017, 20 patients were included in this pilot
study. Surgery was delayed for 3 patients. Concordant CF-NT genotypes were
found in 15/17 paired DNA, with a higher proportion of mutated alleles in CF
than in NT. NGS was possible for all pancreatic CF collected by EUS-FNA. In 2
cases, the presence of a KRAS/GNAS mutation was discordant between CF and
NT. No mutations were found in 3 patients with NT or pancreatic cysts with
high-grade dysplasia. The sensitivity and specificity of KRAS/GNAS mutations
in CF to predict an appropriate indication for surgical resection were 0.78 and
0.62, respectively. The sensitivity and specificity of RAF/PTPRD/CTNNB1
/RNF43/POLD1/TP53 mutations in CF were 0.55 and 1.0, respectively.
CONCLUSION
Mutational analyses of CF and NT were highly concordant, confirming the value
of NGS analysis of CF in the preoperative malignancy assessment. However,
these results need to be confirmed on a larger scale.
Key words: Pancreatic cancer; Pancreatic cystic neoplasms; Pancreatic adenocarcinoma;
Malignancy prediction; Neoplastic surgical tissue; Pancreatic cystic fluid; Molecular
analysis; Next-generation sequencing; DNA mutations
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Cystic neoplasms of the pancreas are frequent in the general population, with an
estimated prevalence ranging from 5%-15% in those over the age of 70 years [1,2] .
Pancreatic cysts can be divided into mucinous and non-mucinous. Their distinction is
important because mucinous cysts, which comprise mucinous cystic neoplasms
(MCNs) and intraductal papillary mucinous neoplasms (IPMNs), are considered
premalignant. Indeed, the risk of pancreatic adenocarcinoma developing from mainduct IPMN is high, at 40%-90% within 5 years of diagnosis[3,4]. For branch-duct IPMN,
the risk is moderate, ranging between 6%-46% within 5 years [ 5 - 8 ] . This risk
considerably decreases for mucinous cystadenoma (an MCN) to under 15%[8], and is
quite rare for serous cystadenoma (SCA)[2]. The clinical management of patients with
pancreatic cysts is unfortunately imperfect, and distinguishing between different
cystic tumors and their risks of malignant evolution can be challenging.
A few guidelines based on clinical features and cystic tumor morphology were
published to help set intervals of follow-up, and to define criteria for surgical
resection[9-13]. However, in a meta-analysis, the pooled sensitivity and specificity for
malignancy in Sendai-positive lesions were 56% and 74%, respectively, and under the
Fukuoka criteria, they were 83% and 53%[14]. Worrisome features in those guidelines
are not sufficient to correctly select patients for surgery[10,12]. Currently, 75% of resected
IPMNs harbor only low- or intermediate-grade dysplasia, which could have been
safely observed[15]. Similarly, in a retrospective multicentric study, 96.5% of patients
presenting an IPMN with worrisome features who did not undergo surgery were still
alive 5 years later without developing pancreatic cancer[16].
Other tests that can help in cystic lesion diagnosis and management include
cytology and biochemical tests of cystic fluid (CF), such as carcinoembryonic antigen
(CEA). However, those tests are also limited; cytology had a sensitivity for
malignancy of 42% in a meta-analysis of 12 articles[17], and there are varying cut-off
values for CEA. This is why molecular analysis was developed in the last decade,
with new techniques of advanced sequencing becoming available to help in pancreatic
cyst differential diagnosis. DNA mutational analysis of the different types of
pancreatic cysts involves several specific alterations, with each cyst type having
different mutational profiles. IPMN and mucinous cysts harbor KRAS mutations at
diagnosis, in addition to GNAS mutations in IPMN, while PTEN, CDKN2A and TP53
mutations are mostly found in cancerous lesions [18] . In contrast, SCA contains a
mutation in the Von Hippel Lindau gene, and a mutation in the CTNNB1 gene is
described in solid pseudopapillary neoplasms.
Several studies recently demonstrated the ability of next-generation sequencing
(NGS) analysis to detect DNA mutations in pancreatic CF, which contains
“circulating” DNA from surrounding epithelial cells. Nevertheless, few studies have
yet to perform a systematic comparative analysis of pancreatic CF and neoplastic
surgical tissue (NT). Therefore, molecular analysis of DNA mutations in CF would
potentially be a very good prognostic marker [19,20] . The current 50% diagnostic
accuracy to indicate a surgical treatment could reach 90% with molecular analysis of
CF-DNA mutations[21].
Although the molecular results for CF-DNA analysis seem very promising, we
have little data on the feasibility of this analysis, especially when the fluid is collected
after puncturing the cyst under endoscopic ultrasound (EUS) control. In addition,
these few preliminary results must be confirmed with other studies. The value of NGS
analysis in CF as an indicator for therapeutic decision needs to be evaluated. This
pilot prospective study was conducted to evaluate the feasibility, sensitivity and
specificity of NGS analysis of CF in comparison with the "gold-standard"
anatomopathological analysis of the surgical specimen. The main objective was to
evaluate and compare the genomic profiles of pancreatic CF and pancreatic tumors to
confirm whether the genomic profile of pancreatic CF was a reliable predictor of
malignancy, and could thus help in clinical management.

MATERIALS AND METHODS
This prospective multicenter study promoted by Saint Joseph Hospital was approved
by the French Ethical Committee (ID RCB: 2016-A01399-42/ref 16-107 available upon
request) and registered in the ClinicalTrial.gov database (NCT03305146). Six centers,
all expert centers in digestive oncology and surgery, participated in the study. The
primary objective of this pilot prospective study was to determine the mutational
concordance in the molecular biology analysis of paired DNA samples from CF and
pancreatic tumor NT. The secondary objective was to analyze specific mutations
(KRAS, GNAS, RAF, PTPRD, CTNNB1, RNF43, POLD1, and TP53) to correlate their
presence with a final cancer diagnosis. The sensitivity and specificity of the DNA
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mutational analysis in CF was also evaluated for pancreatic cysts requiring surgery.

Studied population
Patients diagnosed with pancreatic cystic lesions with worrisome features or high-risk
stigmata and scheduled for surgery in the participating centers were enrolled in the
study. Worrisome features were defined as a cyst > 3 cm, thickened/enhancing cyst
walls, main pancreatic duct size 5-9 mm, non-enhancing mural nodules, and an
abrupt change in the caliber of the pancreatic duct with distal pancreatic atrophy.
High-risk stigmata were defined by obstructive jaundice in a patient with a cystic
lesion on the head of the pancreas, and an enhancing solid component within the cyst
or main pancreatic duct ≥ 10 mm in size. Malignant cytopathology was defined as
being either suspicious for adenocarcinoma or positive for adenocarcinoma.
Pathology slides were reviewed for each surgical specimen, and diagnoses for all
pancreatic cysts were rendered based on standard histo-morphological criteria.
Pathological staging was performed as outlined by the American Joint Committee in
the Cancer Staging Manual (8th edition). Inclusion and exclusion criteria are described
in Table 1. Relevant collected data are presented in Table 2.

Sample size
A sample size of 20 patients for this pilot study was determined according to various
parameters: The frequency of the disease, the inclusion capacity of the centers, and a
12-mo maximum inclusion duration.

CF and NT collection
Pancreatic CF samples were collected at the time of EUS. CF samples were aspirated
under EUS control using 22-gauge needles (Boston Scientific, Marlborough, MA,
United States), and studied for biochemical markers in the systematic preoperative
evaluation; 1.5 mL was preserved for molecular analysis in 2 mL of ATL Buffer
(Qiagen, Hilden, Germany). Cytological analysis of CF was not systematically
performed because of its poor diagnostic performance in the presence of poor
cellularity. NT samples were withdrawn from the cystic wall on the pancreatic
surgical resection by the pathologist before formalin fixation. A fragment of
approximately 25 mg was placed into 2 mL of Allprotect Tissue Reagent (Qiagen).
Blood samples (10 mL) were collected to eliminate germ line mutations in the case of
an ambiguous sequencing profile. Samples were stored at 4 °C for no more than a
month before treatment.

DNA extraction
Sample processing, NGS sequencing, and sequence analyses were performed in the
INSERM-MMG laboratory. DNA was extracted from cyst fluids and tissues using the
QIAamp DNA Micro Kit (Qiagen) following the manufacturer’s recommendations,
with the exception of three points (Supplement 1).

NGS library preparation and sequencing
A panel of 526 genes was created using SureDesign for the HaloPlex Target
Enrichment System (Agilent Technologies Inc., Santa Clara, CA, United States)
adapted for NextSeq Illumina NGS (Illumina, San Diego, CA, United States) (Supplement 2/genes list). Designed probes for the total target covered more than 99% of
coding regions, as well as 20 base-pair regions flanking exon-intron boundaries,
corresponding to 101,803 amplicons and 1.48 megabase pairs. Library preparation for
sequencing was carried out using the HaloPlex Target Enrichment Kit 0.25-2.5 Mbp
(Agilent Technologies Inc.). The protocol is briefly described in Supplement 2.

Bioinformatic analysis
Sequencing run outputs were loaded onto a server in the Bioinformatics Department.
Raw data generated by the NextSeq 500 sequencer were demultiplexed and converted
into FASTQ files using bcl2fastq 2.18. Read quality was assessed using FastQC
0.11.5[22].
The obtained sequences were mapped to the human reference assembly genome
hg19 using the Maximum Exact Matches algorithm in Burrows–Wheeler Aligner
0.7.15[23]. On average, 98% of targeted sequences were successfully covered with a
depth > 50× (Supplement 3). Alignment quality was evaluated using Qualimap
2.2.1[24].
First, the Genome Analysis Software Kit 3.7 (GATK) pipeline was applied following
the germline version of GATK best-practice recommendations to perform variant
calling[25]. The GATK base quality score recalibrator was applied to correct sequencing
artifacts, and variants were called using HaplotypeCaller. At the time of data
processing, HaplotypeCaller was the variant analysis software embedded into the
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Table 1 Inclusion and exclusion criteria
Inclusion criteria

Exclusion criteria

Patients over the age of 18 yr, male or female

Contraindications to perform digestive endoscopy

Cystic tumor of the pancreas > 15 mm to benefit from a puncture under
EUS control to determine the etiological and gravity diagnosis.

Hemorrhagic disease, hemostasis or coagulation disorder (PR < 60%, APTT
> 40 s or platelets < 60000/mm3).

Complete clinical examination

No transient shutdown of AVK, AOD or AAP

Patients able to follow and understand the study and answer the
questionnaire

Pregnant or lactating women (a urine pregnancy test was carried out in
women of childbearing age)

Informed and written consent

Vulnerable persons: deprived of liberty or guardianship

Affiliation to a social security

APTT: Activated partial thromboplastin time; EUS: Endoscopic ultrasound; PR: Prothrombin ratio.

GATK best-practice pipeline. It is best suited to germline variant calling, but also
detects allele frequencies outside of an expected 50:50 ratio. MuTect2 beta release was
used to perform somatic variant calling. MuTect2 detects a range of allele frequencies,
thus making it more suitable for somatic genotyping in heterogeneous, often
aneuploid, tumor tissue compared to HaplotypeCaller, which was designed more for
germline variant calling. Normal samples were briefly combined to generate a panel
of normal (referred to as PoN) variations. Variant calling was run by normal/tumor
comparison for each patient, filtered using the dbSNP 138 database, COSMIC and the
pregenerated PoN. Variant annotation, mining and manual review were performed
using VarAFT (http://varaft.eu) and ALAMUT software (Interactive Biosoftware,
Rouen, France). Variants of interest were then verified using the Integrative Genomics
Viewer.

Sensitivity and specificity of DNA analysis in pancreatic cysts with surgical
indication
We considered that a pancreatic cyst postoperatively characterized and associated
with cancer (in situ or invasive carcinoma) was the most appropriate pancreatic cyst
for surgical excision. Both KRAS/GNAS and RAF/PTPRD/CTNNB1/RNF43
/POLD1/TP53 mutations were analyzed in the CF and NT in each cancerous
pancreatic cyst. Sensitivity was defined as the probability of a positive mutation in in
situ or invasive carcinoma. Specificity was defined as the probability of a negative
mutation (no mutation) in a healthy person (no cancer).

Statistical analysis
This pilot study did not assess statistical significance. Numerical data are expressed as
the mean ± standard deviation (SD) or as percent.

RESULTS
From December 2016 to October 2017, 20 patients (13 males, 7 females), aged from 51
years to 91 years (mean age: 71.5 ± 10.3 years), diagnosed with pancreatic cystic
lesions with worrisome features or high-risk stigmata and scheduled for surgery,
were enrolled in the study. Surgery was delayed for 3 patients because of
postoperative high mortality risk. The results of DNA analysis are reported in Table 2,
together with pathological features of the surgical cyst resections. Raw data
corresponding to each DNA mutation are presented in Supplement 4.

Feasibility
NGS was carried out in 100% of the pancreatic CF samples collected by ultrasoundguided fine needle aspiration (EUS-FNA), and in 100% of the surgically resected
lesion samples.

Concordance between the genomic profiles of CF and NT
Concordant genotypes were found in 15 of 17 paired DNA samples, with various
proportions of mutated alleles including a higher proportion in CF-DNA than in NTDNA, as shown in the raw data detailed in Supplement 4. In one case (patient 9, Table
2), no mutation was found in CF-DNA. This patient had invasive cancer harboring
heterozygous mutations in three different genes. In another case (patient 6, Table 2),
no mutation was found in NT-DNA, while two mutations were abundantly detected
in CF-DNA.
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Table 2 Pathologic features of surgical resections and mutational analysis of cystic fluid and neoplastic tissue
Proportion of mutated allele

Final
Pat.
diagncode
osis

Gender Age

Cancer 1

F

Cancer 9

Cancer 10

Cancer 13

Cancer 14

Cancer 15

Cancer 17

Cancer 18

Cancer 19

M

F

M

M

M

F

M

F

NO
2
Cancer

M

NO
3
Cancer

M

NO
4
Cancer

F

WJG

73

72

60

66

63

83

71

82

67

86

75

66

Status

Sample

Patholo
-gical
CTNNB
PTPRD
RNF43 POLD1 feature1
s

KRAS

GNAS

TP53

RAF1

No
CF
mutatioNT
n

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Noncon- CF
cordant
NT
mutations

0

-

-

0

0

-

-

-

100

-

-

26

100

-

-

-

ConcCF
ordant
NT
mutations

5

-

-

-

-

-

-

50

0

-

-

-

-

-

-

24

Concor- CF
dant
NT
mutations

3

-

1

-

-

-

-

-

35

-

22

-

-

-

-

-

Concor- CF
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NT
mutations

-

37

-

-

-

-

-

-

-

19

-

-

-

-

-

-
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NT
mutations

32

50

-

-

-

-

-

-

9

19

-

-

-

-

-

-
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NT
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25

48

-

-

-

56

-

-

21

42

-

-

-

37

-

-

Concor- CF
dant
NT
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41

-

-

-

-

-

39

-

32

-

-

-

-

-

35

-
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NT
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23

-

31

-

-

-

-

-

0

-

18

-

-

-

-

-
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CF
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n

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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CF
mutatioNT
n

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

No
CF
mutatioNT
n

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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NO
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F

NO
16
Cancer
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6

M
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M
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-
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-

-

-
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-

-
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-

-
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-
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0

-

-

-

-
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-
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ADK: Adenocarcinoma; CF: Cystic fluid; IPMN: Intraductal papillary mucinous neoplasm; LGD: Low-grade dysplasia; MCN: Mucinous cystadenoma; NT:
Neoplastic tissue; pTis: Carcinoma in situ, invasion of lamina propria.

Final diagnosis of the tumors
All 17 patients undergoing partial pancreatectomy had one or more worrisome
features or “high-risk stigmata” according to international guidelines. For 8/17
patients histopathologically (i.e. postoperatively) diagnosed with a benign pancreatic
cyst, 1 patient had a SCA, 1 patient had a cystic lymphangioma (CL), 1 patient had a
benign MCN, and 5 patients had IPMN with low-grade dysplasia. In the rest of the
population (9/17 patients), 3/9 patients had IPMN with invasive adenocarcinoma,
3/9 had IPMN with focal adenocarcinoma, and 3/9 patients had MCN with invasive
adenocarcinoma (Table 2, Figure 1).

Sensitivity and specificity for surgical indication of CF and NT mutations
For 6/17 patients, no mutation was found in either CF or paired tissue. Pathological
reports mentioned the absence of (high-grade) dysplastic cells in 5 of them (1 SCA, 1
MCN, 1 CL, and 2 IPMN), and a true cancer in one of them (MCN with invasive
adenocarcinoma; patient 1) (Table 2). For the 11 other patients, only 8/526 of the
sequenced genes exhibited mutations (KRAS/GNAS/RAF/PTPRD/CTNNB1
/RNF43/POLD1/TP53), with one to three mutations for each patient (Table 2). Three
patients were confirmed to have IPMN with low-grade dysplasia, 3 patients had in
situ cancer, and 5 patients had invasive carcinoma. No mutation was present in the
germ line.

KRAS and/or GNAS mutations in CF and NT
CF: Of the 9 patients who had a cancerous cyst, CF mutations were found in 7 patients
(patients: 10-13-14-15-17-18-19). Regarding the 2 patients who did not have CF
mutations, one had no NT mutation (patient 1), whereas the second had a NT
mutation (patient 9) (see Table 3). Finally, the sensitivity and specificity of the
KRAS/GNAS mutations in the CF collected by EUS-FNA to indicate surgical
resection (or to predict the risk of cancer) were 0.78 (7/9) and 0.62 (5/8), respectively
(Figure 2A).
NT: Of the 9 patients who had a cancerous cyst, only 6 patients had NT mutations
(patients: 9-13-14-15-17-18). Of the 8 patients without cancer, 2 patients had mutations
(patients: 5, 20). These 2 patients had IPMN with low-grade dysplasia. Finally, the
sensitivity and specificity of the KRAS/GNAS mutations in the CF collected by
surgery or EUS-FNA to predict the risk of cancer (or to indicate surgical resection)
were 0.66 (6/9) and 0.75 (6/8), respectively (Figure 2B).

RAF and/or PTPRD and/or CTNNB1 and/or RNF43 and/or POLD1 and/or TP53
mutations in CF and NT
CF: RAF and/or PTPRD and/or CTNNB1 and/or RNF43 and/or POLD1 and/or
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Figure 1

Figure 1 Flowchart of mutational concordance in cystic fluid versus neoplastic tissue and final diagnosis. ADK: Adenocarcinoma; CF: Cystic fluid; CL: Cystic
lymphangioma; IPMN: Intraductal papillary mucinous neoplasm; LGD: Low-grade dysplasia; MCA: Mucinous cystadenoma; NT: Neoplastic tissue; SCA: Serous
cystadenoma; pTis: Carcinoma in situ, invasion of lamina propria.

TP53 mutations were present only in 5 patients with in situ or invasive cancer
(patients: 10-13-17-18-19). The sensitivity and specificity of these mutations in the CF
collected by EUS-FNA to predict the risk of cancer were 0.55 (5/9) and 1.0 (8/8),
respectively. No mutation was present in the germ line (Figure 2A, Table 4).
NT: RAF and/or PTPRD and/or CTNNB1 and/or RNF43 and/or POLD1 and/or
TP53 mutations were present only in 6 patients with in situ or invasive cancer
(patients: 9-10-13-17-18-19). The sensitivity and specificity of these mutations in the
NT collected by surgery or EUS-FNA to predict the risk of cancer were 0.67 (6/9) and
1.0 (8/8), respectively (Figure 2B).

DISCUSSION
Several studies confirming the presence of KRAS, GNAS, RAF, PTPRD, CTNNB1,
RNF43, or TP53 mutations in CF[19-21] did not compare CF with surgically resected NT
mutations. To our knowledge, this study is the only one that compares CF with NT
mutations as its main objective. The unique feature of this study lies in the fact that,
for all patients, the profile of the genetic mutations in CF and NT was systematically
compared.
Concordant genotypes were found in 15 of 17 paired DNA, with various
proportions of mutated alleles that were generally higher in CF-DNA than in NTDNA (Table 2). The sequencing technology HaloPlexHS enables detection of alleles
present in a proportion of 1%. This technical approach, combining high sensitivity
and specificity, is compatible with degraded DNA, even if there is less than 50 ng. It
therefore appears to be an appropriate technique for these samples with an expected
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Figure 2

Figure 2 Sensitivity and specificity of mutational analysis. A: In cystic fluid; B: In neoplastic tissue.

high level of degraded DNA and cell heterogeneity.
As for the 2 discordant cases, patient 9 harbored multiple cystic lesions, one of
which was a suspected adenocarcinoma that was not observed during EUS
exploration. We presume that CF and tissue were withdrawn from different benign
cysts, because a KRAS mutation was reported in the cancerous lesions of both cases
by the molecular pathologist. Therefore, in the case of multiple lesions, several fluid
samples might be needed for mutational analysis. This patient was the only one
without mutations detected in CF and with cancer as the final diagnosis. To avoid this
specificity problem, further studies will be carried out with additional CF mutational
analyses. For patient 6, the proportion of mutated alleles was not high in CF, but
sufficient to exclude sample contamination. Tumor heterogeneity might explain this
observation by itself, but it could also be interesting to systematically calculate the
proportion of neoplastic cells. The mutated profile was not detected in the
corresponding NT, emphasizing the importance of detecting CF rather than
performing an NT biopsy.
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Table 3 KRAS/GNAS mutations in cystic fluid and final diagnosis
KRAS/GNAS mutations analysis in cystic fluid, n = 17

Cancer

No cancer

Positive mutations (+)
Population size, n

7

3

Patient codes

True positive: 10, 13, 14, 15, 17, 18, 19

False positive: 5, 6, 20

Negative mutations (-)
Population size, n

2

5

Patient codes

False negative: 1, 9

True negative: 2, 3, 4, 8, 16

Total population, n

9

8

For the 3 patients who presented a pancreatic cyst that required surgical resection
(patients: 1, 2 and 3), no mutations were found. The possibility of false-negative
results is always a concern with any sequencing technique. This study was designed
to detect all known mutations in oncogenes and most mutations in tumor suppressor
genes that occur in cysts based on genome-wide sequencing. Furthermore, the
molecular panel consisted of commonly altered genes in pancreatic cysts that were
present in invasive adenocarcinoma, but did not include CDKN2A and SMAD4.
Deletions in CDKN2A and SMAD4 are associated with IPMNs harboring high-grade
dysplasia and invasive adenocarcinoma. Another source of false-negative results
could be tumor suppressor genes. Large deletions or insertions, as well as
translocations, will not be detected upon sequencing. These facts could explain the
low sensitivity and specificity of mutational analysis to predict cyst cancer in this
study compared to other studies[19,20].
Our study showed that there was a good correspondence between the mutations
found in the liquid part of the degenerate cyst and the tumor itself. However, when
analyzing mutations in the NT of the tumor, the sensitivity and specificity of
KRAS/GNAS mutations to estimate the risk of cancer were not excellent, with values
of 0.67 and 0.75, respectively (Figure 2). Regarding the other RAF/PTPRD/
CTNNB1/RNF43/POLD1/TP53 mutations, which are more specific to cancerous
lesions, the sensitivity was insufficient: 0.55 in CF vs 0.67 in NT. This means that
additional mutations sensitive to degeneration should be studied. From a diagnostic
point of view, KRAS and GNAS mutations were not found either in CF or in NT in the
2 cases of IPMN. The sensitivity and diagnostic specificity of the GNAS/KRAS
mutations were inferior to the results published in the literature (the sensitivity was
96% in the study by Singhi et al[20]).
Regarding KRAS/GNAS mutations, we observed a higher sensitivity and lower
specificity of CT vs NT. This could be explained by the generally higher proportions
of mutated alleles in CF-DNA than in NT-DNA (Table 2). Despite quite low rates,
these preliminary results are encouraging, confirming the hypothesis of CF genomic
profile reliability (at least for RAF PTPRD/CTNNB1/RNF43/POLD1/TP53
mutations). Further analyses are needed to confirm these results and avoid bias. In
this series, all patients had precancerous or cancerous cysts. No patient had a
pseudocyst or dilatation of the main pancreatic duct in relation to chronic calcific
pancreatitis, because morphological criteria are now well-defined in imaging[26]. The
main limitation of this study lies in the small number of patients. As a result, the final
diagnosis, as well as the resulting sensitivity and specificity calculations, may lack
precision. This pilot study was a first step, and a multicenter study on a larger scale is
ongoing. It was reassuring in this respect that our analysis of paired fluids obtained
from EUS-guided cyst aspiration and subsequent surgery revealed very similar
molecular genetic alterations. In the future, the optimal study design should
incorporate examination of the CF collected by routine EUS sessions over time, then
comparing the results with those obtained by surgery.
Our analysis of paired fluids obtained from EUS-guided cyst aspiration and
subsequent surgery revealed very similar genetic alterations. In the future, the
optimal study design should incorporate examination of the CF collected by routine
EUS sessions over time, and the results should then be compared with those obtained
by surgery. Although the aim of this study was to compare fluid with tissue, the most
important issue was to determine whether the genomic profiles from fluid analysis
could predict a malignant diagnosis and thus indicate surgical resection. Despite the
fact that 15/17 patients presented the same genomic profile between CF and NT, the
specificity and sensitivity observed in this study were not satisfactory because the
mutations were not systematically present in all patients with cancer. In our study, 3
patients with cancer had mutations in neither CF nor NT. The predictive effect of CF
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Table 4 RAF/PTPRD/CTNNB1/RNF43/POLD1/TP53 mutations in cystic fluid and final diagnosis
RAF/PTPRD/CTNNB1/RNF43/POLD1/TP53 mutations in cystic fluid, n =
Cancer
17

No cancer

Positive (+)
Population size, n

5

0

Patient codes

True positive: 10, 13, 17, 18, 19

False positive

Population size, n

4

8

Patient codes

False negative: 1, 9, 14, 15

True negative: 2, 3, 4, 5, 6, 8, 16, 20

Total population, n

9

8

Negative mutations (-)

mutations on malignity needs to be further analyzed with some additional mutations.
This analysis has been planned in a future larger-scale study.
In conclusion, this study reinforces the value of including CF-DNA profiling before
entering patients into a surgical program, in addition to using new imaging
approaches. As circulating tumor cells harbor molecular alterations now used as
cancer diagnostic or recurrence markers, tumor cells are present in the CF and can be
collected for molecular investigations, validating this pilot approach as relevant to
assess the diagnostic and prognostic criteria in a larger series.

ARTICLE HIGHLIGHTS
Research background
DNA mutational analysis of pancreatic cystic fluid (CF) is a useful adjunct to the evaluation of
pancreatic cysts. KRAS/GNAS or RAF/PTPRD/CTNNB1/RNF43 mutations are highly specific
to precancerous or advanced neoplasia. Several studies recently demonstrated the ability of nextgeneration sequencing (NGS) analysis to detect DNA mutations in pancreatic CF, but few
studies have yet to perform a systematic comparative analysis between pancreatic CF and
neoplastic surgical tissue (NT). The value of CF-NGS analysis indicators for determining surgical
resection requires evaluation.

Research motivation
The main subject of this study is to evaluate the diagnostic performance of some specific
mutations in CF, and to establish a concordance of detected mutations in CF and NT. The key
problem to be solved was to appropriately select patients for preventive pancreatic surgery. It is
very important to solve this problem in the future to avoid unnecessary procedures. Future
research will be targeted to assess and validate this new technique of non-cancerous cyst
prognosis.

Research objectives
The primary objective of this pilot prospective study was to determine the mutational
concordance in the molecular biology analysis of paired DNA samples from CF and pancreatic
tumor NT. The secondary objective was to analyze specific mutations (KRAS, GNAS, RAF,
PTPRD, CTNNB1, RNF43, POLD1, and TP53) to correlate their presence with a final cancer
diagnosis. The sensitivity and specificity of the DNA mutational analysis in CF was also
evaluated for pancreatic cysts requiring surgery.

Research methods
Patients requiring surgery for high-risk pancreatic cysts were included in a multicenter
prospective pilot study. DNA from CF (collected by Endoscopic Ultrasound-Guided Fine Needle
Aspiration Biopsy (EUS-FNA)) and NT (collected by surgery) were analyzed by NGS. The
primary objective was to compare the mutation profiles of paired DNA samples. The secondary
objective was to correlate the presence of specific mutations (KRAS/GNAS,
RAF/PTPRD/CTNNB1/RNF43/POLD1/TP53) with a final cancer diagnosis. Sensitivity and
specificity were also evaluated.

Research results
Between December 2016 and October 2017, 20 patients were included in this pilot study. Surgery
was delayed for three patients. Concordant CF-NT genotypes were found in 15/17 paired DNA,
with a higher proportion of mutated alleles in CF than in NT. NGS was possible for all
pancreatic CF collected by EUS-FNA. In two cases, the presence of a KRAS/GNAS mutation was
discordant between CF and NT. In three patients with NT or pancreatic cysts with high-grade
dysplasia, no mutations were found. The sensitivity and specificity of KRAS/GNAS mutations
in CF to predict an appropriate indication for surgical resection were 0.78 and 0.62, respectively.
The sensitivity and specificity of RAF/PTPRD/CTNNB1/RNF43/POLD1/TP53 mutations in CF
were 0.55 and 1.0, respectively.
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Research conclusions
The main goal of this study was to confirm the concordance between CF and NT mutations. The
prognosis of pancreatic cysts can be evaluated by analyzing CF mutations. KRAS, GNAS, RAF,
PTPRD, CTNNB1, RNF43, POLD1, and TP53 mutations are good indicators of cyst malignant
degeneration risks. This study offers the opportunity to accurately assess pancreatic cyst
prognosis using a minimally invasive technique. The new hypothesis assessed in this study is
that CF mutations are good indicators of malignant degeneration risks. The new methods
proposed in this study involve DNA extraction from a body fluid other than blood. The POLD1
gene might be of interest in the evaluation of the malignant degeneration risks of pancreatic
cysts. We confirmed that CF mutations are good indicators of malignant risk. In the future, all
patients with pancreatic cysts could benefit from CF analysis collected by EUS-FNA.

Research perspectives
All of the collected CF samples were able to be genetically analyzed. The mutations selected for
evaluation (KRAS, GNAS, RAF, PTPRD, CTNNB1, RNF43, POLD1, and TP53) were not
sufficient and did not provide excellent diagnostic performance. Additional mutations should be
identified in the future to improve this diagnostic performance. Future national multicentric
research is being implemented, with the collection of all pancreatic cysts of 12 mm-diameter and
over. Future research should use the same methodology with comparative CF and NT analyses,
but conducted on a larger scale and including the analysis of a higher number of mutations.
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Abstract
BACKGROUND
An altered (dysbiosis) and unhealthy status of the gut microbiota is usually
responsible for a reduction of short chain fatty acids (SCFAs) concentration.
SCFAs obtained from the carbohydrate fermentation processes are crucial in
maintaining gut homeostasis and their determination in stool samples could
provide a faster, reliable and cheaper method to highlight the presence of an
intestinal dysbiosis and a biomarker for various gut diseases. We hypothesize
that different intestinal diseases, such as celiac disease (CD), adenomatous
polyposis (AP) and colorectal cancer (CRC) could display a particular fecal
SCFAs’ signature.
AIM
To compare the fecal SCFAs’ profiles of CD, AP, CRC patients and healthy
controls, using the same analytical method.
METHODS
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In this cross-sectional study, we defined and compared the SCFAs’ concentration
in fecal samples of 9 AP, 16 CD, 19 CRC patients and 16 healthy controls (HC).
The SCFAs’ analysis were performed using a gas-chromatography coupled with
mass spectrometry method. Data analysis was carried out using Wilcoxon ranksum test to assess pairwise differences of SCFAs’ profiles, partial least squaresdiscriminate analysis (PLS-DA) to determine the status membership based on
distinct SCFAs’ profiles, and Dirichlet regression to determine factors influencing
concentration levels of SCFAs.
RESULTS
We have not observed any difference in the SCFAs’ amount and composition
between CD and healthy control. On the contrary, the total amount of SCFAs was
significantly lower in CRC patients compared to HC (P = 0.044) and CD (P =
0.005). Moreover, the SCFAs’ percentage composition was different in CRC and
AP compared to HC. In detail, HC displayed higher percentage of acetic acid (P
value = 1.3 × 10-6) and a lower amount of butyric (P value = 0.02192), isobutyric (P
value = 7.4 × 10-5), isovaleric (P value = 0.00012) and valeric (P value = 0.00014)
acids compared to CRC patients. AP showed a lower abundance of acetic acid (P
value = 0.00062) and higher percentages of propionic (P value = 0.00433) and
isovaleric (P value = 0.00433) acids compared to HC. Moreover, AP showed
higher levels of propionic acid (P value = 0.03251) and a lower level of isobutyric
acid (P value = 0.00427) in comparison to CRC. The PLS-DA model demonstrated
a significant separation of CRC and AP groups from HC, although some degree
of overlap was observed between CRC and AP.
CONCLUSION
Analysis of fecal SCFAs shows the potential to provide a non-invasive means of
diagnosis to detect patients with CRC and AP, while CD patients cannot be
discriminated from healthy subjects.
Key words: Short chain fatty acids; Microbiota; Colorectal cancer; Adenoma; Celiac
disease
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: An altered gut microbiota is usually responsible for a reduction of short chain
fatty acids (SCFAs) concentration. In this study, we analyse through gaschromatography coupled with mass spectrometry the fecal SCFAs’ concentration in
patients with various gut diseases [celiac disease (CD), adenomatous polyposis (AP) and
colorectal cancer (CRC)]. Altought the small sample size of study does not allow us to
reach definitive conclusions, our findings suggest the existence of a fecal SCFAs
fingerprint in patients with CRC amd AP distinguishable from healthy controls. On the
contrary, no differences between celiac patients and healthy controls was observed.

Citation: Niccolai E, Baldi S, Ricci F, Russo E, Nannini G, Menicatti M, Poli G, Taddei A,
Bartolucci G, Calabrò AS, Stingo FC, Amedei A. Evaluation and comparison of short chain
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URL: https://www.wjgnet.com/1007-9327/full/v25/i36/5543.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i36.5543

INTRODUCTION
Nowadays, it is well known that multiple factors can alter the normal composition of
the gut microbiota (GM) favoring the onset of intestinal diseases, such as
inflammatory bowel disease (IBD), celiac disease and colorectal cancer (CRC)[1-3]. The
diet represents one of the main documented element responsible for changes in the
structural and functional relationship between gut microbiota and the host[4]. The
fermentative bacterial metabolism of dietary components, especially indigestible
fibers, produces a large amount of biologically active compounds such as short chain
fatty acids (SCFAs) [5-7] . SCFAs are saturated fatty acids composed by one to six
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carbons of which acetic (C2), propionic (C3), and butyric (C4) are in the largest
quantity[8,9]with a generally constant respective molecular ratio of 60:20:20 in the colon
as well as in the feces[10]. Beside these, other SCFAs, as iso-Butyric (C4), valeric (C5)
and iso-Valeric (C5), are present in lower amounts. They can be absorbed by the
colonic epithelium providing energy or enter the bloodstream playing a relevant role
in the regulation of the metabolism of fatty acids, glucose, and cholesterol [11-14] .
Moreover, thanks to their ability to induce the production of antimicrobial peptides
and to modulate the number and functions of Regulatory T cells (Tregs), SCFAs
contribute to the modulation of host immune responses[15-17]. An unhealthy GM status
is responsible for a reduction of SCFAs’ concentration, which is essential for the host
in order to prevent intestinal diseases[18]. In fact, they preserve the epithelial barrier
functionality and contrast the onset of inflammatory reactions by the transcriptional
regulation of tight junction proteins, particularly the claudin-1[19]. In addition, the
SCFAs sustain the proliferation and differentiation of colonocytes and protect colonic
epithelium by increasing the expression of mucin 2 and modulating both oxidative
stress and immune response[20]. Different studies have well documented an alteration
in SCFAs’ composition in some human pathologies, such as IBD[8], irritable bowel
syndrome[21], diarrhea[22] and cancer[23] and for this reason, they represent a target to
measure intestinal health and have been proposed as potential diagnostic
biomarkers[24]. Moreover, the SCFAs’ evaluation in stool samples could provide a
faster, reliable and cheaper method to highlight the presence of an intestinal dysbiosis
instead of the microbiota characterization. Besides, genomics approaches cannot shed
light on real fermentation processes and functional microbiota changes (metabolite
production). Anyway, the high variability in protocols and analytical methods (i.e.,
capillary electrophoresis, chromatography, nuclear magnetic resonance) for the
SCFAs’ determination[25], make difficult to compare literature data and bringing out
real differences in SCFAs’ profiles of the various intestinal diseases.
The principal objective of the research was to compare the fecal SCFAs’ profile of
patients with different intestinal diseases, in detail adenomatous polyposis (AP),
celiac disease (CD) and CRC, to healthy controls (HC), applying the same protocols
and analytical conditions gas chromatography-mass spectrometry (GC-MS) for their
evaluation in order to point out whether these pathologies displayed a particular fecal
SCFAs signature.

MATERIALS AND METHODS
Study design and biological samples
In this cross-sectional study, we used the biological samples of 44 patients with
different gut diseases (19 patients with CRC, 9 patients with AP, 16 patients with CD)
and 16 healthy controls, collected for different studies between January 2016 and
February 2019 at the Careggi Hospital and University of Florence, Italy. All patients’
fecal samples were taken at diagnosis, before starting any treatment (i.e., surgical
resection, chemotherapy, gluten-free diet). All patients were on an omnivorous diet
and none of them reported special dietary habits or dietary restrictions. Moreover,
any one reported antibiotic drugs or probiotic/prebiotic products intake during the
last 3 mo. Clinical characteristics of patients are shown in Table 1. The study has
received the local Ethics Committee approval (CE: 11166_spe and CE: 10443_oss) and
an informed written consent has been obtained from each participant.

Instrumental and chemicals
The SCFAs’ analysis was performed by Agilent GC-MS system composed with 5971
single quadrupole mass spectrometer, 5890 gas-chromatograph and 7673
autosampler. Methanol and tert-Butyl methyl ether (Chromasolv grade), Sodium
bicarbonate and Hydrochloric acid (Reagent grade), [2H3]Acetic, [2H3]Propionic,
[2H7]iso-Butyric and [2H9]iso-Valeric, used as internal standards (ISTDs), acetic acid,
propionic acid, butyric acid, isobutyric acid, valeric acid and isovaleric acid (analytical
standards grade) were purchased by Sigma-Aldrich (Milan, Italy). MilliQ water 18
MΩ was obtained from Millipore's Simplicity system (Milan, Italy).

GC-MS method
The SCFAs in the samples were analyzed as free acid form using a Supelco Nukol
column 30 m length, 0.25 mm internal diameter and 0.25 µm of film thickness with the
temperatures program as follows: Initial temperature of 40 °C was held for 1 min,
then it was increased to 150 °C at 30 °C/min, finally grow up to 220 °C at 20
°C/min[26]. A 1 µL aliquot of extracted sample was injected in splitless mode (splitless
time 1 min) at 250 °C, while the transfer line temperature was 280 °C. The used carrier
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Table 1 Clinical characteristics of patients
ID patients

State

Number

Male/female ratio, n (%)

Age, median (IQR)

BMI, median (IQR)

HC

healthy control

16

7 (14/2)

46 (9)

23.8 (1.5)

CD

celiac disease

16

0.5 (6/12)

35.5 (21)

22.1 (3.7)

AP

adenomatous polyposis

9

1.2 (5/4)

68 (28)

24.9 (3.9)

CRC

colorectal cancer

19

8.5 (17.2)

80 (13.5)

24.5 (4.5)

HC: Healthy control; CD: Celiac disease; AP: Adenomatous polyposis; CRC: Colorectal cancer; BMI : Body mass index; IQR: Interquartile range.

gas was helium and its flow rate maintained at 1 mL/min for whole run time. The MS
acquisition was carried out in single ion monitoring by apply a proper dwell time (20
ms for each ion monitored) to guarantee a detection frequency of 4 cycle/s.
The quantitative determination of SCFAs in each sample was carried out by the
ratio between the area abundance of the analytes with the area abundance of
respective labeled internal standard (isotopic dilution method). The value of this ratio
was named peak area ratio (PAR) and it was used as abundance of each analyte in the
quantitative evaluation. The ionic signals of SCFAs’ and the reference internal
standards used for the quantitation of each SCFAs were reported in the Table 2.

Standard solutions and calibration curves
The stock solutions of each analyte and each ISTDs were prepared in mQ water at 50
mg/mL and stored at 4 °C. Since the quantity of each SCFA in the samples could be
different, different concentration ranges of each analyte were defined. Therefore, to
easily build up these calibration levels, two working mixtures of analytes (Mix 1 and
Mix 2) and a mixture of ISTDs in 10 mM NaHCO 3 solution were prepared. The
compositions and the concentrations of these mixtures are reported in the Table 3.
A five levels calibration curve was prepared by adding proper volumes of Mix 1 or
2 solution, 50 μL of ISTDs mixture, 1 mL of tert-butyl methyl ether and 50 µL of 1.0
mol/L HCl solution in microcentrifuge tube. Then, each tube was shaken in vortex
apparatus for 2 min, centrifuged at 10000 rpm for 5 min, and finally the solvent layer
was transferred in autosampler vial and analyzed three times by GC-MS method.
Final concentrations of calibration levels are shown in the Table 4.

Sample preparation
Fecal samples were collected in 15 mL falcon tubes and stored at -80 °C. Just before
the analysis, each sample was thawed, weighted (between 0.5-1.0 g) and added of
sodium bicarbonate 10mM solution (1:1 w/v) in a 1.5 mL centrifuge tube. The
obtained suspension was briefly stirred in vortex apparatus, extracted in ultrasonic
bath (for 5 min) and then centrifuged at 5000 rpm (for 10 min). The supernatant was
collected and transferred in 1.5 mL centrifuge tube (sample solution). The SCFAs were
finally extracted as follow: An aliquot of 100 µL of sample solution (corresponding to
0.1 mg of stool sample) was added of 50 μL of ISTDs mixture, 1 mL of tert-butyl
methyl ether and 50 µL of 1.0 M HCl solution in 1.5 mL centrifuge tube. Afterwards,
each tube was shaken in vortex apparatus for 2 min, centrifuged at 10000 rpm for 5
min, and finally the solvent layer was trasferred in autosampler vial and analyzed by
GC-MS method. Each samples were prepared and processed, by the method
described above, three times.

Calibration curves
Calibration curves of analytes were obtained by plotting the PAR, between
quantitation ions of each analyte and relative ISTD, vs the nominal concentration of
the calibration solution. A linear regression analysis was applied to obtain the best
fitting function between the calibration points.
In order to obtain reliable limit of detection (LOD) and limit of quantitation values,
the standard deviation of response and slope approach was employed. The estimated
standard deviations of responses of each analyte were obtained by the calculated
standard deviation of y-intercepts of regression lines. The obtained linear regressions
coefficients, the r-squared and the estimated LOD values for each analyte are reported
in the Table 5.

Statistical analysis
Statistical analysis on the SCFAs’ composition were implemented in R (version 3.5.3,
2019-03-11) and all the graphs were plotted with ggplot2 (v. 3.1.1). Pairwise
differences in SCFAs’ composition, between patient groups defined by state, were
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Table 2 Retention times, ionic signals, internal standards for each short chain fatty acid
SCFA

Rt(min)

Quan. Ion(m/z)

Qual ion(m/z)

ISTD[quant. ion (m/z)]

Acetic

5.65

60

-

[2H3]Acetic[63]

Propionic

6.08

74

73

[2H3]Propionic[77]

iso-Butyric

6.22

73

88

[2H7]iso-Butyric[77]

Butyric

6.53

60

73

[2H3]Propionic[77]

iso-Valeric

6.73

60

87

[2H9]iso-Valeric[63]

Valeric

7.08

60

87

[2H9]iso-Valeric[63]

SCFA: Short chain fatty acid; Rt: Retention time; ISTD: Internal standard.

assessed using Wilcoxon rank-sum test.
A partial least squares discriminant analysis (PLS-DA) was performed with R
package “DiscrMiner” (v. 0.1-29) in order to sharpen the separation between groups
(States) of the diverse SCFA’s percentages composition. Dirichlet regression was
estimated with the package “DirichletReg” (v. 0.6-3.1) in order to assess which factors
influence SCFAs’ concentration levels, accounting for gender and age. P values of less
than 0.05 were considered statically significant, no multiplicity correction was applied
and findings are interpreted as hypothesis generating.

RESULTS
Pairwise comparisons: Pre-neoplastic and neoplastic diseases show a distinct
SCFAs’ profile
The concentration of SCFAs (μmol/g) was not significantly different in stools of CD
and AP patients compared to HC. On the contrary, the total amount of SCFAs was
significantly lower in CRC patients compared to HC (P = 0.044) and CD (P = 0.005)
(Table 6). In detail, CRC patients showed lower concentration of acetic acid compared
to CD patients and HC (P < 0.001). Since the previous results may be influenced by
the total amount of SCFAs’ concentration level, we have repeated the same
comparisons on the SCFAs’ percentage compositions: HC and CD shared a similar
profile, which was different in comparison to CRC and AP patients (Figure 1).
In detail, the percentage of each SCFA did not differ between HC and CD (Figure
2), but changed in CRC and AP patients compared to HC. In particular, HC displayed
a higher percentage of acetic acid (P value = 1.3 × 10-6) and a lower amount of butyric
(P value = 0.02192), isobutyric (P value = 7.4 × 10-5), isovaleric (P value = 0.00012) and
valeric (P value = 0.00014) acids compared to CRC patients. Regarding AP patients,
they showed a lower abundance of acetic acid (P value = 0.00062) and higher
percentages of propionic (P value = 0.00433) and isovaleric (P value = 0.00433) acids
compared to HC. Moreover, AP showed higher levels of propionic acid (P value =
0.03251) and a lower level of isobutyric acid (P value = 0.00427) in comparison to
CRC.

Characterization of state specific SCFAs’ profile
The PLS-DA model performed on the SCFAs’ percentages matrix, confirmed that an
almost perfect overlap of HC and CD patients groups exists, while CRC and AP
patients showed a separation from the other two groups and were not coinciding
(Figure 3). Anyway, along the first component, two CRC patients and two AP patients
were included in the HC and CD patients groups.

Dirichlet’s regression
Since the confounding effects of age and sex differences between groups of patients,
cannot be excluded, the covariates of sex, age and status were tested using Dirichlet
regression.The Dirichlet regression was estimated with sex, age and unhealthy status
as covariates and the assigned baseline was the healthy status. As reported in Table 7,
in the new model the difference between HC and CD patients wasn’t relevant in any
regression on SCFAs. The coefficient of CRC and AP were statistically significant (or
close to 0.05 significance level) for acetic, propionic and butyric acids. The covariates
effect in a Dirichlet regression can be investigated looking at the plots of the SCFAs’
percentages expected values (Figure 4). The Dirichlet’s model shows that HC and CD
patients have a higher percentage of acetic acid and lower levels of the other SCFAs
than CRC and AP patients. The effect of age on the levels of the acetic acid is
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Table 3 Compositions and concentrations of standard and internal standards mixtures
Mixture

Acetic ac. (µg/mL)

Propionic ac.
(µg/mL)

Butyric ac.
(µg/mL)

isoButyric ac. (µg/mL)

Valeric ac.
(µg/mL)

isoValeric ac. (µg/mL)

Mix 1

10000

5000

5000

1000

1000

1000

Mix 2

1000

500

500

100

100

100

[2H3]Acetic
(µg/mL)

[2H3]Propionic
(µg/mL)

[2H7]iso-Butyric
(µg/mL)

[2H9]iso-Valeric
(µg/mL)

1000

500

100

100

ISTDs

ISTDs: Internal standards

statistically significant, although the expected values curves have slopes of small
magnitude. In particular, with the increasing age of CRC, AP, CD patients and HC
occurs a reduction of acetic, propionic and valeric acids percentages, while the
butyric, isobutyric and isovaleric acids percentages increase.

DISCUSSION
In this study, we evaluated the fecal SCFAs’ profiles (in term of quality and quantity)
of patients with different intestinal diseases, namely colorectal cancer, adenoma and
celiac disease, using gas-chromatography coupled with mass spectrometry. The study
of SCFAs by GC-MS could represent an innovative way to discover non-invasive
biomarkers of a disorder. Changing of the metabolic content of various human body
fluids has been yet proposed for the diagnosis of different pathological conditions and
for shedding light on their pathogenic mechanisms. Indeed, alteration of the fecal
metabolites patterns in patients with different pathologies, such as inflammatory
bowel diseases, preterm infants with necrotising enterocolitis, children with celiac
disease, and obese patients with non-alcoholic fatty liver disease has been previously
demonstrated[27-30]. Generally, SCFAs are reduced in dysbiotic conditions[31]. In fact,
changes in the microbiota of patients with various disease have been linked with
decreased bacterial diversity and fecal quantities of SCFAs (for example for the loss of
butyrogenic gut bacteria such as F. prausnitzii)[32-34].
In recent years, various strategies have been applied to detect SCFAs in biological
specimens, enclosing high performance liquid chromatography[35], electrochemical
detection[36], mass spectrometry (MS)[37], gas chromatography (GC)[38] and capillary
electrophoresis[39]. However, owing to SCFAs’ chemical properties (i.e., volatility) and
the advantages of the detectors that can be associated to these instruments, the GCMS is the most frequently used analytical technique. Moreover, the GC-MS system
take the advantages of the isotopic dilution method in quantitative evaluation. In fact,
this method employs an isotopologue of the analyte as internal standard, providing
specificity, accuracy and robustness to the obtained quantitative data.
Our data documented a significant reduction of total SCFAs in stool samples of
CRC patients compared with HC. In addition, the total amount of SCFAs in adenoma
patients tend to be lower compared to healthy subjects even if not significantly.
SCFAs, generated by the intestinal microbiota from the metabolism of undigested
carbohydrates, are fundamental in keeping up the colonic mucosa wellbeing. An
alteration in the fecal SCFAs’ profile may be the result of gut microbiota dysbiosis,
inflammatory changes or both. The literature data regarding the fecal SCFAs’
composition in patients with the above mentioned gut diseases (CRC, AP) show a
large discrepancy in the results [36-39] . In line with our data, various studies have
demonstrated a decreased production of SCFAs in CRC patients compared to nonCRC[40,41]. But others authors have observed a higher amount of fecal acetic acid and a
lower amount of fecal butyric acid in CRC patients compared to healthy
individuals[42,43]. Butyric acid, produced by anaerobic bacterial fermentation of dietary
fiber, has important homeostatic functions in human colon and it has been
demonstrated, both in vivo and in vitro, to be important in the prevention of colon
cancer [44-46] . Some reasons of the anticancer effect include its impact on genetic/
epigenetic modulation, signaling pathways and immune response[44,46]. For example,
butyric acid is able to increase the Tregs’ number, resulting in decreased
inflammation[47].
Although our study confirmed the reduction of the SCFAs amount in CRC, we
have shown a lower relative concentration of fecal acetic acid and higher relative
concentrations of butyric, isobutyric, valeric and isovaleric acids in CRC patients
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Table 4 Concentrations of each analyte in the calibration levels
Calibration
levels

Acetic ac. (g/mL)

Propionic ac.
(g/mL)

Butyric ac. (g/mL)

isoButyric ac.
(g/mL)

Valeric ac. (g/mL)

isoValeric ac.
(g/mL)

1

10.0

5.0

5.0

1.0

1.0

1.0

2

20.0

12.5

12.5

2.5

2.5

2.5

3

50.0

25.0

25.0

5.0

5.0

5.0

4

100.0

50.0

50.0

10.0

10.0

10.0

5

250.0

125.0

125.0

25.0

25.0

25.0

compared to healthy controls. This is interesting because, even if a butyrate
insufficiency has been usually implicated in cancer development[48,49], butyrate is also
able to stimulate the proliferation of colon epithelial cells, and depending on its
concentration, lead to cancer development, suggesting a double-edged role (“butyrate
paradox”)[50]. Moreover, its ability to suppress inflammation by promoting Tregs’
differentation, could be no longer protective in the end stages of cancer, since the
Tregs can be co-opted by tumors assuming a pro tumorigenic role and so, favoring the
tumor immunoescape[51]. Interestingly, the higher amount of butyric acid in CRC
patients could depend also by the fact that cancerous colonocytes prefer the glucose
utilization as primary energy source instead of oxidize butyrate and recently, Anna
Han and coll. have demonstrated that butyrate decreased its own oxidation in
cancerous colonocytes[52].
According to our findings, a recent study demonstrated that patients with CRC and
adenoma have lower concentration of total organic acids and acetic acid, and that
adenoma patients show a SCFAs’ profile intermediate to the CRC and the nonadenoma subjects[41]. We have demonstrated that the total amount and the relative
percentage of all the examined SCFAs (with the exception of propionic acid) in
adenoma group is intermediate to the CRC patients and HC. Moreover, the PLS-DA
model performed on the SCFAs’ percentages matrix, confirmed that CRC and AP
patients showed a distinct separation from the healthy subjects and were not
coinciding. Of note, the existence of a distinct and intermediate SCFAs’ profile in AP
compared to CRC and HC sustain the theory that the CRC develops in an intestinal
environment that has already changed instead of being the tumor progression that
modifies the local environment[43]. Besides, the presence of a distinct fecal SCFAs’
profile both in AP and CRC patients, make the analysis of the fecal SCFAs
composition a reliable biomarker for the disease detection.
Otherwise, the total amount of SCFAs in CD patients tend to be higher compared to
HC, even not significantly. Accordingly, previous works found that SCFAs in
untreated and trated CD patients were more copious than in healthy adults[53,54].
Anyway, our study did not find a significant separation between CD patients and
healthy controls, with no compositional differences in the levels of SCFAs. This is in
contrast with previous data that showed a different SCFAs’ profile in celiac
patients[2,55], even if those findings often regard pediatric patients, with a significant
difference in age compared to our CD group[55]. After all, as we demonstrated, the age
significantly affects the composition of SCFAs, thus explaining the contrasting results
present in literature. Even so, the Dirichlet regression model clearly demonstrated
that differences in state specific SCFAs’ profiles stand after accounting for the
potential confounding effect of sex and age; particularly, we observed strong
differences of the concentration levels of acetic acid, and relevant differences of
concentration levels of propionic and butyric acid.
In conclusion, the small sample size of study does not allow us to reach definitive
conclusions and our findings remain exploratory but we has clearly shown the
existence of a fecal SCFAs fingerprint in patients with CRC, with a clear separation
(with significant qualitative and quantitative differences) in the SCFAs’ composition
compared to healthy control. In addition, AP patients have showed a characteristic
SCFAs’ profile, distinguishable from CRC and healthy subjects. On the contrary, no
separation between celiac patients and healthy controls was obtained regarding the
SCFAs’ composition profile. Finally, the fecal SCFAs’ analysis through GC-MS could
be considered as noninvasive and reliable diagnostic marker for the detection of
adenoma and CRC patients.
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Table 5 Linear regressions data, R-squared and limit of detection values obtained for each analyte
Compound

Slope PAR (µg/mL)

Intercept PAR (µg/mL)

R2

LOD SDY-I (µg/mL)

Acetic

0.027

- 0.025

0.996

11.3

Propionic

0.088

- 0.142

0.996

5.9

Butyric

0.213

- 0.552

0.993

7.9

Isobutyric

0.357

- 0.153

0.994

1.4

Valeric

0.406

- 0.297

0.993

1.6

Isovaleric

0.459

- 0.327

0.991

1.7

PAR: Peak area ratios; R2: r-squared; LOD: Limit of detection; SDY-I: Standard deviation of y-intercepts.

Table 6 Median ± standard deviation of each short chain fatty acid’ concentration (μmol/g) in patients and healthy controls
Intergroup comparisons (P value)
SCFA (μmol/g)

HC

CD

CRC

AP
HC/CD

HC/CRC

HC/AP

CD/CRC

CD/AP

CRC/AP

Acetic acid

30.9 ± 14.4

37.6 ± 17.9

15.4 ± 7.2

19.0 ± 17.2

0.254

< 0.001

0.0567

< 0.0001

0.031

0.772

Propionic acid

7.6 ± 4.3

8.3 ± 4.4

5.5 ± 2.9

7.8 ± 7.1

0.615

0.230

0.559

0.116

0.357

0.809

Butyric acid

7.1 ± 5.9

8.0 ± 5.8

6.7 ± 5.2

9.0 ± 12.4

0.401

0.756

0.636

0.502

0.357

0.629

isoButyric acid

0.7 ± 0.3

1.2 ± 0.6

1.4 ± 1.1

0.9 ± 0.9

0.008

0.116

0.889

0.831

0.357

0.187

isoValeric acid

0.5 ± 0.2

0.7 ± 0.6

1.3 ± 1.1

2.0 ± 3.9

0.273

0.032

0.802

0.115

0.590

0.460

Valeric acid

0.9 ± 0.7

1.2 ± 0.7

1.4 ± 1.0

1.1 ± 1.1

0.128

0.151

1.00

0.635

0.522

0.356

Total

47.7 ± 22.9

56.8 ± 27.4

32.5 ± 17.5

39.8 ± 39.3

0.380

0.044

0.187

0.005

0.084

0.846

P values assessed with Wilcoxon test. The intergroup comparisons were assessed using the Wilcoxon test. SCFA: Short chian fatty acid; HC: Healthy
control; CD: Celiac disease; AP: Adenomatous polyposis; CRC: Colorectal cancer.

Table 7 P values of the Wald test conducted on the Dirichlet regression coefficients
Acetic ac.
-12

Propioni ac.
-5

Butyric ac.

Isobutyric ac.

Isovaleric ac.

Valeric ac.

HC (Intercept)

5.56 × 10

4.29 × 10

0.00359

0.27547

0.09552

0.28869

State CD

0.145841

0.35339

0.12181

0.07597

0.16228

0.03966

-5

State CRC

2.07 × 10

0.00536

0.00975

0.31373

0.42884

0.28591

State AP

0.000213

0.07797

0.06314

0.20993

0.79231

0.36639

Age

0.003016

0.92196

0.74284

0.38750

0.25510

0.19196

Sex

0.838224

0.01121

0.00118

0.00195

0.00213

0.00328

HC: Healthy control; CD: Celiac disease; AP: Adenomatous polyposis; CRC: Colorectal cancer.
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Figure 1

Figure 1 Barplot of relative abundances of fecal short chain fatty acids’ of healthy controls and celiac disease, colorectal cancer, adenomatous polyposis
patients.
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Figure 2

Figure 2 Representation of each short chain fatty acid percentage in celiac disease, colorectal cancer, adenomatous polyposis patients and healthy
controls. The differences between States were assessed using the Wilcoxon test. aP < 0.05 vs HC, bP < 0.01 vs HC, cP < 0.05 vs CRC and dP < 0.01 vs CRC.
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Figure 3

Figure 3 Partial Least Squares Discriminant Analysis scores plot. PLS-DA: Partial Least Squares Discriminant Analysis; HC: Healthy control; CD: Celiac disease;
CRC: Colorectal cancer; AP: Adenomatous polyposis.
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Figure 4

Figure 4 Expected proportions from the dirichlet regression model (lines) vs short chain fatty acids’ observed values (points), color coded by state. HC:
Healthy control; CD: Celiac disease; CRC: Colorectal cancer; AP: Adenomatous polyposis.

ARTICLE HIGHLIGHTS
Research background
An alterated status of the gut microbiota is usually responsible for a reduction of short chain
fatty acids (SCFAs), the major metabolites produced by bacterial fermentation, that are essential
in maintaining gut homeostasis. Different studies have documented an alteration in SCFAs’
composition in various human pathologies, that may reflect a dysbiotic condition affecting the
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Research motivation
The SCFAs’ determination in stool samples could provide a faster, reliable and cheaper method
to highlight the presence of an intestinal dysbiosis. Anyway, the high heterogeneity of methods
used for their determination (i.e., gas chromatography, high performance liquid chromatography, nuclear magnetic resonance, capillary electrophoresis) make difficult to compare
literature data and bringing out real differences in SCFAs’ profiles of various disorders. Indeed,
the use of a standardized protocol for their evaluation is essential to understand if the fecal
SCFAs signature could represent a potential biomarker in the clinical practice, for example for
the detection of different gut diseases.

Research objectives
The main objective of this study was to compare the fecal SCFAs’ profile of patients with
adenomatous polyposis (AP), celiac disease (CD) and colorectal cancer (CRC) to healthy controls
(HC), applying the same protocols and analytical conditions gas chromatography-mass
spectrometry (GC-MS) for their evaluation, in order to point out whether these pathologies
displayed a particular fecal SCFAs signature.

Research methods
In this cross-sectional study, we defined and compared the SCFAs’ concentration in fecal
samples of 44 patients with different gut diseases (19 with CRC, 9 with AP, 16 with CD) and 16
healthy controls. The SCFAs’ analysis were performed using a GC-MS method. Data analysis
was carried out using Wilcoxon rank-sum test to assess pairwise differences of SCFAs’ profiles,
partial least squares-discriminate analysis (PLS-DA) to determine the status membership based
on distinct SCFAs’ profiles, and Dirichlet regression to determine factors influencing
concentration levels of SCFAs.

Research results
In our study, we have not observed any difference in the SCFAs’ amount and composition
between CD and healthy control. On the contrary, the total amount of SCFAs was significantly
lower in CRC patients compared to HC and CD. Moreover, the percentage of each SCFA
changed in CRC and AP patients compared to HC. In particular, HC displayed a higher
percentage of acetic acid and a lower amount of butyric, isobutyric, isovaleric and valeric acids
compared to CRC patients. Regarding AP patients, they showed a lower abundance of acetic
acid and higher percentages of propionic and isovaleric acids compared to HC. Moreover, the
PLS-DA model performed on the SCFAs’ percentages matrix, confirmed that CRC and AP
patients showed a distinct separation from the healthy subjects and were not coinciding. Overall
the small sample size of this study does not allow us to reach definitive conclusions, and our
findings remain exploratory.

Research conclusions
In this study we have analyzed, for the first time, the fecal SCFAs’ profile of patients with
different gut diseases (AP, CD and CRC) and healthy subjects, applying the same protocols and
analytical conditions (GC-MS). Even if the small sample size of study does not allow us to reach
definitive conclusions, our findings shown the existence of a fecal SCFAs fingerprint in patients
with CRC, with a clear separation (with significant qualitative and quantitative differences) in
the SCFAs’ composition, compared to healthy control. In addition, AP patients have showed a
characteristic SCFAs’ profile, distinguishable from CRC and healthy subjects. On the contrary,
no separation between celiac patients and healthy controls was obtained regarding the SCFAs’
composition profile. If confirmed in larger cohorts of patients, we think that the fecal SCFAs’
analysis through GC-MS could be considered as a noninvasive and reliable diagnostic marker for
the detection of adenoma and CRC patients.

Research perspectives
By comparing the fecal SCFAs signatures of different gut disease using the same analytical
method, we realized the clinical and diagnostic potential of our preliminary result, suggesting
the use of SCFAs as potential biomarker in adenomatous polyposis and colorectal cancer. In our
future research we will enlarge the sample size of this study to confirm the specific fecal SCFAs
fingerprints in CRC and AP, in order to develop a non-invasive diagnostic protocol to be used in
gastrointestinal clinical practice. The best method for future research is to continue the
comparison of fecal SCFA profile in cohorts of patients with different diseases, where the
microbiota has been shown to be involved. Examining a statistically significant number of
patients with the same protocol used in this study, will be crucial to reach definitive conclusions.
If our result will be confirmed, the fecal SCFAs’ analysis through GC-MS could be proposed as
an innovative, noninvasive and reliable diagnostic method for the detection of adenoma and
CRC patients and, in future, for other pathologies.
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Abstract
BACKGROUND
Small-for-size grafts (SFSGs) in living donor liver transplantation (LDLT) could
optimize donor postoperative outcomes and also expand the potential donor
pool. Evidence on whether SFSGs would affect medium-term and long-term
recipient graft survival is lacking.
AIM
To evaluate the impact of small-for-size liver grafts on medium-term and longterm graft survival in adult to adult LDLT.
METHODS
A systematic review and meta-analysis were performed by searching eligible
studies published before January 24, 2019 on PubMed, EMBASE, and Web of
Science databases. The primary outcomes were 3-year and 5-year graft survival.
Incidence of small-for-size syndrome and short term mortality were also
extracted.
RESULTS
This meta-analysis is reported according to the guidelines of the PRISMA 2009
Statement. Seven retrospective observational studies with a total of 1821 LDLT
recipients were included in the meta-analysis. SFSG is associated with
significantly poorer medium-term graft survival. The pooled odds ratio for 3-year
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graft survival was 1.58 [95% confidence interval 1.10-2.29, P = 0.014]. On the other
hand, pooled results of the studies showed that SFSG had no significant
discriminatory effect on 5-year graft survival with an odds ratio of 1.31 (95%
confidence interval 0.87-1.97, P = 0.199). Furthermore, incidence of small-for-size
syndrome detected in recipients of SFSG ranged from 0-11.4% in the included
studies.
CONCLUSION
SFSG is associated with inferior medium-term but not long-term graft survival.
Comparable long-term graft survival based on liver graft size shows that smaller
grafts could be accepted for LDLT with appropriate flow modulatory measures.
Close follow-up for graft function is warranted within 3 years after liver
transplantation.
Key words: Living donor liver transplantation; Small-for-size grafts; Small-for-size
syndrome; Graft survival
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Small-for-size grafts in living donor liver transplantation is associated with
inferior medium-term but not long-term graft survival. Comparable long-term graft
survival based on liver graft size shows that smaller grafts could be accepted for living
donor liver transplantation with appropriate flow modulatory measures. Close follow-up
for graft function is warranted within 3 years after transplantation.

Citation: Ma KW, Wong KHC, Chan ACY, Cheung TT, Dai WC, Fung JYY, She WH, Lo
CM, Chok KSH. Impact of small-for-size liver grafts on medium-term and long-term graft
survival in living donor liver transplantation: A meta-analysis. World J Gastroenterol 2019;
25(36): 5559-5568
URL: https://www.wjgnet.com/1007-9327/full/v25/i36/5559.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i36.5559

INTRODUCTION
Living donor liver transplantation (LDLT) has been a well-recognized alternative to
whole graft transplantation from deceased donor in face of organ shortage in the past
two decades. Since the first successful LDLT from adult to child reported by Strong et
al[1] in 1989 in Australia, the operation has been rapidly taken up by various centers.
Multiple technical advancements including concomitant caudate lobe resection,
transplantation of right posterior sector grafts, and dual left grafts have been reported
since then to optimize patient outcomes[2-4].
In contrast to deceased donor liver transplantation, LDLT requires balancing the
outcomes of both recipients and donors. The minimum graft size required to meet the
metabolic demands of recipients thus has been a topic of debate for LDLT. When a
small-for-size graft (SFSG) is unable to meet the demands, small-for-size syndrome
(SFSS) occurs. SFSS is characterized by postoperative coagulopathy, prolonged
cholestasis, and liver dysfunction [5-7] , which would result in poor postoperative
outcomes. In fact, there was evidence showing that SFSG resulted in significantly
worse graft survival[8]. Therefore, the graft size has been limited to graft-to-recipient
weight ratio (GRWR) of ≥ 0.8[8], or graft volume to standard liver volume (GV/SLV) of
30%-40%[9,10]. The early trend in the development of LDLT was to obtain larger grafts
from living donors; techniques to obtain the right lobe for LDLT thus have been
developed[11].
On the other hand, it has been reported that the complication rate of right lobe
donors was higher than that of left lobe donors[12,13]. Studies have also shown that
SFSG was not the only factor leading to SFSS[14,15]. These findings combined with
improved surgical techniques resulted in a paradigm shift of trying to obtain smaller
grafts in LDLT. Techniques have been developed to modulate portal vein flow to
prevent the damage to SFSG; this includes hemi-portocaval shunt[16], splenic artery
ligation[17], splenectomy, and splenic artery embolization[18,19]. It has therefore been
suggested that adoption of a smaller graft combined with the application of such
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techniques to modulate hepatic inflow would be a possible method to expand the
potential donor pool and optimize outcomes of both donor and recipients of LDLT.
However, there is no clear evidence on whether SFSG (GRWR < 0.8 or GV/SLV <
35%) is safe for liver transplantation recipients and whether the recipient and graft
survival would be compromised. We hypothesize that a SFSG would possibly be
detrimental to long-term graft survival. Thus, a well-conducted meta-analysis is
required to gather existing evidence and analyze the impact of SFSG on the survival
outcomes of adult recipients in LDLT.

MATERIALS AND METHODS
Search strategy
Systematic review and meta-analysis were performed according to the PRISMA
guidelines. Literature search was conducted among publications dated to January 24,
2019 in three databases: PubMed, EMBASE, and Web of Science. Publication year and
language were not limited in the search. The following keywords were used for the
database search “living donor liver transplantation” and ”small-for-size”. Title and
abstracts of the articles identified in the databases were screened independently by
two authors (MKW and WKH). References of the eligible studies were manually
checked to avoid missing relevant papers. Full-text articles with potential relevance to
the study were obtained for further screening. Approval from Institutional Review
Board (IRB) for performing this meta-analysis was not required in our center as it did
not involve patients from our locality. The research protocol of the current study has
not been registered and this study received no funding from any party.

Eligibility criteria
A study was regarded as suitable for inclusion if survival outcome (3-year or 5-year
overall graft survival) was compared between the LDLT groups using SFSG and
normal-for-size grafts (NFSG). The following types of articles were excluded:
Conference abstracts, case reports/series, reviews, meta-analyses, commentary/editorial letters, animal/non-human studies, articles with no full-text, and
non-English studies with no English translation available. Furthermore, the study was
excluded if there was the presence of any one of the following conditions: (1)
Outcome data contamination by case-mix analysis of living donors and deceased
donor (split liver); (2) GRWR < 0.8% or GV/SLV < 35% was not used as criteria for
grouping patients; or (3) Hazard ratio and 95% confidence interval (CI) were not
available nor deducible. We carefully checked the source and period of the potentially
relevant articles to avoid duplicates. When overlapping cohorts were examined by the
same institutions, the most recent and relevant articles were included.

Data extraction
Basic information such as author name, center and country of origin, year of the
study, and population characteristics were extracted. Total number of patients in
small-for-size and normal size group were extracted from the included studies. 3-year
and 5-year graft survival of each group were also extracted. In case of insufficient data
or incomplete information, we confirmed the data to the corresponding authors by emails. In this study, GRWR of less than 0.8% of body weight or GV/SLV of less than
35% were considered SFSG.

Statistical analysis and assessment of publication bias
Statistical analyses were performed using software Comprehensive Meta-analysis
version 3.0. Number of event (i.e., number of patients with 3-year and 5-year graft
failure) was calculated by 3-year or 5-year graft survival multiplied by the number of
the patients in each group (small-size graft and normal size). After deriving odds ratio
(OR) and 95%CI from each study, the overall effect of SFSG was calculated using both
fixed and random-effect model. Heterogeneity of the studies were assessed by I2
value in which the number of less than 0.2 was considered not significant. Publication
bias of the studies were assessed by Funnel plot and Eggar’s test, and P values of less
than 0.05 were considered significant.

Assessment of the quality of individual study
The quality of each included study was assessed by Newcastle-Ottawa Score. This
score grades a study according to three criteria: patient selection, comparability, and
outcome [20] . The score ranges from lowest of 3 to highest of 9. Scores over 6 are
regarded as satisfactory quality. Assessment was performed independently by two
authors (MKW and WKH). Any disagreement was revolved by decision of the
corresponding author (CKS).
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RESULTS
Search results
Using the described Medical Subject Headings term, there were 1245 articles matched
with the keywords. After exclusion of 1174 papers, 71 potential studies remained for
further assessment. After full manuscript appraisal of each paper, another 64 studies
were excluded. In the end, data from seven centers with 1821 LDLT recipients were
considered eligible for meta-analysis (Figure 1). All of the included studies were
retrospective. The majority of the studies were from Asian-pacific regions and one
from North America. Study and population characteristics were tabulated in Table 1.
Four studies used graft weight to body weight ratio to define SFSG while the
remaining three used percentage of the estimated SLV. The flow diagram of study
selection is shown in Figure 1.

Short-term outcomes of small-for-size recipient
Incidence of SFSS in the SFSG recipients was reported in six studies, which ranged
from 0-11.4%. Dahm’s criteria[5] of SFSS was adopted by three[22,25,26] out of the six
articles that reported the incidence of SFSS. Short-term outcome in terms of 30-d
mortality and 1-year mortality using SFSG were reported in two studies, respectively
(Table 1).

Effect of SFSG and medium-term to long-term graft survival and meta-analysis
Concerning the medium-term graft survival, six out of the seven papers provided
comparative data between SFSS and NFSG recipients for analysis. All of these studies
reported an inferior 3-year graft survival using SFSG with the OR ranging from 1.12 to
2.46. The resulting OR after meta-analysis was 1.58 (95%CI 1.10-2.29, P = 0.014, I2 =
0%) (both fixed and random effect model) (Figure 2).
Concerning the long-term outcomes of SFSS recipients, six papers provided data
comparing SFSS and NFSG recipient. The studies from Kyushu University[24] and
Toronto General Hospital[27] showed a tendency of better 5-year graft survival (OR
0.69 and OR 0.84, respectively). Because meta-analysis using fix-effect model
demonstrated significant heterogeneity (I2 = 21.8%), analysis was performed using
random-effect model instead, and the resulting OR of 5-year graft survival in using
SFSG was 1.31 (95%CI 0.87-1.97, P = 0.199, I 2 = 2.1%) (Figure 3). There was no
significant publication bias demonstrated by Funnel plots of 3-year and 5-year graft
survival meta-analysis (Figure 4).

Qualitative assessment of the included studies
All studies included in this meta-analysis had a Newcastle-Ottawa Score over 6. The
mean Newcastle-Ottawa Score was 7.4 (range 6-8) (Table 2). Characteristics of the
patient population and treatment protocol were clearly described. However, most
studies did not document the duration of follow-up and dropout rate during the
follow-up period. Nonetheless, overall quality of the studies was satisfactory.

DISCUSSION
This study analyzed extracted data from seven LDLT centers, containing over 1800
recipients and it demonstrated that SFSG was associated with an inferior 3-year graft
survival, but no significant discriminatory effect on 5-year graft survival was
demonstrated. In regions of low deceased donor rate, living donor liver graft
represents a significant organ source [28] . As inferred by its name, SFSS is the
manifestation of the physiological mismatch secondary to a SFSG. Given the high
morbidity and mortality associated with SFSS reported in early series[29], insufficient
graft size became a major reason leading to donor rejection especially in female
donors. This situation frequently results in wait list mortality of the desperate
patients.
As our understanding of the relationship between SFSG and SFSS increases, a
number of techniques have been proposed to alleviate the physiological mismatch
associated with the use of SFSG[16]. In the author’s center, measurement of portal
venous flow and portal venous pressure assessment are performed once the actual
donor graft size to GV/SLV ratio is less than 40%. If the portal flow is over 400
mL/min/100 g and the portal venous/hepatic venous pressure gradient is over 15
mmHg, the splenic artery is clipped to reduce portal venous flow[17]. Apart from intraoperative modulatory procedures, we adopted a strict postoperative fluid
management protocol, such as keeping the patient 5-degree to the right side and head
up, maintaining low central venous pressure (i.e., at 5 mmHg) by diuresis and
albumin infusion to ensure optimal graft perfusion pressure. With these measures we
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Table 1 Characteristics of included studies
Number of
patient in
SFSG group

Number of
patient in
NFSG group

Incidence of
SFSS (%)

Short-term
mortality in
SFSG group

Medium-term
mortality in
SFSG group
(OR, 95%CI)

Long-term
mortality in
SFSG group
(OR, 95%CI)

Study

Country

Definition of
SFSG

Ikegami et
al[24], (2008)

Japan

< 35% GV/SLV 33

87

0

12.5% (1 yr)

2.46 (0.88-6.93)

3.25 (1.29-8.18)

Moon et al[25],
(2010)

Korea

< 0.8% GRWR

35

392

5.7

-

1.12 (0.45-2.82)

1.33 (0.60-2.95)

Au et al[22],
(2015)

Hong Kong

< 35% GV/SLV 21

212

-

-

1.14 (0.32-4.14)

1.61 (0.51-5.15)

Ikegami et
al[23], (2016)

Japan

< 35% GV/SLV 88

119

11.4

-

-

0.69 (0.28-1.72)

Lee et al[21],
(2014)

Korea

< 0.8% GRWR

50

267

8

2% (1 yr)

1.61 (0.72-3.63)

-

Liu et al[20],
(2015)

China

< 0.8% GRWR

65

181

11

7.7% (30 d)

1.79 (0.93-3.43)

1.23 (0.65-2.34)

Selzner et
al[26], (2009)

Canada

< 0.8% GRWR

22

249

9

4.5% (30 d)

1.36 (0.43-4.25)

0.82 (0.27-2.60)

GV: Graft volume; SLV: Standard liver volume; GRWR: Graft-to-recipient weight ratio; SFSG: Small-for-size grafts; NFSG: Normal-for-size grafts; OR:
Odds ratio; CI: Confidence interval.

and many other centers are able to recruit SFSGs as small as 0.6% of body weight or
less than 25% estimated SLV.
It was generally believed that SFSG was associated with a higher chance of SFSS
and hence morbidity and mortality. However, the risk of clinically detectable SFSS
associated with SFSG in the included studies was only 0-11.4%. This low incidence
suggested that SFSS in SFSG recipient could be safely avoided if appropriate
perioperative precautions had been taken. In addition, the short-term mortality
associated with SFSG was comparable to the figure quoted by most other series using
NFSG.
Unlike the case of renal transplantation, in which SFS kidney graft is associated
with higher incidence of long-term graft loss[30], long-term outcomes of SFS liver graft
were infrequently reported in the literature. Although many publications reported
long-term treatment outcomes, the majority of them were not suitable for metaanalysis. For instance, some reported long-term outcomes using overall patient
survival instead of graft survival[31,32], while another used a different definition of
SFSG (i.e., 0.85)[33], and different end-point (i.e., 10-year) for survival analysis[34]. All
these limited the number of papers to be included in the current meta-analysis.
In this study, all included studies reported an insignificant trend of poorer 3-year
(medium-term) graft survival in the SFSG group. This consistent inferior trend
reported by all of the included studies resulted in a significantly high odd ratio (i.e.,
OR 1.58, P = 0.014) of graft failure in the 3-year meta-analysis. This SFSG associated
inferiority in graft survival was not demonstrated in 5-year (long-term) analysis. The
authors postulate that the SFSG might have physiological implications on the degree
of graft regeneration and fibrosis, vascular patency, and bile duct integrity. If graft
function could be maintained during the modulation period, long-term graft survival
could be expected. Therefore, we suggest a short follow-up interval for surveillance of
graft function (i.e., blood taking no longer than 3 mo) to detect transaminitis and
ductopathy, low threshold of biopsy to rule out acute cellular rejection and biliary
obstruction, and careful titration of immunosuppressant to avoid rejection and
opportunistic infection particularly in the first 3 years of transplantation.
There were some limitations in this current meta-analysis. Firstly, the number of
eligible articles was small and the reasons for that had been explained in previous
paragraphs. Secondly, all of the studies recruited were retrospective in nature, which
limited the power of the analysis; however, randomized controlled trials comparing
SFSG and NFSG LDLT outcomes is impossible in clinical settings for obvious ethical
reasons. Last but not least, the inherent heterogeneities between studies in patient
characteristics, transplantation indication, threshold and method of intra-operative
portal pressure modulation, and definition of graft failure would lead to bias of the
results. Nonetheless, this is the first meta-analysis consisting of a reasonable number
of patients gathered from seven well-conducted retrospective analyses that suggests
the effect of SFSG on medium-term and long-term graft survival. SFSG is associated
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Figure 1

Figure 1 Flow diagram showing the article selection process. LT: Liver transplantation.

with inferior medium-term but not long-term graft survival. Close follow-up for graft
function is warranted within 3 years after transplantation.
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Table 2 Newcastle-Ottawa Score for the included studies
Study

Selection

Comparability

Outcome

Total

[20]

, (2015)

4

1

1

6

Lee et al[21], (2014)

4

2

1

7

[22]

Liu et al

Au et al

4

1

3

8

Ikegami et al[23], (2016)

, (2015)

4

2

2

8

Ikegami et al[24], (2008)

4

2

2

8

Moon et al[25], (2010)

4

2

2

8

4

1

2

7

[26]

Selzner et al

, (2009)

Figure 2

Figure 2 Forrest plot of the effect of SFSG on 3-year graft survival. SFSG: Small-for-size grafts; NFSG: Normal-for-size grafts; CI: Confidence interval.
Figure 3

Figure 3 Forrest Plot of the effect of SFSG on 5-year graft survival. SFSG: Small-for-size grafts; NFSG: Normal-for-size grafts; CI: Confidence interval.
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Figure 4

Figure 4 Funnel plot for the assessment of the presence of publication bias for 3-year and 5-year meta-analysis.

ARTICLE HIGHLIGHTS
Research background
Left side donor hepatectomy has become more popular given the paramount importance of
donor safety. There is limited understanding concerning the medium-term and long-term effect
of small-for-size grafts (SFSGs), which is commonly encountered in living donor liver
transplantation (LDLT). This study aims to provide more evidence concerning this issue.

Research motivation
The objective is to see if SFSG imposes a negative effect on graft survival. This will help future
decision making on performing left donor hepatectomy.

Research objectives
The research objective is to answer whether SFSG is associated with an inferior graft survival
through meta-analysis.

Research methods
Literature comparing the survival outcomes between SFSGs and normal-for-size grafts were
limited. In addition, most studies were of small sample size. Meta-analysis allows pooling of the
results from these studies. This is the first meta-analysis performed on this important topic.

Research results
After extensive literature review following the preset search protocol, there were seven studies
comprising of over 1800 LDLT recipients eligible to be included for meta-analysis. It was
demonstrated that SFSG is associated with inferior medium-term (3-year) graft survival, but no
significant effect on long-term (5-year) graft survival. This result would support the use of SFSG
and potentially help promoting left shifting. However, it is beyond the capacity of this study to
define what is the smallest graft size that is safe for LDLT.

Research conclusions
This is the first study trying to illustrate the effect of SFSG on graft survival using meta-analysis.
With the results in this study, SFSG is associated with inferior medium-term but not long-term
graft survival. Therefore, for patients who receive a SFSG, graft function should be followed
more vigilantly by means of biochemical and radiological investigations. However, SFSG should
not be considered an “inferior graft” when compared to normal-for-size grafts judging from the
comparable long-term outcome.

Research perspectives
The result from this study seems to suggest that left lobe donor hepatectomy should be
considered even if it is a SFSG to the transplant recipient for the benefit of better donor safety
margin. Due to the heterogeneity of the patients in this study, whether this statement is valid in
all liver transplantation indications (i.e., hepatocellular carcinoma) remains to be answered. In
addition, the smallest graft size that is safe for LDLT is yet to be defined.
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Abstract
BACKGROUND
Intraductal papillary neoplasm of the bile duct (IPNB) is a type of tumor that
presents in the intra- or extrahepatic bile ducts. Cystic-type intrahepatic IPNB
often mimics simple liver cysts, making the diagnosis difficult. Because the
growth of IPNB is slow, careful follow-up and timely therapeutic intervention is
recommended. There are few reports with a follow-up period longer than a
decade; thus, we report the case of a patient with an IPNB that grew for over 13
years.
CASE SUMMARY
A 65-year-old man was diagnosed, 13 years prior with a cystic hepatic tumor
with abnormal imaging findings. The targeted tumor biopsy results showed no
malignancy. Biannual follow-up examinations were performed because of the
potential for malignancy. The cystic lesions showed gradual enlargement over 11
years and a 4 mm papillary proliferation appeared on the cyst wall, which is
compatible with IPNB. The tumor was observed for another 2 years because of
the patient’s wishes. The imaging findings showed enlargement to 8 mm and a
new 9 mm papillary proliferation of the cystic tumor. Contrast-enhanced
ultrasonography showed hyperenhancement during the arterial phase in both
cyst walls, indicating intraductal tumor progression in both tumors. Thus, liver
segment 8 subsegmentectomy was performed. The pathological findings
indicated that the tumors contained mucin, and high-grade atypia was observed
in the papillary lesions, showing IPNB.
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CONCLUSION
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Core tip: Cystic lesions in the liver, such as intraductal papillary neoplasms of the bile
duct, rarely yield malignant tumors; additionally, the development of a tumor over a
decade is hardly ever observed. Here, we present the case of a patient with an
intrahepatic intraductal papillary neoplasm of the bile duct that developed over 13 years
from a cystic tumor of the liver. The tumor was diagnosed by contrast-enhanced
ultrasonography with perfluorobutane and was completely surgically resected. Notably,
the intracystic spread of the tumor was well represented by contrast-enhanced
ultrasonography.
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INTRODUCTION
Intraductal papillary neoplasm of the bile duct (IPNB) is a type of tumor that presents
in the common or intrahepatic bile duct and occasionally accompanies mucus
production[1]. IPNB shares common characteristics in common with intrapancreatic
mucinous neoplasms (IPMNs), which are sometimes malignant [2] . Although the
development of IPMNs from pancreatic cysts is well documented because of the high
prevalence rate of these neoplasms, there are only a few reports about IPNB
development from hepatic cysts. Careful follow-up for IPNB is recommended because
complete and timely surgical resection is required if malignancy is suspected [3] .
However, little is known about the natural course of IPNB over a long-term period.
The clinical diagnosis of the IPNB is often made by computed tomography (CT) or
magnetic resonance imaging (MRI), however, few studies have reported that contrastenhanced ultrasonography (CEUS) is useful for diagnosing the tumor. Here, we
report a case of IPNB that developed in a normal liver over 13 years with follow-up
imaging of hepatic cystic hepatic tumors. We could clearly detect papillary lesions
and tumor progressions by CEUS and performed successful resection.

CASE PRESENTATION
Chief complaints
A 65-year-old Japanese man was admitted for growing cystic tumors in his liver.
Liver cysts were originally found 13 years prior.

History of present illness
Two cystic lesions, located in the right hepatic lobe with diameters of 6 (anterior
tumor: Tumor-Ant) and 18 (posterior tumor: Tumor-Post) mm, were detected by
primary imaging performed in 2004. Magnetic resonance imaging (MRI)
demonstrated simple liver cysts; however, tumor-Post partially contained abnormal
lesions (Figure 1). Because ultrasonography of tumor-Post demonstrated hyperechoic
lesions, leading to the suspicion of solid tumors, ultrasound-guided histological
puncture of tumor-Post was performed, and the result showed normal liver tissue
with no malignancy (Supplementary Figure 1). Biannual follow-up examinations were
performed, because there is a possibility that the biopsy missed the target and the
complex morphology of the cystic tumor had the potential for malignancy.
In 2015, eleven years after the initial clinical visit, MRI demonstrated a 4 mm
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Figure 1

Figure 1 Magnetic resonance imaging and ultrasonography were performed during the initial visit. A and B: Magnetic resonance imaging shows 2 tumors in
the right lobe. Anterior tumor is 6 mm, with low intensity on the T1-weighted image (A) and high intensity on the T2-weighted image (B; white arrow), which is
consistent with simple liver cysts. Posterior tumor is 18 mm with mostly T1 low- and T2 high-intensity areas but has partial T1 high- and T2 low-intensity areas (black
arrow). C: B-mode ultrasonography of the posterior tumor shows low-echoic cystic lesions with high-echoic areas inside.

papillary lesion on the anterior surface of tumor-Ant for the first time. Tumor-Ant and
tumor-Post had enlarged to 14 and 30 mm, respectively. From these findings, we
diagnosed the tumor as IPNB and recommended surgical resection to the patient.
Although the tumor had a potential for malignancy, the patient hoped to wait and see
if the papillary tumor grew. Two years later, in 2017, tumor-Ant had enlarged to 33
mm, and new papillary lesions were present, so the patient underwent a detailed
examination. The timeline of tumor proliferation is shown in Figure 2.

History of past illness
The patient had no previous noteworthy medical history.

Personal and family history
The patient did not smoke tobacco or consume alcohol. There was no noteworthy
family medical history, such as cancer or liver diseases.

Physical examination
The patient’s height and weight were 162 cm and 59 kg, respectively. The patient
exhibited a clear sensorium, with a body temperature of 37.0 °C, blood pressure of
120/52 mmHg, and pulse rate of 58 beats/min. The abdomen was soft and flat, with
no spontaneous pain or tenderness.

Laboratory examinations
There were no abnormal laboratory data findings, including tumor marker results.

Imaging examinations
The papillary lesion had grown to 8 mm with another new 9 mm papillary lesion on
the posterior surface of tumor-Ant (Figure 3). No significant papillary hyperenhancement was detected through dynamic CT or MRI studies.
CEUS using perfluorobutane (Sonazoid™; Daiichi-Sankyo, Japan) demonstrated
papillary hyperenhancement and marginal hyperenhancement of tumor-Ant during
the arterial phase. Moreover, marginal hyperenhancement of tumor-Post was
demonstrated on CEUS, which indicated IPNB extension to tumor-Post (Figure 4).
Although cystic-type IPNB usually has a connection between bile ducts, we could not
detect a connection by magnetic resonance cholangiopancreatography or drip
infusion cholecystocholangiography CT. Endoscopic retrograde cholangiopancreatography was not performed because we could not obtain patient
agreement for the procedure.

TREATMENT
Because the papillary proliferation had grown, which indicated tumor malignancy,
liver segment 8 subsegmentectomy was performed after the patient provided
informed consent. The surgery procedure resulted in complete tumor resection.
Cholangiography during the surgical procedure showed cystic pooling of the contrast
media, demonstrating the connection between the bile ducts and cystic tumors (Figure
5) and suggesting that the cystic lesions should be considered IPNB but not mucinous
cystic neoplasms.

Pathological findings
Macroscopically, tumor-Ant contained a mixture of mucin and bile, and tumor-Post
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Figure 2

Figure 2 Timeline of tumor proliferation.

contained solidified bile (Figure 6A). Microscopically, papillary proliferation of the
gastric epithelium with high-grade nuclear atypia was observed at the posterior
surface of tumor-Ant. Both tumor-Ant and tumor-Post showed proliferation of the
tumor cells with high-grade dysplasia, which represented an IPNB extension on
tumor-Post (Figure 6B). Thick band-like proliferation of the glandular epithelium of
the papillary structure was observed on the posterior surface of tumor-Post, which
corresponded to the hyperenhancement observed on CEUS (Figure 6C). No stromal
invasion was detected. Immunohistochemical analysis demonstrated mucin core
protein 5AC (MUC5AC) and MUC6 positivity in most cells. MUC2 was positive in
less than 5% of the tumor cells, whereas MUC1 was negative (Figure 6D-G),
suggesting that the tumor is gastric type neoplasm.

FINAL DIAGNOSIS
The final diagnosis of the presented neoplasm was cystic type IPNB with no invasion.

OUTCOME AND FOLLOW-UP
The patient was followed up for 25 mo after surgical resection, and there was no
recurrence. Biannual follow-up examinations with several imaging modalities,
including CT, MRI, and CEUS, are scheduled to be performed.

DISCUSSION
Papillary growth of the liver neoplastic epithelium was first reported by Chen et al[4].
IPNB was described as a papillary neoplastic lesion of the biliary tract in the 2010
World Health Organization classification[5]. Both intra- and extrahepatic bile ducts can
be a source of IPNB[6]. Intrahepatic IPNB is characterized into 3 types: Ductectatictype, cystic-type, and diffuse-type neoplasms[7,8]. Cystic-type IPNB often shares similar
imaging features with cystic hepatic tumors, which may be misdiagnosed as
mucinous cystic neoplasms, complicated hepatic cysts, cystic hemangiomas,
lymphangiomas, hepatic foregut cysts, mesenchymal hematomas or teratomas[9-11].
Thus, careful follow-up and appropriate inspection of cystic hepatic tumors are
necessary.
The diagnosis of a cystic hepatic tumor requires a comprehensive assessment by
multiple imaging modalities. Kim et al[12] reported the CT criteria differentiating IPNB
from simple hepatic cysts. The criteria included 4 CT findings: coexistence of fewer
than 3 other cysts; transient hepatic attenuation differences; upstream bile duct
dilatation; and lesion located in the left lobe. In the present case, only the number of
cysts met the criteria, indicating that the present IPNB is atypical.
Ultrasonography is a more powerful imaging modality than CT or MRI for
evaluating cystic hepatic lesions[13,14]. Hyperenhancement of the cystic wall or nodules
on CEUS is an important finding for evaluating the potential for malignancy[15]. Liu et
al[16] investigated the imaging features of IPNB, and observed hyperenhancement
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Figure 3 Computed tomography performed 13 years after the initial clinical visit. A and C: Plain computed
tomography (CT) shows the 33 mm anterior tumor and the 32 mm posterior tumor. Two papillary proliferations are
observed on the surface of the anterior tumor [8 mm on the anterior surface (A; white arrow) and 9 mm on the
posterior surface (C; black arrow)]. B and D: Portal-phase CT shows slight hyperenhancement of the tumor surface
and the papillary proliferation. CT: Computed tomography.

during the arterial phase of CEUS in 60% of IPNB patients [16] . Tominaga et al [17]
demonstrated that the hyperenhancement detected on CEUS corresponds with
malignant tissue. Because the present case demonstrates that hyperenhancement
observed on CEUS corresponds with microscopically extended dysplastic epithelia,
hyperenhancement during the arterial phase of CEUS is an effective imaging feature
for analyzing IPNB extension.
Pathological findings, especially regarding mucus secretion and the immunohistochemistry of mucin core proteins, have been well-studied in the previous
literature. Although most IPMNs have mucus hypersecretion, only 35% of IPNBs
have a mucus hypersecretion phenotype[18]. The immunohistochemical results of
mucin in IPNB are described as follows: MUC2 expression is common in the intestinal
type, MUC6 is common in the gastric type, and MUC5AC is expressed in both of the
phenotypes. As the presented case shows gastric epithelium, the MUC staining results
are consistent with the phenotype. MUC1 is positive only in malignant IPNBs, such as
pancreato-biliary and oncocytic type neoplasms[7,11]. The lack of mucus secretion
corresponds with MUC1 positivity and the malignant potential[19]. Downregulation of
MUC1 protein expression decreases the metastatic potential of adenocarcinoma[20].
These previous findings support the clinical course of the present case, which
progressed slowly and was not highly malignant.
Distinguishing cystic-type IPNB that develops on the small bile ducts from simple
hepatic cysts is often difficult because the imaging features of these two neoplasms
are similar[21]. We searched the English-language literature published after 2010 for
IPNBs developed from cystic hepatic tumors that were followed up for more than one
year before treatment. Five cases, including the present case, were treated by surgical
resection (Table 1)[9,22-24]. The follow-up period ranged from 2.5 to 13 years, and 4
patients showed gradual enlargement of the cystic tumor, initially without any
clinical symptoms. Two patients developed clinical symptoms, but the other 3 did not,
which indicates that most IPNBs show slow, asymptomatic progression. All patients
were from East Asia: 4 were from Japan, and 1 was from South Korea. Tan et al[11]
reviewed previous studies of 354 IPNB patients, among whom, 52.8% were from
Japan, and 19.5% were from Eastern countries, including China, South Korea and
Taiwan, which indicates that IPNBs occur more commonly in the East Asian
population than in other populations. There was no previous literature which could
detect the tumor progression from the main lesion to other cysts or bile ducts using
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Figure 4

Figure 4 Ultrasonography performed 13 years after the initial clinical visit. Contrast-enhanced ultrasonography
shows a 7 mm hyperechoic papillary proliferation (A: Pre-enhancement; B: Arterial phase). Marginal
hyperenhancement of the anterior tumor and early enhancement of the papillary proliferation were detected. Marginal
enhancement of the posterior tumor (black arrows) was also detected, which suggests tumor spread to the posterior
tumor.

CEUS. The present case shows that even if the tumor is followed for over a decade,
periodic imaging surveillance is necessary. CEUS is an effective imaging method
which can detect the detailed features of IPNB.

CONCLUSION
We encountered a patient with an IPNB that developed over 13 years, who had no
recurrence for 25 mo after the complete surgical resection. The present case suggests
that IPNB slowly and asymptomatically develops for a long time. Thus, periodical
imaging surveillance is needed for cystic hepatic tumors even if the tumor seems
benign. CEUS is a useful inspection tool for evaluating the tumor progression of cystic
lesions.
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Table 1 Case reports of intraductal papillary neoplasm of the bile ducts followed up for more than one year before treatment
Case

Age (yr)

Sex

Initial tumor size Follow-up duration Treated tumor size Clinical symptom

Intervention

64

M

30 mm

6 years

50 mm

None

Left lateral hepatectomy

70

F

50 mm

11 years

50 mm

Obstructive jaundice

Left hepatic lobectomy

F

20 mm

8 years

40 mm

Abdominal distension

Segment 3 subsegmentectomy

M

30 mm

2.5 years

43 mm

None

Caudate lobectomy

M

18 mm

13 years

33 mm

None

Segment 8 subsegmentectomy

1

[9]

2[22]
3

[23]

61

4[24]

56

Present 65

M: Male; F: Female.

Figure 5

Figure 5 Cholangiography during the surgical procedure. Cholangiography showed cystic tumor enhancement (black arrows), which represents ductal
communication between the cystic lesions and bile ducts.
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Figure 6 Pathological findings of the surgical specimens. A: Macroscopic findings show 2 cystic lesions with a maximum diameter of 3 cm. The anterior tumor
(black arrowhead) contained mucin and bile with papillary proliferation, while the posterior tumor (white arrowhead) contained solidified bile. B: Microscopic findings of
the tumor (yellow square in A). Dysplastic epithelium proliferated on both anterior tumor (black arrow) and posterior tumor (white arrow). Higher magnification of the
papillary proliferation of the posterior tumor (yellow square in B) shows dysplastic epithelium. C: Thick glandular epithelium was observed on the posterior tumor (red
square in B), which corresponds to the hyperenhancement seen on the contrast-enhanced ultrasonography. D-G: Immunohistochemical findings of the papillary tumor
show MUC1 negativity (D), MUC2 positivity in less than 5% of the cells (E), MUC5AC positivity (F), and MUC6 positivity (G). The black bar in B represents 1000 µm,
C represents 200 µm, and D-G represents 50 µm. MUC: Mucin core protein.
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Abstract
Helicobacter pylori (H. pylori) is a gram-negative bacterium that infects
approximately 4.4 billion individuals worldwide. However, its prevalence varies
among different geographic areas, and is influenced by several factors. The
infection can be acquired by means of oral-oral or fecal-oral transmission, and the
pathogen possesses various mechanisms that improve its capacity of mobility,
adherence and manipulation of the gastric microenvironment, making possible
the colonization of an organ with a highly acidic lumen. In addition, H. pylori
presents a large variety of virulence factors that improve its pathogenicity, of
which we highlight cytotoxin associated antigen A, vacuolating cytotoxin,
duodenal ulcer promoting gene A protein, outer inflammatory protein and
gamma-glutamyl transpeptidase. The host immune system, mainly by means of a
Th1-polarized response, also plays a crucial role in the infection course. Although
most H. pylori-positive individuals remain asymptomatic, the infection
predisposes the development of various clinical conditions as peptic ulcers,
gastric adenocarcinomas and mucosa-associated lymphoid tissue lymphomas.
Invasive and non-invasive diagnostic methods, each of them with their related
advantages and limitations, have been applied in H. pylori detection. Moreover,
bacterial resistance to antimicrobial therapy is a major challenge in the treatment
of this infection, and new therapy alternatives are being tested to improve H.
pylori eradication. Last but not least, the development of effective vaccines against
H. pylori infection have been the aim of several research studies.
Key words:Helicobacter pylori; Virulence factors; Immune response; Antibiotics;
Vaccines
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Core tip:Helicobacter pylori (H. pylori) is a bacterium that infects more than half of the
world’s population. The mechanisms of such infections are complex and deeply studied.
In addition, the clinical outcomes are variable and depend on both pathogen and host
characteristics. Moreover, the adequate clinical management by means of proper
diagnosis and effective treatment is crucial for reaching success in bacterial eradication.
This article aims to provide a broad overview of H. pylori infection, from pathogenesis
to clinical management.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacterium that inhabits the gastric
environment of more than half of the world population[1]. Studies have demonstrated
that the prevalence of H. pylori-positive status varies according to different factors
such as age, geographical area, living condition and socioeconomic status[2]. Oral-oral
transmission seems to be the main route of H. pylori transmission. This explains the
common occurrence of the infection among members of the same family, such as
parents and children. In this way, the sharing of utensils during feeding seems to be
important for infection establishment[3]. Fecal-oral transmission is another form of
infection that occurs through ingestion of contaminated water mainly due to
unsatisfactory basic sanitation conditions[4]. Therefore, it is important to highlight that
increasing socioeconomic status and the improvement of living conditions are factors
that greatly influence the reduction in H. pylori infection prevalence[5].
Until Warren and Marshall’s discovery of H. pylori infection in gastric mucosa, it
was believed that the gastric environment was sterile because of its high acidity[6,7].
Aiming for successful colonization under such hostile conditions, the bacterium uses a
wide range of mechanisms that provide improved mobility, robust adherence to
epithelial cells and an enzymatic apparatus that allows the establishment of an
appropriate microenvironment for infection perpetuation [8-10] . In addition, the
potential of pathogenicity of this infection is provided by certain virulence factors
such as cytotoxin associated antigen A (CagA), vacuolating cytotoxin (VacA),
duodenal ulcer promoting gene A protein (DupA), outer inflammatory protein
(OipA) and gamma-glutamyl transpeptidase (GGT)[11-15]. Moreover, the host immune
system plays a crucial role in the course of the infection, likely by means of a Th1polarized response against the pathogen (Figure 1)[16].
Although most H. pylori-positive individuals are asymptomatic, such infections
predispose the development of diseases like peptic ulcers and gastric
adenocarcinomas [17] . In this way, proper clinical management with a well-made
diagnosis followed by effective treatment are important steps in the improvement of a
patient’s clinical outcome [18] . A variety of invasive and non-invasive diagnostic
methods have been used for H. pylori detection and, regarding treatment, bacterial
resistance represents a major challenge in infection eradication[19,20]. In this sense, new
therapy regimens as well as probiotic implementation have been tried in order to
improve treatment results[21,22]. Moreover, the efforts of several researchers have been
directed towards the development of vaccines against H. pylori infection.

PATHOGENESIS
Colonization
H. pylori successful colonization of the hostile gastric environment requires special
mechanisms. Firstly, after reaching the gastric environment, H. pylori uses its crucial
flagellar motility for swimming in gastric content, what allows the bacterium to get in
the gastric mucus layer[8]. Four to eight sheathed flagella compose the flagellar group
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Figure 1

Figure 1 Aspects of Helicobacter pylor infection. CagA: Cytotoxin associated antigen A; VacA: Vacuolating
cytotoxin; DupA: Duodenal ulcer promoting gene A protein; OipA: Outer inflammatory protein; GGT: Gamma-glutamyl
transpeptidase; TLRs: Toll-like receptors.

situated on a single or on both poles of the bacterium[23-25]. H. pylori flagella can also
provide different movements according to the media in which the bacterium is
located. In liquid media, it presents a “swimming motility”, whereas in soft agar and
on the surface of solid media, “spreading” and “swarming” movements can be
observed, respectively[25]. Various studies have shown that several mutations in genes
that encode specific flagellar proteins such as fliD, FlaA and FlaB impair the proper
motility of H. pylori, which can reduce or even cease its capacity to colonize the gastric
mucosal layer[26-28].
Besides flagella, H. pylori mobility also depends on chemotaxic action in response to
different molecules, such as mucin, sodium bicarbonate, urea, sodium chloride and
some specific amino acids[29,30]. At least ten H. pylori genes are related to reception,
signal transduction, and processing of chemotactic stimuli [31] . Different H. pylori
chemoreceptors have been described: T1pA, B, C, and D, CheA kinase and various
coupling proteins. These proteins are all crucial for bacterium colonization, as
demonstrated by various studies over recent years[32].
In addition, some transition metals are essential for living organisms, as they serve
as cofactors for enzymatic reactions and some physiological processes, especially for
enzymes that carry out the genetic material replication and transcription, attenuation
of oxidative stress, and cellular energy production. In bacteria, these metals are crucial
for survival and successful infection[33]. Nickel is an indispensable metal for H. pylori,
since it is the cofactor for two important enzymes: urease and hydrogenase. These
enzymes have a strong role in the infection process[10]. The activity of H. pylori urease
contributes to the colonization of the microorganism, once this enzyme catalyzes the
hydrolysis of urea to carbon dioxide and ammonia, which are buffer substances that
attenuate the acidity of the stomach environment[34]. In turn, hydrogenase is part of a
signaling cascade that induces an alternative airway, allowing H. pylori to use
molecular hydrogen as a source of energy for its metabolism[35].
Adhesion molecules (Table 1) and surface receptors of gastric cells are also
important in the interaction between bacteria and host[9,36]. One of the most wellcharacterized molecules is the blood group antigen binding adhesin A (BabA), which
carries out specific binding to Lewis H-1 antigens [37,38] . Bacteria with high BabA
expression are more virulent, and cause duodenal ulcer and gastric adenocarcinoma
pathogenesis[39]. Recently, another bacterial-host interaction was identified through
the adhesion of the outer membrane Hp HopQ. These adhesins bind to the
CEACAMs (cell adhesion molecules related to the carcinoembryonic antigen) 1, 3, 5
and 6. That binding gives rise to cell signaling mediated by the HopQ-CEACAM
interaction, which allows the translocation of CagA, the main virulence factor of H.
pylori, thus increasing proinflammatory mediators in the host cell[40-42].
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Table 1 H. pylori adhesion molecules
Adhesin

Functions

Ref.

BabA

Specific binding to the b and H-1 Lewis antigens
from the surface of the gastric epithelial cells

SabA

Binding to Lex, which is upregulated in gastric
epithelial cells by H. pylori after initial colonization
mediated by BabA. Also allows the adherence of
the bacterium to laminin, an extracellular matrix
protein

AlpA and AlpB

Mediation of adherence to gastric mucosal cells
and promotion of inflammatory intracellular
signaling cascades (might induce IL-8 and IL-6)

OipA

Adhesion to the gastric mucosa cells and
promotion of proinflammatory environment
(associated with IL-8 increase, mucosal damage
and duodenal ulcer)

HopQ

Interaction with CEACAM family proteins of
gastric mucosal cells, allowing CagA translocation.
Might inhibits the activity of natural killer cells
and T cells

HopZ

Interaction with undeterm ined receptors,
promoting adhesion to gastric cells

[105]

[106,107]

[108]

[109]

[110]

[111]

H. pylori: Helicobacter pylori; CagA: Cytotoxin associated antigen A; IL: Interleukin; BabA: Binding adhesin A; OipA: Outer inflammatory protein.

CagA
CagA is a bacterial protein that induces specific modifications in the morphology of
epithelial cells while altering cell polarity, leading to a “hummingbird” phenotype.
Changes in cytoskeleton associated with the development of gastric adenocarcinoma
can also be triggered by this virulence factor[43]. The CagA gene is contained in a cag
pathogenicity island, a region that also possesses the coding sequence of a type IV
secretion system (T4SS)[11]. This bacterial structure is responsible for performing the
translocation of CagA, as well as peptidoglycans, into host cells[44]. Within the host
cell, CagA undergoes tyrosine phosphorylation at a Glu-Pro-Ile-Tyr-Ala (EPIYA)
motif, a variable C-terminal CagA region that can be composed by different EPIYA
segments (EPIYA-A, EPIYA-B, EPIYA-C and EPIYA-D)[45]. EPIYA-A and EPIYA-B
segments have been found in most cagA-positive H. pylori strains, while EPIYA-C and
EPIYA-D segments are related to Western and Eastern strains, respectively[46]. H. pylori
strains containing EPIYA-D or at least two EPIYA-C segments in its cagA gene are
associated with a higher risk of cancer development[47]. In addition, Queiroz et al[48]
demonstrated in a Brazilian population that first-degree relatives of patients with
gastric cancer tend to be infected by H. pylori strains containing two or more EPIYA-C
segments. After phosphorylation, CagA activates SHP-2 (SH2-containing proteintyrosine phosphatase), which promotes the cell changes mentioned above[49].

Non-CagA virulence factors
Other various virulence factors have been related to an increased H. pylori capacity to
impair gastric homeostasis. Among them, VacA is a determinant protein for H. pylori
pathogenicity, and its gene is present in almost all bacterial strains. VacA promotes
the formation of acidic vacuoles in the cytoplasm of gastric epithelial cells.
Consequently, the integrity of mitochondria, cytoplasmic membrane, and
endomembranous structures is destabilized, leading cells to collapse[50]. Moreover, this
protein might also promote the activation and suppression of the immune response,
inducing immune tolerance and persistent H. pylori infection through its activities on
T-cells and antigen-presenting cells[51]. The set of changes performed by this virulence
factor adds to enhanced gastritis, as well as to ulcer and cancer development[12].
Another bacterial protein, DupA, seems to provide a higher acid resistance to the
bacterium, and also might promote an increase in the production of IL-8 in the antral
gastric mucosa. Enhanced IL-8 levels lead to mucosal inflammation and
polymorphonuclear leukocyte infiltration, which contributes to the emergence of
gastritis and duodenal ulcers[13]. Interestingly, the relation between dupA-positive H.
pylori strains and duodenal ulcers has been observed in Asian countries, but not in the
Western population[52]. Furthermore, our group demonstrated that the presence of
functional dupA in H. pylori strains has been considered as a protective factor for
gastric carcinoma development[53]. The gene products of dupA are homologues of the
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VirB4 ATPase, which is related to the mounting of the secretion apparatus, however,
the probable association of dupA with H. pylori T4SS still needs to be better
elucidated[13].
OipA, an outer membrane protein, contributes to both adhesion and increased
inflammation by inducing enhanced IL-8 production [54,55] . The discovery of the
relationship between OipA and the increased development of peptic ulcers and
gastric cancer resulted in a larger number of studies on this H. pylori virulence
factor[14]. The functional status of OipA has been described as an important factor in
the outcome of the infection, since the expression of the oipA gene is regulated by a
repair process called “slipped strand mispairing”, which depends on the quantity of
CT dinucleotide repeats in the oipA 5’ region. Such a process determines whether oipA
is nonfunctional or functional in a given bacterial strain, and the latter condition is
related to increased gastric pathogenicity[56,57]. In addition, OipA might be related to
changes in β-catenin signaling, cell proliferation and reduction of cell-cell junctions[58].
The enzyme GGT is a N-terminal nucleophile hydrolase also produced by H. pylori
that catalyzes the conversion of glutamine into glutamate and ammonia, as well as the
hydrolysis of glutathione into glutamate and cysteinylglycine[15]. Its activity leads to
the production of reactive oxygen species (ROS), which, like ammonia, induce cellcycle arrest, apoptosis and necrosis[59,60]. In addition, studies have demonstrated that
this enzyme inhibits T cell proliferation and dendritic cell differentiation[61,62]. Higher
GGT activity has been observed in peptic ulcer patients when compared to
individuals with other gastroduodenal diseases[63].

Immunologic aspects
Complex host immune responses, embracing innate and adaptive mechanisms, are
induced by H. pylori infection[64,65]. Given the initial contact with the pathogen, various
H. pylori antigens such as lipoteichoic acid, lipoproteins, lipopolysaccharide, HSP-60,
NapA, DNA, and RNA bind to gastric cell receptors, including toll-like receptor (TLR)
1, TLR2, TLR4, TLR5, TLR6, and TLR10 located on epithelial cell membranes, and
TLR9, found in intracellular vesicles[66,67]. Such interaction promotes, among other
signaling pathways, NF-κB and c-jun N-terminal kinase activation, followed by
proinflammatory cytokine release [68] . Besides receptor activation by pathogenassociated molecular patterns, injection of CagA through T4SS also leads to the
production of cytokines, in another NF-κB-dependent process[69].
Subsequently, gastric mucosa is infiltrated by neutrophils and mononuclear cells,
resulting in the production of nitric oxide and ROS[70]. Moreover, CD4+ and CD8+ T
cells, components of adaptive immunity, are also recruited. A preferential activation
of CD4+ cells to the detriment of CD8+ cells might occur, and a specific response is
directed to the bacterium[71]. Regarding general cytokine profiles in H. pylori-positive
patients, studies have suggested a Th1-polarized response, characterized by scarce IL4 (a Th2 cytokine) and enhanced levels of gamma interferon, tumor necrosis factor, IL1β, IL-6, IL-7, IL-8, IL-10, and IL-18[72,73]. With the exception of IL-10, which seems to
play a role in limiting the inflammatory response, other increased cytokines might
promote proinflammatory effects during H. pylori infection. Furthermore, we
demonstrated that an increase in IL-17 is also associated with H. pylori infection,
especially in adults[74]. In regard to immunoglobulin production, H. pylori-specific
serum IgM antibodies can be detected in patient serum 4 wk after infection[75]. In
chronic infection, serum IgA and IgG immunoglobulins are directed toward several
bacterial antigens[76,77]. Such inflammation is asymptomatic in most H. pylori-positive
patients, however it increases the risk of duodenal and gastric ulcer disease, as well as
gastric malignancy development[78].

CLINICAL MANAGEMENT
Clinical manifestations and diagnosis
As a consequence of the mechanisms explained above, H. pylori-positive individuals
are under increased risk of presenting various clinical manifestations[17]. The course of
infection is variable and strongly dependent on host factors. Besides this, the pattern
of gastric mucosal involvement is correlated with the risk of initiation and
progression of different gastric disorders. Development of antral-predominant
gastritis is associated with duodenal ulcers, while a corpus-predominant gastritis and
multifocal atrophy tend to turn into gastric ulcers, gastric atrophy, intestinal
metaplasia and gastric carcinoma[79]. Among gastrointestinal conditions, dyspepsia
and peptic ulcer disease are frequently observed in clinical practice, and bacterial
detection, when it is present, followed by infection eradication are crucial steps in the
management of such disorders[80]. In addition, recent studies have associated H. pylori
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infection with a wide range of diseases. The infection was linked with the
pathophysiology of neurological, dermatological, hematologic, cardiovascular, ocular,
metabolic, hepatobiliary and allergic diseases[81].
Various diagnostic tests, with their specific advantages and disadvantages, are
offered for H. pylori detection. Histology is the precursor method for H. pylori
infection diagnosis, which, in such a technique, consists in the observation of typical
bacteria associated with inflammatory reactions in the tissue slides. This method
includes the use of several stains, such as Giemsa staining, and immunostaining to
allow pathogen detection[19]. Another important H. pylori diagnostic method, the rapid
urease test (RUT), detects an increase in reagent pH after the addition of a biopsy
specimen containing H. pylori to the reagent. Such pH variation is caused by the
conversion of the urea test reagent into ammonia. RUT is a relatively cheap, quick,
easy, specific and widely available test[82]. Polymerase chain reaction (PCR) has also
been applied for H. pylori detection. Al-Moayad et al[83] concluded that standardized
PCR allows an accuracy superior to that observed in RUT, with improved detection in
specimens with lower bacterial charge[84]. However, the necessity of endoscopy is an
important limitation of the three methods mentioned above, and the advances in noninvasive diagnostic techniques have strengthened the idea of prioritizing the use of
diagnostic alternatives for which endoscopy is dispensable.
The urea breath test (UBT) is now the main non-invasive method for such a
diagnosis, gradually taking the place of RUT as the most suitable method for H. pylori
detection. This test is based on the mechanism of bacterium degradation of 13C or
14C-labeled urea into CO2, which can be measured in the exhaled air using a mass or
infrared spectrometer [85] . A Brazilian study [86] evaluated the use of a locally
manufactured isotope in UBT, trying to reduce the importation costs of this substance,
which is considered a limitation for the performance of this method in many
countries. The assay concluded that the substrate manufactured in Brazil with
reduced costs had similar performance when compared to the one imported from
foreign countries. Such a reduction in the costs of this substrate can contribute to the
dissemination of UBT use around the world.
A less expensive option for UBT, stool antigen tests (SATs), are good alternatives
for H. pylori diagnosis. SATs can be made by means of enzyme immunoassay or
immuno-chromatography[87]. In addition, a new promising non-invasive method, the
urine test for the diagnosis of H. pylori infection, has been largely studied as an
alternative. A meta-analysis from 2017[88], which included 23 studies, showed that
testing for antibodies in urine samples might be a good diagnostic option. However,
further studies are necessary to confirm the accuracy of this method. Finally, new
strategies for serologic diagnosis of H. pylori infection have been developed through
the discovery of specific serological markers. A recent study evaluated the accuracy of
the “hook-associated protein 2 homologue”, FliD, as a marker of this infection. The
use of the Flid ELISA method in the detection of H. pylori infection provided high
specificity (99%) and sensibility (97%). Moreover, this method presents a simple
technique at low cost[89].

Treatment
There is not a universally accepted regimen for the treatment of H. pylori infection.
However, all of them target the regressing symptomatology and healing of the
mucosa damaged by the infection process[20]. Since the 1997 Maarstricht consensus, the
standard triple therapy with proton pump inhibitors (PPI) in standard dose,
clarithromycin (500 mg), and amoxicillin (1 g) twice daily for 7 d have been employed
in most countries as a first-line regimen to eradicate H. pylori. The quadruple therapy,
with addition of bismuth (120 mg) to the regimen, has also been used as a first-line
regimen[90]. However, the increase in microbial resistance to clarithromycin, whose
prevalence varies with time and geographic region, is leading to changes in the
therapeutic regimen. The indiscriminate use of azithromycin and erythromycin in the
treatment of respiratory infections and cross-resistance among macrolide antibiotics
may be responsible for the increased microbial resistance to clarithromycin[91]. As a
consequence, longer therapeutic regimens have been used for H. pylori eradication[92].
In areas with high clarithromycin resistance, the addition of metronidazole (500 mg)
concomitantly with PPI, clarithromycin and amoxicillin twice daily for 5 d,
characterizing a quadruple therapy, improves the efficacy of the treatment, with an
intention-to-treat higher than 90% [21] . Moreover, in regions with clarithromycin
resistance above 15%-20%, and quinolone resistance below 10%, clarithromycin could
be substituted by levofloxacin (250/500 mg) in triple therapy. Such exchange
increases the per-protocol and intention-to-treat eradication rates of the treatment[21,93].
In addition, the use of hybrid therapy has been suggested as an alternative to the
standard approaches in some countries. This therapeutic scheme consists of
administering PPI and amoxicillin for 14 d, and then adding both clarithromycin and
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nitroimidazole as a quadruple therapy for the final 7 d[94]. Finally, faced with such a
situation, studies have proposed the use of tailored therapy as a possible new firstline treatment. Conducting tests for identifying the susceptibility of the bacterial
strains to the different regimens appears to be a great alternative for bacterial
eradication[95].
Probiotics are being used in the prevention and treatment of many gastrointestinal
infections, so it is strongly believed that they might be useful for the treatment of H.
pylori infection[20]. Research about the use of probiotics for this purpose are typically
divided into treatments with and without antibiotics, and data available in the
literature are still controversial [ 9 6 ] . Zagari et al [ 9 7 ] showed that probiotic
supplementation did not improve either the efficacy or tolerability of the treatment,
regardless of the species of microorganism used. On the other hand, some studies
suggest that probiotics help in the restoration of the intestinal microbiota disturbed by
antibiotics, leading to a decrease in side effects and, consequently, increased
adherence to treatment, corroborating successful therapy[98]. However, no effect has
been observed against H. pylori infection using treatment with probiotics alone. Other
studies claim that the use of probiotics in combination with antimicrobial therapy has
a potentiating effect by increasing eradication rates; however, the relationship with
adverse effects is still uncertain[99]. The beneficial effects of probiotics on this infection
may be associated with immunological and non-immunological mechanisms, such as
substance production, gastric mucosal strengthening, and regulation of immune
function[100]. As seen, the role of probiotics in this infection eradication is not wellestablished and consolidated, and the use of different species of microorganisms,
doses and research methods contribute to such uncertainties.

Vaccines
The development of vaccines is a promising alternative that targets the prophylaxis
and/or the treatment of the infection (Table 2)[101]. Recently, studies have focused on
the development of reverse vaccines with the help of bioinformatics, and five
antigenic epitopes have been prioritized as potential vaccine candidates: babA, sabA,
fecA, vacA and omp16[20]. However, their development has been a major challenge in
the H. pylori field, since many studies have not been successful in experimental
models. In contrast, a randomized phase 3 study with children has been conducted in
China, which was efficacious and safe in providing oral vaccines with recombinant B
urease against H. pylori[102]. However, a more accurate evaluation of its long-term
effect is required. In another study by Wang et al[103], intramuscular administration
was compared with oral administration of the multi-epitope vaccine, evidencing a
better protection rate by oral administration. The development of nanovaccines is also
being explored, and presents a nice potential to become an excellent alternative in
triggering an effective immunological response against H. pylori infection[90,104].

CONCLUSION
Although the knowledge about the different H. pylori infection characteristics have
been expanded since its discovery, much still needs to be done for a broader
understanding of its underlying mechanisms. Furthermore, the new diagnostic
methods should be better explored in order to reduce health expenditure and to
provide less invasive diagnostic alternatives to patients. Finally, the growing
resistance of H. pylori to antimicrobial therapy alerts to the necessity of developing
satisfactory strategies for bacterial eradication, as well as vaccine implementation
aiming at reducing infection prevalence.
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Table 2 Preliminary effects of developing vaccines against Helicobacter pylori infection
Vaccine

Prophylactic

Therapeutic

EpiVax/Helicobacter pylori vaccine

Yes

Yes

Helicovaxor®

Yes

No

Imevax/IMX101

Yes

No

Wuhu Kangwei Biological Technology

Yes

No
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Abstract
BACKGROUND
Pancreatic cancer is a major cause of cancer-related death, with a 5-year overall
survival rate being below 5%. The main causes of poor prognosis in pancreatic
cancer include easy metastasis, high recurrence rate, and robust drug resistance.
Gemcitabine is a first-line drug for patients with unresectable pancreatic cancer.
However, due to drug resistance, the clinical effect is not satisfactory. ADAM28 is
reported as a tumor promoter in some cancers, but its role in pancreatic cancer
and gemcitabine chemoresistance in pancreatic cancer has not been elucidated.
AIM
To identify if ADAM28 can act as an important target to reverse the gemcitabine
drug resistance in pancreatic cancer.
METHODS
RNA-sequence analysis was applied to explore the potential targets involved in
the gemcitabine of pancreatic cancer. SW1990 pancreatic cancer cells were treated
with an increased dose of gemcitabine, and the mRNA levels of ADAM28 were
evaluated by RT-PCR. The protein and mRNA levels of ADAM28 were
confirmed in the gemcitabine resistant and parallel SW1990 cells. The ADAM28
expression was also assessed in TCGA and GEO databases, and the results were
confirmed in the collected tumor and adjacent normal tissues. The overall
survival (OS) rate and relapse-free survival (RFS) rate of pancreatic cancer
patients with high ADAM28 level and low ADAM28 level in TCGA were
evaluated with Kaplan-Meier Plotter. Furthermore, the OS rate was calculated in
pancreatic cancer patients with high tumor mutation burden (TMB) and low
TMB. CCK-8 assay was used to examine the effect of ADAM28 on the viability of
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SW1990 cells. The ADAM28 and its co-expressed genes were analyzed in the
cBioPortal for cancer genomics and subjected to GSEA pathway analysis. The
correlations of ADAM28 with GSTP1, ABCC1, GSTM4, and BCL2 were analyzed
based on TCGA data on pancreatic cancer.
RESULTS
RNA-sequence analysis identified that ADAM28 was overexpressed in
gemcitabine-resistant cells, and gemcitabine treatment could induce the
expression of ADAM28. The mRNA and protein levels of ADAM28 were
elevated in gemcitabine-resistant SW1990 cells compared with parallel cells. Also,
the expression of ADAM28 was upregulated in pancreatic tumor tissues against
normal pancreatic tissues. Notably, ADAM28 was highly expressed in the
classical type than in the basal tumor type. Furthermore, the high expression of
ADAM28 was associated with low OS and RFS rates. Interestingly, the high
levels of ADAM28 was associated with a significantly lower OS rate in the high
TMB patients, but not in the low TMB patients. Moreover, overexpression of
ADAM28 could reduce the cell viability inhibition by gemcitabine, and
knockdown of ADAM28 could enhance the proliferation inhibition by
gemcitabine. The GSEA analysis showed that ADAM28 was related to the
regulation of drug metabolism, and ADAM28 was significantly positively
correlated with GSTP1, ABCC1, GSTM4, and BCL2.
CONCLUSION
This study demonstrates that ADAM28 is overexpressed in pancreatic cancer,
and closely involved in the regulation of gemcitabine resistance. Overexpression
of ADAM28 is a novel prognostic biomarker in pancreatic cancer.
Key words: ADAM28; Drug resistance; Overexpression; Poor prognosis; Drug
metabolism; Gemcitabine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study demonstrated that ADAM28 was overexpressed in pancreatic
cancer, and the ADAM28 level was elevated in gemcitabine-resistant pancreatic cancer
cells. Furthermore, ADAM28 overexpression could predict a poor prognosis in
pancreatic cancer. Also, overexpression of ADAM28 could attenuate the cell viability
inhibition by gemcitabine, while knockdown of ADAM28 could enhance the cell
viability inhibition by gemcitabine. Interestingly, ADAM28 was identified as a mediator
which is closely involved in the regulation of drug resistance-related signaling pathways.
ADAM28 was identified as a novel therapeutic target for pancreatic cancer, especially in
case of resistance to gemcitabine.
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INTRODUCTION
Pancreatic cancer is a common malignant tumor, and its symptoms are not obvious[1].
Even in the early stage, local tumor infiltration and distant metastasis are often
observed in the clinical practice. Thus, most patients have no chance of radical
surgery when they are diagnosed, and only about 15%-20% of patients with
pancreatic carcinoma have the opportunity for surgery [2-4] . Chemotherapy is an
important treatment method for pancreatic carcinoma. Gemcitabine is the first-line
drug for chemotherapy in pancreatic carcinoma. Although the application of
gemcitabine has a certain effect in terms of clinical benefit, it has limited control of
progression of pancreatic carcinoma[5,6]. However, chemoresistance is a tough barrier
in the treatment of pancreatic carcinoma, and the prognostic study has confirmed that
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the clinical effectiveness of gemcitabine is below 20% [7,8] . Therefore, an in-depth
understanding of the molecular mechanism for the regulation of gemcitabine
chemoresistance is important, and identification of novel drug targets is a viable
strategy for drug resistance reversal.
ADAM28 is a membrane-located protein, which is implicated in a variety of
biological process, including tooth development, muscle development, neurogenesis,
catalytic activity, and cell-cell interactions[9-11]. The biological function study also
reveals that ADAM28 is involved in hyperostosis cranialis interna and some
cancers [12,13] . In breast and colorectal cancers, ADAM28 is highly expressed and
promotes proliferation via regulation of insulin-like growth factor binding protein 3
(IGFBP-3)[14,15]. As a ligand for the integrin receptor, ADAM28 also mediates the
metastasis of non-small cell lung carcinoma and the lymphocyte adhesion[16,17]. Also,
ADAM28 was identified to bind P-selectin glycoprotein ligand-1, and the expression
of ADAM28 enhanced the leukocyte adhesion to endothelial cells under inflammatory
conditions[18]. In the aspect of diagnostic study, ADAM28 was overexpressed and
characterized as a biomarker for bladder transitional cell carcinoma[19]. As a protein
with catalytic activity, ADAM28 could cleave IGFBP-3 and von Willebrand factor[14,20].
Besides, ADAM28 could promote TNFα shedding and is involved in metabolic
dysfunction[21]. The mechanism study also revealed that ADAM28 could activate the
PI3K/AKT pathway, and ADAM28 was also reported as a key component in EGFR
signaling[22,23].
In this study, we explored the role of ADAM28 in the development of drug
resistance to gemcitabine. More importantly, we identified that ADAM28 was an
important prognostic factor in pancreatic cancer. And the pathway analysis showed
that ADAM28 was closely associated with the regulation of drug metabolism,
especially the drug resistance-related genes. These findings give a better
understanding of the role of ADAM28 in gemcitabine resistance of pancreatic cancer
cells.

MATERIALS AND METHODS
Reagents
Leibovitz's L-15 cell culture medium (Cat. 11415114), fetal bovine serum (FBS),
penicillin-streptomycin (Cat. 15140122), lipofectamine 3000, and TRIzol RNA
purification kit (Cat. 12183555) were purchased from ThermoFisher Scientific. Firststrand cDNA synthesis kit with genomic DNA digester, ECL reagents, and qPCR
SYBR Green Mix were all purchased from Yeasen Biotech. ADAM28 polyclonal
antibody (Cat. 22234-1) and β-actin antibody (Cat. 20536-1) were obtained from
Proteintech Group. The primers of the indicated target genes for RT-PCR were
produced by Invitrogen. Gemcitabine was from TCI, and other chemical reagents are
analytical grade and were provided by Aladdin.

Cell culture
SW1990 pancreatic cancer cells, obtained from the American Type Culture Collection
(ATCC), were cultured in L-15 medium supplemented with 10% FBS, 100 U/mL
penicillin, and 100 μg/mL streptomycin. And the culture condition was set at 37 °C in
humidified air with 5% CO2. Gemcitabine resistant SW1990 cells were established as
previously reported, and the resistance index was used to confirm the construction.

Gene Expression Omnibus (GEO) analysis
Differentially expressed genes (DEGs) were identified in the GEO database. The
GSE35141 profile was included with GEO2R tool for DEGs identification in the
gemcitabine-resistant cells and sensitive parallel cells[24]. The analysis is shown as a
volcano plot, with a threshold of fold change (FC) ≥ 1.5 and a P-value < 0.01.

Reverse transcription-polymerase chain reaction (RT-PCR)
The cells were collected with a cell scraper and washed with cold PBS solution twice.
Then, the cells were lysed with TRIzol RNA extraction reagent according to the
manufacturer’s protocol. The purified RNA was used for the first-strand cDNA
synthesis with a reverse transcription kit. SYBR Green qPCR was used to evaluate the
mRNA levels of indicated genes. β-actin was used as a normalized gene, and the data
were analyzed using the 2-ΔΔCT method.

Western blot assay
The indicated cells were washed with cold PBS twice, collected with a cell scraper,
and treated with RIPA lysis buffer on ice for 30 min. Then, the whole solution was
subjected to centrifugation at 12000 g/min for 15 min. The supernatant was collected,
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and protein loading was normalized with BCA assay. The total protein (20 μg) was
then subjected to 10% SDS-PAGE, and transferred to PVDF membranes. With
incubation of skimmed milk for 1 h at room temperature, the membranes were
incubated with indicated primary antibody overnight. The detection was achieved
using the enhanced chemiluminescence (ECL) system.

The Cancer Genome Atlas (TCGA) analysis
The expression data of pancreatic cancer were obtained from TCGA, and the
ADAM28 levels were analyzed with transcripts per million (TPM) as log2 (TPM + 1) in
Gene Expression Profiling Interactive Analysis (GPEIA) portal [25] . The clinical
parameters and survival data were also acquired in the TCGA pancreatic cancer
database, and the overall survival (OS) and relapse-free survival (RFS) rates were
analyzed by the Kaplan-Meier Plotter. Also, the correlation analysis of indicated genes
was evaluated in GPEIA portal.

Clinical tissue analysis
A total of 16 pancreatic ductal adenocarcinoma tissues and corresponding adjacent
normal pancreatic tissues were collected in the surgery, and the tissues were stored at
a –80 °C freezer. The tissues were subjected to homogenization, and then total RNA
was extracted for RT-PCR. The study was approved by the Ethical Committee of the
Third Affiliated Hospital of Sun Yat-Sen University.

Cloning and transfection
The full length of human ADAM28 transcript was cloned into the pcDNA3.1 (+)
vector. The primers for the overexpression construct are: Forward primer, 5’- GGG
GTA CCA TGT TGC AAG GTC TCC TGC CA-3’; reverse primer, 5’- CCG GAA TTC
TCA TGC TTT TGG ATT TGA GTCC-3’. The knockdown construct was achieved
with a pSuper knocking down system as previously reported[26]. The knockdown
sequence was designed at the Sigma shRNA section, and the detailed sequence is: 5’CCG GGC AAG AAC TAA TGG CTA AAT TCT CGA GAA TTT AGC CAT TAG TTC
TTG CTT TTTG-3’. The constructs were confirmed by sequencing. Lipofectamine 3000
was used for transfection in SW1990 cells. Briefly, the plasmid and lipofectamine 3000
were diluted in Opti-MEM medium, respectively, and the two solutions were softly
mixed at a ratio of 1:1, and stored at room temperature for 20 min. Then, the mixture
was added into the cells.

Cell counting kit-8 (CCK-8) assay
The cells were plated in a 96-wells plate and treated for 24 h. Then, the CCK-8 reagent
was added into cells for another 4 h culture. And the absorbance was examined with a
microplate reader at 450 nm.

Gene set enrichment analysis (GSEA) for pathway analysis
ADAM28 and its co-expressed genes were identified by analyzing TCGA pancreatic
cancer database. Then, the c2. Cp. kegg. V6.1. symbol. gmt and c5. all. v6. 1. Symbols.
gmt gene datasets were downloaded from the GSEA and MsigDB portal. The
expression data were analyzed using GSEA version 3.0 portal. The enrichment
analysis was performed and showed from high enrichment score to low enrichment
score. The gene clusters with a false discovery rate (FDR) < 0.25 and P-value < 0.05
were considered as significantly enriched genes[27].

Statistical analysis
The results were analyzed with GraphPad version 8. The Chi-squared test was used to
analyze the counting data of RNA-sequence. Student’s t-test was used to analyze the
difference between two groups. The log-rank test and Kaplan-Meier analysis were
conducted to evaluate the survival rates. P < 0.05 was considered significant.

RESULTS
Identification of ADAM28 as a novel chemoresistance-related gene in pancreatic
cancer cells
To explore a potential target to overcome gemcitabine resistance in pancreatic cancer
therapy, GSE35141 [28] was subjected to evaluation and the results showed that
ADAM28 was a significantly upregulated gene in the gemcitabine-resistant cells
compared with the parallel sensitive cells according to the fold change and statistical
difference (Figure 1A), suggesting that ADAM28 might be involved in the regulation
network of drug resistance, and it was therefore selected for the further
characterization. To explore the potential role of ADAM28 in chemotherapy, human
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pancreatic cancer SW1990 cells were treated with different doses of gemcitabine, and
the ADAM28 expression was examined by qRT-PCR. The data showed increased
expression of ADAM28 in a dose-dependent manner with the treatment of
gemcitabine for 24 h (Figure 1B). Furthermore, ADAM28 expression was determined
in the gemcitabine-resistant SW1990 cells and parallel cells, as shown in Figure 1C
and D, and the results revealed that ADAM28 was elevated in the gemcitabineresistant cells at both the mRNA and protein levels, which is consistent with that
shown in Figure 1A, suggesting that ADAM28 may be involved in the regulation of
gemcitabine metabolism in chemoresistance.

ADAM28 is overexpressed in pancreatic cancer tissues
We next evaluated the expression of ADAM28 in the pancreatic tumor tissues and
adjacent normal tissues based on GSE16515[29] and GSE15471[30]. The results showed
that compared with adjacent normal pancreatic tissues, the expression level of
ADAM28 was significantly higher in pancreatic cancer tissues (Figure 2A-C). As
tumor type is an important factor in the target identification, especially for pancreatic
cancer, whose tumor microenvironment is more complex than other tumors, we next
determined that expression of ADAM28 in different types of pancreatic cancer. As
shown in Figure 2D, ADAM28 was highly expressed both in basal and classical types
of pancreatic tumors, and more interestingly, the expression level of ADAM28 was
slightly increased in classical pancreatic tumors than in basal pancreatic tumors. To
confirm the overexpression of ADAM28 in pancreatic cancer, a total of 16 patients
with pancreatic tumor were subjected to examination of ADAM28 expression in the
tumor and adjacent tissues. As shown in Figure 3A, the expression of ADAM28 was
remarkably increased in pancreatic tumor tissues than in normal pancreatic tissues.
The ratio between the expression of ADAM28 in the tumor and adjacent normal
tissues is shown in Figure 3B. The 2-fold difference was used as a filter, which was
considered that the high expression of ADAM28 in tumor than adjacent normal
tissues. The results showed that 13 (about 80%) patients had overexpression of
ADAM28 in the pancreatic tumor tissues, indicating the significance of ADAM28 in
pancreatic cancer.

High ADAM28 expression predicts a poor prognosis in pancreatic cancer
To explore the clinical significance of ADAM28 in pancreatic cancer, Kaplan-Meier
analysis was performed. The results showed that patients with higher expression of
ADAM28 had shorter OS and RFS (Figure 4A and B). The median OS of the high
expression cohort was 17.23 mo, which was less than that of the low expression cohort
(22.8 mo). The median RFS of the low ADAM28 expression cohort was 50.37 mo,
which was obviously longer than that of the high expression cohort (16.2 mo). These
results revealed the prognostic value of ADAM28 in pancreatic cancer patients. As
recently reported, tumor mutation burden (TMB) with some specific genes could
predict the prognosis outcome in some cancers[31]. Hence, we evaluated the role of
TMB of ADAM28 in the prediction of outcome in pancreatic cancer patients. The data
showed that in patients with high TMB, the OS of the high ADAM28 expression
cohort showed was poorer than that of the low ADAM28 expression cohort (15.53 mo
vs 44.4 mo) (Figure 4C and D). Conversely, in patients with low TMB, compared with
the high ADAM28 expression cohort (17.23 mo), the median OS of the low expression
cohort slightly increased (22.8 mo). These data suggested that high ADAM28
mutation burden in pancreatic cancer is a marker for poor prognosis.

Role of ADAM28 in resistance of SW1990 pancreatic cancer cells to gemcitabine
Treatment with gemcitabine could enhance the ADAM28 mRNA expression, and
compared with parallel sensitive cells, ADAM28 expression was upregulated at both
the mRNA and protein levels. These results indicated that ADAM28 is a novel
chemoresistance target in pancreatic cancer. Then, to study the potential role of
ADAM28 in the chemoresistance to pancreatic cancer therapy, we constructed
SW1990 cell lines with stable overexpression or knock-down of ADAM28, and as
shown in Figure 5A-D, the efficiency of overexpression or knock-down was
remarkable at both the protein and mRNA levels. We then examined the role of
ADAM28 in cell viability inhibition by gemcitabine in SW1990 cells. As shown in
Figure 5E and 5F, overexpression of ADAM28 was able to significantly impair the cell
viability inhibition by gemcitabine, and this result is consistent with the
overexpression of ADAM28 in the resistant cells. Thus, ADAM28 may contribute to
the occurrence of gemcitabine resistance in pancreatic cancer cells. We then
hypothesized that inhibition of ADAM28 might restore the gemcitabine sensitivity in
pancreatic cancer cells. Subsequently, we tested the response to gemcitabine in
ADAM28 knock-down cells and scramble control cells, and the data showed that
ADAM28 inhibition partially enhanced sensitivity to gemcitabine in SW1990 cells.
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Figure 1 ADAM28 expression is elevated in gemcitabine-resistant pancreatic cancer cells. A: GSE35141 was used to evaluate DEGs, and the significant genes
are showed by a volcano plot with a threshold of fold change ≥ 1.5 and P-value < 0.01. The figure was prepared with NetworkAnalyst 3.0[28]; B: The mRNA levels of
ADAM28 detected by RT-PCR in SW1990 cells treated with different doses of gemcitabine as indicated for 24 h. aP < 0.05, cP < 0.001 vs without gemcitabine
treatment; C: The mRNA levels of ADAM28 examined by RT-PCR in gemcitabine-resistant SW1990 cells (SW1990-R) and sensitive parallel SW1990 (SW1990-C)
cells. cP < 0.001 vs SW1990 sensitive cells (SW1990-C); D: The protein expression of ADAM28 was examined in gemcitabine-resistant and sensitive parallel SW1990
cells by Western blot, and Quantity One software was applied to quantify the protein levels. cP < 0.001 vs with SW1990 sensitive parallel cells (SW1990-C). DEGs:
Differentially expressed genes; FC: Fold change; RT-PCR: Reverse transcription-polymerase chain reaction; SW1990-C: SW1990 sensitive parallel cells; SW1990-R:
Gemcitabine-resistant SW1990 cells.

ADAM28 is closely associated with drug resistance-related signaling pathways
To study the molecular mechanism of ADAM28 in the gemcitabine resistance of
pancreatic cancer cells, the enrichment analysis of ADAM28 and its co-expression
network in pancreatic cancer was performed. GSEA analysis showed that ADAM28
was closely correlated with drug metabolism, steroid hormone biosynthesis, TNF
signaling pathway, NOD-like receptor signaling pathway, NF kappa B signaling
pathway and so on (Figure 6A). And the most significantly different pathway was
drug metabolism, and the normalized enrichment score of drug metabolism was up to
2.023 (Figure 6B). This result was certified by the involvement of ADAM28 in
gemcitabine resistance in pancreatic cancer. Then, to examine whether ADAM28
functions as a mediator in drug resistance and its relationship with other drug
resistance-related molecules, the correlations of ADAM28 with GSTP1, ABCC1,
GSTM4, and BCL2, which were reported as drug resistance-related genes in the
regulation of drug delivery and apoptotic pathways [32] , were determined. The
correlation coefficients of ADAM28 with GSTP1, ABCC1, GSTM4, and BCL2 were
0.53, 0.52, 0.37, and 0.25, respectively (Figure 6C), suggesting that ADAM28
contributes to gemcitabine resistance possibly by regulation of these molecules.

DISCUSSION
Pancreatic cancer is one of the most serious malignant tumors. Among digestive
system tumors, the incidence and mortality of pancreatic cancer are second only to
colorectal cancer according to the cancer statistics in 2019. Clinical studies have
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Figure 2 ADAM28 is overexpressed in pancreatic cancer tissues. A: The TCGA database was used to evaluate the transcript of ADAM28 in pancreatic tumor
tissues and adjacent normal pancreatic tissues. cP < 0.001 vs normal group; B: GSE16515 was included to analyze the ADAM28 gene levels in 36 pancreatic cancer
tissues and 16 adjacent normal tissues. cP < 0.001 vs normal group; C: GSE15471 was included to analyze the ADAM28 gene levels in 36 pancreatic cancer tissues
and 16 adjacent normal tissues. cP < 0.001 vs normal group; D: Difference of ADAM28 expression between basal and classical types of pancreatic cancer. cP < 0.001
vs normal group; aP < 0.05 vs basal group. TCGA: The Cancer Genome Atlas; PDAC: Pancreatic ductal adenocarcinoma.

demonstrated that resistance to chemotherapy is the most important factor for
restricting the therapy of pancreatic cancer and contributes to its low survival rate and
poor prognosis. Thus, identification of novel targets for overcoming drug resistance is
a practical strategy for the treatment of pancreatic cancer.
In this study, we identified a novel gene in gemcitabine-resistant pancreatic cancer
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Figure 3 Expression of ADAM28 in collected clinical pancreatic cancer tissues. A: A total of 16 pancreatic cancer tissues and the corresponding adjacent
normal tissues were analyzed. cP < 0.001 vs normal group; B: The respective ratio between tumor and adjacent normal tissues (T/N) showed as a bubble chart. T:
Tumor tissue; N: Normal tissue; PDAC: Pancreatic ductal adenocarcinoma.

cells. Compared with the sensitive cells, ADAM28 was overexpressed in gemcitabineresistant pancreatic cancer cells, and treatment with a low dose of gemcitabine could
induce the expression of ADAM28. Thus, ADAM28 may be involved in the
occurrence of resistance to gemcitabine therapy in pancreatic cancer. Furthermore, to
evaluate the role of ADAM28 in pancreatic cancer, we examined the expression of
ADAM28 in pancreatic cancer and adjacent normal tissues, and we found that
ADAM28 was highly expressed in tumor tissues, suggesting the significance of
ADAM28 in pancreatic cancer. Previous studies also revealed the overexpression of
ADAM28 in prostate cancer and breast cancer[14,33]. Thus, ADAM28 may be a drug
target in a variety of tumors. More importantly, the OS and RFS analysis revealed that
high ADAM28 expression in pancreatic tumor tissues predicted a poor prognosis.
Similarly, ADAM28 expression was correlated with lymph node metastasis[33,34]. And
more surprisingly, the prognostic prediction by high ADAM28 expression was only
applied to patients with high TMD. Also, we confirmed that overexpression of
ADAM28 in SW1990 cells could decrease the effect of growth inhibition by
gemcitabine. Considering the overexpression of ADAM28 in pancreatic tumors, we
concluded that ADAM28 may contribute to the occurrence of gemcitabine resistance
in pancreatic cancer cells. And the knockdown of ADAM28 could enhance the
sensitivity of gemcitabine to pancreatic cancer cells. Also, the enrichment analysis of
ADAM28 in pancreatic tumors revealed that ADAM28 was closely associated with
drug metabolism, steroid hormone biosynthesis[35,36], TNF signaling pathway[37], NODlike receptor signaling pathway[38], and NF kappa B signaling pathway[39], all of which
were reported as key mediators for the regulation of the multidrug resistance-related
signaling pathways. In addition, ADAM28 was positively correlated with some key
multidrug resistant-related genes, such as ABCC1, GSTP1, GSTM4, and BCL2. Taken
together, this discovery gave us an idea that inhibition of ADAM28 may be a potential
strategy for rescuing drug resistance in the therapy of pancreatic cancer.
In conclusion, we show for the first time that ADAM28 is a novel chemoresistancerelated gene, and its overexpression in pancreatic tumors may be a window for
overcoming drug resistance and provide guidance for prognostic evaluation.
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Figure 4 Overall survival and relapse-free survival evaluated between pancreatic cancer patients with high and low expression of ADAM28. A: OS of
pancreatic cancer patients from TCGA; B: RFS of pancreatic cancer patients from TCGA; C: OS of pancreatic cancer patients with high TMB between the high and
low ADAM28 expression cohorts; D: OS of pancreatic cancer patients with low TMB between the high and low ADAM28 expression cohorts. OS: Overall survival;
RFS: Relapse-free survival; TMB: Tumor mutation burden; TCGA: The Cancer Genome Atlas.
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Figure 5 Effect of ADAM28 on cell viability inhibition by gemcitabine. A: Western blot analysis of overexpression of ADAM28 in SW1990 cells. The right panel is
the semi-quantitative result for ADAM28 protein expression. cP < 0.001 vs vector group; B: The mRNA expression of ADAM28 in ADAM28 overexpressing and vector
control cells. cP < 0.001 vs vector group; C: Western blot analysis of ADAM28 protein in SW1990 cells treated with shRNA against ADAM28 and scramble control. The
right panel is the semi-quantitative result for ADAM28 protein. cP < 0.001 vs scramble group; D: The mRNA expression of ADAM28 in ADAM28 knock-down and
scramble control cells. cP < 0.001 vs scramble group; E: Relative cell viability evaluated according to absorbance value in ADAM28 overexpressing and vector control
SW1990 cells treated with gemcitabine. cP < 0.001 vs vector group; F: Cell viability of ADAM28 knock-down and scramble SW1990 cells treated with different doses of
gemcitabine for 24h. cP < 0.001 vs scramble group. shADAM28: shRNA against ADAM28; Scramble: Knockdown control.
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Figure 6 ADAM28 is closely related to drug resistance-related signaling pathways. A: Enrichment analysis of ADAM28 and its co-expression network in
pancreatic cancer; B: GSEA analysis showed that ADAM28 was closely associated with drug metabolism; C: Correlations of ADAM28 with GSTP1, ABCC1, GSTM4,
and BCL2 evaluated by the Spearman method. GSEA: Gene set enrichment analysis. ADAM28: AMAM metallopeptidase domain 28; NES: Normalized enrichment
score; GSTP1: Glutathione S-transferase pi 1; ABCC1: ATP binding cassette subfamily C member 1; GSTM4: Glutathione S-transferase mu 4; TPM: Transcripts per
million.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer, called the king of cancer, contributes to high mortality rates. Drug resistance is
a major concern to the treatment of pancreatic cancer, and the mechanism of the occurrence of
drug resistance in pancreatic cancer is complex and still not clear. ADAM28 was previously
reported as an oncogene in some cancers, but its role in pancreatic cancer is not clear, especially
in the development of chemoresistance to gemcitabine.

Research motivation
To fully understand the role of gemcitabine in the development of chemoresistance to
gemcitabine, and to discover a novel the therapeutic target for pancreatic cancer.

Research objectives
To explore the expression and significance of ADAM28 in pancreatic cancer, especially in the
regulation of chemoresistance to gemcitabine.

Research methods
Bioinformatic analysis was performed to explore novel targets for the chemoresistance to
gemcitabine in pancreatic cancer. RT-PCR and Western blot were used to study the expression of
ADAM28. GEO and TCGA analyses were conducted to analyze the expression of ADAM28 in
pancreatic cancer. Kaplan-Meier Plotter was used to show the OS and RFS rates of pancreatic
cancer patients. Cell viability was performed by CCK-8 assay. GSEA was used to explore the
ADAM28 and its co-expression network.

Research results
We first identified that ADAM28 was a novel gene that was involved in the regulation of
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chemoresistance to gemcitabine. We further analyzed the expression of ADAM28 and its
significance in pancreatic cancer, indicating that ADAM28 could be a good biomarker to predict
the prognosis. However, the detailed regulation mechanism of ADAM28 in pancreatic cancer
needs further evaluation.

Research conclusions
ADAM28 is overexpressed in pancreatic cancer, and its overexpression contributes to
gemcitabine chemoresistance. ADAM28 is an important mediator that participates in the
regulation of chemoresistance-related signaling pathway. High expression of ADAM28 in
pancreatic cancer can be used as a biomarker to predict the poor prognosis. ADAM28 might be a
potential therapeutic target for overcoming chemoresistance to gemcitabine.

Research perspectives
Based on the bioinformatic analysis and in vitro experiments, ADAM28 was identified as a novel
therapeutic target for pancreatic cancer, especially in the occurrence of drug resistance. In the
future studies, an in-depth exploration of the ADAM28-mediated drug resistance signaling
pathway will be very meaningful.
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Abstract
BACKGROUND
Esophageal squamous cell carcinoma (ESCC) is one of the main causes of human
death. It is usually already in middle or advanced stage when diagnosed due to
its hidden symptoms in early stage. Therefore, patients have already lost the best
surgical timing when diagnosed. Radiotherapy and chemotherapy are standard
treatment methods for ESCC clinically, but the efficacy and prognosis of patients
from them are still unsatisfactory. Therefore, it is of great clinical significance to
seek for biomarkers that can predict the radiotherapy and chemotherapy
response and prognosis of ESCC patients.
AIM
To explore the clinical value of plasma miR-21 and miR-93 in ESCC.
METHODS
A total of 128 ESCC patients admitted to the First Affiliated Hospital of
Zhenzhou University were enrolled as a study group and treated with concurrent
radiotherapy and chemotherapy, and other 45 healthy people during the same
period were enrolled as a control group. The expression of plasma miR-21 and
miR-93 was determined using quantitative real-time polymerase chain reaction,
and the correlation of expression of plasma miR-21 and miR-93 with clinical
pathological parameters about the patients was analyzed. The receiver operating
characteristic (ROC) curve was adopted to assess the diagnostic value of plasma
miR-21 and miR-93 for clinical pathological features of ESCC patients, the
Logistic regression analysis adopted to analyze the risk factors for radiotherapy
and chemotherapy efficacy in ESCC patients, and the Cox regression analysis to
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identify the prognostic factors for ESCC patients.
RESULTS
The study group showed significantly higher relative expression of plasma miR21 and miR-93 than the control group (P < 0.01). The area under the ROC curve
(AUC) of plasma miR-21 for diagnosing T stage, N stage, M stage, and
pathological differentiation of ESCC was 0.819, 0.758, 0.824, and 0.725,
respectively, and that of plasma miR-93 for diagnosing T stage, N stage, and M
stage of ESCC was 0.827, 0.815, and 0.814, respectively. The AUC of combined
plasma miR-21 and miR-93 for predicting radiotherapy and chemotherapy
efficacy before radiotherapy and chemotherapy was 0.894, and the AUCs of them
for predicting the 3-year overall survival (OS) were 0.861 and 0.807, respectively.
T stage (P < 0.05), M stage (P < 0.05), miR-21(P < 0.01), and miR-93 (P < 0.05) were
independent risk factors for radiotherapy and chemotherapy efficacy, and T stage
(P < 0.01), N stage (P < 0.05), M stage (P < 0.01), miR-21 (P < 0.01), and miR-93 (P
< 0.01) were independent prognostic factors for ESCC patients.
CONCLUSION
MiR-21 and miR-93 can be adopted as effective biomarkers for predicting
radiotherapy and chemotherapy efficacy in ESCC and the 3-year OS of ESCC
patients.
Key words: MiR-21; MiR-93; Esophageal squamous cell carcinoma; Radiotherapy and
chemotherapy; Prognosis; Diagnosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In order to observe the roles of miR-21 and miR-93 in predicting radiotherapy
and chemotherapy efficacy and prognosis in esophageal squamous cell carcinoma
(ESCC), quantitative real-time polymerase chain reaction was adopted to determine the
expression of plasma miR-21 and miR-93 in ESCC patients. Multivariate Logistic
regression analysis revealed that patients with high T stage and M stage and high
expression of miR-21 (> 5.80) and miR-93 (> 4.71) suffered an increased risk of
ineffective radiotherapy and chemotherapy, and multivariate Cox regression analysis
revealed that patients with high T stage, N stage, and M stage, and high expression of
miR-21 (> 5.60), and miR-93 (> 3.87) suffered an increased risk of death in 3 years.

Citation: Wang WT, Guo CQ, Cui GH, Zhao S. Correlation of plasma miR-21 and miR-93
with radiotherapy and chemotherapy efficacy and prognosis in patients with esophageal
squamous cell carcinoma. World J Gastroenterol 2019; 25(37): 5604-5618
URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5604.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5604

INTRODUCTION
Esophageal carcinoma, a main cause of cancer death, is the eighth most common
malignant tumor in human beings, with more than 480 thousand new patients and
about 400 thousand deaths for it each year[1]. Esophageal carcinoma is classified into
esophageal adenocarcinoma and esophageal squamous cell carcinoma (ESCC) based
on its histological type, with 80% of cases being ESCC [2] . Surgery, neoadjuvant
chemoradiotherapy, and combined treatment are main therapeutic methods for ESCC
in clinic practice, and treatment decision-making for ESCC is made mainly according
to TNM staging[3]. Due to the lack of typical clinical manifestations in the early stage,
esophageal carcinoma is usually already in advanced stage when diagnosed, and
most patients have already suffered distant spread and metastasis, so patients still
show a very poor prognosis and non-optimistic survival rate even after treatment of
surgery and radiotherapy [4] . Concurrent radiotherapy and chemotherapy are an
important therapeutic method for ESCC, but the prognosis of patients after this
treatment is quite different due to heterogeneity of the response of different patients
to radiotherapy and chemotherapy[5]. The survival rate of patients with esophageal
carcinoma has significantly improved with the continuous development of
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therapeutic regimens, but their 5-year overall survival (OS) is still less than 20%[6].
Therefore, it is of great significance to seek for biomarkers that can predict the
radiotherapy and chemotherapy response and prognosis of ESCC patients in clinical
practice.
MicroRNAs (miRNAs), a group of small single-strand non-coding RNAs, can
inhibit mRNA translation or induce mRNA degradation by specifically binding to the
3' untranslated region sequence of mRNA target, thus regulating post-transcriptional
gene expression [7] . MiRNAs participate in the progression, proliferation, and
metastasis of cancer cells in almost all human cancers including ESCC[8]. MiRNAs are
expressed in peripheral blood and tissues. Previous studies have confirmed that
miRNAs may become potential biomarkers for diagnosis, treatment, or prognosis of
malignant tumors in clinical practice[9,10]. It has been proved that miR-21 is highly
expressed in many solid tumors, such as ESCC, oral squamous cell carcinoma, and
gastric cancer, so it is considered as a new target for cancer diagnosis or treatment[11].
Previous studies pointed out that miR-21 could regulate the invasion, migration, and
epithelial-mesenchymal transition of esophageal carcinoma cells[12,13]. A study by
Ansari et al found that ESCC tissues showed significantly higher expression of miR-93
than nonneoplastic tissues[14]. Thus, miR-21 and miR-93 may play roles as tumorpromoting genes in ESCC. However, there are few studies on the roles of plasma miR21 and miR-93 in predicting radiotherapy and chemotherapy efficacy and prognosis.
This study determined the expression of plasma miR-21 and miR-93 in ESCC
patients, and explored their roles in predicting radiotherapy and chemotherapy
response and prognosis.

MATERIALS AND METHODS
General materials
A total of 128 ESCC patients admitted to our hospital were enrolled as a study group
and treated with concurrent radiotherapy and chemotherapy, and other 45 healthy
people during the same period were enrolled as a control group. The study group
consisted of 95 males and 33 females between 53 and 79 years old with a mean age of
65.3 ± 8.6 years. The control group consisted of 30 males and 15 females between 49
and 78 years old with a mean age of 63.8 ± 8.3 years. This study, in line with the
Declaration of Helsinki, has been approved by the Ethics Committee of the First
Affiliated Hospital of Zhenzhou University. The patients and their family members
have been informed through telephone or letter, on which they signed an informed
consent form.

Inclusion and exclusion criteria
Patients meeting the following criteria were included: Patients confirmed with ESCC
based on cytology or histology[15]; patients meeting the 8th edition of staging criteria
for esophageal carcinoma released by the American Joint Committee on Cancer and
Union for International Cancer Control in 2017 [16] ; patients without any radical
radiotherapy or chemotherapy experience, without contraindication for radiotherapy
or chemotherapy, with expected survival time > 3 mo, and with complete clinical data
and follow-up data. The following patients were excluded: Patients combined with
liver cirrhosis, cardiorespiratory dysfunction, hematologic disease, acute infection,
autoimmune diseases, other malignant tumors, or acute and chronic infectious
diseases; patients with perforation or hemorrhage indication; and those who cannot
tolerate radiotherapy and chemotherapy, rejected the therapeutic regimen of this
study, cannot accept periodic follow-up, or withdrew from the study halfway. The
inclusion criteria were applicable to the study group, and all subjects in the control
group were healthy people.

Therapeutic methods
The ESCC patients were all treated with three-dimensional conformal radiotherapy[17].
The preventive exposure area and the area of primary tumor and lymph metastases
were given 50 Gy/25f (5-6 wk) and 60 Gy/30f (6-7 wk), respectively. Concurrent
chemotherapy was performed to the patients for 2 cycles as follows[18]: The patients
were given 80 mg/m2 cisplatin (Qilu Pharmaceutical Co., Ltd., China, H37021358)
through intravenous drip on the 1st day and the 29th day of radiotherapy, and 500
mg/m 2 fluorouracil (Shanghai Xudong Haipu Pharmaceutical co., Ltd, China,
H31020593) through intravenous drip from the 1st day to 5th day, and from the 29th
day to 33rd d of radiotherapy.

Efficacy assessment
The patients were subject to chest computed tomography and barium swallow-based
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esophageal radiography 3 mo after treatment, and assessed in accordance with the
Response Evaluation Criteria in Solid Tumors (RECIST, revision 1.1) as follows[19]:
Complete remission (CR) referred to the result that the lesion disappeared completely
for 4 wk or more; partial response (PR) referred to the result that the lesion length was
reduced by 30% or more for 4 wk or more; progressive disease (PD) referred to the
result that a new lesion occurred and the lesion length was increased by 20% or more;
and stable disease (SD) referred to the result that the lesion length was shortened or
increased by a percentage between that of PR and that of PD. In terms of radiotherapy
and chemotherapy efficacy, CR and PR were regarded as effective, and SD and PD
were regarded as ineffective.

Determination methods
Elbow venous blood (5 mL) was drawn from all subjects before and after treatment
into a vacuum test tube with EDTA-K2, and centrifuged at 820 g for 10 min. The
upper plasma (2 mL) was transferred to an Eppendorf (EP) tube and centrifuged at
16000 g for 10 min to precipitate cell debris. Then, the supernatant was saved to a new
EP tube at 80 °C for later analysis. The total RNA of the supernatant was extracted
according to the instructions of mirVanaTM miRNA Isolation Kit (Thermo Fisher
Scientific-China, AM1561), and the concentration of RNA was determined using a
NanoDrop 1000 ultraviolet spectrophotometer (NanoDrop Technologies, Inc.
Wilmington, DE, United States). RNA was reversely transcribed into cDNA using the
TaqMan MicroRNA Kit (Thermo Fisher Scientific-China, 4366596), and cDNA was
taken as a template to carry out polymerase chain reaction (PCR) amplification. U6
was adopted as an internal reference gene. The upstream and downstream primers of
miR-21 are 5'-GTTAGCTTATCAGACTGA-3' and 5'-GTGCAGGGTCCGAGGTAT-3',
respectively; those of miR-93 are 5'-AGTCTCTGGCTGACTACATCACAG-3' and 5'CTACTCACAAAACAGGAGTGGAATC-3’, respectively, and those of U6 are 5'CTCGCTTCGGCAGCACA-3’ and 5'-AACGCTTCACGAATTTGCGT-3’, respectively.
The primer sequences were all designed by Shanghai Sangon Biotech Co., Ltd., China.
Quantitative determination was performed to miR-21 and miR-93 by real-time PCR
on an Applied Biosystems ViiATM 7 system using the miRNA RT-qPCR Detection Kit
(Applied Biosystems, Foster City, CA, United States). PCR amplification cycle
conditions were: 90 °C for 5 min and 40 cycles of 90 °C for 5 s, 60 °C for 30 s, and 72 °C
for 5 s. All samples were repeatedly determined three times, and the results are
expressed by 2--ΔCT.

Follow-up
Patients were followed by telephone, visits, and other methods, once every 3 mo, to
track the final outcome of patients after treatment. OS refers to the time from the
beginning of radiotherapy and chemotherapy to death or the last follow-up.

Statistical analysis
SPSS20.0 (IBM Corp, Armonk, NY, United States) was used for statistical analyses,
and Graphpad Prism6 (Graphpad Software, San Diego, CA, United States) was
adopted for drawing figures about data in this study. Measurement data are
expressed as the mean ± standard deviation (SD). Group comparison about
measurement data was performed by the independent-samples t test, and comparison
before and after treatment was performed by the paired t test. Enumeration data are
expressed as the number of cases/percentage [n (%)], and comparison within groups
about enumeration data was performed by the chi-square test. The Youden index of
receiver operating characteristic (ROC) curves was adopted to assess the diagnostic
value of miR-21 and miR-93 for clinicopathological features of ESCC patients. Logistic
regression equation and ROC curves were adopted to judge the predictive value of
miR-21 combined with miR-94 for assessing radiotherapy and chemotherapy efficacy
in ESCC patients, and Logistic regression analysis was adopted to analyze the risk
factors for radiotherapy and chemotherapy efficacy in ESCC patients. Kaplan-Meier
method was applied to calculate OS, the Log-rank test applied to assess the difference
in survival time between groups, and univariate and multivariate Cox regression
analyses to identify the prognostic factors for ESCC patients. P < 0.05 indicated a
significant difference.

RESULTS
Clinical value of plasma miR-21 and miR-93 for ESCC patients
The study group showed significantly higher relative expression of plasma miR-21
and miR-93 than the control group (both P < 0.01). Plasma miR-21 and miR-93 were
closely related to T stage, N stage, and M stage (P < 0.01), and plasma miR-21 was
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closely related to pathological differentiation (P < 0.01). ROC curve analysis showed
that the area under the ROC curve (AUC) of miR-21 for diagnosing T stage, N stage,
M stage, and pathological differentiation of ESCC was 0.819, 0.758, 0.824, and 0.725,
respectively, and that of plasma miR-93 for diagnosing T stage, N stage, and M stage
of ESCC was 0.827, 0.815, and 0.814, respectively. More details are shown in Figure 1
and Tables 1 and 2.

Predictive value of plasma miR-21 and miR-93 for radiotherapy and chemotherapy
efficacy in ESCC patients
The relative expression of plasma miR-21 and miR-93 in ESCC patients after
radiotherapy and chemotherapy was significantly lower than that before treatment (P
< 0.01). After radiotherapy and chemotherapy, 91 out of the 128 patients got CR or PR,
and other 37 patients got SD or PD. The relative expression of plasma miR-21 and
miR-93 in patients with an effective response to radiotherapy and chemotherapy was
significantly lower than that of patients with an ineffective response to radiotherapy
and chemotherapy (P < 0.01). ROC curves of plasma miR-21 and miR-93 for assessing
radiotherapy and chemotherapy efficacy in ESCC patients were drawn, and it was
showed that the AUC of miR-21 for assessing radiotherapy and chemotherapy
efficacy in ESCC patients was 0.811, and the optimal critical value was 5.80; the AUC
of miR-93 for it was 0.810, and the optimal critical value was 4.71. Binary Logistic
regression analysis was performed further. A Logistic regression model was obtained
by taking miR-21 and miR-93 as independent variables: Logit (P) = -10.851 + 0.854
miR-21 + 1.091 miR-93. The AUC of combined miR-21 and miR-93 for assessing
radiotherapy and chemotherapy efficacy was 0.894. More details are shown in Table 3
and Figure 2.

Logistic regression analysis of factors affecting radiotherapy and chemotherapy
efficacy in ESCC patients
The patients with an effective response to radiotherapy and chemotherapy were
compared with those with an ineffective response in clinical data and relevant
indexes, and the optimal critical values of miR-21 and miR-93 for assessing
radiotherapy and chemotherapy efficacy in ESCC patients were 5.80 and 4.71,
respectively. Patients with an effective response to radiotherapy and chemotherapy
and those with an ineffective response showed no significant difference in gender,
age, history of alcoholism, tumor site, or tumor length, but showed significant
differences in smoking history, T stage, N stage, M stage, pathological differentiation,
miR-21, and miR-93 (P < 0.05). Multivariate Logistic regression analysis was adopted
for factors with significant differences, which revealed that T stage (P < 0.05), M stage
(P < 0.05), miR-21 (P < 0.01), and miR-93 (P < 0.05) were independent risk factors for
radiotherapy and chemotherapy efficacy, and patients with high T stage, M stage, and
high expression of miR-21 (> 5.80) and miR-93 (> 4.71) suffered an increased risk of
ineffective radiotherapy and chemotherapy. More details are shown in Tables 4-6.

Correlation of plasma miR-21 and miR-93 before radiotherapy and chemotherapy
with 3-year OS of ESCC patients
The 128 ESCC patients were followed successfully for 3 years, and their 3-year OS was
37.50% (48/128). According to the 3-year OS of ESCC patients, ROC curves of miR21and miR-93 for assessing 3-year OS were drawn. The AUCs of miR-21 and miR-93
for assessing 3-year OS were 0.861 and 0.807, respectively, and their optimal critical
values were 5.60 and 3.87, respectively. When the optimal critical values of miR-21
(5.60) and miR-93 (3.87) for assessing 3-year OS were taken as cut points, ESCC
patients with plasma miR-21 ≤ 5.60 and miR-93 ≤ 3.87 showed a significant difference
in 3-year OS (P < 0.05) compared with those with plasma miR-21 > 5.60 and miR-93 >
3.87. Multivariate Cox regression analysis revealed that T stage (P < 0.01), N stage (P <
0.05), M stage (P < 0.01), miR-21(P < 0.01), and miR-93 (P < 0.01) were all independent
prognostic factors for ESCC patients, and patients with high T stage, N stage, and M
stage, and high expression of miR-21 (> 5.60) and miR-93 (> 3.87) suffered an
increased risk of death in 3 years. More details are shown in Figure 3 and Tables 7 and
8.

DISCUSSION
ESCC shows an increasing incidence in human beings. Its early symptoms are
relatively hidden, so most patients are already in middle or advanced stage, and have
lost the best chance of surgical resection[20,21]. Radiotherapy and chemotherapy are
standard treatment methods for ESCC clinically, but the efficacy and OS of patients
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Table 1 Diagnostic value of plasma miR-21 and miR-93 for clinicopathological features of esophageal squamous cell carcinoma patients
Pathological feature

AUC

95%CI

SE

Cut-off

Sensitivity (%)

Specificity (%)

T stage

0.819

0.740-0.899

0.041

6.52

80.00

71.43

N stage

0.758

0.666-0.851

0.047

5.90

67.02

79.41

M stage

0.824

0.740-0.908

0.043

6.34

85.71

70.00

Pathological differentiation

0.725

0.637-0.812

0.044

6.20

80.85

59.26

T stage

0.827

0.742-0.911

0.043

4.37

73.33

80.61

N stage

0.815

0.733-0.896

0.041

3.34

74.47

76.47

M stage

0.814

0.722-0.906

0.047

5.36

57.14

97.00

MiR-21

MiR-93

AUC: Area under the receiver operating characteristic curve; CI: Confidence interval.

from them are still unsatisfactory[22]. Therefore, it is of great significance for treatment
and prognosis of ESCC to explore the radiotherapy and chemotherapy efficacy and
prognosis, and relevant biomarkers.
TNM staging is mostly performed based on postoperative pathologic biopsy, but
for patients with an advanced disease, it is sometimes difficult to obtain cancer tissue
specimens[23]. Blood miRNAs are easy to sample and determine, and their sampling
causes no trauma, so they can be used as non-invasive biomarkers for diagnosis and
prognosis of various tumors, with less trauma to patients than pathological
biopsy[24,25]. In this study, the ESCC patients showed significantly increased relative
expression of plasma miR-21 and miR-93. MiR-21 and miR-93 were closely related to
T stage, N stage, and M stage, and miR-21 was closely related to pathological
differentiation. ROC curves showed that plasma miR-93 and miR-21 had diagnostic
value for these pathological parameters, indicating that miR-93 and miR-21 may
become potential molecular markers in clinical diagnosis of ESCC. Clinically,
assessments of TNM stage and pathological differentiation are mostly based on
histology and imaging[26], so detection of miR-21 and miR-93 is expected to assist the
diagnosis of pathological features of ESCC patients. Further study revealed that after
radiotherapy and chemotherapy, the expressions of miR-21 and miR-93 significantly
decreased, and the AUC of miR-21 combined with miR-93 for assessing radiotherapy
and chemotherapy efficacy in ESCC patients was 0.894, indicating that the observed
changes of miR-21 and miR-93 could be adopted to predict radiotherapy and
chemotherapy efficacy. A study by Kurashige et al[27] revealed that ESCC patients
showed highly expressed serum miR-21, and their expression of serum miR-21 was
significantly decreased after chemotherapy, which is similar to our study. However,
there are few studies on whether miR-21 and miR-93 are related to the radiotherapy
and chemotherapy efficacy in ESCC patients. This study revealed that patients with
high expression of miR-21 (> 5.80) and miR-93 (> 4.71) suffered an increased risk of
ineffective radiotherapy and chemotherapy. Therefore, observation of the expression
of miR-21 and miR-93 is helpful to judge the radiotherapy and chemotherapy efficacy
in ESCC patients. Previous studies revealed that high expression of plasma miR-23a,
related to lymphatic vessel invasion and deep invasion, was an independent risk
factor for chemotherapy resistance in ESCC, and overexpression of miR-23a caused
obvious drug resistance against 5-fluorouracil and cisplatin in vitro[28]. A study by
Komatsu et al[29] pointed out that miR-21 was highly expressed in ESCC patients, and
it could be used to predict the chemical resistance of patients. In addition, a study by
Fu et al[30] showed that miR-93 could participate in the regulation of chemosensitivity
to cisplatin in ovarian cancer through PTEN/Akt signal pathway regulators.
According to the above studies and our study, miR-21 and miR-93 may play a key
role in the development and chemotherapy resistance of ESCC, but the mechanism is
still unclear. A study by Tanaka et al[31] revealed that expression of serum miR-21,
significantly up-regulated in ESCC patients, was closely related to neoplasm stage,
lymph node metastasis, and inflammatory response. In addition, a study by Li et al[32]
confirmed that miR-93 was closely related to clinical stage, lymph node metastasis,
and T stage of patients with head and neck squamous cell carcinoma; the patients
with high miR-93 expression showed a significantly lower survival rate than those
with low expression, and lymph node metastasis was related to a poor prognosis of
patients with high miR-93 expression. Therefore, higher expression of miR-21 and
miR-93 in ESCC patients may indicate a more serious disease due to high invasion
and metastasis of cancer at this time, so patients with high expression of miR-21 and
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Figure 1 Clinical value of plasma miR-21 and miR-93 for esophageal squamous cell carcinoma patients. A: Expression of plasma miR-21 in esophageal
squamous cell carcinoma (ESCC) patients; B: Expression of plasma miR-21 in patients with different T stages of ESCC ; C: Expression of plasma miR-21 in patients
with different N stages of ESCC; D: Expression of plasma miR-21 in patients with different M stages of ESCC; E: Expression of plasma miR-21 in patients with
different degrees of pathological differentiation of ESCC; F: Receiver operating characteristic (ROC) curves of plasma miR-21 for diagnosing T stage, N stage, M
stage, and pathological differentiation of ESCC patients; G: Expression of plasma miR-93 in ESCC patients; H: Expression of plasma miR-93 in patients with different
T stages of ESCC; I: Expression of plasma miR-93 in patients with different N stages of ESCC ; J: Expression of plasma miR-93 in patients with different M stages of
ESCC; K: ROC curves of plasma miR-93 for diagnosing T stage, N stage, and M stage of ESCC patients. bP < 0.01 vs control group.

miR-93 suffered an increased risk of ineffective treatment. Finally, we followed the
128 ESCC patients for 3 years, and found that their 3-year OS was 37.50%, which is
similar to a previous study[33]. The AUCs of miR-21 and miR-93 for assessing the 3year OS of ESCC patients were 0.861 and 0.807, respectively, and Cox regression
analysis revealed that patients with high T stage, N stage, M stage, and high
expression of miR-21 (> 5.60) and miR-93 (> 3.87) suffered an increased risk of death
in 3 years, which indicated that detection of miR-21 and miR-93 can be adopted for
judging the prognosis of ESCC patients. A study by Komatsu et al[34] revealed that
high expression of plasma miR-21 and miR-375 were independent prognostic factors
for the 3-year survival rate of ESCC patients undergoing radical esophagectomy,
which is similar to our study. Therefore, miR-21 and miR-93 are reliable biomarkers
for treatment and prognosis evaluation of ESCC patients, but the regulatory
mechanism needs further exploration.
This study has confirmed the roles of plasma miR-21 and miR-93 in radiotherapy
and chemotherapy and prognosis of patients, but it still has some deficiencies. First,
the correlation of miR-21 and miR-93 with toxic and side effects during
chemoradiotherapy has not been observed. Second, the specific regulatory
mechanisms of miR-21 and miR-93 in radiotherapy and chemotherapy of ESCC have
not been discussed. Finally, the sample size included is small, which may cause
selectivity bias, so the sample size needs to be expanded to further support this study.
To sum up, with up-regulated expression in plasma of ESCC patients, miR-21 and
miR-93 can be adopted as effective biomarkers for assessing radiotherapy and
chemotherapy efficacy and 3-year OS in ESCC patients.
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Table 2 Correlation of plasma miR-21 and miR-93 with clinicopathological features of esophageal squamous cell carcinoma patients
(mean ± SD)
Category

n

miR-21

Male

95

6.06 ± 1.61

3.63 ± 1.75

Female

33

5.77 ± 1.78

3.74 ± 1.14

≤ 65

54

5.89 ± 1.61

> 65

74

6.06±1.61

Gender

Age (yr)

t/F

P value

0.867

0.387

0.590

Smoking history
52

5.80 ± 1.47

No

76

6.12 ± 1.69

History of alcoholism
60

5.73 ± 1.54

No

68

6.21 ± 1.65

T stage
98

5.57 ± 1.47

T4

30

7.37 ± 1.24

N stage
34

5.00 ± 1.28

N1

94

6.35 ± 1.57

M stage

0.270

0.093

1.013

0.313

1.286

0.201

6.489

< 0.001d

6.363

< 0.001d

6.315

< 0.001d

0.404

0.669

1.371

0.172

1.219

0.225

3.27 ± 1.31
5.03 ± 1.27
< 0.001b
2.46 ± 1.21
4.12 ± 1.34
b

< 0.001

100

5.58 ± 1.45

3.30 ± 1.30

M1

28

7.44 ± 1.28

5.06 ± 1.34

Upper 1/3 of thoracic part

44

6.10 ± 1.46

3.52 ± 1.45

Middle 1/3 of thoracic part

59

5.89 ± 1.69

3.78 ± 1.37

Lower 1/3 of thoracic part

25

6.02 ± 1.70

0.219

0.804

3.75 ± 1.88
4.379

b

< 0.001

Medium/high differentiation

47

5.16 ± 1.38

3.09 ± 1.42

Low differentiation

81

6.43 ± 1.61

3.92 ± 1.50

≤5

30

5.81 ± 1.55

3.39 ± 1.54

>5

98

6.04 ± 1.63

3.77 ± 1.48

Tumor length (cm)

0.483

3.83 ± 1.52
< 0.001b

M0

Pathological differentiation

0.704

3.49 ± 1.46

6.111

Tumor site

0.737

3.80 ± 1.31

4.503

N0

0.337

3.53 ± 1.70

6.078

T2/T3

P-value

3.76 ± 1.38

1.694

Yes

0.556

t/F

3.57 ± 1.67

1.108

Yes

miR-93

0.684

0.495

b

P < 0.01 vs control group;
P < 0.01 vs esophageal squamous cell carcinoma patients.

d

Table 3 Predictive value of plasma miR-21 and miR-93 for radiotherapy and chemotherapy efficacy in esophageal squamous cell
carcinoma patients
Index

AUC

95%CI

SE

Cut-off

Sensitivity (%)

Specificity (%)

MiR-21

0.811

0.738-0.884

0.037

5.80

97.30

59.34

MiR-93

0.810

0.726-0.894

0.043

4.71

59.46

91.21

MiR-21 + MiR-93

0.894

0.838-0.950

0.028

0.41

75.68

89.01

AUC: Area under the receiver operating characteristic curve; CI: Confidence interval.
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Table 4 Correlation of clinical parameters and indexes of esophageal squamous cell carcinoma patients with radiotherapy and
chemotherapy efficacy, n (%)
Category

n

Effective (n = 91)

Ineffective (n = 37)

Male

95

67 (73.63)

28 (75.68)

Female

33

24 (26.37)

9 (24.32)

≤ 65

54

40 (43.96)

14 (37.84)

> 65

74

51 (56.04)

23 (62.16)

Gender

Age (Yr)

Smoking history
No

52

43 (47.25)

9 (24.32)

Yes

76

48 (52.75)

28 (75.68)

History of alcoholism
No

60

45 (49.45)

15 (40.54)

Yes

68

46 (50.55)

22 (59.46)

T stage
T2/T3

98

77 (84.62)

21 (56.76)

T4

30

14 (15.38)

16 (43.24)

N stage
N0

34

29 (31.87)

5 (13.51)

N1

94

62 (68.13)

32 (86.49)

M stage
M0

100

79 (86.81)

21 (56.76)

M1

28

12 (13.19)

16 (43.24)

Upper 1/3 of thoracic part

44

30 (32.97)

14 (37.84)

Middle 1/3 of thoracic part

59

43 (47.25)

16 (43.24)

Lower 1/3 of thoracic part

25

18 (19.78)

7 (18.92)

Tumor site

Pathological differentiation
Moderate/high differentiation

47

39 (42.86)

8 (21.62)

Low differentiation

81

52 (57.14)

29 (78.38)

≤5

30

23 (25.27)

7 (18.92)

>5

98

68 (74.73)

30 (81.08)

Tumor length (cm)

MiR-21
≤ 5.80

72

61 (67.03)

11 (29.73)

> 5.80

56

30 (32.97)

26 (70.27)

MiR-93
≤ 4.71

99

78 (85.71)

21 (56.76)

> 4.71

29

13 (14.29)

16 (43.24)

χ2

P-value

0.058

0.810

0.404

0.525

5.733

0.017a

0.839

0.360

11.380

< 0.001b

4.543

0.033a

13.900

< 0.001b

0.283

0.868

5.105

0.024a

0.592

0.442

14.870

< 0.001b

12.590

< 0.001b

a

P < 0.05 vs control group;
P < 0.01 vs control group.

b

Table 5 Assignment in logistic multivariate regression analysis
Factor

Variable

Assignment

Factor

Smoking history

X1

No = 1, Yes = 2

Smoking history

T stage

X2

T2/T3 = 1, T4 = 2

T stage

N stage

X3

N0 = 1, N1 = 2

N stage

M stage

X4

M0 = 1, M1 = 2

M stage

Pathological differentiation

X5

Moderate/high differentiation = 1, low differentiation = 2

Pathological differentiation

MiR-21

X6

≤ 5.80 = 1, > 5.80 = 2

MiR-21

MiR-93

X7

≤ 4.71 = 1, > 4.71 = 2

MiR-93
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Table 6 Multivariate logistic regression analysis of factors affecting radiotherapy and chemotherapy efficacy in esophageal squamous
cell carcinoma patients
Variable

B

SE

Wald

P-value

OR

95%CI

Smoking history

0.103

0.478

0.046

0.830

1.108

0.434-2.829

T stage

1.093

0.506

4.676

0.031a

2.984

1.108-8.037

N stage

0.954

0.713

1.792

0.181

2.597

0.642-10.502

a

M stage

1.047

0.454

5.312

0.021

2.848

1.170-6.935

Pathological differentiation

0.644

0.600

1.155

0.283

1.905

0.588-6.168

MiR-21

1.901

0.602

9.961

0.002b

6.692

2.055-21.79

MiR-93

1.026

0.456

5.064

0.024a

2.791

1.142-6.823

a

P < 0.05,
P < 0.01 vs control group. OR: Odds ratio; CI: Confidence interval.

b

Table 7 Predictive value of plasma miR-21 and miR-93 for the 3-year overall survival in esophageal squamous cell carcinoma patients
Index

AUC

95%CI

SE

Cut-off

Sensitivity (%)

Specificity (%)

MiR-21

0.861

0.797-0.926

0.033

5.60

82.50

79.17

MiR-93

0.807

0.733-0.880

0.037

3.87

62.50

92.50

AUC: Area under the receiver operating characteristic curve; CI: Confidence interval.

Table 8 Univariate and multivariate Cox regression analyses of factors affecting 3-year overall survival of esophageal squamous cell
carcinoma patients
Univariate

Multivariate

Index
HR (95%CI)

P-value

Gender (male vs female)

1.178 (0.508-2.686)

0.713

Age (≤ 65 yr vs > 65 yr)

1.167 (0.439-3.158)

0.770

Smoking history (no vs yes)

0.631 (0.259-1.483)

0.288

History of alcoholism (no vs yes)

0.802 (0.447-1.459)

0.468

T stage (T2/T3 vs T4)

3.183 (1.762-5.783)

< 0.001b

N stage (N0 vs N1)

1.318 (1.067-1.638)

a

0.015

b

M stage (M0 vs M1)

2.438 (1.934-3.062)

< 0.001

Tumor site (Upper 1/3 vs middle 1/3 vs lower 1/3 of thoracic part)

1.289 (0.557-2.825)

0.548

Pathological differentiation (moderate/high differentiation vs low differentiation)

0.753 (0.567-1.008)

0.048a

Tumor length (≤ 5 cm vs > 5 cm)

0.687 (0.283-1.675)

0.394

Radiotherapy and chemotherapy (effective vs ineffective)

1.695 (1.237-2.248)

0.001b

MiR-21 (≤ 5.60 vs > 5.60)

4.083 (2.158-7.763)

MiR-93 (≤ 3.87 vs > 3.87)

4.485 (1.993-10.067)

HR (95%CI)

P-value

3.168 (1.537-6.537)

0.003b

1.307 (1.057-1.736)

0.017a

1.735 (1.402-2.281)

<0.001b

0.802 (0.557-1.159)

0.243

1.335 (0.975-1.846)

0.080

b

2.438 (1.276-4.71)

0.007b

b

2.198 (1.256-3.875)

0.009b

< 0.001
< 0.001

a

P < 0.05 vs control group;
P < 0.01 vs control group. HR: Hazard ratio; CI: Confidence interval.

b
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Figure 2

Figure 2 Predictive value of plasma miR-21 and miR-93 for radiotherapy and chemotherapy efficacy in esophageal squamous cell carcinoma patients. A:
Expression of plasma miR-21 in esophageal squamous cell carcinoma (ESCC) patients before and after radiotherapy and chemotherapy; B: Expression of plasma
miR-93 in ESCC patients before and after radiotherapy and chemotherapy; C: Expression of plasma miR-21 in ESCC patients with effective and ineffective response
to radiotherapy and chemotherapy; D: Expression of plasma miR-93 in ESCC patients with effective and ineffective response to radiotherapy and chemotherapy; E:
Receiver operating characteristic curves of plasma miR-21 and miR-93 for assessing radiotherapy and chemotherapy efficacy before radiotherapy and chemotherapy.
b
P < 0.01 vs control group.
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Figure 3

Figure 3 Correlation of plasma miR-21 and miR-93 with 3-year overall survival of patients before radiotherapy and chemotherapy. A: Receiver operating
characteristic (ROC) curve of miR-21 for assessing 3-year overall survival (OS); B: ROC curve of miR-93 for assessing 3-year OS; C: Correlation of miR-21
expression (≤ 5.60/> 5.60) with 3-year OS of esophageal squamous cell carcinoma (ESCC) patients; D: Correlation of miR-93 (≤ 3.87/> 3.87)with 3-year OS of ESCC
patients.

ARTICLE HIGHLIGHTS
Research background
Esophageal squamous cell carcinoma (ESCC), a common malignant tumor in human, is usually
already in middle or advanced stage when diagnosed due to its hidden symptoms in early stage.
Concurrent radiotherapy and chemotherapy are an important therapeutic method for ESCC in
the middle or advanced stage, but the prognosis of patients after this treatment is quite different
due to heterogeneity of the response of different patients to radiotherapy and chemotherapy.
Under such a background, studying markers associated with radiotherapy and chemotherapy
response and prognosis in ESCC patients will help to develop more targeted and individual
therapies.

Research motivation
MicroRNAs (miRNAs) play an important role in human malignant tumors. MiR-21 and miR-93
may be helpful for ESCC therapy, so this study aimed to explore their clinical value in ESCC.

Research objectives
The study aimed to investigate the correlation of miR-21 and miR-93 with chemoradiotherapy
and prognosis of ESCC patients, and their relationship may provide clues for optimal treatment
of ESCC.

Research methods
Quantitative real-time polymerase chain reaction was applied to determine the expressions- of
plasma miR-21 and miR-93 in ESCC patients. The data were analyzed using a variety of
statistical methods. For example, receiver operating characteristic curve was adopted to assess
the diagnostic value of miR-21 and miR-93 for clinicopathological features of ESCC patients, the
Logistic regression adopted to analyze the risk factors for radiotherapy and chemotherapy
efficacy in ESCC patients, and the Cox regression to identify the prognostic factors for ESCC
patients.

WJG

https://www.wjgnet.com

5616

October 7, 2019

Volume 25

Issue 37

Wang WT et al. Radiochemotherapy of esophageal squamous cell carcinoma

Research results
In this study, it was determined that the expression of miR-21 and miR-93 was significantly upregulated in the plasma of ESCC patients, and they had diagnostic value for pathological
characteristics of ESCC patients. In addition, miR-21 and miR-93 were independent risk factors
for chemoradiotherapy efficacy, and independent prognostic factors for ESCC patients.

Research conclusions
This study confirmed for the first time that plasma miR-21 and miR-93 have diagnostic value for
pathological characteristics of ESCC patients. In addition, ESCC patients with high expressions
of miR-21 and miR-93 suffer a high risk of failed radiotherapy and chemotherapy and death in 3
years. These results can provide a theoretical basis for evaluation, treatment, and prognosis of
ESCC.

Research perspectives
This study has proved the clinical value of plasma miR-21 and miR-93 in ESCC patients.
However, in the future, it is required to perform an in vitro study to observe the drug resistance
regulation mechanisms of miR-21 and miR-93 in radiotherapy and chemotherapy of ESCC cells
to supplement this study. The mechanisms may be important for the treatment of ESCC patients.
In addition, this study has only included 128 ESCC patients, so the sample size needs to be
expanded further to verify the conclusions.
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Abstract
BACKGROUND
Korean National Health Insurance (NHI) claims database provides large-cohort.
However, studies regarding accuracy of administrative database for pancreatic
cancer (PC) have not been reported. We aimed to identify accuracy of NHI
database regarding PC classified by international classification of disease (ICD)10 codes.
AIM
To identify the accuracy and usefulness of administrative database in PC and the
accurate ICD codes for PC with location.
METHODS
Study and control groups were collected from 2003 to 2016 at Seoul National
University Bundang Hospital. Cases of PC were identified in NHI database by
international classification of diseases, 10th revision edition (ICD-10 codes)
supported with V codes. V code is issued by medical doctors for covering 95% of
medical cost by Korean government. According to pathologic reports, definite or
possible diagnoses were defined using medical records, images, and pathology.
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RESULTS
A total of 1846 cases with PC and controls were collected. Among PC, only 410
(22.2%) cases were identified as specific cancer sites including head in 234 (12.7%)
cases, tail in 104 (5.6%) cases and body in 72 (3.9%) cases. Among PC, 910 (49.3%)
cases were diagnosed by definite criteria. Most of these were adenocarcinoma
(98.0%). The rates of definite diagnosis of PC were highest in head (70.1%)
followed by body (47.2%) and tail (43.3%). False-positive cases were pancreatic
cystic neoplasm and metastasis to the pancreas. In terms of the overall diagnosis
of PC, sensitivity, specificity, positive predictive value, and negative predictive
value were 99.95%, 98.72%, 98.70%, and 99.95%, respectively. Diagnostic accuracy
was similar both in terms of diagnostic criteria and tumor locations.
CONCLUSION
Korean NHI claims database collected according to ICD-10 code with V code for
PC showed good accuracy.
Key words: Korean national health insurance; Accuracy; Pancreatic cancer; International
classification of disease; Sensitivity; Specificity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: International classification of diseases, 10th revision edition (ICD-10 codes) of
pancreatic cancer in an administrative database are acceptable for use for populationbased large-cohort studies. To enhance the diagnostic accuracy, we recommend patient
identification by the ICD-10 code with tumor location information.
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INTRODUCTION
Pancreatic cancer (PC) has a very poor prognosis because most are diagnosed at
advanced stages, are inoperable state due to invasion of adjacent arteries, or are
intractable to chemotherapy[1-3]. Accurate diagnosis of PC remains challenging despite
the widespread use of endoscopic ultrasound-guided fine needle aspiration (EUSFNA) and biopsy. Therefore, pathological diagnosis of PC is not always possible, and
most are diagnosed based on clinical features including image findings, clinical
course, and laboratory data.
Location of primary PC is important for prognosis[4]. Patients with PC in head
showed a 5% increased survival benefit as compared with PC in body or tail[4]. It may
be associated with early symptom of PC in the head by obstruction of bile duct or
pancreatic duct. Further research is needed about epidemiology and risk factor of PC
in body or tail for screening and early diagnosis. If the primary location of PC is well
described in database, it might be easier to do research for PC.
Recently, an administrative database has been widely used for medical research[5-8].
The administrative database includes personal medical information of a large number
of the population with long-term follow-up. In addition, administrative database can
provide easy access for study of PC location such as identification of information
regarding this PC location. For proper interpretation of the results derived from this
database, the reliability on the database is critical. Nevertheless, their accuracy in
identifying cancer patients for the claims databases collect data for the purposes of
reimbursement remains in doubt[9]. Furthermore, there have been limited studies
regarding accuracy and usefulness of the administrative database[9-11].
The Korea National Health Insurance System (NHIS) contains a complete set of
health information pertaining to 50 million members[12]. The source of the NHIS is the
Health Insurance Review and Assessment (HIRA) database, including all insurance
claims information of approximately 97% of the Korean population. In this database,
the name of the disease is usually coded according to the international classification of
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diseases, 10th revision edition (ICD-10 code) published by the World Health
Organization [13,14] . Direct validation for the accuracy between the administrative
dataset and NHIS data is impossible because of the Personal Information Protection
Act in Korea. Therefore, validation for accuracy and usefulnessof diagnostic codes
could only be performed at individual hospitals where the diagnosis of each disease
was performed and reported to HIRA for insurance claims. Furthermore even though
ICD-10 code includes the information for location of PC sometimes it is difficult to
define the location of PC. In this situation ICD-10 code without location of PC is used
by medical doctors. If current situation is analyzed, it might be good information for
approaching the patients with PC.
From this background we aimed to evaluate the accuracy and usefulness of
administrative database in PC. To certify the accuracy of diagnosis, we calculated the
sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) of PC by ICD-10 codes compared to controls[15]. In addition, we aimed to
identify the location of PC in detail using ICD-10 codes and electronic medical records
(EMR) to define how much the doctors insert the accurate ICD codes for PC with
location.

MATERISALS AND METHODS
Data source
From May 2003 to December 2016, cases of PC were retrospectively collected using
the Seoul National University Bundang Hospital (SNUBH) Clinical Data Warehouse
(CDW)[16], which was its own database analysis program. The EMR system contains
information on the visiting hospital departments, the principal diagnoses and surgical
and diagnostic procedures for each patient[17]. In addition, it includes pathologic
results of specimens and imaging modalities, including computerized tomography
(CT), endoscopic retrograde cholangiopancreatography (ERCP), EUS, magnetic
resonance imaging (MRI), and positron emission tomography (PET)[3,18-21].

Study population
Information regarding patients, including hospital visit dates, subject characteristics,
diagnostic procedures, pathologic results, and surgeries was collected. These
information was easily obtained from administrative database. Other hospital medical
data were identified though the uploaded database in SNUBH EMR. After approval
of the study protocol by the Ethics Committee at SNUBH (IRB number B-1701/378105), a list of patients with PC according to the ICD-10 code as primary diagnosis was
acquired: (1) C25.0-25.3 (malignant neoplasm of pancreas at head, body, tail, and duct,
respectively); (2) C25.4 (Malignant neoplasm of endocrine pancreas); and (3) C25.7-9
(malignant neoplasm of pancreas at other parts, overlapping lesion, and unspecified,
respectively)[22]. Then, searched cases were checked as being registered as V codes in
the NHIS to confirm diagnostic codes[23]. The V code is a special code for patients with
any ICD-10 cancer codes in South Korea, established by the Korean Ministry of Health
and Welfare in 2008. Cancer patients who are registered in the NHIS have issued a V
code and are reimbursed at 95% of the medical cost by the Korean government for 5
years. Control cases are defined as individuals without ICD-10 codes for PCs (C25.025.9) during the study periods, who experience work-up pathways similar to those of
PC, including images (CT, MRI, ERCP, or EUS) and surgery.

Analyzing accuracy of PC diagnosis from administrative database
Medical records of the study and control groups were analyzed to identify definite
and possible diagnostic criteria. Definite diagnoses were made according to
pathologic reports compatible with PC[24-26]. Possible diagnoses were made according
to image findings, clinical courses, or increased CA 19-9 > 100 U/m compatible with
PC[3,21,27-29]. Typical image finding of PC was defined as focal hypo-attenuated lesions,
pancreatic ductal dilation, distal pancreatic parenchymal atrophy, and involvement of
the surrounding vascular structures or other organs on radiologic examinations (Table
1 and Figure 1)[30-32].
In the definite diagnosis group, cancer cell types (adenocarcinoma, adenosquamous
carcinoma, or neuroendocrine tumor) and methods of pathologic diagnosis through
surgery, endoscopic biopsy or FNA were analyzed (Tables 1 and 2)[25,33]. In the possible
diagnosis group, we examined reports of images (CT, MRI, ERCP, EUS, endoscopy,
and PET) by a radiologist or medical records of a physician’s reading of the images.
We used serum levels of CA 19-9 to differentiate PC from other cancers [21,29] . To
enhance the study reliability, three reviewers carefully examined medical records and
compared the final decisions for each case. For discordant cases, they discussed the
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Table 1 Diagnostic criteria of pancreatic cancer
Diagnostic criteria

Methods

Positive finding

Endoscopy, ERCP, EUS-FNA, Surgery

Adenocarcinoma Mucinous carcinoma
Adenosquamous carcinoma Other malignant
neoplasm

Imaging finding

CT, MRI, ERCP, MRCP, EUS, endoscopy, PET

Focal hypo-attenuated lesion Pancreatic duct
dilation Distal pancreatic parenchymal atrophy
Involvement of the surrounding vascular
structures or other organs

Clinical features

Medical record

Clinical courses compatible with PC

Tumor marker

CA19-9

> 100 U/mL

αFP

To exclude other malignancies including
hepatocellular carcinoma

Definite criteria
Pathologic analysis

Possible criteria

CT: Positron emission tomography; MRI: Magnetic resonance imaging; ERCP: Endoscopic retrograde cholangiopancreatography; MRCP: Magnetic
resonance cholangiopancreatography; EUS: Endoscopic ultrasound; PET: Positron emission tomography; FNA: Fine needle aspiration; CA19-9:
Carbohydrate antigen 19-9; αFP: α-fetoprotein; PC: Pancreatic cancer.

cases and reached consensus. After reviewing medical records and classifying each
case, the sensitivity, specificity, PPV, and NPV with 95% confidence intervals (CI)
were calculated. We also compared diagnostic power according to cancer sites at the
head (C25.0), body (C25.1) and tail (C25.2). In addition, we analyzed patients with
ICD 10-code of PC with primary location (C25.0, C25.1, and C25.2).

RESULTS
Characteristics of cases diagnosed as PC by the international classification of
diseases, 10th revision edition
A total of 1846 subjects were identified as registered with ICD-10 codes for PC at the
SNUBH during the study period (Table 3). Among PC, 1428 (77.4%) cases were
registered as unspecified PC, and only 410 (22.2%) cases could be identified with
specific cancer sites. PC in the head [234, (12.7%)] was the most common, followed by
the tail [104, (5.6%)] and body [72, (3.9%)]. Proportions of PC cases in the pancreatic
duct, neuroendocrine tumor, or overlapping were very rare, with only 0.3%, 0.1%, or
0.1%, respectively. Primary cancer location couldn't be identified in patients with
C25.9 [1428, (77.4%)]. In these cases with C25.9, we carefully examined all medical
records one by one to identify primary cancer location.
Among PC, 910 (49.3%) cases had pancreatic pathologic results associated with the
definite diagnostic criteria and classified as definite diagnosis group. Other 936
(50.7%) cases were classified as possible diagnosis group. Pathologic diagnosis was
accomplished by surgery in 717 (78.8%) cases, by ERCP or endoscopy in 163 (17.9%)
cases, and by EUS-FNA or percutaneous biopsy in 30 (3.5%) cases. Among 1198 cases
with serum levels of CA19-9, 684 (57.1%) cases had elevated levels (> 100 UL).

Diagnostic accuracy of PC by the international classification of diseases, 10th
revision edition in the administrative database
We analyzed accuracy of ICD-10 codes of PC by definite or possible diagnostic criteria
(Table 4). Among 910 cases with pathologic diagnosis, 904 cases satisfied definite
diagnostic criteria of PC. Pathologic diagnoses were adenocarcinoma in 886 (98.0%)
cases, adenosquamous carcinoma in 3 (0.3%), and neuroendocrine tumor in 15 (1.7%)
cases. Six cases who were identified as false-positives, were pancreatic cystic
neoplasms, including serous cystic neoplasms, mucinous cystic neoplasms and
intraductal pancreatic mucinous neoplasms (Table 3). Among 938 cases with possible
diagnoses, 924 subjects satisfied possible diagnostic criteria for PC. Fourteen cases
identified as false-positive were pancreatic metastasis from other primary cancers in 6
cases, pancreatic cystic neoplasms in 5 cases, pancreatitis in 2 cases, and accessory
spleen in 1 case.
Among 1846 cases of control, only one case of PC was identified (Table 4). This
patient underwent distal pancreatectomy because of a pancreatic tail mass and
pancreatic ductal dilatation on CT scan. Pathologic diagnosis was invasive carcinoma
originating from an intraductal papillary mucinous neoplasm of the pancreas. This
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Figure 1

Figure 1 Proposed study algorithm for the inclusion and classification of subjects. ICD: International classification of diseases; PC: Pancreatic cancer; EUS:
Endoscopic ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography; CT: Computerized tomography; MRI: Magnetic resonance imaging; PET: Positron
emission tomography.

case should be coded as PC; however, it was registered as a benign neoplasm of the
pancreas (D13.6)[34,35].
The diagnostic accuracy of PC differed according to tumor sites (Table 5). The rate
of definite diagnosis in the pancreas head was 70.0%, while those in pancreas tail and
body were 46.2% and 43.1%, respectively. Incorrect diagnoses including falsepositives and false–negatives were 1.4% for pancreatic body cancer, 1.0% for
pancreatic tail cancer, and 0% for pancreatic head cancer.

Accuracy of the international classification of diseases, 10th revision edition of PC
in the administrative database
Calculated statistical values are summarized in Table 6. For overall diagnostic criteria
of PC, the sensitivity and specificity of ICD-10 codes for PC were 99.95% (95%CI:
99.94-99.95) and 98.72% (95%CI: 98.70-98.73), respectively. The PPV and NPV were
98.70% (95%CI: 98.68-98.72) and 99.95% (95%CI: 99.94-99.95), respectively. For definite
diagnostic criteria of PC, the sensitivity and specificity of ICD-10 codes for PC were
99.89% (95%CI: 99.88-99.90) and 99.68% (95%CI: 99.67-99.68), respectively. The PPV
and NPV were 99.34% (95%CI: 99.32-99.36) and 99.95% (95%CI: 99.94-99.95),
respectively. For possible diagnostic criteria for PC, the sensitivity and specificity
were 99.89% (95%CI, 99.88-99.90) and 99.03% (99.02-99.05), respectively. The PPV and
NPV were 98.08% (98.05-98.11) and 99.95% (99.94-99.95), respectively.

DISCUSSION
This study demonstrated that ICD-10 codes for PC in the administrative database are
valid for use in population-based large-cohort studies. Although half of the cases
were diagnosed by clinical and radiological features, they showed high diagnostic
accuracy. Our results suggest the reliability of previous large-cohort studies using the
administrative database in South Korea.
Administrative large databases from various disease registries have been used for
population-based studies. However, the quality of a database may be suggested by
the quotation of previous studies[36,37] or by demonstrating similar trends in national
estimates[38] instead of validation of their database. Jon et al[39] studied cancer trends in
liver, gallbladder, bile duct, and pancreas in an elderly population in Denmark. They
identified cases by ICD-10 codes using the NORDCAN database, widely used in a
previous study[40], without validation.
Previous studies for accuracy of ICD-9 codes revealed that interpretation of
administrative databases relying only on ICD-9 codes requires caution. Arous et al[8]
identified a total of 1107 PC patients by ICD-9 codes from institutional health care
information system (HIS)-linked data sets and surgical databases. They reviewed all
patients manually to validate the diagnoses. Analysis regarding pancreatic pathology
revealed that 80.3% of patients had true pancreatic neoplasms and 19.7% had other
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Table 2 Cancer cell type of pancreatic cancer
Adenocarcinoma

Adeno-squamouscarcinoma

Neuroendocrinetumor

Total

C250

163

0

1

164

C251

33

0

0

33

C252

45

0

0

45

C253

2

0

0

2

C254

2

0

0

2

C257

1

0

0

1

640

3

14

657

886 (98.0)1

3 (0.3)

15 (1.7)

904

C259

1

Number of patients (%).

pancreatic pathologies. When they used only the HIS-linked dataset, only 36.3% of
patients were consistent with pancreatic neoplasms. Friedlin et al[9] compared the
diagnostic accuracy of ICD-9 codes and natural language processing (NLP)
technology to identify PC in a cohort of pancreatic cysts. They reported that ICD-9
codes achieved lower specificity than did the NLP method (46% and 94%,
respectively) in spite of the high sensitivity for identifying PC by both ICD-9 codes
and NLP (95% and 84%, respectively).
Our study identified a study group of PC by ICD-10 codes by adding V code using
two disease registries, the SNUBH database and the NHIS. Previous population-based
large-cohort studies identified cancer populations by both V code and ICD-10
codes[41,42]. They reported the usefulness of the NHIS database collected by V code in
South Korea[41,42]. Seo et al[42] compared the cancer incidence rates found in the NHIS
against in the National Cancer Registry of Korea. The results showed similar overall
cancer incidences as well as age-, sex-, and disease-specific rates in both databases.
The reason why we tried to identify the accuracy ofICD-10 code for PC registered
in the NHIS in the present study was because the disease entity of PC is difficult to
diagnose. We used two disease registries, the SNUBH database and the NHIS, to
identify PC cases and controls. We analyzed the diagnostic accuracy according to
definite diagnostic criteria in the presence of pathologic reports. Although the rates of
pathologic diagnosis were only 49.3%, they achieved a high sensitivity of 99.89%,
specificity of 99.68%, PPV of 99.34%, and NPV of 99.95%. These results provide
scientific evidence of the results of previous studies using the administrative database.
The rates of definite diagnosis and identification of specific cancer sites were higher
for pancreatic head cancer (n = 163) than for pancreatic body (n = 33) or tail (n = 45)
cancers. These results suggest that pancreatic head cancer is detected earlier and
specimens are obtained more easily than for other sites[28]. In addition, we suggest that
it is rather difficult to diagnose pancreatic body or tail cancer, respectively, based on
pathologic finding.
Half of the cases registered as PC by ICD-10 codes were validated by possible
diagnostic criteria. Because obtaining pancreatic specimens by non-surgical methods
is difficult and most would not be candidates for surgery. Only 15-20 percent of
patients could be candidates for surgery[4]. In our study, 717 (38.8%) patients got
pancreatectomy. In patients who were not candidates of surgery or procedure because
of advanced stages, PC was diagnosed only by clinical, radiologic or serologic
features. For the diagnostic accuracy of PC we did not absolutely depend on the level
of CA19-9. Instead we used tumor markers of CA19-9 and αFP to differentiate them
from other cancer such as hepatocellular carcinoma when image findings and clinical
symptoms were insufficient to diagnose PC. Cases registered as PC by ICD-10 codes
without pathologic confirmation achieved a high sensitivity of 99.89%, specificity of
99.03%, PPV of 98.08%, and NPV of 99.95%.
We analyzed false-positive and false-negative cases. Cases with incorrect diagnostic
pathologic codes were pancreatic cystic neoplasm. Malignant transformation can
occur in premalignant pancreatic cystic neoplasm. The differential diagnosis between
them is very difficult[36]. Among cases with possible diagnoses, the wrong diagnosis
was caused by pancreatic metastases, pancreatic cystic neoplasm, pancreatitis, or
ectopic adjacent organs. PC was difficult to differentiate from invasion, metastasis
from adjacent organs or benign cystic lesion.
We found that diagnosis according to cancer sites was not accurate in spite of the
high overall diagnostic accuracy for PC. Unspecified PC (C25.9) comprised 77.4% of
all PC, and most of the false-positive cases (23 out of 24) were recorded as C25.9.
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Table 3 Characteristics of patients with pancreatic cancer according to the international classification of diseases, 10th revision edition
Parameters

N (%)

Number of patients

1846
1

C250

C251

C252

C253

C254

C257

C259

234 (12.7)2

72 (3.9)

104 (5.6)

5 (0.3)

2 (0.1)

1 (0.1)

1428 (77.4)

Age at diagnosis

65.22 ± 11.97

64.72 ± 10.14 63.39 ± 10.48 65.43 ± 11.32 65.20 ± 11.08 70.50 ± 4.95 45.00 ± 0.00 65.39 ± 12.35

Gender (male: Female)

1116:730

150:84

45:27

52:52

1:4

2:0

1:0

865:563

Definite

910 (49.3)

164 (70.1)

34 (47.2)

45 (43.3)

2 (40.0)

2 (100.0)

1 (100.0)

662 (46.4)

Possible

936 (50.7)

70 (29.9)

38 (52.8)

59 (56.7)

3 (60.0)

0 (0.0)

0 (0.0)

766 (53.6)

Diagnostic criteria

Methods of pathologic diagnosis (n =
910)
ERCP or endoscopy

163 (17.9)

34 (20.7)

2 (5.9)

8 (17.8)

0 (0.0)

0 (0.0)

0 (0.0)

119 (18.0)

EUS-FNA or percutaneous biopsy

30 (3.3)

4 (2.4)

0 (0.0)

2 (4.4)

0 (0.0)

0 (0.0)

0 (0.0)

26 (3.9)

Surgery

717 (78.8)

126 (76.8)

32 (94.1)

35 (77.8)

2 (100.0)

2 (100.0)

1 (100.0)

517 (78.1)

Yes

684 (37.1)

95 (40.6)

29 (40.3)

44 (42.3)

1 (20.0)

0 (0.0)

0 (0.0)

515 (36.1)

No

514 (27.8)

63 (26.9)

24 (33.3)

23 (22.1)

1 (20.0)

1 (50.0)

0 (0.0)

402 (28.2)

Missing

648 (35.1)

76 (32.5)

19 (26.4)

37 (35.6)

3 (60.0)

1 (50.0)

1 (100.0)

511 (35.8)

CA19-9 > 100 U/L

1

Median ± standard deviation.
Number (%).

2

Therefore PC by ICD-10 code adding a V-code in the NHIS data was not sufficient to
study cancer sites. For the accurate study regarding primary PC location, we excluded
PC patients of C25.9 or examined these patients one by one. If patients with C25.9 are
excluded, the advantages of large administrative database disappear. If patients with
C25.9 need to be checked primary cancer location individually, the advantage of easy
access for medical information is eliminated. Both methods reduce the usefulness of
administrative database. So we should try to fill in the ICD-10 codes with primary
location of PC. Another weak point of PC coded by ICD-10 in the NHIS data was that
it was not adequate for evaluation of neuroendocrine tumors. All neuroendocrine
tumors were coded as C25.0 or C25.9, whereas they should be coded as C25.4.
Furthermore, two adenocarcinoma cases were coded as C24.4 and should have been
coded as C25.4. For the study for accuracy of diagnostic codes in the administrative
database, institutions require two conditions: A high burden of cancer patients and a
well-established CDW system. SNUBH might be an adequate hospital to perform this
study because of its comprehensive EMR system[8]. SNUBH developed an in-house
comprehensive EMR in 2003. The warehouse system provides easy access to
diagnostic information for research[8,16]. In addition, SNUBH is a tertiary referral
hospital to which regional hospitals would refer patients; therefore, sufficient
numbers of PC cases would be enrolled in this study to enhance the power of the
study results. To satisfy statistical requirements (α = 0.05, 1-β = 0.95, and effect size
0.1), more than one thousand cases are needed. The size of our study group was
sufficient to fulfill the statistical criteria. We provided a new study model for
evaluating the accuracy and usefulnessof large administrative databases. Many
studies using large administrative databases of PC have been done, and our study
could support the reliability of these studies[10,37-40,43]. To enhance the reliability of
studies with large administrative databases, our study could be cited as a reference.
Our study has several limitations. One-half of cases were diagnosed by possible
diagnostic criteria without pathologic confirmation. Pathologic diagnosis of PC is
sometimes impossible because of poor patient conditions and technical difficulty.
Therefore, if we adopted only definite diagnostic criteria of PC for accuracy of
diagnosis, selection bias could occur. Another limitation was that the study was done
only in a single hospital, SNUBH. The diagnostic accuracy might be increased in a
tertiary referral hospital rather than a multicenter study. Because most PC cases are
treated in referral hospitals in South Korea, we believe that our data may represent
the entire PC data of the NHIS in South Korea. In spite of this limitation, our study
demonstrated the excellent diagnostic accuracy of the PC data of the NHIS.
In conclusion, ICD-10 codes of PC in an administrative database are acceptable for
use for population-based large-cohort studies. To prove reliability of administrative
database, we examined subjects dividing two groups, definite and possible diagnosis.
In addition, we analyzed both disease registries, SNUBH and NHIS. This study also
compared with control group for calculating sensitivity, specificity, PPV and NPV.
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Table 4 Diagnostic accuracy of pancreatic cancer diagnosed by the international classification
of diseases, 10th revision edition in the administrative database
Status of PC
Total
Positive

Negative

True positive

False positive

904

6

False negative

True negative

1

1845

905

1851

2756

Outcome positive

True positive

False positive

936

918

18

Outcome negative

False negative

True negative

1

1845

919

1863

2782

True positive

False positive

1846

1822

24

False negative

True negative

1

1845

1823

1869

Definite diagnostic criteria
ICD codes of PC

Outcome positive

Outcome negative

Total

910

1846

Possible diagnostic criteria
ICD codes of PC

Total

1846

Overall diagnostic criteria
ICD codes of PC

Outcome positive

Outcome negative

Total

1846

3692

ICD: International classification of disease. PC: Pancreatic cancer.

To identify usefulness of database, we examined cancer location. If researchers
could get information of PC site through only ICD-10 code, they can perform the
study more easily.
To enhance the diagnostic accuracy, we recommend patient identification by the
ICD-10 code with tumor location information and V-code system. From this, we
preserved huge administrative database without exclusion. More researches with
multiple institutions and various diseases should be needed to practice researches
with administrative database.

WJG

https://www.wjgnet.com

5626

October 7, 2019

Volume 25

Issue 37

Hwang YJ et al. Diagnostic accuracy of pancreatic cancer database

Table 5 Diagnostic accuracy of pancreatic cancer according to tumor sites by the international classification of diseases, 10th revision
edition
Overall diagnosis

Definite diagnosis

Possible diagnosis

True (+)1

False (+)2

Total

True (+)

False (+)

Total

True (+)

False (+)

Total

Cell types

234

0

234

164

0

164

70

0

70

C251

71

1

72

30

1

31

41

0

41

C252

104

0

104

48

0

48

56

0

56

C253

5

0

5

2

0

2

3

0

3

C254

2

0

2

2

0

2

0

0

0

C257

1

0

1

1

0

1

0

0

0

C259

1405

23

1428

657

5

662

748

18

766

1822

24

1846

904

6

910

918

18

936

ICD codes

1

Real cancer patients with ICD 10th codes of cancer.
No cancer patients with ICD 10th codes of cancer. ICD: International classification of disease.

2

Table 6 Diagnostic power of international classification of diseases, 10th revision edition for pancreatic cancer
Overall diagnosis

Sensitivity

Definite diagnosis

Possible diagnosis

Point estimate (%)

95%CI (%)

Point estimate (%)

95%CI (%)

Point estimate (%)

95%CI (%)

99.95

99.94-99.95

99.89

99.88-99.90

99.89

99.88-99.90

Specificity

98.72

98.70-98.73

99.68

99.67-99.68

99.03

99.02-99.05

Positive predictive value

98.70

98.68-98.72

99.34

99.32-99.36

98.08

98.05-98.11

Negative predictive value

99.95

99.94-99.95

99.95

99.94-99.95

99.95

99.94-99.95

CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer (PC) is usually diagnosed at advanced stages, resulting in the poor prognosis.
Large-cohort studies should be performed to evaluate epidemiology and prognosis of PC.
However, there are not enough researches about the accuracy of administrative database to
avoid coding discrepancies. This study identified accuracy of the administrative large-cohort
database of PC. This study is important to support the validation of other large cohort study for
PC.

Research motivation
Administrative database was useful for research because of easy access and much information.
So, administrative database has been widely used for medical research. However accuracy of the
administrative database may be problem. In addition, it was difficult to perform study to
identify this. We tried to examine each case and prove accuracy of database of PC. Future study
using administrative database of PC should be supported by this study.

Research objectives
We evaluated the accuracy and usefulness of administrative database in PC. In addition, we
identified much the doctors insert the accurate ICD codes for PC with location.

Research methods
We evaluated the diagnostic accuracy of PC according to tumor sites from total of 1846 cases
with PC and controls. To enhance the study reliability, three reviewers carefully examined
medical records and compared the final decisions for each case. After reviewing, we calculated
the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
In addition, we analyzed patients with ICD 10-code of PC with primary location.

Research results
Among PC, 1428 (77.4%) cases were registered as unspecified PC, and only 410 (22.2%) cases
could be identified with specific cancer sites. For overall diagnostic criteria of PC, the sensitivity
and specificity of ICD-10 codes for PC were 99.95% and 98.72%, respectively. The PPV and NPV
were 98.70% and 99.95%, respectively.
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Research conclusions
We showed accuracy of administrative database of PC in seoul national university Bundang
hospital. In addition, we identified the location of PC to usefulness of database. Administrative
database is useful and important for research. However, validation of database is necessary.
From this result, study based on administrative database might be reliable. Future study with
administrative database of PC could receive credibility from this result. In addition, this study
presented a research method how to identify validation of administrative database.

Research perspectives
We thought that future study involved multiple institute should be planned. In addition, it is
important to gather data in a unified way. We think there is a need for researches for accuracy of
administrative database on other disease. These researches should be necessary for studies base
on administrative database.
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Abstract
BACKGROUND
Tumor recurrence after orthotopic liver transplantation (OLT) remains a serious
threat for long-term survival of the recipients with hepatocellular carcinoma
(HCC), since very few factors or measures have shown impact on overcoming
HCC recurrence after OLT. Postoperative infection suppresses tumor recurrence
and improves patient survival in lung cancer and malignant glioma probably via
stimulating the immune system. Post-transplant infection (PTI), a common
complication, is deemed to be harmful for the liver transplant recipients from a
short-term perspective. Nevertheless, whether PTI inhibits HCC recurrence after
OLT and prolongs the long-term survival of HCC patients needs to be clarified.
AIM
To investigate the potential influence of PTI on the survival and tumor recurrence
of patients with HCC after OLT.
METHODS
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A total of 238 patients with HCC who underwent OLT between August 2002 and
July 2016 at our center were retrospectively included and accordingly subdivided
into a PTI group (53 patients) and a non-PTI group (185 patients). Univariate
analyses, including the differences of overall survival (OS), recurrence-free
survival (RFS), and post-recurrence survival (PRS), between the PTI and non-PTI
subgroups as well as survival curve analysis were performed by the KaplanMeier method, and the differences were compared using the log rank test. The
variables with a P-value < 0.1 in univariate analyses were included in the
multivariate survival analysis by using a Cox proportional-hazards model.
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RESULTS
The 1-, 3-, and 5-year OS and RFS rates of the whole cohort were 86.6%, 69.0%,
and 63.6%, and 75.7%, 60.0%, and 57.3%, respectively. The 1-, 3-, and 5-year OS
rates for the PTI patient group (96.0%, 89.3%, and 74.0%) were significantly
higher than those for the non-PTI group (84.0%, 63.4%, and 60.2%) (P = 0.033).
The absence of PTI was an independent risk factor for dismal OS (relative risk
[RR] = 2.584, 95%CI: 1.226-5.449) and unfavorable RFS (RR = 2.683, 95%CI: 1.3355.390). Subgroup analyses revealed that PTI remarkably improved OS (P = 0.003)
and RFS (P = 0.003) rates of HCC patients with vascular invasion (IV), but did not
impact on OS (P = 0.404) and RFS (P = 0.304) of patients without VI. Among the
patients who suffered post-transplant tumor recurrence, patients with PTI
showed significantly better OS (P = 0.026) and PRS (P = 0.042) rates than those
without PTI.
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CONCLUSION
PTI improves OS and RFS of the transplant HCC patients at a high risk for posttransplant death and tumor recurrence, which is attributed to suppressive effect
of PTI on HCC recurrence.
Key words: Liver transplantation; Liver cancer; Infection; Survival; Tumor recurrence
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Post-transplant infection (PTI) is routinely deemed as a harmful event for liver
transplant recipients from a short-term perspective. Nevertheless, the present study
demonstrated that PTI prolonged overall and recurrence-free survival of the patients with
hepatocellular carcinoma (HCC) at a high risk for post-transplant death and tumor
recurrence, which may be attributed to the persistent tumor suppressive effect of PTI on
HCC recurrence after orthotopic liver transplantation (OLT). Further prospective
multicenter investigations and experimental studies regarding the mechanism by which
PTI inhibits HCC progression may contribute to future successful prophylaxis of HCC
recurrence after OLT.

Citation: Chao JS, Zhao SL, Ou-yang SW, Qian YB, Liu AQ, Tang HM, Zhong L, Peng ZH,
Xu JM, Sun HC. Post-transplant infection improves outcome of hepatocellular carcinoma
patients after orthotopic liver transplantation. World J Gastroenterol 2019; 25(37): 5630-5640
URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5630.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5630

INTRODUCTION
Orthotopic liver transplantation (OLT) is a potentially curative treatment option for
selected patients with early-stage hepatocellular carcinoma (HCC)[1]. Albeit careful
pre-transplant selection, cancer recurrence after OLT inevitably oppressed a
significant portion of HCC patients, and finally led to treatment failure[2]. Recent
evidence demonstrated that post-transplant HCC recurrence could be accurately
prognosticated by comprehensive evaluation of the explanted liver and tumor
biomarkers[3-6]. Unfortunately, up to date, very few factors or prophylactic measures
have shown impact on overcoming HCC recurrence and improving patient survival
after OLT.
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More than a century ago, Dr. William Coley reported that artificial infection of
bacterial toxins could elicit significant remission and even cure the inoperable soft
tissue sarcomas[7]. Coley’s fascinating findings gave rise to the notion that the host
immune response against bacterial infection might suppress malignant tumors, thus
improving patient survival[8]. Later study documented an improvement regarding the
five-year survival rate in patients who developed empyema after surgical resection
for lung cancer in comparison to those without infection[9]. More recent evidence
confirmed a significant survival advantage in patients with malignant glioma
conferred by postoperative infection [ 1 0 ] . Nevertheless, the exact impact of
postoperative infection on survival of HCC patients is still unknown.
Sustained immunosuppressive therapy, poor nutritional status, imbalanced
metabolic conditions, and severe surgical trauma render liver transplant recipients
extremely vulnerable to pathogens. As such, infection is one of the most common
post-transplant complications for the recipients[11-13]. Post-transplant infection (PTI) is
deemed as a harmful event from a short-term perspective, because morbidity and
even mortality caused by PTI remain a problem for the recipients[12-14]. However, from
a long-term perspective, the exact influence of PTI on the survival and tumor
recurrence of transplant HCC patients has not been evaluated.

MATERIALS AND MEHTODS
Study design and patients
The data of the patients with pathologically diagnosed HCC who underwent OLT at
Shanghai General Hospital between August 2002 and July 2016 were collected from
China Liver Transplant Registry (https://www.cltr.org/) and retrospectively
analyzed. Experienced pathologists provided detailed pathological diagnosis and
staging of the tumors according to AJCC Cancer Staging Manual sixth edition[15].
Infection-related information, including general and site-specific clinical indices of PTI
(Supplementary Table 1), was extracted from the chart record and/or electronic
medical record system of our hospital. Definitions of infection regarding the six most
frequent causes of PTI (pneumonia, intra-abdominal infection, urinary tract infection,
surgical wound infection, intravascular catheter-related infection, and bloodstream
infection) were briefly explained in the Attachment 1 and described in detail in the
previous literature[16]. Conference was held to reach consensus on the diagnosis of PTI
for each patient by a panel of experts including the physicians of intensive care unit
(ICU), surgeons, and radiologists. In the present study, we chose to evaluate PTI that
occurred within 30 days following OLT mostly during ICU stay, because the
recipients had the highest incidence of PTI during this period and the records of
patient data were more reliable in the ICU settings[13,17,18].

Peri-transplant management
Chest computed tomography (CT), abdominal lipiodol CT with three-dimensional
angiography, and enhanced magnetic resonance imaging (MRI) were routinely
performed for diagnosis and assessment of liver cirrhosis and tumor extent. High
suspicion of distant tumor metastasis and major vascular invasion explored by
imaging were contraindications for OLT. Patients with preoperative imaging
diagnosis of liver tumor meeting the Milan criteria[19] (from August 2002 to November
2006), University of California, San Francisco (UCSF) criteria[20] (from December 2006
to May 2008), or Hangzhou Criteria[21] (from June 2008 to date) were included in the
waiting list of OLT in our center. Pre-transplant regional therapies employed in our
center included trans-catheter arterial chemoembolization, radiofrequency
/microwave ablation, and liver resection. Patients with tumors down-staged by
regional therapies and fulfilled the selection criteria were also subjected to OLT. Liver
transplants at Shanghai General Hospital are performed using standard techniques
without the use of venovenous bypass. All patients were admitted to the transplant
ICU immediately after OLT.

Anti-infective prophylaxis
Cefoperazone/sulbactam (3.0 g intravenous infusion, 2 to 3 doses per day) was used
as antibacterial prophylaxis. Caspofungin or micafungin was used as antifungal
prophylaxis when indicated by the protocol of our center (Attachment number 2).
Ganciclovir or oral valganciclovir was used within three months after OLT as anticytomegalovirus (CMV) prophylaxis when proposed by our protocol (Attachment
number 3).

Immunosuppression and post-transplant follow-up
Our institution’s postoperative immunosuppression regimen includes induction with
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basiliximab and a tapered dose of corticosteroids, and maintenance with combination
or separate use of corticosteroids, calcineurin inhibitor (cyclosporine or tacrolimus),
sirolimus, and mycophenolate mofetil. After discharge, the patients were followed at
the outpatient clinic according to the standard protocol of our center as we described
previously[5]. Briefly, tumor recurrence was monitored by measurements of plasma
AFP and/or abnormal prothrombin and abdominal ultrasonography (every month
the first half year, then every 3 months), lipiodol CT (every 3 months for the first year,
every 6 months for the second year, and once per year thereafter). MRI, positron
emission tomography, or radioisotope bone scan was taken when necessary. No
prophylactic measures were taken to prevent tumor relapse after OLT. For the
diagnosis of tumor recurrence, a consensus was reached by a panel of experts
including the surgeons and radiologists. Treatment of recurrent HCC included transcatheter arterial chemoembolization, radiofrequency/microwave ablation, systemic
chemotherapy, surgical resection, and use of sorafenib. Recurrence-free survival (RFS)
was defined as the period of patient survival without any evidence of tumor
recurrence from the day of OLT, and detection of tumor relapse after OLT or death
without tumor recurrence after OLT was considered as an event. Overall survival
(OS) was defined as the period from the day of surgery till patient death, and death
after OLT regardless of the cause was considered as an event. Post-recurrence survival
(PRS) was calculated from the day when tumor relapse was diagnosed till the day
when patient died, and death after tumor recurrence regardless of the cause was
regarded as an event. Loss to follow-up or follow-up interruption at the end of the
observation was treated as a censoring event.

Statistical analysis
SPSS software program (version 17; IBM Corporation, Armonk, NY, United States)
was used to analyze the data. For continuous variables, data are expressed as medians
in the interquartile range (IQR) and were compared using the Mann-Whitney U test.
Categorical variables were assessed by the Chi-square test or Fisher’s exact test.
Univariate analyses of OS, RFS, and PRS as well as survival curve analysis were
performed by the Kaplan-Meier method, and the differences were compared using
the log-rank test. The variables with a P-value < 0.1 in univariate analyses were
included in the multivariate survival analysis by using a Cox proportional-hazards
model. Statistical significance was established when the P-values were < 0.05.

RESULTS
Patients
A total of 238 patients with pathologically confirmed HCC who survived more than
30 days after OLT at our center between August 2002 and July 2016 were included in
this study. Among these, 53 (22.3%) patients were identified to have PTI and included
in the PTI group, and the remaining 185 (77.7%) patients were included in the non-PTI
group. Baseline clinicopathological features of the two patient groups were compared
and revealed no significant differences (Table 1).

PTI
Fifty-three patients had PTI, and the median duration of PTI was 12.0 days (IQR: 7.0
to 21.75 days). The common infection sites included the lungs, abdomen, urinary tract,
intravascular catheter, incision, and bloodstream (Supplementary Table 2). The
infectious microorganisms included bacterial (Klebsiella pneumoniae, Acinetobacter
baumannii, enterococcus faecalis, stenotrophomonas maltophilia, etc.), fungal (Candida
albicans, Candida prapsilosis, Aspergillus, etc.) and viral (cytomegalovirus) pathogens.
Microbiological cultures were performed for clinical samples including sputum,
drainage fluid, blood, catheter segment/tip, mid-stream urine, etc. At least one kind of
pathogen was found by microbiological culture in 45 (84.9%) patients (Supplementary Table 3). Microbiological cultures were found negative in 8 (15.1%) patients,
among whom 3 were diagnosed with cytomegalovirus infection
(Supplementary Table 3). PTI was predominated by bacterial infections followed by
fungal and viral infections.

Survival analysis
To minimize interference, two patients in the PTI group who died of severe
pneumonia at 35 and 55 days after OLT and two patients in the non-PTI group who
died of surgical complication at 45 and 50 days after OLT were excluded from
survival analyses. The median follow-up was 1117 days (IQR: 439.75 to 2309 days), 70
(29.9%) patients had tumor recurrence, and the median tumor recurrence time was
300.5 days (IQR: 138.25 to 633 days) after OLT. The 1-, 3-, and 5-year OS rates of the
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Table 1 Comparison of baseline clinicopathological parameters between transplant hepatocellular carcinoma patients with and without
post-transplant infection
Clinicopathological parameter

Total (n = 238)

PTI group (n = 53)

Non-PTI group (n = 185)

P-value

Age, median (range), yr

49.5 (43, 55)

49 (43.5, 55.5)

50 (44, 55)

0.962

Sex (male/female)

209/29

44/9

165/20

0.226

Liver cirrhosis (yes/no)

214/24

46/7

168/17

0.392

Pre-operative AFP level (≥ 200 ng/mL/< 200 ng/mL)1

96/137

20/31

76/106

0.744

Child-Pugh Score (A/B/C)

128/84/26

26/18/9

102/66/17

0.272

HBsAg (positive/negative)

214/24

48/5

166/19

0.895

HBeAg (positive/negative)

68/170

15/38

53/132

0.961

Tumor number (single/multiple)

135/103

32/21

103/82

0.613

Tumor size (≤ 5 cm/> 5 cm)

169/69

41/12

128/57

0.248

Histological grade (G1-G2/G3-G4)1

190/30

46/4

144/26

0.186

Vascular invasion (yes/no)1

105/92

26/22

79/70

0.890

Lymph node involvement (yes/no)

10/228

2/51

8/177

1.000

Pathological TNM stage (I-II/III)

197/41

43/10

154/31

0.720

1

The number of cases was less than the total patient number (n = 238) because of missing data. PTI: Post-transplant infection; AFP: Alpha fetoprotein.

study cohort were 86.6%, 69.0%, and 63.6%, and the 1-, 3-, and 5-year RFS rates were
75.7%, 60.0%, and 57.3%, respectively. Frequent tumor recurrence sites were the liver,
lungs, bone, brain, and adrenal glands. Among the 80 patients died after OLT, 54
(67.5%) died of tumor recurrence. The 1-, 3-, and 5-year OS rates for the PTI patient
group (96.0%, 89.3%, and 74.0%) were significantly higher than those for the non-PTI
group (84.0%, 63.4%, and 60.2%, P = 0.033) (Figure 1). Univariate analyses revealed
that age (P = 0.093), cirrhotic background (P = 0.004), preoperative alpha fetoprotein
(AFP) level (P = 0.002), tumor size (P < 0.001), histological grade (P < 0.001), vascular
invasion (VI) (P < 0.001), lymph node involvement (P < 0.001), pathological TNM
stage (P < 0.001), and PTI (P = 0.033) were the factors associated with OS, while
cirrhotic background (P = 0.020), preoperative AFP level (P = 0.003), tumor size (P <
0.001), histological grade (P < 0.001), VI (P < 0.001), lymph node involvement (P <
0.001), pathological TNM stage (P < 0.001), and PTI (P = 0.063) were the factors
associated with RFS (Table 2). Multivariate analysis identified high histological grade
(G3-G4) [relative risk (RR) = 1.977, 95% confidential interval (CI): 1.073-3.642 for OS;
RR = 1.964, 95%CI: 1.083-3.561 for RFS], VI (RR = 4.237, 95%CI: 2.293-7.827 for OS; RR
= 3.702, 95%CI: 1.959-6.999 for RFS), and absence of PTI (RR = 2.584, 95%CI: 1.2265.449 for OS; RR = 2.683, 95%CI: 1.335-5.390 for RFS) were the independent risk factors
for dismal OS and RFS (Table 3). In subgroup analysis, patients with PTI showed
significantly better OS than those without PTI in the VI (P = 0.003) subgroup (Figure
2A), whereas PTI did not impact the OS of patients without VI (P = 0.404) (Figure 2B).
These findings highlighted that PTI conferred significant survival benefit on patients
at a high risk factor for post-OLT death. Furthermore, patients with PTI showed
significantly better RFS than those without PTI in the VI (P = 0.003) subgroup (Figure
2C). However, PTI showed no influence on the RFS of the patients without VI (P =
0.251) (Figure 2D). These results indicated that PTI improved the RFS of the patients
at a high risk factor for tumor recurrence. Moreover, we evaluated the potential
benefit of PTI on the OS and PRS of the patients who suffered post-transplant tumor
relapse. As a result, the patients with PTI revealed significantly better OS (P = 0.026)
and PRS (P = 0.042) than those without PTI (Figure 3). These data suggested that PTI
holds persistent survival benefit on the transplant HCC patients even after tumor
relapse.

DISCUSSION
Infectious complication is commonly recognized as a negative event for the recipients
from short-term perspective[12,13]. However, medical progress in the past decades has
made PTI less fatal than ever before. In our cohort, 51 (96.2%) out of 53 recipients
survived PTI. Interestingly, from long-term perspective, we demonstrated that the OS
of the PTI group was significantly better than that of the non-PTI group after OLT (P
= 0.033, Figure 1), and that absence of PTI was an independent risk factor (RR = 2.584,
95%CI: 1.226-5.449, Table 3) for dismal OS, indicating that PTI benefits OS of
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Figure 1

Figure 1 Influence of post-transplant infection on overall survival of hepatocellular carcinoma patients
treated by orthotopic liver transplantation. The Kaplan-Meier curve shows overall survival of the patients
according to the post-transplant infection status. PTI: Post-transplant infection; PRS: Post-recurrence survival; OLT:
Orthotopic liver transplantation.

transplant HCC patients. In the present study, recurrent HCC accounted for 67.5%
deaths, supporting the notion that tumor recurrence was the major stumbling block
for long-term survival of HCC patients treated by OLT[22]. We therefore hypothesized
that the benefit of PTI on OS of the patients mainly arose due to its inhibitory effect on
post-transplant tumor relapse, which was supported by the findings that patients
without PTI showed a significantly higher RR of 2.683 (95%CI: 1.335-5.390) for posttransplant tumor recurrence than those with PTI (Table 3). Subgroup analyses
revealed that PTI remarkably improved OS and RFS of HCC patients with VI, a high
risk factor for post-OLT death (RR = 4.237, 95%CI: 2.293-7.827, Table 3) and tumor
recurrence (RR = 3.702, 95%CI: 1.959-6.999, Table 3), whereas PTI did not impact on
the OS or RFS of those without VI. It can be speculated that PTI may exert potent
suppressive effects on the residual circulating HCC cells after OLT in patients with VI,
thus suppressing HCC recurrence and prolonging post-transplant survival. In
patients without VI, excellent long-term survival free from tumor recurrence could be
achieved by surgical procedure alone, because OLT offers the chance of complete
removal of tumor cells. The insignificant impact of PTI on RFS of the whole cohort in
univariate analysis (P = 0.063, Table 2) should be attributed to the insignificant impact
of PTI on RFS of the subgroup without VI.
Clinical studies have demonstrated controversial results regarding the relationship
between postoperative infection and prognosis in patients with different types of
malignancies. Ruckdeschel et al [9] have documented improved survival rates in
patients who developed empyema after surgical resection for lung carcinoma. The
survival benefit of intrapleural infection was principally found in cancer patients
limited to the lung and its drainage of lymph nodes, and the protection from recurrent
cancer conferred on these patients by postoperative empyema may have been
mediated by the activation of regional cellular immune mechanisms [9] . On the
contrary, a recent report has demonstrated a negative impact of postoperative intraabdominal infection on disease-free and disease-specific survival in patients with
stage II colon cancer[23]. These findings suggested that the influence of postoperative
infection on tumor recurrence and patient survival might be dependent on the tumor
type. Intriguingly, there were inconsistent findings in the previous literature
regarding the relationship between postoperative infection and the survival of
patients with glioblastoma [10,24] . After comparing 17 glioblastoma patients who
suffered postoperative infection with 51 matched patients without infection, Bohman
et al[24] failed to find a surmised correlation between postoperative infection and
prolonged lifetime, although subgroup analysis of patients with deep infection
showed a longer survival trend. In another study, Bonis et al [10] analyzed 197
glioblastoma patients treated by surgical resection, among whom 10 experienced
postoperative infection, and 8 had a deep infection. However, the results showed a
significant association between postoperative infection and prolonged survival. The
discrepancy between these two studies may be attributed to differential diagnostic
criteria for postoperative infection, because infection occurred less frequently and
more severely in the later study. Thus, it can be deduced that probably only serious
infection exerted potent anti-tumor effects and improved patient outcomes. In the
present study, PTI was diagnosed when the patients showed septic symptoms,
suggesting that the infection was relatively severe. The rationale may reside in
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Table 2 Univariate analysis of overall and recurrence-free survival of transplant hepatocellular
carcinoma patients
Overall survival

Recurrence-free
survival

χ2

P-value

χ2

P-value

0.093

1.682

0.195

Variable

Age (≤ 50 vs > 50)

2.828
a

Sex (male vs female)

0.011

0.916

-0.020

0.888

Liver cirrhosis (no vs yes)

8.361

0.004b

5.429

0.020a

Pre-operative AFP level (≥ 200 ng/mL vs < 200 ng/mL)

9.938

0.002

b

8.879

0.003b

Child-Pugh score (A/B/C)

1.609

0.447

1.020

0.600

HBsAg (positive vs negative)

0.512

0.474

0.349

0.555

HBeAg (positive vs negative)

0.253

0.615

0.412

0.521

Tumor number (multiple vs single)1

0.800

0.371

2.027

0.155

c

45.365

< 0.001c

c

14.790

< 0.001c

32.767

< 0.001

c

45.440

< 0.001c

12.750

< 0.001c

25.258

< 0.001c

17.938

c

30.984

< 0.001c

3.463

0.063

1

Tumor size (> 5 cm vs ≤ 5 cm)

37.554
1

Histological grade (G3-G4 vs G1-G2)
1

Vascular invasion (yes vs no)

Lymphnode involvement (yes vs no)1
1

Pathological TNM stage (III vs I/II)
PTI (without vs with)

12.165

4.554

< 0.001
< 0.001

< 0.001
0.033

a

1

Data explored by histological examination. AFP: Alpha fetoprotein; PTI: Post-transplant infection.
P < 0.05;
b
P < 0.01;
c
P < 0.001.
a

whether the severity of microbial infection reaches the level or degree to stimulate
systematic immune response to destroy the residual tumor cells. In our cohort, the
infection sites of 53 patients with PTI included the lungs, abdomen, urinary tract,
intravascular catheter, incision, and bloodstream (Supplementary Table 2).
Considering that the origination (infection sits) of PTI is distant from the primary
tumor location (the liver) and different from the post-transplant tumor recurrence
sites, we speculated that the tumor suppressive function of PTI might be mediated by
activating the whole body immune system, not by regional immune mechanism. Our
data demonstrated that the pathogens of PTI were predominated by bacteria,
followed by fungi and virus (Supplementary Table 3), and PTI improved OS and RFS
of HCC patients with VI regardless of the type of pathogen. It can be deduced that
both virus and bacteria could stimulate the immune system and then amplify the
desired anti-tumor responses, clearing distant tumor cells and preventing recurrence
of the cancer[25]. Nevertheless, due to the relative small sample size of the PTI group, it
is difficult to subdivide the patients according to the infection site or the pathogen
type and ascertain their respective prognostic influence. Further multicentre studies
(to increase the number of patients) are needed to clarify whether infection site or
pathogen type differentially impacts on post-transplant patient prognosis. Our study
further showed that the impacts of PTI lasted even after tumor recurrence, because
the PRS of the patients with PTI was significantly improved. These findings suggested
a sustained anti-cancer effect of PTI on the patients, which could not be explained by
simple reasons, e.g., high fever and transient reduction or withdrawal of
immunosuppressant during the PTI period. We speculate that PTI eliminates the
residual HCC cells probably via early reactions of innate immunity and later
responses of adaptive immunity that has characteristics of specific killing ability and
immunological memory even when tumor recurrence occurs. Further investigation to
elucidate the underlying mechanisms is urgently needed.
To date, the clinical management of tumor recurrence in transplant HCC patients
remains challenging and is associated with a poor prognosis independent of the type
of treatment [26] . In fact, the innate chemoresistant property of HCC renders the
prevention and treatment of post-transplant HCC recurrence with drugs in vain in the
current clinical practice[27]. In this context, albeit the retrospective nature of this study,
our results hopefully provided new insights into improving outcome of transplant
HCC patients, especially those at a high risk for post-OLT death and tumor
recurrence. Over a century ago, Dr Coley and others demonstrated successful
treatment for malignant tumors by administration of killed bacterial vaccines[7,8].
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Figure 2

Figure 2 Influence of post-transplant infection on overall survival and recurrence-free survival of transplant hepatocellular carcinoma patients subgrouped
by vascular invasion status. A: Kaplan-Meier overall survival (OS) curve for patients with vascular invasion (VI) classified according to the post-transplant infection
(PTI) status (P = 0.003); B: Kaplan-Meier OS curves for patients without VI classified according to the PTI status (P = 0.404); C: Kaplan-Meier recurrence-free survival
(RFS) curve for patients with VI classified according to the PTI status (P = 0.003); D: Kaplan-Meier RFS curve for patients without VI classified according to the PTI
status (P = 0.251). PTI: Post-transplant infection; OLT: Orthotopic liver transplantation.

Thanks to the ever-developing biotechnology, the development of bioengineered
organisms towards specific therapeutic agents that target tumor cells via activation of
immune system may present an attractive strategy to suppress HCC progression and
prolong the patient survival after OLT with minimum side effects in the future.
Nevertheless, further validity of PTI as a potent tumor suppressor factor for human
HCC is critically needed in prospective cohorts at other transplant centers, as well as
in well-designed experimental animal models.
In conclusion, the present study provided a novel conception that PTI was not
simply a harmful event for liver transplant recipients, but a factor that could exert
significant OS and RFS benefits for the HCC recipients at a high risk for post-OLT
death and tumor recurrence, which may be attributed to the tumor suppressive effect
conferred by PTI. Moreover, improved OS and PRS in the patients who suffered HCC
recurrence with PTI compared with those without PTI suggested persistent tumor
suppressive effect of PTI even after tumor relapse. However, before moving forward,
our data need to be verified prospectively in larger cohorts and the mechanism by
which PTI inhibits HCC progression should be investigated in well-designed studies.
Our findings may stimulate successful management of post-transplant HCC
recurrence in the future.
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Table 3 Multivariate analysis of overall and recurrence-free survival of transplant hepatocellular carcinoma patients
Overall survival

Recurrence-free survival

Variable
P-value
1

RR

95%CI

P-value

RR

95%CI

Histological grade (G3-G4 vs G1-G2)

0.029

1.977

1.073-3.642

0.026

1.964

1.083-3.561

Vascular invasion (yes vs no)1

< 0.001

4.237

2.293-7.827

< 0.001

3.702

1.959-6.999

PTI (without vs with)

0.013

2.584

1.226-5.449

0.006

2.683

1.335-5.390

1

Data explored by histological examination. PTI: Post-transplant infection; RR: Relative risk; CI: Confidence interval.

Figure 3

Figure 3 Influence of post-transplant infection on overall survival and post-recurrence survival of transplant hepatocellular carcinoma patients with tumor
relapse. A: Kaplan-Meier overall survival curve of patients with recurrent tumors stratified by post-transplant infection (PTI) status (P = 0.026); B: Kaplan-Meier postrecurrence survival curve of patients with recurrent tumors stratified by PTI status (P = 0.042). PTI: Post-transplant infection; OS: Overall survival; OLT: Orthotopic
liver transplantation.

ARTICLE HIGHLIGHTS
Research background
Tumor recurrence after orthotopic liver transplantation (OLT) is the stumbling block for longterm survival of the recipients with hepatocellular carcinoma (HCC). Identification of factors or
measurements that have influence on overcoming HCC recurrence after OLT is of particular
importance to innovate effective treatment strategy. Previous literature demonstrated that
postoperative infection suppresses tumor recurrence and improves patient survival in lung
cancer and malignant glioma probably via stimulating the immune system. Post-transplant
infection (PTI), a common complication after OLT, is deemed to be harmful for the liver
transplant recipients from a short-term perspective. Nevertheless, whether PTI inhibits HCC
recurrence and prolongs the long-term survival of transplant HCC patients needs to be clarified.

Research motivation
The management of tumor recurrence in transplant HCC patients remains challenging. The
results of the present study indicated new insights regarding how to improve outcome of
transplant HCC patients, especially those at a high risk for post-OLT death and tumor
recurrence.

Research objectives
To investigate the potential influence of PTI on the survival and tumor recurrence of patients
with HCC after OLT.

Research methods
A total of 238 patients with HCC who underwent OLT between August 2002 and July 2016 at our
center were retrospectively included and accordingly subdivided into a PTI group (53 patients)
and a non-PTI group (185 patients). Univariate analyses, including the differences of overall
survival (OS), recurrence-free survival (RFS), and post-recurrence survival (PRS), between the
PTI and non-PTI subgroups as well as survival curve analysis were performed by the Kaplan-

WJG

https://www.wjgnet.com

5638

October 7, 2019

Volume 25

Issue 37

Chao JS et al. PTI improves outcome of transplantation for HCC
Meier method, and the differences were compared using the log rank test. The variables with a
P-value < 0.1 in univariate analyses were included in the multivariate survival analysis by using
a Cox proportional-hazards model.

Research results
The 1-, 3-, and 5-year OS and RFS rates of the whole cohort were 86.6%, 69.0%, and 63.6%, and
75.7%, 60.0%, and 57.3%, respectively. The 1-, 3-, and 5-year OS rates for the PTI patient group
(96.0%, 89.3%, and 74.0%) were significantly higher than those for the non-PTI group (84.0%,
63.4%, and 60.2%) (P = 0.033). Absence of PTI was an independent risk factor for dismal OS (RR
= 2.584, 95%CI: 1.226-5.449) and unfavorable RFS (RR = 2.683, 95%CI: 1.335-5.390). Subgroup
analyses revealed that PTI remarkably improved OS (P = 0.003) and RFS (P = 0.003) rates of HCC
patients with vascular invasion (IV), but did not impact on OS (P = 0.404) and RFS (P = 0.304) of
patients without VI. Among the patients who suffered post-transplant tumor recurrence, the
patients with PTI showed significantly better OS (P = 0.026) and PRS (P = 0.042) rates than those
without PTI.

Research conclusions
PTI improves OS and RFS of transplant HCC patients at a high risk for post-transplant death and
tumor recurrence, which may be attributed to suppressive effect of PTI on HCC recurrence.

Research perspectives
Future development of bioengineered organisms that could potently activate the innate and
adaptive immune system targeting tumor cells may present an attractive strategy to suppress
HCC progression and prolong the patient survival after OLT with minimum side effects.
Nevertheless, further validity of PTI as a potent tumor suppressor for HCC patients is critically
needed in prospective cohorts at other transplant centers, as well as in well-designed
experimental animal models.
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Abstract
BACKGROUND
Robotic surgery has been considered to be significantly better than laparoscopic
surgery for complicated procedures.
AIM
To explore the short-term effect of robotic and laparoscopic spleen-preserving
splenic hilar lymphadenectomy (SPSHL) for advanced gastric cancer (GC) by
Huang’s three-step maneuver.
METHODS
A total of 643 patients who underwent SPSHL were recruited from April 2012 to
July 2017, including 35 patients who underwent robotic SPSHL (RSPSHL) and
608 who underwent laparoscopic SPSHL (LSPSHL). One-to-four propensity score

https://www.wjgnet.com

5641

October 7, 2019

Volume 25

Issue 37

Wang JB et al. Minimally invasive SPSHL for GC

Supported by the Scientific and
Technological Innovation Joint
Capital Projects of Fujian Province,
China, No. 2016Y9031; the
Construction Project of Fujian
Province Minimally Invasive
Medical Center, No. [2017]171; the
Second-batch Special Support
Funds for Fujian Province
Innovation and Entrepreneurship
Talents, No. 2016B013; Science and
Technology Innovation Joint Fund
Project of Fujian Province, No.
2017Y9004; and the Special Fund
for Clinical Research of the Wu
Jieping Medical Foundation, No.
320.6750.17511.

Institutional review board
statement: This retrospective study
was approved by the Ethics
Committee of Fujian Medical
University Union Hospital.

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

matching was used to analyze the differences in clinical data between patients
who underwent robotic SPSHL and those who underwent laparoscopic SPSHL.
RESULTS
In all, 175 patients were matched, including 35 patients who underwent RSPSHL
and 140 who underwent LSPSHL. After matching, there were no significant
differences detected in the baseline characteristics between the two groups.
Significant differences in total operative time, estimated blood loss (EBL), splenic
hilar blood loss (SHBL), splenic hilar dissection time (SHDT), and splenic trunk
dissection time were evident between these groups (P < 0.05). Furthermore, no
significant differences were observed between the two groups in the overall
noncompliance rate of lymph node (LN) dissection (62.9% vs 60%, P = 0.757),
number of retrieved No. 10 LNs (3.1 ± 1.4 vs 3.3 ± 2.5, P = 0.650), total number of
examined LNs (37.8 ± 13.1 vs 40.6 ± 13.6, P = 0.274), and postoperative
complications (14.3% vs 17.9%, P = 0.616). A stratified analysis that divided the
patients receiving RSPSHL into an early group (EG) and a late group (LG)
revealed that the LG experienced obvious improvements in SHDT and length of
stay compared with the EG (P < 0.05). Logistic regression showed that robotic
surgery was a significantly protective factor against both SHBL and SHDT (P <
0.05).
CONCLUSION
RSPSHL is safe and feasible, especially after overcoming the early learning curve,
as this procedure results in a radical curative effect equivalent to that of LSPSHL.
Key words: Advanced gastric cancer; Robotic surgery; Laparoscopic surgery; Dissection
of splenic hilar lymph node; Propensity score matching; Huang’s three-step maneuver
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Core tip: The safety and oncologic efficacy of spleen-preserving splenic hilar
lymphadenectomy (SPSHL) are being evaluated, but the data are limited, especially for
robotic surgery. What’s more, few previous studies have compared robotic SPSHL
(RSPSHL) with laparoscopic SPSHL (LSPSHL) for gastric cancer. Huang’s three-step
maneuver constitutes a set of effective surgical procedures for the SPSHL, which was
proposed previously by our department. Thus, we offer a single-institution investigation
on the comparative safety, feasibility, and oncologic efficacy of robotic vs laparoscopic
SPSHL. It is worth noting that this is the first study that compared RSPSHL and
LSPSHL using Huang’s three-step maneuver for advanced gastric cancer.
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INTRODUCTION
Since 1991, when Kitano [1] first reported the application of laparoscopic radical
gastrectomy in early gastric cancer (GC), minimally invasive surgery has increasingly
been used to treat GC. In subsequent years, many scholars have consistently
confirmed that laparoscopic gastrectomy is a viable option for the treatment of GC.
For D2 lymph node (LN) dissection in patients with advanced upper GC, some
surgeons with extensive experience in laparoscopic surgery recommend spleenpreserving splenic hilar lymphadenectomy (SPSHL), which is the most challenging
part of surgery for GC[2-4].
For successful surgical intervention in the splenic hilar area, our department
proposed Huang's three-step maneuver in 2012. Huang's three-step maneuver
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divided this complicated surgical procedure into the dissection of LNs in the inferior
pole region of the spleen (first step), the dissection of LNs in the region of the splenic
artery trunk (second step), and the dissection of LNs in the superior pole region of the
spleen (third step). Huang’s three-step maneuver constitutes a set of effective surgical
procedures for SPSHL. Compared with traditional surgical methods, Huang’s threestep maneuver has better short-term surgical outcomes[5-7]. However, the splenic hilar
region has a complicated and variable anatomy. Due to the characteristics of the
splenic hilar region of interest, surgeons, especially novices, often find it difficult to
maneuver in the narrow space during surgery, and thus the broad application of this
procedure is limited.
Since 2003, when robotic distal gastrectomy was first reported[8], its safety and
feasibility have been repeatedly confirmed. Due to its flexibility, the extensive range
of motion beyond the human body, and the clear field of vision compared with
traditional laparoscopy, robotic surgery has been considered in some preliminary
studies to be significantly better than laparoscopic surgery for complicated
procedures [8,9] . However, the safety and efficacy of robotic SPSHL (RSPSHL) in
patients with advanced upper GC have rarely been reported. Therefore, this study
aimed to retrospectively analyze the clinical and pathological data of patients with
advanced upper GC in our department to compare the short-term effects of RSPSHL
and laparoscopic SPSHL (LSPSHL) using propensity score matching.

MATERIALS AND METHODS
Patients
From April 2012 to July 2017, we retrospectively analyzed the clinicopathological data
of 643 patients who underwent SPSHL for GC at the Department of Gastric Surgery of
Fujian Medical University Union Hospital. These patients were all treated by the same
group of surgeons. The exclusion criteria (Supplemental Figure 1) were as follows: (1)
Non-total gastrectomy; (2) Non-D2 radical surgery; (3) Non-No. 10 LN dissection; (4)
American Society of Anesthesiologists (ASA) class IV; (5) cT1 or cT4b; (6) cTNM stage
IV; and (7) incomplete data. Age, sex, body mass index (BMI), ASA class, cT, and cN
were used as the matching factors. The two groups were matched by one-to-four
propensity score matching. Finally, 175 patients were enrolled, including 35 who
underwent RSPSHL and 140 who underwent LSPSHL. This retrospective study was
approved by the Ethics Committee of Fujian Medical University Union Hospital. All
patients signed informed consent forms before surgery. The clinical procedure in our
department is described below. First, nasal feeding is performed through a nasal
jejunal tube. If no abnormal conditions are present, an oral fluid and soft diet are
provided in a stepwise manner. The drain tube is then removed based on the patient’s
condition.

Methods
All patients underwent routine preoperative examinations, including upper
gastrointestinal endoscopy and upper gastrointestinal imaging, to assess the tumor
location. In addition to chest radiography, total abdominal computed tomography
(CT), abdominal ultrasonography, positron emission tomography (PET)-CT, and bone
scans were performed as needed to assess the preoperative clinical stage. Patients
with upper GC, defined as a tumor located in the upper or middle region of the
stomach, cardia, or gastroesophageal junction, received confirmation of the
preoperative diagnosis of tumor invasion into or beyond the muscle layers. These
patients were eligible for spleen-preserving total gastrectomy. The extent of LN
dissection was based on the Japanese Gastric Cancer Treatment Guidelines in 2010[10].
Preoperative comorbidity was assessed using the Charlson score. pTNM staging was
performed using the 2010 edition of the 7th edition of the Union for International
Cancer Control (UICC) staging system. All robotic gastrectomies were performed
with the Da Vinci surgical system. Each patient was given detailed information about
the instruments, sizes of the incisions, oncological risks, and the cost of the operation
for both the robotic and laparoscopic approaches. The decision to receive laparoscopic
vs robotic treatment was made by the patient after an informed discussion about both
approaches because of the additional expenses for robotic surgery[11]. A portion of the
fee for laparoscopic surgery was covered by medical insurance, but the extra charges
associated with robotic surgery were not included in the medical insurance coverage.

Procedure
Operative procedures considered Huang’s three-step maneuver were the same as
previously described[5-7,12,13] and included the following three steps: the dissection of
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the LNs in the inferior pole region of the spleen; the dissection of the LNs in the
region of the trunk of the splenic artery (SpA); and the dissection of the LNs in the
superior pole region of the spleen. The first step begins with the separation of the
gastrosplenic ligament using an ultrasonic scalpel and ends with the dissection of the
lymphatic tissue along the vessels distally up to the splenic hilar region. The second
step involves using the ultrasonic scalpel to denude the trunk of the SpA along the
latent anatomic space on its surface toward the splenic hilar area until the fork of the
splenic lobar arteries is reached. The third step begins with the dissection of the fork
of the splenic lobar arteries and ends with the division of the last short gastric vessel
(SGV). This procedure was used in both RSPSHLs and LSPSHLs. Furthermore, the
method of RSPSHL was similar to that of LSPSHL. A previous report[12] provided the
details of the laparoscopic procedure. Each step starts with the initial transection of
the tissues and ends with dividing the tissues in the subsequent step of the maneuver
using an ultrasonic scalpel. The photographs show the relevant steps of RSPSHL
(Supplemental Figure 2A and B).

Definitions
The total operative time consisted of the docking time and operation time (OR time)
during robotic surgery. OR time was defined as the time between the trocar insertion
and the closure of the abdomen, but the extra time required to incorporate the robotic
system was not included. Estimated blood loss (EBL) was determined by calculating
the amount of gauze and the amount of blood in the aspirator. Splenic hilar dissection
time (SHDT) began when the gastrosplenic ligament was cut and ended when the last
SGV was divided. Splenic hilar blood loss (SHBL) during the SHDT was determined
by calculating the amount of gauze used and the amount of blood in the aspirator.
The amount of extra fluid pooled around the spleen after Huang’s three-step
maneuver was completed was not included in the SHBL calculation. Two types of
SpA were found, namely, the concentrated type and the distributed type. The
concentrated type was present when the SpA divides into its terminal branches less
than 2 cm from the splenic hilum. If the distance is equal to or greater than 2 cm, the
artery was considered the distributed type. Vascular injury was defined as bleeding
caused by intraoperative vascular injury that required a titanium clip for clamping or
electrocoagulation[6,14]. Each individual case parameter was evaluated routinely after
surgery as soon as possible. Noncompliance was defined as patients with more than
one empty LN station, as described in the protocol of D2 LN dissection from the
Japanese GC Association [ 1 0 ] . Complications were graded according to the
Clavien–Dindo classiﬁcation. According to the references[15,16], the patients in the
robotic cohort were divided into an "early group" (EG) if surgery occurred before
January 2017 (n = 20) and a "late group" (LG) if surgery occurred after January 2017 (n
= 15).

Statistical analysis
Propensity score matching was performed using R software (3.4.2, the statistical
packages MatchIt and Foreign, http://www.r-project.org). All data were statistically
analyzed using the SPSS 20.0 (SPSS Inc. Chicago, IL, United States). Continuous
variables were analyzed using the Student's t-test or Mann-Whitney U test, and
categorical variables were analyzed using the χ2 test or Fisher's exact test. The SHDT
and the times for the first, second, and third steps of the maneuver were analyzed by
binary class comparison using the medians as the cut-off values. Logistic regression
analysis was performed to evaluate the effects of robotic surgery on the intraoperative
and postoperative parameters. Two-sided P < 0.05 indicated a significant difference.

RESULTS
Clinical and pathological data of the two groups before and after matching
Before matching, significant differences in ASA, cT, and pTNM were evident between
the two groups of patients (P < 0.05). The clinical data of the patients in the RSPSHL
(n = 35) and LSPSHL (n = 140) groups were similar when matched for age, sex, BMI,
ASA, cT, and cN (P > 0.05) (Table 1).

Operative outcomes after matching
No conversion to open surgery occurred in the LSPSHL group, and no conversion to
open or laparoscopic surgery occurred in the RSPSHL group. After matching, the total
OR time was significantly longer in the RSPSHL group than in the LSPSHL group,
while the EBL, SHDT, SHBL, and time for the second step were lower in the RSPSHL
group than in the LSPSHL group (P < 0.05). The two groups were similar in terms of
OR time, first step time, third step time, splenic injury, vascular injury, and anatomy
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Table 1 General clinical and pathological data of patients
All patients
Variable

Propensity score matching

RSPSHL

LSPSHL

RSPSHL

LSPSHL

P-value
(n = 35)
Age, yr1

%

55.3 ± 10.4

(n = 608)

%

56.9 ± 10.6

0.424

Sex

P-value
(n = 35)

%

55.3 ± 10.4

(n = 140)

%

55.1 ± 11.5

0.925

0.345

Female

6

17.1

156

25.7

Male

29

82.9

452

74.3

BMI, kg/m2[1]

23.0 ± 2.7

22.2 ± 3.0

0.152

ASA score

0.615
6

17.1

17

12.1

29

82.9

123

87.9

23.0 ± 2.7

23.1 ± 3.0

0.858

0.014

0.944

I

4

11.4

186

30.6

4

11.4

19

13.6

II

28

80.0

401

65.9

28

80.0

109

77.8

III

3

8.6

21

3.5

3

8.6

12

8.6

cT classification

0.037

0.211

T2

10

28.6

100

16.4

10

28.6

22

15.7

T3

15

42.9

207

34.1

15

42.9

69

49.3

T4a

10

28.6

301

49.5

10

28.6

49

35.0

cN classification

0.483

0.541

N0

13

37.1

212

34.8

13

37.1

57

40.7

N1

14

40.0

187

30.6

14

40.0

39

27.9

N2

4

11.4

122

20.0

4

11.4

21

15.0

N3

4

11.4

89

14.6

4

11.4

23

16.4

IB

2

5.7

55

9.0

2

5.7

13

9.3

IIA

7

20.0

106

17.4

7

20.0

18

12.9

IIB

13

37.1

104

17.1

13

37.1

31

22.1

IIIA

7

20.0

137

22.5

7

20.0

22

15.7

IIIB

3

8.6

109

17.9

3

8.6

29

20.7

IIIC

3

8.6

97

16.0

3

8.6

27

19.3

pT1a

5

14.3

31

5.1

5

14.3

10

7.1

pT1b

4

11.4

52

8.6

4

11.4

24

17.1

pT2

2

5.7

55

9

2

5.7

10

7.1

pT3

16

45.7

283

46.5

16

45.7

57

40.7

pT4a

8

22.9

187

30.8

8

22.9

39

27.9

cTNM stage

0.094

Depth of invasion

0.137

0.201

Metastatic LNs

0.617

0.308

0.649

N0

16

45.7

194

31.9

16

45.7

54

38.6

N1

6

17.1

174

28.7

6

17.1

20

14.3

N2

6

17.1

120

19.7

6

17.1

23

16.4

N3

7

20.0

120

19.7

7

20.0

43

30.7

IA

7

20.0

44

7.2

7

20.0

29

20.7

IB

3

8.6

45

7.4

3

8.6

8

5.7

IIA

6

17.1

91

15.0

6

17.1

23

16.4

IIB

6

17.1

93

15.3

6

17.1

16

11.4

IIIA

6

17.1

122

20.1

6

17.1

8

5.7

IIIB

2

5.7

149

24.5

2

5.7

31

22.1

IIIC

5

14.3

64

10.5

5

14.3

25

17.9

pTNM stage

0.038

Charlson score

0.102

0.467

0.132

0

25

71.5

439

72.2

25

71.5

90

64.3

1

6

17.1

129

21.2

6

17.1

43

30.7

≥2

4

11.4

40

6.6

4

11.4

7

5.0

Primary site
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Upper

21

60.0

402

66.1

21

60.0

96

68.6

Middle

14

40.0

206

33.9

14

40.0

44

31.4

1

Values are expressed as the mean ± SD. RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy; LSPSHL: Laparoscopic spleen-preserving
splenic hilar lymphadenectomy; BMI: Body mass index; ASA: American Society of Anesthesiologists; LN: Lymph node.

(e.g., SGVs, the PGA, and the terminal branches of the SpA) (P > 0.05). The No. 10 LN
metastasis rate was 10.9% (19/175), and the rates were similar between the RSPSHL
(11.4%, 4/35) and LSPSHL (10.7%, 15/140) groups (P = 0.855) (Table 2). The overall
noncompliance rates for patients undergoing RSPSHL and LSPSHL were 62.9%
(22/35) and 60% (84/140), respectively (P = 0.757). Subgroup analysis by clinical stage
or BMI revealed no significant differences in the noncompliance rates of LN dissection
between the two groups (P > 0.05) (Table 3).

Short-term outcomes and postoperative complications
Significant differences were evident in the times to liquid diet intake and nasojejunal
tube removal, which were shorter in the RSPSHL group than in the LSPSHL group (P
< 0.05). However, the times to ambulation, flatus passage, soft diet intake, and drain
removal, and the length of stay (LOS) were similar between the groups (P > 0.05)
(Table 4). No significant differences were evident in the overall postoperative
complications or in grades I-II and III-IV complications between the two groups.
Surgical complications (including intraperitoneal hemorrhage and infection) in both
groups were resolved with conservative treatments. No deaths occurred in the
hospital or within 30 d after surgery.

Impact of number of surgical cases on short-term operative outcomes
The SHDT, first step time, second step time, and LOS were longer in the EG than in
the LG (P < 0.05). However, the OR time, EBL, third step time, SHBL, number of
retrieved No. 10 LNs, total number of retrieved LNs, and postoperative complications
were similar between the groups (P > 0.05) (Supplemental Table 1).

Comparison of difference between the first and second steps among patients
Table 5 shows that the first step time was longer than the second step time for both
RSHPSH (8.4 ± 3.5 vs 6.7 ± 2.6, P = 0.024) and EG (10.0 ± 3.4 vs 7.5 ± 2.6, P = 0.013). In
the LG, the first step time was similar to the second step time (6.3 ± 2.3 vs 5.8 ± 2.2, P =
0.548).

Cost difference
As Figure 1 shows, cost analyses of the inpatient cases revealed that RSPSHL had a
higher mean total cost than LSPSHL before matching ($14727.9 vs $11026.2, P < 0.001)
and after matching ($15445.2 vs $10397.2, P < 0.001). However, no difference was
observed in the mean total cost between the EG and LG ($15445.2 vs $13771.6, P =
0.102).

Sensitivity analysis of robotic surgery
The unadjusted logistic analysis showed that robotic surgery was a positive factor
affecting shorter SHDT and second step time and less SHBL. When robotic surgery
was adjusted for age, sex, BMI, ASA, cT and cN stages, and several anatomical factors,
such as the PGA, SGVs, splenic upper or lower pole arteries, and the terminal
branches of the SpA, we found that the effects of robotic surgery were protective
factors resulting in a shorter SHDT and less SHBL, both before and after the
adjustments (P < 0.05) (Figure 2A and B).

DISCUSSION
In 2008, Hyung et al[17] first reported LSPSHL and confirmed that laparoscopic spleenpreserving surgery is safe and feasible [5,18-22] . However, traditional laparoscopic
surgery is still associated with multiple shortcomings, including a restricted range of
motion, amplified physiologic tremors, two-dimensional visualization, and inflexible
instruments. These shortcomings have deterred novice surgeons from performing
complicated operations, such as LSPSHL[23]. Due to its high stability and precision, the
robotic system can overcome the technical limitations of conventional laparoscopic
surgery and therefore has great potential for use in complicated surgeries[8,24].
The initial purpose of robotic or laparoscopic surgery was adherence to minimally
invasive principles. For postoperative outcomes, a meta-analysis[25] performed in 2012
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Table 2 Operative outcomes after propensity score matching
Variable

RSPSHL (n = 35)

Total operative time, min1

221.3 ± 40.3

189.1 ± 43.8

Docking time, min2

30 (26-34)

-

OR time, min1

186.0 ± 35.3

189.1 ± 43.8

0.698

EBL, mL

13.7 ± 4.3

62.4 ± 29.3

<0.001

SHDT, min1

20.4 ± 4.5

24.1 ± 8.9

0.018

First step, min1

8.4 ± 3.5

8.7 ± 4.0

0.685

Second step, min

6.7 ± 2.6

9.8 ± 5.6

0.002

Third step, min1

5.2 ± 2.1

5.6 ± 3.0

0.458

SHBL, mL1

2.2 ± 1.9

10.0 ± 4.5

<0.001

No. of SGVs1

3.5 ± 1.2

3.6 ± 1.1

0.637

No. of PGAs (yes)

22

62.9

81

57.9

0.591

No. of SUPAs (yes)

4

11.4

20

14.3

0.870

No. of SLPAs (yes)

1

2.9

7

5

1

1

%

LSPSHL (n = 140)

%

P-value
<0.001

Terminal branches of SpA

0.928
0.754

Concentrated type

23

65.7

88

62.9

Distributed type

12

34.3

52

37.1

Splenic injury

3

8.6

19

13.6

0.608

Vascular injury

7

20

17

12.1

0.350

No.10 metastatic LN

4

11.4

15

10.7

No.10 retrieved LN1

3.1 ± 1.4

3.3 ± 2.5

0.650

Total retrieved LNs1

37.8 ± 13.1

40.6 ± 13.6

0.274

0.855

1

Values are the mean ± SD.
Values are medians (IQR). Operative total time = Docking time + operation time. RSPSHL: Robotic spleenpreserving splenic hilar lymphadenectomy; LSPSHL: Laparoscopic spleen-preserving splenic hilar
lymphadenectomy; OR time: Operation time; EBL: Estimated blood loss; SHDT: Splenic hilar dissection time;
SHBL: Splenic hilar blood loss; SGV: Short gastric vessel; PGA: Post-gastric artery; SUPA: Splenic upper pole
artery; SLPA: Splenic lower pole artery; SpA: Splenic artery.
2

of robotic versus laparoscopic gastrectomy for GC showed no differences in the
incidence of postoperative complications or the LOS between robotic and laparoscopic
surgery. However, robotic surgery and laparoscopy could both reduce the risk of
postoperative complications and shorten patients’ LOS compared with open
surgery[24,26]. Our study also found that RSPSHL is safe. RSPSHL has a postoperative
recovery similar to that of LSPSHL, and the related intraoperative and postoperative
occurrences of complications were not increased compared with LSPSHL. In the field
of GC treatment, the Da Vinci surgical system is expected to overcome the
disadvantages of traditional laparoscopic gastrectomy. Most surgeons who
recommend laparoscopic gastrectomy have confirmed that robotic gastrectomy (RG)
is safe and feasible[27-29]. In 2015, Suda et al[27] demonstrated that the morbidity (overall
complication) rate of RG was approximately one-fifth that of laparoscopic
gastrectomy and that the incidence of postoperative pancreatic fistula was reduced by
RG. RG showed significantly better short-term postoperative outcomes. Moreover, a
multi-institutional prospective single-arm study conducted in Japan in 2018 also
confirmed that the morbidity rate (Clavien–Dindo grade ≥ IIIa) within 30 d after
surgery was significantly lower in the RG group than in the laparoscopic gastrectomy
group (RG vs laparoscopic gastrectomy = 2.45% vs 6.4%, P = 0.0018)[30]. Through a cost
analysis, we determined that the average total cost of robotic surgery was higher than
that of laparoscopic surgery. The results are consistent with those reported by Keller
et al [31] . Despite the high economic burden of robotic surgery [32,33] , these results
suggested that RG would likely exhibit improved cost-effectiveness if the surgical cost
per procedure was reduced to approximately the same amount as that for
laparoscopic gastrectomy[30]. Consequently, we believe that the application of RG will
increase with the decreasing of cost of robotic systems and the government's policy
regarding gradual expansion of the range of the medical insurance system.
RSPSHL resulted in a shorter SHDT and less SHBL than LSPSHL. Logistic analysis
showed that robotic surgery was a protective factor for a shorter SHDT and less
SHBL. We believe that the microscopic images from the robotic system are more vivid
and allow easier identification of the spatial relationship between the tissue of the
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Table 3 Noncompliance rate of nodal dissection between robotic spleen-preserving splenic hilar
lymphadenectomy and laparoscopic spleen-preserving splenic hilar lymphadenectomy
RSPSHL

LSPSHL

Variable

Noncompliant

P-value

Compliant

Noncompliant

Compliant

cT2

3

7

6

16

0.791

cT3

6

9

31

39

0.761

cT4

4

6

19

29

0.741

cN0

4

9

22

36

0.868

cN1

6

8

15

23

0.825

cN2

2

2

11

10

0.647

cN3

1

3

8

15

0.848

I

1

1

5

8

1.000

II

9

16

18

31

0.950

III

3

5

33

45

0.909

< 25

11

14

38

68

0.449

≥ 25

2

8

18

16

0.139

Total

13

22

56

84

0.757

cT classification

cN classification

cTNM stage

BMI, kg/m2

RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy; LSPSHL: Laparoscopic spleenpreserving splenic hilar lymphadenectomy; BMI: Body mass index.

splenic hilar region and the operating instruments than the laparoscopic view[2].
Successful performance of this maneuver in laparoscopy requires close cooperation
among the surgeon, assistant, and camera operator. However, if the assistant cannot
generate good coordinates while pulling the spleen, intraoperative complications such
as splenic envelope laceration can easily occur. Huang’s three-step robotic maneuver
uses a multi-arm robotic system with which the surgeon can complete the main pull
alone and greatly minimize pulling by the assistant compared with that needed for
traditional laparoscopic surgery. Additionally, the mechanical arm can more stably
and reliably pull the adipose connective tissue. Both the surgeon and the assistant can
avoid errors based on the advantages of this system. The advantages of this system,
including the high flexibility of the operative instruments and the elimination of
natural hand trembling, result in less intraoperative damage. The stratified analysis
showed that with an increasing number of surgical cases and techniques, the LG
exhibited significant improvements in SHDT and length of stay compared with the
EG. Notably, although shorter SHDT and less SHBL were significantly different
between robotic surgery and laparoscopic surgery, it seems that the difference does
not exist in the clinical setting.
We believe that Huang's three-step maneuver using the robotic system can help
surgeons maintain fluent surgical thinking and body-motor memory, thus improving
the response speed of novice surgeons. Even as a novice, the operator can operate
freely. The three-step maneuver can reduce the impact of the complex anatomy of the
splenic hilar area on the performance of the surgeon. The literature[16,34,35] indicates that
the robotic surgery learning curve is shorter than that for laparoscopic surgery. We
also propose that learning robotic surgery will be substantially easier for surgeons
who already have some basic experience with laparoscopic surgery. A learning curve
for Huang’s three-step robotic maneuver also exists, and patients' intraoperative
outcomes will significantly improve if surgeons complete this learning curve.
With the application of robotic surgery for GC, minimally invasive advantages
have gradually been acknowledged. However, a primary concern of most scholars is
whether RSPSHL can achieve equal or better perioperative and postoperative
outcomes than laparoscopic or open surgery. The number of retrieved LNs is an
important factor in evaluating the efficacy of surgical techniques. After retrospectively
analyzing 36 robotic procedures and 65 laparoscopic procedures, Yoon et al[36] found
that the total number of retrieved LNs in robotic total gastrectomy (39.4 ± 13.4 vs 42.8
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Table 4 Short-term operative outcomes and postoperative complications according to the
Clavien–Dindo classification
Variable

RSPSHL (n = 35)

Time to ambulation, d1

2.4 ± 0.9

2.1 ± 1.0

0.107

Flatus passage, d1

3.2 ± 0.9

3.5 ± 1.3

0.199

Liquid diet, d1

4.8 ± 1.1

5.4 ± 1.7

0.049

Soft diet, d1

7.0 ± 2.4

7.5 ± 1.5

0.125

Drain removal, d

9.2 ± 2.1

9.6 ± 2.0

0.296

Nasojejunal tube removal, d1

3.9 ± 1.6

4.8 ± 2.5

0.044

LOS, d1

14.7 ± 13.4

14.4 ± 11.5

Overall complications

5

1

%

14.3

LSPSHL (n = 140)

25

%

0.894
17.9

0.616
0.632

Grade I–II

3

8.6

17

12.1

Anastomotic ﬁstula

2

5.7

3

2.1

Digestive hemorrhage

-

1

0.7

Lymphatic ﬁstula

-

6

4.3

Intestinal obstruction

-

1

0.7

Intraperitoneal infection

1

4

2.9

Wound infection

-

1

0.7

Fat liquefaction

-

Grade III-IV

2

Anastomotic ﬁstula

-

Digestive hemorrhage

1

Lymphatic ﬁstula

-

Intestinal obstruction

-

Intraperitoneal infection

1

2.9

5.7

2.9

2.9

1

0.7

8

5.7

1

0.7

3

2.1

2

1.4

1

0.7

1

0.7

30-day mortality

0

0

In-hospital mortality

0

0

P-value

1

1

Values are the mean ± SD. The most severe complication was noted in the cases in which more than one
complication occurred in a patient. RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy;
LSPSHL: Laparoscopic spleen-preserving splenic hilar lymphadenectomy; LOS: Length of stay.

± 12.7) was similar to that in laparoscopic total gastrectomy (P = 0.209). Obama et al[37]
retrospectively analyzed 313 robotic procedures and 524 laparoscopic procedures and
found similar outcomes regarding the total number of retrieved LNs between robotic
and laparoscopic surgery. In our study, no significant differences between RSPSHL
and LSPSHL were observed regarding the total number of retrieved LNs or the
number of retrieved No. 10 LNs. This result is consistent with the results of the study
by Kazutaka Obama. Moreover, this article introduces noncompliance as an objective
measure of LN dissection in robotic surgery and laparoscopy[38-40]. To our knowledge,
it is the first study that compares oncological outcomes between RSPSHL and
LSPSHL through the LN noncompliance rate. Our study showed that the overall
noncompliance rates were similar between the two groups. Further subgroup analysis
revealed that the noncompliance rate was also similar after stratification by clinical
stage and BMI. However, this conclusion requires more prospective data for
validation. SPSHL is usually performed along the particularly intricate and variable
vessels in the splenic hilar area. Due to the well-spaced depth of the field and the clear
and vivid view provided by the robotic system, robotic surgery can easily identify the
anatomy of the splenic hilar vessels and LNs. High-definition three-dimensional
magnification imaging can better show small anatomical structures and can be used to
more clearly visualize the splenic vasculature[41]. This method can reduce the difficulty
of LN dissection and bleeding. The seven degrees of directional freedom of the
mechanical wrist in the robotic system allow complex dissections in the narrow space
of the splenic hilum, which greatly improves the flexibility of the operation and
makes the procedure easier and more convenient than common laparoscopic
surgery[2,42]. Moreover, we stress that the robotic system is substantially easier to use
and more accurate than laparoscopy in terms of LN exposure, discrimination, and
collection in practice. Therefore, robotic surgery has similar outcomes as laparoscopic
surgery when the complex process of SPSHL is performed, and robotic surgery is
considered as effective as laparoscopy[43,44].
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Table 5 Time difference between the first and second steps among robotic spleen-preserving
splenic hilar lymphadenectomy patients
Variable

First step time (min)1

Second step time (min)1

P-value

Total RSPSHL (n = 35)

8.4 ± 3.5

6.7 ± 2.6

0.024

EG (n = 20)

10.0 ± 3.4

7.5 ± 2.6

0.013

LG (n = 15)

6.3 ± 2.3

5.8 ± 2.2

0.548

1

Values are the mean ± SD. EG: Early group; LG: Late group; RSPSHL: Robotic spleen-preserving splenic
hilar lymphadenectomy.

Our study also had several limitations. First, this study was a retrospective study
from a single center, and large-sample, prospective, multicenter data are required to
validate our findings. Second, the number of robotic cases was very small in this
study. Third, we did not address the long-term outcomes of Huang’s three-step
robotic maneuver because robotic surgery was implemented relatively recently at our
center. Despite these shortcomings, this is the first study in an Eastern population to
identify the differences between RSPSHL and LSPSHL using propensity-matched
scores to reduce the selection bias.
In conclusion, this study shows that robotic surgery using Huang’s three-step
maneuver can be performed to complete SPSHL. The safety of robotic surgery is
equivalent to that of laparoscopy, especially after overcoming the early learning
curve. Therefore, this procedure is worth promoting to most surgeons and patients.
However, its long-term outcomes require further confirmation.
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Figure 1

Figure 1 Cost analysis between different groups and subgroups. RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy; LSPSHL: Laparoscopic
spleen-preserving splenic hilar lymphadenectomy; EG: Early group; LG: Late group.
Figure 2

Figure 2 Unadjusted (A) and adjusted (B) regression models of robotic surgery via Huang's three-step maneuver and complications.1Adjusted for: age, sex,
body mass index, American Society of Anesthesiologists class, cT, cN, post-gastric artery, short gastric vessels, splenic upper pole artery, splenic lower pole artery,
and the terminal branches of the splenic artery. BMI: Body mass index; ASA: American Society of Anesthesiologists; SGV: Short gastric vessel; PGA: Post-gastric
artery; SUPA: Splenic upper pole artery; SLPA: Splenic lower pole artery; SpA: Splenic artery; SHDT: Splenic hilar dissection time; SHBL: Splenic hilar blood loss.

ARTICLE HIGHLIGHTS
Research background
Due to its high stability and precision, the robotic system can overcome the technical limitations
of conventional laparoscopic surgery and therefore has great potential for use in complicated
surgeries.

Research motivation
Robotic surgery has been considered to be significantly better than laparoscopic surgery for
complicated procedures.
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Research objectives
The aim of this study was to explore the short-term effect of robotic and laparoscopic spleenpreserving splenic hilar lymphadenectomy (SPSHL) for advanced gastric cancer by Huang’s
three-step maneuver.

Research methods
A total of 643 patients who underwent SPSHL were recruited from April 2012 to July 2017,
including 35 patients who underwent robotic SPSHL (RSPSHL) and 608 who underwent
laparoscopic SPSHL (LSPSHL). One-to-four propensity score matching was used to analyze the
differences in clinical data between groups.

Research results
In all, 175 patients were matched, including 35 patients who underwent RSPSHL and 140 who
underwent LSPSHL. After matching, there were no significant differences detected in the
baseline characteristics between the two groups. Significant differences in total operative time,
estimated blood loss (EBL), splenic hilar blood loss (SHBL), splenic hilar dissection time (SHDT),
and splenic trunk dissection time were evident between these groups (P < 0.05). Furthermore, no
significant differences were observed between the two groups in the overall noncompliance rate
of lymph node (LN) dissection (62.9% vs 60%, P = 0.757), number of retrieved No. 10 LNs (3.1 ±
1.4 vs 3.3 ± 2.5, P = 0.650), total number of examined LNs (37.8 ± 13.1 vs 40.6 ± 13.6, P = 0.274),
and postoperative complications (14.3% vs 17.9%, P = 0.616). A stratified analysis that divided
the patients receiving RSPSHL into an early group (EG) and a late group (LG) revealed that the
LG experienced obvious improvements in SHDT and length of stay compared with the EG (P <
0.05). Logistic regression showed that robotic surgery was a significantly protective factor
against both SHBL and SHDT (P < 0.05).

Research conclusions
The safety of robotic surgery is equivalent to that of laparoscopy, especially after overcoming the
early learning curve. Therefore, this procedure is worth promoting to most surgeons and
patients. However, its long-term outcomes require further confirmation.

Research perspectives
We hope to perform a multi-center prospective study on the long-term outcomes of Huang’s
three-step robotic maneuver in order to provide a high-level scientific theoretical basis and
clinical experience.
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Abstract
BACKGROUND
The factors affecting the prognosis and role of adjuvant therapy in advanced
gallbladder carcinoma (GBC) after curative resection remain unclear.
AIM
To provide a survival prediction model to patients with GBC as well as to
identify the role of adjuvant therapy.
METHODS
Patients with curatively resected advanced gallbladder adenocarcinoma (T3 and
T4) were selected from the Surveillance, Epidemiology, and End Results database
between 2004 and 2015. A survival prediction model based on Bayesian network
(BN) was constructed using the tree-augmented naïve Bayes algorithm, and
composite importance measures were applied to rank the influence of factors on
survival. The dataset was divided into a training dataset to establish the BN
model and a testing dataset to test the model randomly at a ratio of 7:3. The
confusion matrix and receiver operating characteristic curve were used to
evaluate the model accuracy.
RESULTS
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A total of 818 patients met the inclusion criteria. The median survival time was
9.0 mo. The accuracy of BN model was 69.67%, and the area under the curve
value for the testing dataset was 77.72%. Adjuvant radiation, adjuvant
chemotherapy (CTx), T stage, scope of regional lymph node surgery, and
radiation sequence were ranked as the top five prognostic factors. A survival
prediction table was established based on T stage, N stage, adjuvant radiotherapy
(XRT), and CTx. The distribution of the survival time (>9.0 mo) was affected by
different treatments with the order of adjuvant chemoradiotherapy (cXRT) >
adjuvant radiation > adjuvant chemotherapy > surgery alone. For patients with
node-positive disease, the larger benefit predicted by the model is adjuvant
chemoradiotherapy. The survival analysis showed that there was a significant
difference among the different adjuvant therapy groups (log rank, surgery alone
vs CTx, P < 0.001; surgery alone vs XRT, P = 0.014; surgery alone vs cXRT, P <
0.001).
CONCLUSION
The BN-based survival prediction model can be used as a decision-making
support tool for advanced GBC patients. Adjuvant chemoradiotherapy is
expected to improve the survival significantly for patients with node-positive
disease.
Key words: Gallbladder carcinoma; Bayesian network; Surgery; Adjuvant therapy;
Prediction model
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: A Bayesian network model was constructed to predict the survival time for
patients with advanced gallbladder carcinoma (GBC) after curative resection from the
Surveillance, Epidemiology, and End Results database, with a model accuracy of
69.67%, and the area under the curve for the testing dataset was 77.72%. Adjuvant
radiation, chemotherapy, and T stage were ranked as the top three prognostic factors by
importance measures. The prediction model supported the role of adjuvant therapy for
advanced GBC patients after curative resection. Adjuvant chemoradiotherapy is expected
to improve the survival more significantly for patients with node-positive disease.
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INTRODUCTION
Gallbladder carcinoma (GBC) is the sixth most common gastrointestinal malignancy
and the most common biliary tract cancer worldwide, with a dismal 5-year survival
rate of 5% to 10% in most cases[1-3]. Radical resection is the cornerstone of curative
therapy for GBC. The factors such as the involvement of the liver [4] , lymphatic
metastases[5], and jaundice[6], which influence the prognosis of patients with advanced
GBC after radical resection, are still in dispute. The role of adjuvant therapy for GBC,
however, is not well-known at this time [7-9] . Therefore, the identification of
postoperative prognostic factors for patients with advanced GBC and the
establishment of an accurate survival prediction model are of great significance for
the selection of individualized treatments to increase the survival time.
Prediction models have been developed to assist doctors in estimating probabilities
and potentially provide decision-making support [10] . Data mining methods have
recently been introduced for use in the survival prediction of patients with GBC.
Wang et al[11] built a nomogram survival model to predict which GBC patients may
benefit from adjuvant chemoradiotherapy (cXRT). Additionally, Wang et al [12]
proposed a multivariate Cox proportional hazards model to predict the survival
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benefit of adjuvant radiotherapy (XRT) for GBC patients. Ethun et al[13] designed a
novel, pathology-based preoperative risk score to predict locoregional residual and
distant disease, and the survival for incidental GBC. However, these methods are
unable to represent the variables under uncertainty and also ignore the cause-andeffect relationships between prognostic factors.
Bayesian network (BN) is a directed acyclic graph for probabilistic reasoning[14].
Combined with a machine learning algorithm, BNs have great advantages in
exploring the unknown probability of variables from the known probability
knowledge, which has been applied widely in the field of medicine[15,16]. We have
previously applied a BN model and importance measures to identify the significant
factors of survival after surgery for patients with GBC[17]. In the present study, we
applied BN to build a model to predict the survival time for patients with advanced
GBC following curative resection from the Surveillance, Epidemiology, and End
Results (SEER) database. The objective of the study was to provide a survival
prediction model to patients with GBC as well as to identify the role of adjuvant
therapy.

MATERIALS AND METHODS
Data sources and study population
Patients who suffered GBC between 2004 and 2015 were identified from the SEER
database, which included 12722 patients and 133 variables. First, only patients who
were diagnosed based on the American Joint Committee on Cancer (AJCC) sixth and
seventh editions from 2004 to 2015 were selected. We removed patients who did not
have the ICD-0-3 codes 8140, 8141, 8143, or 8147, which designate adenocarcinoma[18].
Then, we chose GBC patients whose T stages were T3 and T4 and whose M stage was
M0. Third, we removed patients who did not have Surg Prim Site codes 40 and 60,
which indicate radical resection for GBC patients. Meanwhile, we selected patients
whose behavior code was 3, which meant that the tumor was malignant. Finally, we
removed patients with NA that did not incorporate the variables positive Ln and
tumor size. After selection, we identified 818 patients who demonstrated advanced
gallbladder adenocarcinoma and had undergone radical resection. The patient
selection flowchart is shown in Figure 1.
Standard patient data included 18 attribute variables, which were sex, age, grade,
positive Ln, number Ln, Surg Prim Site, Scope Reg LN Sur, Surg Oth Reg, SEER
historic stage, tumor size, T stage, N stage, AJCC stage, radiation, radiation sequence,
chemotherapy, vital status, and survival months. The variables are shown in Table 1.

Prognostic model based on Bayesian network
Data from the original dataset including 818 patients and 18 variables were collected
to establish a BN model. As the BN can only deal with standard and discrete data
formats, standardization of the dataset has to be completed prior to modeling (Table
1). The variable of age was divided into three intervals of 19 to 64 years, 65 to 75 years,
and 76 to 97 years based on the equal frequency. Positive Ln was divided into three
intervals of 0, 1 to 3, and >3. Number Ln was divided into four intervals of 0, 1 to 3, 4
to 6, and >6. Tumor size was divided into four intervals of 0 to 10 mm, 11 to 30 mm,
31 to 50 mm, and >50 mm based on medical definitions. Survival time was divided
into two intervals according to median survival time.
After establishment of the dataset of patients with advanced GBC and
transformation of all continuous prognostic factors into discrete variables, a
prognostic model was established using the tree-augmented naïve (TAN) Bayes
algorithm. In order to evaluate the model performance more accurately, the strategy
of stratification sampling was adopted to split the dataset to a training dataset and
testing dataset. Seventy percent (574) of patients formed the training dataset to
establish the Bayesian model and the remaining 30% (244) patients were considered as
the testing dataset to test the model. With the dataset prepared, survival months were
considered as the target variable to predict and the rest of variables were deemed to
be the prognostic factors. The established BN model is shown in Figure 2.

Confusion matrix and receiver operating characteristic curve
For the confusion matrix, the reliability of a model is defined as the values along the
major diagonal of the total instance. Meanwhile, partial reliability is calculated by
positive prediction value (PPV) = true positive (TP)/[TP + false positive (FP)], true
positive rate (TPR) = TP/[TP + false negative (FN)], and true negative rate (TNR) =
true negative(TN)/[FP + true negative (TN)]. Model accuracy is defined by the
following equation: (1) Accurancy = (TP + TN)/(TP + FP + TN + FN).

WJG

https://www.wjgnet.com

5657

October 7, 2019

Volume 25

Issue 37

Geng ZM et al. Bayesian network model for GBC
Figure 1

Figure 1 Patient selection flowchart.

When the number of negative and positive cases is imbalance in dataset, the
accuracy may not be the appropriate criteria. Considering this condition, the receiver
operating characteristic curve and the area under the curve (AUC), one of useful
evaluating criteria, were calculated to measure the overall performance of the
classification model further.

Importance measure
The Birnbaum importance measure is one of the most useful multistate importance
measures available and could be used to calculate the importance of different
attribute factors. The multistate Birnbaum importance equation can be expressed as:
(2) formula
where S means the survival time. Variables are described as (V1, V2,
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Table 1 Demographic and clinical characteristics of patients with advanced gallbladder adenocarcinoma and the calculation and rank of
importance for prognostic factors in survival time
Variable

Value

Frequency, n (%)

Priori probability (%)

Posterior probability (%) Importance

Rank

Sex

1 (male)

261 (31.91)

33.26

48.69

0.0274

16

2 (female)

557 (68.09)

66.72

54.05

1 (19-64)

256 (31.30)

30.84

39.55

0.1087

10

2 (65-75)

258 (31.54)

31.71

42.31

3 (76-97)

304 (37.16)

37.46

56.74

1 (well)

70 (8.56)

8.36

43.75

0.1383

8

2 (moderately)

363 (44.38)

45.30

37.69

3 (poorly)

376 (45.97)

45.82

56.27

0.0737

13

0.1440

6

0.1068

11

0.1824

4

0.1205

9

0.0292

15

0.0797

12

0.2045

3

0.0321

14

0.1423

7

0.3261

1

0.1805

5

0.2795

2

Age

Grade

4 (undifferentiated)

9 (1.10)

0.52

66.67

0 (0)

172 (21.03)

65.26

47.93

1 (1-3)

229 (28.00)

30.47

43.19

2 (> 3)

27 (3.30)

4.27

56.86

NA

390 (47.68)

0 (0)

389 (47.56)

46.52

56.93

1 (1-3)

266 (32.52)

34.49

40.19

2 (4-6)

76 (9.29)

8.01

34.78

3 (> 6)

87 (10.64)

10.98

31.75

Surg Prim Site

40

627 (76.65)

77.00

49.32

60

191 (23.35)

23.00

38.64

Scope Reg Ln Sur

0

387 (47.31)

46.69

57.09

1

5 (0.61)

0.52

33.33

3

7 (0.86)

1.05

16.67

4

264 (32.27)

33.80

40.72

5

153 (18.70)

17.94

33.98

6

1 (0.12)

7

1 (0.12)

0

659 (80.56)

79.97

48.80

1

17 (2.08)

2.44

42.86

2

121 (14.79)

14.81

40.00

4

15 (1.83)

2.09

33.33

5

6 (0.73)

0.70

25.00

1

197 (24.08)

23.87

48.91

2

514 (62.84)

62.72

45.56

Positive Ln

Number Ln

Surg Oth Reg

Seer historic stage

Tumor size

T stage

N stage

AJCC stage

Radiation

4

107 (13.08)

13.41

49.35

0 (0-10 mm)

20 (2.44)

3.49

39.69

1 (11-30 mm)

228 (27.87)

40.64

42.98

2 (31-50 mm)

181 (22.13)

31.19

44.46

3(> 50 mm)

132 (16.14)

24.68

57.31

NA

257 (31.42)

300 (T3)

768 (93.89)

92.86

45.40

400 (T4)

50 (6.11)

7.14

65.85

0 (N0)

534 (65.28)

64.98

47.99

100 (N1)

284 (34.72)

35.02

44.78

520 (stage 3A)

515 (62.96)

62.72

47.50

530 (stage 3B)

253 (30.93)

30.14

41.04

720 (stage 4A)

50 (6.11)

7.14

68.85

0 (no)

592 (72.37)

71.78

56.07

1 (yes)

226 (27.63)

28.22

23.46

Radiation sequence 0 (no)

Chemo- therapy

WJG

592 (72.37)

71.78

56.07

2 (radiation before surgery)

4 (0.49)

0.35

50.00

3 (radiation after surgery)

222 (27.14)

27.87

23.12

0 (no)

473 (57.82)

57.14

58.84
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Vital status

Survival months

1(yes)

345 (42.18)

42.86

1 (Survival)

197 (24.08)

4 (Dead)

621 (75.92)

≤9

383 (46.82)

46.86

>9

435 (53.18)

53.14

30.89

NA: Not available; Positive Ln: The exact number of regional lymph nodes examined by the pathologist that were found to contain metastases; Number
Ln: The total number of regional lymph nodes that were removed and examined by the pathologist; Surg Prim Site: Surgery of primary site. 40: Total
surgical removal of primary site; 60: Radical surgery; Scope Reg LN Sur: Scope of regional lymph node surgery; 0: No regional lymph nodes removed or
aspirated; 1: Biopsy or aspiration of regional lymph node; 3: Number of regional lymph nodes removed unknown; not stated, 4: 1 to 3 regional lymph
nodes removed, 5: 4 or more regional lymph nodes removed; 7: Sentinel node biopsy and code 3, 4, or 5 at different times; Surg Oth Reg: Surgical
procedure of other site; 0: None, diagnosed at autopsy; 1: Nonprimary surgical procedure performed; 2: Nonprimary surgical procedure to other regional
sites; 4: Nonprimary surgical procedure to distant site; 5: Combination of codes 2, 3, or 4; SEER historic stage: 1 Localized, 2 Regional, 3 Distant. AJCC:
American Joint Committee on Cancer.

V3,…,Vi,…,Vn) and each variable has states (0,1,…,j,…,Wj). P (S = 0) describes the
prior probability of survival time ≤ median survival time, while P (S = 0|Vi = j)
represents posterior probability.

Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social
Sciences version 22.0 for Windows (IBM Corp., Armonk, NY, United States) and R
software version 3.6.1 (http://www.r-project.org/). BayesiaLab (Bayesian Ltd. Co.,
France) was used to construct the BN model. Datasets were prepared using Microsoft
Excel 2013 (Microsoft Corp., Redmond, WA, United States). All continuous variables
were transformed to discrete variables for BN analysis and are expressed as frequency
and percent. Categorical variables are presented as frequency and percent. Survival
curve was estimated using the Kaplan–Meier method and the results were compared
by the log-rank test.

RESULTS
General characteristics of the study population
A total of 818 patients who underwent radical resection for advanced GBC met the
inclusion criteria. The demographic and other characteristics of these patients are
presented in Table 1. The proportions of patients with T3 and T4 disease were 93.89%
and 6.11%, respectively. Meanwhile, the proportions of patients with N0 and N1
disease were 65.28% and 34.72%, respectively. With regard to radiation, 226 (27.63%)
patients received it, while 592 (72.37%) did not or had unclear data. Out of the
patients who received radiation, only 4 (0.49%) received it before surgery, while 222
(27.14%) received it after surgery. Regarding chemotherapy, 345 (42.18%) underwent
it, while 473 (57.82%) did not or had unclear data.

Assessment of model efficacy
When the follow-up was cut off in December 2015, 621 patients were dead and 197
patients were still alive. The median survival time was 9.0 mo (interquartile, 4-19 mo).
A total of 574 patients in the training dataset were used to establish the BN model,
and the testing dataset including 244 patients was used to evaluate the model
performance. The results of confusion matrix are listed in Table 2. There were 114
patients whose survival time was less than 9 mo and 130 patients who had a survival
time longer than 9 mo. A total of 84 patients were correctly classified as having
survival time ≤ 9 mo and 86 patients were classified as having survival time > 9 mo,
based on the probability threshold of 0.5. Therefore, the TPR was 73.68%, while the
precision or PPV was 65.62%. Thus, we inferred that the model accuracy was 69.67%
based on Equation (1). The AUC value for the testing dataset was 77.72%, which
reflects the accuracy of the model (Figure 2).

Prognostic factors ranked by importance
After we established the BN model using the training dataset, we listed the priori
probability of each variable and calculated the posterior probability according to the
equation of P (S = 0| Vi = j). The priori probability for survival time was [P (S = 0) =
0.4686, P (S = 1) = 0.5314]. Then, the importance measure of each variable was
calculated using Equation (2); the ranking results are shown in Table 1. The results
indicated that adjuvant radiation was the most important prognosis factor influencing
survival time after radical resection for advanced GBC patients. Meanwhile, variables
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Figure 2

Figure 2 Bayesian network model for advanced gallbladder adenocarcinoma patients after radical resection and the receiver operating characteristic
curve for survival time ≤ 9 mo of the bayesian network model. “?” means that the variable has not available values, and we use Structural Expectationmaximization algorithm to imput the not available values in the dataset. Blue lines represent the relationship between the attribute variable and the target variable.
Black lines represent the relationship between the attribute variables. BN: Bayesian network; SEER: Surveillance, Epidemiology, and End Results; AJCC: American
Joint Committee on Cancer.

of chemotherapy and T stage played crucial roles in the prognosis of GBC patients,
which ranked in the second and third places. Beyond that, the Scope Reg Ln Sur and
radiation sequence were the fourth and fifth attribute factors for prognosis.

Survival prediction model
We combined the BN model and importance measures to identify that radiation and
chemotherapy were important prognostic factors. Meanwhile, T stage and N stage are
always used to determine the severity of the patient's illness. As a result, we selected
radiation, chemotherapy, T stage, and N stage as the observation variables to obtain a
prediction table. Using the established BN model, we could predict the survival
probability for a survival time > 9 mo for patients with different states who
underwent different adjuvant therapies. The survival prediction model is shown in
Table 3.
For patients with node-negative disease, the model estimated the survival benefit
from the addition of XRT and cXRT, regardless of T3 or T4 stage. For example, for a
patient with T3N0 disease, his/her probability of a survival time > 9 mo with surgery
alone, adjuvant chemotherapy (CTx), XRT, and cXRT was 41.35%, 58.29%, 75.42%,
and 76.62%, respectively. For patients with node-positive disease, the model predicted
survival benefit from CTx, XRT and xCRT. Meanwhile, patients acquired more benefit
from xCRT than CTx and XRT. For example, for a patient with T4N1 disease, his/her
probability of a survival time > 9 mo with surgery alone, CTx, XRT, and cXRT was
14.85%, 37.03%, 43.14%, and 57.97%, respectively.

Survival analysis
The 1-, 3-, and 5-year overall survival (OS) rates for advanced GBC patients after
radical resection were 47.5%, 17.8%, and 10.9%, respectively. The median OS for the
advanced GBC patients with surgery alone, CTx, XRT, and cXRT was 6.0, 13.0, 15.0,
and 21.0 mo, respectively. There was a significant difference among the different
adjuvant therapy groups (log rank, surgery alone vs CTx, P < 0.001; surgery alone vs
XRT, P = 0.014; surgery alone vs cXRT, P < 0.001) (Figure 3).

DISCUSSION
The use of an effective risk and survival prediction model in any cancer after surgical
resection is critical to patients and physicians for making decisions regarding
adjuvant therapy modalities and the frequency of follow-up[19]. However, the accurate
prediction of cancer outcome remains one of the most interesting and challenging
tasks for physicians. As a result, machine learning methods have become a popular

WJG

https://www.wjgnet.com

5661

October 7, 2019

Volume 25

Issue 37

Geng ZM et al. Bayesian network model for GBC
Figure formula

tool for medical researchers[20,21].
In this study, we integrated BN with importance measures to identify the key
factors underlying the prognosis of patients with advanced GBC after curative
resection under uncertainty. The BN model was applied to predict patient survival
time using the data gathered from the SEER database. In our model, the general
model accuracy was 69.67%. Furthermore, the AUC for the BN model in the testing
dataset was 77.72%. Therefore, we could obtain a higher TPR with a given FPR, which
indicates a higher prediction accuracy with a lower risk.
On the basis of this model, by combining importance measures and their
calculation method, we could obtain the ranking of the prognostic factors that
influence the survival of patients with advanced GBC after radical resection. The
ranking of prognostic factors is listed as follows: Radiation, chemotherapy, T stage,
Scope Reg LN Sur, radiation sequence, Number Ln, AJCC stage, grade, Surg Oth Reg,
age, Surg Prim Site, tumor size, positive Ln, N stage, SEER historic stage, and sex, in
which radiation, chemotherapy, and T stage ranked among the top three with an
importance value of 0.3261, 0.2795, and 0.2045, respectively. A total of 226 (27.63%)
and 345 (42.18%) patients received radiation and chemotherapy, respectively. The
results showed that adjuvant radiation and chemotherapy were the most important
prognostic factors that influenced the survival of patients with advanced GBC after
radical resection.
Locoregional recurrence following radical resection is a problem facing successful
curing of the disease in patients with biliary tract cancers; for this reason, regional
treatment in the form of radiotherapy is often considered as an adjuvant therapy after
surgery [22] . However, due to its uncommon nature and the limited randomized
controlled trials, the role of adjuvant therapy in advanced GBC patients after curative
resection is controversial[23-25].
A nomogram survival model proposed by Wang et al[11] predicted that GBC patients
with at least T2 or N1 disease would gain a survival benefit from adjuvant CRT, with
a C-index of 0.67. Another multivariate Cox proportional hazards model constructed
by Wang et al[12] predicted that adjuvant RT provided a survival benefit in nodepositive or ≥ T2 disease, with a C-index of 0.71. An analysis from the National Cancer
Data Base by Hoehn et al [26] reported that adjuvant chemotherapy and radiation
therapy improved survival for patients with node-positive GBC. In addition, a phase
II prospective trial of adjuvant capecitabine and gemcitabine followed by
radiotherapy and concurrent capecitabine in extrahepatic cholangiocarcinoma and
GBC (SWOG: S0809) showed high levels of local control[27].
In this study, the BN prediction model confirmed the role of adjuvant therapy in
advanced GBC patients after curative resection. For patients with node-negative
disease, the model estimated the survival benefit from the addition of XRT and cXRT,
regardless of T3 or T4 stage. For patients with node-positive disease, the model
predicted survival benefit from CTx, XRT, and xCRT. Meanwhile, patients acquired
more benefit from xCRT than CTx and XRT. In addition, the predicted result was
validated by the survival analysis.
To our knowledge, no similar research on adjuvant therapy in curative resected
GBC based on BN was reported. BN is a directed acyclic graph for probabilistic
reasoning and is different from the traditional statistical analysis. However, the
current study has several limitations. There are two main limitations affect
recommended analyses using the SEER radiotherapy and chemotherapy data: (1) The
completeness of the variables; and (2) The biases associated with unmeasured reasons
for receiving or not receiving RT/chemotherapy. In addition, we were unable to
consider some of the details from the SEER database, including radiation dosage,
field(s) of radiation, and margin status as well as details of chemotherapy. Moreover,
although this study was performed using the SEER database, the study population
was only 818 patients after screening. Large-volume, prospective, randomized,
controlled clinical trials are therefore needed to validate the prediction model in the
future.
In conclusion, a BN model was constructed to predict the survival time for patients
with advanced GBC after curative resection from the SEER database, with a model
accuracy of 69.67%, and the AUC value for the testing dataset was 77.72%. Importance
measures were used to sort these prognostic factors, in which radiation,
chemotherapy, and T stage were ranked among the top three. The prediction model
supported the role of adjuvant therapy for advanced GBC patients after curative
resection. For patients with node-negative disease, the model estimated the survival
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Table 2 Confusion matrix, reliability, and accuracy of Bayesian network model

Confusion matrix (n)

Reliability (%)

Accuracy (%)

Survival time (n)

≤ 9 m (n = 114)

> 9 m (n = 130)

≤ 9 m (128)

84

44

> 9 m (116)

30

86

≤ 9 m (128)

65.62%

34.38%

> 9 m (116)

25.86%

74.14%

≤ 9 m (128)

73.68%

33.85%

> 9 m (116)

26.32%

66.15%

benefit from the addition of XRT and cXRT. For patients with node-positive disease,
the model predicted survival benefit from xCRT.
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Table 3 Survival prediction table as established by T stage, N stage, radiation, and chemotherapy
T stage

N stage

Radiation

Chemotherapy

> 9 m (%)

3

0

0

0

41.35

3

0

0

1

58.29

3

0

1

0

75.42

3

0

1

1

76.62

3

1

0

0

34.59

3

1

0

1

64.08

3

1

1

0

69.71

3

1

1

1

80.71

4

0

0

0

28.50

4

0

0

1

44.14

4

0

1

0

63.44

4

0

1

1

64.95

4

1

0

0

14.85

4

1

0

1

37.03

4

1

1

0

43.14

4

1

1

1

57.97

T stage: 3 T3 stage, 4 T4 stage; N stage: 0 N0 stage, 1 N1 stage; Radiation and chemotherapy: 0 No, 1 Yes.

Figure 3

Figure 3 Overall survival curve with different adjuvant therapies for patients with advanced gallbladder adenocarcinoma. CTx: Adjuvant chemotherapy; XRT:
Adjuvant radiotherapy; cXRT: Adjuvant chemoradiotherapy.

ARTICLE HIGHLIGHTS
Research background
Gallbladder carcinoma (GBC) is the most common biliary tract cancer and the sixth most
common gastrointestinal malignancy worldwide. Surgical resection is the only potentially
curative treatment for GBC, and the outcome of patients with advanced disease is dismal. The

WJG

https://www.wjgnet.com

5664

October 7, 2019

Volume 25

Issue 37

Geng ZM et al. Bayesian network model for GBC
factors affecting the prognosis and role of adjuvant therapy in advanced GBC after curative
resection remain unclear.

Research motivation
In order to indentify the factors affecting the prognosis and role of adjuvant therapy in advanced
GBC after curative resection, the establishment of an accurate survival prediction model for
patients with advanced GBC is of great significance for the selection of individualized treatments
to increase the survival time. We have previously applied a Bayesian network (BN) and
importance measures to identify the significant factors of survival after surgery for patients with
GBC. In the present study, we applied BN to build a model to predict the survival time for
patients with advanced GBC following curative resection.

Research objectives
The objective of this study was to provide a survival prediction model and decision-making
support to patients with advanced GBC after curative resection, as well as to identify the
prognostic factors associated with survival and the role of adjuvant therapy.

Research methods
Patients with curatively resected advanced gallbladder adenocarcinoma (T3 and T4) were
selected from the Surveillance, Epidemiology, and End Results (SEER) database between 2004
and 2015. We constructed a survival prediction model based on the SEER database using the
tree-augmented naïve Bayes algorithm, and composite importance measures were applied to
rank the influence of prognostic factors on survival. The confusion matrix and receiver operating
characteristic curve were used to evaluate the model accuracy.

Research results
A total of 818 patients met the inclusion criteria. The median survival time was 9.0 mo. The
accuracy of the BN model was 69.67%, and the area under the curve value for the testing dataset
was 77.72%. The importance measures showed that adjuvant radiation, adjuvant chemotherapy
(CTx), T stage, scope Reg Ln Sur, and radiation sequence were ranked as the top 5 prognostic
factors. A survival prediction table was then established based on T stage, N stage, adjuvant
radiotherapy (XRT), and CTx. The prediction model showed that the survival time (>9.0 mo) was
affected by different treatments with the order of adjuvant chemoradiotherapy > adjuvant
radiation > adjuvant chemotherapy > surgery alone. For patients with node-positive disease, the
larger benefit predicted by the model is adjuvant chemoradiotherapy, and the results were
validated by the survival analysis further.

Research conclusions
A BN model was constructed to predict the survival time for patients with advanced GBC after
curative resection from the SEER database, with a high model accuracy. The prediction model
supported the role of adjuvant therapy for advanced GBC patients. For patients with nodenegative disease, the model estimated the survival benefit from the addition of XRT and cXRT.
For patients with node-positive disease, adjuvant chemoradiotherapy is expected to improve the
survival significantly.

Research perspectives
The BN-based survival prediction model can be used as a decision-making support tool for
advanced GBC patients. We will improve the model accuracy based on more data. Largevolume, prospective, randomized, controlled clinical trials are needed to validate the prediction
model in the future.
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Abstract
BACKGROUND
Hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) is a
syndrome with a high short-term mortality rate, and it is crucial to identify those
patients at a high mortality risk clinically.
AIM
To investigate the clinical value of soluble mannose receptor (sMR) in predicting
the 90-day mortality of HBV-ACLF patients.
METHODS
A total of 43 patients were diagnosed with HBV-ACLF between October 2017 and
October 2018 at the Second Hospital of Anhui Medical University, and all of them
were enrolled in this retrospective study. Their serum sMR levels were
determined using an enzyme-linked immunosorbent assay. Demographic and
clinical data, including gender, age, albumin level, total bilirubin (TBIL) level,
international normalized ratio, HBV-DNA level, HBV serological markers,
procalcitonin level, interleukin-6 level, and model for end-stage liver disease
(MELD) score were accessed at the time of diagnosis of HBV-ACLF. A
multivariate logistic regression analysis was used to analyze the independent risk
factors for mortality.
RESULTS
Serum sMR level was significantly increased in HBV-ACLF patients compared
with chronic hepatitis B patients and healthy controls (P < 0.01). When compared
with surviving patients, it was higher in those patients who succumbed to HBVACLF (P < 0.05). Serum sMR level was positively correlated with MELD score (rs
= 0.533, P = 0.001), HBV-DNA level (rs = 0.497, P = 0.022), and TBIL level (rs =
0.894, P < 0.001). Serum sMR level (odds ratio = 1.007, 95% confidence interval:
1.004–1.012, P = 0.001) was an independent risk factor for the 90-day mortality in
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the HBV-ACLF cases. The patients with HBV-ACLF were stratified into two
groups in accordance with their serum sMR levels at the baseline (low risk: <
99.84 pg/mL and high risk: ≥ 99.84 pg/mL). The 90-day mortality rates were
27.3% in the low-risk group and 87.5% in the high-risk group. Furthermore, sMR
level apparently improved the performance of MELD score for predicting the
prognosis of patients with HBV-ACLF.
CONCLUSION
Serum sMR level may be a predictor of the prognosis of HBV-ACLF patients.
Key words: Acute-on-chronic liver failure; Mannose receptor; Model for end-stage liver
disease; Prognosis; Risk factor
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This is a retrospective study to evaluate the value of soluble mannose receptor
(sMR) level for predicting the 90-day mortality of patients with hepatitis B virus-related
acute-on-chronic liver failure (HBV-ACLF). Serum sMR level was significantly higher
in patients with HBV-ACLF, and it was an independent risk factor associated with the
prognosis of HBV-ACLF. Furthermore, sMR level significantly improved the
performance of model for end-stage liver disease score for predicting the prognosis of
HBV-ACLF patients.

Citation: Li TP, Guan SH, Wang Q, Chen LW, Yang K, Zhang H. Soluble mannose receptor
as a predictor of prognosis of hepatitis B virus-related acute-on-chronic liver failure. World J
Gastroenterol 2019; 25(37): 5667-5675
URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5667.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5667

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a clinical syndrome of the acute
decompensation of liver function based on chronic liver disease, and it is often
accompanied by multiple organ failure [1] . The main cause of ACLF is the acute
exacerbation of chronic hepatitis B (CHB), which accounts for more than 80% of all
causes in China[2]. ACLF caused by CHB is called hepatitis B-related ACLF (HBVACLF).
The pathogenesis of HBV-ACLF is related to the activation of hepatic
macrophages[3]. Macrophages can be rapidly activated under the stimulation of acute
and chronic inflammatory reactions, and they are differentiated into Ml and M2
macrophages [4] . Mannose receptor (MR) is expressed mainly on the membrane
surfaces of M2 macrophages and dendritic cells[5]. MR can recognize and bind specific
carbohydrate molecules through the extracellular domain, which plays an important
role in identifying pathogens, presenting antigens, and maintaining the homeostasis
of the internal environment[6]. Its soluble form, soluble mannose receptor (sMR), is
formed by the matrix metalloproteinase cleavage of MR on the cell membrane, and it
is secreted into peripheral serum[7]. Serum sMR level is elevated in critical illnesses,
including severe liver disease[8]. In addition, sMR level is associated with liver disease
severity in patients with alcoholic hepatitis and chronic viral hepatitis[9-11].
Previous studies have shown that sMR levels gradually increase with ACLF
severity, and they are closely related to mortality[12]. Nevertheless, the role of sMR in
HBV-ACLF has not been elucidated. Therefore, this research was designed to assess
the value of sMR level in predicting the 90-day mortality of HBV-ACLF patients.

MATERIALS AND METHODS
Patients
Forty-three patients with HBV-ACLF and 43 patients with CHB from the Second
Hospital of Anhui Medical University were enrolled in this study from October 2017
to October 2018. In addition, 20 healthy controls (HCs) were randomly selected
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during this time period. The diagnosis of HBV-ACLF was based on the consensus
definition of the Asian Pacific Association for the Study of the Liver (2014 version)[13],
as follows: Acute hepatic insult manifested as jaundice (serum bilirubin ≥ 5 mg/dL or
85 µmol/L) and coagulopathy [international normalized ratio (INR) > 1.5 or
prothrombin activity < 40%], complicated within 4 wk by ascites and/or
encephalopathy in a patient with CHB. According to the INR level, they were divided
into three subgroups: Early stage (1.5 < INR ≤ 1.9), medium stage (1.9 < INR ≤ 2.6),
and late stage (INR ≥ 2.6). Patients with liver failure caused by cirrhosis, other
hepatitis virus infections or coinfections, alcoholic liver disease or nonalcoholic fatty
liver, or hepatotoxic drugs were excluded from this research. CHB diagnosis was
made according to the diagnostic criteria of the Chinese guidelines for the prevention
and treatment of CHB (2015 version)[14]. Blood samples (5 mL) were collected at the
time of HBV-ACLF or CHB diagnosis, and they were centrifuged at 1000 × g for 15
min and then stored at -80 °C. Demographic and clinical data, including gender, age,
albumin (ALB) level, total bilirubin (TBIL) level, INR, HBV-DNA level, HBV
serological markers, procalcitonin (PCT) level, and interleukin-6 (IL-6) level, were
collected within the first day after HBV-ACLF diagnosis. We followed the patients
with HBV-ACLF who met the inclusion criteria: The patients who survived within 90
d made up a survival group, and those who died within 90 d made up a non-survival
group (including automatic discharge due to exacerbation).
According to the 1975 Helsinki Declaration, this study was approved by the Ethics
Committee of the Second Hospital of Anhui Medical University. Written informed
consent was obtained from all of the participants prior to their inclusion in this study.

Serological sMR detection
Serum concentrations of sMR were measured using a commercial enzyme-linked
immunosorbent assay (ELISA) kit (GTX, Inc., Los Angeles, CA, United States) in
accordance with the instructions. Briefly, we added 50 µL of diluted (1:5) serum
samples to the ELISA plates that were pre-coated with a captured sMR antibody, and
the absorbance was measured at 450 nm by using an ELISA plate reader (ST-360;
Shanghai Kehua Bio-engineering, Ltd., Shanghai, China). A duplicate assay was also
performed. The concentration of the standard was set to the abscissa, and the
absorbance value was set to the ordinate. A standard curve was drawn, and the
absorbance value was substituted into the linear equation in order to calculate the
sample concentration.

Scoring system
The model for end-stage liver disease (MELD) score was calculated using the formula
as follows: MELD = 11.2 × ln (INR) + 9.6 × ln [creatinine (Cr, mg/dL)] + 3.8 × ln [TBIL
(mg/dL)] + 6.4.

Statistical analysis
All of the data were analyzed using IBM SPSS Statistics for Windows version 22.0
(IBM Corp., Armonk, NY, United States). The normally distributed data are expressed
as the mean ± standard deviation, and the non-normally distributed data are
expressed as the median (interquartile range). The differences in the normally
distributed data were analyzed using the Student’s t-test and analysis of variance. The
comparisons of the non-normally distributed data were performed using the MannWhitney U test and the Kruskal-Wallis test. Spearman correlation analysis was used
to evaluate the correlations between the sMR level and other clinical indicators.
Multivariate logistic regression was employed to analyze the independent risk factors
for mortality. The best sMR cutoff value for predicting the 90-day mortality was
determined by adopting SPSS Modeler 18.0 software (IBM Corp., Armonk, NY,
United States). The area under the receiver operating characteristics curve (AUROC)
was used to compare the accuracy of the prediction. Survival analysis was performed
using the Kaplan-Meier curve. A two-sided P-value < 0.05 was considered to indicate
a statistically significant difference.

RESULTS
Subject characteristics
The demographic and clinical characteristics of all of the subjects in the ACLF, CHB,
and HC groups are listed in Table 1. There were no significant differences in the age
or sex ratio between the three groups (P > 0.05). The patients with HBV-ACLF had
elevated ALB, TBIL, Cr, INR, PCT, IL-6, and HBV-DNA levels when compared with
the other two groups (P < 0.05). MELD score was significantly elevated in the HBVACLF patients when compared with CHB patients (P < 0.05). Out of the HBV-ACLF
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patients, there were 12 patients in the survival group and 31 in the non-survival
group. The number of patients with HBV-ACLF in the early stage, medium stage, and
late stage groups was 12, 10, and 21, respectively.

Serum sMR expression in HBV-ACLF patients
Serum sMR levels of HBV-ACLF patients, CHB patients, and HCs were 114.94 ± 49.65
pg/mL, 80.75 ± 34.45 pg/mL, and 26.51 ± 8.62 pg/mL, respectively. Serum sMR level
of HBV-ACLF patients was significantly higher than those of CHB patients and HCs
(P < 0.01; Figure 1A). Serum sMR levels in the early, medium, and late stage groups of
HBV-ACLF patients increased gradually (79.42 ± 25.10 pg/mL, 113.56 ± 14.35 pg/mL,
and 158.15 ± 59.13 pg/mL, respectively) (P < 0.01; Figure 1B).

Serum sMR levels help to differentiate between survivors and non-survivors
Serum sMR level of non-survivors was significantly increased (131.20 ± 9.40 pg/mL),
and it was much higher than that of the survival group (69.89 ± 6.92 pg/mL) (P < 0.05;
Figure 2).

Correlations between sMR level and liver injury indicators
To further explore the clinical value of sMR level in developing HBV-ACLF, we
analyzed the correlations between serum sMR level and liver injury parameters,
including MELD score, HBV-DNA level, and TBIL level. Serum sMR level was
positively correlated with MELD score (rs = 0.533, P = 0.001), HBV-DNA level (rs =
0.497, P = 0.022), and TBIL level (rs = 0.894, P < 0.001) (Figure 3A-C).

Serum sMR level is an independent risk factor for mortality in HBV-ACLF patients
To determine the potential of serum sMR level to predict the prognosis of HBV-ACLF,
univariate and multivariate logistic regression analyses were employed to test the
following parameters (see Table 2). MELD score was calculated using the TBIL, Cr,
and INR, so these three values were not used in the logistic regression. The
multivariate analysis indicated that MELD score [odds ratio (OR) = 1.132, 95%
confidence interval (CI): 1.046-1.396, P = 0.001] and sMR level (OR = 1.007, 95%CI:
1.004-1.012, P = 0.001) were independent risk factors for the 90-day mortality (Table
2).

Serum sMR level apparently improves performance of MELD score for predicting
prognosis of HBV-ACLF patients
Patients with HBV-ACLF were stratified into two groups in accordance with the
cutoff value of serum sMR level. The best cutoff value of sMR level was identified
using SPSS Modeler 18.0 software (low risk: < 99.84 pg/mL and high risk: ≥ 99.84
pg/mL). The 90-day mortality rates were 27.3% (3/11) for the low-risk group and
87.5% (28/32) for the high-risk group k, and patients with sMR levels ≥ 99.84 pg/mL
had poor prognoses (Figure 4). When the optimal cut-off value was 99.84 pg/mL, the
sensitivity and specificity of sMR level for predicting the 90-day mortality were 70.6%
and 83.3%, respectively. In addition, compared with the single MELD score, the new
prognostic model combining MELD with sMR showed a significant advantage in
terms of prognostic accuracy (AUROC = 0.903 and 0.717, respectively, P = 0.025)
(Figure 5).

DISCUSSION
Our study demonstrated that serum sMR levels in patients with HBV-ACLF were
increased significantly, and they helped to distinguish the survivors from nonsurvivors. Serum sMR level was positively correlated with MELD score and HBVDNA and TBIL levels. In addition, the results of this study showed that serum sMR
level was an independent risk factor for the prognosis of HBV-ACLF.
As described previously, HBV-ACLF refers to liver failure caused by the acute
aggravation of liver injury in CHB patients[1,2]. At present, the pathogenesis of the
disease has not been fully clarified, but most researchers believe that immune damage
plays a key role in HBV-ACLF. Immunocytes, such as macrophages, are activated in
the pathogenesis of HBV-ACLF; they release a large number of inflammatory
mediators and cytokines which participate in the inflammatory response of the liver.
The expression level of the macrophages is closely related to the development and
prognosis of the disease[3,15]. As a macrophage activation marker, MR mediates a series
of immune responses that recognize, phagocytose, and clear pathogens[6]. The serum
containing sMR can be stored at - 80 °C for 20 mo, and it can be detected by ELISA[8].
This study found that compared with HCs and CHB patients, the expression level
of sMR in serum of HBV-ACLF patients was significantly increased. Moreover,
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Table 1 Demographic and clinical characteristics of the study subjects
Variable

HBV-ACLF (n = 43)

CHB (n = 43)

HCs (n = 20)

Age (yr)

42.65 ± 13.93

40.24 ± 14.41

41.00 ± 11.20

Male (%)

36 (83.7%)

35 (81.4%)

16 (80%)

ALB (g/L)

29.90 ± 4.45ab

36.62 ± 4.60

45.07 ± 2.31

ab

TBIL (μmol/L)

351.92 ± 190.27

69.41 ± 95.43

8.00 ± 3.49

Cr (μmol/L)

95.56 ± 55.81ab

63.82 ± 11.97

65.00 ± 11.61

INR

2.01 (1.13)ab

1.13 (0.26)

0.95 (0.10)

HBeAg (positive rate, %)

14 (32.55%)

21 (48.84%)

ND

HBV-DNA (log10 copies/mL)

6.74 ± 7.35b

4.88 ± 1.99

ND

PCT (ng/mL)

0.53 (0.43)ab

0.07 (0.20)

0.02 (0.02)

IL-6 (pg/mL)

15.50 (24.00)ab

7.50 (7.00)

4.00 (4.00)

b

MELD

33.48 ± 4.79

8.43 ± 7.42

ND

sMR (pg/mL)

114.94 ± 49.65ab

80.75 ± 34.45

26.51 ± 8.62

The normally distributed data are expressed as the mean ± standard deviation. The non-normally distributed
data are expressed as the median (interquartile range).
a
P < 0.05 vs HCs;
b
P < 0.05 vs CHB.
HBV: Hepatitis B virus; ACLF: Acute-on-chronic liver failure; CHB: Chronic hepatitis B; HCs: Healthy
controls; ALB: Albumin; PTA: Prothrombin activity; TBIL: Total bilirubin; Cr: Creatinine; INR: International
normalized ratio; HBeAg: Hepatitis B e antigen; PCT: Procalcitonin; IL-6: Interleukin-6; MELD: Model for
end-stage liver disease; sMR: Soluble mannose receptor; ND: Not determined.

sCD163, a marker of macrophage activation, is also significantly elevated in patients
with HBV-ACLF[3]. Therefore, we speculate that sMR and sCD163 may play important
roles in the immune process of acute liver inflammation. Laursen et al[11] found that
the macrophage activation markers sCD163 and sMR were associated with activity
and fibrosis in the liver biopsies of patients with CHB. At the same time, we found
that the sMR level of CHB patients was significantly higher than that of HCs,
suggesting that sMR may also play an important role in the pathogenesis of CHB. We
also analyzed the sMR levels in the early, middle, and late stages of HBV-ACLF. The
results showed that the sMR expression level increased gradually with the increase in
the severity of the disease, indicating that sMR level is closely related to disease
severity in HBV-ACLF patients.
MELD score has been used widely to evaluate the prognosis of HBV-ACLF.
Through a correlation analysis, we found that sMR level was positively correlated
with MELD score, HBV-DNA level, and TBIL level. When combined with the
previous experimental results, we concluded that sMR level was closely related to
liver inflammatory injury and disease severity in patients with HBV-ACLF. Previous
studies have indicated that sMR may be a potential biomarker for liver diseases and
infectious diseases[8]. Moreover, Japanese scholars have found that serum sCD206 was
increased in pulmonary tuberculosis (PTB), and that it was associated with the
prognosis; therefore, it could be a potential biomarker for PTB[16]. Relster et al showed
that the macrophage activation marker sMR holds potential as a new diagnostic and
early prognostic biomarker for patients with acute infectious diseases, with or without
sepsis[17]. In order to verify whether sMR level could be a predictor of HBV-ACLF
prognosis, a multivariate logistic regression analysis was performed, and the results
showed that sMR level was an independent risk factor for mortality in HBV-ACLF
patients. In addition, it apparently improved the performance of MELD score for
predicting HBV-ACLF prognosis.
Our study did have some limitations. First of all, serum sMR level was obviously
correlated with HBV-ACLF prognosis, but the mechanisms underlying the role of
sMR were not investigated. Second, the dynamic changes in serum sMR should be
determined during the progression of HBV-ACLF. Finally, multicenter studies with
large sample sizes are also required to confirm the current findings.
In conclusion, serum sMR level is significantly elevated in HBV-ACLF patients, and
it is apparently associated with indicators of liver injury and disease severity. In
addition, sMR level is an independent risk factor for the prognosis of HBV-ACLF. The
present findings collectively suggest that sMR level may be a predictor of the
prognosis in patients with HBV-ACLF.
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Table 2 Risk factors for 90-d mortality in patients with hepatitis B virus-related acute-on-chronic liver failure
Baseline variable

OR

Univariate 95%CI

P-value

OR

Multivariate 95%CI

P-value

Age (yr)

0.850

0.701–1.051

0.642

Gender

0.519

0.096–2.741

0.422

ALB (g/L)

0.722

0.567–1.052

0.102

PCT (ng/mL)

1.003

0.999–1.006

0.152

IL-6 (pg/mL)

1.022

1.005–1.038

0.187

MELD

1.422

1.038–2.693

0.001

1.132

1.046-1.396

0.001

sMR (pg/mL)

1.062

1.005–1.038

0.001

1.007

1.004-1.012

0.001

HBV: Hepatitis B virus; ACLF: Acute-on-chronic liver failure. OR: Odds ratio; CI: Confidence interval; ALB: Albumin; PCT: Procalcitonin; IL-6: Interleukin6; MELD: Model for end-stage liver disease; sMR: Soluble mannose receptor.

Figure 1

Figure 1 Serum soluble mannose receptor levels in different groups of subjects. A: Comparison of serum sMR levels among HBV-ACLF patients, CHB patients,
and HCs; B: Comparison of sMR levels among different stages of HBV-ACLF patients. cP < 0.01. sMR: Soluble mannose receptor; HCs: Healthy controls; CHB:
Chronic hepatitis B; HBV: Hepatitis B virus; ACLF: Acute-on-chronic liver failure.
Figure 2

Figure 2 Comparison of soluble mannose receptor levels between non-survivors and survivors. Serum sMR level in the non-survivor group was significantly
higher than that of the survivor group. dP < 0.05. sMR: Soluble mannose receptor.
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Figure 3

Figure 3 Correlations between serum soluble mannose receptor level and liver injury parameters. rs: Spearman correlation coefficient; sMR: Soluble mannose
receptor; HBV: Hepatitis B virus; ACLF: Acute-on-chronic liver failure; MELD: Model for end-stage liver disease; TBIL: Total bilirubin.
Figure 4

Figure 4 Kaplan-Meier survival curves of soluble mannose receptor levels for predicting 90-day mortality. sMR: Soluble mannose receptor.
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Figure 5

Figure 5 Areas under the receiver operating characteristics curves of model for end-stage liver disease score alone and model for end-stage liver disease
score plus serum soluble mannose receptor. AUROC: Area under the receiver operating characteristics curve; CI: Confidence interval; MELD: Model for end-stage
liver disease; sMR: Soluble mannose receptor.

ARTICLE HIGHLIGHTS
Research background
Since hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) is a syndrome with a
high short-term mortality rate, and clinically identifying those patients at a high mortality risk is
of great significance.

Research motivation
The aim of this study was to investigate the clinical value of soluble mannose receptor (sMR) in
patients with HBV-ACLF.

Research objectives
To investigate the clinical value of sMR for predicting 90-d mortality of patients with HBVACLF.

Research methods
A total of 43 patients with HBV-ACLF were enrolled in this retrospective study, and their serum
sMR levels were determined using an enzyme-linked immunosorbent assay. A multivariate
logistic regression analysis was used to analyze the independent risk factors for mortality.

Research results
When compared with chronic hepatitis B patients and healthy controls, serum sMR level was
significantly higher in HBV-ACLF patients. Serum sMR helped to distinguish the survivors from
non-survivors, and it was positively correlated with model for end-stage liver disease (MELD)
score, HBV-DNA level, and total bilirubin level. In addition, serum sMR level was an
independent risk factor and significantly improved the performance of MELD score in predicting
the prognosis of HBV-ACLF patients.

Research conclusions
Serum sMR level is significantly elevated in patients with HBV-ACLF, and it is significantly
associated with indicators of liver injury and disease severity. Additionally, sMR level is
negatively correlated with patients outcome. Finally, sMR level may be a predictor of the
prognosis of patients with HBV-ACLF.

Research perspectives
Future studies are needed to investigate the mechanisms underlying the role of sMR. And it is
necessary to determine the dynamic changes in serum sMR during the progression of HBVACLF. Multicenter trials with large sample sizes are also required to confirm the current
findings.
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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is a frequently reported condition in
patients with inflammatory bowel disease (IBD). Both intestinal inflammation
and metabolic factors are believed to contribute to the pathogenesis of IBDassociated NAFLD.
AIM
To evaluate the prevalence of steatosis and liver fibrosis (LF) in a cohort of IBD
patients and the identification of metabolic- and IBD-related risk factors for
NAFLD and LF.
METHODS
IBD patients were consecutively enrolled from December 2016 to January 2018.
Demographic, anthropometric and biochemical data were collected so as eating
habits. Abdominal ultrasound and transient elastography were performed to
evaluate the presence of NAFLD and LF respectively.
RESULTS
A total of 178 consecutive patients were enrolled and included in the analysis (95
Ulcerative colitis, 83 Crohn’s disease). NAFLD was detected by imaging in 72
(40.4%) patients. Comparison between patients with and without NAFLD
showed no significant differences in terms of IBD severity, disease duration,
location/extension, use of IBD-related medications (i.e., steroids, anti-TNFs, and
immunomodulators) and surgery. NAFLD was significantly associated with the
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presence of metabolic syndrome [MetS; odds ratio (OR): 4.13, P = 0.001] and
obesity defined by body mass index (OR: 9.21, P = 0.0002). IBD patients with
NAFLD showed higher caloric intake and lipid consumption than those without
NAFLD, regardless disease activity. At the multivariate analysis, male sex,
advanced age and high lipid consumption were independent risk factors for the
development of NAFLD. An increased liver stiffness was detected in 21 patients
(16%) and the presence of MetS was the only relevant factor associated to LF (OR:
3.40, P = 0.01).
CONCLUSION
In this study, we demonstrate that risk factors for NAFLD and LF in the IBD
population do not differ from those in the general population.
Key words: Nonalcoholic fatty liver disease; Liver fibrosis; Inflammatory bowel disease;
Risk factors; Dietary habits
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver
disease, frequently reported in patients with inflammatory bowel disease (IBD). The
underlining causes and predisposing factors to NAFLD among IBD patients remain
poorly investigated. We performed an observational study enrolling consecutive IBD
patients to evaluate the prevalence of steatosis and liver fibrosis and their association
with IBD-related risk factors. Our study confirms the epidemiological burden of NAFLD
in IBD and demonstrates the absence of intestinal disease-specific risk factors associated
to NAFLD, while confirming as risk factors those already identified in the general
population. IBD care should not be limited to intestinal disease but should also include
metabolic interventions by promoting healthy lifestyle and a correct dietary regimen in
order to reduce the occurrence of chronic liver disease.

Citation: Magrì S, Paduano D, Chicco F, Cingolani A, Farris C, Delogu G, Tumbarello F, Lai
M, Melis A, Casula L, Fantini MC, Usai P. Nonalcoholic fatty liver disease in patients with
inflammatory bowel disease: Beyond the natural history. World J Gastroenterol 2019; 25(37):
5676-5686
URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5676.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5676

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease,
characterized by the presence of steatosis in > 5% of the hepatocytes[1], and whose
prevalence is steeply increasing in parallel with obesity. The prevalence of NAFLD
among adults is estimated to be 17%-46% in western countries, common risk factors
are obesity-related metabolic disorders such as metabolic syndrome (MetS) and
insulin resistance. The diagnosis of NAFLD requires the exclusion of both secondary
causes of liver disease and daily alcohol consumption ≥ 30 g for men and ≥ 20 g for
women [2] . NAFLD can progress from simple hepatic steatosis to nonalcoholic
steatohepatitis (NASH), liver fibrosis (LF), cirrhosis and hepatocellular carcinoma
(HCC)[3].
Crohn’s disease (CD) and ulcerative colitis (UC), the two major forms of
inflammatory bowel disease (IBD), are immune-mediated, chronic-relapsing
inflammatory disorders affecting the gut and clinically characterized by abdominal
pain, diarrhoea, bleeding, and weight loss, with a severely compromised quality of
life[4]. Despite IBD is commonly considered a wasting disease characterized in some
cases by malabsorption and severe weight loss, recent data indicate that the
prevalence of NAFLD among IBD patients is increased as compared to the general
population[5]. Though, the underlining causes and predisposing factors to NAFLD
among IBD patients remain poorly investigated. In IBD patients, the increased risk to
develop NAFLD might be related to intestinal disease-related factors such as
inflammatory activity, disease duration, previous intestinal surgery, prolonged use of
steroids, immunosuppressants and biologics[6]. On the other hand, the introduction of
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new therapies and the better control of the intestinal inflammation and symptoms
have increased obesity and the MetS in IBD patients to rates comparable to those of
the general population[7].
LF is the fearsome consequence of NAFLD. Although liver biopsy used to be the
gold standard to stage LF, this procedure is invasive, expensive, not suitable as a
screening tool and prone to sampling errors related to the limited amount of tissue
analyzed. Transient elastography (TE) is a non-invasive and reproducible test, proved
to be accurate in detecting significant fibrosis, advanced fibrosis and cirrhosis in
patients with NAFLD[8]. Barbero et al[9] reported a frequency of LF between 6.4% and
10% in IBD patients, although few studies investigated the prevalence of LF in
patients with IBD and NAFLD. The main aim of this observational study was to
evaluate the prevalence of NAFLD and LF in a cohort of IBD patients. Furthermore,
we investigated the association of IBD- and metabolic-related risk factors for NAFLD
and LF in this population.

MATERIALS AND METHODS
Study design and population
Between December 2016 and January 2018, consecutive IBD patients in regular followup at the Gastroenterology Clinic of the Department of Internal Medicine, Polyclinic
University Hospital of Monserrato were evaluated through medical examination and
complete blood tests. Endoscopy was performed according to the international
guidelines for routinely follow-up [10] . At the time of enrollment, each patient
underwent abdominal ultrasound to establish the presence and severity of NAFLD
and a TE to evaluate LF. The research project has been approved by the Ethics Board
(Prot. PG/2018/23). The study was conducted according to the Helsinki Declaration.

Inclusion and exclusion criteria
Patients aged 18 years or older with a diagnosis of IBD for at least 6 mo in active
follow-up were enrolled. Exclusion criteria were inability to provide a valid consent,
pregnancy, significant alcohol consumption (≥ 20 and 30 g per day in females and
males, respectively) and any other known cause of chronic liver disease.

Diagnostic criteria
The diagnosis of IBD was based on a combination of imaging, clinical examination,
endoscopy, chemical and histologic analyses according to international guidelines[11,12].
The disease activity was calculated according to the Crohn’s disease activity index
and clinical MAYO score for CD and UC, respectively. Disease extension was
evaluated by endoscopy and/or radiologic [computed tomography (CT) or magnetic
resonance imaging] methods. The disease was conventionally referred as “extended”
when inflammation involved beyond the rectum for UC, and when inflammation
affected one bowel segment longer than 15 cm or more than one segment for CD.
Insuline resistance was detected by Homeostatic Model Assessment (HOMA) Index
(fasting blood glucose x fasting serum insulin/22.5). MetS was defined by the
presence of at least three of the following criteria: Waist circumference higher than
102 cm in men and 88 cm in women, hypertriglyceridemia, low HDL cholesterole,
high blood pressure, and elevated fasting glucose [13] . An expert gastrointestinal
radiologist performed an abdominal ultrasound to estimate the presence of NAFLD.
Typical findings such as bright liver echo patterns, more echogenic respect to the
renal cortex, and a loss of resolution of intrahepatic structures were evaluated.
Steatosis was grated form 0 to 3 as previously described[14]. TE was performed on the
same day of the abdominal ultrasound. Ten valid measurements were obtained for
each patient, and the examination was considered successful only when valid
measurements were > 75% and interquartile range was < 30%. The optimal cut-offs
values for estimating the different stages of LF were: 7 kPa for fibrosis stage ≥ F2, 10
kPa for fibrosis stage ≥ F3, and 14 kPa for fibrosis stage F4[15]. The presence of other
causes of chronic liver disease was excluded through laboratory tests
(aminotransferases, colestatic indices, hepatotropic viruses markers, autoimmune
markers, serum ferritin, transferrin saturation and ceruloplasmin) and, when
necessary, through radiological exams (CT, magnetic resonance cholangiopancreatography).

Dietary assessments
All 178 patients underwent nutritional evaluation. Anthropometric parameters [body
mass index (BMI), waist circumference, visceral fat, body fat, lean body mass] were
measured using Body Composition Monitor (Omron Healthcare co., ltd.) to evaluate
the presence and grade of obesity. Subsequently, a 24-h dietary recall was collected to
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estimate the usual dietary intake: patients were asked to describe the foods and drinks
consumed in the previous 24 h. The nutritionist entered the anthropometric
measurements and each 24-h dietary recall into the Dieto System Terapia Alimentare
software for nutrient analysis.

Statistical analysis
Continuous variables were reported as mean (± SD) and categorical variables as
number of cases and percentage. The non-parametric Mann-Withney U-test was used
to compare continuous variables, the test of proportions or Chi-square test for
categorical variables; P value level < 0.05 was considered significant. Univariate and,
for variables that showed P value levels < 0.1, also a multivariate binary logistic
regression analysis was performed using the absence/presence of NAFLD as
dependent variable and considering IBD- and metabolic-related variables as
predictors. A P value level < 0.05 was considered significant for all tests. Analyses
were performed using STATA/SE, version 14, software (StataCorp LP, College
Station, TX, United States) and SPSS v. 20 (IBM, Armonk, NY, United States).

RESULTS
Characteristics of the included population
Two hundred and 23 patients have been evaluated for inclusion in the study. Of
these, 45 were excluded because they did not meet the inclusion and exclusion criteria
(Figure 1). Of the remaining 178 patients, 95 (53.4%) were identified as having UC and
83 patients (46.6%) had CD. 48 patients (27%) had active disease. When assessed
separately, no significant differences were found between UC and CD patients. For
this reason, both groups were considered together. The prevalence of NAFLD was
determined in 72 patients (40.4%): grade 1, 2 and 3 steatosis was detected in 20
(11.2%), 30 (16.8%) and 22 (12.3%) patients respectively. Liver stiffness was evaluated
in 162 (91%) patients and LF (F ≥ 2) was found in 21 patients (16%). MetS was
diagnosed in 34 (19.1%) patients; 59 (33.1%) and 39 (21.9%) were classified as
overweight according to BMI and waist circumference respectively, while, based on
the same measurements, 22 (12.3%) and 39 (21.9%) were obese.

Comparison between IBD patients with and without NAFLD
IBD patients with NAFLD were significantly older than patients without NAFLD (54
years vs 47 years, P = 0.001). No differences between IBD diagnosis (CD or UC) and
disease duration were found but the duration of disease remission was significantly
longer in NAFLD patients as compared to IBD patients without NAFLD (33.9 mo vs
21.14, P < 0.05, Figure 2). Laboratory tests of patients with and without NAFLD were
compared. NAFLD patients showed increased levels of basal glucose (98.07 mg/dL
NAFLD vs 89.79 mg/dL no-NAFLD, P = 0.03), basal insulin (11.47 mU/L NAFLD vs
6.99 mU/L no-NAFLD, P = 0.007) and higher HOMA index (2.49 NAFLD vs 1.59 noNAFLD, P = 0.005). Aspartate aminotransferase, alanine aminotransferase (ALT),
glutamyltransferase, triglycerides and cholesterol values were not statistically
different between the two groups.
Next, we examined anthropometric measurements in both groups. As expected,
IBD patients with NAFLD had higher mean BMI than the those without NAFLD;
26.54 kg/m² vs 23.88 kg/m² respectively (P < 0.0001). NAFLD patients also had higher
mean body weight (73.53 kg NAFLD vs 64.24 kg no-NAFLD, P < 0.0001), waist
circumference (93.09 cm NAFLD vs 85.52 cm no-NAFLD, P < 0.0001), arm
circumference (28.31 cm NAFLD vs 26.83 cm no-NAFLD, P = 0.003) and visceral fat
(10.52 NAFLD vs 6.87 no-NAFLD, P < 0.0001). No significant difference in lean body
mass and body fat percentage was found between the two groups. When analyzing
dietary habits, patients with NAFLD had higher caloric intake and lipid consumption
than patients without NAFLD (1970.27 kcal vs 1752.35 kcal, P = 0.07 and 75.18 g/day
vs 64.88 g/day, P = 0.005). This difference did not change when dietary habits of
patients were analyzed in patients with active disease. Finally, although numerically
different, the mean values of liver stiffness between IBD patients with and without
NAFLD were not statistically different (5.5 kPa vs 4.6 kPa, P = 0.09, Table 1).

Risk factors for NAFLD
At the univariate analysis, male sex was associated to an increased risk to develop
NAFLD (odds ratio (OR): 3.17, 95% confidence interval (CI) 1.67-5.99, P = 0.0005). As
shown in Table 2, no significant associations were found between NAFLD and IBDrelated factors. Indeed, NAFLD was not associated to disease activity, evaluated
separately in both UC (OR: 0.62, P = 0.20) and CD (OR: 1.70, P = 0.31), presence of
extra-intestinal manifestations (OR :0.97, P = 0.94), long disease duration (OR: 1.17, P
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Figure 1

Figure 1 Study flow chart. IBD: Inflammatory bowel disease; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C
virus; NAFLD: Nonalcoholic fatty liver disease.

= 0.35), disease extension (OR: 1.14, P = 0.68), use of steroids (OR: 0.49, P = 0.57),
thiopurines (OR: 1.11, P = 0.80), biologic therapy (OR: 0.78, P = 0.41), prior surgery
(OR: 0.63, P = 0.24) and inflammatory markers (i.e., fecal calprotectin, OR: 1.53, 95%CI
0.75-3.12, P = 0.24; c-reactive protein, OR: 0.72, 95%CI 0.39-1.33, P = 0.18). Even by
stratyfing patients according to their steatosis grade, no significant association
between disease activity and NAFLD was found. As for the metabolic profile, MetS
(OR: 4.13, 95%CI 1.85-9.24, P = 0.001) and obesity, measured either by BMI (OR: 9.21,
95%CI 3.06-27.70, P = 0.0002), waist circumference (OR: 2.69, 95%CI 1.22-5.90, P =
0.001) or visceral fat (OR: 3.82, 95%CI 1.91-7.64, P = 0.001) but not diabetes were
associated to NAFLD (Table 3). At the multivariate analysis, only advanced age (OR:
1.04, 95%CI 1.01-1.07, P = 0.006), male sex (OR: 4.25, 95%CI 1.95-9.26, P < 0.0001),
obesity by BMI (OR: 1.17, 95%CI 1.06-1.28, P = 0.001) and high lipid consumption
were associated to NAFLD (OR: 1.02, 95%CI 1.01-1.03, P = 0.004, Table 4).

Risk factors for liver fibrosis
No IBD-related risk factors were found to be associated to LF at the univariate
analysis. As for the metabolic factors, the presence of MetS was the only factor
significantly associated with LF (OR: 3.40, 95%CI 1.26-9.20, P = 0.01).

DISCUSSION
NAFLD is the most common hepatic disease in Western countries [16] and it is
recognized as an increasingly relevant health issue. Indeed, NAFLD is candidate to
become the first cause of liver transplant in the next years. In our IBD cohort, 46.6% of
the patients were diagnosed with NAFLD. Obesity, evaluated by BMI, waist
circumference and visceral fat, was significantly correlated with the presence of
hepatic steatosis. Accordingly, we observed a significant correlation between highcaloric, high-fat diet and NAFLD. Patients with NAFLD tend to follow a Western
rather than a Mediterranean diet[17]. Indeed, we observed a reduced intake of complex
carbohydrates, fruit and vegetables and an increased intake of lipids and proteins
among IBD patients. This dietary habit might be due to the fact that IBD patients
associate symptoms such as abdominal distention and diarrhea to fiber and complex
carbohydrates intake, thus limiting their daily consumption, preferring proteic and fat
foods instead[18]. Furthermore, a long period of well-being, favored by the therapyinduced improvement of the general conditions and of the intestinal symptoms, in
particular diarrhea, may be the reasons for the increased food intake. We also
observed a positive correlation between high basal glucose and serum insulin levels,
as indicated by the high HOMA index value, and NAFLD, thus suggesting a common
pathogenic mechanism. Indeed, insulin resistance in the target organ, further
exacerbates hepatic steatosis.
Older age was also independently associated with NAFLD and this finding could
be related to the progressive increase of the metabolic risk factors with aging.
Conflicting data have been reported on the relationship between natural history of
IBD and the presence and grade of steatosis. Bessissow et al[6] showed the association
between duration of IBD, disease activity and prior surgery with NAFLD
development, and these findings have been replicated by others[19,20]. In contrast with
these data, but in line with our findings, Saroli et al [5] failed to demonstrate the
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Figure 2

Figure 2 Nonalcoholic fatty liver disease patients showed a significantly longer disease remission compared
to inflammatory bowel disease patients without nonalcoholic fatty liver disease. 33.9 mo vs 21.14, P < 0.05.

association between IBD-related factors including medications (steroids, thiopurine,
and TNF inhibitors) and the risk to develop NALFD.
In our view, the lack of association between IBD-related risk factors and NAFLD
and the presence of an unbalanced diet in both active and inactive disease,
emphasizes the importance of the dietary habits and the metabolic profile rather than
the intestinal inflammation in the stratification risk for liver steatosis. Accordingly, we
found that the duration of remission was strongly associated to NAFLD, suggesting
that patients in clinical remission tend to follow a more unbalanced diet and to
develop more NAFLD.
NAFLD confers increased risk of cardiovascular-related mortality and HCC,
therefore therapeutic options for NAFLD targeting either obesity or hepatic
inflammation and fibrosis is advisable. The first approach includes weight loss
through caloric restriction and increased physical activity[1]. There are currently no
recommended routine screening strategies for NAFLD in patients with IBD. However,
we believe that the assessment of hepatic steatosis is always necessary, in particular in
patients with high-risk features, including obesity, overweight, MetS and advanced
age, regardless of the presence of elevated serum transaminases or clinical signs of
liver disease. Indeed, NAFLD has been shown to develop in the absence of serum
transaminase elevation. Accordingly, only 3.3% of patients in our cohort of IBD
patients had elevated serum transaminases.
NAFLD can progress to NASH and LF. TE test performed in our cohort to evaluate
liver stiffness, showed LF in 16% of patients. The only significant fibrosis-related
factor was MetS, and no significant association between hepatic transaminases and LF
was found. Since elevated ALT was not predictive of NAFLD or LF in our cohort, it
would be necessary to implement the management of IBD patients with a metabolic
and liver profile evaluation in order to prevent the onset of liver complications.
Our results suggest that IBD patients should be screened for NAFLD-associated
risk factors in order to prevent the development of liver disease. Moreover, the early
detection of fatty liver disease and fibrosis by ultrasonography and TE might have a
relevant impact on liver disease evolution though the correction of the dietary habits
and the improvement of patients’ metabolic profile. A practical approach might be to
encourage the use of complex carbohydrates together with fruit and vegetables and to
reduce the intake of fats and proteins thus decreasing the state of hypeinsulinism and
insulin resistance.
In conclusion, our study confirms the epidemiological burden of NAFLD in IBD. In
addition, it demonstrates the absence of intestinal disease-specific risk factors
associated to NAFLD, while confirming as risk factors those already identified in the
general population. Moreover, these data suggest that IBD care should not be limited
to intestinal disease but should also include metabolic interventions by promoting
healthy lifestyle and a correct dietary regimen in order to reduce the occurrence of
chronic liver disease.
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Table 1 Comparison of patient characteristics, metabolic profile and laboratory findings among inflammatory bowel disease patients
with and without nonalcoholic fatty liver disease
Variables, mean (SD)

NAFLD

No-NAFLD

P value

Age (yr)

53.9 (12.9)

46.9 (13.5)

0.0007

Disease duration (yr)

10.7 (7.6)

11.5 (8.7)

0.51

Time of remission (mo)

33.9 (38.2)

21.1 (30.6)

< 0.05

Weight (kg)

73.5 (14.5)

64.2 (12.0)

< 0.0001

BMI (kg/m²)

26.5 (4.7)

23.9 (3.7)

< 0.0001

Waist circumference (cm)

93.1 (11.5)

85.5 (10.0)

< 0.0001

Visceral fat (%)

10.5 (5.2)

6.8 (3.3)

< 0.0001

Body fat (%)

29.9 (12.6)

27.9 (10.7)

0.23

Lean body mass (%)

31.4 (6.1)

31.1 (7.4)

0.75

Kcal

1970.27 (810.42)

1752.35 (689.48)

0.07

Protein (g/day)

90.31 (33.59)

82.69 (33.75)

0.16

Lipid (g/day)

75.18 (34.01)

61.88 (24.77)

0.005

Carbohydrates (g/day)

241.31 (110.81)

225.18 (101.13)

0.35

AST (UI/L)

21.1 (6.1)

21.3 (7.5)

0.84

AST (UI/L)

21.1 (6.1)

21.3 (7.5)

0.84

ALT (UI/L)

22.6 (10.3)

20.0 (10.5)

0.09

GGT (UI/L)

24.6 (11.5)

22.1 (28.0)

0.43

Glycemia (mg/dL)

98.1 (28.0)

89.8 (12.2)

0.03

Serum insulin (μUI/mL)

11.5 (14.1)

7.0 (4.1)

0.007

HOMA index

2.49 (2.42)

1.59 (1.10)

0.005

Cholesterol (mg/dL)

192.7 (41.4)

191.9 (39.7)

0.90

Triglycerides (mg/dL)

105.1 (49.4)

93.6 (49.7)

0.15

LDL (mg/dL)

119.8 (36.5)

113.3 (34.1)

0.28

HDL (mg/dL)

56.9 (17.7)

60.9 (17.6)

0.16

Liver stiffness (kPa)

5.5 (2.7)

4.6 (3.5)

0.09

Antropmetric measurements

Diet daily intake

Laboratory findings

BMI: Body mass index; HOMA: Homeostatic Model Assessment index; AST: Aspartate aminotransferase; ALT: alanine Aminotransferase; GGT:
Glutamyltransferase; LDL: Low density lipoprotein; HDL: High density lipoprotein; NAFLD: Nonalcoholic fatty liver disease.
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Table 2 Correlation between disease-related factors and nonalcoholic fatty liver disease on univariate analysis
NAFLD

Univariate analysis

Variables, n (%)
Yes

No

Odds ratio (95%CI)

P value

Sex (Male)

51 (52)

46 (48)

3.17 (1.67-5.99)

0.0005

Smoke

12 (35)

23 (65)

0.69 (0.32-1.51)

0.36

MAYO

11 (30)

24 (70)

0.62 (0.26-1.50)

0.20

CDAI

6 (54)

5 (46)

1.70 (0.47-6.09)

0.31

Extraintestinal manifestations

20 (40)

31 (60)

0.97(0.50-1.90)

0.94

Extended disease

47 (41)

66 (59)

1.14 (0.61-2.13)

0.68

> 10 yr

35 (42)

48 (58)

1.00 Rif.

< 10 yr

36 (38)

58 (62)

1.17 (0.64-2.14)

0.35

Steroids

12 (27)

31 (73)

0.49 (0.23-1.03)

0.06

Immunomodulators

11 (43)

15 (53)

1.11 (0.48-2.58)

0.80

Biologic therapy

28 (37)

49 (63)

0.78 (0.42-1.43)

0.41

Surgery

11 (31)

24 (69)

0.63 (0.28-1.38)

0.24

> 200

29 (40)

44 (60)

1.00 Rif.

< 200

19 (20)

44 (45)

1.53 (0.75-3.12)

0.24

CRP (mg/L, high levels)

30 (36)

53 (64)

0.72 (0.39-1.33)

0.18

Disease related factors
Disease activity

Disease duration

Fecal calprotectin (mg/kg)

CDAI: Crohn’s disease activity index; CRP: C-reactive protein; NAFLD: Nonalcoholic fatty liver disease.

Table 3 Correlation between metabolic factors or alimentary habits and nonalcoholic fatty liver disease on univariate analysis
NAFLD

Univariate Analysis

Metabolic profile, n (%)

P-value
Yes

No

Odds ratio (95%CI)

BMI (kg/m²)
Normal

24 (27)

65 (73)

1.00 Rif.

Normal

Overweight

29 (49)

30 (51)

2.62 (1.31-5.23)

0.005

Obese

17 (77)

5 (23)

9.21 (3.06-27.70)

0.0002

Normal

26 (33)

54 (67)

1.00 Rif.

Overweight

14 (39)

22 (61)

1.30 (0.57-2.94)

0.34

Obese

22 (56)

17 (44)

2.69 (1.22-5.90)

0.001

Visceral fat (> 8)

43 (55)

35 (45)

3.82 (1.91-7.64)

0.001

Diabetes

7 (58)

5 (42)

2.40 (0.72-7.87)

0.14

MetS

22 (66)

11 (34)

4.13 (1.85-9.24)

0.001

Waist circumference (cm)

BMI: Body mass index; NAFLD: Nonalcoholic fatty liver disease; MetS: Metabolic syndrome.
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Table 4 Risk factors for nonalcoholic fatty liver disease among patients on multivariate analysis
Multivariate analysis

P-value

Variables
Odds ratio (95%CI)
Advanced age

1.04 (1.01-1.07)

0.006

Sex (male)

4.25 (1.95-9.26)

< 0.00001

Obese (BMI)

1.17 (1.06-1.28)

0.001

High lipidic diet

1.02 (1.01-1.03)

0.004

BMI: Body mass index.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease. It can
progress from simple hepatic steatosis to nonalcoholic steatohepatitis, liver fibrosis (LF),
cirrhosis and hepatocellular carcinoma. NAFLD is a frequently reported condition in patients
with inflammatory bowel disease (IBD).

Research motivation
The underlining causes and predisposing factors to NAFLD among IBD patients remain poorly
investigated. Both intestinal inflammation and metabolic factors are believed to contribute to the
pathogenesis of IBD-associated NAFLD.

Research objectives
The aim of the study was to evaluate the prevalence of steatosis and LF in a cohort of IBD
patients and the identification of metabolic- and IBD-related risk factors for NAFLD and LF. The
results of the present project could provide new diagnostic tools for the estimation of individual
risk of evolution allowing to set up new tools for prevention, diagnosis and prognosis with a
personalized approach to the patient.

Research methods
We conduct an observational study enrolling consecutive IBD patients in regular follow-up. At
the time of enrollment each patient was evaluated through medical examination, complete blood
tests and a nutritional evaluation where were obtained anthropometric parameters [body mass
index (BMI), waist circumference, visceral fat, body fat, lean body mass] and, by asking the
patients to describe the foods and drinks consumed in the previous 24 h (24-h dietary recall), we
collected the usual dietary intake. The same day they underwent abdominal ultrasound to
establish the presence and severity of NAFLD and a transient elastography to evaluate LF.

Research results
Of 178 consecutive IBD patients were enrolled in our study (95 ulcerative colitis and 83 Crohn’s
disease). The prevalence of NAFLD was found in 72 patients (40.4 %). Comparison between
patients with and without NAFLD showed no significant differences in terms of IBD severity,
disease duration, location/extension, use of IBD-related medications (i.e., steroids, anti-TNFs,
and immunomodulators) and surgery. NAFLD was significantly associated with the presence of
metabolic syndrome (MetS, OR: 4.13, P = 0.001) and obesity defined by BMI (OR: 9.21, P =
0.0002), waist circumference (OR: 2.69, P = 0.001) and visceral fat (OR: 3.82, P = 0.001). IBD
patients with NAFLD showed higher caloric intake and lipid consumption than those without
NAFLD, regardless disease activity. At the multivariate analysis, male sex, advanced age and
high lipid consumption were independent risk factors for the development of NAFLD. An
increased liver stiffness was detected in 21 patients (16%) and the presence of MetS was the only
relevant factor associated to LF (OR: 3.40, P = 0.01).

Research conclusions
Our study confirms the epidemiological burden of NAFLD in IBD. It failed to demonstrate the
association between IBD-related factors including medications (steroids, thiopurine, and TNF
inhibitors) and the risk to develop NALFD, while confirming as risk factors the same of the
general population, including obesity, overweight, unbalanced high lipidic diet, MetS and
advanced age. The recent improvements in IBD therapy induce patients with long periods of
well-being, bringing them to increase food intake and unbalanced diet. Furthmore, patients with
IBD could tend to associate symptoms such as abdominal distention and diarrhea to fiber and
complex carbohydrates intake, thus limiting their daily consumption, preferring proteic and fat
foods. This emphasizes the importance of the dietary habits and the metabolic profile rather than
the intestinal inflammation in the stratification risk for liver steatosis. It appears necessary that
IBD care should also include nutritional and metabolic interventions, with the objective to
maintain the intestinal welfare of patients, avoiding the development of metabolic complications
associated with an unbalanced diet. A pratical approach could be to promote a healthy life style
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and encourage the use of complex carbohydrates together with fruit and vegetables and to
reduce the intake of fats and proteins.

Research perspectives
There are currently no recommended routine screening strategies for NAFLD in patients with
IBD. However, our results suggest that IBD patients should be screened for NAFLD-associated
risk factors in order to prevent the development of liver disease. Considering the fearsome
consequence of NAFLD, data demonstrates that IBD care should not be limited to intestinal
therapy, but should include metabolic interventions, by promoting healthy life-style and a
correct dietary intake. However further perspective studies are still necessary to determinate the
impact of the natural history of IBD with the presence of NAFLD and their evolution.
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Abstract
BACKGROUND
Prospective study of 200 patients with hepatocellular carcinoma (HCC) that
underwent liver transplant (LT) after drug-eluting beads transarterial
chemoembolization (DEB-TACE) for downstaging versus bridging. Overall
survival and tumor recurrence rates were calculated, eligibility for LT, time on
the waiting list and radiological response were compared. After TACE, only
patients within Milan Criteria (MC) were transplanted. More patients underwent
LT in bridging group. Five-year post-transplant overall survival, recurrence-free
survival has no difference between the groups. Complete response was observed
more frequently in bridging group. Patients in DS group can achieve posttransplant survival and HCC recurrence-free probability, at five years, just like
patients within MC in patients undergoing DEB-TACE.
AIM
To determine long-term outcomes of patients with HCC that underwent LT after
DEB-TACE for downstaging vs bridging.

nº11/1704.

Informed consent statement: All

WJG

METHODS
Prospective cohort study of 200 patients included from April 2011 through June

https://www.wjgnet.com

5687

October 7, 2019

Volume 25

Issue 37

Affonso BB et al. DEB-TACE response before liver transplantation
study participants, or their legal
guardian, provided written
consent prior to study enrollment.

Conflict-of-interest statement:
Breno Affonso has no conflict of
interest.

Open-Access: This article is an
open-access article that 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/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: June 1, 2019
Peer-review started: June 3, 2019
First decision: July 21, 2019
Revised: August 30, 2019
Accepted: September 11, 2019
Article in press: September 11, 2019
Published online: October 7, 2019
P-Reviewer: Allam N, Chiu KW,
Cholongitas E, Makisalo H
S-Editor: Yan JP
L-Editor: A
E-Editor: Li X

2014. Bridging group included patients within MC. Downstaging group (out of
MC) was divided in 5 subgroups (G1 to G5). Total tumor diameter was ≤ 8 cm for
G1, 2, 3, 4 (n = 42) and was > 8 cm for G5 (n = 22). Downstaging (n = 64) and
bridging (n = 136) populations were not significantly different. Overall survival
and tumor recurrence rates were calculated by the Kaplan-Meier method.
Additionally, eligibility for LT, time on the waiting list until LT and radiological
response were compared.
RESULTS
After TACE, only patients within MC were transplanted. More patients
underwent LT in bridging group 65.9% (P = 0.001). Downstaging population
presented: higher number of nodules 2.81 (P = 0.001); larger total tumor diameter
8.09 (P = 0.001); multifocal HCC 78% (P = 0.001); more post-transplantation
recurrence 25% (P = 0.02). Patients with maximal tumor diameter up to 7.05 cm
were more likely to receive LT (P = 0.005). Median time on the waiting list was
significantly longer in downstaging group 10.6 mo (P = 0.028). Five-year posttransplant overall survival was 73.5% in downstaging and 72.3% bridging groups
(P = 0.31), and recurrence-free survival was 62.1% in downstaging and 74.8%
bridging groups (P = 0.93). Radiological response: complete response was
observed more frequently in bridging group (P = 0.004).
CONCLUSION
Tumors initially exceeding the MC down-staged after DEB-TACE, can achieve
post-transplant survival and HCC recurrence-free probability, at five years, just
like patients within MC in patients undergoing DEB-TACE.
Key words: Hepatocellular carcinoma; Down-staging; Liver transplantation; Local
regional therapy; Bridging
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The great finding of this work was that through a homogeneous technique of
hepatic chemoembolization with drug eluting beads, it was possible to perform the
procedures controlling the drug delivery and end point. In conclusion, as far as the
degree of tumor necrosis as well as in relation to survival, there was no difference
between the group within the Milan criteria (bridging) and the group outside the criteria
(downstaging). Therefore, it is worth investing in the treatment of patients out of the
Milan criteria so that they have a survival with the same expectations of the patients in
criterion.

Citation: Affonso BB, Galastri FL, da Motta Leal Filho JM, Nasser F, Falsarella PM,
Cavalcante RN, de Almeida MD, Felga GEG, Valle LGM, Wolosker N. Long-term outcomes
of hepatocellular carcinoma that underwent chemoembolization for bridging or downstaging.
World J Gastroenterol 2019; 25(37): 5687-5701
URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5687.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5687

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth leading cause of cancer and the third
leading cause of cancer death worldwide. It is the number one oncologic cause of
death in cirrhotic patients, with approximately one million deaths/year[1,2]. According
to the Barcelona Clinic Liver Cancer (BCLC) staging classification, liver resection (LR),
radiofrequency ablation (RFA), and liver transplantation (LT) are potentially curative
treatments for HCC[3,4].
LT is a well-established modality for curative treatment of HCC because it removes
the tumor, while excluding the cirrhotic environment, which could lead to the
emergence of new malignant lesions[5]. Success rates of LT as a curative treatment are
attributed to improved candidate selection using restrictive criteria based on number
and tumor size, among which the most frequently used is the Milan criteria (MC)[6]. In
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centers that frequently perform LT, the 5-year post-transplant patient survival can
achieve 75%-80%[7].
According to the BCLC, transarterial chemoembolization (TACE) is indicated as
palliative treatment in patients with intermediate HCC (BCLC B). However, over the
last several years, TACE has being indicated as downstaging (reduction in the size of
tumor using locoregional therapies (LRT) in selected patients to meet acceptable
criteria for LT)[7,8] and bridging (neo-adjuvant therapy attempt to avoid HCC growth
while the patient is waiting for transplantation)[9]. Nevertheless, there is a lack of
consistent data on radiological response, overall and recurrence-free survival after
transplantation in this heterogeneous group of patients.
Drug-eluting beads (DEB-TACE) is a technology that has been developed to
enhance tumor drug delivery and reduce systemic availability and toxicity. DEBTACE loaded with doxorubicin is a safe and effective palliative treatment for HCC
and offers clinical benefit to patients with more advanced disease[10]. Another benefit
of this technology is that it allows for standardization of the chemoembolization
technique, since it is possible to estimate the amount of drug delivered to each tumor.
The purpose of this study was to compare the long-term outcomes of patients that
underwent LT after DEB-TACE for downstaging versus bridging. Also, we aimed to
investigate radiological tumor response after the first DEB-TACE session in both
groups.

MATERIALS AND METHODS
This study was a single-institution, prospective, cohort study, conducted at the
Department of Interventional Radiology and approved by the research ethics
committee (SGPP155711/CEP11/1704–CAAE0199.0.028.000-11). All patients signed
an informed consent form and the study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki.

Patients
The present study included 200 consecutive patients with HCC, from April 1, 2011 to
June 30, 2014, who underwent DEB-TACE at our institution using the outpatient
treatment protocol previously described[11]. These patients were part of the liver
transplant program and were divided into two groups: Bridging and downstaging
(Figure 1). At that time, precise criteria for HCC downstaging related to the sum of
the maximal tumor diameters were unclear; therefore, we included in the
downstaging group all patients out of the MC[6], without vascular invasion based on
cross-sectional magnetic resonance imaging (MRI) or computed tomography (CT) and
without lymph node involvement by tumor or extra-hepatic tumor spread. Consistent
with Yao et al[8], we classified the downstaging patients into 5 groups, as summarized
in Table 1. It was identified a subgroup never before described, Group 4 which has a
low tumor volume (less than 8 cm) but with 2 or 3 lesions above 5 cm. Patients who
were within MC[6] or T2 of the United Network for Organs Sharing were classified as
bridging group (Table 1) and were divided into 3 groups, Group 1 = one tumor;
Group 2 = two tumors; and Group 3 = three tumors.

Diagnostic imaging
All patients underwent multiphasic abdomen CT (Aquilion One 320, Toshiba, Tokyo,
Japan, Aquillon 64, Toshiba, Tokyo, Japan-Aquilion Vision 640 Toshiba, Tokyo, Japan)
or MRI (GE 2 HDXT-1.5T, General Electric, Boston, Massachusetts, United States and
Siemens Espree-1.5T, Siemens AG, Berlin, Germany). The overwhelming majority of
the imaging examinations were performed with MRI. All images were acquired using
the following parameters: 120kV voltage; tube current (sure exposure 3D SD 10.00,
Max 500 Min 100 mAs, reconstruction slice thickness: 1 or 3 mm - depending on the
acquired sequence). Patients submitted to abdominal CT received an intravenous
bolus injection of 1.7 mL of contrast/kg body weight of the non-ionic iodinated
contrast agent Henetix® 350mg I/mL, Guerbet-Rio de Janeiro, Brazil (350 mg I/mL
Iobitridol). Patients who underwent abdominal MRI received intravenous bolus
injection of 0.2 mL/kg patient weight of the paramagnetic contrast agent
Magnevistam ® , Bayer-Leverkusen, Germany (469 mg/mL Dimeglumine
Gadopentetate), both with injection rate of 3 to 4 mL/s. HCC diagnosis for a lesion ≥ 1
cm was based on either CT or MRI demonstrating arterial phase enhancement and
washout during the delayed images, according to the American Association for the
Study of Liver Diseases guidelines[12,13]. Hepatic nodules < 1 cm were not counted as
HCC. Percutaneous biopsy was not routinely performed.
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Table 1 Downstaging and bridging protocol
Downstaging and bridging protocol
Inclusion Criteria
Bridging
Patients who were within MC or UNOS T2
Downstaging subgroups (HCC exceeding MC)
Group 1 = 1 lesion > 5 and ≤ 8 cm
Group 2 = 2 or 3 lesions at least one > 3 and ≤ 5 cm with the sum of the
maximal tumor diameters ≤ 8 cm
Group 3 = 4 or 5 lesions each ≤ 3 cm with the sum of the maximal tumor
diameters ≤ 8 cm
Group 4 = 2 or 3 lesions at least one > 5cm with the sum of the maximal
tumor diameters ≤ 8 cm
Group 5 = total tumor diameter > 8 cm
Absence of vascular invasion based on cross-sectional MRI or CT
Criteria for successful downstaging
Residual tumor(s) within MC for deceased donor liver transplant
In patients with 4 or 5 tumors, successful downstaging requires complete
necrosis (based on cross-sectional MRI or CT) of at least 1 to 2 tumor(s),
respectively, so that there will be no more than 3 lesions with viable tumor
each ≤ 3 cm to meet MC
Criteria for downstaging failure and exclusion from liver transplant
Progression of tumor(s) to beyond inclusion criteria for downstaging and
bridging based on tumor size and number
Vascular invasion based on cross-sectional MRI or CT
Lymph node involvement by tumor or extra-hepatic spread of tumor

MC: Milan criteria; UNOS: United Network for Organs Sharing; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; CT: Computed
tomography.

Criteria for downstaging failure and exclusion from liver transplant are summarized
in Table 1. There was no time limit or DEB-TACE session limit for completing
downstaging. Eligibility for LT and time on the waiting list until LT were compared
between the downstaging and bridging groups.

DEB-TACE protocol
DEB-TACE protocol was previously described by Nasser et al[11] and Cavalcante et
al[14]. Briefly, DEB-TACE procedures were performed under local anesthesia with
lidocaine 2%, sedation and analgesia, with venous administration of midazolam and
fentanyl.
Using a unilateral femoral artery approach, diagnostic angiograms of the superior
mesenteric, celiac trunk, and common hepatic artery were performed with the
purpose of outlining the hepatic artery anatomy, delineate the tumor, identify its
feeding vessels, and evaluate portal vein patency. In each DEB-TACE session, feeding
vessels were catheterized with a 2.8F microcatheter (Progreat, Terumo, Japan), and
embolization of the tumors was performed with injection of iodinated contrast
medium mixed with one vial of DC-BEAD 100-300μm (Biocompatibles, United
Kingdom) or HepaSphere 50-100 μm (Merit Medical Systems, United States) loaded
with 50 mg of Doxorubicin. If the endpoint was not achieved after the injection of
loaded beads, additional bland beads (Beadblock, Biocompatibles, United Kingdom or
Contour, Boston, United States) were injected until the endpoint (complete stasis) was
reached. For patients with more than one tumor, DEB-TACE began by the largest
nodule to reach the smallest tumor, regardless of how many sessions were required[11].
Vascular lake phenomenon was defined as a localized pooling of contrast media
within the tumor, which persists in the venous phase of angiography, resembling
extravasation[14].

Radiological response
Tumor response was assessed through imaging studies (contrast-enhanced MRI or
multiphasic abdomen CT) and performed 30-45 d after DEB-TACE, according to the
modified response evaluation criteria in solid tumors (mRECIST) guidelines[15], as
follows: (1) Target lesion response: response of the treated nodules was evaluated by
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Figure 1

Figure 1 Flowchart describing the outcome of the 200 patients enrolled in the study.

comparing the baseline sum of diameters of target lesions before DEB-TACE with the
sum of diameters of viable target lesions after DEB-TACE in each patient; (2)
Complete response (CR) was defined as disappearance of any intra-tumoral
enhancement in all target lesions; Partial response (PR) was defined as at least a 30%
decrease in the sum of diameters of viable target lesions; Stable disease (SD) was
defined as any case that does not qualify for either PR or progressive disease; Disease
progression was defined as an increase of at least 20% in the sum of the diameters of
viable target lesions; (3) Objective response (OR) rate was defined as the sum of CR
and PR.

Survival
Five-year post-transplant overall survival and recurrence-free survival were
evaluated and compared between the two groups.

Statistical analysis
Statistical analysis was performed with SPSS version 15.0 (IBM, Armonk, NY, United
States). Quantitative characteristics were described by group (bridging and
downstaging) before and after transplantation using summary measures (mean,
standard deviation, median, minimum and maximum) and compared with Student's
t-tests or Mann-Whitney tests. Qualitative characteristics were described by group
(bridging and downstaging) before and after transplantation. Associations were
tested with chi-square tests or exact tests (Fisher's exact test or likelihood ratio test).
Overall survival and recurrence-free survival were estimated using bivariate Cox
regression and multivariate Cox regression to verify the influence of significant
characteristics on survival. Overall survival and recurrence-free survival were
evaluated, by group, using the Kaplan-Meier method. Receiver operating
characteristic (ROC) curve was generated to identify maximal tumor diameter most
associated with liver transplant in the downstaging group. P value of 0.05 or less was
considered significant.

RESULTS
Baseline characteristics
A total of 200 patients were enrolled during the inclusion period: 64 in downstaging
group and 136 in bridging group. Three patients could not perform DEB-TACE and
were excluded. Two patients were excluded as a result of hepatic artery dissection
during the procedure. One patient was excluded because she presented with
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respiratory failure after sedation and the procedure was interrupted before
embolization (Figure 1).
The groups did not significantly differ in terms of age, gender, etiology of liver
disease, Child score, or baseline alpha-fetoprotein levels. At presentation, the
downstaging population presented a greater number of nodules, median of 2.81
nodules vs 1.47 (P = 0.001); increased total tumor diameter 8.09 vs 3.73 (P = 0.001);
increased multifocal HCC 78% vs 34.6% of samples (P = 0.001); and increased vascular
lake phenomenon 34.3% vs 12.5% (P = 0.001) (Table 2).

Eligibility for transplantation
Several variables that would increase the chance of the individual undergoing
transplant were evaluated to identify LT predictors. Patients with coagulopathy (RNI
> 1.2) and thrombocytopenia (platelet count < 150.000/mm3)[16,17] were more likely to
be transplanted (Table 3). After TACE, only patients within MC were transplanted.
More patients underwent LT in the bridging group than in downstaging (65.9% vs
33.9%, P = 0.001) (Tables 3 and 4). Among the downstaging patients, G4 demonstrated
the best eligibility for orthotopic liver transplantation (OLT) (60%) and did not have
any cases of HCC recurrence (Table 4).
Median time on the waiting list for LT (interval between the first DEB-TACE to LT)
in the downstaging group was significantly longer 10.6 months (range, 1.7 to 20.1 mo)
than in the bridging group 6.6 mo (range, 0.6 to 30.5 mo) (P = 0.028) (Table 5). ROC
curve analysis revealed that patients with maximal tumor diameter up to 7.05 cm
were more likely to receive LT during DEB-TACE (P = 0.005) than patients with
maximal tumor diameter more than 7.05, with sensitivity of 65.9% and specificity of
71.4% (Figure 2).

Radiological response
CR was observed more frequently in bridging than in downstaging group (P = 0.004).
However, since PR occurred more often in the downstaging group, there was no
statistically significant difference in OR between groups (P = 0.105) (Table 6). Six
patients from the bridging group were submitted to LT after the first DEB-TACE
procedure, thereby occurring before the imaging study (less than 30 d after DEBTACE).

Recurrence and survival
Overall survival and recurrence-free survival were estimated using bivariate Cox
regression and multivariate Cox regression to verify the influence of baseline
characteristics (age, gender, etiology, CHILD score, MELD, alpha-fetoprotein, number
of nodules, maximal tumor diameter) on survival. There was no influence of baseline
characteristics (P > 0.05), and/or between groups (bridging versus downstaging) on
overall survival (P = 0.662) (Table 7) or recurrence-free survival (P = 0.874) (Table 8).
In an intragroup analysis, there was no statistical difference between overall
survival (P = 0.955) and recurrence-free survival (P = 0.955) observed in subgroups 1,
2, and 3 of the bridging group. However, in the downstaging group, it seems that
subgroup 3 had worse overall survival (P = 0.04) and worse recurrence-free survival
(P = 0.027), compared to the other subgroups (Table 4). Post-transplantation
recurrence occurred more frequently in the downstaging group 25% (5/20) than in the
bridging group 5.81% (5/86) (P = 0.020); however, these events did not significantly
affect recurrence-free survival (P = 0.874).
Kaplan-Meier’s 1, 3, and 5-year post-transplant overall survival probability were
95%, 88.2%, 73.5% in the downstaging group, and 82.8%, 76.5%, 72.3% in the bridging
group (P = 0.317), respectively (Figure 3). Median overall survival was 1150 d or 3.15
years (SD = 1.33, range from 0.52 to 5.07) in the downstaging group, and 1083 d or
2.97 years (SD = 1.66, range from 0 to 5.77) in bridging group. Kaplan-Meier’s 1, 3, and
5-year post-transplant recurrence-free survival probability were 95%, 82.8%, 62.1% in
the downstaging group, and 80.2%, 76.5%, 74.8% in the bridging group (P = 0.935),
respectively (Figure 4). Recurrence-free survival was 1104 d or 3.02 years (SD = 1.37,
range from 0.34 to 5.07) in downstaging group, and 1070 days or 2.93 years (SD = 1.69,
range from 0 to 5.77) in bridging group (Table 6).

DISCUSSION
The best approach to patients with HCC beyond MC is controversial given the
scarcity of available organs for transplantation and the impreciseness of identifying
patients who are most likely to benefit from LT. In 2010, downstaging of HCC has
been identified as a priority for research in the field of LT[18]. Since that time, we have
not found in the literature many published data evaluating this controversial subject.
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Table 2 Patients demographics
Group
Variable

Total (n = 200)

P value

112 (82.4)

165 (82.5)

0.936

58.2 ± 8.8 (27-77)

58.0 ± 8.2 (27-77)

0.6261

Downstaging (n = 64)

Bridging (n = 136)

Gender (Male), n (%)

53 (82.8)

Age (yr) (mean ± SD, range)

57.6 ± 6.9 (41-71)

0.0692

Etiology, n (%)
Hepatitis B

7 (10.9)

5 (3.7)

12 (6.0)

Hepatitis C

43 (67.2)

78 (57.4)

121 (60.5)

Hepatitis B/C

1 (1.6)

6 (4.4)

7 (3.5)

Alcohol

6 (9.4)

26 (19.1)

32 (16.0)

Alcohol/Hepatitis

2 (3.1)

2 (1.5)

4 (2.0)

Other

5 (7.8)

19 (14.0)

24 (12.0)
0.2442

Child-Pugh score, n (%)
A (5-6)

24 (41.4)

72 (53.7)

96 (50.0)

B (7-9)

30 (51.7)

52 (38.8)

82 (42.7)

C (10-15)

4 (6.9)

10 (7.5)

14 (7.3)

MELD, mean ± SD

13 (7-28)

11 (6-23)

12 (6-28)

0.0553

AFP (ng/dL) (mean ± SD, range)

12.3 (0.9-22.411)

10.1 (0.6-12.784)

11.0 (0.6-22.411)

0.3353

No

41 (64.1)

70 (51.5)

111 (55.5)

Yes

23 (35.9)

66 (48.5)

89 (44.5)

No

27 (42.2)

47 (34.6)

74 (37.0)

Yes

37 (57.8)

89 (65.4)

126 (63.0)

Single tumor

14 (21.9)

89 (65.4)

103 (51.5)

Multinodular

50 (78.1)

47 (34.6)

97 (48.5)

Number of nodules (mean ± SD, range)

2 (1-9)

1 (1-3)

1 (1-9)

< 0.0013

Maximal tumor diameter (mean ± SD, range)

8.09 ± 2.75 (4.6-17.2)

3.75 ± 1.20 (1.4-7.5)

5.14 ± 2.74 (1.4-17.2)

< 0.0011

No

9 (17.0)

30 (28.3)

39 (24.5)

Yes

44 (83)

76 (71.7)

120 (75.5)

No

42 (65.6)

119 (87.5)

161 (80.5)

Yes

22 (34.4)

17 (12.5)

39 (19.5)

Coagulopathy, n (%)

0.095

Thrombocytopenia, n (%)

0.297

HCC multifocal, n (%)

< 0.001

Pseudocapsule, n (%)

0.118

Vascular lake phenomenon, n (%)

< 0.001

Chi-squared test.
1
Student’s t test;
2
Likelihood ratio test;
3
Mann-Whitney test. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; MELD: Model for End-Stage Liver Disease.

The majority of papers is limited by small sample size, short duration of follow-up,
and absence of a comparison group[7-9,19-24]. Most studies have used MC as the endpoint
for downstaging[9,19,22-24]. There appears to persist a doubt if patients beyond MC
should undergo LT after successful downstaging. There is a lack of information in the
literature regarding long-term overall and recurrence-free survival in these patients[25].
The current understanding regarding neo-adjuvant treatment for HCC is that it
would be most appropriate for: Controlling HCC progression for expected long
waiting times (bridging), identifying patients with different probabilities of cancer
progression (selection criterion), and reducing tumors sizes to meet acceptable criteria
for LT (downstaging)[26]. However, there is no strong evidence that neo-adjuvant
treatments should be applied if the expected waiting time for LT is shorter than 6
mo[25-27].
The present study included patients that have used neo-adjuvant therapy, DEBTACE loaded with Doxorubicin, for HCC patients undergoing bridging and
downstaging. Patients fulfilling the MC were immediately included on the waiting list
for LT, whereas patients beyond MC were listed only after they met MC, regardless of
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Table 3 Bivariate analysis of liver transplant predictors
Liver transplant
Variable

P value
No

Yes

Gender (Male), n (%)

70 (42.9)

93 (57.1)

0.451

Age (yr), (mean, ± SD, range)

58.1 ± 8.7 (27-77)

57.9 ± 7.8 (32-73)

0.8861

Child-Pugh score, n (%)

0.644

A (5-6)

43 (44.8)

53 (55.2)

B (7-9)

33 (40.7)

48 (59.3)

C (10-15)

7 (53.8)

6 (46.2)

MELD, mean ± SD, range

11 (6-28)

12 (7-23)

0.0552

AFP (ng/dL), (mean, ± SD, range)

12.75 (0.6-22,411)

8.8 (1.1-8,216)

0.3352

No

60 (55.0)

49 (45.0)

Yes

27 (30.7)

61 (69.3)

No

42 (58.3)

30 (41.7)

Yes

45 (36.0)

80 (64.0)

Downstaging

41 (66.1)

21 (33.9)

Bridging

46 (34.1)

89 (65.9)

Coagulopathy, n (%)

0.001

Trombocytopenia, n (%)

0.002

Group, n (%)

< 0.001

Vascular lake phenomenon, n (%)

0.776

No

71 (44.7)

88 (55.3)

Yes

16 (42.1)

22 (57.9)

Total

87 (44.2)

110 (55.8)

Chi-squared test.
1
Student’s t test;
2
Mann-Whitney test. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; MELD: Model for End-Stage
Liver Disease.

how many DEB-TACE sessions. Few studies followed the same protocol: none
exclusively using DEB-TACE and the majority using many different kinds of
LRT [19,20,22] . Graziadei et al [19] , used conventional TACE (cTACE) for both groups:
patients fulfilling the MC were started immediately after listing for OLT and patients
beyond MC were included on the waiting list after showing response to the first
TACE. Ravaioli et al[20], used many kinds of LRT, such as LR, percutaneous ethanol
injection (PEI), RFA, and cTACE for both groups. Additionally, patients fulfilling the
MC were listed immediately for LT and patients beyond MC were listed after
completing the pre-established downstaging protocol. De Luna et al., employed
transcatheter arterial chemoinfusion for both groups. Patients fulfilling the MC were
listed immediately for OLT and patients beyond MC were included on the waiting list
after reaching MC (downstaged)[22].
Few studies have used LRT in patients beyond MC in order to achieve
downstaging[7-9,21,23,24]. Some studies compared their results with other LRT, such as
transarterial radioembolization [ 9 ] ; some studies did not compare between
groups[8,9,21,23,24]; and other studies used patients within the MC on the waiting list for
LT as a comparative group[7]. Among these, the most significant study, highlighted by
the sample and methodology, was published recently by Yao et al[7]. In a prospective
cohort, the authors reported the outcomes of 118 patients (largest study group)
exceeding the MC that underwent LRT (cTACE, RFA, and PEI) in a downstaging
well-established protocol with the intent for LT and compared to 488 patients within
the MC on presentation[7].
In the present study, at the presentation, the two populations did not have
significantly different baseline demographic characteristics. Vascular lake
phenomenon was much more frequent in downstaging population 34.3% (P = 0.001),
perhaps since vascular lake phenomenon occurs more frequently in tumor of size ≥
3.0 cm[14].
More patients underwent LT in the bridging group (66%) compared to the
downstaging group (34%, P = 0.001). In the literature, eligibility for LT reported for
the bridging group ranges from 68% to 85.4%[19,20,22]. Yao et al[7], reported 68% eligibility
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Table 4 Subgroup analysis
All patients before LT

Number of
patients

HCC

Patients who received LT
Total tumor
Eligibility for
diameter mean LT, n (%)
± SD (cm),
range

Number of
sessions of
Deaths < 30 d
DEB-TACE until (n)
LT (mean)

89 (65.9)

Deaths > 30 d
(n)

Recurrence (n,
%)

Bridging

135

8

14

5 (5.81)

Group 1

90

3.22 ± 0.90 (2-5)

55 (61.1)

1.74

5

8

1

Group 2

27

4.16 ± 0.64 (3.25.7)

19 (70.3)

1.63

3

2

1

Group 3

18

5.70 ± 0.81 (4.77.5)

15 (83.3)

1.6

0

4

3

Downstaging

62

0

3

5 (25)

Group 1

11

6.52 ± 0.70 (5.7-8)

3 (27.3)

1.33

0

0

0

Group 2

19

6.53 ± 0.95 (4.67.9)

11 (57.9)

1.54

0

2

3

Group 3

5

6.56 ± 0.56 (5.97.2)

2 (40)

2.5

0

1

1

Group 4

5

7.2 ± 0.34 (6.9-7.7) 3 (60)

3

0

0

0

Group 5

22

10.92 ± 2.92 (8.217.2)

4

0

0

1

21 (33.9)

2 (9.1)

Cause of deaths: Bridging < 30 d: 3 Severe graft disfunction; 2 Sepsis; 2 Hemorrhagic shock; 1 Cardiogenic shock. Downstaging < 30 d: 0. Bridging > 30 d: 5
Sepsis; 4 Hepatocellular carcinoma recurrence; 1 Graft rejection; 1 Severe graft disfunction; 1 Pulmonary metastasis; 1 Stroke after brain biopsy; 1 not
found. Downstaging > 30 d: 2 Hepatocellular carcinoma recurrence; 1 Pulmonary metastasis. HCC: Hepatocellular carcinoma; LT: Liver transplant.

for LT in the MC group, similarly seen in our study. In a recent study, a dropout rate
of 2.58% due to tumor progression was observed in patients who received bridging
LRT, while the rate among patients who did not receive LTR was 8.18% (P = 0.01)[28].
Among downstaging patients, neo-adjuvant success rates regarding eligibility for LT
widely vary from 11% to more than 70%[29]. This large range reflects the heterogeneity
of the criteria used to include patients in a downstaging protocol, differences in the
LTR protocol itself, and several different criteria used worldwide on when to include
a patient on a transplant list.
In the downstaging protocol, it was included patients with maximal tumor
diameter ≤ 8 cm (G1, G2, G3, and G4) and > 8 cm (G5). In this way, eligibility for LT
was 34%. However, if we closely look at eligibility for LT in subgroups with maximal
tumor diameter up to 8 cm, eligibility for LT would be 47.5%, closer to Yao et al[7]’s
reported eligibility of 54%. Maximal tumor diameter appears to influence success of
HCC downstaging due to eligibility for LT, so much so that Yao et al[7], limit maximal
tumor diameter to 8 cm in their downstaging protocol.
In the present study, G1, G2, and G3 used the same criteria described by Yao et al[7].
Nevertheless, we found a new group of patients with maximal tumor diameter ≤ 8 cm
(G4 = 2 or 3 lesions at least one > 5 cm with the sum of the maximal tumor diameters
≤ 8 cm), not previously described. Among patients in the downstaging group, we
sought to verify if there was a cutoff limit that related to maximal tumor diameter,
and a better chance for the patient to be submitted to LT. We found that patients in
the downstaging group with maximal tumor diameter up to 7.05 cm had a greater
chance of LT (P = 0.005). Contrary to this finding, G4, with a mean maximal tumor
diameter of 7.2 cm, had the best eligibility for LT (60%). On the other hand,
corroborating Yao et al[7]’s impression, G5, where the maximal tumor diameter was
10.9 cm on average, had the worst eligibility for LT (2 patients of 22; 9.1%). Other
variables that were implicated with a greater chance of LT were coagulopathy,
thrombocytopenia, and belonging to the bridging group.
Studies provided a cautionary note with an anticipated higher recurrence rate post
LT: the further the tumor burden is beyond the MC (the Metro ticket concept)[25,30]. In
our study, post LT recurrence occurred more frequently in the downstaging group
25% (5/20) compared to the bridging group 5.81% (5/86) (P = 0.02); however, this
finding did not interfere with recurrence-free survival (P = 0.874). Group 4 did not
have a case of HCC recurrence. In the downstaging group, HCC recurrence rate was
higher than Yao et al[7]’s rate (7.5%), but similar to Ravaioli et al[20]’s rate (18%).
Our results suggest that patients, with tumors initially exceeding the MC down-
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Figure 2

Figure 2 Receiver operating characteristic curve analysis revealed that in the downstaging group, patients
with maximal tumor diameter up to 7.05 cm are more likely to receive orthotopic liver transplant during drugeluting bead trans-arterial chemoembolization (P = 0.005).

staged after DEB-TACE, can achieve post-transplant survival and HCC recurrencefree probability, at five years, just like patients within MC. And, that most patients
who have a total tumor diameter less than 7.0 cm will require up to 2 sessions of DEBTACE to reach downstaging and/or to be transplanted. Patients with total tumor
diameter greater than 7.0 cm will require 2.5 or more sessions. As far as we know, this
study is the only one in the literature that compares long-term results between two
cohorts (downstaging and bridging) that used DEB-TACE with doxorubicin
exclusively as LRT[25]. No baseline characteristic, including AFP levels, served as a
predictor of poor overall or recurrence-free survival after LT.
There is no evidence that one type of LRT is clearly superior to another, but TACE,
especially cTACE, is the most frequently one used [26,31] . In HCC, a temporary
overproduction of vascular endothelial growth factor (VEGF) is caused by a single
session of TACE. And an increase in serum VEGF is related to tumor growth via
neoangiogenesis, metastatic seeding, and cancer cell migration and survival [32] .
Lipiodol emulsion, used in cTACE, causes unstable ischemia with reperfusion injury
in the targeted tissue[32]. On the other hand, the beads used in DEB-TACE lead to
irreversible permanent embolization and ischemia [33] . Schicho et al [32] , compared
cTACE with DEB-TACE, finding that VEGF plasma levels were significantly higher in
cTACE patients as soon as 24 h after treatment (P = 0.01) and remained at high levels
28 d after cTACE (P = 0.03), compared to DEB-TACE patients. Thus, perhaps DEBTACE should be preferentially used when TACE is the LRT option that is considered.
We found one paper in the literature that uses DEB-TACE with doxorubicin for
downstaging, but the study did not include a comparative group[24].
Response to TACE as a selection criterion is promptly identifiable in clinical
practice and may reflect biological properties, such as tumor aggressiveness[34]. There
is an excellent correlation between pathologic degree of tumor necrosis post LRT
found in MRI using mRECIST criteria and explant pathology[35]. In the present study,
we verified that there was an association between degree of response in both groups
after first DEB-TACE (P = 0.004). The bridging group presented with more CR events
and less PR events than the downstaging group. However, the OR rate was not
statistically significant different between the two groups (P = 0.105).
We recognize that the subgroup analysis is strongly limited by the low number of
patients included in each subgroup but the absence of difference between groups in
the final outcome shows the equivalence of results by the technique employed.
Successful downstaging of HCC to within MC with DEB-TACE loaded with
doxorubicin was associated with a lower rate of LT and four times more HCC
recurrence than the bridging group. Despite this finding, both groups had comparable
post-transplant survival and recurrence-free probabilities. OR did not differ between
groups.
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Table 5 Overall survival and recurrence-free survival
Group
Variable
Overall survival (yr), (mean ± SD, range)

Recurrence-free survival, (mean ± SD, range)

Time of the waiting list until OLT (mo), (median, range)

Total

P value

n = 87

n = 107

> 0.05

2.97 ± 1.66 (0-5.77)

3.00 ± 1.60 (0-5.77)

Downstaging

Bridging

n = 20
3.15 ± 1.33 (0.52-5.07)
n = 20

n = 86

n = 106

3.02 ± 1.37 (0.34-5.07)

2.93 ± 1.69 (0-5.77)

2.95 ± 1.63 (0-5.77)

n = 21

n = 89

n = 110

10.6 (1.70-20.1)

6.6 (0.60-30.47)

7.0 (0.60-30.47)

> 0.05

< 0.051

1

Mann-Whitney test. OLT: Orthotopic liver transplantation.

Table 6 Target lesion response
Downstaging

Bridging

Total

P value

mRECIST

n

%

n

%

n

%

CR

8

14.3

41

31.8

49

26.5

PR

39

69.6

53

41.1

92

49.7

SD

8

14.3

31

24

39

21.1

DP

1

1.8

4

3.1

5

2.7

OR (CR + PR)

47

83.9

94

72.9

141

76.2

Non-OR (SD + PD)

9

16.1

35

27.1

44

23.8

< 0.011

Objective response

> 0.05

Chi-squared test.
1
Likelihood ratio test. OR: Objective response; CR: Complete response; PR: Partial response; SD: Stable disease; DP: Disease progression.

Table 7 Influence of baseline characteristics on overall survival after liver transplant
95%CI
Variável

HR (not adjusted)

P value
Inferior

Superior

95%CI
HR
(adjusted) Inferior

Superior

P value

Age (yr)

1.02

0.97

1.07

0.469

1.01

0.96

1.06

> 0.05

Gender (male)

0.46

0.19

1.09

0.078

0.51

0.16

1.63

> 0.05

Etiology
Hepatitis B

1.00

Hepatitis C

1.92

0.25

14.61

0.529

1.00
1.31

0.14

12.29

> 0.05

Hepatitis B/C

1.50

0.09

23.93

0.776

1.14

0.06

22.88

> 0.05

Alcohol

2.92

0.34

25.16

0.330

2.58

0.24

27.33

Alcohol/Hepatitis

4.96

0.31

79.60

0.258

0.00

0.00

Other

1.73

0.18

16.66

0.636

1.60

0.14

18.40

> 0.05

2.17

0.940

0.84

0.31

2.25

> 0.05

0.90

1.27

> 0.05

> 0.05

> 0.05
> 0.05

Child-Pugh score
A

1.00

B

0.97

0.43

1.00

C

0.00

0.00

0.983

NA

MELD

0.99

0.86

1.14

0.875

1.07

> 0.05

Alpha-fetoprotein
< 10

1.00

10-100

1.47

0.62

3.49

0.383

1.37

0.47

3.97

100-1000

2.02

0.65

6.26

0.225

1.94

0.54

6.97

> 1000

NA

0.983

NA

Number of nodules

1.08

0.68

1.70

0.747

1.05

0.47

2.37

> 0.05

Maximal tumor diameter (cm)

0.96

0.76

1.21

0.733

1.10

0.66

1.86

> 0.05
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Group (Bridging)

1.83

0.55

6.13

0.325

1.53

0.23

10.18

> 0.05

HR: Hazard ratio; CI: Confidence interval; NA: Not available.

Table 8 Influence of baseline characteristics on recurrence-free survival after liver transplant
95%CI
Variável

HR (not adjusted)

P value
Inferior

Superior

95%CI
HR
(adjusted) Inferior

Superior

P value

Age (yr)

1.03

0.98

1.09

0.285

1.01

0.96

1.08

> 0.05

Gender (male)

0.53

0.21

1.32

0.174

0.69

0.20

2.41

> 0.05

Etiology
Hepatitis B

1.00

Hepatitis C

2.00

0.26

15.21

0.504

1.00
1.46

0.16

13.70

> 0.05

Hepatitis B/C

1.54

0.10

24.58

0.761

1.49

0.07

30.71

> 0.05

Alcohol

2.82

0.33

24.30

0.345

2.53

0.23

27.36

> 0.05

Alcohol/Hepatitis

10.15

0.91

112.71

0.059

6.07

0.26

142.70

> 0.05

Other

1.78

0.19

17.20

0.617

1.90

0.16

22.79

> 0.05

0.55

2.64

0.642

1.01

0.36

2.81

0.982

#
1.04

Child-Pugh score
A

1.00

B

1.21

C

NA

MELD

1.01

1.00

0.88

1.15

0.917

0.483

> 0.05
> 0.05

0.87

1.25

> 0.05

1.43

0.50

4.12

> 0.05

0.65

8.70

Alpha-fetoprotein
< 10

1.00

10-100

1.36

0.58

3.17

1,00

100-1000

2.15

0.70

6.61

> 1000

NA

Number of nodules

1.28

0.83

Maximal tumor diameter (cm)

1.06

Group (Bridging)

1.04

0.182

2.38

0.982

NA

> 0.05

1.98

0.261

1.34

0.61

2.94

> 0.05

0.85

1.31

0.619

1.04

0.63

1.72

> 0.05

0.39

2.76

0.935

1.15

0.20

6.78

> 0.05

> 0.05

HR: Hazard ratio; CI: Confidence interval; NA: Not available.

Figure 3

Figure 3 Kaplan-Meier’s overall survival probabilities of the downstaging group and the bridging group. Time zero represents the orthotopic liver transplant
date. The difference in overall survival was not statistically significant (P = 0.317).
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Figure 4

Figure 4 Kaplan-Meier’s recurrence-free survival probabilities of the downstaging group and the bridging group. Time zero represents the orthotopic liver
transplant date. The difference in recurrence-free survival was not statistically significant (P = 0.935).

ARTICLE HIGHLIGHTS
Research background
Transarterial chemoembolization (TACE) is the most common neoadjuvant therapy modality in
the pre-transplant setting and drug-eluting beads TACE (DEB-TACE) is therapy with fewer
adverse effects.

Research motivation
Bridging and downstaging patients for liver transplantation (LT) outcomes comparation still
have not been fully elucidate.

Research objectives
To determine long-term outcomes of patients with hepatocellular carcinoma (HCC) that
underwent LT after DEB-TACE for downstaging vs bridging.

Research methods
Compare the overall survival, tumor recurrence, rate of LT, waiting time on list and radiological
response for hepatocellular carcinoma after DEB-TACE in downstaging and bridging patients.
This was a single-center, observational prospective study with controlled and uniform
chemoembolization technique.

Research results
After TACE, only patients within Milan Criteria (MC) were transplanted. More patients
underwent LT in bridging group 65.9% (P = 0.001). Downstaging population presented: higher
number of nodules 2.81 (P = 0.001); larger total tumor diameter 8.09 (P = 0.001); multifocal HCC
78% (P = 0.001); more post-transplantation recurrence 25% (P = 0.02). Patients with maximal
tumor diameter up to 7.05cm were more likely to receive LT (P = 0.005). Median time on the
waiting list was significantly longer in downstaging group 10.6 mo (P = 0.028). Five-year posttransplant overall survival was 73.5% in downstaging and 72.3% bridging groups (P = 0.31), and
recurrence-free survival was 62.1% in downstaging and 74.8% bridging groups (P = 0.93).
Radiological response: Complete response was observed more frequently in bridging group (P =
0.004). There were no difference between the groups in five-years post-transplant overall
survival and recurrence-free survival.

Research conclusions
Tumors initially exceeding the MC down-staged after DEB-TACE, can achieve post-transplant
survival and HCC recurrence-free probability, at five years, just like patients within MC in
patients undergoing DEB-TACE.

Research perspectives
It is worth investing in patients in the downstaging group to meet their liver transplant criteria
because of the results within 5 years after transplantation.
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Abstract
BACKGROUND
Irritable bowel syndrome (IBS) is a prevalent and debilitating gastrointestinal
condition. Research has reported persistent, low-grade mucosal inflammation
and significant overlaps between patients with IBS and those with dyspepsia,
suggesting a possible pathogenic role of Helicobacter pylori (H. pylori) in IBS. This
study therefore aimed to provide the first systematic review and meta-analysis on
the association between H. pylori infection and IBS.
AIM
To investigate the association between H. pylori infection and IBS.
METHODS
Using the keywords “H. pylori OR Helicobacter OR Helicobacter pylori OR
infection” AND “irritable bowel syndrome OR IBS”, a preliminary search of
PubMed, Medline, Embase, Cochrane Database of Systematic Reviews, Web of
Science, Google Scholar and WanFang databases yielded 2924 papers published
in English between 1 January 1960 and 1 June 2018. Attempts were also made to
search grey literature.
RESULTS
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A total of 13 clinical studies were systematically reviewed and nine studies were
included in the final meta-analysis. Random-effects meta-analysis found a slight
increased likelihood of H. pylori infection in patients with IBS, albeit this was not
statistically significant (pooled odds ratio 1.47, 95% confidence interval: 0.90-2.40,
P = 0.123). It must also be acknowledged that all of the available studies reported
only crude odd ratios. H. pylori eradication therapy also does not appear to
improve IBS symptoms. Although publication bias was not observed in the
funnel plot, there was a high degree of heterogeneity amongst the studies
included in the meta-analysis (I2 = 87.38%).
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CONCLUSION
Overall, current evidence does not support an association between IBS and H.
pylori infection. Further rigorous and detailed studies with larger sample sizes
and after H. pylori eradication therapy are warranted.
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Core tip: This is the first systematic review to examine the association of Helicobacter
pylori (H. pylori) infection and irritable bowel syndrome (IBS). 13 clinical studies were
systematically reviewed and nine studies were included in the final meta-analysis.
Random-effects meta-analysis suggests a tenuous association between the two (pooled
odds ratio 1.47, 95% confidence interval: 0.90-2.40, P = 0.123). H. pylori eradication
therapy also does not appear to improve IBS symptoms in the limited studies available.
Further detailed trials with larger sample sizes and after H. pylori eradication therapy are
necessary to elucidate the relationship between H. pylori infection and IBS pathogenesis.
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INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal (GI)
disorders, characterized by chronic abdominal pain and a change in the frequency or
form of stool[1]. It affects an estimated 10% to 15% of the global population[2] and
carries a significant disease burden in terms of decreased productivity, increased
healthcare costs and reduced health-related quality of life[3].
Despite the global prevalence of IBS, its pathophysiology remains unclear. Studies
have reported disturbances in gut microbiota and persistent, subclinical systemic and
mucosal inflammation in individuals with IBS [4] . Significant overlaps also exist
between patients with IBS and those with dyspepsia [5] , hinting at a possible
pathogenic role of Helicobacter pylori (H. pylori) in IBS. H. pylori is a prevalent gramnegative bacterium that grows in the gut of more than half of the world’s population,
and it is even more common in developing countries[6]. The mode of transmission of
H. pylori is unclear, but believed to be fecal-oral. H. pylori, especially strains that
produce cytotoxin-associated gene A (CagA) protein, causes chronic inflammation in
the stomach and duodenum, microbial dysbiosis [7] as well as elevated systemic
inflammation[8]. H. pylori infection has been linked to several conditions, including
dyspepsia and even hyperemesis gravidarum[9].
However, its role in the pathogenesis of IBS remains largely unknown. Some
studies have highlighted increased rates of H. pylori infection in patients with IBS
compared to healthy controls[10,11], while others have disputed this and found no
association between H. pylori infection and IBS[12]. This association has been challenged
as H. pylori is thought to affect mainly the upper GI trait instead of the lower GI tract.
Some also contend that the association is merely fortuitous given the widespread
prevalence of H. pylori infection globally [6] . This meta-analysis thus aimed to
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investigate and better clarify the role of H. pylori in the pathogenesis of IBS. A better
understanding of the pathogenesis of IBS has important clinical implications.

MATERIALS AND METHODS
Literature search was performed in accordance with Meta-analysis of Observational
Studies in Epidemiology (MOOSE) and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. By using the keywords “H. pylori
OR Helicobacter OR Helicobacter pylori OR infection” AND ”irritable bowel syndrome
OR IBS”, a preliminary search of PubMed, Medline, Embase, Cochrane Database of
Systematic Reviews, Web of Science, Google Scholar and WanFang databases yielded
2924 papers published in English between 1 January 1960 and 1 June 2018. Attempts
were made to search grey literature as well, using Google search engine and the Open
System for Information on Grey Literature in Europe database. Title/abstract
screening were performed independently by three researchers (Q.X.N., N.X.F. and
W.R.L.) to identify articles of interest. For relevant abstracts, full articles were
obtained, reviewed and also checked for references of interest. If necessary, the
authors of the articles were contacted to provide additional data.
Full articles were obtained for all selected abstracts and reviewed by four
researchers (Q.X.N., N.X.F, W.R.L. and Y.Q.K.) for inclusion. The inclusion criteria for
this review were: (1) Published case-control or cross-sectional study; (2) patients with
IBS; and (3) confirmed/laboratory testing for presence of H. pylori infection. Any
disagreement was resolved by discussion and consensus amongst the three
researchers. Each study was carefully reviewed and the primary outcome measure of
interest was the proportion of H. pylori infection in patients with IBS compared to a
control group. Odds ratio (OR) were calculated for each individual study, and
estimates were pooled and where appropriate, 95% confidence intervals (95%CI) and
P-values were calculated.
Heterogeneity amongst the different studies pooled was examined using the I2
statistic and Cochran’s Q test. Publication bias was assessed using a funnel plot and
Egger test. All analyses were performed using MedCalc Statistical Software version
14.8.1 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2014)
and STATA version 13.0 (2000; STATA Corp., College Station, TX, United States).

RESULTS
The literature search and abstraction process (and reasons for exclusion) was detailed
in Figure 1. The key details of each study were extracted and summarized in Table
1[10-22]. A total of 13 studies were systematically reviewed. Four studies were excluded
from the final meta-analysis as three did not have a control group while one did not
detect H. pylori infection in either patients with IBS or healthy controls, hence no OR
could be calculated.
As seen in Figure 2, the studies had an overall high degree of heterogeneity (I2 =
87.38%), likely due to the different study designs and method of detection of H. pylori
employed. Random-effects meta-analysis found that patients with IBS did not have a
significantly increased likelihood of H. pylori infection, as the pooled OR was 1.47
(95%CI: 0.90-2.40, P = 0.123). Separate subgroup analyses and sensitivity analyses
were likely underpowered and hence, were not conducted due to the small number of
studies available. With regard to the possibility of publication bias, visual inspection
of the funnel plot revealed a roughly symmetrical distribution of studies (Figure 3)
and encouragingly, Egger test was not significant for publication bias (P = 0.189).

DISCUSSION
Overall, current evidence suggests that patients with IBS may have an increased
likelihood of H. pylori infection, but this is not statistically significant (pooled OR 1.47,
95%CI: 0.90-2.40, P = 0.123). It must also be acknowledged that all of the available
studies reported only crude odd ratios and did not adjust for potential confounders,
further weakening any potential association between IBS and H. pylori infection. To
the best of our knowledge, this review is the first to examine the association between
IBS and H. pylori infection. The current meta-analysis is therefore a novel and
significant contribution to current literature.
It is well demonstrated that H. pylori infection leads to chronic inflammation and is
involved in the etiopathogenesis of atrophic gastritis, intestinal metaplasia and peptic
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Table 1 Characteristics of all studies included in this meta-analysis (arranged alphabetically by first author’s last name)
First author,
Year

Study design

Study sample
(n)

Country

Diagnosis of
IBS

Method of H.
Odds ratio
pylori detection (95%CI)

Abdelrazak et
al[10], 2015

Case control

550

Egypt

Rome III criteria

Stool antigen test 8.56 (4.06, 18.05)
or 13C-urea breath
test positive

Significantly
higher rate of H.
pylori detection in
pediatric patients
with IBS
compared to
healthy controls

Agreus et al[13],
1995

Case control

150

Sweden

More than 2 of
the following
symptoms
(feeling of
incomplete
defecation,
mucous stools,
abdominal
distension,
abdominal pain
or discomfort on
defecation or
relieved by
defecation) and
diarrhoea/consti
pation/or
alternating
diarrhoea and
constipation and
abdominal
discomfort

Serum IgG by
ELISA

0.56 (0.25, 1.25)

No association
between H. pylori
seropositivity and
dyspepsia or IBS

Corsetti et al[14],
2004

Case control

309

Belgium

Rome II criteria

Gastric biopsy
specimens

0.74 (0.36, 1.51)

The prevalence of
H. pylori infection
did not differ
between patients
with functional
dyspepsia alone
and patients with
functional
dyspepsia and
IBS

El-Badry et al[15], Cross sectional
2018

115

Egypt

Rome III criteria

H. pylori stool
coproantigen

NA

H. pylori was
detected in 55.7%
of patients with
IBS

Gerards et al[16],
2001

Case control

46

Germany

Not specified

13

C-urea breath
test

0.96 (0.24, 3.87)

Rectal distension
produced
abdominal pain
only in patients
with IBS and who
were H. pylori
infected. H. pylori
may contribute to
visceral
hypersensitivity

Hasan et al[17],
2017

Cross sectional

184

Iraq

Based on clinical
and
ultrasonography
results

Serum IgG by
ELISA

0.54 (0.278, 1.03)

Rate of H. pylori
infection similar
between patients
with IBS and
healthy controls

Locke et al[18],
2000

Cross sectional

148

United States

Abdominal pain Serum IgG by
with at least two ELISA and CagA
IgG
of six Manning
criteria symptoms

7.22 (2.91, 17.9)

After adjusting
for age, CagApositivity but not
H. pylori
seropositivity was
associated with
IBS

Malinen et al[12],
2005

Case control

49

Finland

Rome II criteria

NA

H. pylori was not
detected in any of
the control or test
subjects. PCR
assay may lack
sensitivity
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McDonald et
al[19], 2017

Cross sectional

112

Peru

Rome III criteria

Endoscopy
specimens

NA

H. pylori infection
was detected in
58 (57.4%) of
patients with IBS

Su et al[20], 2000

Cross sectional

69

Taiwan

Rome I criteria

13

C-urea breath
test and
endoscopy
specimens

NA

H. pylori infection
was detected in
33 (47.8%) of
patients with IBS

Xiong et al[21],
2016

Case control

502

China

Rome III criteria

Not specified
(presumably
seropositivity)

0.96 (0.77, 1.19)

The prevalence of
H. pylori infection
in patients with
IBS-D was similar
to the general
population and
eradication
therapy did not
improve
symptoms

Yakoob et al[22],
2012

Case control

330

Pakistan

Rome III criteria

Gastric biopsy
specimens

1.76 (1.12, 2.75)

H. pylori infection
was common in
patients with IBSD, and was
associated with
predominantly
cagAs1-positive
strains

Yang et al[11],
2017

Case control

670

China

Rome III criteria

Positive for rapid 1.62 (1.19, 2.20)
urease test and
14
C-urea breath
test

The rate of H.
pylori infection
was significantly
higher in patients
with IBS-D than
healthy controls,
however,
eradication of H.
pylori did not
improve
symptoms

H. pylori: Helicobacter pylori; CagA: Cytotoxin-associated gene A; ELISA: Enzyme-linked immunosorbent assay; IBS: Irritable bowel syndrome; IBS-D:
Irritable bowel syndrome associated with diarrhea; NA: Not available.

ulcers[23]. Patients with IBS have been found to have increased lamina propria immune
cells in the colonic mucosa[24] and significantly reduced levels of oleoylethanolamide
(a fatty acid amide with anti-inflammatory properties) when compared to healthy
controls [25] . These are suggestive of chronic, subclinical inflammation at the
microscopic level [26] . Increased infiltration of mucosal mast cells have also been
reported in the GI tract of patients with IBS when compared to healthy controls[27]. In
considering the possible pathogenic mechanisms of H. pylori in relation to IBS, H.
pylori infection has been associated with elevated inflammatory markers[8], increased
mast cell activation[28] and gastric mucosal and neural remodeling[29]. Vacuolating
cytotoxin A[30] and the neutrophil-activating protein[28] of H. pylori are both potent mast
cell stimulators. Although a definite and consistent pattern of immune dysregulation
has yet to be established in patients with IBS, increased mast cell activation and
immune activity in the gut may correlate with symptoms of visceral
hypersensitivity[31].
Furthermore, in a study utilizing the rectal barostat to elicit abdominal symptoms
in patients with IBS, positive results were seen almost exclusively in H. pylori-positive
patients with IBS, suggesting a potential role of H. pylori in stimulating visceral
hypersensitivity[16]. Preclinical and clinical studies have often reported a link between
increased intestinal mucosal inflammation and changes in sensory-motor function[32,33].
As such, H. pylori infection may result in gastric dysmotility and neuroplastic changes
in the afferent neural pathways, giving rise to visceral hypersensitivity and
prototypical IBS symptoms.
On the other hand, contrary findings have also been reported. A study on patients
with functional dyspepsia found no association between H. pylori infection and
increased pain perception of gastric distension[34]. Studies that investigated the effect
of H. pylori eradication therapy on IBS symptoms also found no significant differences
at follow-up [11,21] . However, the relationship is difficult to analyse as it may be
confounded by the fact that H. pylori is eradicated with antibiotics, which is also
associated with a significantly increased risk of developing IBS [35] and may also
aggravate IBS symptoms[36].
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Figure 1

Figure 1 Meta-analysis of observational studies flowchart showing the studies identified during the literature search and abstraction process.H. pylori:
Helicobacter pylori; IBS: Irritable bowel syndrome.

A fundamental understanding of the pathogenesis of IBS is still lacking.
Additionally, psychological factors such as stress, depression and anxiety are known
to contribute to the pathogenesis [37] . Our study investigated another potential
contributory factor. Patients with IBS may have an increased likelihood of H. pylori
infection albeit this is not statistically significant. The role of H. pylori eradication
therapy is also unclear as it does not appear to improve IBS symptoms in the limited
studies available.
Other limitations of current evidence that must be discussed include the fact that
some of the available studies[13,18] used a self-report symptom questionnaire in the
diagnosis of IBS. There is a known wide variability in the definition of constipation
and diarrhoea[38], and the subjectivity and inter-study variability in the diagnosis of
IBS could further affect the reliability of current findings. Also, some of the studies[13,18]
included in the meta-analysis did not investigate study participants for organic
disease that may contribute to IBS-like symptoms. Limited studies also performed
CagA testing. In one study[18], CagA antibody positivity but not H. pylori seropositivity
was found to be significantly associated with IBS. Future studies should examine the
effect of CagA positivity as the CagA toxin is an important H. pylori virulence factor
associated with a greater inflammatory response[39]. There was also a significant
degree of heterogeneity amongst the various studies included in the meta-analysis (I2
= 87.38%). This could stem from the subjectivity and different definitions used in the
diagnosis of IBS as previously discussed, as well as the differing tests used to detect
H. pylori infection, e.g., serum IgG antibodies, urea breath test and stool antigen assay.
Moreover, the commonly-used serologic test is unable to distinguish between current
and previous H. pylori infection as it remains positive for years, even after H. pylori
eradication therapy[40]. Although some studies carefully selected only individuals who
have no history of previous H. pylori eradication therapy[16], it was less clear in other
studies. The duration of H. pylori infection may also affect our analysis as study
subjects with more longstanding infection may have greater mucosal inflammation
and more significant GI symptoms.
Last but not least, the influence of H. pylori on the composition of distal gut
microbiota is an important area that deserves further study. Microbial dysbiosis is a
known hallmark of IBS[41]. However, it is unclear how H. pylori, which is thought to
affect mainly the upper GI tract, may affect the lower GI tract[42].
In conclusion, current evidence does not support an association between IBS and H.
pylori infection. Patients with IBS may have a slight increased likelihood of H. pylori
infection albeit this is not statistically significant. This relationship is complicated by
admittedly problematic study designs and potential confounding factors. The role of
H. pylori eradication therapy also remains unclear as it does not appear to improve IBS
symptoms. Further rigorous and detailed studies with larger sample sizes, carefully
selected subjects, and after H. pylori eradication therapy are warranted. The influence
of H. pylori on gut microbiota should also be investigated.
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Figure 2

Figure 2 Forest plot showing the odds ratios and 95% confidence intervals of studies on the likelihood of Helicobacter pylori infection in patients with
irritable bowel syndrome.
Figure 3

Figure 3 Funnel plot (with pseudo 95% confidence intervals) to assess publication bias. Egger test for publication bias = 1.28, 95% confidence interval: 0.803.36, P = 0.189.

ARTICLE HIGHLIGHTS
Research background
Helicobacter pylori (H. pylori) is a prevalent gram-negative bacterium found in the human gut. H.
pylori infection has been linked to several conditions, including dyspepsia and even hyperemesis
gravidarum. However, its role in the pathogenesis of irritable bowel syndrome (IBS) remains
largely unknown.

Research motivation
An improved understanding of the pathogenic mechanisms of IBS may lead to more effective
therapeutics.

Research objectives
To investigate the association between H. pylori infection and IBS.

Research methods
A comprehensive search of PubMed, Medline, Embase, Cochrane Database of Systematic
Reviews, Web of Science, Google Scholar and WanFang databases was performed using the
keywords “H. pylori OR Helicobacter OR Helicobacter pylori OR infection” AND “irritable
bowel syndrome OR IBS”.
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Research results
A total of 13 clinical studies were systematically reviewed and nine studies were included in the
final meta-analysis. Random-effects meta-analysis found a slight increased likelihood of H. pylori
infection in patients with IBS, albeit this was not statistically significant (pooled odds ratio 1.47,
95% confidence interval: 0.90-2.40, P = 0.123). H. pylori eradication therapy also does not appear
to improve IBS symptoms in the limited studies available.

Research conclusions
Current evidence does not support an association between IBS and H. pylori infection. This
relationship is complicated by admittedly problematic study designs and potential confounding
factors. H. pylori is eradicated with antibiotics, which is also associated with a significantly
increased risk of developing IBS and may also aggravate IBS symptoms.

Research perspectives
Further rigorous and detailed trials with larger sample sizes, carefully selected subjects, and after
H. pylori eradication therapy are warranted. The influence of H. pylori on gut microbiota also
remains unknown and should be investigated.
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Abstract
BACKGROUND
Laparoscopy has been widely used in general surgical procedures, but total
laparoscopic pancreaticoduodenectomy (TLPD) is still a complex and challenging
surgery that is only performed in a small number of patients at a few large
academic medical centers. Although the safety and feasibility of TLPD have been
established, few studies have compared it with open pancreaticoduodenectomy
(OPD) with regard to perioperative and oncological outcomes. Therefore, we
carried out a meta-analysis to evaluate whether TLPD is superior to OPD.
AIM
To compare the treatment outcomes of TLPD and OPD in order to assess the
safety and feasibility of TLPD.
METHODS
We conducted a systematic search of studies comparing TLPD with OPD that
were published in the PubMed, EMBASE, and Cochrane Library databases
through December 31, 2018. The studies comparing TLPD and OPD with at least
one of the outcomes we were interested in and with more than 10 cases in each
group were included in this analysis. The Newcastle-Ottawa scale was used to
assess the quality of the nonrandomized controlled trials and the Jadad scale was
used to assess the randomized controlled trials. Intraoperative data,
postoperative complications, and oncologic outcomes were evaluated. The metaanalysis was performed using Review Manager Software version 5.3. Random or
fixed-effects meta-analyses were undertaken to measure the pooled estimates.
RESULTS
A total of 4790 articles were initially identified for our study. After screening,
4762 articles were excluded and 28 studies representing 39771 patients (3543

https://www.wjgnet.com

5711

October 7, 2019

Volume 25

Issue 37

Zhang H et al. Laparoscopic vs open pancreaticoduodenectomy
manuscript

Received: April 15, 2019
Peer-review started: April 15, 2019
First decision: June 16, 2019
Revised: July 10, 2019
Accepted: August 7, 2019
Article in press: August 7, 2019
Published online: October 7, 2019
P-Reviewer: Afzal M, Gumbs A,
Isaji S, Suzuki S, Tsoulfas G
S-Editor: Yan JP
L-Editor: Wang TQ
E-Editor: Wu YXJ

undergoing TLPD and 36228 undergoing OPD) were eventually included.
Patients who underwent TLPD had less intraoperative blood loss [weighted
mean difference (WMD) = -260.08 mL, 95% confidence interval (CI): (-336.02, 184.14) mL, P < 0.00001], a lower blood transfusion rate [odds ratio (OR) = 0.51,
95%CI: 0.36-0.72, P = 0.0001], a lower perioperative overall morbidity (OR = 0.82,
95%CI: 0.73-0.92, P = 0.0008), a lower wound infection rate (OR = 0.48, 95%CI:
0.34-0.67, P < 0.0001), a lower pneumonia rate (OR = 0.72, 95%CI: 0.60-0.85, P =
0.0002), a shorter duration of intensive care unit (ICU) stay [WMD = -0.28 d,
95%CI (-2.88, -1.29) d, P < 0.00001] and a shorter length of hospital stay [WMD = 3.05 d, 95%CI (-3.93, -2.17), P < 0.00001], a lower rate of discharge to a new facility
(OR = 0.55, 95%CI: 0.39-0.78, P = 0.0008), and a lower 30-d readmission rate (OR =
0.81, 95%CI: 0.68-0.95, P = 0.10) than those who underwent OPD. In addition, the
TLPD group had a higher R0 rate (OR = 1.28, 95%CI: 1.13-1.44, P = 0.0001) and
more lymph nodes harvested (WMD = 1.32, 95%CI: 0.57-2.06, P = 0.0005) than the
OPD group. However, the patients who underwent TLPD experienced a
significantly longer operative time (WMD = 77.92 min, 95%CI: 40.89-114.95, P <
0.0001) and had a smaller tumor size than those who underwent OPD [WMD = 0.32 cm, 95%CI: (-0.58, -0.07) cm, P = 0.01]. There were no significant differences
between the two groups in the major morbidity, postoperative pancreatic fistula,
delayed gastric emptying, postpancreatectomy hemorrhage, bile leak,
gastroenteric anastomosis fistula, intra-abdominal abscess, bowel obstruction,
fluid collection, reoperation, ICU admission, or 30-d and 90-d mortality rates. For
malignant tumors, the 1-, 2-, 3-, 4- and 5-year overall survival rates were not
significantly different between the two groups.
CONCLUSION
This meta-analysis indicates that TLPD is safe and feasible, and may be a
desirable alternative to OPD, although a longer operative time is needed and only
smaller tumors can be treated.
Key words: Total laparoscopic pancreaticoduodenectomy; Open
pancreaticoduodenectomy; Safety; Feasibility; Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This is a meta-analysis with the largest number of cases so far comparing total
laparoscopic pancreaticoduodenectomy (TLPD) and open pancreaticoduodenectomy
(OPD). In recent years, the reports or comparisions between TLPD and OPD are
increasing, but most of them have a very small number of cases included, and the quality
and reliability are limited. In this meta-analysis, we reviewed the published literature on
this topic until now with the largest number of cases, thus the conclusion is much more
reliable. In addition, our study analyzed the effects of laparoscopic skills not only on
intraoperative parameters and postoperative complications, but also on oncological
outcomes to ensure its safety and feasibility.
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URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5711.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5711

INTRODUCTION
Laparoscopic techniques have been widely applied in general surgical procedures and
have been proved to be beneficial for some selected patients in terms of postoperative
recovery and a shorter hospital stay [1,2] . However, since the first laparoscopic
pancreaticoduodenectomy was introduced by Gagner et al[3] in 1994, total laparoscopic
pancreaticoduodenectomy (TLPD) is still not universally performed and remains a
formidable challenging and highly specialized procedure owing to the retroperitoneal
surgical location, difficult dissection near the great vessels, critical intracorporeal
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anastomoses, and its high postoperative morbidity or mortality rates[4,5]. In recent
years, with the innovations in laparoscopic techniques and instruments, and the
accumulation of surgical experience[6], TLPD has been gradually performed at some
major medical centers in properly selected patients and has gained popularity among
general surgeons [7,8] . Even so, controversies regarding its perioperative and
oncological safety still exist. Although a large number of studies have been performed
to evaluate the feasibility and safety of TLPD recently [9-11] , all these studies are
retrospective analyses including a small number of cases, and there has been no large
case-control studies or randomized controlled trials (RCTs).
The purpose of our study was to critically evaluate whether TLPD is superior to the
open procedure. For this reason, we carried out a meta-analysis of TLPD vs open
pancreaticoduodenectomy (OPD) to compare the intraoperative outcomes,
postoperative complications, postoperative recovery, oncological safety, and overall
survival (OS).

MATERIALS AND METHODS
Our study complied with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines [12] , and protocol can be accessed at the International
Prospective Register of Systematic Reviews (registration number: CRD42019126173).
Manuscripts comparing intraoperative, postoperative, and oncological outcomes and
OS of patients with malignancies treated by TLPD or OPD were identified in medical
databases.

Literature search
We conducted a comprehensive literature search of studies published in the PubMed,
EMBASE and Cochrane Library databases until December 31, 2018. Only full-text
literature published in the English language was included and considered. The
studies we identified were restricted to research performed in humans. The
prespecified search terms were divided into two categories: The “laparoscopic” terms
(“laparoscope” OR “laparoscopic” OR “laparoscopy” OR “minimally invasive” OR
“laparoscopy-assisted”) and the “pancreaticoduodenectomy” terms (“pancreatoduodenectomy” OR “pancreaticoduodenectomy” OR “pancreaticoduodenectomies” OR
“pancreatoduodenectomies” OR “pancreatoduodenal resection” OR
“duodenopancreatectomy” OR “duodenopancreatectomies” OR “Whipple” OR
“pancreatic resection”). References from the articles we acquired were also searched
manually to identify additional literature.

Study selection
TLPD was defined as the resection of the pancreatic head, bile duct, and duodenum
and reconstruction of the digestive tract performed completely intracorporeally by
laparoscopy. Hybrid procedures, laparoscopic-assisted procedures, or robotic-assisted
procedures were not included in this study.
Inclusion criteria: All published nonrandomized and randomized studies comparing
TLPD and OPD with at least one of the outcomes we were interested in were included
in this analysis. Moreover, the literature we incorporated into our study included full
texts with a total number of TLPDs greater than 10. In addition, if several studies were
from the same institution, the most recently published study or the one with the
largest sample was selected for our analysis.
Exclusion criteria: Studies unrelated to our topic, those that did not include the
outcomes we were interested in, those involving patients who underwent other types
of pancreaticoduodenectomy (not TLPD or OPD), and those in which less than 10
TLPDs were performed were excluded from our analysis. In addition, other types of
articles, such as case reports, reviews, meta-analyses, abstracts, and letters, were also
excluded.

Study quality
The Newcastle-Ottawa scale (NOS) [13] was used to assess the quality of the
nonrandomized controlled trials we included in this meta-analysis. This scale includes
three items: the selection of patients, the assessment of outcomes, and the
comparability of the groups. The range of the NOS score is 0-9 stars and studies
receiving more than six stars are regarded as high quality studies. The RCTs included
in our study were assessed with the Jadad scale[14] which has a maximum possible
score of 5. The RCTs with a score of more than two were regarded as high quality
studies. Two authors (Hua Zhang and Xiang Lan) independently assessed the quality
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of the studies we included, a consensus was reached with the help of another author
(Bing Peng) to resolve any disagreements between the two authors.

Data extraction
Two authors (Hua Zhang and Xiang Lan) independently extracted the data from the
manuscripts included in the analysis. If they had any disagreements, another author
(Bing Peng) was asked for help to resolve the disagreements until a consensus was
reached. Data on the following were extracted: first author, publication year, country
of the author, type of study, characteristics of the study population, NOS score,
intraoperative outcomes (operative time, estimated blood loss, and transfusion rate),
postoperative events (overall morbidity, severe complications rate, postoperative
pancreatic fistula (POPF) rate, bile leak, delayed gastric emptying (DGE),
postpancreatectomy hemorrhage (PPH), postoperative intra-peritoneal abscess,
wound infection, intensive care unit (ICU) stay, length of hospital stay (LOS),
readmission rate, reoperative rate, and perioperative mortality), oncological outcomes
(tumor size, number of lymph nodes harvested, and R0 resection), and prognostic
variables (1-, 2-, 3-, 4-, and 5-year OS rates). The definitions and classification of
postoperative complications complied with the International Study Group of
Pancreatic Surgery and the Clavien–Dindo classification[15-18].

Statistical analysis
The study was conducted according to the recommendations of the Cochrane
Collaboration [19] . All statistical analyses in this study were performed with the
software Review Manager version 5.3. I2 values were preferred for the quantification
of statistical inconsistency, which was defined as the percentage of variation between
studies due to heterogeneity, with values greater than 50% deemed to indicate
significant heterogeneity. Continuous variables in this analysis were evaluated using
the inverse variance statistical method, and the weighted mean difference (WMD) was
also calculated. Dichotomous variables in this study were analyzed by the MantelHaenszel statistical method using the odds ratio (OR) as the summary statistic. Both
statistical methods are reported with 95% confidence intervals (CIs). A random-effects
model was used to present the results of heterogeneous data in the presence of low or
moderate statistical inconsistency (I2 ≥ 50%), and a fix-effects model was used in the
presence of high statistical inconsistency (I2 < 50%). Forest plots were constructed, and
a P-value < 0.05 and a 95%CI that did not include the value 1 were considered
statistically significant. Funnel plots were also constructed to detect and evaluate the
publication bias.

RESULTS
A total of 4790 potential studies were initially identified from the medical databases
initially. After excluding duplicates, 3791 articles remained. Subsequently, we
reviewed the titles to identify literature that was not relevant to our topic, and these
articles were excluded from our study. We scanned the abstracts or full texts of the
remaining literature for our study, and eventually, 28 eligible articles [4,9-11,20-43]
(including 2 RCTs, 20 retrospective studies and 6 matched case-control studies) met
the inclusion criteria and were selected. The selection strategy is presented as a
flowchart in Figure 1. The 28 selected articles with a total of 39771 patients (3543
undergoing TLPD and 36228 undergoing OPD) were from seven countries worldwide
(2 United Kingdom, 16 United States, 2 France, 2 Korea, 3 China, 2 India, and 1 Spain).
Each of the included studies included more than one variable we were interested in
and compared the two groups. The NOS and the Jadad scales were used to assess the
quality of the included studies and the quality scores ranged from 7-9 in retrospective
studies and 3 in RCTs. The characteristics of the included studies are summarized in
Table 1. Additionally, patients who underwent conversion to other types of surgeries
in each study were included in the TLPD group.
The results of the meta-analysis with regard to the variables we were interested in,
for instance, the intraoperative parameters, postoperative complications, oncological
outcomes, and OS rate, are reported in detail and summarized in Tables 2-4. Forest
plots of the comparisons we interested are shown in Figure 2.

Intraoperative parameters
The intraoperative parameters we were interested in included the operative time,
estimated blood loss (EBL), and blood transfusion rate.
Eleven[10,20,23-26,32,35,37,40,41] of 28 studies reported data regarding the operative time,
however, two studies[25,26] showed no significant differences between the two groups.
The remaining studies demonstrated a longer operative time in the TLPD group than
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Table 1 Characteristics of 28 included studies.
Sample size

Clavien-Dindo

TLPD OPD

Conversion n ISGPF ISGPS
(%)

Quali
-ty
Scores

First author Year Country Study design

Zimmerman

2018

USA

Retrospective analysis

280

6336

78 (27.86) NR

NR

NR

7a

Tran

2016

USA

Retrospective analysis

681

14893

NR

NR

NR

NR

7a

Tee

2015

USA

Retrospective analysis

113

225

NR

YES

YES

YES

8a

Tan

2015

China

Retrospective analysis

30

30

NR

YES

YES

NR

9a

Stauffer

2017

USA

Retrospective analysis

58

193

NR

YES

YES

YES

8a

Song

2015

Korea

Matched case-control
study

97

198

NR

YES

YES

YES

8a

Sharpe

2015

USA

Retrospective analysis

384

4037

NR

NR

NR

NR

7a

Senthilnathan

2015

India

Retrospective analysis

45

118

NR

NR

NR

NR

8a

Poves

2018

Spain

RCT

32

29

8 (25.00)

YES

YES

YES

4b

Palanivelu

2017

India

RCT

32

32

1 (3.13)

YES

YES

YES

3b

Meng

2018

China

Retrospective analysis

58

58

NR

YES

YES

YES

9a

Lee

2018

Korea

Matched case-control
study

31

31

NR

NR

NR

NR

9a

Khaled

2018

UK

Matched case-control
study

15

15

1 (6.67)

YES

YES

YES

9a

Kantor

2017

USA

Retrospective analysis

828

7385

NR

NR

NR

NR

7a

Hakeem

2014

UK

Matched case-control
study

12

12

NR

NR

NR

YES

9a

Gerber

2017

USA

Retrospective analysis

52

50

NR

NR

NR

NR

8a

Dokmak

2015

France

Matched case-control
study

46

46

3 (6.52)

YES

YES

YES

9a

Delitto

2016

USA

Retrospective analysis

52

50

NR

YES

YES

YES

8a

Croome

2014

USA

Retrospective analysis

108

214

7 (6.48)

YES

YES

YES

8a

Conrad

2017

USA

Retrospective analysis

40

25

9 (22.50)

YES

YES

YES

8a

Chopinet

2018

France

Retrospective analysis

65

290

NR

YES

YES

YES

8a

Chen

2018

China

Retrospective analysis

47

55

NR

YES

YES

YES

8a

Chapman

2018

USA

Retrospective analysis

22

25

0 (0)

YES

YES

YES

8a

Chapman

2018

USA

Retrospective analysis

248

1520

74 (29.84) NR

NR

NR

7a

Asbun

2012

USA

Retrospective analysis

53

215

9 (15.00)

YES

YES

NR

8a

Zureikat

2011

USA

Matched case-control
study

14

14

2 (14.29)

YES

NR

YES

9a

Mesleh

2013

USA

Retrospective analysis

75

48

10 (13.33) YES

YES

YES

8a

Speicher

2014

USA

Retrospective analysis

25

84

NR

NR

NR

8a

YES

a

Newcastle-Ottawa scale;
Jadad scale. TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open pancreaticoduodenectomy; ISGPF: International Study Group of Pancreatic
Fistula; ISGPS: International Study Group on Pancreatic Surgery; Clavien-Dindo: The Clavien-Dindo Classification of Surgical Complications; RCT:
Randomized controlled trial; NR: Not reported.
b

in the OPD group. Our study showed that the application of the laparoscopic
technique may be associated with a significantly longer operative time (WMD = 77.92
min, 95%CI: 40.89-114.95 min, P < 0.0001) (Figure 2A).
The EBL was presented in ten studies[10,20,23-26,32,35,37,41] including 1936 cases (612
undergoing TLPD and 1324 undergoing OPD); except for the studies by Zureikat et
al[10] and Song et al[37], which showed no significant difference, the others indicated that
the TLPD was associated with less blood loss. Our study also revealed that there was
a significant reduction in blood loss in the TLPD group (WMD = -260.08 mL, 95%CI: (336.02, -184.14) mL, P < 0.00001) (Figure 2B).
The blood transfusion rate was reported in 12 studies[10,11,20,24-27,32,33,39,41,42] including
22034 patients (1577 undergoing TLPD and 20457 undergoing OPD); five of twelve
studies (Conrad et al[11], Delitto et al[26], Dokmak et al[27], Meng et al[33] and Zureikat et
al [10] ) reported no significant difference between the two groups in terms of the
transfusion rate, but the other studies showed a significantly lower rate in the TLPD
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Figure 1

Figure 1 The PRISMA flowchart of the literature review.

group. The pooled analysis of all included studies showed a statistically significant
decrease in transfusion rate in the TLPD group (OR = 0.51, 95%CI: 0.36-0.72, P =
0.0001) (Figure 2C).

Postoperative complications
The variables we were interested in and compared for postoperative complications
were the overall morbidity, major morbidity (Clavien-Dindo grade III–V), POPF, bile
leak, DGE, PPH, gastroenteric anastomosis fistula, wound infection, intra-abdominal
abscess, bowel obstruction, fluid collection, pneumonia, cardiac event, reoperation
rate, ICU admission, ICU stay, diet start time, LOS, rate of discharge to a new facility,
readmission rate, and mortality. The results are presented in Table 2.
The overall morbidity was reported in 12 articles[10,11,23,24,27,31,35-37,39,42,43] including 23533
patients. Only Tran et al[42] found a higher morbidity in the OPD group. The remaining
11 studies did not show any significant difference between the two groups. Our metaanalysis of all the satisfactory studies indicated that the rate of overall postoperative
complications in the TLPD group was significantly lower than that in the OPD group
(OR = 0.82, 95%CI: 0.73-0.92, P = 0.0008) (Figure 2D). Sixteen studies[10,11,20,23-27,29,33-37,39,41]
reported the major complication rate (Clavien-Dindo classification ≥ III), and most of
them reported the same conclusion that the incidence was comparable in the two
groups, but two of the studies obtained a completely different result; Poves et al[36]
found that the rate was higher in the OPD group, whereas Chopinet et al[24] obtained a
higher rate in the TLPD group. The pooled analysis revealed that the incidence
between the two groups did not have any statistically significant differences (OR =
0.88, 95%CI: 0.70-1.10, P = 0.25).
POPF is a common complication after PD. Seventeen[10,11,20,23,24,26,27,29,31-33,35-37,39,40,43]
studies demonstrated the occurrence of POPF, and most of the studies did not find
any differences between the two groups. The remaining three studies arrived at a
different result. Two[26,37] of the three studies showed that TLPD could significantly
reduce the incidence of POPF, but Chopinet et al[24] found that TLPD was associated
with an increased POPF rate. Our study also revealed that TLPD did not significantly
decrease or increase the incidence of POPF (OR = 0.95, 95%CI: 0.79-1.15, P = 0.62)
(Figure 2E). In terms of clinically significant pancreatic fistula [grade B/C according to
the definition of the International Study Group of Pancreatic Fistula (ISGPF)], 18
studies[10,20,22-27,31,33-41] reported an incidence rate. The analysis of all the included cases
indicated that the use of total laparoscopic techniques did not significantly affect the
incidence of the clinically significant pancreatic fistula (OR = 0.96, 95%CI: 0.76-1.22, P
= 0.75), which is similar to the results of the included studies.
In our study, 13[20,21,23,24,27,32-35,37,39,40,43] of the 28 studies reported the rate of DGE, and
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Table 2 Meta-analysis of intraoperative and perioperative results
Outcome
of interest

No. of
studies

Operative
time

Sample size

Heterogeneity
Model

Overall
effect size

95%CI of
overall
effect

P-value

TLPD

OPD

P

I2

11

642

1129

< 0.00001

99%

R

WMD = 77.92 40.89, 114.95

< 0.0001

EBL

10

612

1324

< 0.00001

98%

R

WMD = 260.08

-336.02, 184.14

< 0.00001

Transfusion
rate

12

1254

15964

0.003

60%

R

OR = 0.51

0.36, 0.72

0.0001

Overall
morbidity

12

1407

22126

0.10

37%

F

OR = 0.82

0.73, 0.92

0.0008

Major
morbidity

16

886

1704

0.05

41%

F

OR = 0.88

0.70, 1.10

0.25

POPF

17

954

7629

0.42

3%

F

OR = 0.95

0.79, 1.15

0.62

POPF (grade 18
B/C)

942

1821

0.47

0

F

OR = 0.96

0.76, 1.22

0.75

DGE

13

890

7452

0.98

0

F

OR = 0.99

0.78, 1.24

0.90

DGE (grade
B/C)

7

479

994

0.60

0

F

OR = 0.63

0.45, 0.88

0.006

PPH

13

771

7363

0.74

0

F

OR = 1.12

0.89, 1.42

0.34

PPH (grade
B/C)

7

454

966

0.91

0

F

OR = 1.02

0.65, 1.60

0.95

Bile leak

8

289

522

0.96

0

F

OR = 1.11

0.57, 2.16

0.76

Gastroente- 4
ric
anastomosis
fistula

201

423

0.77

0

F

OR = 0.62

0.16, 2.40

0.49

Wound
infection

10

612

7033

0.38

7%

F

OR = 0.48

0.34, 0.67

< 0.0001

Intraabdominal
abscess

6

455

6676

0.32

14%

F

OR = 0.97

0.71, 1.31

0.82

Bowel
obstruction

2

73

73

0.33

0

F

OR = 1.00

0.14, 7.31

1.00

Fluid
collection

3

142

367

0.20

37%

F

OR = 1.50

0.90, 2.48

0.12

Pneumonia

13

1489

22399

0.99

0

F

OR = 0.72

0.60, 0.85

0.0002

Cardiac
event

6

1200

21877

0.75

0

F

OR = 1.04

0.82, 1.32

0.75

Reoperation 14

881

7616

0.40

5%

F

OR = 1.10

0.83, 1.47

0.51

ICU
admission

2

171

283

0.40

0

F

OR = 0.90

0.53, 1.54

0.71

ICU stay

2

65

227

0.62

0

F

WMD = -2.08

-2.88, -1.29

< 0.00001

Diet Start
Time

3

175

284

<0.0001

90%

R

WMD = -1.75

-3.38, -0.12

0.04

LOS

10

1544

11922

< 0.00001

78%

R

WMD = -3.05

-3.93, -2.17

< 0.00001

Discharge to 4
a new
facility

498

6826

0.74

0

F

OR = 0.55

0.39, 0.78

0.0008

30-d
10
readmission

2006

19786

0.30

15%

F

OR = 0.81

0.68, 0.95

0.010

90-d
4
readmission

136

279

0.70

0

F

OR = 1.07

0.62, 1.84

0.81

30-d
mortality

18

2870

35337

0.70

0

F

OR = 1.00

0.81, 1.24

1.00

90-d
mortality

11

1273

9159

0.77

0

F

OR = 0.77

0.58, 1.01

0.06

EBL: Estimated blood loss; Major morbidity: Clavien-Dindo classification ≥ III; POPF: Postoperative pancreatic fistula; DGE: Delayed gastric emptying;
PPH: Postpancreatectomy hemorrhage; LOS: Length of hospital stay; ICU: Intensive care unit; WMD: Weighted mean difference; OR: Odds ratio; CI:
Confidence interval; F: Fixed-effects model; R: Random-effects model; TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open
pancreaticoduodenectomy.
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Figure 2 Forest plots of the meta-analysis. A: Operative time; B: Estimated blood loss; C: Transfusion rate; D: Overall morbidity; E: Postoperative pancreatic
fistula; F: Delayed gastric emptying; G: Delayed gastric emptying (grade B/C); H: Bile leak; I: Postpancreatectomy hemorrhage; J: Wound infection; K: Pneumonia; L:
Duration of intensive care unit stay; M: Length of hospital stay; N: Discharge to a new facility; O: 30-d readmission; P: Tumor size; Q: Retrieved lymph nodes; R: R0
resection; S: Time to adjuvant chemotherapy.

the results of all included studies were comparable between the two groups. Our
meta-analysis also revealed that there was no statistically significant difference

WJG

https://www.wjgnet.com

5722

October 7, 2019

Volume 25

Issue 37

Zhang H et al. Laparoscopic vs open pancreaticoduodenectomy

Table 3 Meta-analysis of oncological outcomes

Outcome of interest

No. of
studies

Sample size Heterogeneity
TLPD OPD P

Model

Overall
effect size

I2

95%CI of
Poverall
value
effect

Tumor size

10

814

4782

< 0.00001 85%

R

WMD = -0.32 -0.58, -0.07 0.01

RLNs

12

1600

12347 < 0.00001 77%

R

WMD = 1.32 0.57, 2.06

0.0005

R0 rate

19

1991

14477 0.88

0

F

OR = 1.28

0.0001

Time to adjuvant
chemotherapy

2

867

7526

0.39

0

F

WMD = -2.44 -4.39, -0.49 0.01

1.13, 1.44

RFS of all malignant tumor patients
1-yr RFS

2

52

37

NA

NA

F

OR = 0.44

0.16, 1.23

0.12

3-yr RFS

2

52

37

0.22

35%

F

OR = 0.53

0.19, 1.47

0.22

5-yr RFS

2

52

37

0.31

4%

F

OR = 0.40

0.12, 1.33

0.14

OS of all malignant tumor patients
1-yr OS

5

412

2206

0.007

72%

R

OR = 0.62

0.33, 1.19

0.15

2-yr OS

4

400

2194

0.03

66%

R

OR = 0.61

0.32, 1.17

0.14

3-yr OS

5

412

2206

0.08

51%

R

OR = 0.80

0.40, 1.62

0.54

4-yr OS

4

400

2194

0.60

0

F

OR = 0.73

0.41, 1.30

0.28

5-yr OS

6

520

2420

0.52

0

F

OR = 0.78

0.38, 1.59

0.49

1-yr OS

3

349

1947

0.28

22%

F

OR = 0.93

0.74, 1.18

0.57

2-yr OS

3

349

1947

0.21

37%

F

OR = 0.93

0.70, 1.24

0.63

3-yr OS

3

349

1947

0.60

0

F

OR = 0.86

0.56, 1.34

0.52

4-yr OS

3

349

1947

0.95

0

F

OR = 0.97

0.49, 1.92

0.94

5-yr OS

3

349

1947

0.27

17%

F

OR = 0.65

0.19, 2.23

0.49

OS of PDAC patients

OS of periampullary adenocarcinoma patients
1-yr OS

3

349

1947

0.28

22%

F

OR = 0.93

0.74, 1.18

0.57

2-yr OS

3

349

1947

0.21

37%

F

OR = 0.93

0.70, 1.24

0.63

3-yr OS

3

349

1947

0.60

0

F

OR = 0.86

0.56, 1.34

0.52

4-yr OS

3

349

1947

0.95

0

F

OR = 0.97

0.49, 1.92

0.94

5-yr OS

3

349

1947

0.27

17%

F

OR = 0.65

0.19, 2.23

0.49

5-yr OS

6

520

2420

0.52

0

F

OR = 0.78

0.38, 1.59

0.49

RLNs: Retrieved lymph nodes; RFS: Recurrence-free survival; OS: Overall survival; PDAC: Pancreatic ductal adenocarcinoma; OR: Odds Ratio; CI:
Confidence interval; F: Fixed-effects model; R: Random-effects model; NA: Not applicable; TLPD: Total laparoscopic pancreaticoduodenectomy; OPD:
Open pancreaticoduodenectomy.

between the two groups in terms of DGE (OR = 0.99, 95%CI: 0.78-1.24, P = 0.90)
(Figure 2F). However, for grades B and C DGE, the incidence was significantly
decreased in the TLPD group (OR = 0.63, 95%CI: 0.45-0.88, P = 0.006), although only
one[25] of the seven included studies[20,22,25,36,37,39,41] obtained the same result. In addition,
we also found that the TLPD group had a shorter time to resume an oral diet [WMD =
-1.75 d, 95%CI: (-3.38, -0.12), P =0.004] (Figure 2G).
Bile leak is another common postoperative complication that is mainly associated
with the cholangiojejunostomy skills. With advancements in anastomosis, the
incidence of bile leak has decreased. In our study, eight studies[22,24,27,29,33,35,36,40] including
43 patients (16 undergoing TLPD and 27 undergoing OPD) developed bile leak, and
the meta-analysis revealed that the incidence in the TLPD group was comparable to
that in the OPD group (OR = 1.11, 95%CI: 0.57-2.16, P = 0.76) (Figure 2H).
A total of 1425 patients in 13 studies[20,23,24,26,27,29,31-33,35,39,40,43] developed PPH. Although
Chopinet et al[24] and Dokmak et al[27] found that the application of TLPD increased the
incidence of PPH, the overall incidence was 13.62% in the TLPD group and 17.93% in
the OPD group. Our pooled analysis of all the included studies did not demonstrate
any significant differences between the two groups (OR = 1.12, 95%CI: 0.89-1.42, P =
0.34) (Figure 2I). Similarly, this analysis of included articles[20,25,33,35,36,39,41] did not show
any statistically significant differences in terms of severe PPH (grade B/C) (OR = 1.02,
95%CI: 0.65-1.60, P = 0.95).
A total of 762 patients in ten studies[20,22,23,26,29,32,35,38,39,43] developed wound infections in
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Table 4 Results of sensitivity analysis of total laparoscopic pancreaticoduodenectomy vs open pancreaticoduodenectomy
Outcomes No. of
of interest Studies

Sample size

Heterogeneity

TLPD

OPD

P

I2

Model

Overall
effect size

95%CI of
overall
effect

P-value

Operative
time

10

577

1064

< 0.00001

98%

R

WMD = 74.66 43.71, 105.62

< 0.00001

EBL

9

547

1034

< 0.00001

95%

R

WMD = 280.46

-347.73, 213.19

< 0.00001

Transfusion
rate

10

573

1071

0.15

32%

F

OR = 0.45

0.35, 0.58

< 0.00001

Overall
morbidity

9

381

607

0.31

15%

F

OR = 0.88

0.65, 1.18

0.38

Major
morbidity

15

829

1414

0.49

0

F

OR = 0.75

0.59, 0.96

0.02

POPF

15

617

1003

0.61

0

F

OR = 0.82

0.64, 1.05

0.11

POPF (grade 17
B/C)

877

1531

0.89

0

F

OR = 0.86

0.66, 1.11

0.24

DGE

10

523

801

0.93

0

F

OR = 0.93

0.64, 1.34

0.69

DGE (grade
B/C)

7

479

994

0.60

0

F

OR = 0.63

0.45, 0.88

0.006

PPH

11

434

737

0.84

0

F

OR = 1.48

0.93, 2.36

0.10

PPH (grade
B/C)

7

454

966

0.91

0

F

OR = 1.02

0.65, 1.60

0.95

Bile leak

7

232

232

0.93

0

F

OR = 1.00

0.45, 2.25

0.99

Gastroente- 3
ric
anastomosis
fistula

136

133

0.54

0

F

OR = 0.49

0.09, 2.73

0.42

Wound
infection

9

332

697

0.46

0

F

OR = 0.57

0.39, 0.84

0.005

Intraabdominal
abscess

5

175

340

0.23

29%

F

OR = 0.74

0.39, 1.38

0.34

Bowel
obstruction

2

73

73

0.33

0

F

OR = 1.00

0.14, 7.31

1.00

Fluid
collection

2

77

77

0.96

0

F

OR = 0.63

0.21, 1.89

0.41

Pneumonia

10

463

880

0.99

0

F

OR = 0.79

0.54, 1.15

0.21

Cardiac
event

4

239

648

0.48

0

F

OR = 1.11

0.75, 1.62

0.61

Reoperation 12

544

990

0.46

0

F

OR = 0.76

0.48, 1.21

0.25

ICU
admission

2

171

283

0.40

0

F

OR = 0.90

0.53, 1.54

0.71

ICU stay

2

65

227

0.62

0

F

WMD = -2.08

-2.88, -1.29

< 0.00001

Diet start
time

3

175

284

<0.0001

90%

R

WMD = -1.75

-3.38, -0.12

0.04

LOS

8

332

500

0.004

67%

R

WMD = -3.69

-4.90, -2.48

< 0.00001

Discharge to 3
a new
facility

218

490

0.60

0

F

OR = 0.50

0.28, 0.87

0.01

30-d
6
readmission

340

508

0.77

0

F

OR = 1.04

0.68, 1.59

0.86

90-d
4
readmission

136

279

0.70

0

F

OR = 1.07

0.62, 1.84

0.81

30-d
mortality

12

527

1271

0.76

0

F

OR = 1.26

0.59, 2.68

0.55

90-d
mortality

9

312

661

0.96

0

F

OR = 0.60

0.31, 1.17

0.14

Time to
adjuvant
chemotherapy

1

39

141

NA

NA

F

WMD = -5.50

-12.71, 1.71

0.14

Tumor size

9

430

745

0.0002

73%

R

WMD = -0.36

-0.63, -0.09

0.008
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RLNs

10

388

925

< 0.00001

79%

R

WMD = 1.28

0.29, 2.27

0.01

R0 rate

16

605

1535

0.87

0

F

OR = 1.44

1.07, 1.94

0.02

1-yr OS

2

65

427

0.49

0

F

OR = 0.65

0.37, 1.13

0.12

2-yr OS

2

65

427

0.74

0

F

OR = 0.54

0.27, 1.07

0.08

3-yr OS

2

65

427

0.37

0

F

OR = 0.98

0.46, 2.10

0.96

4-yr OS

2

65

427

0.82

0

F

OR = 1.04

0.43, 2.52

0.93

5-yr OS

2

65

427

0.27

17%

F

OR = 0.65

0.19, 2.23

0.49

OS of PDAC

OS of periampullary adenocarcinoma patients
1-yr OS

2

23

234

0.004

88%

R

OR = 0.85

0.01, 107.31

0.95

3-yr OS

2

23

234

0.01

84%

R

OR = 0.90

0.01, 86.00

0.96

5-yr OS

2

23

234

0.26

20%

F

OR = 1.57

0.43, 5.73

0.49

NA: Not applicable; EBL: Estimated blood loss; Major morbidity: Clavien-Dindo classification ≥ III; RLNs: Retrieved lymph nodes; POPF: Postoperative
pancreatic fistula; DGE: Delayed gastric emptying; PPH: Postpancreatectomy hemorrhage; LOS: Length of hospital stay; ICU: Intensive care unit; RFS:
Recurrence-free survival; OS: Overall survival; PDAC: Pancreatic ductal adenocarcinoma; WMD: Weighted mean difference; OR: Odds ratio; CI:
Confidence interval; F: Fixed-effects model; R: Random-effects model; TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open
pancreaticoduodenectomy.

our study, and the overall incidence was 8.33% in the TLPD group and 10.11% in the
OPD group. The results of our analysis showed that the frequency of wound
infections in the TLPD group was significantly lower than that in the OPD group (OR
= 0.48, 95%CI: 0.34-0.67, P < 0.0001) (Figure 2J).
Pneumonia is also a common complication that occurs after abdominal surgery,
especially in elderly patients. In our study, only Tran et al[42] demonstrated a lower
incidence of pneumonia in the TLPD group, while the others[20,23,24,27,29,31-33,39-41,43] did not
show any significant difference between the two groups. Our analysis of the involved
studies revealed a lower incidence of pneumonia in the TLPD group (OR = 0.72,
95%CI: 0.60-0.85, P = 0.0002) (Figure 2K).
The ICU admission rate was reported in two studies[33,41] involving 71 patients (25
TLPDs and 46 OPDs), and the rate did not show any significant difference between
the two groups (OR = 0.90, 95%CI: 0.53-1.54, P = 0.71). However, in terms of the
duration of ICU stay, we observed that the TLPD group had a significantly shorter
ICU stay than the OPD group [WMD = -0.28d, 95%CI: (-2.88, -1.29) d, P < 0.00001]
(Figure 2L) through analysis of these two studies[20,29].
Our meta-analysis of the included studies[9,10,20,23,26,29,30,32,37,40] showed that the LOS was
significantly shorter in the TLPD group [WMD = -3.05 d, 95%CI: (-3.93, -2.17) d, P <
0.00001] (Figure 2M), and it also revealed that patients who underwent TLPD were
less frequently discharged to a new facility[20,28,41,43] (OR = 0.55, 95%CI: 0.39-0.78, P =
0.0008) (Figure 2N).
The 30- and 90-d mortality rates after surgery were reported in 18[9,10,21,23-26,29-33,37,38,40-43],
11 [11,20-22,27,29,30,35,36,38,39] studies, and none of these studies revealed any statistically
significant differences between the two groups (OR = 1.00, 95%CI: 0.81-1.24, P = 1.00;
OR = 0.77, 95%CI: 0.58-1.01, P = 0.06).
A total of 14 articles[10,20,24,27,31-36,38,39,41,43] reported the reoperation rate; the overall
reoperation rate was 7.95% in the TLPD group and 6.43% in the OPD group. The
pooled analysis did not show any significant differences (OR = 1.10, 95%CI: 0.83-1.47,
P = 0.51).
The 30-d readmission rate was observed in ten studies[9,21,27,30,32,36-38,41,43], and the
readmission rate in the TLPD group was significantly lower than that in the OPD
group (9.22% vs 11.95%) (OR = 0.81, 95%CI: 0.68-0.95, P = 0.010) (Figure 2O).
However, for the 90-d readmission rate[22,35,36,39], there was no significant differences
between the two groups (OR = 1.07, 95%CI: 0.62-1.84, P = 0.81).
For other outcomes with low incidences, such as gastroenteric anastomosis
fistula [ 2 4 , 2 7 , 3 3 , 3 6 ] (OR = 0.62, 95%CI: 0.16-2.40, P = 0.49), intra-abdominal
abscess[20,22,29,33,40,43] (OR = 0.97, 95%CI: 0.71-1.31, P = 0.82), bowel obstruction[31,33] (OR =
1.00, 95%CI: 0.14-7.31, P = 1.00), fluid collection[24,27,32] (OR = 1.50, 95%CI: 0.90-2.48, P =
0.12), and cardiac events[20,31,39,41-43] (OR = 1.04, 95%CI: 0.82-1.32, P = 0.75), we did not
find any significant differences between the two groups.

Oncological outcomes of malignancies
The oncological outcomes we focused on were the tumor size, the number of lymph
nodes harvested, the R0 resection rate, and the OS rate. The results are presented in
Table 3. The meta-analysis of tumor size reported in the articles[9,10,20,23,25,26,29,32,35,37]
demonstrated that the tumor size in the TLPD group was usually smaller than that in
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the OPD group, and the differences between the two groups were statistically
significant [WMD = -0.32 cm, 95%CI: (-0.58, -0.07) cm, P = 0.01] (Figure 2P).
Twelve studies[4,9,10,20,23,25,26,29,30,35,37,40] reported the number of lymph nodes harvested,
and our analysis of all the included studies demonstrated that the patients in the
TLPD group had significantly more lymph nodes harvested than those in the OPD
group (WMD = 1.32, 95%CI: 0.57-2.06, P = 0.0005) (Figure 2Q).
Regarding R0 resection in patients with malignant tumors, 19
articles[4,9-11,20,21,23,25-27,29-31,33,35-39] were included, and only Sharpe et al[9] and Delitto et al[26]
showed significant differences. The analysis of the included studies showed that the
TLPD group had a significantly higher R0 resection rate than the OPD group (OR =
1.28, 95%CI: 1.13-1.44, P = 0.0001) (Figure 2R).
In our study, we also found that the TLPD group had a shorter mean time to start
their adjuvant therapies than the OPD group[20,30] [WMD = -2.44 d, 95%CI: (-4.39, -0.49)
d, P = 0.01] (Figure 2S). The OS was another factor we were interested in when
treating patients with malignant tumors. In our study, the 1-year[11,21,29,37,39] (OR = 0.62,
95%CI: 0.33-1.19, P = 0.15), 2-year[11,21,37,39] (OR = 0.61, 95%CI: 0.32-1.17, P = 0.14), 3year[11,21,29,37,39] (OR = 0.80, 95%CI: 0.40-1.62, P = 0.54), 4-year[11,21,37,39] (OR = 0.73, 95%CI:
0.41-1.30, P = 0.28), and 5-year[11,21,25,29,37,39] (OR = 0.78, 95%CI: 0.38-1.59, P = 0.49) OS
rates of the included studies were not significantly longer in the TLPD group. In
addition, for patients with malignant tumors with the same origin as pancreatic ductal
adenocarcinoma or periampullary adenocarcinoma, the application of TLPD did not
affect the OS.

Sensitivity analysis
Considering the high heterogeneity between the two groups, we performed a
sensitivity analysis to evaluate the quality of the results we obtained. A total of 22
studies[4,10,11,20,22,23,25-29,31-41] were enrolled in the sensitivity analysis and six[9,21,24,30,42,43] were
excluded because their patients were from more than one institution. The results are
presented in Table 4. The results of the items we were interested in were mostly
consistent with those of the former analysis except for three, namely, the overall
morbidity, pneumonia, and 30-d readmission rates, which were significantly lower in
the TLPD group than in the OPD group in the former analysis, but became
comparable (OR = 0.88, 95%CI: 0.65-1.18, P = 0.38; OR = 0.79, 95%CI: 0.54-1.15, P =
0.21; OR = 1.04, 95%CI: 0.68-1.59, P = 0.86). The incidence of major morbidity was
comparable between the two groups in the prior analysis, but in the subsequent
analysis, it was significantly lower in the TLPD group than in the OPD group (OR =
0.75, 95%CI: 0.59-0.96, P = 0.02).

DISCUSSION
Laparoscopic techniques are minimally invasive procedures that have been applied in
a wide variety of general surgical procedures, including some pancreatic
operations[30], and the techniques have proven to be more advantageous in terms of
shortened LOS, reduced operative blood loss, decreased incidence of postoperative
complications, and enhanced postoperative recovery[1,44-47]. However, with regard to
pancreaticoduodenectomy, this procedure has only been performed at some major
medical centers. In the last decade, with the continuous advancements in
instrumentation and innovations in procedures [48] , TLPD has been increasingly
accepted and performed by general surgeons worldwide, but this challenging
procedure is still in its early stages, and whether TLPD is superior to or comparable to
OPD has remained unknown until now. To our knowledge, several systematic
reviews or meta-analyses comparing minimally invasive pancreaticoduodenectomy
(MIPD) and OPD have been published[49,50] , but none of them have compared TLPD
and OPD specifically; hence, we performed this meta-analysis with the largest
available dataset from the published literature.
This meta-analysis, based on 2 RCTs and 26 retrospective comparative studies of
TLPD and OPD, preliminarily confirmed the feasibility and potential advantages of
TLPD; among 39771 patients, including 3543 in the TLPD group and the remaining
36228 in the OPD group, there were no significant differences between the two groups
in terms of the major morbidity, mortality, reoperation, and 90-d readmission rates,
TLPD was associated with less EBL, lower blood transfusion rate, lower incidence of
overall postoperative complications, shorter length of ICU stay and LOS, more
harvested lymph nodes, and higher R0 resection rate than OPD. However, TLPD was
associated with a longer operative time and a smaller tumor size.
The longer duration of surgery is the main disadvantage of TLPD and is always one
of the reasons why some surgeons doubt its feasibility. This may be attributed to the
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complexity and difficulty of this laparoscopic procedure. Our analysis of the included
studies also demonstrated that the operative time was significantly longer in the
TLPD group than in the OPD group (P < 0.0001), as other studies have
reported [20,27,34,51] . However, Dokmak [27,49,52] indicated that the operative time may
decrease with the learning curve. Some studies in other fields have reported that
longer operative time is harmful to postoperative recovery[53], but this result was not
clear with this procedure. Additionally, the tumor size in our analysis was
significantly smaller in the TLPD group (P = 0.01). The larger the tumor size is, the
much closer the tumor can be to the great vessels, and thus the more difficult the
tumor is to dissect; therefore, as most of surgeons had just started to perform this
procedure and had limited experience, they preferred to select patients with smaller
tumors to reduce the degree of difficulty; as a consequence, the results need more
studies to further evaluate.
We found that the EBL and intraoperative blood transfusion rate were significantly
decreased in the TLPD group (P < 0.00001, P = 0.0001) in our meta-analysis, which
may be associated with the suitable selection of patients, the utilization of some
instruments for hemostasis, and the improved or magnified visualization offered by
the laparoscopic techniques, which enhances the view of the structures surrounding
the operative region and guarantees a precise resection along the appropriate
plane[8,27].
Pancreaticoduodenectomy is always associated with high postoperative morbidity,
and this is another main factor that prevents some surgeons from performing TLPD.
In our study, we found that the TLPD group had a higher overall morbidity, but the
major morbidity did not show any significant differences between the two groups (P
= 0.25). Considering that a variety of factors may have influenced the results, such as
preoperative comorbidities and selection bias, additional studies are needed to verify
the outcomes.
POPF and DGE are considered to be the two most common and severe
complications of PD, especially POPF, which is a life-threatening complication, and
the occurence of these complications may affect postoperative recovery and
mortality[54]. Our pooled analysis indicated there was no difference in the incidence of
the overall occurrence of POPF (P = 0.62) or clinically significant pancreatic fistula (P
= 0.75) in the TLPD group. Similarly, our meta-analysis did not show any significant
differences in DGE without heterogeneity, however, for severe DGE (Grade B/C),
TLPD was associated with a significantly lower incidence (P = 0.006). Although the
definitions of POPF in all the included studies complied with the ISGPF definition,
and the application of a laparoscopic technique could enhance the precise resection to
decrease its incidence in the TLPD group, some other factors may also have
influenced its incidence, such as the pancreatic texture, diameter of pancreatic
duct[55,56], and reconstruction techniques for the alimentary tract, which were not
documented in the included literature. Consequently, our study preliminarily
confirmed that TLPD is not inferior to OPD in terms of decreasing the incidences of
POPF and DGE, despite some drawbacks.
In addition, we observed that the wound infection rate in the TLPD group was
significantly lower than that in the OPD group (P < 0.0001), which may be attributed
to the smaller incision. However, considering that other factors, such as the diagnostic
criteria for wound infection and the application of antibiotics during the perioperative
period, were not recorded in the literature, the results may be still controversial and
require more high-quality and adequately designed trials to evaluate.
Shortening the LOS is a major advantage of MIPD. Our meta-analysis showed that
TLPD was associated with a shorter LOS and ICU stay (P < 0.00001, P < 0.00001),
which was also confirmed in the sensitivity analysis (P < 0.00001, P < 0.00001). The
shortened length of stay indirectly demonstrates the quick recovery expected after
TLPD, illustrates the decreased cost of the whole treatment process, and shows the
shortened time to start adjuvant chemotherapy for patients with malignant
tumors[20,22,25]. Additionally, our pooled analysis also indicated that the reoperation
rate, readmission rate, and mortality rate in the TLPD group were comparable to
those in the OPD group, which may prove the safety and feasibility of TLPD from
another point of view.
In patients undergoing PD for malignant tumors, oncological safety is the main
priority. In our pooled analysis, we found that the R0 resection rate in the TLPD
group was significantly higher than that in the OPD group, which was also observed
in the sensitivity analysis. With respect to the number of lymph nodes retrieved, our
meta-analysis and sensitivity analysis of the included studies indicated that the TLPD
could obtain significantly more lymph nodes (P = 0.0005, P = 0.01). Therefore, we
suggest that TLPD is comparable to OPD or may be better than OPD in terms of
oncological outcomes. Furthermore, the OS in our study showed no significant
difference in our pooled analysis and sensitivity analysis. However, considering that
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whether the patients received adjuvant chemotherapy, which is associated with longterm oncological outcomes, was not documented in the literature, the results we
obtained are not reliable, and more highly qualified long-term studies should be
carried out to answer this question.

Study strengths and limitations
The strengths of our study lie in the following aspects. One is that our meta-analysis
presents a detailed comparison between TLPD and OPD, and, to our knowledge, this
is the first meta-analysis of these two specific surgical procedures. Furthermore, the
large sample size is another strength, because we included all the available data from
published studies, thus increasing the reliability of our study. Additionally, data
extraction was performed independently by two authors to reduce errors and ensure
the authenticity of our results. Nevertheless, there are some limitations in our metaanalysis that must be taken into consideration.
First, most of the studies we included were retrospective, and only two were RCTs,
thus, the quality of the studies was restricted and some potential bias associated with
the outcomes may have affected the results we calculated. Therefore, further cohort
studies, case-control studies, or RCTs with large numbers of patients are essential to
confirm the results.
Second, although most of the characteristics of the patients included in the
comparative studies were documented, some others, such as the comorbidities,
preoperative treatments, such as endoscopic nasobiliary drainage and percutaneous
transhepatic cholangiodrainage, discharge criteria, and treatment with chemotherapy
after surgery, were not recorded or adjusted for in the studies, which may have
influenced the outcomes and OS. Furthermore, some studies we included had a small
number of patients, which may indicate that the surgeons were in the initial stages or
still in the learning curve and had limited skills and experiences. These factors may
also have affected the perioperative and postoperative outcomes. Therefore, further
studies with well-matched patients and well-adjusted confounders are needed.
Third, the comparison of the cost and the OS rate was reported in few studies with
limited cases, and more high-quality studies are needed to prove the authenticity in
the future. Therefore, we suggest that TLPD is comparable to OPD or may be better
than OPD in terms of reducing blood loss, decreasing the blood transfusion and
wound infection rates, shortening the length of ICU stay and LOS, increasing the
number of lymph nodes harvested and the R0 resection rate, and improving the
oncological outcomes, despite having a longer operative time and being used for
smaller tumors. However, considering the bias in our study and the complexity of the
procedure, we suggested that this procedure be performed at high-volume medical
centers by teams who are experienced with pancreatic surgeries and laparoscopic
techniques. In addition, we recommend that patients with small lesions distant from
the major vessels undergo TLPD during the initial period. To eliminate the influence
of bias, further studies with well-matched patients or RCTs should be performed to
evaluate the efficacy and advantages of TLPD.

ARTICLE HIGHLIGHTS
Research background
Total laparoscopic pancreaticoduodenectomy (TLPD) has been performed and grew in
popularity among the general surgeons in some major medical centers worldwide. Studies about
its safety and feasibility have been reported, but considering the research characteristics and
study size, controversies regarding its perioperative and oncological safey still exist.

Research motivation
We hope to offer higher quality and more relible evidence in the selection of clinical treatment
options for patients with pancreatic head or periampullary lesions.

Research objectives
To help identify which operation method is suitable and beneficial for patients with pancreatic
head or periampullary lesions.

Research methods
A systematic search was conducted in PubMed, EMBASE and Cochrane Library databases for
studies concerning TLPD and open pancreaticoduodenectomy (OPD) for patients with
pancreatic head or periampullary lesions. We followed the Preferred Reporting Items for
Systematic Reviews and the PRISMA agreement, and and protocol can be accessed at the
International Prospective Register of Systematic Reviews (registration number:
CRD42019126173). The meta-analysis was performed using Review Manager Software version
5.3, and the quality was assessed using the Newcastle-Ottawa scale for the nonrandomized
controlled trials and the Jadad scale for the randomized controlled trials.
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Research results
Twenty-eight studies were eligible and selected in our analysis, including 3543 patients in the
TLPD group and 36228 patients in the OPD group. Estimated blood loss (P < 0.00001) was less,
intraoperative blood transfusion (P < 0.00001) and wound infection rate (P = 0.005) were lower,
intensive care unit stay (P < 0.00001), length of hispital stay (P < 0.00001), and diet start time (P =
0.04) were shorter, R0 resection rate was higher (P = 0.02), and more lymph nodes was harvested
(P = 0.01) in the TLPD group, although the operative time was longer (P < 0.00001) and the
tumor size was smaller (P = 0.008). The overall morbidity, reoperation rate, and mortality
showed no significant difference between the TLPD group and the OPD group. Moreover, the
overall survival and recurrence-free survival afterTLPD were similar to those after OPD.

Research conclusions
The current meta-analysis showed that TLPD may be an ideal alternative option for patients
with pancreatic head or periampullary lesions and it can be beneficial for patiets.

Research perspectives
The results of the current meta-analysis may offer surgeons more reliable evidence in choosing
the surgery options for patients with pancreatic head or periampullary lesions.
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Abstract
In their seminal papers Hanahan and Weinberg described oncogenic processes a
normal cell undergoes to be transformed into a cancer cell. The functions of ion
channels in the gastrointestinal (GI) tract influence a variety of cellular processes,
many of which overlap with these hallmarks of cancer. In this review we focus on
the roles of the calcium (Ca2+), sodium (Na+), potassium (K+), chloride (Cl-) and
zinc (Zn2+) transporters in GI cancer, with a special emphasis on the roles of the
KCNQ1 K+ channel and CFTR Cl- channel in colorectal cancer (CRC). Ca2+ is a
ubiquitous second messenger, serving as a signaling molecule for a variety of
cellular processes such as control of the cell cycle, apoptosis, and migration.
Various members of the TRP superfamily, including TRPM8, TRPM7, TRPM6
and TRPM2, have been implicated in GI cancers, especially through
overexpression in pancreatic adenocarcinomas and down-regulation in colon
cancer. Voltage-gated sodium channels (VGSCs) are classically associated with
the initiation and conduction of action potentials in electrically excitable cells
such as neurons and muscle cells. The VGSC NaV1.5 is abundantly expressed in
human colorectal CRC cell lines as well as being highly expressed in primary
CRC samples. Studies have demonstrated that conductance through NaV1.5
contributes significantly to CRC cell invasiveness and cancer progression. Zn2+
transporters of the ZIP/SLC39A and ZnT/SLC30A families are dysregulated in
all major GI organ cancers, in particular, ZIP4 up-regulation in pancreatic cancer
(PC). More than 70 K+ channel genes, clustered in four families, are found
expressed in the GI tract, where they regulate a range of cellular processes,
including gastrin secretion in the stomach and anion secretion and fluid balance
in the intestinal tract. Several distinct types of K+ channels are found
dysregulated in the GI tract. Notable are hERG1 upregulation in PC, gastric
cancer (GC) and CRC, leading to enhanced cancer angiogenesis and invasion, and
KCNQ1 down-regulation in CRC, where KCNQ1 expression is associated with
enhanced disease-free survival in stage II, III, and IV disease. Cl- channels are
critical for a range of cellular and tissue processes in the GI tract, especially fluid
balance in the colon. Most notable is CFTR, whose deficiency leads to mucus
blockage, microbial dysbiosis and inflammation in the intestinal tract. CFTR is a
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tumor suppressor in several GI cancers. Cystic fibrosis patients are at a significant
risk for CRC and low levels of CFTR expression are associated with poor overall
disease-free survival in sporadic CRC. Two other classes of chloride channels that
are dysregulated in GI cancers are the chloride intracellular channels (CLIC1, 3 &
4) and the chloride channel accessory proteins (CLCA1,2,4). CLIC1 & 4 are
upregulated in PC, GC, gallbladder cancer, and CRC, while the CLCA proteins
have been reported to be down-regulated in CRC. In summary, it is clear, from
the diverse influences of ion channels, that their aberrant expression and/or
activity can contribute to malignant transformation and tumor progression.
Further, because ion channels are often localized to the plasma membrane and
subject to multiple layers of regulation, they represent promising clinical targets
for therapeutic intervention including the repurposing of current drugs.
Key words: Ion channels; Gastrointestinal cancer; Colorectal cancer; Gastric cancer;
Pancreatic cancer; Esophageal cancer; Hepatocellular carcinoma; Prognostic biomarker;
Novel therapies; Clinical targets
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Core tip: Ion channels play an essential function in the physiology of the GI tract. There
is increasing evidence that they are dysregulated at all stages of gastrointestinal (GI)
cancer, from early initiation to metastasis. This information provides for the use of ion
channel expression as useful clinical prognostic biomarkers in GI cancer. Perhaps more
importantly new therapeutic modalities targeting ion channels in the GI tract, including
the potential to target their dysregulation in GI cancers are becoming increasingly
feasible. This strategy includes the repurposing of existing drugs that are used to treat
other ion channel pathologies, or other diseases altogether. This review seeks to provide
an overview of the role of ion channels in GI cancers with an emphasis on the potential
for new therapies that target them.
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INTRODUCTION
In 2019, the American Cancer Society estimates that there will be more than 1.76
million new cases of cancer in the United States, accompanied by more than 607,000
cancer deaths[1]. Of these, the digestive system will have the highest number of new
cases, and the second highest number of cancer deaths. The lifespan of cells in the
gastrointestinal (GI) tract is very short. Propagated from stem cells, the epithelial cells
of the stomach, small intestine, and colorectum are typically replaced in a matter of
days and are some of the most replicative tissues in the body. This turnover is
necessary due to the constant physical, chemical, and biological insults these tissues
endure. This rapid proliferation increases the likelihood of cells in these tissues
acquiring and accumulating oncogenic mutations.
The basic functions of the GI epithelium are: (1) to act as a physical barrier that
selectively allows for the absorption of nutrients; while (2) excluding toxic or
pathogenic substances; and (3) to excrete substances to aid in the digestion process.
These functions require large quantities of water, ions, and nutrients to be transported
across the epithelial layer. The significant driving force for this work is achieved
through the use of ion gradients.
The unequal distribution of ions is required for the survival and function of any
cell. This includes everything from concentration gradients across cellular and
organellar membranes to gradients within the cytosol from one end to the other of a
polarized cell. The distribution of ions is a consequence of the localization and
activation of a variety of ion-specific channels, co-transporters, and pumps. Ion
channels typically have a gating mechanism controlling when they are open or closed,
and allow for the passive movement of select ions down their concentration gradient.
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In contrast to this passive dissipation of gradients, pumps make use of ATP
hydrolysis to actively set up gradients. Co-transporters, or secondary pumps, exploit
the energy gained by moving one ion down its gradient to power the movement of
another ion or molecule against its gradient. Precise regulation of these elements in
response to changing environmental conditions and the subsequent changes in ion
concentration or flux are necessary for a multitude of cellular processes including
proliferation, motility, absorption/secretion, apoptosis and many others. The goal of
this review will be to summarize what we know about the role of ion channel
dysfunction as it pertains to cancer development within the GI epithelium. We focus
on the four main classes of ion channels: potassium (K+), chloride (Cl-), sodium (Na+),
and calcium (Ca2+) and zinc (Zn2+) transporters and the major epithelial cancers that
arise in the GI tract: colorectal cancer (CRC), gastric cancer (GC), esophageal cancer
(EC), pancreatic cancer (PC) and hepatocellular carcinoma (HCC). For other important
GI transporters and aquaporins and other types of cancers we refer readers to other
specific reviews.
Nearly 20 years ago, Hanahan and Weinberg presented certain criteria that a
normal cell must acquire to be transformed into a cancer cell[2]. These hallmarks of
cancer have been expanded upon since that seminal paper, but their basic principles
still remain[3]. The functions of ion channels influence a variety of cellular processes,
many of which overlap heavily with these hallmarks of cancer. For this reason, cancer
has been described as a channelopathy[4], with a recent review by Prevarskaya et al[5]
asking whether cancer hallmarks are primarily oncochannelopathies. For example,
Ca2+ channels play major roles in the control of cellular growth and proliferation, as
well as the control of cell death[6]. K+ and Cl- channels are essential for the localized
swelling and shrinking of different areas of a cell, necessary for cell migration[7].
Separate from their function as channels, studies of protein interactions with various
ion channels have demonstrated their involvement in diverse processes such as
cytoskeletal architecture and protein targeting[8]. It is clear, from the diverse influences
of ion channels, that their aberrant expression and/or dysfunction can contribute to
the transformation of normal cells into malignancy[4-5,9-15]. As discussed by Djamgoz et
al[12] ion channels are expressed and dysregulated in all cancers throughout the multistage process, from initiation to metastasis. This is certainly true for the GI tract.

POTASSIUM CHANNELS
K+ channels play a major role in maintenance of plasma membrane (PM) potential.
The action of the Na+/K+-ATPase transporter, H+/K+-ATPase transporter, and the
NKCC cotransporter, coupled with the exit of K + ions from the cell down their
electrochemical gradient maintains a net intracellular negative charge at the PM. This
hyperpolarized membrane potential is then used to drive the active transport of
various molecules against their gradient. This is especially important in the GI
epithelium, which must continuously transport mass quantities of water, electrolytes,
and nutrients. With 77 genes coding for K+ channels, they are the largest, most diverse
group of ion channels in the human genome. In addition, many of these genes have
known splice variants, can be post-translationally modified, or form complexes with
regulatory subunits. This immense variability in K+ channel function highlights the
importance of being able to fine-tune K+ conductance and brings into question what
other functions these channels might be serving. Generally, K+ channels are classified
as either voltage-gated, Ca 2+ -activated, inward rectifier channels, or 2P-domain
channels.
Whereas Nav channels are classically associated with the rapid depolarization of
excitable cells, voltage-gated K+ (Kv) channels are responsible for re-polarization
during an action potential. In non-excitable cells, such as those of the GI epithelium,
the typical role of these channels is hyperpolarization of the PM. This negative
membrane potential facilitates Ca 2+ signaling and is required for regulation of
intracellular pH and cell volume. Owing to these broad influences, K+ channels are
implicated in a variety of cellular and tissue functions including cell proliferation and
differentiation, pigmentation, hearing and the mammalian cochlea, contractility,
circadian rhythms, migration, wound healing, cell cycle progression, apoptosis,
autophagy, metabolism, angiogenesis, stem cell dynamics, and carcinogenesis,
including cancer cell proliferation, invasion, migration and metastasis[9,11,16-20]. Notably,
the mechanisms underlying loss of control of K + channels are still not well
understood[18].

KCNQ1
Very prominent among the Kv channels contributing to cancer risk is KCNQ1, which
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demonstrates flexibility in gating permitting functional versatility[21]. In the GI tract
KCNQ1 assembles with the β-subunits KCNE2 (gastric) or KCNE3 (intestinal)
converting it from a voltage-dependent channel in the stomach into a voltageindependent, constitutively open channel in the intestine[22]. In gastric parietal cells,
luminal KCNQ1/KCNE2 is essential for gastric acid secretion, working in conjunction
with a H+/K+-ATPase. In the intestinal and colonic crypts, KCNQ1/KCNE3 is located
basolaterally, and establishes the driving force for cAMP-mediated Cl- secretion
through CFTR, necessary for mucus hydration[23,24]. In the colon, blocking the activity
of KCNQ1/KCNE3 nearly entirely abolishes cAMP-mediated Cl- secretion, versus
only about 50% in the small intestine, demonstrating a reliance on KCNQ1 in the
colon[25].

KCNQ1 deficiency in humans and animal models
Humans carrying germline mutations in KCNQ1 (Jervell and Lange-Nielsen and
Romano-Ward syndromes) develop a range of pathologies, most notably cardiac
arrhythmia (long and short QT), but also hearing loss, elevated gastrin levels, gastric
hyperplasia and in some cases gastric neoplasia [26-30] . These phenotypes are well
modeled in Kcnq1 knockout mice that develop inner ear defects, imbalance, chronic
gastritis, gastric hyperplasia, and gastric metaplasia[31,32].

KCNQ1 and GI cancer
There is strong evidence for KCNQ1 functioning as a tumor suppressor in GI cancers.
The first data came from Sleeping Beauty (SB) transposon mutagenesis screens for
intestinal cancer in mice. Kcnq1 was the third-ranked common insertion site (CIS)
gene (just behind Apc and Rspo2, well-known Wnt/β-catenin pathway signaling
genes), with a predicted loss of function and 14 unique mutation sites, among 77 CIS
genes identified in the first SB screen published in Science in 2009[33]. Kcnq1 was then
identified as a CIS gene in three subsequent SB screens for intestinal cancer[34-36].
Kcnq1’s role was then confirmed in crosses of Kcnq1 knockout mice to the ApcMin
mouse model of intestinal cancer where Kcnq1-deficiency significantly enhanced
tumor phenotypes, including the development of invasive adenocarcinomas[37]. The
role of KCNQ1 in human CRC was then investigated, finding that maintenance of
KCNQ1 mRNA and protein levels was associated with significant disease-free and
overall survival in stage II, III, and IV CRC[37,38]. Notably, for stage IV CRC patients
following hepatic resections, maintenance of KCNQ1 protein expression conferred a
23-month survival advantage[37]. In other GI cancers Kcnq1 was a CIS gene in two SB
screens for PC[39,40], one SB screen for HCC[41] and in one SB screen for GC, with a
predicted loss of function[42]. Additional evidence in GC is provided by the phenotype
of Kcnq1 knockout mice that develop gastric hyperplasia, metaplasia and occasional
neoplasia[31,32] and in studies of human gastric cells where treatment of cells with atrial
natriuretic peptide reduced cell proliferation by upregulating KCNQ1 expression[43].
In studies of HCC in human tissue and HCC cell lines, expression of KCNQ1 was
down-regulated by promoter hypermethylation associated with epithelial to
mesenchymal transition (EMT), and poor patient prognosis[44]. Additionally, in HCC it
was reported that KCNQ1 regulated and sequestered β-catenin via physical
interactions at the PM[44].
Although KCNQ1 deficiency is associated with poor outcome in CRC[37,38,45] and in
HCC[44], the mechanisms underlying tumor suppression are not well understood.
However, one clue is that KCNQ1 is localized to the base of the intestinal epithelial
crypt which is the site of the stem cell compartment and the likely site of origin of
CRC[46]. Functional significance of crypt localization was demonstrated by Than et al[37]
who found that crypts isolated from KCNQ1-deficient colon epithelium displayed
increased clonogenicity suggesting a possible selective advantage for tumor
development. In addition, several studies demonstrate involvement of KCNQ1 with
the Wnt/β-catenin pathway[38,44,45,47]. The Wnt/β-catenin pathway is vitally important
in intestinal epithelial physiology and pathophysiology, with deregulation of the
pathway contributing to over 80% of CRCs as well as a large percentage of HCCs. An
early study in Xenopus oocytes demonstrated that β-catenin up regulated KCNQ1mediated currents by promoting its insertion into PM without any effect on
transcription[47]. More recent studies have looked at the interactions of KCNQ1 and βcatenin specifically in GI cancers. Analysis of 386 human stage II and III CRC tumors
found correlation between KCNQ1 membrane-associated protein and nuclear βcatenin protein expression, which was surprising as KCNQ1-low expression was
associated with poor outcome [38] . It was proposed that KCNQ1 may be downregulated by promoter methylation in some cancers so that in the presence of βcatenin, as seen in most CRC, KCNQ1 would be upregulated, but if in addition the
promoter becomes methylated KCNQ1 would be down-regulated. In contrast, a
second study found that β-catenin directly negatively regulated KCNQ1 transcription
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in several CRC cell lines [45] . This group also found that KCNQ1 promoted cell
membrane localization of β-catenin. This had the effect of limiting oncogenesis both
by preventing nuclear localization of β-catenin and by maintaining adherens junctions
that prevent EMT. A third study reported that in HCC cell lines, KCNQ1 expression
was enhanced by treatment with a methyltransferase inhibiter suggesting that
expression may be down-regulated by promoter methylation[44]. However, KCNQ1
appeared to sequester β-catenin at the cell membrane and to limit its transcriptional
activity. The situation is further complicated by the lncRNA KCNQ1OT1, which
through the recruitment of chromatin and DNA modifying proteins, silences multiple
genes in the KCNQ1 region[48]. KCNQ1OT1 has been associated with poor patient
survival in several GI cancers, including CRC[49], EC[50], and HCC[51]. KCNQ1OT1 itself
is regulated by β-catenin. The Kugoh group has demonstrated that nuclear β-catenin
activates the transcription of KCNQ1OT1 through a TCF-1 binding site within its
promoter region[52]. These studies suggest that multiple factors affect the interactions
between KCNQ1 and β-catenin, and that the balance of these factors differs among
cancers. But apparently loss of KCNQ1 activity, through whatever means, can provide
a selective advantage to the tumor, as each of these studies demonstrates that KCNQ1
is a tumor suppressor. Channel openers such as retigabine have been developed as
treatments for diseases caused by KCNQ1-deficiency[53]. Thus, understanding the
contribution of KCNQ1 to cancer progression could lead to new cancer therapeutic
opportunities.

KCNE2 and KCNE3
Given its role as the β-subunit in the KCNQ1/KCNE2 channel in gastric tissue it is not
surprising that deficiency for KCNE2 contributes to human GC cell growth and
progression. This was supported by studies in Kcne2 knockout mice that develop
gastritis cystica profunda and neoplasia, pyloric polyadenomas and invasive
adenocarcinomas, linked to upregulation of cyclin D1[54-58]. Kcne3 (intestinal β-subunit)
knockout mice also partially phenocopied loss of KCNQ1, demonstrating a disruption
in intestinal Cl- transport[46].

Human ether-a-go-go related gene 1
While KCNQ1 seems to have tumor-suppressive effects, another Kv channel, the
human ether-a-go-go related gene 1 (hERG1) channel, has been implicated as an
oncogene in various GI cancers including CRC[59-62], PC[62-66], EC[67-70], and GC[68,71-74]. In
CRC, while hERG1 is not expressed in normal colonic mucosa, a distinct upregulation
in expression is reported in adenocarcinomas, with the highest levels occurring in
metastatic cancers, where hERG1 expression was associated with poor patient
prognosis, and with little to no expression in adenomas. hERG1 expression levels and
activity were positively correlated to cell migration using channel inhibitors and
clones expressing various levels of the protein[59]. This role in cancer cell migration and
invasion was later expanded upon with the discovery of hERG1’s interactions with
β1-integrins in PM complexes. hERG1 was shown to modulate β1-integrin mediated
VEGF-A secretion through the recruitment of PI3K and AKT[72]. In PC hERG1 overexpression was reported in 59% of tumors[66] where it promoted cancer cell migration
via modulation of F-actin organization[64]. hERG1 expression was also associated with
lymph node involvement, tumor grade, TNM stage and poor patient prognosis[66].
One report linked hERG1 to dysregulation of the EGFR signaling pathway. In EC,
hERG1 expression was associated with progression from Barrett’s esophagus (BE) to
EC, again associated with poor patient prognosis[70]. Finally, in GC, hERG1 overexpression was reported in 69% of cancers, where it promoted angiogenesis by
mediating VEGF-A secretion via AKT-dependent regulation of HIF-1, and similarly,
its expression was associated with poor patient prognosis[71-74].

EAG1
Another ether-a-go-go family member, EAG1, is also reported to function as an
oncogene in several GI cancers, including CRC[18,75,76], EC[75], and HCC[16,62,75,77]. In all
cases EAG1 is reported to be over-expressed, and associated with invasion of cancer
cells and poor patient prognosis.

Other K+ channels
At least nine other K+ channels have been reported to be dysregulated in GI cancers.
Those acting as oncogenes include KCNA5 in GC [73,78-80] , and CRC [79] ; KCNC1 in
CRC[76]; KCND1 in GC[81]; KCNJ3 in PC[65,82]; KCNN4 in CRC[5,14,83], PC[65,84], and HCC;
KCNS3 in CRC [85] ; and KCNK9 [5,86,87] in CRC. Those acting as potential tumor
suppressors include KCNA3 in CRC[4,76,88] and PC[65,82,89], and KCNH5 in EC[90]. Of note,
the pathophysiological actions of many of these channels seem to involve mechanisms
that are independent of their channel action. An example is KCNS3/K v 9.3, an
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electrically silent subunit in excitable cells, whose expression has been found
increased in CRC and lung cancer cells, with a knockdown showing interference at
the G0/G1 and G1/S cell cycle transitions [85] . Overall, the great majority of K +
channels discussed here function as oncogenes (with KCNQ1 a prominent exception),
consistent with a model of K+ channel dysregulation/overexpression being necessary
for cancer cell cycle and tumor progression. See Table 1 for a full listing of potassium
ion channels and their role in GI cancers.

CHLORIDE CHANNELS
The functions of Cl- channels in the GI tract include regulation of transepithelial
transport (in particular major anions), volume control (osmoregulation), membrane
potentials, lipid homeostasis, cell polarity, glucose and other metabolism, oxidative
stress, inflammation, mucus, alterations in the microbiome, pH, cell motility,
autophagy, mitochondrial dysfunction, apoptosis, cell polarity, cell-cell contact, stem
cell function, and cellular immune responses[5,91-105]. All of these functions can be
dysregulated in and contribute to malignant transformation, particularly in the GI
tract due to its constant exposure to environmental influences.

CFTR
CFTR encodes a Cl-, HCO3- anion channel found primarily on the apical surfaces of
luminal epithelial cells. Mutations in CFTR are the cause of the hereditary life
shortening disease cystic fibrosis (CF). Recently CFTR has been shown to be a tumor
suppressor in CRC and CFTR deficiency has been implicated in several other cancers.
Because the causal connection between CFTR and cancer has been most strongly
established for CRC, this section of the review will focus primarily on CRC.

Normal functions of CFTR
The CFTR gene found on chromosome 7 encodes an mRNA of 6128 nucleotides[106].
The CFTR protein consists of two symmetrical halves. Each half contains 6 membrane
spanning domains joined by an intracellular regulatory region. The membrane
spanning domains assemble to form an aqueous pore that allows flow of Cl- and
HCO3- ions down their electrochemical gradients. In the intestine the flow of ions is
from the cytoplasm to lumen. Ion specificity is provided by the amino acids lining the
pore. Opening and closing is regulated by binding of ATP to two nucleotide binding
domains in the regulatory region. ATP binding is mediated by cAMP activation of
PKA which phosphorylates a site to open up the ATP binding domains. In vivo cAMP
activity is commonly regulated by cholinergic stimuli. Outflow of ions creates osmotic
pressure for the flow of water in the same direction so that CFTR indirectly
determines the flow of water as well[107,108]. CFTR also regulates other ion channels
(Na+, K+, Ca2+, and other Cl- channels). For example, CFTR indirectly regulates the
cellular ionic environment by inhibiting activity of the Na+ importing channel SCNN1,
which has the effect of further encouraging outflow of water and also by supporting
additional HCO3- transporters[109]. CFTR also interacts with other membrane proteins
to maintain epithelial tight junctions and barriers to fluid flow, adjusts the levels of
acidity in secretions, and participates in the transport of sphingosine-1 phosphate, a
regulator of cell adhesion and a signaling molecule for inflammation[99]. CFTR also
contains a cytoplasmic C-terminal PDZ-binding motif. This domain interacts with
PDZ-containing proteins involved in regulating the actin cytoskeleton and
intracellular signaling[110,111]. CFTR is expressed on the apical surface of the intestinal
epithelium throughout the length of the intestine. In the small intestine CFTR
expression decreases from duodenum to ileum with strongest expression in the
crypts[112]. In addition, functional CFTR is found on the brush border of villus cells and
rare CFTR-high expressing cells throughout the small intestine[113]. In the colon CFTR
is expressed in a proximal to distal gradient with highest concentration in the
proximal region and cecum. CFTR is most highly expressed at the base of the crypt
where intestinal epithelial stem cells reside [112,114] . Overall, CFTR is a major
determinant of ion and water homeostasis and because it is highly expressed at the
base of the crypt it is in a position to influence the intestinal stem cell compartment.

Cystic fibrosis
Inactivating germline mutations in CFTR cause the hereditary life shortening disease
CF. CF is the most common autosomal recessive hereditary disease among
Caucasians[115]. The most severe clinical manifestations are pulmonary inflammation
and obstruction leading ultimately to pulmonary failure [116] . However, CFTR is
expressed in many extra-pulmonary tissues including the linings of the pancreatic
and biliary ducts where its loss ultimately leads to CF-related diabetes and CF-related
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Table 1 Potassium channels
Gene name (s)

Cancer

Role

Functional activity

KCNA3/Kv1.3

Colorectal

Unclear

One report that Kv1.3 is frequently
hypermethylated and expression
down-regulated in CRC; a different
report that Kv1.3 is upregulated in
human and mouse colon
carcinomas[4,76,88]

Pancreatic

Tumor suppressor

Expression down-regulated by
promoter hypermethylation;
promotes metastasis[65,82,89]

Gastric

Oncogene

Expression up-regulated; silencing in
GC cells inhibits proliferation; alters
drug resistance[73,78-80]

Colorectal

Oncogene

Expression up-regulated[79]

KCNC1/Kv3.1

Colorectal

Oncogene

Expression up-regulated[76]

KCND1/Kv4.1

Gastric

Oncogene

Expression up-regulated[81]

KCNE2/MiRP1

Gastric

Tumor suppressor

Expression down-regulated;
deficiency promotes tumor
progression; knockout mice develop
gastritis cystic profundal and
neoplasia, pyloric polyadenomas;
invasive adenocarcinomas;
upregulation of cyclin D1; downregulated in gastric cancer tissues
and cell lines; overexpression in cell
lines suppressed growth in soft agar
and mouse tumor xenografts[54-58]

KCNH1/EAG1/Kv10.1

Colorectal

Oncogene

Up-regulated; one report showed
75% of CRC tumors positive for Eag1;
another report found overexpression
in 3.4% of adenocarcinomas[18,75,76]

Esophageal

Oncogene

Expression up-regulated; associated
with depth of invasion; independent
negative prognostic factor[75]

Hepatocellular

Oncogene

Expression up-regulated[16,62,75,77]

Colorectal

Oncogene

Expression up-regulated; triggers
angiogenesis and tumor progression
via inducement of PI3K/AKT
signaling and HIF1-induced
activation of VEGF-A; associated
with invasiveness, poor prognosis for
stage I and II; up-regulation in
ApcMin and AOM mouse models
enhanced cancer phenotypes[59-62]

Pancreatic

Oncogene

Expression up-regulated in 59% of
pancreatic cancers; promotes
migration of cancer cells by
modulation of f-actin organization;
associated with lymph node
involvement, tumor grade, TNM
stage, poor patient prognosis; linked
to EGFR pathway; down-regulated
by miR-96; overexpressed in
pancreatic cancer cell lines[62-66]

Esophageal

Oncogene

Expression upregulated; promotes
progression from Barrett’s esophagus
to esophageal cancer; associated with
poor patient prognosis[67-70]

Gastric

Oncogene

Expression up-regulated; stimulates
angiogenesis by promoting VEGF-A
secretion via AKT-dependent
regulation of HIF1; positive in 69% of
gastric cancers; associated with poor
patient prognosis[62,71-74]

KCNH5/EAG2/Kv10.2

Esophageal

Tumor suppressor

Expression down-regulated by
promoter hypermethylation[90]

KCNJ3/Kir3.1

Pancreatic

Oncogene

Expression up-regulated[62,82]

KCNN4/Kca3.1

Colorectal

Oncogene

Expression upregulated; promotes
EMT[5,14,83]

KCNA5/Kv1.5

KCNH2/hERG1/Kv11.1
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Pancreatic

Oncogene

Expression up-regulated[65,84]

Hepatocellular

Oncogene

Expression up-regulated[62]

KCNS3/Kv9.3

Colorectal

Oncogene

Silencing causes inhibition of
proliferation of HCT15 CRC cells[85]

KCNK9/K2p9.1/Task3

Colorectal

Oncogene

Expression up-regulated[5,86,87]

KCNN3/Kca2.3/SK3

Colorectal

Oncogene

Expression and activity up-regulated;
regulated by SigmaR1; physically
coupled to Orai1[5,91]

KCNQ1/KvLqt1

Colorectal

Tumor suppressor

Identified as a top 10 common
insertion site (CIS) gene in a sleeping
beauty transposon mutagenesis
screen in mice; predicted loss of
function in the screen; knockout
mouse developed enhanced GI
cancer phenotype in ApcMin model;
expression down-regulated in human
colorectal cancer, associated with
poor prognosis in stage II, III, and IV
disease; found to be down-regulated
by β- catenin, which promotes EMT;
in turn, KCNQ1 physically interacts
with β-catenin, sequestering βcatenin at the plasma
membrane[33-38,45]

Pancreatic

Not determined

Identified as a common insertion site
(CIS) gene in two sleeping beauty
transposon mutagenesis screens in
mice[39,40]

Gastric

Tumor suppressor

Identified as a CIS gene in a Sleeping
Beauty transposon mutagenesis
screen; predicted loss of function;
knockout mouse susceptible to
chronic gastritis, hyperplasia and
metaplasia; atrial natriuretic peptide
reduced proliferation of gastric
cancer cells by upregulating
KCNQ1[31,32,42,43]

Hepatocellular

Tumor suppressor

Expression down-regulated by
promoter hypermethylation;
associated with poor patient
prognosis; KCNQ1 regulated EMT;
KCNQ1 regulates β-catenin physical
interactions at the plasma
membrane[41,44]

Colorectal

Oncogene

Expression up-regulated; promotes
Wnt/β-catenin signaling and
migration, poor patient
prognosis[49,52]

Esophageal

Oncogene

Expression up-regulated; promotion
of metastasis; poor patient
prognosis[50]

Hepatocellular

Oncogene

Expression up-regulated; competes
with endogenous miR-504; promotes
cell proliferation, associated with
TNM stage and poor survival[51]

KCNQ1OT1

CRC: Colorectal cancer; GC: Gastric cancer; CIS: Common insertion site; EMT: Epithelial to mesenchymal transition; GI: Gastrointestinal.

liver disease[117,118]. CFTR dysfunction in the exocrine pancreas results in ion transport
defects, β-islet cell-related disorders such as dysregulation of insulin release,
obstruction of the pancreatic duct, chronic inflammation and cancer initiation[99,119]. CF
patients also demonstrate defects in the male reproductive system, chronic sinusitis,
and kidney stones. Older CF patients have dysregulation of glucose metabolism and
sleep disorders caused by disruption of circadian rhythms[99]. CFTR is also highly
expressed in the intestinal epithelium. Loss of CFTR in the intestine causes intestinal
obstruction in the ileum and proximal colon known as meconium ileus in infants and
distal intestinal obstruction in older patients. CF results in impaired absorption of
nutrients due to pancreatic enzyme deficiency and possibly defects in lipid
absorption[120]. CF patients are also prone to celiac disease, an intestinal disorder
caused by gluten-mediated triggering of TH1 immune and antibody responses[102].
These and other clinical manifestations of CF demonstrate the profound importance
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of CFTR activity in many tissues.

CFTR is a tumor suppressor in CRC
The lifespan of individuals with CF has increased dramatically so that the average life
expectancy of a person born with CF today is approximately 44 years [121] . As
individuals with CF live longer it has become apparent that they are at increased risk
for developing some but not all cancers. Initial evidence linking CF to cancer risk
came from a 20-year epidemiological study that compared incidence of cancers in
individuals in the United States Cystic Fibrosis registry to the predicted age adjusted
risk in the general population to determine standardized incidence ratios. This study
reported that the overall risk of cancer was not increased. However, the risk of all
types of GI cancers was increased and in particular the risk of CRC, the most common
GI cancer, was increased by 6-fold[122]. A recent meta-analysis of population-based
studies is consistent with this result[123]. In support of the clinical significance of this
finding, endoscopic screening studies of adult CF patients found that polyps in
individuals with CF appeared earlier, and were larger and more aggressive than those
in the non-CF population [124,125] . As a result of these studies the guidelines for
endoscopic screening of CF patients have been modified and CF has been declared a
hereditary colon cancer syndrome by the Cystic Fibrosis Foundation[126].

Mouse genetic studies
Mouse genetic studies demonstrated the functional significance of Cftr deficiency. SB
transposon-mediated genetic screens initially identified Cftr as a candidate cancercausing gene. Cftr was identified in the top 10% to 50% of candidate genes in three SB
screens to identify CRC driver genes in Apc wildtype[33], Apc-deficient[34], and TGF betadeficient[36] backgrounds[127]. Follow up studies evaluated mice carrying a targeted
intestinal specific deletion of Cftr (Cftr-/-) for intestinal tumorigenesis. In the tumor
sensitized ApcMin background Cftr-/- mice developed significantly more adenomas than
Apc Min Cftr wildtype mice. Further, Apc Min Cftr -/- but not Apc Min Cftr wildtype mice
developed invasive lesions. Most striking, Cftr-deficiency alone was sufficient to cause
adenomas in > 60% of mice after a one year interval[128].

CFTR deficiency in the general population
CFTR deficiency is linked to CRC in the general population as well. In a study of 90
Stage II CRC patients stratified by tumor CFTR expression, disease-free survival at 3
years in the 25% of patients with lowest CFTR expression was 30% lower than those
with higher expression[128]. In a second cohort, CFTR mRNA and protein expression
was lower in tumor vs normal tissue and CFTR mRNA expression was lower in
metastatic vs non-metastatic tumors. In this study, CFTR-depleted CRC cell lines
showed enhanced oncogenic characteristics including increased colony formation,
migration and invasion[129]. RAS, PKC and IFNα have been reported to be involved in
the down-regulation of CFTR in the colon [119] . It is also possible that low CFTR
expression in sporadic tumors is caused by epigenetic silencing of the CFTR promoter
as has been reported in other cancers such as lung and bladder[130-133].

CFTR and the stem cell compartment
The single cell layer of the intestinal epithelium is replaced approximately every 5
days. Stem cells at the base of the crypt drive this renewal[114]. These stem cells and
progenitor cells that acquire stem-like characteristics are thought to be the CRC
initiating cells[134]. In the colon, CFTR expression is highest at the base of the crypt[112]
and expression has been reported in the stem cell itself [93] . CFTR has also been
reported to be involved in intestinal lineage differentiation with its knockdown
causing proliferation, migration and expression of EMT genes[135]. Thus, CFTR is in a
position to influence the renewal process of the intestinal epithelium and CFTR
deficiency may directly influence cancer initiating cells. Intestinal crypts can be
cultured in vitro as 3D organoid cultures. Organoid cultures recapitulate the intestinal
luminal epithelial structure as well as the renewal and differentiation process[136].
CFTR is expressed in these cultures and maintains its ion channel function[137,138]. Thus,
organoid cultures have been developed as surrogates to test the effectiveness of CF
therapeutics as treatments for specific mutations[139-141]. In addition, organoid cultures
derived from oncogenic or pre-oncogenic tissues maintain the oncogenic
characteristics of these tissues[142,143]. Accordingly, organoid cultures have been used to
determine the oncogenic characteristics of CFTR deficiency. Than et al[128] determined
that Cftr-deficient colon organoids demonstrate increased clonogenicity. Analysis of
small intestinal organoids by Strubberg et al[93] demonstrated increased proliferation of
Cftr-deficient organoids and localization of Cftr to the LGR5 stem cell. These findings
support a role for Cftr deficiency in the environment of the cancer initiating cell or the
stem cell itself.
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Wnt/β-catenin signaling
The Wnt/β-catenin signaling pathway is dysregulated in more than 85% of human
CRC. Dysregulation contributes to initial adenoma formation and to maintenance of
invasive tumors[144]. In the intestine CFTR deficiency is primarily associated with
enhanced Wnt/β-catenin signaling. Than et al[128] identified nuclear localization of βcatenin, indicative of activation, as well as increased expression of Wnt/β-catenin
target genes, in intestinal tumors deficient only for Cftr. Strubberg et al[93] identified
increased active β-catenin in Cftr KO crypts and organoids which correlated with
increased proliferation. Mechanistically, Cftr KO or transient inhibition of channel
activity by CFTR(inh)-172 resulted in increased intracellular pH in LGR5+ stem cells.
Increased pH in turn promoted association of Dvl2, a member of the Wnt/β-catenin
signaling pathway, with PM phospholipids, which positioned it to enhance Wnt/βcatenin signaling [93] (Figure 1A). In contrast, Chan and colleagues reported that
intestinal Cftr deficiency in mice carrying the F508del mutation and knockdown of
CFTR in the Caco-2 CRC cell line results in diminished β-catenin signaling.
Mechanistically, loss of CFTR destabilizes β-catenin membrane localization allowing
it to be degraded leading to oncogenic phenotypes via activation of NF-κB[145] (Figure
1B). The differences between these two studies may reflect tissue specificity. This
study analyzed Wnt/β-catenin signaling in total intestinal tissue rather than the crypt
and so may reflect a different role for CFTR outside the stem cell compartment.
Further, the effect of CFTR deficiency on Wnt/β-catenin activity varied by tissue in
several other studies by this group[100]. In addition, Wnt/β-catenin signaling may also
play different roles at different stages of CRC. Although it is generally accepted that
dysregulated Wnt/β-catenin signaling is a driving force for initiation of CRC and
progression[144] there is evidence that low levels of expression of Wnt/β-catenin targets
are associated with poor prognosis in CRC[146]. Further, inhibition of Wnt/β-catenin
has been shown to be necessary for survival of latent metastatic cells[147].

Additional mechanisms of tumor suppression
Extensive evidence that CFTR deficiency plays a role in many types of cancers
suggests that tumor suppression by CFTR goes beyond regulation of Wnt/β-catenin
signaling. The mechanisms of tumor suppression by CFTR are not well understood.
However, the roles of CFTR in normal issue and the consequences of CF suggest
plausible mechanisms.

Intestinal barrier integrity
CFTR plays a pervasive role in intestinal homeostasis through its influence on several
inter-related processes: Epithelial barrier maintenance, microbiota composition and
immune homeostasis. Breakdown of these processes is responsible for some of the
clinical manifestations of CF and is also potentially oncogenic (Figure 2).

CFTR deficiency disrupts protective physical barriers
The intestinal lumen is home to trillions of bacteria. These bacteria provide essential
nutrients and signals needed for intestinal epithelial and immune cell homeostasis.
However, direct contact with the intestinal epithelium must be prevented. The colon
epithelium is protected from direct contact by protective mucus layers and by tight
junctions between the lateral surfaces of the single layer of epithelial cells lining the
lumen. The apical, luminal surface of the epithelium is protected by a dense mucus
layer impenetrable to bacteria that is generated by constitutive secretion of Muc2 from
luminal goblet cells. This dense layer is partially enzymatically digested to generate a
looser outer layer inhabited by commensal bacteria [148] . Muc2 is secreted in a
condensed conformation that expands to form a fully functional mucus layer in the
presence of extracellular HCO3- and H2O. CFTR ion channel activity is required for
direct export of bicarbonate and also for indirect support of export of bicarbonate and
water through other channels [149] . Loss of CFTR ion channel activity results in
accumulation of dehydrated mucus in the distal small intestine and proximal colon,
which causes intestinal obstruction seen in CF patients in the form of meconium ileus
and distal intestinal obstruction[120]. In addition, severely dilated crypts are seen in the
CFTR-deficient intestine due to accumulation of mucus in goblet cells which may
reflect defects in secretion[150,151]. The CFTR-deficient mucus layer appears to allow
dysregulated bacterial contact. Bacterial colonies are reported in crypts with
accumulated mucus[150]. Further, comparison of gene expression in the Cftr-deficient
mouse intestine to changes in Muc2-deficient intestine using gene set enrichment
analysis (GSEA) showed enrichment in inflammatory gene expression changes[128]
suggesting that Cftr deficiency, like Muc2 deficiency, allows illicit bacterial contact.
The basolateral epithelial surface and underlying lamina propria, including resident
immune cells, are protected from bacterial contact by tight junctions and CFTR
participates in maintenance of these junctions. In Cftr-deficient mice the small
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Figure 1 Two models for the effect of CFTR deficiency on Wnt/β-catenin signaling. A: CFTR deficiency promotes Wnt/β-catenin signaling. CFTR deficiency
causes increased intracellular pH. Increased pH promotes association with Dishevelled (DVL) at the membrane and with the Wnt receptor Frizzled (FZD). DVL
association with FZD enhances Wnt/β-catenin signaling leading to increased nuclear localization of β-catenin. Nuclear β-catenin promotes transcription of genes
involved in proliferation, survival and stemness[93]; B: CFTR deficiency inhibits Wnt/β-catenin signaling. CFTR deficiency releases membrane associated β-catenin to
the cytosol where it is degraded thus decreasing Wnt/β-catenin activity. Loss of β-catenin releases NF-κB which translocates to the nucleus where it promotes
transcription of inflammatory targets[145]. FZD: Frizzled; DVL: Dishevelled; AJ: Adherens junctions.

intestine displays increased intestinal permeability and disruption of tight
junctions[152]. Several studies link CFTR interactions mediated by its C-terminal PDZbinding domain to integrity of tight junctions[152]. Studies in cultured airway epithelial
cells show that interaction between the CFTR-PDZ binding (CFTR PDZBD) domain
and the PDZ domain of NHERF1 (SLC9A3R1) maintains actin cytoskeletal
organization and tight junctions [153] . CFTR deficiency may also maintain tight
junctions by via direct interaction with ZO-1 an essential component of these
junctions[8].

CFTR deficiency causes dysbiosis
As described above, CFTR deficiency as seen in CF patients and animal models
creates an altered luminal environment. This environment, as well as a high fat/high
calorie diet maintained to overcome nutritional deficits, and CF therapies such as
frequent antibiotic exposure, contributes to bacterial dysbiosis[154,155]. In early studies
dysbiosis was reported as small intestinal bacterial overgrowth in a CF mouse
model[156]. Analysis of microbial 16S DNA in small intestine flushed luminal contents
by qRT-PCR demonstrated an estimated 40X increase in bacterial load with decreased
diversity[157]. In a second study using phylogenetic microarray analysis of flushed
small intestinal contents there was a marked decrease in bacterial community
richness, evenness and diversity, a decrease in the relative abundance of protective
species such as Acinetobacter Iwoffii and Lactobacilliales members, but an increase in
Mycobacteria species and Bacteriodes fragilis associated with GI infection and
immunomodulation[156]. More recently, microbial population composition of CF vs
non-CF individuals has been determined using targeted and metagenomic analysis of
16s rRNA DNA from fecal DNA[94,95,155,158]. Further, CF patients have been reported to
be susceptible to Crohn’s Disease with specific CFTR mutations influencing microbial
dysbiosis with increased intestinal permeability [159] . In each of these studies CF
microbiota demonstrated greatly reduced diversity and significant differences from
non-CF controls indicating that the altered luminal environment not only creates
increased bacterial access but also changes bacterial composition[95,103,156]. Importantly,
alterations to the intestinal microbiome are increasingly associated with CRC[103,160].

CFTR deficiency is associated with immune infiltration
Disruption of the mucus layers and of tight junctions allows bacterial access to
immune cells and immune infiltration of the epithelial layer. Although immune
infiltration and subsequent inflammation can cause overt damage, this effect has only
been reported in one study in which a capsule endoscopy study of CF patients
revealed duodenal lesions[161]. More commonly, immune infiltration has been detected
under CFTR-deficient conditions but has not been accompanied by obvious
morphological and histological damage[162]. In human studies CF patients exhibited
evidence of immune infiltration in studies evaluating whole gut lavage[163], fecal
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Figure 2

Figure 2 CFTR deficiency disrupts epithelial barrier integrity. CFTR deficiency disrupts the mucin barrier and
adherens junctions. This allows bacterial contact with the apical and basal surfaces of the epithelial layer. Contact
with the apical layer stimulates inflammatory signaling via toll-like receptors. Contact with the basal layer leads to
immune cell infiltration which results in additional inflammatory signaling. AJ: Adherens junctions; TLR: Toll-like
receptors.

calprotectin[158,161,164] and rectal nitric oxide[165]. Further, microarray analysis of the small
intestine in an early study by Norkina et al [162] identified upregulation of genes
expressed by granulocytes which was supported by microscopy that identified
increased mast cells and neutrophils throughout the length of the intestine. Similarly,
Chan and colleagues reported immunocytochemical evidence of an increased
presence of macrophage and neutrophils in the small intestine of F508del mice[145].

Potential oncogenic changes
Loss of physical barriers in the GI tract allows dysregulated access of bacteria and
infiltration of immune cells both of which contribute to inflammatory signaling[166-169].
These contacts have the potential to activate pro-inflammatory signaling in the
intestinal epithelium both directly by interaction between bacteria and epithelial tolllike receptors[170] and indirectly via activation of lymphocyte cytokine signaling. For
example, Fiorotto et al[171] demonstrated that in primary biliary epithelial cells CFTR
binds Src inhibitors to position them for interaction with Src. Loss of CFTR leads to
mislocalization of these inhibitors and activation of Src. In the presence of bacterial
products this leads to NF-κB signaling which ultimately disrupts tight and adherens
junctions. Proinflammatory signaling by intestinal epithelial cells is associated with
dysregulated proliferation and expansion of the stem cell compartment through
reversion of progenitor cells to stem cells[172]. Loss of barrier integrity affects other
processes as well. Loss of tight junctions facilitates increased migration and
invasion[173]. Dysbiosis may result in appearance of bacterial species associated with
CRC. Phylogenetic microarray analysis of Cftr-deficient mice detected increased
representation of Bacteroides fragilis[156], a species directly linked to CRC by virtue of its
activation of Stat3 signaling through a Th17 immune response[174].

In vitro models of pro-inflammatory signaling
CFTR deficiency has been linked to NF-κB activation in in vitro models. Chan and
colleagues have carried out a series of studies in cell lines derived from several
cancers, that delineate a pathway in which CFTR deficiency leads to activation of NFκB, transcription of UPA, and enhanced migration and invasion[175-177]. Other groups
have shown increased basal levels of pro-inflammatory cytokines and other factors
and NF-κB pathway members in CFTR-deficient Caco-2, HT-29 and HEK293 cells and
increased response to inflammatory stimuli, including an increase in TNF-α, IL-6, IL1β-induced secretion of IL-8, COX-2 and PGE2, plus increased activities of ERK1/2,
MAPK, IκBα and NF-κB[92,96,178]. Santa-Coloma and colleagues report activation of NFκB as a result of autocrine signaling by IL-1β[179]. In addition, the Hedgehog pathway
has recently been reported to be inhibited under CFTR-deficient conditions which is
predicted to activate inflammatory signaling[180].

Stress responses
CFTR deficiency has been reported to both increase oxidative stress via impaired
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mitochondrial activity[96,97] and to reduce stress by cellular retention of the antioxidant
GSH[181]. In Caco-2/15 cells CFTR knockdown caused an increase in lipid peroxidation
levels accompanied by a decrease in oxidant defenses such as glutathione peroxidase
and catalase[182]. In addition, loss of CFTR has been reported to disable autophagy via
activation of Transglutaminase-2 whose cross-linking activity causes essential
autophagy proteins to be sequestered in aggresomes[183]. Finally, HIF-1-mediated
repression of CFTR in intestinal epithelium resulted in a reduction in CFTR mRNA,
protein and activity in hypoxic epithelium [184] . The impact of these activities on
oncogenesis is not yet known.

Relationship to CRC
CFTR deficiency results in dysregulation of many processes that may be oncogenic.
However, the relative contributions of these processes to the development of CRC in
vivo are not yet clear. In the future it will be important to study CFTR in the
environment in which it most likely contributes to development of CRC, the intestinal
stem cell compartment. In the colon, CFTR is most highly expressed in the base of the
crypt which comprises the stem cell compartment and the likely site of origin of CRC.
Because the crypt is the environment for the intestinal stem cell it has unique
protective mechanisms. The crypt maintains a unique microbiota with reduced
number and diversity compared to the lumen[185]. Limited contact between bacterial
products and crypt epithelial cells contributes to this protected environment. For
example, goblet cells at the neck of the crypt orchestrate the release of mucin in
response to contact with bacterial products[186]. The crypt also has unique mechanisms
to protect from cellular stress. In the stem cell, interaction between the cytosolic innate
immune sensor NOD2 and the bacterial peptidoglycan motif MMP is necessary for
stem cell survival in the face of oxidative stress[187]. Finally, cells in this compartment
are uniquely susceptible to the effects of inflammatory signaling. In a mouse genetic
study NF-κB was shown to synergize with Wnt/β-catenin in intestinal crypt cells to
promote conversion of progenitor cells to stem-like cells with tumor initiating
capacity[172]. These considerations highlight the importance of studying potential
oncogenic phenotypes of CFTR deficiency in the crypt and crypt-derived organoid
models.

CFTR and other cancers
Given the widespread distribution of CFTR and its impact on cellular homeostasis it is
not surprising that dysregulation of CFTR is implicated in many cancers. CFTR
overexpression has been correlated with cancer in individual studies, in particular,
gastric and ovarian cancers[101,188-192]. However, in the vast majority of studies CFTR
deficiency is associated with cancer occurrence, and in most of these studies, cancers
with CFTR mutations or down-regulation of expression in tumors are more likely to
exhibit rapid expansion, EMT, decreased apoptosis, increased metabolic potential,
and increased patient morbidity and mortality. Decreased CFTR expression and/or
inactivating mutations are associated with non-small cell lung cancer [130,175,193] ,
glioblastoma[194], bladder[131-133], EC[195,196], PC[197,198], nasopharyngeal[199], prostate[176], and
breast[177] cancers. In most of these cancers CFTR deficiency was associated with
increased tumor stage and poor survival. Germline CFTR mutations, as seen in CF,
have been linked to increased risk of PC among younger patients[197,198]. Germline
mutations may be an important risk factor in the general population as an estimated
3% of the United States population are heterozygote carriers for deleterious CFcausing CFTR mutations [ 2 0 0 ] and therefore potentially at risk due to loss of
heterozygosity or haploinsufficiency. However, in most studies CFTR deficiency was
associated with differentially decreased expression but not specifically with germline
defects. Although germline mutations were not examined in these cases it is unlikely
that decreased expression was caused primarily by CF-causing germline mutations
because F508del, which makes up approximately 70% of CF alleles, causes a 90%
decrease in protein levels but only a modest decrease in mRNA. Known causes of
decreased CFTR expression include hypermethylation as seen in lung and bladder
cancer studies[130-133] and somatic mutations seen in a NSCLC study[130]. In addition,
cigarette smoke (CS) has recently been shown to down-regulate CFTR expression and
CFTR down-regulation has been linked to the etiology of COPD[201]. However, a recent
study also linked CS-mediated down-regulation of CFTR to exacerbation of oncogenic
phenotypes in the A549 lung cancer cell line[202].

CFTR therapies and translational and clinical cancer implications
In the era of precision medicine new CF modulator therapies targeted to specific
CFTR mutations have entered the clinic. These include potentiator drugs that increase
anion flow through CFTR channels already present on the PM and corrector drugs
that promote correct folding of mutant proteins. Three modulators, ivacaftor,
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tezacaftor, and lumacaftor, have been approved for treatment of CF[203]. Ivacaftor is a
potentiator approved for treatment of > 25 CF-causing mutations including gating,
residual function and splice mutations. Tezacaftor and lumacaftor are correctors
designed to improve the function of the F508delta mutation which makes up
approximately 70% of CF alleles. As discussed by Bodewes et al[204] these drugs are
finally targeting CF-related GI diseases, with potential use in cancer therapy. Some
examples include treatment of pancreatitis with Ivacaftor[204], drug treatment of CF
patients that improved proximal small intestine pH as a regulator of bicarbonate
secretion, improvement in cell motility and clinical outcomes in patients with CFTR
G551D mutations[104], improvement in bicarbonate permeability following Lumacaftorrescued F508del mutations [205] , improvement in gut microbiota and intestinal
inflammation following treatment with Ivacaftor, including an increase in Akkermansia
and a decrease in Enterobacteriaceae, and a significant reduction in inflammation in
patients treated with Ivacaftor [206] . Additional modulators and combinations of
modulators are under development such as the combination of Ivacaftor with 5-Nitro2-(3-Phenylpropylamino) Benzoate, that is reported to act synergistically in activation
of G551D mutant CFTR[207]. These mutation-specific drugs are potentially applicable to
the 3% of Caucasians who are CF carriers, having one CF-causing CFTR mutation.
These individuals are potentially at risk for developing CRC due to haploinsufficiency
or loss of heterozygosity. In addition to these Food and Drug Administration (FDA)approved therapies, another category of modulator known as amplifiers, represented
by PTI-428, is in clinical trials. This drug is designed to enhance translation of CFTR
mRNA to increase protein production and facilitate the activity of corrector drugs[99].
Thus, this drug has the potential to improve CFTR activity in sporadic CFTR-low
CRC. In addition, testing strategies used for screening and diagnosis of CF may be
applicable to early detection and even prevention of CRC. Currently genetic testing
for CF-causing mutations is recommended for all pregnant couples. If carrier status
proves to be a risk factor for CRC, then this genetic testing may be adaptable for early
detection of CRC as well. A significant technical advance to test new CF therapies has
been the development of patient-derived colorectal organoids. An example is the
work of Dekkers et al[208] who have demonstrated proof of this idea in rectal organoids
derived from CF patients to test a range of CF drugs, including Ivacaftor and
Lumacaftor. While these new targeted CF therapies have yet to enter the cancer clinic,
they may soon do so, along with the repurposing of other ion channel activators and
blockers as more becomes known about the precise contribution of ion channels to
cancer development.

Ca2+ activated Cl- channels
Ca2+ activated Cl- channels (CLCAs) are a family of secreted self-cleaving proteins that
activate Ca2+-dependent Cl- channels. CLCAs are involved in Cl- conductance across
epithelial cells and therefore influence epithelial fluid secretion, cell-cell adhesion,
apoptosis, cell cycle control, tumorigenesis and metastasis, mucus production and cell
signaling [209,210] . There are four CLCAs (1-4) in humans and two of these family
members (CLCA1,2) are implicated in GI cancers, almost invariably as tumor
suppressors whose down-regulation is associated with cancer progression and poor
patient prognosis. CLCA1 is down-regulated in CRC and this is associated with poor
patient prognosis [ 4 , 2 1 1 , 2 1 2 ] . CLCA1 has also been reported to suppress CRC
aggressiveness via inhibition of the Wnt/β-catenin signaling pathway[213]. CLCA1 is
also reported to be a prognostic biomarker for PC, with lower CLCA1 expression
correlated with shorter disease-free survival[214]. CLCA2 is also down-regulated in
CRC[4,212].

Cl- intracellular channels
Cl - intracellular channels (CLICs) are novel, auto-inserting, self-assembling
intracellular anion channels involved in a wide variety of fundamental cellular events
including regulated secretion, cell adhesion, cell cycle and apoptosis. However, the
actions of CLICs remain to be fully explained. They are a class of intracellular anion
channels that do not resemble classical ion channel proteins. CLICs can exist as both
soluble globular proteins and integral membrane proteins with ion channel function.
Human CLIC1 adopts at least two stable soluble structures, with redox status
controlling the transition between them. CLIC proteins are characterized by the
presence of a 240 residue CLIC module whose structure belongs to the glutathione Stransferase fold superfamily[215]. Three CLICs appear to be functional in humans
(CLIC1,3,4) with two CLIC proteins (CLIC1 and CLIC4) that appear to be essential
molecular components of anion channels, with CLIC1 capable of forming anion
channels in planar lipid bilayers in the absence of other cellular proteins. However,
these putative ion channel proteins are controversial because they exist in both
soluble and membrane forms, with at least one transmembrane domain[209,215]. All three
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CLICs are involved in GI cancers, with all implicated as oncogenes. CLIC1 is overexpressed in CRC[216-219]; in PC[65,217], where it was reported to be upregulated in 69% of
tumors and associated with poor patient prognosis; and in GC[65,218,220-223], where it was
found upregulated in 68% of tumors, correlated with lymph node metastasis,
lymphatic invasion, perineural invasion and poor patient prognosis. It was also
reported to promote GC progression by regulating ROS-mediated MAPK/AKT
signaling. CLIC1 was also reported to be upregulated in HCC[65,224] and gall bladder
cancer[225,226]. CLIC3 is upregulated in PC where it was reported to promote integrin
recycling from late endosomes to drive PC progression[65,227]. CLIC3 is also a secreted
protein that is reported to drive cancer progression through its glutathione-dependent
oxireductase activity. In particular CLIC3 was identified as part of the cancer
associated-fibroblast secretome where it promotes the invasive behavior of
endothelial cells to promote angiogenesis and invasion. CLIC3 is also secreted by
cancer cells [228] , and CLIC3 is described as a pH sensor, important as changes in
cellular pH influence cell proliferation and the balance between cell survival and cell
death[229]. CLIC4 is upregulated in CRC where it was found to be a direct response
gene for C-MYC and TP53, with its overexpression associated with poor 5-year
patient survival[218,230]. CLIC4 is also upregulated in PC with its expression associated
with tumor grade, invasion and poor patient survival[231]. CLIC4 was also found to be
expressed in mitochondria where it regulates pH and cell volume.

ANO1
ANO1 is also referred to as Anoctamin-1, DOG1 and TMEM16A. ANO1 is a Ca2+activated Cl- channel that mediates receptor-activated Cl- currents that are involved in
a range of physiological processes. ANO1 is activated by intracellular Ca2+. ANO1 has
8 putative transmembrane domains and demonstrates no similarity to other ion
channels. It is expressed in a variety of secretory epithelia, including the gut. ANO1
activity is implicated in regulating CFTR Cl- channel activity. In all of the GI cancers
studied, ANO1 expression and activity has been reported to upregulated, thus ANO1
can be described as an oncogene in the GI tract. In CRC, ANO1 expression is
upregulated, associated with EMT and poor patient prognosis[232-236]. In PC, ANO1
expression is important for cell migration[234,237]. In EC, ANO1 is a biomarker of EC
progression[234,238]. In GC, its expression is upregulated[234,239], and in GI stromal tumors,
ANO1 expression is used as a diagnostic biomarker, and it is associated with negative
regulation of IGFBP5[240-242]. See Table 2 for a full listing of chloride ion channels in GI
cancers.

CALCIUM CHANNELS
Ca+ is a ubiquitous second messenger, serving as a signaling molecule for a variety of
cellular processes such as control of the cell cycle, apoptosis, and migration. Ca+
concentrations are tightly regulated within the cell, with basal cytoplasmic levels
being many orders of magnitude less than in the extracellular space. This control is
essential for cellular homeostasis[253]. In addition to extracellular Ca2+, the endoplasmic
reticulum (ER) and mitochondria are also significant stores of Ca 2+ . Selective
distribution and activation of Ca2+ channels at any of these sources allows for Ca2+
micro-domains and adds another level of specificity to Ca2+ signaling[6]. Because it is
involved in such a broad array of processes, and signaling molecules are often
sensitive to very minute changes in Ca2+, it is easy to see how perturbations in Ca2+
handling could lead to significant physiological outcomes.
Ca 2+ signaling is typically initiated through the ligand activation of various
receptors that activate phospholipase C[254]. This leads to the production of inositol
triphosphate, which diffuses to the ER, where it binds to and opens its receptor and
Ca2+ channel. Upon its release into the intracellular space, Ca2+ binds to calmodulin
and a variety of other Ca2+-activated proteins to elicit a wide variety of responses.
Over time, these intracellular stores would be depleted if not for being replenished by
extracellular Ca2+. The release and depletion of ER Ca2+ triggers the process of storeoperated calcium entry (SOCE), in which PM Ca2+ channels are opened in order to
allow entry of extracellular Ca2+[254]. One of the proteins responsible for sensing the
depletion of ER stores, and initiating SOCE, is stromal interaction protein 1
(STIM1)[254]. In CRC, STIM1 over-expression has been associated with increased tumor
size, depth of invasion, lymph node metastasis, and increased serum levels of
carcinoembryonic antigen[15,255,256]. When injected into immunocompromised mice,
CRC cells expressing a higher level of STIM1 had a much higher incidence of lung
and liver metastasis than those expressing lower levels[257].
The PM Ca 2+ channels opened by STIM1 activation include ORAI1 as well as
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Table 2 Chloride channels
Gene name (s)

Cancer

Role

Functional activity

CLCA1/Chloride channel accessory
1

Colorectal

Tumor suppressor

Expression down-regulated; down
regulated in primary tumors and
CRC cells; acts via inhibition of
Wnt/β-catenin signaling; there is one
report that high expression
associated with non-response to
chemo radiation therapy in rectal
cancer[4,211-213]

Pancreatic

Tumor suppressor

Expression down-regulated; low
expression associated with poor
patient prognosis[214]

CLCA2/Chloride channel accessory
2

Colorectal

Tumor suppressor

Expression down-regulated[4,212]

CLIC1/Chloride intracellular
channel 1

Colorectal

Oncogene

Expression up-regulated;
overexpressed by MS analysis of
human CRCs; expressed on nuclear
and plasma membranes[216-219]

Pancreatic

Oncogene

Expression up-regulated; over
expression associated with poor
patient prognosis, tumor grade and
size; overexpression in 69% of
tumors; knockdown of PC cells
reduced cell proliferation and
anchorage-independent growth on
soft agar, and cell migration[65,217-219]

Gastric

Oncogene

Expression up-regulated;
overexpression associated with poor
patient prognosis; upregulated in
68% of gastric cancer, correlates with
lymph node metastasis, lymphatic
invasion, perineural invasion and
pathological staging; induced
proliferation, apoptosis, invasion and
migration of GC cells in culture;
promotes progression by regulating
MAPK/AKT pathway; regulates
migration and invasion via ROSmediated P38 MAPK
pathway[65,220-223]

Hepatocellular

Oncogene

Expression up-regulated[65,224]

Gall bladder

Oncogene

Expression up-regulated; knockdown
in GBC cells reduced proliferation,
migration and invasion of cells;
associated with metastasis, based on
proteomic analysis[284-286]

CLIC3/Chloride intracellular
channel 3

Pancreatic

Oncogene

Expression up-regulated; CLIC3 and
Rab25 collaborate to promote integrin
recycling from late
endosomes/lysosomes to drive PaC
progression[65,227]

CLIC4/Chloride intracellular 4

Colorectal

Oncogene

Expression up-regulated; associated
with poor 5-yr patient survival;
CLIC4 regulated by TP53 and TNFalpha and is a direct response gene
for C-MYC and TP53[218,230]

Pancreatic

Oncogene

Expression up-regulated; associated
with tumor grade, lymph node
metastasis, tumor invasion and poor
patient survival; expressed in
mitochondria and regulates pH and
cell volume[231]
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CFTR/Cystic fibrosis
transmembrane conductance
regulator

Colorectal

Tumor suppressor

Expression down-regulated; CF
patients at significant risk of early
aggressive colorectal tumors based
on colonoscopy screening and other
clinical findings; CFTR downregulated in sporadic CRC,
associated with worse prognosis;
CFTR was a CIS gene in four sleeping
beauty transposon mutagenesis
screens in mice, both CRC and GC; >
60% conditional CFTR KO mice
develop intestinal tumors and
crossing to ApcMin model causes an
enhanced tumor phenotype and the
development of adenocarcinomas;
enhanced organoid outgrowth; CFTR
deficiency causes an invasive
phenotype in CRC cells; loss of CFTR
causes upregulation of NF-κB; CFTR
modulates Wnt/β-catenin signaling
and stem cell proliferation; enhanced
risk of CRC in CF patients following
lung transplants[33-34,36,93,103,119,123-126,128,243-247]

Pancreatic

Tumor suppressor

Expression down-regulated;
increased risk of PC in carriers of 4
specific CFTR
mutations[101,118,122,123,197,198,248-250]

Small intestine

Tumor suppressor

Expression down-regulated[122-123,243]

Gastric

Oncogene

Expression up-regulated in late
stage[101,191,192]

Esophageal

Tumor suppressor

Expression down-regulated; silencing
of CFTR caused upregulation of
NFKB; CFTR inhibitors caused
enhanced growth of EC cell mouse
xenografts; enhanced risk of EC in CF
patients following lung transplants;
CFTR heterozygous carriers at
enhanced risk of EC[195,196,243,251]

Hepatocellular

Tumor suppressor

Expression down-regulated by
promoter hypermethylation[89,252]

ANO1/anoctamin1/TMEM16A/DO Colorectal
G1

Oncogene

Expression up-regulated; negatively
regulated by miR-144 miR-9, and
miR-132; associated with EMT and
poor patient prognosis[232-236]

Pancreatic

Oncogene

Expression up-regulated; important
for cell migration[234,237]

Esophageal

Oncogene

Expression up-regulated; biomarker
for EC progression[234,238]

Gastric

Oncogene

Expression up-regulated[234,239]

GI stromal (GIST)

Oncogene

Expression up-regulated; used as a
diagnostic biomarker; associated with
negative regulation of IGFBP5[240-242]

CRC: Colorectal cancer; PC: Pancreatic cancer; GC: Gastric cancer; GBC: Gall bladder cancer; EMT: Epithelial to mesenchymal transition; EC: Esophageal
cancer; GIST: Gastrointestinal stromal tumors; CF: Cystic fibrosis.

members of the TRP superfamily of cation channels. In addition to replenishing
intracellular stores, these PM channels also contribute to Ca2+ signaling in response to
intracellular or extracellular cues. Different members of the TRP superfamily are
activated by physical changes such as mechanical stress, osmotic pressure, or
temperature; or chemical changes such as pH, growth factors/cytokines, pO2, or
ROS[258]. With all of these being central factors in a tumor microenvironment, how a
cell alters its response to these conditions could ultimately influence the death or
survival of a potentially cancerous cell.

Transient receptor potential family
Various members of the transient receptor potential (TRP) superfamily have been
implicated in GI cancers, in particular the TRPM (m = melastatin) and TRPC (c =
canonical) sub-families. The cold-activated TRPM8, well known for its role in
androgen-dependent prostate carcinoma, is also over-expressed and necessary for the
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proliferation and migration of PC cells[259-262]. TRPM7 also plays a role in PC, but by
increasing motility and thus the potential for metastasis, with its depletion causing a
decrease in invasiveness through the HSP90α/uPA/MMP-2 proteolytic axis and
targeted senescence, while results vary as to its role in proliferation[5,258-261,263-267]. TRPM7
has also been implicated as an oncogene in CRC[268] and GC[269-271]. Though a specific
mechanism has not been proposed, TRPM2 over-expression has also been shown to
reduce PC as well as GC patient survival by increasing invasiveness and proliferation[272,273]. Expression of TRPC1 is reported to be upregulated in CRC[5,256,274],
where it promotes metastasis, EC[275], and GC[68]. TRPC6 expression is upregulated in
EC [276,277] where it was found to be necessary for Ca 2+ increase to promote G2
progression, and association with tumor stage and poor patient prognosis, GC[5,278],
and HCC[4].

ORAI1
Through its contribution to hyperactivity of intracellular Ca2+ oscillations, ORAI1-high
cells had increased activation of ERK, AKT, and myocyte enhancer factor 2D,
indicating a possible mechanism explaining their increased proliferative and invasive
phenotype[275]. ORAI1 expression is also upregulated in CRC[5], where it is activated by
STIM1; PC[92,279], where it mediates SOCE and promotes apoptotic resistance in PC
cells; GC[68], where it is associated with promoting metastasis; and in EC, where
ORAI1 over-expression had a negative effect on patient prognosis.
Other oncogenic Ca2+ channels include SIGMAR1 in CRC[280-282], L-TYPE CACNA1C
in CRC[283], T-type CACNA1I in GC[284], where its upregulation is associated with poor
patient survival, and T-type CACNA1H in GC[284], where it is also associated with
poor patient survival.

Tumor suppressor Ca2+ channels
While most Ca 2+ channels appear to function in an oncogenic fashion when
dysregulated there are several exceptions. TRPM6 has been reported to be downregulated in CRC (16 of 20 tumors studied) with high expression associated with
better patient survival[285]. STIM2 is reported to be down--regulated in CRC leading to
apoptosis resistance[15,256,274]. Expression of the T-type channel CACNA1G is reported
to be down-regulated by promoter hypermethylation in CRC[286], PAC[287], and GC[288],
with high expression associated with improved overall survival. CACNA2D3
expression is down-regulated by promoter hypermethylation, associated with worse
patient prognosis [91,289] and expression of CACNB2 is also reported to be downregulated by promoter hypermethylation[90]. See Table 3 for a full listing of the role of
calcium ion channels in GI cancers.

SODIUM CHANNELS
Voltage-gated sodium channels (VGSCs) are classically associated with the initiation
and conduction of action potentials in electrically excitable cells such as neurons and
muscle cells. They are typically heteromeric complexes composed of one of 9 poreforming α-subunits and one of 5 regulatory β-subunits, though the α-subunit can
usually be a functional channel by itself. These channels have recently been
discovered in non-excitable cell types such as glia, fibroblasts, immune cells, and
cancer cells, where their function is less understood[290]. In the developing central
nervous system, VGSCs regulate the migration and pathfinding of neurite
outgrowth[291-293]. Similarly, in the vast majority of cancers where these channels have
been studied, their major influence has been to increase the motility and invasiveness
of cancer cells.
The VGSC NaV1.5 is abundantly expressed in human CRC cells SW620, SW480, and
HT29, as well as being highly expressed in tumor biopsies relative to adjacent normal
tissue[294]. Through pharmacological inhibition, siRNA knockdown, and controlling for
Ca 2+ influence, House et al [294] demonstrated that conductance through Na V 1.5
contributes significantly to CRC cell invasiveness and cancer progression. This group
later demonstrated this contribution mechanistically through correlating Na V 1.5
activity to RAP-1 mediated MAPK activation and changes in gene expression through
the PKA/ERK/c-Jun/ELK-1/ETS-1 signaling pathway [ 2 9 5 ] . While this group
demonstrated the metastatic contribution of NaV1.5, Peng et al[296] have recently shown
Nav1.5 expression to be predictive of clinical outcomes in non-metastatic CRC, with
the potential involvement of estrogen receptor (ER)-β, implicating multiple roles for
the same channel in different stages of cancer progression.
In GC, high expression of the VGSC Nav1.7 has similarly been shown to correlate
with higher recurrence and reduced survival[297]. The detailed mechanism proposed by
Xia et al[297] involves increased expression of the oncoprotein metastasis-associated in
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Table 3 Calcium channels
Gene name (s)

Cancer

Role

Functional activity

TRPC1

Colorectal

Oncogene

Expression up-regulated; promotes
metastasis[5,256,274]

Esophageal

Oncogene

Expression up-regulated[275]

Gastric

Oncogene

Expression up-regulated[276]

Hepatocellular

Oncogene

Expression up-regulated[249]

Esophageal

Oncogene

Expression up-regulated; necessary
for Ca2+ increase to promote G2
progression; associated with tumor
stage and poor prognosis[276,277]

Gastric

Oncogene

Expression up-regulated[5,278]

Hepatocellular

Oncogene

Expression up-regulated[4]

Colorectal

Oncogene

Expression up-regulated[270]

Pancreatic

Oncogene

Expression up-regulated; enhanced
proliferation, invasion &
metastasis[272,273]

Gastric

Oncogene

Expression up-regulated; inhibition
reduced proliferation of gastric
cancer cells, increased autophagy and
sensitized cells to paxlitaxel and
doxorubicin[68,272,273]

TRPM6

Colorectal

Tumor suppressor

Expression down-regulated in 16/20
(80%) of primary tumors; high
expression associated with better
patient survival[285]

TRPM7

Colorectal

Not determined

Genetic polymorphism associated
with enhanced risk of adenomas,
linked to high Ca2+:Mg2+ ratio in
diet[268]

Pancreatic

Oncogene

Expression up-regulated; increased
tumor growth, invasiveness and
metastasis; targeted silencing
induced replicative
senescence[5,258-261,263-267]

Gastric

Oncogene

Highly expressed in gastric cancer
cell lines; required for GC survival
linked to Mg; suppression induces
cell death in culture[4,269-271]

TRPM8

Pancreatic

Oncogene

Expression up-regulated; regulates
proliferation and migration; silencing
in cell lines induces replicative
senescence [259-262]

L-type/a1c subunit/CACNA1C

Colorectal

Oncogene

Expression up-regulated[283]

Sig1R/SIGMAR1

Colorectal

Oncogene

Expression up-regulated in CRC cell
lines and primary CRC tumors[280-282]

Stim1/Stromal interaction protein 1

Colorectal

Oncogene

Expression up-regulated; increased
CRC cell motility; STIM1
overexpression enhanced lung and
liver metastases in mouse xenograft
models; also associated with poor
prognosis in CRC patients[15,255,256]

Pancreatic

Oncogene

Expression up-regulated; promotes
invasion and metastasis; STIM1 and
Orai1 are the molecular components
of SOCE[14]

Stim2/Stromal interaction protein 2

Colorectal

Tumor suppressor

Expression down-regulated;
depletion causes apoptosis
resistance[15,256,274]

Orai1/CRAMC1

Colorectal

Oncogene

Expression up-regulated; activated
by STIM1[5]

Pancreatic

Oncogene

Expression up-regulated; mediate
SOCE and promote apoptotic
resistance in pancreatic cancer
cells[91,279]

Esophageal

Oncogene

Expression up-regulated; promotes
tumor-promoting Ca2+ oscillations in
EC[275]

TRPC6

TRPM2
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Gastric

Oncogene

Expression up-regulated; promotes
metastasis[68]

Colorectal

Tumor suppressor

expression down-regulated by
promoter hypermethylation[284,286]

Pancreatic

Tumor suppressor

Expression down-regulated by
promoter hypermethylation[284,287]

Gastric

Tumor suppressor

Expression down-regulated by
promoter hypermethylation; high
expression associated with improved
overall survival[284,288]

T-type CACNA1I/CaV3.3

Gastric

Oncogene

High expression associated with poor
survival[284]

T-type CACNA1H/CaV3.2

Gastric

Oncogene

High expression associated with poor
survival[284]

CACNA2D3

Gastric

Tumor suppressor

Expression down-regulated by
promoter hypermethylation,
associated with worse
prognosis[91,289]

CACNB2

Esophageal

Tumor suppressor

Expression down-regulated by
promoter hypermethylation[90]

T-type CACNA1G/CaV3.1

GC: Gastric cancer; CRC: Colorectal cancer; EC: Esophageal cancer; SOCE: Store-operated calcium entry; STIM1: Stromal interaction protein 1.

colon cancer-1 (MACC1) by Nav1.7 activation in a p38/NFkB-dependent manner.
Increased MACC1 expression subsequently leads to HGF/c-Met/c-Jun-dependent
activation of another oncoprotein, the Na+/H+ exchanger-1 (NHE1) which, through its
involvement in maintaining intracellular and extracellular pH, has been shown
elevated in a variety of cancers[298-301]. Reports involving other Nav channels in GI
cancer are fewer than for Na v 1.5 and Na v 1.7. Na v 1.1 has been reported to be
upregulated in CRC[302], associated with a shorter time to cancer recurrence in stage II
and III disease. In contrast, there is one report of Nav1.6 being down-regulated in
CRC[303].
The mechanisms through which VGSC α and β subunits contribute to cancer
progression typically differs according to their physiological functions: α subunits,
through the conduction of Na+ currents, and β subunits through the regulation of
adhesion interactions, though contributions of any β subunit have yet to be shown in
a GI cancer. The reason that only α subunits have been associated with GI cancers
may owe in part to these differences in function relative to the demands of GI
epithelial physiology. This specificity may also prove advantageous in
pharmacologically targeting these subsets of cancers, as drugs targeting α subunit
function have proven effective in reducing metastasis in murine xenograft breast
cancer models[304,305]. See Table 4 for a full listing of sodium ion channels in GI cancer.

ZINC TRANSPORTERS
Zinc is a key trace element in the human body. Approximately 10% of human genes
have the potential for zinc binding and a large number of human proteins (as many as
3000), including transcription factors, a variety of receptors, kinases, ligases and other
enzymes, require zinc for their catalytic activity or tertiary structure[306,307]. Zinc exists
in cells as Zn2+ ions that are maintained in this valence state under all biologically
relevant redox potentials and pH conditions in a cell. Zinc mediates a wide range of
cellular processes that are important for maintenance of tissue homeostasis[306,308,309].
Therefore, alterations in cellular zinc levels, such as zinc deficiency, can disrupt
cellular function[306,308]. Furthermore, zinc is toxic to cells, thus zinc levels are tightly
regulated within cells. As zinc cannot freely pass across cellular membranes a variety
of Zn2+-permeable channels and transporters regulate Zn2+ entry and exit from cells[306].
Zinc transporters include both influx and efflux transporters[306,310,311]. Zinc also enters
cells via other ion channels, such as Zn2+ activation of several of the Zn2+-permeable
voltage-gated Ca2+ ion channels[309]. Examples include the store-operated Ca2+ entry
(SOCE) channels and the TRP family of Ca 2+ channels (discussed earlier in this
review).
Here, the review will focus on the functions of the two major families of Zn2+
transporters: ZnT/SLC30A and ZIP/SLC39A. Members of both of these families of
proteins are reported to be dysregulated in human cancers, including GI cancers.
There are 14 ZIP proteins (ZIP1-ZIP14) and 10 ZnT proteins (ZnT1-ZnT10) in the
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Table 4 Sodium channels
Gene name (s)

Cancer

Role

Functional activity

SCN1A/Nav1.1

Colorectal

Oncogene

Time to reoccurrence of stage II and
III CRC is shorter in patients carrying
Nav1.1 variants[302]

SCN5A/Nav1.5

Colorectal

Oncogene

Expression up-regulated; mediates
invasion via MAPK signaling; key
regulator of a transcriptional network
that includes Wnt/β-catenin
signaling; associated with poor
patient prognosis; linked to
upregulation of ER-β[5,294-296]

SCN8A/Nav1.6

Colorectal

Tumor suppressor

Expression down-regulated in CRC
tumor tissues compared with
control[303]

SCN9A/Nav1.7

Gastric

Oncogene

Expression up-regulated;
mechanistically related to
upregulation of MACC1 and
NHE1[297]

CRC: Colorectal cancer.

human body with differential tissue-specific expression[310,311].

ZIPs
These proteins are encoded by the solute carrier family 39A genes (SLC39A1SLC39A14). ZIPs mainly participate in the uptake of Zn into the cytoplasm from the
extracellular space or from intracellular compartments such as the ER, Golgi or
mitochondria. In the GI tract ZIPs 1, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 14 are reported to be
normally expressed in the intestines; ZIPs 1, 3, 4, 5, 6, 7, 8, 9, 10, and 14 in the
pancreas; ZIPs 1, 2, 3, 5, 6, 7, 8, 9, and 14 in the liver; and ZIPs 1, 3, 4, 5, 6, 7, 8, 9 10,
and 11 in stomach[310,312,313].

ZnTs
These proteins are encoded by the solute carrier family 30A genes (SLC30A1SLC30A10). ZnTs participate in the efflux of Zn from the cytoplasm into the
extracellular space or to sequester Zn in intracellular compartments. In the GI tract,
ZnT1 expression is normally expressed ubiquitously; ZnTs 2, 3, 5, 6, 7 and 10 are
normally expressed in the intestines; ZnTs 2, 3, 5, 6, 7 and 8 in pancreas; and ZnT 5, 6,
7 and 10 in liver and ZnT 6, and 7 in stomach[310,312,313].

Zinc and zinc transporters in the GI tract
It is well known that dysregulation of zinc homeostasis results in GI dysfunction[311,312,314,315]. Examples include zinc deficiency resulting in diarrhea[311], and
inflammatory bowel disease [316] , clinical problems that are ameliorated by zinc
supplementation[311,316,317]. This effect of zinc supplementation may be mediated by a
zinc sensing receptor molecule, GPR39, that is similarly shown to be protective in the
colon[318]. Zinc is also reported to enhance tight junctions and intestinal mucosal
barrier functions in general [319,320] . Maintenance of zinc homeostasis is primarily
mediated by zinc transporters that act to absorb diet-derived zinc for distribution to
the peripheral tissues[321]. But excess zinc is toxic to both intestinal epithelial cells[308,315]
and also peripheral tissue cells, thus zinc transporters maintain cytosolic zinc levels
via both influx and efflux of zinc ions[306]. The physiological role of zinc and zinc
transporters have been best studied in the intestinal tract, where zinc is required for
intestinal epithelial homeostasis, a process mediated by several zinc transporters. In
intestinal absorptive enterocytes, ZIP4 and ZnT1 regulate zinc absorption, while ZIP5
and ZnT5B regulate zinc excretion. In intestinal Paneth cells, ZnT2 and ZIP4 are
required for zinc accumulation in Paneth cell granules and are important for Paneth
cell maintenance overall. Of potential importance to intestinal cancer, ZIP4 and ZIP7
are expressed in the intestinal crypt stem cell compartment where they contribute to
Lgr5+ stem cell maintenance and help maintain transit amplifying cell
proliferation[312].

Zinc transporters and GI cancer
The role of zinc transporters in human cancer have been best studied in prostate and
breast cancer[308,322]. In the prostate gland ZIPs, especially ZIP1, are considered tumor
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suppressors[323]. In breast cancer, increased levels of zinc correspond to upregulation of
several ZIPs (and a few ZnTs as well), thus zinc transporters as a group are
considered as oncogenes in breast cancer[324]. In the GI tract, the majority of reports
show upregulation of both ZIPs and ZnTs in all major GI organ cancers (Table 5),
although for some cancers there is clearly conflicting evidence. The strongest evidence
for dysregulation of zinc transporters in GI tract cancers has been for PC, where zinc
transporter upregulation has been associated with enhanced cancer cell migration and
worse patient prognosis. This is especially true for ZIP4. In one study increased
mRNA expression of ZIP4 was observed in 16 of 17 pancreatic adenocarcinoma
samples[325], a finding that was supported in ZIP4-expressing xenografts in mice that
yielded larger tumors [ 3 2 6 ] . These findings were confirmed by several other
groups[327-329], such as Xu et al[329] who found that ZIP4 was upregulated in a set of 23
PCs and that ZIP4 expression could be used as a diagnostic and prognostic marker.
While the case of ZIP4 as an oncogene is very clear, for other zinc transporters the
data is sometimes contradictory, with some reports of upregulation and others of
down-regulation of non-ZIP4 zinc transporters[313,330]. Studies employing zinc-sensitive
histochemical staining have reported a general reduction in zinc levels in PC
samples [331,332] , a report that is difficult to reconcile with upregulation of zinc
transporters, although it has also been noted that increases in zinc transporter mRNAs
do not always correspond to increased protein expression and activity as many zinc
transporters, including ZIP4, are regulated by posttranslational mechanisms [322] .
Further, some studies have shown down-regulation of virtually all zinc transporters
in PC, with the exception of ZIP4[313]. Another case for zinc transporters acting as an
oncogene or tumor suppressor is in EC, where an inherited genetic variant in the 5’
untranslated region of ZIP6 results in constitutive expression of ZIP6, enhancing the
malignancy of ESCC cells [333] . In ESCC cell lines upregulation of ZIP6 enhances
proliferation, migration, and invasion of cancer cells, while down-regulation of ZIP6
suppresses these effects[333]. Similarly, Jin et al[334] reported that knockdown of ZIP5
significantly inhibited human ESCC cell progression and Kumar et al[335] reported
upregulation of ZIP7 in ESCC. In contrast, other studies have reported that zinc
deficiency contributes to progression of EC. Choi et al [336] reported that zinc
supplementation inhibited proliferation of ESCC cell lines, a process mediated by
inhibition of Orai-mediated SOCE and subsequent Ca2+ oscillations. For other GI
cancers such as CRC and GC, there is less evidence but those reports point to an
oncogenic role for zinc transporters[337-339], despite zinc’s known protective effects
against colonic inflammation.

Mechanisms in cancer cells
The mechanisms underlying the effects of dysregulation of zinc homeostasis and zinc
transporter expression in cancer are unclear, and are almost certainly tissue and
cancer specific as seen in the evidence that zinc transporters appear to clearly act as
tumor suppressors in the prostate gland but as oncogenes in breast cancer. Less is
known in GI tract cancers, and that data is controversial (see conflicting PC and EC
studies above) but some potential mechanisms of action are listed below.
Zinc signaling within cells: Changes in intracellular concentration can lead to it
acting as a second messenger for external signals, including activation of mitogenactivated protein kinase (MAPK), extra-cellular signal-related kinase (ERK) and the cJun N-terminal kinase (JNK) pathways that can act to phosphorylate proteins
involved in regulating cell proliferation, differentiation and apoptosis[306,322]. This has
been best studied in breast cancer where ZIP-mediated signaling pathways promote
cell proliferation and metastasis in luminal and tamoxifen-resistant breast cancer
cells[322]. Overall, zinc is recognized as an important signaling molecule in normal cell
functions as well as pathologies such as cancer. How zinc signaling is conveyed from
zinc transporters to downstream signaling pathways is still largely unclear.
Regulation of the intestinal stem cell compartment: In normal tissue several zinc
transporters are involved in maintenance of Lgr5+ stem cells and Paneth cells, which
themselves are important for stem cell maintenance[312]. Further evidence for this
mechanism is the role of ZIP7 in resolving ER stress in the intestinal stem cell
compartment[340]. Mice lacking ZIP7 in intestinal epithelium triggered ER stress that
led to loss of intestinal stem cells and proliferative progenitor cells.
Requirement for zinc in rapidly proliferating cells: Zinc is required for protein
structure, catalytic activity, such as for zinc finger transcription factors.
Action of increased cellular zinc on other ion channels: TRP Ca2+ and K+ channels
are sensitive to zinc activation[308].
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Table 5 Zinc transporters
Gene name

Cancer

Role

Functional activity

ZnT1/SLC30A1

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

ZnT2/SLC30A2

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

ZnT3/SLC30A3

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

ZnT4/SLC30A4

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

ZnT5/SLC30A5

Colorectal

Oncogene

Increased mRNA expression in
tumors[337]

ZnT6/SLC30A6

Colorectal

Oncogene

Increased mRNA expression in
tumors[337]

ZnT7/SLC30A7

Esophageal colorectal

Oncogene oncogene

Increased mRNA expression in
tumors[308,335] Increased mRNA
expression in tumors[337]

ZnT8/SLC30A8

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

ZnT9/SLC30A9

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

ZIP1/SLC39A1

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Down regulated mRNA expression in
tumors[313]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

mRNA expression down-regulated in
tumors[313]

Pancreatic

Tumor suppressor

Decreased expression in
adenocarcinoma[308,313,331,343]

Oncogene

Medium to high mRNA expression in
multiple human PC cell lines[313]

Hepatocellular

Oncogene

Increased mRNA and protein
expression, repressed apoptosis,
enhanced cell cycle and
migration[308,325,344-346]

Pancreatic

Oncogene

Increased expression in PDAC and
PC cell lines, link to CREB-miR-373
axis, promotes cancer xenograft
growth in nude mice[313,325-327]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Esophageal

Oncogene

Increased expression in ESCC,
knockdown in cell lines inhibited
migration and invasion[308,334]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Pancreatic

Oncogene

Increased expression in tumors and
cell lines[313,330]

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Hepatocellular

Oncogene

Increased mRNA and protein
expression[308,347]

Esophageal

Oncogene

Increased expression in ESCC[308,333]

Colorectal

Oncogene

Increased mRNA expression in
tumors[337]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

ZIP2/SLC39A2

ZIP3/SLC39A3

ZIP4/SLC39A4

ZIP5/SLC39A5

ZIP6/LIV-1/SLC39A6

ZIP7/SLC39A7
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ZIP8/SLC39A8

ZIP9/SLC39A9

ZIP10/SLC39A10

ZIP11/SLC39A11

ZIP12/SLC39A12

ZIP13/SLC39A13

ZIP14/SLC39A14

Colorectal

Oncogene

Increased mRNA expression in
tumors and CRC cell lines,
knockdown inhibits cell growth and
induces apoptosis in cell lines[339]

Gastric

Undetermined

Increased mRNA expression, but
better patient prognosis[338]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

Colorectal

Oncogene

Increased mRNA expression in
tumors[337]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

Colorectal

Oncogene

Increased mRNA expression in
tumors[337]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

Colorectal

Oncogene

Increased mRNA expression in
tumors[337]

Gastric

Undetermined

Increased mRNA expression in
tumors, better patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Gastric

Oncogene

Increased mRNA expression in
tumors, worse patient prognosis[338]

Pancreatic

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

Hepatocellular

Tumor suppressor

Decreased expression in hepatoma
tissues[308,348]

Gastric

Undetermined

Increased mRNA expression in
tumors, but better patient
prognosis[338]

Tumor suppressor

Decreased mRNA expression in
tumors[313]

Oncogene

Medium to high mRNA expression in
multiple human cell lines[313]

Pancreatic

PDAC: Pancreatic ductal adenocarcinoma; ESCC: Esophageal squamous cell carcinoma; CRC: Colorectal cancer; PC: Pancreatic cancer.

Zinc deficiency: Zinc deficiency leading to disruption of intestinal epithelial barrier
function and enhanced colonic inflammation as zinc supplementation has been shown
to improve inflammatory bowel disease-related phenotypes in animal models.

Therapeutic opportunities
In contrast with other ion channels discussed in this review drugs targeting various
zinc transporters have been slow in development. Myers[341] and Bin et al[342] discuss
some of the challenges to drug development represented by zinc transporter
structure. One of these, ZnT8, which is especially associated with type-2 diabetes is
the subject of current drug development research. Potentially, knowledge gained from
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targeting ZnT8 could lead to targeting of other transporters such as ZIP4 in PC. One
therapeutic area that is immediately available is zinc supplementation, also discussed
by Myers and Bin et al[342]. For conditions, including cancers, that demonstrate zinc
deficiency, zinc supplementation may have immediate therapeutic value. This has
been demonstrated for inflammatory bowel disease and may have utility for zincdeficient cancers. See Table 5 for a full listing of zinc transporters and their role in GI
cancers.

CONCLUSION
Ion channels play an essential role in the GI tract, mediating a range of cellular and
tissue processes. They are also commonly dysregulated in major GI malignancies such
as CRC, HCC, PC, GC and EC. In these cancers, ion channels modulate many of the
well-known hallmarks of cancer, with increasing evidence that ion channels are
important for the regulation of tissue and cancer stem cells. The influence of ion
channels on cancer cell processes has led to cancer being described as a
channelopathy. For a summary of mechanisms of selected ion channels in GI cancer
see Figure 3. Notably, ion channels represent potentially important clinical targets for
several reasons.
First, ion channels and transporters are predominantly found in the PM of the
lumens of GI tract organs thus the majority of ion channels should be accessible to
therapeutic drugs.
Second, the structures of all of the major families of ion channels found in the GI
tract are known and their functions have been well-characterized, primarily due to
studies prompted by dysregulation of these ion channels outside the GI tract, e.g.,
CFTR in CF lung pathology, thus they should be readily amenable to new drug
design and preclinical and clinical testing.
Third, drugs are currently used to target several ion channels for disorders outside
the GI tract e.g., retigabine for KCNQ-deficiency and many other examples, thus these
drugs can be repurposed for clinical use in the GI tract. Current examples of drug
repurposing in the GI tract include CFTR potentiators, activators, correctors, and
amplifiers such as for patients with specific CFTR mutations. These include Ivacaftor
(potentiator for > 25 CF-causing mutations, including G551D), and Tezacaftor and
Lumacaftor (correctors for patients with F508delta mutations which account for
aaproximately 70% of CF patients). These drugs have been shown to be effective in
ameliorating lung pathology in CF patients and are now being used to treat several GI
pathologies in CF patients. For example, Ivacaftor is being used to treat pancreatitis,
and intestinal inflammation (including producing an improvement in gut microbiota)
and Lumacaftor has been shown to improve intestinal bicarbonate permeability. As
CF patients are highly susceptible to the development of CRC, these drugs may be
readily repurposed for prevention and treatment of CRC, likely in combination with
other standard therapy. Data generated by the repurposing efforts underway for noncancer therapy will provide support for the next step into the cancer clinic.
Fourth, further research into the mechanisms of action of various ion channels,
including the rapidly growing utility of bioinformatics analysis, can lead to greater
drug repurposing strategies. For example, through a bioinformatics approach,
tricyclic antidepressants were recently and rapidly repurposed by the FDA for use in
treatment of small cell lung carcinoma[349]. In other cases, research into mechanisms of
drug action reveals ion channels as novel mediators. For example, it has long been
known that daily aspirin is protective against CRC, but only recently has it been
determined that the mechanism of this effect is likely through the remodeling of the
SOCE Ca2+ channel[256]. Further understanding of the canonical and non-canonical
roles that ion channels play in cancer development can lead to further repurposing of
drugs to treat specific GI cancers [350] . This is especially true as precision cancer
medicine embraces combinatorial treatment modalities.
Fifth, ion channels and transporters can provide novel cancer biomarkers with
diagnostic and prognostic implications, e.g., KCNQ1 in later stage CRC, where
patients who maintain high expression of KCNQ1 show better disease free survival at
stage II and III CRC[38], and a 23-month survival advantage for stage IV CRC patients
following hepatic resection[37]; CFTR in CF-related CRC[122-126]; hERG1 in several GI
cancers[59-74]. and zinc transporters such as ZIP4 in PC[325-329]. For example in CRC,
hERG1 is not expressed in normal colon mucosa but is upregulated in
adenocarcinoma, with its highest expression in CRC metastasis. It is noted that
stereoselective hERG1 channel blockers for treatment of cardiac arrhythmias have
been used in the clinic for several decades.
Sixth, there is research data linking several ion channels to regulation of the stem
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Figure 3

Figure 3 Oncogenic mechanisms of selected ion channels. Because ion channels influence the basic biochemical environment of the cell as well as complex
interactions with other proteins, they have profound and pleiotropic effects on cell function. As a result, it is often difficult to determine specific mechanisms for
oncogenic phenotypes. However, progress has been made in defining mechanisms in some cases. This figure shows examples from each category of channels with
accompanying pathways linking dysregulation of channel function to tumorigenesis. For additional information and references please see text and Tables 1-5. GI:
Gastrointestinal; EMT: Epithelial to mesenchymal transition; TRP: Transient receptor potential; SOCE: Store-operated calcium entry; VGSC: Voltage-gated sodium
channels; STIM1: Stromal interaction protein 1.

cell compartment in GI tract organs. This is especially true for the intestinal tract. For
example, both CFTR[93,112] and KCNQ1 (R.Cormier and P.Scott, unpublished studies)
are expressed in the stem cell compartment of the colon, where they have been shown
to influence stem call capacity in mouse organoids models[37,128], as well as regulating
the expression of stem cell related genes, again in transgenic mouse models[37,128]. As
the intestinal stem cell is thought to be the precursor for the intestinal cancer stem cell,
better understanding of the underlying mechanisms of how ion channels such as
CFTR and KCNQ1 may regulate stem cell function will be very important. A key tool
in this research and a technical advance in therapeutic development has been the
creation of patient-derived tissue and cancer organoid surrogate models[136], e.g., that
have been used to test the function of CFTR[137,138], as well as the efficacy of CFTR
modulator drugs in CF patient-derived rectal organoids[208]. The same strategy of
biobanking of patient-derived organoids is currently used to test patient-specific CRC
treatment protocols that can include ion channel modulator drugs.
Seventh, as patient genomic sequencing efforts increase, more has become known
about specific germline genomic variants in ion channel genes and potential
susceptibility to GI tract cancers. For example, CF patients who are homozygous for
CFTR mutations are at a significantly heightened risk for developing early onset CRC.
What is the risk for CRC for heterozygous carriers of CFTR mutations, a group that
represents more than 10 million individuals in the United States alone? CRC patients
whose cancers show reduced expression of CFTR demonstrate worse CRC disease
prognosis[128]. Current ongoing studies of CRC risk in CFTR carriers may help inform
on the lifetime risk of CRC in these patients, potentially leading to earlier screening
and chemoprevention.
A final comment here, as discussed by Humphries et al[351], is that while there exists
great promise in targeting ion channels in human diseases there remains significant
challenges, especially related to target specificity and off-target toxicity, before
development of ion channel targeting can lead to more widespread effective
personalized cancer treatment.
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Abstract
Gastric cancer (GC) represents a leading cause of cancer related morbidity and
mortality worldwide accounting for more than 1 million of newly diagnosed
cases and thousands of deaths every year. In the last decade, the development of
targeted therapies and the optimization of already available chemotherapeutic
drugs has expanded the available treatment options for advanced GC and
granted better survival expectations to the patients. At the same time, global
efforts have been undertaken to investigate in detail the genomic and epigenomic
heterogeneity of this disease, resulting in the identification of new specific and
sensitive predictive and prognostic biomarkers and in innovative molecular
classifications based on gene expression profiling. Nonetheless, several
randomized studies aimed at exploring new innovative agents, such as immune
checkpoint inhibitors, failed to demonstrate clinically meaningful survival
advantages. Therefore, it is essential to further improve the molecular
characterization of GC subgroups in order to provide researchers and medical
oncologists with new tools for patients’ selection and stratification in future
clinical development programs and subsequent trials. The aim of the present
manuscript is to provide a global overview of the recent molecular classifications
from The Cancer Genome Atlas and the Asian Cancer Research Group and to
present key promising developments in the field of immunotherapy and targeted
therapies in metastatic GC.
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Core tip: Gastric cancer (GC) still represents a leading cause of cancer related morbidity
and mortality worldwide accounting for more than 1 million of newly diagnosed cases
and thousands of deaths every year. In the last decade, global efforts have been
undertaken to investigate in detail the genomic and epigenomic heterogeneity of this
disease, resulting in innovative molecular classifications of GC based on gene expression
profiling and in the identification of new specific and sensitive predictive and prognostic
biomarkers. At the same time, the development of targeted therapies has expanded the
treatment scenario for advanced GC. The aim of the present manuscript is to provide a
detailed and comprehensive overview of the recent molecular classifications from The
Cancer Genome Atlas and the Asian Cancer Research Group and to present key
promising developments in the field of immunotherapy and targeted therapies in
metastatic GC.
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INTRODUCTION
Gastric Cancer (GC) is the third leading cause of cancer death and the fifth most
common malignancy worldwide for both sex, accounting for over 1 million new
diagnoses and almost 800000 patients deaths in 2018[1]. Over 70% of GCs occur in
low/middle income countries with the highest rates in Eastern Asia, Eastern Europe
and South America and the lowest rates in North America and Western European
countries[2,3].
Since the middle of the 20th century a progressive decline of distal GC incidence has
been observed, possibly due to recognition and eradication of certain risk factors such
as Helicobacter pylori (H. pylori), the introduction of refrigerators and an increased use
of fresh food[4,5]. Conversely, the rate of gastroesophageal junction cancer (GEJC) is
increasing in Western countries, which probably reflects the increase of
gastroesophageal reflux disease and visceral obesity[6,7]. Considering the rising of
worldwide population, the absolute number of new diagnoses per year is increasing,
so that GC still remains an important cause of cancer-related mortality and a main
global health-care problem.
Surgery is the only potentially curative treatment while neoadjuvant and adjuvant
therapies should be integrated with surgery in locally advanced disease. Despite these
multimodal treatments the 5 years overall survival is less than 30%, and in metastatic
setting the prognosis remains poor with a median overall survival (OS) of 1 year[8].
The last decade has been characterized by a better understanding of molecular
mechanisms of pathogenesis and biology of GC with the definition of new genomic
classifications and identification of prognostic and predictive biomarkers potentially
predictive of response to innovative target agents. Despite this, up to now, few targetdirected options have been approved for metastatic GC. The anti-human epidermal
growth factor receptor-2 (HER2) drug trastuzumab has been the first target agent
approved for HER2 high expressing advanced GCs and GEJCs, while the
antiangiogenic drug ramucirumab has received approval in the second-line setting as
a monotherapy or in combination with paclitaxel. More recently, anti-PD1 agents such
as nivolumab and pembrolizumab have been approved for patient with heavily
pretreated advanced GC in some Asian countries and North America, respectively.
More than 90 percent of GCs are adenocarcinomas. According to Lauren’s criteria,
gastric adenocarcinomas are divided into intestinal (54%), diffuse (32%), and
indeterminate type (15%), which present distinct epidemiology, histological
appearance, cell differentiation and molecular pathogenesis[9,10]. Intestinal carcinomas
are more likely to be sporadic than inherited and causally related to H. pylori infection
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and the Correa’s phenotypic multistep cascade (i.e., longstanding gastritis, atrophic
gastritis, dysplasia and adenocarcinoma) [11] . Histologically, diffuse-type adenocarcinomas are poorly differentiated and composed by discohesive cells usually
characterized by with a dysregulation in the expression of E-cadherin, a key cell
surface and connection protein[12]. Both Lauren classification and the World Health
Organization (WHO) 2010 classification [13] , although widely used in the clinical
practice, remain insufficient to guide precision treatments for the individual patient
and GC histotype is not a parameter considered in the treatment decision process.

GC MOLECULAR CLASSIFICATION
The Cancer Genome Atlas research group
In 2014, the The Cancer Genome Atlas (TCGA) network proposed a comprehensive
molecular analyses of 295 primary GC based on array-based somatic copy number
analyses, whole exome and genome sequencing, messenger RNA and microRNA
sequencing, and reverse-phase protein array profiling. As a result, four GC subgroups
were identified: Epstein-Barr (EBV) positive tumors, tumors with microsatellite
instability (MSI), genomically stable tumours (GS) and tumors with chromosomal
instability (CIN)[14].
EBV activation was found in about 9% of tumor samples. All EBV positive tumours
were associated to extreme DNA hypermethylation with high levels of CIMP (i.e.,
CpG island methylation) of CDKN2A (p16 NK4A) promoter but not of MutL homolog 1
(MLH1), characteristic of MSI associated CIMP. As previously reported, phoshatidylinositol-4-5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) mutations
were detected in 80% of EBV-positive GC [15,16] . Moreover, the finding of an
overexpression of programmed death ligands 1 and 2 (PD-L1 and PD-L2) and of a
significant immune cell presence supported the rationale to evaluate checkpoint
inhibitors in this GC subgroup.
The MSI group (22%) was characterized by loss of mismatch repair functions which
lead to alterations in length of repetitive regions in DNA known as microsatellites.
The hypermethylation of MLH1 promoter region was the most representative
mismatch repair defect in patient with MSI sporadic GCs. Alterations of PIK3CA,
ERBB3 and ERB22 were found and in contrast to MSI colorectal cancers, BRAF
mutations have never been described in MSI-GCs. MSI GCs can be part of the
spectrum of inherited malignancies such as Lynch syndrome and nonpolyposis
colorectal cancer syndrome which are associated to inherited germline mismatch
repair defects[17]. Although colorectal and endometrial cancers are the most common
cancer associated to these syndromes, other extracolic tumours including GC, can
occur[18]. MSI GCs are mainly associated with intestinal histotype, are localized in the
antrum, with less frequent lymph-node involvement, occur mainly in elderly age and
have a more favourable prognosis[19,20].
GS tumors (20%) are characterized by low copy number alterations and a low
mutation rate. ARID1, RHOA and CDH1 mutations are the principal somatic genomic
alterations observed in this class. An interchromosomal translocation between
CLDN18 and ARHGAP26, mutually exclusive from RHOA mutations, was found in
the 15% of GS GCs. These tumors usually occur in younger patients (median age 59),
and are correlated with diffuse histology and distal localization. GS subtype was
associated with the worst OS and prognosis among the four TCGA subtypes.
The fourth TCGA group are GCs with CIN (50%) characterized by DNA
aneuploidy, highly variable chromosomal copy numbers, and mutations of the tumor
suppressor TP53, which is responsible for chromosomal instability. Frequent genomic
amplifications of receptor tyrosine kinases (RTKs)/RAS pathway were found,
including epidermal growth factor receptor (EGFR), ERBB2, ERBB3, MET proto-oncogene
(MET), fibroblast growth factor receptor 2 (FGFR2), vascular endothelial growth factor A
(VEGFA), and KRAS. Most of CIN GCs are classified as intestinal-type, frequently
located at the gastroephageal junction/cardia[21,22].

The Asian Cancer Research Group
In 2015 the Asian Cancer Research Group (ACRG) proposed a different molecular
classification based on gene expression profiling, genome-wide copy number
microarrays and targeted gene sequencing of 300 primary tumors with the definition
of four molecular subtypes: Microsatellite unstable type, epithelial to mesenchymallike type (MSS/EMT), MSS/TP53 and MSS/TP53 negative subtypes[23]. Each of these
molecular subtypes was correlated to distinct clinical phenotypes and genomic
alterations.
MSI GCs occurred preferentially in the antrum, with intestinal histology (more than
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60%) and half of them were diagnosed at an early stage disease. MSI tumors were
characterized by loss of expression of MLH1 and an elevated DNA methylation
signature. The MSI subtype was associated with the presence of hypermutation, with
mutations of ARID1A (44.2%), the PI3K-PTEN-mTOR pathway (42%), KRAS (23.3%)
and ALK (16.3%).
The MSS/EMT subtype was observed at significantly younger age, with diffuse
histology at stage III/IV and showed CDH1 loss of expression. The EMT subtype
presented a lower number of mutation events when compared to the other MSS
groups. The MSS/EMT had the worst prognosis, while the MSI subtype showed the
best prognosis of the four. The authors observed that the MSS/EMT group presented
a higher percentage of recurrence vs the MSI group (63% vs 23%). The MSS/EMT GC
subtype was associated to a higher frequency of peritoneal metastases compared to all
other subtypes, while a higher percentage of liver-limited metastasis in the MSI and
MSS/TP53 subtypes was found.
MSS/TP53 positive and MSS/TP53 negative showed an intermediate prognosis
and also an intermediate chance of recurrence. EBV infection was more frequently
associated to MSS/TP53 positive group. MSS/TP53 negative subtype exhibited the
highest prevalence of TP53 mutations (60%) and a low frequency of other mutations,
as well as recurrent focal amplification of ERBB2, EGFR, CCNE1, CCND1, MDM2,
ROBO2, GATA6 whereas the MSS/TP53 positive subtype showed a relative higher
(compared to MSS/TP53 negative) of mutations in APC, ARID1A, KRAS, PIK3CA and
SMAD4.

Comparison between the TCGA and ACRG classification
Comparisons between TCGA and ACRG genomic subtypes showed similarities and
differences (Figure 1). Both molecular classifications revealed MSI positive tumors
and TCGA GS, EBV and CIN subtypes are likely to be approximated to ACRG
MSS/EMT, MSS/TP53 positive and MSS/TP53 negative subtypes, respectively.
Tumors classified as the GS subtype in the TCGA set were present across all ACRG
subtypes in the ACRG data set, while tumors classified as the TCGA CIN subtype
were present across all ACRG subtypes in the TCGA data set. A substantially lower
percentage of Lauren’s diffuse subtype cases were found in the TCGA cohort
compared to ACRG database (24% vs 45% respectively) with the majority (57%) of
Lauren’s diffuse-sub-type cases present in the TCGA GS group but only 27% cases
present in the ACRG MSS/EMT subtype. Additionally, CDH1 and RHOA mutations,
which were mutated in TCGA GS, were infrequent in the ACRG MSS/EMT subtypes.
These differences suggest that TCGA GS type is not equivalent to the ACRG
MSS/EMT subtype.
Collectively, these findings confirm that the TCGA and ACRG classification
systems are related but distinct in terms of demographics, molecular mechanisms,
driver genes and prognosis. Although these novel classifications have provided a
deeper understanding of GC biology, some limitations can be observed. First, these
analyses are based on complex molecular technologies and could not be replied in
standard laboratories. Furthermore, a prospective validation on large scale including
patients of different age and ethnicity is needed. Finally TCGA and ACRG
classifications are the result of comprehensive molecular analysis on malignant GC
epithelial cells that don’t consider the impact of peritumoral stromal cells. Of note,
novel stromal gene signatures have been analyzed in comparison to the dominant
cancer phenotypes identified by TCGA and ACRG, revealing distinct stromal
phenotypes[24,25].

CURRENT STANDARD TREATMENTS IN METASTATIC GC
Chemotherapy remains the backbone of therapy in patients with metastatic GC and
good performance status. Available data from randomized clinical trials showed a
statistically significant benefit of palliative chemotherapy, compared with best
supportive care (BSC), in terms of symptom control, improvement of quality of life
(QoL) and overall survival (OS).
In the first line setting a variety of cytotoxic drugs, including platinum compounds,
fluoropyrimidines, anthracyclines, taxanes, and irinotecan, have shown activity in
GC. Currently, a combination including a platinum compound (cisplatin or
oxaliplatin) plus a fluoropyrimidine (5-FU,capecitabine, or S-1) agent is one of the
most widely used doublet on the basis of a balanced benefit-to risk ratio[26].
Currently, trastuzumab is the only molecularly targeted drug accepted in first-line
therapy, in combination with cisplatin and a fluoropyrimidine, for the treatment of
patients with metastatic HER2-overexpressing GC or GEJC who have not received
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Figure 1

Figure 1 The cancer genome atlas and the Asian cancer research group molecular classification of gastric
cancer. EBV: Epstein-Barr; CIN: Chromosomal instability; MSI: Microsatellite instability; GS: Genomically stable
tumours; MSS/EMT: Microsatellite unstable type, epithelial to mesenchymal-like type.

anti-cancer treatment for their metastatic disease. As a result, all cases of advanced
GC should be characterized for HER2 status. HER2 is a member of the epidermal
growth factor receptors (EGFRs) family and is involved in transmembrane signaling,
and overexpression/activation leads to increased cell proliferation, growth and
survival[27]. HER2 overexpression or/and amplification is found in approximately 20%
of metastatic GC, although there are differences depending on tumor subtype, is more
common in intestinal GC than diffuse GC, and more common in GEJC than distal
GC[28].
The phase III, open-label, randomised controlled ToGA trial (Trastuzumab for GC)
compared in a population of 594 previously untreated patients standard
chemotherapy (six courses of cisplatin plus either infusional fluorouracil or
capecitabine) with and without trastuzumab until disease progression. All end points
were improved with the addition of trastuzumab to chemotherapy, including
objective response rate (ORR) (47.3% vs 34.5%), PFS (6.7 vs 5.5 mo; HR: 0.71; 95%IC:
0.59-0.85; P < 0.0002), and at a median follow-up of 17 to 19 mo, median OS was
significantly better with trastuzumab (13.8 vs 11.1 mo) (HR: 0.74; 95%CI: 0.60-0.91; P =
0.0046). The inclusion criteria of the ToGA trial were a 3+ HER2 immunohistochemical (IHC) overexpression or the presence of HER2 gene amplification as
assessed by fluorescent in situ hybridization (FISH), irrespective of IHC score[29].
Despite the demonstrated efficacy of numerous chemotherapy options, only 40% of
patients who progressed to first-line chemotherapy are susceptible to a second-line
chemotherapy on progression [30] . In this setting, ramucirumab, a fully human
monoclonal antibody VEGFR-2 antagonist, is the only molecular-targeted drug with a
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confirmed, although modest, survival benefit.
The activity of ramucirumab, in second-line treatment of GC was investigated by
the phase III REGARD trial (Ramucirumab monotherapy for previously treated
advanced gastric or gastro-oesophageal junction adenocarcinoma), a randomized,
double-blind, placebo-controlled study. In the REGARD trial 355 patients with
previously treated advanced GC or GEJC adenocarcinomas were randomized to best
supportive care plus either ramucirumab or placebo. Median OS was 5.2 mo in the
ramucirumab arm and 3.8 mo in the placebo arm (HR: 0.78; 95%CI: 0.603-0.998; P =
0.047)[31]. However, the RAINBOW trial (Ramucirumab plus paclitaxel vs placebo plus
paclitaxel in patients with previously treated advanced gastric or gastro-oesophageal
junction adenocarcinoma) was the landmark study that demonstrated the benefit of
ramucirumab in second line setting in combination with chemotherapy, which
compared weekly paclitaxel (80 mg/m2 on days 1, 8, and 15 of each 28-day cycle) plus
ramucirumab (8 mg/kg IV every two wk) or placebo in 665 patients. Median OS and
PFS were significantly longer in patients treated with ramicurumab than in the
placebo-plus-paclitaxel group (median OS: 9.6 vs 7.4 mo, HR: 0.81, 95%CI: 0.678-0.962,
P = 0.017 and median PFS 4.4 vs 2.9 mo, HR: 0.635, 95%CI: 0.539-0.752, P ≤ 0.001,
respectively)[32].
Largely based on this trial results, ramucirumab plus paclitaxel is currently the
preferred choice for second-line therapy. More recently, the phase III TAGS study
(Trifluridine/tipiracil vs placebo in patients with heavily pretreated metastatic GC)
proved that trifluridine/tipiracil is an effective treatment option for patients with
heavily pretreated metastatic GC. The study demonstrated a 31% reduction in risk of
death and a 2.1-month improvement in median OS in treated patients[33].

HER2: PRIMARY AND ACQUIRED RESISTANCE
The anti-HER2 monoclonal antibody trastuzumab plus standard chemotherapy have
significantly improved response rate and survival outcomes in primary GC and GEJC
displaying HER2 overexpression/amplification. Unfortunately, about 50% of patients
did not respond to the combination treatment suggesting the existence of a primary
resistance[29]. At same time, acquired resistance usually limits the duration of response
to this treatment.
Genomic alterations of the RTK pathway such as EGFR, FGFR2, MET, and KRAS
amplification may be responsible for primary resistance to HER2-targeting drugs[14].
Recently, amplifications of cell-cycle–related genes such as CCNE1 and CDK6, PI3K
mutations, and amplification of MET have shown to confer resistance to anti-HER2
agents in vitro HER2–amplified cell-line models[34]. Although uncommon, other rare
alterations in RTK pathways such as ALK, ROS1, NTRK1/2/3 and RET fusion could be
correlated with primary resistance to trastuzumab[35-37]. To confirm these data, a recent
study investigated a panel of genomic alterations including mutations in the EGFR /
MET / KRAS / PI3K / PTEN genes and amplifications in EGFR / MET / KRAS in 37
patients treated with trastuzumab (17 responders and 20 patients with primary
resistance). Interestingly, panel alterations were significantly more frequent in
resistant (11 of 20, 55%) as compared with sensitive patients and in HER2 IHC 2+ than
3+ tumors. Patients with no alteration had a significantly longer median PFS and
OS[38].
Mechanisms of acquired resistance to anti-HER2 treatment in GC are largely
unknown. Pietrantonio et al[39] have analyzed 22 matched tumor samples taken at
baseline and post-progression in patients receiving chemotherapy and trastuzumab
for advanced HER2 IHC 3+ or 2+ GC. Loss of HER2 was identified as a mechanism of
resistance in 32% of samples and the probability of loss of HER2 positivity was
significantly higher in patients with baseline IHC score 2+ vs 3+. Similarly, loss of
HER2 and frequent secondary alterations in the RTK/RAS/PI3K pathway in HER2
positive adenocarcinoma have been observed in patients treated with trastuzumab[40].
In a recent study evaluating capecitabine and oxaliplatin as first line neoadjuvant
therapy in patients with previously untreated, HER2-positive GC, the analysis of
circulating free DNA (cfDNA) at disease progression demonstrated the emergences of
genomic aberrations such as MYC, EGFR, FGFR2 and MET amplifications [41] .
However, none of these biomarkers is evaluated in the current clinical practice.
Other anti-HER2 strategies have failed to demonstrate a clinical benefit in second
line HER2 positive GC. In the GATSBY trial (Trastuzumab emtansine vs taxane use for
previously treated HER2-positive locally advanced or metastatic gastric or gastrooesophageal junction adenocarcinoma) the antibody-drug conjugate consisting of the
monoclonal antibody Trastuzumab linked to microtubule inhibitor emtansine (TDM1) compared to taxans, failed to prolong survival in patients with previously
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treated HER2-positive advanced GC[42]. In the phase III randomized TyTAN trial
(Lapatinib plus paclitaxel vs paclitaxel alone in the second-line treatment of HER2amplified advanced GC in Asian populations) comparing the efﬁcacy and safety of
the tyrosine kinase inhibitor of EGFR and HER2 Lapatinib plus paclitaxel with
paclitaxel alone, the combination treatment demonstrated activity in the second-line
but did not signiﬁcantly improve OS in the intent-to-treat population (ITT) [43] .
Moreover, in a recent trial comparing weekly paclitaxel alone with weekly paclitaxel
plus Trastuzumab in patients with HER2-positive advanced GC/GEJC progressing
during Trastuzumab-containing therapy, Trastuzumab beyond progression strategy
did not improve PFS[44].
Results from ongoing phase III (NCT01774786) and phase II (NCT01522768) clinical
trials of Pertuzumab and Afatinib respectively, will hopefully contribute to the unmet
need in this setting of patients whose therapeutic options still remain limited (Table
1).

RTK/RAS - TARGET THERAPIES
CIN tumors are frequently characterized by the presence of activation of the
RTK/RAS pathway and EGFR, HER2, HER3, JAK2, MET, FGFR2, PIK3CA and
KRAS/NRAS amplification[14]. Other works have reported that at least one third of GC
patients present alterations of the RTK/RAS pathway and may be potentially
treatable by directed therapies [45] . Unfortunately, most of phase II and III trials
evaluating RTK/RAS target therapies failed to demonstrate activity in metastatic GC.
The EGFR gene is amplified in the 5% and EGFR is overexpressed in more than
30% of GC[14,46]. Both anti-EGFR drug cetuximab and panitumumab have been tested
in two phase III trial. In the EXPAND trial (Capecitabine and cisplatin with or without
cetuximab for patients with previously untreated advanced GC), the addition of the
chimeric monoclonal antibody cetuximab to capecitabine-cisplatin provided no
additional benefit in terms of PFS to chemotherapy alone in the first-line treatment of
advanced GC (HR: 1.09; 95%CI: 0.92-1.29; P = 0.32)[47]. The REAL 3 trial (Epirubicin,
oxaliplatin, and capecitabine with or without panitumumab for patients with
previously untreated advanced oesophagogastric cancer), with 553 patients
randomized to receive epirubicin, oxaliplatin, and capecitabine (EOC) plus the human
monoclonal antibody panitumumab or EOC alone, failed to show a benefit in OS of
the combination therapy compared with the only chemotherapy (HR: 1.37; 95%CI:
1.07-1.76; P = 0.013)[48]. However, none of these studies have selected patients on the
basis of EGFR overexpression/amplification. In metastatic colorectal cancer, RAS
mutations are a negative predictive biomarkers of response to anti-EGFR therapy but
can be detected only in about 3% of GC and GEJC.
Several works have reported that EGFR expression, EGFR gene copy number, or
expression of other EGFR ligands such as epiregulin and amphiregulin, might be
potential markers for efficacy of anti-EGFR target therapies[49-51]. However, in the
EXPAND trial, no substantial differences between the treatment groups for PFS or OS
according to EGFR immunohistochemistry score was noted[47]. Results from a phase III
trial comparing the efficacy of nimotuzumab, a recombinant humanized anti-EGFR
antibody, and irinotecan on irinotecan alone in patients with EGFR overexpressed
advanced GC/GEJC are expected (ENRICH study, NCT01813253, Table 1).
The tyrosine kinase receptor c-MET and its own ligand, hepatocyte growth factor
(HGF), have been investigated as potential target in advanced GC. In GC, alteration of
the MET/HGF pathway is related to a more aggressive disease and poor prognosis,
with MET activation stimulating tumor invasiveness[52,53]. Onartuzumab, a monovalent
monoclonal antibody binding with the extracellular of MET, has been tested in a
phase III trial of 562 patients randomized to receive onartuzumab plus FOLFOX6 vs
placebo plus mFOLFOX6 in patients with metastatic HER2-negative and METpositive GEC. However, the addition of onartuzumab to mFOLFOX6 did not attain
significant differences in OS or PFS compared with placebo plus mFOLFOX6 in ITT
(OS HR: 0.82; 95%CI: 0.59-1.15; P = 0.24; PFS HR: 0.90; 95%CI: 0.71-1.16; P = 0.43) or
MET 2+/3+ populations (OS HR: 0.64; 95%CI: 0.40-1.03; P = 0.06; PFS HR: 0.79;
95%CI: 0.54-1.15; P = 0.22) [54] . The RILOMET phase III trial (Rilotumumab plus
epirubicin, cisplatin, and capecitabine as first-line therapy in advanced MET-positive
gastric or gastro-oesophageal junction cancer), evaluating the fully human
monoclonal antibody anti-MET Rilotumumab plus epirubicin, cisplatin, and
capecitabine or placebo plus epirubicin, cisplatin, and capecitabine as first line in
advanced GC, was ceased subsequently the finding by an independent data
monitoring committee of a higher number of deaths in the rilotumumab group
compared with the placebo group[55].
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Table 1 Ongoing phase II/III target trials in advanced gastric cancer
Study

Line

Control arm

JACOB

1st

ID NUMBER:11-166

nd

2

Experimental arm

Target

NCT number

Placebo +

Pertuzumab +

HER2

NCT01774786

Trastuzumab +

Trastuzumab +

Chemotherapy

Chemotherapy

-

Afatinib +

HER2

NCT01522768

EGFR

NCT03400592

EGFR

NCT01813253

PD-1, CTLA-4

NCT02872116

PD-1

NCT02746796

Paclitaxel
NIEGA

2nd

-

ENRICH

2nd

Irinotecan

Irinotecan +
Nimotuzumab
Irinotecan +
Nimotuzumab

1st

CheckMate-649

Oxaliplatin +

- Nivolumab +
Oxaliplatin +

Fluoropyrimidine

Fluoropyrimidine
- Ipilimumab +
Nivolumab

ATTRACTION-4

1st

Placebo + Oxaliplatin +
S-1/Capecitabine

Oxaliplatin + S1/Capecitabine +
Nivolumab

JAVELIN Gastric 100

1st

Maintenance 1st line

Avelumab

KEYNOTE-062

st

1

Platin/fluoropyrimidine - Pembrolizumab

PD-L1

NCT02625610

PD-1

NCT02494583

CLDN18.2

NCT03504397

CLDN18.2

NCT03505320

CLDN18.2

NCT03653507

VEGFR-2

NCT03042611

VEGFR1-3,

NCT02773524

- Pembrolizumab +
Platin/fluoropyrimidine
SPOTLIGHT

1st

ILUSTRO

1st/3rd

Oxaliplatin +

Zolbetuximab +
Oxaliplatin +

Fluoropyrimidine

Fluoropyrimidine

-

- Zolbetuximab
monotherapy, 3rd line
- Zolbetuximab +
FOLFOX, 1st line
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JACOB: A Study of Pertuzumab in Combination With Trastuzumab and Chemotherapy in Participants With Human Epidermal Growth Factor Receptor 2
Positive Metastatic Gastroesophageal Junction or Gastric Cancer; ID NUMBER:11-1669: Afatinib and Paclitaxel in Patients With Advanced HER2-Positive
Trastuzumab-Refractory Advanced Esophagogastric Cancer; NIEGA: Study of Nimotuzumab and Irinotecan as Second Line With Recurrent or Metastatic
Gastric Adenocarcinoma; ENRICH: Study of Nimotuzumab and Irinotecan as Second Line With Advanced or Recurrect Gastric and Gastroesophageal
Junction Cancer; CheckMate649: Efficacy Study of Nivolumab Plus Ipilimumab or Nivolumab Plus Chemotherapy Against Chemotherapy in Stomach
Cancer or Stomach/Esophagus Junction Cancer; ATTRACTION-4: Study of ONO-4538 in Gastric Cancer; JAVELIN: Gastric 100Avelumab in First-Line
Maintenance Gastric Cancer; KEYNOTE-062: Study of Pembrolizumab as First-Line Monotherapy and Combination Therapy for Treatment of Advanced
Gastric or Gastroesophageal Junction Adenocarcinoma; SPOTLIGHT: A Phase 3 Efficacy, Safety and Tolerability Study of Zolbetuximab Plus mFOLFOX6
Chemotherapy Compared to Placebo Plus mFOLFOX6 as Treatment for Gastric and Gastroesophageal Junction Cancer; ILUSTRO: A Study to Assess the
Antitumor Activity, Safety, Pharmacokinetics and Biomarkers of Zolbetuximab in Participants With Claudin 18.2 Positive, Metastatic or Advanced
Unresectable Gastric and Gastroesophageal Junction Adenocarcinoma; GLOW: A Study of Zolbetuximab Plus CAPOX Compared With Placebo Plus
CAPOX as First-line Treatment of Subjects With Claudin 18.2-Positive, HER2-Negative, Locally Advanced Unresectable or Metastatic Gastric or
Gastroesophageal Junction Adenocarcinoma; ANGEL: Efficacy and Safety Trial of Apatinib Plus Best Supportive Care Compared to Placebo Plus Best
Supportive Care in Patients With Gastric Cancer; INTEGRATEII: A Study of Regorafenib in Refractory Advanced Gastro-Oesophageal Cancer, Best
supportive care; HER2: Human epidermal growth factor receptor 2; EGFR: Epidermal growth factor receptor; PD-L1: Programmed death ligand 1; PD-1:
Programmed cell death protein 1; CTLA-4: Cytotoxic T-lymphocyte-associated antigen 4; CLDN18.2: Claudine-18.2; VEGFR1-3: Vascular endothelial
growth factor receptor 1-3; FGFR: Fibroblastic growth factor receptor; PDGFR-β: Platelet-derived growth factor receptor beta; RAF: Serine/threoninespecific protein kinases RAF; RET: Rearranged during transfection; KIT: Tyrosine-protein kinase Kit.

Approximately 5%-10% of GCs present an fibroblast growth factor receptor-2 (FGFR2)
gene amplification, which appears to confer poor prognosis[56-58]. The selective FGFR-1,
2, 3 tyrosine kinase inhibitor AZD4547 showed potent activity in preclinical models[59].
The randomized phase II SHINE study (Efficacy and Safety of AZD4547 vs Paclitaxel
in Patients With Advanced Gastric or Gastro-oesophageal Cancer) comparing
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AZD4547 vs paclitaxel as second-line treatment in patients with advanced GC
displaying FGFR2 polysomy or gene amplification did not demonstrated a PFS
improvement in the experimental arm (1.8mo with AZD4547 vs 3.5mo with paclitaxel;
HR: 1.57; 80%CI: 1.12-2.21; P = 0.9581)[60].

IMMUNOTHERAPY
GCs/GEJCs are associated with immune system evasion and overexpression of
immune checkpoint proteins including the programmed death ligand 1 (PD-L1) and
programmed death ligand 2 (PD-L2) expressed on the surface of tumor and immune
cells. An high expression of PD-L1 has been reported in both Western and Asian
GC/GEJC cohorts and has been associated with an elevated tumor mutational burden
(TMB) and specific subtypes of adenocarcinomas[61,62]. The binding of PD1, a protein of
CD28 family expressed on T cells functioning as a negative costimulatory receptor,
and its ligands-PD-L1 and PD-L2, can inhibit cytotoxic T-cell responses, allowing
tumor cells to evade immune surveillance. Checkpoint inhibitors such as antibodies
anti PD1 (pembrolizumab, nivolumab) and PD-L1 (atezolizumab, avelumab,
durvalumab) and inhibitors of cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4,
like ipilimumab) have demonstrated to antagonize this immune tolerance, which
results in an enhanced antitumor effect. In the last years, checkpoint inhibitors have
shown activity in several solid tumors and have received approval for a number of
clinical indications including advanced melanoma, renal cell carcinoma and nonsmall lung cancer (NSCLC)[63].
Since their introduction in the treatment scenario, lots of efforts have been
undertaken to establish predictive biomarkers of response to these novel agents.
Combined data from disease-specific trials with the humanized IgG4 monoclonal
antibody pembrolizumab, demonstrated that tumors with a large number of somatic
mutations due to high microsatellite instability (MSI-H) or mismatch repair deficiency
(dMMR) are susceptible and can benefit to immune checkpoint blockade. On these
findings, in 2017 FDA decided to accelerate the approval to Pembrolizumab for
patients with unresectable or metastatic solid tumours with positive dMMR or MSI-H
biomarkers[64]. Other studies have shown that PD-L1 expression on the membranes of
tumor cells or tumor-infiltrating immune lymphocytes (TILs) was associated with a
better OS in certain types of tumours treated with checkpoint inhibitors. However,
there is currently no consensus on the role of PD-L1 expression as prognostic and
predictive biomarker in advanced GC[65].
In GC, checkpoint inhibitors have been firstly assessed in the salvage setting
showing a rather wide range of response rate (11.6%-22%)[66,67]. In the phase III Asian
ATTRACTION-2 trial (Nivolumab in patients with advanced gastric or gastrooesophageal junction cancer refractory to, or intolerant of, at least two previous
chemotherapy regimens) 493 patients with refractory GC to two or previous
chemotherapy regimens were randomized to receive nivolumab (n = 330) or placebo
(n = 163) resulting in a median OS of 5.26 mo (95%CI: 4.60-6.37) in the nivolumab
group and 4.14 mo (3.42-4.86) in the placebo group (HR: 0.63; 95%CI: 0.51-0.78; P <
0.0001). The OS rates of nivolumab and placebo were 27.3% and 11.6% at 12 mo, and
10.6% and 3.2% at 24 mo, respectively. Based on these results, nivolumab was granted
accelerated approval in Japan, South Korea and Taiwan for the treatment of advanced
GC progressed to standard chemotherapy[68].
Moreover, Pembrolizumab has recently received accelerated approval by FDA
considering the promising results of the KEYNOTE-059 trial (Safety and Efficacy of
Pembrolizumab Monotherapy in Patients with Previously Treated Advanced Gastric
and Gastroesophageal Junction Cancer). In this phase II, single arm study, 259
patients with advanced GC or GEJC whose disease progressed to two or more lines of
therapy, received pembrolizumab every 3 wk achieving an objective response rate
(ORR) of 11,6 % (95%CI: 8.0%-16.1%; n = 30/259) with complete response in 2.3%
(95%CI: 0.9%-5%; n = 6/259) and manageable safety. Interestingly, patients with PDL1 positive tumors (PD-L1 combined positive score ≥ 1) had an ORR of 22.7% (95%CI:
13.8-33.8) and patients PD-L1-negative had an ORR of only 8.6% (95%CI: 2.9-19.0).
Excluding MSI-H tumors (ORR of 57%, 4 of 7 patients) from that group, the
percentage of response to pembrolizumab decreased to 13.3% in PD-L1 positive
microsatellite stable (MSS) (or MSI status not available) patients, and 9% (15 of 167) of
MSS patients independently of PD-L1 status responded, confirming the importance of
the microsatellite status as marker of response to checkpoint inhibitors[66].
Despite the initial enthusiasm, some randomized phase III trial reported negative
outcomes with checkpoint inhibitors when compared to chemotherapy. The
KEYNOTE-061 phase III trial (Pembrolizumab vs paclitaxel for previously treated,
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advanced gastric or gastro-oesophageal junction cancer) comparing pembrolizumab
vs chemotherapy with weekly paclitaxel as second line treatment in patients with GC
or GEJC with PD-L1 positivity in at least 1 % of tumor cells, failed to improve OS and
PFS[69]. Similarly, the randomized, phase III Javelin Gastric 300 trial comparing the
anti-PD-L1 IgG1 monoclonal antibody Avelumab vs chemotherapy as third line
therapy in 379 patients with advanced GC/GEJC, did not meet its primary endpoint
of improving OS or the secondary end points of PFS[70].
In the TCGA study an high level of intra- or peritumoral immune cell infiltration
and frequent amplification of the CD274 gene (which encodes PD-L1) and the
PDCD1LG2 gene (which encodes PD-L2) in the EBV-positive subgroup GC was
found[14]. Furthermore, subsequent studies confirmed remarkable PD-L1 expression
both in cancer and immune cells in EBV positive GCs [71] . Consistent with these
findings, a prospective phase II Korean clinical trial of pembrolizumab with whole
exome and RNA sequencing in pre and post biopsy specimens was performed to
better define those patient who may benefit from pembrolizumab. Among 61 patients
with advanced GC that received pembrolizumab as a second or greater line of
treatment, those with MSI-H and EBV positive tumours, which are mutually
exclusive, showed dramatic responses to pembrolizumab with ORR of 85.7% (6/7) in
the MSI-H group and of 100% (6/6) EBV positive GCs. In addition for the 55 patients
for whom PD-L1 combined positive score positivity (cut off value ≥ 1) was available,
ORR was significantly higher for PD-L1 positive (n = 28) tumors when compared to
PD-L1 negative (n = 27) GCs (50.0% vs 0.0%, P < 0.001)[72]. Although this study have
provided the first clinical evidence of high activity of pembrolizumab EBV positive
GCs, the percentage of EBV positive or MSI-H GCs was higher in this patient cohort
compared to Western cohorts. This can be explained at least in part with the different
regional risk of acquiring EBV associated GCs that ranges from 1.3%-30.9% (average
of 10% worldwide) with the highest risk in Far East Asia, which also presents the
highest incidence of GCs[73].
In order to optimize treatment strategies with checkpoint inhibitors, a number of
ongoing trials are evaluating these agents in the first line setting (NCT02872116,
NCT02746796, NCT02625610, NCT02494583, Table 1). Novel predictive biomarker are
needed to select patient subgroups most likely to benefit from checkpoint inhibitors.
Recently, Sundar et al. reported that epigenomic promoter alterations occur in a
substantial proportion of metastatic GCs and cause reduced expression immunogenic
peptides, which allow immune evasion and remarkable resistance to anti-PD1
immune checkpoint inhibition[74].

CLAUDIN 18.2
Claudins are main components of tight junctions in epithelial cellular sheets. Distinct
claudins isoforms have been identified in different organs and their altered function
has been discovered to be associated to the cancerogenesis of respective tissues[75,76].
Claudin 1-5, 7-12,16 and 18 proteins are expressed in healthy gastric tissue[77]. In
particular the isoform 2 of the tight junction molecule Claudine-18 (CLDN18.2) is
strictly confined to differentiated gastric epithelial cells where controls the
paracellular permeability to Na+ and H+. In a significant percentage of primary GCs
and metastases, the cell polarity perturbations lead to exposure of CLDN18.2 on the
surface of GC cells so that it is available for monoclonal antibody binding [78] .
CLDN18.2 is not exclusive of GC and is broadly expressed in various cancer types
including biliary duct, pancreatic, ovarian cancer and NSCLC. A recent work have
analyzed 286 GC/GEJC tissue samples from North America, Asia and Europe,
demonstrating that 30% of samples (n = 86/286) presented high expression CLDN18.2
(moderate-to-strong CLDN18.2 membrane staining in ≥ 75% of tumor cells) with
limited overlap with HER2[79]. These biological findings suggested that CLDN18.2
could be targetable and led to the further development of monoclonal antibodies
against this protein. Zolbetuximab (IMAB362) is an anti-CLDN18.2 antibody that
binds GC cell lines with high relative affinity and selectivity, then mediates a lysis of
CLDN18.2-positive cells through antibody-dependent cellular cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC). In the phase II FAST trial a total of
161 patients were randomized to receive zolbetuximab plus epirubicine and
oxaliplatin (EOX) or EOX alone. Median PFS was significantly higher with
zolbetuximab + EOX (7.5 mo) vs EOX alone (5.3 mo; P < 0.0005; HR: 0.44, 95%CI: 0.290.67) and median OS (13 vs 8.4 mo; P = 0.0008; HR: 0.56, 95%CI: 0.40-0.79) and ORR
(39 vs 25%; P = 0.022) were also demonstrated to be longer with zolbetuximab + EOX
vs EOX alone with an increased efficacy in patients with high CLDN18.2 expression[80].
Consistent with these results, several trials are investigating zolbetuximab in different
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setting (NCT03504397, NCT03504397, NCT03653507, Table 1).

ANGIOGENIC AND STROMAL INHIBITORS
Based on the positive results of the REGARD and RAINBOW trial, other agents were
assessed for angiogenic inhibition in GC. The VEGFR-2 tyrosine kinase inhibitor
apatinib was tested in a phase II trial of patients with advanced GC refractory to two
or more lines of prior chemotherapy, showing compared to placebo, prolonged OS
(6.5 mo; 95%CI: 4.8 -7.6 vs 4.7 mo; 95%CI: 3.6-5.4; P = 0.0149; HR: 0.709; 95%CI: 0.5370.937; P = 0.0156) and PFS (2.6 mo; 95%CI: 2.0-2.9 vs 1.8 mo; 95%CI: 1.4-1.9; P < 0.001;
HR: 0.444; 95%CI: 0.331-0.595; P < 0.001) [81] . The ongoing ANGEL phase III trial
(Efficacy and Safety Trial of Apatinib Plus Best Supportive Care Compared to Placebo
Plus Best Supportive Care in Patients With Gastric Cancer) is evaluating the clinical
benefit and safety of apatinib plus Best Supportive Care (BSC) in comparison to
placebo plus BSC in patients who failed to at least two prior lines of standard
chemotherapies (NCT03042611, Table 1). Other phase III trials are assessing the
efficacy of apatinib as maintenance treatment after first line induction therapy
(NCT03598348, NCT02510469, NCT02509806). Regorafenib is an oral multi-kinase
inhibitor which targets angiogenic (VEGFR-1 and -2, tie-2), stromal (PDGF-β) and
oncogenic RTK, largely used in metastatic colorectal cancer and GIST. In the
INTEGRATE phase II study (Regorafenib for the treatment of advanced GC) patients
with previously treated GC had statistically significantly improved PFS when treated
with regorafenib compared to placebo [2.6 vs 0.9 mo (HR: 0.40; 95%CI: 0.28-0.59;
stratified log-rank: P < 0.001)][82]. Consistent with these results, regorafenib is currently
evaluated in the INTEGRATE II phase III trial (NCT02773524, Table 1). Bevacizumab
is a recombinant humanized monoclonal antibody that blocks angiogenesis by
inhibiting VEGF-A. The AVAGAST and AVATAR trials, comparing the VEGFantibody bevacizumab plus cisplatin/capecitabine to chemotherapy alone in different
populations, failed to show significant benefit in OS[83,84]. Subgroup analysis of the
AVAGAST trial showed that non-Asian patients were more likely to benefit from an
anti-angiogenic therapy than Asian patients, although in the overall study population,
this effect was not observed. Despite the encouraging results in the second line
setting, in the recent phase III trial RAINFALL (Ramucirumab with cisplatin and
fluoropyrimidine as first-line therapy in patients with metastatic gastric or junctional
adenocarcinoma) that randomized patients to receive ramucirumab plus
fluoropyrimidine and cisplatin or placebo plus fluoropyrimidine and cisplatin as firstline treatment, the addiction of ramucirumab to chemotherapy did not demonstrated
a statistical significant advantage in PFS (HR: 0.961, 95%CI: 0.768-1.203, P = 0.74) and
OS [HR: 0.962, 95%CI: 0.801-1.156, P = 0.6757; median OS 11.2 mo (9.9-11.9) in the
ramucirumab group vs 10.7 mo (9.5-11.9) in the placebo group][85]. Other studies have
investigated innovative approach to target the tumor microenvironment. A phase I/Ib
study found that the addition of andecaliximab, a monoclonal antibody that inhibits
matrix metalloproteinase 9, to FOLFOX showed activity in GC and GEJC.
Unfortunately the phase III GAMMA-1 trial (A phase III, randomized, double-blind,
placebo-controlled study to evaluate the efficacy and safety of andecaliximab
combined with mFOLFOX6 as first-line treatment in patients with advanced gastric or
gastroesophageal junction adenocarcinoma) comparing FOLFOX6 plus andecaliximab
or mFOLFOX6 plus placebo showed a median OS of 12.5 vs 11.8 mo in the
andecaliximab vs placebo treatment groups, respectively (HR: 0.93, two-sided: P =
0.56) and a median PFS of 7.5 mo in the andecaliximab group vs 7.1 mo in the placebo
group (HR: 0.94, two-sided: P = 0.10)[86].

CONCLUSION
Recent high-throughput molecular profiling studies have provided a deeper
understanding of the multiple genomic and epigenetic landscape of this complex and
heterogeneous disease. New gene mutations, chromosomal aberrations,
transcriptional and epigenetic alterations have been described with potentially
implications for the development of personalized treatment options. However, at
present, few target therapies are still available for metastatic GC.
Researches are focusing on the comprehension of primary and acquired
mechanisms of resistance to anti-HER2 drugs. Moreover the targeting of other RTKs
such as EGFR, MET or FGFR by TKIs or monoclonal antibodies failed to demonstrate
a clinical benefit in GC. However, an appropriate molecular selection have not been
conducted in many target driven clinical trials and retrospective analyses of these
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studies have provided a potential benefit from RTK-inhibitors in molecularly selected
subgroups.
It has to be noted that an excessive GC tumor heterogeneity and evolution
complicates the efficacy of target strategies. Recent studies showed a significant
discrepancy in genomic alterations within the primary tumor and between the
primary tumor and disseminated disease and the potential use of plasma-based
circulating-tumor DNA (cfDNA) to enhance selection of therapy in GC[41,87].
Based on the promising results of clinical trials of patients with pretreated
advanced GC, pembrolizumab and nivolumab were granted accelerated approval in
in the United States and in some Asian countries respectively. In contrast, none of the
current checkpoint inhibitors have been approved by the European Medicines Agency
(EMA). As demonstrated in other solid tumors, GC with MSI-H or dMMR is more
likely to respond to checkpoint inhibitors. EBV positive GCs seem to benefit
significantly from these drugs, while the role of PD-L1 expression as prognostic and
predictive biomarker of response to checkpoint inhibitors has not confirmed in all the
studies. In addition, epigenomic promoter alterations have been recently described as
a novel potential mechanism of resistance to checkpoint inhibitors in a substantial
proportion of GC. The anti-CLDN18.2 antibody zolbetuximab has shown promising
results and it is currently investigated in different ongoing trials. As regard
angiogenesis, in addition to ramucirumab, other antiangiogenic agents including
apatinib and regorafenib are currently under investigation.
In conclusion, remarkable advances in the molecular characterization of GC have
expanded our knowledge and paved the way to novel treatment options that will
hopefully improve the survival outcomes of patients with metastatic GC.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) has become a great threat for people’s health.
Many long noncoding RNAs are involved in the pathogenesis of HCC. SNHG15,
as a tissue specific long noncoding RNAs, has been studied in many human
cancers, except HCC.
AIM
To explore the regulatory mechanism of SNHG15 in HCC.
METHODS
In the present research, 101 HCC patient samples, two HCC cell lines and one
normal liver cell line were used. RT-qPCR and Western blot analysis were
applied to detect SNHG15, miR-490-3p and histone deacetylase 2 (HDAC2)
expression. The regulatory mechanism of SNHG15 was investigated using CCK8, Transwell and luciferase reporter assays.
RESULTS
Our research showed that up-regulation of SNHG15 was found in HCC and was
related to aggressive behaviors in HCC patients. Moreover, knockdown of
SNHG15 restrained HCC cell proliferation, migration and invasion. In addition,
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SNHG15 served as a molecular sponge for miR-490-3p. Further, miR-490-3p
directly targets HDAC2. HDAC2 was involved in HCC progression by
interacting with the SNHG15/miR-490-3p axis.
CONCLUSION
In conclusion, long noncoding RNA SNHG15 promotes HCC progression by
mediating the miR-490-3p/HDAC2 axis in HCC.
Key words: SNHG15; miR-490-3p; Hepatocellular carcinoma; Histone deacetylase 2;
Pathogenesis; Regulatory mechanism
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Long noncoding RNA (lncRNA)-SNHG15 is up-regulated in hepatocellular
carcinoma (HCC) tissue and cell lines. HCC patients with up-regulated lncRNASNHG15 level were more likely to have larger tumor sizes and advanced clinical stage.
lncRNA-SNHG15 promotes cell proliferation, migration and invasion in HCC cell lines.
The miR-490-3p/histone deacetylase 2 axis was determined to be the target regulated by
lncRNA-SNHG15 in HCC, and the regulatory mechanism of lncRNA-SNHG15 has been
preliminarily illuminated.

Citation: Dai W, Dai JL, Tang MH, Ye MS, Fang S. lncRNA-SNHG15 accelerates the
development of hepatocellular carcinoma by targeting miR-490-3p/ histone deacetylase 2
axis. World J Gastroenterol 2019; 25(38): 5789-5799
URL: https://www.wjgnet.com/1007-9327/full/v25/i38/5789.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i38.5789

INTRODUCTION
Hepatocellular carcinoma (HCC) is a high-risk, highly harmful malignant tumor.
Recently, HCC has jumped to the top three cancers in the Asia-Pacific region
including China, posing a threat to human health[1]. Moreover, the pathogenesis of
HCC is not fully understood. It has been reported that environmental and dietary
factors affect the occurrence of HCC[2]. At present, surgery is still the first choice for
the treatment of HCC. However, the recurrence rate of HCC is still high, and the 5year survival rate is generally below 50%[3]. Thus, exploring the pathogenesis of HCC
to screen for effective diagnostic markers and therapeutic targets is very urgent for
HCC patients.
Long non-coding RNAs (lncRNAs) are involved in the occurrence of human
diseases and cancers[4]. Recently, the presence of increased numbers of lncRNAs have
been demonstrated to be involved in HCC progression. For instance, lncRNA HOXDAS1 was overexpressed in HCC and accelerated cell proliferation and cell cycle
progression through the MEK/ERK pathway[5]. On the contrary, lncRNA TPTEP1 was
down-regulated in HCC and restrained HCC progression by suppressing STAT3
phosphorylation[6].
The specific functions of lncRNA SNHG15 in human cancers have caught our
attention. It had been reported that SNHG15 was down-regulated and served as a
tumor suppressor in thyroid cancer [7] . However, SNHG15 was up-regulated in
prostate cancer and acted as a tumor promoter by mediating miR-338-3p[8]. These
results indicate that expression of SNHG15 is tissue specific. In particular, SNHG15
expression was increased in HCC and predicted poor survival in HCC patients[9].
However, the specific role of SNHG15 is still unclear and needs to be elucidated.
In addition, it is well-known that lncRNAs exert an effect in human diseases by
inhibiting the expression and biological functions of miRNAs[10]. SNHG15 was found
to enhance colorectal cancer cell viability through down-regulation of miR-338-3p[11].
In this study, miR-490-3p was predicted to have binding sites with SNHG15.
Moreover, miR-490-3p sponging by CircSLC3A2 was reported to regulate HCC
progression[12]. It had been shown that miR-490-3p expression was reduced in HCC
and restrained autophagy[13]. However, whether SNHG15 regulates HCC progression
via regulating miR-490-3p remains unknown.
Besides that, histone deacetylase 2 (HDAC2) was predicted as a target of miR-490-

WJG

https://www.wjgnet.com

5790

October 14, 2019

Volume 25

Issue 38

Dai W et al. lncRNA-SNHG15 accelerates progression of HCC

3p in this study. Moreover, HDAC2 expression had been reported to be increased in
HCC tissues, which was related to adverse prognosis[14]. Additionally, miR-145 was
proposed to act as a tumor inhibitor via binding to HDAC2 in liver cancer [15] .
However, the interaction between miR-490-3p and HDAC2 has not been reported in
previous studies. Therefore, their relationship in HCC was investigated in our study.
Further, the regulatory mechanism of lncRNA SNHG15 with the miR-490-3p/HDAC2
axis was elucidated in HCC progression. Our results will contribute to better
understand the role of lncRNA SNHG15 in HCC progression.

MATERIALS AND METHODS
Clinical tissues
One hundred and one HCC patients in the Affiliated Hospital of Guangdong Medical
University, the second Affiliated Hospital of Guangdong Medical University and the
Seventh Affiliated Hospital of Sun Yat-sen University participated in this research.
The clinical features of the patients were shown in Table 1. Among them, 33 randomly
selected HCC tissues and paired adjacent non-neoplastic liver tissues were applied for
further experiments. Before the experiment, written informed consent was collected
from all HCC patients. Moreover, patients with HCC did not receive any treatment
except for surgery. The permission of this study was obtained from the Institutional
Ethics Committee of the Affiliated Hospital of Guangdong Medical University, the
second Affiliated Hospital of Guangdong Medical University and the Seventh
Affiliated Hospital of Sun Yat-sen University.

Cell culture
HCC cell lines HuH-1, HuH-7 and normal human liver cells L-O2 were obtained from
the Japanese Collection of Research Bioresources Cell Bank (JCRB, Shanghai, China).
The growth conditions of these cells are 5% CO2, 37 °C and culture solution (90%
DMEM + 10% fetal bovine serum).

Cell transfection
SNHG15 siRNA (si-SNHG15), pcDNA3.1-SNHG15 vectors, HDAC2 siRNA (siHDAC2) and miR-490-3p mimics or inhibitor were purchased from Genepharma
(Shanghai, China). Next, the siRNAs, vectors, mimics or inhibitors (20 nM) were
transfected into HuH-1 or L-O2 cells using Lipofectamine 2000 (Invitrogen).
Untreated cells were used as the controls.

RT-qPCR
Total RNA isolation was performed with TRIzol reagent (Sigma, United States). The
cDNA was reverse transcribed using microRNA reverse transcription kit (TAKARA,
Dalian, China). RT-qPCR assay was performing using SYBR Green Master Mix II
(TAKARA). U6 or glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
an internal reference for RNA or protein. Relative expression of SNHG15, miR-490-3p
and HDAC2 were detected with the 2-ΔΔct method.

Western blot analysis
Protein samples were lysed using RIPA buffer (Beyotime, Shanghai, China). Next,
10% SDS-PAGE was used to separate protein. Protein samples were transferred to
PVDF membranes and blocked with 5% nonfat milk. Next, protein samples were
incubated with HDAC2 and GAPDH primary antibodies (Abcam, Shanghai, China)
overnight at 4 °C. After washing, secondary antibodies (Abcam, United States) were
incubated with the protein samples for 1 h. Finally, ECL kit (Beyotime) was used to
assess protein bands.

CCK-8 assay
Transfected HuH-1 cells were incubated for 24 h (at 37 °C, 5% CO2) in 96-well plates.
Next, HuH-1 cells (3 × 103/well) were incubated in DMEM medium for 24, 48, 72 and
96 h. CCK-8 (Dojindo, Kumamoto, Japan) was added and incubated with the cells for
4 h. Finally, the optical density at 450 nm was observed by a microplate reader
(Molecular Devices) to assess cell viability.

Transwell assay
First, cell invasion was detected in the upper chamber with Matrigel (BD Biosciences,
United States). After 30 min, Transwell upper chamber was added with HuH-1 or LO2 cell suspension (5 × 103 cells/well). Next, lower chamber was added with DMEM
medium (10% fetal bovine serum). After 24 h, 0.1% crystal violet was applied to stain
the moved cells. For cell migration, 5 × 103 transfected cells were placed in the upper
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Table 1 Relationship between lncRNA-SNHG15 expression and the clinic-pathological
characteristics in hepatocellular carcinoma patients
lncRNA-SNHG15
Characteristics

Cases

P value
High

Low

Age in yr

0.56

≥ 65

40

26

14

< 65

61

44

17

Gender

0.86

Male

68

48

20

Female

33

22

11
0.01a

Tumor size in cm
< 5 cm

72

51

21

≥ 5 cm

29

19

10
0.01a

Edmondson-Steiner grading
I + II

75

53

22

III + IV

26

17

9
0.02a

TNM stage
I-II

80

55

25

III-IV

21

15

6

Statistical analyses were performed by the χ2 test.
a
P < 0.05 was considered significant. lncRNA-SNHG15: Long non-coding RNA-Small nucleolar RNA host
gene 15.

chambers without Matrigel. Observation and photographing were performed by a
light microscope.

Dual luciferase reporter assay
Reporter plasmids of SNHG15 (wt-SNHG15 and mut-SNHG15) and HDAC2 (wtHDAC2 and mut-HDAC2) were cloned into empty pGL3 vectors (GenePharma,
Shanghai, China. Then, the above reporter vectors were transfected into HuH-1 cells
with miR-490-3p mimics. After 48 h, luciferase activities were examined by dualluciferase reporter assay system (Promega, United States). HuH-1 cells with empty
pGL3 vectors were used as the control.

Statistical analysis
Data were analyzed by SPSS 17.0 or Graphpad Prism 6, which are shown as mean ±
standard deviation. One-way ANOVA and Student’s t-test were employed to
compare differences among multiple groups. Chi-squared test was used to analyze
the association between SNHG15 and clinical features in HCC patients. P < 0.05
indicated significant difference.

RESULTS
Dysregulation of SNHG15 in HCC
First, a difference in SNHG15 expression was detected in HCC tissues. We found
higher SNHG15 expression in HCC tissues than normal tissues (Figure 1A). Similarly,
up-regulation of SNHG15 was found in HuH-1 and HuH-7 cells compared to L-O2
cells (Figure 1B). The expression of SNHG15 in HuH-1 cells is higher than HuH-7
cells. Therefore, HuH-1 cells were used for further experiments. In addition, the
association between HCC clinical features and abnormal expression of SNHG15 was
analyzed. Tumor size, TNM stage and degrees of differentiation in HCC under
Edmondson-Steiner grading system were associated with abnormal SNHG15
expression in HCC patients (Table 1). These results suggested that SNHG15 may
affect tumorigenesis of HCC.
Next, SNHG15 siRNA or SNHG15 overexpression vector was transfected into
HuH-1 cells to explore its role in HCC. The transfection efficiency was confirmed by
RT-qPCR (Figure 1C). CCK-8 assay suggested that knockdown of SNHG15
suppressed proliferation of HuH-1 cells, while up-regulation of SNHG15 accelerated
cell proliferation in HuH-1 cells (Figure 1D). In addition, the Transwell assay showed
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Figure 1

Figure 1 The dysregulation of lncRNA-SNHG15 in hepatocellular carcinoma. A: SNHG15 expression in 33 randomly selected hepatocellular carcinoma tissues
and normal tissues; B: SNHG15 expression in HuH-1, HuH-7 and L-O2 cell lines; C: lncRNA-SNHG15 expression in HuH-1 and L-O2 cells containing SNHG15 siRNA
or vector; D: Cell proliferation in HuH-1 and L-O2 cells with SNHG15 siRNA or vector; E: Cell migration in HuH-1 cells with SNHG15 siRNA or vector; F: Cell invasion
in HuH-1 cells with SNHG15 siRNA or vector. Untreated cells were used as control (NC). aP < 0.05, bP < 0.01. SNHG15: Small nucleolar RNA host gene 15; HuH-1:
Hepatocellular carcinoma cell line; HuH-7: Hepatocellular carcinoma cell line; L-O2: Normal human liver cell lin3; siRNA: Small interfering RNA.

that cell migration was also promoted by up-regulation of SNHG15 and restrained by
knockdown of SNHG15 (Figure 1E). We also found that SNHG15 siRNA decreased its
expression in L-O2 cells, whereas SNHG15 overexpression vector enhanced its
expression in L-O2 cells (Figure 1C). However, up-regulation or down-regulation of
SNHG15 had little effect on cell migration and invasion in normal human liver cells LO2 (Figure 1E and F). These findings indicated the potential carcinogenesis of
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SNHG15 in HCC.

Direct interaction of SNHG15 and miR-490-3p in HCC
To explore the regulatory mechanism of SNHG15, its target miRNA was searched in
starBASEv2.0 database (http://starbase.sysu.edu). It predicted that SNHG15 has
potential binding sites with miR-490-3p (Figure 2A). Luciferase reporter assay showed
that miR-490-3p mimics decreased SNHG15-wt luciferase activity, but not SNHG15mut (Figure 2B). Next, lower miR-490-3p expression was identified in HCC tissues
compared to normal tissues (Figure 2C). Furthermore, SNHG15 was negatively
associated with miR-490-3p expression in HCC tissues (Figure 2D). In HuH-1 cells,
knockdown of SNHG15 enhanced miR-490-3p expression, while up-regulation of
SNHG15 reduced miR-490-3p expression (Figure 2E). Interestingly, down-regulation
or overexpression of miR-490-3p could also inversely regulate SNHG15 expression in
HuH-1 cells (Figure 2F). To further explain their interaction, the SNHG15 vector was
transfected into HuH-1 cells containing miR-490-3p mimics. Moreover, the increased
miR-490-3p expression mediated by its mimics was weakened by up-regulation of
SNHG15 (Figure 2G). Functionally, miR-490-3p induced inhibition of cell proliferation
was also restored by SNHG15 up-regulation (Figure 2H). Similarly, up-regulation of
SNHG15 also weakened the suppressive effect of miR-490-3p on migration and
invasion of HCC cells (Figure 2I and 2J). Based on the results, we hypothesized that
SNHG15 may accelerate HCC progression via molecular sponging of miR-490-3p.

miR-490-3p directly targets HDAC2
TargetScan (http://www.targetscan.org) predicted that miR-490-3p has a binding site
to HDAC2 (Figure 3A). Dual-luciferase reporter assay indicated that miR-490-3p
mimics reduced HDAC2-wt luciferase activity, but not HDAC2-mut (Figure 3B).
Moreover, miR-490-3p mimics were found to decrease HDAC2 expression, while a
miR-490-3p inhibitor up-regulated HDAC2 in HuH-1 cells (Figure 3C and D). These
studies indicated that miR-490-3p directly targets HDAC2. In addition, the
dysregulation of HDAC2 was identified in HCC tissues. Furthermore, HDAC2 was
up-regulated in HCC tissues compared with normal tissues (Figure 3E), and miR-4903p had an inverse correlation with HDAC2 expression in HCC tissues (Figure 3F). On
the contrary, a positive correlation between SNHG15 and HDAC2 expression was
identified in HCC tissues (Figure 3G). According to these results, we suspected that
HDAC2 may be involved in HCC progression by affecting the SNHG15/miR-490-3p
axis.

HDAC2 regulated HCC progression through mediating SNHG15/miR-490-3p
Finally, HuH-1 cells containing HDAC2 siRNA were transfected with a SNHG15
vector or a miR-490-3p inhibitor to further explain their interaction. First, we found
that mRNA and protein expression of HDAC2 was down-regulated by HDAC2
siRNA. However, the decreased expression of HDAC2 was reversed by the miR-4903p inhibitor or SNHG15 vector (Figure 4A and B). Functionally, the inhibition of cell
proliferation induced by HDAC2 siRNA was restored by miR-490-3p downregulation or SNHG15 up-regulation (Figure 4C). Similarly, the reverse effects of the
miR-490-3p inhibitor or SNHG15 vector on migration and invasion were also
identified in HuH-1 cells with HDAC2 siRNA (Figure 4D and 4E). These results
showed that the SNHG15/miR-490-3p axis exerts an effect in the development of
HCC progression by interacting with HDAC2.

DISCUSSION
As potential therapeutic targets, many lncRNAs have been found to regulate HCC
progression. For example, lncRNA-MNX1-AS1 was found to accelerate HCC
development via regulating the miR-218-5p/COMMD8 axis [16] . In our research,
lncRNA SNHG15 also served as an oncogene in HCC. In particular, up-regulation of
SNHG15 was identified in HCC, which was related to adverse clinical outcomes in
HCC patients. Functionally, knockdown of SNHG15 decreased migration, invasion
and proliferation of HCC cells. At the same time, SNHG15 was found to accelerate
HCC progression by targeting the miR-490-3p/HDAC2 axis, indicating that SNHG15
may be a therapeutic target for HCC patients.
Consistent with our results, up-regulation of SNHG15 was also detected in
colorectal carcinoma and lung cancer[17,18]. Functionally, up-regulated expression of
SNHG15 accelerated proliferation and invasion of gastric cancer cells[19]. In addition,
Kong et al[20] reported that SNHG15 facilitated human breast cancer cell migration by
sponging miR-211-3p. The same effect of SNHG15 was also identified in HCC, which
was consistent with previous studies. Besides that, Zhang et al[9] demonstrated that
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Figure 2

Figure 2 Direct interaction of lncRNA-SNHG15 and miR-490-3p. A: The binding sites between lncRNA-SNHG15 with miR-490-3p; B: Luciferase reporter assay; C:
miR-490-3p expression in 33 randomly selected HCC tissues and normal tissues; D: SNHG15 had negative correlation with miR-490-3p expression in 33 randomly
selected HCC tissues; E: miR-490-3p expression regulated by SNHG15 siRNA or vector in HuH-1 cells; F: SNHG15 expression in HuH-1 cells containing miR-490-3p
mimics or inhibitor; G: miR-490-3p expression in cells with miR-490-3p mimics or miR-490-3p mimics + SNHG15 vector. H: Cell proliferation in HuH-1 cells containing
miR-490-3p mimics or miR-490-3p mimics + SNHG15 vector; I: Cell migration in HuH-1 cells containing miR-490-3p mimics or miR-490-3p mimics + SNHG15 vector;
J: Cell invasion in HuH-1 cells containing miR-490-3p mimics or miR-490-3p mimics + SNHG15 vector. Untreated cells were used as control (NC). bP < 0.01.
SNHG15: Small nucleolar RNA host gene 15; miR-490-3p: Hsa-miR-490-3p; HCC: Hepatocellular carcinoma; siRNA: Small interfering RNA; HuH-1: Hepatocellular
carcinoma cell line.

abnormal expression of SNHG15 was related to TNM stage and vein invasion in HCC
patients. Similarly, tumor size, Edmondson-Steiner grading and TNM stage were also
related to SNHG15 expression in our research. Further, SNHG15 was confirmed as a
molecular sponge for miR-490-3p in this study, which has not been found in previous
studies.
The dysregulation of miR-490-3p has been identified in the tumorigenesis of human
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Figure 3

Figure 3 miR-490-3p directly targets HDAC2. A: The binding sites between miR-490-3p and HDAC2; B: Luciferase reporter assay; C: miR-490-3p regulated
HDAC2 expression in HuH-1 cells; D: miR-490-3p regulated HDAC2 expression in HuH-1 cells; E: HDAC2 expression in 33 randomly selected hepatocellular
carcinoma tissues and normal tissues; F: HDAC2 was negatively correlated with miR-490-3p in 33 randomly selected HCC tissues; G: lncRNA-SNHG15 was positively
correlated with HDAC2 in 33 randomly selected HCC tissues. Untreated cells were used as control (NC). bP < 0.01. miR-490-3p: Hsa-miR-490-3p; HDAC2: Histone
deacetylase 2; HuH-1: Hepatocellular carcinoma cell line; HCC: Hepatocellular carcinoma; SNHG15: Small nucleolar RNA host gene 15.

cancers. Down-regulation of miR-490-3p had been found in ovarian epithelial
carcinoma and colorectal cancer[21,22]. In this research, miR-490-3p was also downregulated in HCC. Furthermore, miR-490-3p overexpression was found to decrease
migration, invasion and proliferation of HCC cells. Consistently, the inhibitory role of
miR-490-3p had been also identified in lung cancer and colorectal cancer[23,24]. miR-4903p promoted viability and epithelial to mesenchymal transition of HCC cells[25], which
also supports the accuracy of our results. In addition, reciprocal suppression between
SNHG15 and miR-490-3p was identified in HCC. Furthermore, SNHG15 up-
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Figure 4

Figure 4 HDAC2 regulated hepatocellular carcinoma progression through mediating SNHG15/miR-490-3p. A: HDAC2 expression in HuH-1 cells containing
HDAC2 siRNA, si-HDAC2 + miR-490-3p inhibitor or si-HDAC2 + SNHG15 vector; B: HDAC2 expression in HuH-1 cells containing HDAC2 siRNA, si-HDAC2 + miR490-3p inhibitor or si-HDAC2 + SNHG15 vector; C: Cell proliferation in HuH-1 cells containing HDAC2 siRNA, si-HDAC2 + miR-490-3p inhibitor or si-HDAC2 +
SNHG15 vector; D: Cell migration in HuH-1 cells containing HDAC2 siRNA, si-HDAC2 + miR-490-3p inhibitor or si-HDAC2 + SNHG15 vector; E: Cell invasion in HuH1 cells containing HDAC2 siRNA, si-HDAC2 + miR-490-3p inhibitor or si-HDAC2 + SNHG15 vector. Untreated cells were set as control (NC). bP < 0.01. SNHG15:
Small nucleolar RNA host gene 15; miR-490-3p: Hsa-miR-490-3p; HDAC2: Histone deacetylase 2; HuH-1: Human hepatoma cell line; siRNA: Small interfering RNA;
si-HDAC2: HDAC2 siRNA.
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regulation abolished the suppressive effect of miR-490-3p in HCC progression. These
findings imply that SNHG15 accelerated HCC development by sponging miR-490-3p.
We explored the downstream mechanism of miR-490-3p in HCC. We found that
miR-490-3p directly targets HDAC2. Moreover, up-regulation of HDAC2 was found
in HCC, and a negative association between their expressions was detected in HCC.
Meanwhile, a positive correlation between the expression of SNHG15 and HDAC2
was observed in HCC. Previous studies suggested that HDAC2 was up-regulated in
breast cancer and colorectal cancer, acting as an oncogene [26,27] . In our research,
knockdown of HDAC2 was also found to inhibit HCC progression, serving as a tumor
promoter. More importantly, down-regulation of miR-490-3p or up-regulation of
SNHG15 was identified to recover the inhibitory effect of HDAC2 silencing in HCC.
Taken together, we for the first time demonstrated that HDAC2 regulated by the
SNHG15/miR-490-3p axis promoted the tumorigenesis of HCC.

ARTICLE HIGHLIGHTS
Research background
Among all cancers, hepatocellular carcinoma (HCC) related mortality is one of the highest and
has seen a dramatic increase in annual global incidence rate. Many recent studies have
demonstrated how transcriptional regulation affects HCC. Long non-coding RNAs (lncRNA)
play a role in the initiation and progression of HCC, such as maintenance of cell growth, evasion
of apoptosis, promotion of invasion and metastasis, stemness maintenance and epithelial to
mesenchymal transition.

Research motivation
To discover biomarkers for the diagnosis and treatment of HCC.

Research objectives
To investigate the underlying mechanisms of lncRNA-SNHG15 in HCC.

Research methods
lncRNA-SNHG15 expression was observed by qRT-PCR assay in HCC tissue and cell lines.
Clinicopathological characteristics were collected, arranged and combined with expression
analysis of HCC to evaluate the functions of lncRNA-SNHG15. Moreover, cell function assays
and western blot were performed to explore the functions of lncRNA-SNHG15 and targets
regulated by lncRNA-SNHG15 in HCC cell lines.

Research results
We found that lncRNA-SNHG15 was increased in HCC tissues and cell lines and exhibited a
significantly positive relationship with tumor sizes, TNM stage and Edmondson-Steiner grading.
Cell experiments showed SNHG15 increased the proliferation and invasion capacity of HCC cell
lines, and miR-490-3p/histone deacetylase 2 may be the target regulated by lncRNA-SNHG15 in
HCC cells.

Research conclusions
Our study demonstrated that lncRNA-SNHG15 can significantly promote cell growth, migration
and invasion of HCC. Furthermore, it can work through miR-490-3p/histone deacetylase 2.
Therefore, our study provides some molecular mechanism and three new biomarkers for HCC.

Research perspectives
In the future, research may reveal the important role of lncRNA-SNHG15 that enhances the
sensitivity of HCC detection and further develop its application in anti-cancer treatments.
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BACKGROUND
Sirtuin 1 (SIRT1) is a nicotinamide adenine dinucleotide (NAD+)-dependent
protein deacetylase that is involved in various diseases, including cancers,
metabolic diseases, and inflammation-associated diseases. However, the role of
SIRT1 in ulcerative colitis (UC) is still confusing.
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METHODS
We developed a coculture model using macrophages and Caco-2 cells. After
treatment with the SIRT1 activator SRT1720 or inhibitor nicotinamide (NAM), the
expression of occludin and zona occludens 1 (ZO-1) was assessed by Western blot
analysis. Annexin V-APC/7-AAD assays were performed to evaluate Caco-2
apoptosis. Dextran sodium sulfate (DSS)-induced colitis mice were exposed to
SRT1720 or NAM for 7 d. Transferase-mediated dUTP nick-end labeling
(TUNEL) assays were conducted to assess apoptosis in colon tissues. The
expression levels of glucose-regulated protein 78 (GRP78), CCAAT/enhancerbinding protein homologous protein (CHOP), caspase-12, caspase-9, and caspase3 in Caco-2 cells and the colon tissues of treated mice were examined by
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SRT1720 treatment increased the protein levels of occludin and ZO-1 and
inhibited Caco-2 apoptosis, whereas NAM administration caused the opposite
effects. DSS-induced colitis mice treated with SRT1720 had a lower disease
activity index (P < 0.01), histological score (P < 0.001), inflammatory cytokine
levels (P < 0.01), and apoptotic cell rate (P < 0.01), while exposure to NAM caused
the opposite effects. Moreover, SIRT1 activation reduced the expression levels of
GRP78, CHOP, cleaved caspase-12, cleaved caspase-9, and cleaved caspase-3 in
Caco-2 cells and the colon tissues of treated mice.
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CONCLUSION
SIRT1 activation reduces apoptosis of IECs via the suppression of endoplasmic
reticulum stress-mediated apoptosis-associated molecules CHOP and caspase-12.
SIRT1 activation may be a potential therapeutic strategy for UC.
Key words: Sirtuin 1; Endoplasmic reticulum stress; Apoptosis; Ulcerative colitis;
Intestinal barrier
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Core tip: The purpose of this article was to investigate the role of sirtuin 1 (SIRT1) in
intestinal epithelial cells (IECs) in ulcerative colitis (UC) in a UC coculture model and in
mice with dextran sodium sulfate (DSS)-induced colitis. It was found that SIRT1
activation contributes to enhanced intestinal barrier and reduced apoptosis of IECs via
the suppression of endoplasmic reticulum stress-mediated apoptosis-associated
molecules CCAAT/enhancer-binding protein homologous protein and caspase-12.
SIRT1 activation may be a potential therapeutic strategy for UC.
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INTRODUCTION
Ulcerative colitis (UC), the main subtype of inflammatory bowel disease (IBD), is a
chronic relapsing inflammatory disorder of the large intestine. The incidence and
prevalence of UC have increased in recent years [1] . The etiology of UC remains
obscure and involves a combination of genetics, environment, microbiota, and the
immune system[2,3]. It is widely believed that dysregulation of cytokines (e.g., tumor
necrosis factor-α (TNF-α), interleukin-1 (IL-1), IL-10, and IL-21), oxidative stress, and
abnormal immune responses are key players in the progression of UC[4]. Recent data
demonstrate that the intestinal epithelium, which plays a crucial role in the
occurrence and persistence of UC, is a highly dynamic tissue rather than a simple
physical barrier[5]. Although a large number of therapeutic agents, including 5-ASA
drugs, immunosuppressants, steroids, and emerging biological agents, have appeared
in the past few years, most patients still experience severe complications or recurrence
of the disease, which greatly reduces their quality of life[6]. Therefore, it is imperative
to develop effective treatments for UC.
The endoplasmic reticulum (ER) is a principal compartment in eukaryotic cells for
protein folding and trafficking. Cellular stresses such as perturbations of Ca 2+
homeostasis and oxidative stress disrupt ER homeostasis, resulting in the
accumulation of unfolded and misfolded proteins in the ER lumen, which initiates the
unfolded protein response (UPR)[7]. The UPR reduces protein synthesis, accelerates
protein folding, and activates ER-associated degradation to orchestrate the recovery of
ER function. However, if ER stress is too severe or persistent, intrinsic apoptotic
pathways are eventually triggered, leading to cell death[8,9]. Recently, increasing
evidence suggests that ER stress and UPR are involved in the pathogenesis of UC by

WJG

https://www.wjgnet.com

5801

October 14, 2019

Volume 25

Issue 38

Ren MT et al. Sirtuin 1 alleviates ulcerative colitis

regulating apoptosis, autophagy, and inflammatory responses[6,10].
Sirtuin 1 (SIRT1), a member of the mammalian sirtuin family of proteins, is a
nicotinamide adenine dinucleotide (NAD+)-dependent protein deacetylase and plays
an essential role in caloric restriction, life span modulation, and cell fate determination[11,12]. Recently, a number of studies have demonstrated that SIRT1 plays a
protective role in colitis[13-16]. In particular, a report by Melhem et al[14] illustrated that
SIRT1 relieves experimental colitis by modulating ER stress and reducing the UPR.
However, the mechanism underlying the regulatory effect of SIRT1 on ER stressmediated apoptosis in colitis is still unclear.
In the present study, we aimed to investigate the role of SIRT1 in the intestinal
barrier in a UC coculture model and in mice with dextran sodium sulfate (DSS)induced colitis. The mechanisms underlying the effect of SIRT1 on ER stress-mediated
apoptotic pathways within intestinal epithelial cells (IECs) were further explored.

MATERIALS AND METHODS
Reagents
The SIRT1 activator SRT1720 and inhibitor nicotinamide (NAM) were obtained from
Selleck Chemicals (Houston, TX, United States). DSS was purchased from MP
Biomedical (Santa Ana, CA, United States). Anti-occludin, anti-zona occludens 1 (ZO1), and anti-caspase-3 primary antibodies were purchased from Proteintech (Wuhan,
China), anti-caspase-12 and anti-caspase-9 antibodies were obtained from LSBio
(Seattle, WA, United States), and anti-SIRT1, anti-glucose-regulated protein 78
(GRP78), anti-CCAAT/enhancer-binding protein homologous protein (CHOP), and
anti-β-actin antibodies were obtained from Abcam (Cambridge, UK).

Cell culture and coculture
We established an in vitro coculture model of Caco-2 and THP-1 cells based on
previous studies[17-19].The human colon carcinoma Caco-2 and monocyte THP-1 cell
lines were obtained from the American Type Culture Collection (ATCC; Manassas,
VA, United States), cultured in Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Carlsbad, CA, United States) and RPMI-1640 cell culture medium (Gibco),
respectively, supplemented with 10% fetal bovine serum (FBS; Gibco), and incubated
at 37 °C in a 5% CO2 atmosphere. To establish the coculture model, Caco-2 cells were
cultured in 6-well culture inserts (Transwell inserts; Corning Costar, NY, United
States) at a density of 2 × 10 5 cells/insert for 17-20 d to obtain an integrated
monolayer. THP-1 cells were cultured in 6-well plates at a density of 1.5 × 10 6
cells/well and treated with serum-free RPMI-1640 medium containing 100 ng/mL
phorbol-12-myristate-13-acetate (PMA; Sigma-Aldrich, St. Louis, MO, United States)
and 0.3% bovine serum albumin (BSA; Sigma-Aldrich) for 48 h. After confirming that
THP-1 cells had differentiated into macrophages, the Transwell insert on which Caco2 cells had been cultured for 17-20 d was placed in the culture well in which human
macrophage-like THP-1 cells were cultivated, then lipopolysaccharide (LPS; SigmaAldrich) was added to the lower chamber at a final concentration of 10 ng/ml.
Ultimately, the two cell lines were cocultured for 24 h. Once the coculture model was
established, the SIRT1 activator SRT1720 or inhibitor NAM was added to the upper
chamber medium at a final concentration of 10 µM and 5 mM, respectively.

Enzyme-linked immunosorbent assay (ELISA)
The levels of secreted inflammatory cytokines IL-1β and TNF-α in the coculture
model as well as in the colon tissues of treated mice were assayed using ELISA kits
(Boster, Wuhan, China) according to the manufacturer’s instructions. Cell-free
supernatants from the upper chamber after coculture for 24 h and colon homogenate
supernatants of mice were collected. The absorbance at 450 nm was detected with a
microplate reader (Thermo Fisher Scientific, Waltham, MA, United States).

Annexin V-APC/7-AAD assays
Caco-2 apoptosis was evaluated with an Annexin V-APC/7-AAD Apoptosis
Detection kit (Keygen Biotech, Nanjing, China). After SRT1720 or NAM treatment for
48 h, Caco-2 cells were harvested with EDTA-free trypsin, washed twice with cold
phosphate-buffered saline, and resuspended in 500 µL of 1 × binding buffer. The
resuspended cells were incubated with 5 µL of Annexin V-APC and 5 µL of 7-AAD
for 5 min in the dark prior to being analyzed with a CytoFLEX flow cytometer
(Beckman Coulter, CA, United States).

Animals
Twenty-four female C57BL/6 mice (6-8 wk old, weighing 18-22 g) were obtained from
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SIPPR-BK Lab Animal Co. Ltd. (Shanghai, China) and kept at room temperature (2223 °C), with a light/dark cycle of 12/12 h, and free access to food and water. All
experimental protocols were designed to minimize pain or discomfort to the animals
and were approved by the Ethics Committee of the First Affiliated Hospital, College
of Medicine, Zhejiang University.
Female mice were randomly divided into four groups of six per group: The control
group had free access to drinking water; the UC group was fed 3% DSS (w/v) for 7
consecutive days; and the UC + SRT1720 and UC + NAM groups received 3% DSS
(w/v) for 7 consecutive days, followed by treatment with SRT1720 (100 mg/kg·d,
intraperitoneal injection) or NAM (500 mg/kg·d, intraperitoneal injection) for another
7 d, respectively. The disease activity index (DAI) was measured daily after successful
induction of acute colitis, as previously described[20].
All mice were sacrificed by decapitation. Distal colon samples were harvested for
subsequent studies. The histological score (HS) of colon sections stained with
hematoxylin and eosin was evaluated as described previously[20].

Transferase-mediated dUTP nick-end labelling (TUNEL) assay
Apoptosis of cells in the colon tissue was assessed using a commercially available
TUNEL assay kit (In Situ Cell Death Detection kit; Roche Applied Science, Basel,
Switzerland) according to the manufacturer's instructions. In brief, tissue sections
were incubated with proteinase K solution at 37 °C for 15 min. Afterwards, the
enzyme solution and label solution were mixed (1:9) and added to the samples. The
addition of 50 µL of converter-POD for 30 min was performed sequentially. Ten fields
per section were assayed randomly in each experiment, and the percentage of positive
cells was calculated.

Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from human macrophage-like THP-1 and Caco-2 cells using
TRIzol reagent (TaKaRa, Shiga, Japan) and reverse transcribed using a PrimeScriptTM
RT reagent kit with gDNA Eraser (TaKaRa). qRT-PCR was performed on an Applied
Biosystems 7500 Fast Real-Time PCR System using the SYBER Green Premix Ex Taq
kit (TaKaRa) according to the manufacturer’s protocol. The primer sequences are
listed in Table 1. The relative mRNA expression was analyzed by the 2-Ct method.

Western blot analysis
Total protein from Caco-2 cells and colon segments of mice was isolated with RIPA
buffer (Beyotime Biotechnology, Shanghai, China). Protein was quantified by BCA
assay, separated by 10% SDS-PAGE, and transferred to polyvinylidene difluoride
membranes (Millipore, Billerica, MA, United States). The membranes were blocked
with 5% BSA diluted in TBS containing 5% Tween-20 for 2 h at room temperature,
and incubated with primary antibodies at 4 °C overnight. Finally, the membranes
were treated with ECL reagent and exposed to X-ray film. β-actin was used as an
internal control.

Statistical analysis
Data are shown as the mean ± standard deviation (SD). All statistical analyses were
performed with GraphPad Prism 7.0 (GraphPad Software, San Diego, United States)
using unpaired Student’s t-test or one-way analysis of variance followed by Tukey’s
test for multiple comparisons. P < 0.05 indicated a statistically significant difference.

RESULTS
Establishment of a coculture model in vitro
Cell-free supernatants from the upper chamber, human macrophage-like THP-1 cells,
and Caco-2 cells were collected for the evaluation of IL-1β and TNF-α levels by ELISA
or qRT-PCR. In the present study, the levels of secreted IL-1β and TNF-α in the upper
chamber supernatants were dramatically increased upon LPS stimulation (Figure 1A
and B; P < 0.001 vs coculture). In addition, the mRNA expression levels of
inflammatory cytokines in macrophages and Caco-2 cells were significantly increased
compared with the cells cocultured without added LPS (Figure 1C; P < 0.01 for IL-1β
in Caco-2 vs coculture, P < 0.001 for IL-1β and TNF-α in macrophages and TNF-α in
Caco-2 vs coculture). Herein, LPS administration for 24 h significantly increased IL-1β
and TNF-α levels in the coculture model, which is in accordance with precious
studies[17-19], suggesting that it is a suitable model to mimic acute colitis in vitro.

SIRT1 activation enhances tight junctions in Caco-2 monolayers
To assess the integrity of the intestinal barrier, we detected the expression levels of
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Table 1 Primer sequences for quantitative real-time polymerase chain reaction
Gene name
IL-1β

TNF-α

GRP78

CHOP

β-actin

Primer sequence
Forward

5‘-ATGGCTTATTACAGTGGCA-3’

Reverse

5‘-TGTAGTGGTGGTCGGAGA-3’

Forward

5‘-TCAGAGGGCCTGTACCTCAT-3’

Reverse

5‘-GGAAGACCCCTCCCAGATAG-3’

Forward

5‘-GGAACCATCCCGTGGCATAA-3’

Reverse

5‘-CTTGGTAGGCACCACTGTGT-3’

Forward

5‘-CACCACTCTTGACCCTGCTTCTC-3’

Reverse

5‘-TGACCACTCTGTTTCCGTTTCC-3’

Forward

5’-AGCGAGCATCCCCCAAAGTT-3’

Reverse

5‘-GGGCACGAAGGCTCATCATT-3’

GRP78: Glucose-regulated protein 78; CHOP: CCAAT/enhancer-binding protein homologous protein.

tight junction (TJ) proteins occludin and ZO-1. After coculturing with SRT1720 (10
µM) or NAM (5 mM), Caco-2 cells were collected, and the protein was extracted for
Western blot analysis. As expected, compared with the UC group, SRT1720
administration significantly upregulated the expression of the TJ proteins occludin
and ZO-1, while NAM treatment suppressed the expression of occludin and ZO-1
(Figure 2). Clearly, our data indicate that drug treatment for 48 h results in the
strongest protective and damaging effect on Caco-2 monolayers, respectively.
Therefore, we chose 48 h as the time point for drug treatment in subsequent
experiments.

SIRT1 inhibits Caco-2 apoptosis
Annexin V-APC/7-AAD staining assays were applied to assess the apoptosis of Caco2 cells treated with SRT1720 or NAM for 48 h. As shown in Figure 3A, the induction
of colitis caused significant damage to the Caco-2 monolayers, with the apoptosis rate
(Annexin V-APC+/7-AAD+ quadrant and Annexin V-APC+/7-AAD- quadrant)
reaching 10.21%. Though administration of SRT1720 reduced the apoptosis rate of
Caco-2 cells to some extent, there were no significant differences between the UC +
SRT1720 group and the UC group (Figure 3B). However, NAM treatment led to a
significant increase in the rate of apoptosis (Figure 3B; P < 0.001 vs UC).

SIRT1 negatively regulates ER stress-mediated apoptotic pathways in Caco-2
monolayers
As shown in Figure 4A, SRT1720 administration increased the protein level of SIRT1,
while NAM treatment downregulated its expression. To explore the molecular
mechanisms underlying the protective role of SIRT1, we detected the mRNA levels of
the ER stress chaperone GRP78 and the ER stress-induced apoptosis marker CHOP in
Caco-2 cells. Exposure to SRT1720 for 48 h resulted in significantly decreased mRNA
expression levels of GRP78 (Figure 4B; P < 0.001 vs UC) and CHOP (Figure 4C; P <
0.01 vs UC), whereas NAM treatment increased the expression of GRP78 and CHOP
(Figure 4B and C; P < 0.01 vs UC). Western blot was also performed to verify the
protein levels of ER stress- and apoptosis-related molecules. Consistent with the
mRNA levels, we found that the level of GRP78 was significantly decreased in the
SRT1720-treated group compared with the UC group (Figure 4D). In addition, the
levels of CHOP and cleaved caspase-12, which play important roles in ER stressinduced apoptosis, were also decreased after SRT1720 treatment (Figure 4D).
Moreover, the expression of downstream molecules, such as caspase-9 and caspase-3,
was also suppressed (Figure 4D). In contrast, NAM treatment increased the
expression of GRP78 and CHOP and upregulated the levels of the activated forms of
caspase-12, caspase-9, and caspase-3 (Figure 4D).

SIRT1 clinically and histologically ameliorates DSS-induced colitis
Symptoms of acute colitis, including weight loss, diarrhea, and rectal bleeding, were
observed daily after 7 d of DSS exposure. As expected, the administration of DSS
successfully induced colitis, as the DAI dramatically increased in the UC group
compared with the control group (Figure 5A; P < 0.001 vs control). The DAI score was
higher in the UC + NAM group than in the UC group (Figure 5A; P < 0.01 vs UC), and
SRT1720 treatment markedly reduced the DAI score (Figure 5A; P < 0.01 vs UC, P <
0.001 vs UC). Histologically, integrity loss, goblet cell damage, and inflammatory cell
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Figure 1

Figure 1 Establishment of a coculture model in vitro. A: The levels of secreted IL-1β in the upper chamber supernatants were detected by ELISA; B: The levels of
secreted TNF-α in the upper chamber supernatants were detected by ELISA; C: The mRNA expression levels of IL-1β and TNF-α in macrophage-like THP-1 cells and
Caco-2 cells were tested by quantitative real-time PCR. Data are presented as the mean ± SD. bP < 0.01 vs coculture; cP < 0.001 vs coculture. LPS:
Lipopolysaccharide; IL-1β: Interleukin-1β; TNF-α: Tumor necrosis factor-α; ELISA: Enzyme-linked immunosorbent assay; PCR: Polymerase chain reaction.

infiltration were observed in the DSS group compared with the control group (Figure
5B and C; P < 0.001 vs control). Compared with those in the UC group, the above
changes were ameliorated in the SRT1720-treated group and aggravated in the NAMtreated group (Figure 5B). The HS of the UC + SRT1720 group was higher than that of
the UC group (Figure 5C; P < 0.001 vs UC), while the UC + NAM group did not show
significantly aggravated colitis (Figure 5C). Taken together, these data show that
SIRT1 activation reduces susceptibility to DSS-induced acute colitis both clinically and
histologically.

SIRT1 decreases inflammatory cytokine expression in DSS-induced colitis
The expression levels of IL-1β and TNF-α in colon tissues were detected by ELISA to
assess the inflammatory response. The data indicated that DSS treatment increased
the levels of IL-1β and TNF-α significantly (Figure 6A and B; P < 0.001 vs control).
Reduced expression levels of inflammatory cytokines were observed in the UC +
SRT1720 group compared with the UC group (Figure 6A and B; P < 0.01 for IL-1β and
P < 0.001 for TNF-α vs UC). In addition, the UC + NAM group showed increased
expression levels of IL-1β and TNF-α (Figure 6A and B; P < 0.05 vs UC).

SIRT1 activation reduces the apoptotic cell rate in DSS-induced colitis
To estimate apoptosis in the colon tissue, TUNEL assays were performed, and
positively stained cells were counted. The DSS group presented a dramatically larger
number of apoptotic cells than the control group (Figure 7A and B; P < 0.001 vs
control). There were fewer apoptotic cells in the UC + SRT1720 group than in the UC
group (Figure 7A and B; P < 0.01 vs UC). Moreover, NAM administration decreased
the percentage of apoptotic cells (Figure 7A and B; P < 0.001 vs UC).

SIRT1 activation suppresses ER stress-mediated apoptotic pathways during DSSinduced colitis
Protein levels in colon tissues of treated mice were assessed by Western blot. DSS
administration caused a lower protein level of SIRT1. Besides, SRT1720 and NAM
treatment upregulated and downregulated SIRT1 expression levels, respectively
(Figure 8A). As shown in Figure 8B, compared with the control group, the DSStreated group showed significantly elevated protein levels of GRP78, CHOP, and
cleaved caspase-12, suggesting that ER stress and the UPR were activated. Consistent
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Figure 2

Figure 2 Sirtuin 1 activation enhances tight junctions in Caco-2 monolayers. The protein levels of occludin and ZO-1 in Caco-2 monolayers were examined after
administration of the drug for 24 h, 48 h, or 72 h. UC: Ulcerative colitis; NAM: Nicotinamide; ZO-1: Zona occludens 1.

with the in vitro results, SRT1720 administration downregulated the protein levels of
GRP78, CHOP, cleaved caspase-12, cleaved caspase-9, and cleaved caspase-3 (Figure
8B). Additionally, NAM administration caused the opposite effect (Figure 8B).
Altogether, these results show that SIRT1 activation inhibits ER stress-mediated
apoptotic pathways in DSS-induced colitis mice.

DISCUSSION
UC is characterized by chronic colonic mucosal inflammation and is a known risk for
colorectal cancer. Although novel pharmacological therapies have been emerging
recently, the existing treatments for UC are still not satisfactory[21]. Thus, developing
effective drugs is essential. As a well-known modulator of lifespan, SIRT1 is involved
in various diseases, including cancers, metabolic diseases, and inflammationassociated diseases[22-25]. However, the role of SIRT1 in the intestinal barrier and
intestinal inflammation is still obscure. Here, we applied the SIRT1 activator SRT1720
and inhibitor NAM to investigate the potential effects of SIRT1 on the intestinal
barrier in a UC coculture model and in mice with DSS-induced colitis. Our results
demonstrate that the pharmacological activation of SIRT1 enhances TJ integrity of the
intestinal barrier and reduces apoptosis of IECs by downregulating the expression of
CHOP and suppressing the activation of caspase-12, which are key molecules in ER
stress-mediated apoptotic pathways.
SIRT1 was found to be downregulated in colonic epithelium and lamina propria
mononuclear cells (LPMCs) of IBD patients and elevated after successful infliximab
treatment, suggesting that SIRT1 is involved in the development of IBD [13,14] .
Furthermore, previous studies have identified the protective role of SIRT1 in intestinal
inflammation, the molecular mechanisms of which include intestinal microbiota
alteration and nuclear factor kappa B (NF-κB) pathway suppression[13,16,26]. In our
study, SIRT1 activation significantly alleviated DSS-induced experimental colitis both
clinically and histologically; this alleviation of colitis was accompanied by the
downregulation of the levels of the inflammatory cytokines IL-1β and TNF-α in colon
tissues, which is consistent with previous studies. Nevertheless, further studies are
required to illuminate the underlying mechanisms.
The intestinal epithelial barrier isolates the internal milieu from the external
environment and plays a crucial role in intestinal homeostasis. Intestinal
inflammation is associated with increased permeability of the intestinal mucosa
caused by intestinal barrier damage[27]. Occludin and ZO-1 are important TJ proteins
and are essential for the maintenance of intestinal mucosal barrier integrity [28] .
Occludin interacts directly with claudins and actin and takes part in the regulation of
the intestinal barrier[29]. ZO-1 is a peripheral membrane protein that is essential for TJ
assembly and maintenance [29] . A recent study revealed that occludin and ZO-1
expression in UC patients was not only significantly decreased compared with that of
healthy controls but also positively related to intestinal mucosal healing[30]. Moreover,
previous studies have demonstrated that SIRT1 enhances TJs in other physical
barriers [31,32] . Herein, we found that SIRT1 activation significantly increased the
expression of occludin and ZO-1 in Caco-2 monolayers, suggesting that SIRT1 may
exert protective effects on colitis by promoting intestinal barrier integrity.
IECs, which comprise enterocytes, goblet cells, and Paneth cells, have welldeveloped ER structures for the biosynthesis of large amounts of proteins. Increasing
evidence suggests that ER stress and the UPR in IECs are involved in the pathogenesis
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Figure 3

Figure 3 Sirtuin 1 inhibits Caco-2 apoptosis. A: Cells in the upper-right (UR) portion are late apoptotic cells, whereas cells in the lower-left and lower-right (LR)
portions are viable and early apoptotic cells, respectively; B: Apoptotic rate (UR + LR) of Caco-2 cells. Each value is presented as the mean ± SD. cP < 0.001 vs UC.
UC: Ulcerative colitis; NAM: Nicotinamide.

of UC[10,33,34]. Unresolved ER stress is a common character of the UC epithelium and
results in the activation of the UPR to restore ER homeostasis or the induction of cell
apoptosis if ER stress is too severe to be rescued[35]. Additionally, ER stress in IECs is
related to intestinal dysbiosis and dysregulated immune response, leading to cell
dysfunction, mucosal barrier damage, and intestinal inflammation[36]. In the present
study, exposure to DSS increased the expression of the ER stress marker GRP78,
which was accompanied by an increased rate of apoptosis in the colon and the
activation of apoptosis-related proteases caspase-9 and caspase-3. GRP78 is an ER
chaperone that binds to transmembrane ER stress sensors (inositol-requiring enzyme
1α (IRE1α), double-stranded RNA-activated protein kinase-like ER kinase (PERK),
and activating transcription factor 6α (ATF6α)) in non-stressed cells[37]. It is released
and contributes to the apoptosis of IECs upon ER stress[6]. Moreover, we found that
SIRT1 activation reduced apoptosis in Caco-2 monolayers and colon tissues of DSSinduced colitis mice, indicating that SIRT1 may play a protective role in ER stressinduced injury.
To further confirm the protective effect of SIRT1, we detected the protein levels of
CHOP and caspase-12. As a downstream transcriptional factor of PERK/eukaryotic
translation initiation factor 2α (eIF2α)/activating transcription factor 4 (ATF4), CHOP
plays a critical role in ER stress-induced apoptosis through suppression of the
antiapoptotic protein Bcl-2 and induction of the proapoptotic molecules Bim, death
receptor 5 (DR5), and telomere repeat binding factor 3 (TRB3) [38] . The intestinal
epithelium of IBD patients shows higher expression of CHOP compared with normal
people[39]. Furthermore, CHOP overexpression increases susceptibility to intestinal
inflammation and mucosal tissue injury in mice, whereas knockdown of CHOP
alleviates IEC apoptosis[40,41]. Previous studies have revealed that SIRT1 alleviates ER
stress-mediated cell apoptosis through the downregulation of the PERK-eIF2α-CHOP
axis in the UPR pathway in cardiac cells and chondrocytes[42,43]. Caspase-12 is another
marker of ER stress-mediated apoptosis, which is separated from the ER membrane
and cleaved into active fragments upon ER stress, resulting in caspase-3 cleavage and
apoptosis [44] . Guo et al [45] reported that SIRT1 may alleviate ER stress-mediated
apoptosis of cardiomyocytes via reduced expression levels of CHOP and cleaved
caspase-12. Here, we show that SIRT1 activation decreases the expression of CHOP
and suppresses the activation of caspase-12 in Caco-2 cells as well as in DSS-induced
colitis mice, while treatment with the SIRT1 inhibitor NAM induced the opposite
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Figure 4

Figure 4 Sirtuin 1 negatively regulates endoplasmic reticulum stress-mediated apoptotic pathways in Caco-2 monolayers. A: The protein levels of SIRT1 in
Caco-2 cells were detected by Western blot; B: The mRNA levels of GRP78 in Caco-2 cells were tested by quantitative real-time PCR; C: The mRNA levels of CHOP
in Caco-2 cells were tested by quantitative real-time PCR; D: The protein levels of GRP78, CHOP, caspase 12, caspase 9, and caspase 3 were detected by Western
blot in Caco-2 cells. Data are presented as the mean ± SD. bP < 0.01 vs UC; cP < 0.001 vs UC. UC: Ulcerative colitis; NAM: Nicotinamide; PCR: Polymerase chain
reaction; GRP78: Glucose-regulated protein 78; CHOP: CCAAT/enhancer-binding protein homologous protein; SIRT1: Sirtuin 1.

effect, which indicates that SIRT1 protects IECs from ER stress-induced apoptosis by
suppressing CHOP, caspase-12, and their downstream signaling cascades.
In conclusion, we discovered that SIRT1 activation contributes to enhanced
intestinal barrier integrity and reduced IEC apoptosis via the suppression of ER stressmediated apoptotic proteins such as CHOP and caspase-12. SIRT1 may serve as a
novel drug target, and SIRT1 activation is a promising therapeutic strategy for UC.
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Figure 5

Figure 5 Sirtuin 1 clinically and histologically ameliorates dextran sodium sulfate-induced colitis. A: Disease activity index was calculated; B: Hematoxylineosin staining of colon sections was performed (×100); C: Histological scores of stained sections were calculated. Each value is presented as the mean ± SD. bP <
0.01 vs UC; cP < 0.001 vs UC; dP < 0.001 vs control. UC: Ulcerative colitis; NAM: Nicotinamide.
Figure 6

Figure 6 SIRT1 decreases inflammatory cytokine expression in dextran sodium sulfate-induced colitis. The expression levels of IL-1β and TNF-α were
detected by ELISA. A: The expression of IL-1β in colon tissues; B: The expression of TNF-α in colon tissues. Data are presented as the mean ± SD. aP < 0.05 vs UC;
b
P < 0.01 vs UC; cP < 0.001 vs UC; dP < 0.001 vs control. UC: Ulcerative colitis; NAM: Nicotinamide; IL-1β: interleukin-1β; TNF-α: Tumor necrosis factor-α; ELISA:
Enzyme-linked immunosorbent assay.
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Figure 7

Figure 7 SIRT1 activation reduces apoptotic cell rates in dextran sodium sulfate-induced colitis. A: TUNEL staining of colon tissue was performed; B: The
number of TUNEL positive cells per 10000 cells was counted. Each value is presented as the mean ± SD. bP < 0.01 vs UC; cP < 0.001 vs UC; dP < 0.001 vs control.
TUNEL: Transferase-mediated dUTP nick-end labeling; UC: Ulcerative colitis; NAM: Nicotinamide.
Figure 8

Figure 8 Sirtuin 1 activation suppresses endoplasmic reticulum stress-mediated apoptotic pathways during dextran sodium sulfate-induced colitis. The
protein levels of SIRT1, GRP78, CHOP, cleaved caspase-12, cleaved caspase-9, and cleaved caspase-3 in colon tissues were detected by Western blot. UC:
Ulcerative colitis; NAM: Nicotinamide; GRP78: Glucose-regulated protein 78; CHOP: CCAAT/enhancer-binding protein homologous protein; SIRT1: Sirtuin 1.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC), the main subtype of inflammatory bowel disease (IBD), is a chronic
relapsing inflammatory disorder of the large intestine. The incidence and prevalence of UC have
increased in recent years. Sirtuin 1 (SIRT1), a member of the mammalian sirtuin family of
proteins, is a nicotinamide adenine dinucleotide (NAD+)-dependent protein deacetylase and
plays an essential role in caloric restriction, life span modulation, and cell fate determination.
Recently, a number of studies have demonstrated that SIRT1 plays a protective role in colitis.

Research motivation
Although a large number of therapeutic agents, including 5-ASA drugs, immunosuppressants,
steroids, and emerging biological agents, have appeared in the past few years, most patients still
experience severe complications or recurrence of the disease, which greatly reduces their quality
of life.

Research objectives
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To investigate the role of SIRT1 in intestinal epithelial cells in UC and further explore the
underlying mechanisms.

Research methods
We developed a coculture model using macrophages and Caco-2 cells. After treatment with the
SIRT1 activator SRT1720 or inhibitor nicotinamide (NAM), the expression of occludin and zona
occludens 1 (ZO-1) was assessed by Western blot. Annexin V-APC/7-AAD assays were
performed to evaluate Caco-2 apoptosis. DSS-induced colitis mice was exposed to SRT1720 or
NAM for 7 d. Transferase-mediated dUTP nick-end labeling (TUNEL) assays were conducted to
assess apoptosis in colon tissues. The expression levels of glucose-regulated protein 78 (GRP78),
CCAAT/enhancer-binding protein homologous protein (CHOP), caspase-12, caspase-9, and
caspase-3 in Caco-2 cells and the colon tissues of treated mice were examined by quantitative
real-time PCR and Western blot.

Research results
SRT1720 treatment increased the protein levels of occludin and ZO-1 and inhibited Caco-2
apoptosis, whereas NAM administration caused the opposite effects. DSS-induced colitis mice
treated with SRT1720 had a lower disease activity index (P < 0.01), histological score (P < 0.001),
inflammatory cytokine levels (P < 0.01), and apoptotic cell rates (P < 0.01), while exposure to
NAM caused the opposite effects. Moreover, SIRT1 activation reduced the expression levels of
GRP78, CHOP, cleaved caspase-12, cleaved caspase-9, and cleaved caspase-3 in Caco-2 cells and
the colon tissues of treated mice.

Research conclusions
SIRT1 activation contributes to enhanced intestinal barrier integrity and reduced apoptosis of
intestinal epithelial cells via the suppression of endoplasmic reticulum (ER) stress-mediated
apoptosis-associated molecules CHOP and caspase-12.

Research perspectives
SIRT1 may serve as a novel drug target, and SIRT1 activation is a promising therapeutic strategy
for UC.
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Abstract
BACKGROUND
Wnt1-inducible signaling pathway protein 1 (WISP1) is upregulated in several
types of human cancer, and has been implicated in cancer progression. However,
its clinical implications in gastric cancer (GC) remain unclear.
AIM
To explore the expression pattern and clinical significance of WISP1 in GC.
METHODS
Public data portals, including Oncomine, The Cancer Genome Atlas database,
Coexpedia, and Kaplan-Meier plotter, were analyzed for the expression and
clinical significance of WISP1 mRNA levels in GC. One hundred and fifty
patients who underwent surgery for GC between February 2010 and October
2012 at the Affiliated Hospital of Jiangnan University were selected for validation
study. WISP1 levels were measured at both the mRNA and protein levels by RTqPCR, Western blot analysis, and immunohistochemistry (IHC). In addition, the
in situ expression of WISP1 in the GC tissues was determined by IHC, and the
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patients were accordingly classified into high- and low-expression groups. The
correlation of WISP1 expression status with patient prognosis was then
determined by univariate and multivariate Cox regression analyses. WISP1 was
knocked down by RNA interference. The 50% inhibitory concentration of
oxaliplatin was detected by CellTiter-Blue assay.
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RESULTS
WISP1 levels at both the mRNA and protein levels were remarkably upregulated
in GC tissues compared to normal tissues. Moreover, IHC revealed that WISP1
expression was associated with T stage and chemotherapy outcome, but not with
lymph node metastasis, age, gender, histological grade, or histological type. GC
patients with high WISP1 expression showed a poor overall survival.
Multivariate survival analysis indicated that WISP1 was an important prognostic
factor for GC patients. Mechanistically, knock-down of WISP1 expression
enhanced sensitivity to oxaliplatin by reducing DNA repair and enhancing DNA
damage.

Tanabe S

S-Editor: Yan JP
L-Editor: Wang TQ
E-Editor: Zhang YL

CONCLUSION
Significantly upregulated WISP1 expression is associated with cancer
progression, chemotherapy outcome, and prognosis in GC. Mechanistically,
knock-down of WISP1 expression enhances oxaliplatin sensitivity by reducing
DNA repair and enhancing DNA damage. WISP1 may be a potential therapeutic
target for GC treatment or a potential biomarker for diagnosis and prognosis.
Key words: Wnt1-inducible signaling pathway protein 1; Biomarker; Bioinformatics
analysis; Chemotherapy outcome; Gastric cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The present study for the first time revealed that significantly upregulated
Wnt1-inducible signaling pathway protein 1 (WISP1) expression was associated with
advanced cancer, drug resistance, and poor prognosis in gastric cancer (GC). WISP1
enhanced oxaliplatin resistance by reducing cell cytotoxicity through enhancing DNA
repair. Overall, the findings of the present study suggest that WISP1 is a novel
prognostic biomarker for GC and highlight the significance of WISP1 as a promising
therapeutic target for GC.

Citation: Zhang LH, Wang Y, Fan QQ, Liu YK, Li LH, Qi XW, Mao Y, Hua D. Up-regulated
Wnt1-inducible signaling pathway protein 1 correlates with poor prognosis and drug
resistance by reducing DNA repair in gastric cancer. World J Gastroenterol 2019; 25(38):
5814-5825
URL: https://www.wjgnet.com/1007-9327/full/v25/i38/5814.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i38.5814

INTRODUCTION
Gastric cancer (GC) is one of the most common malignancies[1]. In 2018, the incidence
and mortality rates of GC ranked fifth and third, respectively, putting a heavy
economic burden on the public health system worldwide, especially in East Asian
countries [2] . Cancer incidence and mortality have been increasing in China and
consequently a major public health problem in the country[3]. Because patients with
early-stage GC are often asymptomatic, most patients are usually diagnosed at an
advanced stage[4]. Available treatments are mostly unfavorable and inefficient[5]. Early
diagnosis of GC and effective medical treatment are crucial for patient survival and
therapeutic outcome [6] . Thus, there is an urgent need to better understand the
mechanism of GC progression and development, and to identify promising
biomarkers for diagnosis and prognosis.
Wnt1-inducible signaling pathway protein 1 (WISP1), highly homologous to CCN1
and CCN2, is a member of the CCN family of secreted, extracellular matrix (ECM)associated signaling proteins (CCN intercellular signaling protein). This family of
proteins regulate diverse cellular functions, including cell proliferation,
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differentiation, adhesion, migration, and survival. In recent studies, it was
demonstrated that the expression of WISP1 in cancer promotes cell proliferation, and
high WISP1 expression correlated with advanced tumors of the brain, breast, colon,
and lung. WISP1 reduced p53-mediated apoptosis through activating Akt kinase, and
inhibited TNF-induced cell death in cardiomyocytes [7] . In addition, recombinant
WISP-1 enhances ECM deposition in human fibroblasts, suggesting that it might play
a vital role in matrix remodeling in vivo[8]. In GC cells, WISP1 acts as an oncogene by
promoting cell proliferation, migration, and invasion[9]. Although WISP1 has been
demonstrated in cancer progression, its prognostic value in GC remains unclear.
In this study, we explored whether WISP1 can be a novel biomarker for prognosis
or a therapeutic target in GC. First, public databases and websites, including
Oncomine and Coexpedia, were used for predicting the expression of WISP1 in GC. In
addition, Kaplan-Meier plotter datasets from The Cancer Genome Atlas (TCGA) were
used for analyzing the association of overall survival between WISP1 and GC.
Subsequently, WISP1 expression was evaluated at both the mRNA and protein levels
in 20 freshly frozen GC tissues and 20 non-cancerous GC tissues. Furthermore,
immunohistochemistry (IHC) was used to explore the relationship between WISP1
expression and clinicopathologic parameters, including overall survival. WISP1 was
knocked down by RNA interference in MKN45 and AGS cell lines. The 50% inhibitory
concentration (IC50) was detected by CellTiter-Blue (CTB) assay to evaluate the effect
on oxaliplatin resistance.

MATERIALS AND METHODS
Patients and tissue samples
A total of 150 patients who underwent surgery for GC between February 2010 and
October 2012 at the Affiliated Hospital of Jiangnan University (Wuxi, China) were
selected for this study. Those patients who postoperatively received oxaliplatin-based
or cisplatin-based first-line systematic chemotherapy were enrolled in the present
study. Tumor assessment was performed after every two cycles of chemotherapy
according to the Response Evaluation Criteria in Solid Tumors 1.1 (RECIST 1.1)
criteria, and the assessment was classified as complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD). This study was approved by
the Institutional Research Ethics Committee of Affiliated Hospital of Jiangnan
University (Wuxi, China). None of the patients selected received chemotherapy or
radiotherapy prior to surgery. According to the American Joint Committee on Cancer,
the tumor stage classification was determined by three pathologists who were blinded
to the data. The tissues dissected from patients were fixed in formalin immediately
after harvesting, and embedded in paraffin for further research. Fresh tissue samples
obtained were dissected and immediately stored in liquid nitrogen for PCR and
Western blot analysis. All participating clinical doctors and patients provided written
informed consent prior to the start of the study.

Bioinformatics analysis
The mRNA levels of WISP1 in GC and normal gastric tissues were mined through
Oncomine database (www.oncomine.org) and Coexpedia (www.coexpedia.org)[10].
The prognostic value of WISP1 in gastric adenocarcinoma was analyzed through
Kaplan-Meier Plotter (kmplot.com/analysis/)[11].

RNA isolation and RT-qPCR
Total RNA was extracted from frozen tissue samples using Trizol reagent (Invitrogen,
Carlsbad, CA, United States) according to the manufacturer’s guidelines, and reverse
transcription was performed using the PrimeScript RT-PCR kit (Takara, Japan)[12]. RTqPCR was carried out on an ABI 7500 RealTime PCR System (Applied Biosystems,
United States) using SYBR Green Master Mix (Takara, Japan), and normalized to
levels of β-actin. The primers used in this study are: Forward, 5’-GAA
GCAGTCAGCCCTTATG-3’ and reverse, 5’-CTTGGGTGTAGTCCAGAAC-3’ for
WISP1; and forward, 5’-CCTGTGGCATCCACGAAACT-3’ and reverse, 5’-GAA
GCATTTGCG GTGGACGAT-3’ for β-actin. All reactions were performed at least in
triplicate. The 2-∆∆Ct method was used to quantify the relative expression levels of
WISP1.

Western blot analysis
Total protein was extracted from GC and paracancerous tissues using RIPA lysis
buffer (Pierce, Thermo Scientific, Cramlington, United Kingdom) [13] . Protein
concentration was determined with an enhanced bicinchoninic acid assay kit (CWBio,
Beijing, China). A total of 40 mg of protein was separated by sodium dodecyl sulfate-
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polyacrylamide gel electrophoresis, and transferred to polyvinylidene difluoride
membranes (CWBio, Beijing, China). After blocking with 5% non-fat milk for 1 h at
room temperature (RT), the membranes were incubated overnight at 4 °C with
primary antibodies directed to WISP1 (Abcam, ab178547), XRCC1 (Abcam, ab9147),
γH2AX (Abcam, ab2893), and β-actin (Abcam, ab8226). After washing three times
with TBST (Tris-buffered saline with Tween 60), the membranes were incubated with
horseradish peroxidase-conjugated secondary antibody at 1:5000 dilution for 1.5 h at
RT. Protein bands were visualized using an enhanced chemiluminescence system, and
exposure of the membranes to X-ray films (Bio-Rad, Hercules, CA, United States).
Densitometric analysis was performed using Image Pro-Plus software (Media
Cybernetics, United States). Relative protein expression levels were normalized to βactin.

Immunohistochemistry
Cancerous tissues and adjacent normal tissues were collected from GC patients and
subjected to formalin fixation, dehydration, and paraffin embedding. Tissue sections
were cut at 5-μm thickness and mounted on glass slides. According to the
manufacturer’s protocol, IHC staining was performed. In brief, antigen retrieval was
performed using a microwave, then the slides were incubated with a primary
antibody directed against WISP1 (dilution 1:200, ab178547, Abcam, United States) at 4
°C overnight. Sections were washed in TBST three times for 5 min, and incubated
with a rabbit secondary antibody at RT for 1 h. Staining was performed using liquid
DAB (3,3′-diaminobenzidine) as the substrate. Three pathologists scored the staining
intensity and positive ratio of WISP1 staining in a blinded fashion. By analyzing 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%). By analyzing the staining
intensity, it was graded as negative (0), weak (1), moderate (2), and strong staining (3).
A total score, ranging from 0-12, was generated for each case by multiplying the
staining intensity score by the score of the extent of the positive cells[14]. The total score
of 0-1 was classified as “-”, 2-3 as “+”, 4-6 as “++”, and 6-12 as “+++”[15]. Subsequently,
WISP1 expression was divided into two categories: High (scores 4-12) and low (scores
0-3).

RNA interference
Chemically synthesized WISP1 siRNAs (siRNA-1 and siRNA-2) and matched
scramble control siRNAs were purchased from RiboBio Company (Guangzhou,
China). Their corresponding sequences are: NM_080838.3 (628-646),
GGACATCCATACACTCATT and NM_080838.3 (885-903), GGAA
TCCCAATGACATCTT. The siRNAs were transiently transfected into MKN45 and
AGS cells by using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, United
States) according to the manufacturer's instructions. Western blot and qRT-PCR were
used to illustrate the protein and mRNA expression levels of WISPI in MKN45 and
AGS cells.

CTB assay
CTB assay was used to assess the viability of cells according to the manufacturer's
protocol. Briefly, cells at a density of 5000 cells/well were seeded in 96-well plates and
cultured in RPMI 1640 medium supplemented with 10% fetal calf serum, 100 U/mL
penicillin, and 100 mg/ml streptomycin (Gibco, Grand Island, NY, United States) at
37 °C in a 5% CO2 incubator for 12 h. Then, the medium was replaced with medium
containing oxaliplatin at different concentrations[16]. After treatment with oxaliplatin
for 48 h, 10 μL of CTB was added to each well and the plates were incubated for 4 h at
37 °C. Fluorescent signals were recorded on a microplate reader (Thermo Labsystems,
Helsinki, Finland).

Statistical analysis
Statistical analyses were performed with R version 3.5.3 software. Differences in
WISP1 expression between tumor and normal samples were evaluated using the
Student's t-test. The associations of WISP1 with clinicopathological features were
assessed by the chi-square test or Fisher's exact test when appropriate. The overall
survival curve and its significance were determined by Kaplan-Meier survival
analysis and log-rank test, respectively. Univariate and multivariate analyses of
prognosis were carried out using the Cox proportional hazard regression model. All
P-values were two-tailed and considered statistically significant when less than 0.05.
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RESULTS
WISP1 is up-regulated in GC
Data from the Oncomine database, Gene Expression Omnibus, Coexpedia database,
and TCGA were analyzed by the bioinformatics method to determine the differential
expression of WISP1 mRNA between GC and normal tissues. As shown in Figure 1,
the WISP1 mRNA expression level was remarkably higher in GC tissues compared to
normal gastric tissues (P < 0.05). Meta-analysis of the 17 datasets from five studies on
WISP1 mRNA levels in GC versus normal gastric tissues was performed based on the
Oncomine database. Data showed that WISP1 was up-regulated in GC. From the
Coexpedia database, WISP1 was not only up-regulated in GC, but also positively
associated with clinical stage (P < 0.05).
To validate the predictive results, RT-PCR was performed to determine WISP1
mRNA levels in 20 cases of GC and matched normal gastric tissues. Furthermore,
Western blot analysis and IHC were performed to determine WISP1 protein levels in
20 cases of GC and normal gastric tissues (Figure 2). Our findings indicated that
WISP1 was mainly located in the cytoplasm of GC cells. The highly positive rate of
WISP1 staining in GC was 85% (17/20). When compared to matched normal tissues,
the expression level of WISP1 protein in GC was dramatically higher (P < 0.001).

WISP1 is associated with T stage and chemotherapy outcome
To determine the protein expression of WISP1 in GC, IHC was used on 150 cases of
GC samples. Subsequently, to verify the predictive results on the protein level,
immunohistochemical staining was performed and the results were statistically
analyzed. Our findings showed that positive staining for WISP1 was predominantly
distributed in the cytoplasm of GC. Among those cases of GC, 83 (55.33%) GC tissues
showed high WISP1 expression, whereas in the remaining 67 (44.67%) cases, WISP1
expression was low. The Chi-square test was used to determine whether there was a
statistically significant difference in WISP1 expression between different groups of GC
patients based on the following parameters: Age, gender, tumor differentiation, T
stage, N stage, TNM stage, and chemotherapy outcome. The results are presented in
Table 1. The differential expression of WISP1 protein (high versus low) was
dramatically related to T stage and chemotherapy outcome of GC patients (P < 0.05).

Upregulated WISP1 expression predicts a poor prognosis of GC patients
We next investigated whether overexpression of WISP1 is associated with the
prognosis of GC patients. First, through mining the TCGA database and KaplanMeier Plotter, we found that compared to patients with low WISP1 mRNA
expression, GC patients with high WISP1 mRNA expression had a significantly lower
overall survival (P = 0.023, Figure 3). Furthermore, GC patients with high expression
of WISP1 protein had a dramatically lower overall survival compared to those with
low expression of WISP1 protein (P = 0.0019, Figure 3B). In addition, Cox univariate
and multivariate survival analyses were performed on WISP1 expression levels and
patients’ clinicopathological parameters. Cox univariate analysis showed that TNM
stage (III vs I-II), T stage (T3-T4 vs T2-T1), N stage (N1-N3 vs N0), chemotherapy
outcome (SD/PD vs CR/PR), and WISP1 (High vs Low) were critical parameters
affecting the survival time of GC patients (Table 2). Furthermore, Cox multivariate
survival analysis indicated that high expression of WISP1 (High vs Low), TNM stage
(III vs I-II), and N stage (N1-N3 vs N0) were predictors of unfavorable prognosis in
patients with GC (P < 0.05, Table 2). Taken together, these findings suggested that
WISP1 could be a novel biomarker for overall survival.

Inhibiting WISP1 expression reverses drug resistance by inducing DNA damage in
gastric cancer cells
In this study, the best interference primers for MKN45 and AGS cells were selected
and used in the oxaliplatin resistance assay. The half maximal IC50 was 183.6 ng/mL
in MKN45, and the IC50 was 51.28 after silencing of WISP1. In AGS cells, the IC50 was
423.3 ng/mL, and after silencing of WISP1, the IC50 was 140.4 ng/mL. These findings
suggested that inhibition of WISP1 expression significantly enhanced oxaliplatin
sensitivity. Oxaliplatin is a cytotoxic drug that induces DNA damage in cells, γH2AX
is a marker for DNA double-strand breaks, and XRCC1 is a multidrug resistance
marker that plays a crucial role in the repair of DNA single-strand breaks. In MKN45
and AGS cells, inhibition of WISP1 significantly increased γH2AX expression, and
inhibited XRCC1 expression. This suggested that inhibition of WISP1 reversed
resistance by enhancing DNA damage repair.
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Figure 1

Figure 1 High expression of Wnt1-inducible signaling pathway protein 1 mRNA in gastric cancer predicted based on Oncomine and Coexpedia databases.
A: Meta-analysis of 17 datasets from five studies on Wnt1-inducible signaling pathway protein 1 (WISP1) mRNA levels in gastric cancer (GC) vs normal gastric tissue
based on the Oncomine database; B: WISP1 mRNA levels of GC vs normal gastric tissue in Coexpedia databases from The Cancer Genome Atlas (TCGA) (P <
0.05); C: The expression of WISP1 mRNA was associated with clinical stage in Coexpedia database from TCGA (P < 0.05). WISP1: Wnt1-inducible signaling pathway
protein 1; TCGA: The Cancer Genome Atlas; STAD: Stomach adenocarcinoma.

DISCUSSION
The molecular mechanisms underlying the carcinogenesis and development of GC
have not yet been elucidated. Therefore, GC remain a heavy health issue for decades,
and novel anticancer targets and drugs with prognostic value are imperatively
needed to explore. WISP1, encoded by the WISP1 gene, is also known as CCN4[7]. The
WNT1 inducible signaling pathway (WISP) protein subfamily regulates diverse
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Figure 2

Figure 2 Expression of Wnt1-inducible signaling pathway protein 1 at the mRNA and protein levels is upregulated in gastric cancer patients. A: Western
blot analysis showed the expression of Wnt1-inducible signaling pathway protein 1 (WISP1) at the protein level in 20 samples; B: Negative expression of WISP1 in
gastric cancer by immunohistochemical staining; C: Positive expression of WISP1 in gastric cancer by immunohistochemical staining; D: Statistical results of WISP1
expression at the mRNA level in 20 samples; E: Statistical results of WISP1 expression at the protein level in 20 samples; F: Statistic results of the
immunohistochemical staining for WISP1 at the protein level in 20 samples. WISP1: Wnt1-inducible signaling pathway protein 1.

cellular functions, including cell adhesion, migration, proliferation, differentiation,
and survival. WISP1 expression has been shown to promote proliferation, and high
WISP1 expression correlates with advanced tumors of the breast, colon, brain, and
lung. WISP1 acts as an oncogene by promoting proliferation, migration, and invasion
in GC cells [9] . Although the role of WISP1 has been demonstrated in cancer
progression, its prognostic value in clinical samples of GC remains unclear.
To address this issue, we first evaluated the expression of WISP1 in GC compared
to normal tissues through bioinformatics analysis. The mRNA levels of WISP1 in GC
and normal tissues were analyzed using the Oncomine database (www.
oncomine.org). The meta-analysis of all datasets from five studies in the Oncomine
database demonstrated that WISP1 mRNA levels in GC versus normal gastric tissues
were significantly upregulated. Coexpedia is an analysis platform for exploring
biomedical hypotheses via co-expression associated with medical subject headings.
Coexpedia demonstrated that WISP1 was not only up-regulated in GC, but also
positively associated with clinical stage (P < 0.05). Next, to verify these findings in
Chinese GC patients, we analyzed the expression of WISP1 at the mRNA level using
RT-qPCR. At the protein level, WISP1 expression was detected by Western blot
analysis and IHC. Our results confirmed that WISP1 was significantly up-regulated in
GC compared to normal tissues at both the mRNA and protein levels. Taken together,
these findings strongly showed that WISP1 expression is remarkably upregulated in
GC at both the mRNA and protein levels.
Next, we explored the relationship of WISP1 protein expression with the
clinicopathological parameters of GC. The Kaplan-Meier plotter is a meta-analysis
tool to assess the effect of 54675 genes on survival using 10461 cancer samples[17]. In
Kaplan-Meier Plotter analysis for GC, we found that GC patients with high WISP1
mRNA expression had a significantly lower overall survival (P < 0.05, Figure 3A),
suggesting that WISP1 might be a novel prognostic biomarker. In addition, IHC was
performed to determine WISP1 protein expression in GC tissues. We analyzed the
association of WISP1 protein expression and clinicopathological factors of GC patients
by the chi-square test. The expression of WISP1 was significantly associated with T
stage and chemotherapy outcome. However, no significant differences were found
between age, gender, tumor differentiation, N stage, or TNM stage. The clinical
prognostic significance of WISP1 expression in patients with GC was investigated
using Kaplan-Meier survival analysis, which showed that patients with high WISP1
expression had a significantly poor overall survival when compared to those with low
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Table 1 Correlation between Wnt1-inducible signaling pathway protein 1 expression and clinicopathological variables in gastric cancer
patients
Variable

Number

Low expression (n = 67)

High expression (n = 83)

P value

< 60

63

25

38

0.299

≥ 60

87

42

45

Male

69

30

39

Female

81

37

44

Well/moderate

80

33

47

Poor

70

34

36

T1-T2

81

45

36

T3-T4

69

22

47

N0

39

16

23

N1-N3

111

51

60

I-II

109

49

60

III

41

18

23

CR/PR

67

38

29

SD/PD

83

30

53

Age (yr)

Gender
0.789

Tumor differentiation
0.372

T stage
0.003

N stage
0.598

TNM stage
0.909

Chemotherapy outcome
0.019

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; TNM: Tumor node metastasis.

WISP1 expression. Cox multivariate analysis showed that high expression of WISP1,
advanced TNM stage, and N stage were independent unfavorable risk factors in GC.
Overall, these findings suggested that WISP1 might be a prognostic biomarker for GC,
and might be involved in chemotherapy outcome of GC.
Because WISP1 was associated with the effects of chemotherapy treatment, we
speculated that WISP1 might be a primary drug-resistant gene for chemotherapy.
Oxaliplatin is commonly used in chemotherapy for GC, which is used for DNA
damage, and is cross-linked to DNA, antagonizing its replication and transcription[18,19]. The sensitivity of MKN45 and AGS cells to oxaliplatin was significantly
enhanced after inhibiting WISP1 (Figure 4). γH2AX is a sensitive molecular marker of
DNA damage and repair[20,21]. XRCC1 is a mediator of single-strand breaks DNA
repair[22-24], playing a pivotal role in drug resistance by promoting DNA damage repair
in cancer cells. After inhibiting WISP1, γH2AX significantly increased and XRCC1
significantly decreased. These findings suggested that inhibiting WISP1 and
enhancing the toxicity of oxaliplatin on GC cells enhanced the sensitivity of
oxaliplatin by reducing DNA repair and enhancing cell DNA damage.
This study had some limitations. First, the sample size used in this research was
limited and future studies from multiple centers and an increased sample number
would be needed. Second, the effect of WISP1 siRNA on the sensitivity of the
standard regimen, i.e., 5-FU and cisplatin, warrants further investigation. Third, the
detailed molecular mechanisms of WISP1 in GC need further exploration.
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Table 2 Univariate and multivariate analyses of prognostic factors for gastric cancer
Univariate analysis

Multivariate analysis

Variable
HR (95%CI)

P value

Age (> 60 vs < 60)

1.003 (0.618-1.628)

0.991

Gender (Female vs Male)

0.874 (0.639-1.195)

0.400

Differentiation (Poorly vs Well/moderately)

1.236 (0.760-2.009)

0. 393

TNM stage (III vs I-II)

3.714 (2.261-6.102)

< 0.001

T stage (T3-T4 vs T2-T1)

1.931 (1.178-3.165)

0.009

N stage (N1-N3 vs N0)

2.666 (1.599-4.448)

< 0.001

Chemotherapy outcome (SD/PD vs CR/PR)

3.254 (1.885-5.616)

< 0.001

WISP1 (High vs Low)

2.341 (1.385-3.956)

0.0019

HR (95%CI)

P value

2.676 (1.236-5.793)

0.013

2.089 (1.169-3.732)

0.013

2.180 (1.187-4.003)

0.012

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; TNM: Tumor-node-metastasis; CI: Confidence interval; HR:
Hazard ratio.

Figure 3

Figure 3 Wnt1-inducible signaling pathway protein 1 expression is associated with overall survival in gastric cancer. A: Kaplan-Meier survival curves plotted
with Coexpedia by stratifying patients into high and low Wnt1-inducible signaling pathway protein 1 (WISP1) expression groups based on the median expression value
at the mRNA level; B: Kaplan-Meier survival curves generated by WISP1 expression at the protein level. CI: Confidence interval; HR: Hazard ratio; WISP1: Wnt1inducible signaling pathway protein 1.
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Figure 4

Figure 4 Mechanistic role of Wnt1-inducible signaling pathway protein 1 in gastric cancer cells. A and B: Silencing of Wnt1-inducible signaling pathway protein
1 (WISP1) has effects on cell viability of MKN45 and AGS cells; C: Silencing of WISP1 results in a significant decrease in the IC50 value; D and E: Silencing of WISP1
results in γH2AX overexpression and XRCC1 downregulation in MKN45 and AGS cells. NC: The matching scramble control siRNAs were transfected into cell lines as
normal controls; RNAi: The siRNAs were transfected into cell lines as RNA interference; WISP1: Wnt1-inducible signaling pathway protein 1.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is the most prevalent gastrointestinal tract malignancy. The prognosis of GC
patients remains relatively poor. Through bioinformatics data mining and integrated analysis,
we found that Wnt1-inducible signaling pathway protein 1 (WISP1) mRNA was upregulated in
GC tissues relative to normal gastric tissues. However, it needs to be further verified clinically.

Research motivation
There are insufficient reports about the correlation between WISP1 and GC.

Research objectives
The aim of the present study was to explore the expression pattern and clinical significance of
WISP1 in GC.

Research methods
Public data portals, including Oncomine, the TCGA database, COEXPEDIA, and Kaplan-Meier
plotter were analyzed for the expression and clinical significance of WISP1 mRNA levels in GC.
One hundred and fifty patients who underwent surgery for GC between February 2010 and
October 2012 at the Affiliated Hospital of Jiangnan University were selected for validation study.
WISP1 expression was measured at both the mRNA and protein levels by RT-qPCR, Western
blot analysis, and immunohistochemistry (IHC). The correlation of WISP1 expression status with
patient prognosis was then determined by univariate and multivariate Cox regression analyses.
WISP1 was knocked down by RNA interference. IC50 was detected by CTB assay.

Research results
WISP1 expression at both the mRNA and protein levels was remarkably upregulated in GC
tissues compared to normal tissues. Moreover, IHC revealed that WISP1 expression was
associated with T stage and chemotherapy outcome, but not with lymph node metastasis, distant
metastasis, age, sex, histological grade, or histological type. GC patients with high WISP1
expression showed a poor overall survival. Multivariate survival analysis indicated that WISP1
was an important prognostic factor for GC patients. The IC50 of oxaliplatin in MKN45 and AGS
cell lines were significantly reduced after WISP1 knock-down. In addition, WISP1 knock-down
enhanced γH2AX expression and reduced XRCC1 expression.

WJG

https://www.wjgnet.com

5823

October 14, 2019

Volume 25

Issue 38

Zhang LH et al. WISP1 is a prognostic biomarker for GC

Research conclusions
WISP1 is overexpressed in GC tissues and is associated with a poor prognosis, indicating its
potential as a novel prognosis biomarker for GC. Mechanistically, knock-down of WISP1
expression enhances oxaliplatin sensitivity by reducing DNA repair and enhancing DNA
damage. WISP1 may be a potential therapeutic target for GC treatment.

Research perspectives
The present study suggested that WISP1 is a novel prognostic biomarker for GC, and the
significance of WISP1 as a promising therapeutic target for GC is highlighted.
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Abstract
BACKGROUND
Cholesterol is related to improvements in the rate of sustained virological
response and a robust immune response against the hepatitis C virus (HCV).
APOE gene polymorphisms regulate cholesterol levels modifying the course of
the HCV infection. The relationship between cholesterol, APOE alleles, and the
outcome of HCV infection has not been evaluated in the admixed population of
Mexico.
AIM
To investigate the role of APOE -ε2, -ε3, and -ε4 alleles and the metabolic profile
in the outcome of HCV infection.
METHODS
A total of 299 treatment-naïve HCV patients were included in this retrospective
study. Patients were stratified in chronic hepatitis C (CHC) (n = 206) and
spontaneous clearance (SC) (n = 93). A clinical record was registered. Biochemical
tests were assessed by dry chemistry assay. APOE genotypes were determined
using a Real-Time polymerase chain reaction assay.
RESULTS
Total cholesterol, low-density lipoprotein cholesterol (LDL-c), triglycerides, and
hypercholesterolemia were higher in SC than CHC patients as well as the
frequency of the APOE ε4 allele (12.4% vs 7.3%). SC patients were overweight
(54.8%). The ε4 allele was associated with SC (OR = 0.55, 95%CI: 0.31-0.98, P =
0.042) and mild fibrosis (F1-F2) in CHC patients (OR 0.091, 95%CI 0.01-0.75, P =
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0.020). LDL-c ≥ 101.5 mg/dL (OR = 0.20, 95%CI: 0.10-0.41, P < 0.001) and BMI ≥
26.6 kg/m2 (OR= 0.37, 95%CI: 0.18-0.76, P < 0.001) were associated with SC status;
while ALT ≥ 50.5 IU/L was negatively associated (OR = 5.67, 95%CI: 2.69-11.97, P
< 0.001).
CONCLUSION
In SC patients, the APOE ε4 allele and LDL-c conferred a protective effect in the
course of the HCV infection in the context of excess body weight.
Key words: Liver damage; Body mass index; Spontaneous hepatitis C virus clearance;
Low-density lipoprotein; Cholesterol
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Cholesterol is a metabolic regulator of the hepatitis C virus (HCV) life cycle.
Genetic polymorphisms in the APOE gene can regulate cholesterol and modify the
outcome of the HCV infection. Our findings suggest that APOE ε4 allele and lowdensity lipoprotein cholesterol (LDL-c) confer a protective effect in the course of the
HCV infection in the context of high body mass index (BMI). Levels of LDL-c, BMI,
and ALT may estimate the risk of chronicity in HCV-infected patients. An
individualized therapy accounting the host´s genetic, environmental, and metabolic
factors could aid in the clinical management of HCV infection, especially in populations
with a high prevalence of overweight and obesity.
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INTRODUCTION
Hepatitis C virus (HCV) is a significant health problem causing chronic liver diseases
worldwide. According to the World Health Organization (WHO), 71 million people
are chronically infected, and 399,000 deaths each year are related to HCV infection[1].
Estimates are that up to 90% of the infected individuals are unaware of their status of
infection[2]. In approximately 25-30 years, chronic HCV infection may progressively
lead to a broad spectrum of clinical outcomes such as fibrosis, cirrhosis, and in some
cases, hepatocellular carcinoma[3]. However, some patients (20%-40%) may resolve an
acute infection by self-spontaneous clearance of the virus, evidenced by positive antiHCV antibodies and negative viral RNA in the serum[4]. This rate is variable due to a
combination of the immunologic, metabolic, and genetic factors of the host[5].
In particular, plasmatic levels of total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-c) have been reported as predictors of the response to interferon
therapy during HCV infection [6] . Likewise, the Apolipoprotein E (APOE) gene
encoding the glycoprotein component of the low-density lipoprotein has also been
implicated in the outcome of HCV infection and associated comorbidities[7]. HCV
binds to the ApoE ligand entering the hepatocyte via the low-density lipoprotein
receptor (LDLR)[8]. Two functional polymorphisms rs429358 and rs7412 in the APOE
gene lead to three common alleles, ε2, ε3 and ε4, encoding the corresponding major
isoforms, ApoE -E2, -E3 and -E4[9]. ApoE3 is the wild-type isoform with a natural
affinity for the LDLR, while ApoE2 and ApoE4 present opposed binding abilities.
ApoE2 isoform has a significantly decreased attachment to the LDLR. Conversely, the
ApoE4 isoform confers increased binding to LDLR compared to ApoE2 and ApoE3[10].
These relative binding properties are consistent with findings that suggest a
protective effect of APOE ε4 in the progression of liver damage as revealed by
histopathological analysis [11] , whereas APOE ε3 has been associated with the
persistence of the infection[12].
There is growing evidence of the occurrence of dyslipidemia in HCV-infected
patients[13]. Therefore, changes in body weight may have a meaningful impact on the
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management of these patients. Currently, Mexico and the United States are
experiencing a significant adult obesity health problem[14]. In Mexico, 72.5% of the
adult population present overweight or obesity[15]. This increase in body mass index
(BMI) is associated with the development of several metabolic abnormalities
including dyslipidemias such as, hypercholesterolemia (HChol), which is one of the
eight most important risk factors of mortality in Mexico [16] . Both obesity and
dyslipidemia are associated with environmental risk factors such as diet. Recently, we
described that the dietary pattern of the general Mexican population and HCVinfected patients promote the development of lipid abnormalities[17]. On the other
hand, the APOE ε4 allele that is associated with HChol has a heterogeneous
prevalence at the national level ranging from 0-20.3%[18]. However, the relationship
between APOE alleles and lipid metabolism, as well as its potential implication in
HCV infection among the Mexican population is currently unknown.
West Mexico is a region characterized by a genetically admixed population with
Amerindian, European, and less extensively African ancestries [19] . Given the
variability of APOE alleles observed by ethnicity[20,21], it is plausible that differences in
the genetic and environmental factors of the Mexican population may influence the
relationship between APOE, lipid abnormalities and outcome of HCV infection.
Therefore, this study aimed to investigate the role of APOE ε2, - ε3, and - ε4 alleles and
the metabolic profile in the outcome of HCV-infected patients in West Mexico.

MATERIALS AND METHODS
Patients and study design
In this retrospective study, adult patients who were anti-HCV positive, un-related,
and treatment-naive were enrolled from January 2014 to December 2016 at the
Department of Molecular Biology in Medicine, Civil Hospital of Guadalajara “Fray
Antonio Alcalde”. The exclusion criteria were chronic hepatitis B virus infection or
human immunodeficiency virus infection, autoimmune disease, Child-Pugh class B
and C, Wilson´s disease, hemochromatosis, drinkers, and use of hypolipidemic drugs.
A physician elaborated all medical records in which demographics, clinical data,
risk factors for the acquisition of viral hepatitis, and laboratory test results were
registered. Patients were serologically tested for anti-HCV antibodies (Thirdgeneration ELISA, AxSYM®, Abbott Laboratories, IL, United States) and quantitative
assessment of serum RNA was performed by a standardized quantitative reverse PCR
assay (Roche COBAS® AmpliPrep and COBAS® TaqMan 48 HCV test, Pleasanton, CA,
United States). After testing, the study population was divided into two groups:
Spontaneous clearance (SC) patients (n = 93) who had at least two undetectable serum
HCV RNA results in the last 12 months with a six-month interval between each test.
Chronic hepatitis C infection (CHC) patients (n = 206) had two detectable serum HCV
RNA results during the preceding 12 months with a six-month interval between each
test.
Time of evolution was estimated as the elapsed time between the date of diagnosis
and first exposure to risk. Patients had not been previously diagnosed at the time of
the study.

Anthropometric assessment
Body mass index (kg/m2) was estimated using electrical bio-impedance (InBody3.0,
Analyzer Body Composition, Biospace, South Korea). Normal weight was > 18.5-24.99
kg/m 2 , overweight > 25-29.99 kg/m 2 and obesity > 30 kg/m 2 as defined by the
WHO[22].

Liver stiffness measurement by transitional elastography
Liver stiffness measurement was assessed by a certified physician using transitional
elastography (TE) (FibroScan®, Echosens, Paris, France). Liver stiffness was calculated
as the median value of ten valid TE measurements expressed in kilopascals (kPa)
indicating liver fibrosis according to the following classification: F1, mild fibrosis (7.18.7 kPa), F2, moderate fibrosis (8.8-9.4 kPa), F3, severe fibrosis (9.5-12.4 kPa) and F4,
cirrhosis (> 12.5 kPa)[23].

Biochemical measurements
Ten mL of blood samples were drawn after a 12-h fast. Biochemical measurements of
TC, triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were performed using a
Vitros 250 Analyzer (Ortho-Clinical Diagnostic, Johnson & Johnson, Rochester, NY,
USA). Commercial control serum and human pooled serum were used to ensure the
accuracy of the biochemical measurements. LDL-c concentration was calculated using
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the Friedewald formula[24], and very-low-density lipoprotein cholesterol (VLDL-c)
concentration was calculated as TC-(LDL-c + HDL-c). Fasting insulin levels were
measured by an enzyme-linked immunosorbent assay (Monobind Inc, Texas, United
States). The homeostatic model assessment of insulin resistance (HOMA-IR) was
calculated as the following formula: (fasting insulin (μU/mL) x fasting glucose
(mg/dL)/405[25].

Lipid abnormalities
Lipid abnormalities were defined according to the National Cholesterol Education
Program ATP III criteria and the Mexican Official Norm-037 (NOM-037) [26,27] .
Hypertriglyceridemia (HTG) ≥ 150 mg/dL, HChol ≥ 200 mg/dL, hypoalphalipoproteinemia (HALP) ≤ 40 mg/dL for men and ≤ 50 mg/dL for women, high
LDL ≥ 130 mg/dL. Insulin resistance was defined as HOMA-IR > 2.5.

APOE genotyping
Genomic DNA was extracted from peripheral whole blood leukocytes using the
salting-out method and stored at -80 °C until use. The APOE genotype was
determined using a 5’ allelic discrimination method[28]. The reactions were carried out
using two TaqMan® SNP Genotyping Assays (rs429358 C_3084793_20 and rs7412
C_904973_10, Applied Biosystems, Foster, CA, USA). Cycle conditions were an initial
enzyme activation for 10 min at 95 °C followed by 40 cycles of denaturalization for 15
s at 95 °C and alignment/extension for 1 min at 60 °C in a StepOnePlus thermocycler
(Applied Biosystems, Foster, CA, USA). Genotypes were verified using positive and
negative controls. Twenty percent of the samples were genotyped in duplicate, and
100% of concordance was observed.

Statistical analysis
Quantitative variables are expressed as mean ± SD and were compared by student´s ttest. Categorical variables are expressed as number and percentage and were
analyzed by Chi-square or Fisher´s exact test. The normal distribution of the
quantitative variables was tested with Kolmogorov-Smirnov or Shapiro-Wilks test if
the number of cases was more or less than 30, respectively. The APOE allelic
frequencies were obtained by direct counting method. The Hardy-Weinberg
Equilibrium (HWE) expectation was assessed by the software Arlequin version 3.1[29].
The contribution of the APOE alleles to lipid profile in SC and CHC patients was
analyzed as APOE genotype groups: E2: ε2ε2 + ε2ε3 + ε2ε4, E3: ε3ε3 and E4: ε3ε4 + ε4ε4.
The variables associated with HCV status were identified using univariate and
multivariate logistic regression analysis. The results were expressed as odds ratio
(OR) with a 95% confidence interval (CI). We also tested the goodness of fit of the
regression model using the Hosmer-Lemeshow method [30] . The area under the
receiver-operating characteristic (ROC) curve analysis was computed to select the
corresponding thresholds for variables associated with SC. The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were computed
for the selected cutoffs using viral load as a reference variable. Statistical analyses
were performed using Epi InfoTM 7.1.2.0 (CDC, Atlanta, USA) and IBM SPSS Statistics
version 21.0 for Windows (IBM Corp, Inc., Chicago, IL, United States). A P value <0.05
was considered statistically significant. An expert biostatistician revised the statistical
analysis.

Ethics
The study protocol complied with the ethical guidelines established in the Declaration
of Helsinki and was approved by the Institutional Review Board, Health Sciences
Center, University of Guadalajara, Certificate #CI-00612. All participants signed
informed consent before participating in the study.

RESULTS
Characteristics of the study population
The demographic and clinical features of the study population were compared, as
shown in Table 1. No significant differences in age, gender, and BMI were found
between CHC and SC groups. Risk factors were essentially similar in both groups
except for body piercing in SC. Notably, CHC patients were more normal weight than
SC (36.4% vs 19.3%, P = 0.003), whereas a higher rate of overweight was observed in
SC compared to CHC patients (54.8% vs 42.2%, P = 0.042). HOMA-IR tended to be
comparatively higher in CHC than in SC patients (55.4% vs 43.0%, P = 0.072).
According to the TE, 62.5% and 29.5% of the SC and CHC patients, respectively had
fibrosis stage F1 (P = 0.001). On the other hand, 12.5% and 38.5% of the SC and CHC
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patients, respectively presented fibrosis stage F4 (P = 0.002). The levels of LDL-c, TC,
and TG, as well as the rate of lipid abnormalities (HChol, abnormal LDL-c, and HTG),
were higher in SC patients compared to CHC patients (P < 0.001). Conversely, both
AST and ALT were significantly increased in CHC patients than SC patients.

Distribution of APOE alleles, association of APOE ε4 allele with SC and fibrosis
stage
Overall, APOE ε4 allele was present in 8.8% of the study population, as shown in
Table 2. The frequency of the APOE alleles was concordant with the HWE (P > 0.05).
A higher prevalence of the ε4 allele was found in SC (12.4%) compared to CHC (7.3%)
patients, and it was associated with an increased likelihood of SC (OR = 0.55, 95%CI:
0.31-0.98, P = 0.042). Also, the APOE ε4 allele was associated with mild fibrosis (F1-F2)
in CHC patients (OR = 0.091, 95%CI: 0.01-0.75, P = 0.020). In contrast, the APOE ε3
allele was associated with 2.99-fold risk (95%CI: 1.13-7.87, P = 0.021) for severe liver
damage (F3-F4). CHC patient carriers of APOE ε4 allele had lower serum levels of
AST and ALT than the APOE ε3 allele carriers (59.7 IU/L vs 79.1 IU/L, P = 0.041 and
53.2 IU/L vs 88.36 IU/L, P = 0.046, respectively) (data not shown).

Effect of APOE genotype groups on the lipid profile of CHC and SC patients
In SC patients, being a carrier of the E4 genotype increased the plasma levels of TC
and LDL-c (P < 0.05). Meanwhile, in the CHC patients, the E4 genotype increased the
levels of HDL-c and the prevalence of HChol (Table 3).

Effect of lipid profile on spontaneous HCV clearance status
Univariate and multivariate analysis of TC, LDL-c, BMI, and other relevant
biochemical variables were performed to clarify whether they were related to SC
status (Table 4). Multivariable analysis identified LDL-c, BMI, TG, and ALT as
significantly associated with SC status (P < 0.05). A ROC curve analysis was
performed to determine the optimal threshold values of LDL-c, BMI, TG, and ALT
and their association with SC status. For practical applications, sensitivity, specificity,
NPV, and PPV were also calculated (Table 5). Finally, the cutoffs were used to convert
these variables into dichotomous variables, and a new multivariate analysis was
carried out. This final model identified that LDL-c ≥ 101.5 mg/dL and BMI ≥ 26.6
kg/m 2 were better predictors of SC, whereas ALT ≥ 50.5 IU/L was negatively
associated with SC status (Figure 1).

DISCUSSION
The interplay between lipids/lipoproteins and HCV can modulate HCV infection. For
example, cholesterol improves the rate of sustained virological response and immune
response against HCV[6]. Also, cell entry is achieved by the virus in the form of lipoviro-particles associated with ApoE. On the other hand, the three APOE alleles (ε2, ε3,
and ε4) portray distinct biological properties that mediate lipid levels by interacting
with environmental factors such as diet. These alleles also have a heterogeneous
distribution worldwide[20]. Currently, a high prevalence of lipid alterations in the
context of the obesity epidemic and an uneven distribution of the APOE alleles is
notorious among the Mexican population. These factors prompted us to seek if the
differences in the APOE alleles and lipid profile were associated with the outcome of
HCV infection. To the best of our knowledge, this study is the first in reporting the
effect of APOE alleles in the course of HCV infection in a Native American-derived
population. Our results showed that the APOE allele distribution in the admixed
population of West Mexico agrees with our previous work[31], and the overall high
frequency of the APOE ε4 allele was consistent with the Native Amerindian ancestry
of the study group[32]. However, on further analysis, the prevalence of APOE ε4 allele
was higher in SC patients compared to CHC patients and correlated with the lipid
profile and fibrosis stage.
Lipo-viro-particles bind to hepatic receptors such as LDLR and Scavenger Receptor
class B type 1[33]. In the case of the APOE ε4 allele, it indirectly regulates lipoprotein
levels by reducing the expression of LDLR in the hepatocyte surface[34]. Increased
LDL-c has been demonstrated in healthy carriers of this allele[35]. In this study, the SC
group had a higher ε4 allele prevalence than the CHC patients and was associated
with increased levels of TC and LDL-c. These high levels of LDL-c may compete with
the lipo-viro-particles for the binding to the LDLR, thus decreasing the entry of the
virus. Also, downregulation of the LDLR may hinder viral entry, thus preventing the
early stages of infection and diminishing the progression of liver damage.
In agreement with these biological mechanisms mentioned above, in this study, the
SC and CHC patients who were ε4 allele carriers also had less liver damage.
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Table 1 Demographic and clinical characteristics of hepatitis C virus patients, n (%)
Variable

Chronic, n = 206

Clearance, n = 93

P value

Demographic and clinical data
Age, yr (mean ± SD) (range)

51.0 ± 12.0 (20-78)

47.1 ± 13.0 (21-74)

0.100

Female sex

123 (60)

48 (52)

0.236

Time of evolution, yr

18.0 ± 14.5

20.2 ± 15.6

0.156

BMI, kg/m2 (mean ± SD)

27.0 ± 6.0

28.0 ± 4.1

0.098

Normal weight

76 (36.4)

19 (19.3)

0.003

Overweight

87 (42.2)

51 (54.8)

0.042

Obesity

43 (20.8)

23 (24.7)

0.456

Glucose, mg/dL

105.6 ± 43.6

101.6 ± 33.0

0.46

HOMA-IR > 2.5

114 (55.4)

40 (43.0)

0.072

Type 2 diabetes

27 (13.1)

7 (7.5)

0.183

AST, IU/L

74.2 ± 53.4

30.9 ± 14.4

< 0.001

ALT, IU/L

76.4 ± 66.7

31.5 ± 19.8

< 0.001

Total cholesterol, mg/dL

148.1 ± 43.3

184.1 ± 43.1

< 0.001

LDL-c, mg/dL

83.7 ± 37.2

112.4 ± 35.4

< 0.001

Biochemistry

Lipid profile

Triglycerides, mg/dL

127.7 ± 61.3

168.2 ± 80.3

< 0.001

VLDL-c, mg/dL

25.8 ± 14.3

33.3 ± 15.8

0.001

HDL-c, mg/dL

39.7 ± 13.5

41.9 ± 17.7

0.766

Hypercholesterolemia

20 (9.8)

30 (32.2)

< 0.001

High LDL-c

20 (9.7)

24 (25.8)

< 0.001

Hypertriglyceridemia

60 (29.1)

45 (48.3)

0.001

Hypoalphalipoproteinemia

85 (41.3)

44 (47.3)

0.328

HCV genotype 1

138 (66.9)

Not determined

-

Non-genotype 1

68 (33.1)

Lipid abnormality

Viral genotype

Fibrosis stage1
F1

26 (29.5)

30 (62.5)

< 0.001

F2

19 (21.8)

11 (22.9)

0.883

F3

9 (10.3)

1 (2.1)

0.083

F4

33 (38.5)

6 (12.5)

0.002

Surgeries

144 (69.9)

62 (66.7)

0.164

Blood transfusion

119 (58)

36 (38.7)

0.169

Tattooing

49 (23.7)

19 (20.4)

0.375

Dental procedure

49 (23.7)

18 (19.3)

0.28

Sexual promiscuity

41 (19.9)

14 (15.0)

0.702

Acupuncture

28 (13.5)

8 (8.6)

0.464

Injection drug use

27 (13.1)

10 (10.7)

0.932

Body piercing

4 (1.9)

8 (8.6)

0.002

Risk factors for HCV infection

1

Liver damage was assessed in 87 chronic hepatitis C and 48 spontaneous clearance patients. BMI: Body mass
index; HOMA-IR: Homeostatic model assessment insulin resistance; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase.

Furthermore, CHC patients who were carriers of the APOE ε4 allele had the lowest
levels of AST and ALT in comparison with the APOE ε3 allele carriers. The protective
effect of APOE ε4 found in this study agrees with data reported from other
populations with African and European ancestries[11,36,37]. Conversely, APOE ε3 allele
was associated with advanced fibrosis in CHC. This observation agrees with previous
data reporting that specifically, ApoE ε3 mediates the HCV immune escape
mechanism by blocking the innate immunity-activated ficolin-2 protein, thus
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Table 2 APOE allele distribution among the study population and stages of fibrosis in chronic hepatitis C patients, n (%)
HCV-patients

Fibrosis stage in CHC patients4

Chronic (n = 206)

Clearance (n = 93)

P value

F1-F2 (n = 49)

F3-F4 (n = 38)

P value

ε2ε2

2 (1.0)

0

ε2ε3

15 (7.4)

8 (8.6)

-

0

0

-

0.691

5 (10.5)

2 (5.3)

0.400

ε2ε4

2 (1.0)

0

ε3ε3

160 (77.5)

64 (68.8)

-

0

0

-

0.102

29 (59.2)

34 (89.5)

ε3ε4

26 (12.7)

0.001

19 (20.4)

0.080

14 (28.6)

1 (2.6)

ε4ε4

0.001

1 (0.5)

2 (2.2)

0.181

1 (2)

1 (2.6)

0.969

ε2

21 (5.1)

8 (4.3)

0.674

4 (5.1)

2 (2.6)

0.603

ε3

361 (87.6)

155 (83.3)

0.158

78 (78.6)

70 (93.4)

0.0222

Genotypes

Alleles

ε4
HWE

1

30 (7.3)

23 (12.4)

0.042

16 (16.3)

4 (4)

0.0233

0.438

0.892

-

0.910

0.286

-

1

ε4 allele was associated with SC OR = 0.55, 95%CI: 0.31-0.98, P = 0.042.
ε3 allele was associated with severe fibrosis (F3-F4) OR = 2.99, 95%CI: 1.13-7.87, P = 0.021.
ε4 allele was associated with mild fibrosis (F1-F2) OR = 0.091, 95%CI: 0.01-0.75, P = 0.020.
4
Liver damage was assessed in 87 chronic hepatitis C patients. CHC: Chronic hepatitis C; HWE: Hardy-Weinberg Equilibrium.
2
3

promoting the progression of the infection[38]. On the other hand, cholesterol and
cholesterol derivatives have an immunomodulatory effect against HCV[39,40]. In this
study, APOE ε4 increased the levels of total cholesterol and LDL-c in SC patients and
the prevalence of HChol in CHC, thus confirming its participation in the modulation
of cholesterol in the course of HCV infection as previously reported[37].
An interesting observation was that LDL-c and BMI were the main variables
predicting SC status. This finding is concordant with the higher prevalence of
overweight in SC than in CHC patients who were mainly normal weight. Overweight
and obesity are conditions that lead to lipid alterations of cholesterol and triglycerides
that in turn, evoke insulin resistance[41]. In this study, CHC patients tended to have a
better lipid profile but depicted a higher level of HOMA-IR than patients with SC.
This data is consistent with the higher prevalence of type 2 diabetes in the CHC
patients, in contrast with those who were SC. Moreover, insulin resistance is the
hallmark of liver fibrosis. Notably, in this study, the CHC patients who were non-ε4
allele carriers had a higher stage of fibrosis than their peers with SC. Since the levels
of LDL-c, BMI, and ALT were the best predictors of SC, these determinants may be
used in the early detection of chronicity in HCV-infected patients.
Diet is another crucial interacting factor related to BMI and lipid alterations. Mexico
has experienced a nutrition transition in the past three decades, shifting from a
traditional food pattern to a westernized diet, a known factor involved in the obesity
epidemic[42]. Current diets are hepatopatogenic containing high amounts of simple
sugars and saturated fats that result in HChol and hypertriglyceridemia[17,43,44]. Due to
this fact and the estimated time of evolution of the patients, we hypothesized that
high BMI and cholesterol levels, which are key factors for SC, might have been
present at the time of the acute phase of HCV infection, and that some SC patients
remained overweight years after clearing the virus. Also, in the context of HCV
infection, high levels of LDL-c correlate with interferon sensitivity which is detected
by the production of IFN-gamma-induced protein, a chemokine produced by T cells,
natural killer cells, and monocytes[45]. Furthermore, high levels of LDL-c are related to
interferon sensitivity in genotype 1[46], allowing an adequate innate immune response
against HCV that facilitates spontaneous viral clearance. Nevertheless, further
investigation is needed to clarify the mechanisms involved in this association as well
as designing prospective studies in patients with acute infection.
The relationship between lipid alterations and the dynamics of HCV infection are
also influenced by other genetic polymorphisms. In this sense, IFNL4 has been
associated with SC by modulating LDL-c levels[47]. CD36 rs1761667 polymorphism
was associated with fat perception and advanced fibrosis in Mexican patients with
CHC[48]. On the other hand, it may be interesting to investigate if changes in lifestyle
such as nutritional interventions could cause cholesterol metabolism disturbances that
modify HCV life cycle[44]. In perspective, genetic and environmental factors affecting
cholesterol levels may vary significantly worldwide; therefore, we advocate that these
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Table 3 Effect of APOE alleles on lipid profile and lipid abnormalities of hepatitis C virus patients
Chronic

Clearance

E2 (n = 19)

E3 (n = 160)

E4 (n = 27)

E2 (n = 8)

E3 (n = 64)

E4 (n = 21)

TC, mg/dL

140.6 ± 34.1

150.9 ± 45.7

158.3 ± 45.5

142.7 ± 40.3

184.3 ± 41.43

188.9 ± 424

TG, mg/dL

134.4 ± 78.4

130.2 ± 59.6

114.2 ± 53.4

151.2 ± 81.6

169.1 ± 81.1

165.8 ± 79.4
42.0 ± 9.7

Lipid profile

1

HDL-c, mg/dL

36.9 ± 7.7

38.8 ± 12.9

45.9 ± 17.6

34.7 ± 6.5

42.6 ± 21.1

VLDL-c, mg/dL

24.3 ± 11.4

26.7 ± 15.3

22.1 ± 10.0

30.1 ± 16.7

33.2 ± 15.7

33.1 ± 15.9

LDL-c, mg/dL

82.6 ± 29.2

85.6 ± 38.2

98.7 ± 43.5

77.7 ± 29.0

110.1 ± 33.15

121.6 ± 34.76

Hypercholesterolemia

1 (5.3)

13 (8.1)

6 (22.2)2

0

19 (29.6)

8 (38.1)

Hypertriglyceridemia

7 (36.8)

43 (26.9)

6 (22.2)

3 (37.5)

26 (40.6)

9 (42.8)

Hypoalphalipoproteinemia

10 (52.6)

75 (46.9)

9 (33.3)

7 (87.5)

30 (46.9)

10 (47.6)

High LDL-c

1 (5.3)

14 (8.7)

5 (18.5)

0

12 (18.7)

7 (33.3)

Lipid abnormalities, n (%)

1

E4 vs E3, P = 0.033;
E4 vs E3, P = 0.024;
3
E3 vs E2, P = 0.018;
4
E4 vs E2, P = 0.014;
5
E3 vs E2, P = 0.012;
6
E4 vs E2, P = 0.005. E2: ε2ε2 + ε2ε3 + ε2ε4; E3: ε3ε3; E4: ε3ε4 + ε4ε4. TC: Total cholesterol; TG: Triglycerides; Hchol: Hypercholesterolemia; HTG:
Hypertriglyceridemia; HALP: Hypoalphalipoproteinemia.
2

factors be considered by population for the management of HCV infection.
Furthermore, understanding the molecular mechanisms by which LDL-c is implicated
in the course of HCV infection could provide valuable information for controlling
HCV infection and limiting its expansion.
In conclusion, APOE ε4 allele and LDL-c confer a protective effect in the course of
the HCV infection in the context of high BMI. An individualized therapy accounting
the host´s genetic, environmental, and metabolic factors is required to achieve better
control of HCV infection, especially in populations with a high prevalence of
overweight and obesity.
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Table 4 Logistic regression analysis of variables associated with spontaneous hepatitis C virus clearance
Univariate

Multivariate

Variable
OR

95%CI

P value

OR

95%CI

P value

AST, IU/L

1.058

1.040-1.076

< 0.001

ALT, IU/L

1.04

1.026-1.054

< 0.001

1.037

1.019-1.056

< 0.001

LDL-c, mg/dL

0.981

Total cholesterol, mg/dL

0.983

0.973-0.988

< 0.001

0.977

0.963-0.992

0.002

0.977-0.989

< 0.001

Triglycerides, mg/dL
VLDL-c, mg/dL

0.993

0.989-0.996

< 0.001

0.992

0.986-0.999

0.027

0.97

0.953-0.987

0.001

Age, (yr)

1.024

1.003-1.045

0.023

BMI, kg/m2

0.962

0.913-1.013

0.138

0.874

0.790-0.966

0.008

Female, sex

1.358

0.833-2.213

0.22

HDL-c, mg/dL

0.994

0.977-1.011

0.481

Hosmer and Lemeshow test: Chi-square = 4.53, P = 0.806. Only significant variables (P < 0.2) in the univariate analysis were introduced in the multivariate
analysis when P < 0.05 was significant. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDL-c: Low-density lipoprotein cholesterol;
VLDL-c: Very low-density lipoprotein cholesterol; BMI: Body mass index; HDL-c: High density-lipoprotein cholesterol; OR: Odds ratio; CI: Confidence
interval.

Table 5 Receiver operating characteristic analysis of variables associated with spontaneous hepatitis C virus clearance
Variable

Cutoff

AUC

P value

Sensitivity, %

Specificity, %

PPV

NPV

ALT, IU/L

50.5

.79

< 0.001

62%

83%

88%

52%

LDL-c, mg/dL

101.5

.72

< 0.001

60.7%

78%

79%

58%

Triglycerides, mg/dL

117.5

.64

< 0.001

69%

55%

78%

42%

26.6

.59

0.018

63%

54%

76%

38.7%

2

BMI, kg/m

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve; ALT: Alanine transaminase; LDL-c: Low-density lipoprotein
cholesterol; BMI: Body mass index.

Figure 1

Figure 1 Odds Ratio of the multivariate analysis of dichotomous variables associated with spontaneous clearance (95% confidence interval). BMI: Body
mass index; LDL-c: Low-density lipoprotein cholesterol; ALT: Alanine aminotransferase.

ARTICLE HIGHLIGHTS
Research background
The interplay between lipids and hepatitis C virus (HCV) can modulate the course of HCV
infection. Cholesterol improves the rate of sustained virological response and immune response
against HCV. On the other hand, the three APOE alleles mediate lipid levels by interacting with
environmental factors such as diet. Currently, a high prevalence of lipid alterations, obesity, and
an uneven distribution of the APOE alleles is notorious among the Mexican population. Herein,
we investigate the effect of APOE polymorphisms and the lipid profile on the outcome of the
HCV infection in patients from Mexico. To the best of our knowledge, this study is the first in
reporting the effect of APOE alleles in the course of HCV infection in a Latin American
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Research motivation
HCV is a leading cause of chronic liver disease worldwide. Although it is expected to be
eliminated by 2030, HCV infection still represents an unsolvable problem in many developing
countries. At present, the factors impacting on the clinical outcome of HCV infection in Latin
American countries are not fully known. Understanding the role of metabolic abnormalities and
the participation of cholesterol and APOE polymorphisms in the outcome HCV infection could
favor the implementation of earlier strategies of detection and treatment in these populations.

Research objectives
This study aimed to investigate the effect of APOE polymorphisms and the lipid profile on the
outcome of the HCV infection in patients with an admixture genetic background living in West
Mexico.

Research methods
A total of 299 positive anti-HCV positive patients were enrolled from January 2014 to December
2016. Clinical records were elaborated by a physician. Quantitative assessment of serum RNA
was performed by a standardized quantitative reverse PCR assay. After testing, the study
population was divided into two groups: Spontaneous clearance (SC) and chronic hepatitis C
infection (CHC) patients. Biochemical determinations were tested through a Vitros 250 analyzer,
and liver stiffness was assessed by a certified physician using transitional elastography. The
APOE genotype was determined using a 5’ allelic discrimination method. Data analysis was
performed using IBM SPSS Statistics version 21.0 for windows.

Research results
Patients who presented SC were mainly overweight, had higher levels of total cholesterol, LDLc, and triglycerides than CHC patients. The APOE ε4 allele was significantly associated with
spontaneous HCV clearance status and with less fibrosis than non- ε4 alleles carriers among
chronic patients. Levels of LDL-c ≥ 101.5 mg/dL and BMI ≥ 26.6 kg/m2 were associated with SC
status; while ALT ≥ 50.5 IU/L was negatively associated.

Research conclusions
The present study suggests that APOE ε4 allele and LDL-c confer a protective effect in the course
of the HCV infection in the context of high BMI. Levels of LDL-c, BMI, and ALT may help in the
estimation of the risk of chronicity in HCV-infected patients.

Research perspectives
In our view, an individualized therapy accounting the host´s genetic, environmental, and
metabolic factors could aid in the clinical management of HCV infection, especially in
populations with a high prevalence of overweight and obesity.
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Abstract
BACKGROUND
Prolonged postoperative ileus (PPOI) is one of the common complications in
gastric cancer patients who underwent gastrectomy. Evidence on the predictors
of PPOI after gastrectomy is limited and few prediction models of nomogram are
used to estimate the risk of PPOI. We hypothesized that a predictive nomogram
can be used for clinical risk estimation of PPOI in gastric cancer patients.
AIM
To investigate the risk factors for PPOI and establish a nomogram for clinical risk
estimation.
METHODS
Between June 2016 and March 2017, the data of 162 patients with gastrectomy
were obtained from a prospective and observational registry database. Clinical
data of patients who fulfilled the criteria were obtained. Univariate and
multivariable logistic regression models were performed to detect the
relationship between variables and PPOI. A nomogram for PPOI was developed
and verified by bootstrap resampling. The calibration curve was employed to
detect the concentricity between the model probability curve and ideal curve. The
clinical usefulness of our model was evaluated using the net benefit curve.
RESULTS
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This study analyzed 14 potential variables of PPOI in 162 gastric cancer patients
who underwent gastrectomy. The incidence of PPOI was 19.75% in patients with
gastrectomy. Age older than 60 years, open surgery, advanced stage (III–IV), and
postoperative use of opioid analgesic were independent risk factors for PPOI. We
developed a simple and easy-to-use prediction nomogram of PPOI after
gastrectomy. This nomogram had an excellent diagnostic performance [area
under the curve (AUC) = 0.836, sensitivity = 84.4%, and specificity = 75.4%]. This
nomogram was further validated by bootstrapping for 500 repetitions. The AUC
of the bootstrap model was 0.832 (95%CI: 0.741–0.924). This model showed a
good fitting and calibration and positive net benefits in decision curve analysis.
CONCLUSION
We have developed a prediction nomogram of PPOI for gastric cancer. This novel
nomogram might serve as an essential early warning sign of PPOI in gastric
cancer patients.
Key words: Prolonged postoperative ileus; Gastric cancer; Complication; Nomogram;
Bootstrap
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Prolonged postoperative ileus (PPOI) is one of the common complications in
gastric cancer patients who underwent gastrectomy. Evidence on the predictors of PPOI
after gastrectomy is limited. This study investigated the risk factors for PPOI and
established an easy-to-use nomogram model for clinical risk estimation. This nomogram
had an excellent diagnostic performance and showed superior effects when used in the
clinical setting based on the results of the decision curve analysis. This novel nomogram
might serve as an essential early warning sign of PPOI for medical practitioners.

Citation: Liang WQ, Zhang KC, Cui JX, Xi HQ, Cai AZ, Li JY, Liu YH, Liu J, Zhang W,
Wang PP, Wei B, Chen L. Nomogram to predict prolonged postoperative ileus after
gastrectomy in gastric cancer. World J Gastroenterol 2019; 25(38): 5838-5849
URL: https://www.wjgnet.com/1007-9327/full/v25/i38/5838.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i38.5838

INTRODUCTION
Postoperative ileus (POI) is an iatrogenic gastrointestinal dysfunction following
abdominal surgery [1] . The clinical manifestations of POI are characterized by
abdominal distension and pain, nausea and vomiting, lack of bowel sounds,
accumulation of gas and fluid, inability to pass stools, and accumulation of gas and
fluid[2-6]. Usually, it resolves within 2-4 d, although it may persist for longer days or
reoccur. When the symptoms extend beyond the expected duration, it is called
prolonged postoperative ileus (PPOI). However, the period of POI to PPOI remains
unclear. A systematic review and global survey proposed that PPOI is best defined as
ileus that occurs 96 h after surgery based on the results of the previous literature,
which has been acknowledged by many investigators[7]. PPOI is a frequent complication of abdominal surgery that results in severe disease burden and pain[8,9]. A
multicenter survey of 17876 patients undergoing colectomy showed that the
frequency of PPOI was 15.3%, which prolonged hospitalization and increased health
care resource utilization[10]. However, the majority of the previous studies on PPOI
were based on patients referred to colonic or rectal resection, and little data existed on
gastrectomy[11,12].
Gastric cancer (GC) is a major health issue worldwide, which remains the third
leading cause of cancer death [13] . Immunologic impairment, surgical trauma,
inflammatory responses, and tract stasis can increase the frequency of PPOI and
bacterial overgrowth and translocation, potentially leading to bacteremia and
systemic sepsis[11]. Therefore, to identify the risk indicators for PPOI and determine
optimal management strategies, a risk prediction model is urgently required. Of all
the available models, a nomogram can provide a highly accurate, individualized
evidence-based risk estimation[14,15]. Nomograms predicting survival of patients with
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unresectable or metastatic GC were well established[16]. To date, various risk indicators
have been suggested to be associated with an increased risk of PPOI[17-20]. However, to
our knowledge, few prediction models of a nomogram were used to estimate the risk
of PPOI after abdominal surgery, especially in patients who underwent radical
gastrectomy.
The present study aimed to investigate the pre-, intra-, and postoperative risk
factors for PPOI as well as develop and validate a nomogram using clinicopathological variables of patients who underwent radical gastrectomy for GC.

MATERIALS AND METHODS
Study patients
Between June 2016 and March 2017, 203 patients who underwent gastrectomy were
identified from a prospectively collected registry database of PPOI in the Chinese
People’s Liberation Army (PLA) General Hospital. The process for patient selection is
presented in Figure 1. Patients diagnosed with resectable gastric cancer who were able
to provide written informed consent were eligible for this study. All of the included
patients were scheduled to receive gastrectomy with curative intent according to the
2010 Japanese GC treatment guidelines (v. 3)[21]. All resections were performed by a
specialized gastric surgical team at the Department of General Surgery, Chinese
People’s Liberation Army General Hospital. During the study period, 41 patients who
underwent the following types of surgery were excluded to avoid the confounding
bias: Resection at urgent operation (n = 12), palliative surgery (n = 11), planned
laparoscopic surgery converted to open surgery (n = 9), open-close operation (n = 5),
and multi-visceral resection (n = 4). Finally, a total of 162 patients were included in the
final analysis.
All the included patients were informed of the clinical trial process and signed an
informed consent form before surgery. This study was conducted in accordance with
the Declaration of Helsinki. The protocol of this study was reviewed and approved by
the Institutional Review Board of the Chinese PLA General Hospital, and all
information was obtained with appropriate Institutional Review Board waivers
(registration number: S2016-092-01).

Definition of PPOI
A systematic review and global survey proposed a definition of PPOI[7], which was
supported by numerous studies[19,22,23]. PPOI was diagnosed if patients met two or
more of the following five criteria on day 4 or more postoperatively: Nausea or
vomiting for 12 h or more without relief, intolerance to a solid or semi-solid oral diet,
persistent abdominal distension, absence of passage of both stool and flatus for 24 h
or more, and ileus noted on plain abdominal films or CT scans. We adopted this
definition, and the diagnosis of PPOI must independently concur based on two
experienced surgeons.

Data collection
Clinical data of patients who fulfilled the criteria were obtained from the prospective
registry database before the assessment of PPOI. Such steps ensured the authenticity
and reliability of the data. Patient’s baseline data were collected upon admission as
following: Sex, age, body mass index (BMI), and history of previous abdominal
surgery. The operation time, surgical bleeding volume, intraoperative blood
transfusion, surgical procedure, lymph node dissection, and type of surgical approach
(open or laparoscopic) were also obtained. All patients were operated under standard
general anesthesia, and the tumor–node–metastasis stage was staged according to the
7 th edition of the International Union Against Cancer tumor–node–metastasis
classification of malignant tumors. Over the study period, the results of patients’
postoperative physical examination, hematopoietic levels, and biochemical levels
were examined within 24 h after surgery. White blood cell (WBC) count and body
temperature on the first postoperative day were measured. Patients’ albumin levels
improved after receiving postoperative oral feeding and enteric nutrition, which were
evaluated in this study. Postoperative potassium plays an essential role in smooth
muscle autoregulation and is associated with the development of PPOI [ 2 4 ] .
Postoperative potassium level was monitored in our study. Opioid analgesic could
induce bowel dysfunction, which usually occurred immediately after the first dose
and persisted within the duration of therapy. Opioid analgesic was reported as an
essential indicator of PPOI[25,26]. Whether opioid analgesics were used postoperatively
was also evaluated as a consequence of pain tolerance of patients on the first day after
surgery.

WJG

https://www.wjgnet.com

5840

October 14, 2019

Volume 25

Issue 38

Liang WQ et al. Nomogram predicting PPOI in gastrectomy
Figure 1

Figure 1 Flowchart of the process of patient enrollment. PPOI: Prolonged postoperative ileus.

Model establishment and validation
Univariate and multivariable logistic regression models were used to detect the
relationship between variables and PPOI. In the univariate analysis, crude analyses
were performed to identify potential risk factors. All variables having a bivariate
association with PPOI with P < 0.1 were included in the multivariable model. A
collinearity screening was performed on all independent variables to eliminate the
variable with a variance inflation factor > 10. A stepwise nomogram model of PPOI
was developed using a multivariate logistic regression. The nomogram model was
performed following a backward step-down selection process using a threshold of P <
0.05. We can explain the nomogram by the following steps: First, determine the value
of the variable on the corresponding axis; second, draw a vertical line to the total
points axis to determine the points; third, add the points of each variable; and finally,
draw a line from the total point axis to determine the PPOI probabilities at the lower
line of the nomogram. The discriminatory ability of the model was evaluated using
receiver operating characteristic (ROC) curve analysis. The accuracy of our model was
further verified by bootstrap validation using computer resampling for 500 repetitions
of simple random sampling with replacement. The calibration curve was employed to
detect the concentricity between the model probability curve and ideal curve. The
clinical usefulness of our model was evaluated using the net benefit curve, which was
derived by Vickers et al[27].

Statistical analysis
Continuous variables are expressed as the mean ± SD or median (min-max value),
while categorical data are expressed as number and percentage. The associations
between PPOI and variables were assessed using χ2 tests, Fisher exact tests, and
logistic regression models. Statistical analyses were two tailed with 95% confidence
intervals (CI). A P value < 0.05 was considered significant. All statistical analyses were
performed using SPSS version 22.0 (IBM, New York), R software (http://www. Rproject.org), and Empower Stats software (www.empowerstats.com, X&Y Solutions,
Inc., Boston, Boston, Massachusetts).

RESULTS
Patient characteristics
We retrospectively analyzed data from a prospective registry database developed and
updated by the Department of General Surgery, Chinese People’s Liberation Army
General Hospital. The patient, operation, tumor, and postoperative characteristics of
162 GC patients who underwent gastrectomy from June 2016 to March 2017 are
summarized in Table 1. Overall, the mean age at diagnosis was 59.5 ± 10.9 years, and
124 (76.54%) patients were men. Thirty-one (19.14%) patients previously underwent
abdominal surgery, while 61.11% underwent laparoscopic gastrectomy. Opioid
analgesic was used for postoperative pain relief in 62 (38.27%) patients. Of 162
patients, PPOI occurred in 36 (19.75%, 95%CI: 14.1%-26.8%) patients.
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Table 1 Patient, operation, tumor, and postoperative characteristics
Characteristic

Category

n = 162

Percentage (%)

Sex

Female

38

23.46

Male

124

76.54

Range 30-89

—

—

Mean 59.5, median 59.0

—

—

Range 22.30-26.80

—

—

Mean 24.66, median 24.95

—

—

No

131

80.86

Yes

31

19.14

Open surgery

63

38.89

Laparoscopic surgery

99

61.11

Age(yr)

BMI (kg/m2)

Previous abdominal surgery

Operation method

Operation time (min)

Intraoperative blood loss (mL)

Blood transfusion

Surgical procedure

Lymph node dissection

Tumor stage

Postoperative body temperature (°C)

Postoperative WBC count (×109/L)

Postoperative albumin (g/L)

Postoperative K+ (mmol/L)

Postoperative opioid analgesic

PPOI

Range 120-433

—

—

Mean 236.4, median 230.0

—

—

Range 10-1800

—

—

Mean 229.4, median 200.0

—

—

No

131

80.86

Yes

31

19.14

Proximal gastrectomy

21

12.96

Distal gastrectomy

56

34.57

Total gastrectomy

85

52.47

D1+

40

24.69

D2

122

75.31

I

39

24.07

II

50

30.86

III

72

44.44

IV

1

0.62

Range 36.4-39.1

—

—

Mean 37.6, median 37.5

—

—

Range 5.43-22.02

—

—

Mean 12.76, median 12.70

—

—

Range 25.5-40.3

—

—

Mean 31.93, median 31.80

—

—

Range 2.67-5.15

—

—

Mean 3.75, median 3.74

—

—

No

100

61.73

Yes

62

38.27

No

130

80.25

Yes

32

19.75

Data are presented as number of patients unless indicated otherwise. BMI: Body mass index; WBC: White
blood cell; PPOI: Prolonged postoperative ileus.

Risk factors for PPOI
Table 2 shows the results of the univariate and multivariable logistic regression
analyses performed to detect the relationship between variables and PPOI. The risk of
PPOI among patients aged ≤ 60 years was lower than that of patients aged > 60 years
(OR = 0.43, 95%CI: 0.19-0.95, P = 0.033) and the risk increased 5% for per year increase
in age. Compared with the laparoscopic group, more patients in the open surgery
group developed PPOI, with a significantly increased risk (OR = 2.44, 95%CI: 1.115.26, P = 0.025). Patients with early-stage (I and II) gastric carcinoma were less likely
to suffer from PPOI than those with advanced-stage GC (III and IV), with a decreased
risk of 59% (OR = 0.41, 95%CI: 0.19-0.92, P = 0.027). Besides, avoiding the use of
opioid analgesics during the postoperative period reduced the frequency of PPOI by
71% (OR = 0.29, 95%CI: 0.13-0.64, P = 0.002). For postoperative albumin and
potassium levels, there was no relationship with PPOI when considered as categorical
variables; however, significant differences were found when they were regarded as
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continuous variable, and these results need to be further excavated in the following
studies. In addition, there was no significant difference in the incidence of PPOI
between the two groups in terms of sex, BMI, previous abdominal surgery, operation
time, intraoperative blood loss, blood transfusion, surgical procedure, lymph node
dissection, postoperative body temperature, and postoperative WBC count. All
variables having a bivariate association with PPOI with P < 0.1 were included in the
multivariable logistic regression, which yielded the adjusted ORs shown in Table 2. In
the multivariable model, the significant predictors of PPOI were: Age older than 60
years (OR = 2.70, 95%CI: 1.10-6.66, P = 0.030), open surgery (OR = 3.45, 95%CI: 1.339.09, P = 0.010), advanced III-IV stage (OR = 3.23, 95%CI: 1.32-7.90, P = 0.010), and
postoperative use of opioid analgesic (OR = 5.84, 95%CI: 2.25-15.16, P < 0.001). All
possible two-way interactions among variables in the multivariable model were
examined, but no statistically significant (P > 0.05) interaction was found.

Nomogram for PPOI
Fourteen clinicopathological variables were analyzed to determine their association
with PPOI. Of the initial 14 variables, 5 were filtered out: Age, postoperative opioid
analgesic, postoperative K+, operation methods, and tumor stage. In this study, the
stepwise selected model was computed as follows: 3.24671 + 0.07000 × (age) + 1.55342
× (postoperative opioid analgesic = yes) - 2.60385 × (postoperative K+) - 1.59227 ×
(operation methods = laparoscopic surgery) + 1.58622 × (tumor stage = III-IV). The
probability of PPOI can be estimated using the stepwise nomogram, as described in
Figure 2. The performance of this nomogram was measured using ROC curve
analysis, and the area under the ROC curve (AUC) of this model was 0.836, indicating
a good diagnostic performance (Figure 3) with a sensitivity of 84.4% and a specificity
of 75.4% at the optimal cutoff value.

Model validation
The stepwise nomogram was further validated using internal bootstrap validation.
The ROC curve was measured by bootstrapping for 500 repetitions, and the AUC of
the bootstrap stepwise model was 0.832 (95%CI: 0.741-0.924), with a statistical power
similar to that of the initial stepwise model (Figure 4A). The internal bootstrap
validation calibration curve demonstrated that at a probability of 0-0.5, the
nomogram-derived curve may underestimate the risk of PPOI (Figure 4B). When the
probability was higher than 0.5, the nomogram may overestimate the probability. In
general, our model showed a good fitting and calibration with the ideal curve. In
addition, decision curve analysis demonstrated good positive net benefits in the
predictive model under a threshold probability of 0.8, indicating the favorable
potential clinical effect of the predictive model (Figure 5).

DISCUSSION
This study analyzed 14 potential variables of PPOI in 162 GC patients who underwent
gastrectomy. The following independent risk factors were identified: Age older than
60 years, open surgery, advanced stage (III-IV), and postoperative use of opioid
analgesic. A simple and easy-to-use prediction nomogram for PPOI after gastrectomy
using multivariate analyses was developed for the first time. Five variables were
filtered out for the nomogram using stepwise regression. This nomogram had an
excellent diagnostic performance (AUC = 0.836, sensitivity = 84.4%, and specificity =
75.4%) and was validated internally using the bootstrap sampling method. Besides,
this prediction model showed superior performance when used in the clinical setting
based on the results of the decision curve analysis.
Knowledge on the incidence of PPOI could make a vital contribution to the
development of new strategies to prevent or decrease such incidence. A total of 36
patients were diagnosed with PPOI in the present study, accounting for 19.75% of the
total patients who underwent radical gastrectomy. The frequency of PPOI in our
study was lower than that in the study of Huang et al[12] (32.4%), which was conducted
in patients with GC, and the study of Mao et al[28] (27%), which was conducted in
patients who underwent elective colorectal surgery, and was similar to that reported
in the study of Wolthuis et al [29] (15.9%), which was conducted in patients after
colorectal resection. A meta-analysis of 54 studies revealed a PPOI incidence of 10.3%
after colorectal surgery[19]. Notably, the frequency of PPOI varied in the previous
studies, depending on the type of abdominal surgery and definitions of PPOI. There is
no widely accepted precise cutoff time over which ileus should persist before being
regarded as prolonged, which varied from 3 d to 7 d in different studies[8,22,30]. A
standardized and universally accepted definition of the exact point in time when
normal POI changes to PPOI should be identified in future research. In the present
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Table 2 Association of prolonged postoperative ileus with background, operative, and postoperative variables in bivariate analysis and
in multivariable models
Variable

Category

Number (%) with
PPOI

Univariate
OR(95%CI)

P value

Multivariable OR
(95%CI)

P value

Sex

Female

9/38 (23.7)

1.36 (0.57, 3.27)

0.487

—

—

Male

23/124 (18.5)

Age (yr)

BMI (kg/m2)

Previous abdominal surgery

Operation method

Operation time (min)

Intraoperative blood loss (mL)

Blood transfusion

Surgical procedure

lymph node dissection

Tumor stage

Ref.

—

—

—

Continuous variable —

1.05 (1.01, 1.09)

0.009

—

—

≤ 60

12/88 (13.6)

0.43 (0.19, 0.95)

0.033

Ref.

0.030

> 60

20/74 (27.0)

Ref.

—

2.70 (1.10, 6.66)

—

Continuous variable —

0.91 (0.81, 1.02)

0.110

—

—

≤ 24.66

17/78 (21.8)

1.02 (0.42, 2.49)

0.529

—

—

> 24.66

15/84 (17.9)

Ref.

—

—

—

No

27/131 (15.1)

1.35 (0.47, 3.85)

0.573

—

—

Yes

5/31 (16.1)

Ref.

—

—

—

Open surgery

18/63 (20.6)

2.44 (1.11, 5.26)

0.025

3.45 (1.33, 9.09)

—

Laparoscopic
surgery

14/99 (14.1)

Ref.

—

Ref.

0.010

Continuous variable —

0.99 (0.99, 1.00)

0.532

—

—

≤ 236.4

16/89 (18.0)

0.78 (0.36, 1.69)

0.531

—

—

> 236.4

16/73 (21.9)

Ref.

—

—

—

Continuous variable —

1.00 (0.99, 1.00)

0.693

—

—

≤ 229.4

16/87 (18.4)

1.02 (0.42, 2.49)

0.639

—

—

> 229.4

8/75 (21.3)

Ref.

—

—

—

No

23/131 (17.6)

0.52 (0.21, 1.28)

0.149

—

—

Yes

9/31 (29.0)

Ref.

—

—

—

Total gastrectomy

21/85 (24.7)

Ref.

—

—

—

Proximal
gastrectomy

3/21(14.3)

0.51 (0.14, 1.89)

0.314

—

—

Distal gastrectomy

8/56 (14.3)

0.51 (0.21, 1.25)

0.138

—

—

D1+

5/40 (12.5)

Ref.

—

—

—

D2

27122 (22.1)

1.99 (0.71, 5.59)

0.191

—

—

I-II

12/89 (13.5)

0.41 (0.19, 0.92)

0.027

Ref.

0.010

III-IV

20/73 (27.4)

Ref.

—

3.23 (1.32, 7.90)

—

0.99 (0.47, 2.05)

0.969

—

—

Postoperative body temperature Continuous variable —
(°C)

Postoperative WBC count
(×109/L)

Postoperative albumin (g/L)

Postoperative K+ (mmol/L)

Postoperative opioid analgesic

Postoperative opioid analgesic

≤ 37.6

19/97 (19.6)

0.97 (0.44, 2.14)

0.948

—

—

> 37.6

13/65 (20.0)

Ref.

—

—

—

Continuous variable —

1.04 (0.92, 1.17)

0.572

—

—

≤ 12.76

18/82 (22.0)

1.33 (0.61, 2.89)

0.477

—

—

> 12.76

14/80 (17.5)

Ref.

—

—

—

Continuous variable —

0.83 (0.72, 0.95)

0.007

—

—

≤ 31.93

21/86 (24.4)

1.91 (0.85, 4.28)

0.113

—

—

> 31.93

11/76 (14.5)

Ref.

—

—

—

Continuous variable —

0.26 (0.08, 0.81)

0.020

—

—

≤ 3.75

20/85 (23.5)

1.67 (0.75, 3.69)

0.205

—

—

> 3.75

12/77 (16.0)

Ref.

—

—

—

No

12/100 (12.0)

0.29 (0.13, 0.64)

0.002

Ref.

< 0.001

Yes

20/62 (32.3)

Ref.

—

5.84 (2.25, 15.16)

—

No

12/100 (12.0)

0.002

0.29 (0.13, 0.64)

—

BMI: Body mass index; WBC: White blood cell; PPOI: Prolonged postoperative ileus; OR: Odds ratio; CI: Confidence Interval.

study, advanced age (> 60 years) was identified as an independent predictor of PPOI.
This finding is in line with those of several previous studies[12,31], which indicated that
physicians should pay more attention to those patients. Older patients usually have
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Figure 2

Figure 2 Nomogram prediction of prolonged postoperative ileus. The steps are: Determine the value of the variable on the corresponding axis, draw a vertical
line to the total points axis to determine the points, add the points of each variable, and draw a line from the total point axis to determine the PPOI probabilities at the
lower line of the nomogram. PPOI: Prolonged postoperative ileus.

reduced peristalsis and need more time for postoperative recovery[32]. Low albumin
has been identified as an independent risk factor for the development of PPOI[6] and
older patients generally have a poor nutritional and functional status. Our study
emphasizes the need for perioperative dietary intervention in older patients who
underwent gastrectomy for advanced GC.
We identified the laparoscopic approach as a way to limit PPOI, and this finding is
consistent with the results reported in other studies[29-31]. The long-term oncologic
outcomes of laparoscopic gastrectomy for patients with GC were comparable to those
of open gastrectomy in a large-scale, multicenter, retrospective clinical study
conducted in 2976 patients [33] . With the development of minimally invasive
techniques, experienced surgeons can safely perform laparoscopic gastrectomy with
D2 lymphadenectomy for advanced GC[34]. The gastrointestinal function of patients
who underwent open abdominal surgery took 2 d to recover compared with that of
patients who underwent laparoscopic surgery[6]. Laparoscopy is recommended as a
feasible and reproducible procedure in the diagnosis and treatment of patients with
GC, which results in decreased PPOI, faster recovery, and definite clinical effect.
Opioid-related dysmotility is thought to play a central role in postoperative gut
dysfunction, and the effect of opioid analgesic on gastrointestinal function has been
well elucidated in previous studies[25,26]. Opioid analgesic was also identified as an
independent risk factor for PPOI in the present study. Opioid analgesic usually
activates peripheral μ-opioid receptors located in the myenteric plexus, further
inhibits acetylcholine, and impairs the gut motility[35]. Peripherally acting μ-opioid
receptor antagonists methylnaltrexone and alvimopan, which are potentially used for
the prevention of PPOI, are a new class of drugs designed to reverse opioid-induced
side effects on the gastrointestinal system without compromising pain relief[25,36,37].
The nomogram was used to calculate the overall probability of PPOI for an
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Figure 3

Figure 3 Receiver operating characteristic curve. AUC: Area under the receiver operating characteristic curve.

individual patient in the present study. This prediction model is important for risk
estimation, improving the communication between patients and physicians, and
clinical decision-making. In the present study, five independent variables were
filtered out using stepwise regression, and the nomogram was established to predict
the risk of PPOI in GC patients. The nomogram showed an excellent diagnostic
performance (AUC = 0.836) and yielded a sensitivity of 84.4% and specificity of 75.4%
at the optimal cutoff value. To our knowledge, this is the first study to evaluate a
nomogram for predicting PPOI in GC patients. The nomogram might serve as a
statistical tool to calculate the overall probability of PPOI in patients who underwent
gastrectomy. This novel nomogram might serve as an essential early warning sign of
PPOI in gastric cancer patients. If patients are associated with higher risk estimates,
doctors and nurses may take appropriate measures including postoperative
management and adjustments in pharmacological treatment.
The present study has some strengths. First, the majority of the previous studies
focused on investigating the incidence of PPOI in patients with colonic or rectal
cancer, and only a few studies were conducted among GC patients. This study
provided novel evidence of PPOI in GC. Second, a nomogram prediction model of
PPOI was first established for GC patients, which had great potential value for the
clinical recommendation. Besides, the nomogram was confirmed to be constant by
internal bootstrap validation and was found to have good positive net benefits by
decision curve analysis. By contrast, the present study has several limitations. First,
the retrospective nature of the study and the relatively small sample size may have
weakened the results of the analyses. Second, the nomogram lacked a robust external
validation. Therefore, these results need further validation in the subsequent studies.
In conclusion, PPOI is one of the common complications in GC patients who
underwent gastrectomy. Age, postoperative opioid analgesic, operation methods, and
tumor stage are independent risk factors for PPOI. Less traumatic operative technique
and avoidance of postoperative pain medications are encouraged for GC patients.
This study has established an easy-to-use nomogram model for predicting PPOI in
GC patients. The novel nomogram might serve as an essential early warning sign to
help doctors and nurses take appropriate measures.
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Figure 4

Figure 4 Internal validation of the nomogram using the bootstrap sampling. A: The ROC curve was measured by bootstrapping for 500 repetitions, and the AUC
of the bootstrap stepwise model was showed; B: Calibration curve for predicted probability of the PPOI nomogram. The X axis is the predicted probability of the
nomogram, and the Y axis is the observed probability. The red line shows the ideal calibration line, while the yellow area shows the 95% confidence interval of the
prediction model. AUC: Area under the receiver operating characteristic curve; ROC: Receiver operating characteristic; PPOI: Prolonged postoperative ileus.
Figure 5

Figure 5 Decision curve analysis for the prediction model. Red solid line: Prediction model. Tin slash line: Assume all patients have PPOI. Solid horizontal line:
Assume no patients have PPOI. The graph indicates the expected net benefit per patient relative to the nomogram prediction of PPOI. PPOI: Prolonged postoperative
ileus.

ARTICLE HIGHLIGHTS
Research background
Prolonged postoperative ileus (PPOI) is one of the common complications in gastric cancer
patients who underwent gastrectomy. PPOI is an essential contributor to cause the increase of
hospitalization expense and extension of hospitalization time.

Research motivation
For the research of PPOI, most of previous studies were focused on colorectal cancer. Evidence in
gastric cancer is scanty and needs further study.

Research objectives
This study aimed to evaluate the risk factors for PPOI after gastrectomy in gastric cancer and put
forward a prediction model for clinical practitioners.

Research methods
In this retrospective study, we performed univariate and multivariable logistic regression
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analyses to detect the relationship between variables and PPOI. We established a nomogram
model for PPOI following a backward step-down selection process.

Research results
The incidence of PPOI was 19.75% in patients with gastrectomy. Age, postoperative opioid
analgesic, surgical methods, and tumor stage were independent risk factors of PPOI. A
nomogram was established and had a good performance. The nomogram was further validated
using internal bootstrap validation, and the decision curve analysis demonstrated good positive
net benefits of this model.

Research conclusions
The novel nomogram might serve as an essential early warning sign of PPOI in gastric cancer
patients and thus will help doctors and nurses take appropriate measures.

Research perspectives
Further studies are needed to validate this predictive nomogram model, and some basic medical
studies are meaningful to investigate the mechanism of PPOI.
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BACKGROUND
Thiopurine-induced leukopenia (TIL) is a life-threatening toxicity and occurs
with a high frequency in the Asian population. Although nucleoside
diphosphate-linked moiety X-type motif 15 (NUDT15) variants significantly
improve the predictive sensitivity of TIL, more than 50% of cases of this toxicity
cannot be predicted by this mutation. The potential use of the 6-thioguanine
nucleotide (6TGN) level to predict TIL has been explored, but no decisive
conclusion has been reached. Can we increase the predictive sensitivity based on
6TGN by subgrouping patients according to their NUDT15 R139C genotypes?
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methyltransferase, and 6TGN concentrations were measured.
RESULTS
A total of 411 Crohn’s disease patients were included. TIL was observed in 72
individuals with a median 6TGN level of 323.4 pmol/8 × 108 red blood cells
(RBC), which was not different from that of patients without TIL (P = 0.071).
Then, we compared the 6TGN levels based on NUDT15 R139C. For CC (n = 342)
and CT (n = 65) genotypes, the median 6TGN level in patients with TIL was
significantly higher than that in patients without (474.8 vs 306.0 pmol/8 × 108
RBC, P = 9.4 × 10-5; 291.7 vs 217.6 pmol/8 × 108 RBC, P = 0.039, respectively). The
four TT carriers developed TIL, with a median 6TGN concentration of 135.8
pmol/8 × 108 RBC. The 6TGN cut-off levels were 411.5 and 319.2 pmol/8 × 108
RBC for the CC and CT groups, respectively.
CONCLUSION
The predictive sensitivity of TIL based on 6TGN is dramatically increased after
subgrouping according to NUDT15 R139C genotypes. Applying 6TGN cut-off
levels to adjust thiopurine therapies based on NUDT15 is strongly recommended.
Key words: Crohn’s disease; Thioguanine nucleotide levels; Nucleoside diphosphatelinked moiety X-type motif 15; Thiopurine-induced leukopenia
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Thiopurine-induced leukopenia (TIL), a life-threatening toxicity in
inflammatory bowel disease, occurs with a high frequency in Asia. Although nucleoside
diphosphate-linked moiety X-type motif 15 (NUDT15) variants significantly increase the
prediction sensitivity of TIL, more than 50% of cases cannot be predicted by this
mutation. The potential use of steady-state thioguanine nucleotide (6TGN) levels to
predict TIL has been explored for decades, but no decisive conclusion has been reached.
Can we increase the predictive sensitivity based on 6TGN by subgrouping patients
according to their NUDT15 genotypes? Yes! According to our research, applying 6TGN
levels to adjust thiopurine therapies based on NUDT15 is strongly recommended.

Citation: Zhu X, Chao K, Li M, Xie W, Zheng H, Zhang JX, Hu PJ, Huang M, Gao X, Wang
XD. Nucleoside diphosphate-linked moiety X-type motif 15 R139C genotypes impact 6thioguanine nucleotide cut-off levels to predict thiopurine-induced leukopenia in Crohn’s
disease patients. World J Gastroenterol 2019; 25(38): 5850-5861
URL: https://www.wjgnet.com/1007-9327/full/v25/i38/5850.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i38.5850

INTRODUCTION
Thiopurines, including mercaptopurine (MP) and azathioprine (AZA), are
immunosuppressive drugs that have been regularly used to maintain remission in
patients with Crohn’s disease (CD)[1,2]. Although thiopurine therapy is clinically
effective, up to 10%-30% of patients discontinue treatment due to adverse reactions[3,4],
among which thiopurine-induced leukopenia (TIL) is the most common and lifethreatening toxicity, especially in Asian populations[5,6].
Neither AZA nor MP has an intrinsic activity. They must undergo extensive
metabolic transformation into the active metabolites 6-thioguanine nucleotides
(6TGN) and 6-methylmercaptopurine ribonucleotides (6MMPR), to exert their
pharmacological effect or cytotoxicity[7,8]. The potential use of a steady-state 6TGN
level above 450 pmol/8 × 10 8 red blood cells (RBC) to predict toxicity is still
controversial[9-14]. Several studies have reported that 6TGN levels are not significantly
correlated with TIL, and no applicable therapeutic range for 6TGN has been
determined[15-18]. For example, a prospective study found that only three out of ten
Japanese patients with TIL exhibited high 6TGN levels (> 450 pmol/8 × 108 RBC)[17]. In
addition, a few groups have reported that extremely elevated 6MMPR concentrations
are associated with TIL[12,19]. Therefore, further investigation of the exact relationship
between the 6TGN and 6MMPR levels and TIL is warranted, especially in the Asian
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population, since Asians are more sensitive than Caucasians to thiopurine
toxicity[6,20,21].
Nucleoside diphosphate-linked moiety X-type motif 15 (NUDT15) has been
considered as the key gene which can highly predict thiopurine toxicity in Asian that
is comparable to thiopurine S-methyltransferase (TPMT) in Europe [22-24] . TPMT
variants with deficient enzyme activity were observed to have a preferential
accumulation of 6TGN in TIL, so the guidelines have suggested adjusting the starting
doses of thiopurine for variants based on the level of 6TGN[24]. However, NUDT15
variants have been discovered to develop TIL with normal or even lower 6TGN
levels, suggesting that NUDT15 has an unfavorable effect on thiopurine
metabolism [25,26] . NUDT15 is an enzyme responsible for catalyzing deoxy-6thioguanine triphosphate (dTGTP) and 6-thioguanine triphosphate (TGTP) into their
inactive monophosphates, preventing TGTP and dTGTP from incorporating into
DNA[27]. Moriyama et al[28,29] discovered that NUDT15 R139C variants CT and TT were
associated with a much higher TGTP/TGMP ratio and DNA-incorporated
thioguanine (DNA-TG)/6TGN ratio in children with acute lymphoblastic leukemia
(ALL). According to this mechanism, NUDT15 R139C variants are assumed to cause
cytotoxicity with TGTP and dTGTP accumulation independent of the total 6TGN
levels due to decreases in 6-thioguanine monophosphate (TGMP) and deoxy-6thioguanine monophosphate (dTGMP). Thus, the guidelines applied to TPMT
variants would not be suitable for patients with NUDT15 variants. Can we determine
6TGN cut-off levels thereafter dividing patients into subgroups according to NUDT15
R139C genotypes?
In this study, we investigated the relationship between the levels of 6TGN and
6MMPR and thiopurine-induced TIL based on patients’ NUDT15 R139C genotypes
and obtained specific 6TGN cut-off levels to guide thiopurine therapy.

MATERIALS AND METHODS
Patient recruitment
Patients diagnosed with CD according to the criteria of Lennard-Jones and prescribed
thiopurines at a steady dose for more than 1 mo were recruited at the Sixth Affiliated
Hospital, Sun Yat-sen University from July 1, 2014 to February 1, 2017. The exclusion
criteria included blood transfusion or administration of cyclosporine or methotrexate;
insufficient function of the heart, liver, or kidney; active infection; and pregnancy.
Weight-based thiopurine dosing was provided in a step-wise approach (the initial
dose of AZA was 1.0 mg/kg daily or 0.5 mg/kg daily for MP and gradually increased
to the target dose of 2.0 mg/kg or 1.0 mg/kg, respectively). If patients developed
adverse effects, such as leukopenia [white blood cell count (WBC) < 3.5 × 109⁄L],
gastric intolerance, hepatotoxicity, flu-like symptoms, pancreatitis, rash, or others, the
dose was reduced. If the laboratory abnormalities did not subside, the treatment was
discontinued.
A total of 2 mL of venous blood samples (EDTA anticoagulation) were obtained for
determination of the erythrocyte 6TGN/6MMPR concentrations and NUDT15 R139C
and TPMT*3C genotypes at the Institute of Clinical Pharmacology, Sun Yat-sen
University[30,31].

NUDT15 R139C and TPMT*3C genotyping
We used allele-specific polymerase chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) to test the genotypes of NUDT15 R139C (rs116855232) and
TPMT*3C (rs1142345). The sequences of the primers for NUDT15 R139C are: forward,
5-AGCTTACCCAAATAAACACCCT-3 and reverse, 5-TGGGGGATACAT
TAAGAGACTGC-3, and those for TPMT*3C are: forward, 5-AAGTGTTGGGATTA
CAGGTG-3 and reverse, 5-TCCTCAAAAACATGTCAGTGTG-3. PCR amplification
started at 94 °C for 5 min, and continued with 30 cycles of 94 °C for 60 s, 59 °C for 30 s,
and 72 °C for 30 s. Final extension was performed at 72 °C for 10 min. The PCR
product was digested with restriction enzyme HpyCH4III (New England Biolabs,
Hertfordshire, United Kingdom) for NUDT15 R139C testing and the enzyme AccI
(New England Biolabs, Hertfordshire, United Kingdom) for TPMT*3C testing.

6TGN and 6MMPR determination
6TGN and 6MMPR concentrations in patients’ erythrocyte lysates were determined
using the Dervieux et al’s method[32] by high performance liquid chromatography.
First, 6TGN were hydrolyzed (100 °C for 45 min) into their bases (6-thioguanie) and
6MMPR were converted into their derivatives with perchloric acid. Then, they were
separated using a C18 column with the mobile phase consisting of methanol-20
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mmol/L potassium dihydrogenphosphate-triethylamine (pH adjusted to 3.2 using
phosphoric acid) (5:95:0.1) at a flow rate of 1.0 mL/min. Finally, the wavelength for
detection was set at 345 nm for 6TGN and at 303 nm for 6MMPR.
The present study was approved by the Ethics Committee of the Sixth Affiliated
Hospital of the Sun Yat-sen University.

Statistical analysis
Statistical analyses and calculations were performed with SPSS 21.0 (SPSS, Inc.,
Chicago, IL, United States) and Prism 6 (GraphPad Software, La Jolla, CA, United
States). Quantitative variables are expressed as medians and ranges. Categorical
variables are summarized as frequencies. Data such as sex, NUDT15 R139C and
TPMT*3C diplotypes, disease location, and co-medication were compared using the
X2 method or Fisher’s test. Data such as age and thiopurine dose were compared
using the nonparametric Kruskal-Wallis H-test. The nonparametric Kruskal-Wallis Htest was also used to evaluate the relationship between the 6TGN level and TIL. A
receiver operating characteristic (ROC) curve was obtained to calculate the sensitivity
and specificity of various 6TGN concentrations to predict the development of TIL.
Multivariate logistic regression was used to identify the variables associated with TIL.
P-values less than 0.05 were considered statistically significant.

RESULTS
Clinical characteristics of CD patients
A total of 411 patients with CD were included in this study. Among them, 100 (24.3%)
patients had adverse effects during the AZA maintenance treatment, including TIL (n
= 72, 17.5%), gastric intolerance (n = 21, 5.1%), flu-like symptoms (n = 6, 1.5%),
hepatitis (n = 5, 1.2%), pancreatitis (n = 3, 0.7%), rash (n = 2, 0.5%), and others (n = 3,
0.7%). The characteristics of the patients are summarized in Table 1. The TIL rates
were higher in patients carrying the NUDT15 R139C allele T (CT + TT) compared with
those carrying the CC genotype (P = 9.04 × 10-20, OR = 8.04, 95%CI: 4.84-13.34). The
median dosage was significantly lower for patients with TIL than for those without
TIL (1.5 mg/kg per day vs 1.7 mg/kg per day, P = 0.03). Overall, there were no
significant differences in gender, age, disease location, or co-medication between
individuals with or without TIL (P > 0.05) (Table 1). No significant association of
TPMT*3C with TIL was observed. Neither NUDT15 R139C nor TPMT*3C had
significant associations with the other adverse effects (P > 0.05).

6TGN and 6MMPR levels and their ratios to the thiopurine dose according to
NUDT15 R139C and TPMT*3C diplotype
For NUDT15 R139C, the median 6TGN was 312.4 pmol/8 × 108 RBC in the CC group,
240.5 pmol/8 × 108 RBC in the CT group, and 135.8 pmol/8 × 108 RBC in the TT
group. The level of 6TGN was much higher in the NUDT CC group than in the CT
and TT groups (P = 9.0 × 10-6) (Figure 1), while the median level of 6MMPR was also
significantly higher in CC patients (P = 0.030). To assess the levels of 6TGN and
6MMPR with equal doses of thiopurine, the ratios of the levels of 6TGN and 6MMPR
to the thiopurine dose were compared across groups. There was no difference in the
ratios between these three groups (P= 0.29, P= 0.58) (Figure 1). For TPMT*3C, the
patients carrying TPMT*3C variants had excessively higher 6TGN (P = 2.0 × 10-6) and
lower 6MMPR levels (P = 3.7 × 10-4), which could not be offset by the thiopurine dose
(P = 4.8 × 10-5, P = 7.7 × 10-5) (Supplemental Figure 1).

Associations between thiopurine metabolite concentrations and TIL based on
NUDT15 R139C genotypes
In this study, neither the concentration of 6TGN nor 6MMPR was significantly
different between patients with or without TIL (P = 0.071, P = 0.95). According to the
NUDT15 R139C genotypes, the samples were divided into three subgroups. In the CC
group (n = 342), the median 6TGN concentration was significantly higher in patients
who developed TIL than in patients who did not [P = 9.4 × 10-5, 474.8 (174.2-1133.6)
pmol/8 × 108 RBC vs 306.0 (62.2-1823.0) pmol/8 × 108 RBC] (Figure 2). In the CT
genotype (n = 65), the level of 6TGN was significantly higher in patients who
developed TIL [P = 0.039, 291.7 (80.6-701.5) pmol/8 × 108 RBC vs 217.6 (62.9-631.0)
pmol/8 × 108 RBC] (Figure 2). All patients with the TT genotype (n = 4) developed
TIL, with a median 6TGN concentration of 135.8 (90.0-291.3) pmol/8 × 108 RBC. No
correlations between the 6-MMPR concentrations and TIL were found in the
subgroups of CC (P = 0.55) and CT (P = 0.30), respectively.
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Table 1 Characteristics of the 411 Crohn’s disease patients included in this study
Characteristic

All patients

With leukopenia

Without leukopenia

P value

No. of subjects (%)

411

72 (17.5)

339 (82.5)

-

Male, n (%)

305 (74.0)

52 (17.0)

253 (83.0)

0.180

Female, n (%)

106 (26.0)

20 (18.9)

86 (81.1)

CC, n (%)

342 (80.4)

35 (10.2)

307 (89.8)

CT, n (%)

65 (17.9)

33 (50.2)

32 (49.8)

TT, n (%)

4 (1.7)

4 (100)

0

AA, n (%)

398 (96.8)

68 (17.1)

330 (82.9)

AG, n (%)

13 (3.2)

4 (30.8)

9 (69.2)

Age in years, median (range)

28 (12-70)

26(12-70)

27(12-60)

0.734

Azathiopurine

337 (82.0)

57 (17.3)

273 (82.7)

0.113

Mercaptopurine

74 (18.0)

14 (18.9)

60 (81.1)

Thiopurines dose, mg/kg per day, median (range)

1.7 (0.2-3.1)

1.5 (0.5-2.6)

1.7 (0.2-3.1)

0.030

Ileal L1

34

6

28

0.495

Colorectal L2

21

6

15

Ileocolonic L3

292

48

244

Upper gastrointestinal L4

61

12

49

Co-medication

211

45

166

Corticosteroids

79

15

64

Thalidomide

51

13

38

Anti-TNF agent

64

13

51

5-ASA

4

0

4

Allopurinol

13

4

9

Gender

NUDT15 R139C
2.40 × 10-15

0.26

TPMT*3C

Medication

CD

0.74

Patients carrying the nucleoside diphosphate-linked moiety X-type motif 155 R135C CT and TT genotypes were more likely to develop thiopurine-induced
leukopenia (bP < 0.01). NUDT15: Nucleoside diphosphate-linked moiety X-type motif 15; CD: Crohn’s disease.

6TGN cut-off values to predict TIL
Based on ROC analysis, we defined the cut-off level of 6TGN to be 411.5 pmol/8 × 108
RBC in the CC group and 319.2 pmol/8 × 108 RBC in CT group. After considering the
level of 6TGN in different subgroups, the area under the curve (AUC) was increased
from 0.57 to 0.65 and 0.70. Moreover, in the CT group, the specificity was as high as
96.9%, with a sensitivity of 42.4%, and in the CC group the specificity was 73.3%, with
a high sensitivity of 60.0%, compared with the values in the total samples (Table 2).

Multivariable prediction model for TIL
After performing the multivariate regression analysis, we found that the NUDT15
R139C genotypes and 6TGN concentration were relevant determinants for the
development of TIL. Table 3 presents the prevalence of TIL and the odds of
developing it for each category compared with the reference group of patients with
the CC genotype and a 6TGN level below 411.5 pmol/8 × 108 RBC. Patients carrying
the NUDT15 TT allele, irrespective of the 6TGN concentration, were at the highest
risk, as all of them developed TIL in this study (Table 3). Patients with the CT
genotype and a 6TGN concentration above the cut-off value of 319.2 pmol/8 × 108
RBC were at the second highest risk of developing TIL [OR 225.0 (95%CI: 27.61836.2)], followed by the CT genotype with a 6TGN concentration below 319.2
pmol/8 × 108 RBC [OR 9.9 (95%CI: 4.5-21.6)] and the CC genotype with a 6TGN
concentration above 411.5 pmol/8 × 108 RBC [OR 4.1 (95%CI: 2.0-8.5)] (Table 3). The
area under the ROC curve for the obtained predicted probabilities based on NUDT15
and the 6TGN level was 0.79 (95%CI: 0.76-0.92) (Figure 3).
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Figure 1

Figure 1 6-thioguanine nucleotide level and its ratio to thiopurine dose according to nucleoside diphosphate-linked moiety X-type motif 15 R139C
diplotype. A: The level of 6-thioguanine nucleotide (6TGN) was much higher in the nucleoside diphosphate-linked moiety X-type motif 15 CC group than in the CT
and TT groups [bP < 0.01, 312.4 pmol/8 × 108 red blood cells (RBC) vs 312.4 pmol/8 × 108 RBC vs 135.8 pmol/8 × 108 RBC]. B: There was no difference in the ratio of
the level of 6TGN to the thiopurine dose among these three groups. 6TGN: 6-thioguanine nucleotide; RBC: Red blood cells.

DISCUSSION
In this retrospective study, for the first time, we found that the level of 6TGN level
was significantly associated with thiopurine-induced TIL in different NUDT15 R139C
genotypes. After combing NUDT15 R139C genotypes and different 6TGN cut-off
levels, 80% of TIL cases could be explained by an ROCAUC of 0.79.
The incidence of thiopurine-induced TIL is more common in Asians than in
Caucasians, even at the lower standard dose[6,33]. The discovery of NUDT15 R139C as a
major genetic determinant predicting TIL in the Asian population was a
milestone[22,23,34]. In our study, there was a strong relationship between NUDT15 R139C
genotypes and TIL (P = 9.04 × 10-20, OR = 8.04, 95%CI: 4.84-13.34) (Table 1). However,
in our study, no significant association of TPMT*3C with TIL was observed (Table 1),
with only four (30.7%, 4/13) variants experiencing TIL, which is similar to our
previous report[33]. Thus, in the Asian population, NUDT15 R139C might be a better
biomarker to predict thiopurine toxicity.
NUDT15 is a gene that encodes the purine-specific Nudix hydrolase, which
dephosphorylates the active metabolites TGTP and dTGTP into their inactive
monophosphates, thus preventing TGTP from binding to Rac1and dTGTP from
incorporating into DNA [27,28] . When the function of NUDT15 is decreased, the
excessive accumulation of TGTP and dTGTP may induce TIL, with decreased levels of
TGMP and dTGMP[28]. Thus, the total 6TGN remains apparently unchanged. In our
study, there were lower median levels of 6TGN in the CT and TT groups compared
with the CC group (P = 9.0 × 10-6) (Figure 1). A study on Korean children with ALL
also found that the level of 6TGN was negatively correlated with thenumber of
NUDT15 risk alleles (P = 5.3 × 10-6), and theassociation remained significant after
adjusting for the MP dosage(P = 1.7 × 10-6)[26]. However, in our study, this difference
was counteracted by the thiopurine dosage (P = 0.29) (Figure 1), suggesting lower
6TGN and 6MMPR levels in patients carrying the T allele due to lower thiopurine
administration. Contrary to the function of NUDT15, the patients carrying TPMT
variants had excessively higher 6TGN and lower 6MMP levels, which could not be
offset by the thiopurine dose (Supplemental Figure 1). These data suggested different
mechanisms of TPMT and NUDT15, which made us believe that considering the
6TGN level alone may overlook NUDT15-deficient Asian patients who are prone to
TIL[14,26,27]. In our study, we found no difference in the 6TGN concentration between
patients with and without TIL in the total samples (P = 0.071). Thus, we subgrouped
the entire sample based on patients’ NUDT15 R139C genotypes.
Few studies have analyzed the relationship of the level of 6TGN with TIL according
to patients’ NUDT15 diplotypes[31,26]. Based on our previous research, we found that
the concentration of 6TGN was significantly correlated with TIL in patients with the
CC genotype, while no correlation was found in patients with the CT genotype due to
a small sample size (24 patients). However, in this study, which had a larger sample
size (n = 65), the level of 6TGN was significantly associated with TIL in the CC and CT
groups. In the CC group (n = 342), the median 6TGN concentration was significantly
higher in patients who developed TIL than in those who did not [P = 9.4 × 10-5, 474.8
(174.2-1133.6) pmol/8 × 108 RBC vs 306.0 (62.2-1823.0) pmol/8 × 108 RBC] (Figure 2).
Similarly, in the CT genotype (n = 65), the level of 6TGN was higher in patients who
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Figure 2

Figure 2 Relationship between thiopurine-induced leukopenia and 6-thioguanine nucleotide concentrations
in different nucleoside diphosphate-linked moiety X-type motif 15 R139C genotypes. In the CC group (n = 342),
the median 6-thioguanine nucleotide (6TGN) concentration in patients who developed leukopenia was significantly
higher than that in patients who did not [bP < 0.01, 474.8 (174.2-1133.6) pmol/8 × 108 red blood cells (RBC) vs 306.0
(62.2-1823.0) pmol/8 × 108 RBC]. In the CT group (n = 65), 6TGN level was also significantly higher in patients who
developed leukopenia [aP < 0.05, 291.7 (80.6-701.5) vs 217.6 (62.9-631.0) pmol/8 × 108 RBC]. 6TGN: 6-thioguanine
nucleotide; RBC: Red blood cells.

developed TIL than in patients who did not [P = 0.039, 291.7 (80.6-701.5) pmol/8 × 108
RBC vs 217.6 (62.9-631.0) pmol/8 × 108 RBC] (Figure 2). According to ROC analysis,
we defined the cut-off level of 6TGN to be 319.2 pmol/8 × 108 RBC in the CT group,
which was significantly lower than that in the CC group (411.5 pmol/8 × 108 RBC).
Moriyama et al[28,29] reported that all patients with deficient NUDT15 diplotypes had a
higher DNA-TG/dosage ratio, even for the lower level of 6TGN. Thus, in our cohort,
CT individuals might have a higher percentage of active dTGTP incorporated into
their DNA (DNA-TG), even with a lower TGN level compared with that of CC
genotype individuals, which needs to be further investigated.
Although NUDT15 genotype screening can inform the initial drug dosage of
thiopurine, therapeutic drug monitoring of its metabolites still serves as a valuable
tool for further fine-tuning of the treatment, especially to reduce the incidence of TIL.
Dubinsky et al[9] reported that excessive 6TGN levels (> 450 pmol/8 × 108 RBC) were
associated with a higher risk of TIL in Caucasians. However, in our study, the
sensitivity of 450 pmol/8 × 108 RBC to predict TIL was 34.7% (25/72), as 79% of
patients in the NUDT15 CT group and all patients in the TT group developed TIL
with a 6TGN level far below 450 pmol/8 × 108 RBC, which indicated that NUDT15
deficient Asian patients were more sensitive to thiopurines. Feng et al[20] reported that
the cut-off level for 6TGN in Chinese IBD was from 180-355 pmol/8 × 108 RBC, but
patients’ with NUDT15 genotypes were not incorporated and the sample size of TIL
was small (n = 12), indicating that the result was not conclusive. Based on our study
including 411 patients, the sensitivity of the 6TGN cut-off level to TIL was increased
to 42.4% in the CT group and 60.0% in the CC group compared with the threshold
values in the studies of Dubinsky and Feng. Thus, different 6TGN cut-off levels
should be considered in different NUDT15 genotypes in CD patients.
Finally, multivariable regression analysis showed that both the NUDT15 genotypes
and 6TGN level were associated with TIL. Based on the combinations of these two
parameters, patients can be categorized to assess their degree of risk for the
development of TIL. Patients with the TT genotype, irrespective of the 6TGN level,
developed TIL. Patients with the CT genotype and a 6TGN level above 319.2 pmol/8
× 108 RBC exhibited the highest risk of TIL [OR = 225.0 (95%CI: 27.6-1836.2)], followed
by patients carrying either the CT genotype (< 319.2 pmol/8 × 108 RBC) or the CC
genotype (> 411.5 pmol/8 × 108 RBC). In a Japanese report, the AUC of the model
based on NUDT15 to predict TIL was 0.71[23]. Cao et al[33] reported a similar AUC value
of 0.69 in a Chinese multicenter study. However, in our study, the AUC of the
combination model to predict TIL was increased to 0.79, and 80% of TIL cases could
be predicted. Based on this model, we can distinguish the thiopurine refractoriness if
the patient has the steady-state 6TGN levels above the cut-off values without efficacy,
which suggests that the thiopurine dose should not be increased and the alternative
therapeutic agent should be chose to avoid the incidence of TIL.
There were some limitations in our research. The concentration of DNA-TG was
not detected in our study. DNA-TG, the final active metabolite of thiopurines, has
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Table 2 Relationship between concentrations of 6-thioguanine nucleotide and thiopurine-induced leukopenia in different nucleoside
diphosphate-linked moiety X-type motif 15 R139C genotype groups among 411 patients according to receiver operating characteristic
curves
NUDT15 genotype (No. of patients)

6TGNs (pmol/8 × 108 RBC)

P value

AUC

95%CI

Sensitivity (%)

Specificity (%)

CT + CC

≥ 474.7

0.071

0.57

(0.49-0.65)

34.7

82.6

(0.61-0.79)

60.0

73.3

(0.51-0.79)

42.4

96.9

CC (342)

< 474.7

-5

9.4 × 10

≥ 411.5

0.70

< 411.5
CT (65)

≥ 319.2

0.039

0.65

< 319.2

In subgroups, the area under the curve was increased from 0.57 to 0.65 and 0.70. Moreover, in the CT group, the specificity was as high as 96.9%, with a
sensitivity of 42.4%, and in the CC group, the specificity was 73.3%, with a high sensitivity of 60.0%, compared with the values in the total samples. AUC:
Area under the curve; NUDT15: Nucleoside diphosphate-linked moiety X-type motif 15; RBC: Red blood cells.

been reported to be a new biomarker to predict relapse and is correlated with the
concentration of 6TGN in childhood acute lymphoblastic TIL based on a prospective
study[35]. Curffari et al[36] also discovered that the levels of DNA-TG metabolites were
correlated with the erythrocyte 6TGN level, but not the total leukocyte level.
However, a recent study performed by Coulthard et al [37] showed contradictory
results, indicating that the exact function of DNA-TG still requires further validation
in IBD. On the other hand, we performed this retrospective research to determine the
cut-off levels of 6TGN for predicting TIL, which need to be validated in further
prospective studies.
In conclusion, this study found that the level of 6TGN was significantly correlated
with thiopurine-induced TIL in Chinese CD patients with different NUDT15
genotypes, and specific cut-off values were determined. It is strongly recommended
that these specific 6TGN cut-off levels be applied to adjust thiopurine therapy to
ensure the therapeutic effects and decrease the incidence of TIL.
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Table 3 Multivariable prediction model for thiouprine-induced leukopenia, including the nucleoside diphosphate-linked moiety X-type
motif 1 R139C genotypes and 6-thioguanine nucleotide cut off levels
Leukopenia
Category
Yes

% of total

OR (95%CI)

P value

No

NUDT15 R139C TT

4

0

4/4 (100%)

↑↑↑

-

NUDT15 R139C CT + 6TGN > 319.2

14

1

14/15 (93.3%)

225.0 (27.6-1836.2)

1.5 × 10-14

NUDT15 R139C CT + 6TGN < 319.2

19

31

19/50 (38.0%)

9.9 (4.5-21.6)

8.1 × 10-11

NUDT15 R139C CC + 6TGN > 411.5

21

82

21/103 (20.4%)

4.1 (2.0-8.5)

4.8 × 10-5

NUDT15 R139C CC + 6TGN < 411.5

14

225

14/239 (5.9%)

Reference

-

Total

72

339

72/411 (17.5%)

Patients carrying the TT allele, irrespective of the concentration of 6-thioguanine nucleotide (6TGN), were at the highest risk, as all of them developed
leukopenia in this study. Patients with the CT genotype and a 6TGN concentration above the cut-off value of 319.2 pmol/8 × 108 red blood cells (RBC) were
at the second highest risk of developing leukopenia [OR 225.0 (95%CI: 27.6-1836.2)], followed by those carrying the CT genotype with a 6TGN
concentration below 319.2 pmol/8 × 108 RBC [OR = 9.9 (95%CI: 4.5-21.6)] and those carrying the CC genotype with a 6TGN concentration above 411.5
pmol/8 × 108 RBC [OR 4.1 (95%CI: 2.0-8.5)]. NUDT15: Nucleoside diphosphate-linked moiety X-type motif 15; 6TGN: 6-thioguanine nucleotide.

Figure 3

Figure 3 Receiver operating characteristic curves for the concentration of 6-thioguanine nucleotide with the threshold parameters and nucleoside
diphosphate-linked moiety X-type motif 15 R139C genotypes. The area under the receiver operating characteristic curve for the obtained predicted probabilities
based on nucleotide concentrations in different nucleoside diphosphate-linked moiety X-type motif 15 R139C genotypes and the level of 6-thioguanine nucleotide was
0.79 (95%CI: 0.76-0.92). 6TGN: 6-thioguanine nucleotide; NUDT15: Nucleoside diphosphate-linked moiety X-type motif 15.

ARTICLE HIGHLIGHTS
Research background
Thiopurine-induced leukopenia (TIL) is life-threatening and occurs with a high frequency in
Asia. Although nucleoside diphosphate-linked moiety X-type motif 15 (NUDT15) variants
improve the predictive sensitivity of TIL, more than 50% of TIL cannot be predicted by this
mutation. The potential use of the 6-thioguanine nucleotide (6TGN) level to predict TIL is
controversial.

Research motivation
Can we increase the predictive sensitivity based on 6TGN by subgrouping patients according to
their NUDT15 R139C genotypes?

Research objectives
To obtain a better model with combination of 6TGN levels and NUDT15 R139C genotypes to
predict thiopurine-induced TIL and improve the safety for the thiopurine treatment.

Research methods
A total of 411 patients diagnosed with Crohn’s disease at the Sixth Affiliated Hospital of the Sun
Yat-sen University were included in this study. Peripheral blood from patients was collected to
detect the NUDT15 R139C/TPMT*3C genotypes and 6TGN concentrations at School of
Pharmaceutical Sciences, Sun Yat-sen University. The X2 method or Fisher’s exact test was used
to check the association of TIL with NUDT15 R139C/TPMT*3C diplotypes. A receiver operating
characteristic (ROC) curve was used to obtain 6TGN cut-off levels to predict the development of
TIL.
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Research results
TIL was observed in 72 individuals with a median 6TGN level of 323.4 pmol/8 × 108 red blood
cells (RBC), which was not different from that of patients without TIL (P = 0.071). After
comparing the 6TGN levels based on NUDT15 R139C, for CC (n = 342) and CT (n = 65), the
median 6TGN level in patients with TIL was significantly higher than that in patients without (P
= 9.4 × 10-5, 474.8 pmol/8 × 108 RBC vs 306.0 pmol/8 × 108 RBC and P = 0.039, 291.7 pmol/8 × 108
RBC vs 217.6 pmol/8 × 108 RBC, respectively). The four TT carriers developed TIL, with a
median 6TGN concentration of 135.8 pmol/8 × 108 RBC. The 6TGN cut-off levels were 411.5 and
319.2 pmol/8 × 108 RBC for the CC and CT groups, respectively. The area under the ROC curve
for the obtained predicted probabilities based on NUDT15 R139C and the 6TGN level was 0.79
(95%CI: 0.76-0.92).

Research conclusions
The predictive sensitivity of TIL based on 6TGN is dramatically increased after subgrouping
patients according to NUDT15 R139C genotypes.

Research perspectives
Applying these specific 6TGN cut-off levels to adjust thiopurine therapies based on NUDT15
R139C is strongly recommended during the thiopurine treatment.
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Abstract
BACKGROUND
Inflammatory bowel diseases (IBD) have been associated with a low quality of
life (QoL) and a negative impact on work productivity compared to the general
population. Information about disease control, patient-reported outcomes
(PROs), treatment patterns and use of healthcare resources is relevant to
optimizing IBD management.
AIM
To describe QoL and work productivity and activity impairment (WPAI),
treatment patterns and use of healthcare resources among IBD patients in Brazil.
METHODS
A multicenter cross-sectional study included adult outpatients who were
previously diagnosed with moderate to severe Crohn’s disease (CD) or ulcerative
colitis (UC). At enrolment, active CD and UC were defined as having a Harvey
Bradshaw Index ≥ 8 or a CD Activity Index ≥ 220 or calprotectin > 200 µg/g or
previous colonoscopy results suggestive of inadequate control (per investigator
criteria) and a 9-point partial Mayo score ≥ 5, respectively. The PRO assessment
included the QoL questionnaires SF-36 and EQ-5D-5L, the Inflammatory Bowel
Disease Questionnaire (IBDQ), and the WPAI questionnaire. Information about
healthcare resources and treatment during the previous 3 years was collected
from medical records. Chi-square, Fisher’s exact and Student’s t-/Mann-Whitney
U tests were used to compare PROs, treatment patterns and the use of healthcare
resources by disease activity (α = 0.05).
RESULTS
Of the 407 patients in this study (CD/UC: 64.9%/35.1%, mean age 42.9/45.9
years, 54.2%/56.6% female, 38.3%/37.1% employed), 44.7%/25.2% presented
moderate-to-severe CD/UC activity, respectively, at baseline. Expressed in
median values for CD/UC, respectively, the SF-36 physical component was
46.6/44.7 and the mental component was 45.2/44.2, the EQ-visual analog scale
score was 80.0/70.0, and the IBDQ overall score was 164.0/165.0. Moderate to
severe activity, female gender, being unemployed, a lower educational level and
lower income were associated with lower QoL (P < 0.05). Median work
productivity impairment was 20% and 5% for CD and UC patients, respectively,
and activity impairment was 30%, the latter being higher among patients with
moderate to severe disease activity compared to patients with mild or no disease
activity (75.0% vs 10.0%, P < 0.001). For CD/UC patients, respectively,
25.4%/2.8% had at least one surgery, 38.3%/19.6% were hospitalized, and
70.7%/77.6% changed IBD treatment at least once during the last 3 years. The
most common treatments at baseline were biologics (75.3%) and
immunosuppressants (70.9%) for CD patients and 5-ASA compounds (77.5%) for
UC patients.
CONCLUSION
Moderate to severe IBD activity, especially among CD patients, is associated with
a substantial impact on QoL, work productivity impairment and an increased

https://www.wjgnet.com

5863

October 14, 2019

Volume 25

Issue 38

Parra RS et al. QoL and work impairment with IBD in Brazil
serving as a speaker for AbbVie
and Takeda. Gomes TNF has
received research funding from
Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES)
and Takeda. She has received fees
for serving as a speaker for
Janssen. Chebli JMF has received
fees for serving as a speaker for
AbbVie, Janssen, UCB Pharma and
Takeda. Senra JT and Caratin RF
are employees of Takeda
Pharmaceuticals Brazil. Nones RB
has received fees for serving as a
speaker for AbbVie, Ferring
Pharmaceuticals, Janssen, Nestle,
Novartis, Pfizer, UCB Pharma and
Takeda. Parente JML has received
fees for serving as a speaker for
Takeda. Ferrari MLA has received
fees for serving as a speaker
and/or advisory board member for
AbbVie, Ferring Pharmaceuticals,
Janssen, UCB Pharma, and Takeda.
Santana GO has received fees for
serving as a speaker for Takeda,
AbbVie, Janssen, and UCB Pharma.
She has received research funding
from Celgene and Roche. She has
received fees for serving as an
advisory board member for
Janssen. Rocha JJR has received
fees for serving as a speaker for
Nestle. Feitosa MR has received
fees for serving as a speaker for
AbbVie and Janssen. Scotton AS
has received fees for serving as a
speaker for Janssen, Novartis,
AbbVie, MSD, and EMS. He has
received research funding from
Janssen, Novartis, AbbVie, Roche,
Pfizer, Bristol, Lilly, Novo Nordisk,
Anthera, AstraZeneca, GSK, UCB,
Sanofi, Takeda, Parexel, IQVIA,
PPD, PRA, ICON, INP Research,
Covance, and In Trials. Flores C
has received fees for serving as a
speaker for Janssen, Takeda, and
AbbVie. She has received fees for
serving as an advisory board
member for Janssen. Zaltman C
has received fees for serving as a
speaker for UCB, Janssen, Takeda,
and AbbVie. She has received
research funding from AbbVie,
Takeda, and Janssen. Bafutto M
has received fees for serving as a
speaker for Takeda, AbbVie,
Janssen, UCB and Farmoquimica.
He has received fees for serving as
an advisory board member for
AbbVie and Janssen. No conflictof-interest: Omar Feres, Murilo
Moura Lima, Roberto Luiz Kaiser
Junior, Carolina Dias Gonçalves,
Stella Cristina Silva de Souza,
Anderson Antonio de Faria,
Isabella de Miranda Guimaraes,
Heda Maria Barska dos Santos
Amarante, Mikaell Alexandre
Gouvea Faria, Odery Ramos
Junior.

number of IBD surgeries and hospitalizations in Brazil.
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Core tip: In a large multicenter sample of patients with ulcerative colitis or Crohn’s
disease (CD), disease activity, female gender, unemployment, and lower education and
income were associated with a poorer quality of life. Approximately one-third of patients
had some work and activity impairment, the latter increasing with disease activity. CD
patients used more health resources, with 25.4% having at least one surgery and 38.3%
being hospitalized in the previous 3 years. Inflammatory bowel disease prevalence is
increasing, and health services should be prepared to provide an adequate response,
including optimal therapies, to manage the care of such patients.
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are chronic inflammatory bowel
diseases (IBD) with periods of remission and relapse[1,2]. The incidence and prevalence
of IBD have been increasing around the world, particularly in developing countries[3-7].
Furthermore, the impact on patients’ quality of life (QoL) can be relevant when
considering the onset at usually younger ages and the severity of IBD signs and
symptoms, such as abdominal pain, rectal bleeding, diarrhea, and fatigue[1,8,9].
QoL refers to a person’s physical functioning, social and emotional well-being,
ability to work and freedom from disease symptoms, and has been reported to be
significantly lower in IBD patients compared to the general population[10]. In 2007, a
European survey observed that 75.6% of IBD patients reported having symptoms that
interfered with their ability to enjoy leisure activities, and almost 70% stated that their
symptoms negatively affected work performance[11]. Patients with an active disease
usually have poor QoL[2,12], but other studies[13,14] have observed that stress level,
anxiety or depression, female gender, and fatigue can also contribute to poor QoL in
IBD patients. Several studies [12,15,16] have also shown that IBD impacts work
productivity.
Knowing the distribution of IBD features such as disease control, patient-reported
outcomes (PRO) and treatment patterns is of paramount relevance when optimizing
IBD management and improving QoL[17,18]. Data from Latin American countries are
needed, although the few studies available seem to indicate that the IBD burden is
relevant[19]. In Brazil, epidemiological information about IBD is also scarce[6,9,12,20,21]. The
Real-world Data of Moderate to Severe Inflammatory Bowel Disease in Brazil (RISE
BR) study was a noninterventional study designed to evaluate disease control and
treatment patterns and to compare the burden of disease and QoL in patients with
moderate to severe IBD activity vs those with mild or no activity. In this work, we
describe QoL and work and activity impairment experienced by IBD patients enrolled
in the RISE BR study. In addition, we characterize treatment patterns and the use of
healthcare resources in this setting.
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MATERIALS AND METHODS
Study design and participants
The RISE BR study was a multicenter, noninterventional study with a cross-sectional
evaluation (baseline) and a 3-year retrospective data collection. In the study reported
here, we recorded PROs at baseline and assessed the use of IBDs treatment and
healthcare resources in the previous 3 years (i.e., baseline-3 years). The study protocol
was reviewed and approved by the Ethics Committees of the participant centers. All
study participants provided written informed consent prior to study enrollment
(ClinicalTrials.gov Identifier: NCT02822235).
Patients were enrolled consecutively from October 2016 to February 2017, when
attending scheduled clinical appointments at one of the 14 reference IBD hospitals
distributed across Brazilian geographical regions. Eligible patients were ≥ 18 years
old, with a diagnosis, by a gastroenterologist, of moderate-to-severe CD or UC for at
least 6 mo. Patients with indeterminate/unclassified colitis, who were hospitalized at
baseline or who had participated in an experimental study within the 3 years prior to
baseline were excluded.

Study variables
Sociodemographic data (age, gender, educational level and professional status),
smoking habits, family history of IBD and extraintestinal manifestations were
collected from medical records. Other variables included time since IBD diagnosis,
location and severity/behavior of UC and CD (Montreal classification) and steroid
behavior (dependent or refractory).
CD activity at baseline was evaluated with the Harvey Bradshaw Index (HBI)[22]
and/or the Crohn’s Disease Activity Index (CDAI) [23] , according to local clinical
practice. Moderately to severely active CD at baseline was considered when patients
had an HBI ≥ 8 or a CDAI ≥ 220 or fecal calprotectin > 200 µg/g or previous
colonoscopy results suggestive of inadequate control (as per investigator
criteria)[22,24,25]. UC activity at baseline was assessed with the 9-point partial Mayo
(pMayo) score[26] (moderate-to-severe activity: pMayo ≥ 5), according to local clinical
practice[2,26].
QoL was assessed with three self-administered scales validated for the Brazilian
population: The 36-item Short-Form Health Survey (SF-36)[27], the 5-dimensional
EuroQoL measure (EQ-5D-5L)[28], and the Inflammatory Bowel Disease Questionnaire
(IBDQ)[29]. The SF-36 evaluates eight health dimensions: Physical functioning, physical
role functioning, bodily pain, general health perceptions, vitality, social role
functioning, emotional role functioning, and mental health. Two summary scores
(Physical Component Score and Mental Component Score) are obtained through a
standardization of each dimension score and computation of aggregate scores. The
component summary ranges from 0 to 100, with higher scores reflecting more a
favorable health status[30-32]. The EQ-5D-5L considers five attributes (mobility, self-care,
usual activity, pain/discomfort, anxiety/depression) scored with five possible levels
(1-no problems, 2-slight problems, 3-moderate problems, 4-severe problems, 5extreme problems) and a visual analog scale (VAS) where “100” indicates the best
health imagined and a “0” represents the worst health imagined[2,15]. The IBDQ score
comprises four domains: Bowel function, Emotional status, Systematic symptoms, and
Social function[29,33]. Each IBDQ domain scores from 1 (poorest QoL) to 7 (best QoL),
and the overall IBDQ score ranges from 32 to 224.
In addition, the impact of IBD on work productivity and daily activities was
assessed with the Brazilian version of the Work Productivity and Activity Impairment
(WPAI) questionnaire [34] . The WPAI topics are as follows: (1) If the patient was
currently employed; (2) How many hours were missed due to the disease; (3) How
many hours were missed for other reasons, (4) How many hours were worked; (5) To
what degree did the disease affect productivity while working; and (6) To what
degree did the disease affect regular activities. Based on the WPAI questionnaire, total
work productivity impairment due to IBD (TWPI) was defined as the subjects’ total
percentage of impaired work time that resulted from both absenteeism (work time
missed due to IBD) and presenteeism (impairment while working due to IBD)[16]. Total
activity impairment (TAI) due to IBD was also estimated.
Utilization of healthcare resources during the previous 3 years was retrieved from
medical records regarding imaging and laboratory testing, surgeries, hospitalizations,
and consultations with gastroenterologists or other medical specialists. The type and
duration of IBD treatment ongoing at baseline and received during the retrospective
3-year period was also collected.

Statistical analysis
The sample size was estimated for the primary objective of the RISE BR study to
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estimate the prevalence of IBD activity. Hence, a sample size of 400 IBD patients was
defined to allow estimates of disease activity at baseline with a 95% confidence
interval (CI) and a margin of error less than 5%.
All analyses were presented by IBD type (UC or CD). Descriptive statistics were
used to analyze sociodemographic, anthropometric and clinical variables. To compare
QoL and WPAI according to disease activity at baseline (moderate to severe vs. mild
or no activity), demographic characteristics and the presence of extraintestinal
manifestations, the Chi-square or Fisher’s exact tests were used for qualitative
variables (i.e., domain items) and the t-test for independent samples, the ANOVA test,
the Kruskal-Wallis test or the Mann-Whitney U test were used for quantitative
variables (i.e., SF-36 domain scores or component summary scores, EQ-5D VAS, IBDQ
domain scores or total score, and WPAI scores). The correlation of IBDQ scores and
EQ-5D dimensions/VAS with SF-36 domain scores was determined using Spearman’s
correlation coefficient. There was no imputation of missing data in the study.
Statistical tests were two-tailed, and significance was set at 5%. Statistical analysis was
performed using SAS® (version 9.4, SAS Institute Inc., Cary).

RESULTS
Study participants and IBD characteristics
Of the 421 screened patients, 407 (96.7%) fulfilled the eligibility criteria and were
included, 264 (64.9%) presented with CD and 143 (35.1%) had UC. The mean age (±
standard-deviation, sd) was 42.9 ± 13.0 and 45.9 ± 13.8 years for CD and UC patients,
respectively (Table 1). Most patients were female (54.2% CD and 56.6% UC patients),
and over one-third were employed. The median time since the first diagnosis of CD
and UC was 11.4 [range: 0.5-45.0] and 10.4 [range: 0.5-31.0] years, respectively. At
baseline, CD patients had a median HBI of 2.0 [range: 0.0-37.0], a median CDAI of
137.0 [range: 25.0-495.0], and 44.7% (95%CI: 38.7-50.7%) presented moderate to severe
activity. When considering UC patients, the median pMayo score was 1.0 [range: 0.09.0], and 25.2% (95%CI: 18.1-32.3%) presented moderate to severe activity.

QoL evaluation by IBD type and disease activity
Regarding the SF-36 results (Table 2), the median scores of the physical and mental
components were 46.6 [range: 20.6-68.6] and 45.2 [range: 5.8-67.2] for CD patients and
44.7 [range: 23.4-63.8] and 44.2 [range: 7.9-65.0] for UC patients, respectively. CD
patients with moderate to severe activity had significantly lower scores in all SF-36
domains except for the vitality domain and had a lower physical component score
(median: 44.0 vs 48.6, P < 0.001) and mental component score (median: 42.3 vs. 48.4, P
= 0.022) compared to CD patients with mild or no activity. For UC patients, those with
moderate to severe activity also presented lower SF-36 scores in all domains, and both
the physical component score (median: 40.5 vs 46.2, P = 0.007) and mental component
score (median: 35.0 vs 46.6, P < 0.001) were lower than those of UC patients with mild
or no activity.
The median [range] EQ-VAS scores for CD and UC patients were 80.0 [5.0-100.0]
and 70.0 [0.0-100.0], respectively (Table 2). The majority of CD and UC patients had
pain/discomfort (66.9% and 78.7%, respectively), anxiety/depression (63.9% and
63.8%), and problems with conducting their usual activities (52.5% and 53.2%). CD
patients with moderate to severe activity had lower EQ-VAS scores (median: 70.0 vs
80.0, P = 0.003), and more patients reported problems of pain/discomfort (P = 0.036)
and anxiety/depression (P = 0.039) compared to CD patients with mild or no activity.
UC patients with moderate to severe activity had lower EQ-VAS scores (median: 50.0
vs 80.0, P < 0.001), and more patients reported problems in usual activities (P = 0.009)
and pain/discomfort (P = 0.012) compared to UC patients with mild or no activity.
In both IBD types, EQ-VAS scores, as well as the EQ-5D dimensions, were
statistically correlated with all SF-36 domains and component summary measures,
except for the self-care and mental health dimensions in UC patients (Figure 1).
Related dimensions presented larger coefficients, such as physical functioning in SF36 and mobility in EQ-5D (CD: rs = -0.60 and UC: rs = -0.69) or body pain in SF-36 and
pain/discomfort in EQ-5D (CD: rs = -0.64 and UC: rs = -0.66).
The median overall scores of the IBDQ for CD and UC patients were 164.0 and
165.0, respectively (Table 2). The lowest score was obtained for the systemic
symptoms’ domain (median: 4.8 for both CD and UC patients), and the highest score
was observed for the bowel symptoms domain (median: 5.7/5.4 for CD/UC patients,
respectively). In both IBD types, patients with moderate to severe activity at baseline
presented statistically lower median scores in all IBDQ domains and overall score
compared to patients with mild or no activity (CD: 153.5 vs 178.0, P < 0.001 and UC:
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Table 1 Sociodemographic characteristics and clinical features of included patients
CD patients (n = 264)

UC patients (n = 143)

Age (yr), mean ± SD

42.9 ± 13.0

45.9 ± 13.8

Female

143 (54.2)

81 (56.6)

Primary school

55 (26.6)

38 (38.8)

Secondary school

83 (40.1)

37 (37.7)

Higher education

69 (33.3)

23 (23.5)

Missing

57

45

Employed

101 (44.3)

53 (42.7)

Unemployed

61 (26.8)

33 (26.6)

Student

10 (4.4)

5 (4.0)

Retired

30 (13.2)

15 (12.1)

Other

26 (11.4)

18 (14.5)

Missing

36

19

24 (9.9)

3 (2.3)

22

11

Time since IBD diagnosis (yr), median [range]

10.0 [0.5-45.0]

10.0 [0.5-31.0]

Time since moderate-to-severe diagnosis (yr), median [range]

6.0 [0.5-30.0]

5.0 [0.5-25.0]

Steroid-dependent

31 (14.8)

23 (19.3)

Steroid-refractory

16 (7.7)

11 (9.2)

Not applicable (no previous use)

87 (41.6)

36 (30.3)

Unknown

75 (35.9)

49 (41.2)

Missing

55

24

Any extraintestinal manifestations

54 (37.8)

30 (38.0)

Family IBD history

33 (12.5)

15 (10.5)

Moderately to severely active disease at baseline3

118 (44.7)

36 (25.2)

E1- distal UC

--

43 (30.1)

E2- left-sided

--

26 (18.2)

E3- pancolitis

--

74 (51.7)

S0- asymptomatic

--

57 (39.9)

S1- mild UC

--

32 (22.4)

S2- moderate UC

--

40 (28.0)

S3- severe UC

--

14 (9.8)

L1- ileal

67 (25.4)

--

L2- colonic

42 (15.9)

--

L3- ileocolonic

150 (56.8)

--

L4- upper GI tract disease

17 (6.4)

--

B1- Nonstricturing/nonpenetrating

58 (22.0)

--

B2- Stricturing

110 (41.7)

--

B3- Penetrating

91 (34.5)

--

Perianal disease

105 (39.8)

--

Ileal surface involved ≥ 1 m [n = 201]

38 (18.9)

--

Educational level

Professional situation

1

Current smokers
Missing

Steroid response2

UC location [Montreal classification]

UC severity [Montreal classification]

CD location [Montreal classification]

CD behavior [Montreal classification]

Data are shown as n (%), except where otherwise mentioned.
1
Patients were smoking at baseline and has smoked 100 cigarettes in his/her lifetime.
2
Steroid-dependent disease: patients who either (1) Were unable to reduce steroids below the equivalent of prednisolone 10 mg/d within 3 mo of starting
steroids, without recurrent disease, or (2) Had a relapse within 3 mo of stopping glucocorticoids. Steroid-refractory disease: active disease despite
prednisolone up to 0.75 mg/kg/d over 4 wk.
3
Moderate-to-severe activity at baseline was defined as pMayo ≥ 5 (UC) and having HBI ≥ 8 or CDAI ≥ 220 (CD). IBD: Inflammatory bowel disease; UC:
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Ulcerative colitis; CD: Crohn’s disease.

106.0 vs 178.5, P < 0.001). The IBDQ dimensions and overall score presented a
significantly strong correlation with all SF-36 domains and component summary
measures (Figure 1). The correlation coefficient of mental health in SF-36 and
emotional health in IBDQ was higher than 0.8 (CD: rs = 0.81 and UC: rs = 0.84).
QoL vs. demographic and clinical characteristics
The SF-36 mental component score was statistically higher among CD/UC male
and employed subjects, CD patients aged ≥ 60 years and UC patients with higher
income (Table 3). The SF-36 physical component score was statistically higher among
CD/UC male, employed subjects and those with higher income, and UC patients with
higher education. For both IBD types, the EQ-VAS score was statistically higher
among men. The EQ-VAS score was significantly different according to the
professional situation of CD patients, with employed patients presenting higher
scores. The IBDQ overall score was statistically higher in CD patients who were ≥ 60
years, male, and students. Considering UC patients, higher IBDQ scores were
observed in males, employed individuals and those with a higher income.

Work productivity impairment due to IBD
Considering employed patients (CD: n = 111, 42.0%; UC: n = 58, 40.8%), the median
TWPI was 20.0% (CD) and 5.0% (UC) (Table 2). The median TAI was 30.0% for both
CD and UC patients. CD patients with moderate to severe disease activity presented
higher absenteeism (median: 4.7% vs 0.0%, P = 0.009) and TAI (median: 50.0% vs
20.0%, P < 0.001) than those with mild or no disease activity. Moderately to severely
active UC patients had higher TAI (75.0% vs 10.0%, P < 0.001).
Women presented higher activity impairment due to CD than men (P = 0.014).
Activity impairment due to CD was significantly different by age group (p=0.007) and
professional situation (P < 0.001) (Table 4). Higher TAI due to UC was observed in
women when compared to men (P = 0.043). TAI due to UC presented statistically
significant differences by professional situation (P = 0.001) and by income level (P =
0.032) (Table 4).

Healthcare utilization
A total of 108 surgeries were performed in 67 (25.4%) CD patients over the 3-year
retrospective period. The median number of surgeries per CD patient was 1.0, and
most (20.4%) were anal procedures (fistulectomy) (Table 5). Seven surgeries were
performed in 4 (2.8%) UC patients (median 2.0), namely, 2 (28.6%) total colectomies
and 2 (28.6%) enterostomy closures, among other interventions (n = 3, 42.9%). No
statistically significant differences were observed when comparing patients by disease
activity.
Regarding IBD hospitalizations, 101 (38.3%) CD patients had a total of 168
hospitalizations (median frequency: 1.0; median duration: 6 d), and 28 (19.6%) UC
patients had 43 hospitalizations (median: 1.0; mean duration: 4 days). CD patients
with moderate to severe disease activity at baseline had more hospitalizations
(median: 2.0 vs 1.0 hospitalizations/patient, P = 0.031) than those with mild or no
disease activity; no statistically significant differences were observed for UC patients
by disease activity.
CD and UC patients attended 3192 (median 11.0) and 1541 (median 10.0) medical
appointments, respectively. More than 90% of consultations were with IBD specialists
for both IBD types. The assessment of disease activity through common scores, such
as CDAI and HBI for CD patients and Partial Mayo Score for UC patients, was not
performed in most medical appointments. When comparing by disease activity, no
statistically significant differences were observed regarding the number or type of
consultations for both IBD types. Changes in treatment occurred in 16.4% and 22.9%
of CD and UC consultations, respectively, and CD patients with moderate to severe
activity had a higher proportion of medical appointments with treatment changes
(18.3% vs 14.7%, P = 0.005) than those with mild or low disease activity.
A total of 5674 imaging/laboratory tests were performed by 260 CD patients
(median 19.0) and 2509 by 141 UC patients (median 15.0). Hemograms were the most
frequent test, followed by quantification of C-reactive protein. Colonoscopies
accounted for 6.1% (CD) and 9.1% (UC) of the total tests. No statistically significant
differences were observed in IBD activity at baseline.
Most surgeries (CD/UC: 44.4%/71.5%) and hospitalizations (CD/UC:
47.6%/69.8%) occurred among IBD patients < 5 years since the first diagnosis of
moderate to severe disease compared to patients diagnosed 5 to 10 years or 10 or
more years prior (Figure 2). In addition, UC patients diagnosed for less than 5 years
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Table 2 Quality of life according to type of inflammatory bowel disease and disease activity
CD

UC

Total

263

n

Missing value1 1

Moderate to
severe
activity

No or mild
activity

P value

Total

Moderate to
severe
activity

No or mild
activity

118

145

143

36

107

0

1

0

0

0

44.0 [20.6-62.3]

48.6 [27.1-68.6]

P value

SF-36 scores
Physical
component

46.6 [20.6-68.6]

< 0.001

44.7 [23.4-63.8]

40.5 [23.4-58.8]

46.2 [23.9-63.8]

0.007

Physical
functioning

75.0 [10.0-100.0] 70.0 [10.0-100.0] 85.0 [15.0-100.0] < 0.001

70.0 [0.0-100.0]

55.0 [0.0-100.0]

77.5 [0.0-100.0]

0.043

Physical role

68.8 [0.0-100.0]

50.0 [0.0-100.0]

75.0 [0.0-100.0]

< 0.001

59.4 [0.0-100.0]

40.6 [0.0-100.0]

75.0 [0.0-100.0]

< 0.001

Body pain

52.0 [0.0-100.0]

51.0 [0.0-100.0]

62.0 [10.0-100.0] < 0.001

51.0 [0.0-100.0]

31.0 [0.0-100.0]

60.5 [0.0-100.0]

0.001

General health 52.0 [0.0-100.0]

46.0 [0.0-100.0]

57.0 [10.0-100.0] < 0.001

51.0 [5.0-100.0]

31.0 [5.0-100.0]

55.0 [5.0-100.0]

< 0.001

42.3 [14.0-63.6]

48.4 [5.8-67.2]

0.022

44.2 [7.9-65.0]

35.0 [7.9-64.1]

46.6 [7.9-65.0]

< 0.001

45.2 [5.8-67.2]

Mental
component
Vitality

56.3 [0.0-100.0]

50.0 [6.3-100.0]

56.3 [0.0-100.0]

0.074

50.0 [0.0-100.0]

37.5 [0.0-93.8]

56.3 [0.0-100.0]

0.002

Social role
functioning

62.5 [0.0-100.0]

50.0 [0.0-100.0]

75.0 [0.0-100.0]

0.002

62.5 [0.0-100.0]

50.0 [0.0-100.0]

62.5 [0.0-100.0]

0.002

Emotional role 75.0 [0.0-100.0]

66.7 [0.0-100.0]

79.2 [0.0-100.0]

0.012

75.0 [0.0-100.0]

45.8 [0.0-100.0]

75.0 [0.0-100.0]

0.002

Mental health

65.0 [0.0-100.0]

55.0 [0.0-100.0]

72.5 [0.0-100.0]

0.008

60.0 [0.0-100.0]

45.0 [5.0-100.0]

70.0 [0.0-100.0]

< 0.001

EQ-VAS (cm)

80.0 [5.0-100.0]

70.0 [5.0-100.0]

80.0 [15.0-100.0] 0.003

70.0 [0.0-100.0]

50.0 [0.0-100.0]

80.0 [0.0-100.0]

< 0.001

193 (73.4)

80 (67.8)

113 (77.9)

0.0802

85 (59.9)

17 (47.2)

68 (64.2)

0.0732

130 (89.7)

2

120 (84.5)

29 (80.6)

91 (85.8)

0.4482

2

EQ-5D [no
problems], n
(%)
Mobility
Self-care

225 (85.6)

95 (80.5)

0.052

Usual
activities

125 (47.5)

47 (39.8)

78 (53.8)

0.158

66 (46.8)

10 (27.8)

56 (53.3)

0.0092

Pain/discomfort

87 (33.1)

31 (26.3)

56 (38.6)

0.0362

30 (21.3)

3 (8.3)

27 (25.7)

0.0122

Anxiety/depression

95 (36.1)

31 (26.3)

64 (44.1)

0.0392

51 (36.2)

9 (25.0)

42 (40.0)

0.1142

IBDQ score

164.0 [50.0224.0]

153.5 [50.0222.0]

178.0 [57.0224.0]

< 0.001

165.0 [47.0224.0]

106.0 [48.0217.0]

178.5 [47.0224.0]

< 0.001

Bowel
symptoms

5.7 [1.4-7.0]

5.3 [1.4-7.0]

6.0 [1.8-7.0]

< 0.001

5.4 [1.3-7.0]

3.7 [1.3-7.0]

6.1 [1.5-7.0]

< 0.001

Emotional
health

4.8 [1.2-7.0]

4.4 [1.2-6.9]

5.3 [1.5-7.0]

0.001

4.9 [1.0-7.0]

2.9 [1.2-6.6]

5.3 [1.0-7.0]

< 0.001

Systemic
symptoms

4.8 [1.0-7.0]

4.4 [1.2-7.0]

5.0 [1.0-7.0]

< 0.001

4.8 [1.0-7.0]

3.2 [1.0-7.0]

5.2 [1.0-7.0]

< 0.001

Social function 5.4 [1.2-7.0]

5.0 [1.2-7.0]

5.8 [1.4-7.0]

< 0.001

5.4 [1.2-7.0]

3.8 [1.2-7.0]

6.0 [1.2-7.0]

< 0.001

WPAI scores
% TWPI

20.0 [0.0-100.0]

30.0 [0.0-100.0]

19.7 [0.0-100.0]

0.053

5.0 [0.0-100.0]

34.8 [0.0-100.0]

0.0 [0.0-100.0]

0.082

% work time
missed

0.0 [0.0-100.0]

4.7 [0.0-100.0]

0.0 [0.0-64.0]

0.009

0.0 [0.0-100.0]

5.9 [0.0-100.0]

0.0 [0.0-100.0]

0.287

% impairment 10.0 [0.0-100.0]
while working

10.0 [0.0-80.0]

10.0 [0.0-100.0]

0.336

0.0 [0.0-80.0]

20.0 [0.0-80.0]

0.0 [0.0-80.0]

0.08

% TAI

50.0 [0.0-100.0]

20.0 [0.0-100.0]

< 0.001

30.0 [0.0-100.0]

75.0 [0.0-100.0]

10.0 [0.0-100.0]

< 0.001

30.0 [0.0-100.0]

1

The missing data is due to a patient who has not completed SF-36 at Day 1. All p-values from Mann-Whitney U test, except
Chi-square test. Data are shown as median [range], except otherwise mentioned. CD: Crohn’s disease; UC: Ulcerative colitis. SF-36: Short-form 36; EQ-5D:
Euro quality of life – 5 dimensions; EQ-VAS: EQ-5D visual analog scale. IBDQ: Inflammatory bowel disease questionnaire. WPAI: Work Productivity and
Activity Impairment Questionnaire. TWPI: Total work productivity impairment; TAI: Total activity impairment.
2

had the most medical appointments (45.0%), with 25.1% occurring in patients
diagnosed between 6 months and 3 years prior. Medical appointments with treatment
changes occurred most frequently (CD/UC: 38.5%/46.7%) among patients diagnosed
for less than 5 years, as did imaging/laboratory tests (CD/UC: 44.5%/36.5%),
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Figure 1

Figure 1 Spearman’s correlation coefficients between domains and summary measures of the different quality of life measures. SF-36: Short-form 36; EQ5D: Euro quality of life – 5 dimensions; EQ-VAS: EQ-5D visual analog scale; IBDQ: Inflammatory bowel disease questionnaire.

compared to patients diagnosed 5 to 10 years or 10 or more years.

IBD treatment at baseline and changes over the previous 3 years
At baseline, the majority of CD (95.1%) and UC (90.2%) patients were on IBD
treatment (Table 6). The median number of concurrent medicines at baseline, by
patient, was 2.0 for both CD and UC patients. The most common treatments at
baseline were biologics (75.3%) and immunosuppressants (70.9%) for CD patients and
5-ASA compounds (77.5%) for UC patients. Considering each IBD medicine (Figure
3), azathioprine was used by 65.7% CD patients, followed by infliximab (42.2%) and
adalimumab (31.1%). Among UC patients, 5-ASA (72.9%), azathioprine (45.7%) and
infliximab (24.0%) were the three most frequently used treatments.
Most CD patients with moderate to severe disease activity were receiving an
immunosuppressant (72.1%) and/or biologic (71.2%). Among CD patients with mild
or no disease activity, most were receiving a biologic (78.6%) and/or immunosuppressant (70.0%) as well. With regard to UC patients, the majority were
receiving at least one 5-ASA compound (84.4% vs 75.3%, in moderate to severe vs.
mild or no disease activity, respectively) (Table 6).
The majority of CD (70.7%) and UC (77.6%) patients changed treatment at least
once during the previous 3 years, including changes in antibiotics and corticosteroids.
CD patients had fewer treatment changes than UC patients (median: 1.0 vs 2.0; P =
0.036), and changes were not statistically associated with disease activity in both IBD
types. Most of the treatment changes were discontinuations (CD/UC: 43.5%/38.1%).
When considering only biologics, immunosuppressants and 5-ASA compounds, most
dose changes and discontinuations occurred in immunosuppressants (50.7% and
39.8%) for CD patients and 5-ASA compounds (69.5% and 64.1%) for UC patients.
With regard to biologic therapy, dose changes were due to poor effectiveness
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Table 3 Quality of Life scores by sociodemographic and clinical characteristics and by type of inflammatory bowel disease
CD

UC
SF-36
physical
component

SF-36
mental
component
mean
± SD
Age
(years
)

P
value

mean
± SD

0.018

EQVAS

P
value

mean
± SD

0.895

IBDQ
score

P
value

mean
± SD

0.514

SF-36
physical
component

SF-36
mental
component
P
value

mean
± SD

P
value

mean
± SD

0.1553

0.002

EQVAS

P
value

mean
± SD

0.263

IBDQ
score

P
value

mean
± SD

0.8473

0.534

18-39

44.8 ±
13.0

43.1 ±
10.5

72.4 ±
20.3

158.9 ±
41.0

46.5 ±
10.0

46.0 ±
10.0

67.7 ±
22.2

151.6 ±
43.8

40-59

41.9 ±
12.9

43.5 ±
14.3

73.4 ±
20.5

151.0 ±
43.4

43.1 ±
10.1

45.0 ±
9.8

65.5 ±
25.6

153.0 ±
54.8

≥60

48.8 ±
9.4

42.0 ±
16.8

76.1 ±
19.8

178.7 ±
30.1

46.1 ±
9.7

48.2 ±
7.9

69.9 ±
30.5

157.2 ±
46.8

< 0.0011

Gender

0.0271

0.0041

< 0.0011

0.0041

0.0321

0.0421

< 0.001

Male

48.0 ±
11.3

45.9 ±
13.6

77.5 ±
18.0

169.5 ±
38.0

47.5 ±
9.7

47.3 ±
8.9

72.4 ±
22.0

169.7 ±
43.3

Female

41.2 ±
12.9

41.0 ±
13.1

69.8 ±
21.4

149.9 ±
42.1

42.7 ±
9.9

44.8 ±
10.0

62.8 ±
26.8

140.7 ±
50.8

Professional
situation
Employed

0.030 2

0.002

0.003

< 0.0012

< 0.001

< 0.001

0.130

0.001

47.5 ±
11.5

47.6 ±
11.4

78.1 ±
19.4

168.1 ±
40.4

49.4 ±
8.9

49.2 ±
8.0

73.2±
23.2

175.7 ±
39.3

Une- 40.0 ±
mplo- 14.0
yed

39.2 ±
13.5

67.6 ±
21.2

145.3 ±
40.6

41.2 ±
9.8

42.9 ±
9.3

64.9±
25.9

135.8 ±
51.5

Student

43.0 ±
16.0

44.2 ±
11.2

75.5 ±
18.6

172.6 ±
42.8

42.0 ±
12.6

54.2 ±
9.8

61.6±
15.2

139.6 ±
35.3

Retired

46.4 ±
8.2

39.3 ±
18.3

75.2 ±
15.8

165.2 ±
33.5

41.7 ±
10.7

45.4 ±
7.8

55.2±
31.4

135.7 ±
53.3

Other 39.0 ±
14.0

40.3 ±
12.7

64.8 ±
23.4

135.5 ±
50.7

41.2 ±
8.9

39.8 ±
10.2

62.2±
24.3

138.4 ±
52.2

Educational
level

0.176 2

0.802

0.398 2

0.990

0.122 2

0.0282

0.510

0.185

Pri43.7 ±
mary 11.4
school

43.7 ±
11.4

73.2 ±
20.8

156.3 ±
40.8

44.0 ±
9.3

44.0 ±
9.3

66.6 ±
27.9

143.0 ±
56.8

Seco- 43.0 ±
ndary 13.3
school

43.0 ±
13.3

73.1 ±
20.7

152.9 ±
44.9

45.3 ±
9.9

45.3 ±
9.9

66.4 ±
25.8

160.0 ±
47.6

44.1 ±
13.2

44.1 ±
13.2

72.8 ±
20.1

162.2 ±
39.1

48.4 ±
8.9

48.4 ±
8.9

76.0 ±
6.5

171.4 ±
42.3

Higher
education
Income
> 3x
MW

0.0072

0.112

0.0872

0.547

0.0952

< 0.001

0.0702

0.0022

46.2 ±
11.9

47.7 ±
9.2

74.6 ±
21.4

169.2 ±
39.6

52.3 ±
9.4

49.3 ±
8.0

75.3 ±
16.2

179.0 ±
39.7

> 1x – 43.6 ±
3x
11.8
MW

46.1 ±
14.0

73.9 ±
20.2

157.6 ±
40.2

44.1 ±
9.0

46.2 ±
9.1

69.8 ±
24.6

158.7 ±
49.3

< 1x
MW

36.2 ±
13.3

70.9 ±
20.8

149.4 ±
43.9

39.2 ±
10.0

45.9 ±
9.8

58.8 ±
26.2

124.0 ±
50.7

40.4 ±
13.6
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Any
EIM

0.9243

0.6871

0.750 1

0.3433

0.2423

0.6011

0.7011

Yes

44.8 ±
13.0

42.0 ±
14.9

70.7 ±
19.6

158.0 ±
42.2

42.6 ±
8.6

44.4 ±
7.9

69.6 ±
19.0

149.6 ±
48.5

No

43.2 ±
11.9

42.3 ±
12.9

71.3 ±
22.0

161.0 ±
40.7

44.7 ±
10.4

46.2 ±
10.4

64.1 ±
27.8

152.2 ±
49.8

All P-values from Kruskal-Wallis test, except
1
Mann-Whitney U test,
2
ANOVA test, and
3
t-test. EIM: Extraintestinal Manifestations; MW: Minimum wage.

according to physician criteria in 22 (41.5%) CD patients and poor effectiveness and
serum level of the biologic drug in 3 (each) UC patients. Discontinuations of biologics
were mainly due to adverse reactions (CD/UC: 29.2%/27.5%).

DISCUSSION
The RISE BR study is the first study with a real-world characterization of the burden
of moderate to severe IBD in Brazil, both in the patient and payer perspectives.
Overall, 407 (143 UC and 264 CD) patients diagnosed with moderate to severe disease
were included, and at enrolment, 25% UC and 45% CD patients had moderately to
severely active disease.
QoL was assessed with both generic and disease-specific questionnaires.
Irrespective of IBD type, the SF-36 summary scores were low (i.e., scores less than 50,
in a range from 1-100). Other Brazilian single-center studies have observed no low SF36 scores [29] or that SF-36 was low regarding physical limitations and emotional
aspects domains[35,36]. Our results may reflect that patients with a previous diagnosis of
moderate to severe IBD, even though treated, still perceive their general health as
poor and that IBD physically and emotionally impacts their life. These findings are
supported by the EQ-5D results, with the most compromised dimensions being
pain/discomfort and anxiety/depression and better results in the mobility and selfcare dimensions. Not surprisingly, a correlation was observed between these two
general questionnaires, especially when considering the EQ-VAS and the SF-36
summary scores and comparing between related dimensions (e.g., SF-36 physical
functioning vs. EQ-5D mobility).
The IBDQ results are in line with those of the general QoL questionnaires, and a
significant correlation was observed between SF-36 and IBDQ, as reported by other
Brazilian studies[29,36]. Considering that the overall IBDQ score ranged between 32 and
224, the observed scores were slightly above the midpoint value, with poorer results
for the emotional health and systemic symptoms domains, irrespective of IBD type.
Pontes et al. observed a higher range of IBDQ overall scores (min-max: 114-222),
probably due to the inclusion of mostly patients with no active IBD[29].
Notably, patients with moderate to severe active disease had lower QoL scores in
SF-36 domains and summary measures, EQ-VAS and IBDQ dimensions and overall
score versus those with mild or no disease activity. In fact, patients with moderate to
severe disease activity had a median IBDQ greater than 170 and scored more than 16
points of difference when compared to patients with mild or no disease activity[37].
Other clinically significant differences were also observed in the SF-36 summary
measures (more than 2 points of difference) and EQ-VAS scores (more than 8
points)[37,38]. This pattern has been described in several studies across different world
regions[38,39]. For instance, one recent French survey reported that the risk of low QoL
was significantly increased with greater disease activity[40]. A Polish study showed
that CD patients in remission had lower QoL and work productivity impairment
compared to patients with active disease[41]. The same trend was observed in one local
single-site study conducted in Mato Grosso, Brazil[36]. Parra et al. also showed that
during maintenance treatment with infliximab, adequate serum levels are associated
with higher rates of clinical remission, mucosal healing and QoL[12]. In line with other
studies[13,39,40,42,43], female gender, being unemployed, lower educational level and lower
income were associated with poor QoL in almost all domains and summary measures
of the different QoL scales. Pain and the intensity of other symptoms during relapses
are disruptive of daily life and are particularly relevant for younger and more socially
active patients. However, disease activity is not the only determinant of QoL, as other
sociodemographic characteristics play a role in the way patients perceive their
disease. To provide the best care to IBD patients, subgroups of patients at higher risk
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Table 4 Work productivity and activity impairment scores by sociodemographic and clinical characteristics and by type of inflammatory
bowel diseases
CD

UC

% TWPI
mean
± SD
Age
(yr)

P
value

% work time
missed

% impairment
% TAI
while working

mean
± SD

mean
± SD

0.522

P
value
0.208

P
value

mean
± SD

0.541

% TWPI
P
value

mean
± SD

0.007

P
value

% work time
missed

% impairment
% TAI
while working

mean
± SD

mean
± SD

0.803

P
value
0.453

P
value

mean
± SD

0.929

0.433

18-39

31.8 ±
32.4

13.8 ±
23.6

23.3 ±
26.4

36.3 ±
34.1

28.5 ±
34.6

13.7 ±
27.1

19.6 ±
28.0

44.3 ±
36.1

40-59

35.2 ±
35.1

12.9 ±
25.8

27.4 ±
30.8

41.2 ±
34.2

23.7 ±
33.6

11.7 ±
29.3

15.9 ±
25.0

37.6 ±
37.5

≥ 60

19.6 ±
25.8

4.2 ±
11.8

15.6 ±
21.3

21.2 ±
25.4

19.6 ±
29.4

3.6 ±
6.2

18.0 ±
26.8

37.4 ±
40.9

0.186 1

Gender

0.9141

0.148 1

0.0141

0.4651

0.6491

0.0921

0.0431

Male

27.8 ±
30.5

13.0 ±
24.4

20.0 ±
23.4

30.4 ±
32.6

22.5 ±
32.0

13.4 ±
27.9

12.4 ±
21.9

31.8 ±
36.2

Female

37.6 ±
35.5

12.2 ±
23.2

29.6 ±
32.0

40.3 ±
33.6

29.5 ±
35.1

9.3 ±
25.2

24.6 ±
29.8

45.9 ±
37.5

Professional
situation

0.198

0.753

0.078

< 0.001

-

-

-

0.001

Employed

30.1 ±
31.4

11.0 ±
20.5

23.0 ±
27.8

24.2 ±
30.6

23.4 ±
31.5

9.4 ±
23.8

17.7 ±
26.2

23.7 ±
30.7

Unemployed

54.7 ±
18.0

5.4 ±
6.7

56.0 ±
16.7

49.8 ±
33.3

-

-

-

52.4 ±
39.1

Student

-

-

-

23.0 ±
27.9

-

-

-

56.0 ±
24.1

Retired

62.5 ±
17.7

25.0 ±
35.3

33.3 ±
28.9

32.3 ±
32.2

0.0

0.0

0.0

48.7 ±
43.4

Other 45.0 ±
63.6

33.3 ±
47.1

35.0 ±
49.5

56.2 ±
29.1

-

-

-

51.1 ±
36.3

Educational
level

0.608

0.591

0.455

0.114

0.331

0.571

0.186

0.252

Pri37.4 ±
mary 30.8
school

12.3 ±
15.6

28.6 ±
29.0

39.6 ±
34.9

15.7 ±
29.1

8.0 ±
17.7

8.0 ±
19.3

39.2 ±
40.8

Sec37.1 ±
onda- 33.4
ry
school

9.0 ±
17.7

29.1 ±
30.5

43.6 ±
36.6

26.3 ±
32.5

10.1 ±
28.6

21.2 ±
26.0

42.2 ±
37.5

Higher
education

16.0 ±
26.6

20.5 ±
25.6

29.1 ±
28.4

10.6 ±
19.4

1.1 ±
2.7

10.0 ±
18.3

25.7 ±
31.7

30.0 ±
33.6

Income
> 3x
MW

0.293

0.708

0.042

0.079

0.341

0.648

0.453

0.032

33.0 ±
35.5

13.4 ±
25.6

25.8 ±
30.2

25.9 ±
30.8

23.0 ±
33.0

9.3 ±
27.5

22.0 ±
28.6

25.8 ±
36.7

> 1x – 28.0 ±
3x
28.5
MW

13.9 ±
23.8

16.8 ±
20.1

38.6 ±
34.2

27.6 ±
27.4

7.1 ±
16.4

16.7 ±
22.7

38.9 ±
36.8

< 1x
MW

7.3 ±
8.9

50.0 ±
24.5

42.3 ±
35.1

0.0 ±
0.0

0.0 ±
0.0

0.0 ±
0.0

56.8 ±
35.8

60.0 ±
10.8
0.0051

Any
EIM
Yes

53.9 ±
33.4

WJG

0.0041
23.3 ±
28.2

0.199 1
32.9 ±
31.8
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No

23.5 ±
31.9

6.2 ±
15.4

21.0 ±
28.4

35.1 ±
33.8

19.0 ±
31.6

9.4 ±
26.6

13.7 ±
23.9

36.7 ±
38.4

All P-values from Kruskal-Wallis test, except
1
Mann-Whitney U test. EIM: Extraintestinal manifestations; MW: Minimum wage; TWPI: Total work productivity impairment; TAI: Total activity
impairment.

of poor QoL should be identified and offered additional coping strategies and social
support.
IBD has a relevant impact on work productivity and daily activities. In our study,
patients had approximately 30% impaired worktime, with approximately 12%
absenteeism and 18%-24% presenteeism, and approximately 36%-40% TAI. Of note,
unemployment frequency in IBD patients (23%) was higher than that of the general
population of Brazil (12.6%), in 2017[44]. In addition, TAI was higher among IBD
patients with moderate to severe disease activity but also among women, middleaged patients (40-59 years old, CD only) and patients with lower income (UC only).
Other studies have reported the same association, with a TAI of approximately
30%[15,40]. Froes et al. have described that IBD in Brazil leads to frequent and prolonged
disability periods and contributes to early retirement, especially among CD
patients[45]. A European survey conducted in 2010-2011 with 4670 IBD patients showed
that, during previous year, only 25% had not been absent from work due to IBD and
that 25% had been absent for more than 25 d[46].
To the best of our knowledge, this is the first study to report the use of healthcare
resources for IBD patients in Brazil, even though studies from other countries have
observed the high economic burden of these conditions[2,47-51]. Approximately onequarter of CD patients had at least one surgery during the last 3 years. The proportion
of UC patients with previous surgeries was considerably smaller (3%), but
approximately 30% underwent a high-cost colectomy. Almost half of CD patients and
approximately 35% of UC patients had at least one previous hospitalization, with a
median duration of 6 and 4 days, respectively. Gibson et al. observed a higher
frequency (43.5%) of hospitalization in UC patients in Australia, which may reflect
differences in the access of hospital care[2]. On the other hand, the large majority of the
medical appointments in our study were with IBD specialists, while in other
countries, IBD follow-up is also performed by general practitioners[2,52-54]. Interestingly,
CD patients with moderate to severe disease activity at baseline and those with less
time since the first diagnosis of moderate to severe disease had more previous
hospitalizations and medical appointments with treatment changes, which may reflect
the difficulty of maintaining or achieving remission.
In our study, almost all patients had at least one imaging or laboratory test, with
almost half having more than 20 tests in the previous 3 years. However, colonoscopy
only accounted for approximately 6%-9% of the procedures, and other IBD-specific
tests had an even smaller frequency. This finding, aligned with the rare use of clinical
scores during medical appointments, make us speculate that other information (such
as specific symptoms or patient-reported disease activity) may be more relevant for
IBD specialists in Brazil when deciding about treatment[55].
Almost all IBD patients were on some form of treatment at baseline, mainly with
immunosuppressants and biologics among CD patients and with 5-ASA compounds
in UC patients. In fact, the treatment pattern at baseline is in line with other studies
from Latin America [19] . International guidelines recommend the use of 5-ASA
compounds (especially in proctitis and left-sided UC) and/or corticosteroids
(preferred in CD patients) for the induction phase and, in more severe or refractory
cases, azathioprine and biological agents, while salicylates, thiopurines and biologics
are usually recommended for the maintenance period[56-58].
Some study limitations should be addressed. The retrospective data collection may
bias the estimates of treatment changes and healthcare use due to missing data on
patient’s medical records. For instance, patients could have more than one IBD
specialist, with medical appointments that are not registered, thus underestimating
healthcare use. On the other hand, the cross-sectional evaluation does not enable us to
conclude if patients with higher disease activity at baseline should have received a
more effective treatment, especially when considering the relapsing and remission
nature of IBD. We cannot exclude that the inclusion of patients with a previous
diagnosis of moderate to severe disease, although deliberate, may have contributed to
a higher rate of active disease at baseline, thus affecting the generalization of results to
all IBD patients. Moreover, selection bias was minimized by the consecutive
enrolment at scheduled clinical appointments, but patients with an active disease
have a higher chance of having a medical appointment during the recruitment period.
Finally, the smaller number of UC patients may have compromised the power of
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Table 5 Utilization of healthcare resources during the retrospective 3-year period
CD

UC

Total

Moderate to
severe
activity

No or mild
activity

264

118

146

67 (25.4)

32 (27.1)

35 (24.0)

Surgeries, n

108

45

63

Surgeries/pt,
median
[range]

1.0 [1-5]

1.0 [1-4]

2 [1-5]

More than one 28 (41.8)
IBD surgery

10 (31.2)

n

Total

Moderate to
severe
activity

No or mild
activity

143

36

107

4 (2.8)

1 (2.8)

3 (2.8)

7

2

5

2.0 [1-2]

2

2.0 [1-2]

18 (51.5)

3 (75.0)

1 (100.0)

2 (66.7)

P value

P value

IBD surgeries
At least one
IBD surgery

0.559 1

0.074

--

--

Type
[frequency ≥
5%]
Partial
colectomy

13 (12.0)

5 (11.1)

8 (12.7)

0 (0.0)

0 (0.0)

0 (0.0)

Total
colectomy

1 (0.9)

0 (0.0)

1 (1.6)

2 (28.6)

1 (50.0)

1 (20.0)

Drainage of
anorectal
abscess

6 (5.6)

3 (6.7)

3 (4.8)

0 (0.0)

0 (0.0)

0 (0.0)

Fistulectomy

22 (20.4)

9 (20.0)

13 (20.6)

0 (0.0)

0 (0.0)

0 (0.0)

Enterostomy

13 (12.0)

6 (13.3)

7 (11.1)

0 (0.0)

0 (0.0)

0 (0.0)

Enterostomy
closure

5 (4.6)

5 (11.1)

0 (0.0)

2 (28.6)

0 (0.0)

2 (40.0)

At least one
IBD
hospitalization

101 (38.3)

51 (43.2)

50 (34.2)

28 (19.6)

11 (30.6)

17 (15.9)

Hospitalizations, n

168

93

75

43

18

25

Hospitalizations/pt,
median
[range]

1.0 [1-5]

2.0 [1-4]

1.0 [1-5]

1.0 [1-5]

1.0 [1-5]

1.0 [1-3]

More than one 47 (46.5)
hospitalization

29 (56.8)

18 (36.0)

10 (35.7)

4 (36.4)

6 (35.3)

Duration (d),
median
[range]

6 [1-98]

5 [0-76]

4.5 [0-97]

4 [1-737]

2.5 [0-20]

5 [0-737]

263 (99.6)

117 (99.2)

146 (100.0)

143 (100.0)

36 (100.0)

107 (100.0)

Consultations, 3192
n

1466

1726

1541

423

1118

Consultations
/pt, median
[range]

11.0 [1-45]

12.0 [1-45]

11.0 [1-35]

10.0 [1-39]

9.5 [1-39]

10.0 [2-30]

More than 20
consultations

27 (10.3)

15 (12.8)

12 (8.2)

9 (6.3)

4 (11.1)

5 (4.7)

IBD specialist

2989 (93.6)

1356 (92.4)

1633 (94.6)

1426 (92.5)

394 (93.1)

1032 (92.3)

Emergency

43 (1.3)

25 (1.7)

18 (1.0)

34 (2.2)

20 (4.7)

14 (1.3)

Other
specialist

160 (5.0)

85 (5.8)

75 (4.3)

81 (5.3)

9 (2.1)

72 (6.4)

IBD
hospitalizations
0.136 1

0.031

0.055 1

0.978

IBD medical
appointments
At least one
IBD
consultation

0.801

0.896

Type

WJG

https://www.wjgnet.com

5875

October 14, 2019

Volume 25

Issue 38

Parra RS et al. QoL and work impairment with IBD in Brazil

Consultations
with
registered
score
HBI

11 (0.3)

1 (0.1)

10 (0.6)

--

--

--

CDAI

103 (3.2)

54 (3.7)

49 (2.8)

--

--

--

Other CD
scores

30 (0.9)

21 (1.4)

9 (0.5)

--

--

--

pMayo score

--

--

--

95 (6.2)

12 (2.8)

83 (7.4)

269 (18.3)

253 (14.7)

0.005 1

353 (22.9)

86 (20.3)

267 (23.9)

0.139 1

260 (98.5)

116 (98.3)

144 (98.6)

--

141 (98.6)

36 (100.0)

105 (98.1)

--

2509

643

1866

15.0 [1-82]

14.5 [2-82]

16 [1-75]

Consultations 522 (16.4)
with change of
IBD treatment
IBD imaging and laboratory
testing
At least one
IBD test
IBD tests, n

5674

2722

2952

Tests/pt,
median
[range]

19.0 [1-143]

20.0 [1-143]

16.0 [1-94]

More than 20
tests

118 (45.4)

56 (48.3)

62 (43.1)

57 (40.4)

15 (41.7)

42 (40.0)

Complete
blood cell
count

2317 (40.8)

1077 (39.6)

1240 (42.0)

973 (38.8)

250 (38.9)

723 (38.7)

C-reactive
protein

1773 (31.2)

837 (30.7)

936 (31.7)

748 (29.8)

214 (33.3)

534 (28.6)

Serum
albumin

647 (11.4)

346 (12.7)

301 (10.2)

356 (14.2)

59 (9.2)

297 (15.9)

Colonoscopy

346 (6.1)

183 (6.7)

163 (5.5)

228 (9.1)

57 (8.9)

171 (9.2)

0.372

0.767

Type
[frequency ≥
5%]

All P-values from Mann-Whitney U test, except
1
Chi-square test. Data are shown as n (%), except otherwise mentioned. CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; pt:
Patient.

statistical analysis by subgroup.
This was the first multicenter real-world study in Brazil that assessed several PROs,
providing insight about the patient and payer perspectives that can contribute to
optimizing IBD treatment. Based on clinical and patient-reported assessments, we
conclude that moderate-to-severe disease activity, especially among CD patients, is
associated with a substantial impact on QoL, work productivity impairment and
consumption of healthcare resources (namely, IBD hospitalizations and surgeries) in
Brazil. The large sample size selected from reference centers of the most populated
regions of Brazil allows a good comprehension of IBD burden and management in the
Brazilian context. However, the low use of clinical scores and laboratory examinations
of recognized biomarkers (such as fecal calprotectin) should be addressed through
specific medical education programs. The frequency of IBD is increasing, and health
services should be prepared to provide an adequate response, including by
addressing unmet medical needs regarding the access and use of more effective
therapies, to help patients with IBD.

WJG

https://www.wjgnet.com

5876

October 14, 2019

Volume 25

Issue 38

Parra RS et al. QoL and work impairment with IBD in Brazil

Table 6 Treatment for inflammatory bowel diseases at baseline and changes during the previous 3 years
CD

n

UC

Total

Moderate to
severe
activity

No or mild
activity

264

118

251 (95.1)

Total

Moderate to
severe
activity

No or mild
activity

146

143

36

107

111 (94.1)

140 (95.9)

129 (90.2)

32 (88.9)

97 (90.7)

2.0 [1.6]

2.0 [1-7]

2.0 [1-6]

3 [1-6]

2 [1-5]

P value

P value

IBD treatment
at baseline
Treated
patients

IBD
2.0 [1-7]]
medicines/pt,
median
[range]2
Main IBD
therapy3
5-ASA
compounds

39 (15.5)

20 (18.0)

19 (13.6)

100 (77.5)

27 (84.4)

73 (75.3)

Biologic
therapy

189 (75.3)

79 (71.2)

110 (78.6)

41 (31.8)

11 (34.4)

30 (30.9)

Immunosuppressants

178 (70.9)

80 (72.1)

98 (70.0)

63 (48.8)

17 (53.1)

46 (47.4)

Any
corticosteroid

30 (12.0)

17 (15.3)

14 (10.0)

26 (20.2)

13 (40.6)

13 (13.4)

11 (9.9)

3 (2.1)

7 (5.4)

5 (15.6)

2 (2.1)

1 [0-23]

1 [0-9]

0.526

2 [0-15]

1 [0-15]

2 [0-10]

0.226

81 (69.2)

105 (71.9)

0.6341

111 (77.6)

24 (66.7)

87 (81.3)

0.0681

Any antibiotic 14 (5.6)
Changes to
IBD treatment
Treatment
changes /pt,
median
[range]2

1 [0-23]

At least one
186 (70.7)
change on IBD
treatment2
Type of
change2
Ongoing or
beginning

437 (35.6)

190 (31.6)

247 (39.5)

265 (36.1)

75 (38.7)

190 (35.2)

Dose change

256 (20.9)

128 (21.3)

128 (20.4)

189 (25.7)

39 (20.1)

150 (27.8)

Discontinued

534 (43.5)

283 (47.1)

251 (40.1)

280 (38.1)

80 (41.2)

200 (37.0)

Dose change
by main IBD
therapy

146

71

75

128

31

97

5-ASA
compounds

19 (13.0)

5 (7.0)

14 (18.7)

89 (69.5)

20 (64.5)

69 (71.1)

Biologic
therapy

53 (36.3)

27 (38.0)

26 (34.7)

12 (9.4)

5 (16.1)

7 (7.2)

Immunosuppressants

74 (50.7)

39 (54.9)

35 (46.7)

27 (21.1)

6 (19.4)

21 (21.6)

Discontinuation by main
IBD therapy

226

123

103

128

36

92

5-ASA
compounds

64 (28.3)

33 (26.8)

31 (30.1)

82 (64.1)

20 (55.6)

62 (67.4)

Biologic
therapy

72 (31.9)

44 (35.8)

28 (27.2)

11 (8.6)

8 (22.2)

3 (3.3)

Immunosuppressants

90 (39.8)

46 (37.4)

44 (42.7)

35 (27.3)

8 (22.2)

27 (29.3)

Reason for
dose change of
biologics
[frequency ≥
5%]4
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Adverse
reaction

0 (0.0)

0 (0.0)

0 (0.0)

2 (16.7)

2 (40.0)

0 (0.0)

Patient
decision/adherence

1 (1.9)

1 (3.7)

0 (0.0)

2 (16.7)

0 (0.0)

2 (28.6)

Poor
effectiveness

22 (41.5)

12 (44.4)

10 (38.5)

3 (25.0)

1 (20.0)

2 (28.6)

Remission

5 (9.4)

2 (7.4)

3 (11.5)

0 (0.0)

0 (0.0)

0 (0.0)

Serum level of 2 (3.8)
biologic drug

1 (3.7)

1 (3.8)

3 (25.0)

1 (20.0)

2 (28.6)

Reason for
discontinuation of biologics
[frequency ≥
5%]
Adverse
reaction

21 (29.2)

13 (29.5)

8 (28.6)

3 (27.5)

2 (25.0)

1 (33.3)

Contraindication

6 (8.3)

5 (11.4)

1 (3.6)

1 (9.1)

0 (0.0)

1 (33.3)

Patient
decision/adherence

5 (6.9)

4 (9.1)

1 (3.6)

2 (18.2)

1 (12.5)

1 (33.3)

Poor
effectiveness

6 (8.3)

2 (4.5)

4 (14.3)

0 (0.0)

0 (0.0)

0 (0.0)

All P-values from Mann-Whitney U test, except
1
Chi-square test. Data are shown as n (%), except otherwise mentioned.
2
Including antibiotics and corticosteroids.
3
Patients with at least one of the main IBD drug classes, excluding antibiotics, corticosteroids and other medications.
4
More than one possible reason for dose change. CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; pt: Patient.

Figure 2

Figure 2 Healthcare resource utilization by time since the first diagnosis of moderate to severe inflammatory bowel diseases.
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Figure 3

Figure 3 Most frequently used drugs for inflammatory bowel diseases (overall frequency ≥ 5%). A: Drugs used by patients with Crohn’s disease (total and by
disease activity); B: Drugs used by patients with ulcerative colitis (total and by disease activity). Note: % refers to patients using at least one medicine. CD: Crohn’s
disease; UC: Ulcerative colitis.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel diseases (IBD) have been associated with a low quality of life (QoL) and a
negative impact on work productivity compared to the general population, across several world
regions.

Research motivation
Information about the impact of IBD on QoL and work productivity in Latin American countries
is scarce and, in Brazil, emerges mostly from single-center studies. It is important to describe IBD
control, patient-reported outcomes (PROs), treatment patterns and use of healthcare resources,
so that clinicians and health services can optimize IBD management.

Research objectives
To describe QoL and work productivity and activity impairment (WPAI), treatment patterns and
use of healthcare resources among IBD patients in Brazil. The association of disease activity with
these outcomes was also evaluated.

Research methods
We conducted a multicenter cross-sectional study in several Brazilian IBD centers, with adult
IBD outpatients, with clinical evaluation of disease activity at enrolment, chart review of the
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previous 3-years for collection of treatment and healthcare use, and an extensive collection of
PROs, namely: General measures of QoL such as short-form 36 and EQ-5D-5L questionnaires,
the Inflammatory and Bowel Disease Questionnaire (IBDQ, a disease-specific QoL measure) and
the WPAI questionnaire.

Research results
In a large sample (n = 407) of patients with ulcerative colitis (n = 143) or Crohn’s disease (n =
264), almost half of CD patients (44.7%) and about a quarter of UC patients (25.2%) presented
active disease at baseline. Irrespective of IBD type, QoL scores (SF-36, EQ-5D and IBDQ) were
low. Disease activity, female gender, unemployment, and lower education and income were
associated with a poorer QoL. IBD patients with active disease had a median IBDQ score 16
points higher (i.e., power QoL) than patients with mild or no disease activity, as well as in SF-36
summary measures (more than 2 points of difference) and EQ-VAS scores (more than 8 points).
In our study, patients had approximately 30% impaired worktime, with approximately 12%
absenteeism and 18%-24% presenteeism, and approximately 36%-40% total activity impairment.
Patients with active IBD showed higher total activity impairment. With regard to use of
healthcare resources, approximately one-quarter of CD patients had at least one surgery during
the last 3 years. The proportion of UC patients with previous surgeries was considerably smaller
(3%), but approximately 30% underwent a high-cost colectomy. Almost half of CD patients and
approximately 35% of UC patients had at least one previous hospitalization. Almost all IBD
patients were on some form of treatment at baseline, mainly with immunosuppressants and
biologics among CD patients and with 5-ASA compounds in UC patients.

Research conclusions
Active IBD, especially among CD patients, is associated with a substantial impact on QoL, work
productivity impairment and an increased number of IBD surgeries and hospitalizations in
Brazil. This is particularly relevant due to the large proportion of IBD patients with active
disease at enrolment and to the increase of IBD prevalence, suggesting the need to improve
treatment but also the social support and follow-up of IBD patients in Brazil.

Research perspectives
Future research should address the evolution of PROs and its association with treatment changes
and control of IBD activity, in a cohort of newly diagnosed patients in Brazil.
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Abstract
BACKGROUND
Antiviral treatment of patients with chronic hepatitis B (CHB) in the grey zone of
treatment comands risk management in order to optimize the health outcome. In
this sense, the identification of HBV mutants related with an increased risk of
hepatocellular carcinoma (HCC) could be useful to identify subpopulations with
potential indication of antiviral treatment.
AIM
To analyze the prevalence/persistence of hepatitis B virus (HBV) preS and basal
core promoter (BCP)/precore/core variants associated to HCC development in
CHB patients in the grey zone.
METHODS
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Work was designed as a longitudinal retrospective study, including 106 plasma
samples from 31 patients with CHB in the grey zone of treatment: Hepatitis B e
antigen negative, HBV-DNA levels between 12-20000 IU/mL, normal or
discordant transaminase levels during follow up and mild/moderate necroinflammatory activity in liver biopsy or Fibroscan (up to 9.5 kPa). Serum HBVDNA was tested using the Abbott Real Time HBV Assay and the
BCP/precore/core and the hepatitis B surface antigen (HBsAg) coding regions
were analyzed in positive samples by PCR/bulk-sequencing to identify the HCCrelated HBV mutants.
RESULTS
High-risk HCC related mutants were detected in 24 (77%) patients: 19 (61%) in
the BCP/precore/core, and 7 (23%) in the HBsAg coding region (2 preS1 and 5
preS2 deletions). The prevalence of preS deletions was genotype-dependent: 3/5
(60%) patients with preS2 deletions and 1/2 with preS1 deletions were infected
with the HBV-E genotype. Since HBV-E was the most prevalent in sub-Saharan
patients, a correlation between preS deletions and ethnicity was also found: 6/8
(75%) sub-Saharan vs 1/19 (5%) Caucasian patients had preS deletions (P =
0.00016). Remarkably, this correlation was maintained in those patients infected
with HBV-A, a minor genotype in sub-Saharan patients: 2/2 patients infected
with HBV-A from West Africa vs 0/6 of Caucasian origin had preS deletions. The
HCC related variants were the major strains and persisted over time (up to 48
mo). Patients with preS deletions had a significant higher prevalence of F2
fibrosis stage than the negatives (57% vs 10%, P = 0.0078).
CONCLUSION
HBV genetic analysis of selected populations, like sub-Saharans infected with
HBV-E/A genotypes, will allow identification of subpopulations with risk of
HCC development due to accumulation of high-risk HBV variants, thus
commanding their increased clinical surveillance.
Key words: Hepatitis B virus; Hepatocellular carcinoma; PreS deletions; Hepatitis B virus
treatment; Grey zone
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The antiviral treatment in patients with chronic hepatitis B in the “grey zone” of
treatment is controversial and not clearly indicated. The genetic analysis of hepatitis B
virus (HBV) basal core promoter/precore/core and preS regions has shown a high
prevalence and persistence of preS deletions in the sub-Saharan population infected with
HBV-E/A genotypes. By contrast, Caucasian patients, who have shown a good clinical
evolution in previous studies, were negative for these variants. The recognition of these
subpopulations warrant to increase the clinical surveillance in order to minimize the risk
of liver cancer development due to accumulation of hepatocellular carcinoma-related
HBV genetic variants.
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INTRODUCTION
In most cases, patients with chronic hepatitis B (CHB) treated with nucleos(t)ide
analogues (NAs) such as tenofovir or entecavir achieve a maintained virological
suppression[1-3]. Although the inhibition of viral replication has an evident beneficial
effect on the progression of the liver disease, the antiviral treatment does not achieve
eradication of the hepatitis B virus (HBV) infection due to the persistence of
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intracellular covalently closed circular DNA in the nucleus of infected hepatocytes[4].
Thus, therapy is generally recommended for prolonged periods of time and the
discontinuation of NAs is controversial because the early interruption of treatment is
usually associated with a reactivation of viral replication that may induce severe flares
if not controlled by the host immunity, requiring the re-start of the antiviral
treatment[5]. According to EASL guidelines treatment may be discontinued in hepatitis
B e antigen (HBeAg) negative patients only when hepatitis B surface antigen (HBsAg)
loss is achieved or after 3 years of virological suppression[1]. Conversely, AASLD
guidelines still recommends lifelong antiviral treatment in patients with HBeAg
negative CHB[2].
The indications for CHB treatment are mainly based on the combination of three
criteria: serum HBV-DNA levels, alanine aminotransferase (ALT) values and severity
of liver disease. Patients should be considered for treatment when they have HBVDNA levels above 2000 IU/mL, persistent or intermittent serum ALT abnormal levels
and severity of the liver disease assessed by liver biopsy (or non-invasive markers
validated in HBV-infected patients) showing moderate to severe active
necroinflammation and/or at least moderate fibrosis using a standardised scoring
system[1,2]. Conversely, there are HBeAg-negative patients with maintained minimal
or mild fibrosis, for whom the treatment is not clearly indicated: A) patients with
maintained normal ALT levels and low or undetectable serum HBV-DNA: B) patients
with marginally elevated ALT and/or HBV-DNA titters ranging 2000-20000 IU/mL;
and C) persistently normal ALT and HBV-DNA titters higher than 2000 IU/mL[6,7].
The indication of treatment in these patients, in the so named “grey zone” of
treatment, requires to balance the risks and benefits for health outcomes. Although
low levels of HBV replication and the absence of significant liver damage are good
prognostic factors in the natural history of CHB, it cannot be ruled out that some of
these patients may be infected with viral strains with mutations associated with highrisk of hepatocellular carcinoma (HCC) development, which are an additional risk of
progression for liver disease [8,9] . There are several studies that associate certain
mutations in the HBV genome with an increased risk of HCC development, but the
results are controversial because the HBV genotypes or even different HBeAg status
have different mutation patterns. One of the mechanisms by which HBV can promote
direct carcinogenesis is the ability of wild-type and mutated/truncated viral proteins
like hepatitis B x-protein, hepatitis B core-protein (HBc) and preS region (preS) to
affect cell functions, activate oncogenic pathways and sensitize liver cells to
mutagens[10]. The most common HBV specific mutations are at the preS2 start codon,
preS deletions, and point mutations in the basal core promoter (BCP) and in the
precore/core coding region[11-13].
For these reasons, the aim of this work is to analyse the prevalence and persistence
over time of HBV mutants that predispose to the development of HCC in patients
with CHB but without clear indication of treatment, and to analyze their role as a tool
in the selection of suitable subpopulations for antiviral treatment.

MATERIALS AND METHODS
Study population
This work was designed as an observational, longitudinal, retrospective study
including 106 plasma samples from 31 CHB patients in the grey zone of treatment:
HBeAg negative, HBV-DNA levels between 12-20000 IU/mL, normal or discordant
ALT levels during follow up and mild/moderate necro-inflammatory activity in liver
biopsy or Fibroscan (up to 9.5 Kpa). Patients with chronic hepatitis C, D or HIV
coinfection, or with toxic, alcoholic or autoimmune hepatitis were excluded. The
average number of analysed samples per patient was [mean ± standard deviation
(SD)] 3.2 ± 1.2 (ranging: 2-6 samples) and the follow-up time period per patient was
(mean ± SD) 2.1 ± 2.2 years (ranging: 0.5-8.4 years). No patient was under antiviral
treatment for HBV at the time in which samples were collected. The clinical features
of the patients, obtained from the full clinical charts, with a follow-up time (mean ±
SD) of 6.1 ± 3.9 years (ranging: 0.7-12.8 years) are shown in Table 1. The study was
approved by the Ethical Committee of the Hospital Universitario La Paz/Carlos III in
Madrid, according to the ethical guidelines of the 1975 Declaration of Helsinki. All the
participants received and signed written consent for their participation.

Serum HBV-DNA analysis
Serum HBV-DNA was quantified using the Abbott Real Time HBV Assay (Abbott
Laboratories, Abbott Park, IL, United States). In positive samples, the viral genome
was purified from 200 L of serum using the QIAmp DNA Kit (QIAGEN GmbH,
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Table 1 Demographic and clinical features of patients
Demographic data

Value

Male/female

16/15

Caucasian/sub-Saharan/chinese1

22/8/1

Age (years: mean ± SD)

45.1 ± 10.2

Virological data
HBV-DNA positivity (persistent/fluctuant)2

28/3

HBV-DNA titters (IU/mL: Mean ± SD)3

1.4 × 103 ± 3.5 × 104

Clinical data4
Persistently normal/marginally altered AST or ALT

18/13

Persistently normal/marginally altered AST

25/6

Persistently normal/marginally altered ALT

20/11

AST (IU/L: mean ± SD)

25.6 ± 9.5

ALT (IU/L: mean ± SD)

28.5 ± 14.3

Fibrosis stage (Fibroscan)
F0-F1

22

F2

6

Not available

3

1

Origin country of sub-Saharan patients: 3 Equatorial Guinea, 2 Senegal, 1 Ivory Coast, 1 Ghana, and 1
Cameroon;
2
Persistent/fluctuant: Positive results in more/less than the 90% of samples;
3
In 16 samples from 8 patients, point flares of HBV-DNA titters (> 20000 IU/mL) were observed;
4
Persistently normal/marginally altered: Normal values in more/less than the 90% of the samples. IU:
International units; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; SD: Standard
deviation.

Hilden, Germany), and BCP/precore/core and HBsAg coding regions were amplified
using the PCR Master Mix (Promega Corporation, Fitchburg, WI, United States) using
genotype-specific primers.

DNA sequencing
PCR products were purified using the Illustra Exo ProStar (GE Healthcare Life
Sciences, Fairfield, Connecticut, United States), sequenced using Bright Dye
Terminator Cycle Sequencing (NimaGen, Nijmegen, Netherlands) and analyzed with
the DNA sequencer ABI PRISM 3730xl DNA Analyzer (Applied Biosystems, Foster
City, CA, United States).

Sequence analysis
Analysis of the DNA sequences was done using Lasergene SeqMan Pro V7.1.0
(ADNSTAR, United States) software. The phylogenetic relations were established
using the MEGA version 4.0 software (Center for Evolutionary Medicine and
Informatic, Tempe, AZ, United States).
Assignation of the HCC risk development associated to each HBV mutation was
performed according to the previously published data[11,13] (Table 2).

HBV genotyping
HBV genotype was analyzed in all cases using the line probe assay INNO-LiPA HBV
Genotyping assay (Innogenetics N.V., Ghent, Belgium). Patients with negative results
in this technique were typed by the sequence analysis of HBsAg coding region using
the Geno2pheno[HBV] open access of the Genafor website (www.genafor.org).

Statistical analysis
Data were analyzed using the SPSS v13 software (SPSS Inc. North Chicago, IL, United
States) on an intention to treat (ITT) basis. All parameters expressed as absolute
number or percentages were analyzed using the Spearman´s ran-correlation, the
Wilcoxon matched-pairs and the U Mann-Whitney systems. The mean comparisons
were performed using the Student-t test.
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Table 2 Assignment of risk of hepatocellular carcinoma development associated to each
hepatitis B virus genetic variants
HCC risk

HBV region

Genetic variant

PreS2

PreS2 deletions

BCP

C1653T, T1753V (A/C/G), A1762T + G1764A

Precore

G1896A, G1899A

PreS1

PreS1 deletions

PreS2

T53C

BCP

C1773T

High

Suspect

Precore

A1846T

Core

C1914G, C2289A

PreS1

T3098C, T3139A

PreS2

PreS2 start codon

S

T766A, T791A

BCP

T1674C, G1727, C1741, C1761, C1766T, T1768A

Minor

Precore

C1858T, G1862T

Core

C1909, A1934T, C2002T, T2003A, C2100A, A2159G, A2189C, A2246C

High evidences: HBV mutants with positive data for HCC correlation evidenced in at least 3 different papers,
or in meta-analysis studies; Suspected correlation: Positive data for HCC correlation evidenced in at least 2
works or without meta-analysis evidences; Minor evidences: Positive data for HCC correlation in single
works. HCC: Hepatocellular carcinoma.

RESULTS
HBV genotyping analysis
In only 3 (10%) patients no amplification of any of the HBV analyzed regions was
achieved. In the remaining 28 patients the efficacy of the HBV-DNA amplification was
different depending on the region of the HBV genome analyzed. Thus, we have data
from the complete HBsAg and BCP/precore/core regions in at least one sample of the
follow-up in 11 (35%) patients, and partial information in 17 (55%) patients (Figure
1A). HBV-DNA titters were significantly higher in the samples positive for the inhouse PCR techniques than in the negatives (mean ± SD: 7.6 × 103 ± 1.3 × 104 IU/mL vs
3.1 × 103 ± 4.6 × 103 IU/mL, respectively. P = 0.016).
HBV genotype was determined in 30 (97%) patients [12 (39%) by LIPA and 27 (87%)
by HBsAg sequence analysis]: 9/31 (29%) were infected with HBV-A genotype, 1 (3%)
with HBV-C, 12 (39%) with HBV-D, 6 (19%) with HBV-E, 2 (6%) with HBV-F, 2 (6%)
with HBV-H and 1 (3%) with a recombinant HBV-A/E. Serial changes of the
genotyping results during the follow-up were observed in 4 patients: One subSaharan patient (who evolve from E to F genotypes), one Chinese (A to C), and 2
Caucasians (from D to A and from A to H, respectively). Differences in the genotype
distribution among ethnic groups, especially in the frequency of D and E genotypes,
were observed (Figure 1B). In only one case, corresponding to the A/E recombinant,
discrepancies between LIPA and HBsAg analysis were remarkably noted.

Identification of mutants related with HBeAg negative status
In 21/23 (91%) patients in whom the BCP and/or precore/core regions were
amplified, the presence of the most common genetic variants related with the HBeAg
negative/anti-HBe status was confirmed. Only partial sequence data (BCP or
precore/core sequences) were available for the remaining 2 patients lacking
confirmation of these variants. The frequency of mutants related to the HBeAg
negative status was higher in the precore/core region than in the BCP in all
genotypes, especially in genotypes D and E (Figure 2A). Thus, in 10 patients with
mutations in the precore/core region no changes were observed in the BCP region. In
addition, coexistence of several mutations in the BCP/precore/core region was
observed in the 21 patients (Figure 2B), with special importance for the combination
of the A1846T + C1858T + G1896A mutations, which was present in the majority of
the patients irrespective of the genotype (Figure 2C).
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Figure 1

Figure 1 Features of samples analyzed. A: Number of patients with HBV-DNA amplification positive results in the different genomic regions analysed; B: Ethnic
group distribution among the different HBV genotypes. The 4 patients in whom were confirmed sequential changes of the genotyping results during the follow-up were
included in both genotype categories. BCP: Basal core promoter; HBV: Hepatitis B virus.

Identification of HCC related mutants
BCP/precore/core region: Taken globally, 19 (61%, on an ITT basis) patients have any
high-risk variant (C1653T, T1753V, A1762T/G1764A, G1896A and G1899A) and this
percentage increases up to 21 (68%) patients by including the genetic variants with
suspect correlation with HCC (C1773T, A1846T, C1914G, C2289A and
A2339T+C2340G) in the BCP or precore/core regions. The distribution of the
individual mutations in the study population is shown in Figure 3A. Although the
presence of single high-risk mutations was the most frequent situation (9 patients), the
existence of coinfection with several high-risk mutations was also a common event
(Figure 4A).
PreS1/preS2/S region: PreS1 deletions were found in 2 (6%), and preS2 deletions in
5 (16%) and the T53C mutation in 4 (13%) patients, respectively. The distribution of
the individual mutations in the study population is shown in Figure 3A and the
sequences of the deletions of the preS region in Figure 3B. In only 1/10 patient the
simultaneous presence of preS1 deletion and the T53C mutation was confirmed.
Moreover, the previously described mutation in the preS2 start codon was identified
in 3 patients (1 HBV-A, 1 HBV-E and 1 HBV-F). A high correlation between lack of
start codon and the preS2 deletion was found, with coexistence of both changes in 2 of
the 3 patients with the preS2 start codon mutation. The distribution of HCC related
mutations in the HBsAg coding region was genotype-dependent. In this way, 3/5
(60%) patients with preS2 deletions and 1/2 patient with preS1 deletions were
infected with the HBV-E genotype. Moreover, it is very remarkable the correlation of
these preS deletions with ethnicity: 6/8 (75%) sub-Saharan had preS deletions vs 1/19
(5%) of the Caucasian patients (P = 0.00016). This correlation was observed not only in
the HBV-E, which is the predominant genotype in sub-Saharan population, but also in
the HBV-A genotype, that is minoritarian within this ethnic group. So, among HBV-A
infected patients, only those from West Africa (n = 2) had preS deletions, but none of
the patients (n = 6) with Caucasian origin (Figure 4B). In 5/10 (50%) patients with
high or medium risk mutations in the HBsAg, data of genetic analysis of the
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Figure 2

Figure 2 Analysis of basal core promoter /precore/core mutants related with the e-antigen negative status. A: Prevalence of individual mutations of the in the 3
most frequent HBV genotypes analyzed; B: Frequency of coexistence of more than one BCP/precore/core mutants; and C: Frequency of the most common
combination of mutations in the different genotypes. The frequency calculation was performed including only the 23 patients with precore/core sequences data, not in
on intention to treat basis. BCP: Basal core promoter; HBV: Hepatitis B virus; A: HBV-A; D: HBV-D; E: HBV-E.

precore/core region were also available. In 2/5 (40%) patients with high-risk deletion
in the preS2 coding region, and in 3/4 (75%) patients with the T53C substitution, were
simultaneously detected high-risk mutations in the BCP/precore region. Especially
significant was the sub-Saharan patient infected with an HBV-E genotype who had a
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Figure 3

Figure 3 Analysis of basal core promoter/precore/core region mutants related with the hepatocellular carcinoma risk. A: Frequency distribution of
BCP/precore/core and HBsAg mutations (Black, grey and white bars show the viral variants with the highest, median and lowest evidences of association with HCC,
respectively); B: Sequences of the 7 patients with preS deletions. BCP: Basal core promoter; HCC: Hepatocellular carcinoma.

preS2 deletion and was simultaneously positive for 3 high-risk mutations in the
BCP/precore/core region (T1753V, G1896A and G1899A) (Figure 4A).
Persistence of HCC related HBV strains: In 12 patients with HCC related mutations,
it was possible to analyze the persistence of these changes over time by using bulk
sequencing [follow-up time (mean ± SD): 24.9 ± 24.0 mo; ranging: 5-96 mo]. In 11
cases, the mutations persist during the complete follow-up period, or punctually
disappear to latter re-appear in the last samples tested. In the remaining case, the
G1899A mutation disappears in stable manner. No changes in the pattern of preS2
deletions were observed in none case (Figure 5).
Liver function tests: Although all the patients are in the grey zone of treatment,
with low-moderate fibrosis levels (F0-F2, according the selection criteria of patients), it
was observed a significant higher percentage of patients with F2 stage of fibrosis in
patients with preS deletions than in the negative ones (Figure 6A). In addition, the
behaviour of aspartate aminotransferase (AST) and ALT was quite different between
patients with or without preS2 deletions. So, the percentage of patients of patients
with fluctuant AST or ALT trend to be higher in patients with preS2, although these
differences reached significant values only when analyzing AST behaviour (Figure
6B). Only one patient, with sub-Saharan origin, infected with HBV-E genotype, and
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Figure 4

Figure 4 Analysis of preS deletion mutations related with the hepatocellular carcinoma risk. A: Frequency of coexistence of hepatocellular carcinoma related
mutations in both BCP/precore and preS regions (Dark bars indicate the patients with theoretical highest risk of hepatocellular carcinoma development, based in the
coexistence of mutations in the HBsAg and precore region, or the simultaneous detection of 3 or more mutation irrespective of the genomic region); B: Prevalence of
preS deletions in different genotypes and ethnic groups. Only a Caucasian patient infected with HBV-H genotype had a preS1 deletion. BCP: Basal core promoter.

with a preS2 deletion, reported alpha fetoprotein abnormal values at the end of
follow-up, although at the moment of its inclusion in this work no radiologic
evidences of any neoplasic event was confirmed.

DISCUSSION
In this work we performed a longitudinal retrospective study to analyze the
prevalence and persistence over time of HBV mutants related with risk of HCC
development in HBeAg-negative/anti-HBe-positive patients within the grey zone of
treatment, in order to identify subpopulations susceptible to be treated.
Our results confirm the presence of high-risk HCC mutations in BCP/precore or
preS regions, in 19 (61%) patients, using a statistical analysis of ITT, with a higher
prevalence in the BCP/precore that in the preS region. The most frequently detected
high-risk mutations in the BCP/precore region were the G1896A and G1899A. Indeed,
finding these mutations in this group of patients is common and frequently related
with the Mediterranean variants in patients with HBeAg-negative serological
profile[14]. Thus, the G1896A mutation introduces a stop codon at position 28 of the
HBc protein that prevents the synthesis of HBeAg[15,16]. The simultaneous presence of
A1762T and G1764A mutations that are related to a decrease in HBeAg levels[17-19] and
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Figure 5

Figure 5 Persistence over time of the high-risk mutations as major population in the patients analyzed.

an increase of the HBV-DNA titters, was also confirmed in 10% of the patients[20]. The
prevalence of these variants in our cohort of patients was genotype-dependent: BCP
variants (C1653T, T1753V, A1762T/G1764A and C1773T) were more frequent in HBVA genotype, as previously described, except for the C1653T mutation, which was
more frequent in HBV-D. Precore/core variant G1899A was more frequent in HBV-E
genotype in our cohort, tallying with the published data[21], but also found in a high
proportion of patients infected with HBV-A genotype. The prevalence of the G1896A
mutation in our patients is consistent with other studies carried out in Spanish
population, in which this variant was found with similar frequency in genotypes A
and D[22], contrasting with other works conducted in different geographical regions, in
which no correlation with the HBV-A genotype was found[23,24]. These discrepancies
probably reflect that the HBeAg-negative serological profile may present a different
genetic basis in at least some HBV genotypes, with a greater representativeness than
in other populations of the G1896A mutation in Mediterranean population, in which
this serological pattern appears be more related to the simultaneous presence of
A1762T/G1764A double mutation[22].
Although the BCP and precore/core variants has been usually associated to HCC
development in meta-analysis studies, a recent work performed in HBeAg-negative
Spanish Caucasian patients in the grey zone without antiviral treatment reflects that,
in the long term, their clinical evolution is favorable, without progression of liver
disease or HCC development in the vast majority of them[25]. Considering that the
main objective of antiviral treatment is to prevent the fibrosis progression, these data
support the idea that treatment does not provide substantial benefits in this group of
patients. In this case, the low progression of HBV disease can be related with the low
viral replication levels.
HBV-DNA titters have been classically considered as a prognostic marker of HCC
development risk[26]. The maintenance of HBV-DNA levels undetectable or below
2,000 IU/mL can compensate the risk of harbouring HCC-related variants. However,
it cannot be ruled that the accumulation of mutations in both BCP/precore/core
region and other viral regions like HBsAg, maintained over time, in combination with
persistence of viral replication, even at low or moderate levels are risk factors for HCC
development[9]. For this reason, we have focused our work on the analysis of the
prevalence and persistence over time of the BCP/precore/core and HBsAg regions
mutants, present as main strains of HBV detectable by means of bulk sequencing
techniques.
The prevalence of preS mutations, which have been correlated with HCC in
previous meta-analysis, showed a strong correlation in our cohort with the
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Figure 6

Figure 6 Differences between patients with or without preS deletion mutants. A: Differences between patients with or without preS deletion mutants at fibrosis
level; B: Differences between patients with or without preS deletion mutants at evolution of transaminase levels during follow-up. AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase.

geographical origin and, in consequence, with the HBV genotypes: 75% of our subSaharan patients, the majority infected with HBV-E genotype, had deletions in the
preS1 or preS2 regions. In addition, the only 2 sub-Saharan patients infected with
HBV-A had also deletions in preS2, while this change was not found in any of the
remaining patients infected with HBV-A, all of them with Caucasian origin. HBV-E
genotype has not been extensively studied until now. Previous studies performed in
Germany confirm our results showing that patients in the grey zone of treatment
infected with the HBV-E genotype have a higher prevalence of preS1 and preS2
deletions in comparison with HBV-A and D genotypes[27]. However, the absolute
prevalence rate of these mutations in HBeAg negative patients differs between
different studies, ranging from 16% in the German series to 75% in our cohort. The
phylogenetic analysis of HBV-E strains from different regions of Africa, indicates that
the spread of HBV-E genotype in West Africa is a relatively recent event, as reflected
by the conspicuously low genetic diversity of this genotype despite the higher
prevalence in this geographical region[28,29]. This fact together with the high degree of
isolation and scattering of human populations in these regions favours the appearance
of viral strains relatively stable over time, limited to specific geographical locations. In
this sense, it must be noted that the country origin of the sub-Saharan patients
included in our study is located in the South/Central regions of West Africa,
corresponding to the area in which the genetic variability of HBV-E is lower, among
the countries with high prevalence of this viral genotype[30,31]. In this context, the
striking high proportion of preS deletions found in sub-Saharan patients in our series
could reflect the existence of isolated viral strains of HBV-E in this region with a
higher prevalence than that described for neighbouring countries. It may constitute a
subpopulation of patients with increased risk of developing HCC by simultaneously
sharing high-risk mutations in different regions of HBV genome.
Especially significant was the persistence of the high-risk mutations over time, as
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major strains of the viral quasispecies, as demonstrated by its identification with bulk
sequencing techniques. As regards amino acid substitutions, these were generally
very stable, although changes in the composition were observed. Thus, G1899A
mutation remained continuously detectable during a follow-up period of up to 48 mo,
with sporadic disappearances of the mutant strain in 3 patients and a definitive loss in
only 1 patient. This persistence of point mutations in the BCP/precore/core region
can be related to the low level of viral replication, which hinders the appearance and
selection of mutations that restore the wild-type genotype in the population.
Regarding deletion mutations in the preS region, these were maintained without
sporadic eliminations during the follow-up in all the patients who carried them, with
proven periods of up to 40 mo. The persistence, without fluctuations, of these
deletions seems to influence the presence in the geographical origin of the patients in
which these strains are majority. Under these conditions, exclusive infection with
deleted strains would make the emergence of wild-type strains impossible due to the
absence of a genetic template on which to act. The persistence over time of these
mutations favours their accumulation, as major strains, in chronic infected patients.
Thus, it was possible to confirm in our patients, not only the coexistence of the
mutations A1762T/G1764A and G1896A/G1899A widely documented and associated
with a high-risk of carcinogenesis, but also the accumulation of 3-5 risk mutations in
other 5 patients, including a case that presented 3 risk mutations in the
BCP/precore/core in combination with a deletion in the preS region. In any case, the
persistence and accumulation over time of these mutations may have clinical
relevance, since it perpetuates the molecular processes by which these viral variants
favour the development of HCC.
The selection in this work of patients in the grey zone of treatment, with lowmoderate fibrosis levels and normal or marginally elevated transaminase levels,
makes it difficult to evaluate unless through a long-term follow-up, the possible
harmful effect of the presence of these mutations on the progression of liver disease.
However, and even recognizing the limitations of transient elastometry techniques for
discriminate patients with low or moderate stages of fibrosis, our data showed a
higher prevalence of F2 stage in patients with preS2 deletion than in those in which
this mutation was not detected. On the other hand, the behaviour of AST and ALT
was quite different between both types of patients, with is a higher percentage of
patients with fluctuant AST or ALT levels during follow up in patients harbouring
preS deletions.
These results focus an increased risk of HCC development in sub-Saharan patients.
Africa represents one of the most HBV endemic regions in the world and HCC mainly
due to CHB infection is a major cause of premature death, suggesting that viral strains
located in Africa, which mostly belong to HBV-A, are more likely to cause HCC[32]. In
this way, occult HBV infection was shown to be present in 75% of Black Africans with
HCC, and genotype A was shown to be 4.5 times more likely than other genotypes to
cause HCC in Black Africans, whilst tumours occurred at a significantly younger
age[33]. Our findings also correlate a higher risk of HCC development with HBV-E,
which almost exclusively occurs in African people. Moreover, it has been linked the
distribution of HBV genotype E infection with African countries with high incidences
of HCC[34].
In conclusion our data indicate that the presence of preS mutations should be
assessed in patients with sub-Saharan origin, especially if they are infected with HBVE and HBV-A genotype, in order to identify subpopulations of patients in which the
antiviral treatment can be indicated to minimize the risk of HCC due to accumulation
of high-risk HBV genetic variants. In this sense, the development of detection systems
for deletion mutations in preS region is technically feasible with conventional
techniques of Molecular Biology available for most centers. Its use, especially if it is
restricted to preselected subpopulations, can help the treatment decision in patients in
grey area of treatment.
The most important limitations of this study are: (1) The number of patients. It
must be increased to elucidate the significance of prevalence data of some mutations;
(2) The necessity to perform longitudinal studies with longer follow-up periods to
clarify the progression of liver disease in this kind of patients. However, our data
confirm the accumulation and persistence of HBV mutants related with HCC in
different regions of HBV genome especially in the subpopulation of sub-Saharan
origin.

ARTICLE HIGHLIGHTS
Research background
The indication of treatment in patients with chronic hepatitis B in the grey zone is not clear, and
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it is necessary to balance the risks and benefits for health outcomes, including the evaluation of
the risk of hepatocellular carcinoma development.

Research motivation
To optimize the management of patients in the grey zone of treatment in order to identify
suitable subpopulations for antiviral treatment.

Research objectives
To analyze the prevalence, and persistence over time, of hepatitis B virus (HBV) mutants that
predispose to the development of hepatocellular carcinoma in patients in the grey zone of
treatment.

Research methods
We analyzed the presence of basal core promoter/precore/core and preS deletion mutants
related with hepatocellular carcinoma development in 106 samples from 31 patient in the grey
zone of treatment.

Research results
A significant number of the patients analyzed in this work shows hepatocellular carcinoma
related mutations. All these hepatocellular carcinoma related mutants are major viral strains and
persist over time. Some patients have hepatocellular carcinoma related mutants in basal core
promoter/precore/core and preS regions simultaneously. The presence of preS deletions is
associated with sub-Saharan subpopulations infected with HBV-A and HBV-E genotypes.

Research conclusions
The presence of preS mutations should be assessed in patients with sub-Saharan origin,
especially if they are infected with HBV-E and HBV-A genotype, in order to identify
subpopulations of patients in whom the antiviral treatment could be indicated to minimize the
risk of hepatocellular carcinoma due to accumulation of high-risk HBV genetic variants.

Research perspectives
The analysis of preS deletions could be indicated in the management of sub-Saharan patients in
grey zone of treatment. Analysis of higher sample size populations during long-time
longitudinal follow-up should be further performed in these patient subpopulation.
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Abstract
Portal hypertension (PHT) in advanced chronic liver disease (ACLD) results from
increased intrahepatic resistance caused by pathologic changes of liver tissue
composition (structural component) and intrahepatic vasoconstriction (functional
component). PHT is an important driver of hepatic decompensation such as
development of ascites or variceal bleeding. Dysbiosis and an impaired intestinal
barrier in ACLD facilitate translocation of bacteria and pathogen-associated
molecular patterns (PAMPs) that promote disease progression via immune
system activation with subsequent induction of proinflammatory and
profibrogenic pathways. Congestive portal venous blood flow represents a
critical pathophysiological mechanism linking PHT to increased intestinal
permeability: The intestinal barrier function is affected by impaired
microcirculation, neoangiogenesis, and abnormal vascular and mucosal
permeability. The close bidirectional relationship between the gut and the liver
has been termed “gut-liver axis”. Treatment strategies targeting the gut-liver axis
by modulation of microbiota composition and function, intestinal barrier
integrity, as well as amelioration of liver fibrosis and PHT are supposed to exert
beneficial effects. The activation of the farnesoid X receptor in the liver and the
gut was associated with beneficial effects in animal experiments, however,
further studies regarding efficacy and safety of pharmacological FXR modulation
in patients with ACLD are needed. In this review, we summarize the clinical
impact of PHT on the course of liver disease, discuss the underlying
pathophysiological link of PHT to gut-liver axis signaling, and provide insight
into molecular mechanisms that may represent novel therapeutic targets.
Key words: Cirrhosis; Portal hypertension; Gut-liver axis; Bacterial translocation;
Intestinal barrier; Farnesoid X receptor
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Core tip: In advanced chronic liver disease, portal hypertension (PHT) results from
increased intrahepatic resistance and leads to splanchnic vasodilation and patholocgical
neoangiogenesis. Gut dysbiosis, increased intestinal permeability, translocation of
bacteria and pathogen-associated molecular patterns promote liver disease progression
via immune system activation and subsequent induction of a proinflammatory state. The
close relationship between gut and liver and their bidirectional interaction has been
termed gut-liver axis. This review describes the impact of PHT on the gut-liver axis by
providing insight into pathophysiology and summarizing important clinical observations
and potential therapeutic strategies.
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INTRODUCTION
Advanced chronic liver disease (ACLD)/cirrhosis represents a significant health
burden, accounting for considerable morbidity and mortality worldwide[1]. Cirrhosis
was found responsible for about 1.0 million deaths in 2010[2] and for 1.2 million deaths
in 2013[3], indicating an increasing trend over the years. Recent epidemiological data
from Europe displays heterogeneity regarding prevalence, etiology, and mortality
trends in different European countries and suggests that public health action and
prudent treatment strategies might exert considerable public health benefits[4].
The clinical course of ACLD can be divided in a compensated and decompensated
stage[5,6]. The compensated stage may last for several years[5], while the development of
typical complications of cirrhosis, i.e., most commonly ascites but also variceal
hemorrhage or hepatic encephalopathy (i.e., acute decompensation, AD) defines the
progression to the decompensated stage. Furthermore, patients with ACLD are at risk
for developing organ failures, i.e., acute-on-chronic liver failure (ACLF), a syndrome
associated with a high risk of mortality[7-11].
The development of portal hypertension (PHT) holds a central role in the
progression of liver disease, as it drives hepatic decompensation and other
complications of cirrhosis[5,12]. Based on a body of evidence propagating an impact of
gut microbiota, intestinal barrier integrity, and bacterial translocation (BT) on the
course of liver disease, the term “gut-liver axis” has arisen over the last few years,
subsuming the close relationship between the gut and the liver in different entities of
ACLD[13-15]. BT (migration from intestinal bacteria and/or their products beyond the
intestinal barrier) impacts on the course of disease in cirrhosis by promoting or
precipitating AD, ACLF, and finally, mortality. Hence, the gut-liver axis has gained
considerable scientific interest[5,16,17]. The aim of this review is to summarize current
knowledge on pathophysiological links between gut-liver axis signaling and PHT,
and to provide additional insights into the effects of established and investigational
therapeutic approaches. The search strategy and selection criteria of this study are
shown in Supplemental materials.

PORTAL HYPERTENSION AND IMMUNE SYSTEM
ACTIVATION
Portal hypertension and bacterial translocation are linked to clinical events
Characteristic histological features of cirrhosis include diffuse nodular regeneration
enclosed by fibrotic septa, leading to parenchymal loss-of-function and destruction of
liver structure caused by necroinflammation and fibrogenesis due to ACLD[18-20]. These
structural changes deteriorate the vascular (sinusoidal) architecture and promote
intrahepatic vasoconstriction which leads to an increase in intrahepatic resistance[20-22].
Along with progressive increases of portal blood flow, the elevated intrahepatic
resistance leads to the development of PHT[20,21]. The measurement of the hepatic
venous pressure gradient (HVPG) is the gold standard for assessing sinusoidal PHT

WJG

https://www.wjgnet.com

5898

October 21, 2019

Volume 25

Issue 39

Simbrunner B et al. Gut-liver axis signaling in PHT

with an HVPG ≥ 10 mmHg defining clinically significant PHT (CSPH) [20,23] . The
formation of portosystemic collaterals such as varices as well as clinical events that
define hepatic decompensation and hepatocellular carcinoma (HCC) development are
strongly associated with CSPH[20,23,24].
Importantly, the portal vein is anatomically linked to the venous blood flow
drained from splanchnic organs and the intestines. While subclinical PHT is primarily
due to increased intrahepatic resistance, the development of hyperdynamic
circulation in patients with CSPH [25,26] further deteriorates PHT. Hyperdynamic
circulation emerges from splanchnic vasodilation caused by an increased release of
vasodilating molecules and a decreased responsiveness to vasoconstrictors. However,
it still remains unclear at which stage the mucosal barrier is affected by PHT.
Resulting BT is believed to promote liver disease progression and aggravate
splanchnic vasodilation[12].
The reduction of effectively circulating blood volume resulting from splanchnic
pooling induces a vicious circle via activation of compensatory measures, such as the
sympathetic nervous and renin-angiotensin-aldosteron systems. These mechanisms
aim to increase circulating blood volume to ensure adequate organ perfusion[12,27,28].
This state is characterized by an increment of heart rate and cardiac output as well as
decreased systemic vascular resistance[21,29]. In turn, portal venous inflow increases
and further exacerbates PHT[25].

Pathophysiological background on inflammation and bacterial translocation
The identification of Toll-like receptor (TLR) involvement in gut-liver-signaling has
provided important evidence for the link between inflammation and innate immunity
in ACLD. TLRs are mammalian analogues of pattern-recognition receptors and
capable of recognizing pathogens or pathogen-associated molecular patterns
(PAMPs) [30] . PAMPs are products of microbial metabolism that are specifically
produced by pathogens and not by the host[31]. The term comprises different molecule
types, such as lipids and nucleic acids[32]. Some TLRs recognize a diverse structural
spectrum of ligands. For example, TLR4 recognizes lipopolysaccharide (LPS), heatshock proteins, fibronectin, or specific virus envelope proteins [32] . In addition to
PAMPs, TLRs also recognize danger-associated molecular patterns (DAMPs) that
originate from apoptotic cells[17].
TLRs are expressed in immune cells but also in epithelial cells and fibroblasts, and
different TLR subtypes are expressed in divers cellular compartments[32]. Recognition
of PAMPs by TLRs usually results in activation of an inflammatory pathway signaling
cascade that initiates upregulation of genes encoding for inflammatory cytokines,
chemokines and acute phase proteins [17,33] . While in principal, this response
mechanism is indispensable for protection against pathogens, exaggerated or
sustained activation may cause functional and morphological alterations (e.g., by
apoptotic and pro-fibrotic pathways) and induce a compensatory reduction of
immune system activity upon chronic activation (e.g., via IL-10 or soluble cytokine
receptors), thus, promoting susceptibility to infections[33,34]. For example, chronic
exposure to LPS can induce endotoxin tolerance by TLR4 dependent pathways, which
is characterized by dampened antigen presentation, reduction of proinflammatory
mediators and overexpression of anti-inflammatory signaling molecules[35].

Gut-liver crosstalk influences immune system homeostasis
The portal venous system transports nutrients and gut-derived signaling molecules as
well as pathogens or PAMPs/DAMPs to the liver [36] . ACLD is associated with
systemic proinflammatory changes that are clinically represented by elevated levels of
C-reactive protein, inflammatory cytokines and immune cell activation markers[37,38].
Different hepatic cells interact by either producing or reacting to inflammatory
cytokines. The equilibrium of pro-inflammatory vs anti-inflammatory cytokines may
shift the course of disease towards progression or regeneration in patients with liver
disease[39].
Systemic inflammation in patients with ACLD as compared to healthy subjects is
considered to be caused by translocation of pathogens (or derived PAMPs and
DAMPs) into the portal and systemic circulation via an impaired intestinal barrier,
especially in the presence of intestinal dysbiosis[15]. The physiological slow blood flow
in liver sinusoids enables a close and thorough interaction of gut-derived molecules
with hepatic non-parenchymal and parenchymal cells, and importantly, with immune
cells[40]. Fenestrations within the sinusoidal endothelium between liver sinusoidal
endothelial cells (LSECs) facilitate extravasation of molecules and migration of
immune cells[40]. Induction of the inflammasome (i.e., mediators of inflammatory
response by upregulation of cytokines and caspases upon innate immune system
recognition of PAMPs and DAMPs) through these mechanisms are associated with
profibrotic and proinflammatory signaling cascades that putatively contribute to
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further aggravation of acute and chronic liver disease[41-43].
Hepatic immune cells “communicate” the presence of BT and liver injury to other
cell types by activation of inflammatory and profibrotic pathways[44]. For instance,
Kupffer cells, the liver-specific resident macrophages produce cytokines and
chemotactic molecules in response to liver injury. As a result, additional monocytederived macrophages, but also natural killer and natural killer T cells are recruited to
the liver[45]. Recognition of LPS by TLR4 on these macrophages and Kupffer cells
results in activation of the NFκ-B-regulated inflammasome and increased Tumor
necrosis factor (TNF) -α synthesis[46]. In the continuous presence of injury, DAMPs
and/or PAMPs, these cells create a proinflammatory environment that finally
facilitates hepatocyte injury and fibrosis via hepatic stellate cell activation, and even
promotes tumor development[44,45].
For example, alcohol intake is associated with translocating PAMPs and
microbiome changes that induce inflammatory signaling pathways in the liver and
intestines[46-50]. Alcohol exposure also impacts on the expression profile of cytokines
produced by intestinal immune cells (such as TNF-α and IL-1β) that impact both on
liver disease and intestinal permeability[51,52].
Similarly, in non-alcoholic fatty liver disease (NAFLD), PAMPs reach the liver via
the portal venous circulation and induce tumor-necrosis-factor-dependent
inflammatory pathways in the liver[15,53]. Intestinal dysbiosis was found to be more
aggravated in NAFLD patients with advanced liver fibrosis, and metagenomic
analysis achieved high accuracy in detecting advanced fibrosis in patients with
NAFLD[54]. In another study, changes in microbiota composition were linked to the
development of hepatic encephalopathy[55].
The significance of gut-liver crosstalk is further emphasized by studies that
demonstrate a connection between HCC development and tumor progression to
chronic hepatic inflammation caused by BT[56]. For example, TLR activation by LPS
promotes not only fibrosis but also hepatocarcinogenesis[57,58], while blockade of the
TLR4 signaling cascade reduces HCC formation[59,60]. Orci et al[61] recently investigated
the role of TLR4-mediated pathways in HCC recurrence in mice that underwent
temporary clamping of portal vessels to induce ischemic liver injury. The resulting
obstruction of splanchnic blood flow resulted in increased BT and promotion of HCC
recurrence through TLR4 signaling pathways. Importantly, ischemic preconditioning,
intestinal decontamination and interference with TLR4 signaling impeded tumor
recurrence. In summary, these observations point towards the connection between
pathological changes in the intestines and ACLD.

FUNCTIONALITY OF THE INTESTINAL BARRIER AND THE
ROLE OF BILE ACID SIGNALING
Intestinal barrier: Physiological and pathophysiological aspects
The intestinal barrier is composed of multiple components in different layers of the
intestinal wall and functions as a highly specialized obstacle for translocation of gutderived pathogens while allowing passage of nutrients, water, electrolytes, and
hormones. Whereas the hydrophobic nature of cell membranes of epithelial cells
prevents direct passage of most hydrophilic molecules, restriction of paracellular
passage and mechanical integrity of the epithelium is ensured by - from apical to
basal - tight junctions (TJ) (zonula occludens ZO), adherens junctions (AJ) (zonula
adherens), and desmosomes (macula adherens)[62]. The main purpose of TJ lies in
preventing paracellular translocation, while AJ and desmosomes primarily provide
intercellular connection, thus causing proximity between epithelial cells that is vital
for TJ formation[62]. In total, more than 50 proteins are involved in TJ formation. These
proteins are usually subdivided into groups such as claudins, zonula occludens (ZO)
proteins, and occludin.
Although claudin family members have similar properties, variation within certain
regions cause differences in TJ charge selectivity and thus size and permeability of
paracellular pores [63-66] . The interaction of TJ proteins is highly dynamic and the
majority of proteins do not remain bound in a steady-state fashion and are rather
subjected to constant exchange [67] . ZO-1 seems to be necessary for the binding
interaction between occludin and the cytoskeleton at the TJ site[68]. Moreover, the close
interaction between TJ and AJ proteins is further supported by the finding that
trafficking of ZO-1 from the cytosol to the cell membrane depends on catenins, which
are essential components of AJ[69]. In turn, cell adhesion by E-cadherin (i.e., an AJ
component) is influenced by interaction of alpha-catenin with ZO-1[70].
The intestinal epithelium is additionally protected by a mucous layer that provides
a physical barrier between bacteria and epithelial cells. The mucous layer mainly
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consists of mucins (glycoproteins) produced by goblet cells[71,72]. Additional host
defense and protection of the epithelium is provided via secretion of antimicrobial
peptides by Paneth cells[73].
Importantly, bacteria that are entering the bloodstream are not only required to
migrate across the epithelial barrier but also the vascular barrier that also contains TJ
and AJ. The bacterium Salmonella typhimurium, for example, can penetrate the vascular
barrier by interfering with Wnt/β-catenin signaling that regulates AJ functionality via
E-cadherin/β-catenin[74,75]. Importantly, hepatitis B virus also interferes with Wnt/βcatenin signaling[76].
Considering the knowledge on the complex systems regulating intestinal
permeability, it is imperative for translational research to explore alterations of
mucosal barrier function in ACLD (Figure 1). In this regard, it was found that alcohol
exposure decreases expression levels of TJ proteins[77,78]. Certain detrimental effects of
alcohol on the intestinal barrier can be attributed to its metabolite acetaldehyde,
which dysregulates protein phosphatases and kinases that ensure TJ and AJ integrity
between intestinal epithelial cells [79-83] . Additionally, decreased production of
antimicrobial peptides by Paneth cells was found to be associated with BT in cirrhotic
animals[84]. The finding that the inflammation marker IL-6 increases TJ permeability
for small molecules via upregulation of the claudin-2 gene does not give a rationale
for BT caused by IL-6 but may suggest that a pro-inflammatory state during liver
disease also impacts on gut permeability[85]. In contrast, the inflammatory cytokines
interferon-γ and TNF-α have been shown to increase gut permeability by
downregulation of TJ proteins[86-89].
Some pharmacological agents that are currently tested for the treatment of liver
disease were shown to effect the expression profile of certain TJ proteins in the gut
epithelium [90,91] , which gives a clinical and therapeutic perspective that will be
summarized in another chapter of this review.

Intestinal permeability is linked to portal hypertension
In the setting of PHT, the elevated plasma volume and increased intravascular
pressure in splanchnic vessels influence not only vascular but also intestinal
permeability[92]. Again, a potential pathophysiological mechanism that links PHT to
BT lies in the congestion of the blood flow in the portal vein back to intestinal mucosal
microcirculation. Chronic exposure to elevated portal pressure impairs
microcirculation, promotes neoangiogenesis, and increases permeability in the
splanchnic vasculature[12,93]. Ultimately, these vascular changes also affect intestinal
barrier function.
An experimental study comparing two rat models of PHT, partial portal vein
ligation (PPVL) and common bile duct ligation (BDL), demonstrated that angiogenesis
in the splanchnic vessels is increased in both models[94]. Similarly, vascular endothelial
growth factor and endothelial nitric oxide synthase were elevated in PPVL and BDL
rats. Conversely, microvascular leakage of macromolecules was only observed in the
BDL model, indicating that liver damage and/or cholestasis further aggravate the
disrupted homeostasis of neovascularization and vessel integrity[94].
In an exploratory human study, patients with PHT had increased dilatation of
intercellular spaces in the jejunum as compared to healthy controls[95], as well as
increased spaces between duodenal enterocytes and shortening and decreased density
of microvilli [96] . Furthermore, patients with PHT had increased vessel diameters
within the jejunal and duodenal mucosa, edema within the subepithelial lamina
propria, as well as a decline of villous/crypt ratio[97]. However, these and other studies
in humans are often limited by small sample sizes and insufficient patient
characterization of by means of etiology, HVPG, and liver disease stage. Still, there are
several studies in patients with portal hypertensive gastropathy that indicate
increased gastrointestinal permeability[93,98-100].
The finding that soluble CD163 (sCD163) correlates with the HVPG has provided a
biomarker-derived link between the immune system and PHT [101] . For example,
together with serum fibrosis markers, sCD163 can predict CSPH with very high
accuracy[102]. The protein CD163 functions as a hemoglobin-haptoglobin scavenger
receptor and represents activation of Kupffer cells and macrophages as it is released
into the circulatory blood system upon TLR activation[103,104]. sCD163 levels were found
to be significantly higher in the hepatic vein as compared to the portal vein,
supporting that liver-resident immune cells are indeed a significant source of elevated
sCD163 serum concentrations[105].
Interestingly, patients receiving transjugular intrahepatic portosystemic shunting
(TIPS) to reduce portal pressure had a post-interventional decline of LPS-binding
protein (LBP), whereas sCD163 concentrations remained unchanged[105]. Similarly,
markers of inflammation decline after TIPS implantation but remain independent
predictors of death, raising the question whether systemic inflammation and the role
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Figure 1

Figure 1 Farnesoid X receptor-fibroblast growth factor 19 signaling between gut and liver regulates bile acid homeostasis and impacts on mucosal barrier
function. Bacterial translocation triggers fibrosis and hepatic inflammation via activation of hepatic stellate cells and liver-resident macrophages. Fibroblast growth
factor (FGF) 19 binds to FGF receptor 4 on hepatocytes which subsequently suppresses the expression of CYP7A1. FGF19 is upregulated postprandially and
influences farnesoid X receptor-dependent metabolic pathways involved in gluconeogenesis, protein synthesis, insulin sensitivity and lipid profile. Kupffer cells and
monocyte-derived macrophages produce cytokines and chemotactic molecules in response to liver injury. Recognition of lipopolysaccharide by Toll-like receptor 4 on
macrophages and Kupffer cells results in activation of the NFκ-B-regulated inflammasome and increases tumor necrosis factor-α synthesis. In the continuous
presence of injury, pathogen-associated molecular patterns and/or danger-associated molecular patterns, these cells create a proinflammatory environment that finally
cause hepatocyte injury and fibrosis via hepatic stellate cell stimulation that results in production of collagen and α-smooth muscle actin. FXR: Farnesoid X receptor;
RXRα: Retinoid X receptor; BSEP: Bile salt export pump; FGF: Fibroblast growth factor; FGFR4: Fibroblast growth factor receptor 4; LPS: Lipopolysaccharide; α-SMA:
α smooth muscle actin; TNF: Tumor necrosis factor; IL: Interleukin; HSC: Hepatic stellate cell; LSEC: Liver sinusoidal endothelial cell; TLR: Toll-like receptor; PAMPs:
Pathogen-associated molecular patterns; α-SMA: α-smooth muscle actin.

of BT remain important factors in the course of disease in some patients, even when
the severity of PHT is successfully reduced by established treatment strategies[106,107]. In
addition, this observation reveals the uncertainty which factors contributing to
progression or regression of disease remain or become relevant after etiological
treatment of liver disease. Recent findings in animal models of cirrhosis indicate that
extrahepatic vascular changes (such as angiogenesis, shunting and increased
splanchnic blood flow) persist and may represent an important cause of impaired
regression of PHT[108,109]. Based on the findings of this study, it may also be speculated
that structural changes disturbing the gut barrier function persist, despite a
substantial reduction in intrahepatic resistance/portal pressure by etiological
treatments or TIPS. In the study of Holland-Fischer et al[105], however, LBP levels of
patients almost normalized after receiving TIPS.

Bile acids: Communicators between liver and gut in health and disease
The microbiome composition is considered to impact on the intestinal barrier integrity
during liver disease and unfavorable shifts towards pathogenic bacteria have been
found in both experimental and clinical studies, as extensively reviewed by
others[13,15,54].
In an animal model of primary sclerosing cholangitis (PSC), Klebsiella pneumoniae
induced pore formation in the epithelial layer, as well as priming of T-cells in the liver
that lead to aggravation of hepatobiliary damage. In this study, the synergistic effect
of multiple pathobionts was also suggested, which seems to be the most likely
scenario in human disease[110]. In turn, the microbiota composition depends on the
level and hydrophilicity of intestinal bile acids that likely represent another important
link between liver disease and gut barrier integrity[111]. Multidrug resistance protein 2
knockout mice (i.e., an animal model for PSC) underwent significant changes in
microbiota and serum BA composition. Interestingly, microbiota transfer to wild type
mice led to liver injury which was associated with activation of the NLRP3
inflammasome in both liver and intestines[112].
BAs both exert direct effects on bacterial dysbiosis and adhesion through
interaction with microbial membrane lipids and proteins that cause changes in
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membrane integrity, leakage, and cell death [113-119] . BAs undergo enterohepatic
circulation, which is characterized by secretion, reabsorption and recycling of primary
and secondary BAs[15]. Primary BAs are produced from cholesterol in hepatocytes and
are secreted into the bile duct. Most BAs (about 95%) are reabsorbed in the terminal
ileum via active transport mechanisms, transported back to the liver in the portal
venous system and recycled by hepatocytes[120]. Conversely, a small percentage of BAs
is metabolized by intestinal bacteria. These so-called secondary BAs are passively
absorbed into the systemic circulation[15,121].
In physiological conditions (“neutral” pathway), cholesterol 7α-hydroxylase
(CYP7A1) is the most important rate-limiting enzyme for primary BA synthesis.
Alternative pathways (“acidic” pathways) to synthesize BAs, including mitochondrial
sterol 27 hydroxylase (CYP27A1) and sterol 12α-hydroxylase (CYP8B1), are only
responsible for a minority of BA synthesis in healthy humans. However, this
equilibrium shifts towards the acidic pathways in patients with liver disease[122,123].
Importantly, these bile acids have slightly different chemical properties. The resulting
differences of bile acid composition in liver disease were linked to intestinal barrier
dysfunction and permeability[122,124,125]. Additionally, LPS was found to significantly
suppress the expression of CYP7A1 in the liver. These findings suggest that
dysregulated BA homeostasis participates in a vicious circle towards an impaired gut
barrier function[126].

Farnesoid X receptor activation affects intestinal barrier integrity
BAs also exert direct effects on gut barrier integrity through activation of the nuclear
bile acid receptor (farnesoid X receptor, FXR) in the intestinal epithelium[111,127]. FXR
belongs to the group of non-steroidal nuclear receptors and acts as a transcription
factor through binding to hormone response elements upon activation. Similar to
other receptors in this family, DNA binding requires heterodimer formation with
retinoic acid receptor α (RXRα)[128]. FXR is expressed both in liver and gut, with
highest expression levels located in the ileum[129]. More precisely, FXR is located in the
epithelium, while there is little or no expression in layers beneath, such as lamina
propria and tunica muscularis[127]. Decreased intestinal BA availability in cholestatic
animal models is associated with increased BT and endotoxemia. Conversely,
concomitant oral administration of BAs has beneficial effects on BT[130,131]. Importantly,
FXR activation leads to upregulation of genes associated with intestinal protection,
gut barrier integrity, and amelioration of dysbiosis [ 1 2 7 ] . Administration of
pharmacological FXR agonists was found to ameliorate the microbiota profile,
increase antimicrobial peptides and expression of tight junction proteins, and finally,
reduce BT[91].
In mice, FXR activation in enterocytes located in the ileum upregulates the
expression of fibroblast growth factor (FGF) 15, the murine analogue of human
FGF19, via binding to response elements for the FGF15/19 gene[132,133]. Importantly,
binding to the FGF19 gene response element relies on heterodimer formation with
RXRα[134]. FGF15/19 is subsequently secreted into the portal venous blood system and
functions as a hormone of gut-liver signaling[132,133]. FGF19 binds to FGF receptor 4
located on hepatocytes and reduces BA synthesis by suppressing the expression of
CYP7A1[134].
Interestingly, short-term suppression of CYP7A1 is rather dependent on intestinal
than hepatic FXR activation[135]. This pathway seems to be independent from FXRinduced expression of small heterodimer partner 1 that also suppresses CYP7A1 via
liver receptor homolog 1[136], suggesting two major mechanisms of FXR-dependent BA
feedback that are independent from each other [ 1 3 4 ] . Furthermore, FGF19 is
postprandially upregulated and influences FXR-dependent pathways involved in
gluconeogenesis, protein synthesis, insulin sensitivity, and lipid metabolism[133,134,137].
Recent findings indicate that FGF19-induced phosphorylation of FXR is critical for
heterodimerization with RXRα, migration to the nucleus, and DNA binding– a
mechanism that is impaired in patients with primary biliary cholangitis (PBC)[138]. This
is in accordance with the finding that FGF19 is upregulated in PBC patients and
correlates with disease severity[139]. Along with the effects of FXR activation on the
expression of proteins involved in the formation of the intestinal barrier, these
findings indicate clinical relevance of FXR-FGF19 feedback mechanisms.

Addressing the “chicken vs egg” dilemma
The data on BT and its impact on hepatic and systemic inflammation vs splanchnic
neoangiogenesis and vasodilation caused by PHT reveals the “chicken vs egg”
dilemma concerning the gut-liver axis concept: It currently remains elusive if
microbiota changes and BT are primarily caused by PHT or if the presence of PHT
and its severity are rather a result of BT. It seems likely that there exists bidirectional
influence, however, clinical studies usually fail to separate whether BT is the main
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cause for disease progression or is in turn the result of liver injury and PHT.
However, studies on genetic variants that facilitate BT might provide important
insights in this conundrum. Impact of genetic polymorphisms that impact on
signaling pathways involved in intestinal barrier or BT do not leave us with the
question “cause or consequence of disease progression” since this particular genetic
condition is inherently present in affected patients.
For example, it was found that patients with a genetic variant of the nuclear dot
protein 52 kDa (NDP52; regulates TLR signaling pathways) gene[140] or TLR2 variants
had an increased risk for spontaneous bacterial peritonitis (SBP) [141] . Similarly,
Nucleotide-Binding Oligomerization Domain-Containing Protein 2 (NOD2) variants
were associated with an increased risk of developing SBP and mortality[142,143]. NOD2
recognizes intracellular peptidoglycan fragments of bacteria and induces formation of
autophagosomes as well as host-defense mechanisms such as cytokines and
antimicrobial peptides[144]. Patients carrying NOD2 variants had increased markers of
intestinal permeability and inflammation[93,145]. Interestingly, Reichert et al[146] recently
showed that NOD2 variants as well as CSPH are independently associated with
bacterial infections in compensated cirrhosis. In contrast, only CSPH - and not NOD2
variants - remained an independent risk factor for infection in decompensated
patients.
FXR polymorphisms in humans have been shown to either promote or protect
against hepatic decompensation. For example, the rs56163822 G/T polymorphism
was significantly more prevalent in patients developing SBP [147] . This specific
polymorphism is associated with decreased translation of FXR and reduced
transcriptional activity of target genes[148,149]. In contrast, patients with the FXR-SNP
rs35724 minor allele (i.e., FXR gain of function mutation) were less likely to develop
ascites or liver-related death[150].
Interestingly, Sorribas et al[151] recently found that the gut-vascular and mucosal
epithelial barriers were profoundly impaired in cirrhotic mice (induced by BDL or
carbontetrachloride administration, CCl4) while this effect was not present, or at least
significantly less pronounced, in portal-hypertensive mice without cirrhosis (PPVL).
Importantly, it was observed that these barriers were regulated by FXR-dependent
mechanisms (Figure 2) and BT was reduced upon treatment with FXR agonists[151].
These experimental data are highly relevant for the “chicken vs egg” debate
because they suggest that PHT itself has only a minor impact on barrier integrity,
while it also explicitly considers that the muco-epithelial and gut-vascular barrier are
different entities. Along with observations from genetic studies that suggest that BT
and inflammation do not only result from decompensation but rather are drivers of
(further) hepatic decompensation, efforts towards elucidating this conundrum have
the potential to identify therapeutic approaches in patients with cirrhosis and PHT.

THERAPEUTIC STRATEGIES TARGETING THE GUT-LIVER
AXIS
Importantly, the identification and targeting of potentially reversible causes of liver
injury and their elimination will always remain the main management priority in
patients with chronic liver disease. In ALD, the most common cause of cirrhosis in
Europe[4], alcohol abstinence improves PHT[152] and the prognosis of patients in both
early and advanced stages of cirrhosis[153,154]. Similarly, weight loss in NASH patients
was linked to fibrosis regression and NASH resolution[155], and elimination of hepatitis
C virus by direct antiviral agents results in reduction of PHT and HCC risk[156-159].
As depicted above, PHT impacts on the course of cirrhosis by promoting hepatic
decompensation and ACLF, hemodynamic dysregulation as well as intestinal
permeability and BT. In turn, PHT is aggravated by hyperdynamic circulation and
also proinflammatory and profibrotic stimuli caused by BT. This reciprocal influence
contributes to further aggravation of the disease and also promotes carcinogenesis,
which has been shown in different etiologies of liver disease [14,17,41,160,161] . Thus,
evidence-based therapeutic options to positively influence or ideally break the vicious
circle of a dysregulated gut-liver axis in cirrhosis are urgently needed. Consequently,
therapeutic approaches that target PHT, intestinal permeability, and the microbiome
composition may be all viable future therapeutic options for improving prognosis and
risk of further disease aggravation. Importantly, some of these therapeutic approaches
are currently being investigated in clinical trials in humans[160].

Reduction of portal hypertension: Non-selective beta-blockers
According to current treatment guidelines, NSBB are used for pharmacological
reduction of PHT in patients with cirrhosis[1,162]. The treatment rationale of NSBB is
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Figure 2

Figure 2 An impaired mucosal epithelial barrier integrity facilitates bacterial translocation and is regulated by farnesoid X receptor-dependent
mechanisms. Increased systemic inflammation in cirrhotic patients as compared to healthy subjects is considered to be associated with intestinal dysbiosis leading to
translocation of pathogens- or derived pathogen-associated molecular patterns and danger-associated molecular patterns into the portal circulation, which is further
facilitated by an impaired intestinal barrier. Farnesoid X receptor (FXR) activation in ileum enhances the expression of fibroblast growth factor 15 (mice) or 19
(humans) via binding to response elements in the nucleus. FXR activation leads to upregulation of tight junction proteins and decrease of bacterial translocation. FXR:
Farnesoid X receptor; IgA: Immunoglobulin A; RXRα: Retinoid X receptor; FGF: Fibroblast growth factor; LPS: Lipopolysaccharide; TJ: Tight junction.

primarily based on beneficial effects towards prevention of decompensation such as
variceal bleeding [21,163,164] . Additionally, cirrhotic patients under NSBB treatment
presenting with ACLF were found to have lower grades of liver failure as well as
better chances of short-term (but not long-term) survival as compared to patients not
receiving NSBB treatment, which was accompanied by lower white blood cell
counts [165] . Of note, in this study patients were not randomized to receive NSBB
treatment and the decision process on treatment initiation or discontinuation was not
assessed[165]. Importantly, based on animal data indicating beneficial effects on BT[166] it
was found that markers of intestinal permeability and BT decreased upon NSBB
treatment in patients with cirrhosis [93] . This effect was also observed in patients
without significant reduction of HVPG by NSBB treatment (“non-responders”),
suggesting that even hemodynamic non-responders may benefit from continuation of
NSBB treatment[93].

Targeting the microbiome and bacterial translocation: Antibiotics, probiotics and
the role of proton pump inhibitors
Current guidelines recommend continuous prophylaxis with antibiotics for patients
with cirrhosis either at particularly high risk of or after SBP[7]. Primary prophylaxis
with norfloxacin significantly reduces the incidence of infections, however, it is not
entirely clear by now which patients with ascites actually have survival benefits upon
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primary prophylaxis[167,168]. Patients with genetic variants that increase susceptibility
for developing infections may represent an interesting target population for antibiotic
prophylaxis. The currently ongoing INCA trial (EudraCT 2013-001626-26) will
hopefully provide data on the efficacy of primary prophylaxis in patients with NOD2
risk variants[169].
Survival benefits and decreased risk of AD and ACLF were found upon antibiotic
treatment at the occurrence of variceal bleeding[7]. Currently, fluoroquinolones (such
as norfloxacin and ciprofloxacin) and third generation cephalosporins are
recommended first line antibiotic regimens to be used in acute variceal bleeding[7] in
order to prevent infections.
Moreover, the portal pressure-lowing effect of norfloxacin has been investigated. A
small randomized controlled trial (RCT) with a cross-over design assessed the effect
of 4-wk therapy with norfloxacin and did not result in significant reduction of portal
pressure. However, sample size was limited and considerable changes in HVPG
during placebo treatment were observed[170]. Another RCT investigating the effect of 4wk norfloxacin therapy on hemodynamics found that patients with cirrhosis had a
reduction of serum LPS and higher mean arterial pressure, while there was a trend
towards a reduction of cardiac output and HVPG. Although the trial was limited by a
small sample size, these observations might indicate that inducing changes in
microbiota composition influences BT and positively influences hyperdynamic
circulation in patients with cirrhosis[171].
Moreover, non-absorbable antibiotics such as rifaximin are currently used for the
treatment of hepatic encephalopathy. However, there is conflicting data on the
efficacy towards BT, systemic inflammation and hemodynamics: Some studies present
significant beneficial effects on systemic inflammation and hemodynamics[172,173], while
another RCT found no or only small benefits by rifaximin treatment[174,175]. The results
of currently ongoing trials on rifaximin will hopefully provide further insight into
treatment efficacy and the role of treatment-induced microbiome changes in
cirrhosis[176].
Probiotics, i.e., bacteria that modify microbiome composition and mucosal integrity
by suppression of pathogenic bacteria, are currently studied extensively. However,
there is conflicting data on the efficacy of probiotics, which has been extensively
reviewed by Wiest et al[160]. The authors summarize that positive effects of probiotics
are greatly dependent on host genetic properties, individual diet and microbiome
composition.
Lastly, awareness towards prudent use of proton pump inhibitors (PPI) in patients
with cirrhosis should be encouraged: PPI intake has been repeatedly found to be
associated with increased risk of developing hepatic encephalopathy and infections,
such as SBP[177-179]. Interestingly, PPIs induce both significant change of the microbiome
composition as well as bacterial metabolism in patients with compensated
cirrhosis[180]. Although the data may not prove causality between PPI intake and BT,
cautious prescription of PPIs in patients with cirrhosis is warranted.

Mediating gut-liver-crosstalk: FXR-directed therapies
BA-associated signaling in the gut and the liver plays a major role in the gut-liver axis.
Many effects are mediated via binding of BA to the nuclear receptor FXR [181] .
Therefore, several pharmacological compounds targeting FXR have emerged in the
last years (Table 1).
Treatment with the FXR agonist obeticholic acid (OCA) upregulates expression of
tight junction proteins (e.g., ZO-1, occludin and claudin-1/2), antimicrobial molecules
(e.g., angiogenin-1 and alpha-5-defensin) and reduces BT and intestinal inflammation
in cirrhotic rats[90,91,127]. Similarly, activation of hepatic inflammatory pathways and
fibrogenesis were reduced in animals upon OCA treatment[182]. OCA has primarily
been tested in clinical trials including patients with PBC and NASH. The FLINT RCT
in non-cirrhotic NASH patients indicated that OCA improves histological features of
the disease, however, pruritus seems to be an inconvenient side effect that was
reported by approximately one fifth of patients[183]. Furthermore, unfavorable changes
in the lipid profile (increase of total and LDL cholesterol) were observed upon OCA
treatment [183] . In two RCTs in PBC patients, OCA improved serum levels of
transaminases and bilirubin, however, side effects like pruritus were also more
frequent in the treatment groups as compared to placebo[184,185]. Another safety issue
towards treatment with FXR-activators was raised by an animal study indicating that
overexpression of FGF19 is associated with HCC[186]. Further study results of trials
investigating OCA treatment in NASH (REGENERATE; NCT02548351), ALD
(TREAT; NCT02039219), and PSC (AESOP; NCT02177136) are pending. Recent
presentation of an interim analysis of the REGENERATE trial revealed dosedependent positive effects of OCA on liver fibrosis, steatohepatitis and serum
parameters associated with liver damage[187]. Importantly, short-term treatment with
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Table 1 Farnesoid X receptor-targeting therapies in liver disease: Experimental vs clinical evidence
Location

Target

Experimental evidence

Clinical evidence

Liver

Metabolism and inflammation

OCA/NASH/mouse: Decreased
hepatocyte apoptosis and less
fibrosis; similar steatosis[194]
OCA/NASH/hamster: Higher LDL
and lower HDL[195]
OCA/NAFLD/rabbit: Decreased
steatosis, inflammation, insulin
resistance and improved lipid
profile[196]

OCA/NASH/NCT01265498:
Improved histological features; 20%
pruritus, impaired lipid profile[183]
OCA/PBC/NCT01473524: Improved
biochemical laboratory values;
frequent pruritus[184,185]
OCA/PSC/NCT02177136:
Completed; statistical results
pending; PEP: Change of ALP levels
as compared to BL

Fibrosis and portal hypertension

PX20606/CCl4/rat: Reduced fibrosis,
PP, and sinusoidal remodeling[192]
OCA/TAA/rat: Reduced fibrosis, PP,
hepatic inflammation[182]

OCA/NASH/NCT02548351:
Recruiting; PEP: 1 stage of liver
fibrosis improvement; NASH
resolution OCA/PBC/NCT02308111:
Recruiting; PEP: Death, OLT; MELD
≥ 15; decompensation
NGM282/PSC/NCT02704364:
reduced fibrosis biomarkers[193]
OCA/ALD/PESTO: PEP: Lower
HVPG after 7 d of treatment by 15%
or more, or HVPG < 12 mmHg[188]

Microbiome

OCA/Healthy/mouse: Lower
OCA/Healthy/NCT01933503:
endogenous BA levels; elevated
Reversible changes in gram-positive
[197]
Firmicutes in small intestine
bacterial strains[197]
Fexaramine/NAFLD/mouse:
Microbiome changes induce different
BA profile; GLP-1 signaling improves
insulin sensitivity[198]

Intestinal barrier

OCA/BDL/rat: Upregulation of TJ
No human data available
proteins, decrease of intestinal
[90]
inflammation and BT
OCA/CCl4/rat: Upregulation of
antimicrobial peptides, TJ proteins;
reduced BT and liver fibrosis[91]
GW4064/BDL/mouse: Upregulation
of enteroprotective genes and
improvement of barrier function[127]
Fexaramine/ALD/mouse:
Improvement of intestinal barrier,
lipid metabolism and alcoholinduced liver injury[190] OCA +
Fexaramine/PPVL + BDL +
CCl4/mouse: reduction of BT; OCA:
Improvement of muco-epithelial and
gut-vascular barrier; Fexaramine:
Improvement of muco-epithelial but
no effect on gut-vascular barrier[151]

Metabolism/inflammation

Fexaramine/NAFLD/mouse:
No human data available
Amelioration of metabolic syndrome,
induction of FGF15, decreased
insulin resistance[189]
OCA/IBD/mouse: Decreased
intestinal inflammation and
permeability[191]

Gut

OCA: Obeticholic acid; NASH: Non-alcoholic steatohepatitis; LDL: Low density lipoprotein; HDL: High density lipoprotein; NAFLD: Non-alcoholic fatty
liver disease; NCT: National clinical trial identifier; PEP: Primary efficacy endpoint; ALP: Alkaline phosphatase; BL: Baseline; CCl4: Carbon tetrachloride;
PP: Portal pressure; TAA: Thioacetamide; OLT: Orthotopic liver transplantation; MELD: Model for end-stage liver disease; ALD: Alcoholic liver disease;
HVPG: Hepatic venous pressure gradient; BA: Bile acid; GLP-1: Glucagon like peptide 1; TJ: Tight junction; BT: Bacterial translocation; BDL: Bile duct
ligation; FGF15: Fibroblast growth factor 15; IBD: Inflammatory bowel disease.

the steroidal FXR agonist OCA in cirrhotic patients with PHT (PESTO trial) has shown
promising results in regard to a significant reduction of HVPG[188].
Newly emerging, non-steroidal FXR-agonists might be associated with an
improved side effect profile as compared to OCA and showed promising results in
metabolic liver disease[160]. Treatment with the non-absorbable FXR agonist fexaramine
that only affects intestinal FXR has shown positive results towards steatosis and
glucose homeostasis in animals and may represent an elegant solution for intestinal
FXR targeting with a favorable side effect profile[189]. Fexaramine was also associated
with improvement of the intestinal barrier, lipid metabolism and alcohol-induced
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liver injury[190]. Experimental data in the field of inflammatory bowel disease shows a
decrease of proinflammatory cytokines by intestinal immune cells that are associated
with increased gut permeability upon FXR activation[191]. In cirrhotic animals, a nonsteroidal FXR-agonist reduced PHT, BT and vascular remodeling [192] . The nontumorigenic FGF19 analogue NGM282 was associated with reduced fibrosis
biomarkers in a phase II trial in humans with PSC, indicating an amelioration of
fibrosis which may also be accompanied by an amelioration of PHT. However,
histological and hemodynamic data were not obtained within this study[193].
Taken together, therapeutics that target FXR are likely to have beneficial effects on
the gut-liver axis in cirrhosis, provided that potential side effects will be successfully
minimized by recent efforts to find even more suitable compounds.

CONCLUSION
In ACLD, PHT results from increased intrahepatic resistance and leads to splanchnic
vasodilation and neovascularization in the intestines. Gut dysbiosis, increased
intestinal permeability, translocation of bacteria and PAMPs can further promote liver
disease progression, often mediated via immune system activation and a subsequent
induction of a proinflammatory state. The close relationship between gut and liver
and their bidirectional interaction during liver disease has been termed gut-liver axis.
Treatment strategies targeting the gut-liver axis via amelioration of PHT, microbiota
composition, and intestinal barrier integrity are supposed to exert beneficial effects.
However, further studies in humans will be needed to assess efficacy and safety of
different FXR agonists and other gut-liver axis-oriented therapies in different clinical
settings. In general, further insight into the pathophysiology involved in the “chicken
and the egg” dilemma may reveal important novel targets that inhibit liver disease
progression or promote disease regression after etiological treatment. While this
review aims to comprehensively summarize the current state of knowledge obtained
by experimental and clinical studies, it is designed as a narrative review. Thus, the
possibility of selection bias and underreporting of negative studies represents a
potential limitation of this review.
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Abstract
BACKGROUND
Intestinal inflammation and epithelial injury are the leading actors of
inflammatory bowel disease (IBD), causing an excessive pro-inflammatory
cytokines expression. Tristetraprolin (TTP), an mRNA binding protein, plays a
role in regulating the inflammatory factors, recognizing specific sequences on the
3’ untranslated region of cytokine mRNAs. TTP activity depends on its
phosphorylation state: the unphosphorylated TTP degrades pro-inflammatory
cytokine mRNAs; on the contrary, the phosphorylated TTP fails to destabilize
mRNAs furthering their expression. The phospho-TTP forms a complex with the
chaperone protein 14-3-3. This binding could be one of the factors that promote
intestinal inflammation as a cause of disease progression.
AIM
To assess if TTP phosphorylation has a role in paediatric IBD.
METHODS
The study was carried out on a cohort of paediatric IBD patients. For each patient
enrolled, a specimen of inflamed and non-inflamed colonic mucosa was collected.
Furthermore, the experiments were conducted on macrophages differentiated
from blood samples of the same patients. Macrophages from healthy donors’
blood were used as controls. Co-immunoprecipitation assay and immunoblotting
analyses were performed to observe the formation of the phospho-TTP/14-3-3
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complex. In the same samples TNF-α expression was also evaluated as major
factor of the pro-inflammatory activity.

Open-Access: This article is an

RESULTS
In this work we studied indirectly the phosphorylation of TTP through the
binding with the chaperone protein 14-3-3. In inflamed and non-inflamed colon
mucosa of IBD paediatric patients immunoblot assay demonstrated a higher
expression of the TTP in inflamed samples respect to the non-inflamed; the coimmunoprecipitated 14-3-3 protein showed the same trend of expression. In the
TNF-α gene expression analysis higher levels of the cytokine in inflamed tissues
compared to controls were evident. The same experiments were conducted on
macrophages from IBD paediatric patients and healthy controls. The immunoblot
results demonstrated a high expression of both TTP and co-immunoprecipitated
14-4-3 protein in IBD-derived macrophages in comparison to healthy donors.
TNF-α protein levels from macrophages lysates showed the same trend of
expression in favour of IBD paediatric patients compared to healthy controls.
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CONCLUSION
In this work, for the first time, we describe a relation between phospho-TTP/143-3 complex and IBD. Indeed, a higher expression of TTP/14-3-3 was recorded in
IBD samples in comparison to controls.
Key words: Inflammatory bowel disease; Tristetraprolin; 14-3-3 protein; Phosphorylation;
Cytokines; Inflammation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We report a preliminary study describing the role of tristetraprolin (TTP)/14-33 protein complex in a small cohort of paediatric patients affected by inflammatory
bowel disease (IBD). The experiments were conducted on IBD inflamed and noninflamed colonic tissues and in IBD-derived macrophages in comparison to healthy
donors. This study demonstrates for the first time the relation between the
phosphorylation of TTP and IBD in paediatric patients. Indeed, a higher expression of
the TTP/14-3-3 protein complex was recorded both in inflamed compared to noninflamed colon specimens and in IBD-derived in comparison to healthy donors’
macrophages.

Citation: Di Silvestre A, Lucafò M, Pugnetti L, Bramuzzo M, Stocco G, Barbi E, Decorti G.
Role of tristetraprolin phosphorylation in paediatric patients with inflammatory bowel
disease. World J Gastroenterol 2019; 25(39): 5918-5925
URL: https://www.wjgnet.com/1007-9327/full/v25/i39/5918.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i39.5918

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic immune-mediated condition of the
gastro-intestinal tract that includes ulcerative colitis (UC) and Crohn’s disease (CD).
The incidence and prevalence of IBD is increasing and the disease is frequently
diagnosed in adolescents and young adults[1], where the negative consequences on
growth, development and psychosocial function are more evident[2]. Genetic and
environmental factors have a crucial role in the pathogenesis of IBD, a combination of
both seems to initiate an alteration in the epithelial barrier that causes an aberrant
cytokine response, promoting chronic inflammation of the gastrointestinal tract[3].
Indeed, cytokines drive intestinal inflammation and associated symptoms in
progressive and destructive forms with intestinal stenosis, rectal bleeding, abscesses
and fistula formation[4].
Cytokine mRNA sequences contain adenosine/uridine-rich elements (ARE) on the
3’ untranslated region (3’UTR) that contribute to the regulation of the transcripts[5].
Degradation or stability are guided by a group of proteins, called mRNA-binding
proteins, that recognize and bind the sequences on the 3’UTR. The most characterized
protein of this family is tristetraprolin (TTP), a member of the Cys-Cys-Cys-His class,
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encoded by the ZFP36 gene[6], that, through the two-zinc finger domains, binds the
ARE sequence of pro-inflammatory cytokine mRNAs, like tumor necrosis factor
(TNF)-α, interleukin (IL)-1β, IL-2 and IL-6. Once bound, TTP promotes their
degradation by recruiting several proteins that participate in mRNA regulation. These
include the carbon catabolite repression 4/chromatin assembly factor-1/negative on
TATA 1 (Ccr4/Caf1/Not1) deadenylase complex, that shortens the 3’-poly(A) tail.
When the poly(A) tail is shortened, the decappining enzymes remove the 7methylguanylate cap from the 5’-end of mRNA, and exonucleases promote a rapid
degradation of mRNA from either the 5’ or 3’ end [7,8] . TTP expression has been
observed in different tissues with a peculiar distribution in macrophages: Very low
levels of the protein were detected in resting macrophages but, after an appropriate
pro-inflammatory stimulus, TTP expression was rapidly induced [9,10] . Following
stimulation, TTP becomes phosphorylated in almost 30 sites but only for two the
function is known, the serines (S) 52 and 178 in mouse (corresponding to human S60
and S186).
The process of TTP phosphorylation is not completely clear, but different authors
proposed the involvement of the mitogen-activated protein kinase (MAPK) p38
signalling pathway, that, via the downstream kinase MAPK-activated protein kinase 2
(MAPKAP kinase 2 or MK2), induces the phosphorylation of the two serines[11,12].
Furthermore, in primary cultures of macrophages and in a murine macrophages cell
line (RAW264.7) the addition of MAPK p38 inhibitor leads to a rapid degradation of
TTP through the proteasome complex, demonstrating that phosphorylation is also
necessary to protect TTP from destruction[13].
The phosphorylation process promotes the binding of TTP protein with a low
molecular-weight adaptor protein called 14-3-3[14,15]. This interaction changes the
structure of TTP in a more stable one, since the unphosphorylated form is rapidly
degraded by the proteasome, inhibits the recruitment of the Ccr4/Caf1/Not1 complex
and consequently the target mRNAs are stabilized [16,17] . Ross and collaborators
generated a knock-in mouse strain, in which S52 and 178 were replaced with alanines
that cannot be phosphorylated. In primary macrophages of knock-in mice, low
concentrations of unphosphorylated, rapidly degraded TTP, were observed and a
reduced expression of different pro-inflammatory cytokines was recorded [18] .
Furthermore, experiments in TTP-deficient mice revealed that the protein is necessary
in orchestrating the response to pro-inflammatory stimuli; a severe syndrome of
growth retardation, cachexia, arthritis, inflammation, autoimmunity, together with an
over-expression of TNF-α in macrophages, was observed in these animals,
underlining the importance of TTP [19] . Recently, TTP expression was studied in
rheumatoid arthritis patients; confocal images revealed a high expression of the
phosphorylated TTP in synovial tissues, corroborating the hypothesis that the protein
can be involved in prolonged inflammation[11]. In this work, we investigated whether
the TTP protein and 14-3-3 complex are differently expressed in inflamed and noninflamed colonic tissues of paediatric patients with IBD.

MATERIALS AND METHODS
Clinical samples
Thirty-four IBD paediatric patients (mean age at enrolment 12.6 years, 16 UC and 18
CD, 18 males and 16 females) were enrolled at diagnosis at the Gastroenterology
department of Paediatric Clinic of IRCCS Burlo Garofolo in Trieste. Local ethical
committee approval for the study was obtained and the parents of all the participating
children gave written informed consent. For each patient, during a colonoscopy,
inflamed and non-inflamed tissues were collected in TRIzol® for RNA isolation.
Inflamed and non-inflamed colonic biopsies obtained from four additional patients
(mean age at enrolment 13.8 years, 2 UC and 2 CD, 3 males and 1 females) were
immediately frozen on dry ice and used for protein analysis. Blood samples were also
collected and peripheral blood mononuclear cells (PBMCs) were isolated. PBMCs
were also collected from four healthy donors (HD) from the Transfusion Center,
Azienda Ospedaliera Universitaria, Trieste. Blood was obtained by venipuncture
between 08.00 a.m. and 10.00 a.m. to minimize the variability due to circadian rhythm,
and immediately processed.
PBMCs of patients and HD were obtained by density gradient centrifugation on
Ficoll Paque T M Plus (Healthcare, Milan, Italy). Human macrophages were
differentiated from PBMCs by stimulation with GM-CSF (50 ng/ml, Millipore, Milan,
Italy) for 7 days in RPMI 1640 containing 100 g/L of foetal calf serum, 10 g/L Lglutamine 200 mM, 10 g/L penicillin 10000 UI/mL and streptomycin 10 g/L (SigmaAldrich, St. Louis, MO, United States).
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Total RNA isolation
Total RNA was extracted from patients’ colonic mucosa using TRIzol ® reagent
(Thermo Scientific, Carlsbad, CA, United States) according to manufacturer’s
instructions. The RNA concentration and purity were calculated by NanoDrop
instrument (NanoDrop 2000, EuroClone®, Milan, Italy).

Quantitative real-time PCR (TaqMan®)
Expression levels of ZFP36 and TNF were evaluated by real-time RT-PCR TaqMan®
analysis using the CFX96 real-time system-C1000 Thermal Cycler (Bio-Rad
Laboratories, Hercules, CA, United States). The reverse transcription reaction was
carried out with the High Capacity RNA-to-cDNA Kit (Applied Biosystem, Carlsbad,
CA, United States), and the real-time PCR was performed in triplicate using the
TaqMan ® Gene Expression Assay to assess ZFP36 and TNF mRNA expression,
according to the manufacturer’s instructions. ZFP36 and TNF expression values were
normalized using the ribosomal protein lateral stalk subunit P0 (RPLP0) as reference
gene. The results were expressed as Log2 of the ΔCt relative expression (RE).

Co-Immunoprecipitation assay
The ab206996 immunoprecipitation kit (Abcam, Cambridge, United Kingdom) was
used on proteins derived from patients’ colon biopsies and macrophages
differentiated from PBMCs obtained from patients and HD according to the
manufacturer’s instructions. Briefly, samples were homogenized in non-denaturating
lysis buffer, complete of protease inhibitor cocktail and inhibitor tablets for
phosphatase (PhosSTOPTM, Sigma-Aldrich, St. Louis, MO, United States). The cell
extracts were mixed at 4 °C and then centrifuged at 10000 x g for 10 min at 4 °C. The
supernatants were incubated with TTP antibody (1:1000, Millipore, Milan, Italy) for 4
h at 4 °C. This antibody recognizes both the unphosphorylated and phosphorylated
forms. After antibody binding to protein lysate, 40 μL of protein A/G Sepharose®
beads were added and incubated for an hour at 4 °C. After three steps of washes with
the appropriate buffer at 4 °C, the lysates were eluted with the 2X SDS-PAGE loading
buffer and subsequently analysed for TTP (immunoprecipitated) and 14-3-3 (Coimmunoprecipitated) expression.

Immunoblot
Protein expression was evaluated by immunoblot. Samples were run in a PAGErTM
Mini-gel Chamber (Lonza, Milan, Italy) using 10% acrylamide gels with a Tris-Glycine
buffer and subsequently semi-dry blotted for 2 h with 50 mA current on PVDF
membrane. After blocking for 1 h with 5% not-fat milk in Tween/Tris buffered salt
solution (T-TBS), membranes were incubated overnight at 4 °C with primary
antibodies (anti-actin 1:10000, anti-TTP 1:1000 Millipore, Milan, Italy, anti-14-3-3
1:1000 Abcam, Cambridge, United Kingdom and anti-TNF-α 1:6000, Inflectra, Pfizer,
New York, United States). Membranes were then washed in T-TBS and incubated for
1 h at 37 °C with anti-rabbit HRP-conjugated secondary antibody 1:50000 (Millipore,
Milan, Italy) and anti-human HRP-conjugated secondary antibody 1:10000 (SigmaAldrich, St. Louis, MO, United States). Chemiluminescence was developed using
LiteAblot® TURBO (EuroClone®, Milan, Italy) and exposed on Kodak Biomax film
(Sigma-Aldrich, St. Louis, MO, United States). Protein expression was quantified on
immunoblot images using the ImageJ software and are reported in percentage respect
to actin.

Statistical analysis
Statistical analyses were performed using GraphPad Prism version 6.00e. MannWhitney test and t-test were used for the analysis of protein expression. Wilcoxon
signed rank test and t-test were used for gene expression analysis in colon biopsies of
IBD patients. The results are provided as means and standard errors.

RESULTS
TTP expression in colon tissues of IBD patients
TTP gene expression analysis was performed in inflamed and non-inflamed biopsies
of thirty-four paediatric IBD patients. After normalization with RPLP0, no differences
were observed between the two groups (Log2 TTP RE ΔCt, non-inflamed = -4.384 ±
0.20 and inflamed = -4.682 ± 0.22, P > 0.05). Therefore, TTP was analysed at the
protein level, since the protein undergoes extensive post-translational modifications,
particularly phosphorylations, that can influence its stability and activity.
Immunoprecipitation analysis was used to enrich TTP levels in tissue extracts. The
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experiments were conducted on four IBD paediatric patients in active phase of the
disease. Quantification of the protein, performed with immunoblot analysis, showed
an increased expression of TTP in the inflamed mucosa in comparison to the noninflamed (fold change inflamed/non-inflamed = 2; relative quantity of TTP
expression, non-inflamed = 37 ± 11.69 and inflamed = 74 ± 10.44, P < 0.05) (Figure 1A
and 1B).
Since the 14-3-3 protein forms a complex with the phospho-TTP, the 14-3-3 protein
expression was also evaluated. 14-3-3 levels exhibited the same trend of TTP
expression, suggesting the presence of a phospho-TTP/14-3-3 complex. Interesting
TNF-α mRNA levels were more expressed in IBD inflamed in comparison to noninflamed biopsies (Log2 TNF-α RE Ct, non-inflamed = -9.373 ± 0.73 and inflamed = 7.331 ± 0.58, P < 0.05) indicating a potential role of TTP in its regulation (Figure 1C).

TTP expression in macrophages
Macrophages were differentiated from PBMCs of four IBD paediatric patients with
active disease and four HD. Immunoprecipitation, co-immunoprecipitation and
immunoblot analyses were used to detect and quantify TTP, 14-3-3 and TNF-α. TTP
and 14-3-3 showed a significantly higher complex formation in IBD compared to HD
macrophages (fold change TTP IBD/HD = 4.8; relative quantity TTP, HD= 27 ± 10.29
and IBD = 130 ± 24.48, TTP, P < 0.05. Fold change 14-3-3 IBD/HD = 2.7 14-3-3; relative
quantity HD = 49 ± 13.34 and IBD = 133 ± 16.72, P < 0.05). For TNF-α, a higher
expression was observed in IBD in comparison to HD samples, however the
difference was not significant (fold change TNF-α IBD/HD = 2.6; relative quantity
TNF-α, HD = 85 ± 12.00 and IBD = 221 ± 70.44, P > 0.05) (Figure 2).

DISCUSSION
TTP expression in terms of mRNA and proteins has been studied in in vitro cell line
models such as fibroblasts and macrophages under inflammatory conditions, but little
is known on the regulation of TTP in patients with inflammatory diseases[9,20]. We
have studied TTP mRNA expression in inflamed and non-inflamed colonic mucosa of
paediatric IBD patients and no appreciable differences were evident. These results are
in line with data obtained by Suzuki and collaborators on TTP mRNA expression in
the synovium of patients with rheumatoid arthritis[21].
We speculate that the activity of TTP is under the control of post-translational
modifications such as phosphorylation. Indeed, in terms of protein expression, in the
present work we describe different TTP levels in inflamed tissues of IBD paediatric
patients compared to the non-inflamed tract; moreover, the same trend of expression
was evident for 14-3-3 protein expression after a co-immunoprecipitation assay. Since
the phosphorylation process promotes the binding of TTP protein with the 14-3-3
protein[14,15], these data suggest indirectly the presence of the phospho-TTP/14-3-3
complex. These results are in agreement with what was observed by other authors;
indeed, Ross and collaborators, using an immunostaining approach, demonstrated an
increased TTP expression in synovial tissues of patients with RA compared with noninflamed controls. The authors evaluated the involvement of phosphorylation
through the study of the kinases cascade that involves the MAPK p38 and MK2. In
detail, also in this case, the phosphorylation is described indirectly thanks to the colocalization of TTP and MK2 which induces the phosphorylation of TTP[11,12]. The
phosphorylation process promotes the binding of TTP with 14-3-3 [14,15] and the
expression of pro-inflammatory cytokines[16,17] as demonstrated by the TNF-α mRNA
expression observed in our samples.
The role of macrophages in TTP production is known, and most studies were
conducted on immortalized or primary mouse macrophages; however, little is known
about TTP expression in human macrophages differentiated from patients affected by
inflammatory diseases[7]. Macrophages of IBD paediatric patients showed a higher
complex formation of TTP and 14-3-3 in comparison to HD. Hence, levels of TTP
protein in IBD patients would be indicative of active inflammation, and the increase of
14-3-3 protein indirectly supports the hypothesis of TTP phosphorylation.
These preliminary results describe, for the first time, the involvement of TTP/14-33 complex in IBD. Further studies are needed in a larger court of patients to clarify the
role of TTP phosphorylation and this finding could open new perspectives in the
study of IBDs and in the investigation of new target therapies based on the
modulation of TTP phosphorylation.
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Figure 1

Figure 1 Tristetraprolin, 14-3-3 protein and tumor necrosis factor-α expression in colonic mucosa of paediatric inflammatory bowel disease patients. A:
Tristetraprolin (TTP) immunoprecipitated, 14-3-3 co-immunoprecipitated expressions in inflamed and non-inflamed frozen colonic inflammatory bowel disease (IBD)
tissues were calculated with respect to actin as loading control. Parametric t-test, TTP aP < 0.05; B: Representative image of immunoblot experiments; C: Tumor
necrosis factor-α (TNF-α) gene expression in inflamed and non-inflamed frozen colonic IBD tissues was calculated with respect to ribosomal protein lateral stalk
subunit P0 (RPLP0) and expressed as Log2 of relative expression (RE) of ΔCt. Parametric t-test, TNF-α aP < 0.05. IP: Immunoprecipitated; Co-IP: Coimmunoprecipitated; Inf: Inflamed; Non-Inf: Non-inflamed; TTP: Tristetraprolin; IBD: Inflammatory bowel disease; ACT: Actin.
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Figure 2

Figure 2 Tristetraprolin, 14-3-3 protein and tumor necrosis factor-α expression in macrophages of paediatric inflammatory bowel disease patients and
healthy donors. A: Tristetraprolin (TTP) immunoprecipitated, 14-3-3 co-immunoprecipitated and tumor necrosis factor-α expressions were normalized with actin
(ACT) used as loading control. Mann–Whitney test TTP aP < 0.05, 14-3-3 aP < 0.05; B: Representative image of immunoblot experiments. IBD: Inflammatory bowel
disease; HD: Healthy donors; TTP: Tristetraprolin; IP: Immunoprecipitated; Co-IP; Co-immunoprecipitated; TNF-α: Tumor necrosis factor-α; ACT: Actin.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) is an immune-mediated condition of the gastrointestinal tract
characterized by chronic, relapsing or progressive inflammatory condition. Tristetraprolin (TTP)
is a zinc finger protein belonging to the group of mRNA-binding proteins. TTP is able to interact
with pro-inflammatory cytokines mRNAs, influencing their stability. The function of TTP is
affected by a post-translational modification. The unphosphorylated TTP destabilizes proinflammatory cytokines mRNAs; on the contrary, the phosphorylation of TTP impairs protein
activity.

Research motivation
The incidence of paediatric IBD is increasing, and an optimal treatment is far from being
achieved. Studies are therefore needed to enlighten new mechanisms that can be targeted by
novel therapies.

Research objectives
The aim of this project is to assess if TTP phosphorylation has a role in paediatric IBD.

Research methods
A small cohort of IBD paediatric patients was enrolled for the study. For each patient, during a
colonoscopy, inflamed and non-inflamed tissues were collected. Moreover, macrophages from
the same patients and healthy donors were isolated. Co-immunoprecipitation assay and
immunoblotting analyses were performed to evaluate the formation of the phospho-TTP/14-3-3
complex. TNF-α expression was also evaluated.

Research results
TTP and 14-3-3 protein expression was higher in inflamed colonic samples in comparison to the
non-inflamed. Furthermore, TNF-α gene expression analysis showed the same pattern of
expression. The protein analysis of TTP, co-immunoprecipitated 14-4-3 protein and TNF-α in
macrophages of IBD patients and healthy donors demonstrated a higher expression of all the
proteins in paediatric patients in comparison to controls.

Research conclusions
These data demonstrated for the first time a role of TTP in IBD inflammation. Indeed, TTP is
highly expressed in both inflamed colon tissues and in macrophages of IBD patients.

Research perspectives
These preliminary results provide new information about the role of TTP in IBD, opening new
perspectives in the investigation of a target therapy based on the modulation of TTP
phosphorylation.
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Abstract
BACKGROUND
Proton pump inhibitors are often used to prevent gastro-intestinal lesions
induced by nonsteroidal anti-inflammatory drugs. However, they are not always
effective against both gastric and duodenal lesions and their use is not devoid of
side effects.
AIM
To explore the mechanisms mediating the clinical efficacy of STW 5 in gastroduodenal lesions induced by nonsteroidal anti-inflammatory drugs (NSAIDs),
exemplified here by diclofenac, in a comparison to omeprazole.
METHODS
Gastro-duodenal lesions were induced in rats by oral administration of diclofenac
(5 mg/kg) for 6 successive days. One group was given concurrently STW 5 (5
mL/kg) while another was given omeprazole (20 mg/kg). A day later, animals
were sacrificed, stomach and duodenum excised and divided into 2 segments:
One for histological examination and one for measuring inflammatory mediators
(tumor necrosis factor α, interleukins-1β and 10), oxidative stress enzyme (heme
oxygenase-1) and apoptosis regulator (B-cell lymphoma 2).
RESULTS
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Diclofenac caused overt histological damage in both tissues, associated with
parallel changes in all parameters measured. STW 5 and omeprazole effectively
prevented these changes, but STW 5 superseded omeprazole in protecting against
histological damage, particularly in the duodenum.
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Core tip: The herbal preparation STW 5, clinically used in functional dyspepsia and
irritable bowel syndrome, was compared to omeprazole in protecting against diclofenacinduced gastro-duodenal lesions in rats. Both drugs were effective in preventing changes
in the level of inflammatory mediators (tumor necrosis factor α, interleukins-1β and 10),
in the level of the oxidative stress enzyme, heme oxygenase-1, and the apoptotic
regulator (B-cell lymphoma 2) in both stomach and duodenum. However, STW 5 was
more effective than omeprazole in protecting against the histological damage. The results
emphasize the potential usefulness of STW 5 and its superiority over omeprazole in
protecting against gastro-duodenal lesions induced by nonsteroidal anti-inflammatory
drugs.
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INTRODUCTION
The long-term use of nonsteroidal anti-inflammatory drugs (NSAIDs), such as
diclofenac, has been reported to cause various adverse effects on the gastro-intestinal
tract, including lesions in the stomach and duodenum, irritation of the mucosal
surface and dyspepsia[1]. Various mechanisms have been involved in the development
of these side effects, such as local epithelial irritation, inhibition of prostaglandin
synthesis, and interference with barrier function and mucosal blood flow[2]. While
proton pump inhibitors (PPIs) have been advocated to protect against the injurious
effect of NSAIDs, some authors failed to show that omeprazole was capable of healing
mucosal lesions caused by diclofenac[3]. Because of the fact that PPIs and other agents
like H2 receptor blockers are not devoid of side effects on their own, attention has
been shifted to the use of relatively safe and better tolerated herbal preparations.
A recent review article [4] emphasizes the use of natural products and herbal
medicines to counteract the undesirable side effects of NSAIDs. One of the herbal
preparations with established clinical efficacy in gastro-intestinal disorders such as
functional dyspepsia and irritable bowel syndrome[5] as well as in drug-induced
gastro-intestinal disturbances[6] is STW 5. It was shown to have a favorable safety
profile[7] and has recently been included in the Rome IV treatment algorithm as a
treatment option for functional dyspepsia[8].
The anti-inflammatory and mucosal protective properties of STW 5 were
investigated and documented in several animal models of gastrointestinal (GI)
disorders, including reflux esophagitis[9], gastric ulcer[10] and ulcerative colitis[11]. The
present study aims at shedding more light on mechanisms mediating the clinical
efficacy of STW 5 in gastro-duodenal lesions induced by NSAIDs[6], exemplified here
by diclofenac, using an experimental model.
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MATERIALS AND METHODS
Animals
Adult female Wistar rats, each weighing 150-200, were purchased from the National
Research Centre, Giza, Egypt. They were housed in Perspex cages, housing 5 animals
per cage, at the Faculty of Pharmacy, Cairo University, at a temperature of 25 ± 2 °C
and a relative humidity of 60%-70%, and a 12-h light/12-h dark cycle. Taking in
consideration that the diet might influence the outcome of some pharmacological
experiments[12], it should be emphasized that the animals were fed a normal chow diet
consisting of 66% carbohydrates, 22% protein, 6% fats, 3% fiber and 3% minerals and
vitamins mixture and purchased from Alfa Media Trade (Giza, Egypt) and allowed
water ad libitum. This diet was previously used in earlier experiments with STW 5
with no influence on the outcome of the results[11]. They were allowed to acclimatize
for 1 wk before being subjected to experimentation. The study was approved by the
Ethical Committee for experimentation with laboratory animals (Faculty of Pharmacy,
Cairo University) following the revised guidelines of the European Economic
Community regulations (86/609/EEC) (Permit Number: PT 2292).

Chemicals
Diclofenac was obtained from Novartis Pharma, Egypt; Omeprazole from Eipico,
Egypt; STW 5 (Iberogast®) was generously supplied by Steigerwald Arzneimittelwerk
GmbH, Darmstadt, Germany. STW 5 consists of a combination of standardized fixed
proportions of hydro-alcoholic extracts of the following medicinal herbs Iberis amara,
Melissa officinalis, Matricaria recutita, Carum carvi, Mentha piperita, Angelica archangelica,
Silybum marianum, Chelidonium majus and Glycyrrhiza glabra. The other chemicals used
were all of analytical grade.

Experimental design
Four groups of animals, consisting of 10 rats each, were randomly allocated as
follows:
Group 1: Normal untreated control rats; Group 2: Rats treated with diclofenac
orally in a daily dose of 5 mg/kg for 6 d; Group 3: Rats treated orally with diclofenac
(5 mg/kg) together with omeprazole (20 mg/kg) daily for 6 d. The dose of
omeprazole was formerly reported to be effective for this purpose[13]; Group 4: Rats
treated orally with diclofenac (5 mg/kg) together with STW 5 (5 mL/kg) daily for 6 d.
The dose of diclofenac and length of period of administration were chosen on the
basis of preliminary experiments carried out in our lab to determine an appropriate
dose of diclofenac to be given for a suitable number of days in order to induce
reproducible gastro-duodenal lesions without causing appreciable animal mortalities
under our experimental conditions. Accordingly, treatment in the above groups was
given for 6 d. This is in agreement with an earlier study which reported that
diclofenac was used in a dose of 5 mg/kg for 7 d in rat for evaluation of its gastric
tolerability[14]. Furthermore, the dose of STW 5 was based on earlier studies in our lab
showing good anti-inflammatory activity and good tolerability in experimental
animals[15].
The animals were sacrificed by decapitation under light ether anesthesia on the
seventh day and the stomach and duodenum were isolated and divided into 2
segments. One segment was preserved in 10% formalin for histological examination,
while the other was homogenized in ice-cold normal saline to obtain a 10%
homogenate that was stored at -20 ºC for the assay of different relevant parameters at
a later stage. These comprised the cytokines involved in inflammation, namely,
interleukin 1β (IL-1β), IL-10, tumor necrosis factor-α (TNF-α) as well as the enzyme,
heme oxygenase-1 (HO-1), as a measure of oxidative stress and B-cell lymphoma 2
(Bcl2) as an indicator of apoptosis. These parameters were determined using rat
specific enzyme-linked immunosorbent assay (ELISA) kits (R and D Systems GmbH,
Wiesbaden, Germany) according to manufacturer’s instructions.

Histological examination
The fixed stomach and duodenum segments were processed by paraffin embedded
technique and transverse 4-5 µm sections were stained with Hematoxylin and Eosin
for light microscopic examination. The histological damage in the gastric sections was
assessed by examining them for 5 criteria representing cell damage, namely: (1) Focal
mucosal necrosis; (2) Congestion of the sub-mucosal blood vessels; (3) Sub-mucosal
edema; (4 and 5) Inflammatory cell infiltration in the mucosa and sub-mucosa. The
extent of damage for each of these signs was assessed on a score from 0 (normal) to 3
(severe). An overall damage score (ODS) was then computed semi-quantitatively for
each examined slide[16].
For the duodenal sections, six criteria were studied, namely, focal necrosis of the
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mucosa, infiltration of inflammatory cells in the lamina propria, mucosal edema,
congestion of blood vessels, activation of glands and sub-mucosal edema.
Accordingly, a maximal ODS for gastric and duodenal sections was computed to be
15 and 18, respectively. The data was then represented as a box plot.

Statistical analysis
The histological scores were represented as a box plot using the medians analyzed by
Kuskal-Wallis followed by Dunn’s test. The other data were expressed as means ±
standard deviation (SD) and analyzed by one-way-analysis of variance test (ANOVA)
followed by Tukey Kramer multiple comparisons test, setting the level of significance
at P ≤ 0.05.

RESULTS
Biochemical parameters
Diclofenac administration showed a marked 4-fold increase in the level of the proinflammatory cytokine, IL-1β, in both stomach and duodenum as compared to
untreated control. Treatment with omeprazole and STW 5 tended to protect against
this increase nearly to the same extent, such that the increase of the cytokine was
reduced only to about two-fold (Figure 1A and B). The other pro-inflammatory
cytokine, TNF-α, was also markedly increased after diclofenac administration, albeit
not as much as IL-1β. Both omeprazole and STW 5 in the doses used tended to
prevent this increase in both tissues (Figure 1C and D). In parallel with these findings,
the anti-inflammatory cytokine, IL-10, was significantly reduced by diclofenac in both
stomach and duodenum, an effect that was largely prevented by both omeprazole and
STW 5 mainly in the stomach, albeit to a non-statistically significant extent in the
duodenum (Figure 1E and F).
With respect to HO-1, an anti-oxidant as well as anti-inflammatory enzyme,
diclofenac was shown to induce a marked drop in its gastric and duodenal level.
Omeprazole was effective in preventing the changes in both tissues, whereas STW 5
was effective only in ameliorating the diclofenac-induced reduction in the duodenum
(Figure 1G and H). The levels of the apoptotic regulator, Bcl2 were suppressed by
more than half by diclofenac in both the stomach and duodenum, an effect which
tended to be prevented by treatment with either omeprazole or STW 5 almost to the
same extent. (Figure 1I and J).

Histopathological examination
Stomach: The stomach of control untreated rats showed a normal histological
structure of gastric mucosa, submucosa and muscularis layers (Figure 2A). On the
other hand, stomach of rats treated with diclofenac showed severe histopathological
alterations evidenced as multiple focal necrosis of gastric mucosa associated with
mononuclear cells infiltration as well as submucosal edema and inflammatory cell
infiltration (Figure 2B). Some sections also showed cystic dilatation of the gastric
glands. However, the stomach of rats treated with diclofenac/omeprazole showed
only mild submucosal edema associated with mononuclear cell infiltration and
congested submucosal blood vessel (Figure 2C). A further improvement of the picture
was shown in the stomachs of rats treated with diclofenac/STW 5, where only a few
sections showed mild submucosal edema with some inflammatory cell infiltration
and congested submucosal blood vessels, but most sections showed no
histopathological alterations whatsoever (Figure 2D).
Duodenum: The duodenum of control untreated rats showed a normal histological
structure of the villi, crypts and muscularis layer (Figure 3A). However, the
duodenum of rats treated with diclofenac showed focal mucosal necrosis associated
with focal inflammatory cell infiltration and edema in the lamina propria, congested
mucosal blood vessel and activation of the glands (Figure 3B). A marked amelioration
of the histological picture was seen after combining diclofenac with either omeprazole
or STW 5. Thus, sections from rats treated with diclofenac/omeprazole showed only
mild changes in the lamina propria exhibited as a few inflammatory cell infiltration,
slight activation of the glands and slight congestion of blood vessels (Figure 3C) while
sections from rats treated with diclofenac/STW 5 showed hardly any
histopathological alterations (Figure 3D). The ODS of the lesions in the stomach and
duodenum is represented in Figure 4, where it becomes evident that STW 5 was
superior to omeprazole in preventing the histological damage induced by diclofenac
in both tissues.
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Figure 1

Figure 1 Changes in interleukin 1β, tumor necrosis factor-α, interleukin 10, heme oxygenase-1, and B-cell
lymphoma 2 concentration in gastro-intestinal lesions induced by diclofenac in rats after treatment with
omeprazole (20 mg/kg) or STW 5 (5 mL/kg). A: Changes in interleukin 1β concentration in gastric lesions; B:
Changes in interleukin 1β concentration in duodenal lesions; C: Changes in tumor necrosis factor-α concentration in
gastric lesions; D: Changes in tumor necrosis factor-α concentration in duodenal lesions; E: Changes in interleukin 10
concentration in gastric lesions; F: Changes in interleukin 10 concentration in duodenal lesions; G: Changes in heme
oxygenase-1 concentration in gastric lesions; H: Changes in heme oxygenase-1 concentration in duodenal lesions; I:
Changes in B-cell lymphoma 2 concentration in gastric lesions; J: Changes in B-cell lymphoma 2 concentration in
duodenal lesions. Data are expressed as means ± SD. The significance of the difference between means was tested
by ANOVA followed by Tukey Kramer multiple comparisons test. aP < 0.05 vs normal; bP < 0.01 vs diclofenac-treated
group, n = 7. IL-1β: Interleukin 1β; IL-10: Interleukin 10; TNF-α: Tumor necrosis factor-α; HO-1: Heme oxygenase-1;
Bcl2: B-cell lymphoma 2.
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Figure 2

Figure 2 Histopathological changes in rat stomach. A: Untreated controls showing a normal histological structure of gastric layers (mucosa, submucosa and
musculosa); B: Diclofenac treated rats, showing multiple focal necrosis of gastric mucosa associated with mononuclear cell infiltration (black arrows), sub-mucosal
edema and inflammatory cells infiltration (yellow arrow); C: Diclofenac together with omeprazole treated rats, showing sub-mucosal edema (black arrow) and
congested sub-mucosal blood vessel (yellow arrow); D: Diclofenac together with STW 5 treated rats showing no histopathological alterations.

DISCUSSION
The fact that the frequent use of NSAIDs, including diclofenac, is prone to induce GI
lesions has been well documented [17] . In alignment with earlier reports, the
administration of diclofenac in the given dose over several days resulted in changes in
histological as well as associated biochemical parameters in both the stomach and
duodenum. The histological changes were evidenced as gastric and duodenal mucosal
necrosis, blood vessel congestion and edema as well as inflammatory cells infiltration
into lamina propria and submucosa. Similar findings were reported by Devi et al[18].
The GI histological changes were also reflected on the biochemical findings, where
diclofenac induced a marked rise in the gastric and duodenal contents of IL-1β and
TNF-α, while reducing that of IL-10, indicating a disturbed balance between proinflammatory and anti-inflammatory cytokines. The role of these cytokines in the
inflammatory process is well established. Thus, TNF-α besides contributing towards
the induction of neutrophils to the inflamed mucosa[19], activates the transcription
factor, NF-κB, thereby helping to up-regulate many genes involved in inflammatory
and immune responses[20]. The other pro-inflammatory cytokine, IL-1β, enhances the
production of other pro-inflammatory cytokines in the gut and contributes towards
the expression of adhesion molecules on the endothelium[21]. Among the different cells
producing the anti-inflammatory cytokine, IL-10, are the regulatory B and T cells
which are also involved in inflammation[22]. HO-1 (also designated as heat shock
protein-32) is constitutively found in the GI mucosa and becomes up-regulated during
inflammation [23] . It inhibits oxidative damage and reduces inflammatory events
induced by inflammatory cytokines[24].
In order to reduce the risk of GI injury induced by NSAIDs, adjuvant therapy has
been advocated. Towards this end, PPIs have been reported to be very effective.
Omeprazole has been effectively used in patients taking NSAIDs in order to heal and
prevent recurrence of gastroduodenal injury[25,26]. In support of this, the present study
showed its good protective effect against the diclofenac-induced gastroduodenal
lesions with marked improvement in the gastric and duodenal levels of the measured
cytokines, antiapoptotic protein as well as HO-1 content. Nevertheless, there is some
controversy in the literature in this respect. Some authors could not confirm that the
drug is able to heal adequately the diclofenac induced GI lesions[3].
The present study also showed that STW 5 had a better protective effect than
omeprazole against the histological changes induced by diclofenac, as evidenced by a
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Figure 3

Figure 3 Histopathological changes in rat duodenum. A: Untreated controls showing a normal histological structure of villi, crypts and muscularis layer; B:
Diclofenac treated rats showing focal mucosal necrosis (black arrow) associated with focal inflammatory cells infiltration in lamina propria (yellow arrow); C: Diclofenac
together with omeprazole treated rats showing congestion of blood vessels in the lamina propria (black arrows); D: Diclofenac together with STW 5 treated rats
showing no histopathological alterations.

reduction in the diclofenac-induced gastro-duodenal mucosal necrosis, blood vessel
congestion, leukocytic infiltration, and edema. The superiority of STW 5 over
omeprazole was previously reported in another experimental model of GI disorders,
namely reflux esophagitis [9] , where the associated changes in the biochemical
parameters were also significantly reduced or prevented.
The histological protective effect of STW 5 was associated with a reduction of the
level of the pro-inflammatory cytokines, TNF-α and IL-1β, while increasing that of IL10. The herbal preparation was previously shown to have a dose-dependent
inhibitory effect on TNF-α and/or IL-1β both in vitro[27] and in vivo using rat models of
reflux esophagitis[9] and colitis11. Furthermore, STW 5 was reported to have antiulcerogenic and mucosal protective effects against indomethacin-induced gastric
ulcers in rats [10] . STW 5 has been reported to be clinically effective in functional
dyspepsia and irritable bowel syndrome[5], conditions that are often associated with
inflammatory processes. The fact that STW 5 reduces the level of pro-inflammatory
cytokines may at least partly be explained by its potential to inhibit the translocation
of nuclear factor-kappa B, which plays an important role in regulating proinflammatory gene transcription[28]. This reasoning is further supported by the work
of Bertalot et al[29] who showed that activation of Wnt pathway by STW 5 in a zebra
fish model has a negative impact on NF-κB signaling in enteric epithelial cells and on
the enteric nervous system in general.
The relevance of gastric and/or duodenal HO-1 inflammatory lesions of these
tissues is controversial in the literature. The intensity of colitis induced by dextran
sulfate sodium was found to be associated with a decreased expression of HO-1[30]
while an increased expression was shown in many GI inflammatory conditions,
including gastric ulcers[31], colitis[32] and radiation enteritis[33]. In the present study,
diclofenac led to a marked decline in the gastric and duodenal HO-1 contents, an
effect which was largely prevented by omeprazole. STW 5, however, was mainly
effective in the duodenum. Induction of HO-1 was previously reported to have a good
protective effect against NSAIDs-induced gastric ulcers. It reduced gastric
inflammation, tissue neutrophil activation, and pro-inflammatory cytokine expression
caused by indomethacin[34].
Since many of the observed histological changes involve apoptotic mechanisms,
and since the Bcl2 family of proteins are critical regulators of the mitochondrial
pathway of apoptosis, it was important to study the involvement of Bcl2 in our
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Figure 4

Figure 4 Changes in overall damage score in gastro-intestinal lesions induced by diclofenac in rats after treatment with omeprazole (20 mg/kg) or STW 5
(5 mL/kg). A: Gastric lesions; B: Duodenal lesions. Data are expressed as box plots of the median of six animals. aP < 0.05 vs normal; bP < 0.01 vs diclofenac-treated
group.

experiments. Diclofenac led to a marked decline in the gastric and duodenal Bcl2
contents, thereby enhancing the apoptotic mechanisms. The effect was largely
prevented to the same extent by both STW 5 omeprazole, pointing to their similar
anti-apoptotic activity. The anti-apoptotic property of STW 5 was previously reported
in detail by Khayyal et al[15].
Collectively, the present findings show that both STW 5 and omeprazole are
effective nearly to the same extent in preventing the changes in biochemical
parameters associated with the inflammatory response in both the stomach and
duodenum of diclofenac treated rats. However, STW 5 was more effective than
omeprazole in preventing the histological changes induced by the NSAID,
particularly in the duodenum. Furthermore, the study provides pharmacological
evidence underlying the clinical usefulness of STW 5 in patients suffering from
diclofenac and other NSAID induced gastro-intestinal disorders in placebo-controlled
clinical trials[6]. The findings further support more recent clinical and pre-clinical
studies showing the efficacy and good tolerability of the herbal preparation[35]. STW 5
may thus represent an effective and safe adjuvant therapy for use in patients taking
NSAIDs to guard against the possible occurrence of gastro-duodenal lesions.

ARTICLE HIGHLIGHTS
Research background
Nonsteroidal anti-inflammatory drugs (NSAIDs), like diclofenac, are prone to induce gastroduodenal injury on prolonged use, a fact that compromises their clinical usefulness. Continued
efforts are being exerted to find agents that could be given alongside the NSAIDs to guard
against such injury.

Research motivation
Whereas proton pump inhibitors (PPIs), like omeprazole, are often used to protect against such
injury, they are not always effective in protecting against both gastric and duodenal lesions.
Moreover, they often exert side effects on their own. Accordingly, the search continues to find
agents, such as natural products, that could be safer than PPIs and prove effective against both
gastric and duodenal lesions induced by NSAIDs. The herbal preparation, STW 5, has been the
focus of our studies for many years, particularly in the field of gastro-intestinal ailments. The
preparation has proved to be clinically effective in functional dyspepsia and irritable bowel
syndrome, as well as experimentally effective against gastric ulcers, ulcerative colitis, and other
gastro-intestinal disorders. STW 5 has a wide safety profile. We were therefore highly motivated
to test its efficacy in protecting against the gastro-duodenal lesions induced by diclofenac, as an
example of a widely used NSAID.

Research objectives
It was important not only to show the efficacy of the herbal preparation in protecting against
diclofenac induced lesions, but also to compare its efficacy with that of omeprazole, as an
example of a widely used PPI. This would then lead to its clinical trial and possible application
as adjuvant therapy for patients who may be sensitive to the use of NSAIDs. STW 5 could then
become a valuable and much safer substitute for PPIs.

Research methods
To achieve these aims experiments were designed to induce gastro-duodenal lesions in rats by
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feeding them orally with diclofenac for 6 d. The rats were allocated into groups, some receiving
concomitantly omeprazole, and others receiving STW 5. At the end of the experimental period,
the animals were sacrificed, samples of blood were taken to determine levels of relevant
mediators of inflammation, oxidative stress, and apoptosis using ELISA techniques. Sections of
gastric and duodenal tissue were prepared for histological examination. All the chosen
parameters were considered relevant to the study in question.

Research results
Diclofenac led to marked histological changes in both the stomach and duodenum, associated
with significant changes in inflammatory cytokines (tumor necrosis factor α, interleukins-1β and
10), in the oxidative stress enzyme, heme oxygenase 1, and in the apoptotic regulator, B-cell
lymphoma 2. Both omeprazole and STW 5 in the given doses were comparable in their effects in
counteracting the changes in all the biochemical parameters, but STW 5 was much more effective
in preventing the histological changes in both the stomach and duodenum. The present results
lend further support to the beneficial use of STW 5 in gastro-intestinal disorders. It would be of
value to extend the study to other NSAIDs and to further prolong the administration of the
NSAID for more than one week. In the present study, giving diclofenac for longer than 6 d led to
animal mortality.

Research conclusions
STW 5 may offer a much safer alternative to PPIs to help protect the stomach and duodenum
from damage in patients under prolonged treatment with NSAIDs. The good clinical tolerability
of the herbal preparation which has already been well established in functional dyspepsia and
irritable bowel syndrome may pave the way to introducing it in preliminary clinical trials as
adjuvant therapy in patients undergoing therapy with NSAIDs.

Research perspectives
The study is a good example of developing new therapeutic indications for drugs already
established on the market, based on well-designed experiments to show their potential efficacy
in a new domain. The results obtained warrant further investigations and placebo-controlled
studies before being clinically introduced as adjuvant therapy in patients under treatment with
drugs that could potentially injure the gastro-intestinal tract.
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The use of methyl-tertiary butyl ether (MTBE) to dissolve gallstones has been
limited due to concerns over its toxicity and the widespread recognition of the
safety of laparoscopic cholecystectomy. The adverse effects of MTBE are largely
attributed to its low boiling point, resulting in a tendency to evaporate. Therefore,
if there is a material with a higher boiling point and similar or higher
dissolubility than MTBE, it is expected to be an attractive alternative to MTBE.
AIM
To determine whether tert-amyl ethyl ether (TAEE), an MTBE analogue with a
relatively higher boiling point (102 °C), could be used as an alternative to MTBE
in terms of gallstone dissolubility and toxicity.
METHODS
The in vitro dissolubility of MTBE and TAEE was determined by measuring the
dry weights of human gallstones at predetermined time intervals after placing
them in glass containers with either of the two solvents. The in vivo dissolubility
was determined by comparing the weights of solvent-treated gallstones and
control (dimethyl sulfoxide)-treated gallstones, after the direct infusion of each
solvent into the gallbladder in both hamster models with cholesterol and
pigmented gallstones.
RESULTS
The in vitro results demonstrated a 24 h TAEE-dissolubility of 76.7%, 56.5% and
38.75% for cholesterol, mixed, and pigmented gallstones, respectively, which
represented a 1.2-, 1.4-, and 1.3-fold increase in dissolubility compared to that of
MTBE. In the in vitro experiment, the 24 h-dissolubility of TAEE was 71.7% and
63.0% for cholesterol and pigmented gallstones, respectively, which represented a
1.4- and 1.9-fold increase in dissolubility compared to that of MTBE. In addition,
the results of the cell viability assay and western blot analysis indicated that
TAEE had a lower toxicity towards gallbladder epithelial cells than MTBE.
CONCLUSION
We demonstrated that TAEE has higher gallstone dissolubility properties and
safety than those of MTBE. As such, TAEE could present an attractive alternative
to MTBE if our findings regarding its efficacy and safety can be consistently
reproduced in further subclinical and clinical studies.
Key words: Tert-amyl ethyl ether; Gallstones; Methyl-tert-butyl ether; Contact litholytic
agent
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We developed a novel gallstone-dissolving agent, named tert-amyl ethyl ether
(TAEE), a methyl-tertiary butyl ether (MTBE) analogue, with a relatively higher boiling
point (102 °C). The in vitro results demonstrated a 24 h TAEE-dissolubility of 76.7%,
56.5% and 38.75% for cholesterol, mixed, and pigmented gallstones, respectively, which
represented a 1.2-, 1.4-, and 1.3-fold increase in dissolubility compared to that of MTBE.
In the in vivo experiment, TAEE showed a 1.4- and 1.9-fold higher dissolubility for
cholesterol and pigmented gallstones than MTBE. As such, TAEE could present an
attractive alternative to MTBE if further clinical studies validate its efficacy and safety.
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Gallstone disease, or cholelithiasis, is a highly prevalent disease, particularly in
developed countries. In the United States, adults with gallstones are estimated to
account for over 14% of the population[1]. Presently, the definitive treatment modality
for symptomatic cholelithiasis is a laparoscopic cholecystectomy. The prevalence of
gallstones is significantly higher in the older population; it is estimated that
approximately 30% of women develop gallstones by the age of 65 years, and 60% of
both men and women develop gallstones by the age of 80 years[2]. Elderly patients also
have a higher probability of having comorbid medical conditions that could
complicate the use of general anesthesia for surgery. Moreover, some patients prefer
nonsurgical options. To cope with these situations, investigators have developed
various contact litholytic agents (CLAs) that cause chemical dissolution of gallstones
by direct contact after entering the gallbladder through the percutaneous transhepatic
route.
Methyl tert-butyl ether (MTBE) has been the first choice of CLA ever since its
introduction in 1985[3-7]. A large survey in Europe, comprised of 803 patients from 21
institutions, investigated the effectiveness and side effects of MTBE [ 5 ] . The
dissolubility of MTBE was 95.1%, and 43.1% of patients had post-treatment biliary
sludge. The most severe complication was bile leakage, which had been related with
the procedure. The stone recurrence rate was about 40% in solitary stones and about
70% in multiple stones over five years. MTBE has structural similarity with a
representative anesthetic agent, diethyl ether. It, thus, has a relatively low boiling
point (55 °C) and a higher evaporation rate, which could lead to the development of
various side effects, including nausea, upper abdominal pain, duodenitis, mild-tomoderate anesthesia, and hemolysis[8-17].
To overcome the toxicities of MTBE, we attempted to discover a novel CLA that has
the higher, or at least similar, gallstone-dissolubility than MTBE while maintaining
lesser toxicity. We discovered tert-amyl ethyl ether (TAEE) in the process of
investigating numerous MTBE's analogues. TAEE has high boiling point of 102 °C
that is higher than water and nearly twice as high as MTBE. Unlike the MTBE, TAEE
also has a high molecular weight of 116.2 g/mol, but its density is like that of MTBE
(0.76 g/mL). We think that these characteristics of TAEE could collectively enhance
gallstone dissolubility, while maintaining lesser toxicity. In this study, our aim was to
determine whether TAEE could be used as an alternative to MTBE by comparing the
gallstone dissolubility and toxicity of these two compounds.

MATERIALS AND METHODS
Chemicals and reagents
MTBE was obtained from Sigma-Aldrich (St Louis, MO, United States). TAEE was
produced in the Korea Research Institute of Chemical Technology (KRICT, Daejeon,
South Korea)

Determination of in vitro gallstone dissolubility
Gallstones were collected after cholecystectomy performed in Seoul St. Mary’s
hospital. The study was approved by the Ethics Committee of Seoul St Mary’s
hospital, the Catholic University of Korea (IRB code: KC18TESI0103). After being airdried, weighed, and preserved in saline, the gallstones were matched for size, weight,
and shape. Subsequently, the three types of gallstones were placed in separate glass
containers, and 10 mL aliquots of MTBE or TAEE were added to the containers,
respectively. The aliquots were aspirated and replaced every hour. The glass
containers were gently stirred at 50 rpm on the reactor (VS-8480SF; Vision Co.,
Daejeon, Republic of Korea) at 37 °C for 24 h. Gallstone dissolubility was determined
by measuring the dry weights of the gallstones at the determined intervals (4, 8, and
24 h).

Determination of in vivo gallstone dissolubility
For in vivo validation of each solvent, we used 7-wk-old female Syrian golden
hamsters (Mesocricetus auratus, Harlan Sprague Dawley Indianapolis, IN, United
States). This animal study was approved by the Institutional Animal Care and Use
Committee of the Clinical Research Institute at Daejeon St. Mary’s Hospital at the
Catholic University of Korea (IRB No. CMCDJ-AP-2016-004). Hamsters were
subdivided into three groups; control (n = 10), CG (hamsters with cholesterol
gallstones, n = 17), and PG (hamsters with pigmented gallstones, n = 17) groups.
Hamsters in each group were fed a different diet for 4 mo: Control group were fed a
normal diet, CG group were fed a general rodent diet with 0.5% cholesterol, and PG
group were fed a diet rich in carbohydrates, respectively. After 4 mo of diet, the
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hamsters with gallstones were selected for the subsequent experiments using
abdominal ultrasonography. After laparotomy under general anesthesia, the
gallbladder was identified, and the bile in the gallbladder was completely aspirated
using a 30-gauge syringe. Subsequently, the gallbladder was cautiously filled with a
volume (0.1 mL) of dimethyl sulfoxide (DMSO), MTBE, and TAEE, respectively. After
24 h, gallstone dissolubility of each solvent was determined by comparing the weights
of solvent-treated gallstones and control (DMSO)-treated gallstones.

Statistical analysis
All data were presented as mean ± standard deviation (SD), and analyzed with SPSS
11.0 software (SPSS Inc., Chicago, IL, United Statae). Statistical comparisons between
the groups were determined using the Kruskal–Wallis test followed by Dunnett’s test
as the post hoc analysis. P < 0.05 was considered statistically signiﬁcant.

Supplementary materials and methods
Additional and more detailed information regarding the experimental procedures are
fully described in the Supplementary Materials and Methods.

RESULTS
Classification of gallstones according to cholesterol content
Figure 1A summarizes the comparisons between MTBE and TAEE in terms of their
structure and basic characteristics. We first performed thermogravimetric analysis for
determining the stability of each solvent according to temperature. In MTBE, we fail
to attain TGA data of MTBE, because there was no analytical residue of MTBE due to
its high volatility (Figure 1B, Left). However, TAEE was found to be vaporized slowly
as the temperature increased (Figure 1B, Right).
We next classified the gallstones for the purpose of determining the dissolubility of
solvents with respect to the subtypes of gallstones. Gallstones were classified into
cholesterol, mixed, and pigmented stones according to the cholesterol content (≥ 70%,
70%-30%, and < 30%), respectively [18] . The cholesterol contents of our tested
cholesterol, mixed, and pigmented gallstones were 83.0 ± 3.3%, 63.3 ± 4.3%, 23.4 ±
3.9%, respectively (Figure 2). Besides, mixed and pigmented gallstones were found to
have significantly higher concentrations of calcium and phosphate compared with
cholesterol gallstones.

Determination of in vitro gallstone dissolubility of each solvent
To determine the in vitro dissolubility, we compared the dry weights of human
gallstones at three time-points (4, 8, and 24 h) following being directly treated with
each solvent. The dissolubility of gallstones was measured as the difference in the
weights of gallstones before and after treatment at determined time intervals. It was
revealed that TAEE dissolubility was significantly higher than MTBE dissolubility at
the all time-points in the all subtypes of gallstones (P < 0.05) (Figure 3A-C). Also,
TAEE did not only have relatively higher dissolubility for cholesterol gallstone, but
also had for mixed and pigmented gallstones than MTBE. Whereas MTBE was found
to have 61.0%, 39.0% and 28.2% 24h-dissolubility for each subtype of gallstones
(cholesterol, mixed, and pigmented stones), TIME exhibited 76.7%, 56.5% and 38.7%
24h-dissolubility, respectively (all P values < 0.05).

Determination of in vivo gallstone dissolubility of each solvent
We generated the hamster models with cholesterol gallstones and pigmented
gallstones using diet protocols for 3 mo, respectively, as described earlier[19]. During
the period of feeding, the hamsters of each group exhibited consistent rises in body
weights (Figure 4A). At the end of the feeding period, the serum level of total
cholesterol was significantly higher in the hamsters with cholesterol gallstones than in
those with pigmented gallstones (Figure 4B). Gallstones were found in 88% (15/17) in
the hamsters with cholesterol gallstones (CG group), and 82% (14/17) in the hamsters
with pigmented gallstones (PG group) (Figure 4C).
After laparotomy under general anesthesia, we directly infused DMSO (n = 4),
MTBE (n =4), and TAEE (n = 7), respectively, into the gallbladder of the hamsters with
cholesterol stones, respectively. Likewise, we infused DMSO (n = 4), MTBE (n = 4),
and TAEE (n = 6), respectively, into the gallbladder of the hamsters with pigmented
stones, respectively. DMSO was used as the control material. Thereafter, we measured
the dissolubility of each solvent by comparing the weights of the residual gallstones at
24 h after infusion. TAEE infusion was found to have higher 24 h-dissolubility than
MTBE infusion in both CG (76.7% vs 61.0%, P < 0.05) and PG (38.7% vs 28.2%, P <
0.05) groups (Figure 4D).
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Figure 1

Figure 1 Comparison of characteristics and thermogravimetric analysis between methyl tertiary-butyl ether and tert-amyl ethyl ether. A: Comparison of
basic chemical characteristics between methyl tertiary-butyl ether (MTBE) and tert-amyl ethyl ether (TAEE); B: Thermogravimetric analysis of MTBE and TAEE for the
determination of thermal stability of each solvent. TGA of MTBE could not be measured because it quickly vaporized in the chamber due to the low boiling point (Left).
By contrast, TAEE was found to be vaporized slowly as the temperature increased (Right). MTBE: Methyl tertiary-butyl ether; TAEE: Tert-amyl ethyl ether.

Comparing in vivo toxicity of MTBE and TAEE
For determining the direct tissue toxicity of MTBE and TAEE, we performed
immunohistochemistry (IHC) using the gallbladder specimens obtained from the
hamsters treated with each solvent, respectively. We selected cleaved caspase-3 (a
pro-apoptotic marker) as the IHC panel. In both hamsters with cholesterol and
pigmented stones, TAEE infusion resulted in significantly lower expression of cleaved
caspase-3 than did MTBE infusion (P < 0.05), suggesting a lower toxicity of TAEE
compared with MTBE (Figure 5A).
Subsequently, for determining the toxic effects of MTBE and TAEE on the liver and
kidney, we compared the histological findings of the liver and kidney specimens that
had been attained from the hamsters at 24 h after infusion of each solvent into the
gallbladder. The degree of injury of the liver and kidney were calculated as the Suzuki
injury scores and EGTI scores, respectively. Contrasted by MTBE, TAEE was found
not to significantly increase the injuries of these organs (Figure 5B).
Finally, for determining the effects of MTBE and TAEE on the systemic
inflammation, we compared the serum levels of pro-inflammatory cytokines (IL-6 and
TNF-α) by ELISA at 24 h after infusion. In CG group, whereas MTBE significantly
increased the serum levels of these cytokines, TAEE rather decreased the serum levels
of these cytokines (P < 0.05). In PG group, MTBE significantly increased the serum
level of IL-6 (P < 0.05), and TAEE increased it without statistical significance.
However, both treatment groups did not increase the serum levels of TNF-α in PG
group (Figure 5C).

Comprehensive testing of toxicities of MTBE and TAEE
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Figure 2

Figure 2 The types of gallstones and the compositions of gallstones of each type. Top: Representative cross-sectional appearances of cholesterol, mixed, and
pigmented gallstones; Middle: The percentage (%) of cholesterol and the sum of the other components in the subtypes of gallstone; Bottom: The components
comprising gallstones, besides cholesterol, in each group.

For determining the direct toxicities of MTBE and TAEE on gallbladder epithelial cells
in vitro, we performed cell viability assay using human gallbladder epithelial cells
(hGBECs) (Figure 6A). Cell viability assay showed that, overall, TAEE induced lesser
significant reduction of the viability of hGBECs than did MTBE at the tested
concentrations. Next, we investigated the effects of TAEE on the expression of the
markers reflecting cell proliferation (PCNA) and anti-apoptosis (Mcl-1) in hGBECs
(Figure 6B). Western blot analysis revealed that with rising TAEE concentrations,
PCNA exhibited the tendency of progressively increasing, and Mcl-1 was exhibited
the tendency of progressively decreasing after an initial increase.
To further determine the in vitro toxicities of MTBE and TAEE, we performed cell
viability assay using several cells, including L929 cells, Vero cells, cells, NIH3T3, and
CHI-K1 cells (Figure 6C). We found that both solvents generally did not significantly
decrease cell viability of these cells, at least up to 1000 μmol/L concentration of the
solvents.
Next, we intended to determine the in vivo acute toxicity resulting from a single
exposure of each solvent. We monitored the body weight changes, mortality, and
general behaviors of the mice during 14 d after oral administration of each solvent
with higher concentration (2000 mg/kg). Whereas MTBE-treated mice showed 21.4%
(3/14) of mortality, all of which were happened within first 24 h, TAEE-treated mice
did not show any mortality. TAEE-treated mice were slightly underweight during the
first 3 d and recovered thereafter. MTBE-treated mice showed prominent restlessness
than vehicle controls on day 1, and thereafter, showed abnormal behaviors including
tremors, ataxia, and wheezing for additional 2 d and progressively recovered
thereafter. Although no mortality happened, TAEE-treated mice exhibited similar
abnormal behavioral patterns as MTBE-treated mice for initial three days (Figure 6D).
Finally, we performed zebrafish locomotion test for the determination of the effects
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Figure 3 In vitro validation of gallstone dissolubility of each solvent. A: Dissolubility exerted by each solvent for the cholesterol gallstones. Representative
pictures of the residual cholesterol gallstones at 0 h, 4 h, 8 h, and 24 h after treatment (Left). Time-response graph demonstrating the dissolution of cholesterol
gallstones. Tert-amyl ethyl ether (TAEE) dissolved the cholesterol gallstones significantly better than methyl tertiary-butyl ether (MTBE) after 4 h, 8 h, and 24 h (P <
0.05) (Right); B: Dissolubility exerted by each solvent for the mixed gallstones. Representative pictures of the residual mixed gallstones at 0 h, 4 h, 8 h, and 24 h after
treatment (Left). Time-response graph demonstrating the dissolution of mixed gallstones. TAEE dissolved the mixed gallstones significantly better than MTBE after 4
h, 8 h, and 24 h (P < 0.05) (Right); C: Dissolubility exerted by each solvent for the pigmented gallstones. Representative pictures of the residual pigmented gallstones
at 0 h, 4 h, 8 h, and 24 h after treatment (Left). Time-response graph demonstrating the dissolution of pigmented gallstones. TAEE dissolved the pigmented gallstones
significantly better than MTBE after 4 h, 8 h, and 24 h (P < 0.05) (Right). Values are presented as mean ± standard deviation of three independent experiments. aP <
0.05 between MTBE and TAEE. MTBE: Methyl tert-butyl ether; TAEE: Tert-amyl ethyl ether.

of MTBE and TAEE on the central nervous system (CNS) (Figure 6E). After placing
larval zebrafish in individual wells of a 96-well plate contained with embryonic
medium, locomotor activity of zebrafish was measured over 60 minutes after treating
100 μL of MTBE and TAEE to a final concentration of 1mM, respectively. During the
overall period (60 min), both treatment groups did not significantly increase the
locomotor activity of zebrafish than did control group, suggesting no significantly
harmful effects of MTBE and TAEE on CNS.

DISCUSSION
In this study, we first validated the gallstone-dissolving capacity and toxicity of TAEE
by comparing them with those of MTBE in both in vitro and in vivo models of
cholesterol and pigmented gallstones. In both models, TAEE consistently exhibited a
superior gallstone-dissolubility compared to MTBE. Specifically, in the in vitro
experiment, TAEE showed a 1.2-, 1.4-, and 1.3-fold increase in dissolubility for the
cholesterol, mixed, and pigmented gallstones, respectively, compared to that of
MTBE. In the in vivo experiment, TAEE showed a 1.4- and 1.9-fold increase in
dissolubility for the cholesterol and pigmented gallstones, respectively, compared to
that of MTBE. Moreover, TAEE exhibited a toxicity similar to or lesser than that of
MTBE. We postulated that the lower toxicity of TAEE could be partly attributed to its
comparatively lower boiling point than that of MTBE, which results in less
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Figure 4

Figure 4 In vivo validation of gallstone dissolubility for each solvent. A: Weight changes of hamsters in the cholesterol gallstones (Left) and pigmented
gallstones (Right) groups. During the course of the feeding protocol, the hamsters in each group showed a consistent increase in body weight; B: Comparison of
serum levels of total cholesterol in the hamsters with cholesterol gallstones and pigmented gallstones, respectively; C: Representative operative and ultrasound
pictures demonstrating the development of cholesterol (Left) and pigmented (Right) gallstones in the experimental hamsters following their respective protocol diets.
White circles indicate the gallstones within the gallbladder; D: Determination of in vivo gallstone dissolubility for each solvent. After infusing each solvent into the
gallbladders of hamsters with gallstones for 24 h, the gallstone dissolubility was determined by comparing the weights of residual gallstones in treated hamsters with
those in the control hamsters [treated with dimethyl sulfoxide (DMSO)]. Tert-amyl ethyl ether (TAEE) demonstrated a significantly higher dissolubility than methyl tertbutyl ether (MTBE) in both hamster models of cholesterol (Left) and pigmented (Right) gallstones. The dissolubility for each solvent (MTBE and TAEE) for the
cholesterol gallstones was 61.0% and 76.75%, respectively (P < 0.05), and the dissolubility of each solvent for pigmented gallstones was 32.0% and 47.5%,
respectively. aP < 0.05 comparing between MTBE and TAEE. cP < 0.05 between hamsters with cholesterol gallstones and those with pigmented gallstones. eP < 0.05
vs control (DMSO). DMSO: Dimethyl sulfoxide; MTBE: Methyl tert-butyl ether; TAEE: Tert-amyl ethyl ether.

evaporation. Taken together, our results demonstrated that TAEE has the higher
gallstone-dissolubility and safety compared with that of MTBE. If consistent efficacy
and safety parameters can be reproduced in the further studies, incorporating large
animals and human patients, TAEE is expected to present an attractive alternative to
MTBE.
Currently, MTBE is the most widely used and the only clinically available CLA.
Although MTBE does not exhibit a significant clinical toxicity, researchers have raised
questions regarding the safety of MTBE. MTBE is categorized as a carcinogen,
alongside benzene, vinyl chloride, and 1,3-butadiene, as exposure to doses of MTBE
equal to those of these carcinogens could result in the development of cancers in
several organs and tissues[20]. In particular, the inhalation of MTBE has been found to
lead to a statistically significant increase in kidney tumors and liver tumors in rats[21],
and oral exposure to MTBE was found to increase carcinomas, such as lymphoma,
leukemia, and Leydig cell carcinoma of the testes in rats[22]. After being delivered into
the gallbladder, MTBE is not only absorbed into the duodenum, but can also be
systemically absorbed. Whereas absorption of MTBE into the duodenum can
culminate in nausea, vomiting, or somnolence[8-12,14-17], systemic absorption can lead to
hemolysis and kidney injuries[23].
TAEE has high boiling point of 102 °C that is higher than water and nearly twice as
high as MTBE. Unlike the MTBE, TAEE also has a high molecular weight of 116.2
g/mol, but its density is similar to that of MTBE (0.76 g/mL). We herein
demonstrated that TAEE has the higher gallstone-dissolubility and safety compared
with that of MTBE. We thus think that TAEE fulfills lots of qualifications of being the
ideal solvent for gallstone dissolution.
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Figure 5 Determination of solvent toxicity in the in vivo models of gallstones. A: Cleaved caspase-3 immunohistochemistry of the gallbladder tissues obtained
from the hamsters with cholesterol (Top) and pigmented (Bottom) gallstones at 24 h after the intracystic injection of each solvent. Regarding both cholesterol and
pigmented gallstones, tert-amyl ethyl ether (TAEE) infusion resulted in significantly lower expression of cleaved caspase-3 than did methyl tert-butyl ether (MTBE)
infusion, suggesting a lower toxicity of TAEE compared with MTBE; B: Hematoxylin-eosin stains of the liver and kidney tissues obtained from the hamsters with
cholesterol (Left) and pigmented (Right) gallstones at 24 h after the intracystic injection of each solvent. The degree of injury of the liver and kidney were calculated as
the Suzuki injury scores and EGTI scores, respectively. Whereas MTBE significantly increased the injuries of the liver and kidney, TAEE did not increase the injuries in
both hamster models of cholesterol and pigmented gallstones; C: ELISA results demonstrating the serum levels of pro-inflammatory cytokines, IL-6, and TNF-α in the
hamster models of cholesterol (Left) and pigmented (Right) gallstones at 24 h after the intracystic injection of each solvent. In the hamsters with cholesterol gallstones,
whereas MTBE significantly increased the serum levels of both IL-6 and TNF-α, TAEE rather decreased the serum levels of the cytokines. In the hamsters with
pigmented gallstones, MTBE significantly increased the serum level of IL-6, and TAEE increased it, not significantly. However, both treatment groups did not increase
the serum levels of TNF-α in the hamsters with pigmented gallstones. aP < 0.05 between MTBE and TAEE. eP < 0.05 vs control (dimethyl sulfoxide). aP < 0.05.
DMSO: Dimethyl sulfoxide; MTBE: Methyl tert-butyl ether; TAEE: Tert-amyl ethyl ether.

MTBE is classified into a typical aliphatic ether category with a methyl group and
tertiary butyl group centering on oxygen atoms. MTBE is one of the compounds with
low molecular weight (88.15 g/mol) and has a density of 0.74 g/mL, which is lower
than that of water. Due to its low boiling point (55 °C), when it is used, MTBE is
considerably volatilized as a vapor, provoking detrimental effects not only in patients
but also in medical staffs. Basically, TAEE is an analogue of MTBE. In TAEE structure,
another methyl moiety is added to the carbon of tert-butyl group of MTBE, while
methoxy group of MTBE is substituted with ethoxy group. Although TAEE is an
MTBE analogue, they have quite different chemical characteristics. TAEE has high
boiling point of 102 °C that is higher than water and nearly twice as high as MTBE. In
addition, TAEE also has relatively higher molecular weight of 116.2 g/mol, while
maintaining its density like that of MTBE (0.76 g/mL). We think these differences
might have led to the differences in the dissolubility and toxicities between these two
CCAs. The ideal solvent must be able to dissolve cholesterol gallstones rapidly,
should not cause injury to local tissue, should not have systemic toxicity, and should
be widely available at a high purity[24]. Our results indicate that TAEE could fulfill the
qualifications of the ideal solvent more preferably than MTBE.

WJG

https://www.wjgnet.com

5946

October 21, 2019

Volume 25

Issue 39

You DD et al. Contact litholysis by TAEE
Figure 6

WJG

https://www.wjgnet.com

5947

October 21, 2019

Volume 25

Issue 39

You DD et al. Contact litholysis by TAEE

Figure 6 Validation of gallstone-dissolving compound toxicity in in vitro and in vivo models. A: Cell viability assay showing the effects of each solvent on the
viability of human gallbladder epithelial cells (hGBECs). Overall, tert-amyl ethyl ether (TAEE) induced lesser significant reduction of the viability of hGBECs than did
methyl tert-butyl ether (MTBE) at the tested concentrations; B: Western blot analysis showing the effects of TAEE on the expression of PCNA (a proliferation marker)
and myeloid cell leukemia 1 (Mcl-1, an anti-apoptosis marker) (Left). Relative density of each group (Right). With an increasing concentration of TAEE, PCNA tended
to increase progressively, and Mcl-1 tended to decrease progressively, after an initial increase; C: In vitro cytotoxicity of each solvent in Vero, L929, NIH3T3, and CHIK1 cells. The viability of these cells did not change considerably with the concentration of MTBE or TAEE (0–1000 μM) over 24 h; D: Survival rate patterns (Left) and
body weight changes (Right) after oral administration of high-dose (2000 mg/kg) of each solvent. Whereas MTBE-treated mice (n = 14) showed 21.4% (3/14) of
mortality, all of which were happened within first 24 h, TAEE-treated mice (n = 14) did not show any mortality. TAEE-treated mice were found slightly underweight
during the first 3 d and, subsequently, recovered thereafter; E: The effect of each solvent on locomotor activity of larval zebrafish. To determine the central nervous
system (CNS) toxicity of each solvent, we tracked the locomotion of larval zebrafish after treatment with 1 mM MTBE and 1 mM TAEE, respectively, over 60 min. The
locomotor activity was normalized against dimethyl sulfoxide (DMSO) as a control and presented as a percentage. During the first 6 min after treatment, TAEE did not
affect the locomotor activity of zebrafish, while MTBE significantly increased it (eP < 0.05) (Right). The overall locomotor activity during 60 min. During the overall
period, both treatment groups did not significantly increase the locomotor activity of zebrafish than did control group, suggesting no significantly harmful effects of
MTBE and TAEE on CNS (Left). Values are presented as mean ± standard deviation of three independent experiments. aP < 0.05 between MTBE and TAEE. eP <
0.05 vs control (DMSO). gP < 0.05 vs control concentration (in MTBE), iP < 0.05 vs control concentration (in TAEE). PCNA: Proliferation cell nuclear antigen; MTBE:
Methyl tert-butyl ether; TAEE: Tert-amyl ethyl ether.

Recently, the use of CLAs has fallen out of favor due to the recognition of an
acceptable risk-benefit profile of laparoscopic cholecystectomy by both physicians and
patients. However, we believe that CLAs could be considered in the selected patients
with gallstones, if their effectiveness and safety are firmly established. Asymptomatic
cholelithiasis accounts for 50%-70% of the total cholelithiasis population[2]. Later,
approximately 10%-25% of asymptomatic cholelithiasis patients ultimately progress to
symptomatic cholelithiasis[2]. Generally, patients with asymptomatic cholelithiasis do
not require surgical intervention, except for in two reasons; suspicion of malignancy
and increased risk of progression from asymptomatic to symptomatic disease. We
believe that CLAs could reasonably replace operative intervention in patients with
asymptomatic cholelithiasis of the latter reason of operative indication, which
includes gallstones over 2 cm in diameter and calculi under 3 mm, as well as patent
cystic ducts in patients with a life expectancy of more than 20 years[2].
In developed countries, most gallstones predominantly consist of cholesterol (>
85%)[25,26]. Fundamentally, MTBE and TAEE are solvents for cholesterol gallstones, not
for pigmented gallstones. However, we found enhanced disssolubility of TAEE for
mixed and pigmented gallstones. In our in vitro study, whereas MTBE showed 61.0%,
39.0%, and 28.2% 24 h-dissolubility, TAEE showed 76.7%, 56.5%, and 38.7% 24 hdissolubility for cholesterol, mixed, and pigmented gallstones, respectively.
Moreover, in the in vivo study, MTBE showed 50.0% and 32.0% 24 h-dissolubility,
whereas TAEE showed 71.7% and 63.0% 24 h-dissolubility for cholesterol and
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pigmented gallstones, respectively. As TAEE preferably dissolves cholesterol
gallstones, it is important to determine whether a patient has cholesterol-rich
gallstones or not before carrying out the procedure. Currently, there are numerous
tools that aid in the selection of patients with cholesterol-rich gallstones. Radiological
evaluations, including ultrasound and computed tomography scans, can raise the
predictive value of cholesterol gallstones up to 80%[27]. The predictability could also be
enhanced by analyzing patient characteristics and epidemiology, such as gender,
ethnicity, and body mass index[28].
Although its efficacy and safety have been established, we believe that laparoscopic
cholecystectomy should be the last option for the treatment of patients with
cholelithiasis. All patients undergoing laparoscopic cholecystectomy should be aware
of the morbidity and mortality, albeit minimal, associated with the procedure and the
use of general anesthesia. Despite improvements in the laparoscopic skills of
surgeons, bile duct injuries are more prevalent than injuries following an open
cholecystectomy, with a reported incidence of up to 0.6% for laparoscopic surgery
compared to 0.1% for an open cholecystectomy [29-32] . Moreover, a functioning
gallbladder should be preserved as much as possible, as the gallbladder has crucial
functions, including as a reservoir for stored bile and for the coordinated release of
bile in the small intestine [33] . Finally, several epidemiological studies and metaanalyses have found that a cholecystectomy may be a risk factor for gastrointestinal
cancer [34-38] . In a nationwide Taiwanese cohort study comparing 15545 patients
undergoing cholecystectomy with 62180 frequency-matched non-cholelithiasis
patients, the hazard ratio for developing stomach and colorectal cancer was 1.81-fold
and 1.56-fold higher in patients undergoing cholecystectomy, respectively[39]. Bile salts
can act as carcinogens after persistent exposure due to the mechanisms of
upregulation of reactive oxygen species, the stimulation of apoptosis, the induction of
DNA damage, and resulting mutations[34]. After a cholecystectomy, the cells in the
gastrointestinal tract have a higher probability of exposure to the deleterious effects of
bile acids due to contact with the continuous secretion of biliary fluids, which can
transform these cells into malignant cells[35,36,38,40,41]. Therefore, CLAs are worthwhile
treatment to consider as a means of preserving gallbladder function as much as
possible.
One of the limitations of CLAs is their inability to completely remove all the
components of gallstones. A considerable proportion of the remaining debris,
composed of calcium carbonate and bilirubinate, is insoluble to most CLAs[4]. Most of
the debris do not usually cause any complications, as they readily pass through the
bile ducts. However, debris larger than 3-4 mm can cause problems, and may act as a
nidus for cholesterol recrystallization and gallstone formation[4]. This is thought to be
the reason why there is the high rate of stone recurrence after successful gallstone
dissolution by CLAs, which can be as high as 30%-50% in the 5 years after
treatment[42]. To prevent stone recurrence, Edison et al. have recommended the use of
adjuvant oral bile acid therapy after successful litholysis by CLAs[4]. The preservation
of gallbladder function should be confirmed prior to chemolitholysis, as impaired
gallbladder contractability predisposes the patient to stone recurrence after
chemolitholysis.
In conclusion, our in vitro and in vivo experiments consistently indicated that TAEE,
the derivative of MTBE, causes a similar or higher dissolubility of gallstones as that
caused by MTBE. Specifically, in the in vitro experiment, TAEE showed a 1.2-, 1.4-,
and 1.3-fold increase in dissolubility for the cholesterol, mixed, and pigmented
gallstones, respectively, compared to that of MTBE. In the in vivo experiment, TAEE
showed a 1.4- and 1.9-fold increase in dissolubility for the cholesterol and pigmented
gallstones, respectively, compared to that of MTBE. We also found that TAEE
exhibited a toxicity similar to or lower than that of MTBE. TAEE has a comparatively
lower evaporation rate than MTBE, which is expected to significantly eliminate the
MTBE’s toxicities related with lower boiling point, such as nausea, vomiting, and
somnolence. We, thus, conclude that TAEE could present an attractive alternative to
MTBE if its efficacy and safety can be consistently reproduced in further subclinical
and clinical studies.

ARTICLE HIGHLIGHTS
Research background
Methyl tert-butyl ether (MTBE) has been the first choice of contact litholytic angents ever since
its introduction in 1985. However, the use of MTBE to dissolve gallstones was limited by
concerns about toxicity and widespread awareness of the safety of laparoscopic gallbladder
surgery. MTBE has a relatively low boiling point (55 °C) and a higher evaporation rate, which
could lead to the development of various side effects, including nausea, upper abdominal pain,
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duodenitis, mild-to-moderate anesthesia, and hemolysis

Research motivation
As westernized diets increase, cholelithiasis is increasing. 20%-30% of patients with
asymptomatic gallstones eventually progress to symptomatic gallstones requiring aggressive
treatment. Although laparoscopic cholecystectomy is a safe and efficient treatment for
symptomatic gallstones, the removal of the entire functioning gallbladder has an exaggerated
aspect. These considerations have led us to perform this experiment.

Research objectives
We performed this experiment to determine whether tert-amyl ethyl ether (TAEE), an MTBE
analogue with a relatively higher boiling point (102 °C), could be used as an alternative to MTBE
in terms of gallstone dissolubility and toxicity.

Research methods
To determine the dissolubility of TAEE, we compared the dissolubility of TAEE and MTBE in
both in vitro and in vivo dissolubility tests, using human gallstones and hamster models with
gallstones, respectively. Specifically, the in vitro dissolubility of each solvent was determined by
measuring the dry weights of human gallstones at predetermined time intervals after placing
them in glass containers with either of the two solvents. The in vivo dissolubility was determined
by comparing the weights of solvent-treated gallstones and control (dimethyl sulfoxide)-treated
gallstones, after the direct infusion of each solvent into the gallbladder of the hamsters with
gallstones.

Research results
In both in vitro and in vivo models of gallstones, the TAEE consistently displayed better gallstone
dissolubility than the MTBE. Specifically, in the in vitro experiments, TAEE showed a 1.2-, 1.4and 1.3-fold higher dissolubility potentials for cholesterol, mixed, and pigmented gallstones,
respectively, those of MTBE. In the in vivo tests, TAEE exhibited the 1.4 times and 1.9 times
higher dissolubility potentials for cholesterol and pigment gallstones, respectively, than those of
MTBE. In addition, TAEE had toxicities similar to or lesser than those of MTBE.

Research conclusions
Our results showed that TAEE has the higher gallstone-dissolubility and safety compared with
that of MTBE. It should be noted that MTBE showed significantly higher dissolubility for
pigmented gallstones because there is no efficient dissolving agents for pigmented gallstones so
far. We assume that the low toxicities of TAEE could be considerably attributed to its lower
evaporation causing from a relatively higher boiling point (102 °C) than that of MTBE. If
consistent efficacy and safety parameters can be reproduced in the further studies, incorporating
large animals and human patients, TAEE is expected to present an attractive alternative to
MTBE.

Research perspectives
Currently, MTBE has been used for the purpose of dissolving gallstones worldwide, and its main
indication is the patients who refuse surgery or are at high risk for surgery. However, if more
effective and safe gallstone-dissolving agents are developed in the future, future therapeutic
indications are expected to include the patients with asymptomatic gallstones, for a substantial
proportion of them progress to have symptomatic gallstones.
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Abstract
BACKGROUND
Portal hypertension (PHT) is primarily caused by an increase in resistance to
portal outflow and secondarily by an increase in splanchnic blood flow. Vascular
hyporeactivity both in systemic circulation and in the mesenteric artery plays a
role in the hyperdynamic circulatory syndrome.
AIM
To explore gender differences and the role of endogenous sex hormones in PHT
and vascular reactivity of mesenteric arterioles in rats.
METHODS
Cirrhosis and PHT were established by subcutaneous injection of carbon
tetrachloride (CCl4) in both male and female integral and castrated rats
(ovariectomized [OVX] in female rats, orchiectomy [ORX] in male rats). The
third-order branch of the mensenteric artery was divided and used to measure
vascular reactivity to vasoconstrictors.
RESULTS
No significant difference in portal pressure was observed between integral and
castrated male PHT rats (15.2 ± 2.1 mmHg vs 16.7 ± 2.7 mmHg, P > 0.05). The
portal pressure in integral female PHT rats was lower than that in OVX female
PHT rats (12.7 ± 2.7 mmHg vs 16.5 ± 2.4 mmHg, P < 0.05). In PHT rats, the
concentration response curves of the mesenteric arterioles to norepinephrine
were shifted to the right, and the maximal responses (Emax) values were decreased
and effective concentrations causing half maximum responses (EC50) values were
increased, compared to those of non-PHT rats, both in male and female rats.
Compared to non-PHT integral male rats, the sensitivity of the mesenteric
arterioles of non-PHT ORX male rats to norepinephrine was decreased (P > 0.05).
However, there was no difference between integral and ORX male rats with PHT.
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In integral female PHT rats, the concentration response curves were shifted to the
left (P < 0.05), and the Emax values were increased and EC50 values were decreased
compared to OVX female PHT rats.
CONCLUSION
Clear gender differences were observed in mesenteric vascular reactivity in CCl4induced cirrhotic and PHT rats. Conservation of estrogen can retain the
sensitivity of the mesenteric arterioles to vasoconstrictors and has a protective
effect on splanchnic vascular function in PHT.
Key words: Portal hypertension; Vascular reactivity; Gender; Estrogen; Liver cirrhosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In cirrhosis, extrahepatic vascular hypocontractility leads to splanchnic
vasodilation and decreased splanchnic vascular resistance. In this study, clear gender
differences were observed in mesenteric vascular reactivity in carbon tetrachlorideinduced cirrhotic and portal hypertensive rats. Conservation of estrogen can retain the
sensitivity of mesenteric arterioles to vasoconstrictors and has a protective effect on
splanchnic vascular function in portal hypertension.
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INTRODUCTION
Portal hypertension (PHT) is primarily caused by an increase in resistance to portal
outflow and secondarily by an increase in splanchnic blood flow, which worsens and
maintains the increased portal pressure[1,2]. Vascular hyporeactivity both in systemic
circulation and in the mesenteric artery plays a role in the hyperdynamic circulatory
syndrome[1,2].
Gender differences in the incidence of liver cirrhosis, PHT, and vascular
responsiveness have been demonstrated by some epidemiological and experimental
studies[3-6]. Cirrhotic rats treated with estradiol showed a significant decrease in portal
pressure and a significant increase in hepatic blood flow, consistent with increased
nitric oxide synthase in sinusoidal endothelial cells and inhibited activation of hepatic
stellate cells. However, ICI-182.780 (an estrogen receptor antagonist) completely
inhibits the reduction of portal pressure and elevation of hepatic blood flow [6,7] .
Estradiol inhibits the activation of transcription factors by suppressing reactive
oxygen species generation and mitogen-activated protein kinase pathways, and
inactivates the downstream transcription processes involved in transforming growth
factor-β1 expression and hepatic stellate cell activation. In contrast, progesterone acts
in opposition to the favorable effects of estradiol and its effects are blocked by
estradiol[8]. In male rats with PHT, the phenylephrine concentration–response curves
of aortic rings with and without endothelium are lowered and shifted to the right.
However, PHT does not induce vascular hyporesponsiveness in female rats[3].
The aim of this study was to investigate the influence of endogenous sex hormones
on PHT and hyporeactivity of mesenteric arteries. Therefore, we investigated the
gender difference in PHT and vascular reactivity of mesenteric arterioles by
establishing a carbon tetrachloride (CCl4)-induced PHT model with both male and
female integral and castrated rats.

MATERIALS AND METHODS
Animal studies
Animal maintenance and experimental procedures were performed in accordance
with the guidelines of the Laboratory Animal Care and Use Committee at Shanghai
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Jiao Tong University School of Medicine and were approved by the local Animal
Ethics Committee of Renji Hospital (Shanghai, China).
Forty female (weighing 183 ± 12 g) and forty male (weighing 202 ± 18 g)
Sprague–Dawley rats, obtained from SLAC (Shanghai, China), with an average age of
approximately 8 wk, were housed in a temperature- and humidity-controlled
environment with 12-h light/dark cycles and free access to food and water.
Half of the female rats underwent bilateral ovariectomized (OVX) and the other
half underwent sham operation (SO). Meanwhile, half of the male rats underwent
bilateral orchiectomy (ORX) and the other half underwent SO. At 2 wk after the
primary surgery, the female rats were randomly divided as follows into four groups
of 10 rats each: SO control, OVX control, SO PHT, and OVX PHT. The male rats were
similarly divided into four groups: SO control, ORX control, SO PHT, and ORX PHT.
The PHT groups were subcutaneously injected with 40% CCl4 in peanut oil at a dose
of 0.4 mL/100 g body weight twice weekly, for 12 wk. The control groups were
treated subcutaneously with the same volume of saline.

Hemodynamic measurements
At the end of the 12-wk experimental period, the rats were anesthetized with 1%
sodium pentobarbital (0.4 mL/100 g body weight). A 22 G catheter was introduced
into the portal vein to measure portal pressure after making an incision at the midline
of the abdomen. All parameters were recorded using the SP840 pressure transducer
and a multichannel recorder (Philips, Irvine, CA, United States)[4].

Determination of mesenteric arteriole reactivity to norepinephrine
Following the determination of portal pressure, the mesenteric arteries were removed,
as previously described[4]. Briefly, the third-order arterioles of the mesentery were
carefully dissected, and transferred to a vascular perfusion system[4]. Cumulative
norepinephrine (NE) concentration response curves (10−8 mol/L-10−4 mol/L) were
obtained by increasing the concentration in quarter-log increments[4].

Statistical analysis
Cumulative NE concentration response curves were ﬁtted by a non-linear regression
analysis (GraphPad Software Inc., San Diego, CA, United States). Maximal responses
(Emax) and effective concentrations causing half maximum responses (EC50) were
obtained from the curves. Values are expressed as the means ± standard deviations.
Statistical comparisons were performed using one-way analysis of variance. P < 0.05
was considered significant. All statistical analyses were performed by GraphPad
Software.

RESULTS
Portal pressure in integrated and castrated male and female rats
In male rats, administration of CCl4 induced significant PHT; however, no difference
was found between SO PHT and ORX PHT rats (15.2 ± 2.1 mmHg vs 16.7 ± 2.7 mmHg,
P > 0.05; Figure 1).
In female rats, administration of CCl4 also induced significant PHT; however, the
portal pressure in SO PHT rats was lower than that in OVX PHT rats (12.7 ± 2.7
mmHg vs 16.5 ± 2.4 mmHg, P < 0.05; Figure 2).

Mesenteric arteriole reactivity to NE in male rats
In non-PHT male rats, cumulative NE concentration response curves of mesenteric
arterioles in ORX control rats was shifted to the right compared to that in SO control
rats, with a similar Emax (78.71 ± 4.80% vs 80.95 ± 6.18%, P > 0.05), but a higher EC50
(4.17 ± 2.45 × 10-6 mol/L vs 2.51 ± 0.63 × 10−6 mol/L, P > 0.05), indicating that the
sensitivity of mesenteric arterioles to NE might be slightly decreased because of
castration (Figure 3, Table 1).
In the SO and ORX PHT rats, the concentration response curves were shifted to the
right, with decreased Emax values (56.93 ± 15.33% and 52.76 ± 10.29% vs 78.71 ± 4.80%,
P < 0.05) and increased EC50 values (4.77 ± 2.17 × 10-6 mol/L and 4.31 ± 2.89 × 10-6
mol/L vs 2.51 ± 0.63 × 10-6 mol/L, P > 0.05 and P < 0.05, respectively), compared to
non-PHT integral male rats.
The concentration response curves between SO PHT and ORX PHT male rats
coincided with each other, with similar Emax (56.93 ± 15.33% vs 52.76 ± 10.29%, P >
0.05) and similar EC50 (4.77 ± 2.17 × 10-6 mol/L vs 4.31 ± 2.89 × 10-6 mol/L, P > 0.05).

Mesenteric arteriole reactivity to NE in female rats
In non-PHT female rats, concentration response curves coincided with each other in
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Figure 1

Figure 1 Portal pressure of the four male groups. Administration of CCl4 induced significant increase in portal
pressure; however, no difference was found among SO PHT, and ORX PHT rats (15.2 ± 2.1 vs 16.7 ± 2.7 mmHg, P
> 0.05). aP < 0.05 vs SO control rats; cP < 0.05 vs ORX control rats. PHT: Portal hypertension; SO: Sham operation;
ORX: Orchiectomy.

SO control and OVX control rats, with similar Emax values (77.27 ± 6.37% vs 74.84 ±
5.91%, P > 0.05) and EC50 values (4.22 ± 1.97 × 10-6 mol/L vs 3.50 ± 1.48 × 10-6 mol/L, P
> 0.05, Figure 4, Table 2).
In the SO PHT and OVX PHT rats, the concentration response curves were shifted
to the right, with decreased Emax values (64.71 ± 7.53% and 53.70 ± 10.49% vs 77.27 ±
6.37%, P < 0.05) and increased EC50 values (7.14 ± 7.71 × 10−6 mol/L and 7.78 ± 9.28 ×
10−6 mol/L vs 4.22 ± 1.97 × 10−6 mol/L, P > 0.05), compared to non-PHT integral
female (SO control) rats.
However, the concentration response curve was lowered and shifted to the right in
OVX PHT rats compared to SO PHT rats, with a lower Emax (53.70 ± 10.49% vs 64.71 ±
7.53%, P < 0.05) and higher EC50 (7.78 ± 9.28 × 10-6 mol/L vs 7.14 ± 7.71 × 10-6 mol/L, P
> 0.05).

DISCUSSION
Splanchnic vasodilation is the pathophysiological hallmark in the development of
hyperdynamic circulatory syndrome in liver cirrhosis and PTH[9,10]. This has been
attributed mainly to marked vascular hyporeactivity to endogenous vasoconstrictors.
In cirrhosis, extrahepatic vascular hypocontractility leads to vasodilation and
contributes to PHT[9,10]. The increased portal tributary blood flow is attributable to
decreased splanchnic vascular resistance and consecutive splanchnic vasodilation[11].
This splanchnic vasodilation is mediated by overproduction of vasodilators (such as
nitric oxide [NO]) and by concomitant defects in contractile signaling pathways (such
as RhoA/Rho-kinase signaling pathway)[11].
Previous studies on vascular reactivity mostly used isolated aorta, peripheral
arteries, or mesenteric arteries. However, vascular resistance mainly depends on the
arterioles rather than the aorta, and the physiological mechanisms of regulating
vasoconstriction in arterioles and aortas are not entirely the same[12,13]. The resistance
of the splanchnic arteries in PHT depends mainly on the mesenteric arteries,
especially the pre-capillary resistance vessels (diameter within 260 μm)[14]. In this
study of vascular reactivity, we investigated the change in inner diameter of the third
branches of the mesenteric arteries (diameter~100 μm) under the microamplification
system. By this technique, we evaluated small changes in the blood vessels by
exogeneous vasoconstrictors, which showed good effects in our previous
experiments[15].
Our study showed that ORX decreased the sensitivity to vasoconstrictors of the
mesenteric arterioles of non-PHT male rats, which is consistent with the study of
Rorbert et al [3] , indicating that androgen affects vascular tone in physiological
conditions[16,17]. However, in cirrhotic and PHT rats, androgens had little effect on the
vascular reaction to vasoconstrictors.
In contrast to male rats, OVX had no effect on the vascular reaction to NE in nonPHT female rats. Compared to OVX female PHT rats, the sensitivity of the mesenteric
arterioles to NE in integral female PHT rats was enhanced, indicating that
conservation of estrogen can retain the sensitivity of the mesenteric arterioles to
vasoconstrictors and have a protective effect in splanchnic vascular function in PHT.
Estrogen plays an important role in reducing the portal pressure in cirrhotic rats,
mainly by the modulation of endothelial NO synthase and NO production, oxidative
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Figure 2

Figure 2 Portal pressure of the four female groups. Administration of CCl4 induced significant PHT; however, the
portal pressure in SO PHT rats was lower than that in OVX PHT rats (12.7 ± 2.7 vs 16.5 ± 2.4 mmHg, P < 0.05). aP <
0.05 vs SO control rats; cP < 0.05 vs OVX control rats; eP < 0.05 vs SO PHT rats. PHT: Portal hypertension; SO:
Sham operation; OVX: Ovariectomized.

stress and RhoA/ROCK pathway, either in sinusoidal endothelial cells of cirrhotic
liver or extrahepatic arteries, which could be blocked by ICI-182.780[7,18].
In summary, estrogen can improve hyporeactivity of the splanchnic arteries to
vasoconstrictors, while androgens cannot. Further investigations are required to
explain these differences.
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Table 1 Maximal responses and effective concentrations causing EC50 of mesenteric arterioles to NE in the four male groups
SO control

ORX control

SO PHT

ORX PHT
a

Emax, %

80.95 ± 6.18

78.71 ± 4.8

56.93 ± 15.33

52.76 ± 10.29c

EC50, 10-6 mol/L

2.51 ± 0.63

4.17 ± 2.45

4.77 ± 2.17a

4.31 ± 2.89

a

P < 0.05 vs SO control rats;
P < 0.05 vs SO control rats. PHT: Portal hypertension; SO: Sham operation; ORX: Orchiectomy; Emax: Maximal responses; EC50: Effective concentrations
causing half maximum responses.
c

Table 2 Maximal responses and effective concentrations causing EC50 of mesenteric arterioles to NE in the four female groups

Emax, %
-6

EC50, 10 mol/L

SO control

OVX control

SO PHT

OVX PHT

77.27 ± 6.37

74.84 ± 5.91

64.71 ± 7.53a

53.70 ± 10.49ace

4.22 ± 1.97

3.50 ± 1.48

7.14 ± 7.71

7.78 ± 9.28

a

P < 0.05 vs SO control rats;
P < 0.05 vs OVX control rats;
e
P < 0.05 vs SO PHT rats. PHT: Portal hypertension; SO: Sham operation; OVX: Ovariectomized; Emax: Maximal responses; EC50: Effective concentrations
causing half maximum responses.
c

Figure 3

Figure 3 Concentration response curves of mesenteric arterioles to NE from the four male groups. In non-PHT male rats, cumulative NE concentration
response curve of mesenteric arterioles in ORX control rats was shifted to the right compared to SO control rats. In PHT rats, the concentration response curves were
shifted to the right, compared to those in non-PHT integral male rats. However, there was no difference between SO and ORX male rats with PHT. aP < 0.05 vs SO
control rats; cP < 0.05 vs ORX control rats. PHT: Portal hypertension; SO: Sham operation; ORX: Orchiectomy.
Figure 4

Figure 4 Concentration response curves of mesenteric arterioles to NE from the four female groups. In non-PHT female rats, concentration response curves
coincided with each other in SO control and OVX control rats. In the PHT rats, the concentration response curves were lowered and shifted to the right compared to
SO control rats. However, the concentration response curve was lowered and shifted to the right in OVX PHT rats compared to SO PHT rats. aP < 0.05 vs SO control
rats; cP < 0.05 vs OVX control rats; eP < 0.05 vs SO PHT rats. PHT: Portal hypertension; SO: Sham operation; OVX: Ovariectomized.
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ARTICLE HIGHLIGHTS
Research background
Portal hypertension (PHT) is primarily caused by an increase in resistance to portal outflow and
secondarily by an increase in splanchnic blood flow. Vascular hyporeactivity both in systemic
circulation and in the mesenteric artery plays a role in the hyperdynamic circulatory syndrome.
Gender differences in the incidence of liver cirrhosis, PHT and vascular responsiveness have
been demonstrated by some epidemiological and experimental studies. Cirrhotic rats treated
with estradiol showed a significant decrease in portal pressure and a significant increase in
hepatic blood flow, consistent with increased nitric oxide synthase in sinusoidal endothelial cells
and inhibited activation of hepatic stellate cells. Previous studies on vascular reactivity mostly
used isolated aorta, peripheral arteries, or mesenteric arteries. In this study of vascular reactivity,
we investigated the change in inner diameter of the third branches of the mesenteric arteries
(diameter ~100 μm) under the microamplification system.

Research motivation
Despite the increased level of circulating endogenous vasoconstrictors in PHT, the sensitivity of
blood vessels to them is significantly reduced. The pathogenetic mechanisms of this
phenomenon have not been fully investigated.

Research objectives
The aim of this study was to investigate the influence of endogenous sex hormones on PHT and
hyporeactivity of mesenteric arteries.

Research methods
Cirrhosis and PHT were established by subcutaneous injection of CCl4 in both male and female
integral and castrated rats (ovariectomized [OVX] in female rats, orchiectomy [ORX] in male
rats). The third-order branch of the mensenteric artery was divided and used to measure
vascular reactivity to vasoconstrictors. The third-order arterioles of the mesentery were carefully
dissected and transferred to a vascular perfusion system. Two glass micropipettes (top diameter,
50 μm) were inserted into each end of the arteriole. Cumulative norepinephrine (NE)
concentration response curves (10 -8 mol/L-10 -4 mol/L) were obtained by increasing the
concentration in quarter-log increments.

Research results
ORX decreased the sensitivity to vasoconstrictors of the mesenteric arterioles of non-PHT male
rats, indicating that androgen affects vascular tone in physiological conditions. However, in
cirrhotic and PHT rats, conservation of androgens had little effect on the vascular reaction to
vasoconstrictors. OVX had no effect on the vascular reaction to NE in non-PHT female rats.
Compared to OVX female PHT rats, the sensitivity of mesenteric arterioles to NE in integral
female PHT rats was enhanced, indicating that conservation of estrogen can retain the sensitivity
of the mesenteric arterioles to vasoconstrictors and has a protective effect on splanchnic vascular
function in PHT.

Research conclusions
Clear gender differences were observed in mesenteric vascular reactivity in carbon tetrachlorideinduced cirrhotic and PHT rats. Conservation of estrogen can retain the sensitivity of the
mesenteric arterioles to vasoconstrictors and has a protective effect on splanchnic vascular
function in PHT.

Research perspectives
Estrogen can improve hyporeactivity of the splanchnic arteries to vasoconstrictors, while
androgens cannot. Endothelial NO synthase and NO production, oxidative stress, and some
signal pathways may participate in the underlying mechanism.
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Abstract
BACKGROUND
Previously, we have successfully constructed replication-competent hepatitis B
virus (HBV) vectors by uncoupling the P open reading frame (ORF) from the
preC/C ORF to carefully design the transgene insertion site to overcome the
compact organization of the HBV genome and maintain HBV replication
competence. Consequently, the replication-competent HBV vectors carrying
foreign genes, including pCH-BsdR, carrying blasticidin resistance gene (399 bp),
and pCH-hrGFP, carrying humanized renilla green fluorescent protein gene (720
bp), were successfully obtained. However, the replication efficiency of the former
is higher but it is tedious to use, while that of the latter is poor and cannot be
quantified. Hence, we need to search for a new reporter gene that is convenient
and quantifiable for further research.
AIM
To establish a helpful tool for intracellular HBV replication and anti-viral drugs
screening studies.
METHODS
We utilized the replication-competent HBV viral vectors constructed by our
laboratory, combined with the secreted luciferase reporter gene, to construct
replication-competent HBV vectors expressing the reporter gene secretory
Nanoluc Luciferase (SecNluc). HepG2.TA2-7 cells were transfected with this
vector to obtain cell lines with stably secreted HBV particles carrying secNluc
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RESULTS
The replication-competent HBV vector carrying the SecNluc reporter gene pCHsNLuc could produce all major viral RNAs and a full set of envelope proteins and
achieve high-level secreted luciferase expression. HBV replication intermediates
could be produced from this vector. Via transfection with pTRE-sNLuc and
selection by hygromycin, we obtained isolated cell clones, named HBV-NLuc-35
cells, which could secrete secNLuc recombinant viruses, and were sensitive to
existing anti-HBV drugs. Using differentiated HepaRG cells, it was verified that
recombinant HBV possessed infectivity.
CONCLUSION
Our research demonstrated that a replication-competent HBV vector carrying a
secreted luciferase transgene possesses replication and expression ability, and the
established HBV replication and expression cell lines could stably secrete viral
particles carrying secNluc reporter gene. More importantly, the cell line and the
secreted recombinant viral particles could be used to trace HBV replication or
infection.
Key words: Hepatitis B virus; Replication-competent hepatitis B virus vector; Secreted
luciferase gene; Hepatitis B virus cell line
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this research, we constructed a replication-competent hepatitis B virus
(HBV) vector carrying a secreted luciferase transgene and established HBV replication
and expression cell lines that could stably secrete secretory Nanoluc Luciferase
recombinant viral particles. This vector is a convenient and quantifiable tool for
monitoring HBV replication, transcription, and expression. It is safe to assume that this
new HBV replication system ought to be used in HBV molecular biology research, such
as for discovering inhibitors that affect virus infection, entry, transcription, translation,
reverse transcription, and replication.
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INTRODUCTION
There are many patients with hepatitis B virus (HBV) infection all over the world who
carry a high risk of liver fibrosis, cirrhosis, and hepatocellular carcinoma[1]. Currently,
antiviral therapy is critical for chronic infection with HBV, which includes type I
interferon and nucleos(t)ide analogs. The former is only partially effective, and the
latter is essential to long-term medication and susceptible to resistance[2]. Hence,
exploring the mechanisms of HBV replication and developing new drugs are
imperative. For this reason, it is absolutely necessary to establish suitable models of
HBV infection and replication in vitro and in vivo. Unfortunately, due to species
restriction and tissue tropism of HBV, the development of models is limited[3-5].
In the preliminary research, we have successfully constructed replicationcompetent HBV vectors carrying foreign genetic material[6]. Due to the characteristics
of the HBV genome and replication strategy, interrupting any part of the genome by
inserting a foreign sequence will inhibit HBV replication[7-9]. Hence, we uncoupled the
P open reading frame (ORF) from the preC/C ORF to carefully design the transgene
insertion site to overcome the compact organization of the HBV genome and maintain
HBV replication competence, allowing it to carry nearly 400 bp (up to 720 bp) of
foreign genetic information[6]. Consequently, we have successfully constructed the
replication-competent HBV vectors pCH-BsdR, carrying blasticidin resistance gene
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(399 bp), and pCH-hrGFP, carrying humanized renilla green fluorescent protein gene
(720 bp). The replication efficiency of the former is higher but it is tedious to use in
that the expression of functional BsdR needs to be detected by blasticidin, which
generates stable Bsd-resistant cell clones upon transfection of pCH-BsdR into cells.
The latter could generate visible hrGFP expression by fluorescence microscopy, which
is convenient for assessing the replication and expression of HBV; however,
replication efficiency is poor and cannot be quantified.
For this reason, we need to search for a new reporter gene that is convenient and
quantifiable for further research. Data from several preliminary studies indicated that
some medium-sized transgenes approximately 500 bp are compatible with replication
competence. The secreted luciferase (secNLuc) reporter gene (597 bp) can express
luciferase protein that is secreted in culture supernatant and is beneficial for
monitoring the transcriptional activation of the target gene, which is an
extraordinarily helpful tool for molecular biology research [10] . In our study, we
employed secNLuc reporter gene[10] as foreign genetic material inserted into the
replication-competent HBV vector to achieve a high level of expression of HBV
particles carrying secNluc (597 bp) reporter gene, which is slightly larger than the
BsdR gene (400 bp). The results showed that the replication-competent HBV vector
carrying secNluc reporter gene was able to replicate; however, replication efficiency
was decreased compared to the wild-type vector.
Transient transfection is an available method to establish suitable cell models of
HBV infection and replication[11,12]; however, transfection efficiency varies. As stable
HBV-transfected human hepatoma cells, HepG2.2.15 cell lines are widely used in
HBV molecular biology research[13-15], but HBV particle production efficiency is low.
Previously, we established the tTA-expressing HepG2 TetOFF cell line HepG2.TA2-7
via a stably transfecting replication-competent HBV vector, and the HBV replication
cell line HepG2.117 was successfully obtained, in which HBV particle production
efficiency was ten times greater than HepG2.2.15 cell lines[16]. Now, we report the new
cell lines, which have the same background as HepG2.117 cells and produce high titer
secNluc recombinant HBV particles. To detect the infectivity of recombinant HBV
particles, we employed the available HBV infectable cell line HepaRG[17] as the HBV
infection model. Interestingly, these recombinant HBV particles are significantly
infectious for HepaRG lines. Altogether, we describe a helpful tool for intracellular
HBV replication and anti-viral drug screening studies.

MATERIALS AND METHODS
Plasmid construction
Construction of the vector was based on pCH-BsdR[6] arising from pCH-3093[16], which
harbors HBV genotype D, subtype ayw (GenBank accession no. V01460.1). The
secNluc vector was purchased from Promega Corporation. For construction of pCHsNLuc, the PCR product (template secNluc vector; amplification primer NLuc-S: TGT
TGG TAA AGC CAC CAT GG and NLuc-AS: CGT AGA AGC TTA CGC CAG AAT
GCG TTC G) was digested with Nco I and Hind III, and the resulting fragment was
used to replace the Nco I-Hind III fragment of pCH-BsdR. The sequence was
confirmed by DNA sequencing. Construction of pTRE-sNLuc was based on the pTREHBV-C7-5[16], which arises from pTRE-HBVT[16], a hygromycin resistance gene that
serves as a selection marker. pCH-sNLuc and pTRE-HBV-C7-5 were digested with Sal
I and Nhe I, respectively. Next, the HBV-sNLuc fragment of pCH-sNLuc was used to
replace the Sal I-Nhe I fragment of pTRE-HBV-C7-5. The sequence was confirmed by
DNA sequencing.

Cell culture, transfection, and clone selection
HepG2 and HepG2.TA2-7 cells were cultured as previously described[16]. HepG2 cells
were transfected with pCH-3093, pCH-BsdR, and pCH-sNLuc, which was performed
with Fugene HD reagent as recommended by the manufacturer (Roche). For clone
selection, HepG2.TA2-7 cells were transfected with pTRE-sNLuc and cultured in
medium supplemented with hygromycin. After several passages, the isolated clones
that only grew in the presence of hygromycin were selected.

Southern blot, and Northern blot, and quantitative PCR
Isolation of intracellular and extracellular viral nucleocapsids was as previously
described, and viral DNA was detected by Southern blot[16]. For Northern blot, RNA
was isolated with the SV Total RNA Isolation System Kit (Promega). The HBV DNA
in the culture supernatant was evaluated with a commercial HBV DNA kit (Kehua,
Shanghai, China) on a SLANTM Real-Time PCR system (Hongshi, Shanghai, China).
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Western blot and luciferase activity detection
HBV envelope proteins were detected with HBV human monoclonal antibody
4/7B[18], and isolation and Western blot analysis of intracellular envelope proteins
were performed as previously described[16]. The luciferase activity of the culture
supernatant was detected with the Nano-Glo luciferase assay reagent as
recommended by the manufacturer (Promega).

Infection of HepaRG cells
HepaRG cells were purchased from Biopredic International (Rennes, France). Culture,
differentiation, and infection of HepaRG cells were performed as previously
described[5,6]. For infection, viral particles were collected from the culture supernatants
of selected HBV-sNLuc cell clones by PEG 8000 precipitation and then incubated with
HepaRG cells for 24 h. Next, the cells were washed, and the culture medium was
changed every second day. For the negative control, HepaRG cells were incubated
with free culture medium.

Drug susceptibility assay
Lamivudine (Xinjialin Biotech Ltd.) and IFN-α (Essex Pharma) were dissolved in
double distilled water and stored at 4 °C. To observe lamivudine sensitivity, cells
were seeded in 12-well plates and incubated with increasing concentrations of
lamivudine (0, 0.1, 0.5, 2.5, 5.0, 12.5, and 25.0 µmol/L) for 72 h. Subsequently, the
luciferase activity of the culture supernatant was detected with the Nano-Glo
luciferase assay reagent, and HBV DNA in the culture supernatant was detected by
qPCR. To observe the effect of IFN-α, cells were seeded in 6-well plates inoculated
with IFN-α (3000 IU/mL) or free medium, and secreted luciferase expression was
detected at the indicated time points (24, 48, 72, 96, and 120 h).

Statistical analysis
SPSS18.0 software was employed for statistical analyses, and one-way ANOVA was
used to compare the difference among multiple groups. All data are expressed as the
mean with standard deviation (SD), and P < 0.05 was regarded as statistically
significant.

RESULTS
Construction of a replication-competent HBV vector carrying secreted luciferase
reporter gene
Based on previous research, the secreted luciferase reporter gene sequence (597 bp)
was inserted into a replication-competent HBV vector between the uncoupled P ORF
and the preC/C ORF to construct the vector pCH-sNLuc (Figure 1A). The upstream
and downstream portions of the reporter gene sequences were exactly connected by
IRES elements. In addition, the size of the unit length HBV genome increased from
3182 bp to 4068 bp in pCH-sNLuc. For pTRE-sNLuc (Figure 1B), the sNLuc
recombinant HBV genome was identical to pCH-sNLuc, and the difference in HBV
pregenomic RNA (pgRNA) transcription was controlled by the TRE promoter, not the
CMV promoter or the primitive HBV core promoter.

Replication activity of the replication-competent HBV vector carrying secreted
luciferase reporter gene
To examine the replication activity of the replication-competent HBV vector, pCH3093, pCH-BsdR, and pCH-sNLuc were transfected into HepG2 cells. Then,
replication intermediates of the replication-competent HBV vector in intracellular
viral particles were analyzed by Southern blot. The results (Figure 2A) showed that
the RC-DNA and dsL-DNA signals from pCH-sNLuc (lane 3) were lower than those
from pCH-3093 (lane 1) and pCH-BsdR (lane 2). These data demonstrated that pCHsNLuc was able to replicate; however, replication efficiency dropped compared with
the wild-type HBV vector.

Detection of gene expression of the replication-competent HBV vector carrying
secreted luciferase reporter gene
To evaluate the transcription level of recombinant RNAs, we transfected pCH-sNLuc
into HepG2 cells, controlled with the wild-type HBV expression vector pCH-3093 and
the replication-competent HBV vector pCH-BsdR. The results of Northern blot
showed that the three vectors could transcribe pgRNA and subgenomic RNA
(sgRNA), and all RNA levels were similar (Figure 2B). The size of pgRNA derived
from pCH-sNLuc (lane 3) was increased compared to that from pCH-3093 (lane 1) and
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Figure 1

Figure 1 Genomic organization of wild-type hepatitis B virus vector pCH-3093 and replication-competent hepatitis B virus vectors. A: The parental plasmid
pCH-3093 is based on hepatitis B virus (HBV) genotype D, subtype ayw (GenBank accession No. V01460.1), including the 1.056 HBV genome, in which the CMV
promoter replaces the primitive HBV core promoter to start pregenomic RNA (pgRNA) transcription. The HBV genome contains four open reading frames (ORFs):
PreC/C (encoding precore protein giving rise to the hepatitis B e antigen and core protein), pS1/2 and S (encoding preS1, preS2, and S domains of the envelope
proteins, respectively), X (encoding hepatitis B x antigen), and P (encoding viral polymerase, Pol). All regions are widely overlapping, and the P ORF overlaps with all
other ORFs. TP, RT, and RH indicate terminal protein, reverse transcriptase, and RNase H domains of Pol (P). Regarding pCH-BsdR, the BsdR gene is inserted
among the uncoupled P ORFs from the preC/C ORFs of pCH-3093. Regarding pCH-secNLuc, secNLuc gene was used to replace BsdR gene and inserted into
among uncoupled P ORFs from the preC/C ORF of pCH-BsdR; B: Schematic map of pTRE-sNLuc vector. pTRE-sNLuc is based on pTRE-HBV-C7-5 and pTREHBVT, in which the Tet responsive promoter replaces the primitive HBV core promoter to control HBV pgRNA transcription. A hygromycin resistance gene serves as a
selection marker, and the HBV-sNLuc fragment stems from pCH-secNLuc. HBV: Hepatitis B virus; TRE: Tet responsive promoter; ORFs: Open reading frames;
pgRNA: Pregenomic RNA; PreC/C: Encoding precore protein giving rise to the hepatitis B e antigen and core protein; S: Encoding preS1, preS2, and S domains of the
envelope proteins, respectively; X: Encoding hepatitis B x antigen; P: Encoding viral polymerase, Pol.

was similar to that from pCH-BsdR (lane 2). This phenomenon indirectly implied that
the presence of the transgene in the recombinant pgRNA comes from pCH-sNLuc. To
investigate whether the transgene interferes with the expression of viral structural
proteins, we employed Western blot to directly detect HBV envelope proteins (Figure
2C). The test revealed that the levels of envelope proteins L, M, and S in differentially
glycosylated forms (gp42/p39, gp36/gp33, and gp27/p24, respectively) from the
replication-competent HBV vector pCH-sNLuc (lane 3) were similar to those from the
wild-type HBV vector pCH-3093 (lane 1) and the other replication-competent HBV
vector pCH-BsdR (lane 2). Subsequently, to detect the transgene expression level of
pCH-sNLuc, we transfected pCH-sNLuc into HepG2 cells to observe luciferase
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Figure 2

Figure 2 Detection of expression and replication of the recombinant hepatitis B virus vectors. HepG2 cells
were transfected with pCH-3093 (1), pCH-BsdR (2), and pCH-sNLuc (3). A: Replication efficiency of HBV vectors.
Cytoplasmic HBV DNA was detected at 4 d post-transfection, and replicative intermediates were monitored by
Southern blot using a 32P-labeled HBV probe. The positions of relaxed circular and double-stranded linear DNA are
indicated; B: Detection of the RNA transcription of HBV vectors. Total intracellular RNA was analyzed by Northern
blot with a 32P-labeled HBV-specific probe. The positions of the pregenomic RNA and subgenomic RNAs are
indicated, and 28S and 18S rRNA bands are shown as loading controls; C: Detection of envelope protein expression
of HBV vectors. Western blot analysis was performed using a 4/7B HBsAg antibody. The bands correspond to the L
protein (gp42/p39), M protein (gp36/gp33), and S protein (gp27/p24), and β-actin was used as a loading control; D:
The dynamic luciferase activity of pCH-sNLuc. The vector pCH-sNLuc was transiently transfected into HepG2 cells,
and luciferase expression in the supernatant was detected at the indicated time points (24, 48, 72, 96, and 120 h).
HBV: Hepatitis B virus; RLU: Relative light unit; dsL: Double-stranded linear; RC: Relaxed circular; pgRNA:
Pregenomic RNA; sgRNAs: Subgenomic RNAs.

activity in the cell supernatant with the Nano-Glo luciferase assay reagent at the
indicated time points. The test confirmed high-level luciferase expression up to 2 × 109
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RLU (relative light unit) at 72 h after transfection (Figure 2D).

Established cell lines with stable secretion of HBV particles carrying secNluc
reporter gene
To obtain cell lines with stable secretion of HBV particles carrying secNluc reporter
gene, HepG2 TA-7 cells were transfected with pTRE-sNLuc. Isolated cell clones were
selected in the presence of hygromycin and allowed to grow to confluence. After
several passages, we cultured the cell clones Nos. 17, 22, 23, and 35. Among them, the
luciferase activity of Nos. 23 and 35 was significantly superior to that of other cell
clones (Figure 3A). Next, we assessed the HBV replication levels of superiority cell
lines by analyzing extracellular viral particles by Southern blot. As shown in Figure
3B, the RC-DNA and dsL-DNA signals from No. 35 were more dominant than those
from No. 7 and No. 23. There was evidence that cell line No. 35 possessed a greater
ability to secrete HBV particles carrying secNLuc reporter gene, which are HBVNLuc-35 cells. Together, these data suggested that we have successfully established
HBV-NLuc-35 cell lines that could stably form HBV particles carrying secNluc
reporter gene.

Infectivity of secNluc recombinant HBV particles
To test the infectivity of recombinant virions carrying secNLuc reporter gene, we
collected culture supernatants of HBV-NLuc-35 cells and infected HepaRG cells after
concentrating and then monitored the luciferase level. The results of the infection
experiment are shown in Figure 3C. The luciferase level in supernatants increased on
day 2 post inoculation and gradually increased with time, up to 106 RLU on day 6, and
gradually decreased on day 10 compared with the lower 103 RLU in the negative
control group. These data indicated that secNLuc recombinant HBV particles possess
infectivity that could successfully infect HepaRG cells.

Drug susceptibility testing for the new cell lines
In addition, we observed the effects of lamivudine and IFN-α on HBV-NLuc-35 cells.
The luciferase level and the amount of viral genomes in the culture supernatants were
determined by Nano-Glo luciferase assay and quantitative PCR (qPCR) after
treatment with lamivudine. It was revealed that the copies of secreted viral DNA
gradually decreased in a dose-dependent manner (Figure 4B). When the HBV-NLuc35 cells were lamivudine-free, they produced as many as 5 × 105 copies/mL of virions;
however, the concentration of lamivudine up to 25 µmol/L reduced the copy
numbers of HBV below the detection lower limit compared with the luciferase level
above 3 × 106 RLU despite the increased concentration of lamivudine (Figure 4A). In
addition, the results showed that the luciferase level peaked at 5 × 106 RLU at 72 h and
then gradually decreased to the original level at 120 h in the cell supernatant after
treatment with IFN-α compared with the control group, in which the luciferase level
was above 1 × 107 RLU (Figure 4C).

DISCUSSION
Replication-competent virus vectors carrying foreign reporter genes have become
helpful tools in virus molecular biology research and anti-viral drug screening in
various diseases, such as infections with HCV[19,20], human immunodeficiency virus
(HIV)[21,22], and influenza virus[23,24]. Various replication-defective HBV vectors were
constructed by substitution of the S gene[25-27] or the Core gene[28] with the gene of
interest. We reported the construction of double shRNA expression in HBV Core and
S regions[29]. But these HBV vectors require complementation in trans by a helper virus
genome, which provides the essential functional proteins. Cotransfection of the
chimeric genome of HBV vector and helper genome into permissive cultured
hepatoma cells results in the release of enveloped infectious chimeric virions. Several
published studies report attempts to generate replication-competent HBV vectors.
Chaisomchit[30] demonstrated that a functional HIV tat was expressed before the
preS1. Except that the 276 bp small insertion almost completely abolished generation
of recombinant HBV, infectivity of its particles remained uncertain and was most
probably lost because the expression of preS1 might be missed. Hanafusa[31] showed
that the HBV could carry 63 bp of extra DNA by destroying the DR2 region, which
should be a critical cis element of HBV replication. The only defined data is that a little
of HBV DNA was observed by Southern blot in the cell line HuH-7 but not HepG2.
Bai et al[32] constructed a new kind of HBV vector by inserting transgene at the spliced
HBV polymerase spacer region and proved that it could replicate in hepatocytes. But
as the PreS1 region was replaced by the transgene, it should have lost the infection
ability.

WJG

https://www.wjgnet.com

5967

October 21, 2019

Volume 25

Issue 39

Ruan J et al. Replication-competent HBV vector carrying tracer
Figure 3

Figure 3 Establishment of secretory Nanoluc Luciferase reporter gene cell lines carrying stably secreted hepatitis B virus particles. HepG2 TA-7 cells were
transfected with the replication-competent vector pTRE-sNLuc, and the isolated clone of cells was selected in the presence of hygromycin. A: Selection of cell lines
with good luciferase activity. After several passages, the Nos. 1, 7, 22, 23, and 35 cell lines were screened, and luciferase expression in the supernatant was detected
with Nano-Glo luciferase assay reagent; B: Selection of cell lines with good hepatitis B virus (HBV) replication. Extracellular viral particles of cell lines Nos. 7, 23, and
35 were analyzed by Southern blot using a 32P-labeled HBV probe. The relaxed circular DNA and double-stranded linear DNA signals are indicated; C: Infection of
HepaRG cells by secretory Nanoluc Luciferase recombinant HBV particles. Differentiated HepaRG cells were inoculated with viral particles from supernatants of cell
lines No. 35 or not (negative control), and luciferase expression in the supernatant was detected at the indicated time points (0, 2, 4, 6, 8, and 10 d). HBV: Hepatitis B
virus; RLU: Relative light unit.

Previously, we successfully constructed replication-competent HBV vectors by
inserting two 22 nt Rbm3 IRES sequences and transgene in between the overlap
region of Core and Polymerase (Pol) genes to fully maintain HBV genetic information
and minimal impact on HBV replication competence[6]. These vectors were able to
replicate and express and even generate infectious recombinant virions. However,
after transgene size increased from 400 bp to 720 bp, the replication efficiency of
vectors decreased from approximately 40% to 1% compared with the level of wildtype HBV[6]. Some medium-sized transgenes of approximately 500 bp are compatible
with replication competence.
The secNLuc reporter gene (597 bp) is a convenient and quantifiable tool for target
gene molecular biology research[10]. Hence, we utilized the secNLuc reporter gene as a
foreign gene to construct the neo replication-competent HBV vector, pCH-sNLuc. This
vector could produce all major viral RNAs and a full set of envelope proteins and
achieve high levels of secreted luciferase expression (Figure 2). The size of pgRNAs
stemming from pCH-sNLuc was larger than pCH-3093 and similar to pCH-BsdR,
confirming that the transcription product of the secNLuc gene was fused into
recombinant HBV pgRNA. Importantly, the level of transcription was stronger. Pol
was translated from HBV pgRNA and necessary for reverse transcription to convert
into RC-DNA[33]. Southern blot revealed that HBV replication intermediates could be
produced from the pCH-sNLuc vector, implying that Pol could be translated from
recombinant HBV pgRNA. However, the replication activity of pCH-sNLuc was
lower than those of pCH-BsdR and pCH-3093. The plausible explanation is that the
size of the secNLuc reporter gene (597 bp) is large enough to interfere with the reverse
transcription of recombinant HBV pgRNA.
For simplified detection of HBV replication, it is necessary to structure quantifiable
and standardized cell lines stably transfected with a replication-competent HBV
vector[16], which could stably secrete HBV particles carrying foreign genes, such as
secNLuc report gene[10]. The tetracycline(Tet)OFF and TetON are notably regulatable
systems[34]; if Tet transactivator (tTA) is present, Tet responsive promoter (TRE) could
control HBV pgRNA transcription. In terms of the TetOFF system, transcription could
be regulated by tTA when Tet was lost. Based on this, we established the tTAexpressing HepG2 TetOFF line HepG2.TA2-7, which efficiently regulated HBV
replication and expression[16]. Consequently, via transfection of the TRE-controlled
wild-type HBV genome, the high-level HBV replication cell line HepG2.117 was
obtained [16] . Similarly, we utilized the same background to establish new HBV
replication cell lines. For this purpose, the new replication-competent HBV vector
pTRE-sNLuc resulted in the replacement of the HBV core promoter with the TRE
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Figure 4

Figure 4 Drug susceptibility testing for the new hepatitis B virus -NLuc-35 cell lines. A: Effect of lamivudine on luciferase expression in hepatitis B virus (HBV)NLuc-35 cell lines. HBV-NLuc-35 cell lines were treated with increasing concentrations of lamivudine (0, 0.1, 0.5, 2.5, 5.0, 12.5, and 25.0 µM). After 72 h, luciferase
expression in the supernatant was detected with Nano-Glo luciferase assay reagent; B: Cell line-borne HBV affected by lamivudine. The number of copies of HBV
DNA in the supernatant was measured by qPCR; C: Effect of IFN-α on HBV-NLuc-35 cell lines. HBV-NLuc-35 cell lines were inoculated with 3000 IU/mL IFN-α (down
line) or untreated (up line), and luciferase expression in the supernatant was detected at the indicated time points (24, 48, 72, 96, and 120 h). HBV: Hepatitis B virus;
RUL: Relative light unit.

promoter to initiate HBV pgRNA transcription. Next, via transfection with pTREsNLuc and selection with hygromycin, we obtained several isolated cell clones,
named HBV-NLuc cells (Figure 3). The levels of HBV replication in all selected clones
were detected by Southern blot and secNLuc activity by Nano-Glo luciferase assay.
When comparing among different clones, it was found that secNLuc activity was
closely related to the level of HBV replication; the No. 35 clone possessed stronger
HBV replication competence and better secNLuc activity up to 5×, implying that the
new cell lines were able to form secreted recombinant viruses. Using differentiated
HepaRG[5,35] cells, it was verified that recombinant HBV possessed infectivity. The
secNLuc reporter gene inserted among the uncoupled P ORF and preC/C ORF and
the recombinant virus could transcribe recombinant HBV pgRNA, which plays an
important role in the HBV life cycle, including encoding Core protein and Pol and
acting as HBV reverse transcription template for forming novel cccDNA[9], and most
importantly, the level of secNluc expression was highly concordant with HBV
replication, implying that secNLuc expression could be used to evaluate the level of
HBV replication. The increasing secretion levels of secNLuc in supernatant from the
secNLuc recombinant virus-infected HepaRG cells suggest that efficient infection can
be achieved.
Drug susceptibility of HBV-NLuc-35 cells was detected by the response of cell lines
encoding recombinant viruses to LAM and IFN-α. The LAM EC 50 value was
recommended by previous research[16,36]. Following the increasing LAM concentration,
the cell line-borne recombinant viruses were strongly inhibited; however, this
phenomenon was not observed in luciferase expression, which cannot be affected by
LAM. This finding is in line with the theory that LAM could inhibit HBV pgRNA
reverse transcription to reduce HBV replication but did not inhibit transcription of
cccDNA and translation of pgRNA[37]. pgRNA contains all HBV genetic information as
a template for HBV reverse transcription, and as C/P mRNA for encoding core
protein and Pol[9]. HBV-NLuc-35 cells could form secNLuc recombinant pgRNA.
Regarding IFN-α, the susceptibility assays show that it could reduce secNLuc
expression in HBV-NLuc-35 cells. Because IFN-α could inhibit HBV replication,
transcription, and expression[38], and cccDNA was an exclusive template for virus
transcription, this process depended on the presence of HBx [37,39] , implying that
secNLuc recombinant cccDNA may be present in HBV-NLuc-35 cells. Altogether,
these data demonstrated that new cell lines could secrete secNLuc recombinant
viruses and were sensitive to existing anti-HBV drugs. The cell line and the secreted
recombinant viral particle could trace HBV replication or infection.

ARTICLE HIGHLIGHTS
Research background
Replication-competent viral vectors carrying additional genetic information have become
invaluable tools for virus molecular biology research and anti-viral drug screening, such as those
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for infections with HCV, HIV, and influenza virus. Due to the extremely compact organization of
the hepatitis B virus (HBV) genome, HBV-based vectors had met with very limited success. In
our previously study, via inserting two 22 nt Rbm3 IRES sequences and transgene in between the
overlap region of Core and Polymerase genes, the replication-competent HBV vectors can be
successfully constructed, which allowed production of HBV vectors carrying at least around 400
bp and possibly up to 720 bp of foreign genetic information yet maintaining replication
competence and even infectivity.

Research motivation
Regarding the replication-competent HBV vectors, the pCH-BsdR carries blasticidin resistance
gene (399 bp), the replication efficiency is higher, but it is tedious to use. The pCH-hrGFP carries
humanized renilla green fluorescent protein gene (720 bp), but the replication efficiency is poor
and could not be quantified. Hence, we tried to use the secreted luciferase (secNLuc) report gene
(597bp) as foreign genetic inserted to the replication-competent HBV vector, which is convenient
and quantifiable for the further research.

Research objectives
The secNLuc report gene can express luciferase protein that is secreted in culture supernatant,
which is beneficial for monitoring transcriptional activation of target gene. We utilized this
report gene to construct the other replication-competent HBV vector which can generate
secNLuc recombinant HBV particles, and to establish quantifiable and standardized HBV
replication cell lines that can stably secret recombinant HBV particles.

Research methods
We utilized the replication-competent HBV viral vectors constructed by our laboratory,
combined with secreted luciferase reporter gene, to construct replication-competent HBV vectors
expressing the reporter gene secretory Nanoluc Luciferase (SecNluc). HepG2.TA2-7 cells were
transfected with this vector, to obtain cell lines that can stably secret HBV particles carrying
secNluc report gene.

Research results
We successfully constructed a replication-competent HBV vector carrying SecNluc reporter gene,
pCH-sNLuc and pTRE-sNLuc, and successfully obtained quantifiable and standardized HBV
replication cell lines, HBV-NLuc-35 cells. The former could produce all major viral RNAs and
full set of envelope proteins, and achieve high level expression of secreted luciferase. The latter
could secret secNLuc recombinant viruses that are sensitive for existing anti-HBV drugs. Using
differentiated HepaRG cells, it was verified that recombinant HBV possessed infectivity.

Research conclusions
Despite that the organization of HBV genomes is extremely compact, the replication-competent
HBV vector can be successfully constructed by redesigning HBV genomes to fully maintain the
HBV genetic information and creating transgene insertion site to have a minimal impact on HBV
replication competence. The recombinant HBV pgRNA carrying small-to-medium-sized
transgenes can be packaged. By carefully redesigning its intricate genome organization, HBV can
be harnessed into a replication-competent infectious vector bearing substantial additional genetic
information. HBV genomes can be reformed to have a minimal impact on HBV replication
competence and expression. Numerous available reporter and effector genes meet the apparent
size limit of 500-700 bp. In addition, viral-based vectors could be highly used for drug screening.
With the increase in transgene size, the replication efficiency of HBV vectors gradually decreases
compared with that of wild-type HBV. Some medium-sized transgenes about 500 bp are
compatible with replication competence. The replication-competent HBV vectors carrying
appropriate transgenes can be expected to find numerous applications, from further unraveling
the molecular mechanism of HBV infections, including the involved host factors, to the
identification of infectable cells and new antiviral drugs.

Research perspectives
Given strict hepatocyte tropism, the convenient HBV infection model has met with very limited
success. The replication-competent HBV vectors carrying transgenes will provide a helpful tool
for this research. The replication-competent HBV vectors carrying transgenes could be utilized to
establish animal models of HBV infection. HBV genomes could be reformed to overcome species
specificity.
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Abstract
BACKGROUND
Long noncoding RNAs (lncRNAs) have been identified to play important roles in
the development and progression of various tumors, including gastric cancer
(GC). However, the molecular role of lncRNAs in GC progression remains
unclear.
AIM
To investigate the differential expression of lncRNAs in human GC and elucidate
the function and regulatory mechanism of LINC02407.
METHODS
The Cancer Genome Atlas database was used to investigate the involvement of
lncRNAs in GC. Quantitative real-time polymerase chain reaction was used to
estimate the relative expression level of LINC02407 in GC tissues and cells.
Functional experiments including CCK8 assay, apoptosis assay, wound healing
assay, and transwell assay were used to investigate the effect of LINC02407 on
GC cells. Some microRNAs were predicted and verified via bioinformatics
analysis and the luciferase reporter system. Predictive analysis and Western blot
assay were used to analyze the expression of related proteins.
RESULTS
Many differentially expressed lncRNAs were identified in GC, and some of them
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including LINC02407 can affect the survival. LINC02407 was upregulated in
tumor tissues compared with adjacent tissues. HGC-27 cells showed the highest
LINC02407 expression and HaCaT cells exhibited the lowest expression. Different
experiment groups were constructed using LINC02407 overexpressing plasmids
and related siRNAs. The results of functional experiments showed that
LINC02407 can promote the proliferation, migration, and invasion of GC cells but
inhibit apoptosis. Luciferase reporter assay showed that hsa-miR-6845-5p and
hsa-miR-4455 was downstream regulated by LINC02407. Western blot analysis
showed that adhesion G protein-coupled receptor D1 (ADGRD1) was regulated
by the LINC02407-miR-6845-5p/miR-4455-ADGRD1 pathways.
CONCLUSION
LINC02407 plays a role in GC through the LINC02407-miR-6845-5p/miR-4455ADGRD1 pathways, and thus, it may be an important oncogene and has
potential value in GC diagnosis and treatment.
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Core tip: Many long noncoding RNAs were differentially expressed in gastric cancer
(GC), some of which, including LINC02407, had significant impacts on the prognosis of
patients. In vitro experiments showed that LINC02407 was significantly upregulated in
GC cell lines and tissue samples, and could promote the proliferation and migration and
inhibit apoptosis of GC cells. Mechanistic research found that LINC02407 can regulate
the expression of adhesion G protein-coupled receptor D1 by targeting miR-6845-5p and
miR-4455 and increased the malignancy of GC cells eventually. Our study provides
evidence that LINC02407 may be an important oncogene and has potential value in GC
diagnosis and treatment.
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INTRODUCTION
Gastric cancer (GC) is one of the most common malignancies and is associated with
high morbidity and mortality rates worldwide[1]. In spite of the huge progress that has
been made in the field of surgical resection and chemotherapy, the 5-year overall
survival (OS) rate for patients is incredibly low due to the distant metastasis of
primary GC[2]. Recent studies have shown that long noncoding RNAs (lncRNAs) play
key roles in the development of GC, metastasis, and disease prognosis[3]. The rapid
development of high-throughput sequencing represents a huge breakthrough, and
transcriptional studies of short noncoding RNAs and lncRNAs in the human genome
are gradually being carried out[4]. Therefore, a deep investigation of the molecular
pathophysiological pathways underlying GC could pave the road for the
development of an effective therapeutic strategy.
In general, when the length of an lncRNA exceeds 200 nt, its protein coding ability
is limited[5]. For example, the lncRNA SNHG7 promotes the proliferation of GC cells
and inhibits apoptosis via repressing P15 and P16 expression[6]. The lncRNA DANCR
positively promotes the migration and invasion of GC cells by suppressing lncRNALET [7] . Studies have shown that the lncRNA SNHG6 is closely related to a poor
prognosis of GC, via the epigenetic silencing of p27 and by modulating cellulite miR101-3p to promote cell proliferation[8]. Here, we performed preliminary research on
the effect of LINC02407 in GC. LINC02407 has a transcript size of 966 bp and is
located on chromosome 12: 76252275-76297735[9].
Based on existing research, this study applied a luciferase reporter system to verify
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whether LINC02407 could directly target hsa-miR-6845-5p and hsa-miR-4455, and
investigated the function and molecular mechanism of lncRNA LINC02407 in the
proliferation, apoptosis, migration, and invasion of GC cells.

MATERIALS AND METHODS
Patients and samples
Information of 343 tumor samples and 30 normal samples was obtained from the
Cancer Genome Atlas (TCGA) database. For in vitro experiments, the samples in this
study were obtained from patients who underwent pathological diagnosis and
surgical treatment of gastric diseases at the First Hospital of Jilin University. In total,
20 tumor samples and 20 paired normal samples were obtained from dissected
tumors and adjacent normal gastric mucosa tissues, respectively. All patients
provided written informed consent. The study was approved by the Medical Ethics
Committee of the First Hospital of Jilin University and was implemented in strict
accordance with the Helsinki Declaration.

Differential expression and survival association of lncRNAs in GC
LncRNA expression levels and clinical information were obtained from the TCGA
website, and differentially expressed lncRNAs between tumor tissue samples and
adjacent nontumor tissue samples were analyzed with edegR, and the filtering
condition was log fold change (FC) = 1 and padj = 0.05. Using the clinical information
of differentially expressed lncRNAs in GC, univariate analysis of survival was
performed to screen a series of potential lncRNAs which have impacts on survival.
These lncRNAs were then sorted by hazard ratio (HR) and P value to pick out top 6
lncRNAs. Then we drew forest plots, Kaplan-Meier curves, receiver operating
characteristic (ROC) curves, and heat maps for the top 6 lncRNAs based on the Cox
proportional hazards model using R-3.5.2 software to pick the most significant
lncRNA eventually.

Cell culture and transfection
Human GC cell lines, including MGC-803, MKN45, SGC-7901, and HGC-27, were
purchased from the China Center for Type Culture Collection. The human normal
gastric mucosal cell line GES-1 was purchased from the American Type Culture
Collection. The culture medium for MGC-803, MKN45, SGC-7901, and HGC-27 cells
was DMEM supplemented with 10% fetal bovine serum (FBS), while GES-1 cells were
cultured in DMEM supplemented with 15% FBS. The cells were cultured in a 5% CO2
incubator at 37 °C. LINC02407-overexpressing and overexpression-control
lentiviruses were purchased from Hanbio (Shanghai, China), and the LINC02407overexpressing lentivirus was used to upregulate LINC02407 activity. Cells were
infected with lentiviral particles in a specific medium for 48 h until they reached 50%
confluence. To strengthen the infection efficiency, cells were cotreated with the
cationic polymer polybrene. The vectors si-LINC02407 and si-NC are chemically
modified small RNAs constructed by Biosyntech (Suzhou, China). Vector siLINC02407 was applied to inhibit endogenous si-LINC02407 activity by silencing
LINC02407. si-LINC02407 at 10 nmol/L was used for transfection with lipofectamine
3000, and the same amount of si-NC was used for transfection.

RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was extracted with TRIzol reagent (Invitrogen, China), and oligo(dT)18
primers and superscript reverse transcriptase were used for reverse transcription with
a miRNeasy Mini Kit (QIAGEN 217004). qRT-PCR experiments were performed using
the QuantiNova SYBR Green RT-PCR Kit (QIAGEN 208152). The standardized
internal reference was glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
Primers in this study were from Takara Bio Co., Ltd. The sequences of the primers for
qRT-PCR are shown in Supplemental Table 1.

CCK8 assay
CCK8 assays were performed to investigate the influence of LINC02407
overexpression and knockdown on HGC-27 proliferation. In brief, after culturing and
transfecting HGC-27 cells as mentioned ahead, 3 × 104 cells were seeded per well in a
96-well plate. CCK8 reagent was added at 0, 12, 24, 36, 48, 60, 72, and 84 h after
transfection, and cell viability was analyzed with a microplate reader (K3; Thermo
Fisher Scientific, Inc). Each value represents the average of three replicates in a
representative experiment from at least two independent experiments.

Apoptosis assay
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Hoechst staining assay was performed to analyze cell apoptosis. Briefly, HGC-27 cells
were cultured in a 6-well plate and transfected according to the aforementioned
method, and then cells were cultured on glass coverslips. Thereafter, the cells were
fixed and stained with 10 μg/mL Hoechst 33258 (Beyotime Institute of Biotechnology)
for 10 min in the dark. The samples were observed under an inverted fluorescence
microscope, and the coverslips were washed with PBS. The nuclei of apoptotic cells
have significant morphological changes, and such cells can be identified by their
dense nuclei or densely stained fragments. HGC-27 cells were harvested 48 h after
transfection and stained with annexin V-FITC and propidium iodide (PI), and then
the relative amount of annexin V-FITC positive-PI negative cells was calculated by
flow cytometry analysis. Furthermore, the apoptosis rate of si-LINC02407 and si-NCtransfected HGC-27 cells was evaluated.

Wound healing assay
In brief, HGC-27 cells were cultured in a 6-well plate and transfected according to the
aforementioned method. The transfection ratio reached 90% at 24 h post-transfection,
and then a straight line was scratched on the 6-well plate with a 200 μL pipette tip.
The cell culture plate was washed three times with PBS, and the cells were cultured in
DMEM (serum-free) for 24 h in 5% CO 2 at 37 °C. The width of the scratch was
recorded at several time points from 0-24 h under a light microscope (Olympus IM2),
and the assay was run for three independent experiments.

Co-expression analysis and luciferase reporter assay
MiRanda software was used to predict the target microRNAs (miRNAs) of
LINC02407 and list top of them. Then, several miRNAs were selected after literature
review for further research. The luciferase reporter system was purchased from
Biosyntech (Suzhou, China). In brief, site-directed mutations were introduced to the
LINC02407 binding site of hsa-miR-6845-5p, hsa-miR-4455, hsa-miR-4316, and hsamiR-1258. PCR was used to subclone the 3’ untranslated region fragment of
LINC02407 into the pGL3 luciferase vector (Invitrogen, United States). The hsa-miR6845-5p-mimic, hsa-miR-4455-mimic, hsa-miR-4316-mimic, and hsa-miR-1258-mimic
were transfected with the vector into 293T cells for 12 h in 96-well plates in the
presence of 5 μg/mL polybrene (Biosyntech, Suzhou, China). The 293T cells were
cultured for 24 h and lysed to determinate the luciferase activity. Renilla (Promega,
United States) activity was employed as the internal control[1].

Transwell assay
Migration assays were performed using a 24-well Boyden chamber (BD Falcon,
Corning-Costar, New York, NY, United States) with an uncoated 8-mm pore size
filter. The cells were collected from the culture dishes and washed twice with PBS.
Then, the cells were suspended in smooth muscle cell (SMCM) medium (without
FBS), and 3 × 104 cells were seeded into the insertion chamber. Subsequently, the cells
were cultured in the bottom chamber (containing 0.6 mL of SMCM medium with 10%
FBS) at 37 °C (5% CO2) for 24 h. Cells were stained with 4,6-diamidino-2-phenylindole
and counted under a vertical microscope.

Sankey plot
Sankey plot, also known as Sankey diagram, was used to depict the quantity of
evidence between LINC02407, miR-6845-5p, miR-4455, and mRNAs. And the data
that were used to draw Sankey plot were collected using miRanda software. MiRanda
was applied to predict the potential mRNA targets of hsa-miR-6845-5p and hsamiR4455, the target mRNAs were collected in a list, and then the R-River plot was
used to draw a Sankey diagram.

Western blot analysis
Cells were lysed in an ice bath for 30 min in NP40 lysis buffer (50 mmol/L Tris-HCI
pH 7.4, 150 mmol/L NaCl, 1% NP-40, 1 mmol/L EDTA) containing protease and
phosphatase inhibitors (5 mmol/L PMSF, 3 mmol/L NaF, 1 mmol/L DTT, 1 mmol/L
NaVO4). Proteins in 20 μg of protein cell lysate were separated by SDS-PAGE and
electrophoretically transferred onto a polyvinylidene fluoride membrane. The
membrane was then washed in PBS, blocked for 1 h (5% milk-TBS-0.05% Tween 20),
and incubated with primary antibody overnight at 4 °C. The following primary
antibodies were used: anti-GAPDH antibody (Abcam.ab181602, 1:1000), anti-ETV7
antibody (Abcam.ab229832, 1:1000), anti-FOXO3 antibody (Abcam.ab47285, 1:1000),
anti-FOXO4 antibody (Abcam.ab128908, 1:1000), and anti-c-MAF antibody
(Abcam.ab77071, 1:1000). The membrane was washed with PBS and incubated with
an appropriate amount of secondary antibody for 1 h at room temperature (Li-Cor,
IRDye 600LT; IRDye 800CW, 1:10000). The membrane was visually analyzed using an
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imaging system (ChemiDocXRS+, BIO-RAD). Uvitec Alliance software (Eppendorf,
Hamburg, Germany) was used to quantify the data. All data were from three
independent biological repeats.

Statistical analysis
The data were processed, and statistical analyses were performed using R Studio (R
version 3.5.2) and GraphPad Prism 8.0 software (GraphPad Software Inc., La Jolla,
CA, United States). EdgeR was used to identify the differential expression of RNAs.
The role of related differential genes was explored by Cox regression analysis. P
values < 0.05 were considered statistically significant.

RESULTS
Differentially expressed lncRNAs between tumor tissue samples and adjacent
nontumor tissues
The volcano map (Figure 1A) indicates that there were differences in the expression of
lncRNAs between tumor tissues (log FC = 1, padj = 0.05) and adjacent nontumor
tissues from TCGA. Among all differentially expressed lncRNAs, there were 16
lncRNAs with P < 0.01. Subsequently, a significant difference was shown by plotting
the cluster heat map (Figure 1B). For specific lncRNAs, we depicted the top 20
upregulated and top 20 downregulated lncRNAs involved in GC. Table 1 shows their
log FC and -log false discovery rate (log FDR) data based on the results from
integrated tumor tissues. The Kaplan-Meier survival curve of LINC02407 (Figure 2A)
is shown, and the association of 16 key lncRNAs with OS was analyzed based on
TCGA data to study the main features of prognostic outcomes. Ovarian
adenocarcinoma amplified long non-coding RNA (Figure 2B) and LINC00973 (Figure
2C) were positively associated with OS (log-rank P < 0.01).

Association between lncRNA expression and survival
Using univariate analysis of survival, the lncRNAs were ranked by HR and P value,
and the list of lncRNA correlations is shown in Table 2. For the polygenic risk-score
analysis and clinical information data from TCGA, R-3.5.2 software was applied to
construct the forest plots based on the Cox proportional hazards model for LIN01614,
LIN01537, LIN02407, C15orf54, LIN01210, and CYMP-AS1 lncRNA (Figure 3A), the
survival curves (Figure 3B), and the ROC curves (Figure 3C). LIN01614, LIN01537,
LIN02407, C15orf54, and CYMP-AS1 positively correlated with the survival of
patients. We could infer that these lncRNAs could increase the survival of patients
based on the ROC curves (Figure 3C). A HR heatmap representing the associations of
LIN01614, LIN01537, LIN02407, C15orf54, and CYMP-AS1 expression with OS in
patients with different clinicopathological characteristics (Figure 3D) was acquired by
applying R-3.5.2 software.

Upregulation of LINC02407 expression in GC specimens and cell lines
The expression levels of LINC02407 in 20 pairs of GC tissues and adjacent normal
tissues were measured by qRT-PCR. The results showed that LINC02407 expression
was upregulated in GC samples relative to adjacent normal mucosal tissues (Figure
4A). In addition, the expression levels of LINC02407 in a gastric mucosal normal cell
line, GES-1, and five GC cell lines (HaCaT, MGC-803, MKN45, SGC-7901, and HGC27) were analyzed. The results showed that LINC01354 expression was the highest in
HGC-27 cells and the lowest in HaCaT cells (Figure 4B).

Effect of LINC02407 on HGC-27 cells
Specially designed primers were applied to detect LINC02407 expression in
transfected HGC-27 cells by qRT-PCR. Chemically synthetic si-LINC02407 and si-NC
were successfully transfected into HGC-27 cells, and si-LINC02407 successfully
downregulated the LINC02407 expression level (Figure 5A). LINC02407overexpressing lentivirus was successfully transfected into HGC-27 cells, and
LINC02407 was upregulated. Cell viability was strengthened by the LINC02407overexpressing lentivirus relative to the overexpression-control lentivirus as shown in
Figure 5B. Apoptosis analysis was performed as previously mentioned, and the
results revealed that the LINC02407-overexpressing lentivirus could inhibit apoptosis
by 67% in HGC-27 cells, while on the contrary, si-LINC02407 could increase apoptosis
by 83% in HGC-27 cells (Figure 5C and Figure 5D). A wound healing assay indicated
that the LINC02407-overexpressing lentivirus could enhance the migration and
invasion rate by 48% in HGC-27 cells relative to the overexpression-control lentivirus,
and si-LINC02407 could decrease the migration and invasion rate by 15% in HGC-27
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Table 1 Top 20 upregulated and top 20 downregulated long noncoding RNAs involved in gastric cancer
LncRNA (up-regulated)

Log FC

-LogFDR

LncRNA (down-regulated)

Log FC

-LogFDR

MAGEA4-AS1

8.20

6.39

HCG22

-4.59

30.13

LINC02582

7.29

7.04

LINC00955

-3.87

16.19

LINC00392

6.98

5.23

PGM5-AS1

-3.75

25.23

HOXC-AS3

6.91

17.67

IL12A-AS1

-3.31

38.15

DSCR8

6.78

6.14

C5orf66-AS1

-3.19

22.45

LINC02474

6.76

9.65

PCAT18

-3.15

17.08

TMEM132D-AS1

6.67

6.35

LINC02404

-3.11

10.98

LINC01234

6.55

14.68

UBXN10-AS1

-3.07

30.68

LINC01980

6.49

7.77

LINC02560

-3.06

13.89

BANCR

6.21

7.50

LRRC3-DT

-3.01

22.82

ERVMER61-1

6.17

5.87

LINC01697

-2.99

24.83

LINC02163

5.90

17.22

HAND2-AS1

-2.96

14.27

DSCR4

5.75

5.33

LINC00330

-2.91

13.05

LINC01050

5.75

16.19

MIR205HG

-2.86

4.34

LINC00973

5.72

4.97

CERS3-AS1

-2.82

15.20

LINC01419

5.72

6.63

LINC02487

-2.81

16.19

HOTAIR

5.55

17.76

LINC02106

-2.70

16.69

LINC01287

5.48

6.53

LINC00671

-2.69

21.70

OVAAL

5.44

4.37

ADAMTS9-AS1

-2.66

29.85

LINC01194

5.36

5.12

MIR1-1HG-AS1

-2.64

12.84

LncRNAs: Long noncoding RNAs; FC: Fold change; FDR: False discovery rate.

cells compared with si-NC.

Hsa-miR-6845-5p and hsa-miR-4455 have negative effects on GC
The predicted results of miRanda software were considered to be miRNAs
corresponding to mRNA. LncRNA and its candidate miRNAs are shown in Supplemental Table 2. We selected 5 of the 37 miRNAs reported to be closely related to the
progression of GC, including hsa-miR-331-3p, hsa-miR-6845-5p, hsa-miR-4455, hsamiR-4316, and hsa-miR-1258. A luciferase reporter assay was used to verify that
LINC02407 could directly target hsa-miR-6845-5p and hsa-miR-4455. The results
showed that luciferase activity was reduced in wild-type LINC02407 3’-UTR- and hsamiR-6845-5p mimic co-transfected 293T cells in comparison to that in wild-type
LINC02407 3’-UTR- and hsa-miR-6845-5p mimic NC co-transfected 293T cells (P <
0.05); the same result was found with hsa-miR-4455. Next, the effect of hsa-miR-68455p and hsa-miR-4455 on a GC cell line was evaluated. The hsa-miR-6845-5p-mimic
could inhibit cell viability in hsa-miR-6845-5p-mimic and LINC02407-overexpressing
vector-transfected HGC-27 cells (Figure 6B). Additionally, the hsa-miR-6845-5p-mimic
and hsa-miR-4455-mimic had negative effects on the apoptosis in hsa-miR-6845-5pmimic- and LINC02407-Overexpressing vector-transfected HGC-27 cells (Figure 6C).
The hsa-miR-6845-5p-mimic and hsa-miR-4455-mimic could negatively impact the
transwell invasion of HGC-27 cells (Figure 6D).

LINC02407 could influence GC through the LINC02407-miR-6845-5p and miR-4455adhesion G protein-coupled receptor D1 (ADGRD1) pathways
The potential target mRNAs of hsa-miR-6845-5p were analyzed using miRanda
software, and the results are showed in Supplemental Table 3. Figure 7A shows the
number of studies linking the potential target mRNAs of miR-6845-5p and the
number of studies of potential target mRNAs linked to miR-4455 under the regulation
of LINC02407, resulting in a Sankey diagram generated with R-3.5.2. Five mRNAs
with high scores (ADGRD1, cholinergic receptor nicotinic delta, IgLON family
member 5, KRI1, and troponin I1) were identified in a LINC02407 regulated pathway.
A Western blot assay revealed that ADGRD1 was regulated by the LINC02407-miR6845-5p and miR-4455- ADGRD1 pathways (Figure 7B).
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Figure 1

Figure 1 Differentially expressed long noncoding RNAs between tumor tissue and adjacent nontumor tissue samples. A: Volcano map for differentially
expressed long noncoding RNAs (lncRNAs); B: Heat map for differentially expressed lncRNAs. FDR: False discovery rate; FC: Fold change.

DISCUSSION
LncRNAs refer to noncoding RNAs of more than 200 nt in length, and current studies
indicate that lncRNAs are associated with various types of cancer[10,11]. Moreover,
lncRNAs with abnormal expression in cancer are often found to be potential
diagnostic biomarkers and therapeutic targets. However, tumor cells exhibit different
cell morphologies, metastatic potential, and gene expression, and thus one of the
major challenges in developing cancer biomarkers is tumor heterogeneity[12,13]. Based
on lncRNA expression and its interrelationships with genomic location and miRNA,
both the functional roles of common lncRNAs and the identification of tissue-specific
mRNAs and lncRNAs can be inferred to indicate their specific roles in biogenesis and
different organ functions[13,14]. In summary, lncRNAs may provide common or specific
new biomarkers for different types of cancer[15,16].
Numerous studies have revealed that lncRNAs are key regulators of many
biological processes, and abnormal lncRNA expression plays an important role in
tumor genesis and progression. However, the molecular mechanisms of lncRNAs in
GC remain unclear[17,18]. Studying the expression of lncRNAs in different diseases and
its possible mechanism of action can contribute to the continuous development of
cancer gene therapy. So far, there have been few studies on the relationship between
lncRNAs and GC[19]. Therefore, it is necessary to study their role in GC.
The results of this study indicated that the expression of LINC02407 was
significantly upregulated in GC cell lines and tissue samples. Therefore, it can be
inferred that LINC02407 may be an important lncRNA that regulates the
heterogeneity of GC cells. Numerous studies have shown that lncRNAs can promote
cancer progression by affecting the proliferation, migration, and invasion of cancer
cells[20,21,22]. We speculate that LINC02407 may be involved in the progression of GC.
As expected, in vitro experiments have shown that LINC02407 can increase the
malignancy of GC cells, promote the invasion of GC cells, and decrease apoptosis.
Numerous studies showed that lncRNAs can act through cavernous miRNAs as
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Figure 2 Kaplan-Meier survival curves for three long noncoding RNAs associated with overall survival. Kaplan-Meier analysis and log-rank test were
performed to estimate the relations between (A) LINC02407, (B) OVAAL, and (C) LINC00973 expression and the overall survival of gastric cancer (GC) patients.
OVAAL: Ovarian adenocarcinoma amplified long non-coding RNA.

competing endogenous RNAs (ceRNAs)[23]. For example, the lncRNA SNHG7 sponge
miR-216b upregulates GALNT1, which ultimately promotes CRC cell proliferation
and liver metastasis[24,25]. There also have been studies of the abnormal expression of
miRNAs in several malignancies. These include breast cancer, ovarian cancer, glioma,
and GC[26,27,28]. Our study suggests that LINC02407 may promote GC progression by
targeting miRNAs. The current investigation showed that LINC02407 can affect GC
through the LINC02407-miR-6845-5p/miR-4455-ADGRD1 pathways. Moreover, hsamiR-6845-5p and hsa-miR-4455 were negatively regulated by LINC02407. These
results indicate that hsa-miR-6845-5p and hsa-miR-4455 may exert tumor suppressive
effects. With the deepening of research on cancer, studies found that malignant
tumors are driven by their almost unlimited ability to proliferate and metastasize[29-31].
In our study, we observed that LINC02407 acts as a ceRNA and controls the
availability of miRNAs that can be acted upon by LINC02407. Importantly,
LINC02407 is closely related to CASC19 and cancer cell survival, and our results
strongly suggest that LINC02407 can affect GC via the LINC02407-miR-6845-5p/miR4455-ADGRD1 pathways. In further research, we could collect more GC patients’
tissues and complete clinical information, like survival information and pathological
information, to study more about the influence of LINC02407 on GC patients’ survival
and the underlying mechanism.
In conclusion, overexpression of LINC02407 enhances the proliferation and inhibits
the apoptosis of GC cells. Our study reports the mechanism of action of LINC02407 in
GC. It was demonstrated that LINC02407 can affect GC through the LINC02407-miR-
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Table 2 Survival analysis of differentially expressed long noncoding RNAs
Gene

HR

Z value

P value

FLJ16779

1.16

3.48

4.93E-04

LINC01537

1.25

3.46

5.34E-04

LINC02407

1.28

3.41

6.49E-04

LINC00565

1.21

3.18

1.46E-03

ADAMTS9-AS1

1.18

2.99

2.81E-03

LINC02408

1.20

2.98

2.90E-03

LINC01614

1.13

2.93

3.35E-03

RNF144A-AS1

1.21

2.93

3.40E-03

MAGI2-AS3

1.23

2.87

4.09E-03

CYMP-AS1

1.13

2.86

4.18E-03

PTPRD-AS1

1.16

2.86

4.27E-03

APCDD1L-DT

1.18

2.84

4.56E-03

C15orf54

1.18

2.83

4.68E-03

LINC00973

1.12

2.72

6.49E-03

HR: Hazard ratio.

6845-5p/miR-4455-ADGRD1 pathways. Studying the LINC02407/miR-6845-5p/miR4455-ADGRD1 pathways can provide a deeper understanding of the pathogenesis of
GC and identify potential essential targets for GC diagnosis and treatment.
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Figure 3 Association between long noncoding RNA expression and survival. A: Forest plot showing the hazard ratio (HR) and P value for overall survival (OS)
in patients with gastric cancer (GC) based on long noncoding RNA (lncRNA) high vs low expression; B: Kaplan-Meier analysis of OS according lncRNA expression
levels; C: Receiver operating characteristic curve analysis based on a forest plot showing the hazard ratio and OS; D: HR heatmap representing associations between
LIN01614, LIN01537, LIN02407, C15orf54, and CYMP-AS1 expression and OS in patients with different clinicopathological characteristics. Only HRs with P values
less than 0.05 are shown. HR: Hazard ratio; ROC: Receiver operating characteristic; AUC: Area under curve.
Figure 4

Figure 4 LINC02407 is upregulated in clinical gastric cancer specimens and cell lines. A: The relative expression of LINC02407 determined by qRT-PCR in 20
paired gastric cancer tissues and adjacent normal tissues; B: The relative expression of LINC02407 determined by q-RT-PCR in six cell lines (HaCaT, GES-1, MGC803, MKN45, SGC-7901, and HGC-27). Data are reported as the mean ± SD. aP < 0.05, bP < 0.01, and eP < 0.001 for between-group comparisons.
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Figure 5 Effect of LINC02407 on HGC-27 cells. A: Quantitative real-time polymerase chain reaction to determine LINC02407 relative expression in LINC02407overexpressing lentivirus, overexpression-control, si-LINC02407, and si-NC-transfected HGC-27 cells; B: Determination of proliferation of different groups of HGC-27
cells; C: Hoechst staining assay of different groups of HGC-27 cells; D: Flow cytometry analysis of apoptosis rates of different groups of HGC-27 cells; E: Wound
healing assay of different groups of HGC-27 cells. Data are reported as the mean ± SD. aP < 0.05, bP < 0.01, and eP < 0.001 for between-group comparisons. NC:
Negative control.
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Figure 6 Hsa-miR-6845-5p and hsa-miR-4455 have negative effects on gastric cancer. A: Luciferase reporter assay verifying hsa-miR-6845-5p and hsa-miR4455 as direct targets of hsa-miR-6845-5p and hsa-miR-4455; B: Determination of the effects of hsa-miR-6845-5p-mimic and hsa-miR-4455-mimic on cell viability in
HGC-27 cells; C: Evaluation of the influence of hsa-miR-6845-5p-mimic and hsa-miR-4455-mimic on HGC-27 cell apoptosis; D: Evaluation of the effect of hsa-miR6845-5p-mimic and hsa-miR-4455-mimic on invasion of HGC-27 cells. Data are reported as the mean ± SD. aP < 0.05, bP < 0.01, and eP < 0.001 for between-group
comparisons. NC: Negative control.
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Figure 7

Figure 7 LINC02407 influences gastric cancer through the LINC02407-miR-6845-5p and miR-4455-adhesion G protein-coupled receptor D1 pathways. A:
Sankey diagram for the competing endogenous RNA network in LINC02407. This Sankey plot shows the quantity of evidence for LINC02407 on the left-hand side,
miR-6845-5p and miR-4455 in the middle, and the quantity of evidence for potential target mRNAs on the right-hand side of the plot. Each rectangle represents a
gene, and the size of the rectangle represents the degree of connection of each gene; B: Western blot assay of adhesion G protein-coupled receptor D1, cholinergic
receptor nicotinic delta, IGLON5, KRI1, and troponin I1 proteins differentially expressed in HGC-27 cells under different treatments. Data are reported as the mean ±
SD. aP < 0.05, bP < 0.01, and eP < 0.001 for between-group comparisons. NC: Negative control; ADGRD1: Adhesion G protein-coupled receptor D1; CHRND:
Cholinergic receptor nicotinic delta; IGLON5: IgLON family member 5; TNNI1: Troponin I1; LncRNA: Long noncoding RNA; miRNA: MicroRNA.

ARTICLE HIGHLIGHTS
Research background
The study of the role and mechanism of long non-coding RNAs (lncRNAs) in tumor progression
has been gradually developed and validated. The expression of lncRNAs in gastric cancer (GC)
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may be related to the progression of GC. However, there is little experimental evidence about
their mechanism of action in GC.

Research motivation
The study of lncRNA-related genes may suggest its carcinogenic effects and potential molecular
mechanisms in GC, and may further provide a new direction for the diagnosis and treatment of
GC.

Research objectives
The main objectives of our study were to investigate the differential expression of lncRNAs in
human GC and elucidate the function and regulatory mechanism of LINC02407.

Research methods
Quantitative real-time PCR was used to detect lncRNA gene expression in GC tissues and
matched adjacent non-tumor tissues and used the Cancer Genome Atlas database to verify the
role of lncRNAs in GC. In a further molecular mechanism study, we confirmed the possible
molecular mechanisms and regulatory pathways by which LINC02407 exerts its role by
overexpressing and knocking down the expression of downstream molecules of LINC02407.

Research results
LncRNA LINC02407 was up-regulated in GC tissues and cell line and promoted proliferation
and metastasis and inhibited apoptosis of GC cells. LINC02407 played a role in GC through the
LINC02407-miR-6845-5p/miR-4455-adhesion G protein-coupled receptor D1 (ADGRD1)
pathways, and thus, it may be an important oncogene and has potential value in GC diagnosis
and treatment.

Research conclusions
The authors demonstrated that LINC02407 is overexpressed in GC tissues and cell lines, which
could provide more evidence for the clinical use of lncRNAs as biomarkers in GC. We also
confirmed that LINC02407 plays a role in GC through the LINC02407-miR-6845-5p/miR-4455ADGRD1 pathways. Overexpression of LINC02407 may reflect a promising treatment strategy
for GC, which calls for more validated data in the future.

Research perspectives
Through this study, we will have a deeper understanding of the role and mechanism of lncRNAs
in GC in the future. And members of the LINC02407-miR-6845-5p/miR-4455-ADGRD1 axis can
be useful targets for future prevention and treatment innovations in GC.
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Abstract
BACKGROUND
Mixed neuroendocrine non-neuroendocrine neoplasm (MiNEN) is a rare
diagnosis, mainly encountered in the gastro-entero-pancreatic tract. There is
limited knowledge of its epidemiology, prognosis and biology, and the best
management for affected patients is still to be defined.
AIM
To investigate clinical-pathological characteristics, treatment modalities and
survival outcomes of a retrospective cohort of patients with a diagnosis of
MiNEN.
METHODS
Consecutive patients with a histologically proven diagnosis of MiNEN were
identified at 5 European centres. Patient data were retrospectively collected from
medical records. Pathological samples were reviewed to ascertain compliance
with the 2017 World Health Organisation definition of MiNEN. Tumour
responses to systemic treatment were assessed according to the Response
Evaluation Criteria in Solid Tumours 1.1. Kaplan-Meier analysis was applied to
estimate survival outcomes. Associations between clinical-pathological
characteristics and survival outcomes were explored using Log-rank test for
equality of survivors functions (univariate) and Cox-regression analysis
(multivariable).
RESULTS
Sixty-nine consecutive patients identified; Median age at diagnosis: 64 years.
Males: 63.8%. Localised disease (curable): 53.6%. Commonest sites of origin:
colon-rectum (43.5%) and oesophagus/oesophagogastric junction (15.9%). The
neuroendocrine component was; predominant in 58.6%, poorly differentiated in
86.3%, and large cell in 81.25%, of cases analysed. Most distant metastases
analysed (73.4%) were occupied only by a poorly differentiated neuroendocrine
component. Ninety-four percent of patients with localised disease underwent
curative surgery; 53% also received perioperative treatment, most often in line
with protocols for adenocarcinomas from the same sites of origin. Chemotherapy
was offered to most patients (68.1%) with advanced disease, and followed
protocols for pure neuroendocrine carcinomas or adenocarcinomas in equal
proportion. In localised cases, median recurrence free survival (RFS); 14.0 months
(95%CI: 9.2-24.4), and median overall survival (OS): 28.6 months (95%CI: 18.341.1). On univariate analysis, receipt of perioperative treatment (vs surgery alone)
did not improve RFS (P = 0.375), or OS (P = 0.240). In advanced cases, median
progression free survival (PFS); 5.6 months (95%CI: 4.4-7.4), and median OS; 9.0
months (95%CI: 5.2-13.4). On univariate analysis, receipt of palliative active
treatment (vs best supportive care) prolonged PFS and OS (both, P < 0.001).
CONCLUSION
MiNEN is most commonly driven by a poorly differentiated neuroendocrine
component, and has poor prognosis. Advances in its biological understanding are
needed to identify effective treatments and improve patient outcomes.
Key words: Mixed neuroendocrine non-neuroendocrine neoplasm; 2017 World Health
Organisation classification; Mixed adeno-neuroendocrine carcinoma; Gastro-enteropancreatic tract; Digestive system; Neuroendocrine neoplasms; Survival outcomes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Mixed neuroendocrine non-neuroendocrine neoplasm (MiNEN) is a rare, albeit
aggressive diagnosis. Evidence from literature is limited and inconsistent. This study
reports on one of the largest cohorts of patients with a diagnosis of MiNEN in the current
literature, and aims to provide useful suggestions for clinical management, in the absence
of data from clinical trials. Potentially curable cases are most commonly offered surgery
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alone or in combination with chemotherapy or chemo-radiotherapy (predominantly
according to the “standard of care” for adenocarcinomas). Advanced cases are most
often treated with palliative chemotherapy and protocols follow either the “standard of
care” for adenocarcinomas or neuroendocrine carcinomas.

Citation: Frizziero M, Wang X, Chakrabarty B, Childs A, Luong TV, Walter T, Khan MS,
Morgan M, Christian A, Elshafie M, Shah T, Minicozzi A, Mansoor W, Meyer T, Lamarca A,
Hubner RA, Valle JW, McNamara MG. Retrospective study on mixed neuroendocrine nonneuroendocrine neoplasms from five European centres. World J Gastroenterol 2019; 25(39):
5991-6005
URL: https://www.wjgnet.com/1007-9327/full/v25/i39/5991.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i39.5991

INTRODUCTION
Mixed tumours exhibiting both exocrine and neuroendocrine morphological features
are frequently encountered by pathologists in routine practice, and can originate in all
organs. Over the years, these tumours have been assigned variable designations,
giving rise to huge inconsistency within the literature[1]. Since 2000, tumours from the
gastro-entero-pancreatic (GEP) tract consisting of an exocrine and a neuroendocrine
component, accounting for at least a third or 30% of the tumour mass, have been
classified by the World Health Organisation (WHO) as separate entities from their
pure counterparts[2-5]. In 2010, the WHO classification of tumours of the digestive
system [4] named those mixed tumours mixed adeno-neuroendocrine carcinomas
(MANECs).
MANEC is a rare and controversial diagnosis; data from the current literature are
limited, almost exclusively derived from case reports and small retrospective series,
and inconsistent, mainly due to differences across studies in patient inclusion criteria
(e.g., disease stage, grade of differentiation of the two components, sites of origin),
population size and interpretation of the 2010 WHO definition of MANEC. In fact,
there is still large disagreement among authors on whether to include goblet cell
carcinoids/carcinomas of the appendix [6] under the diagnosis of MANEC, and
whether to consider mixed tumours composed by an adenoma and a well
differentiated neuroendocrine component separately from MANECs with more
aggressive histological features [7] . The median overall survival (OS) of affected
patients varies greatly across the retrospective series, ranging between 10 to 78
months (any disease stage or disease stage not specified)[8-13].
The European Neuroendocrine Tumour Society (ENETS) clinical practice
guidelines recommend that the management of MANEC should follow the standard
of care for pure, grade 3, neuroendocrine carcinoma (NEC) [ 1 4 ] , since the
neuroendocrine component in MANEC is most commonly poorly differentiated and
predominant, both in the primary tumours and in distant metastatic sites[15]. However,
other authors suggest treating MANEC according to the clinical practice guidelines
for adenocarcinomas (ADCs) from the same site of origin, when the ADC component
is prevalent and/or the least differentiated[7].
In 2017, the WHO classification of tumours of endocrine organs has renamed
MANECs from the pancreas “mixed neuroendocrine non-neuroendocrine neoplasms”
(MiNENs)[5], in order to better convey the variety of possible combinations between
neuroendocrine and non-neuroendocrine histologies, extending the spectrum of the
latter to incorporate “non-gland-forming” variants (e.g., squamous cell carcinoma or
sarcoma) and precancerous lesions (e.g., adenoma). The term MiNEN currently only
appears in the nomenclature for endocrine neoplasms arising from the pancreas.
However, pathologists commonly extend the use of the phrase and apply it to mixed
tumours meeting the diagnostic criteria and originating from any organ site[16].
It is worth noting that, since the diagnosis of MiNEN is based on a quantitative
threshold, tissue biopsies may not be able to accurately discriminate between
MiNENs and neuroendocrine neoplasms with a minor non-neuroendocrine
differentiation (< 30%), or vice versa, potentially accounting for underestimation of
the frequency of this diagnosis. As a result of the limitations of diagnostic methods, as
well as the paucity and inconsistency of available evidence, the actual epidemiology
and prognosis of MiNEN remains unknown.
Furthermore, identifying effective therapeutic strategies for MiNEN represents a
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major challenge, which can be mainly explained by; (1) the lack of high-quality
evidence from large prospective trials, due to the rareness and limited awareness of
this diagnosis outside the community of clinicians and researchers with interest in
neuroendocrine neoplasms; and (2) the different sensitivity of the two histologies to
conventional systemic treatments and radiotherapy; the selective treatment of one of
the two components can favour the clonal expansion of the other, leading to the rapid
development of resistance.
The present study aimed to collect data from a large, retrospective, multi-centre,
series of patients with a diagnosis of MiNEN, for whom there was compliance with
the 2017 WHO classification [5] , confirmed by pathologists with expertise in
neuroendocrine neoplasms, to inform clinicians on the clinical-pathological
characteristics, biological behaviour and management of this poorly understood
disease.

MATERIALS AND METHODS
Patient and tumour samples
Consecutive patients with a diagnosis of MiNEN, as per the 2017 WHO
classification[5], were retrospectively identified from 5 European Institutions, 4 of
which are ENETS Centres of Excellence; The Christie National Health Service (NHS)
Foundation Trust in Manchester (United Kingdom), The Royal Free London NHS
Foundation Trust in London (United Kingdom), University Hospitals Birmingham
NHS Foundation Trust (United Kingdom), Edouard Herriot Hospital (Hospices Civils
de Lyon) (France), and Cardiff and Vale University Health Board (United Kingdom).
All pathological samples, obtained by either surgical resection or tissue biopsy from
primary tumours or metastatic sites, were reviewed by pathologists with expertise in
neuroendocrine neoplasms, and fulfilled the 2017 WHO diagnostic criteria for
MiNEN (each component accounting for at least 30% of the tumour mass)[5]. Only
patients with a primary tumour from the GEP tract, or of unknown origin, where
other primary sites were excluded, were considered eligible for inclusion in this
study. Diagnosis by cytology (e.g., brushing or fine needle aspiration) was not
permitted, as deemed not informative enough to allow an accurate diagnosis of
MiNEN. Other exclusion criteria included; goblet cell carcinoids Tang subtype A,
ADC ex-goblet cell carcinoids Tang subtype B and C[6], and amphicrine tumours. In
fact, studies reporting on goblet cell carcinoids (any Tang subtype) indicate that these
tumours rarely exhibit a neuroendocrine component exceeding 30% of the tumour
mass [7,17] , and seem to have a more favourable prognosis than patients with
MiNENs[11,12].
Demographic characteristics, treatment modalities and clinical outcomes of eligible
patients, and morphological data of corresponding tumour samples were collected
from local medical records (approved by local audit committees). This study was
approved by the Christie NHS Foundation Trust Audit committee (16/1806).
Due to differences in staging systems among tumours from different sites of origin,
the disease stage was classified as follows; localised (Loc), if the tumour was
amenable to curative treatment, whether or not loco-regional nodes were affected,
and in the absence of distant metastases; advanced (Adv), if the tumour was not
amenable to curative treatment, either because locally infiltrative or because of the
presence of distant metastases.
Chemotherapy and chemo-radiotherapy regimens, used either in the Loc or Adv
setting, were defined as “ADC-like” or “NEC-like” according to whether they were in
keeping with the “standard-of-care” for the treatment of ADCs from the same site of
origin or NECs, respectively.
The following endpoints were used to investigate patient and treatment outcomes;
recurrence-free-survival (RFS) (defined as the time from the beginning of the initial
curative treatment to radiological or clinical evidence of recurrence of the tumour or
tumour-related death), progression-free-survival (PFS) (defined as the time from the
diagnosis of Adv disease or the beginning of active palliative treatment to
radiological/clinical evidence of progression of the tumour or death from any cause),
and OS (defined as the time from the initial pathological diagnosis to death from any
cause). For patients with Loc MiNEN who developed recurrent Adv disease, PFS and
OS were also calculated from the time of radiological diagnosis of Adv disease or the
beginning of active palliative treatment to the time of radiological/clinical evidence of
further progression or death from any cause; these PFS and OS data were combined
with those from patients with Adv disease “ab initio”, in order to increase the sample
size of the Adv subgroup.
The date of data cut-off was the 28th of February 2018. The follow-up time was
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estimated from the date of the first contact by the patient with the institution and the
date of last follow-up visit, or contact, or death from any cause. The response to
chemotherapy or chemo-radiotherapy was assessed according to the Response
Evaluation Criteria In Solid Tumors (RECIST) version 1.1[18]. Frequency of imaging
was performed as per institutional and ENETS guidelines[14] (every 3 months).

Statistical analysis
Microsoft excel was used for descriptive statistics, and “R” software was used for
inferential statistics. Survival outcomes (median RFS, PFS and OS) were estimated by
using Kaplan-Meier analysis (patients lost to follow-up were censored at the time of
last follow-up visit or contact). Associations between clinical and pathological
characteristics and survival outcomes were investigated by applying Log-rank test for
equality of survivors function (univariate), and Cox-regression analysis
(multivariable). Probability values (P) were considered to be statistically significant at
a level < 0.05.

RESULTS
Clinical characteristics of patients and pathological data of tumour samples
A total of 69 consecutive patients with a diagnosis of MiNEN (2017 WHO definition)[5]
were eligible for inclusion in the study. The date of diagnosis ranged from the 1st of
September 1980 to the 1st of August 2017. The median follow-up time was 11.5
months [95% confidence interval (CI); 6.5-13.5]. Baseline demographic and
clinical/pathological characteristics are summarised in Table 1 and
Supplemental Table 1. The median age of patients at diagnosis was 64 years (range:
34-89).
Pathological material for diagnosis (collection procedure; surgery 58%, biopsy
36.2%, unknown but not fine needle aspiration or brushings in 5.8%) was obtained
from primary tumours in 50 cases (72.5%) and metastatic sites in 5 cases (7.2%),
whereas the site from where the tumour tissue was retrieved could not be ascertained
in 14 cases (20.3%). The neuroendocrine component was predominant and poorly
differentiated, grade 3, in 58.7% and 86.4% of cases for which this information was
available, respectively. The median Ki-67 index of the neuroendocrine component
(recorded for 56 patients) was 70% (range: 2%-95%). The predominant histology in
MiNEN, and the morphological subtype of the neuroendocrine component was not
available from pathological reports in 33.3% and 72.4% of cases, respectively.
Immunohistochemical data on diagnostic samples of MiNEN are presented in Table 2.
Additional pathological material from synchronous or metachronous metastatic
sites was available for 15 patients and consisted of a pure NEC in 11 (73.4%) cases, a
pure ADC in 1 (6.6%), and an admixture of both histologies in 3 (20%).

Management and clinical outcomes of patients
Treatment modalities of MiNEN was available for 36 patients with Loc disease and 54
patients with Adv disease, and are illustrated in Figure 1. The Adv subgroup included
both patients who presented with Adv disease at diagnosis (n = 29) and patients who
developed recurrent metastatic disease after initial curative treatment (n = 25).
Chemotherapy and chemo-radiotherapy regimens administered with curative
intent in the Loc setting followed ADC-like protocols in 13/18 (72.2%) cases and NEClike protocols in 2/18 (11.1%) cases [for 3/18 (16.7%) patients, the chemotherapy
regimen used was unknown]. Regimens of systemic treatment administered with
palliative intent in the Adv setting were in keeping with ADC-like protocols in 17/37
(45.9%) cases and NEC-like protocols in 17/37 (45.9%) cases [for 3/37 (8.1%) patients,
the chemotherapy regimen used was unknown]. Descriptive associations between the
predominant and/or most aggressive component in diagnostic samples, or second
biopsies obtained at the time of diagnosis of Adv disease (pre-treatment), and
chemotherapy or chemo-radiotherapy regimens used were possible for 30 patients
(Supplemental Table 2); the choice of regimen (either NEC-like or ADC-like) was in
line with the predominant or most aggressive component in 20 (67%) cases.
In the Adv setting, the response to first-line chemotherapy or chemo-radiotherapy
was assessed for 30 patients; 2 (6.7%) had complete response, 4 (13.3%) had partial
response, 13 (43.3%) had stable disease (disease control rate; 63.3%), and 11 (36.6%)
had progressive disease. Correlations between treatment response and
predominant/most aggressive histology or chemotherapy/chemo-radiotherapy
protocols used were not interrogated, as individual subgroups were too small to
allow reliable statistical analyses.
Eleven patients received second-line active treatment; 9 chemotherapy (5-
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Table 1 Demographic and clinical-pathological characteristics in patients with a diagnosis of mixed neuroendocrine non-neuroendocrine
neoplasm
Variable

Category

n (%)

Category

n (%)

Female

25 (36.2)

Male

NE

27 (39.1)

44 (63.8)

Non-NE

12 (17.4)

Equal proportion

7 (10.1)

NA

23 (33.3)

Gender

Variable
Predominant component

Disease stage

Morphology of NE component
Localised

37 (53.6)

Large cell

13 (18.8)

Advanced

30 (43.5)

Small cell

5 (7.2)

NA

2 (2.9)

Others

1 (1.4)

NA

50 (72.4)

Primary tumour site

Grading of NE component
Colon

22 (31.9)

Grade 1

3 (4.3)

Oesophagus/OGJ

11 (15.9)

Grade 2

14 (20.3)

Rectum

8 (11.6)

Grade 3

57 (82.6)

Small bowel/ICJ

8 (11.6)

NA

3 (4.3)

Pancreas

6 (8.7)

Stomach

4 (5.8)

Anus

4 (5.8)

Median

70% (55-68)

Biliary tract

3 (4.3%)

< 55%

19 (27.5)

Appendix

2 (1.9)

≥ 55%

37 (53.6)

Unknown

1 (1.5)

NA

13 (18.8)

Ki-67 of NE component

Histology of non-NE component
Lower GI

44 (63.8)

ADC

51 (39.1)

Upper GI

15 (21.7)

Adenoma

2 (17.4)

PB

9 (13)

Carcinoma/SCC

1 (10.1)

Unknown

1 (1.5)

NA

15 (33.3)

Grade 1

10 (14.5)

Grade 2

14 (20.3)

Grade 3

20 (29.0)

Adenoma

2 (17.4)

NA

23 (33.3)

Grading of non- NE component

Note: the sum of the percentages might not reach 100% due to rounding. ECOG: Eastern Cooperative Oncology Group; PS: Performance status; Loc:
Localised stage; Adv: Advanced stage; NE: Neuroendocrine; ADC: Adenocarcinoma; SCC: Squamous cell carcinoma; OE: Oesophageal; OGJ: Oesophagogastric junction; ICJ: Ileo-caecal junction; Lower GI: Lower gastrointestinal tract; Upper GI: Upper gastrointestinal tract; PB: Pancreatico-biliary tract; NA:
Not available.

fluorouracil-based in 6, gemcitabine-based in 1, cisplatin/etoposide in 1,
cyclophosphamide/adriamycin/vincristine in 1), 1 chemo-radiotherapy and 1 debulking surgery with intraperitoneal chemotherapy.
At the time of data cut-off, the median OS in the whole population (calculated for
63 patients; whether or not death had occurred was unknown in 6 patients) was 15.9
months (95%CI: 12.4-29.6). In the Loc subgroup, 25 (66.7%) patients relapsed and the
median RFS (calculated for 33 patients; whether or not disease relapse occurred was
unknown for 4 patients) was 14.0 months (95%CI: 9.2-24.34), and 22 (64.7%) died. The
median OS was 28.6 months (95%CI: 18.3-41.1) (calculated for 34 patients; whether or
not death occurred was unknown for 3 patients) (Figure 2). Univariate analyses for
RFS and OS in the Loc setting are presented in Table 3. The primary tumour site
(lower gastro-intestinal, upper gastro-intestinal or pancreatico-biliary) significantly
impacted on OS (P < 0.001), with MiNENs of pancreatico-biliary origin seeming to
have the worst outcomes. An age at diagnosis below 70 years (vs ≥ 70) was a positive
prognostic factor for both RFS (P = 0.023) and OS (P = 0.017). Female gender was
prognostic for worse OS (P = 0.037) and was associated with a trend towards worse
RFS, although not statistically significant (P = 0.081). The absence of local-regional
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Table 2 Immunohistochemical data on diagnostic samples of mixed neuroendocrine nonneuroendocrine neoplasm
Variable

Category

Number

%

Positive

60

87.0

Negative

0

0

NA

9

13.0

Positive

37

53.6

Negative

16

23.2

NA

16

23.2

Positive

26

37.7

Negative

10

14.5

NA

33

47.8

Positive

22

31.9

Negative

11

15.9

NA

36

52.2

Positive

24

34.7

Negative

10

14.5

NA

35

50.8

Positive

33

47.8

Negative

4

5.8

NA

32

46.4

Synaptophysin

Chromogranin A

CD56

CK-20

CK-7

CDX-2

Note: The sum of the percentages may not reach 100% due to rounding. NA: Not available.

lymph node metastases in post-operative specimens was prognostic for longer RFS (P
= 0.015), and was associated with a trend towards improved OS, although not
statistically significant (P = 0.069). Interestingly, neither the predominant component
nor the receipt of perioperative treatment (vs surgery alone) impacted on PFS or OS.
Multivariable analysis was considered but due to lack of complete data, the number of
analysable cases for each subgroup was too small (n = 1-11) to enable reliable
comparisons.
In the Adv subgroup (survival outcomes calculated for 54 patients; whether or not
disease progression or death occurred was unknown for 1 patient), 48 (88.9%) patients
had progressed and 43 (79.6%) had died, and the median PFS and OS were 5.6 months
(95%CI: 4.4-7.4) and 9.0 months (95%CI: 5.2-13.4), respectively (Figure 2). Univariate
analyses for PFS and OS in the Adv setting are presented in Table 4. The primary
tumour site (lower gastro-intestinal, upper gastro-intestinal or pancreatico-biliary)
significantly impacted on both PFS (P = 0.008) and OS (P < 0.001), with MiNENs of
pancreatico-biliary origin seeming to have the worst outcomes. The receipt of first-line
active treatment (vs best supportive care alone) was associated with significantly
better PFS (P < 0.001) and OS (P < 0.001), whereas the predominant component did
not impact on either survival outcomes. On multivariable analysis
(Supplemental Table 3, the primary tumour site retained prognostic significance for
OS (P = 0.016), and had “borderline” prognostic significance for PFS (P = 0.057). In
contrast, the administration of first line active treatment lost significance for both PFS
(P = 0.237) and OS (P = 0.523).
Univariate analysis for RFS, PFS and OS according to immunohistochemical data
from tumour samples at diagnosis was also performed, and significant results can be
summarised as follows; in the Loc setting, CK-7 positive staining was associated with
shorter RFS (P = 0.021) and OS (P = 0.035), and CDX-2 positive staining was
associated with improved OS (P = 0.009). In the Adv setting, Chromogranin A
positive staining was associated with shorter PFS (P = 0.039).
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Figure 1

Figure 1 Treatment modalities of patients with a diagnosis of mixed neuroendocrine non-neuroendocrine neoplasm according to disease stage.

DISCUSSION
This current study is one of the largest reporting on a population of patients with a
diagnosis of MiNEN in the literature, with expert pathological review confirming the
diagnosis. The results of this study indicate that, most commonly, MiNEN is
diagnosed in men and arises from the colon-rectum or oesophagus/oesophago-gastric
junction. These data closely mirror those from a German, single-centre, retrospective
study by Apostolidis et al[19] which included 58 patients with a diagnosis of MiNEN. In
addition, MiNEN has an aggressive biological behaviour, usually driven by a poorly
differentiated neuroendocrine component. In nearly all cases, the non-neuroendocrine
component is of ADC histology. These findings are in line with those from other
retrospective cohorts of MiNENs where the neuroendocrine component was
predominant in 50%-66.7% of tumour samples analysed [ 1 5 , 2 0 - 2 3 ] and poorly
differentiated in 59%-100% of tumour samples analysed [12,15,19-26] , and the nonneuroendocrine component was of ADC or adenoma histology in 66.7-100% of
tumour samples analysed [10,15,20-27] . In addition, in the present study, the NEC
component of MiNEN was predominantly of large cell morphology. Although this
information was available only for a small proportion of cases (16; 23%), two other
studies reported similar findings; a large cell NEC component in 41/42 and 10/10
MiNEN samples, respectively[20,24].
Interestingly, the present study suggests that, in MiNEN, the metastatic process is
dominated by a single component, which is usually of NEC histology. This is
corroborated by similar findings from an Italian and two Asian studies reporting on
patients with GEP MiNENs[15,20,23], and carries an important implication; biopsies of
metastatic sites may not capture both the tumour components, deceptively leading to
a diagnosis of pure NEC or ADC, especially in Adv cases when surgical material for
full sampling of the primary tumour is not available. This may also explain why the
majority of cases, in the present cohort of MiNENs, were diagnosed at a Loc stage,
which is unexpected for an aggressive disease; a proportion of Adv MiNENs may be
misdiagnosed due to limitations of tissue biopsies.
Consistent with other studies from the literature[8,11,19,20,22], curative surgery was the
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Figure 2

Figure 2 Kaplan-Meier curves for recurrence-free survival and overall survival in the localised stage subgroup, and for progression free survival and
overall survival in the advanced stage subgroup. The confidence interval gets wider with time mainly due to smaller sample sizes. The wider confidence intervals
indicate more uncertainty. MiNEN: Mixed neuroendocrine non-neuroendocrine neoplasm; med: Median; 95%CI: 95% confidence interval.

preferred treatment for Loc MiNEN, and pre-operative and/or post-operative
treatment was delivered to between a half and three quarters of resected cases.
Chemotherapy and chemo-radiotherapy regimens in the Loc setting were most
commonly adherent to the clinical practice guidelines for pure ADCs from the same
sites of origin; this might be explained by the lack of solid evidence advocating the
use of peri-operative chemotherapy or chemo-radiotherapy for potentially curable
pure neuroendocrine neoplasms.
In the present study, palliative chemotherapy was the most common treatment
offered to patients with Adv disease, whereas in the majority of reported studies on
MiNEN from the literature, surgery, either alone or in combination with palliative
chemotherapy, is the preferred management for this subgroup of patients[8,20-22,26,28,29].
This discrepancy might be explained by a selection bias, since most of those studies
were conducted in surgical cohorts, only including cases of MiNEN diagnosed by
surgical excision[8,20-22].
There is variability within the literature with regard to chemotherapy and chemoradiotherapy regimens (ADC-like or NEC-like) used in the palliative setting[8,19,20,22,29],
and the criteria driving the choice of the regimen remains unexplained. Similar to the
study by Apostolidis et al [19] , in the present series, first-line chemotherapy and
chemoradiotherapy regimens were in line with ADC-like or NEC-like protocols in
equal proportion. In addition, the choice of the regimen seemed to be based on the
predominant or most aggressive histology. Noticeably, in a proportion of cases, ADClike platinum-based regimens (e.g., 5-fluorouracil/oxaliplatin or 5fluorouracil/irinotecan) were preferred, despite a predominant or more aggressive
neuroendocrine component; a possible explanation is that clinicians opted for such
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Table 3 Univariate analyses for recurrence-free-survival and overall survival in patients with a diagnosis of localised mixed
neuroendocrine non-neuroendocrine neoplasm
RFS

OS

n

Median (mo)

95%CI

P value

n

Median (mo)

95%CI

P value

Lower GI

25

15.70

10.1-NR

0.28

25

29.6

19.1-NR

< 0.001

PB

4

8.11

2.9-NR

4

8.6

7.6-NR

Upper GI

5

14.89

8.0-NR

5

20.4

9.4-NR

Unknown

0

22

32.6

20.7-NR

12

16.1

8.6-NR

27

29.6

18.3-NR

5

28.6

14.3-NR

14

11.9

8.6-NR

20

32.6

19.1-NR

Primary tumour site

0

Age at diagnosis
< 70 yr

22

15.5

11.5-NR

≥ 70 yr

12

9.2

6.5-NR

0.023

0-1

27

12.7

9.2-NR

≥2

5

18.5

5.7-NR

Female

14

7.0

4.2-NR

Male

20

15.5

11.5-NR

ADC

9

11.5

6.4-NR

9

20.7

15.9-NR

EQUAL

2

8.1

-

2

-

-

NE

14

12.7

7.0-NR

14

20.4

18.3-NR

G1

2

-

-

2

-

-

G2

2

33.7

24.4-NR

2

36.7

29.6-NR

G3

29

11.5

8.0-18.5

29

20.7

15.9-NR

< 55%

9

17.1

2.9-NR

9

28.6

8.6-NR

≥ 55%

17

9.2

7.0-NR

17

19.1

14.3-NR

No

4

-

-

4

-

-

Yes

16

10.1

6.5

16

28.6

14.3-NR

No

13

14.0

7.0-NR

13

28.6

16.1-NR

Yes

19

14.9

8.0-NR

19

20.4

14.3-NR

0.017

ECOG PS
0.29

0.34

Gender
0.081

0.037

Predominant component
0.99

0.66

Grading NE component
0.16

0.24

Ki-67 of NE component
0.67

0.83

pN+
0.015

0.069

Periop-treatment
0.375

0.24

RFS: Recurrent free survival; OS: Overall survival; 95%CI: 95% confidence interval; NR: Not reached; Lower GI: Lower gastrointestinal tract; Upper GI:
Upper gastrointestinal tract; PB: Pancreatico-biliary tract; PS: Performance status; ECOG: Eastern Cooperative Oncology Group; ADC: Adenocarcinoma;
EQUAL: Equal proportions of the two histologies; NE: Neuroendocrine component; pN+: Presence of metastatic loco-regional lymph nodes on postoperative pathological examination; Periop: Perioperative (adjuvant and/or neoadjuvant chemotherapy and/or radiotherapy) .

combinations, which have shown anti-tumour activity in small retrospective series of
NECs[30,31], in an attempt to target both the components.
The results of the present study indicate that MiNEN has a poor prognosis, with a
high likelihood of recurrence or progression after a short period of time from the
initial management. Survival outcomes of MiNEN were close to those of pure GEPNECs[32-34], and such a similarity was more evident in the Adv setting. Similarly,
disease control rates to first-line palliative chemotherapy, which were consistent with
those from other series of MiNENs (60%-68%)[19,20], were close to those of pure GEPNECs (64%-100%)[32-34].
The present study summarises real-world data on an under-researched diagnosis,
providing suggestions for clinical practice (Figure 3). However, there are limitations
which are worth acknowledging. Firstly, it is a retrospective study and, therefore, the
data reported may not be as accurate as in prospective clinical trials; information on a
number of key pathological features (e.g., predominant component, histology of nonneuroendocrine component, morphological subtype and Ki-67 value of the
neuroendocrine component, and immunohistochemical data) could not be retrieved
from medical records or pathological reports in non-negligible proportions of
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Table 4 Univariate analysis of progression-free survival and overall survival in patients with advanced mixed neuroendocrine nonneuroendocrine neoplasm
PFS

OS

n

Median (mo)

95%CI

P value

n

Median (mo)

95%CI

P value

Lower GI

35

6.6

4.6-7.4

0.008

37

9.6

5.21-15.2

< 0.001

PB

7

4.4

0.8-NR

7

4.4

2-NR

Upper GI

11

9.5

5.1-NR

11

9.5

5.1-NR

Unknown

1

1.3

-

1

1.3

-

< 70 yr

32

5.9

4.3-9.5

32

9.5

5.2-16.3

≥ 70 yr

22

5.6

3.8-8.0

22

9.0

4.6-14.7

0-1

36

6.9

4.6-8.2

36

9.6

5.216.3

≥2

13

5.9

3.4-NR

13

5.9

4.6-NR

Female

20

5.2

2.6-9.1

20

7.9

3.7-19.8

Male

34

6.9

4.6-9.5

34

9.0

5.2-15.2

ADC

11

4.4

2.6-NR

11

4.4

2.6-NR

EQUAL

6

9.5

4.4-NR

6

34.2

12.4-NR

NE

23

5.6

4.3-7.2

23

7.2

5.2-13.7

5

53.8

5.2-NR

49

9.0

5.2-13.4

10.7

5.6-NR

7.2

5.15-13.4

3.7

2.0

13.4

9.0-16.3

Primary tumour site

Age at diagnosis
0.19

0.23

ECOG PS
0.9

0.45

Gender
0.5

0.96

Predominant component
0.08

0.14

Grading NE component
G1

0

G2

5

6.9

5.2-NR

0

G3

49

5.6

4.4-7.4

< 55%

14

7.0

5.3-12.9

≥ 55%

32

4.7

3.9-8.0

No

13

2.2

1.6

Yes

40

7.1

5.2-9.8

0.65

0.34

Ki-67 of NE component
0.78

0.6

First line active treatment
< 0.001

< 0.001

PFS: progression free survival; OS: overall survival; 95%CI: 95% confidence interval; NR: Not reached; Lower GI: Lower gastrointestinal tract; Upper GI:
Upper gastrointestinal tract; PB: Pancreatico-biliary tract; PS: Performance status; ECOG: Eastern Cooperative Oncology Group; ADC: Adenocarcinoma;
EQUAL: Equal proportions of the two histologies; NE: Neuroendocrine component; Note: Advanced mixed neuroendocrine non-neuroendocrine
neoplasms include both patients who presented with advanced disease at diagnosis and those who developed advanced recurrent disease after initial
curative treatment. First line active treatment includes palliative surgery alone, palliative surgery combined with chemotherapy, chemotherapy alone,
chemo-radiotherapy.

patients, and further pathological review of the samples was not feasible. Although it
would be interesting from a scientific standpoint to obtain the Ki-67 value and the
morphological subtype (small cell vs large cell) of the neuroendocrine component
from a larger number of patients, neither are proven prognostic or predictive factors
in this disease subgroup and, therefore, currently, this information is of limited
relevance for clinical practice. Secondly, the results of univariate and multivariable
analyses have to be interpreted with caution, as the small sample size of comparator
subgroups would not permit reliable deductions. Furthermore, survival outcomes of
the Adv subgroup might be biased by the inclusion of patients who developed
metastatic recurrent disease after initial curative treatment for Loc MiNENs; some of
those patients who had received previous perioperative treatment, might have
developed more chemo- and/or radiotherapy-resistant phenotypes, that might have
negatively influenced the outcomes of the whole Adv subgroup. Lastly, there may be
inaccuracies in diagnosis for those patients (around a third) having biopsy samples as
the only diagnostic material, since verifying the 30% threshold for each component
based on a limited amount of tissue might be challenging. However, biopsy samples
were reviewed by expert pathologists, who based their conclusion on either the
presence of an admixture of equal proportions of the two components within the
tumour sample, or the evidence of mixed exocrine/neuroendocrine features on
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further tumour samples from the same patient.
To conclude, due to limitations in diagnostic methods (insufficient amount of
tumour tissue provided by biopsies) and criteria (a quantitative arbitrary 30%
threshold for each component), the actual incidence of MiNEN may be
underestimated in general clinical practice. To pursue an accurate diagnosis of
MiNEN, and therefore deliver the most appropriate management, in the presence of a
tumour from the GEP tract exhibiting a mixed histology and/or an unconventional
behaviour on standard treatment, the tumour sample should be reviewed by
pathologists with expertise in neuroendocrine neoplasms. Collection of additional
tumour material from metastatic sites is also advisable to optimise the choice of
treatment.
Recent molecular and genetic studies on MiNEN have uncovered shared molecular
vulnerabilities between the neuroendocrine and non-neuroendocrine
components[24,25,35], suggesting a potential role for targeted treatments against both the
components, overcoming the long-standing problem of their differential sensitivity to
conventional chemotherapy and chemo-radiotherapy. Sample biobanking and wider
molecular analyses are paramount to forward the biological understanding of this
rare disease, to inform novel drug development treatments and patient allocation to
early-phase biomarker driven clinical trials. Liquid biopsies may aid in overcoming
the limitations of tissue biopsies.
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Figure 3

Figure 3 Algorithm of suggestions for clinical management of patients with a diagnosis of mixed neuroendocrine non-neuroendocrine neoplasm. NEC:
Neuroendocrine carcinoma; GEP: Gastro-entero-pancreatic tract; WHO: World Health Organisation.

ARTICLE HIGHLIGHTS
Research background
Mixed neuroendocrine non-neuroendocrine neoplasm (MiNEN) is characterised by the
coexistence of two histologies and is a rare disease, most commonly originating in the digestive
system. Evidence from the literature is limited and inconsistent.

Research motivation
Although rare, when encountered, MiNEN represents a therapeutic riddle for clinicians, as there
is still uncertainty as to how patients with this diagnosis should be managed, in the absence of
data from clinical trials. In addition, the actual incidence of MiNEN remains unknown.
Therefore, data from large retrospective studies is warranted.

Research objectives
The present study was designed to provide insights on the epidemiology and prognosis of
MiNEN from the gastro-entero-pancreatic tract (GEP), as well as on commonly applied
therapeutic approaches, with the ultimate aim of providing some guidance for clinical practice.

Research methods
To this end, a large retrospective, multicentre collection of clinical-pathological and survival
data, and treatment modalities from patients with a diagnosis of GEP-MiNEN was carried out.
Original diagnostic samples were reviewed by pathologists with expertise in neuroendocrine
neoplasms to ascertain compliance with the most recent diagnostic criteria for MiNEN (WHO
classification 2017). Potential differences in survival outcomes between subgroups with distinct
clinical-pathological characteristics were also investigated.
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Research results
MiNEN is most commonly diagnosed in the colon-rectum and oesophagus/oesophago-gastric
junction. The neuroendocrine component is almost always grade 3, and is most commonly the
predominant histology in both the primary tumour and distant metastatic sites. The nonneuroendocrine component is of adenocarcinoma histology in most cases. Patients with
potentially curable MiNEN usually receive curative surgery, in combination or not with preand/or post-operative chemotherapy and/or radiotherapy as per standard of care for pure
adenocarcinomas form the same sites of origin. Patients with advanced MiNEN most commonly
receive chemotherapy following protocols for pure neuroendocrine carcinomas or
adenocarcinomas from the same sites of origin. The prognosis of MiNEN is poor; patients with
initially curative MiNEN have a high likelihood of recurrence (around 2/3 of cases), with half of
cases developing disease recurrence within the first 12 months from curative treatment. Patients
with advanced stage MiNEN progress soon after the beginning of palliative treatment and have
survival outcomes very close to those of pure GEP-NECs.

Research conclusions
The incidence of MiNEN is likely underestimated, as tissue biopsies may not be able to capture
both the histologies; it is a predominantly metastatic disease, and metastatic sites are usually
occupied by a single component (most frequently G3, neuroendocrine). A pathological review of
the samples by pathologists with expertise in neuroendocrine neoplasms is strongly
recommended. A second biopsy from metastatic sites is encouraged, whenever possible,
especially on disease progression. Systemic treatments directed against one of the two
components have limited efficacy. Novel drug development should exploit common biological
vulnerabilities between the two components. Biological studies and liquid biopsies may aid in
unveiling the molecular landscape of MiNEN, and informing drug development and clinical trial
design.
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BACKGROUND
In pancreatic cancer, acute pancreatitis (AP) is a serious morbidity, but its
negative effect on long-term outcomes remains to be elucidated.
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AIM
To investigate the effects of AP on the tumor recurrence pattern of pancreatic
ductal adenocarcinoma (PDAC) and tumor-specific survival.
METHODS
The medical records of 219 patients with curative pancreatectomy for pancreatic
cancer at the Pancreatic Surgery Center of West China Hospital from July 2012 to
December 2016 were analyzed retrospectively. The severity of acute pancreatitis
was classified according to the Atlanta classification of AP. The patient
demographics and tumor characteristics were assessed. Early recurrence was
defined as a relapse within 12 mo after surgery. Overall and disease-free survival
and recurrence patterns were analyzed. Mild acute pancreatitis was excluded
because its negative effects can be negligible.
RESULTS
Early recurrence in AP group was significantly higher than in non-AP group
(71.4% vs 41.2%; P = 0.009). Multivariate analysis of postoperative early
recurrence showed that moderate or severe AP was an independent risk factor
for an early recurrence [odds ratio (OR): 4.13; 95% confidence interval (CI): 1.41-
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12.10; P = 0.01]. The median time to recurrence was shorter in patients with AP
than in those without (8.4 vs 12.8 mo; P = 0.003). Multivariate analysis identified
AP as an independent prognostic factor for overall survival [relative risk (RR):
2.35; 95%CI: 1.45-3.83] and disease-free survival (RR: 2.24; 95%CI: 1.31-3.85) in
patients with PDAC.
CONCLUSION
Patients with moderate or severe acute pancreatitis developed recurrences earlier
than those without. Moderate or severe AP is associated with shorter overall and
disease-free survival of patients with PDAC.
Key words: Acute pancreatitis; Pancreatic ductal adenocarcinoma; Recurrence; Prognosis;
Overall survival; Disease-free survival
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study investigated the effects of acute pancreatitis (AP) on the tumor
recurrence pattern of pancreatic ductal adenocarcinoma (PDAC) and tumor-specific
survival. We found that moderate or severe AP was significantly related to early
recurrence, and patients with moderate or severe AP developed recurrence earlier than
those without. Moderate or severe AP was adversely correlated with overall and diseasefree survival of patients with PDAC. Surgeons are thus urged to reduce the
complications of endoscopic retrograde cholangiopancreatography and make efforts to
diagnose PDAC timely in patients who present with AP in order to improve the
oncological outcomes of PDAC.

Citation: Feng Q, Li C, Zhang S, Tan CL, Mai G, Liu XB, Chen YH. Recurrence and survival
after surgery for pancreatic cancer with or without acute pancreatitis. World J Gastroenterol
2019; 25(39): 6006-6015
URL: https://www.wjgnet.com/1007-9327/full/v25/i39/6006.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i39.6006

INTRODUCTION
There are multiple etiological factors involved in the development of acute
pancreatitis (AP). Excluding common etiologies, such as alcohol and gallstones, the
onset of AP may be due to cancer progression itself or to complications of the
diagnostic and therapeutic interventional procedures used in pancreatic ductal
adenocarcinoma (PDAC) treatment, such as endoscopic retrograde
cholangiopancreatography (ERCP), surgery and chemotherapy [1-3] . PDAC often
presents initially as AP[4-6]. Moreover, the diagnosis of AP may precede PDAC by
weeks or even months[7,8]. Approximately 2.6% to 13.8% of pancreatic cancer patients
present with AP, according to previous studies[7,9]. Overwhelming evidence suggests
that patients with a history of AP have an increased risk of pancreatic cancer
compared with non-AP subjects. Even after 12 mo, the incidence of pancreatic cancer
was reported to be 3.84-fold higher in the AP group than in the non-AP group[4,10,11].
Moreover, as the most common complication of ERCP[1], pancreatitis occurs with an
incidence of 2%-20% in association with ERCP according to the 2002 NIH State-of-theScience statement on ERCP[12]. In these patients complicated with pancreatitis after
ERCP, about one-third had moderate or severe pancreatitis[13].
Many studies have shown that AP has significant negative effects on prognosis and
outcome of PDAC[14,15]. Our group recently demonstrated that the short-term outcome
of pancreatic cancer patients after surgery is adversely affected by AP[15]. Adverse
effects of perioperative AP include delayed surgical treatment, longer hospital stay,
higher cost of treatment and a reduced quality of life, and may be related to
premature mortality[14,16,17].
Only a few studies have evaluated the overall survival of patients with pancreatic
cancer and AP, and the impact of AP on tumor-specific survival has not been
thoroughly understood. Mujica et al[16] showed that in pancreatic cancer patients with
pancreatitis as their initial symptom, their overall survival rates at six and 12 months
were 51% and 28%, respectively. This finding suggests that PDAC patients with
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concomitant underlying pancreatitis may have a poor prognosis. In contrast, a recent
study investigated whether initial clinical presentation with AP affected the survival
of patients with PDAC, and the results did not show any survival difference[5]. Hence,
the purpose of our study was to investigate the relationship of AP with the tumor
recurrence pattern of PDAC and tumor-specific survival.

MATERIALS AND METHODS
Study population and data collection
From July 2012 to December 2016, 274 patients underwent curative resection for
PDAC at the Pancreatic Surgery Center of West China Hospital, China. This study
followed the ethical guidelines of the Helsinki Declaration of 1975 (revised in 1983)
and was approved by the Medical Ethics Committee of West China Hospital at
Sichuan University. Patients who died within 90 d after surgery or had incomplete
records were not included. The resected pancreatic tumors were pathologically
confirmed to be PDAC. We retrospectively assessed the patients’ tumor status, plexus
invasion, resection margin, lymph node characteristics, tumor recurrence, and
adjuvant chemotherapy. The AJCC Cancer Staging System (7th edition) was applied.
The Atlanta classification was utilized to grade the severity of AP[18]. Patients with
mild AP were excluded because they experience a mild clinical course. The remaining
219 cases were subdivided into two groups. Group AP [n = 21, (9.6%)] included those
patients with moderate or severe AP and group non-AP [n = 198, (90.4%)] included
those without acute pancreatitis. To explore the relationship of moderate and severe
AP with the recurrence pattern and patient outcomes, we assessed the tumor
recurrence and tumor-specific survival of PDAC patients who underwent curative
resection. Overall survival was defined as the time from the date of surgery to death
or last follow-up. Postoperative tumor recurrence within 12 mo was regarded as early
recurrence. Patients without early recurrence were defined as a relapse more than 12
mo after surgery or without recurrence after surgery. The median follow-up time was
18.3 mo. Postoperative recurrence was diagnosed by imaging studies. We obtained
postoperative recurrence data for only 186 of 219 patients.

Statistical analysis
Results were analyzed using SPSS version 23.0 (SPSS Inc., Chicago, IL, United States),
and the data are shown as the mean ± standard deviation. Clinical characteristics and
baseline demographics were compared between group AP and group non-AP using
Student’s t test or the Mann–Whitney U test. Univariate and multivariate logistic
regression analysis was used to analyze the predictive factors related to recurrence.
Overall survival and disease-free survival were used to measure the prognostic role of
AP. Total mortality was the primary endpoint of the trial. The associations of AP and
other clinical and demographic characteristics with overall survival and disease-free
survival were analyzed using univariable Cox proportional hazards regression
models. A forward elimination procedure was used to remove terms until all
variables had P < 0.10. An association was considered statistically significant if P <
0.05.

RESULTS
Of the 219 patients (78 women and 141 men), 32 underwent distal pancreatectomy,
152 underwent pancreatic head resection, and 4 underwent total pancreatectomy. The
tumor characteristics and patient demographics in the patients with and without AP
were roughly equivalent (Table 1). Table 1 shows that 5 of 21 AP were caused by
ERCP . Nine of 21 AP were due to alcoholic factor. The etiology of remaining 8 cases
was unknown. Most of the tumors in the two groups were stage II (90.5% in group
AP, 90.9% in group non-AP) and moderately differentiated (76.2% in group AP, 73.2%
in group non-AP). Positive lymph nodes, vascular invasion, perineural invasion and
microscopic residual tumor (R1 resections) were similar between the two groups.
Medical complications of AP group were higher than non-AP group(33.3% vs 29.8; P =
0.737). Grade B/C pancreatic fistula occurrence rate of AP group was higher than
non-AP group(14.3% vs 4.5%; P = 0.174). Less than half of the cases underwent
adjuvant chemotherapy (group AP, 33.3% and group non-AP, 24.7%; P = NS).
However, early recurrence in group AP was significantly higher than in group nonAP (71.4% vs 41.2%; P = 0.009).
Table 2 shows the predictive factors of postoperative early recurrence. A total of 83
patients experienced an early recurrence. According to the univariate analysis, the
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Table 1 Patient characteristics
Parameters

AP (n = 21)

No AP (n = 198)

P value

Age (yr), mean ± SD

55.6 ± 16.4

61.2 ± 10.5

0.137

Male, n (%)

13 (61.9)

128 (64.6)

0.803

Cause of acute pancreatitis n (%)
ERCP

5 (23.8)

Alcoholic

9 (42.9)

Unknown

8 (33.3)

Time to surgery (d), mean ± SD

41.4 ± 10.7

10.8 ± 5.8

< 0.001

Tumor site, (head) n (%)

14 (66.7)

149 (75.3)

0.391

Positive lymph nodes, n (%)

9 (42.9)

82 (41.4)

0.898

TNM Stage, n (%)

1.000

I

2 (9.5)

18 (9.1)

II

19 (90.5)

180 (90.9)

Surgical margin (R1), n (%)

2 (9.5)

13 (6.6)

0.955

Perineural invasion, n (%)

5 (23.8)

65 (32.8)

0.399

Vascular invasion, n (%)

2 (9.5)

20 (10.1)

1.000

Well

0 (0.0)

12 (6.1)

Moderate

16 (76.2)

145 (73.2)

Poor

5 (23.8)

41 (20.7)

Medical complications n (%)

7 (33.3)

59 (29.8)

0.737

biochemical leak

3 (14.3)

10 (5.1)

0.223

Grade B/C

3 (14.3)

9 (4.5)

0.174

Grade B

2 (9.5)

7 (3.5)

0.461

Grade C

1 (4.8)

2 (1.0)

0.675

Adjuvant Chemotherapy, n (%)

7 (33.3)

49 (24.7)

0.391

Early recurrence, n (%)

15/21 (71.4)

68/165 (41.2)

0.009

DFS, median (95%CI)

8.4 (6.7-10.1)

14.6 (10.7-18.5)

0.007

OS, median (95%CI)

14.9 (12.5-17.3)

22.3 (17.9-26.7)

< 0.001

Differentiation, n (%)

0.283

Pancreatic fstula n (%)

TNM: Tumor node metastasis; DFS: Disease-free survival; OS: Overall survival; AP: Acute pancreatitis; SD:
Standard deviation; ERCP: Endoscopic retrograde cholangiopancreatography.

presence of AP was significantly correlated with early recurrence (P = 0.012). In
multivariate analysis, the presence of AP was proven to be an independent risk factor
for early recurrence [odds ratio (OR): 4.13; P = 0.01] (Table 2). In addition, other
independent risk factors for early recurrence included R1 resection, positive lymph
nodes, tumor site, and the absence of adjuvant chemotherapy.
The median disease-free survival time of group non-AP was 12.8 mo, while that of
group AP was 8.6 mo (P = 0.003, log rank test) (Figure 1). Correspondingly, 12-month
disease-free survival rates of the non-AP group were superior to the AP group (58.8%
vs 28.6%, P = 0.003). Table 3 shows the factors related to postoperative disease-free
survival among all patients. Patients with AP were associated with a shorter diseasefree survival interval [relative risk (RR): 2.0; P = 0.009].
The final multivariable analysis included AP, positive lymph nodes, adjuvant
chemotherapy, surgical margin, tumor differentiation and location of the tumor. The
occurrence of AP was regarded as an independent risk factor after adjustment for
other covariates (RR: 2.24; P = 0.003).
Table 4 shows the factors related to overall survival among all patients. The median
overall survival time in patients with AP was shorter than in those without AP (22.3
mo for the group non-AP, 14.9 mo for the group AP, P < 0.001, log rank test) (Figure
2). Similar to disease-free survival, the presence of AP had a significant negative
impact on overall survival (Figure 1). Positive lymph nodes, stage, the absence of
adjuvant chemotherapy, differentiation and tumor site were also factors significantly
related to decreased overall survival. In the multivariable analysis, the presence of AP
(RR: 2.35; P = 0.001), tumor site (head) (RR: 1.90; P = 0.003), adjuvant chemotherapy
(RR: 0.52; P = 0.002), well-differentiated tumors vs moderately differentiated (RR: 3.07;
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Table 2 Predictive factors of postoperative early recurrence (within 12 mo)
Parameters

P value

Univariate OR (95%CI)

Multivariate OR (95%CI)

P value

Acute pancreatitis, (yes vs no)

0.012

3.57 (1.32-9.66)

4.13 (1.41-12.10)

0.010

Adjuvant chemotherapy, (yes vs no)

0.027

0.46 (0.24-0.92)

0.42 (0.20-0.90)

0.025

Positive lymph nodes, (yes vs no)

0.001

2.74 (1.49-5.04)

3.02 (1.54-5.90)

0.001

Surgical margin, (R1 vs R0)

0.015

5.09 (1.37-18.91)

4.78 (1.16-19.74)

0.030

Vascular invasion, (yes vs no)

0.093

2.32 (0.87-6.18)

Tumor site, (distal vs head)

0.036

1.96 (1.05-3.65)

TNM (II/III vs I)

0.038

3.37 (1.07-10.57)

0.463
2.70 (1.33-5.47)

0.006
0.188

Patient characteristics and pathologic feature, including age, sex, differentiation, and prineural invasion were analyzed as well, and the differences did not
reach statistical significance in these factors (data not shown). TNM: Tumor node metastasis; OR: Odd ratio; CI: Confidence interval.

P = 0.059), and positive lymph nodes (RR: 2.68; P < 0.001) were the independent
factors related to overall survival.

DISCUSSION
Our study found that AP was negatively associated with survival time and early
recurrence (within 12 mo). This trend was also perceived even after stratification by
pathological stage. Only a few studies mentioned the overall survival of patients with
pancreatic cancer complicated by AP, and as a result, the impact of AP on tumorspecific survival has not been sufficiently elucidated. A recent study investigated
whether an initial clinical presentation with AP was associated with the survival of
patients with PDAC, but the results did not show any survival difference[3]. However,
it is still difficult to draw firm conclusions. In their study, patients with mild AP (more
than 90% of the patients) were included in the analysis. Because patients with mild
AP experience a minor clinical course, their treatment and outcomes differ from those
with moderate or severe AP, which might have confounded the results. Patients with
mild AP are managed conservatively for a short period , leading to timely resection of
their tumors with a relatively good prognosis.
In another study, the median overall survival after surgery was 17.8 mo in the
patients who presented with pancreatitis as the initial sign of PDAC compared to 15.7
mo in patients without pancreatitis[19]. In this study, patients with AP and chronic
pancreatitis were grouped together, which may have confounded the conclusion.
In contrast, other studies have reported that the prognosis of PDAC patients with
AP is poor. Mujicaet reported that the overall survival rates at six months and 12
months in PDAC patients who presented initially with AP were 51% (23 cases) and
28% (13 cases), respectively [16] . A recent study at our medical center reported a
survival rate of 23.4%(11 cases) at one year in PDAC patients with AP[17]. Consistent
with this report, our previous study found that AP was negatively correlated with
both overall survival and early recurrence (within 12 mo). This trend was also
perceived even after stratification by pathological stage.
It is unclear why AP is correlated with the prognosis of patients with PDAC.
Currently, it is recognized that early diagnosis is a key factor for a better oncological
prognosis[20,21]. Although the reasons for the delayed diagnosis of PDAC are unclear in
patients presenting with AP, it is suspected that whether the patient was evaluated for
an associated malignancy or not, diffuse pancreatic inflammation might have masked
the localized mass effect of the underlying cancer[7]. In a recent study, among a total of
76 patients pathologically diagnosed with PDAC within 24 mo after an attack of
pancreatitis, 42 patients experienced a delay of 3-24 mo before a diagnosis of PDAC
was made[7]. Omid Sadr-Azodi et al[4] also reported that the diagnosis of pre-existing
pancreatic cancer was delayed if it clinically presented as AP. Inflammation may
aggravate tissue adhesion and edema, that increased the difficulty of operation and
postoperative complications (e.g., pancreatic fistula), thus affecting the therapeutic
results of surgical treatment of PDAC.
The timing of surgical intervention in patients with PDAC and AP has yet to be
defined, but a recent study at our medical center suggested that 24.5 d may be the best
cutoff point of surgery for PDAC with mild or moderate AP [17] . In patients who
underwent resection, a longer delay before surgery may be associated with poor
survival. Erkan et al[14] reported that because of the accompanying mild to moderate
AP, the pancreaticoduodenectomy of 4 patients with periampullary tumors was
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Figure 1

Figure 1 Disease-free survival in patients without acute pancreatitis and with moderate or severe acute
pancreatitis. Median disease-free survival times were 12.8 and 8.4 mo for patients without acute pancreatitis (n =
165) and with moderate or severe acute pancreatitis (n = 21), respectively (P = 0.003, log rank test).

delayed, and the median interval from the diagnosis of AP to the operation was 34 d.
Consistent with this report, our previous cohort demonstrated that the average time
between the cancer diagnosis and the surgery was 33.4 d[15]. In the present study,
timing of surgical intervention in patients with PDAC and moderate or severe AP was
41.4 d, and the average interval time of non-AP group was 10.8 d. Although there was
no statistical difference due to our small sample, the incidence of grade B/C
pancreatic fistula was obviously higher in AP group. In addition, our previous study
suggested that AP was an independent risk factor for pancreatic fistula after
pancreaticoduodenectomy[15].
Since PDAC is characterized by rapid growth and aggressive invasive capabilities,
a prolonged preoperative waiting time may result in cancer progression or even
losing the opportunity for radical resection of PDAC[16]. It has been reported that
whenever pancreatic carcinoma is associated with pancreatitis, the surgery is often
delayed, resulting in a poorer prognosis. Some scholars have also considered that
genetic factors may play a role in contributing to inflammation and oncogenesis and
thus affect prognosis[22]. The exact mechanism of PDAC evolution affected by AP is
unclear and needs to be further investigated[23].
The potential adverse effects of AP should be taken into consideration in PDAC.
Surgeons should work on decreasing the complications of ERCP and strive for timely
diagnoses in order to improve the oncological outcomes of PDAC. A new metaanalysis of prospective cohort studies showed that patients with AP had an increased
risk of pancreatic cancer compared with a feature-matched group[8]. However, Rijkers
et al[24] suggested that chronic pancreatitis that progressed from AP was associated
with a higher risk of pancreatic cancer. The incidence of pancreatic cancer in patients
with chronic pancreatitis was almost 9 times that in the non-AP group.
Nevertheless, doctors should pay closer attention to active screening for underlying
PDAC after AP[4,7,25]. Evaluation of these patients with endoscopic ultrasound for an
underlying PDAC could help with timely cancer diagnosis[9]. In Tummala’s study[9],
among 218 patients with non-alcoholic and non-gallstone-related AP who underwent
endoscopic ultrasound-guided fine-needle aspiration, 38 PDAC patients were
diagnosed and their resection rate was 39%. These data remind us that early cancer
detection and medical intervention is particularly important for PDAC with AP, as it
may be associated with postoperative complications and prognosis [ 9 , 1 6 ] .
Countermeasures to the dissemination of tumor cells due to AP are still unclear.
Prompt postoperative chemotherapy represents a possible option.
This study had limitations due to its retrospective nature. Although we used CT or
MRI to detect recurrences with diligence, it is conceivable that not all recurrence
events were captured timely. Another limitation is that the sample size was small.
However, despite the relatively low incidence of moderate or severe AP of PDAC and
the low radical resection rate, even a relatively small simple size would be indicative.
Hence, further prospective studies are necessary.
In conclusion, moderate or severe AP was significantly related to early recurrence,
and patients with moderate or severe AP developed recurrence earlier than those
without. Moderate or severe AP was adversely correlated with overall and diseasefree survival of patients with PDAC. Surgeons are thus urged to reduce the
complications of ERCP and make efforts to diagnose PDAC timely in patients who
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Table 3 Cox regression analysis for disease-free survival
Parameters

Univariate RR (95%CI)

P value

Multivariate RR(95%CI)

P value

Acute pancreatitis, (yes vs no)

2.00 (1.19-3.36)

0.009

2.24 (1.31-3.85)

0.003

Chemotherapy, (yes vs no)

0.47 (0.31-0.72)

< 0.001

0.45 (0.29-0.70)

< 0.001

Positive lymph nodes, (yes vs no)

2.02 (1.40-2.91)

< 0.001

2.10 (1.41-3.14)

< 0.001

Vascular invasion, (yes vs no)

1.72(1.00-2.97)

0.051

Surgical margin, (R1 vs R0)

3.00(1.68-5.35)

< 0.001

Differentiation

0.063
2.55 (1.40-4.64)

0.002

0.016

0.019

Moderate vs Well

7.81 (1.92-31.84)

0.004

5.84 (1.42-24.01)

0.014

Poor vs Well

7.13 (1.67-30.38)

0.008

7.84 (1.82-33.74)

0.006

T stage, (T1/T2 vs T3/T4)

0.76 (0.47-1.22)

0.254

0.832

Perineural invasion, (yes vs no)

1.53 (1.07-2.19)

0.020

0.454

TNM stage, (II/III vs I)

2.25 (1.21-4.21)

0.011

tumor site, (distal vs head)

1.45 (1.00-2.11)

0.051

Age, (< 65 yr vs ≥ 65 yr)

0.82 (0.57-1.16)

0.261

0.404

Sex, (male vs female)

1.07 (0.74-1.55)

0.732

0.951

0.516
1.74 (1.15-2.64)

0.009

TNM: Tumor node metastasis; RR: Relative risk; CI: Confidence interval.

present with AP in order to improve the oncological outcomes of PDAC.
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Table 4 Overall survival for the entire patient cohort
Parameters

Univariate RR (95%CI)

P value

Multivariate RR (95%CI)

P value

Acute pancreatitis (yes vs no)

2.47 (1.55-3.96)

< 0.001

2.35 (1.45-3.83)

0.001

Chemotherapy, (yes vs no)

0.63 (0.43-0.94)

0.024

0.52 (0.34-0.79)

0.002

Differentiation

0.002

< 0.001

Moderate vs Well

4.65 (1.47-14.72)

0.009

3.07 (0.96-9.84)

0.059

Poor vs Well

7.25 (2.21-23.74)

0.001

6.70 (2.02-22.17)

0.002

T stage, T12 vs T34

0.51 (0.27-0.98)

0.043

Positive lymph nodes, (yes vs no)

2.32 (1.64-3.29)

< 0.001

Perineural invasion, (yes vs no)

1.10 (0.77-1.57)

0.611

0.667

Vascular invasion, (yes vs no)

1.44 (0.86-2.39)

0.164

0.430

Surgical margin, (R1 vs R0)

1.41 (0.69-2.89)

0.346

0.728

TNM stage, (II/III vs I)

2.35 (1.15-4.82)

0.0

0.378

Sex, (male vs female)

1.15 (0.81-1.62)

0.443

0.568

Age (< 65 yr vs ≥ 65 yr )

0.96 (0.69-1.34)

0.803

0.694

tumor site, (distal vs head)

1.52 (1.03-2.24)

0.035

0.781
2.68 (1.83-3.92)

< 0.001

1.90 (1.24-2.90)

0.003

TNM: Tumor node metastasis; RR: Relative risk; CI: Confidence interval.

Figure 2

Figure 2 Overall survival of patients without acute pancreatitis and with moderate or severe acute pancreatitis. Survival of patients without acute pancreatitis
(n = 198) and with moderate or severe acute pancreatitis (n = 21) was compared. Median survival time was 22.3 mo for the non-acute pancreatitis group, and 14.9 mo
for the moderate or severe acute pancreatitis group. The difference was statistically significant (P < 0.001, log rank test).

ARTICLE HIGHLIGHTS
Research background
Excluding common etiologies, the onset of acute pancreatitis (AP) may be due to cancer
progression itself or to complications of the diagnostic and therapeutic interventional procedures
used in pancreatic ductal adenocarcinoma (PDAC) treatment, such as endoscopic retrograde
cholangiopancreatography (ERCP), surgery and chemotherapy. Generally, PDAC patients with
AP should initially be managed conservatively. However, surgical resection is the sole curative
measure for pancreatic cancer, and conservative treatments can significantly delay the need for
the cancer operation.

Research motivation
Many studies have shown that AP has significant negative effects on prognosis and outcome of
PDAC. However, only a few studies have evaluated the overall survival of patients with
pancreatic cancer and AP, and the impact of AP on tumor-specific survival has not been
thoroughly understood.

Research objectives
The main objectives of this study were to investigate the effect of AP on the tumor recurrence
pattern of PDAC and tumor-specific survival.

Research methods
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The clinical data of 274 patients with PDAC who underwent curative resection at our center from
July 2012 to December 2016 were analyzed retrospectively. Patients with mild AP were excluded
because they experience a mild clinical course. The remaining 219 cases were subdivided into
two groups. Group AP [n = 21 (9.6%)] included those patients with moderate or severe acute
pancreatitis and group non-AP [n = 198 (90.4%)] included those without acute pancreatitis.
Overall survival was defined as the time from the date of surgery to death or last follow-up.
Postoperative tumor recurrence within 12 mo was regarded as early recurrence. The median
follow-up time was 18.3 mo. Postoperative recurrence was diagnosed by imaging studies. We
obtained postoperative recurrence data for only 186 of 219 patients.

Research results
Moderate or severe AP was an independent risk factor for an early recurrence of PDAC.
Moderate or severe AP was an independent prognostic factor for overall survival and diseasefree survival in patients with PDAC.

Research conclusions
PDAC patients with moderate or severe AP developed recurrences earlier and had shorter
tumor-specific survival than those without.

Research perspectives
We should reduce the incidence of ERCP related to AP of PDAC . When accompanied with AP,
PDAC should be timely diagnosed and surgical intervention should be performed in order to
improve the oncological outcomes. Further prospective and multi-center studies are needed to
verify our conclusions.
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Abstract
BACKGROUND
Associating liver partition and portal vein ligation for staged hepatectomy
(ALPPS) has been adopted by liver surgeons in recent years. However, high
morbidity and mortality rates have limited the promotion of this technique. Some
recent studies have suggested that ALPPS with a partial split can effectively
induce the growth of future liver remnant (FLR) similar to a complete split with
better postoperative safety profiles. However, some others have suggested that
ALPPS can induce more rapid and adequate FLR growth, but with the same
postoperative morbidity and mortality rates as in partial split of the liver
parenchyma in ALPPS (p-ALPPS).
AIM
To perform a systematic review and meta-analysis on ALPPS and p-ALPPS.
METHODS
A systematic literature search of PubMed, Embase, the Cochrane Library, and
ClinicalTrials.gov was performed for articles published until June 2019. Studies
comparing the outcomes of p-ALPPS and ALPPS for a small FLR in consecutive
patients were included. Our main endpoints were the morbidity, mortality, and
FLR hypertrophy rates. We performed a subgroup analysis to evaluate patients
with and without liver cirrhosis. We assessed pooled data using a random-effects
model.
RESULTS
Four studies met the inclusion criteria. Four studies reported data on morbidity
and mortality, and two studies reported the FLR hypertrophy rate and one study
involved patients with cirrhosis. In the non-cirrhotic group, p-ALPPS-treated
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patients had significantly lower morbidity and mortality rates than ALPPStreated patients [odds ratio (OR) = 0.2; 95% confidence interval (CI): 0.07–0.57; P
= 0.003 and OR = 0.16; 95%CI: 0.03-0.9; P = 0.04]. No significant difference in the
FLR hypertrophy rate was observed between the two groups (P > 0.05). The total
effects indicated no difference in the FLR hypertrophy rate or perioperative
morbidity and mortality rates between the ALPPS and p-ALPPS groups. In
contrast, ALPPS seemed to have a better outcome in the cirrhotic group.
CONCLUSION
The findings of our study suggest that p-ALPPS is safer than ALPPS in patients
without cirrhosis and exhibits the same rate of FLR hypertrophy.
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Core tip: Several studies have reported the comparison of complete and partial
associating liver partition and portal vein ligation for staged hepatectomy (ALPPS). This
meta-analysis, including all of these studies published to date, found that the partial
ALPPS is safer than ALPPS in patients without cirrhosis and exhibits the same rate of
future liver remnant hypertrophy. However, as the sample size is not large, more
randomized controlled trials should be carried out.
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INTRODUCTION
In 2012, Schnizbauer et al[1] introduced a new surgical strategy termed associating liver
partition and portal vein ligation for staged hepatectomy (ALPPS) for patients with an
insufficient future liver remnant (FLR) after major hepatectomy. This technique
involves ligation of the portal vein and a complete split of the liver parenchyma,
which can considerably accelerate FLR hypertrophy and markedly reduce the time
interval between stages. However, the surgery-related morbidity and mortality rates
are high. A published analysis of the international ALPPS registry, which includes 202
patients, revealed an in-hospital mortality rate of 9% and a severe complication (grade
≥ 3b)[2] rate of 28%[3]. Postoperative adverse events were evaluated according to the
Clavien–Dindo classification of surgical complications[2]. A major complication was
defined as a grade ≥ 3a complication. The morbidity and mortality rates can reflect the
safety of this surgical strategy, and the FLR hypertrophy rate can reflect the
effectiveness. Recent evidence has demonstrated that a partial split (defined as
50%–80% of the complete transection surface) of the liver parenchyma in ALPPS (pALPPS) results in the same rate of FLR hypertrophy as a complete split but with
lower postoperative morbidity and mortality rates[4]. However, some evidence has
also indicated that p-ALPPS does not have a comparable FLR hypertrophy rate and is
associated with the same morbidity and mortality rates as in ALPPS[5]. Therefore, we
performed a systematic review and meta-analysis of split completeness and its impact
on the FLR hypertrophy, morbidity, and mortality rates in patients with a small FLR.

MATERIALS AND METHODS
Search strategy and selection criteria
This systematic review and meta-analysis is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses statement[6] and was
registered at the International Prospective Register of Systematic Reviews (number
CRD42017057798). We performed a systematic search of PubMed, Embase, the
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Cochrane Library, and Clinical Trials.gov for relevant studies performed until June
2019. We applied no language restrictions. The search terms used for PubMed were:
((ALPPS[All Fields] OR (associating[All Fields] AND (“liver”[MeSH Terms] OR
“liver”[All Fields]) AND partition[All Fields] AND (“portal vein”[MeSH Terms] OR
(“portal”[All Fields] AND “vein”[All Fields]) OR “portal vein”[All Fields]) AND
(“ligation”[MeSH Terms] OR “ligation”[All Fields]) AND staged[All Fields] AND
(“hepatectomy”[MeSH Terms] OR “hepatectomy”[All Fields]))) OR partial-ALPPS[All
Fields]) OR (staged[All Fields] AND (“hepatectomy”[MeSH Terms] OR
“hepatectomy”[All Fields])). We considered all potentially eligible studies for review.
The studies in the reference list were also assessed for eligibility.
Two authors performed the literature search and study inclusion independently.
Inconsistent results were resolved by a group discussion including a third author. The
inclusion criterion was direct comparison between p-ALPPS and ALPPS for patients
with a small FLR.

Data extraction
Year of publication, number of patients treated, and dichotomous data from the two
treatments, such as morbidity and mortality, were extracted from each included
study. We also extracted the FLR hypertrophy rate from each study as continuous
data.

Study quality assessment
The Newcastle-Ottawa scale was used to assess the quality of retrospective studies; if
the study was scored > 6, it was graded as I and when the score was ≤ 5, it was graded
as II[7]. Funnel plots were used to evaluate the risk of publication bias.

Statistical analysis
We examined the effect of p-ALPPS vs ALPPS in patients with a small FLR and total
patients in each study. Heterogeneity among the included studies was evaluated by I2
statistic and Chi-square test[8]. A random-effects model was applied when P < 0.10 or
I2 > 50%[9]. All statistical tests were two-sided, and a P value < 0.05 was considered
significant. Publication bias was evaluated by funnel plots. Statistical analyses were
performed using Review Manager 5.2 (The Cochrane Collaboration, Copenhagen,
Denmark).

RESULTS
Search results
We identified 398 studies, of which 4 (with data for 124 patients)[4,5,10,11] were included
in the meta-analysis (Figure 1).

Characteristics and quality assessment of included studies
The characteristics of the included studies are listed in Table 1. All four included
studies were grade I according to the Newcastle–Ottawa scale[7]. Patient information
in the two treatment groups is presented in Table 2. Four studies reported data on
morbidity and mortality, and two studies reported the FLR hypertrophy rate (Table
2).

Meta-analysis
Meta-analysis was performed in the p-ALPPS and ALPPS groups. In non-cirrhotic
patients, as shown in Figure 2, a significant difference was found in the morbidity rate
between the two groups [odds ratio (OR) = 0.2; 95% confidence interval (CI):
0.07–0.57; P = 0.003]. As shown in Figure 3, a significant difference was observed in
the mortality rate between the two groups (OR = 0.16; 95%CI: 0.03–0.9; P = 0.04). The
FLR hypertrophy rate was not significantly different between the two groups (OR = −
6.25; 95%: CI: − 26.31-13.82; P = 0.54) (Figure 4).
The total effects indicated no difference in the FLR hypertrophy rate or
perioperative morbidity and mortality rates between the two groups. However, the
number of patients with cirrhosis was too small and only one study was involved.
Therefore, the results should be interpreted with caution. Publication bias was
evaluated by a funnel plot(Figure 5).

DISCUSSION
Our results show that compared with ALPPS, p-ALPPS can achieve lower surgery-
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Figure 1

Figure 1 Flowchart for identifying eligible studies and study selection process.

related morbidity and mortality rates and exhibits the same FLR hypertrophy rate in
non-cirrhotic patients. In cirrhotic patients, ALPPS seems to offer a better outcome
with respect to FLR hypertrophy with no increase in morbidity or mortality.
However, only one study focused on patients with cirrhosis. Therefore, the results
should be interpreted with caution, and more studies are needed.
Before the introduction of ALPPS, some other strategies were applied to induce
liver hypertrophy in patients with a small FLR. The most common methods were
portal vein embolization (PVE) and portal vein ligation (PVL) for staged hepatectomy.
PVE was first described in 1990 by Makuuchi et al[12]. In this technique, embolism of
the ipsilateral portal blood flow induces rapid proliferation of the FLR. PVL was
primarily used in patients with colorectal cancer liver metastases and could
reportedly trigger a similar or better regenerative response than PVE[13,14]. PVE and
PVL are now commonly applied in two-staged hepatectomy to improve the R0
resection rate[15-17]. Although PVE or PVL can effectively stimulate the growth of FLR,
the second step of surgery is not always successful[18,19]. The main reasons include
disease progression during the waiting period and insufficient liver hypertrophy.
However, rapid and adequate FLR hypertrophy is the most prominent advantage of
ALPPS. Although ALPPS is associated with greater FLR hypertrophy and a higher
rate of completion of stage 2 than the two-staged hepatectomy, these advantages may
be obtained at the cost of greater morbidity and mortality[20,21].
These disadvantages triggered the development and improvement of the ALPPS
procedure. Many techniques have been proposed to reduce the postoperative
morbidity and mortality rates since the introduction of this new surgical strategy[22-25].
These techniques include p-ALPPS, radiofrequency-assisted liver partition with portal
vein ligation (RALPP), laparoscopic microwave ablation and portal vein ligation for
staged hepatectomy, associating liver tourniquet and portal vein ligation for staged
hepatectomy (ALTPS), and sequential ALTPS[26].
Most of these techniques reduced the perioperative morbidity and mortality rates
by avoiding a physical split of the liver parenchyma. RALPP uses radiofrequency
ablation during the laparoscopic first stage to produce a line of avascular necrosis
along the future line of transection[27]. This technique ceases blood flow from the FLR
to the diseased hemiliver while inducing FLR hypertrophy. The RALPP has better
outcome of FLR hypertrophy than PVE and same outcome as by ALPPS, but has
lower morbidity and mortality rates than ALPPS. Microwave ablation is used to treat
hepatic tumors with electromagnetic microwaves to produce coagulative necrosis[28].
ALTPS using a tourniquet to ensure parenchymal compression and cessation of blood
flow across the future line of transection has been described in three studies[29-31].
All of these modifications were developed to improve the safety of ALPPS.
However, most of them are still in the initial stage with sporadic case reports and lack
of comparison with ALPPS (with the exception of p-ALPPS, which has been
addressed in many studies with some inconsistent results).
p-ALPPS is defined as ALPPS with a partial split of the liver parenchyma involving
50% to 80% of the complete transection surface. However, the exact amount of liver
parenchyma that needs to be transected to trigger enough regeneration of the FLR
remains unclear. Some authors have suggested extending the transection up to the
middle hepatic vein [10] , which means more transection may be performed than
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Table 1 Characteristics of the included studies
Authors

Country

Year of publication

Number of patients

NOSa

Liver cirrhosis

Alvarez et al[10]

Buenos Aires, Argentina

2015

30

I

N

Chan et al[5]

Hong Kong, China

2016

25

I

Y

Linecker et al[11]

Zurich, Switzerland

2017

45

I

N

Zurich, Switzerland

2015

24

I

N

[4]

Petrowsky et al

a

Newcastle-Ottawa score: studies were graded I if the score was > 6 or II if the score was ≤ 5. NOS: Newcastle-Ottawa score.

actually needed. Other surgeons have suggested at least a 50% transection based on
intraoperative estimation[4]. In this case, however, the FLR hypertrophy rate may be
too low. According to experimental and clinical data, p-ALPPS with a median partial
transection of 61% can trigger FLR hypertrophy comparable with that of ALPPS with
a complete split [10,11] . Based on the studies evaluated in the current analysis, the
waiting period before the second step and the completion rate of the second step were
not significantly different between p-ALPPS and ALPPS. Additionally, there is no
evidence indicating that p-ALPPS is associated with a higher rate of disease
progression during the waiting period.
The mechanism of FLR hypertrophy in ALPPS or p-ALPPS remains unclear. This
hypertrophy might be related to redistribution of the portal blood flow between the
diseased segment/s and the FLR. A recent study indicated that accelerated
regeneration in ALPPS was not solely related to parenchymal transection and
discontinuation of the blood supply between the two parts of the liver, but was
mostly due to an “inflammatory-like reaction” leading to enhanced hepatocyte
growth. The interleukin-6 level in the plasma and the interleukin-6 and tumor
necrosis factor-α levels in the liver tissue reportedly increase after the first step[32],
significantly facilitating the proliferation of the liver. In other words, the degree of
liver parenchymal partitioning may not be the key factor in FLR hypertrophy. The
similar FLR hypertrophy rate between ALPPS and p-ALPPS in the present study also
seems to support these mechanisms. However, further studies are needed to
determine whether there is a difference in inflammatory mediators between ALPPS
and p-ALPPS.
This study has several limitations. Because of the small number of studies,
especially studies involving patients with cirrhosis, this meta-analysis might have
included an insufficient number of cases, leading to biased results. In addition,
although a subgroup analysis was performed, the included studies may have still had
publication bias as shown by the funnel plot. The retrospective nature of the studies
contributes to this bias. Finally, further outcomes of this new technology should be
followed up, but all included studies represent the latest research to date and thus
lack long-term follow-up data.
Although our findings clearly support the use of p-ALPPS in non-cirrhotic patients
with a small FLR, further studies are needed to fully evaluate the application of this
treatment in practice.
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Table 2 Outcomes of FLR hypertrophy rate, morbidity and mortality in each included study
FLR hypertrophy

Morbidity

Mortality

Authors
ALPPS

p-ALPPS

ALPPS

p-ALPPS

ALPPS

p-ALPPS

Alvarez et al

107% (12.2)

90% (20.8)

8 (9)

8 (21)

1 (9)

1 (21)

Chan et al[5]

-

-

1 (13)

3 (12)

0 (13)

2 (12)

Linecker et al

61% (15)

64.5% (12.1)

8 (22)

3 (23)

7 (22)

0 (23)

Petrowsky et al[4]

-

-

12 (18)

2 (6)

4 (18)

0 (6)

[10]

[11]

FLR: Future liver remnant; ALPPS: Associating liver partition and portal vein ligation for staged hepatectomy; p-ALPPS: Partial split of the liver
parenchyma in ALPPS.

Figure 2

Figure 2 Meta-analysis and subgroup analysis of morbidity in p-ALPPS vs ALPPS (Dindo-Clavien classification ≥ 3a). ALPPS: Associating liver partition and
portal vein ligation for staged hepatectomy; p-ALPPS: Partial split of the liver parenchyma in associating liver partition and portal vein ligation for staged hepatectomy;
CI: Confidence interval.
Figure 3

Figure 3 Meta-analysis and subgroup analysis of postoperative mortality in p-ALPPS vs ALPPS. ALPPS: Associating liver partition and portal vein ligation for
staged hepatectomy; p-ALPPS: Partial split of the liver parenchyma in associating liver partition and portal vein ligation for staged hepatectomy; CI: Confidence
interval.
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Figure 4

Figure 4 Meta-analysis of p-ALPPS vs ALPPS, and comparison of FLR hypertrophy in none-cirrhosis group. FLR: Future liver remnant; ALPPS: Associating
liver partition and portal vein ligation for staged hepatectomy; p-ALPPS: Partial split of the liver parenchyma in associating liver partition and portal vein ligation for
staged hepatectomy; CI: Confidence interval.
Figure 5

Figure 5 Funnel plot of publication bias. OR: Odds ratio.

ARTICLE HIGHLIGHTS
Research background
Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) has been
adopted by liver surgeons. However, ALPPS with a partial split has been proposed recent years.
Conflicting results have been reported between the ALPPS and partial split of the liver
parenchyma in ALPPS (p-ALPPS). This systematic review and meta-analysis evaluated the
difference in the future liver remnant (FLR) hypertrophy rate, postoperative morbidity and
mortality rates between the ALPPS and p-ALPPS.

Research motivation
The FLR hypertrophy rate and safety between ALPPS and p-ALPPS are controversial.

Research objectives
To compare the currently reported results between ALPPS and p-ALPPS to confirm which is
better for patients.

Research methods
We systematically reviewed literatures on the ALPPS and p-ALPPS, and included relevant
studies for meta-analysis.

Research results
The total effects indicated no difference in the FLR hypertrophy rate or perioperative morbidity
and mortality rates between the ALPPS and p-ALPPS groups. However, p-ALPPS is safer than
ALPPS in patients without cirrhosis and exhibits the same rate of FLR hypertrophy.

Research conclusions
In non-cirrhotic patients, p-ALPPS resulted in the same FLR hypertrophy rate compared with the
ALPPS, and is safer than ALPPS.

Research perspectives
More studies to compare ALPPS with p-ALPPS in cirrhosis patients should be carried out.
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Abstract
BACKGROUND
Allicin (2-propene-1-sulfinothioic acid S-2-propenyl ester, diallyl thiosulfinate)
extracted from garlic, has proven activity against Helicobacter pylori (H. Pylori)
infection. In recent years, clinical trials have explored its utility as an add-on
therapy with variable outcomes reported.
AIM
To perform a systemic review of allicin as an add-on treatment for H. Pylori
infection and assess its efficacy in randomized controlled trials (RCTs).
METHODS
Electronic databases including MEDLINE, EMBASE, the Web of Science, the
Cochrane Database, the China National Knowledge Infrastructure Database,
Chinese VIP Information Databases, Chinese Medical Databases, and the WanFang Database were searched for keywords including “allicin”, “Helicobacter
pylori”, “randomized clinical trials”, and their synonyms. A meta-analysis was
performed using the fixed-effects model for low heterogeneity and the randomeffects model for high heterogeneity with sensitivity analysis. Bias was evaluated
using Egger’s tests. Trial sequential analysis (TSA) was used to evaluate
information size and treatment benefits. The Grading of Recommendations
Assessment, Development and Evaluation (GRADE) was used to assess the level
of quality, and studies were classed as “high quality”, “moderate quality”, “low
quality”, and “very low quality”.
RESULTS
A total of eight RCTs consisting of 867 participants (435 from the allicin group
and 432 from the control group) were included. Eradication rate in the allicin
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group (93.33%, 406/435) was significantly higher than that of the control group
(83.56%, 361/432) [I2 = 0%, odds ratio (OR) = 2.75, 95% confidence interval (CI):
1.74-4.35, P < 0.001]. The healing rate of ulcers following H. pylori therapy in the
allicin group (86.17%, 349/405) was significantly higher than that of the control
group (75.87%, 305/402) [I2 = 0%, OR = 2.05, 95%CI: 1.39-3.03, P < 0.001]. The
total remission rate of peptic ulcers across all allicin groups was 95.99%, which
was significantly higher than that of controls [95.99% (359/374) vs 89.25%
(332/372), I2 = 0, heterogeneity P = 0.84, OR = 3.13, 95%CI: 1.51-6.51, P =0.002].
No significant differences in side effects were observed. TSA suggested that the
trials were of sufficient standard to draw reliable conclusions. The quality of
outcomes including eradication rates and side effects was graded as “very low”
due to downgrades for “risk of bias” and “indirectness”. Other outcomes such as
ulcer healing rates and total ulcer remission rates were graded as "low" due to
downgrades for “risk of bias”.
CONCLUSION
Allicin as an add-on therapy improves H. pylori eradication, healing of ulcers, and
remission of symptoms. These results are suggested to be treated with caution
due to limited quality.
Key words: Allicin; Helicobacter pylori; Randomized controlled trials; Add-on therapy;
Systematic review; Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The present systematic review assessed the efficacy and safety of allicin as an
add-on treatment to PPI triple therapy and bismuth containing quadruple therapy for
Helicobacter pylori infection. As a result, allicin was confirmed to increase the
eradication rate, healing rate of ulcers, and remission rate of digestive symptoms but not
rate of side effects.

Citation: Si XB, Zhang XM, Wang S, Lan Y, Zhang S, Huo LY. Allicin as add-on therapy for
Helicobacter pylori infection: A systematic review and meta-analysis. World J Gastroenterol
2019; 25(39): 6025-6040
URL: https://www.wjgnet.com/1007-9327/full/v25/i39/6025.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i39.6025

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative microaerophilic bacterium that
colonizes the gastric mucosa[1]. Globally, ≥ 50% of individuals are infected, and the
prevalence is higher in developing countries[2]. H. pylori is a major cause of gastritis
and peptic ulcers, as well as atrophy, intestinal metaplasia, intraepithelial neoplasia,
and mucosa-associated lymphoid tissue lymphoma (MALT)[1,2].
Proton pump inhibitors (PPIs) in combination with antibiotics have been used to
treat H. pylori infection. PPI triple therapy (PTT), consisting of PPI and two antibiotics
such as amoxicillin and clarithromycin, is the recommended front-line treatment[2] but
its eradication rates have decreased to ~70% or lower [2] . Antibiotic resistance,
particularly towards clarithromycin and metronidazole, is the major cause of this
decline[3]. Bismuth containing quadruple therapy (BCQT) is now recommended as the
main empirical therapy in regions with high clarithromycin and metronidazole
resistance (> 15%)[1]. However, eradication rates using BCQT range from 70% to 94%,
questioning its effectiveness as a therapeutic strategy[1,2,4]. Therefore, new strategies to
treat H. pylori infection are needed.
Choosing new alternatives with high efficiency and less side effects is one of the
possible desirable options in the treatment of H. pylori infection[5]. In recent years, a
series of studies were performed to explore the anti-H. pylori activities and clinical
application of various agents as alternative therapies, such as plants[6,7], probiotics[8],
and gastric mucin[9]. However, most of them were done in vitro[5]. In vivo studies as
well as clinical trials are needed.
Garlic (Allium sativum L.) is one of the most widely grown vegetable crops in Asia,
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and is a known medical plant worldwide. Garlic contains 33 sulfur compounds
including allicin, alliin, ajoene, diallyl trisulfide (DATS) and others[10]. Previous in vitro
studies have shown that garlic inhibits bacterial growth and colonization including H.
pylori[11]. Several clinical trials using garlic oil and fresh oral garlic failed to show
improvements in H. pylori infection[12,13].
Allicin (2-propene-1-sulfinothioic acid S-2-propenyl ester, diallyl thiosulfinate) is an
active anti-H. pylori component of garlic[11]. Due to developments in pharmaceutical
technology, commercial allicin tablets are available. Allicin in addition to PTT and
BCQT has been trialed as an anti-H. pylori therapy, with variable results[14-23]. Based on
these studies, we performed this meta-analysis to systemically review the efficacy and
safety of allicin as an add-on therapy to PTT/BCQT for H. pylori infection.

MATERIALS AND METHODS
Protocol
Preplanned protocols were established with protocols.io (https:// www.protocols.io)
under the title “Allicin as a Complementary Medicine of Triple/Quadruple Therapy
for Helicobacter pylori; A Systemic review and Meta-analysis of Randomized
Controlled Trials (protocol)”. (https://dx.doi.org/10.17504/protocols.io.4ybgxsn)

Information sources and search strategy
We performed a systemic literature search in MEDLINE, EMBASE, the Web of
Science, the Cochrane Database, the China National Knowledge Infrastructure
Database, Chinese VIP Information Databases, Chinese Medical Databases, and the
Wan-Fang Database from inception to June 1, 2019. Academic journals, dissertations,
and conference proceedings were included irrespective of gray literature status. The
search terms included “Helicobacter pylori”, “allicin”, “randomized clinical trials”, and
their synonyms. The search strategy is listed in Appendix 1, with PubMed as an
example. Reference lists were searched for potentially relevant titles. Literature
searches and analysis were preplanned prior to the systemic review.

Inclusion and exclusion criteria
The following criteria were used for literature selection: (1) The subjects enrolled were
adults with H. pylori infection with/without H. pylori-related disease including
gastritis and ulcers. The diagnosis of H. pylori infection was based on positive
histology, rapid urease tests (RUT), or urease breath tests (UBT); (2) Subjects in the
treatment group underwent interventions using allicin plus PTT or BCQT. The control
group received PTT/BCQT alone; (3) PTT/BCQT regimens in both groups were
identified; (4) The main outcome was the eradication rate. Secondary outcomes were
side effects, the relief of digestive symptoms, and ulcer healing (healing rate and total
effectiveness rate); and (5) The study design consisted of randomized controlled trials
(RCTs).
Studies that met the following criteria were excluded: (1) Duplicate articles or
evaluation of the same samples; (2) Articles published as reviews, meta-analysis, or
protocols; (8) Studies recruiting children; and (9) In vitro studies.

Study selection and data collection
All retrieved trials were independently screened by two reviewers (Xiao-Bei Si and
Shuo Zhang). Titles and abstracts were screened for all relevant articles. Full texts
were screened for further assessments according to the inclusion and exclusion
criteria. Disagreements were resolved by discussion or through consultation with a
second specialist.
Two reviewers (Xiao-Bei Si and Shuai Wang) independently extracted data from
the included RCTs. Authors, publication year, sample size, interventions, eradication
rate, and secondary outcomes (remission of digestive symptoms, healing rate of
peptic ulcers, and side effects) were included. Eradication rate was defined as H. pylori
negativity following eradication therapy [1] . Peptic ulcers were classed as healed,
effective, or ineffective following endoscopic examination before and after eradication
therapy. The healing of peptic ulcers was defined as the disappearance of ulcer lesions
and surrounding inflammation. Effectiveness was defined as a reduction in ulcer
lesions to ≤ 50% of the original size, whilst non-effectiveness was deemed as ≥ 50% of
the lesion remaining. Healing rate was defined as the number of cured cases divided
by the total number of cases. Total effectiveness rate was defined as the percentage of
patients whose peptic ulcers were classed as healing and/or effectiveness [Total
effectiveness rate = (total number – non-effectiveness number)/total number ×
100%] [24] . The remission of abdominal pain was defined as a disappearance of
abdominal pain after treatment. Disappearing abdominal pain was defined as the
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time from the initiation of H. pylori treatment to the disappearance of abdominal pain.
Side effect rate was defined as the percentage of patients with at least one side
effect[24].

Risk of bias assessment
We evaluated the risk of bias of the included articles using the Cochrane handbook[25].
Methodological quality was assessed with regard to random sequence generation,
allocation concealment, the blinding of participants and personnel, the blinding of
outcome assessments, incomplete outcome data, selective reporting, and other bias.
Risks of bias were categorized as “low”, “high”, or “unclear”.

Statistical analysis
Meta-analysis was performed using Comprehensive Meta-analysis software (version
2.2.064; Biostat Inc, Englewood, United States). Sensitivity analysis was performed
depending on the heterogeneity across the included studies. Statistical heterogeneity
was assessed by I2 statistics. The Chi-square test P < 0.10 or I2 values ≥ 50% indicated
heterogeneity. Trials showing either clinical heterogeneity or statistical heterogeneity
were combined according to the random-effects model. The fixed-effects model was
otherwise used. Publication bias was analyzed using an Egger's test. Funnel plots
were performed if >10 studies were included.

Trial sequential analysis (TSA)
TSA was used to evaluate treatment benefits based on the sample sizes using TSA
software (version 0.9.5.10 Beta; Copenhagen Trial Unit, Copenhagen, Denmark) with
α = 5% and 1-β = 80%. The anticipated relative risk reduction was based on the pooled
estimate of available trials. Boundaries were monitored to confirm the early
termination of the trials when P-values were sufficiently small enough to confirm the
anticipated effects. The chance of random errors increased due to insufficient
comparisons and the repetitive testing of pooled data. When cumulative Z-curves
crossed sequential monitoring boundaries, a sufficient level of evidence is obtained
for the intervention. When Z-curves did not cross the boundaries, the conclusions for
the intervention were not justified[26].

Evidence quality evaluation
The quality of the meta-analysis was evaluated using The Grading of
Recommendations Assessment, Development and Evaluation (GRADE). As per
GRADE criteria, certainty was rated as downwards to include risk of bias,
inconsistency, indirectness, imprecision, and publication bias. Certainty was increased
through large effects, dose-response relationships, and the adjustment of all plausible
residual confounding effects. Evidence was summarized into four categories: “High
quality”, “moderate quality”, “low quality”, and “very low quality”[27].

RESUTLS
Literature analysis and quality assessment
We identified 211 records using our established search strategy. Of these, 82 were
excluded as duplicated records, 114 were non-clinical trials, 14 were unrelated
articles, and one trial was excluded due to allicin plus non-PTT/BCQT regimens. In
total, 10 clinical trials were retrieved for further full text screening. One trial[14] was
excluded as the participants underwent non-standard triple therapy of amoxicillinbismuth-PPI. A single trial[23] was excluded as the triple therapies in the allicin and
control groups differed. Thus, a total of eight RCTs with 867 participants (435 from
the allicin group and 432 from the control group) were finally included. The sample
population of each RCT ranged from 60 to 220. A flow chart of article screening and
selection processes is shown in Figure 1. One study was performed in Turkey whilst
the rest were performed in China. The characteristics of each included study are
summarized in Table 1.
We used the Cochrane handbook tool to assess the quality of the included studies.
No studies reported methods of randomization or concealment, despite claims of
“randomized trials”. No studies implemented blindness, and one study[22] reported
incomplete outcome data. No studies reported the existence of reporting bias. Table 2
shows the results of quality assessments. No included studies registered published
protocols. An Egger’s test showed no publication bias (Intercept: -1.21506, P = 0.25).
Funnel plots were not performed due to the insufficient study number (n < 10).

Eradication rates
We compared the eradication rates of H. pylori between allicin and control groups.
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Table 1 Summary of included studies
Diagnostic
methods

Ref.

N

Participants

Zhan et al,
2013[15]

60

Hp-infected
patients with
peptic ulcer

i OR ii

Hp-infected
patients with
peptic ulcer

i AND ii

Bai et al,
2008[16]

198

i Hp histology;
ii 14C-UBT or
RUT in latest 7
days before
endoscopy test

i Histology or
RUT;
ii 14C-UBT

Wang et al,
2006[17]

61

Hp-infected
patients with
peptic ulcer

i AND ii
i Hp histology
or RUT;
ii 14C-UBT

[18]

Allicin group Control group

Therapy
duration

Therapies
after
eradication

Outcomes

Am: 1000 mg
b.i.d. F: 100 mg
b.i.d E: 40 mg
q.d. Al: 40 mg
t.i.d.

Am: 1000 mg
b.i.d. F: 100 mg
b.i.d E: 40 mg
q.d.

7d

E: 40 mg q.d.
for another 3
weeks in both
groups

a, b, c, d

Am: 1000 mg
b.i.d. M: 400 mg
b.i.d O: 20 mg
b.i.d. Al: 40 mg
t.i.d.

A: 1000 mg
7d
b.i.d. M: 400 mg
b.i.d O: 20 mg
b.i.d.

O: 20 mg b.i.d.
for another 3
weeks in both
groups

a, b, c

F: 100 mg b.i.d
C: 250 mg b.i.d
O: 20 mg b.i.d.
Al: 40 mg t.i.d.

F: 100 mg b.i.d
C: 250 mg b.i.d
O: 20 mg b.i.d.

7d

O: 20 mg b.i.d.
for another 3
weeks in both
groups

a, b, d

7d

E: 40 mg q.d.
for another 4
weeks in both
groups

a, b, c, d

Li et al, 2014

86

Hp-infected
patients with
peptic ulcer

14

Am: 1000 mg
b.i.d. F: 100 mg
b.i.d E: 40 mg
q.d. Al: 40 mg
t.i.d.

Am: 1000 mg
b.i.d. F: 100mg
b.i.d E: 40 mg
q.d.

Kochar et al,
2001[19]

60

Hp-infected
patients with
peptic ulcer

Hp histology

Am: 1000 mg
b.i.d. C: 500 mg
b.i.d La: 10 mg
b.i.d. Al: 1.2 mg
q.d.

Am: 1000 mg
14 d
b.i.d. C: 500 mg
b.i.d La: 10 mg
b.i.d.

None

a, d

Guan et al,
2017[20]

90

Hp-infected
patients with
peptic ulcer

14

Am: 1000 mg
b.i.d. F: 100 mg
b.i.d E: 40 mg
q.d. Al: 40 mg
t.i.d.

Am: 1000 mg
b.i.d. F: 100 mg
b.i.d E: 40 mg
q.d.

E: 40 mg q.d.
for another 3
weeks in both
groups

a, b, c, d

Zhao et al,
2015[21]

92

Hp-infected
patients with
peptic ulcer

14

T: 500 mg b.i.d.
C: 500 mg b.i.d
I: 5 mg b.i.d. B:
220 mg t.i.d. Al:
40 mg t.i.d.

T: 500 mg b.i.d. 7 d
C: 500 mg b.i.d
I: 5 mg b.i.d. B:
220 mg t.i.d.

I: 5 mg b.i.d. for a, b, d, e
another 3
weeks in both
groups

Chen et al,
2016[22]

220

Hp-infected
patients with
peptic ulcer

14

T: 500 mg b.i.d.
C: 500 mg b.i.d
I: 5 mg b.i.d. B:
220 mg t.i.d. Al:
40 mg t.i.d.

T: 500 mg b.i.d. 7 d
C: 500 mg b.i.d
I: 5 mg b.i.d. B:
220 mg t.i.d.

Al: 40 mg t.i.d.
and I: 5 mg
b.i.d. for
another 3
weeks in both
groups

C-UBT

C-UBT

C-UBT

C-UBT

7d

a, b, c, e

N: Number of participants; Hp: Helicobacter pylori; Am: Amoxicillin; F: Furazolidone; E: Esomeprazole; C: Clarithromycin; T: Tinidazole; O: Omeprazole;
La: Lansoprazole; Le: Levofloxacin; I: Ilaprazole; R: Rabeprazole; B: Bismuth potassium citrate tablets; Al: Allicin; RUT: Rapid urease test;
14
C-UBT: 14C-urea breath test; q.d.: Once daily; b.i.d.: Twice daily; t.i.d.: Thrice daily; a: Eradication rate; b: Healing rate of peptic ulcers; c: Total remission
rate of peptic ulcers; d: Side effect rates; e: Disappearance time of abdominal pain.

The eradication rates of the allicin group (93.33%, 406/435) were significantly higher
than those of the control group (83.56%, 361/432) for intent-to-treat (ITT) analysis [I2 =
0%, heterogeneity P = 0.993, odds ratio (OR) = 2.75, 95% confidence interval (CI): 1.744.35, P < 0.001] (Figure 2) and per-protocol (PP) analysis [93.55% (406/434) vs 83.76%
(361/431), I2 = 0%, heterogeneity P = 0.996, OR = 2.81, 95%CI: 1.77-4.47, P < 0.001][15-22].
Six studies[15-20] compared allicin plus PTT vs PTT alone. The eradication rates of the
allicin group were significantly higher than those of the control group for both ITT
analysis [92.47% (258/279) vs 82.61% (228/276), I2 = 0%, OR = 2.87, 95%CI: 1.65-4.99, P
< 0.001] and PP analysis [92.81% (258/278) vs 82.91% (228/275), I2 = 0%, OR = 2.66,
95%CI: 1.53-4.64, P = 0.001]. A further two studies[21,22] compared allicin combined
with PPI-bismuth-tinidazole-clarithromycin therapy vs PPI-bismuth-tinidazoleclarithromycin therapy. The eradication rates in the allicin and control groups were
94.87% (148/156) and 85.25% (133/156), respectively, which significantly differed for
ITT/PP analyses [I2 = 0%, OR = 3.19, 95%CI: 1.38-7.38, P = 0.007]. Three studies[15,18,20]
compared 7-day PPI-amoxicillin-furazolidone therapy with or without allicin and
reported eradication rates of 92.46% (135/146) and 81.33% (122/150), respectively, for
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Figure 1

Figure 1 Flowchart showing the process of study selection for the systematic review. We identified 211 records. Totally 201 records were excluded as
duplicated records, non-clinical trials, unrelated articles, and non-PTT/BCQT controlled trail. Another two records were excluded after full-text screening due to nonstandard triple therapy of amoxicillin-bismuth-PPI and different triple therapy regimens in the allicin and control groups, respectively. Finally, a total of eight RCTs with
867 subjects were included. CNKI: the China National Knowledge Infrastructure Database; CMB: Chinese Medical Databases.

ITT/PP analyses [I2 = 0%, OR = 2.38, 95%CI: 0.99-5.71, P = 0.053] (Table 3).

Healing rates of peptic ulcers
Patients with H. pylori related peptic ulcers across seven studies were included. The
healing rates of ulcers after H. pylori eradication therapy in the allicin group were
significantly higher those of the control group for ITT analysis [86.17% (349/405) vs
75.87% (305/402), I2 = 0%, heterogeneity P = 0.536, OR = 2.05, 95%CI: 1.39-3.03, P <
0.001] (Figure 3) and PP analysis [86.39% (349/404) vs 76.06% (305/401), I2 = 0%,
heterogeneity P = 0.527, OR = 2.06, 95%CI: 1.40-3.05, P < 0.001][15-18,20-22].
Five studies [15-18,20] compared the healing rates following 7 days of allicin combined
with PTT vs PTT alone. The allicin group showed significantly higher rates of healing
rates compared to the control group for both ITT analysis [80.32% (200/249) vs 68.29%
(168/246), I2 = 0%, OR = 2.14, 95%CI: 1.39-3.29, P = 0.001] and PP analysis [80.65%
(200/248) vs 68.57% (168/245), I2 = 0%, OR = 1.93, 95%CI: 1.25-2.96, P = 0.003]. Upon
comparison of allicin-PPI-bismuth-tinidazole-clarithromycin vs PPI-bismuthtinidazole-clarithromycin, significantly higher healing rates in the allicin group were
observed for ITT/PP analyses [95.51% (149/156) vs 87.82% (137/156), I2 = 22.924, OR =
2.83, 95%CI: 1.13-7.10, P = 0.026] [21,22] . Allicin plus PPI-amoxicillin-furazolidone
showed significantly higher healing rates than the control group for ITT/PP analyses
[83.62% (97/116) vs 65.00% (78/120), I2 = 0%, OR = 1.90, 95%CI: 1.18-3.06][15,18,20] (Table
4).

Total remission rates of peptic ulcers
Six studies[15,16,18,20-22] reported peptic ulcer remission rates. The total remission across
allicin groups was significantly higher than that of controls for ITT/PP analyses
[95.99% (359/374) vs 89.25% (332/372), I2 = 0, heterogeneity P = 0.84, OR = 3.13,
95%CI: 1.51-6.51, P = 0.002] (Figure 4).
Four studies[15,16,18,20] compared allicin combined with PTT vs PTT alone for total
remission rates for ITT/PP analyses [93.12% (203/218) vs 81.48% (176/216), I2 = 0, OR
= 3.13, 95%CI: 1.51-6.51, P = 0.004]. Studies comparing BCQT plus allicin vs BCQT
alone reported total remission rates of 100% [21,22] . Allicin plus PPI-amoxicillin-
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Table 2 Results of quality assessment

Ref.

Random
sequence
generation

Allocation
concealment

Blinding of
participants
and personnel

Blinding of
outcome
assessment

Incomplete
outcome data

Selective
reporting

Other bias

Zhan, 2013[15]

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

Bai, 2008[16]

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

Wang, 2006[17]

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

Li, 2014

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

Kochar, 2001[19]

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

Guan, 2017[20]

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

Zhao, 2015[21]

Unclear

Unclear

High risk of bias

Unclear

Low risk of bias

Unclear

Unclear

[22]

Unclear

Unclear

High risk of bias

Unclear

High risk of bias

Unclear

Unclear

[18]

Chen, 2016

furazolidone showed higher total remission rates of 93.97% compared to 7-day PPIamoxicillin-furazolidone therapy for ITT/PP analyses [93.97% (109/116) vs 80.83%
(97/120), I2 = 0%, OR = 4.87, 95%CI: 1.36-17.50, P = 0.015][15,18,20] (Table 5).

Side effects
Six studies[17-22] reported side effects in the allicin group and control group without
statistical significance for ITT analysis [5.90% (18/305) vs 9.53% (29/304), I2 = 0%,
heterogeneity P = 0.591, OR = 0.61, 95%CI: 0.32-1.16, P = 0.133] (Figure 5) and PP
analysis [5.92% (18/304) vs 9.57% (29/303), I2 = 0%, heterogeneity P = 0.593, OR = 0.61,
95%CI: 0.32-1.16, P = 0.132].
Four studies[17-20] compared allicin combined with PTT vs PTT alone for side effects.
No significant differences were observed for ITT analysis [7.38% (11/149) vs 13.51%
(20/148), OR = 0.52, 95%CI: 0.22-1.20, P = 0.125] and PP analysis [5.92% (18/304) vs
9.57% (29/303), OR = 0.61, 95%CI: 0.32-1.16, P = 0.132]. Two studies[18,20] compared
allicin-PPI-amoxicillin-furazolidone therapy vs PPI-amoxicillin-furazolidone alone,
which showed no significant differences between groups for ITT/PP analyses [2.27%
(2/88) vs 7.95% (7/88), I2 = 0%, OR = 0.27, 95%CI: 0.054-1.34, P = 0.110]. No significant
differences were observed for allicin-PPI-bismuth-tinidazole-clarithromycin vs PPIbismuth-tinidazole-clarithromycin alone for ITT/PP analyses [4.49% (7/156) vs 5.77%
(9/156), I2 = 0%, OR = 0.77, 95%CI: 0.28-2.13, P = 0.612][21,22] (Table 6).

Remission of abdominal pain
Two studies[21,22] reported the remission of abdominal pain in both groups. Chen et al[22]
reported the subsidence of abdominal pain after 1.52 ± 0.5 d in the allicin group
compared to 2.20 ± 1.2 d in control subjects. This significant difference was in contrast
to that reported by Zhao et al[21] (average times of 1.55 ± 0.5 d and 1.80 ± 0.6 d in the
allicin and control groups, respectively). A further meta-analysis showed more rapid
cessation of abdominal pain in the allicin group [standard mean difference (SMD) = 0.653, 95%CI: -0.88--0.43, P < 0.001] (Figure 6).

Sensitivity analysis
From the sensitivity analysis, the individual removal of studies had no statistical
significance and the pooled OR was unchanged.

TSA
TSA of the eradication rates showed that the required information size (RIS) of 295
participants were required to calculate the eradication rates of our meta-synthesis,
based on the following statistical indicators of I error probability (α = 5%): Type II
error probability (β = 20%); relative risk reduction (RRR = -12.41%); and incidence in
the control arm (Pc = 83.56%, derived from the meta-analysis data). Cumulative Zcurve crossed the trial sequential monitoring boundary, showing significant evidence
of eradication rates. The cumulative values of the Z scores crossed conventional
boundary values, trial sequential monitoring boundaries, and RIS line, suggesting that
the trials were sufficient, and no alterations of the conclusions were likely (Figure 7).
A further TSA of the healing rates showed that RIS of 635 participants was required
to calculate the healing rates based on the following statistical indicators of I error
probability (α = 5%): β = 20%; RRR = -10.49%; and Pc = 75.87%. Cumulative Z-curves
crossed the trial sequential monitoring boundary, which showed sufficient evidence
of statistically significant healing rates. Z-curves crossed the conventional boundary
values, and trial sequential monitoring boundaries reached the RIS line, suggesting
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Figure 2

Figure 2 Eradication rates of Helicobacter pylori between allicin and control groups (intent-to-treat analysis). The eradication rate of the allicin group (93.33%,
406/435) was significantly higher than that of the control group (83.56%, 361/432) for intent-to-treat (ITT) analysis (Odds ratio = 2.75, 95% confidence interval: 1.744.35), P < 0.001). CI: Confidence interval.

that the trials sufficiently drew reliable conclusions (Figure 8).

Evidence quality evaluation
We downgraded by two levels for the “risk of bias” as the included studies did not
state randomization methods, despite claiming to be randomized. In addition, the
blinding of patients was not described in all included studies, which were therefore
classed as non-blind. Studies were further downgraded due to “indirectness”. We
assessed the efficacy of eradication rates as primary outcomes in patients with H.
pylori infection. However, participants of the seven included studies (7/8, 87.50%) had
H. pylori infection combined with peptic ulcers. These differences might lead to
further bias. As a result, the overall certainty of the eradication rates was "very low"
due to such downgrades. The outcomes of “healing rates of peptic ulcers” and “total
remission rates of peptic ulcers” were “low” due to the “risk of bias” as all included
studies did not state randomization and blinding methods despite claiming to be
randomized. The outcome of “side effect rates” was graded as “very low” due to
similar issues. GRADE evidence profiles are shown in Table 7.

DISCUSSION
H. pylori infection is one of the pathogenic factors of gastritis, peptic ulcers, and
MALT[1]. H. pylori eradication plays an important role in the treatment of digestive
disease and reduces the lifetime risk of gastric cancer[1]. In recent years, antibiotic
resistance, particularly metronidazole and clarithromycin, have threatened H. pylori
therapy[2]. Nearly 15% of H. pylori isolates develop multiple drug resistance (resistance
to three or more antibiotics) [3,28] . As a result, the eradication rates of PTT have
decreased to 70%-85%[1,29]. Accordingly, clarithromycin-based triple therapy is not
recommended in areas of high resistance[3]. Compared to PTT, BCQT is an accepted
strategy to increase eradication rates[1], particularly in areas of clarithromycin and
metronidazole resistance[1]. According to the meta-analysis performed by Venerito et
al[30], the eradication rates of bismuth-based quadruple therapy range from 68.8% to
91.0% (intention-to-treat analysis) with a total eradication rate of 77.6%. Both
therapies failed to effectively control H. pylori. Considering increased antibiotic
resistance rates and treatment failure rates, new H. pylori treatment strategies need to
be developed. Accordingly, finding alternative non-antibiotic approaches is one of
new strategies for H. pylori treatment.
Garlic is anti-bacterial and has been used to treat infectious diseases. In 1998,
Chung et al[31] first reported that garlic components can suppress H. pylori growth.
Diallyl sulfide (DAS) or diallyl disulfide (DADS) was shown to elicit bactericidal
effects on H. pylori cultures. During that period, commercial garlic preparations
containing either garlic powder (GP) or garlic oil (GO) were assessed. GP is a
preparation of sliced, dried, and pulverized garlic cloves to which water is added. GO
is produced by heating crushed garlic cloves to 100 °C, collecting the vapor as a
distillate, and diluting the final product in vegetable oil[32]. Although O'Gara et al
demonstrated the anti-H. pylori effects of GO and GP in vitro, determined through
minimal inhibitory concentrations ranging from 8 to 32 mg/mL and 250 to 500
mg/mL, respectively, subsequent clinical studies failed to confirm this activity. Aydin
et al[12] reported a prospective cohort of 20 H. pylori infected individuals treated with
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Table 3 Subgroup analyses of eradication rates
Eradication rate (%)

Heterogeneity

Allicin group

Control

I2 (%) P value

Allicin + PTT vs PTT[15-20] (ITT)

92.47

82.61

0

Allicin + PTT vs PTT[15-20] (PP)

92.81

82.91

0

Allicin-PPI-B-T-C vs PPI-B-T-C[21,22] (ITT/PP)

94.87

85.25

92.46

81.33

Comparison

[15,18,20]

Allicin-PPI-Am-F vs PPI-Am-F

(ITT/PP)

OR

95%CI

P value

0.975

2.87

1.65-4.99

< 0.001

0.984

2.66

1.53-4.64

0.001

0

0.764

3.19

1.38-7.38

0.007

0

0.986

2.38

0.99-5.71

0.053

PPI: Proton pump inhibitor; PTT: Proton pump inhibitor triple therapy; Am: Amoxicillin; F: Furazolidone; C: Clarithromycin; T: Tinidazole; B: Bismuth
potassium citrate tablets; ITT: Intent-to-treat analysis; PP: Pre-protocol analysis; OR: Odds ratio; CI: Confidence interval.

GO (275 mg three times per day combined with omeprazole) in whom no significant
effects on H. pylori eradication were observed. A non-randomized crossover trial by
Graham et al[13] treated H. pylori infected individuals with fresh oral garlic, with no
beneficial effects reported. In 2001, McNulty et al[33] performed a clinical trial with GO
therapy in which the subjects received one 4 mg GO capsule with their meals four
times per day for 14 d. No evidence of either H. pylori eradication or the improvement
of symptoms was observed. These negative results failed to prove the inhibitory
effects of fresh garlic and GO on H. pylori. These failures can, however, be
rationalized. First, although the levels of allicin in commercial products are roughly
equivalent to those of fresh crushed garlic, the conversion of allicin to other garlic
sulfides can occur during the production process[12]. Second, it is accepted that the
anti-H. pylori effects of garlic are dose dependent but no consensus on acceptable
garlic doses exists. Whether effective doses were used in these trials remains unclear.
Allicin was first defined as an antimicrobial agent in 1944[34] and was subsequently
shown to have anti-H. pylori effects [ 3 5 ] , the mechanism(s) of which remain
undefined[35]. H. pylori suppression may contribute to the anti-inflammatory effects of
allicin, particularly the inhibition of IL-8 and TNF-α. H. pylori infection inhibits heat
shock proteins (HSP) and promotes lipopolysaccharidase release[36]. In recent years,
the artificial synthesis of allicin in commercial preparation (40 mg per tablet)
improved allicin therapy. A series of clinical trials were performed in H. pylori
infected individuals in whom allicin was administered as an add-on treatment to
PTT/BCQT to treat H. pylori infection and H. pylori-related disease. Xue et al [37]
performed a trial in which the eradication rate of allicin with ranitidine therapy were
compared to that of ranitidine alone. Negative results were reported, suggesting that
garlic products fail to eradicate H. pylori in the absence of antibiotics.
In this review, we analyzed trials that included allicin as an add-on treatment to
PTT/BCQT for H. pylori infection. Allicin treated groups showed an eradication rate
of ~93.33%. These results were graded as “good” (90%-95%) and highlight the benefits
of allicin as an add-on treatment for H. pylori eradication[38]. Our meta-analysis also
showed that allicin plus PTT/BCQT resulted in higher healing rates and total
remission rates of peptic ulcers. Several mechanisms contribute to improved ulcer
responses. First, inflammatory responses play a role in the development of peptic
ulcers. Allicin inhibits the activation of NF-Kβ, which inhibits the production of TNFα, leading to anti-inflammatory effects[39]. Second, garlic extracts have protective
effects and alleviate oxidative stress in gastric tissue. Such process contributes to
mucosal injury and ulcer development [40] . Third, peptic ulcers result from a
disturbance of aggressive and defensive factors in the stomach. Garlic extracts may
enhance NO synthesis through increasing the activity of constitutive nitric oxide
synthase (cNOS) and promoting the maintenance of endothelial function[41-42].
In recent years, several options such as phytotherapy[6,7] or traditional Chinese
medicine[43], probiotics[8], and nutraceutical agents[44] have been proposed as alternative
treatments for H. pylori infection. In addition to allicin, several other add-on
treatments to PTT/BCQT have been investigated as well, with clinical evidence
published. Berberine, extracted from Coptis chinensis Franch, was used to treat H. pylori
infection through its combination with PTT. The eradication rate of berberine plus
PTT was 85.89 % according to previous meta-analysis[45]. Probiotics have been used as
an add-on treatment for H. pylori infection. Gong et al[29] performed a meta-analysis to
evaluate the efficacy of probiotics plus PTT with an eradication rate of 80.74%
reported. A further meta-analysis evaluated the effects of probiotics plus BQCT with
an eradication rate of 90.76% observed[8]. Yin et al[42] also performed a meta-analysis
that evaluated the traditional Chinese medicine Jinghua Weikang capsules plus PTT
with an eradication rate of 85.47%. These therapeutic regimens did not achieve the
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Figure 3

Figure 3 Healing rates of peptic ulcers between allicin and control groups (intent-to-treat analysis). The healing rate of ulcers after H. pylori eradication
therapy in the allicin group was significantly higher that of the control group for ITT analysis (86.17% (349/405) vs 75.87% (305/402), odds ratio = 2.05, 95%
confidence interval: 1.39-3.03, P < 0.001). CI: Confidence interval.

effectiveness of allicin plus PTT therapy for the treatment of H. pylori infection.
However, the role of alternative treatment remains controversial. Previous studies
mostly demonstrated that the agents as alternative treatment exhibit antiinﬂammatory, immunomodulatory, and gastro-protective activities. Such activities
contributed to improvement of peptic ulcer healing and remission of gastrointestinal
tract symptoms. The anti-H. pylori activities were not well proved due to the lack of
correlation between in vitro susceptibility and in vivo efficacy. What's more, no agent
of alternative treatment was accepted to treat H. pylori infection as a monotherapy. In
this regard, we speculate that anti-H. pylori activities of such agents, especially
medical plants, exist while their active ingredients and effective dosages need to be
further explored. The research and development process of allicin, i.e., identification
of active ingredients followed by therapeutic dosage exploration, might be a typical
case of clinical application of alternative medicine.
Two previous meta-analyses [46-47] showed comparable findings, but common
insufficiencies limit the quality of their evidence. Both analyses[46-47] included studies
of PPI-clarithromycin-bismuth ± allicin[14], whilst Hu et al[46] compared ranitidine plus
allicin to allicin alone[37]. Both therapeutic regimens are not wildly accepted and may
have caused an unneglected bias risk. The study by Hu et al[46] performed an adequate
search strategy, but the H. pylori patients had duodenal ulcers, which narrowed the
application of the evidence.
This is the first systematic review and meta-analysis of H. pylori treatment using
allicin that was assessed using the GRADE system, although the quality of main
outcome was graded as “very low” due to downgrades for the risk of bias and
indirectness. What’s more, when considering this meta-analysis, potential limitations
should be considered: (1) The included studies were of low quality, which limited the
clinical evidence; (2) Although I2 statistics assessment showed no statistical
heterogeneity, we considered existence of clinical heterogeneity of the included
studies. First, seven included studies included the participants with H. pylori infection
combined with H. pylori related ulcers while the rest one[19] included the participants
with H. pylori infection alone. Second, the present review compared the efficacy of
allicin plus PTT/BCQT vs PTT/BCQT alone. However, the PTT/BCQT regimens of
included studies differed, especially components of antibiotics. Third, most of the
included studies (7/8, 87.50%) were performed in China except for the study by
Kochar et al[19]. Fourth, the eradication therapy period of the included studies ranged
from 7 d to 14 d; and (3) Antibiotic resistance of the participants was not assessed, so
the efficacy of allicin on antibiotic resistant H. pylori strains was not assessed.
In conclusion, this study provides evidence that allicin improves eradication rates,
healing rates, the remission of peptic ulcers, and the remission of abdominal pain, but
does not affect side effects when used as an add-on treatment for H. pylori infection
and H. pylori related ulcers. However, the quality of this study was graded as “very
low” for eradication and side effects rates and “low” for healing and total remission
rates of peptic ulcers. These results should be treated with cautions due to limited
quality of the included studies.
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Table 4 Subgroup analyses of healing rates of peptic ulcers
Healing rate (%)

Heterogeneity

Comparison

OR

95%CI

P value

0.527

2.14

1.39-3.29

0.001

0.513

1.93

1.25-2.96

0.003

22.924

0.255

2.83

1.13-7.10

0.026

0

0.660

1.90

1.18-3.06

0.002

Allicin group

Control

I2 (%)

P value

Allicin + PTT vs PTT[15-18,20] (ITT)

80.32

68.29

0

Allicin + PTT vs PTT[15-18,20] (PP)

80.65

68.57

0

95.51

87.82

83.62

65.00

[21,22]

Allicin-PPI-B-T-C vs PPI-B-T-C

(ITT/PP)

Allicin-PPI-Am-F vs PPI-Am-F[15,18,20] (ITT/PP)

PPI: Proton pump inhibitor; PTT: Proton pump inhibitor triple therapy; Am: Amoxicillin; F: Furazolidone; C: Clarithromycin; T: Tinidazole; B: Bismuth
potassium citrate tablets; ITT: Intent-to-treat analysis; PP: Pre-protocol analysis; OR: Odds ratio; CI: Confidence interval.

Table 5 Subgroup analyses of total remission rates of peptic ulcers
Total remission rate (%)

Heterogeneity

Allicin group

Control

I2 (%) P value

93.12

81.48

0

93.97

80.83

0

Comparison
Allicin + PTT vs PTT[15,16,18,20] (ITT/PP)
[15,18,20]

Allicin-PPI-Am-F vs PPI-Am-F

(ITT/PP)

OR

95%CI

P value

0.844

3.13

1.51-6.51

0.004

0.931

4.87

1.36-17.50

0.015

PPI: Proton pump inhibitor; PTT: Proton pump inhibitor triple therapy; Am: Amoxicillin; F: Furazolidone; C: Clarithromycin; T: tinidazole; B: Bismuth
potassium citrate tablets; ITT: Intent-to-treat analysis; PP: Pre-protocol analysis; OR: Odds ratio; CI: Confidence interval.

Table 6 Subgroup analyses of side effect rates
Side effect rate (%)

Heterogeneity

Allicin group

Control

I2 (%) P value

7.38

13.51

6.66

Comparison
Allicin + PTT vs PTT[17-20] (ITT)
[17-20]

Allicin + PTT vs PTT

(PP)

OR

95%CI

P value

0.36

0.52

0.22-1.20

0.125

5.92

9.57

0

0.59

0.61

0.32-1.16

0.132

Allicin-PPI-B-T-C vs PPI-B-T-C[21,22] (ITT/PP)

4.49

5.77

0

0.69

0.77

0.28-2.13

0.612

Allicin-PPI-Am-F vs PPI-Am-F[18,20] (ITT/PP)

2.27

7.95

0

0.85

0.27

0.054-1.34

0.110

PPI: Proton pump inhibitor; PTT: Proton pump inhibitor triple therapy; Am: Amoxicillin; F: Furazolidone; C: Clarithromycin; T: Tinidazole; B: Bismuth
potassium citrate tablets; ITT: Intent-to-treat analysis; PP: Pre-protocol analysis; OR: Odds ratio; CI: Confidence interval.
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Table 7 Results of quality assessment
Participants (stuRisk of bias
dies)

Inconsistency

Indirectness

Imprecision

Publication bias

Overall quality of
evidence

No serious
inconsistency

Serious2

No serious
imprecision

Undetected

Very low12

No serious
inconsistency

No serious
indirectness

No serious
imprecision

Undetected

Low1

Very serious1

No serious
inconsistency

No serious
indirectness

No serious
imprecision

Undetected

Low1

Very serious1

No serious
inconsistency

Serious3

No serious
imprecision

Undetected

Very low13

Eradication rate
867(8 studies)

Very serious1

Healing rate of ulcers
807(7 studies)

Very serious1

Total remission rate of ulcers
807(7 studies)
Side effect rate
549(5 studies)

1

We downgraded by two levels because all included studies did not state random method although declared to be randomized. What's more, blinding of
patients was not mentioned in all included studies and we preferred to identify these studies as non-blindness;
2
The present systematic review mainly aimed to assess the efficacy with eradication rate as primary outcome in patients with H. pylori infection. However,
the participants of seven included studies (7/8, 87.50%) included patients with H. pylori infection combined with peptic ulcers. Such difference might be
another origin of bias;
3
The present systematic review mainly aimed to assess the safety of allicin among patients with H. pylori infection. However, four included studies (4/5,
80.00%) included patients with H. pylori infection combined with peptic ulcers. Such difference might be another origin of bias.

Figure 4

Figure 4 Total remission rates of peptic ulcers between allicin and control groups (intent-to-treat/per-protocol analysis). The total remission rate across
allicin groups was significantly higher than that of the control group for ITT/PP analyses [95.99% (359/374) vs 89.25% (332/372), odds ratio = 3.13, 95% confidence
interval: 1.51-6.51, P = 0.002]. CI: Confidence interval.
Figure 5

Figure 5 Side effect rates between allicin and control groups (intent-to-treat/per-protocol analysis). There was no statistical significance in side effect rates
between the allicin group and control group for ITT analysis [5.90% (18/305) vs 9.53% (29/304), odds ratio = 0.61, 95% confidence interval: 0.32-1.16, P = 0.133]. CI:
Confidence interval.
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Figure 6

Figure 6 Abdominal pain disappearance times between allicin and control groups. Meta-analysis showed more rapid cessation of abdominal pain in the allicin
group (standard mean difference = -0.653, 95% confidence interval: -0.88--0.43, P < 0.001). CI: Confidence interval; Std diff in means: Standard difference in means.
Figure 7

Figure 7 Trial sequential analysis of the eradication rates. Trial sequential analysis of the eradication rates showed that an information size of 295 participants
was required. Cumulative Z-curve crossed the trial sequential monitoring boundary, showing significant evidence of eradication rates. The cumulative values of the Z
scores crossed conventional boundary values, trial sequential monitoring boundaries, and RIS line, suggesting that the trials were sufficient, and no alterations of the
conclusions were likely.
Figure 8

Figure 8 Trial sequential analysis of the healing rates of peptic ulcers. Trial sequential analysis of the healing rates showed that an information size of 635
participants was required. Cumulative Z-curve crossed the trial sequential monitoring boundary, showing significant evidence of eradication rates. The cumulative
values of the Z scores crossed conventional boundary values, trial sequential monitoring boundaries, and RIS line, suggesting that the trials were sufficient, and no
alterations of the conclusions were likely.

ARTICLE HIGHLIGHTS
Research background
Allicin (2-propene-1-sulfinothioic acid S-2-propenyl ester, diallyl thiosulfinate), a compound of
garlic, was proved to be active in inhibiting Helicobacter pylori (H. pylori) growth in vitro.
However, several clinical trials using garlic oil and fresh oral garlic failed to show improvements
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in H. pylori infection. In recent years, due to developments in pharmaceutical technology,
commercial allicin tablets are available, with a series of randomized clinical trials that explored
allicin as an add-on therapy to PPI therapy or bismuth containing quadruple therapy to treat H.
pylori infection.

Research motivation
Allicin as an add-on therapy to treat H. pylori infection has been trialed, with variable results.
Whether allicin could be medicated as an anti-H. pylori drug is still inconclusive.

Research objectives
We performed a meta-analysis to evaluate the efficacy and safety of allicin as an add-on therapy,
i.e., allicin plus PPI triple therapy or bismuth containing quadruple therapy for H. pylori
infection.

Research methods
Electronic databases including MEDLINE, EMBASE, Web of Science, etc. were searched. A metaanalysis was performed using the fixed-effects model for low heterogeneity and the randomeffects model for high heterogeneity with sensitivity analysis. Bias was evaluated using Egger’s
tests. Trial sequential analysis (TSA) was used to evaluate information size and treatment
benefits. The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
was used to assess the level of quality.

Research results
A total of eight RCTs consisting of 867 participants were included. As a result, add-on therapy of
allicin combined with PPI triple therapy (PTT) or bismuth containing quadruple therapy (BCQT)
showed a significantly higher eradication rate (93.33% vs 83.56%, P < 0.001) and healing rates of
ulcer (86.17% vs 75.87%, P < 0.001). In addition, the total remission rate of peptic ulcers across all
allicin groups was significantly higher than that of controls (95.99% vs 89.25%, P = 0.002). Such
outcomes were graded as “low” (ulcer healing rates and total ulcer remission rates) or “very
low” (eradication rates and side effects rates) according to the GRADE assessment.

Research conclusions
This study provides evidence that allicin improves eradication rates, healing rates, the remission
of peptic ulcers, and the remission of abdominal pain, but does not affect side effects when used
as an add-on treatment for H. pylori infection and H. pylori related ulcers. In other words, allicin
plus PPI triple therapy or bismuth containing quadruple therapy may obtain better therapeutic
effects.

Research perspectives
The present review evaluated the efficacy and safety of allicin as an add-on therapy for H. pylori
infection, with conclusion that allicin might improve healing rate and symptom remission of H.
pylori related ulcers as well as H. pylori eradication rate. However, there are still many questions
remaining unclear. On one hand, the exact mechanism of allicin as an anti-H. pylori drug is not
clear up till now. On the other hand, further clinical evidence of high quality is still needed since
the present evidence is of “low” or “very low” quality.
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Abstract
The role of liver biopsy in the diagnosis of hepatocellular carcinoma (HCC) has
been challenged over time by the ability of imaging techniques to characterize
liver lesions in patients with known cirrhosis. In fact, in the diagnostic algorithm
for this tumor, histology is currently relegated to controversial cases.
Furthermore, the risk of complications, such as tumor seeding and bleeding, as
well as inadequate sampling have further limited the use of liver biopsy for HCC
management. However, there is growing evidence of prognostic and therapeutic
information available from microscopic and molecular analysis of HCC and, as
the information content of the tissue sample increases, the advantages of liver
biopsy might modify the current risk/benefit ratio. We herein review the role
and potentiality of liver biopsy in the diagnosis and management of HCC. As the
potentiality of precision medicine comes to the management of HCC, it will be
crucial to have rapid pathways to define prognosis, and even treatment, by
identifying the patients who could most benefit from target-driven therapies. All
of the above reasons suggest that the current role of liver biopsy in the
management of HCC needs substantial reconsideration.
Key words: Hepatocellular carcinoma; Liver biopsy; Prognostic factors; Liver cancer;
Recurrence; Liquid biopsy
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Core tip: The role of liver biopsy in the diagnosis of hepatocellular carcinoma (HCC) has
been challenged over time by the ability of imaging techniques to characterize liver
lesions in patients with known cirrhosis; indeed, in the diagnostic algorithm for this
tumor histology is currently relegated to controversial cases. However, increasing
knowledge of the phenotypical and molecular characteristics of HCC is leading to a new
scenario in which biopsy may play a decisive role. As the information content of the
tissue sample increases, the advantages of liver biopsy may modify the current
risk/benefit balance.
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INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for approximately 90% of primary liver
cancers and, with a rapidly increasing incidence in the last two decades[1], constitutes
a major global health problem[2]. Importantly, HCC mainly develops in the settings of
chronic liver injury or cirrhosis[3,4]. Indeed, the high rate of HCC in certain risk groups
makes surveillance a cost-effective route to reducing mortality[5] and international
societies, including the European Association for the Study of the Liver (EASL) and
the American Association for the Study of Liver Diseases (AASLD), recommend sixmonth interval ultrasounds (US), with or without alpha-fetoprotein (AFP) levels for
cirrhotic patients[6,7].
However, a confident diagnosis of HCC of a liver nodule detected by ultrasonography, in the screening setting, represents a major clinical challenge, and,
according to the diagnostic algorithm purposed by Forner et al [8] , it is almost
impossible with current techniques for nodules with a diameter of less than 1 cm[9].
On the other hand, the diagnosis of HCC can be confidently established using
imaging techniques if a nodule larger than 1 cm displays a specific imaging
pattern[7,10]. The hallmark features of HCC on dynamic computed tomography (CT)
scan and magnetic resonance imaging (MRI) are an early wash-in combined with late
wash-out of contrast agents[10], that, nonetheless, only occur in a minority of patients
with small tumors[11]. Moreover, the high specificity and positive predictive value of
this pattern in larger lesions have been prospectively validated for the diagnosis of
HCC only in cirrhotic livers[10,12-14].
Innovations in cross-sectional imaging, aside from the trend towards a less invasive
medical practice, would result in a larger subgroup of patients who can avoid
undergoing a liver biopsy for the diagnosis of HCC. On the other hand, the avoidance
of biopsies might hamper both the understanding of biological features and the
development of targeted therapies for HCC, and the risk of misdiagnosis must always
be taken into account. The role of liver biopsy for hepatic nodules thus remains a
challenging issue even in the contemporary era. In the present review, we aim to
summarize the current clinical guidelines as well as the pros and cons of using liver
biopsies in the clinical management of HCC.

DIAGNOSIS OF HCC
Non-invasive diagnosis of HCC, in the setting of liver cirrhosis, is based on a typical
imaging diagnostic pattern [4,15] that relies on the peculiar vascular derangement
occurring during hepatic carcinogenesis and it is strongly endorsed by EASL, AASLD,
and the Asian Pacific Association for the Study of the Liver [6,7,16] . All societies
concordantly state that the diagnosis of HCC in cirrhotic patients should be based on
non-invasive criteria with a strong grade of recommendation and a high level of
evidence. Because of their higher sensitivity and ability to analyze the whole liver, CT
or MRI should be used first. However, non-invasive criteria can only be applied to
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cirrhotic patients for liver lesions above 1 cm of diameter, in light of the high pre-test
probability, regardless of which imaging modality is utilized and it is not improved
by assessing other MRI parameters[17,18]. Iavarone et al demonstrated that tumor grade
might influence the accuracy of dynamic contrast techniques in the diagnosis of small
HCC[19]. Furthermore, non-invasive criteria have not been validated in non - cirrhotic
livers.
Of note, HCC in non-cirrhotic patients is likely to be larger at diagnosis[20], since
patients are not enrolled in surveillance programs. Yet, the specificity of the imaging
diagnostic hallmarks for HCC is lower in the non-cirrhotic liver, as alternative
diagnoses are seen more commonly (e.g., hepatocellular adenoma and metastases).
Non-invasive diagnostic criteria for HCC have only been validated in patients with
cirrhosis who are followed up with, six-month interval, US. Further, only 50% of HCC
occurs in cirrhotic patients where HBV infection is endemic[21-23]. Therefore, despite a
moderate grade of evidence, EASL strongly recommends that the diagnosis of HCC in
non-cirrhotic livers is confirmed using a liver biopsy[6].
Histological diagnosis via liver biopsy may, therefore, be necessary if HCC
develops in a non-cirrhotic patient, and if imaging studies are inconclusive for being
compatible with HCC. The AASLD does not recommend biopsy for lesions bigger
than 1 cm if two different imaging studies yield concordant findings[7]. Liver biopsy is
done under CT or US guidance with varying degrees of sensitivity (66%-93% based on
tumor size, operator experience, and needle size) and 100% specificity and positive
predictive value[24]. Furthermore, a liver biopsy may be needed in patients who are not
candidates for curative resection, to establish a diagnosis for the purpose of systemic
therapy or transplantation.

PATHOLOGICAL DIAGNOSIS OF HCC AND PROGNOSTIC
MARKERS
Tissue-biopsy warrants a simple key-hole view of the lesion under examination. The
pathological data obtained at the morphological, phenotypical and molecular level
from these tiny fragments may be incomplete or only partially representative.
However, it still represents the best option to get information from the lesion itself.
Thus, every single diagnostic, prognostic and predictive information represented in
the tissue is searched for and reported in the pathological report, to the point that
grossing material is saved for this purpose.
Tissue-biopsy is mainly obtained for diagnostic purposes if a conclusive diagnosis
of HCC cannot be rendered on imaging. In this setting the differential diagnosis takes
into consideration two lesions staying close along the process of hepatocarcinogenesis
such as High-Grade Dysplastic Nodule (HGDN) and early HCC[25] and should always
be supported by the results of a panel of markers, namely glypican 3 (GPC3), heat
shock protein 70 (HSP70), and glutamine synthetase (GS) used in combination[26,27].
Indeed, this panel warrants 100% specificity and 72% of sensitivity, while the use of
single markers alone can be misleading. GPC3 immunoreactivity can be observed in a
few cirrhotic cells and lesions showing up to 10% of immunoreactive cells can also be
HGDN [26] . HSP70 can be observed in apoptotic hepatocytes, isolated periseptal
hepatocytes, and stellate cells. GS immunoreactivity merits an even greater attention
since it is observed in a number of different lesions including: (1) Normal perivenular
and periseptal hepatocytes; (2) Focal Nodular Hyperplasia, with a map-like
distribution; (3) Exon 7/8 β-catenin mutated hepatocellular adenoma with a
faint/focal, patchy immunoreactivity; (4) Exon 3 β-catenin mutated HA, with a
strong/diffuse positivity, and (5) HCC [28] . Other diagnostic markers have been
investigated but never endorsed in guidelines[29,30].
A progressively larger use of the tissue-biopsy is observed to enroll HCC patient in
clinical trials. Even if this revitalization of HCC biopsy does not reflect a real change
of attitude toward it, the current situation could be of help to renovate its role. A large
amount of information can be searched for in the neoplastic tissue and surrounding
parenchyma, and reported in the histopathological diagnosis. These include HCC
histotype and grade, microscopic vascular invasion, morpho-molecular type, and the
expression of phenotypic markers of prognostic impact such as CK 19 and VETC. In
addition, if non-neoplastic liver tissue is available, the degree of fibrosis should be
reported as well.
The following HCC histotypes are listed by the upcoming WHO classification:
steatohepatitic, clear cells, macrotrabecolar massive, scirrhous, chromophobe,
fibrolamellar, neutrophil-rich and lymphocyte-like[31]. The correct definition of the
histotype enriches the pathological report with prognostic and/or predictive
information. The recently reported macrotrabecolar massive histotype, which
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represents 5%-10% of all HCC, has a poorer outcome[32,33]; in contrast, the lymphocyterich HCC, a rare histotype showing better prognosis[31], is sustained by the presence of
an active immune infiltrate[34]. It may be argued that several histological features can
be represented in a single HCC, especially those of larger size. Available data shows
that a median of four architectural patterns/cytological variants might coexist within
the same HCC[32]. A tissue-biopsy documents only a part of this heterogeneity and, as
mentioned above, this may underestimate tumor biology. Tumor size, and therefore
tumor heterogeneity, also affects the reliability of HCC grading in the biopsy. The
concordance between grading in pre-operative biopsy and the surgical specimen is
good/excellent in HCC below 4 cm[19,35] but low in HCC above 7 cm[36]. It is well
known that the worse a grade drives the prognosis [37] , and therefore a clinically
meaningful pathological report might indicate both the predominant as well as the
worst grade (in line with what is done for prostatic biopsy). A recent meta-analysis
confirmed that histological grading of HCC has an important prognostic role in both
liver resection or transplantation; however, it also showed a large heterogeneity on
the microscopic assessment of HCC pathology urging standardization[38].
Microscopic vascular invasion (MVI) is a major prognostic feature of HCC and is
associated with advanced tumor stage, distant metastasis and adverse outcome[39-41].
MVI occurs at the rates of 25%, 40%, 55% and 63% in HCC smaller 3, 3-5, 5-6.5, and
bigger 6.5 cm, respectively [42] . Nonetheless, the detection of MVI in a biopsy is
fundamentally a chance opportunity. Accordingly, surrogate markers of MVI are
intensively investigated. A study on the combination of PIVKA-II with H4K20me2
showed very high specificity and PPV for prediction of MVI in HCC needle
biopsies[43,44]. VETC is a peculiar vascular phenotype, originally described by Fang et
al[45]. We recently confirmed its strong impact on the prognosis of resectable HCC[46].
Moreover we observed the close correlation of VETC with several ominous prognostic
features such as MVI. Of interest Feng et al[47] recently showed that VETC+ HCC are
those more suitable to sorafenib, prefiguring VETC as a prognostic and predictive
marker.
During the last two decades, an increasing understanding of the most abundant
molecular alterations of HCC was developed but never translated into daily practice
to improve prognostic assessment or therapeutic decision. A recent study firstly
demonstrated a strong relationship between molecular and pathological features in
HCC[31] and highlighted the existence of two distinct HCC phenotypes sustained by
the mutually exclusive CTNNB1 and TP53 mutations. In the first group, HCC
presents as well-differentiated tumors with cholestasis and microtrabecular and
pseudoglandular patterns of growth; in the second, HCC is mostly poorly
differentiated with frequent vascular invasion. Using the corresponding immunohistochemical markers (p53, β-catenin, and GS) we have recently confirmed the
clinical-pathological correlations of these two subclasses in the daily clinical
practice[46]; however, none of these categories proved to be of prognostic relevance[31,48].
Interestingly, the subgroup of HCC correlated to β-catenin pathway activation was
recently associated with an exhausted immune infiltrate[49]. This finding, possibly
explaining the resistance to Immune Checkpoint Inhibitors, prefigures a morphomolecular classification of HCC as having a predictive role[50,51].
The use of stemness-related biomarkers represents the field where the translation of
molecular information on clinical practice is more advanced. Several stemness-related
markers have been identified and intensively investigated (CK19, EpCAM, CD133,
SALL4, NCAM, OV6, CD90, nestin, CD44) and almost all were associated with a more
aggressive clinical behavior. In particular, HCCs with CK19 immunostaining in more
than 5% of tumor cells show higher recurrence rates and higher rates of lymph node
metastasis[52].
A tissue biopsy can be done to distinguish HCC from other primary and secondary
malignancies of the liver. Some of these cases may present as poorly differentiated,
solid growing carcinomas, in particular, those lesions that previously underwent
different lines of treatment. In these cases, the final diagnosis of HCC can hardly be
rendered on morphology alone and should be supported by the evaluation of specific
markers indicative of hepatocellular differentiation. Those currently used are HepPar1, Arginase-1, CD10, pCEA, GPC3 and BSEP. In a recent study, Lagana et al [53]
investigated their efficiency and showed that BSEP, CD10, and pCEA showed 100%
specificity as compared to 97% of GPC3 and HepPar-1 and 94% of Arginase. BSEP and
Arginase showed the highest sensitivity (90%).
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USE OF LIVER BIOPSY IN CLINICAL MANAGEMENT OF
HCC: PROS AND CONS
The main reason for limiting liver biopsies in HCC is the risk of adverse events,
possibly impacting on the diagnostic and/or therapeutic pathway. Liver biopsy
tecniques and chracteristics of an optimal liver specimen have been descrived in
detail[54,55]. The most common complication of liver biopsy is pain that, including mild
discomfort, is reported by up to 84% of patients[56]. Severe complications correlated to
liver biopsies, including perforation of gallbladder, bile peritonitis, haemobilia,
pneumothorax or hemothorax, are extremely rare [57] . Severe bleeding is usually
evident within 2-4 hours and occurs in 1 out of 2500-10000 biopsies; nevertheless, late
hemorrhage, most likely due to clot dissolution, cannot be neglected[58]. Less severe
bleeding, defined as that sufficient to cause pain or reduced blood pressure or
tachycardia, but not requiring transfusion or intervention, occurs in approximately 1
out of 500 biopsies[59-65]. Considering that severe hemorrhages are mostly arteriolar, US
guidance is not expected to reduce the risk of bleeding, although it reduces the overall
amount of complications[66]. Even if the risk of mortality is very uncommon after
percutaneous biopsy (1 on 10000), it is usually related to severe hemorrhage, mostly
after biopsy of malignant lesions[21,22,24]. Importantly, patient’s perspective should be
largely considered and informed consent properly aquired.
Furthermore, inserting a needle into a neoplastic lesion could modify the oncologic
prognosis of the patient entailing the release of neoplastic cells along the needle path,
even if the responsible mechanisms and the real risk of seeding are unclear[67,68]. The
most quoted study about seeding risk is a meta-analysis that showed a rate of 2.7% in
1340 biopsies[69]. Nevertheless, adding three more recent series to this meta-analysis
we would obtain much lower rates of seeding, even less than 1%[70-72]. Moreover, in
most of the reported cases of seeding, its clinical impact is mitigated by the
observation that it was usually treated successfully by resective or ablative treatments
and did not cause relevant morbidity or mortality[72,73].
As stated above, advances in imaging tools have led to a decrease in requiring
biopsy for liver nodules[74,75]. However, the risk of misdiagnosis remains a discussed
issue; although possibly influenced by the limited sensibility of the available imaging
at the time, Freeman et al[76] retrospectively showed that 20% of 789 patients who
underwent liver transplantation for HCC had benign nodules. Furthermore, noninvasive parameters are highly influenced by lesion size[9,11,13].
Finally, it has been recently reported that intrahepatic cholangiocarcinoma (iCCA)
can be misdiagnosed as typical HCC in 4% of cases. iCCA is the second most common
primary liver cancer worldwide[77]; given its rising incidence[78,79] and poor prognosis,
close attention is needed to differentiate iCCA from HCC. Risk factors for iCCA are
known to be similar to those for HCC[80,81] and cirrhosis seems to play a pivotal role.
Prevalent imaging features of iCCA is a progressive contrast uptake at CT-scan and
MRI[48,82-89] but iCCA have been found to be hypervascular in 4% of cases and the
enhancement pattern may be similar to HCC at CT-scan and MRI[89-92]. To explain this
unusual pattern of iCCA, Huang et al[93] demonstrated the presence of erythrocytes
and microvessels, detected by immune-histochemical staining, in all the iCCA
presenting with HCC-like contrast enhancement features.
Although histological characteristics may have possible use in both prognostic
stratification and detection of the therapeutic target, currently they have no leading
role in treatment decisions[7,10] In particular, having the the histological confirmation of
HCC in those patients that are deemed to be resectable is not indicated. In these
patient, the final histological diagnosis may be properly done on the surgical
specimen. Notably, this especially applies when accurate multidisciplinary case
discussion is preoperatively performed.
Further, the first-line systemic treatment for HCC with multikinase inhibitors such
as sorafenib, is widely prescribed without liver biopsy. Unfortunatelly, no validated
targets are avilabe and liver biopsy remains merely diagnostic with no role in
prognostic stratification. Importantly, this practice might have largely limited the
identification of therapeutic targets, and eventually has contributed to poor
stratification in patients. Nevertheless, molecular markers have been explored in the
latest years aiming to identify prognostic markers and to improve patient selection for
novel treatments in advanced/unresectable HCC[94-98]. In particular, genome profiling
of both neoplastic tissue and surrounding liver tissue has been assessed,
demonstrating that both the tumor and the non-tumor expression signature predicted
tumor recurrence[95]. On the other hand, whereas biomarker-driven enrichments are
pursued in most study protocols testing novel anticancer agents, similar approaches
in the HCC field have been implemented only in the frame of few clinical trials. Two
of them, namely the METIV-HCC[99] and the JET-HCC[100] trials of tivantinib versus
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placebo, attempted to demonstrate a survival benefit from an investigational MET
inhibitor (tivantinib) in patients with elevated MET expression levels, as determined
by immunohistochemical analysis. Disappointingly, due to several reasons previously
discussed by Rimassa et al[99], both studies eventually failed their respective primary
endpoints. Despite the clear frustration that followed these results, the quest for
individualized approaches, that may render a conceptual frame for precision
medicine in HCC, is still ongoing.
In contrast to other solid tumors such as BRAF-mutated melanomas or lung cancers
harboring ALK fusion rearrangements, no driver (or “trunk”) mutation leading to
oncogenic addiction in HCC is thus far deemed actionable[101]. Conversely, recent
investigations suggest that some genomic alterations could lead to the identification
of additional molecular targets[102,103]. In a recent study by Schulze et al, using whole
exome sequencing, genetic alterations potentially targetable by already approved
drugs were identified in 28% of HCC[104]. Taking advantage from a next-generation
sequencing platform, similar data were reported also by Harding and colleagues[51],
who found that 24% of patients in their series had at least one potentially actionable
mutation that could be the target for currently available Food and Drug
Administration-approved drugs. These data therefore highlight the potential
usefulness of HCC genotyping with respect to patient care, despite a relatively lower
abundance of targetable alterations, as compared to melanoma or lung cancer[105].
Further studies investigated the genome-wide profiling of HCC lesions highlighting
new possible target areas of chromatin remodeling[106-108]. Indeed, cancers are more
complex than their own genome and a complete molecular assessment should
theoretically involve transcriptional profiling and micro-environmental
characteristics[109-111].

LIQUID BIOPSY IN HCC
Identifying patients that could benefit from having a liver lesion biopsied, is a
challenging effort. At the same time, we aim to obtain critical information in a less
invasive way. A liquid biopsy, which entails the analysis of tumor components
released into the bloodstream[112], is a minimally invasive procedure and decreases the
financial costs and potential complications of tissue biopsies. Liquid biopsies are also
easy to repeat during follow-up. Even if an effective liquid biopsy in HCC has not
been developed yet, different liquid biopsy markers for HCC early detection and
precision medicine have been proposed including circulating tumor cells (CTCs),
circulating cell-free DNA (cfDNA) integrity, somatic mutations, circulating cell-free
tumor DNA methylation, and circulating RNA. Most of the studies exploring CTCs in
HCC have shown a direct correlation between higher CTC number and poor clinical
outcomes[113]. Interestingly, D’Avola and colleagues recently described a method that
sequentially combines image flow cytometry and high-density single-cell mRNA
sequencing to identify CTCs in HCC patients[114]. Furthermore, a study by von Felden
et al showed the possible role of circulating DNA methylation markers in the
diagnosis, surveillance, and prognosis of HCC[115]. Advances in the field of liquid
biopsy hold great promise in improving early detection of HCC, advancing patient
prognosis, and ultimately increasing patient survival rates (Table 1). In addition,
liquid biopsies could provide a valuable tool to overcome tumor heterogeneity, which
is particularly pronounced in multifocal and advanced HCC, both at genomic and
transcriptional levels[116].

CONCLUSION
Evaluating the pros and cons of extending or reducing liver nodules biopsy
indications, the role of a multidisciplinary case by case evaluation has been
highlighted. In our opinion, this approach is going to allow avoiding more biopsies
than those which will be added. Thus, coming back to the nowadays, the off-label
decision to biopsy a “typical” nodule could only be related to clinical features of
higher risk of misdiagnoses such as the increase of atypical markers (i.e., Ca19.9) with
normal AFP or the presence of iCCA risk factors (i.e., PSC). Importantly, the decision
should be taken after discussion in a multidisciplinary tumor board including
radiologists, surgeons, oncologists, pathologists and, hepatologists.

WJG

https://www.wjgnet.com

6046

October 28, 2019

Volume 25

Issue 40

Di Tommaso L et al. Liver biopsy in HCC

Table 1 Advantages and disadvantages of liquid biopsy

Cons

Pros

Liquid biopsy

Liver biopsy

Lack of large-scale validation studies

Risk of seeding

Expensive (will most likely improve in the near
future)

Potential complications

Minimally invasive

Avoid risk of misdiagnosis

Easy to repeat during follow-up.

Assesment of microscopic vascular invasion

Provides detailed, dynamic information about
tumor biology (overcome tumor heterogeneity in
multifocal and advanced HCC)

Low cost
Reproducibility
Possibility of review over time

Future prospectives

Improved diagnosis of lesions below than 1-2 cm
in diameter

Prognostic stratification and detection of the
therapeutic target (systemic therapy)

Correlation with clinical outcomes
Prediction of response to treatment
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of diffuse liver
disease. An accurate estimate of the fat in the liver is important in the diagnostic
work-up of patients with NAFLD because the degree of liver steatosis is linked to
the metabolic syndrome and the cardiovascular risk. Ultrasound (US) B-mode
imaging allows to subjectively estimate the fatty infiltration in the liver; however,
it has a low performance for the detection of mild steatosis. Quantitative US is
based on the analysis of the radiofrequency echoes detected by an US system, and
it allows to calculate a backscatter coefficient or an attenuation coefficient or the
sound speed. The estimation of the backscatter coefficient is rather cumbersome
and requires the use of a phantom for addressing all sources of variability.
Controlled attenuation parameter (CAP) available on the FibroScan® system
(Echosens, France) measures the attenuation of the US beam. CAP is accurate in
grading fatty infiltration-even though there is an overlap between consecutive
grade of liver steatosis-and the values are not influenced by liver fibrosis. Several
US manufacturers are developing or have already developed software for
quantifying the attenuation of the US beam. Preliminary results show that
proprietary technologies implemented in US systems seem more accurate than
CAP for grading liver steatosis. Another available method for quantifying liver
steatosis is based on the computation of the sound speed and the initial results
appear promising.
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work-up of patients with non-alcoholic fatty liver disease. Ultrasound B-mode imaging,
which is widely used for the screening of liver disease, allows to subjectively estimate
fatty infiltration in the liver; however, it has a low performance for the detection of mild
steatosis. To partly overcome this limitation, some semi-quantitative scores have been
proposed. Quantitative ultrasound is based on the analysis of the radiofrequency signals
detected by an ultrasound system, and it allows to calculate objective parameters for
quantifying the fat in the liver.

Citation: Ferraioli G, Soares Monteiro LB. Ultrasound-based techniques for the diagnosis of
liver steatosis. World J Gastroenterol 2019; 25(40): 6053-6062
URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6053.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6053

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of diffuse liver disease.
NAFLD ranges from liver steatosis to non-alcoholic steatohepatitis (NASH). This
latter may progress to liver cirrhosis with its complications, namely portal
hypertension and hepatocellular carcinoma. It has been estimated that the global
prevalence of NAFLD is 25.24%, with 40.76% progression to fibrosis and 0.09% mean
annual rate of progression in NASH[1]. The reason why some NAFLD patients, even
those with a low amount of fat in the liver, will develop NASH is still not clearly
understood. It is well known that the degree of liver steatosis is linked to the
metabolic syndrome and the cardiovascular risk[2]. On the other hand, it has recently
been reported that significant steatosis is associated with progression of fibrosis in
NAFLD patients[3]. Therefore, an accurate estimate of the quantity of the fat in the
liver is of great interest in the diagnostic work-up of patients with liver steatosis. This
review of the literature is focused on the assessment of liver steatosis using
ultrasound (US) techniques.

ULTRASOUND: SEMIQUANTITATIVE ASSESSMENT
US B-mode imaging allows to subjectively estimate the degree of fatty infiltration in
the liver. The grading of liver steatosis is usually obtained using some US features
that include liver brightness, contrast between the liver and the kidney, US
appearance of the intrahepatic vessels, liver parenchyma and diaphragm. Steatosis is
graded as follows: Absent (score 0) when the echotexture of the liver is normal; mild
(score 1), when there is a slight and diffuse increase of liver echogenicity with normal
visualization of the diaphragm and of the portal vein wall; moderate (score 2), in case
of a moderate increase of liver echogenicity with slightly impaired appearance of the
portal vein wall and the diaphragm; severe (score 3), in case of marked increase of
liver echogenicity with poor or no visualization of portal vein wall, diaphragm, and
posterior part of the right liver lobe[4-6].
The performance of US B-mode imaging for the detection of mild steatosis (fat
content > 5%) is low, with reported sensitivity of 60.9%-65%[6,7]. A meta-analysis has
assessed that, for the detection of moderate-severe fatty liver (> 20%-30% steatosis), Bmode US has a performance similar with computed tomography or magnetic
resonance imaging (MRI). Compared to histology as reference standard, the overall
sensitivity and specificity of B-mode US were, respectively, 84.8% and 93.6%, with
0.93 (0.91-0.95) area under the ROC curve (AUROC)[5].
Abdominal gas or obesity may decrease the applicability of B-mode US. Moreover,
in patients with liver fibrosis the accuracy of the technique for diagnosing hepatic
steatosis may decrease[8,9]. On the other hand, a significant intra- and inter-observer
variability for the assessment of the US findings of liver steatosis has been
reported[10,11]. However, it should be emphasized that US B-mode imaging is widely
available, noninvasive, repeatable because there is no exposition to ionizing radiation,
it has low cost and is well-accepted by patients. Indeed, the technique has been
recommended as the preferred first-line diagnostic procedure for imaging of NAFLD
in adults by the clinical practice guidelines of the European Association for the Study
of the Liver released together with the European Association for the Study of Diabetes
and the European Association for the Study of Obesity[12]. An A1 score, i.e., a high
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quality of evidence with a strong strength, has been assigned to this recommendation.

Hamaguchi score
To calculate the Hamaguchi score, four US findings, including hepatorenal echo
contrast, bright liver, deep attenuation, and vessel blurring, are evaluated. Bright liver
and hepato-renal contrast are evaluated together: The score goes from 0 to 3, if they
are both negative the final score is zero. Deep attenuation goes from 0 to 2, and vessel
blurring can be positive (score 1) or negative (score 0)[13]. In a series of 94 patients
undergoing liver biopsy, Hamaguchi et al[13] found that a score ≥ 2 had an AUROC of
0.98 with 91.7% sensitivity and 100% specificity for diagnosing NAFLD. A score ≥ 1
was able to diagnose visceral obesity, with 68.3% sensitivity and 95.1% specificity. It
needs to be underlined that this score has not been validated yet in large series of
patients.

US-FLI score
The US-FLI score is based on the following features: Liver/kidney contrast,
attenuation of the US beam, poor vessel visualization, difficult visualization of the
gallbladder wall, poor visualization of the diaphragm, and presence of fatty sparing
areas. The score ranges from 2 to 8 and NAFLD is diagnosed by a score at least > 2.
Conditio sine qua non is the presence of the contrast between the liver and the kidney,
which is scored 2 if mild/moderate and 3 if severe. The presence of each other finding
is scored 1[14]. In a small series of non-consecutive patients, using liver histology as
reference, it has been reported that the US-FLI score was independently associated
with NASH (OR: 2.236; P = 0.007) and an US-FLI < 4 ruled out severe NASH (negative
predictive value, 94%) but its specificity was low (45.7%). The AUROCs were 0.76 for
the diagnosis of NASH and 0.80 for the diagnosis of severe NASH[15]. Still, as for the
Hamaguchi score, the US-FLI score lacks validation.

Hepatorenal steatosis index
Webb et al[16] retrospectively calculated a hepatorenal sonographic index, which was
based on liver/kidney cortex echogenicity ratio. A histogram analysis of the
echogenicity, which is a proprietary software available on the EUB-8500 US system
(Hitachi Ltd., Japan), was used. The results were excellent, with AUROCs higher than
0.90 for all steatosis grades. Another group has used a freeware available online,
reporting that a hepatorenal index of 1.28 or higher had 100% sensitivity and 54%
specificity for identifying steatosis > 5%[17]. However, it was necessary to convert the
images from a picture archiving and communication system (PACS) into JPEG
images, as well as to download an outside software. The same authors have recently
reanalyzed the DICOM images of the patients included in the previous study,
downloading them directly from the PACS and using a markup region of interest
tool. They report a better performance: A hepatorenal index of 1.34 or higher had 92%
sensitivity and 85% specificity for identifying steatosis > 5%[18]. The hepatorenal
steatosis index lacks validation in large series of patients; therefore, the applicability
of the findings to the general population is unclear.

QUANTITATIVE ULTRASOUND
The analysis of the radiofrequency (RF) echoes detected by an US system may allow
to calculate a backscatter coefficient or an attenuation coefficient or the sound speed.

Backscatter coefficient
For the evaluation of liver steatosis, it has been reported that quantitative indices of
liver parenchyma backscattering are more accurate than a subjective assessment[19].
Backscatter coefficient (BSC) is estimated by using a computer algorithm and a
reference phantom in order to reduce sources of variability due to US systems or
operators. The measurement can be performed on any conventional US system, and
the reproducibility is reportedly high and independent from the operator or the
settings of the US system [20] . By using proton density fat fraction estimated by
magnetic resonance imaging (MRI-PDFF) as reference in a cohort of 204 adult
subjects, it has been reported that the BSC analysis was able to diagnose NAFLD
(MRI-PDFF > 5%) with 93% and 87% sensitivity, respectively, in the training and
validation groups, and with 97% and 91% specificity. The AUROC was 0.98 (0.95-1.00)
in the training group with an optimal BSC cutoff of 0.0038 square radian.
The technique, however, is rather cumbersome and requires the use of a phantom
for addressing all sources of variability.

Controlled attenuation parameter
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Controlled attenuation parameter (CAP) is the technique available on the FibroScan
system (Echosens, Paris, France) that measures the attenuation of the US beam as it
traverses the liver tissue. CAP is evaluated together with liver stiffness measurement
and using the same RF data[21]. The results are given in decibels per meter (dB/m),
ranging from 100 to 400 dB/m. The technique is available on the M and XL probe of
the FibroScan system, and the choice between the two probes is based on the skin-toliver capsule distance (up to 25 mm or higher than 25 mm). The inter-observer
reproducibility of the technique is high, with a concordance correlation coefficient of
0.82 (0.78-0.85) [22] . A study performed in a large series of patients has reported
measurement failure in 7.7% of cases, showing that factors independently associated
with failure were female gender, body mass index (BMI), and metabolic syndrome[23].
Several studies, in which liver biopsy was used as the reference standard, have
reported a good performance of the CAP in grading liver steatosis[24-28].
In a recent meta-analysis based on 19 studies and 2735 patients, the CAP optimal
cut-off values were 248 (237-261) dB/m for mild steatosis (S > 0); 268 (257-284) dB/m
for significant steatosis (S > 1); 280 (268-294) dB/m for severe steatosis (S > 2)[29]. CAP
values were influenced by several covariates including NAFLD, diabetes and BMI.
Accordingly, it has been suggested to add to the optimal cut-offs 10 dB/m in case of
NAFLD/NASH or diabetic patients, and to adapt the values also to the body mass
index. AUROCs were all higher than 0.80; however, for the detection of steatosis (S >
0) the sensitivity was suboptimal [0.69 (0.60-0.75)]. The patients included in the metaanalysis presented mixed etiologies of liver disease and only 20% of them had
NAFLD/NASH.
In a series of patients with NAFLD/NASH, the optimal cutoff for the diagnosis of
steatosis, obtained with MRI-PDFF as the reference standard, was 288 dB/m [30] .
Quality criteria for reliable CAP measurements are not yet defined and there are
conflicting results in the literature. It has been reported that the validity of the CAP
for the diagnosis of liver steatosis is higher when the interquartile range (IQR) of the
10 acquisitions is below 40 dB/m[31]. Another study has set the IQR upper limit at 30
dB/m[30]. On the contrary, a recent multicenter study that enrolled patients with
NAFLD showed that there wasn’t any difference in CAP performance when the IQR
was ≥ 30 dB/m or ≥ 40 dB/m[32]. In this study, the Youden cutoff values for S > 1, S >
2, and S > 3 liver steatosis were 302 dB/m, 331 dB/m, and 337 dB/m, respectively,
and the highest accuracy was at the S > 1 threshold.
Using the latent class analysis method in a series of 726 subjects, it has been
reported that, in patients with chronic viral hepatitis and advanced liver fibrosis, the
performance of CAP is better than US[9]. The AUROCs of US and CAP, respectively,
were 58.2% and 82.3% in patients with advanced fibrosis, whereas they were 86.4%
and 68.6% in patients without fibrosis. Indeed, liver echogenicity is a reliable US sign
for the assessment of steatosis when there is a low prevalence of advanced liver
disease in the population being studied[33]. However, this sign is not specific and can
be observed in both advanced fibrosis and steatosis, leading to a decrease of US
diagnostic accuracy in some cases. On the contrary, by using liver histology as the
reference standard, it has been shown that the CAP values are not influenced by liver
fibrosis and cirrhosis[24,25,34].
The increasing incidence of NAFLD in children, mainly explained by the sedentary
lifestyles and the hyper-caloric diets, is worrisome. B-mode US is the most widely
used imaging technique for screening purposes but it lacks sensitivity for the
detection of low amount of fat in the liver. Using the imperfect gold standard
methodology, a study in 305 children assessed that both CAP and US had a specificity
above 90% for the diagnosis of steatosis, but CAP showed a higher sensitivity (72% vs
46%)[35]. Moreover, children with liver steatosis had liver stiffness values significantly
higher (by some 0.5 kPa) than children without steatosis. Although this increase is not
relevant from a clinical point of view, it should be emphasized that steatosis is not
always a benign condition, since patients with NAFLD are at risk of NASH with its
consequences. Indeed, 15% of children with NAFLD have advanced fibrosis (F3) at
diagnosis and the disease in children seems to be more severe than in adults [36] .
Therefore, an early diagnosis is of great value in the management of children with
NAFLD. The guidelines issued by the Expert Committee on NAFLD and the North
American Society of Pediatric Gastroenterology, Hepatology and Nutrition
recommend that the best screening test to detect NAFLD in children is alanine
aminotransferase (ALT) whereas B-mode US is not recommended due to inadequate
sensitivity and specificity[36].
Studies on the inter-observer concordance in the CAP measurements have shown
that the mean difference in CAP values between two observers is up to 20 dB/m[22,37].
Hence, in the follow-up of patients, this difference should be taken into account[38]. In
the update of the guidelines on liver elastography of the World Federation of
Ultrasound in Medicine and Biology (WFUMB) a paragraph is dedicated to the
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assessment of liver steatosis because this is a very hot topic due to the rising
prevalence of NAFLD worldwide. At the time of the update, only studies performed
with CAP were available in the literature. The guidelines acknowledged that CAP is a
point-of-care technique for the detection of liver steatosis, even though there is a large
overlap between adjacent grades and cut-offs vary between studies[39].

Quantification of US attenuation with imaging systems
Several US manufacturers are developing or have already developed software for
quantifying the attenuation of the US beam. In the literature there are studies
performed using the proprietary technology of Canon Medical Systems (Tochigi,
Japan), GE Healthcare (Wauwatosa, WI, United States) and Hitachi Ltd. (Tokyo,
Japan). Attenuation imaging (ATI ® ) is the technique developed by Canon and
implemented in the Aplio i800 US systems (Figure 1). Like CAP, ATI quantifies the
attenuation of the US beam. However, CAP hasn’t a B-mode guidance for choosing
the area of measurement. With ATI, the attenuation is quantified and shown in a large
area using a real-time color-coded map. The RF data of the backscattered US signals
are used; therefore, the measurement is not affected by the post-processing of the
acquired data or by the settings of the US system. The attenuation coefficient is
calculated in decibel per centimeter per megahertz (dB/cm/MHz). Vessels or strong
artifacts are automatically filtered out.
An excellent intra-observer and inter-observer agreement, ranging from 0.91 to
0.98, has been reported[40]. In a study performed on 114 consecutive adult subjects
potentially at risk of steatosis and 15 healthy controls, ATI results were compared to
that obtained with CAP using MRI-PDFF as the reference standard[40]. ATI showed a
correlation with MRI-PDFF higher (r = 0.81) than that of the CAP (r = 0.65). AUROCs
of ATI and CAP, respectively, were 0.91 and 0.85 for detecting S > 0 (MRI-PDFF ≥ 5%);
0.95 and 0.88 for detecting S > 1 (MRI-PDFF ≥ 16.3%). The cutoffs of ATI were 0.63
dB/cm/MHz for detecting S > 0 liver steatosis, and 0.72 dB/cm/MHz for detecting S
> 1. ATI was more accurate than CAP, and this difference reached a statistical
significance for S > 1 (P = 0.04). In this cohort there was a high prevalence of no
fibrosis/mild fibrosis; therefore, it was not explored whether significant fibrosis could
affect the accuracy of the ATI technique. Using liver histology as the reference
standard in a series in which 33.6% of the 108 subjects were in stage F2 or higher, it
has been reported that the degree of steatosis was the only significant determinant
factor for the ATI results and the AUROCs ranged from 0.84 to 0.93[41].
The quantification of liver steatosis by means of an attenuation coefficient (in
dB/cm/MHz) is available also on the US systems of General Electric (GE) company. It
has been named ultrasound-guided attenuation parameter (UGAP)[42]. The attenuation
coefficient is calculated in a region of interest that has a length of 65mm and is
positioned at least 20mm below the Glisson’s capsule. The performance of the
technique has been assessed in a series of 163 patients who underwent UGAP, CAP,
and liver biopsy on the same day[42]. Significant correlations were found between
UGAP and the percentage of steatosis. The AUROCs of UGAP for grading steatosis
were 0.90 or higher and they were significantly better than that obtained with CAP for
identifying steatosis ≥ S2 and ≥ S3. In another study that enrolled 126 patients with
chronic liver disease, the correlation of UGAP with MRI-PDFF was 0.75[43].
Attenuation (ATT®) is the technique developed by Hitachi Ltd. Company (Figure
2). It estimates the attenuation coefficient (in dB/cm/MHz) by calculating the
amplitude difference of the RF signals in two frequencies and determining the slope
of the graph. In a series of 351 patients, there was a moderate correlation of ATT with
the fat area (r = 0.50) and the AUROCs for mild steatosis (S ≥ 1), significant steatosis (S
≥ 2), and severe steatosis (S ≥ 3) were 0.79, 0.87, and 0.96, respectively[44].
Table 1 and Table 2 report the published cutoffs, together with sensitivities and
specificities, of the CAP and of the other new techniques available for the
quantification of liver steatosis.

Speed of sound estimation
An increase of fat in the liver causes a decrease in the speed of the sound. A method
able to compute the sound speed in the liver has been developed and assessed in a
proof of concept study[45]. The ability of the sound speed estimation (SSE) technique
for detecting and grading liver steatosis, using MRI-PDFF as the reference standard,
has been assessed in a small pilot study that included 100 patients divided in a
training cohort and a validation cohort[46]. The Aixplorer® US system (Supersonic
Imagine, Aix-en-Provence, France) was used. The repeatability of the technique was
excellent, with an intraclass correlation coefficient of 0.93. An SSE cutoff ≤ 1.537
mm/μs showed 80% sensitivity and 85.7% specificity in detecting steatosis (S1-S3). In
a multivariable regression analysis, only MRI-PDFF and BMI were associated with
SSE values. To confirm these preliminary results, further studies in larger series of
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Figure 1

Figure 1 Intercostal scan of the right lobe of the liver, obtained with the Aplio i800 ultrasound system
equipped with the ATI® technique. The color-coded map, which is overlaid on the B-mode image, and the B-mode
image without colors are shown side-by-side on the monitor of the ultrasound system. The inner rectangle is the fixed
measurement box. The reliability of the result is displayed by the R2 value.

NAFLD patients are awaited.

CONCLUSION
An early and accurate detection of liver steatosis is of great interest because NAFLD is
associated with several metabolic comorbidities that are the risk factors for
cardiovascular diseases, and may progress to NASH. Today, for the quantification of
liver steatosis with US, several techniques are available. CAP is available since almost
a decade. Several studies have shown its accuracy for the grading of liver steatosis
and it has become a point-of-care technique. Preliminary results from two studies
performed in small series of subjects show that the quantification tools available on
ultrasound systems seem more accurate than CAP. On the other hand, the US systems
are widely used for the screening of liver disease and they allow a thorough
evaluation of the liver, whereas the assessment with CAP needs a dedicated device
that gives only information about steatosis and fibrosis.
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Table 1 Quantitative ultrasound: Optimal cutoffs obtained using proton density fat fraction with magnetic resonance imaging as the
reference standard
Technique

S0 vs S1–S3

S0–S1 vs S2–S3

S0–S2 vs S3

BSC[20], 1/cm-sr (NAFLD)

0.0038

---------

---------

Sensitivity: 93%

---------

---------

Specificity: 97%

---------

---------

288

---------

---------

0.63

0.72

---------

Sensitivity: 80%

Sensitivity: 100%

---------

Specificity: 89%

Specificity: 78%

---------

0.63

0.68

0.74

Sensitivity: 80%

Sensitivity: 83%

Sensitivity: 87%

Specificity: 91%

Specificity: 74%

Specificity: 79%

1.537

1.511

---------

Sensitivity: 80%

Sensitivity: 100%

---------

Specificity: 86%

Specificity: 96%

---------

[30]

CAP

, dB/m (NAFLD)

Sensitivity: 75%
Specificity: 77%
ATI[40], dB/cm/MHz (NAFLD)

UGAP[43], dB/cm/MHz (NAFLD)

SSE[46], mm/μs (not specified)

In parenthesis: Etiology of liver disease. BSC: Backscatter coefficient; sr: Square radian; CAP: Controlled attenuation parameter; dB: Decibel; ATI:
Attenuation imaging; MHz: Megahertz; UGAP: Ultrasound guided attenuation parameter; SSE: Sound speed estimation; NAFLD: Non-alcoholic fatty liver
disease.

Table 2 Quantitative ultrasound: Optimal cutoffs obtained using liver biopsy as the reference standard
Technique

S0 vs S1–S3

S0–S1 vs S2–S3

S0–S2 vs S3

CAP[24,25], dB/m (viral hepatitis)

219-222

233-296

290

Sensitivity: 76-91%

Sensitivity: 60-87%

Sensitivity: 78%

Specificity: 52-71%

Specificity: 74-91%

Specificity: 93%

255-266

283-311

293-318

Sensitivity: 65-75%

Sensitivity: 57-86%

Sensitivity: 83-88%

Specificity: 82-87%

Specificity: 85-94%

Specificity: 81-91%

248

268

280

Sensitivity: 69%

Sensitivity: 77%

Sensitivity: 88%

Specificity: 82%

Specificity: 81%

Specificity: 78%

302

331

337

Sensitivity: 80%

Sensitivity: 70%

Sensitivity: 72%

Specificity: 83%

Specificity: 76%

Specificity: 63%

0.63

0.70

0.74

Sensitivity: 74%

Sensitivity: 86%

Sensitivity: 100%

Specificity: 77%

Specificity: 81%

Specificity: 82%

0.53

0.60

0.65

Sensitivity: 81%

Sensitivity: 86%

Sensitivity: 84%

Specificity: 87%

Specificity: 81%

Specificity: 90%

0.62

0.67

0.73

Sensitivity: 72%

Sensitivity: 87%

Sensitivity: 82%

Specificity: 82%

Specificity: 72%

Specificity: 89%

CAP[26-28], dB/m (mixed etiologies)

CAP[29], dB/m1 (mixed etiologies)

CAP[32], dB/m (NAFLD)

ATI[41], dB/cm/MHz (mixed etiologies)

[42]

UGAP

, dB/cm/MHz (mixed etiologies)

[44]

ATT

, dB/cm/MHz (mixed etiologies)

1

Individual patient data meta-analysis. In parentheses: etiology of liver disease. CAP: Controlled attenuation parameter; dB: decibel; ATI: Attenuation
imaging; MHz: Megahertz; UGAP: Ultrasound guided attenuation parameter; ATT: Attenuation.
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Figure 2

Figure 2 Intercostal scan of the right lobe of the liver, obtained with the Arietta 850 ultrasound system equipped with the ATT® technique. The attenuation
coefficient is calculated along the dotted yellow line and together with the assessment of liver stiffness. The maximum depth of ATT measurement is indicated by the
horizontal continuous yellow line. The measurements are automatically displayed on the right side of the image on the monitor of the US system.
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AIM
To investigate the clinical significance and role of IGF2BP1 in pancreatic cancer.
METHODS
Expression levels of IGF2BP1 and microRNA-494 (miR-494) were mined based on
Gene Expression Omnibus datasets and validated in both clinical samples and
cell lines by quantitative real-time polymerase chain reaction and Western blot.
The relationship between IGF2BP1 expression and clinicopathological factors of
pancreatic cancer patients was analyzed. The effect and mechanism of IGF2BP1
on pancreatic cancer cell proliferation were investigated in vitro and in vivo.
Analyses were performed to explore underlying mechanisms of IGF2BP1
upregulation in pancreatic cancer and assays were carried out to verify the posttranscriptional regulation of IGF2BP1 by miR-494.
RESULTS
We found that IGF2BP1 was upregulated and associated with a poor prognosis in
pancreatic cancer patients. We showed that downregulation of IGF2BP1 inhibited
pancreatic cancer cell growth in vitro and in vivo via the AKT signaling pathway.
Mechanistically, we showed that the frequent upregulation of IGF2BP1 was
attributed to the downregulation of miR-494 expression in pancreatic cancer.
Furthermore, we discovered that reexpression of miR-494 could partially
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abrogate the oncogenic role of IGF2BP1.
CONCLUSION
Our results revealed that upregulated IGF2BP1 promotes the proliferation of
pancreatic cancer cells via the AKT signaling pathway and confirmed that the
activation of IGF2BP1 is partly due to the silencing of miR-494.
Key words: Pancreatic cancer; Insulin-like growth factor 2 mRNA-binding protein 1;
Proliferation; MicroRNA-494
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) exerts vital
roles in the development of various cancers; however, the expression, functional role,
and regulatory mechanisms of IGF2BP1 in pancreatic cancer remain unclear. In this
study, the expression levels of IGF2BP1 and miR-494 were mined based on Gene
Expression Omnibus datasets and validated in both clinical samples and cell lines. The
relationship between IGF2BP1 expression and clinicopathological factors of pancreatic
cancer patients was analyzed. The effect of IGF2BP1 on pancreatic cancer cell
proliferation and underlying regulatory mechanism were investigated. Our study
suggests that IGF2BP1 may be a new therapeutic target for pancreatic cancer.

Citation: Wan BS, Cheng M, Zhang L. Insulin-like growth factor 2 mRNA-binding protein 1
promotes cell proliferation via activation of AKT and is directly targeted by microRNA-494
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URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6063.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6063

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is one of the most common causes of
cancer-related deaths worldwide[1]. Currently, the treatment options for patients with
inoperable pancreatic cancer are very limited, and the clinical outcomes remain
unsatisfactory[2,3]. Although some understanding of the molecular pathogenesis of
pancreatic cancer development and progression was obtained[4-6], new therapy targets
are necessary to improve the survival rate of pancreatic cancer patients. Insulin-like
growth factor 2 mRNA-binding protein 1 (IGF2BP1), also known as IMP-1 or CRD-BP,
belongs to a conserved family of oncofetal RNA-binding proteins, which include
IGF2BP2 and IGF2BP3[7,8]. IGF2BP1 controls the translation and stability of its target
RNAs by posttranscriptional regulation[9]. Increasing evidence indicates that the
IGF2BP family plays critical roles in the genesis and development of human cancers.
IGF2BP2 expression predicts poor outcomes in gallbladder cancer patients and high
tumor growth rates in xenograft models[10]. IGF2BP1 reduces the metastatic potential
of breast cancer in a mouse model[11], regulates the expression and activity of GLI1 in
the development of basal cell carcinoma[12], and acts as an adaptor protein that recruits
the CCR4-NOT complex and thereby initiates the degradation of the long noncoding
RNA (lncRNA) highly upregulated in liver cancer (HULC) in hepatocarcinoma[13].
Currently, very little is known regarding IGF2BP1 expression in PDAC and its role in
genesis or progression of this malignancy.
MicroRNAs (miRNAs) play important roles in cellular differentiation and
proliferation in embryo development and cancer progression. MiRNAs bind to the 3’
untranslated region (3'-UTR) of the target mRNAs, which results in mRNA cleavage
or translational repression [14,15]. This miRNA-mediated gene silencing, which has been
shown in numerous studies, plays critical roles in pancreatic cancer development and
progression. MiR-381 targeted the chemokine receptor-4 mRNA 3’-UTR to aggravate
PDAC carcinogenesis[16], and miR-1181 inhibited cell invasion and proliferation via
STAT3 in pancreatic cancer[17].
In this study, we demonstrated that IGF2BP1 was overexpressed in PDAC when
compared to its expression in matched normal control tissues. IGF2BP1 promoted
PDAC cell proliferation both in vitro and in vivo through the AKT signaling pathway.
We also determined that dysregulation of miR-494 contributed to the upregulation of

WJG

https://www.wjgnet.com

6064

October 28, 2019

Volume 25

Issue 40

Wan BS et al. IGF2BP1 promotes cell proliferation in pancreatic cancer

IGF2BP1. Thus, our results provide a new molecular mechanism of oncogenesis and
suggest a potential therapeutic target for pancreatic cancer.

MATERIALS AND METHODS
Tissue samples and ethics statement
Surgical specimens of pancreatic tumors and adjacent nontumor tissues were
collected between January 2015 and December 2015 from 30 patients with
histologically confirmed pancreatic adenocarcinomas from Henan Cancer Hospital
(Zhengzhou, China). None of these patients received preoperative chemotherapy or
radiotherapy. Normal pancreatic tissues from three patients with benign pancreatic
diseases were also collected and histologically classified. This study was approved by
the Human Research Ethics Committee of Zhengzhou University.

Cell culture and transfection
Human pancreatic cancer cell lines (Capan-2, Mia PaCa-2, Panc-1, and Panc 0327)
were purchased from the American Typical Culture Center (Manassas, VA, United
States), and the immortalized human pancreatic ductal epithelial (HPDE) cell line was
purchased from the Cell Repository of the Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in RPMI 1640 (Capan-2, Panc 0327, and HPDE) or DMEM
(Mia PaCa-2 and Panc-1) supplemented with 10% fetal bovine serum (Gibco,
Carlsbad, CA, United States) in a humidified atmosphere with 5% CO2 at 37 °C. All
cells in our study were authenticated using short tandem repeat DNA profiling within
2 mo. All mature miRNA mimics, inhibitors, primers, and siRNAs were purchased
from RiboBio company (Guangzhou, China). Cell transfection was conducted using
Lipofectamine 2000 (Invitrogen, Carlsbad, United States) according to the
manufacturer’s instructions.

Immunohistochemistry (IHC)
Formalin-fixed and paraffin-embedded tissue sections were deparaffinized in xylene
and rehydrated in a graded series of alcohol solutions, followed by antigen retrieval
and blockage with 3% bovine serum albumin for 30 min. Tissue sections were
incubated with primary antibodies at optimal concentrations overnight at 4 °C. Then,
the biotinylated sections were incubated with the secondary antibody (Boster, Wuhan,
China) for 1 h at room temperature. Finally, the sections were stained with a
diaminobenzidine (DAB) kit (Boster, Wuhan, China) and counterstained with
hematoxylin (Boster, Wuhan, China). Staining was independently assessed by two
experienced pathologists at the The Affiliated Cancer Hospital of Zhengzhou
University. Images were obtained using a microscope (Olympus, Tokyo, Japan).
IGF2BP1 staining intensity was classified as 0 (negative), 1 (weak), 2 (moderate), or 3
(strong). The staining proportion was quantified as 0 (negative), 1 (0.01%–50%), and 2
(51%–100%). The staining score of each sample was calculated as the proportional
score × intensity score. Patients were grouped as low IGF2BP1 expression when the
staining score was ≤ 2, and as high IGF2BP1 expression when the score was ≥ 3.

Lentivirus, reagents, and antibodies
The lentiviral vectors for human IGF2BP1 overexpression (Lv-IGF2BP1) and
knockdown (Lv-sh-IGF2BP1) and control empty vectors were constructed and
synthesized by GeneChem Corporation (Shanghai, China). Lentiviral infection was
performed according to the manufacturer’s protocol. The primary antibodies included
IGF2BP1 (ab124930, Abcam), pan-AKT (C67E7, CST), p-AKT (D9E, CST), and GAPDH
(Boster, Wuhan, China).

Reverse transcription real-time quantitative polymerase chain reaction (RT-qPCR)
Total RNA isolation was performed using a TRIzol kit (Invitrogen, Carlsbad, CA,
United States) according to the manufacturer’s instructions. For cDNA synthesis,
equal amounts of RNA were transcribed, and random primers (Takara Bio, Inc.,
Dalian, China) were used for reverse transcription according to the manufacturer’s
instructions. RT-qPCR assays of mRNA expression levels were performed using a
SYBR Green PCR Kit (RR420A; Takara, Dalian, China) on an ABI Prism 7500 (Applied
Biosystems, Foster City, CA, United States) according to the manufacturer’s
instructions. The housekeeping genes GAPDH and U6 were used as reference genes.
The primers used were: GAPDH forward, 5’-AGAAGGCTGGGGCTCATTTG-3’ and
reverse: 5’-TGAGAGCTGTCCATTGGTAG AG-3’; IGF2BP1 forward, 5’CAAAGGAGCCGGAAAATTCAAAT-3’ and reverse, 5’-CGTCTCACTCTC
GGTGTTCA-3’. The relative gene expression was quantified and analyzed by the
2−ΔΔCt method.
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Western blot analysis
Tissue and cell proteins were extracted using RIPA buffer (Beyotime Biotechnology,
Shanghai, China) containing protease and phosphatase inhibitors. After protein
concentration determination and denaturation, the samples were subjected to sodium
dodecyl-polyacrylamide gel electrophoresis, and then transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Bedford, MA, United States) as described[9].
After incubation with relevant primary and secondary antibodies (Boster, Wuhan,
China), the blots were visualized by enhanced chemiluminescence (Boster, Wuhan,
China).

Cell Counting Kit-8 (CCK-8) assay
One thousand pancreatic cancer cells were cultured in 96-well plates in triplicate and
were maintained in complete medium. After transfection, cell viability was measured
by the CCK-8 assay (Dojindo Laboratories, Kumamoto, Japan) according to the
manufacturer’s instructions.

Flow cytometry
After transfection, cell apoptosis was detected using a FACSCalibur flow cytometer
(BD Biosciences, MA, United States) after staining using the Annexin V/PI apoptosis
kit (MultiSciences, Hangzhou, China) according to the manufacturer’s instructions.
For cell cycle analysis, transfected pancreatic cancer cells were harvested, washed
with cold PBS, fixed in 70% ethanol at -20 °C for 24 h, and stained with a cell cycle kit
(MultiSciences, Hangzhou, China).

Subcutaneous xenograft model
Six-week-old female BALB/c nude mice were purchased from HFK Bioscience
(Beijing, China). All mice were maintained under specific pathogen-free conditions in
the Central Animal Laboratory of Zhengzhou University. For subcutaneous xenograft
model creation, 5 × 106 cells suspended in 100 μL of PBS were injected into the flank of
mice. Tumor volume and mouse weight were calculated every week. Tumor volume
was calculated using the formula length × width2/2. Animal studies were conducted
under the principles and procedures outlined in the NIH Guide for the Care and Use
of Laboratory Animals and approved by the Ethics Committee of Zhengzhou
University.

Dual-luciferase reporter gene assay
The 3’-UTR and the 3’-UTR mutant of human IGF2BP1 were constructed and
synthesized by GeneChem RiboBio Corporation (Guang zhou, China). For the
reporter assays, pancreatic cancer cells were cotransfected with wild-type reporter
plasmid and miR-494 mimics. After transfection for 48 h, luciferase activity was
measured using the Dual-Glo Luciferase Reporter System according to the
manufacturer’s instructions.

Gene expression omnibus (GEO) and gene set enrichment analysis (GSEA)
GSE15471, GSE32678, and GSE62165 datasets were downloaded from GEO. Gene
expression profiling was analyzed with R software (version 3.3.3) using the limma
package to calculate the differentially expressed mRNAs and miRNAs. GSEA was
conducted using GSEA 3.0 software (Broad Institute, Cambridge, MA, United States)
to identify the biologically associated gene sets.

Statistical analysis
All experiments were carried out in three biological replicates at least. Statistical
analyses were performed using SPSS 17.0 software (IBM Corp., Armonk, NY, United
States). The log-rank test was used to analyze the effect of expression on patients’
overall survival (OS). ANOVA and student’s t-test were used to compare differences
between groups. P < 0.05 was considered statistically significant.

RESULTS
IGF2BP1 upregulation in pancreatic cancer is associated with a poor prognosis in
pancreatic cancer patients
To study the expression of IGF2BP1 in pancreatic cancer, we analyzed the mRNA
expression levels of IGF2BP1 in the GEO dataset GSE15471. The results indicated that
the mRNA expression level of IGF2BP1 in the pancreatic cancer samples was much
higher than that in the normal tissue samples (Figure 1A). Next, we confirmed
elevated IGF2BP1 mRNA and protein levels in pancreatic cancer samples by RT-qPCR
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and immunoblotting (Figure 1B and C and Supplementary Figure 1). To investigate
the clinical implication of IGF2BP1 during the development of pancreatic cancer, we
performed IHC staining in 30 pairs of pancreatic cancer and matched nontumor
specimens (Figure 1D; Table 1). Quantitative analysis of the IHC data revealed that
IGF2BP1 was upregulated in cancer tissues compared with adjacent nontumor tissues
(Figure 1E). Clinicopathological correlation analysis showed that overexpression of
IGF2BP1 was correlated with tumor size (Table 1). Kaplan-Meier survival analysis
showed that patients with tumoral overexpression of IGF2BP1 demonstrated a shorter
OS time than patients with low expression (Figure 1F; 10 mo vs 19 mo; log-rank test, P
< 0.05). The mRNA and protein levels of IGF2BP1 were also examined in several
pancreatic cancer cell lines. We found that IGF2BP1 mRNA and protein levels were
aberrantly upregulated in human pancreatic cancer cell lines compared to the HPDE
cell line (Figure 1G and H). Collectively, we conclude that IGF2BP1 is overexpressed
in pancreatic cancer and predicts a poor prognosis.

Knockdown of IGF2BP1 inhibits pancreatic cancer cell proliferation in vitro
To investigate the biological function of IGF2BP1 in pancreatic cancer, we knocked
down IGF2BP1 expression in two IGF2BP1-high-expressing (Panc-1 and Panc 0327)
cell lines by siRNA transfection and ectopic expression in the IGF2BP1-low-expressing
Mia PaCa-2 cell line. The transfection efficiency was measured by RT-qPCR and
Western blot (Figure 2A-F). CCK-8 assays revealed that knockdown of IGF2BP1
markedly inhibited the growth of both Panc-1 and Panc 0327 cells (Figure 2G and H),
whereas overexpression of IGF2BP1 significantly accelerated the growth of Mia PaCa2 cells (Figure 2I). These results suggest that IGF2BP1 promotes pancreatic cancer cell
proliferation in vitro.

IGF2BP1 promotes pancreatic cancer cell proliferation by inhibiting apoptosis and
inducing cell cycle progression
To understand the potential mechanism by which IGF2BP1 promotes pancreatic
cancer cell proliferation, we conducted GSEA based on a published pancreatic cancer
dataset GSE62165. IGF2BP1 upregulation was found to be positively correlated with
the transcription of RNA polymerase promoter III, the mitotic cell cycle, and the
response to DNA damage stimulus (Figure 3A-C). We further examined whether the
inhibition of cell proliferation was due to a perturbation of the cell cycle or increased
apoptosis by flow cytometry. Depletion of IGF2BP1 induced the apoptosis of Panc-1
and Panc 0327 cells (Figure 3D and Supplementary Figure 2). Overexpression of
IGF2BP1 decreased the apoptosis of Mia PaCa-2 cells (Figure 3E and
Supplementary Figure 3). Depletion of IGF2BP1 increased the proportion of Panc-1
and Panc 0327 cells in the G1 phase and reduced the proportions in the S and G2
phases (Figure 3F and 3H). Additionally, overexpression of IGF2BP1 promoted the
transition of Mia PaCa-2 cells in G1 to enter the S and G2 phases compared with
control cells (Figure 3G and H). Overall, the present results demonstrated that
IGF2BP1 promotes pancreatic cancer cell growth by inducing apoptosis and
accelerating the G1 to S phase transition.

IGF2BP1 enhances pancreatic cancer cell proliferation via the AKT signaling
pathway
It has been reported that AKT activation is necessary for cancer progression. To
determine whether IGF2BP1 activates AKT in pancreatic cancer, Western blot was
performed. As presented in Figure 4A and B, silencing of IGF2BP1 in Panc-1 and Panc
0327 cells resulted in notably decreased phosphorylation of AKT. To verify the above
findings in vivo, a subcutaneous xenograft model was established in nude mice
(Figure 4C). Mice of the IGF2BP1 knockdown group showed a slower increase in
tumor volume and less weight loss compared with the control group (Figure 4D and
E). In addition, Ki-67 and p-AKT staining was also reduced in the IGF2BP1
knockdown group (Figure 4F). Taking these results together, our study demonstrated
that IGF2BP1 promotes pancreatic cancer growth by activating the AKT signaling
pathway.

IGF2BP1 is a direct target of miR-494
Whether IGF2BP1 is regulated at the posttranscriptional level in pancreatic cancer
remains unknown. To identify the potential miRNAs targeting IGF2BP1, two online
bioinformatics tools, microRNA.org and TargetScan, were used, and the prediction
results were comprehensively analyzed. After searching the GEO dataset GSE32678,
we found that only two miRNAs, miR-494 and miR-326, were downregulated (Figure
5A). The more frequent low expression of miR-494 was further validated by RT-qPCR
in our cohort of pancreatic cancer patients (Figure 5B, n = 30). Thus, we speculated
that miR-494 exhibited the greatest potential to regulate IGF2BP1, and the predicted
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Table 1 Characteristics of the subjects enrolled in the immunohistochemistry study
Factor

n

Sex

High

Low

P value
0.475

15

15

Female

13

7

6

Male

17

8

9

< 50

20

14

6

≥ 50

10

6

4

≥ 2.5 cm

13

9

4

< 2.5 cm

17

5

12

Age, yr

0.368

Tumor size

< 0.01

Cancer stage was evaluated by the American Joint Committee on Cancer 7th edition.

binding site is shown in Figure 5C. To verify whether IGF2BP1 is a direct target of
miR-494, wild-type (WT) and mutated (Mut) IGF2BP1 3’-UTR-coupled luciferase
reporters were designed. Panc-1 and Panc 0327 cells were transfected with miR-494
mimics, inhibitors, or control sequences (Figure 5D). IGF2BP1 mRNA was markedly
downregulated by the miR-494 mimics and upregulated by the miR-494 inhibitors
(Figure 5E and F). In both cell lines, the luciferase activity was notably suppressed by
the miR-494 mimics and enhanced by the miR-494 inhibitors in the WT group, with no
significant change observed in the Mut group (Figure 5G and H). Therefore, our
results showed that IGF2BP1 is a direct target of miR-494 in pancreatic cancer.

MiR-494 is involved in IGF2BP1-mediated pancreatic cancer cell proliferation
To confirm whether IGF2BP1 is a functional target of miR-494, rescue experiments
were performed in Mia PaCa-2 cells. The growth promotion caused by IGF2BP1
reexpression was partly reversed by the miR-494 mimics as demonstrated by the
CCK-8 assays (Figure 6A). Cell apoptosis analysis revealed that reexpression of miR494 induced apoptosis of Mia PaCa-2 cells, which was preserved by the regulation of
IGF2BP1 (Figure 6B). Cell cycle analysis revealed that Mia PaCa-2 cells accumulated
in the G1 phase due to upregulated IGF2BP1, and the cells partially transitioned into
the S/G2 phase following cotransfection with the miR-494 mimics (Figure 6C).
Furthermore, cotransfection of miR-494 reduced phosphorylation levels of AKT
(Ser473), which was mediated by IGF2BP1 overexpression (Figure 6D). Furthermore, a
negative correlation between IGF2BP1 and miR-494 expression was observed in our
clinical samples (Figure 6E, n = 30). Kaplan–Meier curves demonstrated that
pancreatic cancer patients with high miR-494 expression (n = 15) had a better OS than
those with low miR-494 expression (n = 15) (Figure 6F; 12 mo vs 23 mo, log-rank test,
P < 0.05). These findings suggested that miR-494 modulates the function of IGF2BP1,
and could influence pancreatic cancer cell survival by regulating IGF2BP1.

DISCUSSION
In this study, upregulation of IGF2BP1 was observed in the GEO samples and
validated in an expanded cohort. We identified IGF2BP1 as a prognostic indicator and
a vital factor in the development of pancreatic cancer via the AKT signaling pathway.
Additionally, the upregulation of IGF2BP1 was due to miR-494 dysregulation.
Therefore, IGF2BP1 might be a novel therapeutic target for the treatment of pancreatic
cancer in the future.
IGF2BP1 is a well-known oncofetal protein linked to several human cancers. High
IGF2BP1 expression is a poor prognostic marker in basal cell carcinoma with an
activated Hedgehog signaling pathway[12]. IGF2BP1 leads to an increased lncRNA
HULC half-life and higher steady-state expression to promote the carcinogenesis of
hepatomas[13]. Here, we demonstrated that stable knockdown of IGF2BP1 drastically
inhibited pancreatic cancer cell proliferation and reduced tumor formation in nude
mice, whereas reexpression of IGF2BP1 increased pancreatic cancer cell
tumorigenesis. Accordingly, upregulation of IGF2BP1 in human pancreatic cancer
was observed and associated with a more aggressive clinicopathological phenotype
and poorer prognosis. These findings together suggest that IGF2BP1 is an oncogene in
pancreatic cancer.
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Figure 1

Figure 1 Insulin-like growth factor 2 mRNA-binding protein 1 overexpression correlates with a poor prognosis in pancreatic cancer. A: The mRNA level of
insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) was analyzed in the GSE15471 pancreatic cancer dataset; B: The mRNA level of IGF2BP1 was
determined by reverse transcription real-time quantitative polymerase chain reaction in 30 cancerous tissues and five normal pancreatic tissues from patients at The
Affiliated Cancer Hospital of Zhengzhou University. GAPDH served as the internal reference; C: The protein level of IGF2BP1 was determined by immunoblotting in
five cancerous tissues and three normal pancreatic tissues; D: Representative images of IGF2BP1 in pancreatic cancer tissues and their corresponding nontumor
tissues by immunohistochemistry. Scale bar = 25 μm (red line); E: Quantitative analysis of the IGF2BP1 expression score in pancreatic cancer tissues and adjacent
nontumor tissues; F: Kaplan-Meier analysis of overall survival of patients with pancreatic cancer according to the expression level of IGF2BP1; G-H: The mRNA and
protein expression levels of IGF2BP1 in four pancreatic cancer cell lines compared with the expression levels in immortalized human pancreatic ductal epithelial cells
(HPDE). GAPDH served as the loading control. All data are expressed as the mean ± standard deviation from three independent experiments at least and P < 0.05
was considered statistically significant. aP < 0.001 vs normal group; bP < 0.05 vs normal group; cP < 0.001 vs nontumor group; dP < 0.05 vs HPDE, eP < 0.05 vs
HPDE, fP < 0.05 vs HPDE. HPDE: Human pancreatic ductal epithelial cells; IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1.

Previous studies have shown that dysregulation of miRNAs profoundly influences
the expression of IGF2BP1. For example, miRNA-196b inhibits cell proliferation and
induces apoptosis in HepG2 cells by targeting IGF2BP1 [18] . MiR-506 inhibits cell
proliferation and invasion by targeting IGF2BP1 in glioblastoma[19]. MiR-625 functions
as an anti-metastatic miRNA and plays an important role in hepatocellular carcinoma
progression by modulating the IGF2BP1/PTEN pathway[20]. MiRNA-873 suppresses
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Figure 2

Figure 2 Knockdown of insulin-like growth factor 2 mRNA-binding protein 1 inhibits pancreatic cancer cell proliferation in vitro. A-C: Insulin-like growth
factor 2 mRNA-binding protein 1 (IGF2BP1) levels were determined by quantitative reverse transcription polymerase chain reaction analysis 48 h after transfection; DF: IGF2BP1 levels were determined by Western blot analysis 48 h after transfection; G-I: CCK-8 assays were performed to compare the proliferation of IGF2BP1
knockdown or overexpressing cells vs the control cells. GAPDH served as the loading control. All data are expressed as the mean ± standard deviation from three
independent experiments at least and P < 0.05 was considered statistically significant. aP < 0.05 vs siRNA group; bP < 0.05 vs normal group; cP < 0.01 vs IGF2BP1OE group; dP < 0.05 vs siRNA at day 3; eP < 0.01 vs siRNA at day 4; fP < 0.01 vs siRNA at day 5; gP < 0.01 vs siRNA at day 3; hP < 0.01 vs siRNA at day 4; iP < 0.01
vs siRNA at day 5; jP < 0.05 vs siRNA at day 3; kP < 0.01 vs siRNA at day 4; lP < 0.01 vs siRNA at day 5. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein
1.

glioblastoma tumorigenesis and metastasis by inhibiting the expression of IGF2BP1[21].
Based on these studies, we considered the possible involvement of miRNA in
regulating IGF2BP1 expression. We identified downregulated miR-494 as a negative
regulator of IGF2BP1. MiR-494 interacted with the IGF2BP1 3’-UTR in a seed
sequence-dependent manner and repressed IGF2BP1 expression. MiR-494 is a
frequently downregulated miRNA in human pancreatic cancer and is negatively
associated with IGF2BP1 expression in human pancreatic cancer, implying that loss of
miR-494 stabilizes IGF2BP1 and thereby contributes to its upregulation.
MiR-494 has been found to be a tumor-suppressive miRNA that is downregulated
in various types of solid tumors. It inhibits cellular proliferation, migration, and
invasion by targeting SIRT1 and is a potential prognostic marker in epithelial ovarian
cancer[22]. However, there are also reports about the tumor promotor function of miR494 in cancers. MiR-494 promotes cervical cancer proliferation through the regulation
of PTEN[23], and is an independent prognostic marker and promotes cell migration
and invasion of colorectal cancer cells by directly targeting PTEN[24]. In the present
study, we found that miR-494 was downregulated in pancreatic cancer and was
associated with the prognosis of pancreatic cancer patients. Next, bioinformatics
analysis found a complementary sequence between the 3’-UTR of IGF2BP1 and miR494. Then, we used RT-qPCR and a dual-luciferase reporter assay to confirm that
IGF2BP1 is a target of miR-494. These findings indicate that miR-494 is downregulated
and exerts a tumor suppressive role in pancreatic cancer.
In this work, we demonstrated that IGF2BP1 is an oncogene which is important for
pancreatic cancer tumor growth. Frequent upregulation of IGF2BP1 results from a
posttranscriptional activating mechanism.
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Figure 3

Figure 3 Knockdown of insulin-like growth factor 2 mRNA-binding protein 1 inhibits pancreatic cancer cell proliferation by inducing apoptosis and G1phase arrest. A-C: Enrichment plots of gene expression signatures in the GSE62165 dataset according to insulin-like growth factor 2 mRNA-binding protein 1
(IGF2BP1) mRNA expression levels; D: Knockdown of IGF2BP1 induced apoptosis in Panc-1 and Panc 0327 cells; E: Overexpression of IGF2BP1 reduced apoptosis
in Mia PaCa-2 cells; F-H: Knockdown of IGF2BP1 induced G0/G1 phase arrest in Panc-1 and Panc 0327 cells and overexpression of IGF2BP1 promoted cell cycle
progression in Mia PaCa-2 cells. All data are expressed as the mean ± standard deviation from three independent experiments at least and P < 0.05 was considered
statistically significant. aP < 0.01 vs control group of Panc-1 cells; bP < 0.01 vs control group of Panc 0327 cells; cP < 0.001 vs control group of Mia PaCa-2 cells; dP <
0.05 vs control group of Panc-1 cells; eP < 0.05 vs control group of Panc 0327 cells; fP < 0.05 vs control group of Mia PaCa-2 cells. IGF2BP1: Insulin-like growth factor
2 mRNA-binding protein 1.
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Figure 4

Figure 4 Insulin-like growth factor 2 mRNA-binding protein 1 enhances pancreatic cancer cell proliferation via the AKT signaling pathway. A and B:
Western blot analysis of AKT and p-AKT (Ser473) expression in the indicated cells and their corresponding control cells; C: Panc-1 sh-insulin-like growth factor 2
mRNA-binding protein 1 (IGF2BP1) or control cells were subcutaneously injected into BALB/c nude mice for xenograft assays; D-E: The average weights and tumor
growth curves of each group; F: Immunohistochemistry staining of the xenograft tumors. Scale bar = 25 μm (red line). P < 0.05 was considered statistically significant.
a
P < 0.05 vs control group; bP < 0.05 vs sh-IGF2BP1 group. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1.
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Figure 5

Figure 5 Insulin-like growth factor 2 mRNA-binding protein 1 is a target of miR-494. A: Intersections among miRNA target prediction algorithms; B: Pancreatic
cancer tissues displayed significantly lower miR-494 and miR-326 levels than the matched adjacent nontumor tissues; C: A schematic diagram of miR-494 binding
sites in the 3’ untranslated region of insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) from TargetScan; D: MiR-494 mimics or inhibitors were transfected
into Panc-1 and Panc 0327 cells, respectively, and miR-494 expression was determined by quantitative reverse transcription polymerase chain reaction (RT-qPCR).
U6 served as the internal reference; E-F: IGF2BP1 expression was determined by RT-qPCR after transfection in Panc-1 and Panc 0327 cells. GAPDH served as the
internal reference; G-H: The relative luciferase activity was measured in Panc-1 and Panc 0327 cells after cotransfection. All data are expressed as the mean ±
standard deviation from three independent experiments at least and P < 0.05 was considered statistically significant. aP < 0.05 vs normal group, bP < 0.001 vs normal
group; cP < 0.001 vs control group of Panc-1 cells; dP < 0.001 vs control group of Panc 0327 cells; eP < 0.01 vs control group of Panc-1 cells; fP < 0.01 vs control
group of Panc 0327 cells; gP < 0.01 vs control group; hP < 0.05 vs control group; iP < 0.05 vs control group; jP < 0.01 vs control group; kP < 0.05 vs WT group; lP <
0.01 vs WT group; mP < 0.01 vs WT group; nP < 0.01 vs WT group. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1; 3’-UTR: 3’-untranslated region; Wt:
Wild-type; Mut: Mutated.
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Figure 6

Figure 6 MiR-494 reexpression partly abrogates the oncogenic effect of insulin-like growth factor 2 mRNA-binding protein 1 in pancreatic cancer. A:
Enhanced cell viability of Mia PaCa-2 cells due to insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) overexpression was partly reduced following the
reexpression of miR-494, which was detected by CCK-8 assays; B: Cell apoptosis was analyzed by flow cytometry when IGF2BP1-overexpressing Mia PaCa-2 cells
were cotransfected with miR-494 mimics or their corresponding controls; C: The cell cycle was analyzed by flow cytometry when IGF2BP1-overexpressing Mia PaCa2 cells were co-transfected with miR-494 mimics or control; D: Western blot analysis of AKT and p-AKT (Ser473) expression in the indicated cells and their
corresponding control group; E: Correlations between the expression of miR-494 and IGF2BP1 in 30 pancreatic cancer specimens were determined by Pearson's
correlation analysis; F: Kaplan-Meier analysis indicated that low miR-494 expression predicts a poorer overall survival rate than high miR-494 expression. All data are
expressed as the mean ± standard deviation from three independent experiments at least and P < 0.05 was considered statistically significant. aP < 0.05 vs IGF2BP1OE + miR-494 group at day 3; bP < 0.05 vs IGF2BP1-OE + miR-494 group at day 4; cP < 0.05 vs IGF2BP1-OE + miR-494 group at day 5; dP < 0.01 vs IGF2BP1-OE +
miR-494 group; eP < 0.05 vs IGF2BP1-OE + miR-494 group. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1; 3’-UTR: 3’-untranslated region; Wt: Wildtype; Mut: Mutated.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is one of the most common causes of cancer-related deaths worldwide. Current
treatment options for patients with pancreatic cancer are very limited, and the clinical outcomes
remain unsatisfactory. New therapy targets are necessary to improve the survival rates of
pancreatic cancer patients. Insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) plays
critical roles in the genesis and development of human cancers. Little is known regarding
IGF2BP1 expression and its role in the carcinogenesis or progression of pancreatic ductal
adenocarcinoma (PDAC).

Research motivation
Our findings will provide a new therapeutic target for pancreatic cancer.

Research objectives
To study the expression, function, and regulatory mechanisms of IGF2BP1 in pancreatic cancer.

Research methods
We detected the expression levels of IGF2BP1 and miR-494 in Gene Expression Omnibus
datasets and validated in clinical samples by quantitative real-time polymerase chain reaction
and Western blot. The relationship between IGF2BP1 expression and clinicopathological factors
of pancreatic cancer patients was analyzed. The effect and mechanism of IGF2BP1 on pancreatic
cancer cell proliferation were investigated in vitro and in vivo. Analyses were performed to
explore underlying mechanisms of IGF2BP1 upregulation in pancreatic cancer and assays were
carried out to verify the post- transcriptional regulation of IGF2BP1 by miR-494.

Research results
WJG

https://www.wjgnet.com

6074

October 28, 2019

Volume 25

Issue 40

Wan BS et al. IGF2BP1 promotes cell proliferation in pancreatic cancer
In the present study, we found that IGF2BP1 was upregulated and associated with a poor
prognosis of pancreatic cancer patients. We showed that knockdown of IGF2BP1 reduced
pancreatic cancer cell proliferation in vitro and in vivo via the AKT signaling pathway.
Meanwhile, the frequent upregulation of IGF2BP1 was attributed to the downregulation of miR494 expression in pancreatic cancer.

Research conclusions
IGF2BP1 is upregulated and promotes the proliferation of pancreatic cancer via the AKT
signaling pathway. Upregulation of IGF2BP1 is partly due to the silencing of miR-494.

Research perspectives
This study provides insight into the role of IGF2BP1 in promoting pancreatic cancer
development by activating AKT. IGF2BP1 might be a new therapeutic target for pancreatic
cancer.
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Abstract
BACKGROUND
Central sensitization plays a pivotal role in the maintenance of chronic pain
induced by chronic pancreatitis (CP). We hypothesized that the nucleus tractus
solitarius (NTS), a primary central site that integrates pancreatic afferents apart
from the thoracic spinal dorsal horn, plays a key role in the pathogenesis of
visceral hypersensitivity in a rat model of CP.
AIM
To investigate the role of the NTS in the visceral hypersensitivity induced by
chronic pancreatitis.
METHODS
CP was induced by the intraductal injection of trinitrobenzene sulfonic acid
(TNBS) in rats. Pancreatic hyperalgesia was assessed by referred somatic pain via
von Frey filament assay. Neural activation of the NTS was indicated by
immunohistochemical staining for Fos. Basic synaptic transmission within the
NTS was assessed by electrophysiological recordings. Expression of vesicular
glutamate transporters (VGluTs), N-methyl-D-aspartate receptor subtype 2B
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(NR2B), and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
subtype 1 (GluR1) was analyzed by immunoblotting. Membrane insertion of
NR2B and GluR1 was evaluated by electron microscopy. The regulatory role of
the NTS in visceral hypersensitivity was detected via pharmacological approach
and chemogenetics in CP rats.
RESULTS
TNBS treatment significantly increased the number of Fos-expressing neurons
within the caudal NTS. The excitatory synaptic transmission was substantially
potentiated within the caudal NTS in CP rats (frequency: 5.87 ± 1.12 Hz in CP rats
vs 2.55 ± 0.44 Hz in sham rats, P < 0.01; amplitude: 19.60 ± 1.39 pA in CP rats vs
14.71 ± 1.07 pA in sham rats; P < 0.01). CP rats showed upregulated expression of
VGluT2, and increased phosphorylation and postsynaptic trafficking of NR2B
and GluR1 within the caudal NTS. Blocking excitatory synaptic transmission via
the AMPAR antagonist CNQX and the NMDAR antagonist AP-5 microinjection
reversed visceral hypersensitivity in CP rats (abdominal withdraw threshold: 7.00
± 1.02 g in CNQX group, 8.00 ± 0.81 g in AP-5 group and 1.10 ± 0.27 g in saline
group, P < 0.001). Inhibiting the excitability of NTS neurons via chemogenetics
also significantly attenuated pancreatic hyperalgesia (abdominal withdraw
threshold: 13.67 ± 2.55 g in Gi group, 2.00 ± 1.37 g in Gq group, and 2.36 ± 0.67 g
in mCherry group, P < 0.01).
CONCLUSION
Our findings suggest that enhanced excitatory transmission within the caudal
NTS contributes to pancreatic pain and emphasize the NTS as a pivotal hub for
the processing of pancreatic afferents, which provide novel insights into the
central sensitization of painful CP.
Key words: Rat; Chronic pancreatitis; Visceral hypersensitivity; Nucleus tractus solitarius;
Excitatory synaptic transmission
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study investigated the role of the nucleus tractus solitarius (NTS) in the
pathogenesis of visceral hypersensitivity in a rat model of chronic pancreatitis (CP). We
demonstrated that CP rats exhibited potentiated excitatory synaptic transmission within
the caudal NTS. This potentiation may be mediated by enhanced glutamate release and
the recruitment of membrane glutamate receptors. Inhibiting both the excitatory synaptic
transmission and neural activity of caudal NTS neurons alleviated visceral
hypersensitivity in CP rats. Our results suggest the caudal NTS as a primary central site
that processes pancreatic pain, as well as a potential therapeutic target for the treatment
of chronic visceral pain in patients with CP.

P-Reviewer: Farhat S, Huan C,
Izbicki J, Manenti A, Mikulic D,
Streba CT
S-Editor: Ma RY
L-Editor: Wang TQ
E-Editor: Zhang YL

Citation: Bai Y, Chen YB, Qiu XT, Chen YB, Ma LT, Li YQ, Sun HK, Zhang MM, Zhang T,
Chen T, Fan BY, Li H, Li YQ. Nucleus tractus solitarius mediates hyperalgesia induced by
chronic pancreatitis in rats. World J Gastroenterol 2019; 25(40): 6077-6093
URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6077.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6077

INTRODUCTION
Persistent pain is the cardinal feature of chronic pancreatitis (CP) with a profound
socioeconomic impact[1]. The management of painful CP remains a major challenge
because current therapeutic approaches fail to produce satisfactory results. More
effective therapies require the discovery of novel targets based on new advances in
our understanding of the neurobiology of painful CP[2,3]. Anatomical knowledge
indicates that pancreatic sensory information enters the central nervous system via
both sympathetic and vagus nerves. The former runs through the celiac plexus and
reaches the lower thoracic spinal cord via the splanchnic nerve, while the latter runs
through the nodose ganglion and connects with the nucleus tractus solitarius (NTS)
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via the abdominal vagus[4]. Previous studies concerning the central processing of
painful CP usually center on the thoracic spinal dorsal horn[5-7]. In general, prolonged
stimulation from peripheral sensitization facilitates aberrant excitation of dorsal horn
neurons. This process is referred to as central sensitization and results in visceral
hypersensitivity in chronic pancreatic pain[8-10]. Unfortunately, much less focus has
been directed on the role of the NTS in painful CP.
The NTS is a key relay station for primary visceral afferents located within the
dorsomedial medulla oblongata. It is commonly recognized that the rostral third of
the NTS is implicated in gustatory and oral somatosensory regulation[11], while the
caudal two-thirds is a major hub for general visceral sensation[12]. An increasing body
of morphological evidence has demonstrated both mechanical[13,14] and chemical[15-17]
gastrointestinal noxious stimuli induced overexpression of Fos within the NTS,
suggesting the involvement of the NTS in the processing of visceral pain. However,
the cellular and molecular mechanisms underlying the role of the NTS in visceral pain
have not been reported.
Glutamate is the major excitatory neurotransmitter within the NTS. Excitatory
synaptic transmission is generally mediated by the action of glutamate on two
different ionotropic receptors, the N-methyl-D-aspartate receptor (NMDAR) and the
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR), which
play a major role in the processing of visceral sensation within the NTS [18,19] .
Accumulating preclinical studies have provided evidence of plasticity changes in
glutamatergic synaptic transmission within the NTS, including the upregulation,
modification, and membrane insertion of NMDAR and AMPAR, under pathological
circumstances such as chronic hypertension and hypoxia[20-22]. Our previous study also
showed that excitatory synaptic transmission within the NTS was enhanced during
chronic myocardial infarction (CMI) induced visceral pain[23]. Both chemical lesion
and pharmacological inhibition of the NTS exerted analgesic effects in cardiac visceral
pain[23,24]. Considering these, we hypothesized that excitatory synaptic transmission
within the NTS is potentiated and contributes to visceral hypersensitivity in painful
CP.
In the present study, we ﬁrst examined the expression of Fos within the NTS in rats
with CP induced by intraductal trinitrobenzene sulfonic acid (TNBS) injection.
Electrophysiological approach was subsequently performed to explore the changes in
excitatory synaptic transmission within the NTS. Then, immunoblottings and electron
microscopy were applied to unravel the potential molecular basis for these changes.
Finally, we proved the pain-facilitating role of the NTS in the pathogenesis of painful
CP via pharmacological method and chemogenetics.

MATERIALS AND METHODS
Animals and experimental design
Eighty-one male Sprague-Dawley rats (250-280 g) were provided by the Experimental
Animal Center of the Fourth Military Medical University (Xi’an, China). All
procedures were performed according to the guidelines of the International
Association for the Study of Pain[25] and approved by the Institutional Animal Care
and Use Committee of the Fourth Military Medical University. Every measure was
taken to minimize the discomfort of the animals. The animals were acclimatized to
laboratory conditions (23 °C, 12 h/12 h light/dark, 50% humidity) for two weeks
prior to experimentation and were provided with water and food ad libitum 12 h
before and after the induction of pancreatitis, during which food and water were
withdrawn. Animals for tissue collection were euthanized by an overdose of 2%
pentobarbital sodium (i.p., 100 mg/kg), while those for surgery were deeply
anesthetized via 2% pentobarbital sodium (i.p., 40 mg/kg).
Experiment 1: Evidence of increased expression of Fos-immunoreactive (-ir)
neurons within the NTS in CP rats. Eight rats were equally divided into two groups
(sham and TNBS groups). Pancreatitis was induced by intraductal infusion of 0.4 mL
of 2% TNBS (Sigma, St. Louis, MO, USA) as previously reported[26]. The sham rats
received an equal volume of saline. On postoperative day (POD) 14, brain tissues
were sampled for Fos immunostaining.
Experiment 2: Effect of painful CP on excitatory synaptic transmission within the
NTS. Eighteen rats were equally divided into two groups (sham and TNBS groups).
On POD 14, brainstem sections containing the NTS were obtained for
electrophysiological recordings.
Experiment 3: Effect of painful CP on the expression of vesicular glutamate
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transporters (VGluTs), NMDAR subunit NR2B, and AMPAR subunit GluR1
within the NTS. Twelve rats were equally divided into four groups (sham, TNBS
POD 7, POD 14, and POD 28 groups). All TNBS-treated rats were sacrificed according
to aforementioned time points and processed for NTS sampling for VGluT1, VGluT2,
NR2B, and GluR1 immunoblotting.
Experiment 4: Evidence for painful CP induced membrane insertion of NR2B and
GluR1 within the NTS. Six rats were equally divided into two groups (saline and
TNBS groups). On POD 14, the brainstems were sampled for NR2B and GluR1
electron microscopy.
Experiment 5: Effects of CNQX (AMPAR antagonist) and AP-5 (NMDAR
antagonist) microinjection into the NTS on visceral hypersensitivity of CP rats.
Nineteen rats were divided into three groups (6 rats in saline group, 6 rats in CNQX
group, and 7 rats in AP-5 group), and received cannula implantation upon the NTS 7
days before TNBS treatment. On POD 14, the abdominal withdraw threshold (AWT)
was monitored before and after drug microinjection into the NTS.
Experiment 6: Effects of activation or inactivation of NTS excitatory neurons on
visceral hypersensitivity of CP rats. Eighteen rats were equally divided into three
groups (CaMKIIa-Gq, CaMKIIa-mCherry, and CaMKIIa-Gi groups), and received
virus injection into the NTS 7 d before TNBS treatment. On POD 14, the AWT was
monitored before and after clozapine-N-oxide (CNO) treatment.

von Frey test
As a measure of referred abdominal mechanical hypersensitivity in CP rats, AWT was
monitored by von Frey filament (VFF; Stoelting, Kiel, WI, United States) assay[26]. For
the VFF assay, the belly area designated for stimulation was shaved 3 d before testing.
The animals were habituated in the testing apparatus until calming down. VFFs with
increased forces from 0.16 g to 26 g were applied to the abdomen 5 times, each for 5-8
s with a 5 min interval. The minimal force that elicited at least 3 times of withdrawn
responses was considered as the AWT.

Immunohistochemical staining
On POD 14, the rats in Experiment 1 were deeply anesthetized and then perfused
with 100 mL of 0.01 mol/L phosphate buffer saline (PBS, pH 7.4), followed by 500 mL
4% paraformaldehyde (PFA) fixative solution in 0.1 mol/L of phosphate buffer (PB,
pH 7.4). After perfusion, the brains were removed, placed in 30% sucrose solution for
24 h at 4 °C, and then cut into coronal sections at 35 µm thickness into six dishes as six
sets of every sixth serial sections. Next, the sections in the first set were incubated in
10% normal donkey serum for 40 min at room temperature (RT) to block nonspecific
immunoreactivity, and then incubated overnight at 4 °C with the following antibodies
in sequence: (1) Mouse anti-Fos (1:500; Abcam, Cambridge, MA, United States) for 24
h at 4 °C; (2) Biotinylated donkey anti-mouse (1:500; Millipore, Billerica, MA, United
States) for 4 h at RT; and (3) Avidin-biotin complex (1:200; ABC kit, Vector,
Burlingame, CA, United States) for 2 h at RT. The sections were then reacted with 0.05
mol/L Tris-HCl buffer containing 0.02% DAB (Dojin, Kumamoto, Japan) and 0.003%
H2O2 for visualizing Fos. Finally, the slices were mounted onto glass slides, and
coverslipped for examination via light microscopy (AH-3, Olympus, Tokyo, Japan).
The images were captured and analyzed using a Fluoview 1000 microscope
(Olympus). For Fos-ir neuron counting, at least four sections per brain region from
each rat were counted for the average number of Fos-ir neurons in the sham and
TNBS groups (four rats per group) by an investigator who was blind to the
experiment. We limited our quantifications to the medial prefrontal cortex (mPFC),
anterior cingulate cortex (ACC), insular cortex (IC), paraventricular thalamic nucleus
(PVT), central medial thalamic nucleus (CM), amygdala, periaqueductal gray (PAG),
dorsal raphe nucleus (DR), parabrachial nuclei (PBN), and NTS, all of which are
closely related to visceral pain[17,27].

Whole-cell patch-clamp recordings
On POD 14, the rats in Experiment 2 were anesthetized and coronal brainstem
sections (300 μm) containing the NTS were cut at 4 °C with a vibratome in oxygenated
ACSF (in mmol/L: 124 NaCl, 2.5 KCl, 2 MgSO4, 2 CaCl2, 25 NaHCO3, 1 NaH2PO4, 37
glucose, pH 7.4). The sections were then transferred to a recovery chamber with
oxygenated ACSF at RT for 1 h. For whole-cell patch-clamp recordings, the section
was placed in a recording chamber maintained with oxygenated ACSF at 28 °C. The
potassium-based intracellular solution within the micropipettes (8-10 MΩ) contained
the following (in mmol/L): 120 K-gluconate, 5 NaCl, 0.2 EGTA, 10 HEPES, 2 MgATP,
0.1 Na3GTP, 1 MgCl2, and 10 phosphocreatine (adjusted to pH 7.2 with KOH, 290
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mOsm). Neurons with small diameters (<15 μm), which were assumed to receive
excitatory afferents[28,29], were visually preselected in the commissure and medial part
of caudal NTS neurons. Before recording, a concentric bipolar electrode was placed on
the adjacent solitary tract and stimulus pulses were applied at a minimal voltage (1-15
V, 0.1 ms pulse width). Only neurons with a clear monosynaptic evoked excitatory
postsynaptic currents (EPSC) peak were then processed for spontaneous EPSCs
(sEPSCs) recording. sEPSCs were recorded for at least 10 min with the membrane
clamped at -60 mV, and sEPSCs from 5 to 10 min were statistically analyzed. All
recordings were conducted in the presence of picrotoxin (100 μM, Sigma) to block
GABA A receptor-mediated inhibitory synaptic currents. All recordings were
performed with a MultiClamp 700B amplifier (Axon Instruments, Sunnyvale, CA,
United States) and digitized at 5 kHz with DigiData 1550B (Axon Instruments). Data
were discarded if the access resistance (10-30 MΩ) changed by 15% during the
experiment.

Western blot analysis
Brainstem tissues from the rats in Experiment 3 were harvested in cold ACSF. Total
protein was prepared for VGluT1, VGluT2, NR2B, and GluR1 assays according to our
previous study[30]. Subsequently, 30 µg of protein from each sample (quantitatively
measured by bicinchoninic acid protein assay; Thermo Scientific; Rockford, IL, United
States) was subjected to 10% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE)
electrophoresis and electrophoretically transferred to polyvinylidene difluoride
(PVDF) membranes (Immobilon-P, Millipore, Billerica, MA, United States). After
blocking with 5% DifcoTM skim milk in Tris-buffered saline with Tween (TBST) for 2
h, the membranes were incubated overnight at 4 °C with the following primary
antibodies: Mouse anti-VGluT1 (1:500; Millipore); mouse anti-VGluT2 (1:500; Synaptic
Systems, Goettingen, Niedersachsen, Germany); rabbit anti-pNR2B-Tyr1472 (1:500;
Millipore); rabbit anti-NR2B (1:500; Abcam, Cambridge, United Kingdom); rabbit
anti-GluR1 (1:500; Millipore); and rabbit anti-pGluR1-Ser845 (1:500; Millipore). The
immunoblots were then incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies (goat anti-rabbit/mouse, 1:5000; Amersham Pharmacia Biotech,
Piscataway, NJ, United States). To verify equal loading, we also probed the
membranes with rabbit anti-GAPDH (1:5000; Beijing TDY BIOTECH CO., Beijing,
China). Bands were visualized by an enhanced chemiluminescence (ECL) detection
method (Amersham Pharmacia Biotech) and exposed to films. The scanned images
were quantified and analyzed with ImageJ software. Target protein levels were
normalized against the GAPDH levels and are expressed as fold changes relative to
those of the sham group.

Electron microscopy
The rats in Experiment 4 were deeply anesthetized and perfused with 100 mL of 0.01
mol/L PBS followed by 500 mL of fixative containing 4% PFA and 0.05%
glutaraldehyde in 0.1 mol/L PB. The brainstem was immediately removed and
postfixed in the same fixative without glutaraldehyde at 4 °C for 4 h, and the lower
medulla oblongata was then transversely cut on a vibratome (Microslicer DTM-1000;
Dosaka EM, Kyoto, Japan) into 50 μm sections. The sections were further divided into
four sets in four dishes. The sections in the first two dishes were subsequently
processed for NR2B and GluR1 staining.
Sections were cryoprotected in 0.05 mol/L PB containing 30% sucrose and 10%
glycerol for 30 min. The sections were freeze-thawed and then incubated in a blocking
solution containing 20% normal goat serum in 0.05 mol/L Tris-buffered saline (TBS;
pH 7.4) for 30 min, followed by incubation with rabbit anti-GluR1 (1:200; Millipore) or
rabbit anti-NR2B (1:200; Abcam) at 4 °C for 12 h. After washing in TBS, the sections
were incubated for 8 h in anti-rabbit antibody conjugated to 1.4 nm gold particles
(1:100; Nanoprobes; Stony Brook, NY, United States). The sections were then
processed as follows: (1) Post-fixation with 1% glutaraldehyde in 0.1 mol/L PB for 10
min; (2) Silver enhancement with an HQ Silver Kit (Nanoprobes); (3) 1% OsO4 in 0.1
mol/L PB for 1 h; and (4) 1% uranyl acetate in 70% ethanol for 1 h. After dehydration,
the sections were mounted on glass slides and embedded in epoxy resin (Durcupan;
Fluka, Buchs, Switzerland). Under an electron microscope, the immunoreactivities
were determined by the presence of the immunogold-silver particles distributed in
the cytoplasm of the somata and dendrites. An asymmetric synaptic junction
containing more than two immunogold-silver particles was considered as an
immunoreactive postsynaptic structure. The average distance between individual
gold particles and the closest edge of the postsynaptic active zone in each asymmetric
synapse within the commissure and medial parts of the caudal NTS was counted.

Drug microinjection and behavioral tests

WJG

https://www.wjgnet.com

6081

October 28, 2019

Volume 25

Issue 40

Bai Y et al. Rat model of chronic pancreatitis

The rats were deeply anesthetized and secured on a stereotaxic apparatus (RWD Life
Sciences, Shenzhen, Guangzhou, China). Guide cannulas (26 gauge; RWD life
sciences) were implanted into the caudal NTS (14.00 mm caudal to the bregma)[31].
Briefly, a partial occipital craniotomy was performed and the dura and arachnoid
were incised to expose the dorsal surface of the brainstem at the level of the obex. The
calamus scriptorius was identified and served as the anterior/posterior and lateral
stereotaxic zero coordinate. The guide cannula was implanted in the NTS at
coordinates that were 0.8 mm rostral and 0 mm lateral to the calamus scriptorius and
0.3 mm ventral to the dorsal surface of the medulla [24] . On POD 14, intra-NTS
injections were delivered through an injector cannula (30 gauge), which was located
0.2 mm lower than the guide. A microsyringe (10 μL, Hamilton, NV, United States)
was connected to the injector by a thin polyethylene tube and was driven by a
motorized pump (ALCBIO, Shanghai, China). AP-5 (50 mmol/L, 0.4 μL) or CNQX (20
mmol/L, 0.4 μL) was infused into the caudal NTS at a rate of 0.05 μL/min, with an
equivalent volume of saline as the control. All injections were followed by an
additional 5 min before removal of the injection cannula. The AWT was measured
before TNBS treatment, and 30 min before and after drug microinjection on POD 14.
Injection sites were verified post hoc, and the rats with inaccurate sites were excluded.

Chemogenetics and behavioral tests
To specifically modulate the activity of caudal NTS excitatory neurons, we injected
Calmodulin-dependent Protein Kinase IIa (CaMKIIa) promoter-driven virus
(rAAV2/9-CaMKIIa-hM4Di/hM3Dq-mCherry, 0.25 μL/30 min, BrainVTA, Wuhan,
Hubei, China) into the caudal NTS 7 d before TNBS treatment, with an equivalent
amount of rAAV2/9-CaMKIIa-mCherry injected as the sham group. The virus was
injected into the NTS by pressure through a glass micropipette (tip diameter 15-25
μm) attached to a Hamilton microsyringe (1 μL) at coordinates that were 0.8 mm
rostral and 0 mm lateral to the calamus scriptorius and 0.5 mm ventral to the dorsal
surface of the medulla. AWT tests were performed before TNBS treatment, and 1 h
before and after CNO administration (i.p., 3 mg/kg) on POD 14. Injection sites were
verified post hoc, and the rats with inaccurate sites were excluded.

Data analysis
The results are expressed as the mean ± SEM. Statistical analysis between two groups
was tested by Student’s t-test (SPSS 17.0). Statistical comparison among multiple
groups was performed using one-way ANOVA followed by the LSD post hoc test.
Analyzed numbers for each experiment are indicated in the corresponding figures. P
< 0.05 was considered statistically significant.

RESULTS
TNBS treatment increases Fos expression within caudal NTS
Fos is widely used as an indicator of neuronal activation under the condition of pain
stimuli [32] . In the present study, we selected POD 14 as the time point for Fos
immunostaining, when rats exhibited robust visceral hypersensitivity[33]. As the NTS
is a long brain region along the rostro-caudal axis, we calculated the number of Fos-ir
neurons from five different coronal sections that covered the whole NTS. As shown in
Figure 1, no significant change in Fos expression was identified in the rostral NTS
(Bregma -14.16: TNBS 142.25 ± 14.08 vs saline 143.25 ± 25.13; Bregma -14.88: TNBS 226
± 21.41 vs saline 158.75 ± 23.56; P > 0.05; Figure 1A and B). However, more Fos-ir
neurons were identified in the caudal NTS of the CP rats (Bregma -13.44: TNBS 238.5
± 27.49 vs saline 155 ± 15.35; Bregma -14.16: TNBS 108 ± 6.99 vs saline 72.5 ± 6.34;
Bregma -14.88: TNBS 76.75 ± 11.06 vs saline 41.75 ± 3.19; P < 0.05; n = 4 sections from 4
rats per group; Figure 1C-E). In the caudal NTS, more abundant Fos expression was
observed in the medial (SolM) and commissural (SolC) regions of the NTS than in the
lateral (SolL) region (Figure 1C-E) of the CP rats. These data provide morphological
evidence for the activation of the caudal NTS under the condition of painful CP.
Apart from the NTS, many other pain-related areas exhibited higher levels of Fos
expression in the CP rats (Supplementary Figure 1). In the cortical areas (Supplementary Figure 1A-C), TNBS treatment induced prominent Fos staining in the mPFC,
ACC, and IC. In the subcortical areas (Supplementary Figure 1D-E), Fos expression
was mainly found in the PVT and CM as well as the amygdala. In the midbrain (Supplementary Figure 1F), TNBS treatment augmented Fos expression within the PAG
and DR. In the brainstem (Supplementary Figure 1G), abundant Fos expression was
also observed in the lateral part of the PBN. These observations suggest that these
classical brain regions associated with the sensory and emotional aspects of pain are
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Figure 1

Figure 1 The number of Fos-expressing neurons is upregulated within the nucleus tractus solitarius in rats with chronic pancreatitis. A-E: Immunochemical
staining for Fos within different coronal sections of nucleus tractus solitarius (NTS) in sham (left) and chronic pancreatitis (right) rats. The rectangles in the top panels
are further magnified in the bottom panels. Bars = 500 μm in top panels and 200 μm in bottom panels; F: Histogram showing the qualification of Fos-expressing
neurons within different parts of NTS in saline and trinitrobenzene sulfonic acid (TNBS)-treated rats. n = 4 rats per each group, unpaired t-test, aP < 0.05, TNBS vs
sham. 4V: 4th ventricle; CC: Central canal; SolIM: Nucleus of the solitary tract, intermedial part; SolM: Nucleus of the solitary tract, medial part; SolL: Nucleus of the
solitary tract, lateral part; SolC: Nucleus of the solitary tract, commissural part; TNBS: Trinitrobenzene sulfonic acid.

activated during painful CP.

TNBS treatment enhances excitatory synaptic transmission within caudal NTS
We subsequently assessed whether there were electrophysiological changes in basal
synaptic transmission within the caudal NTS in CP rats. The second-order neurons
within the SolM and SolC, which receive sensory inputs from the solitary tract[34],
were recorded under voltage-clamp mode. Example recordings of sEPSCs from
caudal NTS neurons in both groups are shown in Figure 2A. Comparing to the sham
rats, the CP rats showed a rightward shift in the cumulative probability of the sEPSC
amplitude (Figure 2B, left), with a leftward shift in the inter-event intervals (Figure
2B, right). The mean sEPSC amplitude (Figure 2C, left) was significantly higher (19.60
± 1.39 pA vs 14.71 ± 1.07 pA; P < 0.01; n = 13 and 14 in the CP and sham rats,
respectively) in the CP rats than that in the sham rats. The mean frequency (Figure 2C,
right) was also significantly higher (5.87 ± 1.12 Hz vs 2.55 ± 0.44 Hz, P < 0.01) in the
CP rats. These results suggest that increased presynaptic transmitter release
probability and postsynaptic responsiveness both likely contribute to enhanced
synaptic transmission in the caudal NTS of CP rats.
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Figure 2

Figure 2 Rats with chronic pancreatitis have increased amplitude and frequency of spontaneous excitatory
postsynaptic currents in the caudal nucleus tractus solitarius. A: Representative spontaneous excitatory
postsynaptic currents (sEPSCs) recorded from a sham (left) rat and a trinitrobenzene sulfonic acid (TNBS)-treated
(right) rat holding at -60 mV; B: Cumulative amplitude (left) and inter-event interval (right) histograms of sEPSCs
recorded from sham and chronic pancreatitis (CP) rats; C: Summary plots showing the frequency (left) and amplitude
(right) of sEPSCs from sham and CP rats. Unpaired t-test, bP < 0.01, TNBS vs sham. sEPSC: Spontaneous
excitatory postsynaptic currents; TNBS: Trinitrobenzene sulfonic acid.

TNBS treatment increases expression of VGluT2 within caudal NTS
VGluTs are essential for glutamatergic synaptic transmission through glutamate
packaging and subsequent exocytotic release upon stimulation within the central
nervous system. The variation in the level of VGLUTs could have a major impact on
synaptic transmission[35,36]. Both VGluT1 and VGluT2 terminals are present while
VGluT2 terminals predominate within the NTS[37]. To examine whether there are
expressional changes of VGluTs within the caudal NTS in CP rats, biochemical studies
were performed to measure the levels of VGluT1 and VGluT2 at different time points.
Biochemical analysis showed the expression of VGluT2 was upregulated within the
caudal NTS along the course of CP (Figure 3A and B), with no significant change in
the VGluT1 level between the sham and CP rats (Figure 3A and C). These data
suggest that CP stimulates the secretion of glutamate, which may account for the
increased presynaptic transmitter release within the caudal NTS.

TNBS treatment increases expression of GluR1 and NR2B within caudal NTS
NMDAR is a tetra-heteromeric ligand-gated ion channel composed of an obligate NR1
subunit and NR2A-D subunits[38]. Among these, NR2B participates in various synaptic
signaling events and is implicated in a series of functions, including learning memory
and chronic pain[39]. AMPAR is also known to be a heteromeric tetramer containing
GluR1-4. Although GluR2 is the most abundant subunit within the NTS[18], GluR1
exhibits expressional changes and may play a pivotal role in synaptic plasticity under
pathological conditions, including chronic visceral pain[21,22]. Considering these, we
examined the expression changes of these two representative glutamate receptor
subunits within the caudal NTS. Biochemical analysis showed that CP triggered a
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Figure 3

Figure 3 Trinitrobenzene sulfonic acid treatment upregulates the expression of vesicular glutamate transporter 2 within the caudal nucleus tractus
solitarius. A: Representative Western blots for VGluT1 and VGluT2 within the caudal nucleus tractus solitarius (NTS) on postoperative days (POD) 7, 14, and 28; B:
VGluT1 amount within the caudal NTS showed no changes after trinitrobenzene sulfonic acid (TNBS) treatment; C: VGluT2 amount within the caudal NTS was
significantly increased on POD 7, 14, and 28 after TNBS treatment. n = 3 rats per each group, one-way ANOVA, aP < 0.05, bP < 0.01, TNBS vs sham. TNBS:
Trinitrobenzene sulfonic acid; VGluT1: Vesicular glutamate transporter 1; VGluT2: Vesicular glutamate transporter 2.

long-term increase in the expression of GluR1 (Figure 4A and B) and NR2B (Figure 4A
and C) within the caudal NTS.
Phosphorylation is an important posttranslational modification for membrane
targeting of glutamate receptors [40] . The phosphorylation of cortical NMDAR,
particularly its NR2B subunit, leads to enhanced synaptic NMPARs via inhibiting
NMDAR endocytosis and mediates the chronification of pain[41]. Likewise, cortical
GluR1 phosphorylation also contributes to the localization and function of AMPAR
during chronic pain[42-45]. To confirm whether similar posttranslational modifications
occur during painful CP within the caudal NTS, we measured the phosphorylation
status of NR2B and GluR1 using phosphorylation site-specific antibodies. Our data
showed that both pNR2B (Figure 4D and E) and pGluR1 (Figure 4D and F) were
robustly upregulated along the course of CP. These findings suggest that TNBS
treatment leads to the upregulation and modification of glutamate receptors, which
may provide postsynaptic evidence for enhanced synaptic transmission within the
caudal NTS.

Enhanced membrane insertion of NR2B and GluR1 within caudal NTS in CP rats
Both NMDAR and AMPAR are dynamically shifting in and out of the membrane
according to synaptic activity, which, in turn, determines synaptic strength[46,47]. Our
biochemical data showed the upregulation of pNR2B and pGluR1 in CP rats,
indicating the accumulation of postsynaptic NR2B and GluR1 within the caudal NTS.
By pre-embedding electron microscopy, we observed that more NR2B particles were
closer to the synaptic active zone in the caudal NTS neurons from the CP rats (221.2 ±
14.33 nm, n = 152 synapses/3 rats) than those from the sham rats (332.3 ± 20.9 nm, n =
156 synapses/3 rats, P < 0.001) (Figure 5A-C). Similarly, more GluR1 particles were
closer to the synaptic active zone in the CP rats (209.7 ± 12.87 nm, n = 150 synapses/3
rats) than the sham rats (266.1 ± 15.94 nm, n = 145 synapses/3 rats, P < 0.001) (Figure
5D-F). These results strongly suggest that CP induces postsynaptic accumulation of
NR2B and GluR1 within caudal NTS neurons.

Inhibiting excitatory synaptic transmission within caudal NTS relieves CP-related
visceral pain
We subsequently assessed whether inhibiting NTS glutamatergic transmission could
alleviate the behavioral manifestations of pancreatic nociception in CP rats (Figure 6A
and B). The behavioral results showed that microinjection of both CNQX and AP-5
into the caudal NTS increased the AWT in the CP rats on POD 14 (7.00 ± 1.02 g in
CNQX group, 8.00 ± 0.81 g in AP-5 group and 1.10 ± 0.27 g n saline group; n = 6 for
saline and CNQX groups and 7 for AP-5 group; P < 0.001; Figure 6C). These
behavioral results indicate that excitatory glutamatergic transmission within the
caudal NTS contributes to the visceral hypersensitivity of CP rats.

Inhibiting excitatory caudal NTS neurons relieves CP-related visceral pain
Finally, we utilized chemogenetics to reversibly, bidirectionally modulate the activity
of caudal NTS neurons in CP rats. We targeted both inhibitory and excitatory
designer receptors exclusively activated by designer drugs (hM4Di and hM3Dq
DREADD) [48] to excitatory caudal NTS neurons by injecting rAAV2/9-CaMKIIa-
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Figure 4

Figure 4 Trinitrobenzene sulfonic acid treatment upregulates the expression of N-methyl D-aspartate receptor subtype 2B and α-amino-3-hydroxy-5methyl-4-isoxazolepropionic acid receptor subtype 1 within the caudal nucleus tractus solitarius. A: Representative Western blots for NR2B and GluR1 within
the caudal nucleus tractus solitarius (NTS) on postoperative days (POD) 7, 14, and 28; B: The amount of NR2B within the caudal NTS was significantly increased on
POD 7, 14, and 28 after trinitrobenzene sulfonic acid (TNBS) treatment; C: The amount of GluR1 within the caudal NTS was significantly increased on POD 7, 14, and
28 after TNBS treatment; D: Representative Western blots for pNR2B and pGluR within the caudal NTS after TNBS treatment; E: The amount of pNR2B within the
caudal NTS was significantly increased after TNBS treatment; F: The amount of pGluR1 within the caudal NTS was significantly increased after TNBS treatment. n = 3
rats per each group, one-way ANOVA, aP < 0.05, bP < 0.01, cP < 0.001, TNBS vs sham. GluR1: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
subtype 1; NR2B: N-methyl-D-aspartate receptor subtype 2B; TNBS: Trinitrobenzene sulfonic acid.

hM3Dq/hM4Di-mCherry into the caudal NTS (Figure 7A and B). Behavioral results
showed that inhibiting excitatory caudal NTS neurons alleviated pancreatic
hyperalgesia while activating them exerted no significant effects on the AWT of CP
rats on POD 14 (13.67 ± 2.55 g in Gi group, 2.00 ± 1.37 g in Gq group and 2.36 ± 0.67 g
in mCherry group; n = 6 in each group; P < 0.01, Gi vs mCherry; Figure 7C). These
indicate an important role of excitatory caudal NTS neurons in the production of CPinduced visceral pain.

DISCUSSION
NTS and visceral pain
NTS is a second-order subnuclear complex processing gustatory and general
viscerosensory afferents in its rostral and caudal regions, respectively. Peripheral
visceral afferents terminate in topographically distinct regions of the NTS[49-51]. For
gastrointestinal inputs, vagal afferents from the upper digestive tract preferentially
terminate in the central subnucleus of the intermediate NTS, while those from the
subdiaphragmatic digestive tract target the SolM and SolC[50,52-54]. A growing body of
evidence using neural activation markers, such as Fos and phosphorylated
extracellular signal-regulated kinases, suggests that the NTS is activated upon acute
noxious gastrointestinal stimuli, as well as chronic ileitis pain[13-16,55,56]. Our previous
studies also showed the overexpression of Fos within the NTS, especially the SolM
and SolC, in both irritable bowel syndrome (IBS) and CMI related visceral pain[17,23]. In
accordance with these findings, we observed an increased number of Fos-expressing
neurons within the SolM and SolC in TNBS-treated rats, which provided
morphological evidence for the involvement of the NTS in CP-related visceral
pain[17,23].
Apart from the NTS, we observed that a series of brain areas exhibited elevated
expression of Fos during painful CP. Among these regions, the mPFC, ACC, IC, and
amygdala are involved in the emotional dimension of pain[57]; the PAG is the cardinal
region for descending pain modulation[58]; the PVT is a midline thalamic nucleus that
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Figure 5

Figure 5 Trinitrobenzene sulfonic acid treatment results in accumulation of postsynaptic N-methyl D-aspartate receptor subtype 2B and α-amino-3hydroxy-5-methyl-4-isoxazolepropionic acid receptor subtype 1 in the caudal nucleus tractus solitarius. A: Representative electron microscopy images
showing immune-gold particles labeled N-methyl-D-aspartate receptor subtype 2B (NR2B) distributed in an asymmetric synapse within the caudal nucleus tractus
solitarius (NTS) of sham (left) and chronic pancreatitis (CP) (right) rats; B: Percentage of NR2B particles in 150 nm bins as a function of distance from the nearest
edge of synapses; C: Averaged distances of NR2B from the edge of synapses of sham rats and CP rats; D: Representative electron microscopy images showing
immune-gold particles labeled GluR1 distributed in an asymmetric synapse within caudal NTS of sham (left) and CP (right) rats; E: Percentage of α-amino-3-hydroxy5-methyl-4-isoxazolepropionic acid receptor subtype 1 (GluR1) particles in 150 nm bins as a function of distance from the nearest edge of synapses; F: Averaged
distances of GluR1 from the edge of synapses of sham rats and CP rats. Bar = 250 nm in A and D. aP < 0.05, cP < 0.001, TNBS vs sham. Ax: Axon; Den: Dendrite;
GluR1: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor subtype 1; NR2B: N-methyl-D-aspartate receptor subtype 2B; TNBS: Trinitrobenzene sulfonic
acid.

encodes the affective and sensory components of pancreatic nociception[27]; and the
PBN is another crucial relay center for general visceral inputs [ 5 9 ] . Previous
morphological evidence demonstrated that the NTS sends direct projections toward
the PBN, PVT, and amygdala [60] , which may then recruit a broad cortical and
subcortical pain network, as well as the descending modulatory system for the
processing or modulation of visceral pain. These potential pathways merit further
investigations for understanding the neurocircuitry mechanisms of visceral pain.

Enhanced excitatory synaptic transmission within NTS during painful CP
The NTS is a major integrative center receiving peripheral cardiovascular, respiratory,
and gastrointestinal inputs[61]. Glutamatergic viscerosensory afferents enter via the
solitary tract and connect with second-order NTS neurons[62,63]. Our previous study
showed that the excitatory synaptic transmission within the NTS was enhanced in
chronic cardiac pain. In the present study, we also recorded second-order caudal NTS
neurons and observed that both the frequency and amplitude of the sEPSCs were
significantly increased in CP rats, suggesting that both presynaptic and postsynaptic
mechanisms may be involved.
VGluTs are selectively located in glutamatergic terminals, the content of which
changes under pathological states [18,64] . VGluT2-containing terminals are found
throughout the NTS, with VGluT1-positive terminals are mainly distributed within
the lateral NTS [37] . For vagal afferent fibers, cardiac vagal fibers mainly express
VGluT1 while other afferents predominantly express VGluT2 or both subtypes[65].
Herein, our biochemical results showed that the content of VGluT2 (expressed in
pancreatic afferents), instead of VGluT1 (irrelevant to pancreatic afferents),
significantly increased in CP rats, which may support our functional evidence
showing the increased frequency of sEPSCs within the NTS. One limitation here is
that the increased expression of VGluT2 may not only reflect the sensitization of vagal
primary afferents because VGluT2-containing terminals within the NTS also originate
from upper brain structures[18].
Among AMPAR subunits, GluR2-containing AMPARs are impermeable to Ca2+,
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Figure 6

Figure 6 Administration of 6-cyano-7-nitroquinoxaline-2,3-dione and amino-5-phosphonopentaoic acid into the caudal nucleus tractus solitarius alleviates
chronic pancreatitis induced visceral hypersensitivity. A: Schematic diagram of behavioral test; B: A representative section showing the site of cannula
implantation within the caudal nucleus tractus solitarius. Bar = 1 mm; C: Microinjection of 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) and amino-5phosphonopentaoic acid (AP-5), instead of saline, increases the abdominal withdraw threshold in chronic pancreatitis rats on postoperative day 14. n = 6 rats in saline
and CNQX-treated groups and 7 rats in AP5-treated group, one-way ANOVA, cP < 0.001, CNQX or AP5 groups vs saline group. AWT: Abdominal withdraw threshold;
CC: Central canal; CNQX: 6-cyano-7-nitroquinoxaline-2,3-dione; AP-5: Amino-5-phosphonopentaoic acid; TNBS: Trinitrobenzene sulfonic acid.

while GluR2-lacking AMPARs possess high Ca 2+ permeability [66] . It is welldocumented that both spinal and cortical GluR1 plays an important role in triggering
synaptic plasticity induced by chronic pain[67,68], which also holds true in the case of
the NTS. In accordance with our study[23], we also observed the upregulation and
postsynaptic recruitment of NTS GluR1, which may contribute to the postsynaptic
enhancement of the NTS during painful CP. In addition, emerging evidence has also
indicated structural and functional changes of GluR1 within the NTS in chronic
hypertension and hypoxia [21,22] . This evidence implicates the role of NTS AMPA
receptors in synaptic plasticity under pathological conditions.
The NMDAR is pivotal for triggering postsynaptic accumulation of GluR1 during
the induction of long-term potentiation within the cerebral cortex. NR2B is a
predominant subunit that determines the synaptic trafficking of the NMDAR and
plays an important role in learning memory and chronic pain[67,69]. Within the NTS, it
is reported that NR2B maintains synaptic transmission during high frequency
firing[70]. Our data herein showed the upregulation and membrane recruitment of
NR2B within the NTS in CP rats. Considering these findings, we speculated that
excessive glutamate release from sensitized pancreatic afferents triggers overactivation of NR2B and subsequent membrane trafficking of Ca2+-permeable GluR1;
the excessive calcium influx then initiates subsequent intracellular signaling pathways
to phosphorylate GluR1 and NR2B, which promotes their membrane trafficking and
long-term potentiation of NTS excitatory transmission. Another limitation of our
study is that we did not examine whether there are expression or post-modificational
changes of other glutamate receptor subunits in painful CP. The detailed signaling
mechanisms underlying the recruitment of NR2B and GluR1 also warrant further
investigations.

NTS as a viable therapeutic target for painful CP
The role of the NTS in visceral pain has been demonstrated in several rodent models.
For cardiac pain, both chemical lesion and pharmacological inhibition of NTS
glutamate receptors ameliorated acute or chronic cardiac pain [ 2 3 , 2 4 ] , while
microinjection of glutamate into the NTS facilitated acute inflammatory cardiac
pain [24] . Moreover, chemical NTS lesion also relieved peritonitis-related visceral
pain[71]. Our data herein showed both blocking excitatory synaptic transmission within
the NTS via CNQX and AP-5 and chemogenetic inactivation of excitatory NTS
neurons ameliorated visceral hypersensitivity in CP rats. However, chemogenetic
activation of NTS excitatory neurons did not aggravate visceral hypersensitivity in CP
rats. This may be because NTS excitatory neurons have reached their peak activity
under the condition of CP; thus, further enhancing their activity fails to elicit more
pain sensation. One limitation in our pain-evaluating method is that withdrawal
responses to pressure on the abdominal wall are an indirect marker of visceral
sensitization and do not necessarily implicate the pancreas itself[72]. Thus, measuring
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Figure 7

Figure 7 Inactivating excitatory neurons within the caudal nucleus tractus solitarius alleviates visceral hypersensitivity in rats with chronic pancreatitis. A:
The schematic diagram of behavioral experiment (left) and rAAV2/9-CaMKIIa-hM4Di/hM3Dq-mCherry construct (right); B: A representative image showing that the
expression of hM4Di-mCherry was confined within the commissure and medial nuclei of the caudal nucleus tractus solitarius (NTS). Bar = 0.4 mm. C: Inhibiting caudal
NTS excitatory neurons via i.p. clozapine-N-oxide injection significantly increases the abdominal withdraw threshold (AWT) in chronic pancreatitis rats, while activating
these neurons does not influence the AWT. n = 6 rats in mCherry, Gq, and Gi groups, one-way ANOVA. bP < 0.01, Gi vs mCherry. AWT: Abdominal withdraw
threshold; CC: Central canal; CNO: Clozapine-N-oxide; SolM: Nucleus of the solitary tract, medial part; SolC: Nucleus of the solitary tract, commissural part; Gr:
Gracile nucleus; TNBS: Trinitrobenzene sulfonic acid.

defensive behaviors induced by pancreas stimulation may be a better way to evaluate
the pain related to pancreatic neuropathy.
Current clinical treatment of painful CP relies on combination analgesic therapy,
such as opioids and gabapentin, which achieve desirable analgesic efficacy yet
inevitably severe adverse effects, such as drug addiction, emotional disorder, and
cognitive impairment[73,74]. Therefore, there is an urgent need for the development of
effective alternatives for painful CP. Our study supports the NTS as a major hub for
processing pancreatic pain, which may pave the way for therapeutics aiming at
modulating the activity of the NTS in the clinical remedy of refractory pancreatitis
pain. To the best of our knowledge, acupuncture at orofacial acupoints has been
applied clinically to treat visceral pain for a long time [75] , which is a result of
acupuncture-induced inhibition of NTS hyperactivity[76,77]. In addition, NTS activity
can be therapeutically modulated electrically via noninvasive transcutaneous vagus
nerve stimulation in the treatment of acute and chronic pain[78]. We are optimistic that
these neuromodulational approaches targeting at the NTS will tremendously benefit
patients suffering from painful CP.
In conclusion, we have provided morphological, biochemical, physiological, and
behavioral evidence showing that enhanced excitatory synaptic transmission within
the caudal NTS contributes to hyperalgesia during painful CP. Both presynaptic and
postsynaptic mechanisms are involved in this process. The data provided herein
deepen our understanding of central sensitization in pancreatic pain and supports the
NTS, apart from the thoracic spinal cord, as another important central site for the
processing of pancreatic pain, which may provide new clues for gastroenterologists
and pain physicians in the treatment of CP.

ARTICLE HIGHLIGHTS
Research background
Central sensitization plays a pivotal role in the maintenance of chronic pain induced by chronic
pancreatitis (CP). Previous studies concerning the central processing of painful CP usually center
on the spinal dorsal horn. However, much less focus has been directed on the nucleus tractus
solitarius (NTS), another primary central site for pancreatic afferents, during painful CP.
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Research motivation
We aimed to investigate the plastic changes of caudal NTS as well as its role in the development
of painful CP in rats.

Research methods
Chronic pancreatitis was established by intraductal injection of trinitrobenzene sulfonic acid
(TNBS) in rats. Abdomen mechanical hypersensitivity was assessed by von Frey filament test.
Then, immunohistochemical staining for Fos was performed to lay morphological evidence for
NTS activation during painful CP, while patch-clamp recordings were performed to explore the
changes of basic excitatory transmission of NTS in CP rats. Next, the expression of VGluT1,
NMDAR subunit NR2B, and AMPAR subunit GluR1 was analyzed by immunoblottings.
Membrane insertion of NR2B and GluR1 was evaluated by electron microscopy. Finally,
AMPAR antagonist CNQX or NMDAR antagonist AP-5 was microinjected into the NTS to block
the glutamatergic transmission on postoperative day (POD) 14 and then abdominal withdraw
threshold (AWT) was tested. Chemogenetic method was also utilized to activate or inhibit the
activity of excitatory NTS neurons on POD 14 and then AWT was tested.

Research results
TNBS treatment increased the number of Fos-expressing neurons within the caudal NTS. Both
the frequency and amplitude of sEPSC of second-order neurons within the caudal NTS were
substantially potentiated in CP rats. TNBS treatment upregulated the expression of VGluT2, and
enhanced the phosphorylation and postsynaptic trafficking of NR2B and GluR1 within the
caudal NTS. Blocking excitatory synaptic transmission increased the AWT of CP rats.
Chemogenetic inhibition of the excitability of excitatory NTS neurons also significantly
attenuated pancreatic hyperalgesia.

Research conclusions
These data suggest that both presynaptic and postsynaptic mechanisms contribute to the
enhanced excitatory transmission within the caudal NTS, which mediates visceral
hypersensitivity under the condition of painful CP.

Research perspectives
The results obtained deepen our understanding of central sensitization in pancreatic pain and
support the caudal NTS, apart from the thoracic spinal cord, as another important central site for
the processing of pancreatic pain, which may provide new clues for gastroenterologists and pain
physicians in the treatment of CP.
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Abstract
BACKGROUND
Direct-acting antiviral agents (DAAs) are extremely effective in eradicating
hepatitis C virus (HCV) in chronically infected patients. However, the protective
role of the sustained virologic response (SVR) achieved by second- and thirdgeneration DAAs against the onset of hepatocellular carcinoma (HCC) and
mortality is less well established.
AIM
To examine the occurrence of HCC or death from any cause in a retrospectiveprospective study of patients treated with DAAs.
METHODS
Patients were enrolled from a tertiary academic hospital center for liver disease
management that collects subject data mainly from northeastern Italy. The study
was conducted in 380 patients (age: 60 ± 13 years, 224 males, 32% with cirrhosis)
treated with DAAs with or without SVR (95/5%), with a median follow up of 58
wk (interquartile range: 38-117). The baseline anthropometric features, HCV viral
load, severity of liver disease, presence of extra-hepatic complications, coinfection
with HIV and/or HBV, alcohol consumption, previous interferon use, alphafetoprotein levels, and renal function were considered to be confounders.
RESULTS
The incidence rate of HCC in patients with and without SVR was 1.3 and 59 per
100 person-years, respectively (incidence rate ratio: 44, 95%CI: 15-136, P < 0.001).
Considering the combined endpoint of HCC or death from any cause, the hazard
ratio (HR) for the SVR patients was 0.070 (95%CI: 0.025-0.194, P < 0.001). Other
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independent predictors of HCC or death were low HCV viremia (HR: 0.808, P =
0.030), low platelet count (HR: 0.910, P = 0.041), and presence of mixed
cryoglobulinemia (HR: 3.460, P = 0.044). Considering SVR in a multi-state model,
the independent predictors of SVR achievement were absence of cirrhosis (HR:
0.521, P < 0.001) and high platelet count (HR: 1.019, P = 0.026). Mixed
cryoglobulinemia predicted the combined endpoint in patients with and without
SVR (HR: 5.982, P = 0.028 and HR: 5.633, P = 0.047, respectively).
CONCLUSION
DAA treatment is effective in inducing SVR and protecting against HCC or death.
A residual risk of HCC persists in patients with advanced liver disease or with
complications, such as mixed cryoglobulinemia or renal failure.
Key words: Direct-acting antiviral agents; Hepatitis C virus; Mixed cryoglobulinemia;
Sustained virologic response; Cirrhosis; Survival analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The protective role of a sustained virologic response (SVR) achieved by directacting antiviral agents (DAAs) against the chronic consequences of hepatitis C virus
(HCV) infection is not well established. We examined the occurrence of hepatocellular
carcinoma (HCC) or death from any cause in a retrospective-prospective study at our
tertiary academic hospital center for liver disease management. We confirmed that DAA
treatment is very effective in inducing SVR in HCV-infected patients and in protecting
patients against HCC development or death. However, a residual risk of HCC persists,
particularly in patients with advanced liver disease or with extra-hepatic HCV-related
complications.
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection is highly prevalent in many areas of the
world and, because of its serious associated hepatic and extrahepatic complications, it
constitutes an important burden for the global health system[1]. Chronic HCV infection
can cause both liver disease [cirrhosis and hepatocellular carcinoma (HCC)] and
extrahepatic diseases (lymphomas, vasculitis, progressive renal failure) that could
lead to patient death[2]. The classic treatment of HCV infection with interferon-based
regimens has shown a low efficacy in eradicating HCV infection, particularly in
patients with a high grade of liver fibrosis, and cannot be offered to patients with
more severe liver disease or several comorbidities due to multiple severe adverse
effects[3,4].
New interferon-free therapies based on combinations of direct-acting antiviral
agents (DAAs) have progressively improved HCV eradication, granting a sustained
virologic response (SVR) in more than 95% of patients with fewer adverse effects than
those treated with interferon therapy [5] . However, HCV eradication following
treatment with DAAs has not provided clear evidence of a beneficial effect in
reducing HCC development in the short term or death in those without advanced
liver disease[6]. In fact, some studies have suggested an increased prevalence of early
HCC recurrence after treatment with DAAs in patients with a previously cured
HCC[7,8].
In Italy, the prevalence of HCV infection is among the highest in Western Europe,
reaching 2% of seropositivity and a chronic viremic rate close to 73%[1]. According to
the European Medicines Agency guidelines[9], DAAs have been approved by the
Italian Medicines Agency (AIFA) since 2014, and they have been made available for
HCV-infected patients with advanced liver fibrosis or with significant HCV-related
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extrahepatic complications. Since 2017, the treatment has been extended to patients
with less advanced liver disease.
In this study, we characterized chronic HCV-infected patients and, after treatment
with second- and third-generation interferon-free DAA regimens, we followed the
patients for a median of 58 weeks. The aim of this study was to retrospectively
analyze the predictors of both SVR and new occurrence of HCC or death after
interferon-free DAA treatment. For this purpose, we have used the classic survival
analysis and a more sophisticated multi-state survival model where SVR achievement
was introduced as a time-dependent variable.

MATERIALS AND METHODS
Patients of any age, sex, and race included in the Registry of Drug Monitoring for
DAA use were considered for inclusion in this retrospective study, and the enrollment
period lasted from January 2015 to January 2019. The patients were enrolled from a
tertiary academic hospital center for liver disease management that collects subject
data mainly from northeastern Italy. Patients were included if they had documented
HCV chronic viremia and criteria for using DAAs according to the recommendations
of the AIFA (Table S1 of the supplemental material) and the European Association for
the Study of the Liver (EASL)[10,11]. Patients were excluded from the analysis if, after
inclusion, they did not start DAA therapy or did not complete DAA treatment for
reasons other than adverse effects. Patients were also excluded if they had incomplete
data or were lost to follow up. The names of the DAAs used are specified in
Table S2 of the supplemental material.
Some patients in the study had been previously treated with interferon-based
regimens without achieving SVR or with adverse effects that precluded the
continuation of therapy. These patients were subsequently treated with interferonfree DAAs and were included in the study. The choice of DAAs was made according
to the EASL guidelines and under the surveillance of two expert hepatologists.
Second- and third-generation DAAs were used with or without ribavirin according to
the HCV genotype and inclusion criteria. Treatment was continued for 12 wk, and
SVR was defined as undetectable HCV RNA at 12 and 24 wk after the end of therapy.
Those patients who did not achieve SVR after 12 wk or did not maintain SVR after 24
wk were considered “nonresponders” or “relapsers”, respectively, and were treated
again with different genotype-specific DAAs for another 12 wk (rescue treatment). If
the first or rescue treatment with DAAs achieved SVR at 12 and 24 wk, the patients
were considered “responders”; otherwise, the patients remained “nonresponders”.
Liver fibrosis was assessed by either liver biopsy or transient elastography
(FibroScan TM ® , EchoSens TM , Paris, France), and the results were converted to a
Metavir score[12]. Cirrhosis was determined by the presence of suggestive clinical signs
(altered serum aminotransferases levels, platelet counts, coagulation parameters,
gamma-glutamyl-aminotransferase levels, total bilirubin levels, and serum albumin
levels) and/or the presence of signs of portal hypertension (ultrasound splenomegaly
and endoscopic esophageal or gastric varices), and a Metavir score of F4 (or
corresponding Ishak)[13], or a liver stiffness measured by transient elastography higher
than 14.5 kPa. Patients with cirrhosis were ranked by the Child-Turcotte-Pugh and
MELD scores[14].
All patients were evaluated before starting DAAs and every 3 mo for 1 year by
clinical, biochemical, and ultrasound examinations. Thereafter, the follow up was
established according to hepatic disease severity. Regular medical controls varied
from every 1 to 6 mo per patient. At baseline, we collected general clinical
characteristics, anthropometric variables, and hemochromocytometric and
coagulation parameters and assessed liver and kidney functions, plasma glucose and
alpha-fetoprotein levels and the presence of cryoglobulins. The body mass index was
calculated as the body weight divided by the squared height in meters. The
glomerular filtration rate was estimated by the Modification of Diet in Renal Disease
study equation with 4 variables. The presence of diabetes was documented according
to the intake of oral antidiabetic agents and/or the administration of insulin therapy
or by fasting blood glucose higher than 125 mg/dL on two separate days. Alcohol
consumption was considered when the intake was equal to or greater than 20 g/d of
ethanol for both sexes.
The presence of HCC was suspected by ultrasound examination and/or elevated
alpha-fetoprotein levels (> 400 ng/mL) and was confirmed by contrast-enhanced
computed tomography (CT) or magnetic resonance imaging (MRI). When doubts
persisted, CT-guided liver biopsy was performed. Patients with HCC were staged
according to the Barcelona Clinic Liver Cancer system and were treated, whenever
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appropriate, by surgical resection according to the Milan criteria[15,16]. Unresectable
HCC was treated by liver transplantation, percutaneous lesion radiofrequency or
ethanol ablation, or trans-arterial chemoembolization. Patients with HCV viremia and
previous HCC that had been treated by surgical resection, liver transplantation, or
radical local ablation were considered cured after radiological confirmation (complete
radiological response). These patients were treated with DAAs after confirmation of
the complete radiological response according to the Italian guidelines and were
included in the study. During the follow up, the occurrence of de-novo (new) HCC or
death from any cause was registered for all patients until the end of the study. The
patient data and informed consent were collected according to Italian laws on
observational retrospective studies and the Italian Data Protection Authority. The
study was approved by the Institutional Review Board of the University of Udine.

Laboratory and radiological methods
HCV infection was suspected by the detection of serologic anti-HCV antibodies using
a standard immunoassay and was confirmed by the measurement of viremia using
quantitative RNA analysis (Abbott RealTime HCV, Abbott, Rungis, France). HIV and
HBV coinfections were evaluated by standard methods in all HCV-positive patients.
The genotype of HCV was established by NS5b gene sequencing [17] . Blood and
coagulation variables, plasma aminotransferases, gamma-glutamyl-aminotransferase,
alkaline phosphatase, total bilirubin, creatinine, and glucose levels were assessed by
automated laboratory methods. The prothrombin time was normalized using
standard plasma and was expressed as the international normalized ratio (INR).
Plasma albumin was measured using a colorimetric method (ALB2; Roche cobas®)
and an automated system (Roche/Hitachi Cobas c 701, Roche Diagnostics GmbH,
Mannheim). Cryoglobulins were assessed at baseline according to Vermeersch et al[18].
Specifically, the blood was clotted for 1 h, and the serum was separated by
centrifugation at 37 °C and refrigerated at 4 °C to allow cryoglobulin precipitation
(cryocrit) over 7 d. The cryoglobulin protein concentration was measured by
spectrophotometry, and the proteins were characterized after rewarming at 37 °C
using an immunologic assay. Only type II or III mixed cryoglobulinemia (MC) was
considered potentially linked to HCV infection[2]. We considered a cryocrit greater
than 1% to be clinically significant. The plasma alpha-fetoprotein level was measured
using an immunoenzymatic chemiluminescence method.
Contrast-enhanced CT and MRI examinations to assess upper abdomen organs
were performed by standardized methods using a 64-row multidetector CT scanner
(Discovery HD 750, GE Healthcare, Milwaukee, WI, United States) and a 3.0-T magnet
using a 32-channel surface coil (Achieva, Philips Medical System, Best, the
Netherlands), respectively. Liver biopsies were evaluated by an expert liver
histopathologist.

Statistical methods
The data are presented as the means ± standard deviation or medians [interquartile
range (IQR)] when appropriate. The normal distribution of variables was assessed by
histogram analysis and the Shapiro-Wilks test for normality. Skewed variables were
log transformed to achieve a normal distribution. Proportions were presented as
counts (%). The mean difference was assessed by student’s t-test or by the
nonparametric Wilcoxon-Mann-Whitney test when appropriate. Proportions were
analyzed as contingency tables, and differences were assessed by Fisher’s exact test.
Correlation analysis was performed by calculating the Pearson’s correlation
coefficient. The variance in the continuous variables across factor levels was assessed
by one-way analysis of variance (ANOVA), and Tukey’s method was used to correct
for multiple comparisons. The incidence rate and incident rate ratio with 95%CIs were
calculated as measures of incidence and for comparative purposes (analyzed by a chiSquared test). Kaplan-Meier curves with a 95%CI and frequency tables were used to
represent the event rates over time, and the nonparametric log-rank test was used to
assess significant differences. Factors associated with the event rate were analyzed by
Cox’s proportional hazards analysis in univariate and multivariate models, and the
results were expressed as hazard ratios (HRs) at 95%CIs. To analyze the predictors of
SVR achievement and the predictors of HCC or death occurrence with or without SVR
achievement, multi-state analysis with 3 states (Figure 1) was conducted. In this
model, SVR was considered as a time-dependent variable, and Cox’s proportional
hazards were measured for each of the 3 state transitions using a clock-forward
approach in a Markov chain model (Cox-Markov model)[19]. The multi-state CoxMarkov model is an extension of the classical survival analysis; with this model, we
investigated the effect of different baseline cofactors for each disease state[20].
Multivariate model selection was assessed by the evaluation of the best model
starting from a model that included age and sex and considered all other variables
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Figure 1

Figure 1 Multi-state transition model. DAAs: Direct-acting antiviral agents; SVR: Sustained virologic response;
HCC: Hepatocellular carcinoma.

with univariate statistical or biological relevance by a stepwise forward approach
based on the Akaike information criterion[21]. For statistical analysis, we used software
R (The R Foundation for Statistical Computing, Vienna, Austria, version 3.5.2) using
the “epiR” (version 0.9-99), “survival” (version 2.43-3), “mstate” (version 0.2.11), and
“MASS” (version 7.3-51.1) packages[22].

RESULTS
The study cohort comprised 399 patients who were prescribed interferon-free DAAs.
Two of the patients did not initiate DAAs because of alcohol abuse or decompensated
cirrhosis, two patients did not complete DAA treatment because they did not comply
with the therapy, and 15 patients were lost to follow up or had incomplete data. The
remaining 380 patients were included in the analysis. Cirrhosis was diagnosed in 122
patients before starting DAA treatment. Eight patients had a previous diagnosis of
HCC that was cured by orthotopic liver transplantation in six patients, and by
surgical resection or percutaneous radiofrequency in the remaining two patients. We
observed no significant interactions between DAAs and immunosuppressive agents
that led us to modify the dose or drug type. The frequencies of the different
interferon-free DAAs used and the genotypes of HCV are reported in
Supplemental Tables S2 and S3, respectively. DAA treatment was effective in 362
patients (95%), and the overall incidence rate of HCC was 3.2 per 100 person-years.
The incidence rate of HCC in patients who did not achieve SVR was 59 per 100
person-years, whereas it was 1.3 per 100 person-years in those with SVR (incidence
rate ratio: 44, 95%CI: 15-136, P < 0.001). Five patients interrupted DAA treatment for
adverse events, 1 in the group with SVR and 4 in the group without SVR (P < 0.001).
The frequency of different adverse events reported during treatment is presented in
Supplemental Table S4.
At baseline, the patients with SVR had a higher HCV viral load, platelet count, and
plasma albumin levels than the patients without SVR, and the patients with SVR a
lower occurrence of previous HCC, prevalence of cirrhosis, relapse of HCV infection
after initial DAA treatment, and lower Metavir scores, INR, and plasma alphafetoprotein levels (Table 1) than the patients without SVR. Patients who developed
HCC during the follow up after DAA therapy had, at baseline, a higher occurrence of
previous HCC, relapse of HCV infection after initial DAA treatment, presence of
plasma cryoglobulins, higher Metavir score, and prevalence of cirrhosis, INR, and
plasma alpha-fetoprotein levels; these patients also had a lower HCV viral load,
plasma albumin levels, and platelet count than patients without HCC (Table 1).
The baseline age, sex, BMI, alcohol intake, presence of diabetes, renal function, use
of ribavirin in association with DAAs, previous use of interferon and plasma total
bilirubin levels were not associated with the achievement of SVR or the development
of HCC (Table 1). Although a different proportion between the type of inclusion
criteria and presence of HCC was observed, no differences were seen between the
inclusion criteria and SVR and between the HCV genotype and presence of SVR or
HCC (Supplemental Table S3), whereas a difference in the proportion between the
DAAs used and the presence of SVR or HCC was observed (P = 0.010 and P < 0.001,
respectively; Supplemental Table S2). DAA treatment induced SVR similarly in
patients who had previously used interferon and in those who had not, at rates of
94.8% and 95.5%, respectively. HCC developed in 5.8% or 3.7% of patients who had
used interferon or not previously, respectively. The differences between these groups

WJG

https://www.wjgnet.com

6098

October 28, 2019

Volume 25

Issue 40

Colussi G et al. HCC or death after DAA treatment

Table 1 Characteristics of the patients treated for hepatitis C virus infection with direct-acting antiviral agents according to the sustained
virologic response and hepatocellular carcinoma development during follow up
Variable

All patients (n = 380) No SVR (n = 18) SVR (n = 362) P value No HCC (n = 363) HCC (n = 17)

P value

Age (yr)

60 ± 13

62 ± 10

59 ± 13

NS

59 ± 13

61 ± 9

NS

Male, n (%)

224 (58.9)

14 (77.8)

210 (58.0)

NS

213 (58.7)

11 (64.7)

NS

BMI (kg/m2)

24.9 ± 3.7

24.6 ± 2.7

24.9 ± 3.7

NS

24.9 ± 3.7

24.2 ± 3.2

NS

Alcohol use, n (%)

17 (4.5)

2 (11.1)

15 (4.1)

NS

16 (4.4)

1 (5.9)

NS

Diabetes, n (%)

48 (12.6)

4 (22.2)

44 (12.1)

NS

44 (12.1)

4 (23.5)

NS

Plasma creatinine (mg/dL)

0.86 ± 0.24

1.03 ± 0.42

0.86 ± 0.23

NS

0.86 ± 0.24

0.97 ± 0.30

NS

eGFR (mL/min/1.73 m2)

87 ± 25

91 ± 18

87 ± 25

NS

87 ± 25

86 ± 16

NS

HCV viremia (n × 103)

956 (203-2944)

297 (47-1442)

977 (219-3059)

0.033

967 (219-3049)

244 (36-1864)

NS

HIV coinfection, n (%)

8 (2.1)

0

8 (100)

-

8 (100)

0

-

Previous use of interferon, n (%) 137 (36.0)

7 (38.9)

130 (35.9)

NS

129 (35.5)

8 (47.1)

NS

Use of ribavirin association, n
(%)

89 (23.4)

5 (27.8)

84 (23.2)

NS

84 (23.1)

5 (29.4)

NS

SVR, n (%)

362 (95.3)

-

362 (100)

-

355 (97.8)

10 (58.8)

< 0.001

Time to SVR (wk)

12 (12-13)

-

12 (12-13)

-

12 (12-12)

15 (13-23)

< 0.001

HCV relapse, n (%)

20 (5.3)

12 (66.7)

8 (2.2)

< 0.001

13 (3.6)

7 (41.2)

< 0.001

Mixed cryoglobulinemia, n (%)

35 (9.2)

4 (22.2)

31 (8.6)

NS

30 (8.3)

5 (29.4)

0.014

General clinical characteristics

HCV infection-related variables

Liver structure and function variables
Metavir score

2.6 ± 1.2

3.7 ± 0.6

2.6 ± 1.2

< 0.001

2.6 ± 1.2

3.9 ± 0.3

< 0.001

Cirrhosis, n (%)

122 (32.1)

14 (77.8)

108 (29.8)

< 0.001

107 (29.5)

15 (88.2)

< 0.001

Plasma albumin (g/L)

41.0 ± 5.4

37.6 ± 6.3

41.2 ± 5.3

0.027

41.4 ± 5.4

38.7 ± 5.0

0.047

Plasma total bilirubin (g/dL)

0.79 ± 0.41

0.92 ± 0.50

0.78 ± 0.41

NS

0.78 ± 0.41

0.94 ± 0.47

NS

Plasma alpha-fetoprotein
(ng/mL)

4.10 (2.87-7.10)

6.30 (5.20-8.70)

4.10 (2.75-7.05)

0.012

4.10 (2.70-6.80)

8.00 (4.95-10.80) 0.001

Platelet count (n × 103/mL)

167 ± 67

114 ± 67

170 ± 66

0.003

170 ± 66

98 ± 62

< 0.001

INR

1.05 ± 0.12

1.14 ± 0.19

1.04 ± 0.11

0.038

1.05 ± 0.11

1.17 ± 0.17

0.013

Previous HCC, n (%)

8 (2.1)

3 (16.7)

5 (1.4)

0.004

5 (1.4)

3 (17.6)

0.004

HCC, n (%)

17 (4.5)

10 (55.5)

7 (1.9)

< 0.001

-

17 (100)

-

Time to HCC (wk)

26 (17-65)

25 (12-57)

40 (25-63)

NS

-

26 (17-65)

-

Death, n (%)

8 (2.1)

3 (16.7)

5 (1.4)

0.004

4 (1.1)

4 (23.5)

< 0.001

Time to death (wk)

65.5 (50.5-126.8)

40 (28-79)

76 (55-150)

NS

65 (55-95)

79 (34-127)

NS

HCC-related variables

HCV: Hepatitis C virus; SVR: Sustained virologic response; HCC: Hepatocellular carcinoma; BMI: Body mass index; eGFR: Estimated glomerular filtration
rate; NS: Not significant; INR: International standardized ratio; HIV: Human immunodeficiency virus.

were not significant. Three of eight patients with a previously cured HCC showed
recurrence of HCC, and all 3 of these patients did not achieve SVR after DAA
treatment. The remaining 5 patients achieved SVR and did not develop HCC. The log
of the HCV viral load was directly associated with the log of the platelet count (P =
0.014), and a significant difference was found between the log HCV viral load across
Metavir scores (P = 0.014); specifically, the viral load in the Metavir F4 score was
significantly lower than that in the F3 score (P = 0.032 after Tukey’s correction). An
inverse relationship was found between the platelet count across Metavir scores (P <
0.001).
Patients with MC were more frequently of the female sex (95% vs 83%, P < 0.001),
older (64 ± 10 vs 59 ± 13 years, P = 0.005), and with a worse renal function (eGFR 79 ±
24 vs 88 ± 25 mL/min/1.73 m2, P = 0.039) than patients without MC at baseline. No
association was found between MC and the Metavir score, presence of cirrhosis,
platelet count, albumin levels or INR. HIV coinfection was not associated with SVR or
HCC. No HBV coinfection was detected in all included patients.
The effect of SVR on the combined endpoint of a new HCC occurrence or death
from any cause during the follow up is represented by Kaplan-Meier curves in Figure
2. In a median follow up of 58 wk (IQR 38-117), the patients with SVR had a higher
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survival rate free from HCC than patients who did not achieve SVR (HR: 0.035,
95%CI: 0.015-0.084, P < 0.0001, Figure 2). In classical Cox’s multivariate proportional
hazards analysis, the factors that best and independently predicted the combined
endpoint were the log of HCV viremia (HR: 0.808, 95%CI: 0.666-0.980, P = 0.030),
platelet count (HR: 0.910, 95%CI: 0.831-0.996, P = 0.041), presence of MC (HR: 3.460,
95%CI: 1.035-11.56, P = 0.044), and presence of SVR (HR: 0.070, 95%CI: 0.025-0.194, P <
0.001). The predictors were independent of age, sex, renal function, and presence of
cirrhosis (Table 2). In Figure 3, we reported the independent effect of both the SVR
and MC status on the combined endpoint of HCC or death from any cause. The effect
of the presence of cirrhosis on the combined end-point by SVR achievement is
represented in Figure S1 of the supplemental material.
Since the baseline hazards did not satisfy the proportional hazards assumption in
the multi-state Cox-Markov model, we used stratified hazards instead of proportional
hazards to assess baseline hazards for each separate state transition, as shown in
Figure 1 (Table 3). The analysis showed that the best and independent predictors of
SVR achievement (transition 1→2) were the absence of cirrhosis (HR: 0.521, 95%CI:
0.404-0.672, P < 0.001) and higher platelet count (HR: 1.019, 95%CI: 1.002-1.036, P =
0.026); the predictor of HCC or death in patients who did not achieve SVR (transition
1→3) was the presence of MC (HR: 5.633, 95%CI: 1.022-31.05, P = 0.047); and the
predictors of HCC or death of patients who achieved SVR (transition 2→3) were the
presence of MC (HR: 5.982, 95%CI: 1.217-29.41, P = 0.028), lower platelet count (HR:
0.958, 95%CI: 0.939-0.979, P < 0.001), and lower eGFR (HR: 0.948, 95%CI: 0.915-0.985, P
= 0.005).

DISCUSSION
In this study, HCV-infected patients who achieved SVR after DAA treatment had a
significantly higher survival rate free from new HCC occurrence and a lower rate of
death from any cause than patients who did not achieve SVR. This association was
strongly independent of confounders in a classical survival model where the presence
of SVR was considered a baseline variable together with age, sex, HCV viremia,
presence of cirrhosis, MC, platelet count, and renal function.
Although SVR achievement using interferon-based regimens is a predictor of HCCfree survival[23], similar evidence is less clear for DAAs. Different retrospective studies
have reported that treatment with these agents did not reduce the incidence of HCC[7]
but can even increase the risk of early HCC recurrence after treatment[7,8]. Conversely,
other studies with larger samples have suggested a strong beneficial effect of SVR on
both the occurrence and recurrence of HCC[24-27]. Our study demonstrated that the
achievement of SVR is robustly associated with a better HCC-free survival than a lack
of SVR and is independent of previous interferon-based regimen use. However, the
lack of a control group precluded the possibility of testing whether DAA treatment
per se can be a risk factor for HCC development, although the overall observed HCC
incidence rate was similar to that in previous studies with different HCV treatments[6].
Notably, it should be considered that patients with fibrosis > F2 (Metavir) or cirrhosis
that achieved SVR after DAA treatment should still need surveillance for their
residual risk to develop HCC[28].
SVR is a condition more frequently achieved in HCV-infected patients with a lower
grade of liver fibrosis and less advanced hepatic disease. Patients with cirrhosis
and/or a decompensated liver disease are less prone to achieve SVR, and these
patients are also those with the highest probability of developing HCC and dying due
to several causes[29]. Additionally, in our study, the predictors of SVR achievement
were a low Metavir score or the absence of cirrhosis and a high platelet count,
indicating the expression of less advanced liver disease. In addition, in patients who
achieved SVR, the signs of portal hypertension and impaired renal function, such as
the markers of advanced liver disease, are independent predictors of HCC
development and death from any cause. This is an important point, since the use of
DAAs was only recently approved in Italy for HCV patients with less advanced
hepatic disease. In those low-risk patients, the efficacy of HCV eradication on the
prevention of HCC was indeed more pronounced. This extension of DAAs use is
expected to significantly reduce the HCV epidemic and the global burden of HCVrelated complications.
In our study, a low baseline viral load was a predictor of HCC development or
death from any cause. This point has been explored by Duvoux et al[30] who evaluated
the HCV viral load in 3 groups of patients with chronic HCV infection: (1) Without
cirrhosis; (2) With compensated cirrhosis; and (3) With end-stage cirrhotic disease
waiting for liver transplantation[30]. The HCV viral load was significantly lower in
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Table 2 Cox’s proportional hazards analysis for the combined endpoint of hepatocellular
carcinoma occurrence or death from any cause
Univariate analysis

Multivariate analysis

Variable

HR (95%CI)

P value

HR (95%CI)

P value

Age (yr)

1.003 (0.968-1.040)

0.862

1.008 (0.958-1.060)

0.760

Male (no/yes)

1.334 (0.538-3.308)

0.534

2.492 (0.683-9.089)

0.167

HCV viremia (log n)

0.811 (0.698-0.944)

0.007

0.808 (0.666-0.980)

0.030

Cirrhosis (no/yes)

9.259 (2.705-31.70)

< 0.001

3.392 (0.861-13.37)

0.081

Platelet count (n × 10 /mL)

0.806 (0.735-0.885)

< 0.001

0.910 (0.831-0.996)

0.041

eGFR (10 mL/min/1.73 m2)

0.935 (0.780-1.122)

0.473

0.774 (0.596-1.005)

0.055

Mixed cryoglobulinemia (no/yes)

4.522 (1.822-11.23)

0.001

3.460 (1.035-11.56)

0.044

SVR (no/yes)

0.035 (0.015-0.084)

< 0.001

0.070 (0.025-0.194)

< 0.001

4

HCV: Hepatocellular C virus; SVR: Sustained virologic response; HR: Hazard ratio; CI: Confidence interval;
eGFR: Estimated glomerular filtration rate.

end-stage cirrhosis disease than in the other groups and, more interestingly, the viral
load increased after liver transplantation. This inverse relationship occurred despite
the HCV genotype. The authors concluded that HCV replication is lower in end-stage
cirrhotic disease because of a reduced hepatocyte mass and/or an impaired cell-to-cell
virus transmission probably due to extensive liver fibrosis[30]. These HCV chronic
patients were also those with the lowest probability of achieving SVR and highest risk
of developing HCC or dying from any cause. In our study, the inverse association
between the HCV viral load and severity of liver disease has been suggested by the
indirect relationship between the viral load and Metavir score, and the direct
relationship between the viral load and platelet count. However, the role of HCV
viremia as a predictive factor of HCC development or mortality in cirrhotic patients
remains controversial[31].
Interestingly, we also observed that the baseline presence of an MC predicted the
probability of developing HCC or dying from any cause independently of SVR
achievement. Asymptomatic or symptomatic MC is associated with HCV viral
infection by mechanisms that are not well understood. Generally, stimulation of the Blymphocyte system by HCV facilitates the development of immortalized B-cell clones
releasing IgM with rheumatoid factor activity and the formation of
immunocomplexes between immunoglobulins and HCV molecular components that
precipitate in plasma below 37 °C. These immunocomplexes activate complement,
inducing vascular inflammation that leads to vascular inflammation and
cryoglobulinemic syndrome[32]. It is not clear how the presence of cryoglobulinemia
could influence SVR achievement and/or HCC development. The study of Passerini
et al[33] showed no difference in SVR achievement at 12 wk after DAA treatment
between HCV patients with and without serum cryoglobulins; however, a previous
meta-analysis of 19 observational studies, with more than 2000 patients enrolled,
demonstrated that the development of cirrhosis was 5 times as frequent in patients
with MC as in those without (OR: 4.90, 95%CI: 3.32-7.15)[34]. Paradoxically, the longterm prospective study of Lauletta et al [ 3 5 ] showed that the presence of a
cryoglobulinemic syndrome is an independent protective factor against the
development of both cirrhosis and HCC, although no difference was found in the
overall survival between patients with or without cryoglobulins in 15 years of
observation[35]. Nevertheless, the prevalence of MC in our study was lower than that
expected from previous studies (40%-60%)[33], likely because of our elevated cut-off
point for MC diagnosis that could have led us to underestimate low-grade MC[18].
This study has several limitations that need to be highlighted. First, we included all
patients who had been treated with DAAs at a single center, without selection criteria
to increase the sample size and improve the statistical power of the study. However,
the study population was heterogeneous, and several unknown confounders could
have influenced the results. Thus, we have used statistical adjustments in inferential
methods and performed multivariate analyses with significant and clinically
important confounders, factoring in such heterogeneity as much as possible. Second,
we had a low incidence of events and a low median observational time. This low
incidence is because we included only HCV patients treated with second- and thirdgeneration DAAs that were introduced in Italy only recently. This point is important
because the low outcome rate together with the elevated SVR achievement rate could
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Figure 2

Figure 2 Kaplan-Meier curves and risk table representing survival free of hepatocellular carcinoma or death from any cause according to sustained
virologic response to hepatitis C virus direct-acting antiviral agents. Plain areas represent the 95% confidence interval. P value by the nonparametric log-rank
test. SVR: Sustained virologic response; HCC: Hepatocellular carcinoma.

have limited the power of our multi-state Cox-Markov analysis to confirm a
protective effect of SVR on HCC development and mortality. On the other hand, the
strength of our study is that the use of a multi-state Cox-Markov model has permitted
us to explore more deeply the relationships of the baseline variables with events in
each different disease state, which is not possible with a classical survival Cox model.
Third, the lack of a control group did not permit exploration of the hypothesis of
DAAs as a potential risk factor for HCC development; however, this investigation
was not among the aims of the study. Fourth, the follow up interval could be
relatively short for HCC development, at least in a general population of HCVinfected patients. However, because the national guidelines limits DAA prescription
to patients with advanced or complicated liver disease (Table S1 of supplemental
material), we necessarily treated patients with a high risk of developing HCC in a
shorter period.
In conclusion, we confirmed that DAA treatment is highly effective in eradicating
HCV infection, and this eradication occurs more frequently in patients with less
advanced liver disease. In addition, HCV-infected patients who achieved SVR after
DAA treatment have a higher survival free from new HCC occurrence or death from
any cause than patients who did not achieve SVR. In a classical survival model, this
association was strongly independent of confounders.
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Table 3 Multi-state Cox-Markov stratified hazards model for transitions in Figure 1
Variable

HR

95%CI

P value

Age (yr)

0.997

0.989-1.005

0.493

Male (no/yes)

0.789

0.615-1.013

0.062

HCV viremia (log n)

0.983

0.940-1.029

0.470

Cirrhosis (no/yes)

0.521

0.404-0.672

< 0.001

Mixed cryoglobulinemia (no/yes)

0.755

0.520-1.098

0.141

Platelet count (n × 10 /mL)

1.019

1.002-1.036

0.026

eGFR (10 mL/min/1.73 m2)

1.003

0.998-1.008

0.235

Age (yr)

0.975

0.912-1.043

0.466

Male (no/yes)

2.040

0.249-16.74

0.507

HCV viremia (log n)

0.771

0.589-1.009

0.058

Cirrhosis (no/yes)

5.704

0.620-52.51

0.124

Mixed cryoglobulinemia (no/yes)

5.633

1.022-31.05

0.047

Platelet count (n × 104/mL)

0.928

0.981-1.005

0.229

eGFR (10 mL/min/1.73 m2)

1.007

0.970-1.045

0.726

Age (yr)

1.019

0.945-1.098

0.625

Male (no/yes)

3.613

0.692-18.88

0.128

HCV viremia (log n)

0.972

0.715-1.321

0.857

Cirrhosis (no/yes)

2.720

0.479-15.44

0.259

Mixed cryoglobulinemia (no/yes)

5.982

1.217-29.41

0.028

Platelet count (n × 104/mL)

0.958

0.935-0.982

< 0.001

eGFR (10 mL/min/1.73 m2)

0.948

0.915-0.985

0.005

Transition 1→2

4

Transition 1→3

Transition 2→3

HCV: Hepatitis C virus; HR: Hazard ratio; CI: Confidence interval; eGFR: Estimated glomerular filtration rate.

Figure 3

Figure 3 Kaplan-Meier curves and risk table representing survival free of hepatocellular carcinoma or death from any cause according to the presence of
mixed cryoglobulinemia and sustained virologic response to hepatitis C virus direct-acting antiviral agents.P value by nonparametric log-rank test. +: with; -:
without; MC: Mixed cryoglobulinemia; SVR: Sustained virologic response; HCC: Hepatocellular carcinoma.
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ARTICLE HIGHLIGHTS
Research background
Direct-acting antiviral agents (DAAs) are extremely effective in eradicating hepatitis C virus
(HCV) in chronically infected patients. However, the protective role of a sustained virologic
response (SVR) achieved by second- and third-generation DAAs against the onset of
hepatocellular carcinoma (HCC) and mortality is less well established.

Research motivation
The main topic of this study was to establish the effectiveness of new generations of DAAs to
induce SVR and to prevent HCC development or mortality in HCV-infected patients. These
patients were characterized by an elevated risk for HCC because of their advanced or
complicated liver disease. The strength of this study was the use of a multi-state Cox-Markov
model. This model permitted us to explore more deeply the relationships of baseline variables
with events in each different disease state. This last approach is not possible with a classical
survival Cox model.

Research objectives
The aim of this study was to examine HCC occurrence or death from any cause in a
retrospective-prospective study of patients treated with DAAs and to identify potential
predictors of SVR achievement and HCC development.

Research methods
The patients were enrolled from a tertiary academic hospital center for liver disease management
that collects subject data mainly from northeastern Italy. The study was conducted using 380
patients (age: 60 ± 13 years, 224 males, 32% with cirrhosis) treated with DAAs with or without
SVR (95/5%), with a median follow up of 58 wk (interquartile range: 38-117). The baseline
anthropometric features, HCV viral load, severity of liver disease, presence of extra-hepatic
complications, coinfection with HIV and/or HBV, alcohol consumption, previous interferon use,
alpha-fetoprotein levels, and renal function were considered to be confounders. Survival analysis
was conducted using a classical Cox model and a more advanced Cox-Markov multi-state model
that considered SVR as a time-dependent variable that can influence the probability of the
outcome.

Research results
The incidence rates of HCC in patients with and without SVR were 1.3 and 59 per 100 personyears, respectively (incidence rate ratio: 44, 95%CI: 15-136, P < 0.001). Considering the combined
endpoint of HCC or death from any cause, the hazard ratio (HR) for SVR patients was 0.070
(95%CI: 0.025-0.194, P < 0.001). Other independent predictors of HCC or death were low HCV
viremia (HR: 0.808, P = 0.030), low platelet count (HR: 0.910, P = 0.041), and presence of mixed
cryoglobulinemia (HR: 3.460, P = 0.044). Considering SVR in a multi-state model, independent
predictors of SVR achievement were the absence of cirrhosis (HR: 0.521, P < 0.001) and high
platelet count (HR: 1.019, P = 0.026). Mixed cryoglobulinemia predicted the combined endpoint
in patients with and without SVR (HR: 5.982, P = 0.028 and HR: 5.633, P = 0.047, respectively).

Research conclusions
Treatment with DAAs is very effective in inducing SVR and protecting against HCC or death. A
residual risk for HCC persists in patients with advanced liver disease or disease complicated by
extra-hepatic manifestations, such as mixed cryoglobulinemia and renal failure.

Research perspectives
New generations of DAAs should be recommended to treat all patients with HCV infection
independently of the status of their liver disease or the presence of extra-hepatic manifestations.
Further studies are needed to define a better strategy to treat HCV-infected patients with more
advanced or complicated liver disease.
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Abstract
BACKGROUND
Endoscopic retrograde cholangiopancreatography (ERCP) has been widely used
in pediatric patients with cholangiopancreatic diseases.
AIM
To evaluate the efficacy, safety, and long-term follow-up results of ERCP in
symptomatic pancreaticobiliary maljunction (PBM).
METHODS
A multicenter, retrospective study was conducted on 75 pediatric patients who
were diagnosed with PBM and underwent therapeutic ERCP at three endoscopy
centers between January 2008 and March 2019. They were divided into four PBM
groups based on the fluoroscopy in ERCP. Their clinical characteristics, specific
ERCP procedures, adverse events, and long-term follow-up results were
retrospectively reviewed.
RESULTS
Totally, 112 ERCPs were performed on the 75 children with symptomatic PBM.
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Clinical manifestations included abdominal pain (62/75, 82.7%), vomiting (35/75,
46.7%), acholic stool (4/75, 5.3%), fever (3/75, 4.0%), acute pancreatitis (47/75,
62.7%), hyperbilirubinemia (13/75, 17.3%), and elevated liver enzymes (22/75,
29.3%). ERCP interventions included endoscopic sphincterotomy, endoscopic
retrograde biliary or pancreatic drainage, stone extraction, etc. Procedure-related
complications were observed in 12 patients and included post-ERCP pancreatitis
(9/75, 12.0%), gastrointestinal bleeding (1/75, 1.3%), and infection (2/75, 2.7%).
During a mean follow-up period of 46 mo (range: 2 to 134 mo), ERCP therapy
alleviated the biliary obstruction and reduced the incidence of pancreatitis. The
overall effective rate of ERCP therapy was 82.4%; seven patients (9.3%) were lost
to follow-up, eight (11.8%) re-experienced pancreatitis, and eleven (16.2%)
underwent radical surgery, known as prophylactic excision of the extrahepatic
bile duct and hepaticojejunostomy.
CONCLUSION
ERCP is a safe and effective treatment option to relieve biliary or pancreatic
obstruction in symptomatic PBM, with the characteristics of minor trauma, fewer
complications, and repeatability.
Key words: Cholangiopancreatic diseases; Endoscopic retrograde
cholangiopancreatography; Pancreaticobiliary maljunction; Pancreatitis; Pediatric
patients; Follow-up
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The research on the use of endoscopic retrograde cholangiopancreatography
(ERCP) for management of pancreaticobiliary maljunction (PBM), especially among
pediatric patients, is limited. This retrospective, multicenter study aimed to evaluate the
overall safety and efficacy of ERCP to treat children with symptomatic PBM. A
retrospective review of the clinical characteristics/conditions of 75 pediatric patients who
were diagnosed with PBM, specific ERCP procedures, and their long-term follow-up
showed that ERCP is safe and effective for treatment of symptomatic PBM, with limited
post-procedural complications among pediatric patients.

Citation: Zeng JQ, Deng ZH, Yang KH, Zhang TA, Wang WY, Ji JM, Hu YB, Xu CD, Gong
B. Endoscopic retrograde cholangiopancreatography in children with symptomatic
pancreaticobiliary maljunction: A retrospective multicenter study. World J Gastroenterol
2019; 25(40): 6107-6115
URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6107.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6107

INTRODUCTION
Pancreaticobiliary maljunction (PBM) is a congenital anomaly in which the pancreatic
and bile ducts anatomically meet outside the duodenal wall. Normally, the sphincter
of Oddi is located at the distal end of the pancreatic and bile ducts and regulates the
outflow of bile and pancreatic juice. In PBM, the common channel is so long that the
action of the sphincter does not directly affect the pancreaticobiliary junction,
allowing reciprocal reflux of pancreatic juices and bile. Additionally, the pancreatic
juice refluxes into the biliary tract owing to the higher pressure within the pancreatic
duct compared to that in the bile duct; this reflux induces biliary mucosal injury. The
stasis of the mixture of pancreatic juice and bile induces various pathological
conditions, such as pancreatitis, protein plugs, and biliary dilatation, and increases the
incidence of biliary tract cancer[1-3].
Prophylactic excision of the extrahepatic bile duct is a well-established treatment
for PBM. However, pediatric patients with PBM often experience additional
conditions, such as obstructive jaundice or acute pancreatitis. Therefore, there is a
concern that prophylactic surgeries in pediatric patients may increase the risk of
postoperative complications[4,5]. Meanwhile, with continuous technical advancements,
endoscopic retrograde cholangiopancreatography (ERCP) is not only regarded as a
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standard technique for diagnosing PBM but is also used to improve drainage and
resolve complications[6-8]. Nonetheless, there is limited research regarding the use of
ERCP for the management of PBM, especially for pediatric patients. Herein, we
carried out a long-term retrospective multicenter study to evaluate the efficacy and
safety of ERCP as a treatment for symptomatic PBM.

MATERIALS AND METHODS
To evaluate the efficacy of ERCP for pediatric PBM patients, a retrospective
multicenter study was conducted at the following three endoscopy centers in China:
Shanghai Children’s Medical Center, Ruijin Hospital of Shanghai Jiaotong University,
and Shuguang Hospital of Shanghai University of Traditional Chinese Medicine.
Pediatric patients (≤ 18 years) with PBM who underwent endoscopic therapy in one of
these three centers between January 2008 and March 2019 were included in the study.
Patients with symptomatic PBM and those who underwent ERCP for attempted
biliary or pancreatic duct decompression performed through endoscopic
sphincterotomy (EST) or stent drainage were included in the study. The exclusion
criteria were the absence of therapeutic ERCP or of the pertinent medical data.
The diagnostic criteria for PBM according to the Japanese Study Group on
Pancreaticobiliary Maljunction (JSGPM) include the following definitions: An
abnormally long common channel (≥ 6 mm) and/or an abnormal union between the
pancreatic and bile ducts that is evident by direct cholangiography under ERCP, and
abnormally high levels of pancreatic enzymes in the bile duct and/or the gallbladder
that could serve as auxiliary diagnosis. PBM was classified into the following
according to the JSGPM criteria[9,10]: (1) Stenotic type; (2) Non-stenotic type; (3) Dilated
channel type; and (4) Complex type (Figure 1).
The indications for ERCP intervention are mainly PBM with complications such as
biliary pancreatitis, obstructive jaundice, cholangitis, and choledochal dilatation, bile
duct calculi, or pancreatic protein plugs suggested by magnetic resonance
cholangiopancreatography (MRCP) or ultrasonography.
Post-ERCP pancreatitis was the main complication that was evaluated. It was
diagnosed by experienced pediatricians according to the following criteria: Presence
of pancreatic pain persisting for at least 24 h and serum amylase level at least 3 times
higher than the normal level after ERCP[11].

ERCP procedures
The risks and benefits of ERCP were clearly explained to the parent(s) or legal
guardian(s) of each pediatric patient, and written informed consent was willingly
provided by each parent or legal guardian. Initial laboratory tests, including liver
function tests, pancreatic enzyme tests, and ultrasound examination or MRCP, were
carried out for all patients before an ERCP was performed.
Patients were under general anesthesia with endotracheal intubation, and ERCP
was performed by experienced doctors. For endoscopy, TJF240 (tip outer diameter,
12.6 mm; channel diameter, 3.2 mm; Olympus) and TJF260 (tip outer diameter, 13.5
mm; channel diameter, 4.2 mm; Olympus) were used for infants and older children,
respectively. Depending on the image of endoscopic fluoroscopy, the endoscopists
performed EST, bouginage, bile ductal or pancreatic ductal stone extraction,
endoscopic nasopancreatic drainage (ENPD), endoscopic retrograde pancreatic
drainage (ERPD), endoscopic retrograde biliary drainage (ERBD), endoscopic
nasobiliary drainage (ENBD), or endoscopic papillary balloon dilation (EPBD) to
relieve each patient’s symptoms accordingly.

Statistical analysis
Data are presented as numbers (n) and percentages. Univariate comparisons were
made with statistical analysis software 18.0 using chi-squared (χ2) or Fisher’s exact
tests, depending on statistical distributions. P < 0.05 was considered statistically
significant, and all P values are two-tailed. The statistical review of this study was
performed by a professional biomedical statistician.

RESULTS
Seventy-five pediatric patients with symptomatic PBM were included in the study.
There were 23 males and 52 females, with an average age of 6 years (range: 9 mo to 16
years). The most common symptoms that required ERCP were abdominal pain
(62/75, 82.7%), vomiting (35/75, 46.7%), acholic stool (4/75, 5.3%), fever (2/75, 2.7%),
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Figure 1

Figure 1 Fluoroscopy images of four pancreaticobiliary maljunction types. A: Type A (stenotic type). The
stenotic segment of the distal common bile duct joins the common channel, with the dilatation of the common bile
duct; B: Type B (non-stenotic type). The distal common bile duct without any stenotic segment smoothly joins the
common channel; C: Type C (dilated channel type). The common channel is dilated, the narrow segment of the distal
common bile duct joins the common channel, and abrupt dilatation of the common channel is seen; D: Type D
(complex type). Complicated union of the pancreaticobiliary ductal system occurs as follows: Pancreaticobiliary
maljunction is associated with annular pancreas, pancreatic divisum, or other duct system complications.

acute pancreatitis (47/75, 62.7%), hyperbilirubinemia (13 children, 17.3%), and
elevated liver enzyme levels (22/75, 29.3%). Some of these patients also exhibited
other congenital diseases, such as choledochal cyst (16/75, 12%), pancreatic divisum
(7/75, 9.3%), papillary diverticulum (4/75, 5.3%), and diaphragmatic duodenal atresia
(2/75, 2.7%) (Table 1).
MRCP or B-scan ultrasonography was performed in all 75 patients before ERCP
procedures. Dilatation of the bile duct was detected in 46 (61.3%) subjects, and 44
(58.7%) out of 75 subjects had extrahepatic bile duct stones, which is consistent with
ERCP results. However, only 25 (33.4%) of the patients who underwent MRCP or Bscan ultrasonography were diagnosed with PBM.
Using ERCP fluoroscopy, each patient was classified into one of the four PBM types
according to the JSGPM PBM classification. Group A comprised 28 patients with
stenotic type (type A), group B comprised 27 patients with non-stenotic type (type B),
group C comprised 16 patients with dilated common channel type (type C), and
group D comprised four patients with complex type (type D). In terms of clinical
symptoms, there was a statistically significant difference in the incidence of
pancreatitis between these groups, but no difference was noted in other clinical
manifestations. PBM with biliary dilatation was observed in 46 (61.3%) patients. Bile
duct dilatation and biliary stones were common complications in type A, while
pancreatic protein plugs and pancreatic duct stenosis or dilatation were often
observed in type C. Pancreatic divisum was observed in three out of the four patients
in group D. As group D only included four patients, statistical analysis was not
performed to reduce statistical error. Therefore, the P value was the result of
comparison between groups A, B, and C (Table 2).
A total of 112 ERCP procedures were performed on 75 patients with PBM (range: 1
to 5 times per patient), and the technical success rate was 100%. Technical success was
defined as the completion of an ERCP operation. The initial therapeutic procedures
for each patient included endoscopic pancreatic sphincterotomy (EPS) (19/75, 25.3%),
EST (42/75, 56.0%), ERPD (8/75, 10.7%), ERBD (17/75, 22.7%), ENBD (33/75, 44.0%),
EPBD (2/75, 2.7%), ENPD (3/75, 4.0%), stone extraction (40/75, 53.3%), and
bougienage (5/75, 6.7%).
The average length of stay in the hospital of all patients was 6 d (range: 3 to 13 d).
Regarding clinical complications of ERCP, post-ERCP pancreatitis was observed in
nine (12.0%) patients, alimentary tract hemorrhage after EPS was observed in one
(1.3%), and fever after operations was observed in two (2.7%). All the 12 patients
recovered after conservative treatment. Severe complications, such as periampullary
perforation, were not observed. No patient required treatment in the intensive care
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Table 1 Baseline characteristics of patients with pancreaticobiliary maljunction
Characteristic

n = 75

Age, yr

6 ± 3.4

Sex, male:female

23:52

Symptoms, n (%)
Abdominal pain

62 (82.7)

Vomiting

35 (46.7)

Acholic stool

4 (5.3)

Fever

3 (4.0)

Pancreatitis

47 (62.7)

Hyperbilirubinemia

13 (17.3)

Elevated liver enzymes

22 (29.3)

Accompanied diseases, n (%)
Pancreas divisum

7 (9.3)

Papillary diverticulum

4 (5.3)

Diaphragmatic duodenal atresia

2 (2.7)

Choledochal cyst

12 (16.0)

Biliary dilatation

46 (61.3)

Extrahepatic bile duct stones

44 (58.7)

Pancreatic protein plugs

18 (24.0)

unit, and hospital mortality was zero.
During an average 46-month (range: 2 to 134 mo) follow-up period with 75
patients, seven (9.3%) patients were lost. Based on the data collected, ERCP therapy
could alleviate biliary obstruction and reduce the incidence of pancreatitis. After the
exclusion of cases lost to follow-up, the 68 followed children showed significant
symptomatic relief, with an overall effective rate of 82.4% (56/68), and no
reoccurrence of jaundice or elevated liver enzyme levels was observed in any of the
patients after ERCP procedures. Eight (8/68, 11.8%) patients suffered from recurrent
pancreatitis, while five of them (5/68, 7.4%) underwent additional ERCP therapy.
Eleven patients (11/68, 16.2%) received radical surgery eventually, that is,
prophylactic excision of the extrahepatic bile duct and hepaticojejunostomy, for the
following reasons: Recurrent pancreatitis after repeated ERCP operations (n = 5),
recurrent fever after operations (n = 2), and being concerned about the risk of
developing cancer at a later time and requesting the surgery due to personal concerns
(n = 4) (Table 3).

DISCUSSION
PBM often causes various hepatobiliary and pancreatic disorders among children. The
common clinical manifestations of PBM in pediatric patients are acute abdominal
pain, vomiting with hyperamylasemia, hyperbilirubinemia, and abnormal liver
function. These symptoms usually occur due to higher pressure within the pancreatic
duct than that in the bile duct, resulting in stasis of the mixture of pancreatic juice and
bile, and the mixture eventually generates protein plugs. Protein plugs are capable of
impacting the common channel or terminal portion of the bile duct and obstructing
the discharge of bile or pancreatic juice[10,12].
The data from three endoscopy centers were included in our study. Notably, female
patients at a high risk for PBM in children comprised 69.3% of the study population.
Pediatric patients showed clinical manifestations at an average age of 6 years, with the
top pre-ERCP manifestations being pancreaticobiliary calculi, biliary obstruction, and
pancreatitis. Meanwhile, PBM was usually accompanied by other congenital
malformations, such as choledochal cyst, pancreas divisum, and papillary
diverticulum, among pediatric patients. The characteristics of each PBM type in our
study are similar to those observed in a survey carried out in Japan[10], with a few
differences in proportion.
Mostly, the combination of MRCP and B-scan ultrasonography can provide reliable
information for the diagnosis of bile duct/pancreatic duct dilatation, biliary stones,
and pancreatic stones[13]. However, they have limited application in the diagnosis of
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Table 2 Clinical characteristics of and endoscopic retrograde cholangiopancreatography procedures used in four types of
pancreaticobiliary maljunction
Type A (n = 28)

Type B (n = 27)

Type C (n = 16)

Type D (n = 4)

P value

5.7 ± 3.2

6.6 ± 3.8

5.2 ± 3.0

6.5 ± 4.2

0.398

Abdominal pain

23 (82.1)

23 (85.1)

13 (81.2)

3 (75.0)

1.000

Vomiting

12 (44.4)

13 (48.1)

8 (50)

2 (50.0)

0.867

Acholic stool

3 (10.7)

0 (0)

0 (0)

1 (25.0)

0.175

fever

2 (7.1)

1 (3.7)

0 (0)

0 (0)

0.788

Pancreatitis

17 (60.7)

12 (44.4)

14 (87.5)

4 (100)

0.020

Hyperbilirubinemia

6 (21.4)

2 (7.4)

3 (18.8)

2 (50.0)

0.333

Elevated liver enzymes

12 (42.9)

4 (14.8)

3 (18.8)

3 (75.0)

0.058

Bile duct dilatation

21 (75.0)

13 (48.1)

9 (56.2)

3 (75.0)

0.122

Biliary stones

24 (85.7)

12 (44.4)

6 (37.5)

2 (50.0)

0.001

Pancreatic protein plugs

1 (3.6)

5 (18.5)

11 (68.8)

1 (25.0)

<0.001

Pancreatic duct stenosis or dilatation

2 (7.1)

3 (11.1)

11 (68.8)

1 (25.0)

<0.001

EPS

4 (14.2)

6 (22.2)

7 (43.8)

2 (50.0)

0.092

EST

20 (71.4)

14 (51.9)

6 (36.5)

2 (50.0)

0.017

ERBD

11 (39.3)

3 (11.1)

3 (18.8)

0 (0)

0.049

ENBD

12 (42.9)

13 (48.1)

7 (43.8)

1 (25.0)

0.953

EPBD

1 (3.6)

1 (3.7)

0 (0)

0 (0)

1.000

ENPD

0 (0)

0 (0)

2 (12.5)

1 (25.0)

0.058

ERPD

2 (7.1)

3 (11.1)

3 (18.8)

0 (0)

0.499

Stone removal

16 (57.1)

11 (40.7)

12 (75.0)

1 (25.0)

0.088

Bougienage

2 (7.1)

1 (3.7)

2 (12.5)

0 (0)

0.628

Age, mean ± SD, yr
Symptoms, n (%)

Findings of ERCP, n (%)

Procedures of ERCP, n (%)

The P value was the result of comparison between types A, B, and C. EPS: Endoscopic pancreatic sphincterotomy; EST: Endoscopic sphincterotomy; ERBD:
Endoscopic retrograde biliary drainage; ENBD: Endoscopic nasobiliary drainage; EPBD: Endoscopic papillary balloon dilation; ENPD: Endoscopic
nasopancreatic drainage; ERPD: Endoscopic retrograde pancreatic drainage; ERCP: Endoscopic retrograde cholangiopancreatography; SD: Standard
deviation.

PBM[14-16]. In contrast, ERCP is characterized by a high sensitivity and specificity for
diagnosing PBM. In the present study, 75 patients underwent MRCP or B-scan
ultrasonography tests before ERCP surgery. Only 25 (33.4%) of them were diagnosed
with PBM. According to the ERCP results, we concluded that 46 (61.3%) patients had
biliary dilatation, 44 (58.7%) had extrahepatic bile duct stones, and 18 (24%) had
pancreatic protein plugs.
Published literature on the use of ERCP for PBM is limited, especially among
pediatric patients. A relatively large study of 19 pediatric patients with PBM has
suggested that ERCP is the logical first step in the management of most symptomatic
patients with PBM[17]. In contrast to previous studies, our study included pediatric
patients from multiple centers and included follow-up analyses. All patients with
PBM were classified into four types according to the JSGPM criteria in the present
study. We found that biliary stones were frequently observed in type A PBM patients
and may be associated with the stenotic segment of the distal common bile duct.
While pancreatitis, pancreatic protein plugs, and pancreatic duct disorders are
frequently seen in type C PBM patients, which may be affected by the high-pressure
conditions in the expanding common channel.
Apart from diagnosing PBM, ERCP is also useful in performing therapeutic
endoscopic treatments. Our study showed that ERCP was an effective treatment
option for patients with biliary obstruction. Type A patients usually experience a
stenotic bile duct, which could cause biliary obstruction; biliary drainage (ENBD or
ERBD) or bougienage was often performed in these patients. For other procedures, no
significant differences were seen among the three groups. Patients benefitted from the
endoscopic procedures, including EST or EPS, stones removal, and stent insertion to
relieve the pancreaticobiliary pressure.
Post-ERCP pancreatitis is the most common complication [18,19] . In this study,
procedure-related post-ERCP pancreatitis was observed in nine (12%) cases. The
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Table 3 Follow-up data of pancreaticobiliary maljunction pediatric patients after endoscopic
retrograde cholangiopancreatography
Follow-up details
ERCP-related complications, n (%)

n = 75

Post-ERCP pancreatitis

9 (12.0)

Infection

2 (2.7)

Hemorrhage

1 (1.3)

Periampular perforation

0 (0)

Hospital stay, (mean ± SD), d

6 ± 4.1

Follow-up results1
Loss to follow-up, n (%)

7 (9.3)

Follow-up period, mean (range), mo

46 (2-134) (n = 68)

Effective rate, n (%)

56 (82.4)

Patients who underwent further ERCP therapy, n (%)

5 (7.4)

Patients who underwent the episode of pancreatitis again, n (%)

8 (11.8)

Patients who underwent radical surgery, n (%)

11 (16.2)

Patients who underwent cholangitis, n (%)

2 (2.9)

1

The seven patients who were lost to follow-up were excluded in the statistical analyses. ERCP: Endoscopic
retrograde cholangiopancreatography; SD: Standard deviation.

severity of the conditions was mild to moderate, and all patients recovered after
conventional conservative treatment. Two (2.7%) patients had fever after the
procedure and one (1.3%) child had intestinal hemorrhage after EPS, who eventually
recovered after treatment with anti-infection therapy and hemostatic therapy,
respectively. No cases of periampullary perforation were observed. According to our
experience, it is safe to perform ERCP on pediatric patients, even with drainage and
papilla sphincterotomy; severe complications were seldom observed after the ERCP
procedures.
In the present study, we followed the cases for an average of 46 mo, with the
longest follow-up period being 114 mo, and even lasting until the patient was 25 years
old. However, seven patients were lost during follow-up. It can be concluded that
ERCP is an option to effectively treat PBM patients with biliary obstruction or
pancreatitis. The clinical symptoms can be alleviated after biliary obstruction is
treated by ERCP. The effective rate, defined as the percentage of patients remaining
asymptomatic for long periods, was as high as 82.4%. However, there were still eight
patients with at least one reoccurrence of pancreatitis, and a repeated ERCP was
performed in five of them.
The overall incidence of biliary carcinoma with PBM is higher compared to the
incidence within the general population. Therefore, prophylactic excision of the
extrahepatic bile duct and hepaticojejunostomy are advised for the treatment of
PBM[20,21]. In fact, even after corrective surgery for PBM, such patients continue to have
a risk of residual bile duct cancer[21-23]. According to the follow-up results of the
present study, no patients developed cholangiocarcinoma or gallbladder cancer.
Further, considering that PBM patients usually become predisposed to develop biliary
carcinoma as adults, it may be better to perform surgical resection on PBM patients
when they are older. However, in the present study, there were 11 patients who
underwent surgical resection after ERCP.
Although the present study provides new information and long-term multicenter
follow-up results regarding the application of ERCP on pediatric patients with
symptomatic PBM, there are some potential limitations to this study, including its
retrospective design. This study design might be underpowered for the detection of
differences in outcomes between groups. Furthermore, these procedures were
performed at three centers, which might have led to possible selection bias.
Due to its minimal invasiveness and shorter operating duration, EST or biliary
drainage by ERCP may be a promising and alternative treatment for symptomatic
PBM, especially for children because they face more risks during surgical operations.
On the other hand, preoperative ERCP before surgery may benefit PBM patients. At
first, ERCP provides detailed information on the pancreaticobiliary systems, and this
attributes to the reduction in the number of pancreatitis attacks among PBM patients.
Moreover, it could help reduce the risk of malignancy after relieved biliary
obstruction. In conclusion, ERCP can serve as a transitional step to definitive surgery
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for PBM patients. It can guarantee pancreaticobiliary drainage, relieve clinical
symptoms, and is only associated with a low incidence of mild complications.

ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde cholangiopancreatography (ERCP) as an important technological
innovation has been used in the field of biliary and pancreatic diseases in children. Pediatric
patients with pancreaticobiliary maljunction (PBM) often experience some complications, such as
obstructive jaundice or acute pancreatitis. ERCP can be used to improve drainage and resolve
complications.

Research motivation
With continuous technical advancements, ERCP is not only regarded as a standard technique for
diagnosing PBM but is also used to resolve complications. Nonetheless, there is limited research
regarding the use of ERCP for the management of PBM, especially for pediatric patients.

Research objectives
The objective of this study was to retrospectively review the efficacy, safety, and long-term
follow-up results of ERCP in symptomatic PBM.

Research methods
A multicenter, retrospective study was conducted on 75 pediatric patients who were diagnosed
with PBM and underwent therapeutic ERCP at three endoscopy centers between January 2008
and March 2019. They were divided into four PBM groups based on the fluoroscopy in ERCP.
Their clinical characteristics, specific ERCP procedures, adverse events, and long-term follow-up
results were retrospectively reviewed.

Research results
A total of 112 ERCPs were performed on the 75 children with symptomatic PBM. Clinical
manifestations mainly included abdominal pain, vomiting, acholic stool, fever, acute
pancreatitis, hyperbilirubinemia, and elevated liver enzymes. ERCP interventions included
endoscopic sphincterotomy, endoscopic retrograde biliary or pancreatic drainage, stone
extraction, etc. Procedure-related complications were observed in 12 patients and included postERCP pancreatitis (9/75, 12.0%), gastrointestinal bleeding (1/75, 1.3%), and infection (2/75,
2.7%). During a mean follow-up period of 46 mo, the overall effective rate of ERCP therapy was
82.4%, and ERCP therapy can alleviate the biliary obstruction and reduce the incidence of
pancreatitis.

Research conclusions
As a safe and effective treatment option to relieve biliary or pancreatic obstruction in
symptomatic PBM, ERCP is characterized by minor trauma, fewer complications, and
repeatability.

Research perspectives
Our findings further expanded the application scope of ERCP in biliopancreatic diseases. ERCP
can serve as a transitional step to definitive surgery for PBM patients. It can guarantee
pancreaticobiliary drainage, relieve clinical symptoms, and is only associated with a low
incidence of mild complications. Future prospective studies are needed to investigate the effect
of ERCP in patients with PBM to further support our findings.
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Abstract
BACKGROUND
For periampullary adenocarcinoma, the histological subtype is a better
prognostic predictor than the site of tumor origin. Intestinal-type periampullary
adenocarcinoma (IPAC) is reported to have a better prognosis than the pancreatobiliary-type periampullary adenocarcinoma (PPAC). However, the
classification of histological subtypes is difficult to determine before surgery.
Apparent diffusion coefficient (ADC) histogram analysis is a noninvasive, nonenhanced method with high reproducibility that could help differentiate the two
subtypes.
AIM
To investigate whether volumetric ADC histogram analysis is helpful for
distinguishing IPAC from PPAC.
METHODS
Between January 2015 and October 2018, 476 consecutive patients who were
suspected of having a periampullary tumor and underwent magnetic resonance
imaging (MRI) were reviewed in this retrospective study. Only patients who
underwent MRI at 3.0 T with different diffusion-weighted images (b-values = 800
and 1000 s/mm2) and who were confirmed with a periampullary
adenocarcinoma were further analyzed. Then, the mean, 5th, 10th, 25th, 50th,
75th, 90th, and 95th percentiles of ADC values and ADCmin, ADCmax, kurtosis,
skewness, and entropy were obtained from the volumetric histogram analysis.
Comparisons were made by an independent Student's t-test or Mann-Whitney U
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test. Multiple-class receiver operating characteristic curve analysis was
performed to determine and compare the diagnostic value of each significant
parameter.
RESULTS
In total, 40 patients with histopathologically confirmed IPAC (n = 17) or PPAC (n
= 23) were enrolled. The mean, 5th, 25th, 50th, 75th, 90th, and 95th percentiles
and ADCmax derived from ADC1000 were significantly lower in the PPAC group
than in the IPAC group (P < 0.05). However, values derived from ADC800 showed
no significant difference between the two groups. The 75th percentile of ADC1000
values achieved the highest area under the curve (AUC) for differentiating IPAC
from PPAC (AUC = 0.781; sensitivity, 91%; specificity, 59%; cut-off value, 1.50 ×
10-3 mm2/s).
CONCLUSION
Volumetric ADC histogram analysis at a b-value of 1000 s/mm2 might be helpful
for differentiating the histological subtypes of periampullary adenocarcinoma
before surgery.
Key words: Periampullary adenocarcinoma; Apparent diffusion coefficient; Histogram
analysis; Histopathology; Differential diagnosis
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Core tip: Two subtypes of periampullary adenocarcinoma were investigated in the
present study: one is intestinal-type periampullary adenocarcinoma (IPAC), and the other
is pancreatobiliary-type periampullary adenocarcinoma (PPAC). The aim of the present
study was to distinguish these two subtypes by volumetric apparent diffusion coefficient
(ADC) histogram analysis. Forty pathologically confirmed patients were enrolled. The
mean, maximum, and various percentiles of ADC values derived from b1000 were lower in
the PPAC group than in the IPAC group with statistical significance. The 75th percentile
of ADC values achieved the highest area under the curve.
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INTRODUCTION
Periampullary adenocarcinomas comprise adenocarcinomas of the ampulla, distal
common bile duct, pancreas, and duodenum, arising within 2 cm of the major
duodenal papilla[1]. However, due to the complexity of the periampullary region,
misclassification of the original tumor site occurs in clinical practice[2]. Although
resectable periampullary adenocarcinomas from different tumor origins are treated
similarly by curative pancreatoduodenectomy (PD) [ 3 ] , the prognosis varies
considerably with a 5-year survival rate ranging from 34% to 66% [4] . Although
improved outcome for patients with pancreatic adenocarcinoma receiving adjuvant
chemotherapy has been demonstrated, the role of adjuvant therapy in nonpancreatic
periampullary adenocarcinomas is less clear, which indicates the histological
heterogeneity of the periampullary malignancy[5,6].
To better predict the prognosis of periampullary adenocarcinomas and to guide
pre- and postoperative treatment, a classification based on histopathological subtype
instead of anatomical origin was developed. Intestinal-type periampullary
adenocarcinoma (IPAC) was reported to have a better prognosis than pancreatobiliary-type periampullary adenocarcinoma (PPAC)[3,4,7-9]. Patients with IPAC
had a median overall survival of 71.7 mo, while patients with PPAC had a median
overall survival of only 33.3 mo[7]. These two subtypes show contrasting response to
different chemotherapeutic regimens. The PPAC tends to respond better to
gemcitabine-based therapies, while the IPAC responds better to flu-oropyrimidine[10].
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Thus, the histological subtypes should be taken into consideration when deriving
therapeutic strategies[5,11].
At present, the classification of histological subtypes mainly relies on standardized
dissected PD specimens[2]. Unfortunately, patients with peripheral vessel involvement
or metastatic malignancy rarely benefit from PD[12-14]. It is also difficult for contrastenhanced computed tomography (CT) or multiparameter magnetic resonance
imaging (MRI) to classify the histological subtypes before surgery.
A qualitative study found that the comprehensive evaluation of multiple CT
features of the periampullary area could differentiate the histological subtypes, but
required optimal duodenal distention and was highly dependent on the expertise of
the radiologists[15]. An oval filling defect at the end of the bile duct on magnetic
resonance cholangiopancreatography images tended to suggest IPAC but controversy
still existed[16,17].
Diffusion-weighted imaging (DWI) is a functional MRI method. It calculates the
apparent diffusion coefficient (ADC) to reflect random motion of water molecules,
which could add information pertinent to tissue structure. Bi et al [16] found a
combination of a progressive enhancement pattern and low minimum ADC value
(b800) suggestive of PPAC, but the diagnostic performance of ADCmin alone was not
high enough. In addition, the use of gadolinium-based contrast agents is limited in
patients with impaired renal function[18,19]. Thus, a non-invasive and non-contrastenhanced method before surgery is needed.
Volumetric ADC histogram parameters reflect the distribution and variation of all
voxels within the entire lesion, which reduce the subjectivity of region of interest
(ROI) placement and improve repeatability in the quantitative ADC analysis[20,21].
Previous studies have applied volumetric ADC histogram analysis to differentiate
histopathological subtypes of renal cell carcinomas, breast cancers, and ovarian
cancers [20,22-24] . No ADC histogram study thus far has focused on periampullary
adenocarcinomas.
Therefore, the aim of this study was to investigate the diagnostic value of
volumetric ADC histogram analysis in the differentiation of IPAC and PPAC.

MATERIALS AND METHODS
Study cohort
This retrospective study was approved by the local institutional review board, and the
requirement for informed consent was waived. After searching the radiological
database from January 2015 to October 2018, 476 consecutive patients who were
suspected of having periampullary tumor and underwent preoperative MRI were
identified. The inclusion criteria for this study were as follows: (1) MRI acquired at 3.0
T; and (2) Diffusion weighted imaging administered at b-values of 800 and 1000
s/mm 2 . The exclusion criteria were as follows: (1) Patients discharged without
receiving radical surgery at our institution; (2) Patients histopathologically confirmed
with lesions other than IPAC or PPAC; (3) Patients who received invasive treatment
before MRI; and (4) Poor image quality for analysis. The flowchart of the study
population is shown in Figure 1.

Image acquisition
All patients were required to fast for 6-8 h before MRI acquisition. All scans were
performed on a 3 T MRI scanner (GE Healthcare 750 discovery, United States) using a
32-channel torso array coil. Before DWI, the routine protocol included the following
sequences: (1) Coronal SSFSE sequence [repetition time/echo time (TR/TE), 1363.0
ms/80 ms; matrix, 256 × 256; FOV, 36-44 cm; slice thickness, 5 mm]; (2) Transverse T1weighted (LAVA-FLEX) image (TR/TE, 3.7 ms/2.0 ms; matrix, 256 × 256; FOV, 36-44
cm; slice thickness, 4 mm; intersection gap, 0 mm); and (3) Axial respiratory-triggered
T2-weighted image (TR/TE, 7059 ms/63 ms; matrix, 320 × 320; FOV, 36–44 cm; slice
thickness, 4 mm; intersection gap, 1 mm). For DWI, respiratory-triggered single-shot
echo-planar sequences in the axial plane were performed [matrix, 160 × 192; FOV, 3644 cm; slice thickness, 4 mm; intersection gap, 1 mm; bandwidth, 250 kHz/pixel;
acquisition time, 4-5 min; flip angle, 90°; the number of excitations (NEX), 6], and
images at b-values of 0, 800, and 1000 s/mm2 were acquired in three orthogonal
diffusion directions.

Image analysis
All raw data from DWI were transferred from the picture archiving and
communication system (PACS) to a PC and processed with the open source software
Fire voxel (https://files.nyu.edu/hr18/public/projects.html). Two independent
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Figure 1

Figure 1 Flowchart of the study cohort. MRI: Magnetic resonance imaging; DWI: Diffusion-weighted imaging; IPAC: Intestinal-typeperiampullary adenocarcinoma;
PPAC: Pancreatobiliary-type periampullary adenocarcinoma; GIST: Gastric gastrointestinal stromal tumor; NET: Neuroendocrine tumor.

radiologists (with 4 and 15 years of experience in abdominal MRI, respectively)
blinded to the clinical information and histopathologic results independently
reviewed all the MR images. They manually drew the ROI covering the lesion at each
section with reference to the axial T2-weighted images. Care was taken to avoid
regions of artefacts. The ROI of each layer was merged automatically into a
volumetric ROI containing voxel information of the whole tumor. A volumetric ADC
map was then constructed with a monoexponential fitting model: S = S0 exp(−b ×
ADC), where S represents diffusion-induced signal attenuation, S0 represents the
signal intensity in the absence of diffusion sensitization, and b is known as the bvalue, which determines the degree of diffusion weighting in the signal. The
histogram parameters, including the mean, 5th, 10th, 25th, 50th, 75th, 90th, and 95th
percentile ADC values, ADC min , and ADC max as well as skewness, kurtosis, and
entropy, were calculated.

Histopathologic analysis
Tissue sections were stained after surgery with haematoxylin and eosin, and the
microscopic slides and histopathologic reports of all patients were reviewed. Tumor
size, tumor differentiation grade, perineural invasion, vessel involvement, regional
nodal involvement, and histological subtype were investigated. The histological
subtype was classified by morphological assessment according to the criteria first
suggested by Kimura et al [25] and the WHO classification [26] . In brief, IPAC is
characterized by well-formed tubular to elongated glands and solid nests similar to
colon cancer. The tumor cells are tall and often pseudostratified columnar epitheliums
with oval-or cigar-shaped nuclei. PPAC has simple or branching glands and small
solid nests of cells surrounded by a desmoplastic stroma. The tumor cells are cuboidal
to low columnar epithelium arranged in a single layer[3,9,27,28].

Statistical analysis
All statistical analyses were conducted with MedCalc (MedCalc Software,
Mariakerke, Belgium) and IBM SPSS 23.0 (Chicago, IL, United States). The differences
in the clinical and histopathological characteristics of the patients were tested by
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Mann-Whitney U test or the chi-squared test. Interobserver consistency of the
measurements between the two radiologists was assessed by calculating the interclass
correlation coefficient (ICC). ICC > 0.80 was considered to indicate excellent
agreement. Parameters with ICC < 0.8 were excluded from further statistical analyses.
Then, the Shapiro-Wilk test was used to determine whether the variables were
normally distributed. The Student's t-test or the Mann-Whitney U test was used to
compare the differences between two histological groups. P < 0.05 was deemed to be
statistically significant. Receiver operating characteristic (ROC) analyses were further
performed to determine the potential diagnostic performance for differentiating the
histological subtypes. The optimal threshold was chosen according to the Youden
index.

RESULTS
Study population
A total of 40 histopathologically confirmed subjects were included in this
retrospective study. According to the pathologic results, 17 patients had IPAC (12
males and 5 females; age range, 44–69 years), while 23 patients had PPAC (14 males
and 9 females; age range, 42–69 years). The clinical characteristics and
histopathological findings of the included patients are presented in Table 1. There was
no significant difference in age (P = 0.929), sex ratio (P = 0.524), tumor size (P = 0.273),
degree of tumor differentiation (P = 0.288), lymph node metastasis (P = 0.893), or
vessel involvement (P = 0.904) between the two histological groups. Carbohydrate
antigen 19-9 (CA19-9) was elevated (> 34 U/mL) in 53% (9/17) of IPACs and 65%
(15/23) of PPACs (P = 0.433). The incidence of perineural invasion in the PPAC group
was significantly higher than that in the IPAC group (P = 0.016).

Interobserver agreement
For all the histogram parameters except for kurtosis and skewness (ICCs < 0.8), the
interobserver agreement between two readers was excellent (ICCs ranging from 0.948
to 0.996), as shown in Table 2. Thus, kurtosis and skewness were not used for the
statistical analysis between the two subtypes. The mean, 5th, 10th, 25th, 50th, 75th,
90th, and 95th percentiles of ADC values, ADCmin, ADCmax, and entropy were further
evaluated.

Histogram parameter comparison
The ADC histogram results are summarized in Table 3 and Figure 2. The mean, 5th,
10th, 25th, 50th, 75th, 90th, and 95th percentile ADC values and ADCmin and ADCmax
of IPACs were higher than those of PPACs (b-values = 800 and 1000 s/mm2). At a bvalue of 1000s/mm2, the mean, 10th, 25th, 50th, 75th, 90th, and 95th percentile ADC
values and ADCmax showed significant differences between the IPAC and PPAC
groups (P = 0.009, 0.040, 0.030, 0.011, 0.004, 0.004, 0.010, and 0.008, respectively). None
of the ADC800 histogram parameters showed significant differences between the two
groups (P > 0.05).

Diagnostic performance of the histogram parameters
The results of the ROC analysis are shown in Table 4 and Figure 3. The 75th percentile
ADC1000 value achieved the highest area under the curve (AUC) for differentiating
IPAC from PPAC (AUC = 0.781; 95%CI: 0.623-0.896; sensitivity, 91%; specificity, 59%;
cut-off value, 1.50 × 10-3 mm2/s).
Lesions from the two subtypes of periampullary adenocarcinoma and the
corresponding volumetric histogram are shown in Figures 4-6.

DISCUSSION
Accurate preoperative differentiation between IPAC and PPAC is essential for
predicting the prognosis and choosing chemotherapy regimens for patients with
advanced periampullary adenocarcinoma. The primary results in the present study
showed that these two subtypes could be differentiated by utilizing volumetric ADC
histogram analysis.
IPAC and PPAC arise from two different epithelia and may be associated with the
expression of different oncogenes, immunohistochemical markers, and interactions
with the extracellular matrix[2,29]. Biomarkers for intermediate filaments (CK7 and
CK20) and mucins (MUC2) and the intestinal transcription factor (CDX2) were
reported to be of value in separating the two histological types[8,28]. At the genetic
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Table 1 Characteristics of patients enrolled in the two histological groups
IPAC

PPAC

P value

Total (n)

17

23

Age, yr (mean ± SD)

58.1±8.4

57.8±7.8

0.929

Male/female, n

12/5

14/9

0.524

CA19-9 positive (n)

9

15

0.433

Size, mm (mean ± SD)

15.5±5.1

17.4±5.7

0.273

Tumor differentiation

4/10/3

2/13/8

0.288

Nodal involvement (n)

4

5

0.893

Perineural invasion (n)

1

9

0.016

Vessel involvement (n)

2

3

0.904

Well/moderate/poor (n)

CA19-9 > 34 U/mL was defined as positive. IPAC: Intestinal-type periampullary adenocarcinoma; PPAC:
Pancreatobiliary-type periampullary adenocarcinoma; SD: Standard deviation; n: Number; CA19-9:
Carbohydrate antigen 19-9.

level, a gain of 13q and 3q, and a deletion of 5q were found specifically in the
intestinal-type group, and the mRNAs and miRNAs expressed between the two
subtypes were different[30-32]. However, all these methods can be applied only after
surgery.
In the present study, the ADC values of the IPACs were higher than those of the
PPACs, which corresponded to the ADC quantitative analysis by Bi et al[16]. In their
study, the mean ADC could not help differentiate these two histological groups, but
ADCmin achieved a significant difference (P = 0.047; sensitivity, 85.2%; specificity, 50%;
AUC = 0.672). However, the present study showed that the differences in all the
ADC800 histogram parameters including ADCmin were not significant. The b-value of
1000 s/mm2 seemed to better distinguish between IPAC and PPAC, as the mean, 25th,
50th, 75th, 90th, and 95th percentile ADC values and ADCmax showed significant
differences. The difference in ADCmin derived from both b-values of 800 s/mm2 and
1000 s/mm 2 was not significant. This finding may be explained by the different
methods of ADCmin acquisition and different patient cohorts. In our study, ADCmin
reflects the minimum ADC value of the whole lesion, while in the Bi's study, ADCmin
was calculated from the largest cross-section lesion.
ADC 1 0 0 0 could better predict the histological subtypes of periampullary
adenocarcinoma compared with ADC800 in the present study. ADC values reflect the
Brownian movement of random water and are correlated with the microenvironment
of tumor structures, such as tumor cellularity, the integrity of cell membranes, and the
extracellular matrix[33-35]. At b-values ranging from 200 to 1000 s/mm2, the degree of
diffusion related signal attenuation is nearly straight, in line with Gaussian diffusion,
but at a higher b-value range (>1000 s/mm2), diffusion is non-Gaussian and the ADC
value decreases when high b-values are used[36].To choose the optimal b-value, the
location of lesions, tissue composition, and pathological features should be taken into
consideration[37]. In a radiomic analysis of cervical cancer regarding histopathological
grade, the overall misclassification error of ADC1000 features was lower compared with
that of ADC800[38]. In an ADC study of rectal cancer, the combination of 0 and 1000
s/mm2 was optimal considering both reliability and diagnostic performance[39].
Volumetric ADC histogram is a possible method to identify these two histological
types noninvasively before surgery. In previous studies, the ADC histogram
parameters were found to be helpful in discriminating different subtypes of mucinous
breast carcinoma and two epithelial types of ovarian cancer[23,40].Interestingly, the
results from previous studies showed significantly lower ADC values in the more
aggressive subtype than in the relatively indolent subtype, as in our research. In the
present study, the 75th percentile ADC 1000 achieved the highest AUC, and the
sensitivity reached 91%. This result suggests that ADC values might have the ability
to reflect the differences in microstructure between the two subtypes.
In the current study, the interobserver consistency of skewness and kurtosis was
low (ICCs < 0.8). The small size of the periampullary lesions in our study could be a
possible reason for this result, as the number of calculated voxels was not large
enough to obtain reliable skewness and kurtosis values. The intrinsic instability of
skewness and kurtosis could be another reason, as a previous repeatability study of
ADC histogram metrics showed the low repeatability of skewness and kurtosis in
analysing uterine lesions[41].
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Table 2 Interobserver agreement for volumetric histogram parameters
b = 800 s/mm2

b = 1000 s/mm2

ADC parameter

ICC

95%CI

ICC

95%CI

Mean

0.992

0.984-0.996

0.994

0.989-0.997

Entropy

0.959

0.922-0.978

0.952

0.910-0.975

Skewness

0.742

0.153-0.864

0.781

0.585-0.884

Kurtosis

0.399

-0.136-0.682

0.486

0.029-0.728

5th

0.954

0.912-0.976

0.978

0.959-0.989

10th

0.974

0.950-0.986

0.975

0.952-0.987

25th

0.988

0.976-0.993

0.991

0.983-0.995

50th

0.989

0.978-0.994

0.996

0.992-0.998

75th

0.984

0.969-0.991

0.992

0.985-0.996

90th

0.973

0.948-0.986

0.981

0.965-0.990

95th

0.975

0.950-0.987

0.977

0.966-0.988

ADCmin

0.981

0.965-0.990

0.984

0.970-0.992

ADCmax

0.951

0.908-0.974

0.948

0.901-0.972

ICC: Interclass correlation coefficient; CI: Confidence interval; ADC: Apparent diffusion coefficient.

No significant difference in the entropy between IPAC and PPAC was found in the
current study. Entropy describes the homogeneity and irregularity of the intra-lesion
voxel distribution[42]. The similar entropy in the two groups suggested that the two
subtypes of periampullary adenocarcinoma have high heterogeneity. In a previous
histogram analysis, the entropy of ADC values showed the highest diagnostic
performance in differentiation between adrenal pheochromocytoma and adenoma[43].
In liver malignancies, the entropy of cholangiocarcinoma was reported to be
significantly higher than that of hepatocellular carcinoma[44]. Entropy seemed to have
potential value in the differentiation of different tumor types, but limited value in the
classification of different histological tumor subtypes.
Several limitations in the present study should not be ignored. First, given the
retrospective nature of the present study, the subjects with an advanced tumor stage
or senior patients could not tolerate radical PD and were thus excluded. Second, as
strict inclusion criteria were used in the present study, the number of patients
enrolled was comparatively small and they only represent a small proportion of the
patients with periampullary adenocarcinoma. The conclusion from the present study
needs to be confirmed in the further studies. Finally, high b-values (>1000s/mm2)
were not used for the ADC histogram analysis in this study. Further study is
warranted to strengthen the results of the ADC evaluation.
In conclusion, our study showed that volumetric ADC histogram analysis at a bvalue of 1000 s/mm2 could help differentiate IPAC and PPAC noninvasively before
surgery. The 75th percentile ADC1000 value achieved the best diagnostic performance.
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Table 3 Results of apparent diffusion coefficient histogram analysis between intestinal-type and pancreatobiliary-type periampullary
adenocarcinoma
b = 800 s/mm2

b = 1000 s/mm2

IPAC

PPAC

P

IPAC

PPAC

P

Mean

1.38±0.33

1.24±0.24

0.146

1.33±0.25

1.11±0.25

0.009

5th

1.01 ± 0.23

0.93 ± 0.25

0.312

0.99 ± 0.22

0.85 ± 0.27

0.094

10th

1.07 ± 0.24

0.99 ± 0.24

0.259

1.06 ± 0.23

0.89 ± 0.26

0.040

25th

1.22 ± 0.31

1.09 ± 0.24

0.146

1.16 ± 0.24

0.99 ± 0.25

0.030

50th

1.37 ± 0.33

1.23 ± 0.24

0.123

1.31 ± 0.25

1.09 ± 0.25

0.011

75th

1.51 ± 0.37

1.36 ± 0.25

0.159

1.47 ± 0.28

1.21 ± 0.25

0.004

90th

1.66 ± 0.40

1.49 ± 0.28

0.136

1.61 ± 0.32

1.32 ± 0.26

0.004

95th

1.76 ± 0.42

1.56 ± 0.30

0.136

1.68 ± 0.33

1.40 ± 0.28

0.010

ADCmin

0.87±0.32

0.82±0.30

0.583

0.89±0.24

0.79±0.27

0.227

ADCmax

1.93±0.51

1.73±0.37

0.178

1.84±0.32

1.54±0.36

0.008

Entropy

3.56±0.55

3.55±0.56

0.926

3.46±0.56

3.40±0.60

0.748

Apparent diffusion coefficient values are expressed as ×10-3 mm2/s. IPAC: Intestinal-type periampullary adenocarcinoma; PPAC: Pancreatobiliary-type
periampullary adenocarcinoma; ADC: Apparent diffusion coefficient.

Table 4 Diagnostic performance of the volumetric histogram parameters at b1000
ADC parameter

AUC (95%CI)

Cut-off (10-3 mm2/s)

Sensitivity (%)

Specificity (%)

Mean

0.762(0.601-0.882)

1.40

91

52

5th

0.703 (0.538-0.837)

1.09

78

58

10th

0.723 (0.558-0.825)

0.90

57

82

25th

0.742 (0.579-0.867)

1.34

83

59

50th

0.781 (0.623 0.896)

1.50

91

59

75th

0.774 (0.613-0.892)

1.44

78

69

90th

0.750 (0.581-0.877)

1.52

82

67

ADCmax

0.747(0.585-0.871)

1.63

70

82

ADC: Apparent diffusion coefficient; AUC: Area under the curve; CI: Confidence interval.

Figure 2
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Figure 2 Box plots of the histogram parameters.aP < 0.05, bP < 0.01. IPAC: Intestinal-type periampullary adenocarcinoma; PPAC: Pancreatobiliary-type
periampullary adenocarcinoma; ADC: Apparent diffusion coefficient.
Figure 3

Figure 3 Receiver operating characteristic curves for the volumetric histogram parameters in differentiating intestinal-type periampullary adenocarcinoma
from pancreatobiliary-type periampullary adenocarcinoma. ADC: Apparent diffusion coefficient.
Figure 4

Figure 4 A 61-year-old man with intestinal-type periampullary adenocarcinoma. A: T2-weighted image; B: Corresponding diffusion-weighted image
reconstruction of apparent diffusion coefficient (ADC) values (b-value = 1000 s/mm2, ADC values are given in units of ×10-3 mm2/s); C: Haematoxylin and eosin
staining of the lesion (original magnification, ×40).
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Figure 5

Figure 5 A 49-year-old man with pancreatobiliary-type periampullary adenocarcinoma. A: T2-weighted image; B: Corresponding diffusion-weighted image
reconstruction of apparent diffusion coefficient (ADC) values (b-value = 1000 s/mm2, ADC values are given in units of ×10-3 mm2/s); C: Haematoxylin and eosin
staining of the lesion (original magnification, ×40).
Figure 6

Figure 6 Corresponding volumetric histograms of intestinal-type periampullary adenocarcinoma and pancreatobiliary-type periampullary
adenocarcinoma. A: Corresponding volumetric histogram (b800) shows the overlap distribution of ADC values of IPAC and PPAC. For the PPAC, the mean, 50th
percentile, 75th percentile, and ADCmax were 1.35, 1.38, 1.55, and 2.14 × 10−3 mm2/s, respectively. For the IPAC, the mean, 50th percentile, 75th percentile, and
ADCmax were 1.52, 1.53, 1.63, and 2.26 × 10−3 mm2/s, respectively; B: Corresponding volumetric histogram (b1000) shows a higher ADC distribution range in the
IPAC. For the PPAC, the mean, 50th percentile, 75th percentile, and ADCmax were 0.96, 0.98, 1.14, and 1.80 ×10−3 mm2/s, respectively. For the IPAC, the mean, 50th
percentile, 75th percentile, and ADCmax were 1.49, 1.47, 1.58, and 2.10 ×10−3 mm2/s, respectively. IPAC: Intestinal-type periampullary adenocarcinoma; PPAC:
Pancreatobiliary-type periampullary adenocarcinoma; ADC: Apparent diffusion coefficient.

ARTICLE HIGHLIGHTS
Research background
The histological heterogeneity of periampullary adenocarcinoma is high as it comprises
adenocarcinomas of the ampulla, distal common bile duct, pancreas, and duodenum.
Misclassification of the original tumor site occurs in clinical practice, which causes inappropriate
postoperative treatment and incorrect prediction of the overall survival. Recently, the
histopathological subtype of periampullary adenocarcinomas is demonstrated to be a better
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prognostic predictor than the site of origin. According to the endoscopic morphological
characteristics of tumor tissue, periampullary adenocarcinoma can be classified into two
histological subtypes. One is intestinal-type periampullary adenocarcinoma (IPAC) and the other
is pancreatobiliary-type periampullary adenocarcinoma (PPAC). IPAC is reported to have a
better prognosis than PPAC.

Research motivation
The classification of histological subtypes is difficult to determine before surgery. Limitations
still exist for contrast-enhanced computed tomography or multiparameter magnetic resonance
imaging to help differentiating between IPAC and PPAC. Diffusion-weighted imaging (DWI) is
a noninvasive functional imaging method. It calculates the apparent diffusion coefficient (ADC)
to reflect random motion of water molecules, which could add information pertinent to tissue
structure. Based on DWI, ADC histogram analysis has been used in the diagnosis of diseases of
many other abdominal organs and is demonstrated to have high reproducibility. It may have the
ability to differentiate IPAC from PPAC.

Research objectives
The aim of this study was to investigate the diagnostic value of ADC volumetric histogram
analysis in differentiation of IPAC and PPAC. Accurate preoperative differentiation between
IPAC and PPAC can help predict the prognosis and make treatment strategy for patients with
periampullary adenocarcinoma.

Research methods
Patients who were confirmed with a periampullary adenocarcinoma and underwent MRI at 3.0 T
with diffusion-weighted images (b-values = 800 and 1000 s/mm2) before surgery were analyzed.
The mean, 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles of ADC values and ADCmin,
ADCmax, kurtosis, skewness, and entropy were then obtained from the volumetric histogram
analysis. Comparisons were made with an independent Student's t-test or Mann-Whitney U test.
Multiple-class receiver operating characteristic curve analysis was performed to determine and
compare the diagnostic value of each significant parameter.

Research results
The mean, maximum, and various percentiles ADC values derived from b1000 were lower in the
PPAC group than in the IPAC group with statistical significance. The 75th percentile of ADC
values achieved the highest area under the curve (AUC) (AUC = 0.781; sensitivity, 91%;
specificity, 59%; cut-off value, 1.50 ×10-3 mm2/s).

Research conclusions
Our study showed that volumetric ADC histogram analysis could help classify histopathological
subtypes of periampullary adenocarcinoma. In addition, a b-value of 1000 s/mm2 has higher
diagnostic value than b-value of 800 s/mm2. The 75th percentile ADC1000 value achieved the best
diagnostic performance.

Research perspectives
Although volumetric ADC histogram analysis has been demonstrated to have the ability to
distinguish between IPAC and PPAC, the optimal b-value is still not confirmed. Besides,
multiple b-value DWI studies may provide more differential diagnostic value. Thus, further
investigations are needed.
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Abstract
BACKGROUND
Constipation is a common functional gastrointestinal disorder and its etiology is
multifactorial. Growing evidence suggests that intestinal dysbiosis is associated
with the development of constipation. Prebiotics are subjected to bacterial
fermentation in the gut to produce short-chain fatty acids (SCFAs), which can
help relieve constipation symptoms. The prebiotic UG1601 consists of inulin,
lactitol, and aloe vera gel, which are known laxatives, but randomized, controlled
clinical trials that examine the effects of this supplement on gut microbiota
composition are lacking.
AIM
To assess the efficacy of the prebiotic UG1601 in suppressing constipation-related
adverse events in subjects with mild constipation.
METHODS
Adults with a stool frequency of less than thrice a week were randomized to
receive either prebiotics or a placebo supplement for 4 wk. All participants
provided their fecal and blood samples at baseline and at the end of intervention.
Gastrointestinal symptoms and stool frequency were evaluated. The
concentrations of serum endotoxemia markers and fecal SCFAs were determined.
The relative abundance of SCFA-producing bacteria and the gut microbial
community in the responders and non-responders in the prebiotics
supplementation group were evaluated.
RESULTS
There were no significant differences in gastrointestinal symptoms between
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groups, although the prebiotic group showed greater symptom improvement.
However, after prebiotic usage, serum cluster of differentiation (CD) 14 and
lipopolysaccharide (LPS) concentrations were significantly decreased (CD14, P =
0.012; LPS, P < 0.001). The change in LPS concentration was significantly larger in
the prebiotic group than in the placebo group (P < 0.001). Fecal SCFAs
concentrations did not differ between groups, while the relative abundance of
Roseburia hominis, a major butyrate producer, was significantly increased in the
prebiotic group (P = 0.045). The abundances of the phylum Firmicutes and the
family Lachnospiraceae (phylum Firmicutes, class Clostridia) (P = 0.009) were
decreased in the responders within the prebiotic group. In addition, the
proportions of the phylum Firmicutes, the class Clostridia, and the order
Clostridiales were inversely correlated with several fecal SCFAs (P < 0.05).
CONCLUSION
Alterations in gut microbiota composition, including a decrease in the phylum
Firmicutes and an increase in butyrate-producing bacteria, following prebiotic
UG1601 supplementation might help alleviate symptom scores and endotoxemia.

additional data are available.
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acids

CONSORT 2010 statement:

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Data sharing statement: No

CONSORT 2010 checklist of
information to include when
reporting a randomized trial has
been completed.

Open-Access: This is an openaccess article that was selected by
an in-house editor and fully peerreviewed 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/licen
ses/by-nc/4.0/

Core tip: This randomized clinical study assessed the efficacy of the prebiotic UG1601 in
suppressing constipation-related adverse events in subjects with mild constipation. Forty
adults with a stool frequency of less than thrice a week were received either prebiotics or
placebo supplements for 4 wk. Serum endotoxemia markers were decreased and
Roseburia hominis, a major butyrate producer was increased after prebiotic usage. The
abundance of Firmicutes was deceased in the responders within the prebiotic group
representing the inverse associations with several fecal short-chain fatty acids. Thus,
alterations in gut microbiota composition following prebiotic UG1601 supplementation
might contribute to alleviation of symptom scores and endotoxemia.
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INTRODUCTION
Constipation is one of the most common functional disorders, with an estimated
prevalence of 8%-20% in population-based studies [1-6] . In general, patients with
constipation complain of one or more symptoms, including hardened stools,
infrequent evacuation, uncomfortable sense of incomplete evacuation, and excessive
time spent for successful defecation[7]. In addition to its polysymptomatic nature, the
etiology of constipation is multifactorial. Diet quality and quantity are the most
common determinants for transient constipation, while secondary constipation can
result from neurological disorders, medication, and/or muscular dystrophy [7,8] .
Although constipation does not require immediate medical attention, the quality of
life in patients with constipation is an important issue.
The gut microbiome comprises a variety of beneficial and harmful bacteria that
actively interact with the host [ 9 ] . Intestinal dysbiosis is associated with the
development of constipation [10] . Prebiotics, comprising one or more indigestible
carbohydrates such as inulin, fructo-oligosaccharide, or galacto-oligosaccharide, act as
a good energy source for the growth of select favorable bacteria [11] . In addition,
prebiotics contribute to changes in the gut microbial community by playing a role in
reducing harmful bacteria and increasing the abundance of beneficial bacteria[12-14].
Upon reaching the colon, prebiotics undergo bacterial fermentation to produce shortchain fatty acids (SCFAs). SCFAs, especially butyrate, can change stool consistency
and lead to relief from pain or discomfort during defecation[15,16]. SCFAs also influence
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changes in gut motility by stimulating the contraction of colonic smooth muscles,
thereby relieving the symptoms of constipation[17,18].Many studies have demonstrated
the effects of specific prebiotics on constipation, stool consistency, colonic transit time,
and fecal evacuation[13,19-22]. Although the use of prebiotics has been suggested as an
alternative for alleviating constipation, the number of randomized, placebo-controlled
intervention trials with possible mechanistic explanations are limited. Also, recent
development in metagenome analyses can facilitate the understanding of gut
microbiota composition and their consequent effects on systemic homeostasis.
Therefore, in this randomized placebo-controlled intervention study, we investigated
the efficacy of supplementation with the prebiotic UG1601, which consists of inulin,
lactitol, and aloe vera gel, all known laxatives, to relieve the symptoms of constipation
associated with the gut microbiota in Korean adults.

MATERIALS AND METHODS
Study subjects
Adults (aged 18-60 years) were recruited to the study through advertisements on the
university website and on-campus posters. The inclusion criteria were (1) A stool
frequency of less than three times a week; (2) Sensation of incomplete evacuation
more than 25% of the evacuation time; and (3) Straining with defecation more than
25% of the time. We selected subjects who experienced one or more of these item not
less than 3 mo and not more than 6 mo[23,24]. Potential subjects were excluded if they (1)
Experienced gastrointestinal diseases or other chronic diseases; (2) Had undergone a
major surgery; (3) Used prebiotics, probiotics, or synbiotics within a month; and (4)
Received antibiotic treatment in the last 3 mo. Volunteers who are smokers, pregnant,
or lactating were also excluded. Written informed consent was obtained from all
participants. This study was performed according to the ethical recommendations of
the Declaration of Helsinki and approved by the Institutional Review Board of
Sookmyung Women’s University (SMWU-1601-BR-087-01). This study was also
registered with the Clinical Research Information Service (https://cris.nih.go.kr) (No.
KCT0002422).

Study materials
The prebiotic UG1601 was provided by Unigen, Inc. (Cheonan, Korea). UG1601 is
white-colored powder, composed of inulin (61.5%), lactitol (34.6%), and aloe vera gel
(3.9%). Chemical structures of inulin and lactitol and a schematic representation of
aloe vera pulp structure are presented in Figure S1. Maltodextrin powder with a
texture, color, and odor identical to that of prebiotics was used as the placebo.
Prebiotics and placebo powder were prepackaged in a pouch bag and consecutively
numbered using the randomization table.

Study design
A randomized, double-blinded, placebo-controlled and parallel study design was
used in accordance with the Consolidated Standards of Reporting Trials (CONSORT)
guidelines [25] . Sample size was determined using G*Power Analysis program
(G*Power 3.1, The G*Power Team, Belgium). All subjects were randomly divided into
the placebo (n = 20) and prebiotic groups (n = 20) following a simple randomization
procedure using SAS uniform function. A randomization list was blinded until
analyses were completed. To allocate the participants, a computer-generated list of
random numbers was used. Study subjects, care providers, and individuals assessing
outcomes were blinded. A third party who was not associated with this study
generated the random allocation sequence, enrolled participants, and assigned
participants to interventions. The subjects were asked to consume 13 g/d of either the
prebiotic UG1601 or placebo dissolved in water for 4 wk and send a photograph of the
empty packet every day after consumption. Stool frequency and gastrointestinal
symptoms were recorded at baseline, week 4, and 2 wk after the intervention. All
subjects completed a three-day dietary record (2 weekdays and 1 weekend day) to
assess their typical diets using the 24-h recall method. Dietary intake of energy,
carbohydrates, proteins, fats, and fiber was calculated by the Computer Aided
Nutritional analysis program (CAN-Pro 5.0, Korean Nutrition Society, Seoul, Korea).
Blood and fecal samples were collected at the beginning and end of the experimental
period. Fecal samples were collected in the morning. All samples were self-collected
in sterile conical tube and transferred immediately to research staff. All samples were
stored at -80 °C until analysis.

Stool frequency score determination
To assess the efficacy of UG1601 on constipation improvement, stool frequency was
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scored according to a six-point scale from 0 to 5 on the basis of the number of
evacuations per week (stool frequency per week < 1 = a score of 0; 1 ≤ stool frequency
per week < 2 = 1; 2 ≤ stool frequency per week < 3 = 2; 3 ≤ stool frequency per week <
4 = 3; 4 ≤ stool frequency per week < 5 = 4; and stool frequency per week ≥ 5 = 5).

Assessment of gastrointestinal symptoms
We investigated the effect of UG1601 on change in gastrointestinal symptoms and the
existence of side effects. Gastrointestinal symptoms, including stool consistency,
feeling of incomplete evacuation, time required for evacuation, and flatulence, were
assessed based on data provided by participants. Each symptom was categorized into
three responses (worsened, improved, or unchanged) depending on any postinterventional improvement in their gastrointestinal symptoms.

Measurement of serum endotoxemia markers
We measured serum lipopolysaccharide (LPS) and their receptor, cluster of
differentiation (CD) 14 concentration as measures of bacterial translocation due to
increased membrane permeability. LPS is also known to be associated with gut
motility. Serum CD 14 concentration was determined using a Quantikine® ELISA kit
(R&D Systems, Minneapolis, MN, United States) according to the manufacturer’s
instructions. Serum LPS concentration was measured using a commercial ELISA kit
(MyBioSource, San Diego, CA, United States).

Fecal SCFAs concentration measurement
Fecal SCFAs concentration was measured to determine the association with changes
in microbiome composition. Quantification of fecal SCFA concentration was analyzed
by gas chromatography-mass spectrometry using an Agilent 7890B GC with an MSD
5977A mass spectrophotometer (Agilent, Santa Clara, CA, United States) and the ion
source was electron impact. The carrier gas helium was injected at a rate of 1 mL/min
through a DB-5MS column (Agilent, Santa Clara, CA, United States). Before analysis,
frozen feces were thawed, and diethyl ether was added, followed by acidification
with HCl. The supernatant was extracted at two different stages, and derivatization
was performed at 37 °C for 1 h after the addition of MTBSTFA. Acetate, propionate,
and butyrate concentrations in the fecal samples were calculated using a standard
curve. All experiments and analyses were performed at the Korea Basic Science
Institute Western Seoul Center (Seoul, Korea).

Fecal DNA extraction
Fecal DNA was extracted using a QIAamp® DNA Stool Mini Kit (QIAGEN, Hilden,
Germany), according to the manufacturer’s instructions. Briefly, the frozen fecal
samples were thoroughly homogenized. Homogenized samples were heated in a
water bath at 95 °C and centrifuged at 20000 × g at 25 °C for 1 min. After
centrifugation, the supernatant was mixed with proteinase K and transferred to the
column for washing and separating the DNA. The concentration of the extracted
DNA was adjusted to 1 ng/µL and stored at -20 °C until analysis.

Quantification of the relative abundance of bacteria by real-time quantitative
polymerase chain reaction
To quantify the relative abundance of SCFA-producing bacteria and prebioticsensitive bacteria, we chose eleven representative bacteria; acetate-producing bacteria
[Bifidobacterium longum, Bifidobacterium adolescentis (B. adolescentis), and Bifidobacterium
catenulatum (B. catenulatum)]; propionate-producing bacteria [Prevotella ruminicola (P.
ruminicola), Propionibacterium acidipropionici (P. acidipropionici), and Propionibacterium
freudenreichii (P. freudenreichii)]; butyrate-producing bacteria [Faecalibacterium
prausnitzii (F. prausnitzii), Clostridium leptum (C. leptum), and Roseburia hominis (R.
hominis)]; and prebiotic-sensitive bacteria [Bifidobacterium lactis (B. lactis) and
Lactobacillus acidophilus (L. acidophilus)]. Real-time quantitative polymerase chain
reaction (PCR) was performed on a 7500 Fast Real-Time PCR system (Applied
Biosystems, Foster City, CA, United States) using a qPCRBIOSyGreen Mix Lo-Rox
(PCR Biosystems Ltd., London, United Kingdom). Each primer sequence targeted the
16s rRNA region of the bacteria (Table S1). Bacterial abundance was expressed as a
relative value by using the calculation formula: Log 10 [threshold cycle (Ct) of specific
bacteria/Ct of total bacteria][26].

Microbial community analysis
The microbial community of the responders and non-responders in the prebiotic
group was analyzed using 16s rRNA pyrosequencing. Twelve subjects in the prebiotic
group were selected and grouped as responders and non-responders. The
“responders” were defined as subjects whose time required for evacuation had
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decreased and serum CD 14 concentration had decreased by > 10% at the end of the
study. The “non-responders” were defined as subjects whose time required for
evacuation was unchanged by prebiotic supplementation, while the serum CD 14
concentration had increased by > 10% at the end of the study. For microbial content
analysis, the extracted metagenomic DNA was amplified using primers targeting the
V3 and V4 regions of the 16S rRNA gene. Amplification, sequencing, and data
analysis were performed by ChunLab, Inc. (Seoul, South Korea).

Statistical analysis
Normality test and Levene’s test were performed for the collected data. Differences
between the two groups were evaluated using Student’s t-test or Mann-Whitney U
test. Changes in the values during the treatment period as well as the changes in
values at baseline and week 4 were compared by paired t-test or Wilcoxon signed
rank test. Correlation analysis was evaluated using Pearson correlation coefficient or
Biserial correlation coefficient. All statistical analyses were performed using IBM SPSS
23.0 for Windows (IBM Corporation, Armonk, NY, United States).

RESULTS
Demographic characteristics of study subjects
Of the 42 subjects who agreed to participate in this study, 40 met the inclusion criteria.
The participant screening protocol is illustrated in Figure 1. Ten men [median age, 25
years; median body mass index (BMI), 23.43] and thirty women (median age, 24 years;
median BMI, 21.33) completed the study. The two groups showed similar
demographic characteristics (Table 1). Compliance of subjects was evaluated based on
daily intake; the compliance of the placebo and prebiotic groups was 98% and 99%,
respectively. Dietary intake of energy, carbohydrates, proteins, fats, and fiber did not
significantly differ within each group (baseline vs week 4) or between the groups at
baseline or week 4 (Table S2).

Stool frequency score and changes in the gastrointestinal symptoms
As shown in Table 2, the stool frequency score significantly increased in both
prebiotic (P < 0.001) and placebo (P = 0.002) groups after 4 wk of intervention.
Although the prebiotic group showed a greater improvement in gastrointestinal
symptoms, no significant changes were noted in gastrointestinal symptoms (Table 3).

Changes in the gastrointestinal symptoms two weeks post intervention
Stool frequency, stool consistency, regularity of evacuation, time required for
evacuation, and flatulence 2 wk after the intervention did not significantly differ
between the two groups. Additionally, the time required for symptom change did not
significantly differ between the two groups (7.00 ± 1.73 vs 6.33 ± 1.89, Table S3).

Serum concentrations of CD 14 and LPS
The placebo and prebiotic groups had similar basal CD 14 concentrations (1.59 ± 0.07
and 1.51 ± 0.05 µg/mL, respectively). After 4 wk of intervention, the serum CD 14
concentration decreased by 7.84% and 6.62% in the prebiotic and placebo group,
respectively, compared to the baseline concentration (prebiotic, P = 0.012; placebo, P =
0.130) (Figures 2A and 2C). However, the change in CD 14 concentration (from
baseline to week 4) in the prebiotic group did not significantly differ from that
observed in the placebo group (-0.06 ± 0.09 vs -0.10 ± 0.06, P = 0.670). Serum LPS
concentration decreased in both groups (placebo, 122.48 ± 4.52 vs 119.59 ± 5.49
ng/mL; prebiotic, 130.78 ± 6.36 vs 109.27 ± 4.51 ng/mL), and the prebiotic group alone
showed a significant change after 4 wk of intervention (P < 0.001) (Figures 2B and 2D).
The change in LPS concentration was significantly larger in the prebiotic group
compared to that in the placebo group (-2.89 ± 3.53 vs -21.51 ± 3.29, P < 0.001).

Fecal SCFAs concentration
The concentrations of the three major SCFAs, namely, acetate, propionate, and
butyrate, in the fecal samples at baseline did not differ between the two groups. There
was also no significant difference within or between the groups after 4 wk of
intervention (acetate, 90.12 ± 11.53 ng/mg vs 103.45 ± 11.26 ng/mg; propionate, 62.33
± 7.85 vs 74.14 ± 7.60 ng/mg; butyrate, 75.62 ± 6.65 vs 75.23 ± 10.79 ng/mg) (Table S4).
The concentrations of SCFAs at week 4 were not significantly different from baseline
concentrations (Table S4).

Relative abundance of SCFA-producing bacteria
The relative abundance of acetate-producing bacteria decreased, and that of B.
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Table 1 Demographic characteristics of study participants at baseline
Variable

Placebo (n = 20)

Prebiotics (n = 20)

P value

Age, median (range)

25 (22-51)

24 (21-27)

0.032

Male

5 (25)

5 (25)

Female

15 (75)

15 (75)

Stool frequency, median (range)

3.5 (2.5-6)

3 (2.5-5.5)

0.014

Body weight, kg

57.49 ± 2.10

61.34 ± 2.69

0.266

Height, cm

165.43 ± 1.70

163.71 ± 1.29

0.422

Body mass index, kg/m2

20.93 ± 0.53

22.78 ± 0.81

0.063

Gender, n (%)

0.642

Data are presented as the mean ± standard error of the mean. P value was calculated using the Student’s ttest.

adolescentis in the prebiotic group had significantly decreased at the end of the
intervention (P = 0.040; Figure 3A). The relative abundance of B. catenulatum in the
prebiotic group increased by 3.45% at week 4, although this change was not
significant (Figure 3A). The relative abundance of the propionate-producing bacteria,
namely, P. ruminicola, P. freudenreichii, and P. acidipropionici did not significantly
change (Figure 3B). The relative abundance of the butyrate-producing bacteria,
namely, F. prausnitzii and C. leptum, slightly increased at week 4, compared to that at
baseline (F. prausnitzii, 1.53%; C. leptum, 4.39%) in the prebiotic group, although these
values were not significantly different within or between groups (Figure 3C).
However, the relative abundance of R. hominis increased by 15.93% at week 4; this
difference was significantly larger than the difference noted in the placebo group (P =
0.045; Figure 3C). The relative abundance of the prebiotic-sensitive bacteria, namely,
B. lactis and L. acidophilus, had not significantly changed at the end of the intervention
in either group (Figure 3D).

Microbial community analysis between responders and non-responders treated
with prebiotics
Since we could not observe clear improvements in constipation-related symptoms,
except stool frequency (shown in Table 2), upon prebiotic supplementation, the
differences in the genome-wide microbial composition between responders and nonresponders were compared to determine differences between the two groups, if any.
The “responders” are defined as subjects whose serum CD 14 concentration had
decreased by > 10%, with improvement in the time required for evacuation (n = 6).
The “non-responders” were defined as subjects whose serum CD 14 concentration
had increased by > 10% (n = 6) without any changes in the time required for
evacuation. To compare the changes in microbial diversity among responders and
non-responders, we used three different measures of microbial diversity, including
operational taxonomic units, Chao1, and Shannon diversity indices. No statistically
significant differences were noted within and between the groups for diversity indices
(Table S5).
To compare the changes in the microbial community in responders and nonresponders, we performed 16s rRNA pyrosequencing targeting the V3–V4
hypervariable region. The individual microbiome profiles representing the most
abundant 12 phyla at baseline and week 4 are presented in Figure 4A. Especially, after
4 wk of prebiotics treatment, the proportion of the phylum Firmicutes was lower and
the proportions of the phyla Proteobacteria and Actinobacteria were higher in the
responder group than in the non-responder group, although these differences were
not significantly different (Figure 4B). We further analyzed the changes in the relative
abundance of subordinate taxa (from baseline to week 4) (Figure 4C and D). In the
responders of the prebiotic group, the phylum Firmicutes (P = 0.031), the class
Clostridia (P = 0.058), the order Clostridiales (P = 0.058), and the family
Lachnospiraceae (phylum Firmicutes, class Clostridia) (P = 0.009) were decreased
after 4 wk of intervention compared to the non-responders (Figure 4D). Changes at
the subordinate species level indicated that the relative abundances of Prevotella
stercorea (P. stercorea), Bacteroides plebeius (B. plebeius), and Bacteroides stercoris (B.
stercoris) tended to increase in the responder group, while it decreased in the nonresponder group after intervention. In the non-responder group, the relative
abundance of Bacteroide s fragilis (B. fragilis) showed a decreasing trend compared to
the level at the baseline (Figure 4D).
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Figure 1 CONSORT diagram illustrating participant recruitment, follow-up, and analysis.

Correlations of gut microbiota with serum endotoxemia markers and fecal SCFAs
To investigate associations between gut microbiota and factors related with
constipation, we examined correlations between relative abundances of bacterial
groups with clinical factors, serum endotoxemia markers, and fecal SCFA
concentrations. The relative abundance of the phylum Firmicutes was negatively
associated with fecal concentrations of acetate (R2 = -0.6, P = 0.040), propionate (R2 = 0.72, P = 0.008), and butyrate (R2 = -0.62, P = 0.031). Similarly, the proportions of the
class Clostridia, the order Clostridiales, and the family Ruminococcaceae showed a
negative relationship with acetate (Clostridia, R2 = -0.65, P = 0.023; Clostridiales, R2 = 0.65, P = 0.023; Ruminococcaceae, R2 = -0.78, P = 0.003) and propionate (Clostridia, R2
= -0.7, P = 0. 011; Clostridiales, R2 = -0.7, P = 0.011; Ruminococcaceae, R2 = -0.67, P =
0.017) (Figure 4E). In addition, a positive correlation was found between the
proportion of the phylum Proteobacteria and butyrate (R2 = 0.66, P = 0.020). The
relative abundance of the class negativicutes was positively associated with serum CD
14 concentration (R2 = 0.61, P = 0.037) and negatively correlated with propionate (R2 =
-0.81, P = 0.002) and butyrate (R2 = -0.62, P = 0.032) (Figure 4E).

DISCUSSION
In the present study, we used a prebiotic supplement containing inulin, lactitol, and
aloe vera gel, which are non-digestible carbohydrates with different known
characteristics that are positively associated with relief from constipation. The
materials used in this study are known laxatives, about which only few controlled
clinical studies are available[27-29], but their effects on microbial composition have not
been investigated. This clinical trial showed that 4 wk of intervention with the
prebiotic UG1601 in patients with mild constipation resulted in decreased serum
concentrations of the bacterial endotoxin LPS and its receptor CD 14. UG1601
supplementation induced an increase in the abundance of the fecal butyrateproducing bacterium R. hominis and improved stool frequency.
A recent study reported that intestinal dysbiosis leads to the development of
constipation. Antibiotic-treated mice receiving fecal microbiota from constipated
individuals showed abnormal defecation, which was associated with a serotonin
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Table 2 Stool frequency score of 40 mildly constipated subjects treated with either placebo or
prebiotics at baseline and 4 wk of intervention
Time point

Placebo (n = 20)

Prebiotics (n = 20)

P value1

Baseline

2.47 ± 0.22

2.35 ± 0.18

0.667

Week 4

4.11 ± 0.21

4.10 ± 0.25

0.174

P value2

0.002

< 0.001

Change of score

1.55 ± 0.33

1.75 ± 0.22

0.620

1

Calculated using the Student’s t-test (between groups).
Calculated using paired t-test (within a group). Data are expressed as the mean ± standard error of the mean.
Change in score was calculated by subtracting the values at week 4 from those at baseline.
2

transporter involved in regulating gastrointestinal motility [10] . SCFAs are major
bacterial fermentation products that have been suggested to stimulate the mucosal
receptor or colonic smooth muscle to increase motility and to maintain gut integrity
by regulating epithelial cell proliferation[17,18,30]. Butyrate produced by gut bacteria
such as R. hominis contribute to gut integrity through the replacement of damaged
colon cells and by regulating the expression of tight junction proteins or mucus
production[31]. Increased gut integrity blocked the leakage of LPS into the circulatory
system and the activation of TLR signaling, which accelerated the release of proinflammatory cytokines [32] . In particular, the bacterial endotoxin LPS regulates
gastrointestinal motility by increasing the intestinal transit time and causing
sphincteric dysfunction[33]. Moreover, a recent study found that serum endotoxin
activity was positively associated with constipation in patients undergoing chronic
hemodialysis[34]. Thus, we hypothesized that increasing the SCFA content by prebiotic
supplementation would reduce endotoxemia associated with dysbiosis-induced gut
barrier damage, thereby leading to relief from constipation symptoms. In this study,
we did not observe significant differences in fecal SCFAs concentrations after
prebiotic supplementation. A recent systemic review on dietary intervention trials to
compare SCFA production in obese subjects did find consistent and significant
differences in fecal SCFAs regardless of changes in body weight [35] . Possible
explanations for this inconsistency included small sample sizes, heterogeneity of
study participants, and lack of standardized fecal SCFA measurements. Our study
also included limited number of study subjects which might be too small to overcome
the inter-individual variations. Also, significant proportions of SCFAs produced in the
intestine escape fecal excretion due to enterohepatic circulation [ 3 5 ] limiting
representativeness of fecal SCFAs as total SCFAs produced in the intestine. However,
our results indicated that levels of the endotoxemia markers decreased within 4 wk of
prebiotic intervention, and that the relative proportion of several SCFA-producing
bacteria might be related to a decrease in the levels of these markers.
Case-control studies have demonstrated differences in gut microbiota composition
between patients with constipation and healthy control subjects. A previous study
found that patients with constipation exhibited a decrease in the abundance of
bifidobacterium, lactobacillus, clostridium, bacteroides, and Streptococcus faecalis, and
increases in the abundance of potentially harmful bacteria such as Escherichia coli and
Staphylococcusaureus, compared to levels in healthy control subjects[36]. Another study
reported that patients with constipation had a significantly lower proportion of
Bacteroidetes phylum, while the proportion of Firmicutes, Actinobacteria, and
Proteobacteria phyla was higher compared to that in the control group [37] . We
assumed that the differences between the responders and non-responders within the
prebiotic group would be derived from the differences in the composition of the gut
microbiota in association with endotoxemia and gut motility. Indeed, we found that
the abundances of the phylum Firmicutes, the class Clostridia, and the order
Clostridiales were reduced in the responders after 4 wk of intervention, representing
the inverse associations with several fecal SCFAs. Increased abundance of the phylum
Firmicutesis a major characteristic of patients suffering from constipation[11], and the
Bacteroidetes : Firmicutes ratio is positively correlated with stool consistency[38].
Contrary to our expectations, the abundance of Proteobacteria showed an
increasing trend in the responder group. This increase was previously shown to be
related to various metabolic diseases, including diabetes, obesity, or inflammatory
bowel disease [ 3 9 ] . However, a study showed that the LPS derived fromthis
speciesactivated Toll-like receptor signaling and acetylcholine response. Increased
acetylcholine response restores spontaneous contraction frequency, suggesting that
Proteobacteria might contribute to normal gut motility[40]. In addition, the abundance
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Table 3 Changes in the abdominal and fecal symptoms of 40 mildly constipated subjects after 4
wk of intervention, based on self-reporting
Symptoms

Placebo (n = 20)

Prebiotics (n = 20)

P value

Improved

5 (25)

7 (35)

0.185

Unchanged

12 (60)

13 (65)

Worsened

3 (15)

-

Improved

9 (45)

8 (40)

Unchanged

10 (50)

12 (60)

Worsened

1 (5)

-

Shorten

3 (15)

7 (35)

Same

17 (85)

13 (65)

Yes

5 (25)

4 (20)

No

15 (75)

16 (80)

Stool consistency, n (%)

Incomplete evacuation, n (%)
0.538

Time required for evacuation, n (%)
0.137

Flatulence, n (%)
0.500

P value was calculated using Chi-square test.

of Bacteroidetes (P. stercorea, B. plebeius, and B. stercoris), which are known to ferment
carbohydrates and affect colonic transit time [41], tended to be higher in the responder
group of this study. In particular, the abundance of B. fragilis tended to decrease after
prebiotic supplementation in the non-responder group. B. fragilis is a well-known
species that can directly induce the conversion of CD4 + T cells into Foxp3 + Treg cells
by using their own polysaccharide A. Increased Treg capacity promotes the production
of the anti-inflammatory cytokines, mediating increased mucosal surface tolerance
and decreased intestinal inflammation[42]. Thus, it appears that a decreased proportion
of B. fragilis might be associated with the increased circulating CD 14 levels observed
in the non-responder group. Furthermore, we found that the proportion of the class
Negativicutes, known to harbor outer membranes containing LPS, was positively
associated with serum CD 14 concentration and negatively correlated with levels of
several fecal SCFAs. Taken together, our data suggest that alterations in gut
microbiota composition would be associated with differences in response to prebiotic
supplementation.
The present study was a randomized, double-blinded, placebo-controlled trial with
a high rate of compliance. This is one of the few clinical studies on the association of
gut microbiota composition and constipation[12,43,44]. However, our study has several
limitations. The lack of significant improvement in constipation symptoms could be
attributed to the small sample size of this intervention study. In addition, the
participants were mostly young females with mild constipation, who were otherwise
healthy. Given that sex- and gender-specific differences have been reported in
patients with constipation [45,46] , further clinical studies are required to provide
evidence on sex- and gender-associated disparities in the effects of prebiotics on
relieving the symptoms of constipation. Moreover, the dose of each substance in the
prebiotic UG1601 might not be sufficient to improve constipation symptoms.
Considering previous studies reporting the beneficial effects of each substance in
prebiotic supplements[47-56], adequately powered clinical trials that take into account
the dose of bioactives within each substance are needed to develop prebiotics that are
effective in relieving constipation-related symptoms.
Although we did not measure hematochezia or serum concentrations of calcium,
ferritin, potassium and magnesium, these are also important indicators to determine
the degree of stool softness[57-59]. Thus, the inclusion of these clinical and biochemical
factors may be helpful for diagnosing and managing constipation in clinical settings.
In conclusion, supplementation with the prebiotic UG1601 in subjects with mild
constipation improved stool frequency and suppressed endotoxemia, as determined
by the concentrations of LPS and CD 14. Alterations in the microbial composition
including a decrease in the abundance of the phylum Firmicutes and an increase in
the abundance of butyrate-producing bacteria may reduce the available LPS content
which can regulate intestinal motility and lower endotoxemia.
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Figure 2 Changes in the serum cluster of differentiation 14 and lipopolysaccharide concentrations after 4 wk of intervention. A and C: Changes in the serum
cluster of differentiation (CD) 14 after 4 wk of intervention; B and D: Changes in the serum cluster of lipopolysaccharide (LPS) concentrations after 4 wk of
intervention. After 4 wk of intervention, the concentrations of serum CD 14 and LPS were significantly reduced in the prebiotics group. Bar charts show the mean ±
standard error of the mean. aP < 0.05; bP < 0.001. Significantly different from the values at placebo or baseline, using the Student’s t-test or paired t-test. CD: Cluster
of differentiation; LPS: Lipopolysaccharide.
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Figure 3

Figure 3 Analysis of Relative abundance. A: Relative abundance of acetate-producing bacteria; B: Propionate-producing bacteria; C: Butyrate-producing bacteria;
D: Prebiotic-sensitive bacteria. In the prebiotics group, the relative abundance of Bifidobacterium adolescentis was decreased and that of Roseburia hominis was
increased after 4 wk of intervention. Box plots show the 25th and 75th percentiles, median, and range. Outliers are expressed as a small circle. cP < 0.05. Significantly
different from the values at baseline, using the Student’s t-test.
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Figure 4 Microbial community analysis between responders and non-responders treated with prebiotics. A: Gut microbiome phylum profile of the responder
and non-responder groups at baseline and week 4; B: Major microbiome phylum profile at week 4; C and D: Changes in the relative abundance of subordinate taxa
(from baseline to week 4); E: Correlations of gut microbiota with serum endotoxemia markers and fecal short chain fatty acids. The abundances of the phylum
Firmicutes, the class Clostridia, and the order Clostridiales were reduced in the responders after 4 wk of intervention representing the inverse associations with several
fecal short chain fatty acids. Box plots show the 25th and 75th percentiles, median, and range. Outliers are expressed as a small circle (C). eP < 0.05. Significantly
different from the values at responders, using the Student’s t-test (D). The number in each box indicates coefficient of correlation. The blue color implies a positive
correlation, while the red color indicates a negative correlation. Statistically significant correlation is highlighted with a red line (E). CD: Cluster of differentiation; LPS:
Lipopolysaccharide; BMI: Body mass index.

ARTICLE HIGHLIGHTS
Research background
Constipation is a common functional gastrointestinal disorder. However, its etiology is
multifactorial and there is no medicine for remedy. Constipation is not only related to other
gastrointestinal disease including irritable bowel syndrome or colorectal cancer but also lowers
the quality of life. Therefore, it is essential to find proper supplement that controls the
symptoms.

Research motivation
Recently, several evidences suggest that the gut dysbiosis is associated with the occurrence of
constipation. However, most of studies have revealed superficial relationship between gut
microbiota and constipation for some of western population.

Research objectives
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In this study, we focused on prebiotics that might regulate gut dysbiosis and constipation. We
assessed the efficacy of the prebiotic UG1601 in suppressing constipation-related adverse events
in subjects with mild constipation. Furthermore, we investigated the relationship between gut
dysbiosis and constipation.

Research methods
Adults with a mild constipation were randomized to receive either prebiotics or placebo
supplements for 4 wk. Gastrointestinal symptoms and stool frequency were evaluated. Serum
endotoxemia markers, fecal short-chain fatty acids (SCFAs), relative abundance of SCFAproducing bacteria and the gut microbial community in the responders and non-responders in
the prebiotics supplementation group were determined.

Research results
After prebiotic usage, serum cluster of differentiation (CD) 14 and lipopolysaccharide (LPS)
concentrations were significantly decreased. Fecal SCFAs concentrations did not differ between
groups, while the relative abundance of Roseburia hominis, a major butyrate producer was
significantly increased in the prebiotic group. The abundances of the phylum Firmicutes and the
family Lachnospiraceae that were correlated with SCFAs were deceased in the responders within
the prebiotic group.

Research conclusions
Changes in gut microbiota composition including a decrease in the phylum Firmicutes and an
increase in butyrate-producing bacteria following prebiotic UG1601 supplementation might
contribute to improvement of symptom and endotoxemia.

Research perspectives
This study suggests endotoxemia markers including CD14 and LPS are correlated with
constipation through alteration of gut microbial composition. To elucidate causality,
investigation of other clinical factors that are related to constipation and gut dysbiosis was
needed. Also, clinical study involved various age and population will be needed.
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Abstract
BACKGROUND
The current epidemiology of inflammatory bowel disease (IBD) in the multiethnic United Kingdom is unknown. The last incidence study in the United
Kingdom was carried out over 20 years ago.
AIM
To describe the incidence and phenotype of IBD and distribution within ethnic
groups.
METHODS
Adult patients (> 16 years) with newly diagnosed IBD (fulfilling Copenhagen
diagnostic criteria) were prospectively recruited over one year in 5 urban
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catchment areas with high South Asian population. Patient demographics, ethnic
codes, disease phenotype (Montreal classification), disease activity and treatment
within 3 months of diagnosis were recorded onto the Epicom database.
RESULTS
Across a population of 2271406 adults, 339 adult patients were diagnosed with
IBD over one year: 218 with ulcerative colitis (UC, 64.3%), 115 with Crohn's
disease (CD, 33.9%) and 6 with IBD unclassified (1.8%). The crude incidence of
IBD, UC and CD was 17.0/100000, 11.3/100000 and 5.3/100000 respectively. The
age adjusted incidence of IBD and UC were significantly higher in the Indian
group (25.2/100000 and 20.5/100000) compared to White European (14.9/100000,
P = 0.009 and 8.2/100000, P < 0.001) and Pakistani groups (14.9/100000, P = 0.001
and 11.2/100000, P = 0.007). The Indian group were significantly more likely to
have extensive disease than White Europeans (52.7% vs 41.7%, P = 0.031). There
was no significant difference in time to diagnosis, disease activity and treatment.
CONCLUSION
This is the only prospective study to report the incidence of IBD in an ethnically
diverse United Kingdom population. The Indian ethnic group showed the
highest age-adjusted incidence of UC (20.5/100000). Further studies on dietary,
microbial and metabolic factors that might explain these findings in UC are
underway.
Key words: Inflammatory bowel disease; Ethnicity; Epidemiology; Incidence; Phenotype
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We performed a United Kingdom multicentre prospective cohort study to
describe the incidence of inflammatory bowel disease and differences within ethnic
groups. Seven urban centres with high ethnic background population recruited 339 cases
over a 1 year period. Patients of Indian ethnicity were almost three times more likely to
have UC than White Europeans. The impact of diet and environmental factors on this
high risk population requires further study.

Citation: Misra R, Limdi J, Cooney R, Sakuma S, Brookes M, Fogden E, Pattni S, Sharma N,
Iqbal T, Munkholm P, Burisch J, Arebi N. Ethnic differences in inflammatory bowel disease:
Results from the United Kingdom inception cohort epidemiology study. World J
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URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6145.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6145

INTRODUCTION
The incidence of inflammatory bowel disease (IBD) is highest in industrialised regions
of North America and Europe[1]. Incidence rates in Europe and North America are
stable unlike less industrialised countries where they are increasing. Recent
epidemiologic studies report rates of IBD incidence rates of 15.2/100000, 24.5/100000
and 0.5-3.4/100000 for Europe, Australia and South East Asia respectively[2,3]. The last
incidence study in the United Kingdom comes from a population of 135723, which
reported an incidence of 13.9/100000 for ulcerative colitis (UC) and 8.3/100000 for
Crohn’s disease (CD) in a predominantly White European population (98%)[4]. Some
regions in the United Kingdom have a large and increasing South Asian (SA)
population extending back to a migrant flow in the 1950s[5]. Early studies of this
migrant population suggested a higher UC incidence than European populations
(10.8/100000 vs 5.3/100000) with an increase over time between 1980 and 1990[6-8].
However, the disease phenotype in the SA population was not homogenous. For
instance the Bangladeshi population were less likely than White Europeans to have
UC and presented with aggressive CD[9,10]. Differences in incidence and phenotype
have also been reported for African-Americans, Hispanics and East Asians in the
United States[11-14]. The reasons for these differences are unclear. An environmental
trigger on genetically susceptible individuals is likely, given that migrants tend to
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adopt the disease incidence of their adopted country rather than country of origin[15].
Further studies on migrant populations may offer new insights into disease
pathogenesis[16]. The prevailing reference point for the epidemiology of IBD in the
United Kingdom is drawn from retrospective, single centre studies carried out almost
two decades ago[17]. We aimed to describe incidence and phenotype of IBD in the
United Kingdom across ethnic groups as an update on the previous literature and to
justify future explanatory studies.

MATERIALS AND METHODS
Study populations
The study populations were determined by examining the latest United Kingdom
census data from 2011[5]. All United Kingdom residents are legally bound to complete
the national survey sent out every 10 years. Over 94% of the population completed the
census survey in 2011, which required respondents to select their ethnic group from a
list of standardised categories set up and defined by the National Statistics
Harmonisation group [ 1 8 ] . These are White, Mixed ethnic group, Asian,
Black/African/Caribbean and Other ethnic groups. The Asian category is subdivided
into Indian, Pakistani, Bangladeshi, Chinese and Asian Other. White and two SA
groups (Indian and Pakistani, 44.3% of ethnic groups) offered the largest population
sizes and comparisons between these three were undertaken.
High ethnically diverse populations were identified by examining the census data
and selecting regions where more than 10% of the background population was nonWhite European. The census areas are divided into local authorities. The selection of
recruiting hospitals was based on matching the hospital catchment area to the local
authority area. For example, Birmingham is the largest single local authority area in
England with a population of over one million. Therefore, three hospitals serving
central Birmingham were recruited to cover the relevant area. Seven centres covering
a population of 2271406 with a SA population of 443303 participated: Northwest of
England (Pennine NHS Trust, Northeast Manchester), East Midlands (University
Hospitals of Leicester), four in the West Midlands (University Hospital Birmingham,
Heart of England NHS Trust, South West Birmingham NHS Trust and Royal
Wolverhampton NHS Trust) and North West London (London North West NHS
Trust. Each centre has its own defined catchment area and the investigators at each
centre formed the United Kingdom Inception Epidemiology study group. To ensure
patients came from the background population, patients living outside the designated
uptake area at the time of diagnosis were excluded.

Recruitment
All new diagnoses of adult IBD aged 16 years over a one-year period commencing
February 1st, 2016 and living in the predefined catchment areas by postcode were
prospectively included. Cases were required to meet the Copenhagen Diagnostic
Criteria for CD and UC to conform with the case definitions used in the previously
validated Epi-IBD study[19,20].

Copenhagen diagnostic criteria for Crohn’s disease
Copenhagen diagnostic criteria for CD (at least two of the criteria present): (1) History
of abdominal pain, weight loss and/or diarrhoea for more than three months; (2)
Characteristic endoscopic findings of ulceration (aphthous lesions, snail track
ulceration) or cobble stoning or radiological features of stricture or cobble stoning; (3)
Histopathology consistent with CD (epithelioid granuloma of Langerhans type or
transmural discontinuous focal or patchy inflammation); and (4) Fistula and/or
abscess in relation to affected bowel segments.

Copenhagen diagnostic criteria for ulcerative colitis
Copenhagen diagnostic criteria for UC (all three of the criteria present): (1) History of
diarrhoea and/or rectal bleeding and pus for more than one week or repeated
episodes; (2) Characteristic endoscopic findings of continuous ulceration,
vulnerability or granulated mucosa; and (3) Histopathology consistent with UC
(neutrophils within epithelial structures, cryptitis, crypt distortion, crypt abscesses).
Cases with endoscopic and histologic evidence of chronic IBD without fulfilment of
diagnostic criteria for UC and CD but in need of treatment were classified as IBD
unclassified (IBDU). Each case was then examined by the author (RM) to ensure the
diagnostic criteria were fulfilled.

Case definition
In the United Kingdom, IBD patients are diagnosed and managed in secondary care
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by a dedicated gastroenterology team. Incident IBD cases were identified through
three pathways: (1) New referrals from primary care with signs and symptoms of IBD;
(2) New IBD patients referred by the attending internal physician or surgeon at the
time of hospitalisation; and (3) Patients referred from endoscopy with IBD.
Endoscopy, histology and radiology reports were searched on a weekly basis for key
words: UC, colitis, CD and proctitis to enhance case capture. Participating centres
were asked to screen endoscopy, radiology and histology reports on a weekly basis to
identify incident cases. Centres were given expected incidence targets calculated
based on the background population. Each centre was required to submit their
recruitment figures monthly. Centres falling behind the expected recruitment target
were quickly identified. The recruitment methodology was checked and advice given
to ensure all methods of a case capture were being utilised. Cases could still be
entered on the database if discovered after the recruitment period up to 6 months
after the end of recruitment; this gave additional time for cases which were initially
missed and subsequently identified to be included in the study. Case report forms
were provided to the centres for data collection. IBD phenotype was classified
according to Montreal classification[21]. All treatments commenced within the first
three months after diagnosis either single or in combination were defined as reported.
A surgical intervention was defined as a surgical procedure related to IBD within
three months of diagnosis.

Data collection
Data were collected using standardised case report forms at the first patient visit
within three months of diagnosis and entered onto the validated Epicom database[22].
The database was modified to include ethnicity reporting, country of birth and time
living in country. The data entry schemes included diagnostic criteria scheme
comprising data on diagnosis, disease extent, behaviour and patient demographic
details. Smoking status and family history of IBD were also recorded. Disease activity
at diagnosis was recorded by the physician using Harvey–Bradshaw index (HBI) for
CD and Simple Clinical Colitis Activity Index (SCCAI) for UC [23,24]. Patients were
provided with an environmental questionnaire designed by the International
Organisation of IBD. Participants were asked to complete their responses and return
the questionnaire to their local centre.

Data validity
A monthly remote monitoring exercise was performed to verify captured cases.
Random selection of a patient number was followed by request for relevant
participating site to send anonymised copies of endoscopy, histology and clinic
reports. These were cross checked with the corresponding information on the
database by the authors (RM and SS). Written feedback was given to centres to correct
any errors identified. Missing data were highlighted and relevant centres informed.
Data input was monitored in real time.

Ethical considerations
The study was approved by the London Northwest NHS Trust and National Research
Ethics Service (REC number14/EM/1290). Study recruitment was supported by
National Institute of Health Research Clinical Research Network United Kingdom
with dedicated research nurses at each centre.

Biostatistics statement
The statistical review of the study was by a statistican, Paul Bassett of St. Marks
Hospital and Academic Institute.

Statistical analysis
Crude incidence rates were calculated for IBD, CD, and UC based on the number of
patients diagnosed compared with the total population at risk. Incidence rates were
age standardised using the European age standardised rate and reported with 95%
confidence intervals (CI), assuming a Poisson distribution[25]. Data from the Indian and
Pakistani cohorts were compared with the White European cohort using the
Mann–Whitney U-test for continuous variables such as age at diagnosis, and the chisquared test for categorical variables. P values < 0.05 were considered statistically
significant.

RESULTS
Study population
Across a population of 2271406 adults from five regions, 339 patients were diagnosed
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with IBD over the year study period: 192 (56.6%) were male. In total 218 patients were
diagnosed with UC (64.3%), 115 with CD (33.9%) and 6 with IBDU (1.76%). The
absolute population sizes of the White European, Indian, Pakistani and Other ethnic
groups were 1387047, 239814, 152264 and 492461 respectively.

Incidence and phenotype of IBD
The crude incidence of IBD, UC and CD for the total population was 17.0/100000,
11.3/100,000 and 5.3/100000 respectively. The distribution of UC in the total
population was 23.7% proctitis (n = 51), 34.4% left sided disease (n = 74) and 41.9%
with extensive involvement (n = 90). The overall CD disease location showed ileal
involvement in 34.4% (n = 40), colonic disease 31.2% (n = 36) and ileo-colonic disease
in 31.0% (n = 35). Disease behaviour was inflammatory in 75.9% (n = 88) and
stricturing 16.4% (n = 19). Perianal involvement was noted in 7.8% (n = 14) of cases at
diagnosis.

Comparison of demographic data between ethnic groups
The demography of the main three populations is shown in Table 1. Ethnicity data
was missing for 5/339 cases. The median age at diagnosis for CD was lowest in the
Other ethnic groups (19 years) and highest in the White European group, however
there were no statistical differences between the groups. There was a greater male
predisposition to IBD in Indian (61.8%) and Pakistani (66.7%) groups compared with
White Europeans (50.2%) although not significant. Indians, Pakistanis and other
ethnic groups with UC were significantly more likely to be non-smokers than White
Europeans (P = 0.0001, P = 0.01, P = 0.0001 respectively). The majority of patients of
Indian ethnicity (85.2%) were born in the United Kingdom. There was no significant
difference in family history of IBD between ethnic groups (5.7% Whites, 6.6% Indians
and 11.1% Pakistanis).

Comparison of incidence between ethnic groups
The crude and age adjusted incidence rates are shown in Figure 1 and Table S1. The
age adjusted incidence of IBD and UC was higher in the Indian group (25.2/100000
and 20.5/100000) compared with White European and Pakistani groups. Most Indian
UC cases (45/55: 81.8%) were diagnosed in Leicester and North West London.

Comparison of incidence across adult age spectrum between ethnic groups
The variation in incidence rate by age is shown in Figure 2. There is a consistently
higher incidence of UC in the Indian group between 15-40 years compared to the
other groups. In comparison the pattern of CD incidence was similar across ethnic
groups (Figure S1).

Ulcerative colitis
Disease location was similar between White Europeans and Indians for proctitis
(21.7% vs 21.8%) and left sided (36.5% vs 25.4) however Indians were significantly
more likely to have extensive disease (41.7% vs 52.7%, P = 0.03) (Figure 3). Left sided
disease was the predominant disease extent in Pakistani and other ethnic groups
(41.2% and 39.2%).

Crohn’s disease
Ileal disease was the predominant phenotype in the White European group (38.8%)
whereas colonic disease was most common in the Indian group (46.2%) (Figure 4).
There was no significant difference in disease location. There were insufficient cases
in the other ethnic groups for meaningful comparison. Inflammatory disease
behaviour (B1) was the most common presentation in all ethnic groups. Perianal
disease was more common in Indians (23.1%) compared with Whites (11.4%)
although these differences were not significant.

Disease activity
The mean SCCAI and HBI scores at diagnosis are shown in Table S2 . Compared to
the White European group, mean SCCAI scores were highest in the Indian group (6.3
vs 5.1). The Pakistani group had the highest HBI scores (6.8 vs 6.2). There were no
significant differences in disease activity indexes at presentation between groups.

Initial treatment
Treatment data was available for 183/218 UC patients and 105/115 CD patients
(Table 2). 5-aminosalicylic acid treatment was the most common initial treatment for
UC in White European and Indian patients (81.5% and 89.4%). Steroid use was
comparable between the two groups. (33.3% and 34.0%). Nine White European
patients (8.3%) required rescue therapy at diagnosis with ciclosporin or infliximab. No
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Table 1 Demographics of incident inflammatory bowel disease patients categorised by ethnicity
White European (n = 205)

Indian(n = 68)

Pakistani (n = 24)

Other (n = 37)

109 (53.2)

42 (61.8)

16 (66.7)

25 (83.3)

CD

35 (25-54)

32 (29-35)

29 (23-44)

19 (16-27)

UC

40 (28-59)

38 (29-50)

29 (23-37)

34 (25-45)

CD

2.9 (0.9-8.5)

3.0 (2.0-6.0)

3.5 (2.0-5.3)

3 (2.0-3.2)

UC

2.3 (1.0-6.0)

2.5 (0.98-4.0)

2.7 (2.0-6.2)

2.5 (1.7-3.4)

Never

15 (22.0)

3 (33.3)

2 (40)

3 (60)

Ex-smoker

35 (51.4)

3 (33.3)

1 (20)

1 (20)

Current

18 (26.4)

3 (33.3)

2 (40)

1 (20)

Never

35c (38.0)

28a (75.7)

7b (77.8)

17a (85.0)

Ex-smoker

35 (38.0)

7 (19.0)

1 (11.1)

2 (10.5)

Current

22 (24.0)

2 (5.4)

1 (11.1)

1 (5.3)

Born in the United Kingdom (%)

91.2

85.2

66.6

89.9

Family history of IBD, n (%)

9 (5.7)

4 (6.6)

2 (11.1)

1 (3.3)

Male sex, n (%)
Median age, yr (IQR range)

Median time from symptom onset to diagnosis, mo (IQR)

Smoking history, n (%)
CD

UC

Significant difference in non-smoking (aP < 0.001) between Indian and White European; Significant difference in non-smoking (aP < 0.01) between Pakistani
and White European; Significant difference in non-smoking.
(cP < 0.001) between Other and White European. CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; IQR: Interquartile range.

patients from the other groups required rescue therapy. Two White Europeans
patients (1.9%) underwent surgery during their index presentation. 5-aminosalicylic
acids, steroid and immunomodulator treatment were the most common therapies
used at diagnosis for White Europeans with CD. Biologic therapy was utilised in
14.6% of cases and surgery required at index presentation in 3.7%. The small
population of Indians and Pakistanis with CD make it difficult to make valid
comparisons of the data.

DISCUSSION
This is the first prospective IBD inception cohort study in England. The incidence of
UC in the overall population was higher than CD and comparable to the most recent
data from Western Europe (IBD 18.5/100000, UC 9.8/100000 CD 6.3/100000 and
IBDU 2.4/100000)[2]. We observed differential incidence rates between ethnic groups
whereby Indians showed a UC incidence rate of 20.5/100000 double that of the
Pakistani group (11.2/100000) and almost three times the White European population
(7.5/100000).
The high incidence of UC in SA is well recognised, however the incidence observed
in our Indian sub-group is the highest reported. This could be because many of the
previous studies looked at the SA group collectively rather than sub-groups, despite
recognised cultural and lifestyle difference between people of Indian, Pakistani and
Bangladeshi origin. In Leicester, where 76.2% of the SA population is of Indian origin,
the UC incidence rate for SAs in the 1980s was 10.3/100000 compared to our results
for Indians living in Leicester where the incidence was 31/100000[5,6]. These are the
only results that can be compared to show a change in incidence of IBD in the SA
population in England.
Canada also hosts a large SA population. In the province of Ontario, SAs are
predominantly Indian origin, however, in contrast to our findings they showed a
lower UC incidence rate compared with non-immigrants (5/100000 vs 11.3/10000)[15].
However, it should be noted that the SA community studied was predominantly first
generation immigrants unlike our cohort where 78% were born in the United
Kingdom. More akin to our population is the study from British Columbia, where UC
incidence rate reported for second generation SAs born in Canada was higher than for
non-SAs (6.7/100000 and 0.96/100000)[26]. These findings suggest that environmental
factors related to the country of birth might influence the onset of UC in SA
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Figure 1

Figure 1 Ethnic differences in age-adjusted incidence rates with standard error bars for inflammatory bowel disease in England. IBD: Inflammatory bowel
disease; CD: Crohn’s disease; UC: Ulcerative colitis; IBDU: Inflammatory bowel disease unclassified.

populations.
Analysis of comparative incidence rates according to country of birth for our Indian
population, would have been useful to support the hypothesis were it not for the
small proportion born outside the United Kingdom introducing risk of bias. Lower
incidence rates for Indians living in India would also support the role of
environmental factors. However, there is very little, and archaic data from India.
Using house to house questionnaires to record symptoms of UC, a study in 2003
reported an incidence rate of 6.02/100000[27] for a background population of 51910,
much smaller that our Indian subgroup population of 239614 people.
The reasons for the higher incidence of UC compared with other groups living in
the same environment as well as Indians living in India, remain speculative at this
stage. Early-life exposure to western environmental triggers for a cohort with genetic
susceptibility to IBD is plausible, particularly as North Indians harbour unique
susceptibility genes for UC and the United Kingdom Indian population is
predominantly of North Indian origin [6,28-30] . These susceptibility genes may be
switched on by the ‘Western’ environment in the form of change in diet, different
microbial exposure or environmental pollutants with genes that incur heightened
susceptibility over those living in the West. This theory is supported by the
observation of a younger age of onset in the Indian population demonstrated in the
incidence by age group analysis.
Dietary habits differ between the SA sub-groups and might explain some of the
observed differences. A recent study of IBD patients in India suggested vegetarianism
maybe protective in this cohort[31]. As vegetarianism is higher in Gujarati populations
(North Indians), who form the predominant ethnic group in North West London and
Leicester, we would have expected a lower not higher UC incidence rates for these
regions[32,33]. The unexpected incidence is likely to be due to the change to a western
diet. Hindu UC patients living in Leicester reported a significant deviation from their
traditional diet[34]. Dietary patterns in turn affect the gut microbiome[35]. Consumption
of a Western diet was associated with a pro-inflammatory microbial profile with
increases in Escherichia coli and reduced protective bacteria in mouse models[36]. The
microbiome is also affected by smoking which protects against UC[37]. Seventy-two
percent of the Indians in our study had never smoked compared with 36% of White
European. Loss of this protective effect may have predisposed this sub-group to UC.
Extensive disease phenotype was significantly more common in the Indian group,
findings which are consistent with reports from other studies[8,38-40].
Our study has several strengths. The United Kingdom National Health Service
(NHS) offers standard referral pathway from primary to secondary care across the
country with access to free healthcare readily available at diagnosis and for long-term
care minimising the risk of missing patients from lack of access to healthcare. We used
standardised methods for pre-defined case ascertainment and reviewed this
throughout the study. Furthermore, the prospective study design and real time data
auditing reduced the probability of missing data and avoided coding errors inherent
to retrospective studies.
We also recognise the limitations. We may have missed patients diagnosed in the
private sector however the number are expected to be small given the low incidence
of IBD and small % of population covered by private healthcare[41,42]. Moreover, most
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Figure 2

Figure 2 Ulcerative colitis incidence by ethnicity over adult age spectrum.

patients transfer their care to the NHS since health insurance cover precludes longterm care. Missed cases are unlikely to impact our conclusions of a higher UC
incidence rate instead they would be expected to increase the incidence rate further
rather than reducing it. Nevertheless, we tried to capture these patients to include all
diagnosis over one year even if referred to hospital after the year recruitment. We
may have also missed patients who sought medical attention and diagnosed in
hospitals outside their catchment area; this would underestimate rather than
overestimate our reported incidence. From an audit of newly diagnosed IBD cases
across North West London, only three new UC cases living in the catchment area of
London North West NHS trust were identified at other sites over the recruitment
period. Another limitation is the un-adjusted analyses for confounding variables, such
as occupation, education and socioeconomic status. Lastly, the epidemiology
description for the ethnic population depended on standardised categories used in
national census data rather than the sub-population genetic predisposition.
Heterogeneity within the Indian population is well described with genetic and
linguistic categories attributed to different ancestral origins as well as the remapping
of boundaries between India, Pakistan and Bangladesh[43,44]. Although we did not
analyse genetic predisposition in our study, most of the population in the high
incidence regions are of Gujarati speaking and of North Indian origin[32,33].
In conclusion, this is the first prospective study reporting the incidence of IBD in
five ethnically diverse populations in the England. SAs of Indian origin had the
highest age-adjusted incidence rates for UC compared with other Asians (Pakistanis)
and White Europeans in the United Kingdom. The majority of SAs were born in the
United Kingdom suggesting that the complex interactions with the exposome may
trigger disease expression in genetically predisposed individuals. Further studies on
Indian populations may provide clues to how genetics and environment interact to
predispose to UC.
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Table 2 Medical and surgical treatment within 3 mo of diagnosis by ethnic group
White European, n (%)

Indian, n (%)

Pakistani, n (%)

Other, n (%)

Total, n (%)

None

5 (4.6)

3 (6.4)

1 (7.7)

2 (9.5)

11 (5.8)

5-ASA

88 (81.5)

42 (89.4)

12 (92.3)

12 (57.1)

154 (81.4)

Steroids

36 (33.3)

16 (34.0)

2 (15.4)

4 (19.0)

58 (30.7)

IM

0

0

0

0

0

Biologics

7 (6.5)

0

0

3 (14.3)

10 (5.2)

Ciclosporin

2 (1.9)

0

0

0

2 (1.0)

Surgery

2 (1.9)

0

0

2 (9.5)

4 (2.1)

None

7 (8.5)

2 (16.7)

0

0

9

5-ASA

31 (37.8)

6 (50.0)

2 (22.2)

2 (28.6)

43

Steroids

34 (41.5)

6 (50.0)

6 (66.7)

4 (57.1)

50

IM

19 (23.2)

2 (16.7)

4 (44.4)

3 (42.9)

28

Biologics

12 (14.6)

0

1 (11.1)

1 (14.3)

14

Other

1 (1.2)

0

0

0

1

Surgery

3 (3.7)

0

0

0

3

UC

CD

IM: Immunomodulators; CD: Crohn’s disease; UC: Ulcerative colitis; 5-ASA: 5-aminosalicylic acid.

Figure 3

Figure 3 Extent of ulcerative colitis at diagnosis across ethnic groups.
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Figure 4

Figure 4 Disease location and behaviour of Crohn’s disease by ethnic group.

ARTICLE HIGHLIGHTS
Research background
Epidemiological studies have described the difference in inflammatory bowel disease (IBD)
epidemiology in ethnic groups. However, the studies are predominantly single centre and
retrospective. In the United Kingdom the last IBD incidence study was performed over 20 years
ago.

Research objectives
To describe the incidence and phenotype of IBD in the United Kingdom by ethnic group.

Research methods
A prospective inception cohort study over the course of one year in seven urban centres in the
United Kingdom was performed. Standardised methods across all centres were employed for
case ascertainment. Data was entered real time on the Epicom database.

Research results
Of 339 patients were diagnosed with IBD over the year study period across a population of
2271406 adults. The crude incidence of IBD, ulcerative colitis (UC) and Crohn’s disease for the
total population was 17.0/100000, 11.3/100000 and 5.3/100000 respectively. The age adjusted
incidence of UC in the Indian subgroup was almost three times the White European population
(20.5/100000 and 7.5/100000 respectively). Indians were significantly more likely to have
extensive disease (41.7% vs 52.7%, P = 0.03)

Research conclusions
The Indian subgroup are particularly at risk of developing UC with a pan-colonic phenotype.
These findings support the hypothesis of an environmental trigger in a genetically susceptible
population. Financial planning and the provision of healthcare services should be reflexive to the
local population and may differ according to the ethnic make-up of the background population.

Research perspectives
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Future studies should incorporate detailed dietary assessment prior to diagnosis to identify
modifiable dietary risk factors. Studying early environmental factors in the paediatric population
may yield clues to disease pathogenesis in the Indian migrant group. A prospective incidence
study in India is required to provide a comparator to the observed trends.
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Abstract
BACKGROUND
The optimal way to home-monitor patients with inflammatory bowel disease
(IBD) for disease progression or relapse remains to be found.
AIM
To determine whether an electronic health (eHealth) screening procedure for
disease activity in IBD should be implemented in clinical practice, scheduled
every third month (3M) or according to patient own decision, on demand (OD).
METHODS
Adult IBD patients were consecutively randomized to 1-year open-label eHealth
interventions (3M vs OD). Both intervention arms were screening for disease
activity, quality of life and fatigue and were measuring medical compliance with
the constant care web-application according to the screening interventions OD or
3M. Disease activity was assessed using home measured fecal calprotectin (FC)
and a disease activity score.
RESULTS
In total, 102 patients were randomized (n = 52/50 3M/OD) at baseline, and 88
patients completed the 1-year study (n = 43 3M; n = 45 OD). No difference in the
two screening procedures could be found regarding medical compliance (P =
0.58), fatigue (P = 0.86), quality of life (P = 0.17), mean time spent in remission (P
> 0.32), overall FC relapse rates (P = 0.49), FC disease courses (P = 0.61), FC time
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to a severe relapse (P = 0.69) and remission (P = 0.88) during 1 year. Median
(interquartile range) numbers of FC home-monitoring test-kits used per patient
were significantly different, 3M: 6.0 (5.0-8.0) and OD: 4.0 (2.0-9.0), P = 0.04.
CONCLUSION
The two eHealth screening procedures are equally good in capturing a relapse
and bringing about remission. However, the OD group used fewer FC home testkits per patient. Individualized screening procedures can be recommended for
adult IBD patients in clinical web-practice.
Key words: Inflammatory bowel disease; Electronic health; Screening; Disease activity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Involving patients with inflammatory bowel disease (IBD) in their disease by
home-monitoring of disease activity has been shown to bring patients with IBD
significantly faster in remission relative to standard care. However, the optimal way to
home-monitor patients with IBD for disease progression or relapse remains to be found.
We randomized 102 patients with IBD to screen for disease activity either every third
month or whenever the patients felt a need for screening on the ibd.constant-care.com
web-application for 1 year. We found that the two screening procedures were equally
good in capturing a relapse and bringing about remission.

Citation: Ankersen DV, Weimers P, Marker D, Bennedsen M, Saboori S, Paridaens K,
Burisch J, Munkholm P. Individualized home-monitoring of disease activity in adult patients
with inflammatory bowel disease can be recommended in clinical practice: A randomizedclinical trial. World J Gastroenterol 2019; 25(40): 6158-6171
URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6158.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6158

INTRODUCTION
Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn’s
disease (CD), is a chronic inflammatory disease of the gastrointestinal tract that results
from interactions of the intestinal immune system, the gut microbiome, epigenetics
and environmental factors[1]. Relapse rates of patients with IBD range from 30%-50%
on a yearly basis[2-4]. Relapses in IBD are categorized according to severity[2-4], which
has been linked to increased health care costs and reduced quality of life relative to
patients in remission[5].
IBD is associated with significant direct and indirect costs for patients and society,
and as the number of patients is expected to grow worldwide during the coming
years, IBD constitutes a significant health care burden[5-7]. Therefore, new initiatives
capable of reducing the burden of IBD are warranted[7]. Screening of disease activity
using electronic health (eHealth) or mobile health applications has previously been
shown to reduce time to remission[8] and hospital admissions and outpatients visits[9],
to increase compliance with medical therapy and quality of life and to empower IBD
patients[8]. eHealth offers patients a quick and easily understandable tool for disease
monitoring, with faster recognition of disease relapse, greater engagement with their
treatment and easier access to health care. All of these benefits support patients in
optimizing their individualized treatment[10,11]. Close monitoring of disease activity is
vital for optimizing individualized treatments and to improve potentially the longterm disease course. However, the type and frequency of optimal disease monitoring
remain unknown.
The primary aim of this study was to determine if an eHealth home monitoring
screening procedure for disease activity in adult IBD patients should be implemented
in clinical practice every third month (3M) or according to IBD patients own belief, on
demand (OD).
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MATERIALS AND METHODS
Participants
Adult UC and CD patients (18 years or older) who fulfilled the Copenhagen
diagnostic criteria for IBD[2,3], being on any medical IBD therapy and in remission
[Simple Clinical Colitis Activity Index (SCCAI) ≤ 2 or Harvey-Bradshaw index (HBI) <
5] or with mild-to-moderate disease activity (SCCAI 3-4 and HBI 5-16) were
consecutively enrolled from the outpatient clinic at the Department of Gastroenterology, North Zealand University Hospital, Denmark, between July 8 2015 and
July 25, 2016. It was mandatory for patients to speak Danish and have a smartphone.
Patients were excluded if they had severe disease activity (SCCAI ≥ 5 or HBI > 16), a
severe mental disorder or were abusing drugs at the time of inclusion.

Study protocol
This study was a 1-year open-label randomized trial (1:1) of adult IBD patients using
the constant care platform[10] for self-monitoring of disease activity. Patients were
randomized to either be screened for disease activity whenever they felt necessary
(OD group) or scheduled to be screened every 3M.
Following their inclusion, patients allocated to either the OD or 3M group received
training (approximately 1 hour) by IBD eHealth nurses in how to use the Constant
Care platform, how to score themselves, and how to measure their levels of fecal
calprotectin (FC) at home. Both groups of patients were instructed in how to screen
for disease activity at baseline and at their 1-year follow-up. Patients randomized to
the OD group were instructed in how to screen for disease activity when they felt a
need to, whereas patients allocated to the 3M group were instructed in how to screen
themselves every 3M. If patients in the 3M group felt a recurrence in disease activity
between the scheduled evaluations, they were required to take new disease activity
home measures.
If patients experienced a recurrence of disease visualized on constant care webapplication (web-app), they were instructed to contact the electronic care (eCare)
personnel by phone or via the patient’s personal web-wall, for an early consultation to
assess the need of individualized treatment adjustment or diagnostic investigation.
Daily web ward rounds were performed by the eCare nurses in close collaboration
with a medical doctor.
The Ethical Committee in Denmark (H-15005603) and the Danish Data Protection
Agency (Suite no.: 03806, NOH-2015-021) approved the study. The study was also
registered at clinicaltrials.gov, No. NCT02492555. All patients in the study gave
written informed consent prior to their inclusion.

Home monitoring: Constant care© and CalproSmartTM
The disease algorithm in the constant care application[10] for UC and CD consists of a
subjective score, either SCCAI[12] for UC or HBI[13] for CD, plus a validated FC home
testing kit [14] . These two measures were added together in a weighted manner,
providing the total inflammation burden score (TIBS). Disease activity measures
(SCCAI, HBI, FC and TIBS) are shown in a “traffic light” form to the patient and
eCare providers (Figure 1). The TIBS score can only be generated if subjective disease
activity scores (HBI/SCCAI) and FC were registered on the same day. In a few cases
where FC and the subjective disease scores were up to 14 d apart, they were manually
calculated. The cut-off values used for disease activity measures, defining remission
(green zone), mild-to-moderate activity (yellow zone) and severe activity (red zone),
are shown in Figure 1. A flare-up (FC/SCCAI) was defined as a green disease activity
score for at least 30 d followed by either a yellow or a red score.
Based on disease activity measures, an electronic list (green, yellow and red) was
automatically generated for surveillance purposes (web rounds). Beside the disease
activity algorithm, the constant care web-app also consists of electronic questionnaires
{concerning medical adherence [medical adherence report scale (MARS)], fatigue and
quality of life} and additional features (e.g., an e-learning quiz and personal web wall
where patients can communicate with eCare personnel at the hospital).
FC measurements were performed by the patients at home using the
CalproSmartTM application (Calpro AS, Lysaker, Norway). This home test can be
performed in 18 min and is integrated into the constant care web-app, giving the
patients the opportunity to see FC results longitudinally and in a traffic light form on
the constant care web-app (Figure 1). The FC home test[14] and the disease activity
algorithm in constant care (Figure 1) have been described in greater detail
elsewhere[10,14].

Phenotypes and disease courses
Montreal classifications [15,16] (extent, location and behavior) were derived from
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Figure 1

Figure 1 Disease activity algorithm in the constant care application consisting of the simple clinical colitis activity index for patients having ulcerative
colitis or the Harvey-Bradshaw Index for patients having Crohn’s disease, plus a validated FC home test. The total inflammation burden score algorithm is
presented as a traffic light system to patients and eCare providers. A: The algorithm of a patient with ulcerative colitis treated with 5-aminosalicylates only; B: Disease
activity cut-off values of the algorithm. SCCAI: Simple clinical colitis activity index; HBI: Harvey-Bradshaw Index; TIBS: Total inflammation burden scoring; FC: Fecal
calprotectin.

electronic patient files at inclusion and stating the highest progression step. One-year
disease courses were generated assuming linearity between measuring points of HBI,
SCCAI, FC and TIBS. Two internal assessors (Munkholm P and Ankersen DV)
characterized the individual disease courses according to the definitions listed below:
(1) Chronic continuous course, red throughout 1 year; (2) Chronic continuous course,
yellow throughout 1 year; (3) Chronic continuous course, red and yellow throughout
1 year; (4) Continuous remission course, green throughout 1 year; (5) Intermittent
course; green, yellow and red throughout 1 year; and (6) Intermittent course; green
with a single relapse (yellow or red) throughout 1 year. Assessors had a consensus
meeting on disease courses in any instances of disagreement.

Medication and adherence
Medicine registrations were carried out retrospectively and based upon electronic
patient files and the electronic prescription management system. IBD medications
were registered at baseline and after 1 year of follow-up. Medical treatments were
categorized as in Burisch et al 2018[4]: None: No IBD medicine; 5-aminosalysalic acid
(5ASA): Oral and/or topical 5ASA treatment ± topical steroids; Corticosteroids: Oral
steroids ± 5ASA or topical steroids; Immunomodulators: Azathioprine (and
derivatives) and methotrexate ± steroids; and Biologicals: Any anti-tumor necrosis
factor treatment (including certolizumab) or vedolizumab (anti-α4β7-integrin) in
combination with any of the above. Adherence to medication was measured by
MARS, a self-assessment questionnaire, consisting of five questions that has been
used previously in IBD web trials[17,18].

Quality of life and fatigue
Disease-related quality of life was assessed using the Short IBD Questionnaire, which
consists of 10 questions (score 10-70)[19]. In the constant care application, a score of 1050 is presented as red and indicates a poor quality of life, while a score above 50 is
represented as green and indicates a good quality of life [20,21] . The functional
assessment of chronic illness therapy-fatigue questionnaire (13 questions, score 0-52)
was used to assess fatigue in IBD patients during the preceding 7 d[22,23]. Patient
satisfaction with the study was assessed by a questionnaire prepared by the authors,
consisting of seven yes/no questions.

Statistical analysis
In order to compare the effects of the two interventions across 1 year of home
monitoring, two ways of modeling longitudinal disease activity measures were
performed: (1) FC, HBI, SCCAI and TIBS modeling was based on the assumption of
linearity between repeated measures and normalization of 1 year of data to 100% for
all patients that completed the study. Based on normalized data for each patient, the
mean time spent in the green, yellow and red zones (Figure 1) throughout the year
were calculated as percentages. In addition, FC SCCAI, HBI and TIBS sample
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intensity (defined as the number of registrations in green, yellow and red divided by
the mean time spent in remission, moderate and severe activity) was also calculated;
and (2) Based on longitudinal FC measures, area under the curve was calculated using
the inclusion date and the first observation made 357 d after inclusion.
For dichotomous and categorical variables, Fisher’s exact test was used. For quality
of life and fatigue data, repeated measures analysis of covariance was performed,
with a correction for baseline values. Kaplan-Meier survival analysis was used to
compare the interventions regarding time to a relapse and time to remission on
disease activity indices (FC/SCCAI). The possible effect of intervention group on
time-to-relapse and time-to-remission was tested by the log rank test. To compare 1year disease courses of symptoms and FC to TIBS, which were blinded to two
assessors, a simple concordance analysis was made by deriving the relative number of
agreements. Data were analyzed using SAS (9.4). Results were considered significant
when two-sided P values were less than 0.05.

RESULTS
Overall, 102 IBD patients, fulfilling the inclusion criteria, were randomized in the
study, with 50 in the OD group and 52 in the 3M group. Table 1 shows the clinical and
patient-reported characteristics of each group. Twenty-one patients (21%) had
technical problems getting FC home test to work at inclusion. In these cases (n = 9),
the patients’ first FC measurement after inclusion was used as baseline if it was within
14 d of the inclusion date; median days from inclusion was 5 [interquartile range
(IQR): 4-8]. Baseline data (Table 1) across the two groups showed similar characteristics.
Five patients from the OD group and nine from the 3M group withdrew from the
study (Figure 2). These 14 patients registered symptoms on the constant care web-app
within a median 146 d (IQR: 18-202). In total, 88 (86%) patients completed the study
and made registrations on the web-app, for a mean of 12 [standard deviation (SD) =
1.3] mo. Of the 88 patients that completed the study, only one measured FC
throughout the year without measuring symptoms. Four out of the 88 patients only
measured FC at baseline (but completed 1-year symptom registrations on constant
care). Patients were only excluded from data analysis if data were missing.

Disease activity
The number of FC home tests per patient, and sample intensities according to FC
activity zones (green, yellow and red), were calculated in relation to the screening
procedures (3M and OD). The median (IQR) number of FC home-monitoring test kits
per patient used in the 3M and OD groups were 6.0 (5.0-8.0) and 4.0 (2.0-9.0),
respectively (P = 0.04). Sample intensities of FC in the red zone were in median (IQR)
8.8 (5.9-15.8) vs 12.0 (8.8-20.7) in the 3M (n = 22) and OD (n = 18) groups, respectively
(P = 0.22). Median (IQR) sample intensity in the yellow zone were 6.1 (2.9-10.6) vs 8.6
(3.0-18.0) in the 3M (n = 29) and OD (n = 23) groups, respectively (P = 0.28), and
median (IQR) sample intensity in the green zone were 6.0 (5.0-9.6) vs 3.7 (2.0-11.9) in
the 3M (n = 41) and OD (n = 39) groups, respectively (P = 0.009). Similar results were
observed for SCCAI and TIBS, data not shown.
There was no statistical difference between the 3M and OD groups in the
proportion of time spent in the different disease activity zones (Table 2). The close
similarity regarding disease activities as measured using FC only between the two
intervention groups are also shown in Figure 3. In addition, the area under the curve
for FC (n = 80), adjusted for age at inclusion (P = 0.11) and IBD duration (P = 0.68),
showed no significant difference (mean difference: 6250, P = 0.77) between the two
screening procedures.
We analyzed the number of relapses (FC and SCCAI) in each intervention group
based on 83 (99%) and 70 (97%) patients respectively, as one and two (1% and 3 %)
patients were not at risk for having a FC and SCCAI relapse respectively (not having
consecutive 30 d in remission during the study period). The number of patients
experiencing a severe FC and SCCAI relapse (i.e., changing from a green score to a red
score) did not differ significantly between the two groups FC: [3M: 15 (36.6%) and
OD: 12 (28.6%), P = 0.49] and SCCAI: [3M: 9 (25.0%) and OD: 7 (20.6%), P = 0.78].
Similarly, the number of moderate and severe relapses combined (i.e., changing from
a green score to a yellow or red score) did not differ significantly between groups FC:
[3M: 22 (53.7%) and OD: 17 (40.5%), P = 0.27] and SCCAI: [3M: 14 (38.9%) and OD: 9
(26.5%), P = 0.31].
The performance of the two screening procedures in relation to experiencing a
severe relapse and the corresponding time to remission are illustrated for all patients
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Table 1 Results: Baseline characteristics
Characteristics

Screening every 3M, n = 52

Screening OD, n = 50

Male

26 (50%)

24 (48%)

Female

26 (50%)

26 (52%)

24.7 (3.7)

25.8 (5.1)

Current

5 (9.6%)

6 (12.0%)

Former

30 (57.7%)

25 (50.0%)

Never

17 (32.7%)

19 (38.0%)

Mean age at inclusion, SD; yr

44.9 (15.2)

48.4 (16.0)

Mean age at diagnosis, SD; yr

32.0 (13.1)

37.3 (14.9)

UC

39 (75%)

35 (70%)

CD

10 (19.2%)

13 (26.0%)

IBD-U

3 (5.8%)

2 (4.0%)

E1, proctitis

13 (33.3%)

7 (20.0%)

E2, left side

17 (43.6%)

18 (51.4%)

E3, extensive

9 (23.1%)

10 (28.6%)

L1, small bowel

0 (0%)

1 (7.7%)

L2, colonic

3 (30.0%)

3 (23.1%)

L3, ilea-colonic

7 (70.0%)

9 (69.2%)

B1, inflammatory

9 (90.0%)

8 (61.5%)

B2, stricturing

0 (0%)

5 (38.5%)

B3, penetrating

1 (10.0%)

0 (0%)

Previous surgery CD, n = 10; 13

7 (70%)

5 (38%)

Median IBD duration, IQR; yr

10.5 (4.5-19.5)

8.0 (4.0-16.0)

Median short-IBD-quality of life (IQR), n = 50; 50

60.5 (54.0-65.0)

58.0 (51.0--63.0)

Median fatigue, FACIT-F (IQR), n = 48; 50

11.0 (9.0-16.0)

11 (9.0-21.0)

Median compliance, MARS (IQR), n = 41; 84

24.0 (23.0-25.0)

24.0 (24.0-25.0)

None

10 (19.2%)

9 (18.0%)

5ASA

24 (46.2%)

27 (54.0%)

Corticosteroids

4 (7.7%)

4 (8.0%)

Immunomodulators

9 (17.3%)

3 (6.0%)

Biological therapy

5 (9.6%)

7 (14.0%)

Median UC disease activity, SCCAI (IQR),

0.5 (0-2.0)

1.0 (0-2.0)

Green < 3

36 (85.7%)

33 (91.7%)

Yellow [3-4]

6 (14.3%)

3 (8.3%)

Median CD disease activity, HBI (IQR),

1.5 (0.0–2.0)

3.0 (1.0–6.0)

Green < 5

9 (90.0%)

10 (71.4%)

Yellow [5-16]

1 (10.0%)

4 (28.6%)

Median fecal calprotectin (IQR; mg/kg), n = 47; 43

64.0 (20.0-382.0)

70.0 (20.0-547.0)

Green < 200

32 (61.5%)

30 (60.0%)

Yellow [200-599]

9 (17.3%)

4 (8.0%)

Red > 599

6 (11.5%)

9 (18.0%)

Missing

5 (9.6%)

7 (14.0%)

Median TIBS (IQR), n = 47; 43

4.0 (0-20.0)

4.0 (2.0-14.0)

Green [0-8]

28 (53.8%)

26 (52.0%)

Sex

2

Mean body mass index, SD; kg/m
Smoking

IBD diagnosis

UC extent, n = 39; 35

CD location, n = 10; 13

CD behavior, n = 10; 13

Medical treatment

n = 42; 36, Incl. 4 with IBD-U

n = 10; 14, Incl. 1 with IBD-U
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Yellow [9-32]

13 (25.0%)

8 (16.0%)

Red [33-99]

6 (11.5%)

9 (18.0%)

Missing

5 (9.6%)

7 (14.0%)

None

23 (42.2%)

18 (36.0%)

1

23 (44.2%)

24 (48.0%)

>1

6 (11.5%)

8 (16.0%)

Short

4 (7.7%)

2 (4.0%)

Student

4 (7.7%)

2 (4.0%)

Medium

31 (59.6%)

40 (80.0%)

Higher/Academic

13 (25%)

6 (12.0%)

Yes

42 (80.8%)

38 (76.0%)

No

10 (19.2%)

12 (24.0%)

Patient-reported co-morbidities

Education1

Occupation

1

Medium length education defining people with a 3-4 years education after high school, e.g., nurses, technical people and bachelors’ degrees;
Higher/Academic defined as a master’s degree or higher. Data are expressed as number (%), median (IQR) or mean (SD). IBD: Inflammatory bowel
disease; MARS: Medical adherence report scale; SCCAI: Simple clinical colitis activity index; HBI: Harvey-Bradshaw Index; TIBS: Total inflammation
burden scoring; UC: Ulcerative colitis; CD: Crohn’s disease; IBD-U: Inflammatory bowel disease-Unclassified; SD: Standard deviation; IQR: Interquartile
range; FACIT-F: Functional assessment of chronic illness therapy-fatigue; OD: On demand; 3M: Third month.

(FC) and separately for UC/IBD-U patients (SCCAI) at risk in Figure 4. There was no
statistical difference for all patients as measured by FC or UC/IBD-U patients alone
using SCCAI, regarding time to relapse (regardless of a red flare or a yellow/red
flare). Median times from a FC severe relapse to remission were approximately 75 d
(P = 0.88) for both groups, whereas median time to remission for UC patients (SCCAI)
was approximately 75-100 d (P = 0.17) (Figure 4). The corresponding Kaplan-Meier
curves of time to a moderate-severe relapse and to remission are shown in Supplementary Figure 1.
Regarding the disease courses (A-F), there were no statistically significant
differences between the 3M and OD groups (Supplementary Table 1). Agreement
between FC disease courses (A-F) and TIBS disease courses (A-F) were 78%. Likewise,
agreement between disease courses for SCCAI and TIBS were 62%, while between
HBI and TIBS they were 31%.

Medical treatment and compliance
Medication at baseline and after 1 year of follow-up is shown in Supplementary Table
2. Overall, 27 medical changes were registered throughout the year (14 3M and 13
OD). Independent of intervention, patients (n = 80) were compliant with medical
therapy (i.e., they had a MARS score higher than 21) for a median of 3M: 23.57 (IQR
21.50-24.25) and OD: 24.17 (IQR 23.50-24.80), P = 0.58. Eight patients were not
measured for compliance, as they did not receive any IBD treatment.

Quality of life, fatigue and patient satisfaction
Mean (SD) changes in quality of life throughout the year in the 3M group was 0.56
(6.78) and 4.04 (9.24) in the OD group. The difference between the two interventions
in quality of life, and when taking quality of life at baseline into account, showed no
statistical difference between the two screening procedures, where the mean
difference was 2.3, P = 0.17. Similarly, the mean difference in fatigue between the two
interventions, and adjusting for fatigue baseline measures, was 0.19, P = 0.86. The 88
patients that completed the study were asked seven questions at follow-up (Figure 5).
There was no statistical difference (all P values > 0.2) between the two intervention
groups on any of the seven yes/no questions assessing patient satisfaction (Figure 5).

DISCUSSION
In this study we have demonstrated that monitoring IBD patients according to
patients’ own requests (OD) or every 3M resulted in similar disease-related outcomes,
including time to relapse and time to remission, disease course, medical compliance,
fatigue, quality of life and patient satisfaction. Therefore, we recommend using an “on
demand” approach to monitoring IBD, where fewer CalproSmart tests kits are
needed, thus lowering costs, while maintaining outcomes comparable to a more
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Figure 2

Figure 2 Flow chart of inclusion and follow-up of patients with inflammatory bowel disease. OD: On demand; 3M: Third month.

expensive, scheduled monitoring approach.
The optimal way to monitor IBD patients for disease progression or relapse remains
to be found. Recently, the STRIDE[24] (Selecting Therapeutic Targets in IBD) Steering
Committee recommended that screening in IBD should be performed every 3 mo
during a relapse and once every 6 or 12 mo during remission, and it should include
assessing both clinical symptoms and inflammation via endoscopy. However, the
CALM[25] study has shown that close monitoring of CD patients according to clinical
symptom scores and objective markers (including FC) results in better endoscopic and
clinical outcomes at 1 year follow-up, relative to standard clinical management. FC
measures have also been able to identify UC patients at risk of a relapse 3[26], 6 and 12
mo before one occurs[27] and to correlate to histological mucosal healing[27], indicating
that FC is a clinically valuable marker for disease monitoring. In addition, Pedersen et
al[18] showed that FC was the first marker (relative to SCCAI and TIBS scores) to
decrease in response to treatment. Furthermore, IBD patients enrolled in the weboutpatient clinic at our institution will undergo the same practice as standard care,
which includes colonoscopy when needed and at least every 3 to 5 years for
surveillance of colorectal cancer.
In this eHealth study, the overall purpose was to detect a relapse as soon as
possible and to involve patients in their own treatment, including starting and
changing medications. Therefore, a FC home test that can be performed by the
patients in just 18 min seems to be a good, quick and cheap alternative to endoscopy
targeting inflammation[27,28]. The present study showed that screening for disease
activity OD is equally good on all parameters as 3M; however, the 3M group used
significantly more FC test kits per patient relative to the OD group, most likely due to
the significant greater sample intensity/registrations in the green FC zone. In addition
to being more cost-effective, an OD approach might also be preferable from the
patients’ perspective, some of whom (especially those in remission) find it
inconvenient to monitor themselves every 3 mo. However, even if an OD approach
became common, in some cases (adaptive ones), it might be advisable to begin
patients with a pre-defined screening interval. Later on, when the patients have better
knowledge of their disease, they could then be transitioned to an OD arrangement. In
a previous study, Pedersen et al[18] concluded that the constant care application for
mild-to-moderate UC patients helped them to recognize symptoms and thereby
improved their understanding of the disease – something fundamental to selfmanagement. Fifty-seven percent of patients in this study stated that they had
benefited from an improved understanding of their disease and its treatment.
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Table 2 Mean times spent in green, yellow and red zones for disease activity of fecal calprotectin, simple clinical colitis activity index,
Harvey-Bradshaw index and total inflammation burden score for the two screening procedures, i.e., on demand and every third month
throughout 1 year
FC

SCCAI

HBI

TIBS
P value

3M, n = 43

OD, n = 41

3M, n = 37

OD, n = 35

3M, n = 6 OD, n = 9

3M, n = 43 OD, n = 39

Green, mean of %

66

65

82

87

72

66

60

61

Yellow, mean of %

18

19

15

10

28

34

26

22

Red, mean of %

16

16

3

3

0

0

14

16

Total of %

101

100

100

100

100

100

100

100

NS

NS: Non-significant; SCCAI: Simple clinical colitis activity index; HBI: Harvey-Bradshaw Index; TIBS: Total inflammation burden scoring; OD: On
demand; 3M: Third month; FC: Fecal calprotectin.

Previous research has shown that an advantage of screening for inflammation at
home and using eHealth monitoring is that it detects a relapse sooner, and therefore
helps bring about remission quicker, than with standard care[10]. This prompts the
question of whether one of the screening procedures (OD or 3M) can detect a relapse
sooner than the other one. Our results showed no statistical differences in time to a
flare up as measured by FC and SCCAI between the two groups. However, due to the
small sample, these findings need further confirmation.
The disease activity algorithm has shown that UC patients with mild-to-moderate
disease activity have a median of approximately 30 d to SCCAI time to remission (and
median 7 d for FC) [18] . In the present study, UC patients with either a severe or
moderate-to-severe relapse had a median of approximately 75 -100 d to remission,
figures similar to the overall IBD population in the study examined by FC. Plausible
explanations for the difference in FC/SCCAI median time to remission (7-30 vs 75-100
d) are that this study is more representative of clinical practice (including both UC
and CD on different medical therapies), as well as the fact that in the study by
Pedersen et al[18], UC patients measured themselves every week.

Safety and patient satisfaction
eHealth treatments have previously been shown to be feasible and safe for UC
patients[8,18], CD patients on infliximab[29] and children and adolescents with IBD[17].
Therefore, we have not assessed feasibility and adverse events in relation to the two
eHealth screening procedures. For children and adolescents, a fixed eHealth screening
interval of once every month have been shown to be feasible[17]. One could speculate if
the OD screening approach could apply to pediatric IBD patients as well. In general,
all patients in this study were satisfied: Treatment lived up to the patients’
expectations (90%), they felt they received enough support (93%) and they were saved
time spent on outpatient visits by home-monitoring instead (66%). Nonetheless, 20%
of participants experienced difficulties with the CalproSmart app due to early
problems in the study when the app was not CE marked and not available to
download from app store and google play. According to Bossuyt et al[30], one of the
major concerns regarding implementation of eHealth in IBD is a less robust digital
infrastructure that is not sufficiently workable for patients and healthcare providers.
Although there might be room for improving the digital infrastructure, the constant
care platform has in this study shown to be satisfactory from a patient perspective.

Strengths and limitations
The strength of this study is its use of a novel eHealth application in a representative
IBD population in clinical practice, including both CD and UC patients with different
disease phenotypes.
A limitation of the study is that the TIBS disease activity algorithm has not yet been
validated by endoscopy. Furthermore, monitoring FC for small bowel inflammation
in cases of CD has been questioned based on whether FC is a valid marker for disease
activity and nor do symptoms necessarily worsen in these patients. Another limitation
of the study is its design, which might have been improved by using a non-inferior
design for the statistical analysis and power calculation.
In conclusion, the two eHealth screening procedures (OD and 3M) proved equally
good in detecting a relapse and bringing about remission in adult IBD patients. There
were no statistically significant differences between the OD and 3M groups on any of
the disease measures, compliance or quality of life, although the OD protocol resulted
in fewer FC home test kits used per patient. Therefore, individualized, i.e., OD,
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Figure 3

Figure 3 No significant difference was found in the mean length of time spent in remission or active disease
throughout 1 year for the two screening procedures of fecal calprotectin, illustrated with an enlarged circle
and cross. The length of time spent in FC remission (green), moderate activity (yellow), and severe activity (red) by
each patient is represented by small circles (on demand) and crosses (every third month). The distance
(perpendicular) from a small circle or cross within the triangle to a side of the triangle represents the length of time
spent in that FC zone. FC: Fecal calprotectin.

eHealth screening for disease activity can be recommend in clinical web-practice.
Based on our results, OD screening was implemented in clinical practice in June 2018
at our institution and all IBD patients in North Zealand, Denmark are now offered the
opportunity of home monitoring using the constant care application. The latter is
available for free in Denmark to any IBD patients and in collaboration with their IBD
clinic.
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Figure 4

Figure 4 Analyzed by fecal calprotectin and simple clinical colitis activity index for all patients at risk. A: Time to severe relapse (in days) measured by fecal
calprotectin for all patients at risk (n = 83); B: The corresponding (days) to remission (n = 27); C: Time in days to a severe relapse measured by simple clinical colitis
activity index for all patients with ulcerative colitis at risk (n = 70); D: The corresponding time (days) to remission (n = 16). The two electronic health screening
procedures (every third month and on demand) are represented by blue and red lines, respectively.
Figure 5

Figure 5 Patient-reported satisfaction with the study, n = 88. Black = missing, dark gray = Yes, and light gray = No.

ARTICLE HIGHLIGHTS
Research background
Home-monitoring of disease activity in inflammatory bowel disease (IBD) has previously been
shown to reduce time to remission, hospital admissions and outpatient visits, to increase
compliance with medical therapy and quality of life and to empower patients. However, no
study has investigated how often adult patients with IBD should home-monitor for disease
activity. This study showed that the electronic health (eHealth), on demand (OD) screening
procedure was cheaper and equally good on all disease measures as screening every third month
(3M).
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Research motivation
The optimal way to home-monitor adult patients with IBD for disease progression or relapse
remains to be found.

Research objectives
To determine whether an eHealth screening procedure for disease activity in adult patients with
IBD should be implemented in clinical practice, scheduled every third month, 3M or according to
patient own decision, OD.

Research methods
A randomized 1-year open-label eHealth trial where adult patients were randomized to screen
for disease activity, quality of life, fatigue and medical compliance every 3M or OD on the webapplication ibd.constant-care.com.

Research results
There was no statistical difference between the two screening procedures regarding medical
compliance, fatigue, quality of life, mean time spent in remission, overall fecal calprotectin (FC)
relapse rates, FC disease courses and FC time to a severe relapse and remission. The on-demand
screening approach used fewer FC home-monitoring test-kits than screening every third month.

Research conclusions
The two eHealth screening procedures were equally good in capturing a relapse and bringing
about remission. The on-demand screening protocol used fewer FC home test-kits per patient.
Individualized screening procedures can be recommended for adult patients with IBD in clinical
web-practice.

Research perspectives
A validation of the eHealth disease algorithm [total inflammation burden score (TIBS)] by
endoscopy should be performed and time to a moderate and severe relapse of the TIBS between
the two screening protocols should also be further examined.
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